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Strengthening Control-point Check, Ensuring the Safety

Operation of the Nuclear Power Plants in—Operation

Liu Jian

(East Regional Office of Nuclear and Radiation Safety Inspection, MEE, Shanghai 200233, China)

Abstract: This paper mainly introduces the main practice and experience gained through regulatory inspection

and control point release for the normal refueling outagel of nuclear power plant organized by the Regional

Office. Through strict inspection, it has effectively promoted the long—term stable and safe operation of nuclear

power units. It can be used for reference by other Regional Office.

Key words : nuclear power unit; control point; inspection
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Application and Research of Digital Empowerment in
Quality Management Models

Liu Yanfang, Li Nan, Hua Lei

(China Nuclear Control System Engineering Co., Ltd., Beijing 102401, China)

Abstract: With the rapid development of digital technology and information technology, digital empowerment
has become an important trend in the field of quality management and a critical strategy for enhancing
quality and reliability in businesses. Digital empowerment in quality management combines traditional
quality management methods with digital technology to achieve intelligent, efficient, and fine—grained quality
management, elevating the level of quality management within enterprises. This article will explore the
significance of digital empowerment in quality management, specific applications of quality management,
and discuss the impact and driving role of digital empowerment in quality management, including improving
efficiency, optimizing quality management processes, enhancing quality data analysis capabilities, and
achieving quality prediction and early warning. Additionally, this article introduces the challenges of digital
empowerment in quality management and proposes corresponding strategies to help businesses better address
these challenges.

Key words: quality management; digitalization; data analysis ; quality prediction; quality alert
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Analysis of Nuclear Safety Culture Assessment and
Improvement Measures for Nuclear Enterprises in
Northwest China

Peng Bai, Chen Dongliang, Yu Jianxing, Zhao Kun, Zhang Zijie, Jin Xianxi

(North—Western China Regional Office of Nuclear and Radiation Saftety Inspection, MEE, Lanzhou
730020, China)

Abstract: This paper briefly expounds the current situation of nuclear safety culture assessment of the direct
management units of the Ministry of Ecology and Environment in northwest China. The North—Western China
Regional Office of Nuclear and Radiation Saftety Inspection (hereinafter referred to as the North—Western
China Regional Office) takes the nuclear safety culture assessment as the starting point, actively explores the
new supervision mode for the direct management units of the Ministry of Ecology and Environment in northwest
China, and from the “soul” to promote the level of nuclear and radiation safety promotion experience. This
paper systematically summarizes all above and the direct management units of the Ministry of Ecology and
Environment in northwest China in the advantages and disadvantages of nuclear safety culture construction,
and makes a preliminary summary for the problems existing in the northwest nuclear safety culture assessment.
In the face of higher requirements for nuclear safety supervision in the new era, efforts should be made to build
a nuclear safety culture assessment system with Chinese characteristics, vigorously carry out capacity building
for nuclear safety culture assessment in the new era, do a good job in the application of nuclear safety culture
assessment results, and make every effort to urge nuclear—related units to rectify and improve.

Key words : northwest region; nuclear safety culture; practices and experience; problems and suggestions
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Table 2 Non destructive testing work pressure
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Preliminary Exploration on the Construction of Feedback
Mechanism for Non—destructive Testing Nuclear Safety
Supervision based on System Dynamics Model

Wang Zhanyong', Wang Yueli® ", Zhang Zeyu’, Jiang Yanman®

(1. Department of Nuclear Power Safety Regulation, MEE, Beijing 100006, China; 2. Nuclear and
Radiation Safety Center, MEE, Beijing 100082, China)

Abstract: Nuclear safety regulation is an important guarantee for the sustainable development of the nuclear
power industry. Civil nuclear safety equipment accounts for over 50% of the construction cost of nuclear
power, and its quality and reliability have a significant impact on the schedule and public opinion. Based on
the repeated construction incidents and related nuclear safety equipment non—destructive testing issues in the
operation process of the regulatory and quality assurance system, ten first level elements including equipment
suppliers, equipment manufacturers, nuclear safety supervisors, non—destructive testing personnel, equipment
products, process standards, quality assurance system, performance management, reporting, and administrative
penalties were selected. This article uses actual cases to explore the key brittle elements of the complex
system of nuclear safety equipment non—destructive testing and their four link operation mechanisms of input,
transmission, correction, and improvement. A dynamic causal relationship model of the non—destructive
testing nuclear safety supervision system was constructed, and it was found thatthe scope and timeliness of
administrative penalties are limited. It is urgent to improve the experience feedback mechanism, strengthen
the closed—loop management of regulatory implementation, and enhance the effectiveness of nuclear safety
regulation.

Key words: brittleness theory; system dynamics; non—destructive testing; experience feedback; nuclear safety
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Current Situation Analysis and Countermeasure of

Radiation Safety Permit Management System in Guangxi

Yan Yishi, Li Lihong’, Yu Rong, Huang Qiqi

(Guangxi Zhuang Autonomous Region Radiation Environment supervision and management Station,
Nanning 530222)

Abstract: According to the relevant data of Radiation Safety Permit examination and radiation safety

supervision by the Guangxi radiation environmental regulatory authoritiessupervision between 2018 to the

2021, and in the light of the reform of “streamline government administration, delegate more powers, and

improve regulation and service” , to analyze and study the current situation of Guangxi radiation safety permit

management system, study the main problems such as lack of coordination, overlapping and duplication of

examination items, poor systematicness of workflow, etc.and put forward suggestions for improvement, so as to

provide reference for improving the effect of radiation safety supervision in Guangxi.

Key words : utilization of nuclear technology; permit of radiation safety; management system
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Study on Nuclear Safety Supervision Strategy of Retube
Project on CANDU Units of Qinshan Phase III Nuclear
Power Plant

Yang Yiping', Hou Guihe', Gu Junji', Li Chenhang’

(1. The East China Regional Office of Nuclear and radiation Safety Inspection, Ministry of Ecology and
Environment , Shanghai 200233; 2. CZEC Operation and Maintenance Engineering Ltd., Shanghai 200233)

Abstract: This article introduces the nuclear safety supervision practice of retube project on foreign CANDU
units, the key tasks of retube project on domestic CADNU units, as well as the possible problems and
difficulties faced in the process of nuclear safety supervision, and puts forward the suggestions as reference for
the development of retube project supervision strategy.

Key words: nuclear safety supervision; CANDU units; retube; supervision strategy
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Analysis on Vibration of Vertical Long—shaft Pump in
Nuclear Power Plant

Fan Zhengwei

(Lianyungang Jinchen Industrial Co., Ltd 222042, china)

Abstract: Vertical long—shaft pump is a new generation of energy—saving and environmentally friendly lifting
pumpapplied in the field of nuclear power in recent years. lts structural design uses excellent hydraulic model.
it also has the characteristics of high efficiency, energy saving, reliability and good suction. Not only the guide
vanepump body is used in the design, but also the radial stress is eliminated compared with the volute body, so
as to ensurthat the long shaft pump can be more stable and reliable when running. It can bear the transmission
of high viscosityhigh temperature less than 80C and solid particle size less than 8% of the medlum, has been
widely used in electricpower, mining, metallurgy, environmental protection, pharmaceutical and petrochemical
and other fields.However, inthe production and operation of the vibration is often out of the problem, in the
treatment of pump vibration must befrom a wide field of vision multi—angle comprehensive analysis, only in
this way can more effectively the pump groupvibration problem thoroughly control within the design allowed
range, To this end, the vertical long shaft pumpequipment design, supply, construction and trial operation
of the common problems and defects were analyzed one byone, and put forward the corresponding treatment
measures, for colleagues to learn from.

Key words: verticallong—axis pump; radial stress; stable and reliable; vibration deviation
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Application of Experience Feedback Working Method in
Nuclear Power Equipment Management

Wu Min, Su Haibei

(Shandong Nuclear Power Company LTD, Yantai 265116, China)

Abstract: Experience feedback is an important part of nuclear safety culture and an important management
tool for improving nuclear power performance, which is widely used in all professional fields of nuclear
power.This paper introduces the use of experience feedback in tool management in the field of nuclear power
maintenance support to establish a continuous improvement work cycle within the profession, lists practical
cases in solving staff weaknesses and improving work quality, and achieves the effect of improving performance
through the implementation of corresponding measures.The empirical feedback working method demonstrated
in this paper has a certain reference value for the performance improvement in the field of nuclear power
maintenance support.

Key words: experience feedback; nuclear power; tool management; performance improvement
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Table 1 The first depth—first left traverse

7 G 2 3 4 5 6 7
HE R Gl G2 G4 el e2 G4

¥ 8 9 10 11 12 13 14
= G5 e3 4 G5 G2 G3 G5

A 15 16 17 18 19 20 21
HE G5 e5 6 G6 G3 Gl 7
HH 22
FHff R

x2 EZRREMRELER
Table 2 The second depth—first left traverse

#H#E R O OGL G2 G3 G4 G5 G6

1# 1 2 3 13 4 8 15

2# 22 20 12 19 7 11 18
last 22 20 12 18 7 14 18

FHE o el e2 e3 e4 e5 e6 e7

1# 5 6 9 10 16 17 21

2# 5 6 9 10 16 17 21
last 5 6 9 10 16 17 21

R2BIMENFMN A SEC ISR —
Y TR] AR ] 56— Y5 ) I [ 1 e i — Y 5 1)
f(a]

*®3 FEHAEER

Table 3 Sub-event access

ke R Gl G2 G3 G4 G5 G6

earliest 2 3 4 8 5 9 16
latest 21 19 14 18 6 10 17

3 ILREANTIFHM N TR AL, T
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RN ATE, TR H AR 2
ANEEARFA, BTl FEAR XS R N B O, 7 A2
T2V FNGE R . A SR N A 71 R A B
9 MCS., (B M A2 IS T 1 HIE R R AN(E)
I SN = 40 N N B W T ¥ 5 2N
O, 237 A R ) RS RIS R ) 4
AT 35 B B ) Tl 2% T AR ],
R T KEGAAENAE IS A SRR T
BT ARSI A AR LA,

(1) BT TR B TR iR i Y
VERASEA, RISR A i e NRIEE AT RE S A T 134

Q) BAT 1A R 1Y o DRI AR T 2
PRAF 5

(3) SR A AR de/INENER IS, 18I0 1) b4
TS/ NI ER G AR, A SAT]
FF AL VAR o N EISE YT TS
P TEe/ NEV AR R R R BRI iR B AL
PRGBS T TR B NV

XF 1] 3 H AR AR A T — R s B i T
SRR AR AT RS el Ne2 Ne3, ik
BN, B, TR g2, 155 MCS,~f elne2 |
Hok, gl #5581 MCS,=| g2 | ie)a , iHEAR
FAF v, 445 MCS=i gl Ned | AR TAEGE T
AT VR R NEV R AR N A it
PR NAEORAT T B ImAgmg 1454, B HA B4 1
FA RIS o JFHL, AKm R n]
VAR TN AT, KRB T A

B3 HRETERGIR

Fig.3 Nested compute sample trees
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Algorithm B T5A R e NE B i R AR5 12

Input:i FER SCA S

Output: 345 1 Fe /N FEroot-MCS

LB R, AR AAE 451y Nodes

2: /2GR DT Nodes, e JH 5%

3:for i=1—1 do /i1 JFAFRIEEL, I 138 T Nodes

4: if Nodes[i] == shrinkage rules || weight removal rules then
5: update Nodes]i]

6: end if

7: end for

8: fori= 1— 1 do

9: if Nodes[i] == delete rules Il weight removal rules then
10: update Nodes]i]

11: end if

12: end for

13://RBE R Se 20 Ji Nodes , FREUBIER LS i AEAM
14: for j =1— Jdo /HEARKECHEAMITEANHL
15:  no-root gate events to basic events

16: end for

17:for i=1—1 do /i EHH

18: if Nodes[i] == root then

19: return root-MCS

20: else

21: update pre—-MCS with Cartesian product
22: end if

23: end for

B4 PNMCS Eik{hg
Fig.4 PNMCS algorithm pseudo-code
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Table 4 Fault tree information

A AR/ Fh WE SR
ft001 2151 8979
POSA 117 1207
POSB 136 659

6] 99 67
8J 103 70
DZ 92 66

ALK FH 0 P RE R b i H AR AT A7
RGO s AR SO SEUB AT — B AL RS
Intel [ii45 i7-12700KF . N7 4 32G, 8 ER G N
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DAL i A A 7R 4 S o R R A3 AT 1
RiskA 13153/ NEIAE . PNMCS 5ET117K
R84 F5 /N B 4 3R % 1 (BOOLMCS) 1 4k
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HBAT LI AfS 225 51
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Table 5 Algorithm time consumption

itk BOOLMCS ~ BDDMCS PNMCS
ft001 >24 h >24h 1260400 ms
POSA 3441 ms 2274 ms 185 ms
POSB 1819 ms 913 ms 77 ms

6J 200 ms 147 ms 28 ms

8J 230 ms 136 ms 31 ms

Dz 190 ms 94 ms 27 ms

6 ox WAEIHFEPEBE. FTLLAE
PNMCS #:AHE T BOOLMCS 721 BDDMCS 2
NAETHFERIk. BDDMCS %:A4H%: T BOOLMCS
/b TR B IMEERAE , TAE N AT FEEAIR, iX
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Table 6 Algorithm memory consumption
WA MB
HpEk  BOOLMCS ~ BDDMCS — PNMCS
ft001 / / 567.3
POSA 19.6 16.2 13.7
POSB 15.9 14.9 13.6
6] 33 2.8 2.5
8J 13.8 13.5 13.1
DZ 13.7 12.4 12.3

3.3 PNMCS j&ahsEis

AT B IE PNMCS H 25 A4S 25 3R 19 A 3
R, B PNMCS FILL R =R A7 5 1,
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A Method for Fault Tree Preprocessing and Minimum
Cut-Set Nesting

Li Xu, Zhang Renbin, FanYugqi’

(School of Computer and Information, Hefei University of Technology, Hefei 230601, China)

Abstract: Fault Tree Analyze (FTA) is a system security analysis method, and solving the Minimum Cut
Set (MCS) of the fault tree is an important part of FTA. The method mainly includes the algorithm based on
Boolean algebra and the algorithm based on Binary Decision Diagram (BDD). When using ordinary computer
to analyze large—scale fault trees, the existing method has the problems of insufficient working memory and
too long calculation time. In order to solve the above problems, a Boolean algebraic fault tree Pretreat and
Nested Minimum Cut-Set Algorithm (PNMCS) is proposed for a domestic large pressurized water reactor risk
model. The algorithm consists of three modules: fault tree simplification, fault tree pruning and minimum cut
set nesting. The application of this algorithm to the risk model of a large pressurized water reactor in China
and several practical application risk models shows that the algorithm can solve the problems of insufficient
working memory and too long calculation time while obtaining correct results.

Key words: fault tree analysis; cut set method; combination explosion; boolean algebra; binary decision

diagrams
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Study on the Effect of Different Surface States on the
Hydrogen Removal Efficiency of Yttrium Hot Traps

Abudusaimi Yakufu, Yao Zewen', Wang Rongdong, Piao Jun, Wang Yang
(China Institute of Atomic Energy, Beijing 102413, China)

Abstract: The removal of impurity hydrogen or hydrogen isotopes from liquid lithium metal is usually realized
by using hot—trap adsorption, and yttrium metal, as a sorbent material, has a crucial influence of its surface
oxide film on the hydrogen removal efficiency. In this paper, for the hydrogen hot—trap sorbent material
yttrium metal, a one—dimensional plate diffusion model based on Fick’s law was established, the hydrogen
concentration distribution with time on the radial direction of ytirium metal plate was preliminarily obtained,
and experiments were carried out to test the influence of different surface states on the hydrogen removal
performance of yttrium metal. The results show that when there is no oxide layer on the surface of yttrium metal,
the hydrogen concentration in the container can be reduced to half of the initial concentration within a short
period of time; under the condition of ytirium metal with an oxide layer on the surface at room temperature or
without high—temperature activation, the hydrogen absorption capacity is exiremely weak, and the Y,0; layer
will hinder the dissociation of hydrogen molecules on the surface of yttrium metal, thus completely preventing
the hydrogen from further diffusing into the interior of the crystals. When the temperature rises above 450 K,
the hydrogen absorption capacity of yttrium metal with an oxidized layer on the surface can be reactivated to a
certain extent.

Keywords: hot trap; impurity removal; oxide film; High temperature activation
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Investigation and Analysis on the Construction of Special
Technical Personnel of Civil Nuclear Safety Equipment

Fan Guohui, Zhao Xudong, Kong Lin, Wang Meiying
(China Productivity Center for Machinery Co., Ltd, Beijing 100044, China)

Abstract:In June 2019, the Regulations on the Qualification Management of Welding Personnel for Civil
Nuclear Safety Equipment and the Regulations on the Qualification Management of Non—destructive
Examination Personnel for Civil Nuclear Safety Equipment were issued, and took effect on January 1, 2020.
In this paper, by selecting a typical representative enterprise in the nuclear power industry, the construction
of special technical personnel of civil nuclear safety equipment (hereinafter referred to as special technical
personnel, including welding personnel and non—destructive examination personnel) in each unit in the
three years from 2020 to 2022 is investigated, and the overall construction of special technical personnel in
the industry is understood. Through the analysis, it is concluded that the reform of the new regulations has
brought positive effects to the construction of special process personnel in the nuclear power industry, and also
provides data support for the evaluation or revision of the new regulations in the future.

Key words:civil nuclear safety equipment; special technical personnel ; construction of personnel ;
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Study on Characteristics of Passive Residual Heat Removal
for Tank in Pool Research Reactor after Shutdown

Ji Long, Guo Jingxin, Li Haitao, Yang Yijun, Yuan Zhimin

(Nuclear Power Institute of China, Chengdu 610213, China)

Abstract: In this paper, a domestic research reactor with tank in pool is taken as the research object, and

RELAPS is used to calculate and analyze the influence of the residual power and the initial temperature of

the reactor pool on the upper temperature of the pressure vessel. The results show that the higher the initial

temperature of the reactor pool is, the shorter the time when the upper temperature of the pressure vessel reaches

50 °C . When the initial temperature of the reactor pool is 10 °C and the residual power is 0.5% FP, the upper

temperature of the pressure vessel will not exceed 50°C, which further proves the safety of the tank in pool reactor

and provides a basis for the selection of economic cooling mode and long—term safety after shutdown.

Key words: tank in pool; natural heat transfer; RELAPS
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Table 5 Fire case of zirconium in nuclear fuel cycle facilities
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Research of Zirconium Fires in Nuclear Fuel Cycle
Facilities

Liu Yuntao, Zhao Shangui

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

Abstract: Zirconium is utilized as a cladding material for nuclear fuel elements due to its exceptional nuclear
properties. The operation of the nuclear fuel cycle facility involves grinding, cutting, and processing zirconium
cladding. Zirconium dust poses a high risk of combustion and is challenging to extinguish, leading to fire
and explosion incidents in scientific research or industrial production facilities related to the nuclear fuel
cycle. Ensuring fire safety in nuclear fuel cycle facilities is an essential component of overall nuclear safety
management, encompassing not only conventional fire—related aspects but also those pertaining to nuclear
safety. This paper delineates the combustion traits of zirconium chips, dissects the typical instances, examines
the relevant standards overseas, and proffers the proposals of scientific prevention and rational configuration of
fire extinguishing facilities, thereby providing the foundation for minimizing the fire risks of zirconium.

Key words : uranium fuel fabrication facilities; nuclear fuel reprocessing facilities; zirconium; fire protection
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Study on the Performance of Nuclear Fuel Based on SiC
Cladding under Operation/Shutdown Conditions

Lu Zhiwei

(China Nuclear Power Technology Research Institute, Shen Zhen, Guang dong 518026, China)

Abstract: After the Fukushima accident in Japan, further improving the accident tolerance capability
has become the key research direction of nuclear fuel cladding materials. SiC composites have significant
advantages in high temperature strength, irradiation stability, creep resistance, oxidation resistance, wear
resistance, etc., and have great accident tolerance potential under light water reactor accident conditions.
Therefore, the nuclear fuel solution based on SiC composites is a research hotspot in the international nuclear
fuel community. Different from zirconium alloy, SiC will produce irradiation defects under the action of neutron
field, which will lead to a significant decrease in thermal conductivity and further affect the radial temperature
gradient of fuel rods; In addition, radiation swelling will occur, and the amount of radiation swelling is related
to the temperature gradient. In this paper, the self-developed SiC fuel performance analysis program is used to
analyze the service behavior of SiC clad fuel system under operation and shutdown conditions. The results show
that under normal operating conditions, the decrease of thermal conductivity caused by irradiation damage and
closing time of pellet cladding gap, and then increase the fuel operating temperature; Under the hot shutdown
condition, compared with the normal operation condition, the hoop tensile stress inside the cladding will
increase. Under the cold shutdown condition, the pressure difference inside and outside the cladding increases
due to the decrease of the system pressure, and the hoop tensile stress inside the cladding will further increase
when the radiation swelling gradient is superimposed. In addition, when the total wall thickness of the cladding
remains unchanged, the increase of the thickness of the inner fiber composite layer helps to reduce the peak
hoop tensile stress of the monolithic layer, thus reducing the risk of cladding failure.

Key words: SiC; shutdown; cladding; performance
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Nuclear Criticality Alarm Technology and Emergency
Preparedness Based on Neutron Detection

Zong Xuncheng, Dai Qidong, Wu Mingchang, Niu Jiang, Wang Canhui

(Institute of Reactor Engineering, Nuclear Power Institute of China, Chengdu 610213, China)

Abstract: Nuclear criticality is a particular safety concern throughout the Nuclear fuel cycle process, while
nuclear operators are strengthening nuclear safety training, administrative management, and the control of
critical parameters to limit the occurrence of nuclear criticality accidents, there is also a need to install nuclear
criticality monitoring and warning equipment at locations such as processes where nuclear criticality accidents
are likely to occur, to detect the occurrence of a criticality accident through monitoring and warning technology
and to alert staff for emergency response or emergency evacuation, to meet the mandatory requirements of
nuclear safety regulation. In this paper, the technology of pre—warning and post—warning of nuclear criticality
accident is explored. By setting reasonable warning threshold, the developing trend of nuclear criticality can
be perceived in time before nuclear criticality accident, take emergency measures in time to avoid nuclear
criticality accident as far as possible. In the event of a nuclear criticality accident, an effective emergency
response should be triggered and implemented immediately, of which emergency preparedness is an important
component and basic condition for the effective implementation of emergency response, all nuclear operators
with nuclear accident risks should pay attention to the important link of emergency preparedness, take
precautions, actively prepare and constantly improve, so as to guarantee the radiation safety of the public and
the environment.

Keywords : nuclear criticality; pre—warning; emergency response; emergency preparedness; radiation safety
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Fig.2 The geometry diagram of the cell type spacer
grid
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Influence of Cell Type Spacer Grid on Axial Mixing
Coefficient Distribution of 5 X 5 Fuel Assembly

Zhang Xiaoyang, Wei Junhan, Zhao Minfu

(China Institute of Atomic Energy, Reactor Engineering Technology Research Institute, Beijing, 102413, China)

Abstract: Improving the accuracy of calculation of axial temperature distribution of fuel assembly is conducive
to accurately predicting the CHF point location. In this study, the flow mixing of 5 x 5 fuel assembly with the
cell type spacer grid in different axial positions was studied by numerical simulation and sub—channel analysis
program. The geometric model of the cell type spacer grids was established, and the SST turbulence model was
selected for calculation, and the mesh sensitivity analysis was completed. The temperature distribution of the
sub—channels at different axial positions was obtained under rated working conditions. The mixing coefficients
of different axial positions of fuel assembly with different spacer grids were determined by combining the
calculated values of the sub—channel analysis program with those of numerical simulation experiments.
The calculation results show that the cell type spacer grid has an enhanced effect on the flow mixing of fuel
assembly. The mixing coefficient is obviously higher at the front end of the heating segment than at the same
position of the rod bundle. As the influence of the cell type spacer grid is weakened, the variation of the mixing
coefficient along the axial direction is the same as that of the rod bundle.

Key words : numerical modeling; axial mixing coefficient; sub—channel analysis program; cell type spacer grid
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"PRh #% T4 C: B K TE R AN B 22 s v Ko b
RSHRRY b FAEAR %

2):0(3) 10, 2 "Rh #PF (2200 m/s)
#f ;2. s ""Rh # Westcott [HT-;r Ky
AR, Erh A h T I R ]
DL i &, R/ IN S AL OC, X TR

S, IR HE N AL E B AR AT AR AL . SCRRL 10 ]
G TR FIRE TN g, s H. Q) flifE
A Rh hFERR R KL

) BRAX @) s, X,
so=s (20°C ),/ T/T, W RS H, Hoh T yvp 1
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4) A (6) L f R B BT
Fy o RGHAR I b 7 T R AR 15 f, - RAHA
Ml 7 AR F, AR b i R
R PR, PR WSTR[ 3 .

5) 45 & K6) (), 1K) K=
f1F1g+szzrmso
(g +rm50)

BRL2 1
12 #BHBERNFIREERFEMELE
RAIPFEWRFEEIE (Sensitivity burnup correction)
WESE, SR 8 AR g 5 SR A R AR R AE HE
“RIET | R IR RN £ R RS AR A
1.2.1 BB & SHA CRh PR RS e R
TN Sh AT
R B ARAAGE ] TE SIS, A
W BEAR I A5 TBCE — > ML B HERS S b 73t
H'Rh B EUE AW . B XA E
H 37 1 TR R K vy, Z2IRA (7)),
XA B AR AT DU N R A

Ko B9 W) BN IR B DL SC

de(;) = —KN(1) 6,5 10, 8)
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fife iR IR, A4
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Hor N, R &G PRh w186 % FEL N (1)
R AR ¢ B2 O Rh AR FEABIE] L
122 e rfma™ [y 4 B P 3B

2 (9) R3S SO, B F 25 e RN 25 T E
— AR PRME RS E 3 b, SR AR R SR
1 ""Rh B FECR N, BT Westeott H1F1E
RN v, B ¢ 2] GRS & A Rh 8%
FHCH Ny 5nd wam™
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= (9) mI I,

e N = N(1) /N, (10)

T4 e rlan™ [ E o, 3 ¢ iF 2,
IRER I A S A T AR P " “Rh % T4 N (1)
55 "R B TFEN, Z . BRI SHA
HAE Z KR ' “Rh R gkbeds
1.2.3 K6 45 nvot FPIER P

WILG A, A B A ) (BD) e 'Rh BT
BN NoK 10 453 ve0 TERRFEIRF VR IX — L,
A LA R D ERE AR NoK 6 4 vy 1> '“Rh
W, BB 2 Bh B8 ¢ #0351 NoKyo6 47y vt 4>
'“Rh T, t FbPBERiAY O Rh A% 5 I
T (NoK6 4525 0ot Y N=K o6 g5 vt o RIE, AR FE
JEH IR, K6 455 nvt IR LERE Y "Rh 4%
TR . B4, RBeda 7800 5 tn]
PAAEARUR (1=K 6 455 nvgt) Fors | B @S ™ = 1
K0 g vyt
1.2.4 K6 g nvot BIECH

H12 x=—K 0 vt B A

=K .6 4 pmt .
FUARCT0T
VKRS =e"

2 3
X

x_1+i+7+x7+... —oo< <OO
TN T sy T ree

x| B, BRREAE o P 2 1
1=K 6 vt [ @=e™r% ™ o™8n® ™ fR T
KGRI Z K LB CRh Ry bed, i
21Ky vy SR T R ST 1 %
KU PRh BRI, I, K6 v
PR B CRh TR 5 . X5 1.2.3
T PR — B
125 45 g RABPEPRFEBIE A

ISR P HHELL €Ky 4134 KO g vy, T A

eKBﬁ?ﬁKjF6ﬁ§f( HUON(t)

_ -K "644%("” t
= €Ky Ky 05 10y Nope " ’ (12)

MNE(7) H1, K 6 45 nvoN, R 5E 5 5 1R A0 B
AR, K6 g VN (1) RN SR TEIZ D £
Y K ke, BRBE” B ¢ B ZIT, B8 & 5T
R FAERR . Ky g TP TR D B KL
TR F e R SRR e BT
L, R A, BRI R 3R B v T S
T BB FE A4, I ) 46 i 7 v
TR v, 1T F g, B )
HL UK €Ky K0 455 06Ny, FeAI U6 RABE 1=
€Ky 4134 Kby Noo “WRGE” 3] ¢ WEZII, R %
I(1) =eKj 4124 K0 4 N (1) HHX(9) AT AT, N (2) =

Ny 5o T
(1) =I,e 7o (13)

A Ly RIS IR R 1 () 3R 2 ¢
2 Fr) RABE
A3 (13) R REUZIRFEEIE 25

2 RBRERNN[ESHFEIEXRE
KHEAFE RO

G. BHE/RGUT R/ N X EE A 4R RERRII 65 18
B P R T TR ISR (LR
PR : G. BHERIAFETR ), TR HIL A
T RBUEIFEB IE R . X ICEER XA E JLA
JUSTBE A 28 RERRIN e 7545 22 Hh 1330 58 T BOA
FEIBIE S A% P R AN
2.1 BAFESCER BRI de i

ARSI HT IR R I & , LR SK 250 R
MRHILE 1,

R 1 RFELR AR AR [ ERLEMRT RA R

Table 1 Probe structure dimensions and materials of two detectors used in burnup experiment

KR ER K HHARK W EIRS MR k2 JUNEN;" A R A R WAL
0.5 mm 3cm 1.5 mm 0.25 mm EALER , BEBRIE T A AL NN
1 mm 3cm 2.4 mm 0.25 mm AR, AEBIE e A AL B N
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PR 25 HL 45 A DU ML AR v 2 MR, Ah
R A, 45 )2 R EALEE .

2.1.2  BAFESCER T A

PRI #5422 5698 FE 52 56 7F ¢ [ Harwell
5L F M (PLUTO) 3 4717, PLUTO J& i
T HE, 5 i vkt = s g ME 2L K12 4L ¥
A, OBHAR BE R 3k 80% 5 HLME K5I B2 70 °C
(343.15 K) s HI00 B S 1 B p T U R A
F 2.5 % 10" thF(em®s)", MRS % /T/T, =
0.09"7,

PRI A — LA BN, 120 BT
JUMR R — AT WE . BRFESL R ],
B THELZS OBRET R L

WRFES o SC 0 W ), B B K 2 3 K 4 —
UCERIN s 1) iy o H e, [R) BSp el R — > 2 2
PRI TR AR 00 2 A X ) e RN 2 o7 P TR
FOKW-o PRGN A SHAK 3 em HAE N
0.5 mmo A% XS W & 2 5, A A o 00 5 6
FIR A R A B N T HE S T R
B9 0.1%), Lkt 5 i TEEAE S P PR R T
K s T] 98 A 17T 2500 R MR R ARG b o
R 1A P SR AR R BT UA A 2 B, A 2
FERG BE +3%. b 1 X HL 48 7 A 0 AR I L I
HEAT B A IS I SGE L B, TR0 2%
i M R IR I B T R AN e AR AR N i
100 KQ ( £0.1%) B 5B EEIEAHE . P
iR E e NN S el [E] DU R e S - N S A S R P e
H R 26 ELA s i A BB, 9 EL B i A i )
HA S Y. xR BRI T 100 KQ 1 H
REL A4 FEL 3 7 A A R PR, 0 2 S A i o 7 LS
FL I

TESCE R R R T PP [ A9 ok
TR 7 1 v - B (B P ),
5 —, 7 0 B T R] 1 IR S LU
[F) B 3% s oy i i DR (MW /b)), RO FE
ATAr] — B & W 6], B MW DR K Ry F-
RO FREANAE AT DL S 3 B sk ] P A
i DAt 55 VE ARG A, SEas ],

PRI 5 22 A HIR R a8 54 . 225 A
BB 0 R B AR A . SRR
DAAE S R AT ol — A0 2 B 1) 9 P 73 i O At
PRI 2 Z AR 2E 2N 2%

KW H S0 R, fEh PR N 6x 10”
Hfeem™ BUTE DL T, BRI 75 4% £2 4 A 7 b
517,

22 MESRWHER

KHHAK 3 cm . HAE 0.5 mm A1 1.0 mm A9
PRI ES , TERIHBRFE L I IR B (b3 e A
0 & 2.16 x 10! i F-cm™ By Br), th T & JHAH
RHERFE M 20 i h R A AR S F AN E 1
7 o AR X S A5 1 e /DN — e iU G, IR
AR A A R R AR A 3K 1 () =ae™ 1]
W HTE 10" hFo(em?-s) P FERR TR
BRI A . X T & 3 em 542 0.5 mm
F1 1.0 mm (K35 %, 78 10" FhF+(em®+s)"
FEERT  BFE T 20 2 BT R
I3 WA AR 30 K 2.8% F 2.4%.

i /N AR MR 1 %R v L
et =0 B ry i R . R SRR 3 em,
4% 0.5 mm 1 1.0 mm AYHFEMIES , B0 Westcott
o R AR R B 43 i O (3.98 +£0.03) x
107'A F1(7.59 £ 0.04)x 107'A, 51 FH 1R 22 &
/NG R R R 2

JIT A 33X A ST A S A A S g MM B ) —
AN BEARAF ) AL B, TP T3 (R 2 e
MRS K /T/T, =0.09, ZBHFA T 58
R EZ I r GG, Hd TR i 5+
WL, T,=293.15 K,

BI1 b, o 7 A RO A 1 3R A
X, A bR nv R A R R
(n+(em’sec.)"), Flal &l 1 g/ INGHEEFE )
FRAE 10" R PR T /N
23 MHMEXWHEREE K EF

SCHRL 1 TLA G. BHE IR #R FE 52 36 Kl i o Jik
filh, #E0 H 3AR P OA R S 05 FH PR 28 1 LA
RPE K HFMSEU A, k2 .
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7.8

Anv' (107)

RE

JINESf

(10%)

Bl1 %Z5EERA 1 mm 0.5 mm BIEEERMEE, £
10" HF (em’s)'Westcott FFEEET, FRNZFH R
ERERER
830 RRHFEFRER:(a) ZEHEER 1 mm,2.4%;(b) &
BHMEAEE 0.5 mm,2.7%

Fig.1 the sensitivity reduction of Rhodium detectors
having emitter diameters of 1 mm and 0.5 mm In
Westcott neutron flux of 10" n- (cm’sec. )"

The sensitivity reduction per 30 days:(a) 1 mm
diameter 2.4%;(b) 0.5 mm diameter 2.7%

x2 FAMRIEHFEEFHHORU[KETF. K
FEHAS

Table 2 Detector K—factor and K—factor parameter
combination calculated from burnup experimental data

PRI 2% Ky Ky K/F6/H‘ﬁﬁz
0.5 mm #0421 0545  10.68x 107 em’
LOmm #E 0370 0295 9.36x 10 cm’

TE:F 2 ,0.5 mm PRI 4R R 1T REMREE S 0.5 mm (¥
PRI 455 1.0 mm ZEES: 4838 1 R R B2 1.0 mm B4
WS, T,

3 RN REERFEMBLERZE
YRS 5 1 PG L T R ¢ 22
FROHASTD i 1 P A L ¢ 20 0 28 R A
% ¢ 2 5 A (B o T K
no= A(1) +1(1) (14)

A, A4 (o) t B 2000 3  HH FL I o

A (13) 45 T HERIN 8 R IRFEE I
A T A S PR R A AR I
M EAR T
31 F—FF %K FiEEEIE % (Neutron
fluence correction method)

3 (13) F W, AR #4822 B e HE O I — 1
B, H R B Z A S D R AR
e Ak, PR, FE A A = (13) % R R
IHEIER TR Th R IE IR
3.1 U7k 1A BT RRAE S I B 0 b T
B IE

Ao i FH A 25 1 R SR AR AR 1
PRI 25 10 & SR B 2540, an & SR BLAR R
0.5 mm 3§ 1.0 mm, 8 H A 5 2R 5 Al
G. BHE /R BAFE L I0 1 Th I R 250, andEsk
e, BB S K/ T/T, =0.09, 1 T-RJE 80°C L Fi
A2, AT DA B SR 2 Y K6 40 B AR A
(13), FEATHRIN 5 R A EESAFEAE IE

RV, YRR e B e A Y
T nwgt B, A ERIAS ¢ B 20t s rEL IR AL(0) &
B R4, BRI A7 B 0 b R A

nv,=A(t)+1(t)

= A1)+ (IOG_K’F%@’("”J) (15)

IR SCF 2 Il Ky R E D T 305
T (FEKHE, BB 250/ T/T, =0.09, IR
80°CZEAT) M (0 Z:2 3Gk 2 155 5 77, AT L
N AR SR 2 45 B K, B 1T DI ikt =
TR, W rT I R T A% i) EK 3, X 5]
AR 2ZIER Do (BT R @) HH 644
T BRI, JREA SR 2 A K
FHFEARHEAZ R, BT BRI ZAZ ) HE
() TR X 6 4 AT EBTAZ SR, AN BE T 40
2 T Kb o BARARAX (13), X—BNA
B, R T Y 53 1A JETIRFE S I AL
PE B IEIR” Y R
3.1.2 ik IB: ETENSTIRAdE R
(CARES

IR VA BIETFRE, FGE TR BRI A

o
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BT Bops e K HE R FI3RbE . (HEE A 4 RER
e, PR E R T AT, hFiH
5 2 Wt 25 HE R B AR Ak, AR Ak HE | T K M S 10 AR
F i AE Ak s T8 23 Bt 25 e U BET AR Ak, kRl ot
PRTEAR ST R FR I R 3 B A5 1 AR 1k
AR Ak 5 24 9K b 23 it 25 44000 48 T 76 MU B 11
AT AR Al . R, S i — it 3k 3 ) ) B S
BIETH R PR B
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K@) T 04, SR 2 T 90 (3)
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SCHRL2 1A T Ky BT ZE R, WL SCHk
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SCHRL 2 145 Hh 1 K B0 AT 02 56 1% b il
FE2 20°CITHREEE R (TR :20°C K, T ), (H
SCHERL 2 1268 5.1 1T B AE, A g & SHA
e RERS IS H T/ T i BB,
TARBE M 20°C7E N 420°C , BEFI 25 2K HE K e
M2 1%, 456 SCHRL2 155 5.2 19, AT A
A, SCHR[ 2 13 2 Al 3 CeokHE) 18] 13 (Fk
HE) 45 R 20°C Ko B85 , BB T LAY 30 FH T2k
ol K DK Tt A 5T HE At TT 43 S B T
KAL) X S R AR ZE A /N

FAZR (@) T 640y, T BAITE BEDN S8 B 1)
IR T RRERS NS/ T/ T, o ST HL R
W FHE, TIT, < 1.07 7'/ ( T, AL R ),
B, AN SRR IR R, T AR 0 Ak 5
B A PR . R SCHERL 10 3% 1 AT, g B
FHFRENEm AL, (HAEA K, P
T BRI 20, g B F 3G 0 — 8/ T 0.5%.
PR, BB PR R 22, TS R g
iR 22 W2 D2 1 .

PR U R L B A IR 3
AU SCER 2 TR gt (3), BLRETHEZ IR I 2%
1) Ko

3.1.3  BRFEBIEAI (13) (R HIFR &0

I (13) B, Fef e b B ¢ — A8
e, AR A R R (HSEPR L AR 0
R Ky AR

"ORh W TR i B AR AR Pd
WA R AR /N, B Pd 1y
TR TR Sy 12 58, AL 2 A T W
£ [ N

o SiFg+fFor/T/Tys,

WA 1.1 5015, K= (e /TT5)
Za AR R R AR, B A RS
W T BAFEIR, “Rh Wi/b, ' “Pd £, &5t
(UNEE A ey AR EE IS 11 e N Ol L Rl o
SRR T A SFHARRFE IR, H 72 W
Wi Z, A8/ G F s o i FAE R,
R BRFE IR, f. F INFAE K, 5 Ky 25 K.
Ky AR, 2zt (13) o 1(0) 25/

PRt A X (13) B i S, BRI 25 &
SHRRYIRAEARTE RIS . AEIR S — e RE R, 1
X (13) PATIRFEIB IE S0 R KR, £F
ZUN K, HRIAS SO ASREZS Hh HARE R
32 EEFEBOBERBEEZ-BHEE

={&IE % (Integrated current correction method—

total output electricity quantity correction
method)

FIrE AR HL B TE 1, S 8 J AR N 2% 22 2
TR — 0 B, HR SRR B R0 % 1Y
b FL R )RR 3 A AR AT R A, BIVHE 5 URE B
& Hoay A S R RS T AR Ak
3.2.1  PREINAS R RS IR -
LB I

JEEE LRI A5 A L 7Y PO v 3 v fRUE
TERSE V- 2, B B I [ Jh S AR e € A
KSR R G e I ) R SR R G C
A BRI X8 B Ok AT R R SHA, I 5
240 R P 245 1) FL Ay P B D 5 A 2 X A 245
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k[ 2 158 4.3 RS BITal 3, X P ALEH 18 7T L
IR TRk e
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vkt FE K AT HE, W rT U T K
e, kG R A R AR /N, ARYESCHRL 2 157 4.3
WA AR A G SCER 2 55 5.1 Y, R 2
S5 IS K g B 38 AT LU T8k HE
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323 k2B FETHISTFEAGE R
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ST Y Ky B AT HE32 1, WL 3,
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K3 NBEXBBIREEHN KB F5ERITE
K, B FHIELE
Table 3 Comparison between K g ., calculated
from the burnup experimental data and the theoretical
calculation Ky .ecqiye

KA HAR 0.5 mm 1.0 mm
K K25 L Ky tin
MAFE LI 0.5450 0.295
PSR (k) 0.5007 0.3073
PR / SR 0.9192 1.0850

AR SCHRL 2 45 1 R BUE K o0 8GR
EHT 20C Ky yu, HXHR[ 2] 51 T E L
WAIE, SCHRL 2 155 3.3 95 45 1 B K 4 8K
B, R AT LU ik 20 K i o 4, o n] FH
KM H T, X5 R MR EAER /N, 55k,
SCHRL 2 155 4.3 5 253 H, A R 7T LR 55 K HE
20°C. K gy IR T EEKHE, FRE5& SCHR 2 156
5.2 797, AT LAIACH, SCHkL 2 156 3.3 5 45t i R 1

o
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Table 4 Summary of mathematical expressions

Vil A1

A2 SUN(/E=0
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Study on Burnup Correction of Neutron Sensitivity of
Rhodium Self—powered Detector

Yu Jiasi

Abstract:In this paper, by theoretical analysis, and combining the sensitivity K factor of Rhodium detector
calculated from burnup experimental data and its sensitivity K factor from theoretical calculation, four kind
methods of two categories for sensitivity burnup correction of Rhodium detectors are proposed. The burnup
correction considers not only the effect of thermal neutrons, but also the effect of epi—thermal resonance
neutrons. After comprehensive analysis and comparison, this paper suggests to recommend an optimal
sensitivity burnup correction formula. This paper also presents a formula for calculating neutron integral flux
at the detector location in the core. This provides a good condition for monitoring the integrated neutron flux
distribution in the reactor core. In this paper, the limiting conditions for sensitivity burnup correction are
analyzed.

Key words: self-powered; detector; sensitivity; burnup correction
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Research Nuclear Public Opinion Events and Optimization
of Nuclear Public Communication based on SWOT

Lei Shaojuan , Liu Xinhua', Wang Chengzhi, Wang Ping
(Nuclear and Radiation Safety Center , MEE, Beijing 100082, China)

Abstract: Public communication in nuclear energy is one of the important topics in the development of nuclear
energy. The public’s views and emotions in nuclear public opinion events can not only reflect the public’s
attitude towards nuclear energy, but also reflect the effectiveness and problems of China’s nuclear energy
public communication work. By sorting out the nuclear public opinion events that have occurred in recent
years and systematically summarizing the causes of nuclear public opinion events, public opinion events are
divided into five major types; Using the SWOT analysis method to comprehensively analyze the public opinion
management and public perspectives during the development process of 18 nuclear public opinion events,
establish a SWOT analysis model for nuclear public opinion; Based on the analysis results, suggestions for
nuclear public opinion management and nuclear public communication were provided.

Key words : nuclear public opinion events; SWOT analysis ; nuclear public communication
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