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Discussion on the Regulation of Radioactive Transport in
Nuclear Power Plants

Zhang Weihua', Zhao Kun™’, Guo Haifeng', Ding Zhibo', Yue Huiguo', Wang Renke'

(1. Northeast Regional Office of Nuclear and Radiation Safety Inspection, MEE, Dalian 116001;
2. Northwestern Regional Office of Nuclear and Radiation Safety Inspection, MEE, Gansu Lanzhou 730000)

Abstract: Radioactive material transportation is widely used in nuclear energy development and its safety
supervision is an important measure to maintain nuclear and radiation safety. Based on the analysis of
the status quo and characteristics of radioactive materials transportation activities of nuclear power plants
in operation, some suggestions are put forward, such as improve transportation conditions, promote the
construction of disposal sites, establish a joint supervision system, and strengthen emergency response
capacity.

Key words: transport of radioactive materials; classification; transportation safety
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Table 2 Number of SG communications base stations

monitored by third—party agencies versus supervisory
monitoring of SG communications base stations by

December 2021
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Table 3 Supervisory monitoring of environmental condition
statistics around 5G communication base stations
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Table 4 Supervisory monitoring of SG communication
base station co-location statistics
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Table 5 Supervisory monitoring of SG communication
base station antenna erection form statistical table
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Table 6 Public Exposure Control Limits

A% (MHz) YR (WW/em®)
30-3000 40
3000-15000 1175

(2) T H AP HARE. A i 2 PR 5 1 A
ISR AT A2 W R AR Cha S A R A L
D) VR e S PR S e AN O v S AR E ) (HI/T
10.3-1996) > AH S KL , W T 16 B 2 368 1 2
it L PR 4 B H AR [ GB 8702 H A AR
P IR D)% B, Ik 7 FR

®7 DMBEEBRE

Table 7 Project management target values
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Table 8 Standards for meeting electromagnetic
radiation levels from communications base stations
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Table 10 Table of monitoring results of communication

base stations in different cities (unit: PCS)
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Table 11 Distribution of monitoring results of communication

ERSH

base stations of different operators (unit: PCS)
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Table 13 Distribution of monitoring results of
communication base stations in Guangdong province
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Monitoring and Management of Electromagnetic Radiation
Environmental impact from SG Communication Base Stations
in Guangdong Province

Su Chaoli', Chen Yueguang”™’, Zhang Jinfan’, Lin Quanyi’

(1. Guangdong Environmental Radiation Monitoring Center Guangzhou, Guangdong Guangzhou 510300,
China; 2. Shenzhen Urban Public Safety and Technology Institute Co., Ltd., Guangdong Shenzhen 518046,
China; 3. Shenzhen Ecological and Environmental Monitoring Center of Guangdong Province, Guangdong

Shenzhen 518049, China)

Abstract: The electromagnetic radiation generated by communication base stations has always been paid
attention by people. With the large—scale construction and network operation of 5G communication base stations,
its electromagnetic radiation level is higher than that of 2G, 3G, and 4G base stations. This problem has become
a hot spot for people to focus on. This paper takes the 5G communication base station in Guangdong Province as
an example to monitor the environmental impact of electromagnetic radiation generated during operation. The
results show that: except for a very small number of 5G communication base stations around the electromagnetic
radiation level exceeds the electromagnetic radiation environmental management limit, the contribution of the
electromagnetic radiation level of most 5G communication base stations is less than the electromagnetic radiation
environmental management limit. On this basis, specific suggestions for strengthening the electromagnetic
radiation environment management of 5G communication base stations in Guangdong Province are put forward.

Key words: 5G communication base station; electromagnetic radiation; environmental monitoring;

environmental management
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Fig.1 Radiation environment safety regulations

system diagram
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Table 1 Table of current norm waste management
regulations and standards system
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Table 2  List of safety technical requirements for various waste disposal
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Research on the Status of Domestic NORM Waste Disposal
in China

Teng Keyan', Zeng Yufeng’, Xie Shujun', Peng Hao""

(1. Nuclear and Radiation Safety Center, MEE Beijing 100082, China; 2. Sichuan Environment and
Protection Engineering Co., Ltd., Guangyuan 628000, China)

Abstract: The safe disposal of NORM waste is very important for protecting the environment and the public

and eliminating radiation risks. Through analyzing the characteristics of NORM waste, sorting out the

administrative and technical requirements of domestic NORM industrial radiation environmental supervision,

and discussing the development of NORM waste disposal in some provinces in China, this article summarizes

the problems existing in domestic NORM waste disposal and makes relevant suggestions.

Key words: radioactive material; waste; disposal
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Table 1 Overview of units in Daya Bay nuclear power base
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20



Vol.21, No.6, Dec.2022 i KR E AR & R B B K R 0E Bk B 6 Y R

0.75
o o -

Bo70 | T T ST T o JUfH
@ © © © o HH+3 o
= 0.65 Co o o 00 © o o 05 O Ol a0
+ [e) e S 5 50
E§060 o ° — ¥
R (O PR ELES Hi-20

0.55 © —— ¥ffi-3¢

0.50

0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36
MR8
B2 2021 4 1220 Quantulus AR (2200506) ZAEFHEE

Fig.2 Background quality control of 1220 Quantulus low background liquid
scintillation spectrometer (2200506) in 2021

22 MEF*® (2) SRFE K Fikb B
GERC A K H i 434 7773 ) (HT 1126 TRE 7K 1) SR B K Hij Al B i i S PR 4 W

2020) & WX )RS IR A T "**J"ré T ARFLIE Y (HT 61=2021) FN¢ 7 W I E0 75 4
W, A S AR A R R T AE N DR 3 #B o FE AR AR WA 5 s ) (GB 17378.3-
££ ,GERC 43 M7 A Gl i B RE 52 I A I8 Xtk A7 2007) KAHATVE IR S B OEACR E R AR FIE )

W (GERC-ZY-DL-07-03),

(1) W07 sl B A S ) 2.3 IR IR U = {SUER T T BR

MR AZ L T ] P61 30 Vg g . 97 IR O WA R P A7 ) (HI 1126-2020)
FEWCS T R A R s e i, X A W T PR A 5 v K e G B R R AT
AR SO E AN E 3 FiR . M. 1220 Quantulus {8 A% JiE PN 3 13X 7K H R

i :. WK, “HHABg/L

B3 ATZzREtEEEKENR2HTEE (& 2021 FREERELENER)
Fig.3 Distribution diagram of seawater monitoring points around Daya Bay nuclear power base (including
monitoring results of tritium activity concentration in 2021)

21




R

Vol.21, No.6, Dec.2022

22

AR R T AR 3]

4.65 N,
L=
0.06 xmxE ty

s Ly—— K P N R, Bq- L
Ny—ARJEAFEECR  min™
m——E T, g5
E——R N OO, %
bR I B 5 [B] , min;
0.06—HH- 241 (0.001 L/gx 60 min™'/Bq).
il L3 28 TSI BR B AT Sy« £
SRR N AR T SR A 0 2 S PR AR ], SR A A
OIARRREZS G EAR K E 95%.

i) - 38 3 %5 8 ml A i 4T 1000 min P &,
AJEIECR N 0.8 min™, I ZLF N 30%, 1551
ILERE R FRA 0.90 Bq-L™'o

3 BNERSSH

o

KR H SRR I % A S PR ) o
AN H Z o SRR T A 2 S
IKIEE K P REE AU S5 AR DG, SOBURE I
I8 B R IRHE, R B HE I B Y a5 AT R]
Bl 23 R P S IV TURE O 2021 AR B A

R3 2021 K H

A FEHIE A RN F Sl B S0 P R P T3, 10 R
FERL (L1-L10), 8644 353k W5 S % BR G, SRR
REEEAE—UR K CH B W gE R L 3,

IS A AT LA Y

(1)2021 4EAE PG RV 75 IR A 1 BRHEAOR
AR 20 ANTREZKRE b H 3 v I 5 RN
0.95-8.04 Bg/L,F-¥4I{E>4 3.3 Ba/L, WalZE SR 7R
DAV E R N sl (2) HEBCR K H 1%
JE vk B 31 Bl b 2.4-5.8 Bg/L, “F-2I{H M 4.1 Bg/L.
(3) Xof FE 11 56 4 3 Sk vk 1) 2 NI KRR o H G
45 IR T HRMIPR A .

B4 B S I T DR /K b H Y
S5 R HERR D BT L2 7 B R O ASGT
L8 sl o7 FIVE N L10 s o7 Z4F 1 il 25 58, A
it A B AT LA HY 2 2021 4F KV 75 TR K RE i
HhOHL (T VR A 2 A 1) A ik S L
2021 4% L2 L8 L10 s{7 /K *H WEigs R Tc
B S 2 55, HL R0 A A W i 5 PRl PR D 3

B 6 A iAok A% e TS it ) H AR FE
JilcE 5K H W R S R L AT LA is
TEF LK, AR H HECR B iRk
T BB

MzER (BN, Bg/L)

Table 3 Monitoring results of seawater *H in 2021

=¥ A FAEH A IE
[lipNIAC 03 A 12 H 09 A 09 H n/m 2011~2020 47t Fl 3l(E]
L1 3.58 4.17 22/27 1.2~15.3 3.17
L2 2.90 2.28 9/12 0.93~17.0 4.29
L3 2.75 2.12 10/12 0.89~8.75 3.08
L4 3.65 2.54 22/28 1.2~27.4 3.97
L5 6.70 2.17 9/13 0.89~15.9 3.17
L6 2.38 1.64 8/13 0.94~8.23 2.50
L7 2.90 <0.95 7/13 0.94~5.93 1.62
L8 8.04 7.77 8/12 0.90~18.0 3.03
L9 2.90 2.09 21/28 1.2~5.42 2.28
L10 3.41 1.83 22/28 1.2~5.09 2.15
HERCR 5.80 2.39 16/20 0.92~16.2 4.02
Xif B R 03 H 09 H 09 H 18 H n/m 2016~2020 45 B
PN <1.1 <1.1 0/10 <1.1 0.50




Vol.21, No.6, Dec.2022 s KRR A% A B B K L O Rk A 4G Y A R

8.00
7.00
6.00
500
4.00 r
3.00
2.00
1.00
0.00

THIGBEHE/ (Bg- L")

1992

1994
1996
1998
2000
2002
2004
2006
2008
2010
2012
2014
2016
2018
2020
2022

B4 1993~2021 £EATLZEK H EMERILE
Fig.4 Comparison of seawater "H monitoring results in Daya Bay West
from 1993 to 2021

—o—12 ——I[8 —=—LI0
28.0

24.0
20.0
16.0
12.0

8.0

SHIG BEWRJE (B L)

4.0

0.0

2020
2022

1992
1994
1996
1998
2000
2002
2004
2006
2008
2010
2012
2014
2016
2018

5 1993~2021 & L2, L8. L1037k *H MMz Rk
Fig.5 Comparison of tritium activity concentration in seawater at L2,
L8 and L10 monitoring points from 1993 to 2021

—@— /By —@— SIS/ (Bq L")
160 18
140
120 —~
- 12 4
£ 100 -
S £
= 50 -
= =
& 60 ®
E 6 =
S 40 o
=
20
0 0
1994 1997 2000 2003 2006 2009 2012 2015 2018 2021

B6 1994~2021 EMEH MBS ARTEFARMKEXR
Fig.6 Relationship between annual tritium discharge amount and tritium activity
concentration in seawater of Daya Bay West from 1994~2021

23



Vol.21, No.6, Dec.2022

24

4 B

IRy =|

Z4E5k GERC f# H 1220 Quantulus fEAJE
TR DN TSR T 2R RV 5 A% H, 356 b &1 B B 5 v i
TR 5 VA 1) M 0 45 SRt L ] R m TR 1Y
SRR AR HER RAE 2.25 x 10" Bg/a, 13- 5)1% 4%
P, 56 3] T T 7K T 8 A B AT A B v DY B 38
KT 0 T PN I8 2, ) T S P 5 o et AR R
U RIS 55 R R 5 S AR IR AKXt L, 2% i 2

S 0k

[0 ] Josind&) . HeAR A ) S AR AR 0 7 A S e s L]
BASL, 2020 (19): 51-55.

(2] B0, MpCR, AR . Bl S = mseic s [1] .
JEFRERISAHE A, 2015, 49 (4). 739-743.

(3] JTEd . KO A s Sk 2021 AFFERRBE W IR A [ R 1. %11
T A L2 B P BRITAT A ] . 2022.

[4] ABHERZ SRS el  BEEL IS5 [M] .t
TP E S RE T AR, 2018.

(57 R . 7 A ORI 2542 S b 0 5 PR 58 Wi e W 4 o (2021

N AL s AT 18 i T AS AR R ) e JEE R
FETEARMR K K, AN Tl R g 7K B35 3 Bl 552 P 52
M F 3] SRS A R S 52

AEEE) [RT .M AR ST I G, 2022,
(6] JAEdE . KW A% R HeHl 2021 47 BEHUFHE T i 5
et (R GI: KREEH S EE A RTUTE AR, 2022,

Overview of Monitoring Tritium Activity Concentration in
Seawater around Daya Bay Nuclear Power Base

Zhang Zhen

(Guangdong Environmental Radiation Monitoring Center, Guangzhou 510000,China)

Abstract: This work is based on the summary of tritium activity concentration in seawater around Guangdong
Daya Bay/Ling’ ao nuclear power plants monitored by Guangdong Environmental Radiation Monitoring Center
(hereinafter referred to as GERC) for many years. By comparing the national standards, the monitoring results
of tritium in seawater around Daya Bay/Ling’ ao nuclear power base in 2021 are within the standard range.
Meanwhile, compared with the natural radiation background level, it can also monitor the real-time impact
and long—term cumulative trend impact of nuclear power plant operation on the surrounding environment. As
one of the monitoring items of GERC for radioactive effluents from nuclear power plants, the monitoring results
of tritium activity concentration in seawater also provide scientific basis and technical support for nuclear and
radiation safety supervision.

Key words: nuclear power base; seawater monitoring; tritium activity concentration
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Radioactive Effluent Management Practice From Fuqing
Nuclear Power Plant

Wang Bao, Cai Jinping

(Fujian Fuqing Nuclear power Co., Ltd., Fuging of Fujian Prov. 350318, China)

Abstract: Since the promulgation of the Nuclear Safety Law of the People’s Republic of China, domestic nuclear
safety regulatory authorities have increasingly strengthened the regulatory requirements for the management of
radioactive effluent discharge from nuclear power plants, and the operators of nuclear power plants have also paid
more and more attention to the management of radioactive effluent. In this paper, a series of innovative measures
in the aspects of radioactive effluent management from Fuqing Nuclear power plant were presented, including the
effluent discharge knowledge popularization, laboratory management system establishment, sampling risk control,
sampling efficiency improvement and emission management software development, etc. A success achievement
have been obtained and have been recognized by the regulatory authorities for Fuqing Nuclear Power. Currently,
the accuracy rate of 100% for the radioactive effluent analysis and statistics is on hold, and the number of abnormal
radioactive effluent discharges has been zero, the annual labor cost could be saved by more than 500,000 yuan,
and the inert gas emissions in the gaseous effluent could be reduced by more than 20%. It has a good reference
significance for the construction of radioactive effluent management system of domestic counterpart power plants.

Key words: nuclear power plants; radioactive effluent; management practice
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Analysis of the Similarities and Differences of Domestic
and International Small Modular Reactors and of the
Prospect of International Cooperation

Yin Dejian, Lei Lei, Zou Xiang

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

Abstract: The development of small modular reactors has atiracted international attention. Recently, the
International Atomic Energy Agency has launched the Nuclear Harmonization and Standardization Initiative
(NHSI), which aims to explore coordinated regulatory and industrial solutions for small modular reactors.
In this context, this paper investigates the technical characteristics and international development trends
of domestic and international small modular reactors, summarizes the development status of small modular
reactors in China and the regulation challenges in policy and technology, introduces the basic situation of
NHSI, and analyzes the prospects and potential impact of international cooperation related to small modular
reactors. Compared with other countries, small modular reactors in China are different in terms of technical
characteristics, applications, and major challenges. International cooperation on small modular reactors will
continue to be active in the future.

Key words : small modular reactor; SMR; nuclear harmonization and standardization initiative; NHSI
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Table 2 Final value of safety significance
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Table 4 Attribute utility scale
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Table 5 Relative significance matrix of attributes
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Study on ITAAC Sampling Method of USNRC

Zou Xiang, Ma Guoqiang, Lei Lei, Yu Dapeng’

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

Abstract: The inspection of ITAAC is a key regulation of United State Nuclear Regulatory Commission (NRC)

on construction nuclear power plants. NRC established a structured evaluation method to determine the value

of ITAAC items, and selected a sample of all ITAAC for inspection based on the value. The method of sampling

can ensure the effective distribution of regulatory resource, and ensure adequate inspection on ITAAC with

reasonable and achievable resource cost. The paper study on the sampling methods of ITAAC projects, hoping

to provide a reference for the selection of the construction supervision and inspection projects of nuclear power

plants in China.

Key words: nuclear power plant construction; ITAAC; supervision; USNRC
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Discussion on Concerns about Environmental Impact
Assessment of Nuclear Power Plant

Cai Xiangang', Zhang Zeyu’, Zhang Luhuai™’, Cheng Tianheng’

(1. CPI Guangxi Nuclear Power Co. Ltd., Fangchenggang 538001, China; 2. Nuclear and Radiation
Safety Center, MEP, Beijing 100082, China; 3. State Nuclear Zhanjiang Nuclear Power Co. Ltd, Zhanjiang
524033, China )

Abstract: The approval of environmental impact report is the key path to obtain the construction permit of
nuclear power plants, which directly restricts the development of nuclear power projects. In the process of
the EIR review, the nuclear safety regulatory authorities are particularly concerned about the compliance of
planning, coordination of ecological protection, warm drainage control, and the disposal of medium and low
level radioactive waste. This paper discusses these concerns in depth and analyzes possible conflicts with the
requirements of the review in practice and then puts forward relevant countermeasures and suggestions.

Key words: nuclear power plant; preparatory stage; environmental impact assessment; concerns
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The Generic Elements of an Effective Aging Management

Program

Tao Ge, Gao Xuan, Zhao Chuanli, Tao Jun, Ma Hui ming

(CNNC Nuclear Power Operations Management Co., Ltd., Haiyan Zhejiang. 314300, China)

Abstract: Aging of systems, structures and components important to safety must be effectively management

to ensure that required safety margins are maintained throughout plant service life (include long term

operation),establishing and implementing Aging Management Program is proved to be an effective way for

nuclear power plant to manage the aging as required. This paper discusses the elements of aging management

program, focuses on the detailed analysis and elements comparison between the two standard aging

management program structures in the world. The paper combs out the elements that must be included in an

effective aging management program, and can provide reference and support for the development and review of

the aging management program for domestic nuclear power plants.

Key words: aging management; elements of aging management program; GALL report; license renewal
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Considerations and Suggestions on Designing Extended
Conditions of Nuclear Power Plants

Wang Xun', Tian Yu’, Jing Fang', Shi Qiang', Wang Xiaofeng', Sun Haitao'

(1. Nuclear and Radiation Safety Center of Ministry of Ecology and Environment, Beijing 100082, China;
2. Beijing Institute of Aerospace Systems Engineering, Beijing 100076, China)

Abstract: After the Fukushima nuclear accident, the international community put forward higher safety
requirements for the development of nuclear energy. The International Atomic Energy Agency (IAEA),
based on the experience and research results of the Fukushima nuclear accident, introduced the concept of
design extension condition in its safety standards. To further improve the safety level of nuclear power plants.
Based on the actual situation of nuclear energy development at home and abroad, combined with the latest
requirements of China’s nuclear safety regulations and standards and the planning ideas for formulation and
revision, this paper considers the definition and content of design expansion conditions and puts forward
relevant suggestions.

Key words : nuclear power plant; design expansion condition; nuclear safety
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Analysis on Social Public Acceptability and Risk Decision
Ethics of Geological Disposal of HLWS

Zhong Hua', Li Xiaojuan™’, Wan Yaping', Wu Xijun'

(1. University of South China, Hengyang 421001, China; 2. The Second Affiliated Hospital of University
of South China, Hengyang 421001, China)

Abstract: This paper obtains the current situation of geological disposal of high level radioactive wastes
(hlws) in France, Sweden and China, understands the public participation mechanism and acceptance degree
of geological disposal of high—level radioactive waste at home and abroad, establishes the influencing factor
model of public acceptance of high—level radioactive waste disposal from the aspects of knowledge cognition,
risk cognition and interest cognition, and puts forward the ethical principles of geological disposal of high—level
radioactive waste and the Ethical Enlightenment of risk decision—-making, By adopting certain communication
strategies and public participation mechanism, we can dispel the public’s doubts about the disposal of high—
level radioactive waste and obtain public support and understanding, so as to provide reference basis for the
smooth development of Beishan underground waste disposal laboratory project in China.

Key words: high level radioactive wastes (hlws) ; disposal repository; Social public acceptability; decision

ethics
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Research and Design of HFETR Equipment Reliability
Database

Han Liangwen, Zhao Peng, Deng YunLi, Cai Wenchao, Liu Peng, Lai Lisi, Ma Xiaochun

(Nuclear Power Institute of China, Chengdu 610000, China)

Abstract: This paper analyzes the basic information of equipment required for HFETR probabilistic safety

analysis. For some of the equipment, it is difficult to get accurate reliability parameters through the classical

estimation method due to the small amount of data collected or recorded. General data source and Bays

estimation method are adopted. By applying information management technology, the reliability database

management systems of HFETR equipment is designed and developed, and the accurate of the reliability

parameter estimation results of the system is verified by referring to the data of nuclear power plant, which lays

a foundation for providing basic reliability data for HFETR level 1 PSA, online risk assessment and reliability—

centered maintenance.

Key words: equipment reliability; HFETR; probabilistic safety analysis
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The Suggestions on Building a Siting Data Workbench by
Blockchain Technology for Nuclear Power Plant Review

Zhao Lei

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

Abstract: The sites safety review of the nuclear power plant involves a large amount of basic data and
information of siting, and for the construction cycle of the nuclear power plant is long, which causing the
span of the review time being lasted for a long time, and there existing some problems of site conditions and
matching between structures for those multi-reactor sites. Blockchain is a chained data structure that keeps
data blocks in chronological order, which could ensure the content of the data to be integrity, authenticity
and impossibility being tampered. The technology is a combination of distributed accounting, asymmetric
encryption, point—to—point transmission and so on, and which could ensure data authenticity and full
traceability.The basic data workbench of can be constructed by using blockchain technology, information input
and review can be completed by using distributed accounting method, and information authenticity can be
guaranteed by asymmetric encryption technology.

Key words: sites of nuclear power plants; multi—reactor site; blockchain; chained data structure; safety

analysis report
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Research and Suggestions on Regulatory Requirements of
Commercial Grade Dedication

Zhao Xudong"’, Yang Cheng’, Wang Meiying', Ma Ran', Miao Xueliang’, Deng Dong’

(1. China Machinery Productivity Promotion Center Co., Ltd, Beijing 100044, China; 2. Nuclear Power
Operations Research Institute Co., Ltd., Shanghai 310000, China; 3.Nuclear and Radiation Safety Center,
MEE, Beijing 100082, China)

Abstract: With the interesting of operating nuclear power unit in China, whether the commercial grade
dedication can be used as an effective means to ensure the quality of components and parts with nuclear safety
function has gradually become the focus of the industrial. This paper investigates the management system,
technical route, regulatory requirements and practical experiences of the commercial grade dedication items
in the United States. In combination with the domestic regulatory requirements of nuclear safety equipment,
through analysis, it is believed that the practice in the United States shows that the basic process of commercial
grade dedication is feasible; The practice of CGD in the United States is a useful reference for China to carry
out research and related work; The regulatory positions expressed by NRC in RG1.164 and 1P43004 are
valuable for reference in establishing regulatory requirements for CGD in China. Through research, this paper
suggests that the applicable scope of CGD is the parts and components that perform nuclear safety functions; In
addition to the qualification of legal person, site, personnel and other conditions, as well as the ability of technical
analysis and implementation verification, the CGD survey shall also establish a quality assurance system that
meets the requirements of HAF003 ; Research on Risk—Informed categorization, parts quality database and
quality assurance system for CGD will help the development of CGD.

Key words: commercial grade dedication; regulatory requirements; nuclear safety function; critical

characteristics; acceptance
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Fig.1 Illustration of consortium blockchain and smart contract based nuclear safety consensus man-
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Research on Blockchain—based Informatization of Nuclear
Safety Management System

Zhao Yongdeng”

(Huaneng Shandong Shidaowan Nuclear Power Co. , Ltd. Weihai 264312, China)

Abstract: Nuclear safety is a critical precondition for the development of nuclear energy and nuclear
technology, and is an important component of national security. “Nuclear Safety Law of the People’s Republic
of China” regulates that “nuclear safety work must adhere to safety first, prevention first, clear responsibility,
strict management, defense in depth, independent oversight, the principle of comprehensive security”,
encouraging and supporting the “research, development and utilization of nuclear safety related science
and technology” , providing a legal basis and policy guidance for the application of emerging technologies
in the field of nuclear security. This paper explores the potential value of blockchain technology in nuclear
security management, and proposes a multi—party consensus nuclear security management scheme based on
consortium blockchain and smart contract, and preliminarily defines the ledger layer, consensus layer, contract
layer and their basic logical relations, and proposes the basic principles to be followed in the development
and implementation of this system. This paper provides a new way of thinking and direction for optimizing
nuclear safety management in the digital age, and aims at beneficial exploration and research theoretically and
technically.

Key words: nuclear safety; blockchain; smart contracts
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CFD Simulation and Analysis of Blockage Accident in a
Lead-Bismuth Eutectic Cooled Fuel Rod Bundle

Fan Yijiang'?, Yu Dali"*", Liu Shuyong'?, Yu Jie"’

(1. Institute of Nuclear Energy Safety Technology, Hefei Institutes of Physical Science, Chinese Academy
of Sciences, Hefei 230031, China; 2. University of Science and Technology of China, Hefei 230027,
China; 3. Key Laboratory of Advanced Reactor Engineering and Safety, Ministry of Education, Tsinghua

University, Beijing 100084, China)

Abstract:[ Background | Lead—bismuth eutectic cooled fast reactor (LFR) is becoming increasingly
recognized among all the fourth—generation nuclear reactors because of its inherent safety, high power density,
and long-life fuel cycle. Corrosion products generated during the operation of LFR may cause flow blockage
accidents and threaten the safety of the reactor. [ Methods |Using the computational fluid dynamics software
Fluent, this study established a theoretical model for a 19-rod bundle fuel assembly with wrapped wire,
which was then verified by the Pacio experiment. The model was used to investigate the flow and heat transfer
characteristics of the lead—bismuth eutectic working fluid under both normal conditions and multiple groups of
flow blockage conditions. [ Results ]Results obtained the maximum temperature distribution on the cladding
surface, the velocity distribution around the block, and the instantaneous vortex field structure under different
working conditions. Finally, influences of the block parameters on the flow field distribution and heat transport
were concluded. [ Conclusions |This work can provide a reference for analyzing the development and impact
of LFR blockage accidents.

Key words: lead—bismuth eutectic cooled fast reactor; flow blockage accident; computational fluid dynamics
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Analysis of Events due to Unavailability of Transformer
Power Supply Circuit of LNA and LNC by Using Barrier
Analysis and ECF Chart Analysis

Liu Shixian, Chu Qiangian, Liu Rui, Che Shuwei, Yang Weidong"

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

Abstract: The cause of event occurred in a domestic nuclear power plant due to unavailability of transformer

power supply circuit of LNA and LNC caused by irregular online activities of the electrical system during

overhaul was systematically analyzed. The root cause was analyzed by using combination of barrier analysis

method and the event and cause factor (ECF) chart analysis method. The sequence of event was established

and all barriers that could prevent this event were listed. The root causes of the event were determined by deep

analysis of the failure of barriers. It was found out that insufficient job skills and irregular behaviors of staffs

and imperfect procedures were the root causes of the event. Finally, based on the root causes, suggestions for

improvement were proposed.

Key words: operation event; barrier analysis; event and cause factor chart analysis; root cause analysis
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