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Study on Radiation Protection of Yttrium—-90 Resin
Microsphere Radionuclide Therapy

Yun Yangi', Zhou Yanzhi’, Zhang Yanyang’

(1. Gansu nuclear and radiation safety center, Lanzhou 730020, China; 2. Gansu Maternal and Child Health
Hospital, Lanzhou 730050, China; 3. The Second Hospital of Lanzhou University, Lanzhou 730030, China)

Abstract: This article takes the new method of in vivo radiation therapy with yttrium 90 nuclide as an
example to sort out and analyze its source related aspects. The actual radiation monitoring results outside
the DSA machine room are superimposed with the estimated radiation dose outside the DSA machine room
caused by the injection process of yttrium 90 nuclide. The numerical results show that the shielding external
radiation dose rate of the DSA machine room during the injection process can meet the corresponding limit
requirements. At the same time, the radiation dose rate estimation of the operating position of the near
operating doctor was carried out. Taking the typical Ytirium 90 radionuclide in vivo radiotherapy scheme as
an example, the common exposure time and injection time were selected to estimate the annual effective dose
of its professionals and the public. The results showed that the dose constraint requirements and management
limits specified in the Basic Standards for the Safety of Tonized radiation protection and Radiation Sources
(GB18871-2002) could be met, The above analysis methods and results can provide technical reference for
environmental impact assessment of similar projects, and have certain application value.

Key words: Y-90 resin microsphere; radiation effect; annual effective dose
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Service Environments Monitoring of E&IC Equipment
during Nuclear Power Plant Operation

Tao Ge, Zhao Chuanli, Gao Xuan, Tao Jun

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

Abstract: The aging of Electrical and 1&C equipment is significant affected by their service environments.
Equipment environmental parameters (such as temperature, radiation and humidity) govern the rate of
aging degradation and affect the useful life and reliability of the equipment. This paper gives the general
requirements, monitoring process, environmental parameters to be moniotred, instruments can be used,
monitoring locations and monitoring cycle for environmental monitoring of E&IC equipment important to
safety, which can provide guidance and support for obtaining service environmental parameters of E&IC
equipment required for aging management of E&IC equipment, failure root cause analysis, operating license
renewal, etc.

Key words: aging management; service environment; equipment service environmental parameters
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Quantitative Evaluation of the Impact of Small Power Uprate
on Significant SBO Sequence Based on RISMC Methodology

Du Yun"?, Zhang Qinfang’

(1. Shanghai Jiao Tong University, Shanghai 200240, China; 2. Shanghai Nuclear Engineering Research
& Design Institute Co., Ltd, Shanghai 200233, China)

Abstract: With consideration of impact of the stochastic and mechanistic uncertainties, one probabilistically
significant SBO sequence of three—loop PWR is revised with an advanced safety analysis method called
computational risk assessment (CRA) based on risk informed safety margin characterization (RISMC) method.
The new safety analysis method combines deterministic safety analysis and probabilistic safety analysis
methods. The difference ofcoredamagefrequency (increase 12.6%) between the standard case and the case
with 5% power uprate evaluatedby CRA method showsthat the new PSA model can be sensitive to the issue of
limited scope of power uprate, and the CDF can be reduced reasonable compared with traditional PSA method.

Key words: power uprate; SBO; safety analysis; RISMC; PSA
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Fig. 1 The program system of configuration risk management
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Fig.2 The process of operation configuration risk management
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Configuration Risk Management System of Tianwan
Nuclear Power Station

Gu Xiaohui, Li Youyi, Lang Xiye, Sun Yang, Zhao Pengfei, Yu Wenge

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

Abstract: This paper introduces the applicable condition, relative programs, organization and responsibilities
of Configuration Risk Management of Tianwan nuclear power station units 1-4. This paper illustrates transition
risk and cumulative risk threshold setting method and the management process. This paper illustrates the
conditions of the entry and exit of risk management mairix and revision of the risk management matrix
management process. The implementation scheme of configuration risk management is described in detail,
including configuration risk management flow of operation and maintenance, formulation and implementation
of risk management measures, etc.

Key words: Tianwan nuclear power station; configuration risk management; risk thresholds; risk management
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Fig.1 Monitoring results of tritium in gaseous effluent of No.1 unit
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Fig.2 Monitoring results of tritium in gaseous effluent of No.2 unit
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Fig.3 Monitoring results of carbon-14 in gaseous effluent of No.1 unit
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Fig.4 Monitoring results of carbon-14 in gaseous effluent of No.2 unit
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Tab.3 Monitoring results of tritium and carbon-14 in atmosphere and precipitation
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1
; =) A | A =) E /N i
wig AP g RBN ok gockr epg TE TR B0
FREE K Mo AR KiE - OKE K =3
2017 4F <26 <28 <27 <21 0.20~0.24 0.20~0.24 0.19~0.23 0.21~025 <1.1 <11 <I.1 <0.90
2018 4F <32 <26 <26~37 <21 0.18~0.24 0.18~0.24 0.19~0.24 0.22~0.28 <1.0 <1.0 <1.0 <0.93
2019 4F <24~30 <24 <23 <23 0.20~0.26 0.20~0.25 0.20~0.26 0.21~0.26 <10 <1.0 <1.0 <0.94
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Fig.S Monitoring results of liquid effluent tritium
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Tab.4 Monitoring results of tritium in seawater

il 455 /(Bq-L™)

W THI  TH2 TH3 TH4 TH5 TH6 TH7 THS TH9  THI0 XI5
2017 4F <10 <1.0 <l1.0 <1.0 <l1.0 <l1.0 <1.0 <l1.0 <10 <10 <Il1.0
2018 4F <10 <I1.0 <1.0 <1.0 <l1.0 <l1.0 <1.0 <l1.0 <l0 <10 <Il1.0
20194 <10 <1.0 <1.0~37 <10 <1.0~63 <I1.0 <1.0 <l1.0 <l0 <10 <10
2020 4F <1.1 <l1.1 <lI.1 <l1.1 <l1.1 <lI.1 <l1.1 <l1.1 <ll <11 <Il.1
2021 4F <1.1 <1.1~4.0 <1.1~73 <1.1~79 <1.1~7.0 <1.1~6.0 <1.1~1.6 <1.1~22 <1.1~12 <11 <Il.1
20224F <11 <11 <1.1~60 <1.1~19 <1.1~99 <1.1~14 <I.1 <l1.1 <l1.1 <l.l <1.0
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Tab.5 Monitoring results of tritium in freshwater

il R/ (Bg-L™) WK / (Bq-L™) HFK /(Bq-L™) PSR / (Bq-L™)
Fiax]ll

X B HHA _

fis A ks . ; . ., :

IR ikt sl SHIES HRAK ok XIHES JREAL XS THI TH2 TH3  TH4

20174 <I1.1 <l.l <0.90 <I1.1 <10 <090 / <090 <10 <10 <10 <1.0
2018 4F  <1.0 <1.0 <094 <1.0 <10 <091 <10 <090 <10 <10 <10 <1.0
20194F  <1.0 <10 <0.93 <1.0 <10 <094 <1.0 <094 <10 <10 <10 <1.1
2020 4F <11 <l.l <0.93 <I.1 <lI.1 <093 <11 <093 <11 <Ill1 <11 <l1.1
2021 4 <I1.1 <l.l <095 <I1.1 <l.l <095 <11 <095 <11 <Ill1 <11 <l1.1
2022 4F  <l1.1 <l.l <09 <lI.1 <l.l <094 <11 <094 <11 <ll1 <11 <11

f R SR T AR —14 AR, 1M S A o DM INES SR AR AL L RIS AT AR X
0.20~0.24 Bq/g, 55 % IR 0 B 48 2R AL T [F]— K A IR R TSR N

R 6 PhAEEYRRP IR -14 HNER

Tab.6 Monitoring results of tritium and carbon-14 in terrestrial biological samples

T ol "
I OBT/(Bg/kg) TFWT/(Bgkg) f#-14/(Bg/g) OBT/(Bgkg) TFWT/(Bgkg) B -14/(Bglg)
T 2017 4 <0.25 <0.58 0.22 <0.26 <0.59 0.21
2018 4 <0.25 <0.56 0.20 <0.31 <0.44 0.24
2019 4F <0.23 <0.60 0.22 <033 <0.45 0.20
2020 4£ <0.23 <0.64 0.20 <0.35 <0.44 0.23
2021 4F <0.28 <0.58 0.21 <0.41 <0.33 0.22
2022 4F <0.26 <0.64 0.24 <0.36 <0.45 0.25
HAKE 2017 4R <0.37 <0.59 0.22 <0.33 <0.45 0.20
Iy 2018 4F <0.26 <0.57 0.20 <0.33 <0.42 0.23
2019 4F <0.27 <0.58 0.22 <0.24 <0.60 0.20
2020 4F <0.25 <0.62 0.20 <0.32 <0.51 0.23
2021 4 <0.28 <0.59 0.22 <0.35 <0.45 0.20
2022 4F <0.28 <0.60 0.24 <0.32 <0.50 0.25
Xof BEA 2017 4 <0.22 <0.60 0.24 <0.15 <0.63 0.23
2018 4E <0.28 <0.52 0.26 <0.24 <0.59 0.26
2019 4F <0.24 <0.52 0.23 <0.18 <0.62 0.21
2020 4F <0.25 <0.51 0.22 <0.17 <0.63 0.21
2021 4 <0.26 <0.52 0.22 <0.18 <0.61 0.23
2022 4F <0.24 <0.54 0.21 <0.22 <0.54 0.22
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HE MmN —14 JM SR
Tab.7 Monitoring results of tritium and carbon-14 in

marine organism samples

. WM
- OBT/ TFWT/ ##-14/
(Bg/kg) (Bg/kg) (Bg/g)
20174F  <0.050 <0.90 /
2018 4F  <0.068 <0.83 /
20194F  <0.044 <0.94 /
2020 4F  <0.075 <0.93 /
2021 4F <0.064 <0.93 /
2022 4F  <0.043  <0.99 /
20174F  <0.039 <0.95 /
2018 4F  <0.040 <091 /
20194F  <0.036 <0.96 /
2020 4F  <0.034 <0.98 /
2021 4F <0.044 <0.96 /
20224F  <0.031  <1.0 /
20174 <0.080 <0.93 /
2018 4F  <0.110 <0.82 /
2019 4F  <0.053 <0.94 /
2020 4F  <0.130 <0.87 /
2021 4F <0.092 <0.93 020
20224F  <0.067 <0.97 0.3
20174F  <0.100 <0.91 /
2018 4F  <0.110 <0.82 /
20194F  <0.100 <0.89 /
2020 4F  <0.090 <0.90 /
2021 4F <0.100 <091  0.23
20224F  <0.099 <092 023
20174 <0.170  <0.78 /
2018 4F  <0.190 <0.74 /
20194 <0.190 <0.78 /
2020 4 <0200 <0.74 /
2021 4F  <0.160 <0.84 023
20224F  <0.130 <0.88 0.24
2017 4F <0280 <0.77 /
2018 4F <0280 <0.64 /
20194F  <0.160 <0.78 /
2020 4F <0210 <0.72 /
2021 4 <0.130  <0.89 /
20224F  <0.170 <0.83 /
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Monitoring of Tritium and Carbon-14 in Radioactive

Effluent and Peripheral Environmental Samples of a

Nuclear Power Plant

Zhen Liying, Lin Yinghui, Liang Guoshuai, Ouyang Jun, Chen Rirong, Zhang Jiajun

(Guangdong Environmental Radiation Monitoring Center, Guangzhou 510300, China)

Abstract: Tritium and carbon—14 are the main nuclides for emission control of effluents from nuclear power

plants, and they are also the key nuclides for radiation environment monitoring around nuclear power plants.

This paper introduces the supervisory monitoring of tritium and carbon—14 in radioactive effluents and

peripheral environmental samples of a nuclear power plant by Guangdong Environmental Radiation Monitoring

Center since 2017.The results showed that the discharge of tritium and carbon—-14 from the effluent of the

nuclear power plant meets the approval requirements of relevant national departments.Occasionally, tritium

above the detection limit can be detected in atmospheric samples near the nuclear power plant,and tritium

above the background level can be detected in seawater near the liquid effluent discharge outlet, without

tritium cumulative effect.The tritium content of other samples is less than the detection limit, including

precipitation, surface water, drinking water, groundwater, biological samples, and monitoring well water in the

nuclear power plant.There is no abnormal carbon—14 level in atmospheric and biological samples.

Key words : nuclear power plant; tritium; carbon—14 ; radioactive effluent
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Research and Application of Wearable Soft Insulation in
EPR Nuclear Power Units
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Abstract:In the operation of EPR nuclear power unit, the problem of high plant temperature caused by the

poor thermal insulation effect of the equipment body occurs. This paper proposes a wearable soft thermal

insulation technology for this problem, which can effectively improve the thermal insulation effect of the

equipment, effectively reduce the temperature of the nuclear island pressurizer, evaporator, and other rooms,

and improve the safety performance of the equipment. This paper introduces the overview of EPR nuclear

power unit and the importance of plant temperature. In view of the shortcomings of the traditional hard

insulation box insulation technology, the application of wearable soft insulation technology is proposed. This

technology adopts new soft thermal insulation materials sewn according to different equipment shapes, which

can effectively improve the thermal insulation effect of the equipment. In the experiment, we used several

sets of EPR nuclear power unit equipment for test and comparison. The results show that compared with the

traditional rigid insulation box, it has a higher fitting degree and better insulation effect, and can effectively

reduce the room temperature of nuclear island pressurizer, evaporator and other rooms. The application of this

technology can ensure the temperature stability of EPR nuclear power unit equipment during operation, thus

improving the safety and stability of nuclear power plant.

Key words : wearable soft insulation; Equipment; EPR nuclear power unit; cooling
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Application of Seismic Design Method based on Risk
Guidance and Performance Objective in Research Reactor

Liu Rui', Zhang Shanqi’, Yuan Fang’, Hou Qinmai', Zhang Huiyi""

(1. Nuclear and Radiation Safety Center, MEP, Beijing 100082, China; 2. China Nuclear Energy
Technology Co., Ltd., Beijing 100193, China; 3 Shanghai Nuclear Engineering Research & Design
Institute Co., Ltd., Shanghai 200233, China)

Abstract: Introduced the latest version of ASCE 43-19 “Seismic Design Standards for Nuclear Facility
Structures, Systems, and Equipment” in the United States, and sorted out seismic design methods for nuclear
facilities based on risk guidance and performance objectives; Considering the importance of risk, assign
different seismic design categories (i.e. different design basis ground motion levels) and different design
performance limits (i.e. different limit states) to different research reactor structures, systems and equipment;
The differences and impacts of different versions of ASCE 43-19 and ASCE/43-05 standards on seismic
design classification and determination of design basis earthquakes were compared. The seismic design
methods of the U.S. research reactor VIR and SHINE and the review practice of the U.S. Nuclear Regulatory
Commission are studied to provide reference for determining reasonable seismic design input of China’s
research reactor.

Key words:risk guidance; Performance objectives; Seismic design; Research reactor
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Table1 Environmental gamma radiation dose rate of site

SRHE A

EN IR N

# /nGy+h™
i1 58.3~153.0
(187 4~ s5A51)

1l 2 JEOBLG 2 B Dy 122.0~360.0
(56 A1) [ffiT (16 A~ 5 47)
HiAfl (40 4> 45460) 86.1~181.0

CH A R RS PR D 20.7~287.8
M DX R BT Ay SRR R
E2 g1 im N ERE JEE K

Fig.2 Enterprise one site environment

22 EHMRIEAESER BB R AL AL 4, Al 2
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GG XIRATE 5 A T BERFE AL, TN AR X 2 Yy N AR R IR R R S A AR
BRATBE 9 A HERFE AL REERE N 7.5 mo KA

R2 G tERRESE

Table 2 Nuclide content in site soil

AR Wi 2R **U/Bq kg™ “Th/Bq- kg™ °Ra/Bq kg’
Al 1(14 A4~ 45 47) 27.2~76.0 49.3~101 22.7~43.1
k21 A mifn)  JERHE R b R (4 A4S s L) 99.7~723.0 132.0~265.0 87.5~627.0
HoAth, (7 A~ 2547) 51.0~138.0 63.5~356.0 45.3~164.0
Crp E R AR TR PE KT ) i b X A ] 21.0~207.0 10.2~199.5 20.0~148.0
P EIPAEE KRR AT )ULPE4E 44 A i1 17.0~354.4 10.2~199.5 13.0~425.8

®3 G TKPERESE

Table 3 Nuclide content in site groundwater

BIRE| Al 1 fnlk 2 ER b X AT HIK TP RAR I  MAZ R o i
Ufmg-L"' 0.0146~0.0350 0.00004~0.00069 0.000001~0.00168
Th/mg L™ 0.00008~0.00169 0.00005~0.00036 <0.00002~0.00025
*Ra/Bq-L""' 0.012~0.027 0.003~0.009 <0.00127~0.0105
B o T /B L 0.216~0.578 0.025~0.088 /
A B BqeL! 0.128~3.25 0.068~0.974 /
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Table 4 Nuclide content of deep soil sample at site two

W
' "‘n’;‘ U/Bq-kg”’ *ThBq-kg' *Ra/Bq-kg’

5% 0~0.5  158~587 65.4~141 118~555
ik 0.5~1.0 62.1~583 55.1~199 42.9~717
1.6~2.0 38.7~657 58.9~160 41.2~548
2.5~75 36~104 60.2~94.8 41.6~62.1
HAth 0~7.5  31.8~206 49.2~106 35.5~122

X 45

3 k2 i IR

Fig.3 Enterprise two site environment
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Study on the Content and Procedure of Soil Radioactivity
Survey in Sites Contaminated by Natural Radionuclides

Yin Haihua, Wu Qun’, Zhan Guoqing, Hu Ke

(Experimental testing team of Jiangxi Geological Bureau, Nanchang 330001, China)

Abstract: By referring to the work content and procedure of soil pollution investigation in construction land
and combining with the characteristics of radionuclide pollution and its migration rule in environmental
media, this paper summarizes a set of work content and procedure of soil radioactivity investigation in sites
contaminated by natural radionuclides, providing reference for soil radioactive pollution investigation.
The investigation of soil radioactive pollution is divided into the first stage and the second stage, including
data collection, site exploration, site sampling and monitoring, indoor analysis, report compilation, etc. The
monitoring items included the environmental gamma radiation dose rate on the surface and the concentration
of ?*U, *Th and **Ra nuclides in soil and groundwater.According to the work contents and procedures, the
soil of two sites that may be contaminated by natural radionuclides was investigated to evaluate the impact of
industrial processes on the concentration of radionuclides in the soil of industrial and mining enterprises.The
investigation results show that the investigation contents and procedures are feasible.

Key words : natural radionuclide; soil radioactive pollution survey; other radioactive material; Ambient gamma

radiation dose rate
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Fig.3 Dynamic model under separated mass
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Table 1 Symbols of the dynamic model system

SRR ing el Kl
s (o)} 3 ky N/m 2000000
peE e o) 3 k, N/m 2000000
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B = hihiE Ly, m 1.45
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Table 2 Parameters of the dynamic system

SR TR iRes gl Ky
ERUNTTN m, kg 20000
7 e o m, kg 80
A m, kg 80
yativese Sl ky N/m 200000
Fre BN k, N/m 200000

L 2 Jrii=1,2-46,
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Zhee T, MG shae T, W 3 Fiow, ik 4
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Table 3 Mass of vehicle equipment and its centroid

coordinates
FEARS Jitt /kg JGERINALY 7y
3% 2000 (1.5,0,1)
SN HE (BB RIS R ) 18000 (-2.8,0.4,0.5)
RERAL 600 (-5.5,0.5,0.3)
LR 20000 (-4,0,-0.05)
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T, H 0k f RS 19 1T . 45 2B T B9 F
FEVEF AN 4 Frs .
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Table 4 Degree of roughness with different road classes
N5 E 3 AVFERB G, (ng) x 10°m’
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Fig.5 Loadings under the separated model and
integrated model
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Table 5 Values of spring stiffness and length in three
directions of the reactor

TH K, K, K,
54 0.02 0.02 0.02
| 0.10 0.10 0.10

®6 REMEEANFEHRKUE
Table 6 Maximum displacement in six directions of
the equipment

T x,/m y,/m z/m 6(°) 6(°) 6.(°)

$—41 0.04 013 042 17.18 206 2.75
B4 017 024 033 3266 756 6.30

RT EER=AFEBRAGLE

Table 7 Maximum displacement in three directions of

the vehicle body
T ZI7 m HEED e (0 ) ZEA M o, ()
B 0.39 3.67 1.03
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Analysis of Vibration Responses Characteristics of Mobile
Micro-reactor under Different Road Classes

Fan Tiandi"?, Zhang Yong™", Yang Guowei"’, Song Yong', Jiang Jieqiong', Zhou Tao'

(1. Hefei Institutes of Physical Science, Chinese Academy of Sciences, Hefei 230031, China;
2. University of Science and Technology of China, Hefei 230026, China; 3. International Academy of
Neutron Science, Qingdao 266041, China)

Abstract: The mobile micro—reactors have become an advanced nuclear energy, capable of efficiently
supplying power to islands, remote regions, and specialized events. these mobile micro-reactors utilize
liquid metal lead—bismuth eutectic (LBE) as a coolant, which possesses unique characteristics such as high
density, large mass, and small volume. Consequently, the transportation of these mobile micro—reactors differs
significantly from that of conventional large—scale equipment. This paper proposes the implementation of three
shock absorbers at the connection of equipment and vehicle in order to evaluate the reactor with six degrees—
of—freedom (DOF). A separated model for the full-car system is established through the application of the
Lagrange multi-body dynamic equation. The transportation vibration responses are simulated using MATLAB
software and the Runge—Kutta methods. Furthermore, a parametric study is conducted to investigate the effects
of the mass of LBE and different road classes on the vibration responses during transportation. The results
demonstrate that, regardless of the road class, the vibration frequency primarily lies within the 16 Hz range.
Additionally, it is found that the amplitude can increase by up to 150% under Class F. Overall, the findings
contribute to a deeper understanding of the transportation process and provide valuable insights for enhancing
the design and operation of reactors during transportation.

Key words : mobile micro—reactor; transport vibration; multibody dynamics; road class
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Application and Development of Integrated Management
System for Physical Protection System

Hu Hongtao, Lin Wen

(National Nuclear Security Technology Center, Beijing 102401, China)

Abstract: Physical protection is an important guarantee for the safety of nuclear materials in production,
use, and storage, as well as the safety of nuclear facilities. The integration of physical protection systems has
gradually become an effective way to solve data interconnection, information sharing, interface unity, and
efficient management among various functional modules of physical protection. This article analyzes the role
and importance of integrated management in physical protection systems based on the requirements of physical
protection and the development of physical protection integration technology, combined with the development
of system integration technology and the application of big data technology, intelligent analysis technology,
and Internet of Things technology. It also proposes the development direction of physical protection integrated
management systems.

Key words: physical protection system; integrated management; intelligence
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Fig.1 Main process of welding personnel examination
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Research and Suggestions on the Organization and
Management of Civil Nuclear Safety Equipment Welding
Personnel Examination

Kong Lin", Zhao Xudong, Chen Ming

(China Machinery Productivity Promotion Center Co., Ltd, Beijing 100044, China)

Abstract:In the two years since the implementation of the new regulations, the Secretariat for Examination
of Special Processors of Civil Nuclear Safety Equipment has organized and implemented the examination in
accordance with the requirements of organization and management. This paper makes a statistical analysis
of the organization and management of the examination by our center. Through analysis and research, it is
considered that the key to the organization of welding personnel examination is to reasonably select senior
examiners with professional background for the operation process and NDT according to the examination
amount and the conditions of the examination unit. At the same time, it is suggested that training and
publicizing for senior examiners, improving some technical problems to be clarified, and exploring a multi—
mode examination organization will improve the standardized of examination of welding personnel.

Key words : examination of welding personnel; organization and management; senior Examiners
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Vulnerability Analysis of Physical Protection System for
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(1. Fourth Research and Design Engineering Corporation of CNNC, Shijiazhuang 050000, China;
2. Nuclear Security Technology Innovation Center of Hebei Provence, Shijia~zhuang 050000, China)

Abstract: The vulnerability analysis of physical protection systems is a key link in ver—ifying whether nuclear
materials and facilities are in a safe and controlled state, and its safety and rationality are crucial. It covers
various factors that affect the physical protection system, identifies weaknesses in the physical protection
system, and provides technical and data support to improve and enhance the reliability and stability of the
physical protection system. This paper conducts a comparative analysis of vulnerability analysis algorithms
and models for physical protection systems, and summarizes the advantages and disadvantages of EASI model,
SAVI model, HPEP algorithm (heuristic effectiveness evaluation based on A * algorithm ). Finally, the research
di-rection and ideas of effectiveness analysis algorithms for engineering appli—cation oriented physical
protection systems are proposed, providing refer—ence for subsequent optimization and research of related
algorithms.

Key words: physical protection system; vulnerability analysis; algorithm and model
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Research and Application of Digital Emergency Drill
System for Combined Transport of Spent Fuel

Pan Yalan', Yang Zhengli’, Shi Ji', Su Kang’

(1. CGNPC Uranium Resources Co., Ltd., Beijing 100029, China; 2. China Nuclear Power Simulation
Technology Co., Ltd, Shenzhen 518031, China)

Abstract: At present, the number of emergency drills for nuclear accidents in spent fuel transportation is
limited, due to the high time and labor cost of organizing actual drills, and the difficulty of organization and
coordination. In addition, the accident scenarios simulated in the actual combat drill are not comprehensive
enough, and serious accident scenarios are difficult to simulate, and the review effect is poor. In order to solve
the difficulties and pain points in the actual combat drills and enhance the emergency response ability of the
emergency organization to various emergencies during the transportation of spent fuel, a digital emergency
drill system for combined transportation of spent fuel is designed and implemented. Based on the situational
construction of spent fuel transportation emergency, the system realizes the drill of emergency script in specific
scenarios with the help of digital means, which can break the barrier of traditional practical drill, assist
the drill anytime and anywhere, greatly improve the drill efficiency, and effectively improve the emergency
disposal and response ability in the process of spent fuel transportation.

Key words: combined transportation of spent fuel; digital; emergency drill
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Table 1 Thermal neutron sensitivity a value of unit length emitter of Rh detector
PAf7 107" A-(nvecm)”

% B AR /mm
#2 /mm 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
0.1 0.384 0.366 0.353 0.341 0.330 0.319 0.307 0.297 0.287 0.278 0.268
0.2 1.038 0.973 0.924 0.881 0.842 0.805 0.770 0.735 0.704 0.673 0.644
0.3 1.563 1.444 1.355 1.277 1.207 1.143 1.084 1.028 0.975 0.926 0.879
0.4 1.893 1.728 1.608 1.507 1.416 1.334 1.258 1.118 1.122 1.061 1.003
0.5 2.090 1.895 1.757 1.639 1.536 1.442 1.356 1.276 1.203 1.133 1.068
0.6 2211 1.995 1.844 1.717 1.604 1.502 1.409 1.323 1.243 1.174 1.103
0.7 2.288 2.059 1.898 1.763 1.644 1.536 1.438 1.349 1.263 1.184 1.110
0.8 2.349 2.108 1.940 1.798 1.673 1.561 1.456 1.361 1.273 1.191 1.115

22 SFERNSFAMKASFEEHRLR L E (LK 2.E 5)

F2 BERNBRBMRKESGEERILIR b E
Table 2 Epi-thermal resonance b value per unit length emitter of Rh detector
7107 A(nvecm)”

KGR Y LR /mm
& fmm 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
0.1 1746 1671 1617 1561 1516 1470 1428 1383 1342 1299  1.262
0.2 4363 4128 3962  3.802  3.675 3.542 3418 3299  3.185  3.071  2.962
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ek
RN S U2 AREFE /mm
& /mm 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 09 1.0
0.3 7.029 6.632 6.335 6.076 5.839 5.616 5.403 5.204 5.014 4.829 4.650
0.4 9.773 9.199 8.784 8.422 8.092 7.782 7.485 7.212 6.944 6.686 6.496
0.5 12.94 12.17 11.62 11.14 10.69 10.28 9.968 9.587 9.224 8.873 8.531
0.6 16.25 15.27 14.57 13.89 13.47 12.97 12.43 11.93 11.46 11.00 10.56
0.7 19.62 18.42 17.57 16.88 16.18 15.51 14.87 14.26 13.69 13.13 12.60
0.8 23.08 21.65 20.65 19.78 18.92 18.13 17.37 16.66 15.97 15.31 14.67
== 3| Z T 1= eﬂrszNO'O J {P(E) ( dE )
} BEMBEAER SRR : @l o

'L'I'E &R

I%N;[R(EU-R(EHB(EwdE}dE

LA 15 SR A R R A5 R B R e R
BB R B R B R R A ] BLER DN B

2 (23) v, LRI &% A SR Heh 7 A B
P, F ORI AR A S A A 7 v R R

FLL K R B B TR O AT U L
Ui, BIVER I 25 B A A I A R AR, T R U 31 PFURNF[MBEMREZHFERDFREE, R
R F3.E6
®3 FURNBAMRKRGERPTFREE
Table 3 Thermal neutron sensitivity of unit length emitter of V detector
Hf7:10 A+(nvecm)”
AP Y2522 /mm
f /mm 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
0.2 0.0594 0.0568 0.0548 0.0531 0.0513 0.0497 0.0482 0.0467 0.0452 0.0438  0.0423
0.3 0.1203  0.1142  0.1095 0.1052 0.1011  0.0972 0.0935 0.0899 0.0866 0.0833  0.0802
0.4 0.1921 0.1881 0.1716 0.1634 0.1561 0.1494 0.1429 0.1369 0.1310 0.1253  0.1199
0.5 0.2679 0.2494 0.2354 0.2233 0.2118 0.2016  0.1921 0.1831 0.1747 0.1664 0.1586
0.6 0.3433 03172 0.2980 0.2814 0.2662 0.2522  0.2392 0.2270 0.2155 0.2063  0.1956
0.7 0.4171 0.3827 0.3577 0.3362 0.3169 0.2991 0.2827 0.2686 0.2538 0.2399  0.2269
0.8 0.4861 0.4439 04136 0.3875 0.3641 0.3427 03236 03049 0.2875 0.2713  0.2559
0.9 0.5515 0.5018 0.4663 0.4357 0.4084 0.3836 03604 03390 0.3191 0.3006 0.2832
1.0 0.6136 0.5563 0.5163 0.4814 0.4505 0.4214 03954 03714 0.3491 0.3283  0.3089
1.1 0.6730 0.6094 0.5641 0.5252  0.4908 0.4576 0.4288 0.4023 03777 0.3549 0.3336
1.2 0.7302 0.6600 0.6098 0.5672 0.5267 0.4923 0.4609 0.4320 0.4052 0.3802 0.3569
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Fig.4 Variation of thermal neutron sensitivity per unit
length emitter of Rh detector with emitter radius (7,)

and insulator thickness (7,-7,)
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Fig.5 Variation of epi-thermal resonance b value per
unit length emitter of Rh detector with emitter radius

(7,)and insulator thickness (7-7,)
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Fig.6 Variation of thermal neutron sensitivity per unit

length emitter of V detector with emitter radius(r,) and

insulator thickness (7,-7,)
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Table 4 Comparison between calculated results and experimental results of unit length emitter sensitivity of detector
P10 A-(nvecm)”

T REMAE RERK gk PSR REE

N % ) R /% 25 3k
e 1% /mm & /em J& /mm e 2 ’

BRI A A 1 0.5 3 0.25 1.10 1.00 +10 11

F RIS a i 2 1.0 2 0.27 1.80 1.92 93 12
3 0.508 0.254 1.12 1.20 -6.6 1
4 0.450 12.675 0.305 0.97 1.04 -6.7 1
5 0.466 12.294 0.259 1.03 1.06 -2.8 1

BRI A5 LR 1 0.5 3 0.25 5.04 3.63 +39 11

b i 2 1.0 2 0.27 113 10.3 +9.7 12

D 2 Ao 6 0.508 0.254 0.078 0.077 +1.3 1

FREE 7 2.0 21.0 0.35 0.446 0.419 +6.4 1
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R1 s\/TyT=s(20C) H#7
Table 1 Analysis about s+/T,/T = s(20C )

1 2 3 4 5 6 7 8
T/C q S, S, x JT)T K1 S, S,x /TyT K2
20 1.023 7.182 7.182 1.000 7.255 7.255 1.000
100 1.041 8.058 7.1417 0.9944 8.189 7.2578 1.000
200 1.066 9.013 7.093 0.9877 9.281 7.3046 1.006
300 1.093 9.855 7.047 0.9812 10.357 7.4189 1.022
420 1.128 10.753 6.991 0.9735 11.724 7.6230 1.050
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K2 BHEME oayss Oy TTEEREE (r=0.03)
Table 2 Comparison of calculation results of effective cross sections 6 g..ve_s AN G gective—
T/C g S, Opa(l) 043 (3)/(1) S, ouua (1) oxu.(3)  (3)/(1)
20 1.023 7.255 186.3 186.3 1.000 7.182 186.00 186.00 1.000
100 1.041 8.189 1933 193.2 0.999 8.058 192.65 192.85 1.001
200 1.066 9.281 202.0 201.6 0.998 9.013 200.71 202.07 1.007
300 1.093 10.357 210.9 209.8 0.995 9.855 208.53 210.18 1.008
420 1.128 11.724 222.2 219.6 0.988 10.753 217.86 219.88 1.009
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Mathematical Model for Calculating Sensitivity of Self-
powered In—core Neutron Detectors with B Decay

Yu Jiasi

(Ministry of Ecology and Environment of the People’s Republic of China, Beijing 100006, China)

Abstract: In this paper, a perfect mathematical model for calculating the sensitivity of Rh and V self—powered
in—core neutron flux detectors is introduced. Its characteristic is that the contribution of epi—thermal resonance
neutrons to the sensitivity of Rh detectors is considered. In this paper, an alternative formula for calculating the
effective neutron cross section of '”Rh is proposed, and the feasibility and scientificalness of the alternative
formula are demonstrated and analyzed. In this paper, the track—length probability function of an isotropic
and uniform surface source passing through the cylindrical emitter is given. Using the mathematical model
presented in this paper, the sensitivity of the Rhodium and Vanadium self—powered core neutron detectors for
light water reactors is calculated and compared with the experimental results. The results show that the model
is scientific and feasible.

Key words : self—powered; detectors; sensitivity; mathematical model
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