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Reflections on the Legal Supervision of Nuclear Power
Enterprise Groups’Implementation of Main Responsibilities

Chen Wei', Zhu Weiru', Zhang Yangl, Yue Han’

(1. Eastern Office of the National Nuclear Safety Administration, Shanghai 200233, China; 2. Huaneng
Xiapu Nuclear Power Co., Ltd., Ningde 355100, China)

Abstract: The necessity of conducting nuclear safety supervision on nuclear power enterprise groups
is discussed from two aspects:Implementing the Legal Supervision of Nuclear and fulfilling safety
responsibilities; By analyzing the requirements of national regulations and relevant ministerial documents of
the State Council, sorted out the responsibilities and requirements of nuclear power enterprise groups, explored
how to establish a nuclear safety supervision mechanism for nuclear power enterprise groups, proposed ways
and methods for conducting nuclear safety supervision for nuclear power enterprise groups.

Key words: Legal supervision; Nuclear power enterprise group; Nuclear safety supervision; Principal

responsibility
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Table 2 Drinking water radioactivity level monitoring results
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AR 0.102 0.284 0.02 0.11 11.0 0.296 <12 2.0
3 LRRAE 0.040 0222  <0.02 0.06 4.5 0.227 <l1.1 0.2
T AR 0.071 0215  <0.02 0.14 7.1 0.273 2.0 0.9
4 BRRAE 0.129 0.211 0.10 0.09 14.0 0.131 <12 0.4
AR 0.162 0.237 0.03 0.11 53.5 0.207 2.8 0.5
s# 0 B <0018 0159 <0.02 0.08 48 0.206 <l1.1 0.5
AR 0.023 0.050 0.09 0.08 10.2 0.245 <12 0.4
o#  [BAE <0025 0235 <0.02 0.07 53 0.225 - -
AR 0.037 0.170 0.22 0.10 6.5 0.216 1.5 0.8
T#H o B <0024 0.184 0.02 0.08 6.5 0.176 3.4 1.6
TR 0.019 0.169 0.14 0.08 9.2 0.240 1.8 0.3
s# LA 0.047 0213  <0.02 0.10 13.0 0.166 1.9 0.9
T4 0.043 0284  <0.02 0.11 33.0 0.236 33 1.7
o P 0.028 0.181 <0.02 0.13 9.5 0.172 - -
T B4R 0.036 0.202 <0.02 0.07 20.0 0.273 <12 0.3
104 AR 0.044 0.084 0.06 0.07 13.0 0.085 - -
T AR 0.073 0.143 0.05 0.11 26.5 0.172 3.4 0.4
AKIFEAK 1 LA 0.059 0.180 0.04 0.06 11.0 0.220 <12 0.3
A <0022 0.166 0.13 0.11 16.0 0.237 <13 0.8
2# bRRAE 0.024 0.092  <0.02 0.09 13.0 0.184 <13 0.5
T AR 0.018 0.176 0.12 0.09 13.0 0.234 15 <02
3% ARAE 0.029 0.164  <0.02 0.12 5.1 0.172 2.5 0.8
TAAE <0020 0.177 0.07 0.09 6.1 0.240 1.8 12
4 PP 0.018 0.153  <0.02 0.09 9.9 0.133 22 1.1
T AR 0.035 0.155 0.10 0.12 12.0 0.237 2.0 0.9
S# o LARAE 0.039 0.039  <0.02 0.12 6.8 0.081 2.6 1.3
T AR 0.053 0.079 0.05 0.12 9.5 0.092 3.9 15
o# PR 0.025 0.052 <0.02 0.10 5.1 0.066 35 2.4
AR 0.025 0.061 0.03 0.09 4.6 0.116 2.1 0.5
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Femh W0 COREE Boal Bopl Ugn/  Thyy/ *Ra/ “K/ ?ppy/ 20pq/
R b H#  (Bq'L) (Bq-L") (pg-L") (pg'L™) (mBq-L") (Bq-L") (mBq-L") (mBq-L™)

FCI 7/ G E N o =X 0.016 0.133 0.04 0.08 9.5 0.166 1.0 0.2

TRRAE 0.073 0.152 0.06 0.12 16.0 0.249 1.7 0.8

2% R 0.059 0.120 <0.02 0.15 12.0 0.176 2.6 0.3

AR 0.100 0423 <002  0.09 24.0 0.232 <14 0.6

3 bR 0.025 0.154 0.02 0.07 49 0.153 6.4 8.4

AR 0.039 0.191 0.09 0.07 9.4 0.240 <13 <0.2

44 PPAE <0.028  0.202 <0.02 0.10 5.4 0.216 1.9 0.3

AR 0.017 0.156 0.24 0.13 12.5 0.245 2.6 0.3

AR /ME - <0018 0.039  <0.02  0.06 42 0.066 <12 <02

Hl ISON] 0.162 0.423 0.24 0.15 53.5 0.369 18.7 10.6

1983-1990 4 F/IMH - - 0.01 0.01 0.5 0.001 - -

Vel YN - - 358.87  9.07 178.0 7.149 - -

2021 4E7 AR B/ME <0012 0039 <002 005 49 0.200 4.0 2.0

HAX g 0082 0195 075 0.5 9.6 0.219 5.1 23

T <LLD” F/R LR N B0 N R LLD.

= Bff +1SD
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— gk
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Fig.1 Natural radionuclide monitoring results
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RS REERER G AKR LS A S

A SCs B IR AL 73 B i, MU SE T
7= it 5 IR 55 A DR D5 S AT (LA R SEKk SPSS)
X2 RAR TP PEAZ B AEAT A AL 3 Hr, AHSC R
Ber BT IL A (D), FHSRAE T4 R W3R 3
A UL R U o B K-S P °Ra i L B
TS5 K A OGBS UK
2 Ra S o 19 EE TTIRZ —, K X B 1Y
TURR I B 50% FEAW) 7 5 [RIF, #45h  *1Pb
*Po 1T B L ELAT o ARG

> (X -0 =)

2 (Xl _)?)2

VG LI A A | s WA e TR S A € 8
22 BRERAKRAMFHEZZFERER
T Eb 3

AFE IR AR IE RO R & B S5
TFEE R IR 4, S5 WR, M F/KE ol & BT
S K S 98 B 43 1) 4 <<0.018~0.162 Bq-L™" Al
0.050~0.331 Bq-L™", X434 0.059 Bq-L™
A10.209 Bq-L™ 5 VLK HUE, a8 B ZK
-6 3 91 <<0.028~0.100 Bq+ L™ #i1 0.120~
0.423 Bq-L™, “F- ¥ 1 43 %I °4 0.043 Bq-L™ #I
0.191 Bq-L™ 5 /KPEZK B o . B IR R
I3 <0.022~0.059 Bq-L™ #i10.039~0.180 Bq-L ™,
S 2418 43 5 A 0.029 Bq-L™' 1 0.124 Bq-L™',
HLR 7K B o B B K S W = TR K, B

BETKEK,
R3 RAMSEZEEEXRHSET

Table 3 Statistics on correlation coefficients of natural

radionuclides

S Ma,  Ha,  Ha, KB, UPb,

I)ﬁ\‘ E ‘E‘ ﬂ 226Ra ZIOPb 40K ZIOPO
Feig 38 38 28 44 31
MHEZR 04897 0.5227 0.5307 0.653" 0.896"

Bor

ViiPS i g i R EE

T 2SO 5 S S 15 S S

#4.7E 0.01 G OB, Mok i 3 .

Hi R K AT K A KO KT Ly
51 4 0.085~0.369 Bq-L™ Fi1 0.153~0.249 Bq-L™',
KK KRG K T R A 15 A 0.066~
0.240 Bq-L™',iX 5 5 B 7EAS [ ZE AR IR P 1) 43
AR — B HL S e B A Y, R WK h
K S B RTRAY TR

R K VTR AR ZE K H U g Thogen ™
EIEAH Y, =RV KD U . Thyen
SRR 20 0.05 pg L7 .0.10 pg- L7,

HiF7K **Ra UK R 42~535mBg-L
TR 2 Ra U AT R 49~240mBq-L™
WIZE/K *Ra KPRk 4.6~160mBg-L™ ;
R K ST K o 2 Ra O KA Y, = T
K X 5 R a e FIZERDK IR b iR — 2L,
WRIVKFZK T 2Ra 25 o B9 FEE BT —

F 4 REEREAKEARASEATURER

Table 4 Measurement of radioactivity levels of different types drinking water

P R K K K
JLHIH FHH JUHIH FH{H JUHIH R[N
Moa/(Bq'L")  <0.018~0.162 0.059%0.085 <0.022~0.059 0.029 +0.029 <0.028~0.100  0.043 + 0.064
M B/(BqrL™)  0.050~0.331  0.209+0.124  0.039~0.180  0.124+0.110  0.120~0.423  0.191 +0.195
Usn/(pg'L™)  <0.02~0.22 0.04 +0.10 <0.02~0.13 0.05 +0.09 <0.02~0.24 0.06 +0.16
Thys/(pg-L)  0.06~0.14 0.09 = 0.04 0.06~0.12 0.10 + 0.04 0.07~0.15 0.10 +0.06
**Ra/(mBq-L™) 4.2~53.5 12.6+22.3 4.6~16.0 93+7.5 4.9~24.0 11.7+12.3
2pb/(mBq-L)  <1.1~18.7 26+7.6 <1.2~3.9 1.9+2.4 <1.1~6.4 22+3.7
*%Po/(mBq-L™") 0.2~10.6 12+45 <0.16~2.4 1.0£1.2 0.2~8.4 14+57
“K/(Bq-L™) 0.085~0.369  0.225+0.120  0.066~0.240  0.168 +0.134  0.153~0.249  0.210 +0.077




R

Vol.23, No.2, Apr.2024

10

X TR, A FRBR K iz
RO NS AR AR IES A0, A SR H
SPSS JESHUK 55 Fl Mann—Whitney U i 5615 X}
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MFEGET T2 PRI T 0T . ASFRZREMRHIK
UERIR IR R & B 2e R IR A R LR 5,

£5 ARXDEAKRARFILLE R ERBBRER

Table 5 Results of natural radionuclide significance test for different types of drinking water

Hifii . Bq-L™
oo B K Th s “Ra *1%pp *%po
Rk - KRk <0.05 <0.01 <0.05 <0.05
T K - K > 0.05
IKPEAK = WK > 0.05

AL, R K SR PEAK TP o B BLK
BRI 2553 BA GEiH 2 L (p<0.05), H
IRRIRTS VAL R AR ZE TR K A 8 22 57
AREAGE A U BRI KPR -4
SEHAEER A AT RESEHE P A RAR TS PR R
855 AT TR, B 25 TR K A it T
CEIAL IR O A R I i TR
HA5 M FRBE R 5 A Y . R, 4%
FORARA L BB 5 T o U R
K-, HLH R K 57K K e B B U K
Geil2¢ 22 RRE (p<<0.01) KT &L a i K
(14 22 S W J3E 1 A T 90 0 ek S T 1 7
S o SRR B 8 | SO B B AR A
AW,

Y L R KR B BLK AR
MK A DR AT BE S TR Y K -
SCHAEIRFA Ko M IR | LI T |
bR 7K pH H 5 7T RE A R K O A R
A N R BRI A Rt — 2T

3 Hig

(1) FEHL T 7K KK R K R KR
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K PO P A 2R e P e v ) ELAR R A
1 s 2 1

(2) % 2 KM H U sy Ths “Ra > °Pb,
%P0 K AR IR A R W 2 R L

U e« Thy P°Ra K 5 (& EIREE KR
SHEAKCE T A ST (1983—1990 4F) HENL ) I A5
SE LR B, P WD AZ R AL T IE F AR Hh ik
530 B P, 26 A 2t DX A P K R 6 S 3R 880K
LN,

(3) F& FECA 1 Tk OH K T4 bR ME ) (GB
5749—2022) % i BUR FH 7K HFosc P 48 bs 1 22
K Y R AR T S O B OB
YK JEBKT 1 Bq-L), AR A% R EF T4
BERIIEAY o ELA R A% 22 1 BRAEL SO A
A Rp—2 W

(U] R TR S AR BEN (55 4 i) [M] . it
DI T T L w8 1 NG SO = S wh (R (3" 1 N
L, 2014.

[ 2] s A B 17 3 B B R . 2B I AR K T A At
GB 5749—2022[ S | . dbtat: hEbsEL A, 2022.

[3] EmZ%E, skikst, L, 55 HRE %R KoK IR
SHEACT- P A (2017—2018 4F ) [J] . 45T BT ¥, 2021, 41
(2): 133-137.

(4] ffie=s, BEMT, WEERH . 4 EIREE RO K8 2 iF
5% (1983—1990 4F ) MEAL [T] . %& 4 Bis 471, 1992, 12 (2):
81-95.
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Analysis of Natural Radionuclide Characteristics of
Drinking Water for Different Types

Guo Xiaomin, Chen Wentao', Li Meili, Sun Xunjie, Jiang Lan, Chen Shuiguang
(Guangdong Environment Radiation Monitoring Center, Guangzhou 510300, China)
Abstract: In order to explore the features of natural radionuclides in different types of drinking water sources,

261, 401 210 200 -
naturats Toawrats — R&, K, 7 "Pb and “"Po in groundwater and

surface water centralized drinking water sources in a certain area were monitored and analyzed. The results

the radioactivity concentrations of total a, total S, U

showed that the total @ and total f radioactivity levels and natural radionuclide contents such as “K and *’Ra
were regularly distributed in different types of drinking water sources, the total a and total £ in drinking water
in the area did not exceed the limit values stipulated in GB 5749-2006 (total o < 0.5 Bq/L, total # < 1 Bq/L),
and the radiation environment of drinking water sources in this area was safe and controllable.

Key words : drinking water source; radioactivity; natural nuclides; difference
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Fig.2 SPRR-300 reactor biological shielding layer
coordinate system and partition, layered schematic diagram
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Fig.4 Chart of dose field calculation process of
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Fig.5 SPRR-300 reactor dose field system architecture
diagram
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Fig.6 Three—dimensional simulation model of
transverse section dose field at Z = 1.1 meters of

biological shielding layer
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Fig.7 Three-dimensional simulation model of

longitudinal section dose field in the west of biological

shielding layer
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gk % %. SPRR-300 A B ¥4 WA HEFED L

&1 SPRR-300 LY FHEFESH
Table 1 Dose distribution of SPRR-300 biological shielding layer

. f5i & (72=0.7)
(ALY
Y=0.700 Y=1.100 Y=1.500 Y=1.900 Y=2.300 Y=2.700
PIX X=0.000 56.605 89.681 12.233 0.523 0.484 0.416
A X X=0.500 36.315 59.143 20.634 0.231 0.168 0.168
B X X=1.000 21.405 2.850 0.071 0.075 0.063 0.071
CIX X=1.700 11.070 2.382 0.006 0.000 0.000 0.000
. {7 & (Z=1.100)
(A=
Y=0.700 Y=1.100 Y=1.500 Y=1.900 Y=2.300 Y=2.700
PHIX X=0.000 82.377 162.106 32.752 3.767 1.180 0.686
A X X=0.500 49.705 102.279 23.246 0.225 0.164 0.167
B X X=1.000 26318 3.127 0.081 0.073 0.071 0.067
C X X=1.700 12.275 2.451 0.002 0.000 0.000 0.000
. {31 % (Z=1.500)
(A
Y=0.700 Y=1.100 Y=1.500 Y=1.900 Y=2.300 Y=2.700
IX X=0.000 87.775 145.400 17.505 1.158 0.577 0.494
A X X=0.500 59.906 94.114 22.449 0.227 0.168 0.164
B X X=1.000 30.699 3.246 0.084 0.077 0.074 0.061
CIX X=1.700 13.042 2.484 0.003 0.000 0.000 0.000
. {7 (2=2.620)
(OALH
Y=0.700 Y=1.100 Y=1.500 Y=1.900 Y=2.300 Y=2.700
PHIX X=0.000 53.493 29.086 1.081 0.050 0.036 0.036
A X X=0.500 62.574 141.973 3.234 0.127 0.103 0.110
B IX. X=1.000 27.631 3.024 0.067 0.051 0.055 0.045
C X X=1.700 53.493 29.086 1.081 0.050 0.036 0.036

4 ZEig
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Three—dimensional Simulation of SPRR-300 Reactor
Biological Shielding Layer Dose Field

Dan Guiping', Fan Yingwu', Chen Ming’, Chen Shi"", Zhang Penghao', Zeng Junhui'

(1. Institute of Nuclear Physics and Chemistry, China Academy of Engineering Physics, Mianyang
621900, China; 2. Wuhan Institute of Nuclear Power Operation, Wuhan 430074, China)

Abstract: Reactor biological shielding layer is one of the important source items in the reactor decommissioning

stage.The digitization of radiation field of biological shielding layer can provide important information for

radiation protection and waste management in reactor decommissioning. In this paper, by constructing a three—

dimensional radiation field calculation model, the three—site radiation dose field of the SPRR-300 reactor

biological shielding layer was obtained by using the particle transport calculation program (MCNP). The three—

dimensional simulation scene and model of the biological shielding layer dose field were established by using

3Dmax, Pro/E and other modeling tools. The activity and dose distribution of the biological shielding layer

were visually displayed, and the visualization of the horizontal distribution of radioactivity was realized.

Key words : biological shield; dose field; three—dimensional dose simulation; reactor decommissioning
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Bounding Assessment of the Risk for the Fire Protection Motor
Pump Maintenance Outage Time Extension in Nuclear Power Plant

Yan Zhen, Wang Wensheng, Gao Wei

(Nuclear Power Operations Research Institute, Shanghai 200120, China)

Abstract: Risk—informed decision making can enhance the flexibility of operation and maintenance of Nuclear Power
Plant while ensuring safety, avoid unnecessary power reduction and shutdown to reduce the risk of plants during
condition transition. In order to support risk—informed decision making for fire protection pump maintenance outage,
a study on fire protection motor pump maintenance shutdown time extension risk assessment method was conducted
for Nuclear Power Plants that have not developed fire PSA models, and a simplified analysis method of envelope
assessment was proposed. Based on the actual situation of a Nuclear Power Plant, combined with consideration of the
characteristics of fire PSA, a semi—quantitative envelope risk assessment method was used to perform a detailed system
modeling of the fire protection system based on qualitative assessment and screening of the scope and degree of system
impact that may result from expected changes, and then combined with this system unavailability and plant fire design
characteristics The rate of change of the envelope on the fire risk of the power plant due to the extended maintenance
outage time of fire protection motor pump was obtained. This method provides a more intuitive quantitative result for
the change of Nuclear Power Plants based on the conventional qualitative evaluation, and greatly saves the workload
of re—developing the corresponding PSA model. Through the evaluation of the system availability, it can also pay more
attention to the impacts of the change on the system itself, and put forward more targeted countermeasures.

Key words: extended outage time; risk; bounding risk assessment; power plant renovation
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Exploration and Practice of Improving the Work
Communication Ability of Nuclear Power Plant Operators

Chen Haoming, Zhang Zhanying, Chen Xuebao

(Yangjiang Nuclear Power Company, Yangjiang 529941, China)

Abstract: Communication is everywhere and very important. Irregular communication methods and casual
information exchange at work not only reduce efficiency, occupy unnecessary time and energy, but also may
have more serious practical consequences. One of the requirements of nuclear safety culture for practitioners
is “mutual communication work habits”, to develop rigorous, professional and standardized communication
habits, in the work is a high requirement, need to combine the actual power plant to help staff understand
the concept, principles and influencing factors of communication, supplemented by professional, systematic
training, in order to establish communication awareness, master communication skills, so as to improve the
team’ s communication accuracy, to achieve effective transmission of information, reduce communication
errors, efficient and comfortable work. With the help of communication psychology theory, combined with
the characteristics of nuclear power plant operation jobs, this paper summarizes the practical experience and
methods of effective communication, aiming to improve the communication ability of operators and improve
work efficiency.

Key words: nuclear power plant; operators; human error; communication
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W5 B 5 R WA LR, PCT A et
BRRH TR B R

JF%1] 41 :CMT 2/ 1 54%%, PRHR J03L,
529 ADS TRLL B3 ADS T 1 6,45 4
¢ ADS KA. 4) AR E BRI, B
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H T RISMC 43 M1 J7 %, A 3CH CDF $743
B UG K AR P 81 AR R R R HE TN A
iR AT (A= 1 FR), 0B B AR 4
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HIAE TR 51 24 FIF S 40 B R SEHCE R, BIfd 4
RIAIRE , i) 2y, X 5 DR 8
A AT [RIRE s, X5 31 24 219
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Table 2 Specific sequences CDF based on RISMC and traditional PSA

FPA R AR /

AR (IR Y

fB45 PSA Jrikil g /

52l N HAEER / HiaE AR fp i
HEAE 19 5 ) o HEAE -

51 6 1.82x 107" 0.211 1.57x10™ 1.27%x 107" -87.6%
5 24 1.33x 107" 0(OK) 0 931x10™" -100%
51 40 2.09% 107 0(OK) 0 1.46x 107" -100%
731 41 448x 107" 0.583 1.06x 107" 3.14%x 107" —-66.2%
731 44 5.68x 107" 0.158 7.11%x 107" 3.98x 107" -82.1%
¥4 45 3.93%x 107" 0.276 6.14x 107" 2.75% 107" -77.7%
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(RS) VE R0 T.H., X R 7 511 CDF #1471
FHTTAL o 2 TR 5 ik ) S A 3
G oF

(1) RISMC J7 i I B RERS 7525 45 %5 A
PESHORMBE AL S B0 A P SEab x5
TSR AT R AR, O H i b AR
PEM 2 AR . AR TR X B PSA 25 1A%
Y XURS T ZEE 81, X T SBO FHh B EL S
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Coupling Quantification of SBO Risk Significant
Sequences of Passive NPP

Du Yun'?, Liu Di’, Zhuo Yucheng®, Zhang Qinfang’

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

Abstract: Risk—informed safety margin characteristic methodology (RISMC) aims at evaluating the dynamic
accident process, accident probability and core damage frequency of accident sequence by using the method
of coupling probability safety analysis and deterministic safety analysis. This method requires to deal with
stochastic uncertainty parameters and epistemic uncertainty parameters at the same time. In this paper,
the RISMC method is used to re—quantify the core damage frequency of risk significant sequence in Station
Black Out (SBO) accident of passive nuclear power plant with the coupling way. A risk significant sequence
S is chosen as analysis subject. After removing the success criterion of the important system heading, the
sequence has been developed to a discrete event tree to be detail analyzed. By considering and sampling the
uncertainty of both the random parameters and the epistemic parameters, lots of thermal-hydraulic condition
has been modeled with system coeds. A new core damage frequency (CDF) coupled with sequence frequency
and exceedance probability based on RISMC has been obtained. The CDF of the important sequence of SBO
accident risk has a certain degree of decline, indicating that there is a certain conservatism in the original
probabilistic safety analysis (PSA), and the constructive suggestions for operators responding to the SBO
accident are put forward by calculation and analysis conclusions.

Key words:risk informed; PSA; passive NPP; station black out
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Fig.1 Temporary cultivation method for A. molpadioides
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Fig.2 Diagram of the relative positions of nuclear power plants, shore—based monitoring stations, wave buoys and
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Fig.3 Relationship between weekly average single catch of A. molpadioides and surface water temperature, salinity in

the sea area around nuclear power plant
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Tab.1 Embryonic and larval development of sea cucumber
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01 A e L2 14 30 95%  183.5um  4d, 7~10d, 18~20d, [5]
Parastichopus californicus 460.3 pm 680 pm  >400 pm

02 Hil= 22+05 30+0.5 >95% 1784pm 2~4d, 10~12d, 16d, [6]
Apostichopus japonicus 4853 pum 410.5pm >400 pm

03 fEHiIIZ 27~30  33~35 / 143 pm  31h~4d, 10~13d, 20d, [7]
Stichopus herrmann (28.3) 512pm 420 pm  >450 pm

04 HEZ 26~32 34 >90% 172 pm  19~34h, 7~10d, 15d, [8]
Holothuria Scabra (29) 382 pm 680 pm  >400 pm
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Fig.4 Changes of surface water temperature, salinity and waves in the sea area around nuclear power plant during

typhoons from July to September
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Risk Analysis of the Aggregation Behavior of Acaudina
Molpadioides on Nuclear Power Plant Cold Source

Lu Chao'?, Guo Yuchen'”, Liu Wei'*", Zheng Biqi"*, Huang Qingze'”, Wang Heng'”, Cheng Hong'~, Huan Feng’

(1. Ningde Marine Center, Ministry of Natural Resources, Ningde 352000, China; 2. Key laboratory of
Marine Ecological Monitoring and Restoration Technologies, Ministry of Natural Resources, Shanghai
200137, China; 3. College of Chemistry and Materials, Ningde Normal University, Ningde 352100, China)

Abstract:In Middle—late May, reproductive parents reach the peak of breeding season in the northern coast
of Fujian. Juveniles survive on the shallow surface of sediment in mid June, and can be resuspended into water
bodies before mid September due to typhoon agitation. Due to strong reproductive capacity and two regional
redistribution stages in the floating stage of larval and the re—suspension stage of juvenile, a high concentration
area of A. molpadioides can be formed in nuclear power intake area under the action of water intaking. With
the exponential growth of A. molpadioides, a large number of disaster causing juveniles can form between July
and September, which are suspended in the water under the action of typhoons and other factors, and gather in
the drum filter under the action of water intake, causing disasters. Therefore risk assessment and prevention
measures for the aggregation of A. molpadioides should be carried out for the construction of nuclear power
plants in suitable growing environment.

Key words:north coast of Fujian; Acaudina molpadioides; risk; survival modes; life history; typhoon; re—

suspension
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Multiphysics Analysis of Advanced Fuel Performance With
SiC Cladding Under normal Operating Conditions in a
Light Water Reactor

Xiao Ling, Lu Zhiwei, Wu Hailong, Xue Jiaxiang, Liao Yehong

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

Abstract: After the Fukushima accident in Japan, SiC composites have significant advantages in high
temperature strength, radiation stability, creep resistance, oxidation resistance, abrasion resistance and other
aspects, and have great fault tolerance potential under the accident condition of light water reactors. Therefore,
nuclear fuel solutions based on SiC composites are currently a research hotspot in the international nuclear
fuel industry. There are significant differences between SiC composite cladding and Zr alloy cladding in
structural form and material properties. The existing fuel performance analysis program is no longer suitable
for the simulation and calculation analysis of SiC composite cladding. In this paper, the finite element analysis
method is used to simulate the thermodynamic behavior of double—layer SiC composite cladding and advanced
fuel pellets under normal reactor operating conditions. The simulation results show that the U;Si, fuel has
better temperature characteristics than the UO, and UN fuel under the steady—state condition. In terms of
mechanical properties, UN can delay the PCMI time, reduce the interaction between fuel and cladding, and
lower the probability of cladding failure.

Key words: SiC; cladding; finite element; multiphysics analysis
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Threats Analysis and Countermeasures of Coastal Nuclear
Facilities on Nuclear Security

LiLe', Chen Dengke', Ge Shuai’

(1. Unit 92609, Beijing 100077, China; 2. Henan Fifth Research & Design Corporation of CNNC,
Zhengzhou 450001, China)

Abstract: The current world pattern is changing at an accelerated pace , and the security situation at home
and abroad is increasingly complex. Due to the complex environment of coastal areas, nuclear facilities face
more threats. According to the threat situation faced by the coastal nuclear facilities in our country, this paper
analyzes the threats in land, water, low altitude and network, and gives some countermeasures and methods. It
provides a reference for nuclear security work under the new situation.

Key words: coastal nuclear facility; threat analysis; land area; water area; low—altitude area; network
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Table 1 The essential information of valve stem

gl PERE(E RCCM #5ifi *
i /1 (0°C) 78-89 >60
fifl i /HB 345-355 >302
Jtt IR & /MPa 1087-1096 =960

* ¥ : RCCM (8§, RCC—-M) bt 2R K HERZ S MU & TR
U LI, 2 [ A TR A LA % R M

1T BRFT R IY A — o] B 2R R as A7, 3R
VT 5 T A RO A T AT R RE I TG
SR, LA TR PR B PR A4 BLEER , o5 id 7
EL% 20

R EEEBRFHSH

Table 2 The parameters of decontamination
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Table 3 The variation of dosage during decontamination

F R / (mSv/h)
LR

Ll L2 S1 S2
FIHAR 1A 1 4 1 3
LR S 0.9 3 0.5 3
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SRR 0.1 1.1 0.05 0.9
HURHIL] 0 0 0 0
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Fig.2 Electron beam welded samples
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Table 4 Hardness comparison of samples

FE L1 L2 S1 S2
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Table 5 The 0°C impact test data of each group of

samples
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WX W R CL R s oy, 22 UL
1 7 P AR b D S s, vl 2
SEEGFIA W1 ALRERL Y 0°Cipas DI E A 71T,
I C1 AR 0°C el DI¥E R 78 1, UiEH HL
T AR I TR i ) e PR RE TG B B 5

FE i BRI LA i D 7E 78-89 1 Z ], X HuAR
K e ST BEZER = ST RL R eovi I N NS T
M S ZHAE A A o D) R R 4

3 O

31 REXTHW
WA 1T 3k T A U5 A S HE TG AL 7= 4
Co-60 F1 Co-58 "' itk it A =t (1) 5L (2)
ﬁj]:/j—:\‘:
ANi+n—3Co+p (1)
2Co +n—9Co +y 2)
R AZ B T3 A 7 ) 0 JURE 43 A, R 487 I
1] 19 {37 5, Co—60 15 Co-58 75 5y LA 1),

61




¥

R

4 Vol.23, No.2, Apr.2024

62

5 B VR T AR 43 1 A 40%~60% F 30%~50%
— (7] B R A R DRI TR R, Co-60 5
Co-58 TERRANIBAT o 15 4 R T 1 J3E VA 43 i)
Al 6.44 Bq-cm™ F1 8.18 Bqrem ™,

OSP34 ) 32 LA B 1 5 = 75 5
8 H T2 A 7 — 1m0 B 4 [ Bt A /D i A T
SHETCFE LY B A SRR BT,
25 98% MU TC R HERR T4 Jm 2% 1 1 AR
FEARE T, 2 2% {3 T3R1H 0~10 wm %R,
FIAHI— M55 AR 10~50 wm &b,

1 3 gt S A R i B R R AR A
AT DL TR 9 2535 7 3 X R it B SE PR SCR A —
FER 2SS o J S IR MR A 5 e A
S O, LA 1 10 ] B = A — S S
B, HA —E W R R T .

S w
T T

FHE R /mSv-h™!

—_
T

T BT mm PR BE R
LR MY R b
AT
E3 FRLBSBENRATES

Fig.3 Sample dose rate after different processing steps
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Table 6 The main elements content in each welding eara

- TCET R /W%
Fe Cr Ni Mn Si Cu
BEFFX 7085 1590 435 085 028 278
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Decontamination and Thermal Aging Evaluation of Small
Nuclear Grade 17-4PH Stainless Steel Components

Li Qianwu', Chen Kai’, Wan Jing', Shi Fangjie', Yang Guangyu'

(1. Suzhou Nuclear Power Research Institute Co., Itd, Suzhou 215000, China; 2. Liaoning Hongyanhe
Nuclear Power Co., Itd, Dalian 116000, China)

Abstract: The pressurizer spray valve used in pressurized water reactor is an important part of adjusting the

pressure of the pressurizer, its stem material is 17-4PH, which faces the problems of surface contamination

and thermal aging in this service environment. The feasibility of removing the activation layer by surface

processing was studied, and the thermal aging of small parts was studied after being lengthened by electron

beam welding technology. The results show that the effect of surface processing to reduce the radioactivity

is effective and can meet the management requirement, the electron beam welding ensures the mechanical

strength of the welding sample, and the thermal aging experiment shows that the valve stem has an obvious

risk of thermal aging in this service environment. Through decontamination, welding, and mechanical property

analysis, it is proved that this evaluation process can be used for thermal aging evaluation of contaminated

nuclear power small components.

Key words: 17-4PH; decontamination; electron—beam welding; thermal aging
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Supercritical Carbon Dioxide Double Turbine Cycle based
on Sodium-cooled Fast Reactor

Pan Linlin, Du Haiou"

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

Abstract:The supercritical carbon dioxide Brayton cycle has advantages of high thermal efficiency, low
corrosion rate to pipeline equipment and low power cost, hence it was considered as the ideal energy
conversion system for sodium—cooled fast reactor. However, its high working pressure leads to large pressure
difference between two sides of the heat exchanger, which limits its application. Therefore, the supercritical
carbon dioxide double turbine power generation system is established to reduce system working pressure
while maintaining high efficiency. The properties of different cycle configurations were compared and the
sensitivity of specific parameters was analyzed. Results show that the recompression cycle is most suitable for
double—turbine system and the maximum efficiency can reach 42.99%. The sensitivity of the efficiency to the
main compressor inlet parameter is the highest, followed by the shunt ratio and turbine inlet parameters, the
sensitivity to the turbine distribution ratio is the lowest.

Key words:S-CO,; Brayton cycle; SFR; parameters optimization; double turbine
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Optimization Design of Oxygen Meter Probe for Liquid
Lead Bismuth Alloy Oxygen Measurement

Wang Liang, Shi Jianye, Chang Haijun, Qin Tao
(China Nuclear Industry 23 Construction Co., Ltd., Beijing 101300, China)

Abstract: The oxygen measurement and control of liquid lead bismuth alloy plays an important role in
suppressing corrosion of structural materials, and is one of the key technical problems that need to be solved in
the engineering application of lead based reactors. In order to support in—depth research on liquid lead bismuth
alloy oxygen measurement and control technology, based on the principle and measurement requirements of
liquid lead bismuth alloy oxygen measurement, this paper independently designed and developed an oxygen
meter probe for liquid lead bismuth alloy oxygen measurement. The measurement performance of the oxygen
meter probe was verified using a static corrosion test vessel of a certain lead bismuth alloy. The results showed
that the designed oxygen meter probe can achieve oxygen measurement at high temperatures ranging from 200 to
550°C , The measurement range reaches 10-6-30 ppm, and the leakage rate is not higher than 10°(Pa+-m’)/s.

Key words:lead bismuth alloy; oxygen measurement; oxygen meter probe; optimal design
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Table 1 Summary of K factor and K factor combination of Rhodium detector calculated from burnup data
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MZ2 SR 9 3 (8) 1, BRI 25 B <
RSPRRBEE AT T AR

I'=a+br,/T/T, (10)

fc':F' ,a = EK,{%&BFiklel"TrfNo-og
b = ej{tﬁ#%ﬁﬁ?’xszzﬂrfNo'oso (11)
W4 K pinf F\ = a/emriNo g (12)
KygpuuforFr= b/emriNo s, (13)

fCEF',e: Eﬁ?%i;](ﬂygﬁﬁﬁ: ﬁ&*?ﬁ‘%ﬁlﬁl’ﬁ
B LT M S A 27 246 % [X 45 (] Ff i FL 3
W RV LR 5 K e g AR, EER IR T
VR BORL T 1B SR 2l 4 2 [X 25 1] W
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i FL B AR 5 2 R SRPARE AR s N BRAR R K
SHA Rh BIAZEL S, B SHERORF B B
Fy o KSR 1 B R BRI o, < A IHA
IR Th - BRI 5 Fy AR R R
T REFREIRE T
222 IHE

L X (6) 1 a. b EF AT (12).5X
(13), A 15
Kypn 1 F1= 1.0 X107 A« nv™ ' JemriNo g (14)

Kﬁ})ﬁmﬁfZFz =3.63x10""A- nV_l/eerNO'OSO(IS)

A14) FTHIT I 0.5 mm ZRIEF Ky g
AF L RAS) T 0.5 mm BEMER Y K i prin
Sof5o
AR, #8K (9) 19 a b (A HIRAR (12). 50
(13), A7 45 :
Kygrnf i Fr = 1.92 107" A - v VemrrNo g (16)

KgspinfrFy=10.3 %10 A nv ' VemriNo s, (17)

A(16) T T 1.0 mm HEMER 1 Ko i
AFL A7) AT 1.0 mm BEUE K s g
Sol5o

FIRREEE R 2,
23 ARBEZELEREESIEDF K Kpy
HE
2.3.1  HEESHT
M (3) AT, BRI 25 B A A AR 7 8
FERT R R

I'=eK, Ky mr.Noy(g + 1 /T/Tys,)  (18)

MICHRL 1 TR] T,

_lelg +f,F,r\JT/T,s,
(g +r.JT/T,S,)

_ K,{%sslrs*}‘xlelg +K@ﬁ%§ﬁf2F2r NT/Ty s,
fiF g +f,F,r JT/Ts,
?E KfF \Kgﬁiﬁ/fjﬁ/\ﬁ (18), m‘ﬁ%‘ :
1= e7TrfN0'0( Kﬂﬁﬁwlelg+
Kisprin2Far o/ T/ Ty 59)
= (19) F1= (10) AAIR] , PRI (18) A= (10)
SERY, S ] — P PRI G (A PR R AN [R) 2258 T =X
F (18) T A%

SF

KB?‘T%I

(19)

1
Ky Kog = 20
e emr’No (g +r./T/T,s,) (20)

232 itA
K (5) FRAR (20), AT

(1.0+3.63r/T/T,)x10*'A+np™’
Ky Ky = S (21)
emr,No(g+r./T/T;s,)

2 21) A FF 35 0.5 mm £ £8A [F) #8
B JT/T,) F M KKy 521
w5 F3R nv MR, R

K (8) R AL (20) T AS

(1.92+10.3r/T/T,)x 10 *'A - nv™"
KKy = (22)
2
emr,No,(g +r./T/T,s,)

A (22) AT HFHE 1.0 mm £ 75 A 7] #2
ﬁ@%ﬁ? E/‘J K/FKp.,ﬁ%(o
24 HEERILR

IR R LR 2,

%2 FARHEZEERELHOERNEN Kuy K, B8

Table 2 Kgxy Kycombination of Rhodium detector calculated by sensitivity calibration results

NGl VT/T, T, éﬁ%'ﬁ% Kﬁfﬁ‘@'z K/F

s Hrp7 PR
FRIEN2 )
Kgrn/F) 0.03 0.09 0.15 K et/ oF
1.0 mm FRM %5 0.1392 0.1309 0.1268 0.1238 0.1196 0.1034
0.5 mm M%7 0.2811 0.2576 0.2411 0.2288 0.2118 0.1458
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AR AT M AT R, B AR SO S ER A
P g K N K NP A S5 A8 30
— AT AR R LR K T K BT
AT, LR 3 3 4.

3 HESTHER

J T AEAE SO g RAUE K T
PSR PR R M AT R KRS

F3 MREIWHIEEETHN K BF5ELTTE K BEFHLER
Table 3 Comparison between the K factor calculated from the burnup experimental data and the theoretical
calculation K factor

KA AR 0.5 mm 1.0 mm

K 525 K Kot KK K K KK
PRFE ST B oA 0.4210 0.5450 0.2294 0.370 0.295 0.1091
TR (K HE) 0.5759 0.5007 0.2883 0.4184 0.3073 0.1285
PRSI / SRR 1.3679 0.9187 1.2569 1.1308 1.0416 1.1778

VE B HC / SRBCR S EE 0 K R T AL AR 5 MR RE SR B X R K R T B AR .
Ko BRI (KM X RLAO44 (RIS 0.3 mm. BRsEr /T/T, =0.09,

x4 NREYEREXHHFEEHN K BFAS5ERITE K BFASHRE
Table 4 Comparison between the K factor calculated from the sensitivity calibration experimental data and the
theoretical calculation K factor

RIS K K AT Popr ARl ST/TF AT Ky Ky PSR T
WS LHEAGHAL  KygruiFr 0,03 0.06 0.09 0.15 K wipmnfoFs
1.0 mm R A, 4i%% 2 HIRHER 0.1392 0.1309  0.1268  0.1238  0.1196 0.1034
:0.27 mm; oKy Ky 0.4618 0.4198 03910 03694  0.3396 0.2250
M, R 530 u
Ko 0.2618 0.2848 03039 03201  0.3457 0.5081
KKy 0.1209 0.1195  0.1188  0.1182  0.1174 0.1143
R ok 0.8685 09129 09369  0.9547  0.9816 1.1054
0.5 mm M %%, 46 Z ) BdREE 0.2811 02576 02411 02288  0.2118 0.1458
025 mms A gy g 0.7182  0.6540  0.6091 05759  0.5300 0.3533
e BT 80°C
Kyt 0.4704 0.4823 04923  0.5007  0.5141 0.5989
KK 0.3378 03154 02998 02883  0.2724 02115
Ry sy 1.2017 12243 12438 12609  1.2870 1.4506

i =R1.01<,,1<54m: 1.0 mm é%ﬁ(ﬂﬂ%‘%i@kiﬁ KgmgzK/F %gﬂéE"J%'JE&TET#%E%%IET/ET]—%EZ It RO.SK/;-KBM;( :0.5mm %%ﬁ{ﬂﬂ%ﬁiﬂdﬁ
Ko K Y206 W 20 BE B A 5 HOe R E = 1L

3 ANXBHEEEHHNKEF. KEFAE
A5EBITEKEF. KEFAS"'WHER

PRFESC 0 7E TR HESEAT , BRI 284 B R S
Bhr JT/T, =0.09, HRMESEHEIR K TIRFE

ST S B S HER IR E DUAS R 1.1 715 e 2 7% S0k
3.1 HdEbi [6 ], 3% 3 Ay BLR B X B 1 7 g A S
3.1.2 3R 3. T4 PRBEEULIA SR 2258 ¥ Ar JT/T, =0.09,

()36 3 v BRFE ST WP 8 2% 4 SR B AR oy
54 0.5 mm A1 1.0 mm, 462K 5 7 0.25 mm.,

(2) 4 1, 1.0 mm FRI 45 A L2 R B
JE 20 B S TR L 2.2.2 95 S SCHEKL 11 )0 0.5 mm
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PR 25 049 5 AR B HE R BE 20 B S UL 2.2.1
7 M SCHRL 6 o

(3)3% 3.3k 4 v HKHEAR G K BRIS TSR
Pk A S 4.2 TR 13 X R AR
BdE, o 0.5 mm BEMER A K IS THRE, B
AT R 13 6 R A AR EE 0.4 mm
FRIMZR Y Ky 0.6 mm FRM R 1Y K- 19F- 21
33 Fe 4 TR ) K g FIETHE AR
FAIE SR 3R 7, 4 SRR 0.3 mm
Ak B A S0 FH I 2% 1 A 2 44 S B TR R R
0.25 mm,

(4) 3% 4 b BOKMEAE G K BRI TTRE K
HAE S 2, 4 b, KRG
Koru PSR AASIE S —4 1 8 W
() R BB, B8 25 AR )R B 0.2 mm i1 0.3 mm
XL FR) Ky gy T2 71T ST 6 FH AR 25 119 246 2%
RSZFRIESE N 0.27 mm,

(5) H ik B 25 S U H R HE 5] R Y R 22
I3 -

3. &4, () EUS TR A A8
St BISHRRK E BE KE Kyy Ko
W, $EL g(20°C ) =1.023 1L, (b) A 1.2.2
AT TR AFE S 00 E5 A 455 FE K HE Ky
Ky B, L g(80°C ) =1.037 %, (¢) WA 2.2.2
ST, 1.0 mm N #5 A9 R R 20 BE SRR, S
I HR IR R 326 K (53°C ) 112, ASciedk
it R 2 B A R LR OK M Ky K G
B, B g (60°C ) =1.032"°, (d) AL 2.2.1 45
ALAT,0.5 mm R 2% R 405 2% £ #E PLUTO i
11, HAB AL R 70°C (343.6 K) 78 A
FEAC I R 50 20 B 25 R S L K ME Ky K
HAHHLg(80°C )=1.037 """,

R R 2E S s n R R 2 HAE TR 1 )56
5 9T A BT 2L A5 E5 18 AR R IR A T LA RT
(R GMAREAR AARIERE) i, - RE S A
S E B OUT , BRI 2% R BUE K i
U5 IR R TE O, AR R AR kT
Ak

(6) WP IS R AR ZE T

(a) BT ATE S —h R 13 MR

Blie , K 0.5 mm BEES , 76 . /T/ T, =0.09 {Y &
IKHEPFIIRE T R SHAR EAR AR 0.01 mm,
H Ky BEARZY 0.72%, (b) £ 47 B A 18 303 —
et L 8 o N A A R, B R A R R
1.0 mm 48 2% 2 J5 B 0 0.25 mm F PRI 25, 78
r JT/T, =0.09 WK HE P T3R5 R 4ak
BRI 0.01 mm, e Ky AR L 0.56%. I
AR E - D Ky WP {225 iR 22 H 22
Bk R al LLEAZ s @9 PR HTAY 0.5 mm 50
fiw , HA RS2 PRIFEEE S 0.25 mm, TR 115
K, AR IE B 14 0.3 mm Kb FH, iX 40,25
SRR B ] PHEZ

(7) 4598 3 3.3 4 4y I FU A AR 2R, A —
AT UE T A SO — R e B R
PEATATHE R K RS A SR T 42 1k
32 ETZYE"IHHENKETFEESE
F @R LRHIEN K BFAG IR

5 D\ SR 220 B S S B R 1 KT
G5 DA SR Y K T4 E 1Y
L.
321 BECE
2253 Bt D R0 RE 200 B S S B HE SR B K
PR 2H 5 B IR FESE B K54 33 9 KPR 14
B BB KA 4 A RE T DI T R, AR 5.
x5 NREEZEHEHEEHH KEAFAESSMHR

RBREEEHN K A FASHLLER
Table S Comparison of K factor calculated from

sensitivity calibration data and K factor calculated
from burnup data

KSR ER 0.5 mm 1.0 mm

LG CZIEET CBMET CZIET R

SEH FHHERY HKHE RokME  HEKOfE

SH AL 0.09

r/T/T,

KK g 0.2288  0.2294 0.1238 0.1091

[R5 1.00 1.002  1.00 0.881
322 ot

(1) T35 75 0.5 mm ZRI AR 8, LA
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FRIn, B EFTHALRALTTFRAUBZIHAKAF#H R

RIQEZ A A, b5 LU ./ T/ T, =0.09
RS, RN 2T T Ky w K HAE N
0.2288 ; 1M1 LA A FE 5 30 K i o B il , h 13 L)
r o/ T/ Ty =0.09 AXF4L HERH I 5T Ky
Ky 150 02294, “FHFEVIG . Xt —Fh1y
B ISR 3K R Bl L S 06 55000 S Sl G
A S HORE o, IR R R B M) . (H
PSR BOR B A TR 5 R W) 6 B ey, Xt 3R
Y, AR R AR B T AT 0 & 3 B A
FFHE IR, AR, R 2 00 SRFES IS
STUG HRAE DL [ Harwell 5 F 3k PLUTO #E4T7, #5
A& G BHE IR T 1 5286 /N 58 B, BT fe T
SEHAS SR RIS X O I B Y
Al H A T Ak

(2) 5 1.0 mm #5021 X6F 107 B4 B8040 14 358 T
(a) R 2 B LB AE RO HESEAT | M BAHFES 36
SRR F K HEVEA T (b) BS T BRI | BEHR
2852 7K HE Ky g0 5 FIKHE Ky L (AT
SO — R SR T (B K HE K HUIR K K
W, 29K 13% (WA IS SO — st R 13
X I ) A B 3 2) DRI, A R 220 1
SYG AL E K HESEAT TR 22 LR 5 R 2
AT REE H 20%~25%.
33 LS IIE

H TR ASCER 4 45 i TR A R T
PR, R B AT SO — i GCERC 1 D62 iy
FAR LR A K LISCHkL 9 [ 1
BRI 235 52 7K i SRAEORE Ry LAl HE S AR 2
R HE AR, I 5 HE I 28 F K HE R R 4
JESE R T AL
3.3.1 0.5 mm A EE /K HE R UE BLSHEE

SCHKL 9 145 T 4RI 25 52 /K HE 1 R A
THREE A, 45 T BRI 25 5 7K HE B K R I
PR rf - R a (B RN IE R b (E, H A
T R R T IRE N 20 Co MARIE S —
f COCHRL 1 1)6.2 o ml 1, w] Dhid it F =X, 4
PRI T 52 K HE A K R SR T R a i
FE IR b (BRI SR HEFRA R R SRR
BB,

g(T)

20C
g( )(23>

_ FIE/KHL
L (T) =ag e F

1 %7K HE
+b4~mm?iﬂr JT/T,
2 %K HE

FEFSCHRL 9 136 1 Bd, o] DA s 4 2%
4 (ALO;) J& FE 4 0.25 mm (% 0.5 mm % £
A AR AR HE B K R SRR R a (Hoh
1.1092, 3 T SCHRL 9 138 2 $dls, T LIS i
PRIZS 07K HE A K & A AR b (5l
5.0427,

FFScwk 1 1R 2 B HG R 4 s Hdi , T
DIHESE 0.5 mm BRI G 2K HER) Fi=0.9161,
F,=0.905, FEF SCRk[ 1 1] 12 B Hxt 1 ) e ds
B, T LAHESE Y 0.5 mm BEHR I 2% 8 K HE Y
F=0.9713,F,=0.9445, # % 1K (ALO,) JE & K
0.25 mm 1 0.5 mm £EFRM#5 7E PLUTO =K HE
(R B K e SR R AR A BT T BRE R

Lyyoron e (80°C) = (1. 1092 % x i_gjz
0. 9445
0905 /1) (24
x107"" A « nv’'

=(1.1921+5.2627r./T/T,)
x107" A« v
PRI, 2 B I i R K & AR ) PLUTO
FKHER P R a (5 1.1921, %50 4%
PR R SR PLUTO B 7K HE 8 AL 3R b (i
H5.2627,
3.3.2 0.5 mm FEMFR K HE R E 2 eSS
AR 2.2 AT 4 Ak (ALO,) JRHE N
0.25 mm /1 0.5 mm £FRM 25 7E PLUTO H/KHE
() R ZN R A R . LA A SR A 1Y) R
ZIFELE RN

I=(a+brJT/T,) x1072" A « nv™'
=(1.0 +3.63r.,/T/T, ) x107>" A - n

+ 5. 0427

)

_,(25)

KX, = 1.0 x10724 - nv™!
b=3.63x10""A-nv"'

A 1.1 AT E LN PLUTO #E47 T fa B A

4, AP E,PLUTO HAKHEH TR EE TN
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P8 AT A SR A SR ABORE 2 FE A, IS (24) 3157
IR TEAr T/ T, T A R R R
P PR HE (L, JE T A5 2R S48 F X R Y a
{H.b {HILAZ 6,

80°C (MLARSL 1.2.2 %), B g (80°C )=1.037 """,
3.3.3 0.5 mm BN AY K ME R B PR HE
S A A

FEC (25) AR 280 A il T/ T, F

F6 05mm ERMBEAKBBMRKESERGEFERHERESHZEELE (10"Anv")
Table 6 Comparison between the theoretical value and scale value of the unit length emitter sensitivity of the 0.5 mm
Rhodium detector in the heavy water reactor (107'Anv™")

r JT/T,
B afff b fif
0.03 0.06 0.09 0.15

T s 1.1921 1.3499 1.5078 1.6657 1.9815 5.2627

T 1.0 1.1089 12178 13267 1.5445 3.63
Rys 1.1921 12174 12381 12555 1.2829 1.4496
Ro siirkiy 12017 12243 12438 12609 12870 14506
Rosi/Rosy 0.9920 0.9943 0.9954 0.9957 0.9968 0.9991

V< Ry 2 0.5 mm RSN 58 0 T /K e L0720 S5 2 G P A 06 5 HL 220 B (BB Ry, 0.5 mm BEFEUBRAY Ko Ko P41
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A 21 BB S S TR L (R 4),

334 5

LTI, Ros1 5 Ro sy VI EE N R AH
[Alo 226 R, Rysi 15 Ry sk AR IR ZEL Ny
0.5%. AR Rys IERIEL SR & 4 h
Ry sicpicyy i TR AL, R, A5 THAR
B Rosy 5532 4 R Ry sy INILAZIT  B0UE T
(1) 22 4 P Ry sk e H Y5 (2) ASTIER
FRE Rysy, Sl i i FHAS IS SO — R Gkl 1 ])
6.2 1T HE AR B AR ST AY | X S A e L B e
T A SRR CCk[ 1 1)6.2 4 AR 1%
LR AR
34 REMZ. O IR

AT E XA 3.5 4.8 5 PIEUE
KSCHRL 9 T 4 WBs - AT 25 5 0 i L LB AL
PRVT, DA fiff 152 3% 6 8504 22 [A] 195G &R 2 AE AR
A EAE Y
3.4.1  FAHNA

R T A EE G AT X S, TR
N FEUif 3 B e 22 [ YOG R AR B s
PRI B e A A

(1) WA (10) ] 0, B3I 28 R A R -

I'=a+br/T/T, (26)

/E\:EP ,a = EK,{%sBﬁ?klelﬂrfNo-og (26—3)
b= eK#ﬁbﬁBﬁi&szzﬂerUoso (26-b)

a: AT R a fH, b AR b (H.
(2) ASCHRL 1 JmT %0
o I L T,
" e TS,

X (27) ATHL, 24 =0 B, K= F,, X M)
TR GHZILIE R R P, YT
BAHh T, DA @RI, BT I, X,
Ky=f,F, 5 3K BF (14 o 1 3 76 50 HE o AR A7 78
(), (H R ELER I 7 2%, mT DL U EARL A Y v 1
W¥RsE . L fF, LF, R h R T Y,
2 Ky IHEAH

(3) ISk 1 T AT :

K. = Kuguws) Frg +Kiggpuul2Far /T/Ty s,
" FiFig +fFr JT7Tys,

N (28) AT, 25 r=0 I, Ky =Ky e X
LT #fe i 2L b P ass . Y7
By A o R - BT 05T
X, Ko =K g s ORF B TS By 3 v
TANFETEN B AR 7k, v LU A

(27)
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FRIn, B EFTHALRALTTFRAUBZIHAKAF#H R

P IREE T 1Y Koo 18 K gy P IEA
3.4.2 HdRZEG . oA, R, R

SCHRL 9 136 4 FWT,0.5 mm 2%, Ho
FLPR b (E A B T R 25 3K AR SR 3
AL, 0.5 mm FRIM 5 19 K 9B THR 1R 22
R G AR 4 R0,0.5 mm BRI AR 1 Kgmptra
LF, FER TR RZ R, M AHE 0.5
mm AR & 18R 22 K, AT K AT 255 o
B BCER, DUIER I sz R ST

(1) SCHRL 9 158 4 R, BRI i FArh 1 R
TR EE TR AR HER , AN 0.5 mm BR2S
BJE 1.0 mm BRI Fs , HEES T A R 1R
ZHAK . XUt T LR a (BRI BT
BARAUEE P, X (Q26-a) KW, ITE a{H, 7
BT Ky f o Fy B0 3XRW], HIAIRSC
i‘l“%: 1.0 mm KM LS5 0.5 mm R 2517 K;}ggﬁ;‘&
AF, BAFAA TR R MR E T D2,
ARBEERHTIR  H Kug e 1 Fy IS AR
WG, HEE R EZ

(2) AT 3 01, 0.5 mm - ER 1Y K g
() B Ie TH A 5 D BAAE Bl #5310 A (AT 22
27 —8%; 1M1 1.0 mum R 1Y Ky M IR T
{B5 IIAFEIRHE T B AH 22 29 +8%, X T
W, AT SO — R Ky O BRI 3154
0.5 mm RIS Ko g, BOHHIHE 1.0 mm £
LRI K, FTH R ZEHIE AT DIEZ 10,
3417 3) W, Koo Kiggpron 2 1572 H 1
IR EE T Y Ky A K gy B IEA, G AT DA
H:ll )EHZIKI/E\‘I%Q%“]DP Kﬁggﬁ;j{\ K;ﬁgyﬁgﬁ;ﬁﬂ/ﬂfi
AT 0.5 mm FRI AR 1 Kugtm Kaprru
+, 5 H 5 1.0 mm BRI 28 1Y Ky
Kggeppu BT HITER AR AT D21 . A
BRI : FH Kyg o Kaepn S AR
1.0 mm AR EFE 0.5 mm PRI &S K i Kip e
-, Hoa AR 28 2T DIEAZ 1Y .

Q) &G AN ) Q) 5w, 445K
(26-a), AT LAHERS : IAIE SO —F i A L F

T E AR 1.0 mm F W E 00 £,F, KT
A 3 0.5 mm MW AF, A T4 G, 1R
SRR R DIHEZ Y. ARSI H
S F BRSAZGTA 1.0 mm B4R 5L 0.5 mm #§
WES ) fF, G, Ha TR 222 nT LIHEERZ I

(4)\F 3 AT H1,0.5 mm 450 #1110 K B BIE
THEAE 5 DRAE L BB 53 h (L2 Ltk
(1.3679), BiHAHS T (H 15 22 5K 1M 1.0 mm
PRI 1 K PRI T 5 DBRFE 2 30 55 1
A 2 /N (1.1210), D8I R T80 15
22N, XM, 2 Q7) TE T & SRR
1.0 mm [ HRIN 2% 5 #4038 B, TR AR
0.5 mm ISR K B, 5 R IRZERR
ARBEEES TR Ky B AR 1.0 mm 5
MY Ky PR ZE 2, 1 Ky FRS A KTt
0.5 mm ML Ky HFiRZER K,

(5) A/NT Y (3) T E &gk ad, AR X
S F R AR 1.0 mm
PRS0 fiF, T4 85 0.5 mm FRIMER Y £1F,
WA MBS R AR E T EZ 0. R
2, Q7)) 1A 0.5 mm 0 45 1Y Ky B, 5]
HHIRZE R K, B E B LF, BT EIRET
B, BRI, A SR T AL F
K F R 3058 AT 1.0 mm BRI ES £.F,
TG, HHIHR R SR B 0.5 mm (1)
SF, TG, PR R AR, A BESh
Wi : FH Kp AR 0.5 mm SEMERAY K
FIREHK, FEE LF, AT EiREE S
s L F S AR 0.5 mm 80251
SF, HATRZER K,

(6) SCHKL 9 13 4 FWT,0.5 mm HEI 25 A9 I
P& b EHNFLSTH A S REEZIEEZ K
(1.39); 45 0.5 mm £ EF AR b (E LS T
o DLE K HE N 15 5, B TR S R U 2
{H2Z HEEE R (1.45), iIX Ut S TR IR 223K
1M 1.0 mm FRM A5, HALPR b (HAVELSTTHRE S
RAGREZ FEAE 2 FL /N (1.097), i B FR S T8
EIR 22BN

R SC 4 WT,0.5 mm BRI 2R 1 Kgprn
SoF, B TR E 5N 2 R 20 R E i

89




¥R &

Vol.23, No.2, Apr.2024

90

WA 22 6N 1.4506 5 10 1.0 mm 35 90 %5, H
Kiggprin/oF ST A S D R AR 21 B 5
e AE 2 LE A 1.1054, AT/

R (26-b), Bk Wi S AR, AR SCEE
— R T K £ B, TR
BERVHE FHT 1.0 mm SR AR Kgipanu/oF
T A A T 0.5 mm BEE5 Y Kysptru
SF, HF4LAR, 5HEMIRZER K.

AR B EE R R H Kygprn M1 0 F, BEIE
2 A 1.0 mm R W #8109 Ko, 4 &
WRENHAZ s Kagppu o0 Fy BIS AR
0.5 mm FRMEE Kygyen i foF AAETRER K

(1) AR/ Q) B &R K 19 P
WA EEE T 1.0 mm B4R 25, o3& T
0.5 mm MERI AR , 25 B A/ (6) 14518, 1l L
e ORI S — 5 5 K 1
So Fy AT RRERITHE 0.5 mm 5045 Y Kiairptin
LF, AFAAE, SHRAIRZERR, B2 LF, H
AR DRI, @A —
TR L. F, HFREE A EE T 1.0 mm
TR S0 LF, T H A8 G 0.5 mm
BRMER LF, FFA G, 5 RAIRER K.

ARBER R : O KyggppuoF, HAEWITHE
W2 EEE LR AA NI RIRES RN QH
fon F, BUEAGTEA 0.5 mm MBS LF, A&
RERKR,

(8)(1) & (6) Btghie M HZ Al 56 R

AN (1) B8 FH Kuggu 1+ Fy PR
WA 1.0 mm FMER K 0.5 mm FRIZEH
Ky iF) A6, A R 20T DI AZ 25 G A
T Q) BEAR  H Kugrnes KaspruWEIR AT
1.0 mm M 2H % 0.5 mm BEM Y Ko«
Kgpeppn R T, HO TR 22T DIEZ 1 R K
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Study on Sensitivity K Factor of Self-powered Detector
with B Decay

(Part 2: Experimental data oriented study on sensitivity K factor)
Yu Jiasi

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

Abstract: The second part of this paper (hereinafter referred to as “this paper” ) proposes a method of
calculating some important K factors and K factor combinations by using burn up experimental data and
sensitivity calibration data. The technical route of proposed method is unique. The K—factor and K-factor
combination calculated from the experimental data are compared with the corresponding K—factor and
K—factor combination calculated theoretically in the first part of this paper, the comparing results show that the
theoretical model established in the first part of this paper is scientific, feasible, and the K—factor calculation
results are believable. This paper also puts forward the idea of further work.

Key words: self-powered; detector; sensitivity; K factor
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