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Abstract: Risk monitor is a very important technical basis for nuclear reactor safety
supervision and nuclear emergency decision-making. Conventional risk monitors only support the
core meltdown risk calculation based on the level-1 probabilistic safety assessment. Focusing on the
real-time risk monitoring of reactor based on the level-3 probabilistic safety assessment, an
improved method is proposed in this paper for risk calculation. For the actual configuration of
reactor operation, the accidents frequencies are calculated based on real-time risk model and on-line
condition monitoring, and supports the real-time calculation of released source term and off-site
dose by accident categorization and dose factors. The case study of reactor risk model shows the
effectiveness and provides instantaneous calculation for core damage frequency, large release
frequency and off-site risk. The proposed method can provide technical support for nuclear reactor
safety regulation and nuclear emergency.

Key words: Nuclear reactor, Risk monitoring, Probabilistic safety assessment, Safety
regulation, Nuclear emergency
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Tab. 1 Release Categories and Characteristics
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Tab.2 Release Categories and Nuclides Composition
T,
UREHCA T - — fﬁw&iﬁmfmq — - e
Kr Xe 1 Cs Te Sr
RCO1 1.53x10" 0.85x10" 7.85%10° 1.37x10" 0x10" 0x10° 4.80x10°°
RC02 3.95x10" 1.02x10" 5.57x10" 4.65x10" 0x10" 0x10° 9.24x10°*
RCO3 6.23x10" 0.80x10" 1.30x10" 24.40x10" 0x10" 0x10° 433x10”°
RC04 2.43x10" 1.37x10" 1.19x10" 2.15x10" 2.24x10" 2.28x10° 1.25x10°°
RC05 6.36x10" 1.64x10" 8.98x10" 7.49x10" 8.44x10" 7.94x10° 2.40x107"
RC06 13.4x10" 1.73x10" 2.80x10" 52.50x10" 62.90x10" 55.70x10° 1.35x10°°

B JE T 6 AU IR IURE T B0 ) X
AR, RRKSBEERNE, WHEA 1 ms,
TR, ROWHEL AN 100 m, LAHHIE . &
SR ULIE 1, FE AT RO R, A
A SR AU Wi fry 2K

1 -8 1 1 1
10" 10" 10' 10°
A AFI/ mSy
P P22 ki Y Sy 37 P e XU Hh 26
Fig. 1 Real Time Off-site Dose Risk of XAPR

22 i+ i

2.1 WEREB R G T ARG IE R BT
H RO, (HAS SO ¥ T A i S g iz
(g S SN OE 1€ k9 o= N DD E LRy i)
A5 FR G0 B 1 AR B IR A W IS s e 38 S s
DB AR rhr | SR 42 FERURS: I 0 % ek 1) i) B 22K
HRAE S B KU AR B A T TSR AT . AR S5 22 9
RFEHE, HHERAK, (Hl T IR S0 &
TR B R G A0 T, B IHE
HIEE, RSOk daeiei R SR N HER
W A RS RN A R IR SR AR K

ZH AR R TR T K Ab,
B R K o) A LR B AR, PR A 4
5N AR SR Y, 38 R I T EE AR N
HEJR AT 251 B B 0 500 i DA S AE Bl

ORI A R R . ARSOTE X iR
(R ST

ARSCTT ARG S e R G IR A M
MEE, B [FRS SCRE 3 AU PSA SR X
Bt AR AUAS R i A S P DR J i A
X o7 SO A AN [R) b R 37 ) 1 45, LA
RAE B HBA KB R G5, AM TR %
B SN SR, ER U P IR UR Y
ML, AR . DR T S AR
H3Hfo

3 & it

ARICEET %, = PSAWEME, A
JRURS: W 25 5 42 7 2 R S I B B B AR AR 2
PEH T —FPE T =GR A VA A% R I
SER RS T . WFoT Al R .

(1) ARSI T R S MU S5 XK |« il
SRR ISR TIOARS: LA B 378351 et XU 25 2 SORURG:
EEMi i =

(2) %F 3425 PSA 18 1 i 6] 43 91 4 %k
PO HORD, THE R BRI M A2 S HE XU
TP SRR

(3) AR ESHBRNA RS T HE
JABS AR 22 B A A, 1 HNFEE B, AR
SCH A RT SCRpZ L A TR 2 AN RIS A i v
F14) SIS XS el

ARSI AT A RN e A A SN S
PRYCR PR AR SR o J5 22 T A SER JRURS: W0 25
FIBIE & 5 Gty T R e — 25 10 T A .

Bris
AR TAEAFE] FDS RUBHZ A A AR 5 950 FF



128 ¥ g o TR

Vol.44 No.1 2023

SE Lk

(15530, KA, RS, 5. HoKMEREICI Ik
AT I K], SRATBEi, 2020, 40(06): 504-509.

(2] gokn, selFlss, Fi, % LR 2 mamita
PG DTEEL]. FRASOTIE SRR T 254, 2019, 37(02):
60-66.

(3] BREAE, Fadide, FIEE, 55 ZH0BMA HOS il
FAF T UM PEAZ R IR ORI ST (0], b 5 TR,
2020, 40(02): 233-243.

[4] 2R, INUIAS, SR4E, S5 AL T LIV St &
A7 2 B D3 [ 05 38 9 S R [0, A% 8 ) TR
2017, 38(02): 68-71.

[5] =B, ek, 3, & SRNL e ERS
SuperMC/RVIS2.3F & 5 W FH [T]. it 7 BERF 2 H R,
2015, 49(S1): 7-15.

[6] AL, SARNES, ZEWWN, 5% ZL =S KHEZ R
ol XIS W K R R 7] AR S TR, 2011,
31(01): 68-74+85.

[71MA Y, ZHANG Z, WANG H, et al. Standby Equipment
Reliability Data Analysis on Risk Monitor of Nuclear
Power Plant[C]// 2018 26th International Conference on
Nuclear Engineering. 2018.

[8] ZHANG B, CHEN S, LIN Z, et al. A rapid modeling
method and accuracy criteria for common-cause failures
in Risk Monitor PSA model[J]. Nuclear Engineering and
Technology, 2020, 53(1): 103-110.

[9] i, SKRETF. ) KU I &8 RGETT & )], Ak
Rl A, 2012, 46(11): 1362-1367.

[10] FERRETTO D, MAZZINI G, AMBROSINI W, et al.
Risk monitor implementation for the LVR-15 research
reactor[J]. Reliability Engineering and System Safety,
2021, 208(19): 107403-107413.

(L] BGEER, SRPRA], ToCH, S S XU M R 5 qE
A% ol B 5 0 0], Rk 5 TR, 2017,
37(04): 691-699.

[12] 3, ska&f, sk, . SOmh XU 5 8 b A
VR A EBFFE ). 23h )1 TR, 2017, 38(03): 104-
106.

[13]4R%7, ARREEE. e A% 2 4 R BUR 5 1i i sh 25 A
X1, FEREH, 2020, 13(01): 114-119.

(4] 54, BEHWR, WEIE, 5. P52 ki 324
AT B R R T E R AT S (0], %3 ) TR,
2018, 39(03): 100-105.

[15]EFH, ki, E54, 55 WLk diiog
SN SR VP [I]. &3 1 TR, 2017, 38(06):
76-80.

[16] FEFW, EF4, Kk, 55 WRMKpE i Rizts
TN BB MR i (0], %8l ) TR,
2019, 40(02): 80-84.

( STiLGwAE: e )


https://doi.org/10.3969/j.issn.0258-0918.2020.02.009
https://doi.org/10.13832/j.jnpe.2017.02.0068
https://doi.org/10.13832/j.jnpe.2018.03.0100
https://doi.org/10.13832/j.jnpe.2017.06.0076
https://doi.org/10.13832/j.jnpe.2019.02.0080

	0 引　言
	1 适用于三级PSA的风险计算方法
	1.1 适用于三级PSA的实时风险监测框架与计算流程
	1.2 放射性源项释放的实时风险计算方法
	1.3 场外剂量的实时风险计算方法

	2 反应堆风险计算与讨论
	2.1 反应堆风险模型计算案例
	2.2 讨　论

	3 结　论
	参考文献

