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Abstract; In order to address the risk issues faced by marine nuclear power platforms (MNPP) during towing operations, a risk analysis
method based on the discrete aggregation method (DAM) is proposed. This method utilizes fault trees to represent the hierarchical
relationships of the risk system and maps them into a dynamic Bayesian network (DBN) structure. By employing fuzzy set theory and
expert evaluation to overcome the limitations of lacking objective statistical data, the parameters of the fuzzy dynamic Bayesian network
are determined based on the discrete aggregation method. With the established fuzzy dynamic Bayesian network model, impact
intensity analysis, causal reasoning analysis, diagnostic reasoning analysis, and sensitivity analysis are conducted to identify the most
likely risk paths, dynamic evolution processes of accidents, and key risk factors during towing operations. Meanwhile, targeted risk
control measures are provided as references for on-site operators and management personnel.
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Fig. 1 Marine nuclear power platform towing operation
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Tab. 1 Risk factors of MNPP towing operations
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Fig. 2  Fault tree model of accidents in MNPP towing operations
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Tab. 2 Standard trapezoidal fuzzy numbers corresponding to linguistic values

— BOMIECR
a b c d
AR (VL) 0 0 0.1 0.2
1% (L) 0.1 0.2 0.2 0.3
% (ML) 0.2 0.3 0.4 0.5
1 (M) 0.4 0.5 0.5 0.6
i (MH) 0.5 0.6 0.7 0.8
5 (H) 0.7 0.8 0.8 0.9

AEH =5 (VH) 0.8 0.9 1.0 1.0
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Tab. 3 Expert information and weights

LR R |AIACS N NZ K la HHE KK AFW RS

El EES 25 it 53 0.276 9

E2 [FEEE 7 L aw 35 0.2154

E3 TR 32 ¥ 54 0.230 8

E4 AR 8 it 33 0.169 2

E5 TA 7 b 29 0.107 7
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Tab. 4 Expert evaluation, aggregated fuzzy numbers and probabilities of the root nodes

WA LRI (E1~ES) RABMER, = (abed)  BWITREVESEFPS  FRPOESMER  JR5fpR
X1 VLLVLVLL (0.028, 0.056, 0.128, 0.228 ) 0.113 3.91x107 5.58x10™
X2 L VL VL VL VL (0.018,0.036,0.118, 0.218 ) 0.101 3.22x107° 7.30x107*
X3 LMLMMLL (0.202, 0.302, 0.354, 0.454 ) 0.328 3.59x10™* 2.28x107°
X4 VLLLVLML (0.074,0.140, 0.181, 0.281 ) 0.171 7.73x107° 2.91x107°
X5 LMLMLM (0.212,0.312,0.342, 0.442 ) 0.327 3.56x10™ 1.34x107
X6 ML ML L ML. ML, (0.185,0.285, 0.370, 0.470 ) 0.327 3.58x10™ 2.21x107
X7 MMLLMLL (0.212,0.312, 0.365, 0.465 ) 0.338 3.88x10™* 1.42x107
X8 LML VLMLL (0.115,0.198, 0.246, 0.346 ) 0.227 1.67x10™ 4.84x107°
X9 LLVLLML (0.093,0.179, 0.199, 0.299 ) 0.193 9.50x107° 3.89x107°
X10 ML MM ML MH (0.338,0.438, 0.480, 0.580 ) 0.459 9.68x10™ 1.21x10™"
X11 M ML M ML M (0.332,0.432, 0.466, 0.566 ) 0.449 8.98x10™* 1.23x10™
X12 MMLLML (0.245, 0.345,0.381, 0.481 ) 0.363 4.68x10™* 6.15x107
X13 L ML ML VL. ML, (0.144, 0.232,0.301, 0.401 ) 0.270 2.32x10™* 2.43x107?
X14 VLLVLLVL (0.034, 0.068, 0.134, 0.234 ) 0.120 4.32x107° 5.33x10°7
X15 LMLMLML (0.193,0.293, 0.352, 0.452 ) 0.322 3.44x10™ 3.81x107
X16 VL ML L ML ML (0.132,0.211,0.284, 0.384 ) 0.253 2.04x107* 8.67x107°
X17 ML VL M L ML (0.186, 0.270, 0.336, 0.436 ) 0.308 3.09x107* 6.48x107°
X18 LMLVLML (0.141, 0.224, 0.264, 0.364 ) 0.249 1.97x10™ 2.83x107
X19 ML ML MH ML MH (0.289, 0.389, 0.489, 0.589 ) 0.439 8.31x10™* 1.92x107
X20 MMLVLLL (0.167,0.249, 0.291, 0.391 ) 0.276 2.41x10™* 1.23x107
X21 MLMHLVL (0.244, 0.335,0.362, 0.462 ) 0.351 4.28x10™ 2.02x107
X22 MVLMM L (0.299, 0.382, 0.399, 0.499 ) 0.396 6.00x10™ 7.65x107
X23 MMLMML (0.328,0.428,0.452,0.552 ) 0.440 8.40x10™* 8.19x1072
X24 MMLMLM (0.313,0.413, 0.438, 0.538 ) 0.426 7.53x10™ 3.71x107°
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Tab. 5 Conditional probability for node M4 (collision)

M4
N4 N5
StateQ Statel

StateQ 1 0
StateQ

State 1 0.647 7 0.3523

StateQ 0.8169 0.183 1
Statel

Statel 0 1

x6 TRXI(HEMEFEREBERIE)WRESEBME
Tab. 6 Transition probability for node X16 (the tug is close to platform)

X16,¢
X16,:-1
StateQ State
StateQ 0.997 0.003
Statel 0.350 0.650
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3)X8/X9 (A Akt /il 1 R ) — N2 (BT HBRBE ) > M2 ( 2 HEAEWT2E) —T(MNPP HE T E ML S50 o
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Fig. 4 Impact intensity analysis of accidents in MNPP towing operations FDBN
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Fig. 5 Probability changes of leaf node (T) Fig. 6 Probability of intermediate nodes (M1~M5) at t=15 h
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Fig. 7 Comparison of prior and posterior probabilities at the root node Fig. 8  Probability fuzzification ratio of variation of root nodes
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Fig. 9 Sensitivity analysis of root node Fig. 10 Sensitivity analysis of intermediate nodes
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