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[ Abstract |

risk assessment method was proposed based on the normal cloud model. The proposed method was based on the selection of evaluation

To address the fuzziness and randomness in safety evaluations of liquefied natural gas (LNG) chemical plants, a novel

indicators from the perspective of intrinsic safety, which was used to evaluate the severity and likelihood of accidents through expert
judgment. The weights of the indicators were determined by combining the analytic hierarchy process ( AHP) and the criteria impor-
tance though intercrieria correlation ( CRITIC). The risk matrix thresholds were softened using a forward cloud generator, and the
evaluation results were optimized through a backward cloud generator to obtain cloud characteristic numbers and generate corresponding
two-dimensional cloud maps. By comparing the actual cloud map with the standard cloud map, the risk levels of the evaluation indica-
tors were determined. The results show that the model effectively integrates the expert opinions with aims of retaining the randomness
and fuzziness, and providing the visualizes the risk assessment results. The novel method also provides a new risk assessment tool for
the safety management of LNG chemical plants.

[ Keywords] LNG chemical plant; cloud models; analytic hierarchy process ( AHP) ; CRITIC weighting method ; safety evaluation
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Fig. 1 Safety evaluation index system of LNG chemical plant
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Table 2 Standard cloud model risk rating parameters

A AR B A MEE
WA XB(E KU A o A HEAE -
(Ex, En, He) AR/N AL ’E&/E B/ T

I ik [0,0.2) (0.1, 0.033,0.01) [1x1075,1x107%) 0~1 0~1 0~1 0~2
I A% [0.2,0.4) (0.3,0.033,0.01) [1x107*, 1x107%) 1~2 1~2 1~2 2~4
| rp g [0.4,0.6) (0.5,0.033,0.01) [1x1073,1x1072) 2-3 2-3 3~4 4~6
\Y B [0.6,0.8) (0.7,0.033,0.01) [1x107%,1x10°") 3~4 3~4 5~6 6~8
\Y = [0.8, 1) (0.9, 0.033, 0.01) [1x107', 1) 4 KU 4aRULE 6 RUE 8 KUE
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i

#

LNGAE T XU ™ 2 i

(LNGALT) " el o — e 5] (D)LNGAL ) it ™ o i 5 T Al i = A 2 ]
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Fig.2 Standard cloud image
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Table 3 Scores on level 1 indicators for
LNG chemical plants
AMFEZR HHPHER KENER AR R

L

NGNS ES 1 7/4 7/8 1/3
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WM E 8/7 2 1 8/3
R % 3/7 3/4 3/8 1
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FRIEE W = (w,, w,, w,,w,) = (0.318, 0.182,
0.364, 0.136) , H CR =6.653 x 107" <0. 10, i fii
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w,) =(0.229, 0.300, 0.243, 0.241), F# AHP %
FUEAE AT CRITIC EAE AR ALK (8) , 15 5] AHP-
CRITIC 4HAALE (w, w0, ,wy ,w,) = (0.283, 0.169,
0.365, 0.183) , ¥ LA I Jr 15 45 45 A5 AL E AH C A
K(13), N5 8 28 & F 8™ B o B R R
(0.650, 0.049, 0.016) ,
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Table 4 Accident severity evaluation and cloud droplet parameters

— R FEbR LR BER2 LR3 LKA LRS SR AR
AR Z Bl 0.7 0.8 0.6 0.7 0.8 (0.720, 0.080, 0.024)
BHMHE B2 0.8 0.8 0.7 0.8 0.9 (0.800, 0.050, 0.050)
BRI E B3 0.5 0.7 0.6 0.8 0.7 (0.660, 0.110, 0.029)
BRI R B4 0.3 0.4 0.3 0.4 0.5 (0.380, 0.080, 0.024)
LEA SO AR (0.650, 0.049, 0.016)
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Fig. 3 Risk evaluation cloud
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Table 6 Combined risk ranking of secondary elements
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