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Safety risk assessment of oil tanker loading and unloading
operation based on Bayesian network
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Abstract: To address the high safety risks and frequent accidents associated with oil tanker loading and unloading
operations , this paper proposes a data-driven risk assessment method based on Bayesian networks. Guided by systems
engineering theory, a three-layer Bayesian network evaluation model comprising 34 nodes is constructed. Using the
inference principle of the expectation-maximization algorithm, the conditional probabilities of the network nodes are
computed to quantify risk levels within the model. The rationality and reliability of the model are verified through sensitivity
and effectiveness analyses. Validation using data from 20 actual tankers demonstrates that the model’s output aligns with
risk levels assessed by port security personnel and can accurately evaluate the risks during oil tanker loading and unloading
operations. The proposed model and method are applicable for assessing safety risk levels in oil tanker operations and can
serve as a reference for safety evaluations of loading and unloading operations for other types of dangerous goods carriers.
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Fig. 1

loading and unloading operation
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Fig.2 Safety risk assessment indicators for oil tanker

loading and unloading operation
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Fig.4 Bayesian network for safety risk assessment in oil tanker loading and unloading operation



94 FOE A T

55 48 55 3 )

FEFE 1 AR AT s Se I WE SR 0 3 hin sl s b 25
AENE 35 | 49 AU B MRS B 3 siosi b

FEAE 2 :n AN p I AR A - S
BMER BN T no— 1 DA SRR AR 1L
X A U SR A

W E A A, p (Hy [H, Hy, Hy) =0.35p
(Hy |H, ., H,,H,) =0.22;p(H,, | H, ., H, ., H;)
=0. 13;P(H% ‘ Hl,ﬁ’Hz,ﬁ’HZ»,?rr) =0.1, J:ﬁ’f%%
AR BRI 5 H A S 7RSSR US43 H  X)
G, M2 e AT L Hy RS A5 BV 53 1w 4
A NP P 8, N Ay R 3R A ke A & 2 R 38 o
0.3 FE40.22, Y4r2L A AL Hy RSN
T R D RS BH ORI B, N Sk PR R R A R R
AMERE 0. 22 B2 0.13, 29 Hy 5 fURES A 677
RV 53 ARl FHLEEFT B s B, Nk DR 26 A G5

0.270

KAEMINEZ ) 0. 16 4RZEf4F 0.1,

[l XHASE IR o i 2 A4S F 15 s A T U AT
SERFRW, P e 7 A AR o NS SR AR R ALY
S PE A R R T A R AR AT A U S AT i
B AFAEACT SRS AR AR 715 U5 AR TC R
M () JC AR e o U0 AR 5 ) P SRR R 47

Pl 5 J2 T e AR o e XU R A A SRR 43
B A B i s D P30y 0 4% 4 B R 0 A T 3 XL
P, ] e SR 4 B AR 25 IXURS: bR 285 X vl i 25 260
VRV IS A0 XU K B s R i S LT
SECEEE Y = R 1 10 S BB E, Hdg
BERHEZE ARG AR M5 HEKFLELE
Ml S0 [ A 7™ 48 B 2 DA S 7 AE SRR A 30 ) oA R g
EHREAE .

0.275

1:LEVEL=f& A\ SE&,M=&,

2:LEVEL=7 X &;| SFA& M=72,

3:LEVEL=/ X [&| SF/&, M=%, H=

H=s& ,E=
H=7,E

sl ol
BB

JE=

4:Ep=R
5:Ep=f&
6:E=#&| E1=15,E3=4& E2=7

7:LEVEL=7& XU | SFR:, M=F&, H=4 E

o m m

2 E=
8:LEVEL=75 X\ [&| S/ M=/& H=4% E=
9:LEVEL=# KUKy | S M= H=/2& E=

10:Hp=#:

K5 Rl USSR A5 D U S B FAR T R e 45 AUEL

Fig.5 Tornado diagram with high risk status of loading and unloading operation as the target node of sensitivity analysis

3.1.2 R K-FiRH AR 25T

A A 3T I 3 A SO Ay DL IS X 245 1 1 1o 4
B, FIFHREASH 20 f 5 5 S A5 B i R R A
50 X A 110 2 S XU 1A T PPAy DA SIS AR A
BT o 0 T AR 1) 2 SEVARG: A R o T B J i O, 1
UEE 57 A5 A BN A58 e | i 3 g 8 9 A X 1 A
ARG 2 A 22 A L) 2 XU K Y S
W

PL2022 412 7 19 HAFEETE S I 3 K AL 5
Sk 8 — BTG RUBSE B Ml i %8 W7 A T it 2k BT D
{18 RURSE 7K SA 461 6 A7 7, A 3 T ASE 28 ) A R o
VA S5 UE o AR ELAACAY < 2 2 S A o P A A ke
BT A A R 1 A i AR ) L AR ik
BORCE =17, DTS AR B B BA HER R p (5
AR =30% ,p (RS ) =70% , HARILE 6.,

B UEZE SRR TE i R L B IRA T S

SR LY I 4 A A AR B SR VA 5 X — B 30
AT LB EVE 3 R A IR XU, AR AR 3R
K T0% o FiBESR R B B R, B P p 25 5 5
TP S e 30 JRURSE 7K S — 38, Jr A8 57 114 i B AR A
B4 B E T BN B2 A8 A A 5500 o

FAZASSC AP g ST i DL i 7 P 28 21 oAt 19 8 ik
EE I XU KT, FLPT 25 SR — 25 B E T A ST
BN IR A R PRSI NEE 1 PR

FH 2 1 AT AT, 19 % Hh IR 2 XU %o o7 1) AR
RIJHE 57% L 1, Horp 14 5 I 46 1) 25 AR XU AR
RIE T0% LA b, S ARG ISFEA B 1 73. 7% 51 f8 3l
KRR AL 2 Ry 60% ~T0% ;4 it 46 ) AR XU
BEFRAE 55% ~60% . H4f il 46 4 B /F b 2 4 h A
{14 L SR I 7 1) XU B A A2 280 (0 A7 &85 5, T
DAF H A SO ST PPN A TR iy 2 B 2 2 A A R o
T DO 265 A N5 A8 5 T s e TR 28 A A A 1 L S



DU, 45 < T DL 307 D 245 £ ol 2 2R SR L 22 4 XURS: DA 95

O s10
7% I O  sI2
= 59 03 | [B7% I SEES 15
) S7 Z2:8% [l 75:93%)| 4%
oA | 75:92%{0 7 — 75:96%)
7:96%|10 - s O sl O  si4
7% 4% | [©) Ml
2:14% [l e o
A 7:03% ] | [BE:96%{ F:100%
% 23% :86%] ‘ ‘ 0% % 47%
B:77%]| \ o  sis ' =53l |
— S\ ]
: 75:94% I &
%26% O BEBES) |a— [HHA o BEAEM |, [Bow I
75:74% (I (@) S4 | > ﬁiﬁg%i :82% E:95% I |
Z10% 32%l B:18%[f] T
§:9o°/:’t " > o M
\ &:7%
= %:93% I
M4
. O ARKRH) , o Mo
%gg;«:r o sl R:30% ° A E G %é?éli [
XA | 75:70% Em%li ' 75.92%
N i S ey N
:78% E2
EWJ L // \ O H3 2% |
% :96% [ = P | 7 .95%8
O  HI :
il ;EIZ%I' — 75:95% |
E:ss%lr' ) E:88% [ | \
i / 1
O ma O  H5 o El ©  E3
6% 7:5% |1 4% - irwzﬂ»li -
Foal || [BE9s%lTT | [:96% | 3%l 1

Bl6 W7 e SRl 22 4 XU KT 36k

Fig. 6  Verification of loading and unloading safety risk level for the "W" oil tanker
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Tab.1 Risk assessment results for loading and

unloading operations of 19 oil tankers
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Fig.7 Diagnostic inference results of evaluation model
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