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Scenario construction and risk analysis of confined space operations

based on Bayesian networks
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Abstract;  In order to accurately identify risks and effectively prevent accidents in confined space
operations, a scenario-based accident evolution model grounded in key elements was developed to conduct
quantitative risk analysis. This study addressed confined space operations by systematically organizing their
key elements, which encompass physical characteristics, spatiotemporal context, environmental
conditions, safety management, and emergency decision-making. The Web Ontology Language ( OWL)
was employed to standardize the description of these elements and represent the scenarios, thereby
enabling a structured and standardized characterization of accident evolution. Drawing upon data from
nearly 50 domestic confined space accident cases, as well as current standards and expert knowledge, the
study performed state-based description and correlation analysis on ecritical aspects, including gas
detection, ventilation, personal protective equipment, and accident consequences throughout the

operational process. A BN structure and probability parameters were established accordingly. An empirical
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analysis of a confined space poisoning accident was conducted to validate the model. The results show that
the systematic identification of critical safety factors contributes to the structured management of accident
knowledge. Furthermore, the BN model constructed on this basis enables quantitative risk assessment and
scenario deduction. The empirical findings demonstrate that risk-ignorant rescue attempts constitute the
primary factor exacerbating outcomes in confined space accidents, particularly when multiple non-

professional responders enter without personal protective equipment. Therefore, emergency plans should

clearly define rescue procedures, responsibilities, and protection requirements.

Keywords: Bayesian network ( BN) ;

construction; scenario deduction

0 3| &

2 BRZS (B 46 35 P B0 0 O BT, Rty
[ TAE I, N B aT LUt AEL, 5 v i # A
T GRS R T RR s A S A R RS R, T
ZAAET TR AT I SC i s i AR AR i
BRI A Tl 5, ARl 2 A s lE kA
Tl A = sk it s de i R v, O R A 2 R il
HA, 2023 4F 12 A WS E AR EIT R T8
AV BR A (AR ML % B ) KA 2 b, A TF T
10 42K TR Al 3Z PR 2 | /R b i g i 4528 . A
WORAVE | NG RE R 3 S BOGRBOAE T N8N
FH R 96. 8% 1 96.9% ; NG N £ F/, T8
LA A AR AR R A E A
s N T RIF R, R & e iE 5 H
it R P A O S R BN B T N B
87.4%%1 86. 8%, UL, RSt srHT 32 B 23 [H] Sl &
AR GRS S, FEAE L R 2R T
ZBRZS 8] 22 4 RN S 48 BHKSF g N R T &
Tr ok A AL X,

] PN A5 St 37 IR 2 i) F ST A A Bt —
EHFE AT [ ARGE KUK R ARAE | 78 L 25 3R 5
WA R AR S B R GO R Y
BT HBGT 550, 52 R 28 BN AFTE A B
HEAMEZICETOE, it B et s, nz Ak
VT BR AR R ARG T B VRl e R N B R R
BCA R 3 it , e 2 S B0h s B F WY g
HitiRos TR S Ry R EEHE R 4t
7 BR s AR AR, B IF 5% 32 B R R BUE A AU
B WA AR AR S P o A s ) N T R A
T HORRPE ) S BRI AR AR S BT 2 TR 25 4
AR B TRA SRR S R R
JE AR, FR o 2E 2D AR A T AR OK
S5 SRR R S ) A A G bR A% —

confined space;

operations scenario; risk analysis; scenario

A5t T WA IS AR ABEAL 00 e e
SEOCHE T AR AR IR T R R XURS: B 4
R (g g L) =TI DO NPS NG N S5 N
FIGLIT 51 A Wbl , A BRI 1 32 BR =5 [ VR =
BTN AN 21 I (SR WS IR S € NGRS
EN IS RIS SN R ) I C-E G AN
A FER R | H R Z B FITC TR S AL 03, L
LAl 5 A AG: D0 388 IR A A U BT 47 P o BB 2
BAE SR ZE AT R, R N = e s
LEG RPN TR RS, 52 BR 2 (B i B4
PRIRAT U250 N U2 447 R DL Rk ) 5 A2 e 2
) TR IR R o 2 4 A BN BT, R AR SRR 7 T
VEME R 58 1 52 2 RS o I3 i X L 1 P A0 o R
T R AR DG LR IR, AT T DL SR
B P ir o | B W S e A )2 1 Y
FEHR AR TERZ R A (F]E A | SR TR B
SRR 3B AR XU 3 BT A R GE R
S AT A Rt — 2B IR A

32 BR A% 1] i BLA 1w B A AN i T RO S5 S
P, B DT FRUR S R Bz g5 e Rk 5 &
AR, AR SCHE X 32 BR 25 1] rh 2 28 EUFITIR R 2 2R i
R S0 L SR R s AR G R AT
R IR AU RITR R IR | 52 BR 2 (8] 01 5t
A [] B A4 g DL 37 3 4% ( Bayesian Network , BN ) 45
R A KU HE R AN S SR TF Al 2 4 XU 73 A

1 ZRZEFUERERERE

Z Al SHAL T SR AL Y 52 FR A5 ] il
THRFIE IS RGBS s L] 5 AR 22 40
BREEEER A B 1 3t T JR DRI 2 A 5 7 4 A
AEERE , JETICE A SN BNE WA IR |
HOK AT RIS A PR 02 {5 S AR 4R B 3%
K2 BR S TR =R s ol R S R MO R A
PPl G St M ML A I A Y



hoE e B o

- 40 - China  Safety

Science

H36%:
20264F

Journal

1.1 Z2RIFEHRIE

Z45)¢ IR SR8 T REXT R PR A (L 22 4= R

S R BT 25, He e 1k 3 [ S8 25 [ 4 B 25 4

FIIBRERFIE A, W ERZE M AL 5 25 T 2R o R
<t KR A B0 SR A B AR R TR
FROEALEG ) A7 ik O S ik, h PR
RIZ IR VR N R SR & 5 e el s &
HWERMAFEES SRR AT R
GEHFRANRI SR 7 f 23 ] TR e FE B A &,
— T S R A AR AT R R it
(5 KR ], BT RE A IR TTHEK , P90 LR 6
Wi, B e miAb &, AT RE S BRI A B i
b T i RE , 2R AT S 5 I 5
SR, Sh KAENAR 5 51 il AR
1.2 BREFHERE

R P F L6 T e T 202 PR 2 [l 22 4 il
s ket ok EE MBI P AL
Yy FREE RS BN R RTS8 N A RRE JE 1
SRR S SE RS B, 75 B SO ERI R
BRGNS AN Y RTINS T i — 20
RHARA S S B RY KB R, S5
WECK H A BT 4 HFR A A A8 KUK 37 B
PR B 2% S A I 2 | 28 G800 B S5 1Y) 38
PUFIARA RN, DA Ak S s o B, 24 3z R =
li] P 7= A IR R A B Ak SRR 80 T 0. 019% B
FTRE BRI A B ip it e R sk AR g o, M H
TRFUMEON T 4. 3% ~45% , B8 S 50 2 i), 8 ok
o R AT RE & A AR IR — 25 R
1.3 EHEEBHRA

P R A B Sk RIS A7 BR 2 [ R % 4
O S U TR B R, s
FIZEE B A FA 3 A Zm, Kb EHFE A
T B R R b HR ST T B B 4 e T B
% MR IS 5S  BARTB
FEACRKGIN 5 i 2 3 XS 4 AR B Bk & g 2
BB A BRI SRR S i it ,
BT 4 A 45 8365 it T B, L R e fb S n 4L
EHL BRSO AR T R R A ST AN R B
(4 A i, B2 T 32 BR 2 (B Vb 22 245 P i Bl 22 1k
R HATPE, DAVE Y 2 445 PR OTAT 0 R 1], Tk 35
INGE ST S S U ok =22 NI Sl (PN
RPN K=

1.4 FRREEHFRIX

TR A TG 32 PR 2 [V 22 4 = 42 5 )
FEAE AR G2 A4 N L it 5 5 JOAH G DB &
gt A G E B0 R T Z, itk
ARG AR, A BT 4 1 A RO e L B X
B B 4 A R R PR IR B S TR g PP A
WA, AR A Bl ss RS
TR RBEELE R 402, IR A AL 25 4k B 1) R B AR T Mg
SSPE SeERESE M, DL 2018 4E 5 H I B IX
ARG K R SO ), FEGE 4 2
T, Hod 1 o F R KRR A B, Ht
CINRY V&7 VISR (RGN - PN E ST (B
Mp FLHEAH G N D, 34 T RE AL 45 B N 55 LAt 2 AR
T, IR AE T B A it A DG 1) 32 BR 25 ] Rk =
b, BT AEL XU N B A R4 E H
it R XU A5 K
1.5 BZEZERNRIE

At 25 {5 2 R 48 A2 BR 2 TR b 28 4 S B 7R B[] il
A ERE FRYZE SR Sl IR s 5 TR 5t
e LAl o B AR R R R
A R R) S 55 R S I R] 3], R e B R A
TIE AEMV B BEAE: 5 25 () 4 B 32 2275 =i bR A o
FRIE, anfa A7 35 R R B R sl B Bl A A
B ORGSR AR RS 5 R, A Bl
TR O A B UL B A SR TR AR
B RURS: 53 B 5 10 S R SR R A AR i R R
Rt 137 A 85 B 45 R R

2 ZR=TEEFERHE

BT ZBRA MR % A B R, 8 A
R E R NEHE S B LR E AL i i R D
(R ZIREER WG 5 L5 TR ARl 2 4 =ik
DRSS 3 AT A e o o AR R TRRR TR A (A (0 5 ME A L A
Y OE R G FEA FBOTIE , R OWL X 32 BR 25
[V 4 i R e b A T AL 3R
2.1 HBEEE

TR R 2 B R RIAHER i — 24
AT ARG UK T BRI K AR %
4 N SR SZ B s ) SO AR 45 22 R
23 [A] IR 43 B R Sl A e A2 BR 23 ] ] 0 )
P 2@ 7N e Il S = Ao e s L i
23 (] Hb R A2 B ZS (8] K R e A 4 25, BURIRF
MNP 8 A 4 AR, Horp ) AR PR 2



5 5 1]

TR BT DL J0T B0 32 R s (ARl 5 SR 5 XU

<41 -

YEML N AL AT 9 I R 2 IR AT 32 IR =5 ]
YEb 22 abrferh fa R SR AR DGR E . i T
PR R AR SRR A I R

B2 R s (B PR S i R SR AR, 2
FR s [P S ZE R A AR 1,
MRYEI R B R E LT KBRS ML 2 42

1 ZRZEMELBESEERSE
Table 1 Scenario element set of confined space operations
THRER AR5 ]
B B B A R AEAE AEHE SN2 VRS A A R A
Hb I 32 PR =5[] B WA R e IR RE REE
2RI W W2 ) B: A AT I S B AN SRR TIN5
L THK () TEAE A T KE S
2 B2 8] JH 1213 5 B2 1] S50 32 B e 1
AR E i 7 A S B S ] 5 VR A7 A G 00 XU 5 98 ol e 2R L 0 577 4 4
. YR &R TR By ARSI s HoA A 5 ) o
BRI T ;
RN ER AT IR IR
BHHHE 32 BR2S [l T A A v 592 5 SRl oy 2 T 58 B i o e
BRI Vel e e B 7 e ke o Vi %2 4 A 9 52 5 38 A 5 B 5 o5 T B
. NGB &K S [
TRAR E M %%b}i%;%ﬁ;m?ilﬁ INGESUE WS T

HEH R EZEM S, 2R m b= S REH
1 5 52 B 2 [A] Sl 1 5% 5 52 IR 25 [R] Sl 2 R BRI B0
KR KKK EER
2.2 BEXR

AR FR T RAOEE SRS B B 108 Pk 303 i
BB EAE, 456 52 B2 A MR R

B X

SR ERZERRR AR R ERZ A
KA, GEMERMEE RRMWEARL, W& 1
PR, ZRESEh R B R IRF R R s 24
AT 5, DRI, 0 551 5t 2 () A7 AR TR — B ARG
4l IO AR R R BB PRI 17 5 RT3 43 4
i S R RS RIZE A 5 3 BB, A B BT 1
S Z AP SC R b, BAR SR 5 B8 2 (e 47

IS R B A AROR L R Ik AR 5 28k i i '
- (SR, 102024 1L AR A5 632 I 25 o A
° . N N . = == ” 'S _/\E_ 13‘—:
WSR2 I 0% R LT AT 2 % gepp gy VTRV RRSC.
T [roususerem
; R bR AR
i i e
: 2 2 '
i ~ s
| soms | ww | s | N
i ~— P 2Rz
: ! AT IR
i S o ;
: ' J Bk
i RIHI [ o BHRRE WHaR ||
i Bl oamems || b || cEmn ||
B1 FREEFHIEAELEH

Fig.1 Ontology model of confined space accidents
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Table 2 Variables and state values of the Bayesian network model
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Table 8 Sensitivity analysis
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