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A Fundamental Study on the Development of a Probabilistic Risk
Assessment Model for Hydrogen Transport Pipelines

HEE KYUNG PARK, HONG-CHEOL SHIN, HEE-LA JANG, HY EONSEOK SEO, INJU HWANG'

Department of Environmental Research / Hydrogen-infrastructure Research Center, Korea Institute of Civil Engineering and
Building Technology, 283, Goyang-daero, llsanseo-gu, Goyang-si, Gyeonggi-do, 10223, Korea

TCorresponding author :
ijhwang@kict.re.kr Abstract >> This study presents a probabilistic risk assessment model for hydro-

gen pipeline systems by integrating fault tree analysis with Bayesian network

Received 17 November, 2025 modeling. The proposed approach enables dynamic inference of failure proba-

Revised 2 December, 2025 o ’ ) ] y ) ) " )

Accepted 4 December, 2025 bilities and causal reasoning under uncertainty. Major failure modes were identi-
fied and mapped into a BN structure using GeNle 5.0 software. The analysis re-
vealed that the hydrogen effect exhibited the highest posterior probability
(4.08x10;1), indicating its dominant influence on pipeline failure mechanisms.
The proposed fault tree analysis-Bayesian network combined model effectively
quantifies both prior and posterior accident probabilities, providing a practical
foundation for developing a hydrogen-specific risk assessment framework.
These results can support safer design, operation, and management of hydro-
gen transport infrastructure.

Key words : Hydrogen Safety(4=4 QtH), Probabilistic Risk Assessment(Z&2X
™I}, Pipeling(Hi £, Fault Tree Analysis(Z 348 M), Bayesian
Network(H[o|X|2t H E Q)
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SIBI - ABE - HBRL AfEH - EOZE
—
Table 1. Symbols description and prior probability of the basic events
Symbol Description Possibility | Symbol Description Possibility
TE Hydrogen Pipeline failure - D7 Pipe stress concentration 3.03x10°°
Al High strength steel 2.01x1072 El Insufficient skills of operators 4.30x10™
A2 High tensile load 2.90x107> E2  |Low acceptance quality of the welded junction| 4.30x107
A3 High hydrogen concentration 4.98x1072| E3 Insufficient stress relief from pipeline 5.38x107°
A4 Coating disbondment 8.33x10°° E4 Pipeline damage during construction 7.01x10"
A5 Local hydrogen accumulation 4.54x107° E5 Poor quality of pipe trench 7.48x107
A6 Hydrogen trap 1.12x1072|  E6 Poor backfill quality 9.02x107
A7 High pressure at defect 1.81x1072 Fl1 Pipeline inspection frequency is low 1.81x10°°
A8 Low pH value 1.75%x107> F2 Low quality of pipeline inspection 9.77x107°
B1 High hydrogen sulfide content [4.03x107*| F3 Low line patrol frequency 5.12x10°°
B2 High water content 1.27x10°° F4 Insufficient pavement hardening 2.48x107?
B3 Product is highly corrosive 5.40x107 F5 Warning signs are not obvious 1.26x107
B4 |Lack of internal corrosion detection | 1.72x107° F6 Insufficient buried depth of the pipeline 1.72x107?
BS Lack of regular logging 2.28x107° Gl Unstable soil structure 5.99x107
B6 Thinning of the inner coating 1.91x107° G2 Flood 4.64x107
C1 High soil moisture content 9.00x10" G3 Earthquake 3.41x107
C2 Low soil resistivity 5.79x107° G4 Unstable geological structure 7.26x107
C3 Soil is more acidic 1.07x107%| G5 There are many ground buildings 6.38x107°
C4 Serious microbial corrosion 6.75x107° H1 Failure to follow operating procedures 3.41x107
C5 Cathodic protection failure 7.16x107° H2 Careless operation personnel 7.98x107
C6 Poor coating quality 5.20x107° H3 Equipment not regularly maintained 4.46x10"
D1 Lower pipe diameter 1.78x10~ H4 Failure to follow maintenance procedures | 4.30x107
D2 Thickness of the pipe wall is thin | 1.62x107 11 |Personnel did not conduct an emergency drill| 2.68x107
D3 |Improper pipeline material selection | 4.03x10°* 2 No emergency plan has been prepared 5.55%107°
D4 |Design maximum bearing pressure is low| 1.20x10~* J1 Operating equipment failure 430x107
D5 High pressure during operation | 2.75x10™ 12 Failure of monitoring equipment 3.21x107°
D6 |Significant residual stress of pipeline| 3.03x107° 13 Failure of communication equipment 1.98x10°°
e e S — AHe] g0 HEYA 2o uhet iy
ﬂ%ﬁgmm cracking m\ur: v;;ma\_c\ Failure ! Norm: \ Failure ! Normall! Fallurz C\ mmn‘C /\}—X4 A JJ' E.-E /\]'Zj g] /\}_ ﬂ% o /\]';ﬂ Q"% EH
u) Z7hskeom), ol AT A 24 Sleld 7 &
Fig. 4. Conditional probability table for the events in the BN Z::—'é—O] /\‘Xﬂ _TLZ’-Oﬂ 710:1%4\ Zj_]’j_ 7}‘"6;*61 o] /bH:H
Aoz AJ53l7] dlzolth HlojA|qk HEXFSY
Table 2= AT S B3] AVHE A B8 28 S494F 2409 Ae) WAL Ak HEY
Hloj X[t HIEH Tl Yot =Ed AR 2 W BE 519 a<le] A WA Thsdo] AE
G2 Wi AIAE 3L Z)En, o] TgelA WA BAEIE A oI5 E
Az, 2 Am MpA A Qlaka BRie] Aol 1
fQlo gl F|Es} Y7l olelst BE
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Table 2. Comparison of Prior and Posterior probability in the FTA - BN Model for Hydrogen pipeline failure

Symbol Description Prior probability Posterior probability Rank
Top Event Hydrogen pipeline failure 347 x 107 1.00 -
IEA Hydrogen effect 142 x 107 4.08 x 107" 1
1Eg Internal corrosion 8.10 x 107° 234 x 1072 9
1Ec External corrosion 438 x 1072 126 x 107! 5
IEp Pipeline design defect 1.02 x 107 295 x 107 7
1IE: Pipeline construction defect 3.69 x 1072 1.07 x 107" 6
IEr Human factor 4.81 x 107 1.39 x 107" 4
IEg Natural force damage 573 x 1072 1.65 x 10" 2
IEq Operation error 5.02 x 1072 145 x 10" 3
IE, Emergency error 274 x 107 7.89 x 107° 10
IE, Equipment failure 9.46 x 107 273 x 1072 8
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