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Abstract

Background and Obijective: Safety issues of natural gas pipelines have become an
important issue in recent years. In this regard, risk analysis of gas pipelines has
received attention, and approaches related to the identification and determination
of risks of natural gas pipelines, especially the assessment and quantitative analysis
of gas pipeline risks, have become an important issue. Therefore, the present study
aimed to model the risks of the gas industry distribution process using Bayesian
networks.

Materials and Methods: This study was applied in terms of purpose and mixed-
method in terms of data collection and analysis methods. The statistical population
of the research consisted of experts and specialists of the Kermanshah Province Gas
Company in Iran. Purposive sampling was used to select 30 participants. The
required data were collected in the qualitative part using semi-structured individual
interviews and in the quantitative part using a questionnaire. The thematic analysis
method was used for qualitative data analysis and the Bayesian networks method
was used for quantitative data analysis.

Results: Results of qualitative data analysis indicated that the risks in a gas industry
distribution process can be classified and studied in three general categories,
namely risks due to human error (consisting of 20 risks), organizational risks
(including 11 risks), and technical risks (consisting of 4 risks). The results of
sensitivity analysis also showed that gas pressure gauge, connections, quality of
maintenance staff, filters, and maintenance strategy have the greatest impact on
reliability, in that order.

Conclusion: Performance of a complex technological system depends on the
interaction of technical, human, organizational, social, and environmental factors.
The present study provided an integrated framework for the assessment of the
potential reliability and risk in gas distribution units by considering technical,
human, and organizational criteria.
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Extended Abstract

Background and Objective

Natural gas pipeline transportation is one of the
most common and important methods of energy
transportation in the world. Although it offers
advantages, it also faces serious safety challenges.
Pipeline leaks can cause accidents, such as
explosions, poisoning, and asphyxiation, which are
caused by poor maintenance, management, and
geological conditions. Therefore, risk analysis in
this area is essential to prevent catastrophic
consequences. With the increasing awareness of
hazards, risk analysis has become one of the main
concerns of managers in this industry. In
engineering, risk is usually defined in probabilistic
and numerical terms; however, in sociological
approaches, perceptual and subjective aspects are
also considered. Hanson has provided five main
definitions of risk, which show its different
dimensions in conditions of uncertainty. Since the
1960s, with the growth of technology, risk
modeling and management have expanded. Risk
analysis approaches include: risk acceptance, risk-
benefit  analysis,  risk  perception,  risk
communication, and public trust. In the energy
sector, many studies have been conducted that
focus on investment risk, power plant location, and
quantitative risk assessment. Traditional risk
assessment methods have limited effectiveness due
to their static nature and inability to incorporate
new information. In contrast, Bayesian networks are
new tools that enable dynamic modeling, causal
analysis, and the combination of quantitative and
qualitative variables. This method can be very
effective, especially in conditions of uncertainty.
With this background in mind, this study aimed to
provide a comprehensive model for risk analysis in
the gas distribution process and simultaneously
examine and manage technical, human, and
organizational risks using Bayesian networks.

Materials and Methods

This applied study utilized the mixed research
approach. The statistical population includes
experts from Kermanshah Gas Company, 30 of
whom were selected through purposive sampling.
The inclusion criteria were having a university
degree, relevant experience, familiarity with gas
distribution, and willingness to participate in the
study. Qualitative data were collected through
semi-structured interviews that lasted an average of
70 minutes. The interview questions had three
parts: demographic characteristics, specialized
questions about the risks of the gas distribution
process, and supplementary questions for further
understanding. Qualitative data analysis was
performed using the content analysis method.
Quantitative data were collected through a
questionnaire based on the results of the qualitative
section and analyzed using the Bayesian networks
method. Bayesian networks include directed graphs
and conditional probability distribution tables.
These networks model conditional relationships
among variables and provide dynamic analysis by
updating probabilities based on new data. Building
a Bayesian network has three stages: identifying

variables and their states, determining relationships
and graphical structure, and evaluating initial and
conditional probabilities. Bayesian networks are
considered effective tools in risk analysis due to
their reduced computational complexity and ability
to handle multi-state variables. This study aimed to
present a comprehensive model for analyzing
organizational, human, and technical risks of the
gas distribution process using Bayesian networks.

Results

From the interviews, phrases related to the research
objective were extracted, coded, and initial themes
were identified. Subsequently, by merging similar
themes, a set of non-repetitive basic themes was
extracted. These themes were categorized into
three components of human, organizational, and
technical risks. In order to build a Bayesian
network, the relationships among variables were
determined by examining technical maps, historical
data, and interviews with experts. In nodes with a
parent, the probability of each child state, given the
parent states, was estimated using weighted
functions  (WMean, WMax, WMin, and
MixMinMax) and the TNormal distribution, the
mean and variance of the functions of which
represent expert uncertainty. The proposed model
was analyzed in the Agena Risk software. To
evaluate the model, three scenarios were
implemented: a) Considering the node to be
appropriate for the task in the high state, which
increased reliability by 4%; b) Available program in
the high state, which improved reliability by 24%;
and c) Silent connections in the high state, which
increased reliability by 28%. Sensitivity analysis
showed that gas pressure gauges, dead
connections, quality of maintenance personnel,
filters, and maintenance strategy have the greatest
impact on reliability. This study, using Bayesian
network modeling, enables quantitative analysis of
human, organizational, and technical risks, as well
as the assessment of scenarios for improving the gas
distribution process.

Discussion

The performance of a complex technological system
depends on the interaction of technical, human,
organizational, social, and environmental factors. In
this study, an integrated framework for assessing the
potential reliability and risk in gas distribution units
was presented, taking into account technical, human,
and organizational criteria. The findings of the study
showed that the risks in the gas distribution process
can be classified into three categories: human,
organizational, and technical. Although some studies
have examined technical risks, they have not paid
attention to human risks, and some have analyzed
only organizational risks. Most previous studies have
had a quantitative approach and have not included
the views of experts in the risk analysis. In this study,
in addition to key distribution devices, human forces
were considered to cover the main risk-causing
factors, as well as human and organizational errors,
and modeling was performed using Bayesian
networks. A systematic research approach was
adopted, and the relationships among variables were
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extracted from the views of experts. Bayesian
networks, as a machine learning method, provide the
ability to analyze the impact of uncertain variables
and causal relationships, simultaneously examine
qualitative and quantitative variables, and perform
sensitivity analysis in conditions of insufficient data,
and can analyze the uncertainty of repair and
maintenance models.

Conclusion
The introduced conceptual framework is
considered an improvement, compared to common
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risk assessment methods since it covers different
modules for a comprehensive definition of risk,
including uncertainties, causes, historical data, and
interactions of variables; enables integrated risk
modeling at human, organizational, and technical
layers; is easily combined with other models, such
as fault trees; and provides quantitative and
qualitative risk analysis and quantification of
conditional probabilities along with the definition
of continuous and discrete qualitative and
quantitative variables.

VEeY lano oF o,los o)) 095 (5148 y> bl ko Al oo


http://dx.doi.org/10.53208/JOHE.11.4.298
https://johe.umsha.ac.ir/article-1-967-fa.html

[ Downloaded from johe.umsha.ac.ir on 2026-05-19 ]

[ DOI: 10.53208/JOHE.11.4.298 ]

UMSHA Press

7 JOHE
”"{!\m Sl > Cuiligt wiigo Ao
= YAA-TV olonhao P+ ¥ ylis F 0las ) 0590
https://johe.umsha.ac.ir

3 S ASud 31 00l b 35 Caro 9 399 w10 S SSu ; s JlJve

;:evgs.au})ab‘ PR PN ‘)%M}WU

O‘)"‘ ‘ol.maLa)S ‘oLA.MJLﬂ)S stl.imal.) QLQ? LSH'C u.u)}ni M§A sévL»..o ‘sm;.\.».ero oj)f A

Ol el o ply olKails (mlio cwaige 09,5 .Y

LRV

sl 00d S s (Eydge 42 3 sla Lo 0 oanid S5 JUl gl bglas el Bluwe 1808 5 4l
9 lolids 4 boryo slos g, 9 4285 )18 azrgi 5,50 5 alg) bolas St Jeloigansons (s (e &
4 G5 Ay bshs Sy o Jolodsa o 5 obs)) ohist oamb 5 Ay bshs s, Ganss
b5 Caio @98l b (S gilodae Bas b asllhae (nlog)cnlil Cosl ol hiad me (£9050
A bl s glaasiis 5l eolaul

atws ;0 Wosls Judow 9 5,918,539, 4 a9 b g ol (60,0, Bua Llod 4y canlllas oyl 095 g Slgo
Jests oLtile S il 518 o8 15 GLuli IS 5 ol 55 1) gt (6, dnalr 3305 o 1,8 asusa] clalline
lrosls il Sl (haghy o oS jlie gy diedon (5 T aiged (B9, a8 (o Olee (2l o 45 SRS e
Aol 5l oolasiwl b caS (idu 5o g 4l \lisludes (s0,ail dmlas jloslunl b S isy 1o 5Lis g0
i SASLD (hg) (o8 SiSu 50 5 (genae Julod hg) (oS idu 50 Waesls Julo (sl it (5915
o] 00l oolazwl

Coro 255 ARl 50 S5z ge SlaS; 45 Sl GLsT (S sloodls Jolow 5l ol gl (aAISL
(S S ) US20) GLudl sllaz ) (80 Gl (G (IS aws 4w B s wilgioe 55
D9 aslllae g gonainsd (Sew; )l 5 JSaie) (B S ) 5 (Sea; 035k Jold) Sloslos sloSens
Lo 28 1 6 5455 5 sl SIS oS eVl I8 i 28 a5 ol (s ol Jalons qults (yeiomad
510 lialbel blB 1 5 ot oS e s 3l

welozzl o Slojlo ¢ Glasl (28 Jalge Jalss a4 atnly 590555 00azmy s o 0 Sl 16 5 A2
soazly 13 Sy 5 Jloiml ploebl coild Sb5)) sl 4z LSS o925z ez (ol )0 el aime
Al wald Slojle 5 Sludl (8 slojlre (5285 L5 0 b 5 a 565

I Cartio Sy S e Sy i S10ASD (55l Jas 10l TSl

(slad > clilagy waige daxe e leasil Sl eslaiul bl cas ajer wnl SO sl Sy g5l Jow

VY YO e el o gLl
VEFL VY Al ol g g,
VEF/V0N o o pdy fu,b

VESF/ YA i jLicl G G

k;“)" |"5J'° olRazils 6‘)‘-‘ A BeR> s"'*-"
RO REIVEI SRV

‘LSQLZ)QU Goazo i Jghumn Ol gl
‘)55 r:L.a ol ‘GL..@ (g0 05;
olnl ol

m.nadershi@pnu.ac.ir: Joo

Aazs ¢ 2l 0L 5lS (g deme :oluw!
YAATY e (B ET e

Gloolx Jaig Jo b anolio jo alg) b3 Jaig Jox az 51
L e wolgs sl guis wlislay 1 5 xS # 5 sl
9850 Sloslr Jaig o a4y L (5 i S5 sl aly)
55 9 reb S plord 5 (Sojd Slogas Judoa (Y]
5 el s Ay bolas 28y ) Lol sla S
3929 4 5ob) slaals g Dol wigh ge (S

PP
S8 JESH v slagy 51 (S0 gl s b Jaig Jo
coge 9w oo W) (A3l g (Madlins 6550 J&g Je
L b gl Blae (Joipll 098 o goio dxwg
4255 9 Sool 2RI Al Glies oamb B Wyl bl
DT il 00,5 955 4 42238 glolo ;o 1) (g )bans

v | VoY liann) oF o,lod 1) 0593 (6148 o Codligy owdigpo Alxo


mailto:m.nadershi@pnu.ac.ir
https://orcid.org/0009-0002-4016-7721
https://orcid.org/0000-0003-2251-7783
http://dx.doi.org/10.53208/JOHE.11.4.298
https://johe.umsha.ac.ir/article-1-967-fa.html

[ Downloaded from johe.umsha.ac.ir on 2026-05-19 ]

[ DOI: 10.53208/JOHE.11.4.298 ]

ol Gt Sy Sl anl csle o g5loaieeS
Sl ol ol yais 5 958 0 gmims Sy Cu e
a5 sdas 3,505, iy B o Sy, Jelow ails
welairl Sy 5l oo e 4 S, Ldos o)l
alio co)binlys Joore slag,; g 20l (28,0 &5 sl
Pl S, b eSS war gl
Oblsslaidl 555 Jol> a5 gomr 5,50 1992 05039, (S
50 el 08-Sy Judos el Sy Judod aoye @
g oo dalie 10 b (5,5l Wlsd g laSiny; 00,505,
@ b Sl arats 0,85, nl po ol i,
dmlie (85l 55lupal p jslateds (59l wlsh 5 laSa
2915 5 ol 50 9,805y Degms (8] ko] Sl
VAR ams blsl 5o g Sta; Jelow aope 4 lulisgly,
cobans| S, 5 Shol 4 o] Slidllas pous 5 28,5 IS5
Gk 3l k5l ol glacSins; 00,505, 0l )0 0,0
P (o &».M.i) JJLD.A 399 e@bé a_i.m%) |) l.QMlJW)J
e S, ) &l slosls oA&C\).éL’;w‘ SY e
Pl Sey Olbls )l gam 0,505, ‘[X] g o0 iy y2 S
@SS g ol,8l sl Sledbl 0,5 wal,d ] o aS 5 )ls
webaislolaiel Slallas 4y poriy 0,0 g, 090 ol 81 o e
7235 Sl ogee sladiay g oS N Kiky g o)l
Olbls,l e sloylne 3 )b 5l Sy 4 pgas oy
[l et s
0557 5O Sy S 20 5 (o) 2 0Ly (5l Dlalllas
Gy T sl 5 )35 ol sas ol 65,
&5 ojon o ) Sauy @ ol sl 5 @,
Lol 5 (S5 ol Sl 3555 Ly
S DN e 5 pols ailes S aalllas L)l Jl5L o
S 58 I Cige Giludend by S (o5 Jelow
5 oootmsll sailes,s Wl 1) ples 5o 58 B0y os
Gl NSl ps Sy Lol ol 55, [VY] ol ISan
oSlee 1y o] 3l g aslllae gy o daaes 655
DY an 5 Sl tailos S sl drle s 452 (39590
Slr 55 3B o )lmenir Sl 90, S
Sfdee ) S0ley slaojgn Sy Jelos oncaglyl
Jlite adaly o oy UT golpring 0,505, .asles S &S1,1 (g5,

B o mje ol b bS5kl

(JBg o Dligs BUL (6,l0a5 5 (quyil ailo0
S eobidmey Sliblre ;30 g Jiw y hend o e
[T ass sl (g baxz s Cilgs amiiys 5 09 (il

Sl )0 d9zrge lacSiay, Jebow g addllae )0l
oo SLala3l 5l (S eyl bolas 5 ,b 51515 il 5 w95
L] el ojlionlys oszge olblis ials slial, 4o
b 5 sl dg) bolas el PBlawe 0 At
Sy Jedigan s a0 U1 o s cred 4 ailoass o5
B e slacdgiin 5l S (b S5 Ayl bl
Lol caslonss Joas U
a5 53 Sy Sl Gy [F] el T o
ol daaely Jlaiml mier &l 5o Ol s 4 el
a3 nl 0l 0 )Lal bl cnl (203 (55505 bl s
e al, Sy &Sl cwl i L S, )
Slose baiye 5l g 35w dm 95 53 Lo jsliws  Jloxs|
Qo S5 L Sy 4 (ke 5 (gmekie 0,505, V]
% & G ) Sy S 2 e
5 ewbdanal> 0,504, a5 Jb> o o)l 55 05 oYl
oSS oS il 4y oo Sy dgio 4 ol Ll
Sl saye 5l o [Pl gdle Al el S 4 3L
)l ol Lol aiws gy calisee sleoje> 0 S
©olas, ol wilo,le a5 WS o plae 0SS 5l
a5 aiwlgsl slaolas, g bl (g lasl oy, coaigas
SYleiol aS Law (pl 4 easasls Jsl Lyls
Lol odaslll calise OY> LY Joyfc

0,0 Olalllas ¢(6,9lid &gy 0l LA and (gl jo
(Sl Jae sojem (6,5 S o 5 08,5 Do S
Copde 5l Bas ad Sy Zupse 5 Jelo o2l
b oleds Hapw, PBlas a5l el Jea> (S,
Copiwe Celr ol 5 g jlasee (ludl 4 el
9 )jib}w u;‘l.&u.»a)ﬁ J)O uLA.ﬂO Q)‘?" OL?U‘ u_i......:)

VBT linmo oF o5l (1Y 0,93 o 5148 y> Caiiligy swikigoo Al | vy


http://dx.doi.org/10.53208/JOHE.11.4.298
https://johe.umsha.ac.ir/article-1-967-fa.html

[ Downloaded from johe.umsha.ac.ir on 2026-05-19 ]

[ DOI: 10.53208/JOHE.11.4.298 ]

Ql)l&o@ -9 )RS0

5 Wby e Sl slla> Jlaax! g e wonle axllas
[E] XS ged Hh o 1y elge pl )-*-’L'
G, iladas Ban L Gtagy il eyl
pll s slaasiis 3l oolaiwl L 55 Cas ajes aily8
5 bl e glojlo oS (g2 0 lcnlys el oas
e G slaased g @Sl plejer jsbay (o
Sl e imghy ol Baw sl )0 0ed o oolaiwl g5le o
Ot el jleslaiul b wilgss oS conl mal> o192 )l
OB B LB apy sbasly S, s
liuabsd pae g 9510 Slojle 5 (Slail (8 slasas
Sy Jelod 0 050 Slool Colpiyy 5 s ale

AiSn Sguge ) 35 w98 slaasly

FLye1Y
gy Bl 4y el 6005 cBua Ll ragyy ol
&lel anal> 5,5 o )18 aes] sla tagh atws jo 1,5
LSis olile S 58 8,8 pluls,ls § o5, |,
G S aiges g, 3l oolaiwl b a5 gw epmcplys a5 wins o
61055 p 95le (@l jlss 5 Ghaghy o eSS Lo
059> 50 Caio ;o Codlad anle (plRasls OMass )
538 as sl b @lal (Gragh gsdse b b
o Sl @ aBle Wil B ol 0 vezee S,
S S 5o 1 ey g baowy] Jlisl Ul 5 oo
axlas Gk 50 (&S e 0 Lis,se sleesls
Aaell Job @y aids oliae (Kl &0 baslas
S 5l e g ools plas Laas 5l liebsl jglaieas
Vs Lands laalas plos (HEAnS S 14 cailge
Jol pisu el sal LS Lol jisn 4wl aslas
S eS lie ilicarar SleMbl Jels oYl
(a4l 5 Sloyad 5 Bilgw Dleass Oliee ()
Wlodd (298 SLadl (o) 2 5 g (B9 Bus g £adge
ax 58 mps aal el sl e bty Gl 5l (S
Ol 58 S Glyeds Wl oo o Sl (sl B8 o
ol )2 (B sl 4z TaS I8 dog 090 sl
&8 Srme sagleilo LT Saig o (23] 5 (s 055>
Sl s cnl 5o 95z se lacSin ) Wilgi oo 5 5

S8, (owlidply; 9 dgaome Codlie oo g lajlre (o
Jelge DVF] Sl g 55 00,5 0 S5 50 1) oS prmcs
g celolid 1) eadaseh ob 65,5l plae yo (ol S
ald i, b olelis, 5 cbolfugs ululy | Lol
9 p...,..;lf EJ}‘OQ; Lsd...vd.u) AHP ‘5.4‘).@4.1......1...4 J...L?u
Codbge p | () S,y Jelse U] [B] OhSes
alllas o o 5B 5 S Syp slegesle ey
b aslas 5 (L3 gloools asllas b 18] AS] cilos,s
Copde p Lty 5 Wl T o Sl ez
2das 6550 Gl sl Gl IS b S,
SISl o S ) o0 £98 gy SS9 (al D 5 pele
lp 1y slpeabade flos b, [LV] Sogelslo 5 p,Se
Gble 0 558 slaolsy o Slasl gl aige e Sl
30l daingl S dos
Jliml Jelodga s sl Ghey iz Sk
(el ool aslil 0595 uS.m.i) 9 M‘?L: ‘_gl.bd‘d.g'j)
B RS) (_gLasuws) 9 ua.w x_)sl..as u_ia.w)ls )LAT A.LQ.>)‘
Jelotr Sy (0 Gyl Jhate SoSiSS s
5 dalps g e Sledbl (oS5 5o Slgil 5 bs] coals
il 5l s Lgy s o Shs 51 45 e J>
5,10 (gogamme 0,5 5w lo 85 o,bienle p3Y
Sl F5e Glpl Olpiear 5o laaSed 059l 45 Jl> o
Sk 3 b Spet S, oyl ool ol
MLl ks (gl L3 cllas Jlozo! jyolie ol j,a
Slal Coze slls i sleasis aijeeb by wos
oo ol bl 5 lbws Gle e [ ol
o5y ol DAL s baolayg, G (s (Sl
3y 3L slapste U pwyn o Slp ool
5 L yrie (nl (65, oduzmn lalamlas Jlox el
wr Ol rizmen ol bl e (e Ll Jilos
5 Az Slpile 3 g oS 5 RS Slayiie gl
lrosls 5925 sae bl o 0SS LS o alllS
oo lJeolt [f] el Gog, onl Gblze Koo 51 SIS
Sloacs 4 (LS lidsg ;o aao o HLis ggoge diniy
3 Lo%.c g ool sl lejen jeba Sy ik
ol o0 oolaiwl Sy (55l oo sl e Sl
Silwaz b )3 Sy (23l (S slagty, &S Il
S S, Jebw o sleixl g Slojle (g0 ,8 ol
4 il Sewy Silede 5 2l anlp e 5 wlaas

ror | VBT ybin oF 0 lous 1) 6,593 (5148 o bl msdkigen o


http://dx.doi.org/10.53208/JOHE.11.4.298
https://johe.umsha.ac.ir/article-1-967-fa.html

[ Downloaded from johe.umsha.ac.ir on 2026-05-19 ]

[ DOI: 10.53208/JOHE.11.4.298 ]

S e 2l mls &S Oyge cpl 4l S9l8,5
om0 g el ey B e (V0 Jge2)
oo o bosls Ldow gl ol e s eS i
ol oy 4 ool (s SlaaSed g 58 (o5
SleMbl bl 1y Ylaaz! 45wl oleo) 1Y+ ans o
Ol 30 a5 S o Gloyieyn Vo, b sillae 5 wax
slas, Jisl P(B) A asli slas; Ja! P(A)
2 b B e, (Lo Juisl P(BIA) B aale,
slas, bys Jas! P(A[B) 5 A ssli slas, Jlaxs!
B oslin lp cwl B aslig slas; Lo LA selie
oS el e dalig P(B|A) § owin Ji>I P(B)
O slabaly so Jldod amlye b gaalid S e
s add 5l osliinl b ) e Jloil g i Jloio|

.[L\] KU PRIy

B o mje ol b bS5kl

faiS sl wiilys o 1) oo ) ax byl sl () Saums
445 09bo0 Jold ) ooy 5 SVsw pow i3
5 ik omle B lagSicdS 5 anlas Luld sladdl
sJL..a 61).1 lods C).la.n ;SMD‘)M w.é‘ﬁ 9 J)o st.:
aile obalex 5 )b 5l casl 00,5 B cxiglaslas
) ssbte €z Ole onl 5l el jslate Sarnsy muoss
baslas 3l Jol> 25 sleosls oo gl aile o
Gl B )00 slod & Wodlogyg s s (omlidil (o9
a oyl bos Eoiio 5 0uSly slaosls Jdow (6l p
o5 I 4 Gl sl o (el 5 (28 plaosls

L5 RUWPTENPIE SR ROV g

bty 31,0 5l 55 so8 25w 50 s se slaosls

adlge s Coio @ je aild slaciun; ) Jou

aly oliie

TP
&) B hgal B
olat] 5 jo 5 bl clalias
ol glallas
S )l B slalks
S o9 5l B slalbs
Ao pé gl
ST )'| L_,?.:La sla>
S, lsliwl 0g 3l L8L glas
o e, slalls
5 Lo oy b canslial b3
aSb (59, )5 o3zl o8 JeeSS pus

8 ool el (e sy 98> o

Shal gllas 5 5L slaSas,

B plae (Sig iU hlog 4 b Josude 9 Jlge b 50,5 Sozmo

S il pae
S 055 pae
oL lsly
LS o 5,5
A0 90 Jad (slp 9,8 5398 canlite
plasin] Ko
EINSNFR JOERINCI

Dl 0908 5 i ger Geoli pue

Aol (509 L yiwd o

Dol s G ol po oLl g s jols o@Dl 5 Slo oMbl 5 canliol Sl )| 5 Sialon

Slatius g Sledbl slbcgsgase
L;ld_?.by' LgLCb&%éj».\:zo
Obosle (el S5

6)‘*5‘&5 9 Ql).:.md ‘533‘):;..»1

Sl sl

VBT lino oF oylash 1) 5,93 (5148 y> Cabligy cwoigeo Ao vof


http://dx.doi.org/10.53208/JOHE.11.4.298
https://johe.umsha.ac.ir/article-1-967-fa.html

[ Downloaded from johe.umsha.ac.ir on 2026-05-19 ]

[ DOI: 10.53208/JOHE.11.4.298 ]

Ql)l&o@ -9 )RS0

Olejlw colas
b sl
3 e lid
OYlas!
LN
b uls

sl

pomeSle Slaws wyls 3g>y pa(X;) Wy acgeme
Sim SaSed (Swsny Jloix! sl it slo il
PSS sl M Jloyi slo s i ;0 2wl 27
S saes Glwbes (Sowzm nlple <l gl
Sim 8t S Sl wboo ol 6 pSeia ek
elols oal ao e an gl ool bl wiesls
Om Bl plelid dagl (See DY 9 ope sl e
Sl s (SHELT sl o ol ple s b

DYyl by 5 adsh oYl

1™

b cwliie gloc,be aolas o ool sl 5l u
4 e 0D gzhtil baslas Jo 5l el Bus
eoliae 0 a3l szl il b le (g i80S
gl Geelae (o) 2 Gk Sl eizen al plulid 4y
S slasgeme calne SLaijl oo b Lo freliae pléol
alsl po ol olulid )15, 5 nlete by eliae
b relae (2S5 Gloaidl unatws g o anl)s
o A 5o (soghe 9 (pline SISl 4 g b g olulid
(Sl gla> 5l 06 Gl m atie adlhe
WAl ganaies (B gl 5 Shile slacs,
sl o SV Jgazr o Al e ol b

ahl P LS ) Gilwdwe sz (g5 4 HLs L
3B o @598

Ol Llyy Cusl (65950 (Gim Al JeSS jslaioay
gl 0)by0 05l el oalihy i 5 lolid gle prie
5 Shles Lulyd g el cSlid o lamme 5 (28
Ot ol esliul oS le Ll oLl jslaieay
b sbosls 5 (Julos la 5,155 ¢ 8 slaaiis jslate
OB 5 L 598> amlas (naiz g Wl (g S92 g0
Al ool b pnsSS g 58 Cris 09>

pP(A|B)p(B)
P(4)

Jol e sl JaSas (iu 90 5l (g slaasied
mbe BT ol s el saiiulie e BIS
boks 5 Polay ,ue SO ©,f » cadlolas
S i sl i gm 1, b sl Ko
(ool B oy yeiio A aziys b B oS 5 A o5
B el byt Jlis] i 0 5 pss iy
sl 1,8 (e olasal ;o) a2 LS o HleS S0 @ b pvio
OmetS 4S9 WS 13 e 5l e Ojg0 5wl
(9y ol el (S AT (5900 335,85 Wly slae S
B o ol a4y bgyye aly slao S ol e 4l 03558 sloo S
oS Sloy ey ol oy [YY] S o @il Jgan
U TER T REE SR SN
sl bl ol S0y s slo BLS 10 o S dan
P(C,S,R,W) =P(C)P(S|C)P(R|S,C)P(W]C,S,R)

Olgise Iy olas (ul (b yd Jiins Lails ) 5l oozl b
0,5 oolw alaly pl & g0

P(C,S,R,W) = P(C)P(SICYP(R|CY)P(W|S,R)

X1, adye N L oddodldemess Joo o slp
Xi o5 pa(Xi) iy o5 4 a5 Sy Xo,...,Xi,...,Xn

P(B|A) = A ala,

Xi a33,8 sloe 5 bzl b b & god Xi wgd ools
JLQ.».}‘ ‘QS'GJ'"J J.Q._um L)"’L"‘"‘)" ! J.LMMA L‘“’j; )JLJJ )l

PO X Xa) = | [ PO IPACK)

..\.”5 ‘_gLaso)f dod ASgoo pa(XL) coles u.:‘ BN
el X & lae
0 35z oS m oy izl g ST Ll

139 0 Al alayly cpl & g0 (_;"“’5*' Jlemt sl
P(X1,X2, ., Xp)
= PTEX1)P(X2|X1)P(X3|X1,X2) "'P(anxerZ: ---an—l)

= HP(Xi X0, Xz, o) Xn1)
i=1

2255 ol OB 5o 3LSs 90 Jhiuw sl gl )b olaas
10 el M a5 wil pl B8 45 lej el 271

veo | VBT ybin oF 0 lous 1) 6,593 (5148 o bl msdkigen o


http://dx.doi.org/10.53208/JOHE.11.4.298
https://johe.umsha.ac.ir/article-1-967-fa.html

[ Downloaded from johe.umsha.ac.ir on 2026-05-19 ]

[ DOI: 10.53208/JOHE.11.4.298 ]

l:’Q—‘J-"jLS')Lér‘%JM\ I 50 o)l s Coro
w‘ AW 00)5] gs.m_:) L..._’>T )‘)3“&).) .'a...uy 4...]5‘ LsLbo.)‘.)

Joo (bl gy o (slogs yLuw

oals 48,8 Jlai o o byl sl gyl ans aalsl jo
gy w5l odelwsds gl (Jow gyl 51 s a5 ol

Dy go )l

39 adb b (g cuwlice 0,5 (8,5 i yo (A
(plabl Calil) Bun o3 51 of 13T 5 245 Il

o aieby b g caline )5 (28,5 a0 5l
B Ol & Glebl colld oS wl ala>dle by >
sl ol gzl ¥ S sl azils Ll sy Ll
Ao oo sl |y Jawe jo

rrrrrrrrrrr

erience

Owerall staff
quality

Wor king condition

financial risk Availability of
General Level of 20% 22.778%
10% 50% 45.556%
50% 30% 31 667%
40%

General Level of Overall staff Maintenance
20%
40%
40%
Staff Motivation
30%
60% Working
10%

fitness for duty

B Caio @555 sl slSs; g5ledas

S A 3 Wy (5110 (Lo o (g5l o5
o bt ay 0,8 cls e Jlaasl g @lls clas S 4o
oo, sl NPT woplily 558 0 is,) caalls 51 2>
el 5l (Ko Sl 5 ales sl Jlazsl olie ol
63,509, Sl p3Y lao,5 cpl 4o g aalys gyl ol
PRL gD A S o po Wy e laSinn) b glite
Gl NPT (il aiisls 03,8 0,8 G g g 0,8 s aS)
amass &S Cbly saler Daliie > AY W558 08
&l g selgs 5 ey Lo oSl 51 S50 4 Jlois
L oS 098 oo oslitul (35590 @l 5l (JSie (I b agzlge
OB orl Gl 0sbiee (e 053 bl g5 4 az g
s Wmin «WMax «WMean e L glas, mlg
o3k, Jloy &sje5 a5 TNormal & 545 L MixMinMax
Ay =Sle TNormal s 565 058 co oolaiuw!l el + =)

4 0y Cuahad pas Jolre (ol 5 55530 (9590 @ls

Maintenace
24.803% 26.207%
42.493% 40.384%
32.704% 33.32%

28.973%

Sy ez 580 5 dansgs oolprion Jaw Jo ) Sl

VEeY limno oF o5l 1) 0,93 o 5148 y> Cablige wokigeo aloo Y5


http://dx.doi.org/10.53208/JOHE.11.4.298
https://johe.umsha.ac.ir/article-1-967-fa.html

[ Downloaded from johe.umsha.ac.ir on 2026-05-19 ]

[ DOI: 10.53208/JOHE.11.4.298 ]

le&o& -9 )RS0

financial risk Availability of

General Level of

Maintenance

Overall staff

Working

fitness for duty

100%
Scenario 1 : High

Maintenace

aabbg b og cawlie 0,5 ol <l jo Jaw gl ! iV Sl

1 52l o2l glyr] ¥ USS l 4l aglEl a0 YA
B e lis ) Joe

o $lp Somles Jolos @l iaghy Joe oo
O UKl oad 3,155 (Glieb! o) Jloxs! o
Sl o Bus o5 1y Jelge 5l Sojm 6,108 ,56 oliee
A oo slid 9ol BT S LIB o ol

ol ool ool lis goliyer 1T o AT jebles
5 eend QLS CudsS (Agels oLl G g jLad
JRICUTICE RIS JUCHIVNS B[S PYYCTR PR ©
s ylimebsl ol 1,

financial risk Availability of

Maintenance

Overall staff

Staff Motivation

fitness for duty

> 11.114%

15.792% =1
84.208% 100% ESS.SSE%
%Scenarim - very efficient

99b) SIlo 5 (g yiwd 50 doliy 0,5 (38,5 ,l5 )0
(& basob! calslB) Bud 0,5 5 o o

Sl o Gy po aslip o8 (28,5 L s Sl e
Y e Ol 4 linebl cobld a5 0l alasde b
Joe 50 a0 ,lew cpl sl VS il asls olidlos o
A o lid |,

9 9L > jo Jigels w¥lail o)F (s )5l 5o
(laob! calsld) B 05 » T 5T

S e ol adl o hgels SYLlasl o )5 a5l e

2 Ol a0 Gliebol Culil a8 0 ala>dle w4338

Maintenace

s 0 daliy 05 oy cdl> jo Jae gl 2l iV Sl

rov | VBT ybin oF 0 lous 1) 6,593 (5148 o bl msdkigen o


http://dx.doi.org/10.53208/JOHE.11.4.298
https://johe.umsha.ac.ir/article-1-967-fa.html

[ Downloaded from johe.umsha.ac.ir on 2026-05-19 ]

[ DOI: 10.53208/JOHE.11.4.298 ]

financial risk

Availability of

Maintenance

B Caio @555 sl slSs; g5ledas

Maintenace

Uigels w¥lasl o 5 ol cdl> jo Jaw ol 2l i F JSCl

Tornado graph for p{Reliahility = High)

oo 0.1 0.z

03 04 05 oG or

Gas pressure gauge
Closed connections
Maintenan...

Filters

Maintenace Strategy
Availability ...
financial risk

Cwerall staff quality
regulatar

Warking condition
fitmess for duty
General Level of Sta...
zeneral Level of Sta...
Staff Motivation

ol el jo bbbl colilE 0,5 (gl y g0l B1,S logad i S

Sl sskiiet a3 allln s ol Ktags oy oJts
& slaSias; 0)Ly0 e G Cuo 10 39290 slaSinn,
|, bl sl 56 glacSny, s ailos,S om
@l dglie 5 g rizpen VY Y V] Wilos S5 )
OlRaagn (Fr s Ol ety sleatil L
g Wlod S owyp 1y 0,bnlyd S92 50 Slojle slaSinn
R bl s Jelod 9)9e 1) ezse Sl slaSiun

Iyy av asav] whels

i Qo 0 lid imes (pden Sllllae pw)

anld 10 09290 Sy i (pl ;o ealiplxl Clallas
ool Jg wilosS obj)l (oS ygen |, &g
N o S5 Jaloxs 5 gma 2 0357 ol sl IS 5 IS 15
b 5550 ol laasyos 5 LolEays sy gyemll VY

S 4 g Sy

Joles i atly SO390955 oommy i G 0 Shose
2 el arzme g (eloizl (lojls (Gladl (b Jalse
Sl oLl Gy LSS ek (G
A5 LB s gleaxly jo Sy 5 Jla! libl
b @l Slejle g Slesl (8 b jlre 3855

LS asllas pl o laosls Jdoo 5l Jol> slaazsl
il oo 5B o5 wlP 50 992 g0 oS, &5 Sl
slacSus,) (slusl slas 5l 56 Gl atws 4w o
S P e el anaies (B sy, 5 Sbojle
ol 5 o Raesh b o 5l adlllas cul slaasdly
B 5 5 else (ol plos o)y cansl 008 (o s
Slp 05 0dd puy s S prmete 5 2ol 257 lex

VT ybiannn F o)l 1) 0590 (5148 y> bt smsokien oo | tea


http://dx.doi.org/10.53208/JOHE.11.4.298
https://johe.umsha.ac.ir/article-1-967-fa.html

[ Downloaded from johe.umsha.ac.ir on 2026-05-19 ]

[ DOI: 10.53208/JOHE.11.4.298 ]

Ql)l&o@ -9 )RS0

las 5 1,8 sadeolainl Joe yo
ly S, 4L Gl o (el cogslez (ol Y
(S o o2l,8 28 g Slojle « Sludl Galize slaasy (o

sldae plo b oS 3 LB soha ooz ol ¥

Sl Sgnte gl o e o ol Sy ezl L)

Jlod e Jow SO Ojpots ooz i p) F

9 Sy GRG0 5l S T (G 9SSy S g (oS

a0 byi oVlasl Gilo oS den a4 oyl Sl

2 525 Sl e iy yad Sl (pizren 0135 o toles
.0)‘\5 S929 J.A.A o 4.“.49...: 9 DS (5:;5 LSLDJ"""“ )LZS

10308 ¢ JSUS
ol o plonl oliile S il S 8,8 Jb coles b imgdy ol

Syl g S oS bl LS ples 5 lpae 5l B o g g, cnlsl

&ls olas
)M 092y (22,15 5 @dlie ol BgSmen a5

SN &l Mo
el il Sl S Dllasde don iagh ol )0

O A 9 o
aslails Gragh cnl ol plal jo SlucSh g B i g 51 S5 2

S cobes
o 43l oliile S il 55 o815 Sl 5 o cylom b allia )

RG]

REFERENCES

1. Hussain M, Zhang T, Chaudhry M, Jamil |, Kausar S,
Hussain |. Review of prediction of stress corrosion
cracking in gas pipelines using machine learning.
Machines. 2024;12(1):42. DOl
10.3390/machines12010042

2. Sharma VB, Tewari S, Biswas S, Sharma A. A
comprehensive study of techniques utilized for structural
health monitoring of oil and gas pipelines. Struct Health
Monit. 2024; 23(3):1816-41. DOl:
10.1177/14759217231183715

3. Chen C, Li C, Reniers G, Yang F. Safety and security of
oil and gas pipeline transportation: A systematic analysis
of research trends and future needs using WoS. J Cleaner
Prod. 2021;279:123583. DOl:
10.1016/j.jclepro.2020.123583

4. Sircar A, Yadav K, Rayavarapu K, Bist N, Oza H.
Application of machine learning and artificial intelligence
in oil and gas industry. Pet Res. 2021; 6(4):379-91.
DOI:10.1016/j.ptlrs.2021.05.009

5. Télessy K, Barner L, Holz F. Repurposing natural gas
pipelines for hydrogen: Limits and options from a case
study in Germany. Int J Hydrogen Energy. 2024;80:821-
31. DOI:10.1016/j.ijhydene.2024.07.110

6. Hansson SO. Risk and safety in technology. In:

Sl g laaiz (o5lu ISaT Glins 4 a5 IS m595 slaa] 2
R (S Olyer Wlgipe il o090 (nl 5 g
095 ke ey Slalllas 4 S gyl slosglis
Oz 5 2595 Ay (oS oSy (Budd (] o

Jelse by jshaieds oty o 0920 Jludl slag s
S Sble g Sl Glallas ¢ Sy caisSoloy | oves
Gilw e cpim slasis 5l oolaiwl b s 0l a8 F

60,505, (e cpl o cadeslaiul 0,0, al plxl
ol leolaiul b s psin oyl daslg ) g 090 cotinns

A gy O 2

Olsreay o oolaiul iogh pl jo a5 o sloaslis
» Slld cell (pile S0l slags, 5l (S
Jloss s (53) 380 Az & sl ite b g
o sl Ly 5 Lite (al (5 ez ol
5 S slaymiie ol cwyp Ol (izmen 3l Lag]
23 S0y SIS 50 e 5 gy sla i 55 g o5
P9y ol sblze Ko 5l S (slaosls 92y pac Ll b
o,ly0 S Jelow gliSel,) Wlgi oo o5 Canl ool (ng
All (6, g Ol pens sla Jow ;0 35290 Coahad pae

Gl 3 0ad Byme g 9 oadll)] cegeie oz ilex
Jolie slaghs; 99290 Comdy b awslie )3 Aagh
Come 35 Slanmg BYS (ol 4 Sy Jlexl L)
g s

55 1) sl iie sla Jssle oLt Jie ool
ol S0 ety o] S, ) Ailrann o JalS
DS s e dacalsh pae Jals Sy iy
o jeite e ol 5 ooy SVLal oy sloeols

Philosophy of technology and engineering sciences.
North-Holland 2009 :pp. 1069-1102. DOI:10.1016/B978-
0-444-51667-1.50043-4

7. Aven T. A semi-quantitative approach to risk analysis, as
an alternative to QRAs. Reliab Eng Syst Saf. 2008;
93(6):790-7. DOI: 10.1016/j.ress.2007.03.025

8. Aven T, Kristensen V. Perspectives on risk: review and
discussion of the basis for establishing a unified and
holistic approach. Reliab Eng Syst Saf. 2005; 90(1):1-4.
DOI: 10.1016/j.ress.2004.10.008

9. Aven T, Thekdi S. Risk science: An introduction.
Routledge; 2021: 12. Link

10. Gatzert N, Martin M. Determinants and value of enterprise
risk management: Empirical evidence from the literature.
Risk Manag Insur Rev. 2015; 18(1):29-53. DOI:
10.1111/rmir.12028

11. Khadem MM, Piya S, Shamsuzzoha A. Quantitative risk
management in gas injection project: a case study from
Oman oil and gas industry. J Industr Eng Int. 2018;
14(3):637-54. DOI: 10.1007/s40092-017-0237-3

12. Angelopoulos D, Doukas H, Psarras J, Stamtsis G. Risk-
based analysis and policy implications for renewable
energy investments in Greece. Energy Policy. 2017;
105:512-23. DOI: 10.1016/j.enpol.2017.02.048

v | VBT ybin oF 0 lous 1) 6,593 (5148 o bl msdkigen o


https://doi.org/10.3390/machines12010042
https://doi.org/10.3390/machines12010042
https://doi.org/10.1177/14759217231183715
https://doi.org/10.1177/14759217231183715
https://doi.org/10.1016/j.jclepro.2020.123583
https://doi.org/10.1016/j.jclepro.2020.123583
http://dx.doi.org/10.1016/j.ptlrs.2021.05.009
https://doi.org/10.1016/j.ijhydene.2024.07.110
http://dx.doi.org/10.1016/B978-0-444-51667-1.50043-4
http://dx.doi.org/10.1016/B978-0-444-51667-1.50043-4
https://doi.org/10.1016/j.ress.2007.03.025
https://doi.org/10.1016/j.ress.2004.10.008
https://www.routledge.com/Risk-Science-An-Introduction/Aven-Thekdi/p/book/9780367742683?srsltid=AfmBOoqpZ3_8XkMvwm3YJuHTreS18u0BDywmMxn0VLX9VzjKsNLoweTL
https://doi.org/10.1111/rmir.12028
https://doi.org/10.1111/rmir.12028
https://doi.org/10.1007/s40092-017-0237-3
https://doi.org/10.1016/j.enpol.2017.02.048
http://dx.doi.org/10.53208/JOHE.11.4.298
https://johe.umsha.ac.ir/article-1-967-fa.html

[ Downloaded from johe.umsha.ac.ir on 2026-05-19 ]

[ DOI: 10.53208/JOHE.11.4.298 ]

13.

14.

15.

16.

17.

18.

Wang L, Peng JJ, Wang JQ. A multi-criteria decision-
making framework for risk ranking of energy performance
contracting project under picture fuzzy environment. J
Clean Prod. 2018; 191:105-18.
DOI:10.1016/j.jclepro.2018.04.169

Zhou S, Yang P. Risk management in distributed wind
energy implementing analytic hierarchy process.
Renewable  Energy. 2020; 150:616-23. DOl:
10.1016/j.renene.2019.12.125

A Kassem M, Khoiry MA, Hamzah N. Assessment of the
effect of external risk factors on the success of an oil and
gas construction project. Eng Const Arch Manag. 2020;
27(9):2767-93. DOI:10.1108/ECAM-10-2019-0573

Egli F. Renewable energy investment risk: An
investigation of changes over time and the underlying
drivers. Energy Policy. 2020; 140:111428.
DOI:10.1016/j.enpol.2020.111428

Mokarram M, Sathyamoorthy D. Determination of suitable
locations for the construction of gas power plant using
multicriteria decision and Dempster—Shafer model in GIS.
Energy Sources Part A. 2023; 45(1):2846-61.
DOI:10.1080/15567036.2019.1666189

Kaikkonen L, Parviainen T, Rahikainen M, Uusitalo L,
Lehikoinen A. Bayesian networks in environmental risk

19.

20.

21.

22.

23.

LNy ST INCH L RP-PS GWERPS PN AV

assessment: A review. Integr Environ Assess Manage.
2021; 17(1):62-78. PMID: 32841493 DOI:
10.1002/ieam.4332

George PG, Renjith VR. Evolution of safety and security
risk assessment methodologies towards the use of
bayesian networks in process industries. Process Saf
Environ Prot. 2021; 149:758-75.
DOI:10.1016/j.psep.2021.03.031

Mobasheri AA. Teimouri H. Designing a pattern of the
causes and consequences of mobbing in organizations.
Strategy Res  Social Probl. 2023;12(1):123-45.
DOI:10.22108/srspi.2023.135792.1862

Kitson NK, Constantinou AC, Guo Z, Liu Y, Chobtham K.
A survey of Bayesian Network structure learning. Artif
Intell Rev. 2023; 56(8):8721-814. DOI:10.1007/s10462-
022-10351-w

Scutari M, Denis JB. Bayesian networks: with examples
in R (2" ed). New York, Chapman and Hall/CRC; 2021.
DOI:10.1201/9780429347436

Hosseini S, Ivanov D. Bayesian networks for supply chain
risk, resilience and ripple effect analysis: A literature
review. Expert Syst Appl. 2020; 161:113649.
PMID: 32834558 DOI: 10.1016/j.eswa.2020.113649

VE¥ Lo oF o5l 1) 0,93 o 5148 y> bl wikigeo aloeo Y.


http://dx.doi.org/10.1016/j.jclepro.2018.04.169
https://doi.org/10.1016/j.renene.2019.12.125
https://doi.org/10.1016/j.renene.2019.12.125
https://doi.org/10.1108/ECAM-10-2019-0573
https://doi.org/10.1016/j.enpol.2020.111428
https://doi.org/10.1080/15567036.2019.1666189
https://pubmed.ncbi.nlm.nih.gov/32841493/
https://doi.org/10.1002/ieam.4332
https://doi.org/10.1002/ieam.4332
https://doi.org/10.1016/j.psep.2021.03.031
http://dx.doi.org/10.22108/srspi.2023.135792.1862
http://dx.doi.org/10.1007/s10462-022-10351-w
http://dx.doi.org/10.1007/s10462-022-10351-w
https://doi.org/10.1201/9780429347436
https://pubmed.ncbi.nlm.nih.gov/32834558/
https://doi.org/10.1016/j.eswa.2020.113649
http://dx.doi.org/10.53208/JOHE.11.4.298
https://johe.umsha.ac.ir/article-1-967-fa.html
http://www.tcpdf.org

