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ABSTRACT

Introduction: Reliability is always of particular importance in system design and planning; thus, improving
reliability is among the approaches for achieving a safe system. Simulation methods are widely used in
system reliability assessment. Therefore, this study aims to assess the reliability of the City Gate Gas
Station (CGS) using Monte Carlo Simulation (MCS).

Material and Methods: This descriptive and analytical study was conducted in one of the CGSs of North
Khorasan Province in 2021. The CGS process was carefully examined and its block diagram was plotted.
Then, failure time data of CGS equipment were collected over 11 years and time between failures of
subsystems was calculated. The failure probability distribution function of subsystems was determined
using Easy Fit software and Kolmogorov-Smirnov test. Moreover, subsystems’ reliability was estimated by
MCS. Finally, station reliability was calculated considering the series-parallel structure of the CGS.
Results: The results revealed that the failure probability density distribution function of CGS subsystems
was based on gamma and normal functions. The reliabilities of filtration, heater, pressure reduction
system, and odorize were calculated as 0.97, 0.987, 0.98, and 0.992 respectively, and their failure rates
were 0.000003477, 0.0000014937, 0.0000023062, and 0.0000009169 failures per hour respectively. The
station reliability was calculated as 0.93.

Conclusion: The failure probability distribution function and reliability assessment of subsystems were
determined by data modeling and MCS respectively. Filtration and pressure reduction systems had the
highest failure rate and required a proper maintenance program.

Keywords: Reliability assessment, Modeling, Monte carlo simulation

TUMS

HOW TO CITE THIS ARTICLE

Hokmabadi R, Zarei E, Karimi A. Assessing the Reliability of the City Gate Station Using Monte Carlo Simulation.
Journal of Health and Safety at Work. 2023; 13(2): 252-268.

1. INTRODUCTION

Among fossil fuels, natural gas is one of the
most important in industries. Due to its economic
and environmental benefits, natural gas, as a source
of clean energy, is one of the most consumed
energies in today’s society and currently contributes
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to 24% of global energy consumption and 20%
of European countries’ consumption, growing at
a rate of 2.4%. One of the important facilities in
natural gas transmission systems is the City Gate
Station (CGS). In this facility, several important
operations are performed, including measuring gas
flow, reducing gas pressure, and scenting gas for
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safety purposes. Due to their special operational
conditions, these facilities have always been the
site of catastrophic accidents throughout history;
in the last decade, various accidents have occurred
in their process systems. Hence, evaluating the
reliability of these systems is of great importance.
Evaluating reliability helps identify potential
causes of system failure and provide potential
solutions to improve safety and prevent fajlure.
Therefore, implementing safety and preventive
programs plays a critical role in improving
quantitative and qualitative production indicators.
There are various methods to accurately
estimate equipment failure probability and deal with
uncertainty, including Bayesian and Dempster—
Shafer theories, fuzzy method, and Monte Carlo
Simulation (MCS). MCS samples the probability
density distribution of each system component
by generating random numbers and simulates
output distribution by placing these samples in
the final system model. By using the probabilistic

system model and simulating random variables,
this method provides a fundamental solution for
mathematical and technical problems. One of its
most important features is its high flexibility and
lack of dependence on system dimensions. Hence,
in this study, MCS was used to deal with uncertainty
and accurately estimate CGS reliability.

2. MATERIAL AND METHODS

This study was conducted in 2021 to evaluate
the reliability of a CGS in North Khorasan
Province using MCS. In general, the framework for
conducting the study is based on Fig. 1. In the first
step, the station and its equipment were carefully
studied and scrutinized, and the stations block
diagram was drawn based on existing equipment.
In the second step, the time between failures of
station equipment was determined. In the third
step, the probability distribution function of
equipment failure time was determined according
to modeling. To check the degree of conformity

1-Studying and understanding the station and drawing the block

'

2-Determining the time between the failures of station equipment

3-Determining the probability distribution function of subsystem failure

A

4-Defining the logic and structure of the system for simulation

\ 4

5-Determining the number of iterations for simulation

\ 4

6-Evaluating reliability using MCS

Fig. 1: Proposed approach for evaluating reliability based on MCS
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Fig. 2: Main subsystems of the CGS

of probability density distribution functions on
statistical data, goodness-of-fit statistical tests were
used, and the Kolmogorov-Smirnov test was used to
select the best probability distribution function. In
the fourth step, the system’s logic and structure for
simulation were defined based on the station’s block
diagram. In the fifth step, the appropriate number
of iterations for simulation was determined. Finally,
station subsystems’ reliability evaluation was
done using MCS, and then the station’s reliability
evaluation was calculated.

3. RESULTS AND DISCUSSION
First Stage

Studying and understanding the station and
drawing a block diagram The station and its
subsystems were studied and examined, including
the main parts of the station such as filtration,
heater, pressure reduction (regulators, shut-off,
safety valve), and odorize part. Their block diagram
is based on Fig. 2.

Second Step

Determining time between failures of station
subsystems to determine the time between failures
of station subsystems, the failure times of station
equipment were gathered from 2010 to 2021
based on documentation available in the station’s
maintenance and instrumentation department.
Then, the time between equipment failures was
determined.

Third Step

Determining probability distribution function
of subsystem failures based on modeling To
determine the probability distribution function
of subsystem failures based on modeling, the
probability distribution function was determined
using Easy Fit software. The results demonstrated
that trend tests were close to linear form in all parts.
The data did not have a trend and were distributed
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in a fixed form. Moreover, the serial correlation
test showed no correlation in the data. Therefore,
the renewable process method was selected as the
best method to model these subsystems’ reliability.
The results of its statistical analysis indicated that
subsystems’ failure behavior followed gamma and
normal functions.

Fourth Step

Defining logic and structure of system for
simulation When there is more than one part
in a system, it is necessary to define the system’s
logic and structure well. In this study, the system’s
structure is in a series-parallel or series sequence
network. Therefore, the station’s reliability is
calculated based on the following formulas:

k
Eql:R, =1-]]F,

j=1

Rpi : Reliability under the parallel system,
Fij : Probability of failure under the ij system

m k
Eq2: Rsp:H{l— FU}
j=1

i=l

R o | Reliability of the series-parallel or series-
sequence network

Fifth Step

Determining the number of iterations for
simulation To determine the number of iterations
for simulation, the number of iterations for each
subsystem was determined to execute the plan. For
this purpose, the reliability test of the subsystem
station was performed using the number of
iterations from 100 to 5000 with a step increase
of 100 units. For example, after 2000 repetitions,
reliability values remained almost fixed in this
interval. Hence, to perform the main simulation,
the number “2000” was selected as the number of
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Step 1: Sampling of random
variables
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Fig. 3: MCS algorithm to determine the reliability of the subsystems station

iterations for the prepared plan. Random numbers
were generated based on probability distribution
function using Easy Fit software.

Sixth Step

Evaluating reliability using MCS The algorithm
of simulation steps is represented in Fig 3. First,
random numbers were created for each subsystem;
then, by applying distribution function and
drawing failure curve, the number of points under
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curve was divided by total number of points,
and thus reliability value of each subsystem was
calculated by MCS. After determining reliability
of each subsystem, reliability of station parts was
calculated based on formula 1 (Table 1) and finally
station reliability was evaluated based on formula
2. The results showed that reliabilities of filtration,
heater, pressure reduction, and odorize parts were
0.97, 0.987, 0.98, and 0.992 respectively; thus
station reliability was 0.93.
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Table 1: Reliability evaluation of CGS station parts

Part Reliability
Filtration 0.97
Heater 0.987
Pressure reduction 0.98
Odorize 0.992

4. CONCLUSIONS

This study indicates application of modeling
to determine probability density function and
MCS to calculate reliability of station subsystems.
Filtration and pressure reduction parts had highest
failure rate and needed more attention to improve
station. Also, based on obtained results a suitable
maintenance program can be developed for station
equipment.

[ DOR!00112251807140213243 ] [ Downloaded from jhsw.tums.ac.ir on 2026-04-17 ]

Failure rate (per hour)
0.000003477
0.0000014937
0.0000023062
0.0000009169

5. ACKNOWLEDGMENT

This study is part of a doctoral thesis and
was approved by Ethics Committee of Tehran
University of Medical Sciences (code: IR. TUMS.
SPH.REC.1400.151). The authors appreciate and
thank cooperation and financial support of Iran
National Gas Company (North Khorasan Province)
and Occupational Health Engineering Department,
Tehran University of Medical Sciences.

Journal of Health and Safety at Work 2023; 13(2): 252-268


https://dor.isc.ac/dor/20.1001.1.2251807.1402.13.2.4.3
https://jhsw.tums.ac.ir/article-1-6841-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-04-17 ]

[ DOR: 20.1001.1.2251807.1402.13.2.4.3 ]

PYA-POP Oiladwo 11€eP Gl /P o)ladd /1W sla

990 (8 jlwdmut U (5 3aw (5 031930 JU 4LiS i ol (slimobr! il (U 5 4

P
P YR I AL [ W POV PR P | X S PO

Sl el el (Sis pale olfiils cuilagy caSiily (gl 48,5 Culagy (owdige 09,5
Ol gz ( Jlods Glol 3 Sag pale olKiily cailags 0aSiails gl ad > cailags cwdige 09,5 "
I ol ligya,T el o e Josy (6 el L2Blga oKl (5, 55lam 00SLisls ¢ iou] pale ylad Lo ™

li:foj sl;j)))" s\_)lgudf ‘JJ.:) Lg]a.a‘ Laﬁljm olKisls ‘UL"" s_)).ll) ‘5'.&..:‘ 5"“"‘""“"‘" f

VE VAV s g b DF /018 il o o b

oxs =

45 5 sbas sl JI0)55 2 3k Coeal et (5540l 5 (b U5k )0 0 lgem (Glell C LB anaio
Gglg.)')‘ 39 aol;i.....f)j.‘oc\.} o5 jldas L;Lmu‘bj) sl (;o.,.l (oo Ay ¢53L.13-“° sl 5| ‘_,’S.. ‘QL;.H.IoI cobils las )|
S5 o8] el il b5 candlas cpol 5 o 1A 60 15 o )8 ool o 50 Wyptiens ) lelsl o LB
Lol )5 e (g3lusdnds b (5 50 (5 0jlg 0 5 Lad

Ol bl (5548 (5 03l JLid Jolis slovolSmal 51 (S 53« helowi-(dhrogs s anlllae (ol 1515 (b9

e Ol (ol el 5 gy p B0 jsboas oSl anld dazl jo 28 plnil 1F e Jlo o Jlods
CanSs oy by g Gylaez Jlo V) (b oKl Oligos sl Gloy sloesls walsl o g ws)S

Cige (Gl o9y b ddpianas y Gliebl Sl rizean 000)8 (rnd Bgipansk-g S 5alS (505
Wl;u oliuu.g“ uLu.o.lc‘ u.:.l.)@ Gcliuu.l‘ OO 6)‘5A—6)m )L».’>Lw L d}y Lv u_aoLe.a)é 9 A oY) UM 5.‘)[5

RV S
el Jlo s 5 LS ailgs b el (gloypinnens 15 enSls Jloio| 82 20565 il gulis bl il a8l
s QSR g oyreees YYoBY copovens VEQYY (e eves VEVY i o b oot 7,5 o0 88T

J.ié)f MLZA ~,ﬁ\" ).1‘): aLf.».....gJ ul.m.]a‘ M:J)lé u‘;.:.osu:LM: )Ow&m

CellB b5l censs Jloia! m5e5 @l oo 5 4 o) IS Cige (gilwdd g baosls (g3lu Joe L 16 3 i
L_gd.cl;,us.iamsoéywOw)wdl)‘o¢)Lm5Jﬁl§asuw‘;J¢3MMM‘L&W}:)QL&&E‘
el 35 M g e canslie

S o vt i sl o s liealol okl L) 530S OoLa)S =

a_karimi@sina. tums.ac.ir :a5\%e Jgius 0o g (Seig xSl oy #

)5 oyl g Calblagy aslilins


https://dor.isc.ac/dor/20.1001.1.2251807.1402.13.2.4.3
https://jhsw.tums.ac.ir/article-1-6841-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-04-17 ]

[ DOR: 20.1001.1.2251807.1402.13.2.4.3 ]

Gl Ohle ledl clLB 5l Gy Sl
2y Gilddeoe aylby cpinmn S aSG1 Ja=h
(el dae bl b Cod polas Slej (50,90 S
Obaebl CollB o)l a5 (5 sbay Kans ploul cs o
f)”.g u_iw.s) La u\J...e;u Oy S Gduto )‘}.ﬂ s.\)‘s.’ksn
Sasly (g 5 (rNie Hl il (5 arug
Sl b5l mizman (V=) bl ()l g oS
oo oSS (6 05l e oS o SIS o lielol
2! Sgpe (sl Slosdll sla ol g ools aseis |,
6‘)?‘ as 6)5-'9“% wls 43|)| S )'\ Lg),.iw.a VLS
OTNN) 04l ol (a5 dgi S g oS
Olabl CelB oLyl Cuz ol oo S0,
bl cwaige 0 OANY) o)l dezg ptenew
2 e Qlaebl Sl bl e Lkl
Mb Sl CanSls glaools (g3l 9 (g5lw Joe
g Oligedol B cwaige jo (V1) a5l
s (6 4358 o ahaie g5l Jow sl by, 3l e
ooliiwl lisebsl coblB oL, cax (s kel Slawl 4
Olaebl Sl sla by, (Jlcnll (TF-TY) 25 o0
2 olisedbl clbB 580 jebay Wlg sed ¢ g
J.u.».o 9 aliss .‘aa‘;w S aS [ ) Lgl.(bu?-l.«.:).s)
sobas wiloads LSas il ol olasy 5l g aisS oo IS
L;‘)" Lg)L».w.s Lngbo)Xij) (Y/\*Y\/) KLY gs’l’))‘ d,d»)
secslon) Bola izl Giluand 5 3lodoe
b B sy bl beaSl alez sl oazy
IS Sige p (e sl by, 4 Ol oo 45 81 352
(YO-YF)BsS Lo ol 8 1 e slo g, «(TY-Y9)
03 S yobody a5 0 5 o Ll (VA-TF) o by, plw g
pae b odezmn Slapimew $loancd 5 3ludoe sl
Semlind (gile Jon yuiored (gl co oolainl Coalad
(F+) 058 o0 oolitul Lol> slag s &l 3G 5 Sl
S oz 5285 0591 g cilisee sla g,
odds &) ladze Jawgs Conhad sue b ablis g Dl

1P BB /P sylasd /1W sla (5 (ianl g Qublagy aslilnd

ohl5an § (30T @Sa (o)

doddo =

Blo ;o 6551 mle et 5l (S b B
alie 5230, 0 31 (o sl ol a5 (6 abay sl
Byan 0,0 YT ol > 10 5004 (5590 arals o
b B ol sl y5iS B pas so 0 Ve g Sl
Cawl 0y Sl 50 20,0 VIF Koal b g omo oo JuSis
GraSl jab FeSlie 5 55 Brae il o
Oz i8S glaans (o (F) cwl eals glo )8
Sloasly (b B s as,e o o)lalie e (g aidy
(el aiils oz slaixl Ol g olaidl 5 gauad
Jl b Slagwl 5 aSd coenl S0 (ol ul
Ml s pliebl BB el g el Cgz el S
Gazg L.(0) canlonds hod sl g goz 5 asass
4 (NGTS") (gl 315 g o> (sloptanas (o35
(3o b (Bolai) ol 58 m CBloe (g s 3blis
ol 5 sl el plo tall Hhasmd Wlgh co w4
(7)) o,ls

st 51 Jal glapinns 5 s Sl 51 S
! (CGSY) RTINS o)“j)e )L.i:.é L.Lcu ‘_gl.moliw/“ “|
6503l aloz 3 wte Sllos i (a0
Slaal a5 4 52 5380 5515 s Jolis 5 ol
Ll s 4 wlawl ol 08 oo pbl il
30 Spelansld Solgm i o)lgen ot Slles o5
el 6 a0 G 0 A (g sbay tonl 0o ol Job
alox 3l a5 conl osls F) LolKiw] a0 Solg>
gy 5 Lad Sl oyl 635wl 4 lg5 oo
& ddaio o 58 cuii 9 (4 cwesm)gjyzfousk
(A-Y) casls sylal a8 Y She) olaes lu,eS
CGS tlul o plaebl cils b5l coplplo

1. National Gas Transport System
2. City Gate Station

POA


https://dor.isc.ac/dor/20.1001.1.2251807.1402.13.2.4.3
https://jhsw.tums.ac.ir/article-1-6841-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-04-17 ]

[ DOR: 20.1001.1.2251807.1402.13.2.4.3 ]

v 53000 3)lg)s §15 U8 JET a(GTm) plxab) CuliE (b))

szl by szl (IS b .l 48,5 el
9 03,5 (o g axlllae 383 jobay o] Sliad
ol Gaptanm ) wlol p oKl (Ssb ol SLo
ol gwdige o ca) alezl bad e slaoje>
Olpde 5 IS 5 i (Sllas Glusige «(glad >
S i cdylo oage 1) et 0, Slee o o llai a5
Sl logei yemmen ol jllesls jleolanul acsly asils
Sl o oy pgd (6 Al ey el dke Hles
laol 5 ol plosl gl a0 8 s oK) Dl japzs
A1 R | PR N GOWEY =iV P SWEUWS TS SV G R Pt
5)4.9.!.: UAJU)Q S92 g0 Sl wL»‘).s \Feo U
O Olej S g &5)5Té~? sl B8 1l g (5,005
bl p i ) CaSS Jlisl (JBs a8
&9 @b bl als e ol j0 aS 0l s (5l Jo
B8 pll VS v, oSl bl s Jleis ] JBS
» il B s @l Bl (liee sy S
g soilp @l L;)LJ LgL(bec)'T 3 ‘6)MT slrosls
LRI EL I JARNE NN FICON LS
5 Bhis p,lez 6 Al o 0 0l colaiul sl & 5e8
S ok el b Gull p (gluand Cqz el LSl
590 olawd ey s Al e 0 0T ey el JRl]
L oS! slopincm ) lisebl CublB b)) ot
Obaebl B b5l colys e g 28,5 sl MCS

A0 5 dwle oS!

basl =
Sopinewp; g CGS 55 Jlas i oK)
S Sosba 18 sz g allle GiBo psber o]
Ol il s Jels woliw! Lol sla s
e oS lad il de)gWS ) Jlad LA (Se S

Poq

Ol g W il oLl 1350190 a5 )lg3 o0 a5 o]
Yuhua & ;88 g yiwasd 9 (w855 (YY)
owl)Sen g Teixeira ¢ 538 g, (V- -0) Datao
kil slrly (MCS) )15 Cige (bt Y-+ A)
gty Capnbsd o b ablis 5 e Jlais! 30
Cige (6 5lwdads 3l 3 adllas pl o (FY-FY) W )5
bl 380 0,505 g Coxhad soe b ablio gl oI5
sl 00 00lawl CGS 515 Lad s oS! lacols!
i sl S Sl (Jlexat (g, Sy MES b,
Py S 0 oA eolitul 3)90 s Sl LS,
Jizl & a5l (Bolar slael adgs L MCS
9 03,5 S pSage e szl 5l S0 2 4 gy
&F e @l e )0 ladiged cnl als 13 L
b cdd )0 by ol WS o0 Gileand | (25,5
lariie (§ilodend g pis (Jloizl Jaso 5 oslizul
5 by Plaw Glp (ulol dool) S Solas
ey ol Bl SRy (et s dhex il aiS e )]
slul 4y (Sauly pae 5 Vb g pdyllasl 4 s
(FF-FY) 3905 0,Ll pomus
b @ly CGS slasKin! leb! ool
6ok Coerl 5l (3 s W) ol slaaSils s
ISl e aSin pshiear Grizes sl 55
Al el 385 5 gl (il 0gmeS oly o8
ooyl lisabl Clle 3485 b3, 957y i s
YL el & a2 g5 L adlllae (ol plol 5,0 OGS
S e ol o 5 Sl 5l b S0l 58
byl adlas ol 5 Gas plplo 0o 5 o olus!
5heslatwl b CGS jlad iy o] oylocebl colild
Ll )15 g0 (65 luvdis

Wy =
el byl Gaa LTl o caddlas oyl
Sy 5 Chge (gleand 1 eolanl bl
Sl sl el CGS 318 [Led Llss ol

1. Monte Carlo Simulation

11€eP GG /P sylad /1 sla (5 (ilay) g Cublagy aslibod


https://dor.isc.ac/dor/20.1001.1.2251807.1402.13.2.4.3
https://jhsw.tums.ac.ir/article-1-6841-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-04-17 ]

[ DOR: 20.1001.1.2251807.1402.13.2.4.3 ]

ohl5an § (30T @Sa (o)

(55l P i 5 o] 335 5 5 el )

A4

oSt (sl i 0§ CnSs (i (gl s -V

b s 1§ Sl Jlatiz! JB 20595 @l cpes =¥

A

($3l A S e il 5 Shate iy a3 -

A4

Gl dds S 1,80 590 dlawd e -0

o5 Cige il ans ulal p slosebl clbld b5, -F

CGS jLad Lo ol jo oI5 Sise (sl aed ool pliabl Colile sl ool 3,505, ) IS0

Oygos ple LSl adllae (nl )3 09d iy
Ql;.,,o.fo‘ u,.bls 13 «cewl Sy LgLa)c\JL:Jo L» 6}‘9“6}“’
1005 debre 0y slagep Wbl 2

k
R, :1—1—][Fij M
-

Glse ey Olaebl ol R

m k
Rsp:H|:1_ EJ:| )

1P BB /P sylasd /1W sla (5 (ianl g Qublagy aslilnd

bl T (Sob pl Sho a8 09 00iiS ) logs g (Lol
el VS
2 i n ) CnS Jlotol JB w58 &b
Easy ,l38le, 5l oolaiwl b g ¥V S o, bl
oads 03,91 V Jgaz 0 ol mls a5 5o,5 s Fit
Sg, hle lools da izn o adS o yismes .o
dighdadns Al g, 1) isgd  Swen
Olwobl CeblB giludae Gl Ghe) e Olsre @
979 s 53 e ) Sl Gl &5 Gloj o
S5 i LSl g Blate cowl Lo sl ails

PGo


https://dor.isc.ac/dor/20.1001.1.2251807.1402.13.2.4.3
https://jhsw.tums.ac.ir/article-1-6841-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-04-17 ]

[ DOR: 20.1001.1.2251807.1402.13.2.4.3 ]

e S)eD 2)19)s 305 HUibss JulBT a(G3ms) olrab) CuliBE (b))

b ools goy 4 § (591 o

o] Sl S G oy Alore

blo (sla ol

o579

OSad gy a3

Jotue sla oolo

4

RVRESIREI e

4

Cn e L

Pl

»l<
L]

y
CnSs Jloizl S 0555 @b s

Sl 5l ooliial b censs Jlazo! JE> a5 @l cponsd o501 ¥ S

11€eP GG /P sylad /1 sla (5 (ilay) g Cublagy aslibod


https://dor.isc.ac/dor/20.1001.1.2251807.1402.13.2.4.3
https://jhsw.tums.ac.ir/article-1-6841-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-04-17 ]

[ DOR: 20.1001.1.2251807.1402.13.2.4.3 ]

ohl5an § (30T @Sa (o)

S L | el kbl
gl b 4| 1V, |4| LI |* Cloabl o2 i oy

5 gl b 4| V5 |4| ¥, Ii Sl

CGS (6,05 55 Las Ll oSyl Lol lypgos ¥ S

I

E2308

o (ot 0§ Jloi] JBz 555 b (el 43 bogape gl ) Jgor

A¥EES Gamma i) sl b !
S AOAYY Gamma s O5es5 Y
S NEYD Gamma o, )5,
< fAQYY Normal oS s s R
i Vo plid Jodas Y
CAAYY Normal Olebl
CAYEAY Gamma o, 55,
. Fa.YY Normal oS akd et v L L
i Voo, ks Jos ¥
BT Z4 Normal Olebl s
SAYYND Gamma o ,55,
- FAFSA Normal OS5 el s A
Yoo, oled e I
L ARAsY Normal Olobl o8
SRV Gamma oS &) oS log #
Ssod (0] By ogedl
160 r— 60
140 o ® 50
= 120 o ° [ 3
X 100 e ogy ® o 40
P @ ® ( X ] §3
S 80 g4 @ s o 30
% 60 . vi 20
3 40 . ® $ 3 4
200 ®
0 ‘J ° % o 0
0 50 100 150 200 0 1000 2000 3000 4000 5000
St ey el (1-1) St (sl g ) (rozs ol
CGS Jled Jolis oyl canSs (gl o0l (Kiean 5 X5, ge5] gl 51 5l diged F JS2
1P BB /P sylasd /1W sla (5 (ianl g Qublagy aslilnd oy



https://dor.isc.ac/dor/20.1001.1.2251807.1402.13.2.4.3
https://jhsw.tums.ac.ir/article-1-6841-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-04-17 ]

[ DOR: 20.1001.1.2251807.1402.13.2.4.3 ]

e S)eD 2)19)s 305 HUibss JulBT a(G3ms) olrab) CuliBE (b))

0.sa7ae

0save

il 3 lall 2 Ll
o
28
BoOE

q 059868

P

o

05868

05asd

000 4000 5000 5000

28T jg2 T

V5l s 5 00l (g3l Al bl coblB 1SS g0 slaws 30 0 S

CGS oK) sl isu oylaebsl collB b5,1Y Jgax

(Cel j0) CanSl £ 5
000000 YEVY
eeeees Y EAYY
000000 YY.5Y
e CRYX

Voo lay Gl b e JIYee 1SS g0 slows
Al g )y Sl ls 050 5 x>l guxly
Lol 0als &IPS o

olass ol b g co odalin & S o aSSls
o 4y 00 Bdpmlne laebl CoblB polas ST g0
o 9 00,5 lag bl « AAYA 4 - AAFF 0 s o5L
Ol ClblB jlade g g Yere LSS 90
2 el sy Lo J3ilay Ly sadisiluacd
ol gilwans glzl gl i) wile oo coli o3l oyl
sz Glp LSS Gleygs slass leeay Yoo olaws
ool ol jo 0508 Ol ygul il ise Vo ls
OIS 599 sl g plonil gt 25 s 4l sl s,
slael 0dgi 30,5 sl Bt 1§ (§5lwands sl p
Pl g canst Jloizl 95 b el o Bolas
8,5 &, 00 Easy Fit

Py

Ay Ry vow it
< AAY 50,5

. aA Slad i
-4y oS log

L il s 458 Gliab] <oll R
S sloddloo
599 Sl el gl izl 0 p5 Gl
2 @bl bl e Gl wla 1) 1SS 590
g aelip (g o Gl b cdls iludnd
Az 2 020 o )8 J.ulS o Sada |y ol gl ol
Olidl el (2,5 o il i 1ST g0 olaws
Obey S5 9o sl ol i b (B, 5l Ll sl e
S8 590 slaws et 1 sl oo 201580 a5,
w3l 15 g g cemlin G858 (5 00S el 45 cenli
olie lade cgiludnd £9,8 5l J3 aalllae cnl 5o
O Sln S e ) 2 LSS 90 lass
31 eolawl b oK) Olipas ol ol ¢ jglate

11€eP GG /P sylad /1 sla (5 (ilay) g Cublagy aslibod


https://dor.isc.ac/dor/20.1001.1.2251807.1402.13.2.4.3
https://jhsw.tums.ac.ir/article-1-6841-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-04-17 ]

[ DOR: 20.1001.1.2251807.1402.13.2.4.3 ]

e s

ohl5an § (30T @Sa (o)

‘ et gl Gl gla dipad 2h e J

gl

[T Y

h 4

e 20U

s gy o ol I pladl 7 ale s
[T ¥ o

Bl s e

wslal

SIS Cign 53l a5 # IS

st 15 JHE s 8 e S 51 S
w0lBiws! cpl 4 (5 sbas tiwnl CGS jlas s oK
Sl xS el g g0y (el jo gullS ik
PR N+ BN AL PSIIP P E IS GWORN P50
Wlg oo olfiny] Slawnl ) b 58 goes b
L ol)ls g sy o p0 0 sl 1) (6 Laxx1d Cdlge
doolliug! ol Golg> yizmen all alils ol en 4
5 e 3o S d g 03,8 WS |y ed Sl
g«.aJ.sL‘? gs’b))‘ ‘U"‘J"L“’ Cowl 00l J.:M ).».i:‘).n_«?u
(ol Ll i bl jelateds oS! (pl jo oyliebol
el (Gl g e 5
el ol plabl B b)) jslaieas

Ju&s (S0 )5 guml ilid sl 4 oSl (jLad

1P BB /P sylasd /1W sla (5 (ianl g Qublagy aslilnd

IS w0l 5l ekl b (gilwancds clol o
e oy 9 2258 @b Jlosl b G 09,5 ol
olass vy govie p ,0 a5 (bl slass (S
S Slaebl el jlade (ol 5y g s bl S
b a5 Cige (giludnnd (he) 4 a2
S Aamloe (i 5 50 Glicebl ClblB ol ) o
J}A)B U‘JL"‘"‘ 5 Olihua)‘ 6[.QM QL..A.AJQ‘ s.A.A.LLQ
Sl ol woleiyy g 85 plxil (V Jgaz) )
@S o duloe ¥ oo 8 (olul ol Lol
(Ogel plld sla oo Glaabl clLlE as ol lis
LAY ).3‘).3 P ‘o..\.;.;S)‘Oy 9 )L.MS L..lsu ‘()Sf)f
il e oplply el +,82Y 5 - A4 - QAY
JA] Cowd Ay ¢ ,‘W )J‘)J ol ‘ uLu.o.la |

Pyic


https://dor.isc.ac/dor/20.1001.1.2251807.1402.13.2.4.3
https://jhsw.tums.ac.ir/article-1-6841-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-04-17 ]

[ DOR: 20.1001.1.2251807.1402.13.2.4.3 ]

v 53000 3)lg)s §15 U8 JET a(GTm) plxab) CuliE (b))

Sl gl piled (i ol Gliabol CobB (e
)5 a5 ol Gl Gh sl Glsiear o5
cosbin (510055 5 yrani 5 sl Wb &S (5 5boas sl
s Gl B oo S 12l s s 5 cnl sl
o ol (Sl G eegd @l Gl
S Cnl oy dw ol oo ool el Glas s
) acgezme onl Gl Gl 0,8 la)gidiS,
i Ol e 25 (5 S Olaeds g osls JoSis
wipgp esliods] Colils T3l el g cil oty Lol
5425 () cslin 5 @80y Slpand 5 (5l 505
N5 Slp PISY G rizen 05 oo Sletiy
o 1(gloy90 Dygoas o Jlu g den slaple; jo
255 0k 59,5 At 55k 4 (G35 Loy o5 095
b e ple o ol bl wxys 5 wils
D9 (el (6 by (sl g feS
pas S9ry 5 Sl iz Coele 4 a4y L
Ol (i ol s slalllae 43gF ) gl ;3 Conalad
O Sldlas plo mls b asdllas ol bl (6 anglis
ol @8 bl 5l S clilas 092 c0als S8 0 lge
S 3l o Gy orl sl Gog e (o
S5l oolanwl g 00gs 35 Jlasl bglas b g pgeo
args b led Jdi ol jo silead 5 (sl
i (0903 Aty Stz o] sla S, 4
Olgse a5 el alils olyen a4 1) (gonde Olu o
Ol IS 5 sl cawlio (g sl (gl 5o
ol a4z 81 00 oolaiwl CGS jLad Llay sleolKis!
5 Sibedse ool p 1) liabl Colls oLl aslllas
ebiusgams lores Lol sl ools plail (g5lwass
Sldlae gl 0gh a8 )8 i o Wb a5 Culls vgg
)5 Cige (il by, 5l 0gd (oo Sletin (S
Jds 4 .00, oslatwl (MCMC) G5 )le (5 0 a3
J=lee 5o Bzl 5l (S belll s cnl o oS
b @l 25 Gl 93 see oy il

1. Monte Carlo Markov Chain

PO

G A5 (5)sbar 10,5 el 00ilS Mo 5 LIS
9o oo o SeS e S e Jold genl s
Olis g oy dw ol Lad LS 5 5 e
s g S akad el oy, ol 5 oy ) s 25
el ks lagrsy plebl Sl og Ll
AV plp 5 4 oaiS oy g lad BlE (Se S
iy 4 o] CaS F5 5 30T 5 - A - AAY
vevens TYePY coyevnnn VEAYY (oo e vnes TEYY
0,5 dwbre Cels jo CllSl v e e et e
AVl sl plaebl cllll e e

S 4lS o dg; slagygesl a5 ol plad il
gy sl Lools wodgy SGop o b a4 o i
0303] Grizmen ailond g8 Lo g0y 5 005
o 3579 P8 (5 0B (S (Sivran
Olye & odiglayamd il Ghey I g esls o
ol pleebl B ladoae sln SRy r e
ol gslel sl Judow gl 050 )5 QL gt 15
s FNE ) e il eSS LS, as ol (L
&l 5l S A s log g pliebl il (Salad
5 Normal:Normal gamma gamma gamma
aS el ol (g oamolis a5 WS e Coxd gamma
oS sunl Dglitte ;00 b jlns Dl CnSl LS,
5 s> 9 (F0) hlSen 5 (00 Sllllas mls b
Syl Slagren (F7) ol Son

37 lad A& 5 gl yild Ao s elal
s e ol it ol (slogi o
Jol& ion Sl oS ols las «(A) o) e g 215
loollil yo b oyl o plpear lad
Ssros asllls () b L aF 1ol CGS Led s
Ol el lad L8 ion cunsSlls aS (g b o lo
pae S50 )0 5 o oSl 5 ) bglas )5 55 jLus
597 el Slgioe (oS @had o g Glrebsl 1l o Slee
20,5 Jral aloz 3l ole>

OeS oadplxil g asdllas mls ull

11€eP GG /P sylad /1 sla (5 (ilay) g Cublagy aslibod


https://dor.isc.ac/dor/20.1001.1.2251807.1402.13.2.4.3
https://jhsw.tums.ac.ir/article-1-6841-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-04-17 ]

[ DOR: 20.1001.1.2251807.1402.13.2.4.3 ]

Kloolay =
Slp 2l olal S¥me Gols lagh

sl @l s o

Gil.b)..\ﬁ YL a—
Cublage 6588 asb (bl 5l a5 pol> Gragh
(IR. TUMS.SPH.REC.1400.151) 3105 L ¢l 48 >

Al oo Ol Sy pele olRKisls lawgi ool wul
e 095 5 (b Sl > ol olnl 58 e
5 R oS Sy psle olKails ol ab > cutlagy

REFERENCES

1. Leoni L, BahooToroody A, De Carlo E Paltrinieri N.
Developing a risk-based maintenance model for a
Natural Gas Regulating and Metering Station using
Bayesian Network. ] Loss Prev Process Ind. 2019;57:17-
24.

2. Kiani D. Russia-EU Energy Partnership. Research
Institute of Strategic Studies. 2016;(8):148.

3. Eskandari T, Aliabadi MM, Mohammadfam I. Dynamic
Safety Analysis in CNG Stations Using a Hybrid Fault
Tree Approach and Bayesian Network Techniques.
Journal of Health and Safety at Work. 2019;9(4):261-4.

4. Shirali GA, Golbaghi A, Nematpour L. Comparison of
Two Human Error Evaluation Techniques (HET and
SHERPA) in Gas Supply Operations using AHP. Journal
of Health and Safety at Work. 2021;10(4):376-90.

5. Austvik OG. The Energy Union and security-of-gas
supply. Energy Policy. 2016;96:372-82.

6. Batzias FA, Siontorou CG, Spanidis PM. Designing
a reliable leak bio-detection system for natural gas
pipelines. ] Hazard Mater. 2011;186(1):35-58.

7. Jahangiri M, Nourozi M, Sarebanzadeh K. Risk

Managment, Part 2. Tehran: Fanavaran Press; 2013.

1P BB /P sylasd /1W sla (5 (ianl g Qublagy aslilnd

ohl5an § (30T @Sa (o)

b bs, ol 5 oolil b 1 saiien sloy b yuice
Fa8l cass g Gy Dldi Bl Gl e
Job b ooy sloaibels Sloj (g atwsn sl S5

G5 Al =

&b o lr ) Giledae op)5 s )
Cige Gilwand 5 Oligad sl Jlisl J8
Sl oy lebl Cllld (6 arulos gl 1) o8
on s e plas CGSjled e ol
CoSs E 5 i s lad LIS 5 genl 23
] Gl sl Gyt 4z @ 55 g ooy
0ol Camsdy s wlel p Gleise izmen 5)ls
Ol @IS g el b gl S
ol dnwgr | oK)

[Persian].

8. Zarei E, Azadeh A, Khakzad N, Mirzaei Aliabadi
M, Mohammadfam I. Dynamic safety assessment of
natural gas stations using Bayesian network. ] Hazard
Mater. 2017;321:830-40.

9. Billinton R, Allan RN. Reliability Evaluation of
Engineering Systems: Concepts and Techniques, 2nd
Edition. Springer; 1992.

10. Billinton R, Allan RN. Reliability Evaluation of Power
Systems, 2nd Edition. Plenum Press; 1996.

11. Chenani KT, Nodoushan R], Nodoushan MA, Boghri
F, Madadizadeh F. The effect of integrated management
system establishment on safety performance indices:
Case study in one manufacturing industry. International
Journal of Occupational Hygiene. 2021;13(3).

12. Omivari M, Davudi M, Javaheri N. The effect of safety
system on production indices. International Journal of
Occupational Hygiene. 2012;4(1):17-26.

13. Vesely WE, Stamatelatos M, Dugan ], Fragola J,
Minarick J, Railsback J. Fault tree handbook with
aerospace applications. NASA; 2002.

14. Cocozza-Thivent C, Eymard R, Mercier S. A finite-

volume scheme for dynamic reliability models. IMA

Poy


https://dor.isc.ac/dor/20.1001.1.2251807.1402.13.2.4.3
https://jhsw.tums.ac.ir/article-1-6841-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-04-17 ]

[ DOR: 20.1001.1.2251807.1402.13.2.4.3 ]

v 53000 3)lg)s §15 U8 JET a(GTm) plxab) CuliE (b))

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Journal of Numerical Analysis. 2006;26(3):446-71.

Li YY, Chen Y, Yuan ZH, Tang N, Kang R. Reliability
analysis of multi-state systems subject to failure
mechanism dependence based on a combination
method. Reliab Eng Syst Saf. 2017;166:109-23.

Lin YH, Li YE Zio E. Fuzzy reliability assessment
of systems with multiple-dependent competing
degradation processes. IEEE Trans Fuzzy Syst.
2014;23(5):1428-38.

Ramirez-Marquez JE, Coit DW. A Monte-Carlo
simulation approach for approximating multi-state two-
terminal reliability. Reliab Eng Syst Saf. 2005;87(2):253-
64.

Shin J, Son H, Heo G. Development of a cyber-security
risk model using Bayesian networks. Reliab Eng Syst
Saf. 2015;134:208-17.

Lisagor O, Kelly T, Niu R. Model-based safety
assessment: Review of the discipline and its challenges.
In: Proceedings of 2011 9th International Conference
on Reliability, Maintainability and Safety. IEEE; 2011.
pp. 625-632.

Verma AK, Ajit SD, Karanki R. Reliability and Safety
Engineering. Springer; 2016. Chapter 4, pp. 123-159.
Rimkevicius S, et al. Development of approach for
reliability assessment of pipeline network systems. Appl
Energy. 2012;94:22-33.

Li G, Bie Z, Kou Y, Jiang ], Bettinelli M. Reliability
evaluation of integrated energy systems based on smart
agent communication. Appl Energy. 2016;167:397-406.
Shan X, Wang P, Lu W. The reliability and availability
evaluation of repairable district heating networks
under changeable external conditions. Appl Energy.
2017;203:686-95.

Allan R, Billinton R. Probabilistic assessment of power
systems. Proc IEEE. 2000;88(2):140-62.

Al-Dahidi S, Di Maio E Baraldi P, Zio E. A locally
adaptive  ensemble approach for data-driven
prognostics of heterogeneous fleets. Proceedings of the
Institution of Mechanical Engineers, Journal of Risk
and Reliability. 2017;1748006X1769351.

Dai ], Das D, Ohadi M, Pecht M. Reliability risk
mitigation of free air cooling through prognostics and
health management. Appl Energy. 2013;111:104-12.
Mo H-D, Li Y-F, Zio E. A system-of-systems framework

for the reliability analysis of distributed generation

PV

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

systems accounting for the impact of degraded
communication networks. Appl Energy. 2016;183:805-
22.

Zio E. Challenges in the vulnerability and risk analysis
of critical infrastructures. Reliab Eng Syst Saf.
2016;152:137-50.

Zio E. The Monte Carlo Simulation Method for System
Reliability and Risk Analysis. Springer London; 2013.
Cadini F, Agliardi GL, Zio E. A modeling and simulation
framework for the reliability/availability assessment of
a power transmission grid subject to cascading failures
under extreme weather conditions. Appl Energy.
2017;185:267-79.

Monforti E Szikszai A. A MonteCarlo approach for
assessing the adequacy of the European gas transmission
system under supply crisis conditions. Energy Policy.
2010;38(5):2486-98.

Flouri M, Karakosta C, Kladouchou C, Psarras J. How
does a natural gas supply interruption affect the EU gas
security? A Monte Carlo simulation. Renew Sustain
Energy Rev. 2015;44:785-96.

Awudu I, Zhang J. Stochastic production planning
for a biofuel supply chain under demand and price
uncertainties. Appl Energy. 2013;103:189-96.

Nanduri V, Saavedra-Antolinez I. A competitive
Markov decision process model for the energy water
climate change nexus. Appl Energy. 2013;111:186-98.
Xie S, He H, Peng J. An energy management strategy
based on stochastic model predictive control for plug-in
hybrid electric buses. Appl Energy. 2017;190:147-57.
Bassamzadeh N, Ghanem R. Multiscale stochastic
prediction of electricity demand in smart grids using
Bayesian networks. Appl Energy. 2017;193:369-80.
Verdejo H, Awerkin A, Saavedra E, Kliemann W,
Vargas L. Stochastic modeling to represent wind power
generation and demand in electric power system based
on real data. Appl Energy. 2016;173:283-95.

Garshasbi S, Kurnitski J, Mohammadi Y. A hybrid
Genetic Algorithm and Monte Carlo simulation
approach to predict hourly energy consumption and
generation by a cluster of Net Zero Energy Buildings.
Appl Energy. 2016;179:626-37.

Hu M-C, Lu S-Y, Chen Y-H. Stochastic-multiobjective
market equilibrium analysis of a demand response

program in energy market under uncertainty. Appl

11€eP GG /P sylad /1 sla (5 (ilay) g Cublagy aslibod


https://dor.isc.ac/dor/20.1001.1.2251807.1402.13.2.4.3
https://jhsw.tums.ac.ir/article-1-6841-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-04-17 ]

[ DOR: 20.1001.1.2251807.1402.13.2.4.3 ]

40.

41.

42.

43.

Energy. 2016;182:500-6.

Marseguerra M, Zio E. Monte Carlo approach to PSA
for dynamic process systems. Reliab Eng Syst Saf.
1996;52(3):227-41.

Wu J, Zhou R, Xu S, Wu Z. Probabilistic analysis of
natural gas pipeline network accident based on Bayesian
network. J Loss Prev Process Ind. 2017;46:126-36.
Yuhua D, Datao Y. Estimation of failure probability of
oil and gas transmission pipelines by fuzzy fault tree
analysis. ] Loss Prev Process Ind. 2005;18(2):83-8.
Teixeira A, Soares CG, Netto T, Estefen S. Reliability of

1P BB /P sylasd /1W sla (5 (ianl g Qublagy aslilnd

44.

45.

ohl5an § (30T @Sa (o)

pipelines with corrosion defects. International Journal
of Pressure Vessels and Piping. 2008;85(4):228-37.
Caleyo F, Gonzalez ], Hallen J. A study on the reliability
assessment methodology for pipelines with active
corrosion defects. International Journal of Pressure
Vessels and Piping. 2002;79(1):77-86.

Heidari Nouqgabi H, Ataei M, Khalou Kakaei R.
Modeling and Simulation of Haulage System Reliability
Case Study: Zarmehr Gold Mine Torbat Heydariyeh.
Shahrood University of Technology Faculty of Mining,
Petroleum and Geophysics; 2015.

PYA


https://dor.isc.ac/dor/20.1001.1.2251807.1402.13.2.4.3
https://jhsw.tums.ac.ir/article-1-6841-fa.html
http://www.tcpdf.org

