[ Downloaded from jhsw.tums.ac.ir on 2024-05-22 ]

Pyo-POe Oiladn 1WGA oluns) /1€ a)ladds /9 sla

oot A g U 0 40 S 31 00Miiui! b CNG (5o oG 5k g3 (ot Jukoxs

Y ol e i hban FT ooz z ! g il 0 alb

(Oler (S pele olKiils coiblogy oaSlails o il cudlags g (cosl Dlaisd 35 e (gl 48, Cllagy wdige 05,5

Olpl coloes

S pale olfails alags saSiails ¢ il Cilogy 5 ces] GlaEm 3 e clinn )y Lare g esl ceodls o e 09,5

Olpl olaen (laes

VKAL) s b NPV KV bl o g

oxis =

oSt crosl sl (559 pS g b dnzld Bolgm el ol Son aS auslgSU 2By 5l (6 T ol (gl el Julo idouio
Jlgal iy (soal o> 5 65000 g (ot )L anrld B3l 59 5l (6T ol 5 (50 bl 1o 60518 <o 4 CNG (sla
S el gy (sl Jelon 5 42525 wlS Ll o Jloiol (o 55, 41 L Ladhgs) 985 Jolodd ool Comnl o Lams
Ll CNG (gl oS! jo Lgy g mala ¢ JolS  soosl Judos g, G &l Lol asdllas

O3l g eSSVl Ll g a5 (g, 5l andllas o550 axly Ol s lulis cga il asdllae ol jo 158 g
5933, dwle oads glulis &lyble RPN) Sy Coglgl sae by, ol 5l eolenl b .ys 5 solarwl (FMEA)
Slayg) g939 53 (hol e Julow o DLl aslllas 5590 (Lol slayg) Olore 4 Stas) Caglsl sue o i (slls Sl
Lly; e95 e ol loug) 597 55 e Jle Gt Stz s 08 ool FTA) U 23 )3 Julos S5 5l ol b Lo
38,5 solatul oads oy ym sl o350 Judod 51 FTA Jas g5ke gy (rizmen 5 il Iz

0as ololids Dz (gl S ) Cuglgl dae G 30 5 Slulids las glls 5o V2l das oLulis 51 o :ls asdly
45 2P o i 4 g Sl Sy Caghyl 008 G iy (5l 0AS 20365 et oS 0o LS S 205 dlone
b oasS w395 518 i Judod s 00 5 el (Lol slaggy lgie 49) 00isS au 595 5158 s el by 00,8 olulils
O 23l o0 (1l Blaug, YA g leo slayg, VY el a5 5,87 Slulis 1) Lol cde 0F das e o oo 5l oslain]
ol ok 00 el iy Lo gl amidly LAl s A5 S50 4y (3lolsgy g o dislos (glla ey oo
ol ol Sy, £y Jlaiol a2 (ynpss ol Slavgy 3 55 Jole (7,350 S gjgh Sl (S5 555 45 ol
i e ANY XY ooY 5 VPV XY ooY 5 g 0 s csllas o g Las s ys oo

4 020 (oo Gl [ ONG sl o] ool o jslaio 4y bgy g pal (69,555, 05 ¢ pol> dalllas 16y Azeuss
ol osd oo pdy ISl Lol slay gy eaisS sl e Laily ) 0520 s Sl g 5 4G (6,051 L aS ol (L aslllae
ool a5 sas o oyl anlllas gl cyizmed Sl o pal 81 LT (6,8 )15 51 LS adl LKy cdlaladl _sse 3l L)

09 Al G b (i sl Jlotzl 2 557505 B o sl 0 Jlotod i 5 bl b Sz sl by (slashay

mohammadiam@umsha.ac.ir :a5\5e Jytues oot g Suig 2SIl o 3

)5 oyl g Calbrlagy aslilins


https://jhsw.tums.ac.ir/article-1-6212-en.html

[ Downloaded from jhsw.tums.ac.ir on 2024-05-22 ]

«. Und O13)s 53355 )1 o3laiw] b CNG sl oG5 sbgy (Fesl Jalas

38 cas il sl Yoo Jlo yo g ol L YO
b Geizren (V) o gSe j0 DAL 0 55550 4y
Yeoof BY-oY Jloloonl cavs a sla Jll a4 axgs
Sbylas glo G5 50 (555w 251050 FA+ (1505 50
50 YY) cnl oolidl slsl CNG sla oS! assle
(Veef Jlo o VAE Yot Jlo ;0 )8) oo L
S CNG Sl jo sl Judos coplplo (V)
S 6mSelx gl sl Judos (V) cl csal Pl
Ll Eolgr ely ol (Sas o5 aiulssl ali
Sy ey a b laslug) g9ds Julod .l (5950 g
ool by ol el 5 425285 oS Ll 59 Jloz|

# sl olhbs byl 4 by ye aslhe wix
o Sles p aS sl sals plmil CNG sla oS>
Sliliwl pae 5 oy, CNG 3 bl
Sldlas puzmen (VY L2 LF) &l 00,5 0ST Lefl Y
ol o sieal Saliwl Sbs,l a4 5 (6,500
s J 0 .(0F ) cwl sl plxil CNG o
5 ooy J 0 @il CNG oKl S slo el )b
Sy Aty ol 3 (smt) Slisy ekl ol i
sl g0

il (ol (23] pyye sl s, o5 (2wl
- Bow-tie ol SLos g sy, a0 das cs
S Sl Glgy w4 0B W sl SCsl!
o BN) (5 e .(OVA10) ail (ood s
wil oo mlio ;5 (o8 LT ol (sl ogeme I3
ol ly Jis! zloawls oy, S5 BN (1Y)
Sl by Cadgame Wlgi (oo aF Cewl Coabad pae )
oAl byyie slo (Sl g wans palS ) pgw e
2 4l slaslagy, Gl sls Sl 5 S e sl
ol Cuze 0p5 (o0 S5 3 1) s o)l wnl
Lol & wel Jlaisl Gloyse, 4 pll Sbls BN
gy 6l i (Fonl Julowi sl Jle (A, 6w
el 5,5, 3 BN (T 1) ol 03,5 o
Wlgi oo S Cowl Cohad pae o JYarul gl p Jleis!

Smtly g ams a5y pau o sla b,y Cogaze

LA

doddo =

b 5 e S g golatdl sblie o &
&35 i Spann 5l (S S 655l e o s
S llel o 55 (YY) ol 55900 assl> o o
ol g il BBl 45 ol oo S5 ol
oo, V0 U F.0 cuS 5 as g0k 4 o(FLY) il
ol @l sles g ols ) jlxiil g Juzdl ccllBloa L o]
Slsis as Wlgi e ol (B) canl o] zilis az s O+
3 F) 09d oolaiwl ol 00,48 g 5,945 CS g
ads hlog cdgw lem 5loolaiwl VAAL ans byl
OsSTas caslools las e sy (V) 0,5 lay iol8l
ol 50 'CNG (6 155 gao oSs| YEEYY 5l i
ool p3 pime gl j0 45 jolailen 50l 0929 ez
CNG gl oolanl jo ez aws ju olpl !
sle oKl (V) ¢l 'NGVS jouka F,0V 590> L
SIS Ol a el bz JBIS )0 15 CEse
(V) $9d (o0 gune el )3 39290 5 0gally Dl
& 3blie 10 ONG glo olSiy] (6,05 )8 e &
Wl (oo s 2 (Skoe by (L) (sl 0 Clse
P e e Sl alpln () Wil el szl
0323 (gl 515 51 (5, oolitl £9,5 (o 5l (SIS
(A1) Clodgy 5,095 oz o g S lyie 4

o9 Sluogas cdau CNG la oS! eolg>
(oSl 5 ,lmal Vb Jlwsl colll) ool 55
s gl () aily o sixio ol plos 5l Sglice
ol Lz 0,5 ;0 CNG slo oS! 4 by o Eolg>
ooldl slast Voo ¥ L 1AY ldle o aiol> BV a5
Doy il g gigw LT AFY) 300 YO a5 Cul
N8 Ggebkes VY el e wlgs cpl 51 S e
o3k ;3 NG 6,5 Jriil Yo F Jlo ;5 .()+) o5
W) Y Sl G (b (02 9 58T S e el
O S po el 55 8516 Lo NG il Jlo lea 5o

1-Compressed Natural Gas (CNG)
2-Natural Gas Vehicles (NGV,)
3-Bayesian Network (BN)
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1- Failure Mode and Effect Analysis (FM&EA)
2- Fault Tree Analysis (FTA)
3- Risk Priority Number (RPN)
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4- Bayesian Fault Tree Analysis (BFTA)
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Abstract

Introduction: The safety of CNG stations is important because of their location in urban areas, as well as
to prevent accidents and to protect the safety of personnel, property, and environment. An event occurrence
analysis with probability updating is the key to dynamic safety analysis.

Material and Methods: In this study, the Failure Modes and Effects Analysis (FMEA) technique was used
to determine the hazards of the study unit, the method of analyzing. After determining the hazards with high
risk, the Bayesian fault tree analysis (BFTA) method was used to determine the effective causes of events
occurrence and the type of possible relationships among them.

Results: First, the phase of hazards identification, 16 Hazardous equipment were identified. Then the Risk
Priority Number for the identified equipment was calculated. The results showed that the dispenser system
had the highest risk priority number and was identified as the most critical equipment. According to this,
the dispenser gas leakage (as the top event) was selected in this study. Then, the analysis of the dispenser
gas leakage, using BFTA method identified 56 main causes, including 17 intermediate events and 39 basic
events. Finally, cracking and corrosion of the dispenser hose were determined the most effective factor in
the occurrence of the top event. The probability of occurrence of the top event based on FTA and BFTA
analysis was calculated 9.67x10-2 and 9.11 x 10-2, respectively.

Conclusion: The result of the study that by employing the Bayesian Network, can create a useful guideline
to determine the relationship between the occurrence causes of the top event. This provides an assessment
of the effectiveness of preventive measures before using them.

Keywords: Dynamic Safety, Bayesian Network, Fault Tree Analysis, FMEA
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1.Introduction

Natural gas is a clean, economical, and
environmentally beneficial energy source with
a lot of uses in today’s world [1]. It is primarily
composed of methane, which is highly flammable
and explosive. A mixture of 4.5 to 16.5 percent of
methane in the air is flammable and explosive, and
its ignition energy is 280 micro Joules. Methane can
be used as a compressed fuel for vehicles [2]. Due
to the CNG stations locations, they are potentially
dangerous where as have a high safety importance.
As a result, the safety of people has been a major
concern since the start of the commercial use of
compressed natural gas as a new type of vehicle
fuel [2, 3]. Having considered these, safety analysis
is very important at CNG facilities. An event
occurrence analysis with probability updating is
the key to dynamic safety analysis. The purpose of
the current study is a comprehensive and dynamic
safety analysis of CNG stations.

2. Material and Methods

In this study, the failure modes and effect the
hazards of the study unit. This technique provides
a very powerful and effective analytical tool that
identifies and counts process weaknesses [4]. Using
this method, the Risk Priority Number (RPN) of
identified hazards was calculated and for the risk
with the highest risk priority number, the top event
was determined. FTA technique was applied to
identify and analysis to occurrence causes of the top
event. FTA is a logical and hierarchical model that

Risk Periority Number (RPN)

Fig. 1. CNG Station Equipment Ranking by Risk
Priority Number.

shows the occurrence of the undesired accident by
combining the intermediate events and basic events.
Commonly, the undesired accident was regarded as
the top event of the fault tree. In FTA, the logical
“AND” and “OR” gateways were applied to show
the relationship among events and their causes
[5]. Then, Bayesian Fault Tree Analysis method
(BFTA) was used to determine the effective causes
of events occurrence and the type of their possible
relationships and the dynamics of risk analysis,.
Bayesian network model shows the severity of the
quantitative relation between variables, allowing
the probabilities to be updated by accessing new
information [6].

It is important to identify the most effective
basic events in systems safety analysis. To this
end, using updated basic events probability values
lonely to determine the most effective basic events
may cause errors in selecting these events. To avoid
this, the ratio of variation (RoV) can be used to
select the most effective basic events [7].

3. Results and Discussion

In the phase of hazards identification, 16 hazardous
equipment risk were identified. Then the Risk
Priority Number for the identified equipment was
calculated and was shown in Figure 1. RPN for
all hazard sources in CNG stations. As seen in
this figure, the dispenser system had the highest
risk priority number and was identified as the
most critical equipment. Considering all above,
the dispenser gas leakage (as the top event) was
selected in this study.

Dispenser gas leakage (top event) Fault
Tree was assessed and was shown in Figure 2.
Identification of the main causes of dispenser
gas leakage system were collected through direct
observations, interviews with experts, and review
of documents and operational maps. In the present
study, the occurrence probability of events was
obtained from the databases such as OREDA and
the experts’ opinion in this field.

Although, the FTA method provides a powerful
modelling of the basic causes leading to the top
event, it has many important limitations, the most
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Fig. 2. The fault tree of the dispenser gas leakage.

important of which are static and inability to
adapt dynamic events, that nowadays this issue
has become significantly more important in the
safety analysis of process industries (6). In the
currently study, in order to eliminate the limitations
of the FTA, Bayesian Fault Tree Analysis method
(BFTA( was used. The analysis of the dispenser
gas leakage, using BFTA was identified 56 main
causes, including 17 intermediate events and 39
basic events.

One feature of the BFTA is deductive reasoning
to predict the top event occurrence probability
(8). The FTA results was cleared the occurrence
probability of the top event was 9.67x10-2 and
the results of the BFTA model was indicated the
occurrence probability of the top event 9.11x10-2,
which is lower than the value was obtained from
the FTA model. This is due to the consideration of
a conditional dependency among basic events in
BFTA, which cannot be considered in FTA.

Despite to the deductive reasoning, BFTA
model has the capability of inductive reasoning,
which is very important in dynamic safety analysis
(8). Because, allowing the probabilities to be
updated by accessing new information. In order to
update the BFTA constructed model, the top node

(Dispenser gas leakage) was taken into account as
evidence and the prior and posterior probabilities of
all the basic and intermediate events were updated.
In order to identify the most effective basic events
in the top event occurance prior and posterior
probabilities of basic events were comprised that
was shown in Figure 3.
RoV in the basic events failure probability of the
dispenser gas leakage incident was shown in Figure
4.

In the present study, comparison of Figure
3 (Comparison between the prior and posterior
probabilities of basic events) with Figure 4 (RoV)
were concluded to different results. In this research,
the probability of cracking and corrosion dispenser
hose (BE13) significantly increased from 1.24x10-
2 to 1.36x10-1 (the ratio of variation (RoV) =
9.96), as the most effective basic event contributors
to dispenser gas leakage.

4. Conclusion

The present study was demonstrated the application
of a comprehensive and a hybrid to the CNG
station safety analysis using FMEA, FTA, and
BFTA techniques. Accordingly, the dispenser gas
leakage was identified as the most critical hazard
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Fig. 3. Comparison between the prior and posterior
probabilities of basic events.

(top event) in CNG stations. BFTA method was
used to identify the main causes of the dispenser
gas leakage occurrence probability, update and
the relationship among the causes of the top event
and the most effective factor in the occurrence of
the top event. Based on BFTA analysis, crack and
corrosion of the hose were identified as the most
effective factor in the dispenser gas leakage. The
results of the study was indicated that identification
of critical basic events should be carried out based
on the ratio of variation of probabilities instead of
only focusing on prior or posterior probabilities.
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