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ABSTRACT

Introduction: Pipelines are widely used to transport large volumes of oil and gas over long distances. Risk
assessment can help identify risk factors and create an appropriate action plan and strategy to reduce or
eliminate them. The main goal of this research is to provide a method for assessing the risk of pipelines
based on the Fuzzy Inference System (FIS), creating a systematic format that is expected to be a more
effective, accurate, and reliable model for controlling risks related to oil and gas pipelines.

Material and Methods: In this article, fuzzy logic is used to model uncertainty and present a model for
assessing pipeline risk. The Muhlbauer method, one of the most common risk assessment methods for
oil and gas pipelines, has been employed to determine critical factors affecting the lines. This method
has been implemented using the Mamdani algorithm and based on expert knowledge in the fuzzy logic
toolbox of MATLAB software. To validate the results of the proposed model, data from the interphase
pipelines of the fifth refinery of the South Pars Gas Field have been used as a study sample.

Results: The findings from the implementation of the model created in South Pars Phases 9-10 pipelines
(on shore) show that the studied pipelines are divided into three parts (A, B, and C) based on indicators
such as population density and equipment deployment. Part C of the pipeline has the highest risk, with
third-party damage and design being the most important factors affecting it. Part B has the lowest level
of risk and results in the fewest consequences for human accidents. It was also observed that corrosion is
essential in increasing leakage and risk in all three pipeline parts.

Conclusion: To verify the developed model, the inter-phase shore pipe of phase 9-10 refinery in the
South Pars Gas Field was considered as a case study. The findings indicate that the proposed method
provides more accurate and reliable results than traditional methods. Factors such as improper operation,
dispersion, receptors, leakage volume, and product risk, which are other factors affecting pipeline risk,
were not considered in traditional methods. Therefore, the risk level of oil and gas pipelines can be
calculated using this model as a comprehensive and intelligent tool.
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1. INTRODUCTION

Today, pipelines are widely used to transport
large volumes of gas over long distances. In sour gas
transmission lines, due to certain combinations and
operating conditions such as a high concentration of
H2S gas, the impact of destructive factors increases,
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making accidents more likely and hazardous.
Therefore, quantitative risk assessment can
significantly help determine risk factors and create
an appropriate action plan and strategy to reduce
or eliminate them. Achieving this goal requires a
suitable method to comprehensively, accurately,
and reliably evaluate existing risks. In Iran’s oil and
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gas industry, the lack of a “comprehensive system
for recording information in the fields of processes,
repairs, technical inspection, safety, and accidents”
has led to case studies on pipeline risk assessment
in oil and gas companies being questioned in the
past. In such a situation where there is no clear
boundary between available information and the
health status of the lines, fuzzy logic can be used as
a powerful tool to address doubts, solve problems,
and reduce personal judgments in decisions.

The main goal of this research is to provide a
method for assessing pipeline risk based on the
Fuzzy Inference System (FIS), creating a systematic
model that could serve as a more effective, accurate,
and reliable model for controlling risks related to
oil and gas pipelines. To prove the capability and
usefulness of the proposed model, its results were
compared with those of the traditional method
based on the opinions of a group of experts.

2. MATERIAL AND METHODS

This research was carried out in two phases. In
the first phase, among all pipeline risk assessment
methods, risk assessment patterns were selected and
factors affecting pipeline risk value were identified
and quantified. In the second phase, by fuzzifying
each factor, probability and consequence values
were calculated; subsequently, a specific pipeline
risk value was modeled based on a FIS. According to
the types of possible failures in pipelines, the review
of standards, technical reports, studies conducted in
this field, and the opinions of a team of experts from
subsidiary companies of the National Iranian Oil
Company with relevant experience and university
education, Kent Muhlbauer’s risk assessment
method was selected as the basis for this research
and was modeled with the help of a FIS. Probability
and consequence values were then calculated by
tuzzifying each identified factor. After fuzzifying
these two factors, a pipeline risk assessment model
based on the FIS was created. Finally, to validate
the proposed model, functional results and outputs
of both pipeline risk assessment models based on
a FIS and a classic system were compared with
experts’ overview. The onshore pipelines of phases
9 and 10 of the South Pars Gas Field include two
32-inch multi-phase pipelines (gas, hydrocarbon,
and water) made of carbon steel. Since risks are
not permanent across the pipeline, dividing the
line into manageable sections with permanent risk
characteristics is necessary. The studied pipelines
are classified based on population density, climatic
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conditions of the region, construction machinery,
and equipment establishment.

3. RESULTS AND DISCUSSION

The results of the obtained probability and
consequences were entered into the model created
in MATLAB software, and the results of the
fuzzy model were calculated. The coefficient of
determination (R?), which expresses the model’s
accuracy in predicting outputs, was equal to
0.95274. Moreover, a mean square error (MSE)
equal to 0.001729 was obtained. In other words, the
presented model has high reliability for predicting
pipeline risks. Factors affecting probability and
outcomes were calculated for each section of the
pipeline using the fuzzy model.

Due to the intersection between the pipeline in
section C and the inter-refinery road, machinery, and
personnel traffic (refinery personnel and indigenous
people), the probability of incidents is higher than in
other parts (i.e., A and B). The comparison between
sections A and C also indicates that traffic congestion
in section C is much higher due to the nature of
road access. Additionally, since section B is in a
desert and non-residential area, it will have the least
consequences (human casualties) and therefore has
lower risk compared to section A due to the presence
of GOVs and the possibility of indigenous peoples
crossing the pipeline in section A.

What distinguishes the results of this model
from those of the traditional model is the
identification and determination of the importance
of each effective factor and sub-factor on pipeline
risk level. Moreover, model outputs showed that
incorrect operation (IO), dispersion, receptors,
leak volume, and product hazard, in that order, are
other practical factors in pipeline risk. Additionally,
the roles of dispersion and design factors in section
C were highlighted in the model since sub-factors
affecting them could include area of affected region,
level of pollutant potential, and amount of leakage
reduction or distribution of pipe outlet materials
after leakage.

El-Abbasy et al. conducted research on
developing and applying models to evaluate and
predict offshore oil and gas pipeline conditions
using the FIS method in Qatar. In their research, 20
factors affecting pipelines were identified according
to periodic inspections and accident statistics,
of which 11 were used to prepare the presented
model. In contrast, in this research’s proposed
model, 30 factors affecting pipeline health are
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Fig. 1: Three-dimensional comparison of A) the fuzzy logic model and B) the classical model

considered. Moreover, different variables’ impact
on pipelines was investigated, revealing that
corrosion is the most critical factor affecting
studied pipelines’ safety status. Therefore, cathodic
protection and coating have the most significant
effect. After corrosion factor, third-party damage
and malfunction have the most significant effect
on studied pipelines in order of appearance. The
results obtained in this study are similar to those of
this research. Thus, applying fuzzy logic methods
increases accuracy and precision while reducing
costs, time consumption, and human resources for
pipeline control and maintenance.

4. CONCLUSIONS

1. The risk assessment matrices presented
in Fig. 1 for the fuzzy logic method and the
traditional (classical) method indicate that the
former considers a wider range of risk assessments,
leading to higher accuracy. Moreover, the boundary
between different levels of risk in the traditional
method has a larger interval than in the fuzzy
method, so risk assessment in this method will be
less accurate. The results obtained from the fuzzy
model are much more accurate for all pipeline
sections (A, B, and C). This higher accuracy can be
explained by the fact that the relationship between
input and output data in the proposed fuzzy system
is expressed by linguistic variables and is more
realistic and versatile in terms of conditions. It
can also consider the importance of parameters’
correlation with the risk index. Therefore, the
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proposed model can eliminate traditional methods’
drawbacks and provide outputs with higher
accuracy, comprehensibility, and reliability.

2. The results show that based on actual
information and data available from examined
lines as well as opinions of different experts, the
fuzzy model yields more accurate results than the
classical or traditional model. Another advantage
of the presented fuzzy model over the classic
model is using opinions of different experts
according to available data records, which has led
to this model’s use for similar lines in the Iranian
oil industry where sufficient information is not
avaijlable. Furthermore, the accuracy and precision
of obtained results lead to a reduction in cost, time
consumption, and human resources for controlling
and maintaining pipelines.

3. Since in the proposed model, compared to
the traditional method, the relative importance
of parameters affecting the risk index is also
considered, it is more likely for results obtained
from the presented model to achieve accurate
outputs.

4. According to results obtained from
investigated pipelines in this research, it can be
concluded that corrosion, damage caused by a third
party, and improper operation are three factors
with the most significant impact on studied lines.
The obtained results increase protection, control,
and management measures’ sensitivity in terms of
certainty and accuracy, and risk assessment results
can be used in controlling risk decisions.

347



https://dor.isc.ac/dor/20.1001.1.2251807.1402.13.2.9.8
https://jhsw.tums.ac.ir/article-1-6846-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-04-19 ]

[ DOR: 20.1001.1.2251807.1402.13.2.9.8 ]

WG V-_WIEO Oladio 11€eP Bl /P sylaid /1 sla

w30 s Ul ol Sy (U351 59 ()1 TUGw! piaw (5 5 'Y

BT JT (S0 Loso L5 Slonte L 3T e3> Sy Lo jome>

Ol ey coyag,y axly ool o131 olKisls (5,59l  wdige 008D cio ) Janome o e 09,

VE Y/ VY iy o b DF N/ FNF 28l s b

oMSs =

Sy Slos S jeboas ( SYsb slacdlus ;3 55 5 i (VL slapans JUiil jslareds algf bghas jf osliiul w039 ol oo
b g LialS 50 oo (63l § pladl S5 sloul g suslo ol Jolge cyass ds ailgs g0 Sy (Sl sl 48,5 |5 a3
gl bglas Sy ()] Sl (29 & W13 Gl ol B ayled (SULs SaS )55 8o o5 o L] Bl
585 jkiad 3 e B gl 99 0 Wizl 45" 1395 olimy] Silomas ool (522 ansl 6306 ko pacsas yoleod
2l 3 g cai salgd bslas 4y by o Dyl g oSy J 705 sln okedae

Ay bslas Sy b)) Sz (Jae sl 5 cunlad poe silodae ln 36 Glate Sl alis ool )0 1 b,
& Wyl bolaz Sy bl slagy) sl 5 (o a5 pLlle by, galie ul 4 S (sl Sl 00 oolil
o950 31 oLl b by, ol im0 ool Loglas IS ;56 5 e (sl giSTh (reans g el o I8 5 i
3 ol s (im0 izl e 3005 558 Bl uSTis 59 (olF i G0 ol 25 (s
Slllas (s a5 plyicar 5 o)k S35 Olee ey SRVl (656 G s ) bl ML 5l gl Jue

el 00l oolawl

bglas aS o5 oo ylid o (K iow) gsiz il -V 0 (lajls s alg) bshas (o saiioln| Jow gl 2! 5l loazdly sy axsly
6..\.UMA'B'CMMMO)JBQ|M)|)Ml5WQS|)JJ.uﬁj@bﬁb&b‘fwwb)y&dj’]
‘5>|Jlo5d4]l3'fﬁsbw]d]ﬂ;%&\ssw;wﬂaoy&“ﬁ)olﬁoﬂ%sbb‘dﬂbcM.Q.Jo..\;":

Gl Alg) Loz CanB dis o Sy l5e 5 (il I3l 50 ppe dole lgieds ( 59,55 45 055 )F snalive
9 e SlaSs) & S |y S FRekae 5 e 3 @S (eoleiiay gy o4 S oo (LS il 15 S Al
else ;500 51487 Jaams s 5 s poxe ¢ ooss ;S ¢ FauSTy e yol o Slae o 5l olge ams oo &l SIS
Joe 5145 8905 ol )5 oo I 60585y 0025 a8 )5 Lo 1o SIS 5 it (slo g 58 cdiind dlg) bglas (S 1y ji50

ged drloxa | S 5 s (g alg) bghad Sty (e chiaign  pal )l Glsieas

S ) boglas i 55l8 slaio « Sy, 5, 253D OIS =

behbahani@riau.ac.ir :a5\5e Jytus odiun g Sy oSl o #

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

)5 oyl g Calbrlagy aslilins

WICA


https://dor.isc.ac/dor/20.1001.1.2251807.1402.13.2.9.8
https://jhsw.tums.ac.ir/article-1-6846-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-04-19 ]

[ DOR: 20.1001.1.2251807.1402.13.2.9.8 ]

Uy 5 ag) boba Gimy) () s )6 HlEEIW) elmaw sP5)5 @

baas )18 (o)l 9)9e (relae 5 380 ol | 09250
) s il o0 & Solge (S0uS 5 g9 @ axy
o0y (nl a5 (bl g ot 52 (rizxes g oS sl
6 s i pglas 5l 6Tl 5 Sboaziwyls 5 o
Ot (TS g Sy 4 4z b oS Sl (cogs Lo
e ) e g 330 jobar (LS (asiS oy
(5 sl S
bsbs (S g cdlo 990 Comal 4y axgi L
byl ol Slolis Cqo (gouwn Sla b g
Jol> s o ol aid 5 plosl lay ] 4 bgs o Sass
dg) bghs cwdlw i) e by SaS dagyl )l
(oL5en ¢ Cango .cewl o0gei 515 5 cii mlis o
b (6 a4l Gl Sy (o5 Sl (Al ) S
adlosls slosion 5w 6 &b 5l oolatul b 515 (g oo
Joos Bolsm g58y Jlaiol (s Jols 29, 0
bglas ol AHP Jow 5l oolawl b bawly g gl
oolaiwl b «y],Ken g Shahriar .(0) el 515 o alg)
slabsy; Gl e 1) @05 bow-tie A,
2 ol e g Wy bohs S S (b))
(ougy el ool sl 58 g i g8 sleasil
Syt by g Jlizl Gl Sz 38 gl
o2 Oizmed (Gadod ol 0 .000,5 eolatul (g
Senly 4 ol 9 Jloizl (e 2 S50 elge (o)
g Uyl by tloogas olojiegy b llea 4
B Jelodga s 9)0e ) st (b S SLS S
LTy Jeiome log )l (soS S, le 5 aiald
) byl (5 85 (5 A28 Jod §) lalse 4 4r
SPr 9 2LS e (e o515 o xed b
G i s 8Seb Sl eslinul b (paagy (b ool Sen
28 g o s dgl bolas I (o1id S (o5 (b))
RApe Olsied (Sl (hagly cnl o izl L)
Ao bglaz 5 58 5 e Jlsl o Joiome (g93 L

wieq

doddo =

Slap> Jil jslaieas g bglas 5loslizul o9 5ol
)90 (Slod i jebay (Yol slacdlus o 515 VL
loos,5T8 i g swllS JES! ool 48,5 )5 azgs
2l wBrae (g gady Syl s o
Lol Jade g gy 008 JBg o pae S
3 it (Slles e 3555 5 352y Cooal
S 5 i lood 513 e lge (6 bty 45 Cenl ]
Jie 60k 5 Colue b s ol SG 5l ol Fel
JEgJex s iy 0005 B pae Cowd 4 U wigd
Sodezmy © ad Sy ol G5 5 ki (glaos g8
bk 53 g @ JE sy oS Cl dgd bl
5ien cgimnt; e 5 rasl Slolyll Bl 51 wiloas
oyt 3 5 i 0 51 3 AT Loyl a5 3ga5 o)l
laasly sbnl 5 ol eailty glls o]zl ol
Lo o oloizl i el 8L el Ol ot
by oSy 985 cplie g b p Sl asle Con
5Se Bble 5 (losol sleollinj dajml (oLS
TH JRC SNPGRS CRRTC PR RUER VR K PP RSP
9 s Dl ) bolas cadle I Gligebl jglateds
500 6l bs, b auglie o sl bghs sl Sl
Vsans ably b 5 (sieny JBSI Gymmon Jiig bo
JB ol JESI gy cnpgolaidl g on Sl Gl
(Y ) g ge a3l b Jles

il 5 g e gl o JUil byl o5 ool 5
ISl o Jolge it (dejn; Ojgoh
(Fhb Al (2B Jelse 63 (5095 b
sl GRS 0 8 g b (SO cclinls (5,00 10 0
oo Jasl bglas jo .ai)ls (el wolg> £434 0
Sezy wile (pol> Sldas lalyh 5 DleS 5 a4 axgi L
g oad iy e Jalge Sl HS I8 VL clale
Rl ol Sy g 5 Jeione ol WS 98
Jelse et 0 (SLLE S8 ilgh (o0 (005 St (215
a5 cmslin 5] 2ol g a3l S sl saelo blie
WBas ol 4 oliws Wl by Bd> > b g zals

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


https://dor.isc.ac/dor/20.1001.1.2251807.1402.13.2.9.8
https://jhsw.tums.ac.ir/article-1-6846-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-04-19 ]

[ DOR: 20.1001.1.2251807.1402.13.2.9.8 ]

Sy 30s5 9 0929 (wizres 9 Ol 3929 bl Cuadles
Cdls 2 45 gal Byl 5 san b it sla il
O Sedutry 4 ot cdiuwd )Lsf),.:l.a Ao byl
o g, 3l eslaiwl >l 10 .00 5 co i ()
5 JSie Hlos (S (g3l Joe g o2k, Dlowlxe
O 10,55 1 (65505 (6 pdyillas] 5l 5 009yl
ly w3 08 6l Glprear 36 shie 5l lgoe IV
sloglad pals § OS> 9 wo s L ablie
ol Ban g0 colaiwl s S peeal o catd
bohs S, b)) @lr o2y ¢ Gl (Eies )
B Glai U cwnl (63 gl g (bl 5 ald)
P80 Faied a8 Jas a5 dged olonl Solesucw
@ by e Sz g oSy, JpS @lp Sotels
ol ol laileis asl 58 5 cws galy Lol
P e s Sl s e (g
el SIS laaely rals axiss g ol ol
b (ool Jae saedgw g ol lil ol
31 29,5 bl 29 S0uSo b (S gy 9 Joe ol

D deglie wilie ylaasie

SLIETP)
Joizme gla gl 5 glgl 4 azgi b aalllae ol o
3 2 SlatlsS das il o,y ) Lghas s
wloo lasliwl L8 slascey ol jo ai8 § 00 Slalllas
JIPS-C-SF-550 API 521 AP1 1160 .ASME B31.8S
5,8kee 3 oadsyiiie sl sl IGS-C-SF-015(4)
aule Best Practice lsicay 55 g i )5 slocS 1l
TOTAL GS EP SAF 253 (Egig .Concawe .UKOPA
33l «Slyeani s s TOTAL GS EP SAF 021
Sl eizmen 5 ol pl Cd (o 2528 j0 Sl
O b QLS o 5l eojo (nl paasits 5l (oS
Jeli) alizes sloare; ;o 5 s able Jlo VO
S 18 51 (6,10 p0 4 9 S roa ¢ (23 o5k e ot
5425 sl &5 lpl el o &850 (5 acgezme
Sty )l Shgy eilosgy bad o alRiils Masss

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

ohGes g 3s () La)syan

50008 olull Olpesd g Sl Blgw olul
2Uge Jao bl p bolas (285 wpe Jalge caslol
Ol ecpim &l 3l eolainl b g oad olulis
(O g Lu (1) 20,5 arwle o] o5 Ss,
ol Sy bl g, S s LI Gl b ciagh
Sy il o 5 b (xS s gl bglas ol
3hoolawl b callin ol o .0ds,S &3l “bow-tie Jue L
bohs i Jeize glocdl> w4 bow-tie Jow
Ol G 9 o slassly 5 (b S5 s Wy
o) Ken g Aljaroudi () 1) ol 4Bl bl S,
& W) Lol couSi Sy b3l Olsre b (i
b S lie ol jo les S &l 1" Ll 8 s s
slp 4> LSS (Risk-based) Sy, slaul  obj)l
e i bl o o] slassly 5 cenSs g
NQRD IRV g o Oy E= W -
Ol 2 a8 SO s50 Dlalllas mmls ow)p 4 4255 L
i e lllan i1 o 235 4 g e o>
ghe 2by)l slr el g Jleil (Lol gl g0
53 S oo oolitul W) bl 4y bgype sloSins
ez ples Wil oo 2l (ole 95 (nl &5 J>
odg 1 8 g i sdlg) bols 4y bgy e Dl ylas
32 Sl e Caal pie 58 Sy ins
isb)l Blate oo § p Sl S s e
S Sao g baashd pae pl Copae a4 0l
A el pas Ygans i G013 (Lo
Olali b g 9geS g (pad) Sod slamglad |
cde 4 ol pl 55 5 el mbio [0 (V) cewl Sledbl
Slrojex o Sledbl cud aels pnn” SG0g
Lol "ol g el o8 (sl st v b
il egaz o &S 1) 63,50 Sllllae Conlonys S
abdS o 38 g el oS i o dy bl S,
Loy Sl ¢l o5 500 Jlges 25 sl 4235 &9
0998 ot by plal (paxd Glaoglad ulul
oy iz 53 A sl 0395 35250 Dledlbl g Laosls
Coxdg g dgzge Sledlbl B85 5 patie jye oS

LAl


https://dor.isc.ac/dor/20.1001.1.2251807.1402.13.2.9.8
https://jhsw.tums.ac.ir/article-1-6846-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-04-19 ]

[ DOR: 20.1001.1.2251807.1402.13.2.9.8 ]

Uy 5 ag) boba Gimy) () s )6 HlEEIW) elmaw sP5)5 @

36 glisl pha p (e 5 Ay byl S,
ke 3 5 S S5 laasie ] o S5 L,
650 (6 addllas 3l Doz g0 SleMbl 5 Waools yulwl
BehoS g, (V) JSD 50 00,5 cm 0l
gy 5l e ol yo il oad ools (lis o5 ol 4o
Senty ) 638 glicial gitases sbml sl p 7 Sl
csldhen gy 3l eslaiwl cde Ll oals oolal (FIS'")
Slracgae Dgods Joo 29,5 polie a5 Cuul
G5B Joo aile o g,y plo o a5 Jl> ol (53
Mggalisns 3l glitul phags 5 (TSK) ' 5iS5u
® eizen Wes (b b Sl Jae (295 polis
(COA™) Ji5 5550 (s3lacsilins G, 5l eeiid
i 05 il saghyy orpdslate 5l (S a8
Sldas plos a5 ol ol el oo sl ol ool
alp e (b welsd o) mls o Jbb upae
OVFNVE) 0g oo 00l &S 10 (giles sl
e Sy (2l S (AT LSl 4 a4z gi
3B gl plasn Joo (¥ JSK5) 36 gluca!
Hlailole o5 cawl jasli gy V4 sl Jlas!
Sl (Foym (b (S0 (il (53,05
b gl iy e Jla> (2 5) b
(e Bigal s Coadge o) 59; Slawals
5SB SiewS olds slawy g s > bayll
bz Jlad Joils) g Sl (S (o
3l s OF 0 oSl pilSe o5 g8 s a2 Sl
«Slilgpied Sl (Sl Joly (5550 42 (ot
o wlibos lossls (ol S olals
0l glaarling N Oile @ )l
wslg>lolayg) S Jlizl gdy Glie n (Sen
iz e fbe (0yf g I (i ool ( S0)
ol VY s cnely o5 Zlocul pis Jow
Wlge o yoie Slylas ol Sllas sl sl le aS col

9. Mamdani approach

10. Fuzzy inference system
11. Sugeno

12. Tsukamoto

13. Centroid of area

WOl

L oS oS bl ol gy slow cpldse cuS
50 el 00l (g3l s (31 Flin] pius S8
ot sbocddld g lulpd solos 4 pldge <o b
Oyt wiad IS 50 s cldl g gl aS
Sl 2 slp Ghey orl 0 wstee aSley (oS
ol e Slo it 5 nyially oles g Las
IS o lpgoad aid)s i o algd b cwdla
ol ol aid )T L 5 (830359 Sz (s pS O]

e AL b g oSl Suia pldge CuST ) 5o
it Sl oS Ayl bshs Sy b)) 2 )L*?)-”l’ 9
oad mrhe b £ph a4 wnloe Clasay i Jle
VYY) el
J(TPD) &b ases 5 ool ol =Y ' (Fo,65-)
FA0) il (5l 0 0 " >l b Y
Yo oy dama -V (i o o Jgamo S a0
RSl -A g

Joime slaal > elgil b (IS jsba daasls ol
Sloasls Sl Kpp aties Gilaie aly bobs o
& a5 U saiw 0 Sledlbl sonias ulSsl ¢ ol
Jsl 518 55« ol o i o0log, iy 5 alg) o
@)l e b SSS g oty (owyp g adlllae b
Sl pldge S (L)) X g bslas S
Sy Ol 50 S50 (Gloaxll) sl ,gS1 5 00y 5
P90 B 53 w3 )S SiluieeS 5 (plulid W) Lok
b plolil o516 51 Sy 5o (3,5 (556 L oG
G5 L e 5 00 Al cnly 5 Jlaz> olie
Sl Joe 5 patine Sy Jladie (Jole g3 (ol (0,8
3B gl prans » (G Ay bshs S
Joe (Zmesliel caz bl o Grigren s 5 ol
bl Joe sl oaelcassas sl 5,5 5 s coaball )

Corrosion
Third-Party damage
Design

Incorrect operation
Product hazards
Leak volume
Receptor
Dispersion

NI R WD

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


https://dor.isc.ac/dor/20.1001.1.2251807.1402.13.2.9.8
https://jhsw.tums.ac.ir/article-1-6846-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-04-19 ]

[ DOR: 20.1001.1.2251807.1402.13.2.9.8 ]

ohGes g 3s () La)syan

| Geizs olosl |
v
| Lools (5 slaez |
v
| dy behs Sy b, Jow ol |
v

Ay bglas Sy oyl 5o 5,00 ol i56 lolis

v

| Al bglas Sy 23l Joe anws

o

¥

636 gl gncs (i o) bshs Sy bl Jow

v

Ay bglas Sy ol Joe i el g s Jae Ll

v

g bslas S 23yl Joe 625,85

5,955k

S by, ) S

oS Sl T ) olasl L1 aslllas 50 (5 gl byl
3ae 5 Coedl (7S (5 0aS Gl ) Sas &S (5 5k
Gl aled e il Sl (i s oaS Gl F
.oo]fgo dwle ol ozl A polie (V) Jgo 3 L
2 R85 lagasls 51 plaS 2 508 G5 b s
eolie codie 53l 51 oolil b ey 5 Lozl s,
3,5 aRie Sy @byl o el Jele 5o ()l
@l wely g Jlizl polie Geend g B3l 5l
Sy gt 3 2oz FIS (6651 (bl soelamsas
Xo= 2 (X, x W) (V) Jg0,8 00,5 so (s

Loy 36 Shilial 5 556 ya 55kl (6 028
Jsl 5o 650 glitul phus slml Zga dap)l &
Sy oy g bl el s &l (F) W(Y) ()
JBleys e bl p (SGlaes FIS oo |l
139 o0 g S pj > MATLAB

;8 (Toolbox) Iplaes o ocodicas = sl il )l

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

Colue ol YU oyl b gble un ) lae
GialS e g (Sogll ity il cov (s dilaie
Olime peamli iV cpl G0 O)le ¢ oiid pox>
O Sz il ol jo aiiee (IO S0 wwly
@leatll ) saled 4 g b Sy (o5 Ol
WA Yo duly g Jim! Jxy Lol ;5251 gy aS
slhie 0,509, a5 ol 5lal sl (oS &0
Sl sl aelgd acgemme (pl slml Cpz llie ol o
] 0y oolainl dgllas sla oliss IS g paastio
Olme 2 NS5 5 ppe a3Lo Yo olusl 4 4z L
S o s polie 5 oad plolis i Lgkas S,
b ol awles o wlid IS g o laasn 51 S o 5l ol
Cood| e g Juils g 4y oo “smlfi Olie bl 5
Sty Olies p o2l 5 5l So e 518 50

wop


https://dor.isc.ac/dor/20.1001.1.2251807.1402.13.2.9.8
https://jhsw.tums.ac.ir/article-1-6846-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-04-19 ]

[ DOR: 20.1001.1.2251807.1402.13.2.9.8 ]

Uy 5 ag) boba Gimy) () s )6 HlEEIW) elmaw sP5)5 @

& e

Sl

SO

bg e

Collab o

e Sy Sl

L coadge

For B39l

4 s

) Sl 4

il 5556

St >

T Jemeily

RTINSO

S lels

b

sleogesle

Sldes

SINSS 5 ras

Sl
cawlinl

s>

Sl ylas

Jyaze

\—

3T slap il

Sy dapzs

Y 5l b olee

o8l Jomeiliy

>—>

\ V

AN

-—»

o> (Rl ol

wow

Jlezs

Sy )l

by

65l prn Sy, b)) Joe Y USSS

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



https://dor.isc.ac/dor/20.1001.1.2251807.1402.13.2.9.8
https://jhsw.tums.ac.ir/article-1-6846-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-04-19 ]

[ DOR: 20.1001.1.2251807.1402.13.2.9.8 ]

Xc€(1,4)

Xrep € (1,4)

X0 €(1,4)

Xp € (1,4)

Xp (numerical) € (1, 4)
Xp (fuzzy) € (0, 4)

Xen € (1, 4)

Xiv €(1,4)

Xz €(1,4)

Xpi€(1,4)

XLc (numerical) € (1, 4)
XLc (fuzzy) € (0, 4)

Wil il 536 5 Jlozol 2 yige slo)giSTh (so0e (g atalo 1) Jgazr

[0 v ¥
[-o ]
[0 v vl
[-o vl
[0 v ¥
[-o vl
[-o v v]
[-o v ]
[-or¥]
[0 vy
[-o v Y]
[0 ¥l
[0y ¥]
[0 vy
[0 v Y]
[0 vl
[-sv0 v ¥
[-sva v vvol
[-#vo v vyl
[-5vo ¥ -xol

- <« 1 - —- =t “t -5

- < -5

3

v

Y

\
fFOY—1%)
Y@=\

Y@o—19)
YO =)

Wl 3l 36 5 ol 2 ge (sla, S (so0e (5 aslo Y Jgar

[-o¥
[-o¥
[0y
[-ov
[-o¥
[-o¥
[-o¥
[-or
[0y
[-ov
[-o¥
[-o¥
[-o¥
[-or
[-ov
[-ov

-0

f
¥]
vl
V]
fl
vl
vl
V]
|
vl
vl
v
fl
vl
vl
V]

[-svo v ¥l
[-5v0 ¥ vvol
[-5va v yyol
[-5v0 ¥

- Yol

11661 9B /P o)ladds /1M sla )5 (el § Cublagy asliling

- <« 4 % - —« x -+ -

- <t -6

)

£ OFF— Yo%)

TP —VEY)
Y (0 —Y0)
YO — )

b anxld

bugie
Sz

)lg A.:?lé

Shalé

b anxld

ohBas g @o () Loysyan

S

(Corrosion)

o 51 G 5
edu
(TPD)

awliol (6510 p10 p4t
Incorrect )

(Operation

=P
(Design)

Jlozs|
(Probability)

Jaaxo Ol s
(Product Hazard)

(Leak Volume)

oy buxo
(Receptor)

oSl

(Dispersion)

Soly

b

(Consequence)

wol


https://dor.isc.ac/dor/20.1001.1.2251807.1402.13.2.9.8
https://jhsw.tums.ac.ir/article-1-6846-fa.html

[ Downloaded from jhsw.tums.ac.ir on 2026-04-19 ]

[ DOR: 20.1001.1.2251807.1402.13.2.9.8 ]

0b)5 )5 dg) boba Gy () s Sie pGEIwI eImaw 55 @

il 3lo 38 5 Sy 2 Fgo sl el goue g anels ¥ Jar

[-5vo v ¥l
[-5vo ¥ vvol
[-5vo ¥ Vol
[-5v0 v -xol

[-5vo v f]
[-5v0 v vvol

Xp (numerical) € (1, 4)
Xp (fuzzy) € (0, 4)

XLc (numerical) € (1, 4)

XLc (fuzzy) € (0, 4) [-sv0 ¥ Vol
[-svo v -xol
[vya v ¢l
XPRS (numerical) € (1, 16) [vyo v 1l
XPRS (fuzzy) € (0, 16) [vyvo v vl
[vyo v vl

e laosls (48,5 o)l b 1) Sy iz polis

Sged Lyt Glg8 oo l38le 3 input Ceend yo

e iy el

o8l g Jaw o Slae s gl (Buios cpl o
& oaisS ks a5 R?) au...._u oo | el
g Sl oo slazg S Gagie 0 Jae S0
oalatul 550 MSE” Uas Sl e (2Kl puizen
Cwl Sboy sy o, las (6 Az (e 85 )3
5 (MSE) laz )l o iaS (sllo golgainn Jow oS

5 ik Sh)lF ewyp I (Kl slaesls
sleosls) arids Golgmal ¢ Golex (5 S
ls s eolaiul FIS Juw o ((soiw Lol
3 (Cawl oo ooly Hlas ¥ S o) Jlee ¥ 5 ,b
RUCR W QS’b))‘ °)"5 WLA.AA} 9 SR LMATLAB

9,90 s wlao Spno
Log Ve 9 (ol slagSw 5l oy o)k odg

FOY -9 foons

Jlo|
Y@=\ e
(Probability)
YO—A Joime
YO =% S
£ OFF —Y0%) b daxls
Y (¥F— YY) P by
Y (0—Y0) Luge (Consequence)
Y(Y—Y) o
\W—g (g
( ) o) Co
@@=y g L i
Pipeline Risk )
“=N oS
(Score
=Y prel s

b asls 3l plaS,e o salal, Matlab (s asly
5" e55 3 ST selsd asgerme G plSm 4o
polie (ganaid (pl 4 axg Lol a8 S s o
" aine 5 s« Jainal i s oz 3 Jlazo!
9 e chwgie ( Iz mhe ez 50 weln polie
Sy S 58 (sl Egerme)s s sanainl T baxxld
A% slaws wlflas &jgod waly ¢ Jas! Jolse
&y 5l Matlab 138ls 5 50 050 5 adsi (o518 (goucld
ol 5o el solaiul lgi oo gl sl gl alizes
&b 5ol (FTole 5 @mls e I8 a1
Cogas mb olgieas (gbell MF) (gldloSSs > Cugac
il san ((F)-(F) b i) ws S eolaul
AF»-O)-(F) Jslaz) wiloass &l)| aelsl jo " - ST
Iy (Jlaiml 656 gl pvsws Jowo (25
calizee polie ] SaS a5 a5 (ol oalds ool Llis (B)
input Ceewd jo calizes slaools 0,5 5l b1, Jlexs!
3905 sl fgiisn 3310 5
oSy 3 gl s Joo (29,5 Solesyo
Ol SIS a4 wanl ool el flas (V) JS& o

4. Model validation
5. Coefficient of determination (R?)
6. Mean square error
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3. Minor, Moderate, Major and extreme
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1. If (Corrosion is Remote) or (TPD is Remote) or (Design is Remote) or (IO is Remote) then (IS (Likelihood)
is Remote) (1)

2. If (Corrosion is Unlikely) or (TPD is Unlikely) or (Design is Unlikely) or (IO is Unlikely) then (IS
(Likelihood) is Unlikely) (1)

3.If (Corrosion is Possible) or (TPD is Possible) or (Design is Possible) or (IO is Possible) then (IS (Likelihood)
is Possible) (1)

4. If (Corrosion is Likely) or (TPD is Likely) or (Design is Likely) or (IO is Likely) then (IS (Likelihood) is
Likely) (1)

5. If (Corrosion is Remote) or (TPD is Remote) or (Design is Unlikely) or (IO is Remote) then (IS (Likelihood)
is Remote) (1)

6. If (Corrosion is Remote) or (TPD is Remote) or (Design is Possible) or (IO is Remote) then (IS (Likelihood)
is Unlikely) (1)

7. If (Corrosion is Remote) or (TPD is Remote) or (Design is Likely) or (IO is Remote) then (IS (Likelihood)
is Unlikely) (1)

8.If (Corrosion is Remote) or (TPD is Remote) or (Design is Remote) or (IO is Unlikely) then (IS (Likelihood)
is Remote) (1)

9. If (Corrosion is Remote) or (TPD is Remote) or (Design is Remote) or (IO is Possible) then (IS (Likelihood)
is Unlikely) (1)

10. If (Corrosion is Remote) or (TPD is Remote) or (Design is Remote) or (IO is Remote) then (IS (Likelihood)
is Unlikely) (1)
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Corrosion = 2.5 Third-Party_Damage = 2.5 Incorrect_Cperation = 2.5 Design =2.5 Likelihood = 2
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1. If (PH is Minor) and (LV is Minor) and (Receptor is Minor) and (Dispersion is Moderate) then (LIF
(Consequence) is Minor) (1)

2. If (PH is Minor) and (LV is Minor) and (Receptor is Minor) and (Dispersion is Major) then (LIF
(Consequence) is Moderate) (1)

3. If (PH is Minor) and (LV is Minor) and (Receptor is Minor) and (Dispersion is Minor) then (LIF
(Consequence) is Moderate) (1)

4, If (PH is Moderate) and (LV is Minor) and (Receptor is Minor) and (Dispersion is Minor) then (LIF
(Consequence) is Minor) (1)

5. If (PH is Major) and (LV is Minor) and (Receptor is Minor) and (Dispersion is Minor) then (LIF
(Consequence) is Moderate) (1)

6. If (PH is Extreme) and (LV is Minor) and (Receptor is Minor) and (Dispersion is Minor) then (LIF
(Consequence) is Moderate) (1)

7. If (PH is Minor) and (LV is Moderate) and (Receptor is Minor) and (Dispersion is Minor) then (LIF
(Consequence) is Minor) (1)

8. If (PH is Minor) and (LV is Major) and (Receptor is Minor) and (Dispersion is Minor) then (LIF
(Consequence) is Moderate) (1)

9. If (PH is Minor) and (LV is Extreme) and (Receptor is Minor) and (Dispersion is Minor) then (LIF
(Consequence) is Moderate) (1)

10. If (PH is Minor) and (LV is Minor) and (Receptor is Moderate) and (Dispersion is Moderate) then

(LIF (Consequence) is Moderate) (1)
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. If (Likelihood is Remote) and (Consequence is Minor) then (Risk is Very_low) (1)

2. If (Likelihood is Remote) and (Consequence is Moderate) then (Risk is Very_low) (1)

3. If (Likelihood is Remote) and (Consequence is Major) then (Risk is Very_low) (1)

4. If (Likelihood is Remote) and (Consequence is Extreme) then (Risk is Very_low) (1)

5. If (Likelihood is Unlikely) and (Consequence is Minor) then (Risk is Very_low) (1)

6. If (Likelihood is Unlikely) and (Consequence is Moderate) then (Risk is Very_low) (1)

7. If (Likelihood is Unlikely) and (Consequence is Major) then (Risk is Low) (1)

8. If (Likelihood is Unlikely) and (Consequence is Extreme) then (Risk is Low) (1)

9. If (Likelihood is Possible) and (Consequence is Minor) then (Risk is Very_low) (1)

10. If (Likelihood is Possible) and (Consequence is Moderate) then (Risk is Low) (1)
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1. Cathodic protection
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