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1-Introduction

Geological hazards such as pipelines pose a serious threat to critical infrastructure. These complex,
multifactorial phenomena cause sudden or gradual changes in Earth's surface, placing significant stress on
pipelines and increasing the likelihood of extensive damage. Energy transmission infrastructures, including
pipelines, are at risk in areas susceptible to geological hazards, such as alluvial plains. Land subsidence,
landslides, and earthquakes introduce stresses and deformations in pipelines, potentially resulting in
sagging, bending, or even rupture, leading to economic losses, environmental pollution, and disruptions to
energy supply (Lee et al., 2003).

Geographic Information Systems (GIS) is a powerful spatial analysis and risk assessment tool in various
fields, including pipeline management. Integrating diverse spatial data, such as topography, geology, and
hydrology, within a GIS environment can enable a more comprehensive and accurate analysis of high-risk
areas. This approach allows better-informed decision-making in infrastructure planning, monitoring, and
risk mitigation, ultimately enhancing pipeline resilience against geological hazards.

2-Material and methods

Masjed Soleiman, a historic city in southwestern Iran, is one of the oldest oil-producing regions in the
country. This city is also known as the cradle of Iran's oil industry, where many pioneering developments
in the sector have occurred. Today, Masjed Soleiman faces various challenges, including environmental
issues arising from industrial activities and natural hazards such as earthquakes and land subsidence. One
of the most significant challenges confronting Masjed Soleiman is the threat of geological hazards.
Phenomena such as land subsidence, landslides, and earthquakes continuously threaten the area.

Geological Hazards

Land Subsidence

Land subsidence is a serious hazard in the Masjed Soleiman region and many other areas, resulting from
excessive groundwater extraction and other natural factors. This phenomenon causes significant economic
damage and can severely impact infrastructure, buildings, and pipelines, increasing the risk of landslides.
Various methods are utilized to assess the subsidence risk, including measuring changes in ground level
using remote sensing techniques, analyzing groundwater data, and numerical modeling (Payab and Saeef,
2022).
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Earthquakes

Earthquakes are another critical hazard in the Masjed Soleiman area, potentially causing severe shaking
that can demolish buildings, infrastructure, and pipelines. The tremors resulting from earthquakes can lead
to slope instability and trigger landslides.

Landslides
Landslides are among the most common geological hazards in areas with steep slopes and heavy rainfall.
Proper management can mitigate the impacts of landslides, reducing the risk of land subsidence.

These geological hazards pose significant threats to Masjed Soleiman, requiring effective monitoring
and risk management strategies to protect the community and its vital infrastructure.

3-Results and discussions

In the present study, a Geographic Information System (GIS)-based approach is employed to identify
pipeline failure patterns in the Masjed Soleiman area. This approach enables a more precise, visual analysis
of the data. Initially, various information layers, including pipeline layers, subsidence areas, landslide and
earthquake zones, and layers containing information on common fluids, pipe materials, and maintenance
history, were imported into the GIS environment. Then, using overlay operations to superimpose the layers,
areas with a high likelihood of pipeline failure were identified. Accurate modeling of pipeline fracture risk,
particularly in areas with significant geological activity, is paramount. A more comprehensive assessment
of this risk can be achieved by utilizing GIS and integrating it with advanced statistical methods. One
effective method in this context is the analysis of overlaying information layers. By combining pipeline-
related layers with geological hazard maps such as subsidence, landslides, and earthquakes, areas where
pipelines are at greatest risk can be identified.

i) b
3 g el dgd balas S
b S| RSV VIR SWRPT i~V

3600000

- -
B -
[ ws
-
-=H;UA“—~

S FEPIERNFERN
3 % we.@r,

330000 360000 390000

3570000

3540000

3510000

@
2
8
2

Fig. 1. Location of oil and gas pipelines on geological hazard risk zones in the study area

The provided map (Figure 1) clearly shows the spatial distribution of oil and gas pipelines in the Masjed
Soleiman region, along with the zoning of geological hazards. Many pipelines traverse areas with a high
geological potential for hazards, such as sliding, subsidence, and earthquakes. This overlap between
pipelines and high-risk regions increases the likelihood of incidents and damage from these hazards.

4-Conclusion

The present research examines the status of oil and gas pipelines in the Masjed Soleiman area, which is
subject to geological hazards. Based on analyses of the provided data, we can conclude that the failure rate
of pipelines in areas with a high risk of geological hazards, particularly subsidence, significantly increases.
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Various factors, including corrosion, third-party interference, and cracks, contribute to these failures.
However, what is evident is the direct relationship between the level of geological hazards and the
likelihood of failure. A comprehensive and multifaceted approach must be adopted to mitigate these
failures. This approach includes improving pipeline design, selecting more robust materials, conducting
regular inspections, managing geological hazard risks, raising public awareness, training personnel, and
updating safety standards. Investing in research and developing new technologies to monitor and supervise
pipelines can enhance their performance and safety.
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Common Freq. Other Fluids Causing Freq.
Fluid Failure

crude oil 63 Live crude oil 35

crude oil 29 Rich gas 6

crude oil 4 Rich gas 1

Pipe Main Cause Type of Total
Material Failure Frequency
PVC Perforation Corrosion 98
PVC Unauthorized Third-party 35
cutting interference
PVC Thinning Crack 5

Coedl 5l 5 a3l 5l (A6 Sy () S (oo ShLE SS
ooy Jime; Sada g bocwl sy 2V
) slize Glag L plgi oo ailaie ;o sl ool m iy
0,90y 1y dgd bglas 4y 00 ly &)l l5ee g 00,5 (55l
SIS 5 end Sl sis2el 4 bl Gl s gl
Gadly pow 5 N by (b il
il sl a5 oo SIS A5 585 O j50 40 Gl L oe
Sligpan | dilhis jolo)blbre slodigy « S, Feslr
Ol 5o 0ebiee ad oi iy 9 RO Cendis b
Y aw opl 58l gl Fuzzy Overlay og, ;5 «Gui>s
oy (gjl Cugae s 5l oslinul b ol sniiosliza
Gl 5B Ll gy b e g 00l (g5les il
G Sl alis Glo WS 4 Jol> 4Y aisd o
cloaid ol ol e Slisran ay) belas 4¥ b g oad
L Sl @bl U oS oo S oS penal 4 S
s pll 1) el ail iy leldl g 00 )57 Sloliss
G FGeee Syo obml 4 b Jdod g by, cnl waledye
OBl 5 00,8 S5 dy) bl L L e,

slcslon; ol 65 5 Cupe Gl e 526l

YA

50 gty gl bohs S Sy 380 gile o

5 (GIS) olil e Sledbl slapiwaw | oolatwl b .ol
Sl @ ole it syl sy, b ool B4l
2 Fpe sy, 5l (o cdlicess Sy (nl Sl gl
Gl b el SO slaay Sligeen Jolos waiee) ol
lblie cloaiis 5 ay byhs 4 bgje cloay
Olss Wiy s i) ety aile bl
Wy S8 s i e o alg) bglas a5 1, iblis
sbrgl o ele 52 o Cogan] (st s 05 olulis
.b}.uso oolazwl (AHP) ‘-J...l.’}u w‘).a:\.l.m.l.m u».Jj) )‘ “_i.m.l)
G Seterd se)T) wile bl o, mizen
S g g8y Jloizl g calisie Jolge oy alaly g5l Joe
Axme 3ble b dlg) bshs Sligaan Jdx oS o SaS
sle,li8le 5,0 Spatial Join jgiws SeS a4 o iya s
oS 1y dlgd belas 5l slo s Sids globs o5l GIS
el ] S e w2l 55 )5 ais Slas 5 yme 4
@l balas oy oy aiile ail LKy Slaladl gly (65 a0l 4
P9 Soge ,o Ay bshs olml> (> g Hass o)l



A O)Lo¢i4 N0 0)90 AF-¥ ).».!Li

a

wns ., . e
W i )5 (ol e I ikl

03l acgazs JS' sl n (X)) (S polie Jlore Sl S >
]

alees la T dan g1y S slagysg gyome Wi >
Lol (S

Z-as polie pl « Sy 2 slp Gix aculxe 3w

I bl @l g ol Gl a5 Wgis oo Jsausscore
oolie ol o 4y (e g YU Z-scOTE y0lhe aiiS oo o2l 3
0o lis (0 b o) 5l S Slie) S>Sp-value
i (Hot Spots) YU polie 51 jls xe 5kl sloaigs
Syt polae YL ez (pl a0l Jleix] Koo Leay
SYLZ-score ax o .ol ol jlaws il ooloz ;)  Solas
Hot G adlaie )] aSol 4 oleiel « 5 >oS p-value 4 il
Z-score yolie o Jolie 10 .09 dalgz iy ol 28lsSpot
oxiasylid « =58 p-value polie b ool jod ¢ aio 9 b
(Cold Spots) ol polie 5l s xe )kl slaasgs
polie 31 Bolay e 35 ped caimolas gblie opl aiis
S0y oyl Z-score a5 ablis oiiws Hais 50 S5g o
o sme )bl ksl el YU oy p-value b ol jao 4
w3 ko Bolai gl 1o (Shy quis 5 Wsdsed (AU
lolis asle callas Co poe ;0 094y Judod (pl 09l o0
WS oo Wl Gl 1 g bohas ol > Gl (2l

Skl (e oS Els blas Judos 5l oo ool 2 1 il
Glp aS cnl glad Lo jhg, S sl #Getis-Ord Gi
L (gl L) YU polis 5l o sae 5 ko] slaasgs oluls
S5 4 olad ools degesme G50 (0 L) ol polas
o5 hyle gblio b oS o SoS Lot 4y Judowi ol 05 o0
DS plolid sl G o ) el (S SOl Solad e
e il S o Jos (e jgoa Sl al 5ot
S ool degame 3 (555 o b ALE) Sig 2 sl &
5 S Ol Gonadss (e a5 955 o0 dnmslns %G luio
S e s osls S eSilen & Conn |, S e

sl 5 0 4 %G1 S Ll (sl (oogas S50 8

ar — E? 1 Wiy — X ZF 1 Wi \ AJa;‘)
i -
[ ¥y iy~ () wis)?]
5y P (s
(ol 5o aS

ol el (Sg sl p oadss lailbwl Z-score jlaie Gix - >
8 bl ol olsn b asS oo 3l by |, GI* 55l ¢ ladia
Gl sxe g 0,5 auslas (Z-distribution) o,latisl Jl
RVC SOV NN P

b e Jome; oo da a3 olass Sie) Sis jlie Xj >
I Sy ln (s &9 sl o

el 0013 acgomme 10 lo S JS Slaws N >

Earthquake Risk Map
]
2
H
£
Legend
rerv low
[7] Medium
I e
B very Hich
e
% ik ——— 0il/Gas Pipeline
£
4 ) R
h w ‘@ E
s
g J . = ]
5
zZ
L]
300000 330000 360000 390000

axlllacs 9o adlain 10 03 Jipey Sy sbdaigy p 35 5 ol Jlal behas glail> -V S
Figure 2 - Location of oil and gas pipelines on earthquake risk zones in the study area
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Fig. 6. Diagram of pipeline distribution in areas with earthquake potential
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Fig. 7. Diagram of pipeline distribution in areas with landslide potential
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