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Background and Objective: Given the growing importance of natural gas transmission
networks in meeting the needs of populations and industries, risk analysis and vulnerability
assessment of these infrastructures against natural and anthropogenic hazards have become
an undeniable necessity. The aim of this study is to develop a spatial model for analyzing
and identifying high-risk areas along gas transmission pipelines in Ilam City by integrating
Geographic Information Systems (GIS) with Mamdani fuzzy logic.

Materials and Methods: In this study, spatial data including the distance from riverbeds,
landslide-prone areas, urban gas regulator density, and pipeline diameter were collected.
Relevant information layers were prepared in the ArcGIS environment and normalized
using fuzzy membership functions. Subsequently, a set of fuzzy rules was defined based on
Mamdani logic, and the inference process was carried out to produce the final risk map of
the gas transmission pipelines.

Results and Discussion: The modeling results indicated that areas located near riverbeds,
regions with steep slopes and landslides, as well as zones with high urban gas regulator
density and small-diameter pipelines, exhibited the highest levels of risk. These risk maps,
with acceptable accuracy, successfully identified critical areas to support improved
management and optimized decision-making for the safety and maintenance of the gas
distribution network.

Conclusion: The model developed in this study, by integrating the spatial analysis
capabilities of GIS with the strengths of Mamdani fuzzy logic, provides an effective tool
for identifying high-risk areas along urban gas transmission pipelines. The results
demonstrate that this approach can be applied in planning for pipeline safety enhancement,
preventive management, and prioritization of maintenance operations, thereby playing a
significant role in mitigating risks and improving the safety of gas supply infrastructures.
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Introduction

With the growing consumption of natural gas and the increasing dependence of industrial, commercial, and
residential sectors on this clean and accessible energy source, gas transmission pipelines serving as the vital
arteries of national and urban infrastructure hold a crucial position in ensuring the sustainability and security of
energy supply. These pipelines, which play a key role in the reliable transfer of gas from production sources to
consumption centers, are constantly exposed to various threats. These threats include natural hazards such as
landslides, floods, and subsidence, as well as anthropogenic risks like unauthorized construction, unplanned
excavation, and even acts of sabotage. Each of these hazards has the potential to cause irreparable damage to
transmission networks, disrupt energy supply, and inflict substantial financial and human losses in residential
and industrial areas. Consequently, the assessment and management of gas transmission pipeline risks represent
one of the primary priorities in energy infrastructure management.

Materials and Methods

Ilam city, due to its unique geographical and climatic characteristics including its mountainous terrain, steep
slopes, heavy seasonal rainfall, and high population density in certain urban areas is recognized as one of the
high-risk regions in Iran concerning the vulnerability of gas transmission pipelines. The passage of pipelines
through sensitive and often unstable terrains further exacerbates this vulnerability. These conditions underscore
the necessity of employing scientific and technological approaches for identifying, analyzing, and mitigating
risks. The primary aim of this study is to present a comprehensive model for identifying, analyzing, and spatially
zoning the risks associated with gas transmission pipelines in llam city by integrating Geographic Information
Systems (GIS) with the Mamdani Fuzzy Inference System. This model can serve as an effective tool for
improving safety management, preventive planning, and prioritizing protective measures.

Results

In this study, spatial data including the distance of pipelines from riverbeds and landslide-prone areas, the
density of urban gas regulators, and pipeline diameters were collected through field surveys and data provided by
the Gas Company. These datasets were then processed into information layers in the ArcGIS environment and
standardized using fuzzy membership functions. Subsequently, 24 “if-then” rules were formulated within the
Mamdani Fuzzy Inference System based on expert knowledge and previous analyses. The inference process
comprised four key stages: input fuzzification, rule evaluation, aggregation, and defuzzification. To enhance
model accuracy, triangular and trapezoidal membership functions appropriate to spatial and non-spatial data
characteristics were employed, and defuzzification was performed using the LOM and SOM methods to enable
comparison and evaluation of risk patterns. The modeling results indicated that areas located near riverbeds and
regions with a history of landslides exhibited the highest levels of risk. This finding highlights the significant
influence of geomorphological factors on the vulnerability of gas transmission pipelines. Additionally, high
urban gas regulator density and the use of pipelines with smaller diameters were found to considerably increase
overall vulnerability. A comparison of the two defuzzification methods showed that the LOM approach more
effectively identified critical areas and high-risk routes with greater accuracy and continuity, whereas the SOM
approach provided a broader representation of owverall risk distribution across the study area. These
methodological differences can play a decisive role in selecting management strategies aligned with decision-
makers’ objectives.

Conclusion

Overall, the findings of this study demonstrate that integrating the analytical capabilities of GIS with the
flexibility of Mamdani fuzzy logic can serve as an innovative and effective approach for assessing gas
transmission pipeline risks. The model outputs not only enable the precise identification of critical points and
prioritization of preventive measures but also facilitate optimized managerial decision-making for the safety
enhancement, maintenance, and development of gas transmission networks. Furthermore, this model can be
generalized to other similar regions and used as a scientific reference for strategic planning in crisis management
and risk reduction of gas infrastructure at the national level. Finally, it is recommended that the model be further
developed by incorporating updated datasets, including seismic activity, subsidence information, and smart
pipeline monitoring systems, to establish a comprehensive national framework for risk management. Such a
framework could significantly reduce the likelihood of incidents, enhance the resilience of gas transmission
networks, and ensure the long term stability of these vital infrastructures.
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