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1-Introduction

Traditional methodologies for selecting optimal routes for oil and gas pipelines primarily rely on
technical and financial criteria, often overlooking the significant environmental and social
implications of such projects. In countries rich in oil and gas reserves, the transportation and export of
these resources through pipelines is of paramount importance, as the economic stability of these
nations heavily relies on the effective operation of these infrastructures. Among various methods for
transporting large quantities of oil and gas, pipelines are widely recognized for their reliability.
Therefore, optimizing pipeline routes can enhance both management efficiency and safety. Numerous
studies have highlighted the adverse environmental impacts of pipeline construction, which can disrupt
ecosystems, affect local amenities, and deteriorate human quality of life (Shojaei, 2011). Recent
advancements in risk assessment methodologies, such as the application of Artificial Neural Networks
(ANN) and Fuzzy Inference Systems (FIS) (Raeihagh et al., 2020), as well as the integration of
Bayesian Networks (BN) and Analytic Hierarchy Process (AHP) (Yu et al., 2023), signify a shift
towards more sophisticated techniques for evaluating pipeline risks. Nonetheless, limited research has
addressed the determination of optimal pipeline routes with an emphasis on sustainable development
and regional context. This study aims to create a risk zoning assessment of pipelines within the Maroon
oil region using the Fuzzy Analytic Hierarchy Process (FAHP). This assessment focuses on the
consequences of incidents involving the leakage of flammable, non-toxic gases and unstable liquid
petroleum products, analyzed through both technical and environmental criteria.

2-Material and methods

This study employs a risk zoning model tailored for pipeline risk assessment. Initially, key factors
influencing pipeline risk levels during incidents, specifically relating to the leakage of flammable, non-
toxic gases and unstable liquid petroleum products, were identified through literature review and
consultations with pipeline inspection experts. Following the identification of relevant criteria and
sub-criteria, data was gathered from various sources. Subsequently, the weights of the criteria and sub-
criteria were determined using expert opinions and pairwise comparisons through the FAHP method.
The fuzzification of these layers was facilitated using fuzzy membership functions within the ArcMap
10.5 software environment. The weights assigned to each criterion were then applied to their respective
fuzzy layers. For the final zoning, the information layers were integrated based on the environmental
and technical criteria pertinent to each incident type (i.e., gas or liquid oil leaks).
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3-Results and discussions

In the risk zoning analysis of the Maroon oil region, the assessment was conducted separately for
environmental criteria concerning gas leakage and the leakage of liquid petroleum products. Following this
initial zoning, the existing pipeline routes were overlaid onto the maps. The findings indicate that, in the
majority of the assessed areas, the pipeline route primarily traverses regions classified as low or very low
risk. However, a notable exception exists in the southern section of the field, where the pipeline aligns
closely with areas categorized as very high risk for both gas and liquid leakage. These high-risk zones are
predominantly characterized by agricultural lands, waterway networks, and loose sandy soils.

A subsequent analysis based on technical and facility criteria further revealed that the current pipeline
route exhibits a high degree of alignment with locations identified as low and very low risk. This zoning
assessment demonstrated comparable risk levels for events related to both gas leakage and liquid oil
leakage.

To generate a comprehensive risk assessment, the final risk maps were developed by integrating the
prior zoning analyses for both environmental and technical criteria. The resultant maps provide a combined
view of risk levels for gas leakage and liquid petroleum product spills within the Maroon oil region.

Specifically, the mapping results (as shown in Fig. 1a for liquid petroleum product leakage) indicate
that the current pipeline route traverses areas classified as high and very high risk predominantly in the
southern segment, covering a distance of 52.28 km, which constitutes approximately 30% of the total
pipeline length in this oil field. These high-risk zones correlate with existing infrastructural elements such
as major roads and bridges, in addition to natural features like agricultural lands and flowing sand areas.
Conversely, the mapping of gas leakage (Fig. 1b) highlights that a total of 4.4 km of the pipeline route,
representing 1.76% of the overall pipeline length, intersects regions classified as high risk.
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Fig.1. Risk map for the Maroon oil region in terms of the occurrence of (@) oil spill and (b) gas leak.

4-Conclusion

The findings of this study underscore the necessity of incorporating environmental factors into the decision-
making process surrounding pipeline design and routing, particularly to promote sustainable development.
Despite the evident risks identified in the current pipeline design, which largely disregards environmental
considerations, the application of the FAHP method offers a balanced approach, integrating both objective
and subjective data. This dual-data utilization enriches the decision-making framework, enabling
stakeholders to articulate their assessments using linguistic variables. The derived risk zoning maps not
only provide a clearer understanding of the route's risk profiles but also facilitate the development of
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targeted strategies to mitigate potential accidents. This study advocates for the adoption of such
methodologies as viable alternatives to traditional field inspections, particularly given the practical
challenges of accessibility and cost associated with some pipeline routes. Future pipeline design efforts
should prioritize eco-friendly alignment to minimize environmental and economic impacts aligned with
sustainable development objectives.
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Fig. 4. (a) Land use map of Maroon oilfield, (b)Average land surface temperature (LST) of Maroon oilfield
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Table 1. The value applied to each of the criteria and sub-criteria using the FAHP method

Scale of Importance Fuzzy Scale
Equal (1,1,1)
Intermediate value (1,2,3)
Moderately more (2,3,4)
Intermediate value (3.4,5)
Significantly more (4,5,6)
Intermediate value (5,6,7)
Extremely more (6,7,8)
Intermediate value (7,8,9)
Absolutely more (9,9,9)

Fuzzy Reciprocal Scale
(1,11)

(1/3,1/2,1)
(1/4,1/3,1/2)

(1/5,1/4,1/3)
(1/6,1/5,1/4)

(1/7,1/6,1/5)
(1/8,1/7,1/6)
(1/9,1/8,1/7)
(1/9,1/9,1/9)
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Table 2. Membership functions of criteria and sub-criteria layers

Criterion Sub-criterion Fuzzy function type
Residential Linear
Industrial Linear
Facilities/Technical Structures Linear
Power lines Linear
Road Linear
Waterbody Linear
. Vegetation Linear
Environmental .
Stream Linear
Soil Linear
Surface temperature Small

OFA
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Fig. 5. (a) Standardized environmental layers, (b) Standardized facility/technical layers
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Table 3. The fuzzy pair-wise comparison matrix of Technical-Liquid

Parameter Residential Industrial Structures Power lines Road Weight
Residential ~ (1.00, 1.00, 1.00)  (1.00, 2.00, 3.00) (1.00, 2.00, 3.00) (1.00, 1.00, 1.00) (0.33,0.50,1.00)  0.21
Industrial ~ (0.33, 0.50, 1.00)  (1.00, 1.00, 1.00) (1.00, 1.00, 1.00) (0.33, 0.50, 1.00) (0.25, 0.33,0.50)  0.12
Structures  (0.33, 0.50, 1.00)  (1.00, 1.00, 1.00) (1.00, 1.00, 1.00)  (0.33, 0.50, 1.00) (0.25, 0.33,0.50)  0.12
Power lines  (1.00, 1.00, 1.00)  (1.00, 2.00, 3.00)  (1.00, 2.00, 3.00)  (1.00, 1.00, 1.00) (0.33,0.50,1.00)  0.21
Road (1.00, 2.00, 3.00)  (2.00, 3.00, 4.00) (2.00, 3.00, 4.00) (1.00, 2.00, 3.00) (1.00, 1.00,1.00) 0.36
B e slad; (8 jlre sl 658 (25 amlie G sle T Jgux
Table 4. The fuzzy pair-wise comparison matrix of Technical -Gas
Parameter Residential Industrial Structures Power lines Road Normal
Residential ~ (1.00, 1.00, 1.00) ~ (1.00, 2.00, 3.00)  (2.00, 3.00,4.00)  (4.00, 5.00, 6.00)  (2.00, 3.00, 4.00) 0.38
Industrial (0.33,0.50,1.00)  (1.00, 1.00, 1.00) ~ (2.00, 3.00,4.00)  (4.00, 5.00, 6.00)  (2.00, 3.00, 4.00) 0.30
Structures  (0.25, 0.33,0.50)  (0.25,0.33,0.50)  (1.00, 1.00, 1.00) ~ (2.00, 3.00, 4.00)  (1.00, 1.00, 1.00) 0.13
Power lines (0.17,0.2,0.25) (0.17,0.2,0.25) (0.25,0.33,0.50)  (1.00, 1.00, 1.00)  (0.25, 0.33, 0.50) 0.06
Road (0.25,0.33,0.50)  (0.25,0.33,0.50)  (1.00, 1.00,1.00)  (2.00, 3.00,4.00)  (1.00, 1.00, 1.00) 0.13
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Table 5. The fuzzy pair-wise comparison matrix of Environmental - Liquid
Parameter Water Vegetation Stream Soil Temperature Weight
Water (1.00, 1.00, 1.00) ~ (2.00, 3.00, 4.00)  (1.00, 1.00, 1.00)  (2.00, 3.00, 4.00)  (4.00, 5.00, 6.00) 0.34
Vegetation 0.25,0.33,0.50  (1.00, 1.00, 1.00)  (0.25,0.33,0.50) (1.00, 1.00, 1.00)  (2.00, 3.00, 4.00) 0.13
Stream (1.00, 1.00, 1.00) ~ (2.00, 3.00, 4.00)  (1.00, 1.00,1.00)  (2.00, 3.00, 4.00)  (4.00, 5.00, 6.00) 0.34
Soil (0.25,0.33,0.50)  (1.00, 1.00, 1.00)  (0.25,0.33,0.50)  (1.00, 1.00, 1.00)  (2.00, 3.00, 4.00) 0.13
Temperature (0.17,0.2,0.25) (0.25, 0.33, 0.50) (0.17,0.2,0.25) (0.25, 0.33,0.50)  (1.00, 1.00, 1.00) 0.06
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Table 6. The fuzzy pair-wise comparison matrix of Environmental - Gas
Parameter Water Vegetation Stream Soil Temperature Weight
Water (1.00, 1.00, 1.00)  (1.00, 1.00,1.00)  (1.00, 1.00,1.00)  (1.00, 1.00,1.00)  (1.00, 1.00, 1.00) 0.20
Vegetation ~ (1.00, 1.00, 1.00)  (1.00, 1.00, 1.00)  (1.00, 1.00, 1.00) ~ (1.00, 1.00, 1.00) ~ (1.00, 1.00, 1.00) 0.20
Stream (1.00, 1.00, 1.00)  (1.00, 1.00,1.00)  (1.00, 1.00,1.00)  (1.00, 1.00,1.00)  (1.00, 1.00, 1.00) 0.20
Soil (1.00, 1.00, 1.00)  (1.00, 1.00,1.00)  (1.00, 1.00,1.00)  (1.00, 1.00,1.00)  (1.00, 1.00, 1.00) 0.20
Temperature  (1.00, 1.00, 1.00)  (1.00, 1.00, 1.00)  (1.00, 1.00, 1.00)  (1.00, 1.00, 1.00)  (1.00, 1.00, 1.00) 0.20
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Table 7. The fuzzy pair-wise comparison matrix of Technical - Environmental, Gas &Liquid

Type Parameter Technical Environmental Weight
ca Technical (1.00, 1.00, 1.00) (7.00, 8.00, 9.00) 0.89
Environmental (0.11, 0.13, 0.14) (1.00, 1.00, 1.00) 0.11
Liquid Technical (1.00, 1.00, 1.00) (0.25, 0.33, 0.5) 0.26
Environmental (2.00, 3.00, 4.00) (1.00, 1.00, 1.00) 0.74
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Fig. 6. Risk map for environmental criteria of (a) oil spill and (b) gas leakage
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Fig. 7. Risk map for (a) gas leakage and (b) facility/technical criteria of petroleum liquid leakage
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