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Introduction

Gas storageis vital inthe global energy system, buffering
against supply disruptions and price shifts [1]. There
are various storage facilities, including underground,
above ground, and liquefied natural gas (LNG) storage.
Optimal site selection often involves a combination of
expert opinions and geographic information systems
(GIS), a tool increasingly used in locating gas storage
[2]. GIS allows for the visualization and evaluation
of spatial data like geological, geophysical, and
environmental data, crucial for determining suitable
locations for underground facilities. GIS also assesses
environmental risks associated with specific storage
locations and integrates different types of spatial data
for comprehensive understanding. Several studies
have used decision support systems and multi-criteria
decision analysis methods to identify optimal sites
for gas storage. Anderson et al. in 2017 integrated
geological, technical, environmental, and socio-
economic factors to select optimal sites [3]. Similarly,
Chang et al. in 2016 proposed a method to evaluate
potential sites based on geological characteristics,
hydrogeological characteristics, land use, economic
and social factors, safety, and environmental
considerations. The current research aims to identify
the most suitable gas storage location in Bushehr
province using GIS and expert panel inputs [4].

Materials and Methods

The research method in this study is analytical-
descriptive and has an applied nature. In the research
process, firstly, a detailed description of the action
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problem and the background of the research and the
theoretical foundations were examined and it was
determined that several indicators are effective in the
field of locating gas reserves, which should be based
on the characteristics of the studied area, the refining
index, finally four natural dimensions (9 variables),
Physical (5 variables), environmental (5 variables) and
infrastructure (9 variables) were determined. Each of
the identified criteria should be shown as a layer in
the GIS-based database. For this purpose, benchmark
maps were prepared in the Arc Gis environment, and
fuzzy membership functions were used to standardize
the layers, and by combining information layers in
the GIS software environment, suitable areas for gas
storage were identified using the AHP Fuzzy model
in Bushehr province. The flowchart of data analysis
process is shown in Fig. 1.

Results and Discussion

The findings of this study include the creation of raster
maps using GIS technology and the normalization of
values using fuzzy factor maps.

In the “Creating Raster Maps” section, the study
assumes a set of m options and n properties, with each
option having its own characteristics. The process
involves converting quantitative and qualitative data
into raster data, a process known as matrix formation.
The “Calculation of Normalized Values” section
details the creation of fuzzy factor maps to determine
the suitability of different locations for gas storage.
These maps use membership functions to help
normalize data.
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Fig. 1 Diagram number (1): Data analysis process.

Two types of functions were considered based on
the influence of different factors on the gas storage
location. A linearly decreasing fuzzy method was used
for positive criteria, where the proximity to certain
layers positively impacts the gas storage location.
Conversely, a linearly increasing fuzzy method
was used for negative criteria where the gas storage
location should be away from certain layers.

The study proposed 25 indices, with 9 indices
including geological hazards, faults, city buffers,
floodplains, coastal danger zones, environmental
conservation zones, mining boundaries, tourism
centers, and settlements being normalized using
the linearly increasing fuzzy method. The other 16
indices were normalized using the linearly decreasing
fuzzy method. These include factors like salt domes,
groundwater tables, energy fields, gas fields, rock

permeability, and more.

In the “Determining Criteria Weights” section, the
Analytic Hierarchy Process (AHP) model and Expert
Choice software were used. This involved pairwise
comparisons of various criteria, with 20 experts
participating in the weighting process. Criteria
included factors like Salt Domes, Subterranean Water
Tables, Area of Salt Domes, and Geological Hazards
among others, with Salt Domes, Subterranean Water
Tables, and the Area of Salt Domes receiving the
highest weights.

To synthesize the criteria in the AHP model, pairwise
comparisons were performed to identify the importance
of each criterion, and the weights were represented
spatially using Arc-GIS software.

In the “Overlaying Indices” section, fuzzy operators
were used to merge the factors set. Five fuzzy
operators - Fuzzy AND, Fuzzy OR, Fuzzy Algabric
Product, Fuzzy Algabric Sum, and Fuzzy Operation
Gamma - were used in this process. The output from
the Gamma model was deemed the most effective,
identifying two locations for gas storage - the Jashak
salt dome (Position Number 1) and the Serbsi salt
dome (Position Number 2). The positions of these
locations were detailed in Table 1, with their X and Y
coordinates, and shown in Fig. 2, the final map of sites.
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Fig. 1 Final Map of Sites.



Conclusions

Gas storage, a crucial part of energy infrastructure, is
essential for meeting the increasing energy demand
globally. The selection of the storage location,
a complex and dynamic process, significantly
influences the operations' efficiency and functionality.
This process requires an individualized approach
considering local conditions and preferences.

In this study, various factors, including geographical,
economic, safety, and environmental aspects, were
highlighted. These factors were grouped into four
dimensions: natural, physical, environmental, and
infrastructural, each with different numbers of
variables. However, the impact of these indices on
identifying the storage location varied, and this was
addressed through normalization.

A combination of the AHP model and the Fuzzy
method was used in the ArcGIS platform for location
selection. Expert interviews revealed that salt domes
and subterranean water tables are key in this process.
Consequently, two locations, Jashak and Serbsi salt
domes, were deemed most suitable.

Generally, the selection of a gas storage site
significantly influences a country's energy security
and environmental sustainability. Therefore, a
comprehensive, participatory approach that involves
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government, industry, and academia is needed to
ensure the selection of an optimal gas storage location,
balancing economic, social, and environmental
aspects.
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