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The main objectives of this research are to analyze the spatial distribution of petroleum
stations in the Nile City/Al-Mahaweel District using multi-criteria analysis based on
Geographic Information Systems (ArcGIS 10.8). The study aims to provide a clear picture
of station distribution and spatial variations, explain the underlying reasons for this
distribution for each station, and assess the spatial compatibility with planning standards
and site requirements. The research also aims to enhance safety and security by optimizing
station locations and mitigating potential risks. However, a research problem indicates
that the distribution of stations in the Nile City/Al-Mahaweel District needs to adhere to
planning standards. Stations are primarily located outside the city center, resulting in a
need for more service provision for residents and visitors. This distribution poses
environmental risks and compromises spatial safety. The research hypothesis suggests
that adopting sustainable and analytical planning standards can enhance station efficiency,
achieve optimal distribution, ensure spatial safety, and mitigate risks. The study was
conducted in the Nile City/Al-Mahaweel District, where three fuel stations are located
outside the municipal boundaries, with no stations within the district. VVarious assessments
were made concerning fuel stations, including detailed maps of the actual conditions,
hypothetical geographic maps, standard distance distribution maps, directional
distribution maps, allocation area maps, and petroleum stations in the city. By comparing
the current status of petroleum refueling stations with the standards and site requirements,
a multi-criteria spatial analysis was conducted using seven essential criteria: minimum
distance between the station and service facilities, residential areas, population density,
community services, road networks, accessibility distance, and distance from power lines.
Key findings of the research indicate that station distribution in the study area adheres to
the established standards, criteria, and regulations set by relevant official bodies
concerning safety and security. However, some fuel stations only partially comply with
all criteria, while others exceed certain parameters. Proposed locations for fuel stations
(Station A with an area of 5000 m=and Station B with an area of 4500 m3rwere determined
based on planning standards to enhance the spatial distribution efficiency of stations and
improve service provision to meet demand. Particularly, the Nile City/Al-Mahaweel
District, which lacks fuel stations, relies on stations outside the municipal boundaries due
to administrative divisions from the main district, resulting in insufficient station
distribution that caters to the population's needs. The multi-criteria approach proves
highly effective in determining the optimal number and location of petroleum stations
within the city and district.

1. INTRODUCTION

Petroleum filling station services are essential for sustaining
vehicle movement, especially after 2003, when functional
transportation activities increased and expanded. Additionally,
the ease and flexibility of transportation from one place to
another for various purposes, such as acquiring different
services or entertainment, all require petroleum filling stations
to supply vehicles with fuel in various forms.

Fuel filling stations are among the most important service
facilities for the movement of transport, as they provide a
source of operation and movement of vehicles of all different
types. It is an important element that must be available in a
geographical distribution that is compatible with the
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movement and density of vehicles on the roads, as it achieves
an appropriate amount of smooth and easy movement between
cities and governorates at the country level in particular and
the world in general [1].

Fuel filling stations are a vital part of road services, as they
are a source of refueling, which is the basis for vehicle
movement on these roads. Therefore, its importance stems
from spatial considerations regarding its geographical
distribution and location [2].

Transportation is critical in ensuring development success,
especially in promoting societal, economic activity in all fields.
The current transportation system aims to enhance
transportation services for the population and other resources
that may promote regional economic and social development.
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Transport development cannot exist independently and cannot
be distinguished from the growth of other sectors, such as
economic, demographic, social, etc. The improvement of the
transportation system must be carried out comprehensively,
coordinated, and consistently. Therefore, the determinants that
directly or indirectly affect the operation of the transport
system, especially the spatial distribution of petrol stations and
their locational impact within the transport system, must be
coordinated [3].

Moreover, the activities carried out by the filling stations
have several impacts, such as traffic and the environment,
meaning a potential danger exists [4].

Petrol stations are becoming more competitive with longer
hours of operation, more products to offer, and faster shipping.
For gas stations to succeed in retail, they depend on an
effective strategy with an important role that depends on
additional services to attract customers. This is done by
determining the best location for the spatial distribution of the
stations while defining the locational, qualitative, and service
competitive strategy, as well as products and services adapted
to what is presented by demand, market conditions, and
society [5].

Using the case of Maiduguri, petrol stations in the city are
privately signed as per the guidelines laid out in the Petroleum
Resources Procedure Manuals section (2010) and include
specifying where and how petrol stations will be located.
However, the responses of many of these facilities to the city’s
site guidelines were determined according to the decisions of
the project owner. And as such, decisions for location are
affected by their preferred choice of locations, mainly affected
by the importance and price of the site [6, 7].

It mentions that petrol stations are often located far from
densely populated areas, which means that the consequences
of an accident, especially a fire, can be severe. The text also
provides some statistics on gas station accidents, including the
fact that (NFPA) estimates an average of 4,150, fires at petrol
stations in the United States each year [8-12].

The text concludes by discussing some of the ways that

researchers are working to improve fire safety at petrol stations.

One of the most promising methods is the use of water mist,
which has been shown to be more effective than traditional
water in extinguishing fires.

Petrol stations are a major source of flammable materials,
so it is important to take steps to prevent accidents. This
includes following safety procedures, such as not smoking
near fuel pumps and keeping vehicles away from the pumps
when they are refueling.

Petrol stations should be well-maintained and have up-to-
date fire suppression systems. This will help to minimize the
damage caused by a fire if one does occur.

Employees at petrol stations should be trained in fire safety
procedures. This will help them to respond quickly and
effectively in the event of an accident [13-15].

Fuel is nature's most important creation. Today, it is the
most widely used commodity due to the increasing number of
automobiles routinely used for transportation [16].

Petrol filling stations can have a significant impact on the
environment, especially in urban areas. Some of the
environmental problems associated with petrol filling stations
include [17]:

o Air pollution: Petrol fumes can contain harmful
pollutants such as carbon monoxide, volatile organic
compounds, and particulate matter. These pollutants can
contribute to respiratory problems, heart disease, and cancer.

. Water pollution: Petrol spills can contaminate soil
and groundwater. This can make the water unsafe to drink and
can also harm aquatic life.

. Soil contamination: Petrol leaks can contaminate soil,
making it unusable for agriculture or other purposes.
. Noise pollution: Petrol filling stations can be noisy,

especially when vehicles are refueling or being serviced. This
noise can be disruptive to people who live or work nearby.

. Fire risk: Petrol is highly flammable, so there is
always a risk of fire or explosion at a petrol filling station.

In order to reduce the environmental impact of petrol filling
stations, it is important to ensure that they are properly sited
and operated. They should be located away from residential
areas and other sensitive sites. They should also have adequate
spill containment and fire protection measures in place.

In addition, there are a number of new technologies that can
be used to reduce the environmental impact of petrol filling
stations. For example, vapor recovery systems can be used to
capture and recycle petrol fumes. Electric vehicles do not
produce emissions, so they can help to reduce air pollution in
urban areas.

By taking these steps, we can help to make petrol filling
stations more environmentally friendly.

Spatial distribution analysis can be a valuable tool for
improving urban planning, especially when it comes to the
location of oil stations. By analyzing the spatial distribution of
existing oil stations, planners can identify areas that are
underserved or that could benefit from additional stations. This
information can then be used to plan new stations in a way that
ensures that they are accessible to all residents and that they
do not create traffic or safety hazards.

In addition to providing information about the location of
oil stations, spatial distribution analysis can also be used to
assess the impact of these stations on the surrounding
environment. For example, planners can use spatial analysis to
identify areas that are at risk of air pollution or water
contamination from oil stations. This information can then be
used to develop mitigation strategies to protect the
environment [16].

Overall, spatial distribution analysis is a powerful tool that
can be used to improve the planning of oil stations and to
ensure that these stations are located in a way that benefits the
community.

Spatial distribution analysis is a valuable tool that can be
used to improve the planning of oil stations and to ensure that
these stations are located in a way that benefits the community.
By using spatial analysis, planners can make better decisions
about the location of oil stations, which can lead to a more
efficient and sustainable use of resources.

Research problem: It consists of the following points:

1. Has the distribution of petrol stations been carried out
according to planning standards?

2. The spatial distribution efficiency of fuel stations in
the center of the Nile district in Al-Mahaweel district
is weak.

3. Environmental risks and the failure to achieve spatial
safety for petrol stations in the city of Nile.

Research hypothesis: The distribution efficiency follows
sustainable planning standards and analytical planning
methods to achieve optimal spatial safety and risk avoidance
distribution.

Research objectives:

1. The main objective is to analyze the spatial



distribution of petrol stations in the Nile in Al-
Mahaweel district using a multi-criteria analysis
based on Geographic Information Systems (GIS).

2. Provide a clear picture of the spatial distribution of
stations and identify their spatial variation in the
center of the Nile district in Al-Mahaweel.

3. Achieve safety and security by eliminating potential

risks through optimal distribution of station locations.

2. RESEARCH METHODOLOGY

The research relied on a comparative analysis method based
on planning standards and spatial indicators to derive
procedural recommendations based on the necessary spatial
indicators for fueling station locations. It also relied on the GIS
10.6 software technology for spatial analysis of the stations

(Figure 1).
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Figure 1. Methodology
3. IMPROVING THE LOCATION
Traditionally, petrol stations are located in largely

uninhabited and distant areas. However, a different scenario is
currently being applied, where petrol stations are now being
built within residential areas, public building areas, and main
streets, based on investments and the personal interests of
decision-makers. This trend has been observed regardless of
the risks associated with petrol stations. Petroleum products
are the main drivers of industrial activities, and it is assumed
that the industrial and transportation sectors are the main
consumers of fuel [3].

The rapid growth of urban centers has led to an increase in
the demand for petroleum products, which has in turn led to
the proliferation of fuel stations. However, many of these fuel
stations are not built or operated with environmental safety in
mind. This can lead to a number of problems, it is important to
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ensure that fuel stations are built and operated in a way that
minimizes the environmental risks. This includes [18]:

o Locating fuel stations away from populated areas. This
will help to reduce the risk of fires and explosions that could
impact people and property.

. Using containment systems to prevent leaks.
Underground storage tanks should be lined with a leak-proof
material, and aboveground tanks should be equipped with spill
containment systems.

o |Installing air pollution control devices. These devices can
help to reduce emissions of VOCs, NOx, and PM.

e Educating employees about environmental safety.
Employees should be trained on the proper procedures for
handling and storing petroleum products.

By taking these steps, we can help to reduce the
environmental risks associated with fuel stations and protect
public health.

One of these requirements when selecting facility locations
is proximity to population centers, distance from neighboring
stations, ease of use of existing facilities, and the magnitude of
environmental pollution standards.

According to the World Health Organization (WHO, 2004),
over 2.3 million people and properties worth over $4.5 billion
have been affected by fires associated with improper use of
petroleum products. Most cities are exposed to traffic
congestion, pollution, accidents, fire explosions, and
environmental problems. These problems are more common
in developing countries like Irag, where there is a lack of
coordinated development planning and adherence to planning
laws. The recent urban growth witnessed in Al-Mahaweel
district in general and specifically in the city of Nile has led to
the need to improve and assess the spatial distribution of petrol
stations. This research aims to study the spatial distribution of
a petrol station [19].

This study interestingly notes a gap between the location of
the stations and their efficiency within their multi-criteria
spatial distribution. It aims to find optimal station locations
while improving the number of required stations to meet
demand. In the multi-criteria approach, a series of evaluation
criteria are used to meet requirements and improve the
locations of petrol stations [20].

4. IMPORTANCE OF FUEL STATIONS AND SPATIAL
DIMENSION

Fuel stations are essential services in cities as they provide
fuel for various types of vehicles. The transportation system
has become the nerve center of modern cities, and the
distribution of these stations is related to fairness in service
provision and the impact on traffic flow, as land uses in the
city are a function of traffic movement [21].

They are known as the final station for transportation means,
and these stations have special characteristics suitable for the
type of transportation means. They represent prepared and
qualified spaces for the sale and distribution of fuel and
petroleum products, and the private sector or government
entities can own these places. These stations have spatial
considerations regarding their geographic distribution and
location, including the pathways or routes leading to and
exiting from them, their impact on overall transportation, and
the causes of traffic congestion or accidents [22].



4.1 Service efficiency

Fuel filling stations are spread inside villages and cities and
on external roads to provide services and supply vehicles of all
sizes with fuel of all kinds [18].

The services provided by gas stations are not limited to
supplying vehicles with fuel only but rather go beyond this
service, providing many services such as car batteries,
changing oils, changing vehicle tires, car washing, and every
other service provided to vehicles, and even some of them
contain small workshops for vehicle repair. Some stations
contain places to rest and sell fast food and drinks, increasing
the attraction to this station and thus indicating the station's
efficiency, work, and fuel supply [23].

And that the oil stations and the distribution of services in
the city have a great interdependence, especially as it is a
service provided to the community to achieve the greatest fair
distribution [24].

The spatial dimension is an attempt to find the appropriate
and possible method for the different activities, how to
distribute and link them, the efficiency of service distribution,
and the appropriate relationship for distances and the
possibility of estimating them.

4.2 The commercial and economic impact of the stations

They are places designated for the sale of fuel of all kinds,
and these places or stations may belong to the government or
private sectors [21].

Gas stations are one of the services cities provide to their
residents. These have witnessed significant changes in their
number and functional and spatial characteristics. They have
spread widely and increased within cities as an investment
sector that achieves guaranteed profitable returns. It has
become a commercial activity using a competitor's land for
other commercial and service uses. And they converged with
each other and appeared with new specifications and large
areas. They began to crowd many streets until the large
increase in their numbers became controversial and raised
many questions until it often became the subject of interest and
criticism by specialists, planners, and the public. The province
of Babil is witnessing a large commercial expansion in the fuel
stations due to the city’s urban area expansion. That it
represents an important center in regional and urban transport
because it connects the provinces and the city, as well as the
presence of fuel stations as a result of the continuous
movement and the influx of traffic makes the demand for fuel
increase and thus increases the proportion of the economic and
commercial impact For the province and its cities, and
encourages the interdependence between land uses and traffic,
and achieve commercial and economic aspects that have a
return on the individual and society [25].

4.3 Planning for sustainable development with effective
spatial distribution of fuel stations

Modern planning trends focus on the geographic
distribution of public service facilities needed by individuals
in their daily lives to provide them with the best assistance
easily and conveniently. This is a fundamental factor in the
region's distribution of public service centres. In this context,
the spatial distribution of petrol stations is subject to the
influence of a large number of interacting factors, which can
be divided as follows [26]:
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(1) Spatial distribution of petrol stations based on
population and area: This distribution relies on two factors,
population and area. The distribution occurs in municipalities,
neighborhoods, and secondary regions.

(2) Spatial distribution of petrol stations based on
population density: Population density is an important variable
that affects the numerical and spatial distribution of petrol
stations. The distribution should be proportional to population
density, as the commercial goal is to link station locations with
population density, considering that the population is the target
of the services provided by the stations.

(3) Spatial distribution of fuel stations based on urban
scope: This distribution includes two levels of the urban area:
distance from the city center and proximity to neighborhoods.

(4) Spatial distribution of fuel stations based on the road
network and street characteristics: This factor considers the
road network, its characteristics, and the types of streets.

By relying on a balanced development strategy that includes
successful management of refueling stations and optimal
spatial distribution while preserving it, it helps overcome
environmental and social challenges, protects the population,
and achieves a connection between land uses, their integration,
and their update within the flexibility of urban expansions,
increasing population growth, rapid urbanization, and
compliance with location-based standards and urban laws to
maintain the city's image and planning character. This
represents the greatest challenge in serving petrol stations and
their distribution [27].

4.4 Characteristics of fuel stations

Fuel stations have characteristics that affect their spatial
penetration and the size of vehicles. Some of the important
characteristics are [28]:

A.  Ownership pattern: Ownership patterns differ based
on land ownership in Iraq. All stations fall under the following
ownership categories: government-owned, leased, or private.

B. Number of employees at stations: Stations' workforce
has distinct characteristics, such as regularity, suitability for
workload, working hours, experience in the field, and age
groups.

C.  Operating hours at the station: Fuel stations vary in
their operating hours based on their size, number of tanks, and
locations. They are divided into two types: less than 12 hours
and more than 12 hours.

D.  Fuel marketing: Fuel is marketed daily due to its
connection with transportation activities that occur throughout
the day. It has distinct characteristics, including the spatial
distribution of consumed fuel types, fuel prices, and fuel
shortages.

5. RISKS OF FUEL
ENVIRONMENTAL IMPACTS

STATIONS AND

The environmental problems associated with the location of
fuel stations and their importance in achieving environmental
safety have been investigated in the case of Maiduguri, Nigeria

[8].



5.1 Potential hazards

The various studies that have been conducted on gas station
safety. The author does a good job of highlighting the different
types of hazards that gas station workers and consumers face,
as well as the contributing factors to gas station accidents.

The author also mentions some of the steps that have been
taken to improve gas station safety, such as fire and explosion
risk assessments and health risk assessments. However, the
author also notes that accidents still happen and that human
factors are often the leading cause [29, 30].

Overall, this is a valuable resource for anyone interested in
learning more about gas station safety. It is well-written and
informative, providing a comprehensive overview of the
hazards and risks associated with gas stations.

It is important to remember that gas stations are inherently
dangerous places. There is always the potential for a fire or
explosion, and even minor accidents can have serious
consequences [31-33].

It is therefore essential to take all necessary precautions to
stay safe at gas stations. This includes following the safety
rules, being aware of your surroundings, and being careful not
to overload your vehicle with fuel [34, 35].

Gas station owners and operators also have a responsibility
to take steps to improve safety. This includes providing
adequate training for their employees, keeping their facilities
well-maintained, and installing safety features such as fire
suppression systems [36-38].

By taking all necessary precautions, we can help to reduce
the risk of accidents at gas stations and keep ourselves and
others safe [39].

5.2 Environmental and spatial safety

Ensuring safety across different sectors and industries, such
as aviation, construction, refining, petrochemicals, container
operations, etc., is essential for performance, production
improvement, and service enhancement. Recent studies have
revealed that continuous support from management teams,
including participation in safety audits, site visits, safety
communication with workers, etc., are key factors influencing
employee safety behavior and determining the success of
safety management systems [40].

The operation of fuel stations requires safe and reliable
functioning to protect human life, health, the environment, and
the economy. Any improper operation can significantly affect
service quality, production costs, and life. Furthermore, the
effects of accidents or disasters that threaten the station can be
controlled, reduced, and eliminated by implementing
appropriate risk assessment mechanisms [41].

The need for security and safety is one of the most important
human needs. In the context of administrative buildings, this
is especially important due to the large number of people who
may be present, the abundance of flammable materials, and the
potential for serious accidents.

There are a number of factors that can contribute to safety
and security in administrative buildings, including:

e  Proper design and construction: The building should be
designed to minimize the risk of fire, flooding, and other
hazards. It should also be constructed using materials that are
fire-resistant and durable.

o Effective fire prevention and suppression systems:
These systems should be designed to detect and extinguish
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fires quickly and efficiently.

e  Well-trained staff: The staff of the building should be
trained in fire safety and emergency procedures. They should
also be familiar with the location of fire alarms, extinguishers,
and other safety equipment.

e Adequate security measures: The building should have
adequate security measures in place to deter and prevent crime.
This may include security guards, video surveillance, and
access control systems.

By taking these factors into account, it is possible to create
a safe and secure environment for everyone who works or
visits an administrative building.

In addition to the factors you mentioned, there are a few
other things that can be done to improve safety and security in
administrative buildings. These include:

. Regular fire drills: These drills help to ensure that
everyone in the building knows what to do in the event of a
fire.

. Emergency preparedness plans: These plans should
outline the steps that will be taken in the event of a fire, flood,
or other disaster.

. Proper maintenance: The building should be properly
maintained to ensure that fire alarms, extinguishers, and other
safety equipment are in good working order.

By taking these steps, it is possible to create a safe and
secure environment for everyone who works or visits an
administrative building [42].

5.3 Mitigating risks

Mitigating risks in fuel stations involves adhering to
planning standards for their location. The main supervisory
and regulatory authority responsible for granting official
approvals for fuel station construction is the General Company
for Oil Products in Iraq. This company has established several
regulations, conditions, and standards to be met when
selecting and designing the station’s location. Furthermore,
legal regulations and conditions need to be enforced to allow
for the establishment of fuel stations [43]. These planning
standards have been used to assess and improve the spatial
distribution of petrol stations in the Nile City in the Al-
Mahaweell District.

Some measures for mitigating risks and environmental
impacts in fuel stations, after achieving optimal distribution
based on planning standards, include implementing safety
regulations, establishing monitoring teams, enforcing zoning
laws and service location regulations, promoting the use of
alternative energy sources to reduce environmental risks, and
The above information highlights that the Nile District has a
relatively low number of fuel stations compared to its
administrative and geographic significance. Being close to the
center of the governorate and located on major transportation
routes connecting Babil Province with southern and Northern
provinces increases the district's importance and the need for
adequately equipped stations to provide comprehensive
services.

Detailed data on stations, including ownership, location,
and available products, will be presented in Table 3.

Following these measures ensures that the location of petrol
stations is a crucial stage in urban and regional planning to
achieve safety and security and mitigate environmental risks,
thereby preserving lives.



6. PRACTICAL ASPECT
6.1 Study area

A. Location of the Nile District in Al-Mahaweell District
(Nile City):

The Nile District is one of the districts within the Al-
Mahaweell District in Babil Province, Iraq. It is located
southeast of the district center and is known for its agricultural
nature, particularly palm cultivation. It is also home to
significant archaeological sites, including the ruins of Kish,
Tel Al-Ahmar, and Tel Abu Srida. (Ministry of Municipalities,
Babil Governorate) (Figure 2).
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Figure 2. The location of the Nile sub-district center in the
Mahaweel district

B. Statistical Study of the Population and its

Characteristics in the Study Area:

In the Nile District, it is necessary to study the
characteristics and population growth rates to assess their
future impact on the provision of fuel stations. This will ensure
improved services that align with the natural population
growth. See Table 1.

Table 1. Population numbers in the Nile district for the years
(1987, 2014, 2021)

Administrative unit Year Population
Al-Nile Township 1987 24151
2014 58,763
2021 66229

Source: Republic of Irag, Ministry of Planning, Central Agency for Statistics
and Information Technology, Babylon, population estimates for the year
(1987, 2014, 2021).

6.2 Fuel stations in the Nile district

Fuel stations in the Nile District are distributed between the
government and private sectors. There are three stations, with
a higher proportion belonging to the private sector (67%) and
the remaining to the government sector (33%). This imbalance
between the government and private sectors poses challenges
in providing efficient services, as there is a reliance on private
stations and neglect of the public sector. This imbalance
encourages price manipulation, material storage with lower
stock levels, and a lack of commitment to safety standards.
The public sector needs to be strengthened to ensure a more
balanced distribution of fuel stations and efficient service
provision. See Table 2 and Figure 3.
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Table 2. Filling stations in Mahaweel district by
administrative units for the year 2021

Administrative Unit  Number of Filling Stations

Al-Mahaweel D.C 3

Al-Nile ship town 3

Al-Imam ship town 1
Total 7

Source: Department of Petroleum Derivatives, Babylon Branch / Statistics of
Petroleum Stations for the year 2021, unpublished data

Distribution percentages of fuel filling stations in
Al-Mahaweel District

Al-Nile
shiptown

Figure 3. Percentage distribution of the fuel station in the
Mahaweel area

The above information highlights that the Nile District has
a relatively low number of fuel stations compared to its
administrative and geographic significance. Being close to the
center of the governorate and located on major transportation
routes connecting Babil Province with southern and Northern
provinces increases the district's importance and the need for
adequately equipped stations to provide comprehensive
services.

Detailed data on stations, including ownership, location,
and available products, will be presented in Table 3.

Table 3. Classification of stations in the Nile sub-district by

ownership

Administrative Station Property Municipal
Unit Name Boundaries

Al-Nile ship Al-waseem  Private Sector Out of

town Staion bounds

Al-Nile Private Sector Out of

Aldewalia bounds

Station
Keesh Government Out of
Station Sector bounds

Source: Department of Petroleum Derivatives, Babylon Branch / Statistics of
Petroleum Stations for the year 2021, unpublished data

A. Ownership:

Table 3 and Figure 4 shows that most stations are privately
owned, accounting for approximately 67%, followed by
government-owned stations at 33%. This unbalanced ratio
between the government and private sectors has created a clear
disruption in service efficiency, relying heavily on private and
non-governmental stations while neglecting the public sector.
This situation encourages price and material manipulation and
a lower stock of supplies, which results in lower public trust
and efficiency in service provision. Therefore, there is a need
to address this imbalance and strengthen the public sector,
ensuring fair competition and improved service provision.



Ratios of stations according to ownership

M private sector

B govermant
sector

Figure 4. Ratios of station according to ownership
B. Available products: Table 4 and Figure 5.

Table 4. Stations and products provided in the Nile sub-

district
. Products

. Station i

Station Property  Gasoline Gas Kaz Oil High
Octane

Al-Athar Private
Station Sector © ° °
Al-Nile Government
Aldewalia  *°¢ 0 © o
Station
Keesh Private
Station Sector © ° ©

Source: Department of Petroleum Derivatives, Babylon Branch / Statistics of
Petroleum Stations for the year 2021, unpublished data.

Filling stations and product processing

gasollne oil high

ocrane

Figure 5. Products available at the petrol stations in the
center of the Nile sub-district

6.3 Data analysis according to the method of comparative
analysis

The previous data was analyzed according to the method of
analysis according to the standards of the Ministry of Oil for
the year 2015, to divide the standards into the standards of the
stations established within the municipal borders, and into the
standards of the stations established outside the borders of the
municipality, both according to experts and decision-makers.

First: The standards of the Ministry of Oil for stations
inside and outside the municipal borders (Table 5):

Second: Comparing the locations of the stations with the
standards of the Ministry of Oil for the year 2015:

To obtain the best result and planning, the comparison must
be made with the standards prepared by specialists and
decision-makers. A comparative analysis is used between the
reality of the situation and the model standards to obtain the
most accurate assessment of the reality of the situation in order
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to develop appropriate solutions accurately (Figure 6).

Table 5. Ministry of Oil standards

Criterion Cursor The
Index
Within the municipal boundaries
Residential use The distance between _the 40m
apartment and the station
. Two
Population Every 60000 people stations
The station's distance from
Community services the services (schools, 100 m
hospitals, mosques.)
The distance between the
Road network station location and traffic 1000m
intersections.
Arrival distance The beneficiary's _distance 1600 m
from the station
The distance of th . .
sta(ii(cj)nssa:‘r:):fnoeache St_atlon distance from 750 m
station on the same street
other
Outside municipal boundaries
The distance of the The distance of a station to
stations from each a station in the 10 km
other same administrative unit
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- 100m
stations from the pressure areas
electrical pressure Distance from low- 5m

lines pressure areas
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Figure 6. The spatial distribution of stations within the
Mahaweel district

7. OPTIMAL LOCATION OF FUEL STATIONS

To reduce disparities in development levels through
regulating multiple procedures, guiding event locations and
development efforts, and achieving the goal according to
mechanisms and laws governing the interaction between the



basic elements of the spatial dimension, including its
economic, social, political, and urban aspects, comprehensive
spatial development is achieved. Regional and urban planning
corrects deviations in the spatial structure, starting from the
urban settlement structure and organizing land uses to
population movement, resulting in a spatial balance of services
within the same area. The optimal signature of fuel stations
will be a successful foundation for providing service for
everyone.

7.1 Determining the ideal location for stations in the Nile
District

First: The analysis environment is determined to identify
areas of use for filtering, as shown in Figure 7.
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Figure 7. Selecting the analysis environment

Second step: The range of each use and the distance of the
station from it are determined, as shown in Figure 8.
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Third step: Areas are deleted from the analysis
environment layer to determine the typical station locations
based on the specified criteria, as illustrated in Figure 9.
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Figure 9. Deleting regions from the analysis environment
Fourth step: Finally, the typical site for the stations is
selected: proposed stations for the center of the Nile District in

Al-Mahaweel District (Figure 10, Table 6).

Table 6. The proposed stations based on the criteria of the

Ministry of Oil station A
Estg—r:glte d The Evaluation
Station A . Standard to
Station Index Standard
Index
2000m2or  matches the
The Space 5000 more standard
The distance
relative to the 40m 40m matches the

residential land standard
use
Distance from

these services matches the

(schools, hospitals 100 m 100 m
and health standard
centers)
Industrial use 40 m 40 m matches the
standard
The distance
between the 834m 750 or matches the
i more standard
stations
Arrival distance ~ 1600m  160om  Maichesthe
standard
The dimension of matches the
Administrative use 100m 100 m standard

Figure 8. Determine the ranges for each use by distance

The analysis environment is determined within the
municipal boundaries using a buffer tool to determine the
range of each use and the distance of the station from it
according to the municipal boundaries.

Appropriate criteria were applied after analyzing the spatial
aspect and creating an analytical environment. The analysis
revealed the availability of typical station locations at 40
meters from residential, 100 meters from public service, and
40 meters from industrial use. In conclusion, more typical sites
were identified in the center of the Nile District in Al-
Mahaweel District, meeting all the criteria without
compromising any of them, thus achieving spatial safety and
avoiding environmental risks (Table 7).
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Figure 10. Typical locations for stations

Table 7. The proposed stations based on the criteria of the
Ministry of Oil station B

The Evaluation
SwtinB o e Standard o
Index Standard
2
The Space 4000-4500 2000m matches the
or more standard
The distance atches the
relative to the 40m 40m standard
housing unit.
Industrial use 40m 100m  matchesthe
standard
Distance from
these services
Rl woom aom M
hospitals and
health centers).
The distance
between the 750 m 7500r  matches the
stations more standard
Arrival distance 1600 m 1600 m  matches the
standard
The dimension
from matches the
Administrative 100m 100 m standard
use

8. CONCLUSIONS

Several conclusions can be drawn from the content of the
research:

1.  The process of distributing services is one of the
important aspects in the process of planning services for the
secondary region. This distribution of services is linked to
urban agglomerations and population centers, generally
distributed within a hierarchical system. They are signed
according to the number of populations served on the one hand
and according to the need of the population on the other.

2. The petrol stations' location and activities play an
important role in adding pollutants to the environment, thus
increasing the percentage of risks. The spread of these stations
appeared without reference to laws and requirements, and
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most of them were profitable and did not consider the
environmental aspects. As a result, environmental risks occur,
and safety loses its role in this profitable situation.

3. This study was conducted in the Nile City in the
Mahaweel District. This study aims to analyze the reality of
fuel stations in the Nile City using the geographic information
system, a multi-criteria analysis. 2 petrol stations distributed
within the borders of the municipality (A, B) were proposed,
and from the initial inspection of the petrol stations in the Nile
City, which includes the map of the actual and hypothetical
condition, the map of the geographical condition, the standard
distance of the distribution map, the directional distribution
map, and the allocation areas for petrol stations. The spatial
analysis of the distribution of petrol stations operates
according to 7 basic criteria.

4. The need for several fuel filling stations with the need
of the province and the presence of great economic importance
from their establishment. The reason for this is the recent
unprecedented increase in the number of new cars, the survival
of old cars, and the lack of fuel products.

5. The study revealed, through the spatial analysis of the
spatial signature criteria of the fuel filling stations, that most
of the fuel stations in the city of the Nile in the district of Al-
Mahaweel were established without taking into account the
standards and requirements of the site for construction, which
were set by the competent authorities, and that there are
neighbourhoods served by more than one gas station. At the
same time, some neighbourhoods do not exist. It has this
service and neighbourhoods that need to expand the service.

6.  The city of the Nile in the Al-Mahaweel district
witnessed inaccurate fuel station distributions due to
administrative shifts from the sub-districts to districts divided
from the main district.

7. The location of most of the stations outside the
municipal borders explains the need for more services for the
local population of the districts and the district center.

8. Quality of service is the most important element for
customers to choose a gas station. Besides the quality of
service, the quality of the petrol, the proximity to the station
and the environmental situation are the factors customers look
for when choosing a petrol station.

In conclusion, the optimal Location of fuel stations based
on comprehensive spatial analysis and adherence to specified
criteria is crucial for ensuring safe and environmentally-
friendly service provision.

9. RECOMMENDATION

(1) The selected location should have the potential for
future expansion to avoid any potential problems.

(2) Itis necessary to understand all the determinants and
criteria necessary for selecting the location of fuel stations
based on the needs of the city and the district and the
municipality's plan for distributing services within the basic
plans of the Nile City in Al-Mahaweel District. This is due to
the absence of stations in the center of the district and the
urgent need for proximity, as the existing stations outside the
center are far away, and most of the fuel is consumed in distant
areas.

(3) Using geographic information systems (GIS) should
be actively promoted as a technological tool in all planning
and regulatory government administrations. GIS provides the
possibility to contribute to finding solutions to most planning



issues by relying on spatial analysis and using its tools to build
a spatial database that helps guide services according to site-
specific and environmental requirements. This will assist in
making better decisions without the interference of other
factors that hinder the effectiveness of any decision aimed at
improving the level of service as desired. Hence, adopting
technology as part of the requirements for proper planning of
transportation services in any city is crucial.

(4) Propose implementing a smart fuel station control
system using RFID and GSM technology. In this system,
RFID technology accurately dispenses the amount of fuel,
reducing fuel misuse and labor costs. Additionally, if a
customer tries to use an unauthorized card, the RFID system
rejects the card, making the system highly secure. However,
this system has some limitations, such as network issues
related to the server system. In the future, a server system can
be established for enhanced security and control, utilizing a
regular Master Card or Visa Card. Furthermore, integrating the
Internet of Things (loT) with Raspberry Pi can increase the
system's reliability.

(5) Itisessential to strongly support land use policies and
land management by strictly adhering to safety regulations to
avoid major fire disasters within the city. This is important
considering the high temperatures prevailing in Irag, which
have often resulted in fires during the summer season.

(6) Adherence to the proposed areas outlined in the
research findings is recommended when establishing new fuel
stations.

(7) Document GIS maps, plans, and research findings in
a database specifically designed for the Ministry of Oil,
Housing, and Construction to enable their retrieval in case of
granting licenses for new petrol stations.

(8) Strengthen legal procedures and enforcement to
ensure petrol station owners comply with planning standards.

(9) Maintain oversight by the licensing authority, the
Ministry of Qil, and inform stations of any violations that need
to be rectified.

(10) Create a green belt surrounding the stations and
incorporate green spaces within petrol stations.

Safety training is crucial in implementing safety measures
and should be a key factor in safety and security assessments.
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