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Abstract: Enhanced Oil Recovery (EOR) techniques have become a cornerstone in the oil and gas
industry, playing a pivotal role in extending the productive life of oil reservoirs and maximizing the
extraction of hydrocarbons. Traditional recovery methods are often limited in their ability to fully exploit
oil reserves, recovering only a fraction of the total available hydrocarbons. As oil fields age and global
reserves of easily accessible oil become increasingly depleted, the adoption of advanced EOR methods has
become essential to meet the ever-growing global energy demands. EOR offers the potential to recover
additional oil that would otherwise remain trapped in reservoirs, thereby ensuring the sustainability and
profitability of oil production in the long term. The advent of Artificial Intelligence (Al) technologies has
introduced a new dimension to EOR by enabling more efficient, cost-effective, and precise operations. Al,
with its capabilities for machine learning, predictive analytics, and data-driven decision-making, can
transform how oil fields are managed, especially in terms of optimizing recovery rates and reducing
operational uncertainties. Through the use of Al, operators can process and analyze vast amounts of data
from reservoirs in real-time, adjust recovery strategies dynamically, and minimize the risks associated with
traditional EOR methods. The integration of Al into EOR not only enhances recovery but also improves
the accuracy of forecasts, reduces downtime, and allows for better resource allocation, leading to
substantial cost savings. This paper explores the various EOR techniques currently employed in the oil and
gas industry, including thermal methods, gas injection, and chemical EOR, highlighting their individual
strengths and limitations. The focus then shifts to the application of EOR in the Nigerian oil and gas market,
a sector that faces unique challenges due to the aging of many of its oil fields and the technical and financial
barriers to adopting advanced recovery methods. Nigeria, as one of the largest oil producers in Africa, has
a vested interest in extending the life of its mature oil fields, and Port Harcourt, the hub of oil and gas
activities in the country, represents a crucial case study for the implementation of cutting-edge EOR
techniques. The paper presents a case study based in Port Harcourt, Nigeria, where Al-driven EOR
solutions were applied to optimize gas injection processes and improve oil recovery in mature reservoirs.
The case study offers insights into how Al was employed to analyze real-time data, adjust gas injection
patterns, and provide more accurate production forecasts, resulting in enhanced recovery rates and
reduced operational costs. The study also underscores the economic and operational benefits that Al can
bring to the oil and gas sector, particularly in regions with aging infrastructure and limited resources.
Through an extensive literature review, detailed methodology, and the in-depth analysis of the Port
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Harcourt case study, this research aims to demonstrate the transformative potential of Al in EOR
operations. By exploring both the technical and economic impacts of integrating Al into EOR processes,
the paper highlights how Al can serve as a critical tool in ensuring the long-term viability of 0il production
in Nigeria and beyond. The research also addresses the broader implications of Al-driven EOR
technologies for global oil markets, particularly in terms of sustainability, efficiency, and cost reduction.
The paper emphasizes the importance of adopting Al-enhanced EOR technologies in the oil and gas
industry to maximize hydrocarbon recovery and extend the life of oil reservoirs, particularly in mature
fields. The integration of AI not only enhances the technical capabilities of EOR but also provides a viable
pathway to overcoming many of the challenges that the oil and gas industry faces today, ensuring the
continued supply of energy to meet global demand while reducing environmental impact and operational
COSIS.

Keywords: oil recovery, role of Al technology, Nigerian oil, gas industry

INTRODUCTION

The oil and gas industry has historically relied on conventional methods to extract hydrocarbons from
reservoirs, but with the depletion of easily recoverable oil, the demand for more advanced extraction
techniques has become critical. Enhanced Oil Recovery (EOR) techniques have emerged as essential
solutions to this problem, designed to increase the recovery of hydrocarbons from reservoirs after primary
and secondary recovery methods have been exhausted. EOR techniques involve the injection of substances
such as gases, chemicals, or heat into oil reservoirs to displace trapped oil and facilitate its flow toward
production wells, thereby significantly extending the productive life of oil fields. As global energy demands
continue to rise, the strategic importance of EOR has grown, providing a means to access reserves that
would otherwise remain untapped.

In recent years, the integration of Artificial Intelligence (Al) into oil and gas operations has opened up new
possibilities for optimizing EOR processes. The Al revolution in the oil and gas industry, marked by the
adoption of machine learning algorithms, predictive analytics, and data-driven decision-making models,
has enabled operators to refine and enhance EOR strategies. Al provides operators with the ability to
analyze vast volumes of real-time reservoir data, optimize injection patterns, predict reservoir behavior,
and fine-tune operational decisions to maximize recovery efficiency. Through Al-enhanced EOR,
companies can reduce operational costs, minimize the risk of failure, and achieve more accurate and timely
adjustments to ongoing recovery processes.

One of the most significant advantages of Al in EOR is its ability to predict and optimize complex reservoir
dynamics, particularly in fields where conventional recovery methods are no longer effective. Al's capacity
to process and analyze large datasets allows for a detailed understanding of the reservoir's characteristics,
including pressure dynamics, fluid behavior, and well performance. By predicting how a reservoir will
react to different EOR techniques, Al can suggest optimal injection rates and materials, ensuring maximum
recovery while minimizing the use of resources. This level of precision makes Al an invaluable tool in the
oil and gas industry, particularly as the industry moves towards more complex and challenging fields.
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In Nigeria, where oil production is a cornerstone of the national economy, the application of Al-enhanced
EOR techniques presents significant opportunities. Nigerian oil fields, particularly in regions like Port
Harcourt, are facing increasing challenges as many mature fields approach the end of their conventional
productive life. The introduction of Al technology in EOR offers the potential to revitalize these mature
fields, enabling operators to extend their operational life and recover more hydrocarbons. By using Al
algorithms to predict optimal recovery strategies and monitor the performance of EOR interventions in
real-time, Nigerian oil companies can maximize their production output and improve the economic
viability of mature oil fields.

Port Harcourt, often considered the hub of Nigeria's oil and gas industry, serves as a critical region for the
application of advanced recovery techniques such as Al-enhanced EOR. Many oil fields in this region have
been producing for decades and are now nearing the end of their conventional recovery potential. Through
the integration of Al-driven models and EOR techniques, these fields could be revived, allowing for the
extraction of additional reserves that were previously considered uneconomical or inaccessible. This
presents a significant opportunity for both the Nigerian economy and the global oil market, as maximizing
oil recovery from existing fields could reduce the need for new exploration and lower overall operational
costs.

This paper will explore the range of EOR techniques used in the industry, focusing on the technological
advancements enabled by Al It will delve into the methodologies that allow for enhanced recovery in
mature oil fields, with particular emphasis on the Nigerian oil and gas market. The case study in Port
Harcourt will be used to illustrate how Al can be applied to optimize gas injection processes and manage
complex reservoir conditions, demonstrating how Al technology can transform the future of EOR
operations in Nigeria and other regions facing similar challenges.

Through this research, we aim to highlight the transformative potential of Al in EOR, emphasizing how
the integration of Al technologies with traditional EOR methods can yield significant operational benefits,
economic advantages, and enhanced hydrocarbon recovery in mature oil fields. This exploration is
particularly relevant for regions like Nigeria, where oil production is critical to national economic
development and the sustainability of energy resources.

LITERATURE REVIEW

1. Overview of Enhanced Oil Recovery (EOR) Techniques

Enhanced Oil Recovery (EOR) techniques are classified into three main categories:

Thermal EOR: The injection of heat (usually steam) to reduce the viscosity of heavy oils and improve
flow rates. This method is particularly effective for heavy oil reservoirs.
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Thermal Enhanced Oil Recovery (EOR) is one of the most widely used and effective techniques for
extracting oil from reservoirs that contain heavy crude oil. Heavy oils are typically highly viscous, making
it difficult for them to flow freely through the reservoir and into production wells. By introducing heat into
the reservoir, the viscosity of the oil is significantly reduced, allowing it to flow more easily and be pumped
to the surface. Thermal EOR can be applied in various ways, but the most common methods involve the
injection of steam into the reservoir. This technique has been particularly successful in heavy oil reservoirs,
which contain oils that are too thick to be economically recovered using conventional primary and
secondary methods.

Mechanism of Thermal EOR

The basic principle of thermal EOR is to reduce the viscosity of the oil by raising the temperature within
the reservoir. The injection of steam, which is generated at the surface and then pumped into the reservoir,
heats the oil and surrounding rock, reducing the oil’s viscosity. This makes the oil more fluid, enabling it
to move more freely through the reservoir and be displaced toward production wells.

There are multiple physical effects that occur in the reservoir during the process:

Viscosity Reduction: As the temperature increases, the oil becomes less viscous, and its ability to flow
through the rock improves significantly.

28


https://www.eajournals.org/

British Journal of Earth Sciences Research, 12 (4),25-43, 2024
Print ISSN: 2055-0111 (Print)
Online ISSN: 2055-012X (Online)

Website: https://www.eajournals.org/

Publication of the European Centre for Research Training and Development-UK

Thermal Expansion: The oil and reservoir fluids expand as they are heated, which helps increase the
pressure in the reservoir, further driving the oil toward production wells.

Oil-Water Interfacial Tension Reduction: Heating the oil reduces the interfacial tension between oil and
water, allowing the oil to move more freely through water-filled pore spaces in the reservoir rock.

Solubilization of Heavy Components: Heat can break down large, complex hydrocarbons in the oil,
making them more soluble and mobile. This contributes to the overall flow improvement.
Types of Thermal EOR

There are three primary types of thermal EOR methods: Steam Flooding, Cyclic Steam Stimulation,
and In-Situ Combustion. Each has specific applications depending on the reservoir’s characteristics, the
depth of the oil, and the scale of the project.

1. Steam Flooding

Also known as steam drive, this method involves the continuous injection of steam into the reservoir
through dedicated injection wells. The steam heats the oil, reducing its viscosity, and drives it towards
production wells, where it can be extracted. The steam also helps maintain the pressure in the reservoir,
further aiding oil recovery.

Process: Steam is injected into the reservoir through one set of wells, and as it heats the oil, the now-
mobilized oil is displaced toward adjacent production wells, from which it is extracted. The injection and
production phases occur simultaneously, with steam constantly being injected as oil is produced.

Benefits: This method is particularly effective for reservoirs with large amounts of heavy oil, where other
methods of recovery would not be feasible. The continuous injection of steam allows for sustained pressure
and heat distribution within the reservoir, leading to increased recovery rates.

Challenges: One of the primary challenges of steam flooding is its high energy requirement, as significant
amounts of steam must be generated and injected into the reservoir. Additionally, the method requires
careful management of reservoir conditions to ensure that steam is effectively distributed throughout the
oil-bearing formations.

2. Cyclic Steam Stimulation (CSS)

This method, also known as the huff-and-puff method, involves injecting steam into a well and then
allowing the well to sit and soak. The heat from the steam reduces the oil’s viscosity, allowing it to flow
more easily when the well is put back into production.

Process: In the first phase, steam is injected into the well for a period of time (usually several weeks). The

well is then shut in, allowing the heat to penetrate and reduce the oil’s viscosity. Finally, the well is re-
opened, and the heated oil is produced until the reservoir cools down, at which point the process is repeated.
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Benefits: CSS is particularly well-suited for reservoirs where the oil is highly viscous but not widely
dispersed. The process can be repeated multiple times on the same well, making it a relatively cost-effective
method for increasing oil production.

Challenges: The effectiveness of CSS diminishes over time, as repeated cycles of heating and cooling can
lead to changes in the reservoir, such as fracturing or plugging of pore spaces, which can reduce the
method’s overall efficiency.

3. In-Situ Combustion (ISC)

In this method, part of the oil in the reservoir is ignited to generate heat. The heat from the combustion
front reduces the viscosity of the oil, while the gases produced by the combustion help to drive the oil
toward production wells.

Process: Air or oxygen is injected into the reservoir, and the oil is ignited within the reservoir. As the
combustion front moves through the reservoir, it heats the surrounding oil and reduces its viscosity, making
it easier to extract. The gases produced during combustion also help to maintain reservoir pressure and
drive the oil toward the production wells.

Benefits: In-situ combustion has the potential to recover significant amounts of oil, especially in deep
reservoirs where other thermal methods may not be feasible. The heat generated by the combustion is
highly efficient at reducing the viscosity of the oil, leading to increased recovery rates.

Challenges: ISC is a complex process to manage, as it requires careful control of the combustion front and
the injection of oxygen or air. Additionally, there is a risk of incomplete combustion, which can lead to the
production of gases that are difficult to handle or dispose of.

Advantages of Thermal EOR

Increased Oil Recovery: Thermal EOR can significantly increase the recovery factor of a reservoir,
enabling the extraction of oil that would otherwise be left behind by primary and secondary recovery
methods.

Economic Viability: Although thermal EOR methods require a significant upfront investment, the increase
in oil production and recovery can make it economically viable, particularly for heavy oil reservoirs where
conventional methods are ineffective.

Proven Technology: Thermal EOR has been successfully applied in various oil fields around the world

for decades. It is a well-established technology with a track record of success, particularly in countries like
Canada and Venezuela.
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Challenges and Limitations of Thermal EOR

High Energy Consumption: The generation of steam or the initiation of in-situ combustion requires a
significant amount of energy, which can make thermal EOR an expensive proposition, particularly in
regions where energy costs are high.

Water Usage: Steam injection requires large volumes of water, which can be a challenge in areas where
water resources are scarce or environmental regulations limit water usage.

Environmental Impact: The burning of fossil fuels to generate steam or air for combustion can result in
significant greenhouse gas emissions, which may contribute to climate change and limit the environmental
sustainability of thermal EOR.

Application of Thermal EOR in Nigeria

Thermal EOR holds significant potential in Nigeria’s oil and gas industry, especially in fields where heavy
oil is prevalent. Nigeria’s oil fields, many of which are located in the Niger Delta, include reservoirs with
varying oil viscosities, some of which are well-suited for thermal EOR. Given the country’s reliance on oil
production for economic growth, the introduction of thermal EOR techniques could help prolong the
productive life of Nigeria’s oil fields, ensuring continued economic benefits and energy security.

In addition, the potential for integrating Al technology with thermal EOR processes in Nigeria could further
optimize steam injection rates, predict the best time for well cycling, and manage reservoir pressure more
effectively. This combination of traditional EOR with Al could yield higher recovery rates and better
operational efficiencies.

In conclusion, Thermal EOR remains one of the most effective methods for extracting heavy oil from
mature reservoirs. By reducing the viscosity of the oil and improving flow rates, thermal EOR can
significantly increase oil recovery, making previously uneconomical reservoirs viable. Despite its high
energy demands and environmental impact, the introduction of Al-driven optimizations and the application
of thermal EOR in regions such as Nigeria could revolutionize the way oil is extracted from complex
reservoirs, ensuring the long-term sustainability of the oil industry.
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Gas Injection EOR: The use of gases such as carbon dioxide (CO2) or nitrogen to maintain pressure in
the reservoir and push oil towards production wells. CO2 injection is one of the most widely used gas EOR
techniques due to its dual benefit of enhancing oil recovery while sequestering CO?2.
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Gas Injection Enhanced Oil Recovery (EOR) is one of the most effective and widely used methods for
increasing oil recovery, especially in mature or declining oil fields. In this method, gases such as carbon
dioxide (CO3) or nitrogen (N2) are injected into the oil reservoir to maintain reservoir pressure, reduce the
viscosity of oil, and drive the oil towards the production wells. Gas injection EOR enhances the overall
recovery factor by improving the movement and flow properties of the oil that would otherwise remain
trapped in the reservoir pores.

Mechanism of Gas Injection EOR
The fundamental principle behind gas injection EOR is the ability of the injected gas to interact with the
oil and improve its flow through various physical and chemical mechanisms. These mechanisms include:

Pressure Maintenance: The injected gas increases or maintains the pressure in the reservoir, compensating
for the natural depletion that occurs as oil is extracted. This increase in pressure helps push the remaining
oil towards the production wells.
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Miscibility: In the case of CO: injection, under specific pressure and temperature conditions, CO2 becomes
miscible with the oil, forming a single-phase fluid. When miscibility is achieved, the interface between the
oil and the gas disappears, allowing the CO- to mix with the oil and reduce its viscosity, improving the oil's
mobility.

Immiscibility: If the gas does not achieve miscibility, it still serves as a driving force by creating pressure
differentials that displace the oil toward the production wells. Nitrogen (N2) and other gases are typically
used in this scenario.

Oil Swelling: The injected gas, particularly CO-, can dissolve in the oil, causing the oil to swell. This
swelling increases the volume of the oil, reducing its density and making it easier to move through the
reservoir.

Reduction in QOil Viscosity: The injected gas reduces the viscosity of the oil by dissolving in it. This
reduced viscosity allows the oil to flow more freely through the reservoir rock.

CO: Injection: A Dual-Purpose Technique

CO: injection is one of the most widely used forms of gas injection EOR because it offers a dual benefit:
enhancing oil recovery while also sequestering CO2, which helps mitigate climate change. In this process,
CO: that might otherwise be released into the atmosphere is captured from industrial sources and injected
into the oil reservoir, where it becomes part of the subsurface environment.

The reactions that take place between CO: and the hydrocarbons in the reservoir involve complex phase
behavior. Under certain conditions of pressure and temperature, CO: can become miscible with oil,
enhancing the ability of the oil to flow through the porous media in the reservoir. The interaction of CO2
with hydrocarbons can be expressed chemically as follows:

33


https://www.eajournals.org/

British Journal of Earth Sciences Research, 12 (4),25-43, 2024
Print ISSN: 2055-0111 (Print)
Online ISSN: 2055-012X (Online)

Website: https://www.eajournals.org/

Publication of the European Centre for Research Training and Development-UK

CO; + 0Oil —+ CO,-0il (Miscible Phase)

When CO; is injected into the reservair, it dissolves in the oil, reducing the oil's viscosity and swelling
it. The viscosity of the oil, which normally impedes flow, is reduced due to the solubility of CO; in the
oil. This effect can be represented by the relationship between viscosity (p) and the dissolved gas

content:

= g X e *(C02)

Where:
e 1 is the viscosity of the oil after gas injection.
e i is the original viscosity of the oil.
e COy represents the concentration of dissolved CO5.
e kis a constant dependent on reservoir conditions.

As CO; dissolves in the oil, it also causes the oil to swell, expanding its volume and reducing the

capillary forces that trap the oil within the reservoir rock. This swelling effect can be expressed as:
Voir x (1 4+ a x CO3)
e « is the oil swelling factor, which depends on the reservoir conditions and CO, concentration.

The combination of viscosity reduction and oil swelling increases the mobility ratio in favor of the

oil, making it easier for the oil to flow toward the production wells.

Miscibility and Immiscibility in Gas Injection
There are two primary types of gas injection EOR based on the miscibility of the gas with oil:

Miscible Gas Injection: This occurs when the injected gas, typically CO., achieves miscibility with the
oil. The miscibility results in a single-phase fluid, which removes the interfacial tension between the gas
and the oil, allowing for a more efficient displacement of the oil.
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Immiscible Gas Injection: In cases where miscibility cannot be achieved due to pressure and temperature
constraints, the gas remains immiscible. However, even in its immiscible form, gases like nitrogen (N2) or
natural gas still displace the oil by creating pressure differentials within the reservoir.

In miscible gas injection, the minimum miscibility pressure (MMP) is the critical factor. When the pressure
in the reservoir exceeds the MMP, CO- can dissolve completely in the oil, forming a single-phase solution.
The minimum miscibility pressure can be expressed as:

Pumr = f(T, Ceo,, Coit)

Where:
e Pup is the minimum miscibility pressure.
e T'is the reservoir temperature.

» Cro, and Cp; are the concentrations of CO; and olil, respectively.

In immiscible gas injection, the gas creates a pressure barrier or “drive” that pushes the oil toward the
production wells without dissolving into the oil. This process primarily relies on maintaining reservoir
pressure and using the injected gas as a physical barrier to displace the oil.

Advantages of CO: Injection

Enhanced Oil Recovery: The primary advantage of CO: injection is its ability to significantly improve oil
recovery rates. By reducing oil viscosity, increasing oil swelling, and creating favorable pressure
conditions, CO: injection can increase the recovery factor of a reservoir by up to 20-30% compared to
conventional methods.

Carbon Sequestration: One of the most critical benefits of CO: injection is its environmental aspect. COx,
which is typically emitted into the atmosphere from industrial processes, can be captured and stored
underground in oil reservoirs. This dual-use process helps reduce greenhouse gas emissions, contributing
to efforts to mitigate climate change.

Reservoir Pressure Maintenance: CO: injection helps maintain reservoir pressure over time, extending
the productive life of the reservoir and delaying the need for expensive secondary recovery methods.

Widespread Applicability: CO: injection is effective in a variety of reservoir types, making it one of the

most versatile EOR techniques. It can be used in both light and heavy oil reservoirs, although its most
significant benefits are seen in medium to light oil fields where miscibility can be achieved.
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Challenges and Limitations

Cost: The costs associated with CO: capture, transportation, and injection are significant. These costs must
be balanced against the expected increase in oil recovery to ensure economic viability. The infrastructure
required for CO: handling and injection is also complex and expensive.

Availability of CO:: A major challenge for CO: EOR is the availability of a large, steady supply of CO-
for injection. In regions where CO: sources are limited, this can restrict the widespread application of the
technique.

Reservoir Compatibility: The effectiveness of CO: injection depends on the characteristics of the
reservoir. In some reservoirs, achieving miscibility between CO- and oil may be difficult due to pressure
or temperature constraints, which limits the method’s efficiency.

Environmental Concerns: Although CO: injection helps sequester CO-, there are concerns about the long-
term integrity of the reservoir and the potential for leakage of CO: back into the atmosphere.

In conclusion, gas injection EOR, especially through CO: injection, remains one of the most effective
methods for maximizing oil recovery in mature fields. Its dual role in both enhancing oil production and
sequestering CO: positions it as a valuable technique for oil companies looking to improve their operational
efficiency while contributing to climate change mitigation. However, challenges related to cost,
infrastructure, and reservoir compatibility must be addressed to ensure its widespread adoption. With
continued advancements in technology, including the integration of AI for optimizing gas injection
patterns, the future of CO2 EOR looks promising for the oil and gas industry.

Chemical EOR: The injection of chemicals such as polymers or surfactants to alter the properties of the
oil and improve its flow. Polymers increase the viscosity of water used in water flooding, while surfactants
reduce the oil-water interfacial tension.
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Chemical Enhanced Oil Recovery (Chemical EOR) is a method that involves injecting specially designed
chemicals into the oil reservoir to improve the recovery of hydrocarbons by altering the physical and
chemical properties of the oil and its interaction with water. This method primarily focuses on improving
the mobility of the trapped oil and increasing the efficiency of water flooding, a common secondary
recovery method. The two main types of chemicals used in Chemical EOR are polymers and surfactants,
which play distinct roles in enhancing oil recovery.

Mechanism of Chemical EOR

The central concept behind Chemical EOR is to modify the properties of the reservoir fluids (oil and water)
and the rock-fluid interactions to allow for better displacement of oil toward production wells. These
chemicals are introduced into the reservoir, often in combination with water flooding, and they work by
improving the mobility ratio (the relative ability of the oil and water to move through the reservoir) and
reducing capillary forces that trap oil in the rock pores.

Key Mechanisms Involved:

Mobility Control: Polymers are used to increase the viscosity of the water used in water flooding, which
improves the displacement efficiency of the injected water by reducing its tendency to bypass oil and flow
through high-permeability zones (a phenomenon known as fingering).

Interfacial Tension Reduction: Surfactants are added to reduce the interfacial tension between the oil and
water, allowing oil droplets to more easily detach from rock surfaces and flow towards production wells.

Wettability Alteration: Surfactants can also change the wettability of the reservoir rock, making it more
water-wet. This change improves the oil displacement by water and increases oil recovery.

Polymers in Chemical EOR

Polymers are large macromolecules composed of repeating structural units. In the context of Chemical
EOR, polyacrylamides and biopolymers are commonly used to increase the viscosity of the water phase in
water flooding. The goal is to improve the mobility ratio between the injected water and the oil, ensuring
more uniform and efficient oil displacement across the reservoir.
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The main mechanism by which polymers function is by increasing the viscosity of the injected water. The
equation for mobility ratio (M) in a two-phase flow (oil and water) is given as:

S

)\a B ku/;u:u

Where:
e M is the mobility ratio.
e )\, is the water mobility.
e\, is the oil mobhility.
e [k, and k, are the relative permeabilities of water and oil, respectively.
® iy and L, are the viscosities of water and oil, respectively.

By increasing the viscosity of water (f,,) using polymers, the mobility of water is reduced, resulting

in a lower mobility ratio (M) and a more efficient oil displacement. the vi it
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of the water phase by creating long-chain molecules that tangle and interact with the surrounding fluid.
This increased viscosity forces the water to displace the oil more uniformly rather than flowing around it.
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The chemical expression of a polyacrylamide polymer can be simplified as:
(CH,CH(CONH,)],

Where:
e CONH,; is the amide group responsible for increasing the water's viscosity.

e 1 is the degree of polymerization.

When mixed with water, the long chains of polyacrylamides cause an increase in the viscosity of the water,
leading to a more uniform displacement of oil and minimizing the water fingering effect that can reduce
recovery efficiency.

Surfactants in Chemical EOR

Surfactants are surface-active agents that reduce the interfacial tension between two immiscible fluids, such
as oil and water. In Chemical EOR, surfactants are used to break the interfacial forces that trap oil in small
rock pores, enabling the oil to flow more freely. By reducing interfacial tension, surfactants allow trapped
oil droplets to merge and flow through the reservoir more easily.

The effectiveness of surfactants in EOR can be understood through the capillary number (Nc), which
represents the ratio of viscous forces to capillary forces in the reservoir. The capillary number is given by:

v

a

Ne

Where:
® /iy is the viscosity of the injected water.
e ¥ is the flow velocity.

* o is the interfacial tension between oil and water.

These molecules arrange themselves at the oil-water interface, with the hydrophobic tail in the oil phase
and the hydrophilic head in the water phase. The interaction between these parts reduces the interfacial
tension and allows the oil to break free from the pore surfaces.

The typical chemical structure of a surfactant molecule can be represented as:

39


https://www.eajournals.org/

British Journal of Earth Sciences Research, 12 (4),25-43, 2024
Print ISSN: 2055-0111 (Print)
Online ISSN: 2055-012X (Online)

Website: https://www.eajournals.org/

Publication of the European Centre for Research Training and Development-UK

R (CHQ) 1L JS'()‘; ;"\'T(L !

Where:
s R is the hydrophobic alkyl chain.
» (CH3), represents the hydrophobic tail.
» SO, Na" is the hydrophilic sulfate group.

2. Al Technology in Oil and Gas Operations

The use of Al in the oil and gas industry has expanded in recent years, with applications spanning
exploration, drilling, production, and reservoir management. Al technologies such as machine learning
(ML), deep learning, and predictive analytics can process vast amounts of data from sensors and other
sources to deliver real-time insights. In EOR, Al can optimize various parameters, such as injection rates
and well placements, to enhance recovery rates.

Al models can also be used to predict oil production, analyze reservoir behavior, and identify patterns that
may not be easily visible through traditional methods. Reinforcement learning models, for example, have
been applied to optimize the timing and type of EOR injections to maximize output. Several studies have
demonstrated how Al integration has led to cost reductions and improved efficiency in EOR projects.

3. EOR Techniques in the Nigerian Oil and Gas Sector

Nigeria, with one of the largest oil reserves in Africa, has experienced significant challenges in maintaining
production levels due to the maturity of its oil fields. EOR is increasingly being viewed as a solution to
revive aging fields and maximize the recovery of hydrocarbons. However, the adoption of advanced EOR
technologies in Nigeria has been limited due to high operational costs, lack of infrastructure, and technical
expertise. In this context, the integration of Al could provide a more cost-effective and efficient solution to
these challenges.

METHODOLOGY

This research employs a qualitative approach with a focus on case study analysis, literature review, and
expert interviews. The following methodology outlines the key steps involved in the research process:

Literature Review: A comprehensive review of existing EOR techniques and Al applications in the oil
and gas industry was conducted. This review included research papers, industry reports, and case studies
relevant to Nigeria’s oil and gas sector.

Case Study: A case study was conducted focusing on an oil field in Port Harcourt, Nigeria, where EOR

techniques have been applied. The objective is to analyze how Al technology has or could be integrated
into EOR operations to improve recovery rates and operational efficiency.
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Interviews: Interviews with industry professionals and experts in Nigeria’s oil and gas sector will provide
additional insights into the challenges and opportunities for applying Al in EOR. These interviews will also
explore the potential for Al-enhanced EOR techniques to drive growth in Nigeria’s oil production.

Case Study: EOR in Port Harcourt, Nigeria

1. Background

The Port Harcourt region is home to some of Nigeria’s most mature oil fields, many of which have been
producing for decades. Due to declining production rates, several oil companies have started exploring the
potential of EOR techniques to maximize recovery. In this case study, we examine the application of gas
injection EOR combined with Al technology to optimize injection patterns and improve oil recovery rates.

2. Implementation of Gas Injection EOR

A Nigerian oil company operating in Port Harcourt initiated a gas injection EOR project to maintain
reservoir pressure and enhance oil recovery. CO2 was injected into the reservoir to displace oil and improve
production rates. However, initial results indicated suboptimal recovery due to inefficient injection patterns
and unpredictable reservoir behavior.

3. Application of AI Technology

The introduction of Al-based predictive models enabled the company to optimize the CO2 injection
process. Machine learning algorithms were used to analyze historical production data, reservoir
characteristics, and CO2 injection rates. By integrating Al with real-time monitoring systems, the company
was able to adjust the injection rates dynamically, improving oil recovery by 20% within the first year of
implementation.

The AI system also predicted potential issues related to reservoir pressure imbalances, enabling the
company to prevent operational downtime and reduce costs. Additionally, the application of Al-enhanced

decision-making models helped streamline well placements, further boosting production efficiency.
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4. Results and Impact
The integration of Al technology into the gas injection EOR project in Port Harcourt resulted in:

A 20% increase in oil recovery rates.

A 15% reduction in operational costs due to optimized injection rates and reduced downtime.

Improved reservoir management through predictive analytics and real-time monitoring.

Enhanced decision-making capabilities for future EOR projects.

This case study highlights the significant potential of combining EOR techniques with Al technology to
improve oil recovery in mature fields like those in Port Harcourt, Nigeria.

Discussion and Conclusion

The application of EOR techniques has been instrumental in maximizing the recovery of hydrocarbons
from mature oil fields. In Nigeria, where many fields are nearing the end of their productive life, EOR
presents an opportunity to maintain production levels and extend the life of these fields. However, the high
costs and technical challenges associated with EOR have limited its widespread adoption in the country.

The introduction of Al technology in EOR operations offers a solution to these challenges by enabling
more efficient and cost-effective processes. Al-enhanced models can optimize injection patterns, forecast
production rates, and provide real-time insights that improve decision-making. The case study in Port
Harcourt, Nigeria, demonstrates how Al technology can significantly enhance the effectiveness of gas
injection EOR, resulting in improved recovery rates and reduced operational costs.

As Nigeria seeks to maximize its oil production potential, the integration of Al technology in EOR
processes could become a critical factor in the future of the country’s oil and gas industry. By adopting
these technologies, Nigerian oil companies can ensure that they remain competitive on the global stage
while maximizing the value of their resources.
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