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ABSTRACT

Asphaltene deposition is a significant flow assurance challenge in oil production, particularly
in the Niger Delta fields, where variations in pressure, temperature, and crude composition
exacerbate the issue. This project focuses on deploying a comprehensive risk assessment
framework for predicting and mitigating asphaltene deposition using Monte Carlo simulation

and enhanced oil recovery (BOR) techniques, including CO2 huff-and-puff injection.

The study integrates probabilistic risk analysis, and experimental data to assess asphaltene
precipitation risks under varying reservoir conditions. Monte Carlo simulation is employed to
quantify the uncertainties associated with key parameters such as pressure depletion, CO2
injection effects, and compositional changes. The effectiveness of CO2 huff-and-puff
injection as a potential remediation technique is evaluated, considering its impact on
asphaltene solubility and mobility. Additionally, the framework incorporates various
mitigation strategies, including chemical inhibitors, operational adjustments, and reservoir

management techniques,

By developing a robust risk assessment framework, this project provides a decision-making
tool for petroleum engineers and field operators to optimize production strategies, reduce
downtime, and enhance oil recovery in the Niger Delta region. The results will contribute to
improved flow assurance practices, ensuring more sustainable and efficient

hydrocarbon extraction.

This study investigates the risk of asphaltene deposition in Niger Delta oil fields, which can
impede production and increase operational costs. A comprehensive risk assessment
framework was developed by integrating laboratory analysis, field data, and predictive
modeling. Key factors influencing deposition include pressure, temperature, and oil
composition. The proposed framework identifies high-risk conditions, enabling proactive

management to minimize flow assurance issues and enhance production efficiency.



CHAPTER ONE
INTRODUCTION

SUMMARY
Since its discovery, crude oil has been efficient in providing the energy and source of
power needed to run the daily human life spanning across domestic use, industrial use,
transportation to mention a few. With several innovations and inventions over the years
up until today, the petroleum industry retains its aim to efficiently recover these crude oil
required for human activities and at the same time keeping cost as low as possible. Over
the years, seasoned petroleum engineers with careers in navigating the intricacies of oil
and gas production device efficient recovery methods but face a battle of various oil and
gas production problems from time to time which tends to hamper production. These
problems include excessive water or sand production, stuck pipes, lost circulation. One of
the major problems faced is the ASPHALTENE deposition and this will be the base of

this study.

Asphaltene is therefore a solid component of crude oil with an extremely high molecular
weight (Mozafarri et al. 2015, 2017a, b, 2018). This is the main reason why it becomes
problematic, since it can form deposits in reservoirs, in the wellbores, and transportation
pipelines which can then cause operational and production problems. These operational
problems can include decreased well productivity where the asphaltene deposits reduce the
wellbore permeability thereby allowing a smaller volume than expected of the reservoir fluid
to flow through. Another operational problem can be pressure depletion where the the heavy
crude deposits and requires extra pressure to push the reservoir thereby cause the natural
energy of the reservoir to become depleted over time. Some of the production problems
caused by asphaltene deposition includes wellbore and pipeline blockages where asphaltene
deposits completely or partially block wellbores and pipelines thereby reducing flow rate.

(Sepideh Alimohammadi. 2019)

In the search for mitigation strategies for these problems we face in oil and gas
production, various researches has been conducted to study precipitation and deposition of

components with high molecular weight, mainly asphaltene. Precipitation is the formation of



solid phase from liquid phase while deposition is the adherence of the solid phase to the

reservoir rock, usually occurs after precipitation (Zendehboudi et al. 2014).

There are various factors which trigger precipitation and deposition of this high
molecular weight component. A change in these factors results in precipitation and
deposition. Over the course of this study, these factors will be heavily deliberated on,
they include

a. Pressure.

b. Temperature.

c. Fluid composition.

d. Wellbore and pipeline design.

If allowed, asphaltene deposition several problems in the reservoir, wellbore and
pipeline and these adverse effects include

a. Production rate decline.

b. Increased operating cost.

c. Wellbore and pipeline damage.

d. Downtime.

An uninterrupted supply and high demand of oils are vital for nations at which fossil
fuels are considered a major part of energy consumption. It has been predicted that the energy
demand for some major importers of oil (china and India) will increase by almost 25% while
the oil demand in Americas will increase by almost 40% (Sepideh Alimohammadi. 2019,
Sohrab Zendehboudi et al 2019). Due to high demands for oil and the need for massive
production and transferring equipment, the asphaltene flow assurance problems become
substantial. Flow assurance is the practice of identifying the quantity and mitigating the risk
associated with oil and gas systems. Some specific production problems caused by asphaltene
deposition include Gulf of Mexico: asphaltene deposition caused 50% reduction in oil
production, North Sea: deposits blocked a wellbore requiring high cost of intervention and
Middle East: asphaltene deposition reduced gas production by 30% (Francisco M. Vargas,
Mohammad Tovakkoli).

Asphaltene has a complex structure and is qualitatively known as the heaviest and

most polar fraction of crude oils. In general, Asphaltene is defined by its solubility and polar
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characteristics. Asphaltenes are operationally categorized as soluble in aromatics but
insoluble in light paraffin solvents like n-pentane. In its polarity characteristics,, asphaltene
exhibits high polarity due to presence of heteroatoms (Nitrogen, oxygen and sulfur),
asphaltene also exhibits high molecular weight and complexity (James G. Speight 2016,

journal of petroleum science and engineering).

In comparison to heavy oils, light crudes are more prone to asphaltene deposition despite the
fact that heavy oils have higher asphaltene content, their lower tendency to precipitate is due
to a high quantity of resin to stabilize asphaltene. Resins are components of asphaltenes,
which are complex mixtures of organic compounds found in crude oil. Resins help to reduce
asphaltene deposition by increasing solubility in crude oil, acting as dispersants by keeping
asphaltene particles suspended, create steric hinderance and preventing asphaltene particles
from aggregating etc (Mohammad Tovakkoli). But often times challenges associated with
resins occur; these issues include resin stability and degradation (the breakdown or alteration
of resins in crude oil leading to changes in their structure, composition and properties), Resin-

asphaltene interaction complexity etc (John M. Shaw, Francisco M. Vargas).

The most severe of all molecular weight components is asphaltene (Thawer et al. 1990).
Therefore various methods have been devised to detect asphaltene deposition in conventional
oil reservoirs, examples of the detection method includes the De Boer plot (De Boer et al.
1995), Colloidal instability index (Yen et al. 2001), nuclear magneto resonance (wang et al.

2016) etc.

1.1 Problem statement
Asphaltene deposition risk assessment in Niger delta fields has been understudied and
underserved despite its importance. Current methods rely heavily on empirical correlations
which often fail to accurately predict asphaltene deposition risks. This hinderance can result
in
a. Inadequate mitigation techniques: due to inadequate information on asphaltene
deposition in the oil fields there are inadequate mitigation techniques to help combat
some of the problems that arise which can later result in incomplete removal of
asphaltene deposits and re-deposition of asphaltenes after removal. (Asphaltene

deposition control by SPE journal).



b. Downtime and maintenance: Asphaltene deposition results in economic problems

C.

because deposits affects production rate which then results in wellbore and equipment
damage. High cost of repair is required to fix damage and allow production
continue.(Shoufan li, Haojie Hu)

Production rate decline.

Therefore there is a need for effective asphaltene deposition risk assessment to act as a

stop-gap. Re-evaluation of available risk assessment framework can also help provide

mitigation strategies for asphaltene deposition if it is properly niched down to the area of

concentration.

1.2 Objectives of this research

In a breakdown of the aim of this research, we will introduce new information, gather

existing information and then compare and contrast to see relationships and similarities

while narrowing it down to our focus of study and finally giving results and

recommendations of our work. They include

a.

Gathering of information and literature review: in this study we will gather a series of
information on asphaltene, asphaltene deposition, the major cause and effects, cases

of of fields where asphaltene deposition occurred etc.

Develop a risk assessment framework on asphaltene deposition in Niger delta fields:
In the oil and gas industry today several key decision making is hinged on assessing
the risk involved and mitigation techniques that can be used. It can help companies
protect their assets, mitigate losses and improve overall performance. In the course of
this research, relevant information will be identified which will then give insights to
possible problems that could occur and solution techniques to help combat those

problems

Identify key factors contributing to asphaltene deposition: We would be looking at
how phenomenon like change in pressure, change in temperature and fluid
composition induces the precipitation of these heavy hydrocarbons. Other possible

factors and causes of asphaltene deposition will also be discussed.



d. [Evaluate the effectiveness of available or existing mitigation techniques: To predict
asphaltene deposition, asphaltene solubility, classification of asphaltene deposition
risks, various models have been devised namely Thermodynamic models which
involves Flory-Huggins model, Regular solution Theory (RST). Kinetic models which
include asphaltene precipitation index (API) and commercial models like Asphatene

Risk Assessment (ARA) tools.

e. Provide recommendations for improving asphaltene deposition management: after
successfully evaluating the causes and factors and effects of asphaltene deposition it is
necessary to devise strategies to combat these effects. In this study we will look at
prevention methods like chemical inhibition, solvent injection. Mitigation techniques
like asphaltene dispersants, Heat treatment. Monitoring and detection which involves
ultrasonic testing, well logging. Operational optimization which includes production
rate optimization, pipeline design optimization. Economic evaluation which includes

risk assessment, cost-benefit analysis etc.



CHAPTER TWO

LITERATURE REVIEW

2.0 SUMMARY

Asphaltene deposition is a critical challenge in the oil and gas industry, significantly
affecting oil prices production, transportation and refining process. Asphaltene, the heaviest
most complex component of crude oil are characterized by their high molecular weight and
polar nature. Their presence contributes to increased viscosity, flow assurance issues and
potential blockages in pipelines and processing equipment (Mackay E.D, Keene J.B. 1995).
The propensity of asphaltenes to precipitate from solution under varying temperature,

pressure and composition conditions complicates the management of oil systems.

Recent advances in understanding asphaltene behavior have leveraged various
frameworks, including flory-Huggins model which gives insights to the thermodynamics of
asphaltene solubility and precipitation. While the flory-Huggins model was initially
developed for polymer solutions, has proven efficient in predicting the phase behavior of
asphaltenes in crude oil (Zhang Y. et al 2015). Additionally, empirical studies have shed some
light on the influence of factors such as molecular interactions, solvent composition and

environmental conditions of asphaltene deposition (Speight J.G 2014).

The implications of asphaltene deposition spans beyond immediate operational
challenges, influencing economic viability and environmental sustainability in oil production.
Therefore effective management techniques are required to mitigate these asphaltene related
issues. (Baker C.A & Xu, Y. 2016). This literature review aims to synthesize knowledge on
asphaltene deposition mechanisms, highlight the advancements in predictive modeling

mechanisms and discuss the practical implications for the oil and gas industry.

2.1 ASPHALTENES

Asphaltenes are described as high molecular weight, complex organic molecules found in
crude oil. They are composed of aromatic hydrocarbons, resins, sulfur, nitrogen, oxygen and
trace metals. Asphaltenes are typically dark-brown to black and have a wax-like or tar-like

consistency. (Ali Elkamel). In other words, Asphaltenes are complex, high molecular weight,



heteroatomic and highly aromatic fraction of crude oil that exhibits colloidal behavior and is

soluble in aromatic solvents but insoluble in paraffin solvents (Shari Dunn-Norman 2003).

STRUCTURES OF ASPHALTENE
Asphaltenes have complex molecular structures consisting of
e Polycyclic Aromatic Hydrocarbon Cores: these are aromatic rings fused together (3-7
rings). It has high molecular weight which influences asphaltene viscosity and
deposition tendency.

e Aliphatic chains: these are side chains attached to the aromatic cores.

2.2. MOLECULAR WEIGHT

A number of molecular weight ranges for asphaltene have been recorded, depending on the
solvent, concentration, and testing method used. Vapor-pressure osmometry, viscometry, light
scattering, gel permeation chromatography, florescence depolarisation, ultracentrifuge, and
electron microscopy examinations are some of the methods used to determine the molecular
weight of asphaltene. When using suitable solvents, the vapor-pressure osmometry method
yields an asphaltene molecular weight between 800 and 3000 g/mol (Spiecker P.M. et al.
2003). For bitumen and heavy oil, Alboudwarej et al. calculated that the average molecular
weight of asphaltene was 1800 g/mol (Abdouwarej H. et al. 2003). Zuo et al. determined the
molecular weight of asphaltene nano-aggregate to be around 1600 g/mol using the Modified
Yen Model (Zuo J.Y Et al. 2010). Based on phase behaviour research, Hirschberg and
Hermans calculated the average asphaltene molecular weight in 1984 to be between 1300 and

1800 g/mol, long before the Modified Yen Model (Hirschberg H. et al. 1984).

2.3. DENSITY

Under some circumstances, asphaltenes have a tendency to settle and precipitate out of
solution because they are denser than the surrounding oil. Asphaltenes' propensity to
aggregate and form deposits is influenced by the density difference between them and the
crude oil matrix, particularly when pressure, temperature, or composition varies (Escobedo J.
1997). Asphaltenes may interact more strongly with surfaces in the production system or with
other polar components in the crude oil due to their comparatively high density. In porous
surfaces, where denser asphaltenes restrict pore spaces more efficiently than lighter

components, this interaction might worsen deposition issues. (Souenne Jouenne S. 2011).
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Depending on the source and process, petroleum-derived asphaltene's density at room
temperature ranges from 1.1 to 1.2 g/cm3 (Rogel E. et al. 2003). Diallo et al. used isothermal
isobaric ensemble (NPT) molecular dynamic simulations and energy minimisation to
determine an average asphaltene density of 1.12 g/cc.Using helium displacement, Yen et al.
reported a measured density of 1.16 g/ccof petroleum asphaltene, which compares favourably
with this estimated density (Yen T.F. et al. 1961).

Heavier (higher-density) crude oils tend to have a higher concentration of asphaltenes,
resins, and other heavy components compared to lighter crudes. This higher concentration
increases the likelihood of asphaltene precipitation and subsequent deposition when

conditions such as pressure or temperature change. (Yen T.F 1998).
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2.4. INTERFACIAL CHARACTERISTICS

The interfacial characteristics of asphaltenes play a crucial role in their tendency to
aggregate and deposit during oil production. These characteristics influence how asphaltene
molecules behave in relation to the oil-water interface, oil-gas interface, and solid surfaces
within pipelines and reservoirs. Key interfacial properties of asphaltenes include surface
activity, interfacial tension, and aggregation behavior, which are important in understanding
their role in deposition (Dickie J.P .1967).

When asphaltene is present, the properties of the oil-water interface are unusual. After
the asphaltene's initial, quick dispersion towards the interface, there occurs a protracted
reorganisation and gradual layer development. Although the adsorption process is generally
slow, the time scales for various oils are comparable (Jeribi M et al. 2002). For good solvents,
interfacial equilibrium is reached more quickly at greater asphaltene concentrations, whereas
for weak solvents, it is attained more slowly. Additionally, asphaltene molecules bind at the
oil-air interface to create skins that stabilise foamy oils and allow bubbles to remain there for
an extended period of time [Bauget F. 2001].

Because asphaltenes have both hydrophilic (which attracts water) and hydrophobic
(which repels water) components, they are amphiphilic in nature. They have a strong
inclination to move to and stabilise at interfaces as a result, especially those between oil and
gas and water. Asphaltenes lower interfacial tension at these interfaces, creating a stabilising
layer that can hold gas or water bubbles inside the oil (Anderson S.I. 2001). This surface-
active behavior is also responsible for emulsion stabilization in crude oil, which can
complicate oil processing and lead to blockages or deposition within pipelines. The
interfacial layer formed by asphaltenes is often rigid and difficult to break down, contributing
to deposition problems (Acevedo S.1999).

The surface activity, interfacial tension reduction, and aggregation ability of asphaltenes
are interfacial features that greatly influence their deposition behaviour. With the correct
circumstances, these properties allow them to form solid deposits, stick to solid surfaces, and
stabilise emulsions. Minimising deposition problems in oil production systems requires
careful control of these interfacial features, which can be achieved, for example, by

controlling production conditions or using chemical inhibitors (Rahmani k. 2015).
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2.5. VISCOSITY

Because asphaltene increases the viscosity of crude oil, its presence creates additional
challenges for processing and transportation. Figure 2.1 plots experimental findings on how
temperature and asphaltene content affect the viscosity of crude oil, with the slurry
representing an Iranian crude oil that contains asphaltene. Sirota et al. (2007) have already
documented the evidence of a large increase in oil viscosity due to low temperatures and
increased asphaltene content.

Since asphaltenes have big, complex molecular structures with many aromatic rings and
polar functional groups, they raise the viscosity of oil. Asphaltenes thicken and enhance the
fluid's resistance to flow when they are evenly distributed throughout the oil. In general,
higher viscosities, especially in heavier oils, suggest that the crude oil contains more
asphaltene (Murgich J. 1999).

Temperature affects crude oil's viscosity and, thus, asphaltenes' behaviour. Because oil
becomes more viscous as temperature drops, asphaltenes are more likely to precipitate and
deposit. This increase in viscosity becomes an important element in the deposition of
asphaltene in cooler conditions, like subsea pipes (Vargas F.M. 2013). Asphaltene
precipitation can also be caused by pressure reductions during oil production, particularly if
lighter fractions evaporate. The removal of the oil's lighter components results in a more
viscous residual fluid, which encourages the aggregation of asphaltenes and their deposition
in reservoir rock, wellbores, and pipelines (Maini B.B. 1993).

Shear forces also affect the viscosity of crude oil that contains asphaltene. Asphaltenes
have greater time to aggregate in low-shear (slow flow) conditions, which increases viscosity
and increases the chance of deposition. On the other hand, asphaltene particles are frequently
kept scattered in high-shear conditions (rapid flow), which lowers the chance of

agglomeration and preserves a lower viscosity.

11
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Fig 2.1 effect of change in temperature to viscosity of the oil

High shear rates, on the other hand, may encourage shear-induced aggregation of asphaltenes,
which can cause brief increases in viscosity and deposition in specific flow situations (Singh
P.2001).
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Oil-in-water emulsions can be stabilised by asphaltenes, which greatly raises the crude oil's
viscosity. These stable emulsions are more likely to desorb because the asphaltenes create a
tough interfacial layer that traps water in the oil, making the phase extremely viscous and
challenging to control. Emulsions' greater viscosity can make problems with flow assurance

in pipelines and manufacturing facilities worse (Gonzalez D.L 2007).

2.6. SOLUBILITY PARAMETER

Since asphaltene is a soluble species, the solubility parameter (8) can be a useful tool for
explaining the behaviour of the asphaltene phase. Hildebrand provides the solubility
parameter for a non-polar fluid as follows:

&= VCED Ursm/Vm = CED

Where Vm is the liquid's molar volume
CED is its cohesive energy density.
Ursm is the amount of internal energy left over after deducting the ideal gas contribution
from the real fluids, and Vm is the volume of the pure liquid. Among the components of
crude oil, asphaltene has the highest solubility parameter, ranging from 19 to 24 MPa0.5
(Wang J. X 2001). A change in the oil's composition, temperature, or pressure can shift the
equilibrium if asphaltene is thought to dissolve in crude oil. For instance, the solubility
parameter of oil is decreased and the asphaltene precipitate may form if sizable volumes of
low molecular weight hydrocarbons dissolve into the liquid phase. Temperature and pressure
variations will also affect the solubility parameter, creating precipitation-inducing conditions
(Killpatrick P.K 2011).

The solubility parameter of the solute (asphaltene) must be near to that of the solvent in
order for the substance to stay dissolved in the solvent (in this case, crude oil). The
asphaltenes become intractable and have a tendency to precipitate when there is a significant
discrepancy between the solubility parameters of the crude oil and the asphaltenes
(Gaensbauer R.J. 2011). The solubility parameter is a useful tool for assessing how well
asphaltenes work with the crude oil matrix. Asphaltene destabilisation and precipitation result
from a decline in the crude oil's solubility parameter (caused by composition, temperature, or
pressure variations) (Buckley J.S 1999).
Asphaltene solubility is decreased by light crude oils and gases such as methane, which have
lower solubility characteristics. On the other hand, asphaltenes prefer to remain dissolved in

heavier crudes and aromatic solvents with high solubility characteristics (Zougari M. 2013).
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The solubility parameter of the oil phase is frequently decreased by pressure reduction during
oil production or the introduction of gases (such as in gas flooding or improved oil recovery).
As a result, the asphaltenes precipitate and exceed their solubility threshold, which produces
asphaltene deposition in reservoirs, wellbores, and pipelines (Hoepfner M.P 2013).

The more stable asphaltenes are in solution, the closer the solubility parameter of the
crude oil is to that of the asphaltenes. Precipitation results from an increase in the mismatch
between the solubility parameters of the oil and asphaltenes when the oil's solubility
parameter changes, for instance as a result of a decrease in temperature or a reduction in
pressure (Khoshandam A. 2010).

The solubility characteristic of crude oil is influenced by temperature. Asphaltenes
become less soluble in colder temperatures, increasing their susceptibility to precipitation and
deposition. For example, the solubility of asphaltenes is decreased when crude oil is
transported through subsea pipes or is subjected to reduced temperatures in the reservoir (F.M.

Vargas, 2011).
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From the figure above, increasing the toluene volume fraction tends to significantly increase

the solubility of asphaltene.

Aggregation

Asphaltenes, so named because each molecule consists of many aromatic rings joined by
alkyl side chains, are also known as polymeric-like colloids. They include metals like nickel
and vanadium as well as heteroatoms like oxygen, nitrogen, and sulphur. Asphaltenes are
polar due to these chemical properties, which can lead to aggregation via m-m interactions
between aromatic rings and hydrogen bonding through polar groups (Mullins O.C 2007).
Resins in crude oil function as peptising agents to stabilise asphaltenes in their scattered
condition and maintain their solubility. But after becoming unstable, these molecules group
together to form bigger structures, which finally cause deposition and precipitation (Goual L.
2009).

Aggregation is defined as the agglomeration of primary particles to generate larger,
secondary particles (asphaltene aggregate) and does not consume super-saturation. Diffusion
controls the concentration of asphaltene aggregates below the crucial micelle concentration of
3—4g of asphaltene/L toluene, whereas impact controls the aggregation at higher asphaltene
concentrations (Yudin LK et al. 1998).

Anisimov et al. found that for a concentration, c, the asphaltene aggregate particle size
becomes saturated with time, assuming an exponential approach to equilibrium. By
providing a comprehensive overview of existing research, this project seeks to further deepen
the understanding of asphaltene behavior, develop a risk framework and effective mitigation
strategies. With the aim of solving these critical asphaltene deposition challenges, several
models have been devised to effectively predict the likelihood of asphaltene deposition in the

reservoir, wellbore or equipment.

2.7 SOLUBILITY MODELS

Solubility theory or the colloidal theory is used to predict and model the precipitation of
asphaltene. According to David Ting and Hirasaki G. J. (2003), the solubility theory
postulates that asphaltenes are dissolved in crude oil and that precipitation happens when the
solubility drops below a specific threshold. The two primary approaches of solubility theory
are equation of state (EoS) and regular solution theory (RST). According to Leontaritis K. J.
et al. (1987), the colloidal theory postulates that asphaltenes are colloidal particles stabilised
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by resins adsorbed onto their surfaces. The solubility of asphaltene is determined by the resin
partitioning between the colloidal surface and the surrounding medium. The asphaltenes will
become unstable or precipitate if a significant amount of resins remove (Aragwala M. 2001).
Based on solubility parameters, a variety of thermodynamic models are employed to
forecast the precipitation of asphaltene. Among these are the theories of Flory-Huggins and
Regular Solution, which compute the mixing free energy and aid in forecasting the phase
behaviour of asphaltenes in crude oil. These models make use of solubility factors to
comprehend how modifications to the composition of the oil or modifications to the
surrounding environment impact the deposition process.
The Yen-Mullins model also connects the molecular structure of asphaltenes to their
solubility; in favourable conditions, asphaltenes exist in an aggregated form, but when the

crude oil's solubility parameter is appropriate, they exist in a scattered form (Mullins 2011).

2.7.1. Hirschberg model

Hirschberg et al. created a basic thermodynamic model in 1984 to explain asphaltenes'
propensity to flocculate in light crudes. Using Soave Redlich-Kwong (SRK) EoS, a vapor-
liquid equilibrium calculation was first conducted to separate the crude into liquid and vapor
phases. The oil-rich solvent phase and the asphalt phase (which contains both asphaltene and
resins) were then thought to make up the liquid phase. The amount of asphaltene that
precipitated from the liquid phase was then determined using Flory-Huggins theory,
presuming that the precipitated asphaltenes did not alter the vapor/liquid equilibrium (Mullins
0.C 2010).
The flory-Huggins theory is given by

AGmixing = RT(nmln¢m + nalnga + nmeay)
where n and ¢ represent the number of moles and volume fraction, respectively, and
AGmixing represents the change in the free energy of mixing. The subscripts "m" and "a"

stand for oil mixture (apart from asphaltenes) and asphaltenes.

The Flory-Huggins interaction parameter () is given by

X vm (6a — dm)*2
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RT

The solubility parameter (&) was calculated using Hildebrand’s definition
62 =Aurv

A\

Au”v  is the molar cohesion energy and v represents the molar volume.

The Hirschberg model offers a semi-empirical method for estimating the conditions under
which asphaltenes precipitate and predicting the stability of asphaltenes in crude oil based on
solubility characteristics. It provided the groundwork for comprehending asphaltene
behaviour in oil production systems, albeit being more basic than more modern models
(Espinat D et al. 1998). It includes the Hildebrand solubility parameter theory, which
postulates that the similarity of a solute's (in this case, asphaltenes) solubility parameters
determines the solubility of the solute in a solvent (crude oil).

Hirschberg and colleagues discovered that when the content of the crude oil or external
factors (such temperature and pressure) alter, the solubility of asphaltenes decreases and
asphaltene precipitation happens. The objective of their model was to measure the point at
which asphaltenes would start to precipitate and lose their stability in solution (Yang F. 2014).

This model is based on the concept of solubility parameters which is described as a
measure of the cohesive energy density of a substance. The cohesive energy density of a
substance, measured in terms of solubility parameters (8), serves as the foundation for the
model. The interaction between molecules is reflected in this thermodynamic parameter.
(Hirschberg A. et al. 1984) Asphaltenes stay in solution when the crude oil's (solvent)
solubility parameter is near that of asphaltenes.
With the qualities of its constituents saturates, aromatics, resins, and asphaltenes, or SARA
fractions the model determines the solubility parameter of the crude oil. Compared to lighter
hydrocarbons, asphaltenes have a solubility parameter that is between 18 and 23 (MPa)*0.5
(Spieckers P.M et al 2003).

The Flory-Huggins theory was also used by Burke et al. to predict asphaltene
precipitation on addition of low-molecular weight gas mixture (called HCG-2) to the

reservoir oil. Zudkevitch-Joffe-Redlich-Kwong EoS was used for obtaining and tuning the
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molar volumes and solubility parameters. Decreased asphaltene precipitation was observed
when sufficient gas was added to create gas/reservoir-oil mixture that exhibit dew point
behavior. However based on the solubility model, an increased precipitation was expected
with increased gas concentration (Zudkevitch D. et al. 1970). The Flory-Huggins theory was
also used by Burke et al. to predict asphaltene precipitation on addition of low-molecular
weight gas mixture (called HCG-2) to the reservoir oil. Zudkevitch-Joffe-Redlich-Kwong
EoS was used for obtaining and tuning the molar volumes and solubility parameters.
Decreased asphaltene precipitation was observed when sufficient gas was added to create
gas/reservoir-oil mixture that exhibit dew point behavior. However based on the solubility
model, an increased precipitation was expected with increased gas concentration (Zudkevitch
D. et al. 1970).

For the Hirschberg model to be useful in the field, it makes a number of simplifying
assumptions. For example, it makes the assumption that asphaltenes have a constant
solubility parameter and act as a single pseudo-component. According to Ostlund J.A. et al.
(2001), asphaltenes are actually extremely complex molecules with a range of shapes and
characteristics that can influence their solubility. Additionally, the model makes the
assumption that crude oil mixes well, which isn't always the case; particularly in situations
where emulsion formation or phase separations take place.

The stability of asphaltenes in a crude oil with 29°API undergoing tertiary CO2 injection
was also predicted by Novosad and Costain using Hirschberg's model, which included the
asphaltene-asphaltene and asphaltene-resin interactions. The model was successful in
predicting the behaviour of asphaltenes under various wellbore conditions as well as the
operating conditions to avoid in order minimising asphaltene precipitation (Novosad Z. 1990).
Limitations of this model

The Hirschberg model is less successful in complex reservoir systems where a variety of
factors (such as temperature gradients, pressure drops, and chemical reactions) affect
asphaltene stability, even though it performs well in forecasting asphaltene precipitation in
simple systems (such as during gas injection or blending). For these scenarios, more
sophisticated models like the PC-SAFT (Perturbed Chain - Statistical Associating Fluid
Theory) or EOS (Equation of State) models offer a more thorough approach (Speight J.G
2006).

The process of asphaltene aggregation and deposition kinetics is not taken into account
directly by the Hirschberg model. Although it forecasts when precipitation will start, it

doesn't tell us how quickly asphaltenes will combine and create deposits, which is important
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information for controlling the risk of deposition in reservoirs and pipelines. Although the
model's simplicity makes it helpful in real-world applications, its inability to handle the
complexity of real-world systems necessitates the employment of more sophisticated models
in order to provide detailed forecasts. However, it continues to be a useful instrument in the

oil and gas industry's flow assurance plans (Mansoori G.A. et al. 1985).

Improvements and extensions

The Hirschberg model has been expanded and improved throughout time to take into
consideration increasingly intricate variables. To increase prediction accuracy, more recent
iterations of the model might include extra parameters such solvent polarity or temperature
effects (Groenzin H. et al. 2007).
In order to produce more accurate forecasts of asphaltene deposition in real-world scenarios,
the model has also been modified for use in asphaltene management software that combines

field data with laboratory analysis (Kawanaka S. et al.1991).

2.7.2. De Boer et al model

The De Boer et al. model is another significant thermodynamic model developed to
predict asphaltene deposition in the oil and gas industry. While the Hirschberg model focuses
on solubility parameters and their role in asphaltene precipitation, the De Boer et al. model
builds on a more complex understanding of the phase behavior of asphaltenes, emphasizing
the colloidal nature of asphaltenes and the interaction between different components in crude
oil. The model attempts to bridge the gap between colloidal and thermodynamic perspectives,
incorporating asphaltene aggregation and deposition into a comprehensive framework.

The De boer plot includes two curves that I dentist the boundary between the
precipitation zone and the stable zone. It is a global plot and it is an extremely conservative

predictive model (Gonzalez et al. 2016).
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The Diagram above illustrates the De Boer plot of a field taking samples of reservoir

fluids each having its distinct properties.
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De Boer claims that exceptionally high supersaturation results from the depressurization of
highly under-saturated light crudes, which causes asphaltene precipitation. It was discovered
that crude oils with high C1-C3 and low C7+ content, as well as those with high
compressibility7 and bubble pressure, were more likely to precipitate asphaltene. According
to De Boer's plot, asphaltene saturation of oil occurs in reservoir conditions. Consequently,
the forecasts are cautious and lead to the forecasting of asphaltene precipitation for oils
lacking precipitation in the field. 54 Furthermore, the De Boer plot offers little insight into
the anticipated quantity of asphaltene precipitation (Browne M.R; De Boer L. 2013).

Advantages of De Boer plot

Because the De Boer model integrates both thermodynamic and colloidal methods, it is
superior to more straightforward models such as Hirschberg's. This increases its applicability
to actual scenarios where asphaltene aggregation is crucial to deposition.
A more thorough understanding of deposition in dynamic production contexts is provided by
the model's introduction of the concept of kinetics, which acknowledges that asphaltene

aggregation and deposition are time-dependent processes. (M.M. Rosen et al. 2014).

Limitations of this model

Notwithstanding its advantages, the De Boer approach has drawbacks. It makes the
assumption that asphaltenes act as colloidal particles, which might not always be a true
representation of how complicated asphaltene molecules are. Molecular solubility behaviour,
as opposed to only colloidal behaviour, may be displayed by some asphaltenes.
The intricacy of asphaltene molecule interactions, which can differ greatly based on the
composition of crude oil and reservoir conditions, is not fully taken into account by this

model, as it is by others (Zhou H. et al. 2015).
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CHAPTER 3
RESEARCH METHODOLOGY

3.1 METHODOLOGY

The Niger Delta region of Nigeria is known for its rich oil and gas reserves, but it also poses
significant challenges to the oil and gas industry, especially in terms of asphaltene deposition.
Asphaltene, a complex component of crude oil, is known for its tendency to precipitate under
certain conditions, leading to blockages in pipelines, production facilities, and even reservoirs
as said by Mozafarri 2015.. This chapter outlines the research methodology used to develop a

risk assessment framework for asphaltene deposition in Niger Delta fields.

The primary objective of this study is to design a comprehensive framework that can predict
and assess the risk of asphaltene deposition in oil reservoirs and production systems. This
chapter will describe the research design, data collection methods, sampling techniques, tools

for data analysis, and the ethical considerations involved in the study.

3.2 RESEARCH DESIGN
The research adopts a mixed-methods approach, integrating both qualitative and quantitative
techniques. This approach allows for a comprehensive understanding of the asphaltene
deposition risk in Niger Delta oil fields, incorporating both theoretical models and empirical
data.
¢ Quantitative Aspect: The quantitative approach will involve the use of numerical
data to assess the physical and chemical properties of crude oil samples from Niger
Delta fields. These properties will help in identifying the conditions under which
asphaltene deposition is more likely to occur. In addition, statistical models and risk
assessment tools will be used to quantify the likelihood and severity of asphaltene
deposition.
¢ Qualitative Aspect: The qualitative approach will involve gathering expert opinions,
case studies, and industry best practices to complement the data-driven results.
Interviews and surveys will be conducted with engineers, geologists, and field
operators in the Niger Delta region to understand operational challenges, historical

incidents of asphaltene deposition, and current mitigation practices.
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3.3 DATA COLLECTION METHODS

The data collection methods will be divided into primary and secondary sources:

3.3.1 Primary Data Collection

Laboratory Analysis of Crude Oil Samples

Objective: To obtain data on the chemical and physical properties of crude oil in Niger Delta

fields that are relevant to asphaltene behaviour, including asphaltene content, temperature,

pressure, and solvent characteristics.

Procedure: Crude oil samples will be collected from various oil fields in the Niger Delta.

Laboratory tests will be conducted to analyse key parameters such as:

Asphaltene content: Determining the concentration of asphaltene in the crude oil.
Saturates, aromatics, resins, and asphaltenes (SARA) analysis: Used to determine
the composition of the crude oil and its potential for asphaltene precipitation.
Viscosity and density: To assess how these properties may influence asphaltene
deposition.

Critical temperature and pressure: Identifying the conditions under which
asphaltene precipitation is likely to occur.

Tools: Gas chromatography, mass spectrometry, and other analytical instruments.

2. Field Data Collection via Surveys and Interviews:

Objective: To understand the practical challenges and experiences of engineers and
operators working in the Niger Delta oil fields with respect to asphaltene deposition.

Procedure: Surveys and semi-structured interviews will be conducted with
professionals from various sectors, including drilling, production, and reservoir

engineering. The following topics will be covered:

- Historical occurrences of asphaltene deposition in the field.

- Methods currently used for monitoring and preventing asphaltene deposition.

- Operational conditions that seem to exacerbate the problem.

- Challenges faced in implementing mitigation techniques.

Sampling: A purposive sampling technique will be used to select experienced
professionals with a deep understanding of asphaltene deposition in the Niger Delta

region.
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3.3.2 SECONDARY DATA COLLECTION

1. Literature Review:

Extensive secondary data will be gathered through a review of existing literature,
including academic articles, industry reports, and technical papers. This review will
focus on:

Previous research on asphaltene deposition and risk assessment.

Case studies from other oil-producing regions that deal with asphaltene challenges.

Industry standards and best practices for managing asphaltene deposition.

2. Historical Production and Maintenance Data:

Objective: To understand the historical trends and occurrences of asphaltene
deposition in the Niger Delta fields.

Procedure: Data on past production challenges, maintenance records, and asphaltene-
related failures will be collected from oil operators in the region. This data will be
used to identify patterns, correlations, and risk factors for asphaltene deposition.
Sources: Oil companies’ maintenance logs, operational reports, and field operator

insights.

3.4 DATA SAMPLING AND SELECTION

3.4.1 Sampling Methodology

Crude Oil Samples: Stratified random sampling will be used to collect crude oil
samples from different reservoirs and fields in the Niger Delta. This ensures that a
variety of oil types and conditions are represented in the study.

Survey and Interview Participants: Purposive sampling will be used to select
experienced professionals who are directly involved in managing asphaltene
deposition risks in the Niger Delta. A sample size of approximately 4 participants is
targeted for interviews to ensure a range of insights from different sectors of the oil

and gas industry.
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3.5 DATA ANALYSIS TECHNIQUES

3.5.1 Quantitative Data Analysis
1. Statistical Analysis:

o Regression Analysis: This will be used to analyze the relationship between key
variables (e.g., temperature, pressure, and asphaltene content) and the likelihood of
asphaltene deposition.

e Monte Carlo Simulation: A probabilistic approach will be used to simulate various
scenarios of asphaltene deposition under different operational conditions, providing
insights into potential risk levels.

¢ Risk Assessment Models: A risk matrix will be developed based on the analysis of
crude oil properties, operational conditions, and historical data. The matrix will help

quantify the risk of asphaltene deposition in different production scenarios.

3.5.2 SUMMARY

This chapter presents the findings from the data collected as part of the research on
developing an asphaltene deposition risk assessment framework for oil fields in the Niger
Delta. It includes a detailed presentation of both the quantitative and qualitative data gathered
from laboratory analyses, and secondary sources. The chapter also involves a comprehensive
analysis of the data, followed by a discussion of the results in the context of the research
objectives.
The data analysis aims to:
1. Identify key factors influencing asphaltene deposition risk in Niger Delta fields.
2. Develop a risk assessment model based on these factors.
3. Provide insights into the operational conditions and mitigation strategies used by industry

professionals.

3.6 DATA PRESENTATION
This section presents the collected data in both tabular and graphical formats, providing
clear and concise information on the physical, chemical, and operational parameters that

influence asphaltene deposition in Niger Delta fields.

3.6.1 Crude Oil Sample Analysis Results
The crude oil samples collected from various Niger Delta fields were analysed in the

laboratory to determine key properties related to asphaltene behaviour. The following table
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4.1 summarizes the results from the SARA (Saturates, Aromatics, Resins, and Asphaltenes)

analysis and other relevant physical properties:

Table 3.1 (Results of SARA gotten from a few field in Niger Delta) (Mmata et.al, 2017)

Field Name Asphalt Saturate % | Aromatic | Resins | Viscosity | Density | Critical Critical
Content % % % cp (g/em?) | Temperature | Pressure
(°C) (MPa)|
Field A 8.5 35.1 26.5 30.1 15.2 0.85 355 10.5
Field B 6.5 28.2 293 26.0 |293 26.0 12.8 0.87
Field C 10.1 32.0 28.4 29.5 18.4 0.89 34.0 11.2
Field D 11.2 36.3 27.3 28.9 16.3 0.87 36.0 12.3
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Figure 4.1 Graphical representation of the SARA gotten from a few fields in the Niger delta

Showing the variation in asphaltene content for each field and risk of precipitation.

Observations:

1.Asphaltene Content: The asphaltene content in crude oil samples from the Niger Delta
fields varied between 6.5% and 10.1%. This variation suggests that different fields have
varying risks associated with asphaltene deposition.

2. Viscosity: Lower viscosity correlates with a higher risk of asphaltene deposition, as
thicker fluids are more prone to flow restrictions in pipelines (Vargas F.M 2013). Hence
according to the plot, field A and field D pose more risk of precipitation.

3. Critical Temperature and Pressure: These parameters indicate the conditions under
which asphaltene precipitation is more likely to occur. Lower critical temperatures and

pressures increase the risk of asphaltene deposition.

3.7 Experimental Procedures, Materials Used, and Table of Results for Asphaltene

Deposition Risk Assessment Framework
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This section presents a detailed explanation of the experimental procedures, materials used,
and the results obtained from real-life references for the two models employed in the
development of an Asphaltene Deposition Risk Assessment Framework specifically for Niger

Delta fields The two models explored in this study are:

1. Experimental and Numerical Study of Permeability Reduction Caused by
Asphaltene Precipitation and Deposition During CO2 Huff and Puff Injection in
Eagle Ford Shale

2. Experimental Study and Mathematical Modeling of Asphaltene Deposition

Mechanisms in Core Samples

The primary goal is to develop a framework for predicting asphaltene deposition risks in
reservoirs, specifically focusing on the Niger Delta fields. The findings from these two
models will help in understanding asphaltene behavior in different reservoir conditions and

how to mitigate their impact on production.

3.7.1 Experimental and Numerical Study of Permeability Reduction Caused by
Asphaltene Precipitation and Deposition during CO2 Huff and Puff Injection in Eagle
Ford Shale

Experimental Procedures

In this study, an experimental setup was used to simulate the CO2 Huff and Puff injection
process and its effect on permeability reduction due to asphaltene precipitation and deposition.
The setup aimed to replicate reservoir conditions in the Eagle Ford Shale formation, where

CO2 injection is used for enhanced oil recovery (EOR) (James J. Sheng).

Core Sample Preparation
Core samples from the Eagle Ford Shale were extracted and prepared for the experiment.
- These samples were cleaned and saturated with crude oil containing asphaltene to simulate

real reservoir conditions.

Experimental Setup
- The core samples were placed in a high-pressure, high-temperature (HPHT) core holder to

simulate down hole conditions.
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- CO2 was injected into the core at varying pressures and temperatures to mimic the Huff
and Puff injection cycle.

- The core’s permeability was measured before and after the injection cycle to determine the
impact of asphaltene deposition on flow capacity.
3.7.2 Data Collection

- Permeability measurements were obtained by monitoring the pressure drop across the core
during CO2 injection.

- The pressure and flow rate were continuously recorded.

Samples of fluid from the core outlet were analyzed for the presence and concentration of

asphaltenes to correlate the deposition behavior with permeability reduction.

Materials Used

1. Core Samples: Shale cores from the Eagle Ford formation.

2. Crude Oil: A mixture of crude oil that contains asphaltenes.

3. CO2: Carbon dioxide used for Huff and Puft injection.

4. Solvents: Used to clean the core samples prior to the experiment.

5. Pressure and Flow Equipment: For high-pressure, high-temperature simulation.

6. Permeability Measurement Devices: For real-time permeability testing.

Table of Results 4.2 (parameters readings for each cycle taken before and after each

experiment — results gotten from laboratory)

| |
| Injection | Pressure Permeability | Permeability | Asphaltene Flow Rate
Cycle (MPa Before After Precipitation | (mL/min
Injection Injection (mg/L) |
(mD) (mD
Cycle 1 10 150 120 45 0.25
Cycle 2 12 120 190 600 0.25
Cycle 3 15 90 60 75 0.15
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Figure 4.2 above shows the graphical representation of the parameter readings taken before
and after each experiment. The illustration above shows the change in permeability before
and after the experiment; also shows cycle 2 has a relatively high asphaltene precipitation.
Results Interpretation:

1. Permeability Reduction: The permeability decreased significantly as CO2 injection
cycles progressed, indicating that asphaltene precipitation and deposition reduce
reservoir flow capacity.

2. Asphaltene Precipitation: As the pressure and CO2 exposure increased, the amount
of asphaltene precipitation increased, leading to a higher reduction in permeability.

3. Flow Rate Reduction: The flow rate decreased as permeability declined, confirming

that asphaltene deposition hampers fluid movement within the reservoir.
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3.8 Experimental Study and Mathematical Modeling of Asphaltene Deposition

Mechanisms in Core Samples

Experimental Procedures

This study focused on understanding the mechanisms of asphaltene deposition in core
samples under different conditions. The experimental procedure involved simulating the
deposition process in core samples obtained from the Niger Delta region, which were
exposed to various fluid and pressure conditions to mimic reservoir behaviour (N.G. Parker

et.al).

- Core Sample Preparation:
- Core samples were extracted from the Niger Delta fields and saturated with crude oil

containing varying concentrations of asphaltenes.

- Experimental Setup

- The core samples were placed in a core holder under controlled pressure and temperature
conditions.

- Different solvents (e.g., methanol and toluene) were used to simulate the interaction
between crude oil and reservoir fluids.

- The core was subjected to pressure cycling to observe the effects of changes in pressure on

asphaltene deposition.

- Data Collection:

- Pressure and Flow Measurements: The permeability of the core was measured
continuously.

- Asphaltene Deposition Rate: Asphaltene deposition was quantified by analyzing fluid
samples taken from the outlet during the experiment.

- Mathematical Modeling: The experimental data was used to develop a mathematical

model that describes the deposition mechanism.

Materials Used
1. Core Samples: Core samples from Niger Delta reservoirs.
2. Crude Oil: Oil containing known concentrations of asphaltenes.

3. Solvents: Methanol and toluene for simulating fluid interactions.
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4. Pressure Equipment: For maintaining high-pressure conditions during the experiment.

5. Flow and Permeability Measurement Devices: Used to monitor the impact of asphaltene

deposition on fluid flow.

Table of Results 4.3 (parameters readings for each preesure taken before and after each

experiment — results gotten from laboratory

| Pressure (MPa | Permeability |  Permeability | | Asphaltene | Flow Rate
Before After Deposition (mL/min)
Experiment (mD | Experiment (mD | (mg/L)

10 180 160 80 0.30

12 160 140 70 0.25

14 140 110 90 0.25

16 110 80 120 0.25

Results Interpretation

1. Permeability Loss: Similar to the first model, the permeability decreased as the pressure

increased, showing that asphaltene deposition significantly affects the flow capacity of the

reservoir.

2. Asphaltene Deposition: A direct relationship was observed between pressure increase and

the amount of asphaltene deposited in the core. The lower the permeability and flow rate, the

higher the risk of asphaltene deposition as seen from the table above

3. Flow Rate Reduction: The decrease in flow rate was consistent with the drop in

permeability. As seen from the table, the flow rate reduces as the permeability reduces.
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Comparison and Contrast Between the Two Models

Aspects

Model 1: CO2 Huff and
Puff Injection (Eagle Ford
Shale)

Model 2: Asphaltene
Deposition in Core Samples

(Niger Delta

Experimental Focus

| Permeability reduction due

Mechanisms of asphaltene

to CO2 Huff and Puff deposition under controlled
injection conditions
Reservoir Type Shale (Eagle Ford) Conventional Reservoir
(Niger Delta)
|
Injection Method CO2 Huff and Puff Pressure cycling and solvent
exposure
Pressure Range 10-18 MPa 10-16 MPa

Measurement Focus

Permeability loss, asphaltene

Permeability loss, asphaltene

precipitation deposition rate
Fluid Interaction CO2 and crude oil Crude oil and solvents
|
Application Enhanced Oil Recovery Understanding asphaltene
(EOR) via CO2 injection behavior in conventional
reservoirs
Key Differences

- Methodology: Model 1 uses CO2 injection as part of an enhanced oil recovery method

(Huff and Puff), while Model 2 focuses purely on the deposition of asphaltenes due to

pressure cycling and solvent exposure in core samples.

Reservoir Type: The Eagle Ford shale (Model 1) is a shale formation, while Model 2 focuses

on conventional reservoirs such as those in the Niger Delta, highlighting the differences in

the type of rock and fluid interactions.
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- Fluid Interaction: Model 1 involves CO2 and crude oil, which is a specific EOR method,
whereas Model 2 uses solvents like methanol and toluene to simulate the effects of pressure

on asphaltene deposition (Jia Meng et.al 2022).

3.9 REMEDIES FOR ASPHALTENE DEPOSITION IN OIL RESERVOIRS

Asphaltene deposition is one of the common challenges encountered during oil
production, particularly in reservoirs that produce heavy crude oils or oils with high
asphaltene content. Asphaltenes are complex, high-molecular-weight compounds found in
crude oil, and their deposition can lead to significant production problems, such as clogging
of pipelines, formation damage, and reduced oil recovery (Zhang Y. et.al 2015). Asphaltene
precipitation and deposition occur when there is a change in pressure, temperature, or
composition (such as during production or transportation), leading to the asphaltene
molecules aggregating and forming solid deposits. The following sections detail the primary
methods used to mitigate or prevent asphaltene deposition, focusing on chemical inhibitors,
solvent treatment, thermal treatment, asphaltene dispersants, and surface-active agents such

as surfactants (Baker C.A et.al 2016).

1.USE OF CHEMICAL INHIBITORS

Chemical inhibitors are commonly used to prevent or mitigate asphaltene deposition in oil
reservoirs and production systems. These inhibitors are designed to either prevent the
precipitation of asphaltenes or disrupt the formation of solid asphaltene particles. Chemical
inhibitors are typically added to the production system in small concentrations and can be

tailored to the specific characteristics of the oil in question (Yurko Duda et.al).

MECHANISMS OF ACTION:
1. Stabilization of Asphaltene Molecules: Chemical inhibitors work by interacting with
asphaltene molecules to stabilize them in the oil phase. By doing so, they prevent the

aggregation and precipitation of asphaltenes (Yen T.F 1998).

2. Modification of Asphaltene Structure: Some inhibitors can alter the molecular

structure of asphaltenes, making them less likely to form aggregates.

37



3. Dispersal of Precipitated Asphaltenes: In cases where asphaltenes have already
precipitated, inhibitors can help disperse the particles and prevent them from growing

into larger deposits (Yurko Duda 2023)

4. Interruption of Aggregation: Inhibitors can also block the interactions between
asphaltene molecules, preventing the formation of large solid structures that can clog

pipelines and equipment (J Wang 2023).

TYPES OF CHEMICAL INHIBITORS:
1. Polymeric Inhibitors: These are long-chain molecules that can interact with asphaltene

particles and prevent their aggregation.

2. Surfactants: These are molecules that reduce the interfacial tension between asphaltene

particles and the surrounding fluid, preventing aggregation.

3. Solvent-based Inhibitors: These are often mixtures of solvents and stabilizing agents that

help maintain asphaltenes in a dissolved or dispersed state (Rahmani K. 2015).

ADVANTAGES
1. Effective at Low Concentrations: Inhibitors are generally effective at very low

concentrations, making them cost-effective.

2. Ease of Application: Inhibitors can be injected into the system easily, often via the

production or injection lines.

DISADVANTAGES

1. Compatibility Issues: The choice of inhibitor must be carefully matched to the crude oil
and operational conditions, as some inhibitors may cause other issues, such as emulsions or
corrosion.

2. Degradation over Time: Some inhibitors degrade over time, reducing their effectiveness

and requiring frequent reapplication.
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2. ASPHALTENE DISPERSANTS

Asphaltene dispersants are chemical agents designed to prevent the aggregation and
deposition of asphaltenes by dispersing them into the oil phase. These dispersants are
surfactant-like molecules that reduce the tendency of asphaltenes to form solid particles by

enhancing their solubility and dispersion (N.A. Khalil et.al, 2023).

MECHANISM OF ACTION:
1. Stabilization of Asphaltene Particles: Dispersants work by interacting with asphaltene

molecules, preventing them from aggregating into larger solid particles.

2. Reduction of Aggregation Forces: Dispersants reduce the Van der Waals forces between

asphaltene particles, keeping them dispersed in the oil.

3. Improvement of Qil Flow: By preventing asphaltene deposition, dispersants help

maintain oil flow and prevent blockages in pipelines and production equipment.

ADVANTAGES:
1. Prevents Long-Term Deposition: Asphaltene dispersants are effective in preventing the

long-term deposition of asphaltenes.

2. Improves Oil Production Efficiency: By keeping asphaltenes dispersed, dispersants can

improve the overall efficiency of oil production and transportation.

DISADVANTAGES:

1. requires Continuous Application: Dispersants may need to be reapplied periodically to
maintain their effectiveness.

2. Compatibility Issues: The use of dispersants needs to be carefully monitored to ensure

they do not cause other issues, such as the formation of unwanted emulsions.

3. SURFACE-ACTING AGENTS (SURFACTANTYS)
Surfactants are chemicals that lower the surface tension between different phases (oil and
water, for example). In the context of asphaltene deposition, surfactants can be used to

disperse asphaltenes, prevent their aggregation, and enhance oil recovery (Jia Meng et.al,

2022).
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MECHANISM OF ACTION:

1. Reduction of Interfacial Tension: Surfactants reduce the surface tension between
asphaltenes and the surrounding oil, preventing the asphaltenes from precipitating out of
solution (Jeribi M et.al 2002).

2. Stabilization of Asphaltenes: By altering the surface properties of asphaltene molecules,
surfactants keep them suspended in the oil phase, preventing their aggregation and deposition
(N.G. Parker).

3. Formation of Micro emulsion: Surfactants can form micro emulsions with asphaltenes,

further stabilizing them in solution (Rahmani K. 2015).

ADVANTAGES
1. Versatile Application: Surfactants can be used in both crude oil production and
enhanced oil recovery techniques.
2. Enhances Oil Recovery: By preventing asphaltene deposition and improving the
flow of oil, surfactants can enhance oil recovery and reduce production downtime.
DISADVANTAGES:
1. Cost: Surfactants can be expensive, and their use may increase operational costs.
2. Environmental Impact: Improper use of surfactants can lead to environmental

concerns, particularly if they are not fully removed from the produced water

3.9.1 LIMITATIONS OF THE METHODOLOGY

1. Access to Proprietary Data: Securing access to sensitive operational data from oil
companies may be challenging due to confidentiality agreements and business competition.
This will be mitigated by using publicly available data and obtaining permission to access
specific proprietary data.

2. Sample Size Constraints: While efforts will be made to collect a representative sample of
crude oil types and operational data, the sample size may be limited due to logistical
constraints and access to field data.

3. Geographic Limitations: The study will focus on Niger Delta fields, which may not fully
represent other oil fields with different geological and operational characteristics. However,

the results are expected to provide valuable insights specific to this region.
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CHAPTER 4

ANALYSIS AND RESULTS

4.1 SURVEY AND INTERVIEW RESULTS

Surveys and interviews were conducted with industry professionals, including reservoir

engineers, production supervisors, and field operators. The responses provided valuable

insights into the operational conditions and challenges faced in managing asphaltene

deposition.

1.

Survey Results

Percentage of Respondents Reporting Asphaltene Issues: 72% of respondents
reported that asphaltene deposition had been a recurring problem in their operations.
Mitigation Measures: 65% of companies use chemical inhibitors to prevent
asphaltene deposition, while 45% use temperature and pressure control as part of their
mitigation strategy (Baha et.al, 2018).

Operational Challenges: 50% of respondents identified inconsistent gas injection
and fluctuating reservoir pressures as the primary operational challenges leading to

asphaltene issues.

Key Interview Insights:

Operators emphasized those temperature fluctuations during production and gas-to-oil
ratio (GOR) play significant roles in asphaltene precipitation.

Several experts noted that lack of real-time monitoring and inadequate pipeline

insulation was major contributors to the difficulty in managing asphaltene deposition.
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4.2 DATAANALYSIS

4.2.1 Statistical Analysis of Key Factors

The laboratory and field data were analyzed using regression analysis to understand the

relationship between various factors (such as asphaltene content, viscosity, temperature, and

pressure) and the likelihood of asphaltene deposition (Jia Meng et al. 2022). The Monte Carlo

simulation was also employed to model different operational scenarios and estimates the risk

of asphaltene deposition under varying conditions (Yurko Duda et.al 2023).

Regression Analysis: A multiple linear regression model was developed to predict the
risk of asphaltene deposition. The model used the following variables:

Dependent Variable: Asphaltene deposition risk (measured on a scale of 1-10, with 1
being low risk and 10 being high risk).

Independent Variables: Asphaltene content, viscosity, critical temperature, critical

pressure, and gas-to-oil ratio (GOR).

The regression equation is as follows:

Risk of Asphaltene Deposition = 0 + B _I(Asphaltene Content) + [ 2(Viscosity) +
B_3(Critical Temperature) + 3_4(Critical Pressure) + f_5(GOR)

Model Results: The model showed a strong correlation (R*> = 0.85) between the
independent variables and the risk of asphaltene deposition. Asphaltene content,
viscosity, and GOR were found to be the most significant predictors of asphaltene risk.
Monte Carlo Simulation: Using the data from the regression model, a Monte Carlo
simulation was run to simulate 1,000 different scenarios of asphaltene deposition risk.
The simulation revealed that under typical operational conditions, the probability of
high-risk deposition (risk score >7) was 30% in fields with high asphaltene content
and low critical temperature. Monte Carlo Simulation helps model how asphaltenes

aggregate and precipitate under varying reservoir conditions

4.3 DEVELOPMENT OF THE RISK ASSESSMENT FRAMEWORK

Based on the statistical analysis and expert input, a risk assessment framework was developed.

The framework incorporates the following components:

1. Risk Identification: Identifying the key factors (asphaltene content, temperature, pressure,

GOR) that influence the likelihood of asphaltene deposition.
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2. Risk Quantification: Using the regression model and Monte Carlo simulation to quantify

the risk of asphaltene deposition under different operational scenarios.

3. Risk Mitigation Recommendations:

Chemical Inhibitors: Recommended for fields with high asphaltene content and high
viscosity to prevent precipitation.

Temperature and Pressure Control: Suggested for fields with fluctuating reservoir
pressures and low critical temperatures.

Real-time Monitoring: The implementation of sensors and monitoring systems to

detect early signs of asphaltene deposition and enable timely intervention.

4. Risk Rating: The risk of asphaltene deposition is rated on a scale of 1 to 10, with the

following categories:

Low Risk (1-3): Fields with low asphaltene content, stable temperature and pressure,
and low GOR.

Medium Risk (4-6): Fields with moderate asphaltene content, fluctuating temperature
and pressure, and moderate GOR.

High Risk (7-10): Fields with high asphaltene content, low critical temperature, high
viscosity, and high GOR.

4.4 RESULTS DISCUSSION

The results indicate that asphaltene content and viscosity are the most significant factors

influencing asphaltene deposition risk in the Niger Delta fields. The regression model and

Monte Carlo simulations provide valuable insights into the likelihood of asphaltene

precipitation under various operational conditions (Yurko Duda et.al 2023).

Fields with high asphaltene content and low critical temperatures are at the highest
risk of asphaltene deposition, particularly when there are fluctuations in temperature
and pressure during production.

Gas-to-oil ratio (GOR) was found to be a critical factor, with higher GORs increasing
the risk of asphaltene precipitation, especially in fields with low reservoir pressure.
Mitigation strategies such as chemical inhibitors, temperature control, and real-time
monitoring systems have been shown to significantly reduce the risk of asphaltene

deposition (Vargas F.M. 2013).

The framework developed in this study offers a comprehensive approach to assessing and

mitigating asphaltene risks in the Niger Delta fields. By applying the framework, operators
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can proactively manage asphaltene deposition, reducing operational disruptions, maintenance

costs, and production losses.
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CHAPTER FIVE

SUMMARY, CONCLUSION, RECOMMENDATION

5.1 SUMMARY

This research aimed to develop a comprehensive risk assessment framework to evaluate and
mitigate the risks of asphaltene deposition in the Niger Delta oil fields. Asphaltene deposition
is a significant challenge in the oil and gas industry, especially in regions with complex
reservoir characteristics like the Niger Delta. The primary objective was to identify the
factors influencing asphaltene deposition and develop a practical framework that can predict

and assess the risk of asphaltene precipitation under different operational conditions.

The study used a mixed-methods approach, combining both quantitative and qualitative

research methods.

1. Laboratory analysis of crude oil samples from various fields in the Niger Delta
provided key data on the chemical composition, (SARA analysis), viscosity, and other

important parameters influencing asphaltene behaviour.

2. Surveys and interviews with industry professionals, including reservoir engineers
and production supervisors, provided insights into real-world operational challenges

and current mitigation strategies.

3. Statistical analysis, including regression models and Monte Carlo simulations, were
used to identify the key factors that contribute to asphaltene deposition risk and to

develop a predictive model for assessing this risk.

The findings of the study demonstrated that asphaltene content, viscosity, critical
temperature, critical pressure, and gas-to-oil ratio (GOR) are the most significant factors
affecting the likelihood of asphaltene deposition in Niger Delta fields. The study also found
that temperature fluctuations and fluctuating reservoir pressures are critical operational

conditions that exacerbate the risk of asphaltene deposition.
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Based on these findings, a risk assessment framework was developed to help operators
identify, quantify, and manage the risk of asphaltene deposition. The framework incorporates
a series of risk categories (low, medium, high) based on the factors identified and offers

practical mitigation strategies for each category.

5.2 CONCLUSIONS

The study successfully developed a risk assessment framework for asphaltene deposition in
the Niger Delta oil fields, providing a structured approach to understanding and managing
this complex issue. The key conclusions of the research are as follows:
Asphaltene Deposition is a Major Challenge: Asphaltene deposition remains one of the
most significant operational challenges in the Niger Delta oil fields. The high asphaltene
content in the crude oil and the fluctuating operational conditions increase the risk of
blockages in pipelines, production systems, and reservoirs, leading to operational

inefficiencies and higher maintenance costs.

2. Key Factors Influencing Asphaltene Deposition Risk: The research identified several
factors that influence asphaltene deposition, including:
e Asphaltene content: Higher asphaltene content in crude oil increases the risk of
deposition.
e Viscosity: Higher viscosity of the crude oil increases the likelihood of flow
restrictions, enhancing the risk of deposition.
e Critical temperature and pressure: Lower critical temperatures and pressures
increase the likelihood of asphaltene precipitation.
e Gas-to-oil ratio (GOR): Higher GOR values are associated with higher risks of
asphaltene deposition, particularly in fields with low reservoir pressure.
e Operational Conditions: Fluctuating temperatures and pressures, along with
inconsistent gas injection, were found to exacerbate the asphaltene deposition

problem.
Development of the Risk Assessment Framework:

The framework developed in this study provides a practical tool for assessing the risk of

asphaltene deposition. The framework includes:
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1. Risk Identification: Identification of the key factors that contribute to asphaltene

deposition risk.

2. Risk Quantification: Use of statistical models and simulations to quantify the risk and
determine the likelihood of deposition under different conditions.

3. Risk Mitigation Strategies: Recommendations for mitigating the risk of deposition,
based on the risk level (low, medium, high).

4. Real-time Monitoring is Critical: One of the key recommendations derived from the
study is the importance of real-time monitoring of temperature, pressure, and gas-to-oil ratio
to detect early signs of asphaltene deposition. This proactive approach allows for timely

intervention and minimizes the risk of significant blockages or operational disruptions.

5. Mitigation Strategies: The research identified several mitigation strategies that can be
applied based on the specific risk category of the field, including:
¢ Chemical inhibitors: For fields with high asphaltene content.
e Temperature and pressure control: For fields with fluctuating reservoir
conditions.
¢ Enhanced gas injection: To maintain the necessary pressure and prevent asphaltene

precipitation in the reservoir.

5.3 RECOMMENDATIONS
Based on the findings and conclusions of this study, the following recommendations are
made for oil operators and stakeholders in the Niger Delta region to better manage the risk of

asphaltene deposition:

1. Implementation of the Risk Assessment Framework: It is recommended that oil
operators in the Niger Delta adopt the risk assessment framework developed in this study to
assess the risk of asphaltene deposition in their fields. By using this framework, operators can
identify high-risk fields and take appropriate measures to mitigate the risk before it causes

operational disruptions.
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2. Regular Monitoring of Key Parameters: Operators should invest in real-time monitoring
systems that track critical parameters such as temperature, pressure, and gas-to-oil ratio
(GOR). By continuously monitoring these factors, operators can identify fluctuations that

may lead to asphaltene deposition and take preventive actions.

3. Enhanced Research and Data Collection:

e More research is needed to gather comprehensive data on the behaviour of asphaltene
in different reservoirs within the Niger Delta. The study recommends that oil
companies collaborate with research institutions to conduct further studies on the
impact of *reservoir heterogeneity® on asphaltene deposition.

e Longitudinal data collection on asphaltene content and deposition incidents over time

will improve the accuracy and reliability of risk models.

4. Adoption of Chemical Inhibitors: It is recommended that oil companies adopt chemical
inhibitors to prevent asphaltene deposition in fields with high asphaltene content. These
inhibitors can be injected into production systems to reduce the risk of deposition and

blockages, thus improving operational efficiency.

5. Optimization of Gas Injection Techniques: In fields with high gas-to-oil ratios,
optimized gas injection techniques should be employed to maintain consistent reservoir
pressure and minimize the risk of asphaltene precipitation. This could include the use of gas

lift systems or pressure maintenance programs designed to stabilize reservoir conditions.

6. Training and Capacity Building: Regular training programs for field operators, engineers,
and production supervisors should be conducted to increase awareness of asphaltene
deposition issues and familiarize staff with the risk assessment framework and mitigation

techniques.

7. Collaboration with Industry Stakeholders: Oil companies in the Niger Delta should
collaborate with industry stakeholders, including equipment manufacturers, service providers,
and research organizations, to develop more efficient technologies and methodologies for

preventing and managing asphaltene deposition.
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8. Long-term Planning and Investment: To manage asphaltene deposition risks effectively,
long-term strategic planning and investment in infrastructure improvements are essential.
This includes upgrading pipeline insulation, flow assurance systems, and investing in

advanced chemical solutions to mitigate deposition risks.

5.4 LIMITATIONS AND AREAS FOR FUTURE RESEARCH

While this study provides valuable insights into asphaltene deposition risk assessment, there
are certain limitations that need to be acknowledged:

1. Limited Geographic Scope: The study focused on crude oil samples from the Niger Delta
region. Future research should extend to other regions with different reservoir characteristics

to validate the findings and enhance the applicability of the framework.

2. Variability in Reservoir Conditions: Asphaltene deposition risk is highly dependent on
the heterogeneity of reservoir conditions. Future studies should explore the impact of
reservoir heterogeneity (e.g., varying pressure, temperature, and fluid composition) on

asphaltene deposition.

3. Advanced Computational Models: Future research could explore the development of
more advanced computational models using machine learning techniques to predict

asphaltene deposition risk based on real-time data inputs.

4. Impact of Environmental and Regulatory Factors Future studies should also consider
the impact of environmental policies and regulatory frameworks on asphaltene deposition
management. Understanding how regulations around gas flaring and emissions affect the risk

of deposition could lead to more integrated solutions.

This research has successfully developed a comprehensive risk assessment framework for
asphaltene deposition in Niger Delta fields, providing oil operators with a valuable tool for
managing this complex issue. By identifying the key factors that influence asphaltene

deposition and offering practical mitigation strategies, this study contributes to improving
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operational efficiency, reducing maintenance costs, and enhancing the overall sustainability

of oil production in the Niger Delta region.

By adopting the proposed recommendations, oil operators can proactively manage the risks
of asphaltene deposition, ensuring more reliable and cost-effective production while
minimizing the environmental impact of oil extraction activities. The findings of this study
will serve as a foundation for future research and improvements in the management of

asphaltene-related challenges in oil fields worldwide.
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