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Abstract

The exploration of unconventional oil and gas reservoirs is a prominent global trend today. Achieving cost-effective and
efficient hydrocarbon production from these reservoirs necessitates advanced technologies. One such technology that has
been employed in the oil and gas industry for many decades is hydraulic fracturing. It is used to create highly conductive
channels within formations characterized by extremely low permeability values. The successful implementation of hydraulic
fracturing hinges on the development of an effective fracturing design. This design is crucial to achieving the anticipated
production outcomes from unconventional reservoirs, including tight gas, shale gas, coal bed methane, and reservoirs with
very low permeability. Key parameters for the success of hydraulic fracturing operations include the determination of the
optimal fracturing rate, fracture height, and the selection of propping agents. These factors collectively contribute to the

efficiency and productivity of hydraulic fracturing activities in unconventional reservoirs.
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Introduction

Formation damage refers to the phenomenon in which
the permeability of the subsurface formation near the
wellbore decreases. There are various factors that can lead to
formation damage, which will be explored later. The decrease
in permeability in the wellbore region has a direct impact on
the overall productivity of the well. This reduction is often
attributed to the blocking of pore throats in the vicinity of the
wellbore, causing a decrease in the available flow area [1].
Turbulent flow in the well is another factor contributing to
the reduction in the flow area. When turbulent flow occurs, it
leads to a significant pressure drop in comparison to laminar
or Darcy flow. The pressure drop associated with turbulent
flow is notably higher, which results in a further reduction
in wellbore permeability. This complex interplay of factors
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underscores the importance of understanding and managing
formation damage in well operations [2].

The Skin Factor

The skin factor is a crucial measure of the impact of
formation damage on well performance. Formation damage
typically results in a reduction in permeability around the
wellbore. The accompanying figure illustrates the ideal
pressure profile of a well, highlighting the influence of
formation damage (represented by the yellow line) on
creating an additional pressure drop [3].

The skin factor (s) can take on various values, and its

interpretation is as follows:
e Positive skin factor, s > 0: When a damaged zone near
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the wellbore leads to a reduced permeability (k_skin)
compared to the formation’s original permeability (k),
the skin factor is positive. The magnitude of the skin
factor increases as the damaged zone’s permeability (k_
skin) decreases and as the depth of the damage (r_skin)
increases [4].

e Negative skin factor, s < 0: When the permeability around
the well (k_skin) is higher than that of the formation (k),
a negative skin factor is indicated. This negative skin
factor suggests an improved wellbore condition, often
associated with measures to enhance permeability near
the well [5].

e Zero skin factor, s = 0: A skin factor of zero signifies that
no alteration in permeability around the wellbore is
observed, implying that k_skin equals the formation’s
original permeability (k).

The skin factorisavaluable metric for evaluating the influence
of formation damage on well performance and is a critical
parameter in wellbore management and optimization.

(1)

H: formation height

q,: oil flow rate

M, : oil viscosity

S,: formation damage skin

K,: formation permeability to oil

k,: damaged permeability to oil

AP: extra pressure drop due to formation damage

Formation damage skin is directly related to the ratio of
the original permeability to the damaged permeability. As
this ratio increases, the skin factor also increases, signifying
greater formation damage [6]. Stimulation in the context of
oil wells refers to a set of operations carried out to optimize
productivity. This technique is of paramount importance
in the production process, as it encourages the flow of
hydrocarbons from the reservoir rocks to the wellbore,
given that the hydrocarbons are situated within the pores
of the reservoir rock [7]. Stimulation also encompasses
methods aimed at improving the natural permeability of
undisturbed rock formations housing the reservoir, making
it economically viable for oil production. Permeability is
the rock’s ability to conduct fluids, including oil and water.
Stimulation technologies can be applied to increase the
reservoir’s permeability to a level that allows for enhanced
oil production rates [8].

One of the well stimulation techniques is hydraulic
fracturing, which is employed to boost well productivity.
In hydraulic fracturing, a fracturing fluid or pumping fluid,
typically composed of a mixture of water and sand, is injected
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into the formation under high pressure [9]. This article delves
into the influence of hydraulic fracturing on well productivity,
with reference to a real well example using the Prosper
model. The project explores how oil and gas production
behavior is affected in various scenarios, including the base
case, a 30-degree deviation angle, and a 45-degree deviation
angle. Furthermore, the study investigates how different
parameters, such as tubing diameters and skin factor, impact
oil and gas production, aiming to determine the optimal
well production rates. In practice, the well in question is
somewhat deviated, and the study conducts a sensitivity
analysis to identify optimal parameters for future wells and
to assess production outcomes under different trajectories
[10].

PVT Parameters are as Following in this Well

Solution GOR: The term “Solution GOR” typically refers
to the Gas-0il Ratio within a solution, often used in the
context of the oil and gas industry. The Gas-0il Ratio (GOR)
represents the volume of gas produced relative to the volume
of oil in a given solution, typically measured in standard cubic
feet of gas per barrel of oil (scf/bbl) or in similar volumetric
units. It is a crucial parameter in reservoir engineering and
production analysis, providing insights into the composition
of fluids extracted from subsurface reservoirs [11]. In the
oil and gas industry, Solution GOR helps assess the gas-to-
oil ratio over the course of production, offering valuable
information about the reservoir’s behavior and the efficiency
of the extraction process. Monitoring changes in Solution
GOR over time can aid in optimizing production strategies
and maximizing resource recovery [12].

0il Gravity: Oil gravity, in the context of the oil and gas
industry, refers to the specific gravity or density of crude oil.
It is a fundamental property that characterizes the relative
weight of a given volume of oil compared to an equivalent
volume of water. The American Petroleum Institute (API)
gravity scale is commonly used to express the gravity of
crude oil. The API gravity scale is an inverse measure, where
higher API gravity values indicate lighter and, often, more
valuable crude oils. Lighter oils have a lower density and
flow more easily than heavier oils. Where specific gravity
is the ratio of the density of the oil to the density of water.
Crude oils with API gravity greater than 10 are generally
considered light, while those below 10 are considered
heavy [13]. Understanding the oil gravity of a particular
crude oil is crucial in the oil and gas industry for various
purposes, including refining processes, transportation, and
determining the market value of the oil. Lighter oils are
often preferred for their higher yields of valuable products
like gasoline, while heavier oils may contain more complex
hydrocarbons and require additional processing.
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Gas gravity, in the context of the oil and gas industry,
refers to the specific gravity of a gas. It is a measure of the
relative density of a gas compared to air or another reference
gas. Gas gravity is a crucial parameter in the analysis and
characterization of natural gas [14].

Gas Gravity: The specific gravity ofa gasis typically expressed
as the ratio of the density of the gas to the density of air. It
is often compared to the specific gravity of air, which is 1. If
the gas gravity is less than 1, the gas is lighter than air; if it

is greater than 1, the gas is heavier than air. Understanding
the gas gravity is important in various aspects of the oil
and gas industry, including the design and operation of
processing facilities, transportation, and determining the
composition of natural gas. The composition of natural gas,
including the presence of different hydrocarbons and non-
hydrocarbon components, can influence its specific gravity.
This information is valuable for optimizing production and
processing operations (Figure 1) [15].
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Figure 1: PVT parameters for the well-reservoir model.
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The initial reservoir conditions for this well include a of 68°C (Figure 2).
reservoir pressure of 350 bar and a reservoir temperature
PVT - Match Data (GUM_287_30_hydraulic-fracturing.Qut) (il - Black Oil matched)
Done || Main | Cancel| Feset| Copy | Chie | imeor | PYTP Imeort | Transter|  Plot Helo | |
\ PWT Match data
T able e Temperature ||ES deg C
1 - Bubble Point |277.176 BARa
[Ersanmns poshad Oil FvF | Oil Wiscosity
BARa Sm3/Sm3 m2/Sm2 centipoise
1 |1 o [1.0209 EXTE=E]
2 [as18 [4.26 [1.0441 [z10535
3 17237 a1 1.0572 1.993%51
4 ||34.474 17.594 1.0786 1.82365
5 ||86.1584 4066 1.1325 140926
& |137.895 65.01 1.1875 110401
¥ 1723289 21.96 1.2248 0.94354
2 ||129.e06 066 1.2437 0.ss2439
9 ||206.843 99.47 1.2627 082313
10 |241.216 117.53 1.301 072155
11 [z55553 126,74 13203 057508
2|77 175 136.86 13413 053576
13 || 276.041 136.86 1.31785 083676
14 |536.608 136.86 1.28827 1.07761
15 [e76.03 136.86 126811 1 23654
Figure 2: PVT test results for the well-reservoir model.

To enhance the permeability around the wellbore,
hydraulic fracturing has been employed. The following are
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the relevant reservoir and technical parameters for the
hydraulic fracturing operation (Figure 3).
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Inflow Performance Relation (IPR) - Input Data
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Figure 3: Input parameters for the hydraulic fracturing model in Prosper.

Different tubing diameters can significantly impact the
rate at which oil is produced from a well. This variation is
a critical consideration in well optimization and reservoir
management. It demonstrates that when a tubing diameter
of 2.98 inches is selected, the daily oil production rate
significantly increases to 340.8 cubic meters per day (m3/
day) when employing the hydraulic fracturing method in

the case of a 45-degree deviation angle. In contrast, the base
case yielded a daily oil production rate of 101.4 m3/day. This
comparison highlights the substantial improvement in oil
production achieved through hydraulic fracturing with the

specified tubing diameter under the given conditions (Figure
4).

Figure 4: The daily oil production rate varies depending on the chosen tubing diameter.

The skin factor is a key parameter that can influence
the productivity of a well. Changes in skin factor can have
a notable impact on the rate at which oil is produced from
a well. Understanding how different skin factors affect oil
production is essential for well management and reservoir
optimization. Figure 5 depicts that when a negative skin factor
of -2 is selected, the daily oil production rate significantly
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increases to 711.6 cubic meters per day (m3/day) when
employing the hydraulic fracturing method in the case of a
45-degree deviation angle. In contrast, the base case yielded
a daily oil production rate of 245.8 m?/day. This comparison
highlights the substantial improvement in oil production
achieved through hydraulic fracturing with a negative skin
factor under the given conditions.
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Figure 5: The daily oil production rate varies with different skin factors.

Different tubing diameters can have a significant impact
on the rate at which natural gas is produced from a well. This
variation is an important consideration in optimizing well
performance and reservoir management, especially when
aiming to maximize gas production. Figure 6 illustrates that
when a tubing diameter of 2.98 inches is chosen, the daily
gas production rate significantly increases to 18,388 cubic

meters per day (m3/day) when employing the hydraulic
fracturing method in the case of a 45-degree deviation angle.
In contrast, the base case yielded a daily gas production
rate of 7,398.5 m3/day. This comparison underscores the
substantial improvement in gas production achieved through
hydraulic fracturing with the specified tubing diameter
under the given conditions.

Figure 6: The daily gas production rate can vary depending on the choice of tubing diameter.

Figure 7 demonstrates that when a negative skin factor
of -2 is selected, the daily gas production rate significantly
increases to 84,681.9 cubic meters per day (m3/day) when
employing the hydraulic fracturing method in the case
of a 45-degree deviation angle. In contrast, the base case
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yielded a daily gas production rate of 29,245.8 m3®/day. This
comparison highlights the substantial improvement in gas
production achieved through hydraulic fracturing with a
negative skin factor under the given conditions.
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Figure 7: The daily gas production rate can vary with different skin factors.

Conclusion

In summary, hydraulic fracturing emerges as a proficient
technique for inducing fractures within the rock formation,
thereby promoting the extraction of natural gas or oil and
augmenting recoverable volumes. The strategic choice of a
deviation angle during well completion facilitates a more
expansive coverage of the drainage area when juxtaposed
with a purely vertical well. Moreover, within a deviated well,
the pressure surrounding the wellbore surpasses that of a
vertical counterpart. The careful selection of a larger tubing
diameter further amplifies the efficiency of oil and gas
extraction from the well. By means of meticulous sensitivity
analysis, the study has effectively ascertained the optimal
tubing diameter and the targeted skin factor around the
wellbore, both of which constitute pivotal elements in the
pursuit of maximizing production efficiency.
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