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Abstract

Oil production is decreasing across the world due to natural depletion of the reservoirs. During the past decades, production from
large number of oil wells has been decreased due to deletion of natural energy. Some of these wells are abundant and some of
these are producing at their economic limit. To lift the oil and increase the productivity an additional energy is required which
can reduce the flowing bottomhole pressure and decrease the pressure drawdown. Use of latest artificial lift technology to
increase the production is now the main concern of all the companies. This research work is simulation base research conducted
by using commercial simulator. Four different artificial lift methods are applied on a low productivity oil well named as Well X-
1. The Well X-1 is drilled to depth of 7800 ft in a sandstone formation and is naturally flowing at the rate of 179, barrels of oil
per day (BOPD) with Wellhead Flowing Pressure (WHFP) of 125 psig. Using the reservoir data and wellbore data of Well X-1,
continuous gas lift, electrical submersible pump, jet pump and sucker rod pump lift method models are developed in the
simulator. Based on technical evaluation, electrical submersible pump (ESP) lift method is selected to increase the oil production
from Well X-1. ESP method resulted maximized production of 614 BOPD compared to all other artificial lift methods. Then
economic evaluation of all the lift methods is carried out using spreadsheet and the results have shown that ESP method yields
maximum net cash flow for the investment. Oil production from ESP lifted Well X-1 is further increased by using well
intervention techniques which includes matrix acidizing and rig-less wireline additional perforation job. Matrix acidizing can
significantly increase the oil production to 1309 BOPD compared to the wireline additional perforation.
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1. Introduction

Oil and gas demand is increasing with time all across the
world while naturally producing conventional hydrocarbon re-
serves are depleting due to natural depletion of existing reser-
voir driver mechanism. All the reservoirs have some naturally
existing drive mechanisms which provide sufficient energy in
terms of pressure to produce hydrocarbons at surface. Some
of these drive mechanisms are water drive, gas cap drive,

gravity drainage, solution gas drive etc. Sometimes more than
one kind of drive mechanisms may also exist within a single
reservoir, called combination drive mechanism. Most of the
reservoirs don’t have additional energy support to produce hy-
drocarbons at surface known as volumetric reservoirs. During
natural flow of the well, energy of drive mechanism decreases
with time as a result of hydrocarbon production.
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To meet the global requirements, oil and gas industry re-
quires an increase in production using some other resources.
Artificial lift system is now becoming most common source
to increase the oil and gas production where natural energy of
the reservoirs is not enough to produce hydrocarbons at sur-
face. Artificial lift technique uses some artificial means to in-
crease the flow of hydrocarbons by using some mechanical
devices within the well or by reducing the hydrostatic head of
fluid within the wellbore. It is used in the wells where natural
energy of the reservoir is insufficient to produce the fluid.
Some common artificial lift techniques are,

1) Gas Lift

2) Electric Submersible Pump (ESP)

3) Jet Pump

4) Sucker Rod Pump

Recent advancements in artificial lift technologies have fo-
cused on improving production efficiency, reducing operating
costs, and extending the productive life of mature oil wells.
Abu-Bakri et al. (2024) reported that intelligent gas-lift opti-
mization can significantly enhance oil production through op-
timal gas injection management and continuous performance
monitoring [1]. Similarly, Darbandi et al. (2024) developed an
Internet of Things (IoT)-based gas-lift allocation model that
improved production efficiency by integrating real-time field
data with advanced optimization algorithms [2]. Rahouma
(2025) evaluated the performance of various artificial lift sys-
tems in mature oil fields and concluded that proper lift-system
selection based on reservoir and well conditions is critical for
maximizing recovery and minimizing operational expenses
[3]. Furthermore, recent studies have highlighted the increas-
ing use of digital surveillance, nodal analysis, and machine-
learning techniques for monitoring artificial lift performance
and predicting system failures before production losses occur
[4]. These developments demonstrate that artificial lift opti-
mization has become a key strategy for sustaining production
from mature reservoirs and improving field economics in the
face of declining reservoir pressure. In addition to conven-
tional optimization techniques, recent studies have empha-
sized the application of artificial intelligence and machine-
learning approaches in artificial lift operations. Song et al.
(2024) developed a data-driven diagnostic model for Electric
Submersible Pump (ESP) systems using principal component
analysis, demonstrating improved fault detection and predic-
tive maintenance capabilities [5]. Similarly, Alagoz et al.
(2024) conducted a comparative analysis of gas lift, beam lift,
and ESP systems in horizontal wells and highlighted the im-
portance of well-specific optimization in maximizing produc-
tion performance [6]. Liu et al. (2024) applied interpretable
machine-learning models to predict production from plunger
gas lift wells and identified key operational parameters influ-
encing production efficiency [7]. Furthermore, Jin and
Emami-Meybodi (2025) proposed an integrated machine-
learning framework for predicting flowing bottom-hole pres-
sure during dynamic gas-lift operations, improving production
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forecasting accuracy and operational decision-making [8]. Re-
cent investigations have also demonstrated the potential of
machine-learning-based artificial lift selection systems, ena-
bling engineers to identify the most suitable lift method based
on reservoir, fluid, and well characteristics. These studies in-
dicate a growing shift toward intelligent and data-driven arti-
ficial lift management, supporting enhanced production opti-
mization, reduced downtime, and improved economic perfor-
mance.

With the use of latest technology of exploration and pro-
duction, crude oil reserves are being improved in Pakistan.
Some of these reserves need artificial means to produce at the
surface. Therefore, proper selection and optimization of arti-
ficial lift systems are essential for maximizing hydrocarbon
recovery from mature wells and ensuring sustainable field de-
velopment.

2. Methodology

A base case simulation well model named Well X-1 is de-
veloped using commercial simulator to check the oil recovery
based on natural energy of the reservoir. Reservoir and well
data of Well X-1 is assumed and kept constant in each type of
artificial lift method. Pressure-Volume-Temperature (PVT)
data is incorporated in the model and history matched the data
for selecting the best suitable correlation. Reservoir model is
selected for the calculation of inflow performance relationship
(IPR) based on defined reservoir parameters. Combined in-
flow performance relationship (IPR) and vertical lift perfor-
mance (VLP) is plotted based on NODAL ANALYSIS for
predicting the production behavior of well. Then simulation
model is updated by incorporating the different artificial lift
techniques one by one i.e. gas lift, electric submersible pump
(ESP), jet pump and sucker rod pump.
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Base Case Well Model |

. Upgrading Model With Artificial Lift Systems |
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Figure 1. Methodology.

Oil production from all the simulation models is then com-
pared and analyzed. Based on technical evaluation, ESP
method is selected for significant production improvement of
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Well X-1. Then economic analysis is made using the spread-
sheet to check economical viable artificial lift technique under
considerations. At the end production of ESP selected Well X-
1 is further increased using well stimulation with matrix
acidizing by removing the formation damage around the well-
bore and by increasing the pay zone thickness using rig-less
wireline additional perforations.

3. Results and Discussions

3.1. Base Case Naturally Flowing Well

Black Oil Well Model is selected for base case naturally
flowing well to describe the fluid flow behavior in reservoir
and well. The well is cased hole drilled to a depth of 7800 ft
in a sandstone formation with single stage separation. For this
research work, Petrosky et al. correlation is used for calcula-
tion of bubble point pressure (Pb), solution gas ratio (Rs), and
oil formation volume factor (Bo) [9]. While, for the calcula-
tion of oil viscosity, Beggs et al. correlation is used. Darcy
Model is selected for the calculation of Inflow Performance
Relationship (IPR) based on defined reservoir parameters. Ge-
ometrical and mechanical skin value is entered by hand which
is 10. Wellbore data is given in Table 1. Reservoir data is
given in Table 2. Node point is selected at the bottom of well
for NODAL analysis.

Table 1. Wellbore Data.

Wellbore Data

SSSV (ft) 229

Tubing Size (Inches) 2.375

End of Tubing (ft) 7160

Casing Size (Inches) 7

End of Prod. Casing (ft) 7800
Table 2. Reservoir Data.

Reservoir Data

Reservoir Pressure (psig) 2794.05

Permeability (mD) 35

Reservoir Data

Thickness (ft) 40
Drainage Area (Acre) 340
Water Cut (%) 30
Reservoir Temperature (°F) 250
Skin 10

Table 3. PVT Data.

PVT Input Data

Solution GOR (SCF/STB) 400
Oil Gravity (API) 48
Gas Gravity 0.735
Water Salinity (PPM) 30000
Impurities None

Naturally flowing Well X-1 is producing around 256 BPD at WHFP
of 125 psig, out of which oil production is 179 BPD. Most of the
pressure drop is due to gravity. Reservoir is having potential to pro-
duce more oil but due to pressure losses in the wellbore it contributes
very less oil production. Applying some artificial lift techniques may
significantly improve the oil production.

3.2. Continuous Gas Lift

Sensitivity analysis is carried out to check the maximum
production against available gas of 2 MMSCFD for injection.
Results have shown that oil production is maximum when in-
jecting the gas at the rate 1 MMSCFD. Beyond this limit oil
production somehow decreased due to dominant frictional
forces. Figure 3 shows gas lift valves unloading mechanism
for Well X-1. Figure 4 shows that Injecting 1 MMSCFD
downhole through gas lift valves can increase the oil produc-
tion to 442 BPD. If we inject gas less than 1 MMSCFD, oil
production will be less because injected gas is not sufficient to
lift the whole fluid column. These findings are consistent with
previous studies (e.g., Alagoz et al., 2024; Liu et al., 2024)
[10], which emphasize the importance of optimizing gas in-
jection rates to balance lifting efficiency and frictional losses
for maximum production performance.
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Inflow (IPR) Vs. Outflow (VLP) of Base Case Naturally Flowing Well X-1
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Figure 2. IPR-VLP of Well X-1 With Natural Flow.
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Figure 3. Well Unloading Mechanism With Continuous Gas Lift.
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Inflow (IPR) Vs. Outflow (VLP) of Well X-1 With Continuous Gas Lift
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Figure 4. IPR-VLP of Well X-1 With Continuous Gas Lift.

3.3. Electrical Submersible Pump

ESP can be operated at wide range of electricity frequency.
Normally increasing the frequency can increase the oil pro-
duction. Since electricity operating frequency in Pakistan is
50 Hz. so, in this case frequency of 50 Hz. Is chosen for oper-
ating the downhole pump. ESP can increase the oil production

of Well X-1 from 179 BOPD to 614 BOPD. ESP has resulted
maximum production compared to other artificial lift methods.
IPR-VLP plot of Well X-1 flowing with ESP is shown in Fig-
ure 5.

Victoria A. et al. (2026) further noted that ESP systems are
often the preferred lift method for medium-to-high production
wells because of their ability to handle large fluid volumes and
maintain stable production rates [11].

Inflow (IPR) Vs. Outflow (VLP) of Well X-1 Flowing With ESP
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Figure 5. IPR-VLP of Well X-1 With ESP.
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3.4. Jet Pump

Oil production can be increased by increasing the pumping
pressure of the power fluid. Sensitivity analysis have been
made to check the increase in oil production by increasing the
pumping pressure of the power fluid. In this case 2600 psig

pumping pressure is considered for the power fluid to lift the
oil. Results shows that jet pump operating with nozzle/throat
combination of 11-A with pumping pressure of 2600 psig can
increase the oil production of Well X-1 from 179 BOPD to
469 BOPD. IPR-VLP plot of Well X-1 flowing with jet pump
is shown in Figure 6.

Inflow (IPR) Vs. Outflow (VLP) of Well X-1 With Jet Pump Design
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Figure 6. IPR-VLP of Well X-1 With Jet Pump.
Inflow (IPR) Vs. Outflow (VLP) of Well X-1 With SRP (Stroke Length 144")
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Figure 7. IPR-VLP of Well X-1

With SRP (Stroke Length 144").
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3.5. Sucker Rod Pump

Sucker rod pump can be operated with different stroke
speed and stroke length. Sensitivity analysis is carried out to
check the increase in oil production at different pumping
speed and different stroke length. Considering the pumping
speed 16 strokes/minute and stroke length of 144", sucker rod
pump can increase the oil production from 179 BOPD to 472
BOPD. IPR-VLP plot of Well X-1 flowing with sucker rod
pump is shown in Figure 7.

3.6. Comparative Analysis of Artificial Lift
Methods

Oil production from all the artificial lift methods is com-
pared with natural flow of Well X-1. Using ESP method to lift
the oil can result maximum oil production. Based on technical
evaluation, ESP method is selected to increase the oil produc-
tion from Well X-1.

700

600

Production Comparison (STB/D)

500
=)
2
[=a]
& B Natural Flow
= 400
c Gas Lift
2
§ H Jet Pump
-5 300 B Sucker Rod Pump
= = ESP
o
200
) I
0
Artificial Lift Method
Figure 8. Graphical Comparison of All ALS.
Table 4. Economic Evaluation of Artificial Lift Methods.
Artificial Lift Method
Description
Gas Lift ESP Jet Pump Sucker Rod
Yearly Oil Production (bbls) 161476 224220 171258 172353
Working Interest Production (bbls) 129181 179376 137006 137882
Revenue ($80/bbl) 10334464 14350048 10960512 11030592
State Tax (10%) 1033446 1435005 1096051 1103059
Operating Cost ($6/bbl) 968856 1345317 1027548 1034118
Workover Cost ($30,000/day) 450000 450000 450000 450000
Artificial Lift Assembly Cost ($) 145387 49784 144500 150210
Surface Equipment Cost ($) 57398 18555 24072 14268
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Artificial Lift Method
Description

Gas Lift ESP Jet Pump Sucker Rod
Annual Electricity Cost ($) 14400 17840 12875 15940
Annual Metering Cost ($) 62000 0 0 0
Leasehold (§) 37500 37500 37500 37500
Overhead ($) 22500 22500 22500 22500
Taxable Income ($) 7542977 10973547 8145466 8202997
Corporate Income Tax (29%) 2187463 3182329 2362185 2378869
Net Cash Flow per Annum (M$) 5.35 7.79 5.78 5.82

3.7. Economic Evaluation of Artificial Lift
Methods

The second objective of this research work is the economic
evaluation of the artificial lift methods. Before finalizing arti-
ficial lift method, a complete economic analysis must be car-
ried out to check the profitability of the project. The maximum
potential of any oil field can be assured by increasing the oil
production with less expenditures and this can be done by se-
lecting the most economical artificial lift method. Net cash
flow is the basis for all economic decisions. Prediction of the
cash inflow and net cash outflow for the installation of each
artificial lift method is carried out using spreadsheet that is
based on CAPEX, OPEX, estimated revenue originated from
the total production of respective artificial technique. Some of
the assumptions made includes:

1) Crude oil price assumed is $80 per barrel of oil.

2) Royalty interest is 20%.

3) Federal corporate income tax is 29% on taxable income.

4) Operating cost assumed to be $6/bbl.

5) Workover Rig cost for installation of artificial lift assem-
bly is $30,000/day.

6) 15 number of workover days are required to complete
the well for each type of artificial lift method.

7) Leasehold charges payable to landlord for hiring of land
are $3125/month.

8) Overhead cost (indirect expenses to run a business) ac-
counting for utilities, travelling, repairing of equipment,
administrative cost etc. are $1875/month.

9) Artificial lift assembly cost, surface equipment cost, me-
tering cost [12].

Keeping in view of the technical evaluations, simulation re-
sults have shown that Electrical Submersible Pump (ESP)
yields higher production rates compared to other artificial lift
methods when applied to base case naturally flowing well. In

terms of economic evaluation, ESP generated the highest net
cash flow. Hence, ESP method is better than all other artificial
lift methods in terms of economics and production.

3.8. ESP with Well Intervention

The third objective of this research work is to further in-
crease the oil production from selected artificial lift technique.
Since ESP is selected to increase the oil production from Well
X-1. Oil production can be further increased using rig-less
well intervention and remedial jobs. In this research work, two
methods have been discussed and implemented to further in-
crease the oil production from Well X-1 flowing with ESP.

3.8.1. Matrix Acidizing

Naturally flowing well is producing oil with skin value of
10 which shoes that near wellbore formation is damaged. Ma-
trix acidizing technique is applied to remove the formation
damage. From Figure 9, it is clear that considering the zero
skin, it is observed that matrix acidizing can increase the ESP
production from 614 BOPD to 1309 BOPD.

3.8.2. ESP with Rig-less Perforations

Increasing the pay zone thickness can increase the produc-
tion from well. By using rig-less wireline additional perfora-
tion scheme an additional pay zone is perforated to increase
the oil production. If we increase the pay zone thickness to 80
ft. which is double than base case well model, oil production
can be increased from 614 BOPD to 1205 BOPD. Sensitivity
analysis is carried out by increasing the pay zone thickness.
Figure 10 shows the IPR-VLP plot of ESP lifted Well X-1 af-
ter wireline additional perforations.

Oil production from ESP lifted Well X-1 can be further in-
creased by matrix acidizing technique more effectively. Com-
parative analysis of matrix acidizing, and wireline additional
perforations job is shown in Figure 11.
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Figure 9. IPR-VLP of Well X-1 with ESP After Matrix Acidizing.
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4. Conclusion

1) Based on technical evaluation, ESP method is selected
to increase the oil production of Well X-1. ESP method
increased oil production from 179 BPD to 614 BPD.

2) ESP method yields annual profit of 7.79 M$ greater than
profit from other artificial lift system based on capital
investment, operating cost, oil price and rate of return.
Oil production is further increased from 614 BPD to
1309 BPD by using matrix acidizing in ESP lifted oil
well.

3) Keeping in view of best performance results of ESP, a
greater number of wells should be planned in Pakistan in
near future to complete with ESP and increase the oil

production.
Abbreviations
Pwf Bottomhole Flowing Pressure
Pb Bubble Point Pressure
Bo Oil Formation Volume Factor
qo Oil Flow Rate
Rs Solution Gas Ratio
no Viscosity of Oil
AOFP Absolute Open Flow Potential
BOPD  Barrel of Oil Per Day
CAPEX Capital Expenditures
GOR Gas Oil Ratio
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GLR Gas Liquid Ratio

IPR Inflow Performance Relationship
OPEX  Operational Expenditures

PVT Pressure Volume Temperature
SRP Sucker Rod Pump

VLP Vertical Lift Performance

WHFP  Wellhead Flowing Pressure
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