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Abstract

The optimization of artificial gas lift techniques plays a crucial role in the advancement of oil field development. This study focuses
on investigating the impact of gas lift design and optimization on production outcomes within the Mishrif formation of the Halfaya
oil field. A comprehensive production network nodal analysis model was formulated using a PIPESIM Optimizer-based Genetic
Algorithm and meticulously calibrated utilizing field-collected data from a network comprising seven wells. This well group
encompasses three directional wells currently employing gas lift and four naturally producing vertical wells. To augment productivity
and optimize network performance, a novel gas lift design strategy was proposed. The optimization of gas allocation was executed to
maximize oil production rates while minimizing the injected gas volume, thus achieving optimal oil production levels at the most
effective gas injection volume for the designated network. The utilization of the PIPESIM Optimizer, founded on genetic algorithm
principles, facilitated the attainment of these optimal parameters. The culmination of this study yielded an optimal oil production rate
of 18,814 STB/d, accompanied by a gas lift injection rate of 7.56 MMscf/d. This research underscores the significance of strategic
gas lift design and optimization in enhancing oil recovery and operational efficiency in complex reservoir systems like the Mishrif

formation within the Halfaya oil field.
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1- Introduction

Commonly, during the oil production process, oil
naturally flows through the well-tubing. As a result of
primary oil recovery, that includes a natural driving
mechanism that lift oil from the perforation at the
bottomhole to the well surface without the use of an
artificial method [1, 2]. However, in the majority of cases,
primary oil recovery; oil production based on natural
reservoir mechanism; won't commonly continue to flow
naturally for a long period due to declining reservoir
pressure [3, 4]. Consequently, the natural production
process is inefficient. In addition, there is a lot of
hydrocarbons remaining in the oil reservoir, which is the
reason for a common field problem. To produce the oil
that still remains in the reservoir, it is necessary to
consider future well/reservoir improvements, studies, and
techniques, such as gas injection and water injection for
secondary oil recovery or gas lift as an artificial lift
technique [1, 5]. Based on the status of the reservoir
driving mechanisms, several artificial lift techniques are
constructed which include electrical submersible pumps,
hydraulic and sucker pumps, and gas lift technics, which
can be utilized to lift the oil to surface production
facilities [6-8]. Gas lifting techniques are one of the
efficient  artificial  lifting methods [9-11]. The

methodology of gas-lifting techniques is based on the
injection of gas from the annulus into the bottom of the
production tube of production, where the injected gas is
mixed with the oil produced to decrease the fluid density
in the tubing, so the hydrostatic pressure of fluid in the
well will be decreased [12, 13].

In the oil production sector, gas lifting is the most
prevalent artificial lift method because it is used in the
most reservoirs that have high gas-oil ratio and solid
content production as well as it is used in wells that
produced high water cut. These wells are not easy to be
handled by other methods of artificial lifting [14]. If there
is enough gas available, it is possible to apply the gas lift
technique to decrease the required flowing bottomhole
pressure to attain an economic flow rate. The most
popular technique for activating wells is gas-lift [1, 15].
The concept of gas lifting can be explained by the
introduction of an external energy source, such as natural
gas, through a casing-annular and into the tubing with the
assistance of subsurface gas lifting valves. Gas Iift
techniques are used in several giant fields to boost
economic production levels. For a large field to increase
field productivity, the gas lift is thought to be the most
cost-effective artificial lift technique [16, 17].
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The gas is injected at a high pressure into the deepest
point of the production tubing in order to lower the fluid's
mixing density. This lowers the oil hydraulic pressure,
thus the oil lifted through the tubing to the surface. As the
pressure in the production tubing decreases, oil flows
from the reservoir to the sandface. This means that as the
pressure in the bottom hole decreases, oil production will
be easily produced. This method uses both equipment on
the surface and equipment below the surface. Production
facilities are the ones responsible for separating oil and
gas into their respective streams, and the surface
equipment is designated for the gas source [18, 19]. After
being dried out by specialized dehydration units or filters,
this gas is then compressed by the compressor station at a
certain pressure based on the required injection pressure
to reach the operating valve [20, 21]. A gas injection
manifold and gas pipelines are shown in (Fig. 1) as being
used to transport the gas to the wellheads after it has been
treated and compressed.

Fig. 1. Gas Lifting Components [22]

The field of study known as optimization seeks to
identify courses of action that not only conform to the
parameters of a problem but also bring about the best
possible outcome. When it comes to engineering,
constraints can be caused by both physical limitations and
technical specifications. When it comes to business,
however, constraints are typically associated with
resources, such as labor, equipment, money, and time. In
nonlinear decision models, where multiple solutions exist,
many of which are sub-optimal, finding the "best viable"
one is a common goal of utilizing global optimization
(local) [16]. Due to a lack of tools for global optimization,
engineers and scientists often settle for feasible solutions
with values that will produce the best results for the most
efficient and effective solutions.

Gas lift systems are used to increase oil production rates
by injecting compressed gas into the lower section of
tubing. The optimization of gas lift allocation is crucial in
order to maximize oil production rates; as excessive gas
injection can reduce oil production [23-25]. In this study,
the gas lift allocation was optimized using a genetic
algorithm under the constraints of the gas lift system. The
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goal was to maximize the oil production rate, and the
optimized gas lift allocation was used to predict the oil
production rate. To ensure accurate predictions, a
reservoir simulator was integrated with a multiphase flow
simulator. The results demonstrated that optimizing the
gas lift allocation can improve oil production, and the oil
production rate can be estimated using the optimized gas
lift allocation for the gas lift system.

e  Area of the case study

The Halfaya OQilfield is situated in the southern part of
Iraq, specifically in the Maysan governorate, which is 35
km southeast of Amarah City [26, 27]. The oilfield is one
of the biggest in Iraq and is operated by PetroChina. The
location of the Halfaya oil field is shown in Fig. 2 [28]. It
has a proven reserve of 4.1 billion barrels and a
production potential of 200,000-535,000 barrels per day.
Generally, Mishrif is one of the main Cretaceous
reservoirs in the Mesopotamian Basin and Middle East
[29, 30]. The Mishrif Formation, which is the primary
producing zone in the Halfaya Oilfield, is approximately
400 meters thick and is characterized by the development
of grain shoal reservoirs [28, 31]. These reservoirs can be
further divided into 15 sublayers [31]. The Mishrif
reservoir primarily consists of rudstone, grainstone, and
packstone, with well-developed intergranular and
dissolved pores, contributing to its porosity [31]. The
formation is connected to the Arabian shield in the south
and has a regional structural location adjacent to sub-
basin deepwater facies in the southwest [28]. The
geological features and reservoir architecture of the
Mishrif Formation in the Halfaya Oilfield provide
valuable insights for the development of similar reservoirs
in the Middle East. The thickness of the Mishrif
Formation ranges from 350 to 400 meters. Understanding
the characteristics and properties of the Mishrif Formation
is crucial for effective reservoir engineering and
production optimization in the Halfaya Oilfield [28, 32].
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Fig. 2. Location Map of the Studied Wells along with
Oilfields [33]
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2- Literature Review

Historically, a number of investigations have been
carried out to establish optimal gas injection rates.
Mayhill [34] conducted research to investigate the
connection between the rate of gas injection and the rate
of oil production. He dubbed the resulting graph a "gas
lift performance curve,” which can be seen in Fig. 3. He
determined that the rate at which an additional
expenditure for gas injection was equal to some
percentage of the incremental income earned at that gas
injection rate was the rate that he deemed to be the most
efficient for injecting gas into the well.
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Fig. 3. A Typical Gas-Lift Performance Curve

Redden et al. [35] provided a method for determining
the most profitable method of gas distribution to wells in
a continuous flow gas lift system. They created a
computer program to perform gas allocation calculations,
and it was successfully implemented in a Venezuelan
field with 30 wells.

Gomez et al. [36] provided a method for generating the
gas lift performance curve and created a computer
program that fitted the second-degree polynomial to each
gas lift performance curve. This polynomial was then
used to calculate which well would produce the highest
oil when each well was injected with an equal amount of
incremental gas. An extra quantity of gas would
subsequently be assigned to this well, and this operation
would continue until all the available injection gas
volume had been consumed.

Hong et al. [37] conducted research to investigate the
impact that a variety of factors have on continuous-flow
gas lift systems. Hong and co-authors worked to improve
the system functionality, which included six gas lift wells
and surface flow lines.

Kanu et al. [38] developed the "equal slope allocation”
approach for both limitless and constrained gas supplies.
They proposed the formulation of the economic slope and
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the use of this slope to distribute the total quantity of gas
at the optimal economic point for a set of wells.

In 2017, H. Ben Mahmud and A. Abdullah [39] looked
at the effectiveness of gas condensate wells. They have
carried out an appropriate optimization that can lower
operational expenses, maximize hydrocarbon recovery,
and raise net present value. They have improved the
wellhead, tubing size, and skin factor, among other good
parameters. Utilizing the PROSPER simulation program
and a real field in the Thrace Basin, all these elements
have been researched. Following period adjustments, the
future performance estimate for the same reservoir
deliverability is identified using validated history
matching data. In order to give the finest production
practices, anticipated outcomes are compared to and
validated with measured field data. Additionally, the
findings demonstrate that the skin component
significantly affects the production rate by 45%. The
production rate dramatically drops because of the
decrease in reservoir pressure, which results in a 70%
decrease. While changing the tubing size, the wellhead
pressure shows a slight reduction compared to the
production rate, which exhibits no discernible change.

Mohammed et al. [40] treated one of the wells in the
Mishrif reservoir, the Nasiriyah oil field with a gas lifting
technology. In order to find the most accurate correlation
for computing the pressure gradient in the wellbore, a
mathematical model has been constructed and validated
with the help of the PIPESIM program and the
corresponding data set of the PIPESIM program. Through
an analysis of the well's performance, researchers were
able to study the impact on the production rate that was
caused by a reduction in average reservoir pressure as
well as an increase in the water cut. When the reservoir
pressure reached 2,750 psi, the output rate was lowered to
1917 STB/d, and the flow rate was lowered to 1210
STB/d when the water cut increased to 60%. As a result,
artificial lift techniques were utilized in to boost oil
production rates. The findings revealed that the gas lift
system contributed to the rise in production rate, which
was measured at 3,198 STB/d while the reservoir pressure
was equivalent to 2,750 psi.

Saleh et al. [41] conducted research to check the
feasibility of a gas lift application to boost the production
of the Noor Oil field. The continuous gas lift was
designed using the PROSPER program to determine the
highest possible oil production rate. The design was
created after comparing the well head pressure that was
initially measured with the pressure that was calculated.
The optimal location and injection rate of the gas had
been determined, and other design parameters had been
calculated to determine the maximum oil production rate,
the number and depth of valves that were required for gas
injection, and the pressure needed to control the opening
and closing of each valve The results from the gas lifting
design indicate that the maximum oil production rate
1,000 STB/d, and the best gas injection rate is 2.6)
MMscf/d. There is also an operating pressure of 1700 psi
available at the casing head, while the minimum bottom
hole following pressure is 1,501.5 psi.



S. R. Ahmed et al. / Iragi Journal of Chemical and Petroleum Engineering 24, 3 (2023) 45 - 54

Al Juboori et al. [10] elaborated on the Genetic
Algorithm as an optimization technique for improving the
oil production rate by implementing gas lift in a large
Iragi oil field. Their developed optimization model was
presented step by step; therefore, it can easily be
followed, and be used as a guide, especially by frontline
production engineers involved in designing and
developing a gas-lift system towards optimal allocation of
gas injection rate for each individual well in a network
system for a field with limited gas injection volume.

Miresmaeili et al. [11] focused on the optimization of
gas allocation for continuous-flow gas-lift systems to
maximize oil production. The study investigates the
potential application of an Artificial Neural Network
(ANN) using Bayesian Regularization (BR) for modeling
gas-lift operations and compares the results with the
Levenberg—Marquardt (LM) back-propagation training
algorithm. The Teaching—Learning-Based Optimization
(TLBO) algorithm is applied to solve the well-rate and
gas-lift allocation problems under the injection capacity
constraint. The performance of the TLBO algorithm is
compared with the Genetic Algorithm (GA) based on
convergence rate and the best solution. The proposed
prediction and optimization model is tested in a gas-lift
system for a given period of reservoir life. The results
showed that the BR model is more robust and efficient
than the LM model, and the TLBO algorithm outperforms
GA in the gas allocation mapping for continuous gas-lift
systems. The simulation results demonstrate the
effectiveness of the proposed model on continuous flow
gas-lift operations. The research uses extensive published
data in model development and comparison, and the
prediction accuracy produced by the BRNN and the
LMNN were 99.9% and 99.5%, respectively. The study
highlights the importance of gas allocation optimization
in continuous-flow gas-lift systems and the potential of
ANN and TLBO algorithms in modeling and
optimization.

Al-Janabi et al. [16] studied the application of the gas
lift technique at the Buzurgan oil field, which contains 43
wells and has a production rate of 73,380 STB/d.
Utilizing the entire network with a gas lift system and
applying the optimization using a Genetic Algorithm were
the tasks that needed to be completed for the study. The
task at hand was the allocation of injected gas. In the
development of oil field projects, the optimization of gas
lift plays a vital role in the production process and in
optimizing the net present value of the investments made
in those projects. The implementation of optimization
techniques in the gas lift project is extremely difficult
since the gas lift optimization problem involves many
decision variables, objective functions, and restrictions.
Nevertheless, the gas lift and optimization proved to have
a significant increase in the production of the field to
reach 187,759 STB/d despite having a limited volume of
injected gas with 82 MMscf/d.

Gas lift techniques are commonly used in the oil
industry to enhance oil production rates, but the
optimization of gas lift design and allocation remains a
complex challenge, especially in reservoirs with varying

48

characteristics like the Mishrif formation of the Halfaya
oil field. Despite existing research on gas lift
optimization, there is a lack of studies that
comprehensively address the optimization of gas lift
design and allocation for a heterogeneous well network,
considering both directional and vertical wells. This study
aims to bridge this gap by investigating the impact of gas
lift design and allocation on production outcomes in the
Mishrif formation of the Halfaya oil field and proposing
an integrated methodology for optimizing gas lift
operations. The proposed methodology involves an
integrated experiment/modeling study encompassing
various stages. Initially, field data from the Mishrif
formation in the Halfaya oil field will be collected,
encompassing well production rates, fluid properties,
reservoir pressure, and temperature, followed by a
comprehensive reservoir characterization to gain insights
into reservoir heterogeneity, fluid behavior, and
production challenges. Subsequently, a production
network nodal analysis model will be developed through
the utilization of PIPESIM software, incorporating seven
wells, including directional gas lift wells and naturally
producing vertical wells. This model will define
parameters spanning wellbore and surface networks,
encompassing tubing, casing, wellhead chokes, and
separator conditions. Employing a Genetic Algorithm, the
gas lift allocation for the well network will be optimized
within the PIPESIM model, with the objective of
maximizing oil production rates while minimizing
injected gas volume, adhering to operational limits and
system capabilities. The model will then be calibrated
with historical data and validated against real-world
production data. A novel gas lift design strategy,
considering the unique characteristics of the Mishrif
formation and mixed well types, will be formulated.
Subsequent to this, the Genetic Algorithm optimization
will be executed across diverse scenarios, evaluating
distinct constraints, reservoir conditions, and production
objectives to identify the optimal gas lift allocation
scenario that maximizes oil production while minimizing
gas usage. Furthermore, the integration of a reservoir
simulator into the production network model will account
for transient reservoir behavior and validate optimization
outcomes. Finally, a comprehensive evaluation will
compare optimized gas lift allocation scenarios with the
current strategy, assessing the impact of the proposed gas
lift design strategy on oil and gas injection rates, and
overall field efficiency. The study will conclude by
highlighting the significance of gas lift optimization in
intricate reservoirs like the Mishrif formation, elucidating
its potential benefits for oil field development.
3- Methodology

This section describes the process of constructing a well
model located in the Halfaya oilfield and the effects of
gas lift design and optimization on the selected network
model performance. The network model was designed
using SLB PIPESIM 2019, which is a steady-state
simulator built on the principle of nodal system analysis
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to mimic the production petroleum system .The PIPESIM
simulator models multiphase flow from the reservoir to
the wellhead and considers artificial lift systems,
including rod pumps, ESP, and gas lift. Well models can
be created using the interactive graphical schematic and
templates of the PIPESIM simulator, which enables users
to design optimal well completions and artificial lift
systems, diagnose problems that are limiting well
production potential, and optimize production from
existing wells by quantifying actions to increase flow
rates. Fig. 4 shows the steps applied to model and
optimize the gas lift application for the Halfaya oilfield.
The nodal analysis-based design is used to improve gas
lift-based oil production well. The proposed optimization
model is tested in a gas-lift system for a given period of
reservoir life. The results demonstrate the effectiveness of
the proposed model on continuous flow gas-lift
operations.

—— N S -~
Data Gas Lift Production
Preparation Desgin Optimization

Fig. 4. Flow Diagram of the Methodology

4- Results and Discussion

4.1. Model Construction

The network model (Fig. 5) consists of seven wells of
which five are deviated wells of which three wells are
already being produced by the gas lift technique (Fig. 6).
These wells are distributed along three manifolds
connected to the central processing unit.

Fig. 5. The Studied Network of Wells in the Halfaya
QOilfield

MB1 is the main reservoir unit in the Mishrif formation.
Table 1 lists the main fluid properties of this unit.
Calibrating the black oil fluid model is based on the
concept of calibration constant. When measured values
vary from calculated values in the black oil model, a
calibration constant can be used to modify all subsequent
calculations. The black oil model is a simplified model
that is widely used in the oil and gas industry to predict
the behavior of reservoir fluids. It assumes that the
reservoir fluid can be divided into three phases: oil, gas,
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and water. The black oil model is calibrated using
laboratory measurements or calculated through flash
calculations of the reservoir fluid as explained in Al-
Fatlawi et al research [1]. The calibration constant is used
to adjust the model to match the measured values. This is
an important step in the design of a gas lift system in the
Mishrif Formation Halfaya oilfield, as it ensures that the
model accurately represents the behavior of the reservoir
fluid.

W-3

ﬂ 3 W-dr

ﬂz wW-7
- .

Fig. 6. Studied Wells” Completion

Iragi crude oils have unique properties that require
specific  correlations to accurately predict their
behavior. Therefore, this study has used the following
correlations, which have been explained in this section. A
viscosity correlation was developed using extensive
experimental data on oil viscosities collected from
different samples of Iraqi oil reservoirs [42]. Other studies
developed a correlation between the solution gas-oil ratio
and oil formation factor of Iraqi oils, respectively [43,
44]. These correlations are important in the design of a
gas lift system in the Mishrif Formation Halfaya oilfield,
as they can be used to calculate various oil properties such
as bubble point pressure, solution gas-oil ratio, oil FVF,
and dead oil viscosity. The calculated oil properties are
listed in Table 1.

Table 1. MB1 Fluid Properties
Fluid Properties

GOR (Scf/STB) 629
Bubble point pressure (psi) 2765
Bob 1.384
API 22
ob (CP) 1.381
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The gas volumes that are required in the gas lifting
process are provided by other wells producing with a high
gas-oil ratio. The gas used should be immiscible and be
easily separated at the surface and reused again for gas
lift. The gas behavior model opted for are MB Standing
and DL Katz [45], as determined through the process of
gas behavior model selection conducted by Al-Fatlawi et
al. [46].

4.2. Base Case

Gas lift installation is a method of artificial lift that uses
an external source of high-pressure gas to supplement
formation gas to lift the well fluids. By injecting gas into
the tubing, the density of the fluids in the tubing is
reduced, and the bubbles have a "scrubbing"” action on the
liquids, which lowers the flowing bottomhole pressure
(BHP) at the bottom of the tubing. Gas lift installation can
add more active wells to the network by enabling
production above the bubble point pressure. However,
some wells may have a low productivity index due to the
reservoir fluid density and high-pressure drop, making it
impossible to produce without gas lift. In this case,
comprehensive analysis can be applied to the entire
network using PIPESIM network simulation models,
which enables full simulation of the effect of each well on
the other, and estimates the required injected gas volumes
for each well. Table 2 provides a comparison of the
network performance before and after the addition of a
gas lift to the system, which clearly shows the benefits of
the gas lift approach on the field performance.

Table 2. Results of Wells Production (before and after

Gas Lifting)
Before Gas Lift After Gas Lift
Design Design
\lil\;erlr:e Gas lift Qil rate Gas lift Oil rate
rate rate
MMscird)  CTBD  \pserrgy  (STB/D)
W-1 1 2681 1 2681
W-2 1.193 1216 1.193 1216
W-3 0.7655 3554 0.7655 3554
W-4 0 3256 5 3535
W-5 0 2640 3 2929
W-6 0 0 3 2053
W-7 0 0 1 2365
Total 2.9585 13347 14.96 18332

The optimization of injected gas volume will be tailored
to each well's response to enhance oil production through
gas lift. In instances where a well demonstrates a
significant gas lift volume but minimal improvement in
oil production, a strategic approach will involve reducing
gas quantities specifically for these wells. This targeted
adjustment arises from network optimization, ensuring the
most efficient allocation of resources.
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4.3. Gas Lift Optimization

In this section, the PIPESIM Optimizer Based Genetic
Algorithm was utilized to allocate injected gas lift rates to
each well with the aim of maximizing the total oil
production rate. The problem was constrained with an
upper bound of 10 MMscf/d for injected gas in the
selected wells and a total field injection rate of 20
MMscf/d while the lower bound was set at 0 MMscf/d.
These constraints were estimated based on the total gas
lift rate presented in Table 1, except for well W-4, which
showed a low improvement in oil production. The high
limit of 10 MMscf/d was chosen to generate Gas Lift
Performance Curves (GLPCs) with a wide range for each
well in the PIPESIM Optimizer. Fig. 7 illustrates the
generated GLPC for the entire network. The figure clearly
demonstrates the efficiency of the optimization process in
terms of increasing the oil production rate (18,814 STB/d)
with a reduced gas injection rate of 7.56 MMscf/d
compared to the base case.

The utilization of the PIPESIM Optimizer Based
Genetic Algorithm in gas lift allocation optimization is a
novel approach that addresses the challenge of
maximizing hydrocarbon production with limited gas lift
resources. By optimizing the gas injection flow rates, the
financial performance of the well pad or offshore platform
can be maximized. This approach is particularly
beneficial when dealing with multiple wells that require
gas lift stimulation and a limited supply of natural
gas. The integration of the genetic algorithm with the
PIPESIM simulator allows for accurate modeling and
optimization of gas lift operations, leading to improved
production rates.

GLPC (Network)

19000
18800
18600
18400
18200
18000
17800 /
17600 [

17400
17200
17000

N

Oil Rate (STB/d)

10
Gas Injection Rate (mmscf/d)

15 20

Fig. 7. GLPC for the Network Generated by PIPESIM
Optimizer
5- Conclusions

This section is dedicated to highlighting the main
outcomes of this paper:
The design of a gas lift system in the Mishrif Formation
Halfaya oilfield was the main focus of this work because

of the importance of this field and reservoir fluid
specifications, in which the gas lift optimization showed
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promising results in enhancing the production of the
operation and closed wells.

A gas lift design scheme was proposed to improve
productivity based on the optimization of the volume of
required injected gas used for the lifting process. The
genetic algorithm is an efficient optimization technique
for performing gas lift for the full scale of a field network.

Nomenclature

GA: Genetic Algorithm

GL: Gas Lift

GLPC: Gas Lift Performance Curve
GLV: Gas Lifting Valve

Qgi: Injection gas rate in gas lifting
CPF: Central Provident Fund

PK: Packer

CPL: Well Completion

GLI: Gas lift Injection valve

References

[1] O. Al-Fatlawi, M. Al-Jawad, K. Alwan, A. Essa, D.
Sadeqg, and A. Mousa, "Feasibility of Gas Lift to
Increase Oil Production in an Iragi Giant QOil Field,”
in SPE North Africa Technical Conference and
Exhibition, 2015: OnePetro,
https://doi.org/10.2118/175862-MS

B. Guo, Petroleum production engineering,
computer-assisted approach. Elsevier, 2011.

A. Alshmakhy, S. Punnapala, S. AlShehhi, A. Ben
Amara, G. Makin, and S. Faux, "First Digital
Intelligent Artificial Lift Production Optimization
Technology in UAE Dual-String Gas Lift Well-
Completion and Installation Considerations,” in
International Petroleum Technology Conference,
2020: IPTC, p. D021S043R003,
https://doi.org/10.2523/iptc-19620-ms

H. Rasouli, F. Rashidi, B. Karimi, and E. Khamehchi,

[2]
[3]

a

[4]

"A surrogate integrated production modeling
approach  to  long-term  gas-lift  allocation
optimization," Chemical Engineering

Communications, vol. 202, no. 5, pp. 647-654, 2015,
https://doi.org/10.1080/00986445.2013.863186

C. Temizel, M. Y. Alklih, A. K. Najy, D. Putra, and
O. Al-Fatlawi, "Economics of Supramolecular
Assemblies as Displacement Fluids in EOR," in
Offshore Technology Conference Asia, 2018: OTC, p.
D031S029R002, https://doi.org/10.4043/28486-MS
M. A. M. Al-Janabi and O. Al-Fatlawi, "Gas lift
optimization: A review," in AIP Conference
Proceedings, 2022, vol. 2443, no. 1: AIP Publishing,
https://doi.org/10.1063/5.0091901

S. T. Pham, P. S. Vo, and D. N. Nguyen, "Effective
Electrical submersible pump management using
machine learning,” Open Journal of Civil
Engineering, vol. 11 ,no. 1, pp. 70-80, 2021,
https://doi.org/10.4236/0JCE.2021.111005

[5]

[6]

[7]

51

[8] A.P. Moreira, H. A. Lepikson, L. Schnitman, and G.

L. B. Ramalho, "Designing a New Artificial Lift

Method Using Computational Simulation and

Evolutionary Optimization," IEEE Access, vol. 7,

2019,

https://doi.org/10.1109/ACCESS.2019.2938992

R. Misener, C. E. Gounaris, and C. A. Floudas,

"Global optimization of gas lifting operations: A

comparative study of piecewise linear formulations,"

Industrial & Engineering Chemistry Research, vol.

48, no. 13, pp. 6098-6104, 2009,

https://doi.org/10.1021/ie8012117

[10] M. AlJuboori, M. Hossain, O. Al-Fatlawi, A. Kabir,
and A. Radhi, "Numerical simulation of gas lift
optimization using genetic algorithm for a Middle
East oil field: feasibility study,” in International
Petroleum Technology Conference, 2020: IPTC, p.
D031S095R001, https://doi.org/10.2523/IPTC-
20254-MS

[11]S. O. H. Miresmaeili, M. Zoveidavianpoor, M.
Jalilavi, S. Gerami, and A. Rajabi, "An improved
optimization method in gas allocation for continuous
flow gas-lift system," Journal of Petroleum Science
and Engineering, vol. 172, pp. 819-830, 2019,
https://doi.org/10.1016/J.PETROL.2018.08.076

[12] T. Ray and R. Sarker, "Genetic algorithm for solving
a gas lift optimization problem,” Journal of
petroleum science and engineering, vol. 59, no. 1-2,
pp. 84-96, 2007,
https://doi.org/10.1016/J.PETROL.2007.03.004

[13]M. Behjoomanesh, M. Keyhani, E. Ganji-azad, M.
Izadmehr, and S. Riahi, "Assessment of total oil
production in gas-lift process of wells using Box—
Behnken design of experiments in comparison with
traditional approach,” Journal of Natural Gas
Science and Engineering, vol. 27, pp. 1455-1461,
2015, https://doi.org/10.1016/J.JNGSE.2015.10.008

[14]M. D. F. Bezerra, G. C. Vigano, and J. L. Giuriatto,
"Optimization methodology of artificial lift rates for
Brazilian offshore field," in Offshore Technology
Conference Brasil, 2019: OTC, p. D021S027R004,
https://doi.org/10.4043/29889-ms

[15]H. A. Odah, M. J. Hamed, M. S. Reshk, and D. J.
Sadeq, "Optimization of gas lift production of oil
wells ",in AIP Conference Proceedings, 2023, vol.
2651, no. 1: AIP Publishing,
https://doi.org/10.1063/5.0111682

[16]M. A. Al-Janabi, O. F. Al-Fatlawi, D. J. Sadig, H. A.
Mahmood, and M. A. Al-Juboori, "Numerical
Simulation of Gas Lift Optimization Using Artificial
Intelligence for a Middle Eastern Qil Field," in Abu
Dhabi International Petroleum Exhibition and
Conference, 2021: SPE, p. D022S183R002,
https://doi.org/10.2118/207341-MS

[17] E. Khamehchi and M. R. Mahdiani, Gas allocation
optimization methods in artificial gas lift. Springer,
2017. https://doi.org/10.1007/978-3-319-51451-2

(9]


https://doi.org/10.2118/175862-MS
https://books.google.iq/books?hl=en&lr=&id=LKn-oVIHXDUC&oi=fnd&pg=PP1&dq=%5B2%5D%09B.+Guo,+Petroleum+production+engineering,+a+computer-assisted+approach.+Elsevier,+2011.&ots=44BVU7XC2x&sig=MXoKlX3eHETUhB_sR0AWP6i7sKk&redir_esc=y#v=onepage&q=%5B2%5D%09B.%20Guo%2C%20Petroleum%20production%20engineering%2C%20a%20computer-assisted%20approach.%20Elsevier%2C%202011.&f=false
https://books.google.iq/books?hl=en&lr=&id=LKn-oVIHXDUC&oi=fnd&pg=PP1&dq=%5B2%5D%09B.+Guo,+Petroleum+production+engineering,+a+computer-assisted+approach.+Elsevier,+2011.&ots=44BVU7XC2x&sig=MXoKlX3eHETUhB_sR0AWP6i7sKk&redir_esc=y#v=onepage&q=%5B2%5D%09B.%20Guo%2C%20Petroleum%20production%20engineering%2C%20a%20computer-assisted%20approach.%20Elsevier%2C%202011.&f=false
https://doi.org/10.2523/iptc-19620-ms
https://doi.org/10.1080/00986445.2013.863186
https://doi.org/10.4043/28486-MS
https://doi.org/10.1063/5.0091901
https://doi.org/10.4236/OJCE.2021.111005
https://doi.org/10.1109/ACCESS.2019.2938992
https://doi.org/10.1109/ACCESS.2019.2938992
https://doi.org/10.1021/ie8012117
https://doi.org/10.2523/IPTC-20254-MS
https://doi.org/10.2523/IPTC-20254-MS
https://doi.org/10.1016/J.PETROL.2018.08.076
https://doi.org/10.1016/J.PETROL.2007.03.004
https://doi.org/10.1016/J.JNGSE.2015.10.008
https://doi.org/10.4043/29889-ms
https://doi.org/10.1063/5.0111682
https://doi.org/10.2118/207341-MS
https://doi.org/10.1007/978-3-319-51451-2

S. R. Ahmed et al. / Iragi Journal of Chemical and Petroleum Engineering 24, 3 (2023) 45 - 54

[18]O. F. Hassan and M. S. Al-Jawad, "Prediction of
optimum separation conditions for sequential field
separation system,” Journal of Engineering, vol. 11,
no. 3, 2005.

[19]M. S. AL-Jawad and O. F. Hassan, "Optimum
separation pressure for heavy oils sequential
separation,” in Abu Dhabi International Petroleum
Exhibition and Conference, 2010: SPE, pp. SPE-
137995-MS, https://doi.org/10.2118/137995-MS

[20]J. R. Blann and G. M. Laville, "Gas lifting a major oil
field in Argentina with high CO2 content associated
gas," SPE Production & Facilities, vol. 12, no. 01,
pp. 41-45, 1997, https://doi.org/10.2118/30638-PA

[21]Y. Salman, C. Wittfeld, A. Lee, C. Yick, and W.
Derkinderen, "Use of Dynamic Simulation to Assist
Commissioning and Operating a 65-km-Subsea-
Tieback Gas Lift System,” SPE Production &
Operations, vol. 24, no. 04, pp. 611-618, 2009,
https://doi.org/10.2118/121187-PA

[22] A. Polyakov and M. Geli, "SAP Cybersecurity for
Oil and Gas," Technical Report. ERP Scan, 2015 .,

[23]S.-Y. Jung and J.-S. Lim, "Optimization of gas lift
allocation for improved oil production under facilities
constraints,” Geosystem Engineering, vol. 19, no. 1,
pp. 39-47, 20186,
https://doi.org/10.1080/12269328.2015.1084895

[24]A. A. Garrouch, M. M. Al-Dousari, and Z. Al-Sarraf,
"A pragmatic approach for optimizing gas lift
operations,” Journal of Petroleum Exploration and
Production Technology, vol. 10, pp. 197-216, 2020,
https://doi.org/10.1007/s13202-019-0733-7

[25] A. U. Yadua, K. A. Lawal, S. I. Eyitayo, O. M. Okoh,
C. C. Obi, and S. Matemilola, "Performance of a gas-
lifted oil production well at steady state,” Journal of
Petroleum Exploration and Production Technology,
vol. 11, no. 6, pp. 2805-2821, 2021,
https://doi.org/10.1007/s13202-021-01188-0

[26]S. W. Al-Marsomy and T. K. Al-Ameri, "Petroleum
system modeling of Halfaya oil field south of Irag,"
Iragi Journal of Science, pp. 1446-1456, 2015.

[27]1B. Yu, C. Yan, and Z. Nie, "Chemical effect on
wellbore instability of Nahr Umr shale,” The
Scientific  World Journal, wvol. 2013, 2013,
https://doi.org/10.1155/2013/931034

[28]S. Wenju et al., "Sedimentary and reservoir
architectures of MB1-2 sub-member of Middle
Cretaceous Mishrif Formation of Halfaya Oilfield in
Irag,” Petroleum Exploration and Development, vol.
47, no. 4, pp. 762-772, 2020,
https://doi.org/10.1016/S1876-3804(20)60091-X

[29]Y. Zhong et al., "Identification of facies-controlled
eogenetic karstification in the Upper Cretaceous of
the Halfaya oilfield and its impact on reservoir
capacity," Geological Journal, vol. 54, no. 1, pp.
450-465, 2019, https://doi.org/10.1002/9j.3193

52

[30]Y. Zhong et al., "Characteristics of depositional
environment and evolution of Upper Cretaceous
Mishrif Formation, Halfaya Oil field, Iraq based on
sedimentary microfacies analysis,” Journal of African
Earth Sciences, vol. 140, pp. 151-168, 2018,
https://doi.org/10.1016/J.JAFREARSCI.2018.01.007

[31]W. Jun, G. Rui, Z. Limin, L. Wenke, Z. Wen, and D.
Tianxiang, "Geological features of grain bank
reservoirs and the main controlling factors: A case
study on Cretaceous Mishrif Formation, Halfaya
Oilfield, Irag ",Petroleum Exploration and
Development, vol. 43, no. 3, pp. 404-415, 2016,
https://doi.org/10.1016/S1876-3804(16)30047-7

[32]N. F. Hussain and F. H. Al Mahdawi, "Prediction of
fracture pressure gradient in Halfaya oilfield,” Iraqi
Journal of Chemical and Petroleum Engineering,
vol. 20, no. 1, pp. 1-7, 2019,
https://doi.org/10.31699/1JCPE.2019.1.1

[33]A. K. Noori, S. A. Lazim, and A. A. Ramadhan,
"Geological Model of the Tight Reservoir (Sadi
Reservoir-Southern ~ of  Iraq)," Journal  of
Engineering, vol. 25, no. 6, pp. 30-43, 2019,
https://doi.org/10.31026/j.eng.2019.06.03

[34] T. Mayhill, "Simplified method for gas-lift well
problem identification and diagnosis,” in SPE Annual
Technical Conference and Exhibition, 1974: SPE, pp.
SPE-5151-MS, https://doi.org/10.2118/5151-MS

[35]J. D. Redden, T. Sherman, and J. R. Blann,
"Optimizing gas-lift systems," in Fall Meeting of the
Society of Petroleum Engineers of AIME, 1974:
OnePetro, https://doi.org/10.2118/5150-MS

[36]V. R. Gomez, "Optimization of Continuous Flow
Gas-Lift Systems," University of Tulsa, 1974 .

[37]H. T. Hong, "Effect of the variable on optimization of
continuous gas lift system,” University of Tulsa,
1975.

[38]E. P. Kanu, J. Mach, and K. E. Brown, "Economic
approach to oil production and gas allocation in
continuous gas lift (includes associated papers 10858
and 10865)," Journal of Petroleum Technology, vol.
33, no. 10, pp. 1887-1892, 1981,
https://doi.org/10.2118/9084-PA

[39]H. B. Mahmud and A. Abdullah, "Investigate a gas
well performance using nodal analysis,” in IOP
Conference  Series:  Materials  Science and
Engineering, 2017, vol. 217, no. 1: IOP Publishing,
p. 012022 https://doi.org/10.1088/1757-
899X/217/1/012022

[40]M. S. Mohammed, A. A. Al Dabaj, and S. A. Lazim,
"Artificial Lift Design of Mishrif Formation in
Nasiriyah Oil Field," Journal of Petroleum Research
and Studies, vol. 9, no .2 ,pp. 1-21, 2019,
https://doi.org/10.52716/jprs.v9i2.288


https://www.iasj.net/iasj/article/24900
https://www.iasj.net/iasj/article/24900
https://www.iasj.net/iasj/article/24900
https://www.iasj.net/iasj/article/24900
https://doi.org/10.2118/137995-MS
https://doi.org/10.2118/30638-PA
https://doi.org/10.2118/121187-PA
https://www.blackhat.com/docs/eu-15/materials/eu-15-Polyakov-Cybersecurity-For-Oil-And-Gas-Industries-How-Hackers-Can-Manipulate-Oil-Stocks-wp.pdf
https://www.blackhat.com/docs/eu-15/materials/eu-15-Polyakov-Cybersecurity-For-Oil-And-Gas-Industries-How-Hackers-Can-Manipulate-Oil-Stocks-wp.pdf
https://www.blackhat.com/docs/eu-15/materials/eu-15-Polyakov-Cybersecurity-For-Oil-And-Gas-Industries-How-Hackers-Can-Manipulate-Oil-Stocks-wp.pdf
https://doi.org/10.1080/12269328.2015.1084895
https://doi.org/10.1007/s13202-019-0733-7
https://doi.org/10.1007/s13202-021-01188-0
https://www.ijs.uobaghdad.edu.iq/index.php/eijs/article/view/10120
https://www.ijs.uobaghdad.edu.iq/index.php/eijs/article/view/10120
https://www.ijs.uobaghdad.edu.iq/index.php/eijs/article/view/10120
https://doi.org/10.1155/2013/931034
https://doi.org/10.1016/S1876-3804(20)60091-X
https://doi.org/10.1002/gj.3193
https://doi.org/10.1016/J.JAFREARSCI.2018.01.007
https://doi.org/10.1016/S1876-3804(16)30047-7
https://doi.org/10.31699/IJCPE.2019.1.1
https://doi.org/10.31026/j.eng.2019.06.03
https://doi.org/10.2118/5151-MS
https://doi.org/10.2118/5150-MS
https://doi.org/10.2118/9084-PA
https://doi.org/10.1088/1757-899X/217/1/012022
https://doi.org/10.1088/1757-899X/217/1/012022
https://doi.org/10.52716/jprs.v9i2.288

S. R. Ahmed et al. / Iragi Journal of Chemical and Petroleum Engineering 24, 3 (2023) 45 - 54

[41]T. A. Salh, S. H. Sahi, and S. A. H. Ismael, "Using  [44]O. F. Hassn and D. J. Sadig, "New Correlation for

the Artificial Gas Lift to Increase the Productivity of Oil Formation Volume Factor at and Below Bubble
Noor Oil Field/Mishrif Formation," lraqi Journal of Point Pressure,”" Journal of Engineering, vol. 15, no.
Chemical and Petroleum Engineering, vol. 1 ,%no. 2, 4, 2009.
pp. 39-44, 2015, [45]M. B. Standing and D. L. Katz, "Density of natural
https://doi.org/10.31699/1JCPE.2015.2.5 gases," Transactions of the AIME, vol. 146, no. 01,
[42]0. F. Hassan and D. J. Sadig, "New Correlation of pp. 140-149, 1942, https://doi.org/10.2118/942140-G
Oil Compressibility at Pressures Below Bubble Point  [46]O. Al-Fatlawi, M. M. Hossain, and J. Osborne,
For Iragi Crude Oil," Journal of Petroleum Research "Determination of best possible correlation for gas
and Studies, vol. 1, no. 1, pp. 22-29 ,2010 , compressibility factor to accurately predict the initial
https://doi.org/10.52716/jprs.v1il.24 gas reserves in gas-hydrocarbon reservoirs,"
[43]O. F. Hassan, "Correlation for solution gas-oil ratio International Journal of Hydrogen Energy, vol. 42,
of Iragi oils at pressures below the bubble point no. 40, pp. 25492-25508, 2017,
pressure,” Iragi Journal of Chemical and Petroleum https://doi.org/10.1016/j.ijhydene.2017.08.030

Engineering, vol. 12, no. 2, pp. 1-8, 2011,
https://doi.org/10.31699/1JCPE.2011.2.1

53


https://doi.org/10.31699/IJCPE.2015.2.5
https://doi.org/10.52716/jprs.v1i1.24
https://doi.org/10.52716/jprs.v1i1.24
https://doi.org/10.31699/IJCPE.2011.2.1
https://www.iasj.net/iasj/download/0a11559ca859d234
https://www.iasj.net/iasj/download/0a11559ca859d234
https://www.iasj.net/iasj/download/0a11559ca859d234
https://www.iasj.net/iasj/download/0a11559ca859d234
https://doi.org/10.2118/942140-G
https://doi.org/10.1016/j.ijhydene.2017.08.030

S. R. Ahmed et al. / Iragi Journal of Chemical and Petroleum Engineering 24, 3 (2023) 45 - 54

(il Aldls Jia B Sl adl) aladiul

vy

Maaa O aldia g ¢! (Gala sdes Gildd ' aaal Gal; olsa

Gl cali eolsio duals dentigh S ¢ Lodill eutia acid )
Uialle egghles ¢ Liallo 558 dnals caslelly Luotigh LS cloiill duatis acid ¥
Lialle sclly ¢ il (Spn ¢ LinglyiSall ulig i dnals sdusih S i) Lunis auid ©

dadAl)

138 s . ladly Jadidl) s ok 3 Bpaslad Ala e 2diilly anecailly o lilaa) adyl) ladiud aeg
Z WY1 Al saie zisad by . il Glida Jas oldf o Ll ady ety maaad BT Al Jeal)
LTV e g A Aaliall Auslaal) bl Uy 43 plee casi 3 SLB PIPESIM aliy dlausy

0 4adgee LI € Sl ady Gyl ge Jall g dalasl ST Y e LY e deganall sda oS
Lbie )l 2o Jall Aol At (g Lo () niall (aleil Cass eAE) o Lghe ¥ aha S
Jara 5aliys ASaal) lal il ad)y ajg AEe Gaend ehal & .z Y Skl WL ad) asecad
Lail) - )

alatiad Jy adil) W) Jaes salys ASaA el el Ll ady aoys ASEe Guead shal &
VAAY £ mslal) JiaY) Jaall il Jae Oy i) ey ledll e aaiay 52l PIPESIM Optimizer

csdfe Ogda V,0T S is Jae pa sy dan

54



