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Abstract

Hydrocarbons play a substantial role in the energy industry; however, maintaining a steady and optimal production rate in deviated
wells remains a significant challenge, especially due to flow bottlenecks that reduce output efficiency. This study focuses on
identifying and resolving production constraints in a deviated well located in the TK oil field in North Iraq with a total measured
depth of 9639.5 ft. The true vertical depth is at 8137 ft. at an inclination angle of 39.90°. The well failed to meet the pre-evaluated
rate of 1044 STB/D based on the current conditions. To accomplish the optimum rate, the deviated well S17 is subjected to nodal
analysis and various possible alterations in the well geometry and production system. The nodal analysis through the Inflow
Performance Relationship and Vertical Lift Performance characteristics is addressed utilizing IPM suites Prosper to replicate the flow
in the tubing through integrated correlations, the fluid behavior, and the phase envelope. The saturation pressure is tuned with the
correlations in the PVTp program. Different scenarios were set, such as the change in wellhead pressure, tubing internal diameter,
reservoir pressure, skin factor, and the introduction of artificial lift. Following the simulation, as referred to previously, the detailed
analysis of the variables provides an exhaustive insight for the field operators. The key finding of this well is that reducing skin factor
and alongside the use of Electrical submersible pump (ESP) installation, significantly enhance production feasibility and the well will
be able to produce when the reservoir pressure drops to 1500 psi These results provide actionable insides for field operators to
improve production performance in similar well conditions.
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1- Introduction
. ) . . approach and a predictive role in the optimization [8].
Extracting the crude oil requires a link between the Investigation of a low efficiency well in Southwest Iran
surface and the subsurface, and is connected through the and an attempt to optimize the field concluded that

well’s geometry. Thus, the need to analyze and predict  yhing production provided a higher production rate
the performance of the well's anticipated productive compared to the annulus [9]. Four vertical wells are

capacity, pressure drop, and flow rate is emphasized [1-  gqdied in the Faihaa oil Field and concluded via the
3]. The pressure dro_p in 0|I_ wel!s is a crucial crlt_erlon of application of the Pipesim program that decreasing the
production engineering as it guides a cost-effective well wellhead pressure would have outstanding outcomes

design, well completions, and production optimization  [10]. Other findings suggest that increasing choke size
[4]. Overall, well performance analysis identifies early  positively affects flow rate, and the production rate rose
problems, which can lead to premature abandonment of by 50 % at lower wellhead pressure with a smaller
the well [5] By implementing improved practices, the  {ping size [11]. A well struggles to produce as reservoir
operator can achieve the maximum natural life cycle of  hresure decreases, even when parameters like wellhead
the well and ensure compliance with production quotas, and gas-oil ratio remain constant [12]. Nodal analyses
prolonging well ~life, and maximizing reservoir  \yere conducted on the tubing inside diameter, water
management  efficiency [6, 7] TO' thoroughly  cyts, and the application of artificial lift [13]. Running
comprehend the  production  system's ~complex  gimylations and re-examining a slightly deviated well
interactions with specific scenarios, various studies have with low-scale production indicates that the well and
been conducted on the flow patterns and variables of the reservoir delivery led to a finding that the cause of low
working point through a detailed description of the  ,.qyctivity was inadequate equipment application [14].
inflow performance relationship and  vertical lift Insights were yielded by investigating the impact of
performance, each addressing a specific issue. Nodal  \arious well parameters, such as well length, skin, and

analysis delivers a distinct operational efficiency perforation distribution, on the inflow performance of
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horizontal wells [15]. The production rate of both
hydrocarbons and water, as well as the water cut, are
susceptible to both the degree and direction of horizontal
anisotropy when producing from vertical wells [16]. And
the introduction of new wells into a mature oil field and
their bottleneck effect on the production system,
concluded that decreasing the separator pressure would
increase the production four times [17].

The main objective of this study is to analyze the
performance of the S17 well to improve and maximize
the oil flow rate. The evaluation is conducted in two
stages. First: Re-evaluation of the PVT analysis, as it is
a major influencer in the fluid flow through the
production. The nodal analysis has been covered
extensively in the past studies in the PVT section in
Prosper, but not addressed extensively. The second stage
is the sensitivity of well performance to various
parameters individually and combined to offer a more
robust insight into optimizing flow rates.

2- Methodology

To fully grasp the reservoir fluid behavior, it is
analyzed through PVTp for modeling phase behavior,
which is particularly suited for pressure and temperature
ranges above the critical region. EOS parameters are
fine-tuned to match laboratory data closely, achieving a
minimal deviation within acceptable limits. Estimating
the pressure losses from the reservoir to the wellhead
segments the production system into nodes. Obtaining
the inflow performance relationship (IPR) and the losses
from the bottom well to the wellhead represented in
vertical lift performance (VLP) utilizing a properly
selected correlation depending on the proper. Sensitivity
analysis was performed for parameters such as the
production flow capacity, represented in the tubing size,
the damage around the wellbore, represented in the skin
factor, the pressure losses in the pay zone due to
straining the reservoir, wellhead pressure variation, and
the overpassing the pressure losses through the
utilization of ESP.

3- Data collection

The S17 well was drilled into a carbonate reservoir.
The formation consists of three hydrocarbon-bearing
units with a total thickness of 150 meters (492.126 ft).
The well was put on stream and produced at an average
rate of 1044 BPD with a 0% water cut. However, the
production rate decreased significantly. To comprehend
the reservoir fluid behavior, specifics are required.
Firstly, PVT Laboratory analysis was organized. The
reservoir fluid characteristics, the wellbore geometry,
and PVT data are summarized in Table 1, Table 2, and
Table 3, respectively.
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Table 1. Reservoir fluid characteristics

Data Value Unit
API Gravity @ (60° F) 24.9

Residual oil viscosity @ 6.091 (Cp)
Tr

Reservoir temperature 175.6 °f
Water content 0.01 (%)
Hydrogen Sulphide 0.0 (%)

Crude oil viscosity at 1.1214 (Cp)
reservoir conditions

Saturation pressure 2175 (Psia)

Oil formation volume 1.1486 STB/SCF
factor at reservoir
conditions

Table 2. Well equipment data
Parameter Data Unit
Reservoir 175 Degree F
Temperature
Surface Temperature 90 Degree F
Tubing depth 7732.64 Feet
Casing depth 9637.79 Feet
Tubing inside 3.46457 Inch
diameter
Casing inside 9.625 Inch
diameter
Overall thermal heat 8.171 Btu/h/ft2/f
coefficient

Table 3. PVT
Parameter Data Unit
GOR 519 SCF/STB
Oil Gravity 25.08 API
Gas Gravity 0.67 Sp.gr
Water Salinity 10000 Ppm
H,S % 0.59 %
Co% 1.15 %
N,% 0.47 %

e PVT validation

The main purpose of the utilization of the PVTp
program from the IPM suite is to evaluate the fluid
analysis from the laboratory report and, specifically, the
saturation pressure. Input parameters were driven from
laboratory reports, including pressure, temperature, and
fluid composition. The Peng-Robinson equation of state
(EOS) [18]. If selected to model phase behavior, the
reservoir conditions are not compatible with those
generated by the equation of state, where the saturation
pressure is underestimated. Further investigation is
required through the BI coefficient and separating the
pseudo component into two instead of one to secure
detailed observation of the fluid behavior. As is noticed
in Fig. 1, an utter match is achieved in a modified phase
envelope. Fig. 2 is executed, and the saturation pressure
from the EQS is compatible with the reported one.

4-Model setup

Well definition is set as a producer through the tubing,
and no artificial lift is carried out. Secondly, Equipment
data includes (a) the well geometry stats from tubing,
going through the final node at the production casing
and (b) deviation survey: once the measured depth and
the true vertical depth are, the program automatically
calculates the angel of the well (c) geothermal gradient
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the version of temperature with depth, considering the
overall thermal coefficient(d) average heat capacity
remains as default, and the surface equipment is not
considered in this study. The equipment data is tabulated
in Table 2.
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4.1. Inflow performance relationship

The generation of Well Inflow Performance
Relationship (IPR) PROSPER 11.5 is utilized. Selecting
the model to generate the IPR of the well, several
correlations are available, including Darcy's law, which
is the base for most of the flow in porous media
correlation, and it is usually adjusted to best fit the
model. Primarily, it was assumed that the reservoir is
homogenous, and this is not the case for most reservoirs
[19], generated a correlation to evaluate IPR based on
the inclination angle and accounted for horizontal
permeability as well [20] Productivity index where the
reservoir is above the bubble point pressure [21] and
horizontal wells [22]. No general correlation is at pace to
be applied for all conditions. Each one can be run with a
specific parameter domain. Since the well is deviated
with a relatively high productivity index, the Darcy
model is selected, the reservoir properties are tabulated
in Table 4, and the absolute open flow potential is
17007.9 STB/D as shown in Fig. 3 a.
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Table 4. Reservoir data

Parameter Value unit
Reservoir pressure 3192 Psig
Gor 519 Scf/STB
Reservoir thickness 459.856 ft
Wellbore radius 4.812 ft

Skin +5

4.2. Vertical flow performance

To estimate the pressure losses through the tubing
represented in the Vertical Lift Performance (VLP), the
top node pressure is set to 660 Psig with a GOR of 519
SCF/STB. Several vertical lift Correlations are available
to be chosen. In the presence of two immiscible fluids in
the tubing, a variety of patterns are presented. We have
attempted to predict the patterns. The estimation of fluid
behavior is affected by various flow conditions, and the
liquid holdup is found to be dependent on the flow
pattern, and the latter is dependent on the angle of
inclination of the pipe and the direction of flow. [23].
Other options are provided to predict the flow behavior
in the tubing, such as Gray. [24 - 27] Duns and Ros
applied for deviated wells. [28, 29] is applied with a
significant gas-liquid interaction. At a wellhead pressure
of 660 Psig, no intersection was attained, so the pressure
was decreased to 575 Psig. Carrying on with tuning the
correlation’s results to real-time data represented in the
actual test to adjust the IPR and VLP intersection to the
Field test data. The solution node in the well is bottom
well pressure at 3139.59 Psig and an intersection of 500
STB/D as shown in Fig. 3 b, after the tubing’s
correlation comparison. Duns and Ros are selected,
which have a specific set of multiphases and are verified
with the actual production data. The well is unable to lift
the hydrocarbon to the surface with overall losses in the
tubing, a majority due to gravity and a minority due to
friction. The tubing roughness is examined and
presented minimum contribution to the well losses.

5-Optimization

The fluid composition varies along the production path
as the pressure and temperature drop. This approach is
applied to correctly predict the flow conditions in the
tubing since pressure and temperature changes are
unavoidable in vertical upward fluid flow [30]. Analyze
all available correlations to determine the best match to
the field data, reducing errors while forecasting the flow
rate during various scenarios.

5.1. The wellhead and tubing diameter

The wellhead pressure (WHP) significantly affects the
flow performance. Five options are to be evaluated
according to their intersection with the VLP curve, the
values lie below the current WHP
(200,400,600,575,660) Psi as shown in Fig. 4.
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Through sensitivity analysis, the optimal pressure is to
be selected to ensure higher fluid velocity, taking into
consideration the integrity of the flowing path through
the tubing and wellhead assembly. The effect of the
tubing's internal diameter is examined separately, and
reducing it has a limited impact on optimum flow as
seen in Fig. 5.
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Fig. 5. Tubing altering effects on the VLP and
production  rate  (curves  (0,1,2,3,4)  represent
(2.99,3.467,4.02,4.5,5) inch)

Both variables are addressed to evaluate their
combined contribution, and the details are illustrated in
Table 5.

Table 5. Wellhead and the tubing variation to the flow

Case Wellhead Tubing Flowrate Pwf (Psig) DP losses to Dp losses to DP losses to
pressure (Psig)  Diameter (STB/D) gravity (Psig) friction (Psig) skin (Psig)
1 575 2.47 287.60 3162.10 2574.30 12.78 11.60
2 400 2.47 1630.90 3017.97 2495.52 121.93 68.06
3 250 2.47 2578.80 2912.59 2381.19 278.76 110.28
4 575 3.46 495.10 3140.17 2560.50 4.65 20.90
5 400 3.46 2446.30 2927.59 2477.10 49.89 104.27
6 250 3.46 3931.50 2759.31 2388.62 118.95 176.46
The gravity losses appear to be at an expectedly high and third cases deliver an outstanding outcome

rate given the high depth and the deviated angle. Gravity
losses tend to correlate with higher flow rates. The second

156

concerning the flow rate. However, due to the smaller
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cross-sectional area, the velocity exceeds the erosional
limit, thus the integrity of the tubing is jeopardized.

Case (4) by reducing the wellhead pressure to 575 Psig
and keeping the tubing as it is. It will offer a conservative
potential without exceeding the tubing erosion to ensure
the well's infrastructure remains intact. However, this
option provides limited revenue that may not be
economical. As for the rest, a larger drawdown pressure
offers a substantial increase in the flow rate. Case 5
delivers a balanced approach at a manageable Pwf with
slightly formation damage than case 6, which offers the
highest flow rate that maximizes the recovery but could
also put the well at risk of formation damage.

5.2. The reservoir contribution

The reservoir pressure immensely affects the IPR as it is
the leading parameter to construct the relationship. The
curve shape recedes to a lower position as the reservoir
pressure declines with time. Specifically, dropping below
the bubble point pressure releases dissolved gases from
the reservoir fluids. Supposedly, the reservoir pressure
drops from 3192 psi to (2700,2400,2000), leaving the
system in the bubble point phase. The current well’s
conditions that are provided state impairment of
formation occurred at a value of the skin factor at (+5).
Stimulation of the formation around the well bore can
crucially exert influence on the flow rate by altering the
permeability and bypassing the skin permeability. Two
scenarios are proposed to eliminate the damage or
enhance the permeability around the wellbore. The first
refers to a damage pass where the skin permeability is
equal to zero, the second one reverses the effect and
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enhances the formation, so the dimensionless value of the
skin is equal to (-5). A slight improvement is provided by
the stimulation effect on the flow rate at the current
reservoir pressure. However, it becomes invaluable when
the pressure drops to 2800 Psig.

5.3. Artificial lift

Lifting the fluid from the bottom of the well naturally
presents an obstacle, considering the future pressure drop.
To tackle the pressure losses in this well, considering the
reservoir pressure declines with no natural driving force
for maintaining a stable production. Sensitivity analysis
was performed in an attempt to alter the main influencing
parameters in the production system to achieve optimal
nature production in the long term, and no feasible
outcome was attained. The next option is to convert the
well into an artificial lift using the electrical submersible
pump (ESP). The input requirements for the ESP model
are tabulated in Table 6. In Fig. 6a, the best efficiency
curve is observed, and the rate design is observed in Fig.
6 b.

Table 6. Pump input

Parameter Value Unit
Tubing outside 3.83 Inch
diameter

Pump depth 7000 Ft
Maximum Pump 6 Inch

oD

Caple length 8200 Ft
Design rate 2000 STB/D
Water cut 0 %

Gor 519 SCF/STB
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Fig. 6. (a) Pump efficiency curve; (b) Pump discharge pressure curve VS VLP

examine the pump delivery at various frequencies and
declining pressure, as illustrated in Table 7.

Throughout the nodal analysis, the main issue
presented in optimization is the inevitable reservoir
pressure decline. Sensitivity analysis is performed to

157



B. K. Raoof et al. / Iragi Journal of Chemical and Petroleum Engineering 26, 2 (2025) 153 - 161

Table 7. Pump’s sensitivity analysis outcome

Case PR (Psig)  Frequency Pump setting GLR Skin (-)  Flow rate (STB/D) Skin (-) Flow rate
(Hertz) depth (Ft) (SCF/STB) (STB/D)
1 3000 40 7000 500 +5 3377.6 0 42145
2 2500 50 7500 550 +5 2642.1 0 3630.4
3 2000 50 8000 600 +5 2062.3 0 2875
4 1500 60 8200 650 +5 1388 0 1964.6
5 1000 70 8400 700 +5 0 0 0

Based on the sensitivity analysis:
a. Flow rate decline is expected as the reservoir
pressure decreases. To maintain a stable production rate,
a frequency adjustment is applied conversely to the
reservoir pressure decline.
b. The pump setting increases with each case. The
adjustment helps to ensure the pump's effectiveness as
the reservoir pressure decreases. A deeper setting allows
for more effective fluid lifting.
c. Higher GLR values at lower pressures may also
contribute to reduced pump efficiency as gas volume in
the fluid increases, impacting the pump's ability to
handle the fluid.
d. Stimulating would enhance the flow rate in most
cases.

6- Economic feasibility

Using Table 7 production rates (in STB/D), we can
calculate the daily revenue for each case and then
determine the annual revenue based on assumed
conservative pricing to be on the safe side. Subtracting
the operational costs will provide the net profit for each
case. The feasibility evaluation is shown in Table 8 and
is calculated based on the following:

Oil Price: $50 per barrel (USD).

Cost of Stimulation: 100,000%$ (one time for each case)
ESP operational cost and maintenance: 150,000 $/year.
Well, labor and maintenance cost: 100000 $/Year

Table 8. Feasibility evaluation

Case Post  simulation Revenue ($) Annual Net Pre-simulation  flow Revenue ($) Annual  Net
Flow rate (STB/D) profit ($) rate (STB/D) profit ($)

1 42145 76914625 76464625 3377.6 61641200 61391200

2 3630.4 66254800 65804800 2642.1 48218325 47968325

3 2875.0 52468750 52018750 2062.3 37636975 37386975

4 1964.6 35853950 35403950 1388.0 25331000 25081000

a. Highest Annual Profit: Case 1 yields the highest
annual net profit after considering both the stimulation
and ESP installation costs.

b. Feasibility of ESP: Using ESP is feasible in cases
where post-stimulation flow rates are significantly high,
as ESP can handle increased volumes and is cost-
effective.

Recommendation: Proceed with stimulation and ESP
installation, especially in Case 2, which provides the
highest profit.

7- Conclusions

Optimization of oil production in deviated wells is
essential for maintaining production and ensuring
profitability. Through nodal analysis, bottlenecks could
be systematically assessed and solutions for productivity
enhancement implemented. In this context, the
simulation process through Prosper software has been
used for analyzing the performance of a deviated oil
well. The outcomes of this study present that:

a. The production path experiences excessive loss due
to the length of the well and the deviation angle;
recovering the losses through lowering the wellhead
pressure is possible for the current reservoir pressure.

b. Sensitivity analysis for the reservoir pressure drop
shows that the well is not able to deliver hydrocarbon
when it plummets below 2900 psi naturally.

c. The skin sensitivity test shows that overcoming the
skin and diminishing the damage through stimulation
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can increase the productivity index. Despite the positive
outcome, it has a slight impact on the flow rate due to
pressure losses under natural flow. In the case of the
installation of ESP, it causes a rise in the flow rate

d. The ESP pump is economically feasible at reservoir
pressures of 1,500 psi and above, as each case yields
substantial profit after accounting for operational costs.

e. At 1,000 psi, production ceases, making it
uneconomical to continue using the ESP pump at this
pressure level without other forms of lift assistance or
rese

References

[1] B.K Raoof; A Rabia, U. Alameedy, P. Shakor, M.
Karakouzian, "Synergizing Machine Learning and
Physical Models for Enhanced Gas Production
Forecasting: A Comparative Study of Short- and
Long-Term Feasibility. Energies 2025, 18, 1187.
https://doi.org/10.3390/en18051187

[2] U. Alameedy, A. A. Al-Haleem, and A. Almalichy,
"Well performance following matrix acidizing
treatment: case study of the mi4 unit in Ahdeb Qil
Field," lIraqgi Journal of Chemical and Petroleum
Engineering, vol. 23, no. 4, pp. 7-16, 2022.
https://doi.org/10.31699/1JCPE.2022.4.2


https://doi.org/10.3390/en18051187
https://doi.org/10.31699/IJCPE.2022.4.2

B. K. Raoof et al. / Iragi Journal of Chemical and Petroleum Engineering 26, 2 (2025) 153 - 161

[3] F. H. Almahdawi, U. Alameedy, A. Almomen, A.
A. Al-Haleem, A. Saadi, and Y. M. Mukhtar, "The
impact of acid fracking injection pressure on the
carbonate-mischief reservoir: a field investigation,"
in International Petroleum and Petrochemical
Technology Conference, Springer, p. 622-641, 2022.
https://doi.org/10.1007/978-981-99-2649-7 54

[4] S. Pham, D. Tran, "Production optimization of a
network of multiple wells with each well using a
combination of Electrical Submersible Pump and
Gas lift", Journal of Petroleum Exploration and
Production Technology, 12, 631-659 2022.
https://doi.org/10.1007/s13202-021-01313-z

[5] F. Meng, D. He, H. Yan, H. Zhao, H. Zhang, and C.
Li, "Production performance analysis for slanted
well in multilayer commingled carbonate gas
reservoir,” Journal of Petroleum Science and
Engineering, wvol. 204, p. 108769, 2021.
https://doi.org/10.1016/j.petrol.2021.108769

[6] U. Alameedy and A. Almomen, "Diagnosing
Complex Flow Characteristics of Mishrif Formation
in Stimulated Well Using Production Logging
Tool,” Journal of Petroleum Research and Studies,
20186, vol. 6, p. 12.
https://doi.org/10.52716/jprs.v6i2.150

[7]1 J. R. Ortiz Requena, M. Martinez Santiago, F. M.
Alshehhi, F. A. Daudpota, and A. M. Fawzy,
"Improving well and reservoir management practice
through new flow control philosophy that prolongs
the life of production wells affected by water
breakthrough in a giant carbonate oil field, Abu
Dhabi, United Arab Emirates,” in SPE Annual
Technical Conference and Exhibition?, 2021: SPE,
p.D031S052R007. https://doi.org/10.2118/205978-
MS

[8] M. Tavakkoli, S. R. Panuganti, Y. Khemka, H.
Valdes, and F. M. Vargas, "Foam-assisted gas lift:
A novel experimental setup to investigate the
feasibility of using a commercial surfactant for
increasing oil well productivity,” Journal of
Petroleum Science and Engineering, vol. 201, p.
108496, 2021.
https://doi.org/10.1016/j.petrol.2021.108496

[9] R. Ashena, M. Bataee, H. Jafarpour, H. Abbasi, A.
Zolotukhin, and M. Mirhashemi, "Significant
production improvement using optimization of
completion and artificial lift: case studies from
South-West Iran," Journal of Petroleum Exploration
and Production, vol. 11, pp. 359-384, 2021.
https://doi.org/10.1007/s13202-020-01053-6

[10]U. A. H. Qasim and D. J. Sadeq, "Nodal Analysis of
Naturally Flowing Wells in Faihaa Oil Field,
Yamama Formation," The Iragi Geological Journal,
v. 57, n. 18, p. 122-139, 2024
https://doi.org/10.46717/igj.57.1B.10ms-2024-2-19

[11]S. Shadizadeh and M. Zoveydavianpour, "A
successful  experience in optimization of a
production well in a southern Iranian oil field,"
Iranian Journal of Chemical Engineering, v. 6, n. 2,
p. 37-49, 2009.

159

[12]A. Kumar, M. Vohra, S. Pant, S. K. Singh,
"Optimization techniques for petroleum
engineering: A brief review,".International Journal
of Modelling and Simulation, 2021, 41(5), 326-334.
https://doi.org/10.1080/02286203.2021.1983074

[13]0. Arslan, CD. White, AK. Wojtanowicz. "Nodal
analysis for oil wells with downhole water sink
completions”. In PETSOC Canadian International
Petroleum Conference, 2004, Jun 8 (pp. PETSOC-
2004). https://doi.org/10.2118/2004-242

[14]R. M. Kamga Ngankam, E. D. Dongmo, M.
Nitcheu, J. F. Matateyou, G. Kuiatse, and S.
Takougang Kingni, "Production Step-Up of an Oil
Well through Nodal Analysis,” Journal of
engineering, vol. 2022, no. 1, p. 6148337, 2022.
http://dx.doi.org/10.1155/2022/6148337

[15]F. Thomas, T. Anraku, D. Bennion, and D. Bennion,
"Optimizing production from A rich gas condensate
reservoir, in SPE Improved Oil Recovery
Conference?, 1996: SPE, pp. SPE-35455-MS.
http://dx.doi.org/10.2118/35455-MS

[16]S. Sinan, P. W. Glover, and P. Lorinczi, "Modelling
the impact of anisotropy on hydrocarbon production
in heterogeneous reservoirs,” Transport in Porous
Media, vol. 133, no. 3, pp. 413-436, 2020.
https://doi.org/10.1007/s11242-020-01430-z

[17]1D. Ekeke and S. Basu, "OML-XYZ Production
System Debottlenecking Using IPM," in SPE
Nigeria Annual International Conference and
Exhibition, 2014: SPE, pp. SPE-172438-MS.
https://doi.org/10.2118/172438-MS

[18]B. Zohuri, Physics of cryogenics: an ultralow
temperature phenomenon. Elsevier, p. 703-710,
2017. http://dx.doi.org/10.1016/C2017-0-01796-2

[19] M. Wiggins, J. Russell, and J. Jennings, "Analytical
inflow performance relationships for three-phase
flow in bounded reservoirs,” in SPE Western
Regional Meeting, 1992: SPE, pp. SPE-24055-MS.
https://doi.org/10.2118/24055-MS

[20]S. Gasbarri, V. Martinez, J. Garcia, R. Pinto, L.
Garcia, and C. Gil, "Inflow performance
relationships for heavy oil," in SPE Latin America
and Caribbean petroleum engineering conference,
20009: SPE, pp. SPE-122292-MS.
https://doi.org/10.2118/122292-MS

[21] L. P. Dake, Fundamentals of reservoir engineering.
Elsevier, 1983.

[22] P. Goode and F. Kuchuk, "Inflow performance of
horizontal wells,” SPE Reservoir Engineering, vol.
6, no. 03, pp. 319-323, 1991.
https://doi.org/10.2118/21460-PA

[23]J. Lea and K. Brown, "Production optimization
using a computerized well model,” in SPE
International Oil and Gas Conference and
Exhibition in China, 1986: SPE, pp. SPE-14121-
MS. https://doi.org/10.2118/14121-MS


https://doi.org/10.1007/978-981-99-2649-7_54
https://doi.org/10.1007/s13202-021-01313-z
https://doi.org/10.1007/s13202-021-01313-z
https://doi.org/10.1016/j.petrol.2021.108769
https://doi.org/10.52716/jprs.v6i2.150
https://doi.org/10.2118/205978-MS
https://doi.org/10.2118/205978-MS
https://doi.org/10.1016/j.petrol.2021.108496
https://doi.org/10.1007/s13202-020-01053-6
https://doi.org/10.46717/igj.57.1B.10ms-2024-2-19
https://d1wqtxts1xzle7.cloudfront.net/62186507/A_Successful_Experience_in_Optimization_of_a_Produ20200224-3359-11dqg08.pdf?1738393998=&response-content-disposition=inline%3B+filename%3DA_Successful_Experience_in_Optimization.pdf&Expires=1751050645&Signature=g07juE3oMZOenV9m8nrdV3VxIKnDXU4~H1O7PktivXsAF4f9zqwojR--aZ0vil1U-Y5eqLOb6T0G6CrbfgWI6SZ8NAlxVcSCUE4I6tryrKTz5XzEtQyuvTYnKKghDryj5DXWUCzwfFKp0N5z94s4SgQf-EcLcNH3SFtN1KiWcfZdEkdcS5KPROHUn3N3oG1shum2IhAFu5sk3wN9uCL7VjEW234xmRYGfmHOAcLBWeg6uCMEezUOS1FoFwas44Gp9B-~fbt8sjWDS8VZySabRZZaAiU5xXXwwJnpLQ5sddKWNhDCcl4U6uiB0~QFeKKDVFLeiafhbW6~cls2C1vYEQ__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/62186507/A_Successful_Experience_in_Optimization_of_a_Produ20200224-3359-11dqg08.pdf?1738393998=&response-content-disposition=inline%3B+filename%3DA_Successful_Experience_in_Optimization.pdf&Expires=1751050645&Signature=g07juE3oMZOenV9m8nrdV3VxIKnDXU4~H1O7PktivXsAF4f9zqwojR--aZ0vil1U-Y5eqLOb6T0G6CrbfgWI6SZ8NAlxVcSCUE4I6tryrKTz5XzEtQyuvTYnKKghDryj5DXWUCzwfFKp0N5z94s4SgQf-EcLcNH3SFtN1KiWcfZdEkdcS5KPROHUn3N3oG1shum2IhAFu5sk3wN9uCL7VjEW234xmRYGfmHOAcLBWeg6uCMEezUOS1FoFwas44Gp9B-~fbt8sjWDS8VZySabRZZaAiU5xXXwwJnpLQ5sddKWNhDCcl4U6uiB0~QFeKKDVFLeiafhbW6~cls2C1vYEQ__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/62186507/A_Successful_Experience_in_Optimization_of_a_Produ20200224-3359-11dqg08.pdf?1738393998=&response-content-disposition=inline%3B+filename%3DA_Successful_Experience_in_Optimization.pdf&Expires=1751050645&Signature=g07juE3oMZOenV9m8nrdV3VxIKnDXU4~H1O7PktivXsAF4f9zqwojR--aZ0vil1U-Y5eqLOb6T0G6CrbfgWI6SZ8NAlxVcSCUE4I6tryrKTz5XzEtQyuvTYnKKghDryj5DXWUCzwfFKp0N5z94s4SgQf-EcLcNH3SFtN1KiWcfZdEkdcS5KPROHUn3N3oG1shum2IhAFu5sk3wN9uCL7VjEW234xmRYGfmHOAcLBWeg6uCMEezUOS1FoFwas44Gp9B-~fbt8sjWDS8VZySabRZZaAiU5xXXwwJnpLQ5sddKWNhDCcl4U6uiB0~QFeKKDVFLeiafhbW6~cls2C1vYEQ__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/62186507/A_Successful_Experience_in_Optimization_of_a_Produ20200224-3359-11dqg08.pdf?1738393998=&response-content-disposition=inline%3B+filename%3DA_Successful_Experience_in_Optimization.pdf&Expires=1751050645&Signature=g07juE3oMZOenV9m8nrdV3VxIKnDXU4~H1O7PktivXsAF4f9zqwojR--aZ0vil1U-Y5eqLOb6T0G6CrbfgWI6SZ8NAlxVcSCUE4I6tryrKTz5XzEtQyuvTYnKKghDryj5DXWUCzwfFKp0N5z94s4SgQf-EcLcNH3SFtN1KiWcfZdEkdcS5KPROHUn3N3oG1shum2IhAFu5sk3wN9uCL7VjEW234xmRYGfmHOAcLBWeg6uCMEezUOS1FoFwas44Gp9B-~fbt8sjWDS8VZySabRZZaAiU5xXXwwJnpLQ5sddKWNhDCcl4U6uiB0~QFeKKDVFLeiafhbW6~cls2C1vYEQ__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/62186507/A_Successful_Experience_in_Optimization_of_a_Produ20200224-3359-11dqg08.pdf?1738393998=&response-content-disposition=inline%3B+filename%3DA_Successful_Experience_in_Optimization.pdf&Expires=1751050645&Signature=g07juE3oMZOenV9m8nrdV3VxIKnDXU4~H1O7PktivXsAF4f9zqwojR--aZ0vil1U-Y5eqLOb6T0G6CrbfgWI6SZ8NAlxVcSCUE4I6tryrKTz5XzEtQyuvTYnKKghDryj5DXWUCzwfFKp0N5z94s4SgQf-EcLcNH3SFtN1KiWcfZdEkdcS5KPROHUn3N3oG1shum2IhAFu5sk3wN9uCL7VjEW234xmRYGfmHOAcLBWeg6uCMEezUOS1FoFwas44Gp9B-~fbt8sjWDS8VZySabRZZaAiU5xXXwwJnpLQ5sddKWNhDCcl4U6uiB0~QFeKKDVFLeiafhbW6~cls2C1vYEQ__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://doi.org/10.1080/02286203.2021.1983074
https://doi.org/10.2118/2004-242
https://doi.org/10.2118/2004-242
http://dx.doi.org/10.1155/2022/6148337
http://dx.doi.org/10.2118/35455-MS
https://doi.org/10.1007/s11242-020-01430-z
https://doi.org/10.2118/172438-MS
http://dx.doi.org/10.1016/C2017-0-01796-2
https://doi.org/10.2118/24055-MS
https://doi.org/10.2118/122292-MS
https://books.google.iq/books?hl=en&lr=&id=mFqpqMA62w8C&oi=fnd&pg=PP1&dq=%5B21%5D%09L.+P.+Dake,+Fundamentals+of+reservoir+engineering.+Elsevier,+1983&ots=Fs-dMSmDMm&sig=Yum4HIsHBnyD00XFSpnaYZ_pinQ&redir_esc=y#v=onepage&q=%5B21%5D%09L.%20P.%20Dake%2C%20Fundamentals%20of%20reservoir%20engineering.%20Elsevier%2C%201983&f=false
https://books.google.iq/books?hl=en&lr=&id=mFqpqMA62w8C&oi=fnd&pg=PP1&dq=%5B21%5D%09L.+P.+Dake,+Fundamentals+of+reservoir+engineering.+Elsevier,+1983&ots=Fs-dMSmDMm&sig=Yum4HIsHBnyD00XFSpnaYZ_pinQ&redir_esc=y#v=onepage&q=%5B21%5D%09L.%20P.%20Dake%2C%20Fundamentals%20of%20reservoir%20engineering.%20Elsevier%2C%201983&f=false
https://doi.org/10.2118/21460-PA
https://doi.org/10.2118/14121-MS

B. K. Raoof et al. / Iragi Journal of Chemical and Petroleum Engineering 26, 2 (2025) 153 - 161

[24] Gray, H.E. Vertical Flow Correlation in Gas Wells.
User’s Manual for API 14B Surface Controlled
Subsurface Safety Valve Sizing Computer Program.
2nd Edition, American Petroleum Institute, Dal-
las,1978.

[25]K. Aziz and G. W. Govier, "Pressure drop in wells
producing oil and gas,” Journal of Canadian
Petroleum Technology, vol. 11, no. 03, 1972.
https://doi.org/10.2118/72-03-04

[26] G. H. Fancher Jr and K. E. Brown, "Prediction of
pressure gradients for multiphase flow in tubing," in
SPE Annual Technical Conference and Exhibition,
1962: SPE, pp. SPE-440-MS.
https://doi.org/10.2118/440-PA

[27]A. R. Hagedorn and K. E. Brown, "Experimental
study of pressure gradients occurring during
continuous two-phase flow in small-diameter
vertical ~ conduits,”  Journal of  Petroleum
Technology, vol. 17, no. 04, pp. 475-484, 1965.
https://doi.org/10.2118/940-PA

160

[28]H. Duns Jr and N. Ros, "Vertical flow of gas and
liqguid mixtures in wells,” in World Petroleum
Congress, 1963: WPC, pp. WPC-10132.

[29]J. Orkiszewski, "Predicting two-phase pressure
drops in a vertical pipe,” Journal of Petroleum
Technology, vol. 19, no. 06, pp. 829-838, 1967.
https://doi.org/10.2118/1546-PA

[30] "Manual for IPM 11.5," Petroleum expert, 2010.

[31]H. Beggs, ‘Production optimization: using NODAL
analysis’. 2003. 2nd Edition. (Tulsa, Okla.: OGCI
and Petroskills Publications: Tulsa).


https://doi.org/10.2118/72-03-04
https://doi.org/10.2118/440-PA
https://doi.org/10.2118/940-PA
https://onepetro.org/WPCONGRESS/proceedings-abstract/WPC06/AllWPC06/WPC-10132/198621
https://onepetro.org/WPCONGRESS/proceedings-abstract/WPC06/AllWPC06/WPC-10132/198621
https://onepetro.org/WPCONGRESS/proceedings-abstract/WPC06/AllWPC06/WPC-10132/198621
https://doi.org/10.2118/1546-PA
https://d1wqtxts1xzle7.cloudfront.net/63543014/Dale_Beggs._Production_Optimization_Usin_120200605-129044-1qkzmhq-libre.pdf?1591434735=&response-content-disposition=inline%3B+filename%3DProduction_Optimization_Using_Nodal_TM_A.pdf&Expires=1751050886&Signature=ShqJ-Vc1hoTZgrFDWThbxprbpDq9xGHsTNRoxdxYXwj2sbDYkBLVIQwcX~6ms1gLZCyNEA1lHfsEzeQ02kgPAi-ui81U~nPK5Vo6Jxi~3JFt7kZ6fWHKd8DKHDSvfk2KZ9a5iZ2EpNWUbvx2TQI-ItL365lLM0KCkqBHbcYEhZs0p-QaogxzWhg~fS3WOl2JVeR7Dqt7gypDeQ1ix-4s8ArgZ3-fTsslsIhXlhAWqcHwBLEIMOZv4F9ZjYYUJo0hk6sGmm8rZets4XhN9k5WYkziP3ptWlrl0Fj5YldMhy3-s-1CkALH75Se0zAyY9BOqPdlvhAdR8LORfJOjuCAVA__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/63543014/Dale_Beggs._Production_Optimization_Usin_120200605-129044-1qkzmhq-libre.pdf?1591434735=&response-content-disposition=inline%3B+filename%3DProduction_Optimization_Using_Nodal_TM_A.pdf&Expires=1751050886&Signature=ShqJ-Vc1hoTZgrFDWThbxprbpDq9xGHsTNRoxdxYXwj2sbDYkBLVIQwcX~6ms1gLZCyNEA1lHfsEzeQ02kgPAi-ui81U~nPK5Vo6Jxi~3JFt7kZ6fWHKd8DKHDSvfk2KZ9a5iZ2EpNWUbvx2TQI-ItL365lLM0KCkqBHbcYEhZs0p-QaogxzWhg~fS3WOl2JVeR7Dqt7gypDeQ1ix-4s8ArgZ3-fTsslsIhXlhAWqcHwBLEIMOZv4F9ZjYYUJo0hk6sGmm8rZets4XhN9k5WYkziP3ptWlrl0Fj5YldMhy3-s-1CkALH75Se0zAyY9BOqPdlvhAdR8LORfJOjuCAVA__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA
https://d1wqtxts1xzle7.cloudfront.net/63543014/Dale_Beggs._Production_Optimization_Usin_120200605-129044-1qkzmhq-libre.pdf?1591434735=&response-content-disposition=inline%3B+filename%3DProduction_Optimization_Using_Nodal_TM_A.pdf&Expires=1751050886&Signature=ShqJ-Vc1hoTZgrFDWThbxprbpDq9xGHsTNRoxdxYXwj2sbDYkBLVIQwcX~6ms1gLZCyNEA1lHfsEzeQ02kgPAi-ui81U~nPK5Vo6Jxi~3JFt7kZ6fWHKd8DKHDSvfk2KZ9a5iZ2EpNWUbvx2TQI-ItL365lLM0KCkqBHbcYEhZs0p-QaogxzWhg~fS3WOl2JVeR7Dqt7gypDeQ1ix-4s8ArgZ3-fTsslsIhXlhAWqcHwBLEIMOZv4F9ZjYYUJo0hk6sGmm8rZets4XhN9k5WYkziP3ptWlrl0Fj5YldMhy3-s-1CkALH75Se0zAyY9BOqPdlvhAdR8LORfJOjuCAVA__&Key-Pair-Id=APKAJLOHF5GGSLRBV4ZA

B. K. Raoof et al. / Iragi Journal of Chemical and Petroleum Engineering 26, 2 (2025) 153 - 161

Jalail) aladials dlls A toBaa g3 ol yh B 7 Y] Clada Guwady yaal
L;.Sé.a.]\

| lla deaa o dana @) 2 dadla T AUAY aula Gaea T dighy JalS Gu

Gl cdsilaplead) edilhally Jagil] deoris s oduidil) Luilasleal) deals )
dhadl elois cbodil] dadis aud 2ok deals ¥

3

AadAl

Culs 1) Jaee o daliad) (lay lld aay cdBlall delia & Gaagall Cpisall anl (50,85 pugl) 2
Al sda S5 WY 5l Qi e @il i) Jead Cun DS Gass Al LY 8 Mg
dug (L 477,00 ulae Jleal Genn TK Lt Joa 3 Cania o (8 z Y] 358 Jag 2aas e
Dl Jonalls Jaill ) Jaea e VA LAa) Y990 e dughy L AVYY aidal) )l Gaall
e dalail S17 Capmiall il gliad) o Al Gagylall e 3l STB /D Vvdd sa s
pailas Pla (e saell Jaball we daledll ay .z Y1 alass il dvia 3 Aldiae ddide g
) 8 il ISl IPM Prosper cile sase aladials bl ad)ll oldy Jalall gasl) oldf adle
b Sl e gl laia davia ay L shll Cdley Blgad) @slug AlalSial) cllalsY) Pla e
el Al laally ¢ Al () dakia 8 sl (e cdibide laglisw adag @ PVTP malin
Alals gl chiall il Jlaill g eldaa¥) ad)ll Jaaly rlaadl daley oAl Jaay
) daia ety i) Jos A3 (& pumil) Jalis o oa ) e3gd dawdyl) daidl) L sl Ardal
N Ja z WY g (e S UG jix ¢(ESP) d80,eSl Akl dacadl) (S5 alaaial cals )
el Gpeeal Jaall el Sl ALE Jaalss 3l o3 s (-PST Vo) ) el Laral) Jg3
Aliles i Cagyl b Lyl

cgiall Julatl) (3lSlaal chaubiall s ¢ LY pent VLP (PR A4l clalst)

161



