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Abstract 
Optimizing the hydrocarbon production system is a fundamental practice to 
ensure the recovery of developed reserves while maximizing the yield of the 
oil field. Therefore, several methods and techniques are used to optimize a 
production system, but the one used in the Mibale field is nodal analysis be-
cause it allows for easy understanding of a production system by quickly 
identifying the problem in order to find optimal solutions. Located in the 
offshore coastal basin of the Democratic Republic of the Congo and discov-
ered in 1973, the Mibale field has begun to produce an initial flow rate of 
10,000 BOPD since 1976 with only three wells MIB-01, MIB-02 and MIB-03. 
The studies conducted in 2007, 2010 and 2016 aimed at re-conditioning some 
wells, resuming water injection and evaluating the remaining quantities of 
hydrocarbons in the upper Pinda reservoir. To date, the Mibale field has 20 
wells including 14 producing wells and 6 injectors and an oil production of 
5905 BOPD. Although crossing the reservoir layers containing more 365.1 
MMstb of oils on 393 MMstbs of total field oils and activated by Gas-lift acti-
vation mode, the MIB-14ST2 has a very low oil output less than 100 BOPD, a 
well bottom pressure less than 450 psi and a high WOR of over 68%. After 
collecting field data and consulting works and related reports, we conducted 
the analysis and interpretation of field data using the simulation software of 
the hydrocarbon production system called IPM Prosper to identify the causes 
of the inefficiency of the production system. We understood that this well 
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would produce at the bottom pressure of the zero well a flow rate of 464.978 
bbl/day of oil, 30533.822 bbl/day of water and 12.29 stb/day/psi of productiv-
ity index. In view of this production capacity of the MIB-14ST2 well and the 
fluid characteristics of the reservoir and well, the optimization by conversion 
of the activation mode of the Gas-lift to ESP was applied. After analysis and 
interpretation of the results, the MIB-14ST2 well would be able to produce 75 
Stb/day as oil flow; 4926.6 Stb/day as water flow and 0.022 MMscf/day. For 
production to take place after 11 minutes 9 seconds, the pump performance 
needs to be at 2218.06 ft with a frequency of 50 Hertz; the number of 76 stag-
es; 1845.5 psig as suction pressure and 2641.9 Psig as discharge pressure. The 
total power of the system would be 118.4 hp with a total efficiency of 89.8% 
and 0.9% as a factor of engine power, which demonstrates that the system is 
efficient. In view of the results obtained, we note that the production of oil is 
still very low, which leads to further studies to review the depth of perforation 
of the well; make the material balance of the remaining reservoir fluids and 
the petrophysical characteristics of the layers crossing the MIB-14ST2 well. 
This research will contribute to the optimization of oil production in the up-
per Pinda reservoir and to a better understanding of its petrophysical be-
havior. 
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1. Introduction 

Applied in several research fields, optimization originated during World War II 
by the military in the field of applied mathematics research [1]. By involving 
multiple variables to find an optimal solution, optimization is a complex tech-
nique that has led to the resolution of previously unsolvable production prob-
lems [2]. Thus, production optimization refers to the various activities of meas-
urement, analysis, modeling, prioritization, and implementation of actions aimed 
at improving the productivity of a field: reservoir, wells, and surface. It is a fun-
damental practice to ensure the recovery of developed reserves while maximiz-
ing yields [3]. 

Several solutions presented by optimization arise from two general methods 
called exact and approximate methods. These two methods are based on com-
pletely different principles applicable in hydrocarbon production. Each of them 
explores and exploits the search space according to its own techniques [4] [5]. 

However, in the case of production system optimization, this limit can be at-
tributed to the complexity of the reservoir (reservoir geology, fluid characteris-
tics, pressure, and temperature), geological uncertainty (accuracy of optimiza-
tion study results), reservoir condition changes (the need for regular optimiza-
tion reassessment), operational constraints (financial costs, etc.), environmental 
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impacts, etc. [6]. 
In this regard, our study on optimization proposes a detailed analysis of well 

MIB-14ST2, focusing on the technical and operational aspects related to its pro-
duction. The evaluation aims to better understand the well’s performance, identify 
any potential issues (reservoir degradation, pressure losses, leaks, or other tech-
nical problems) that are limiting its production, and propose appropriate opti-
mization solutions to enhance the well’s production and efficiency. There are 
numerous methods and techniques for evaluating a production system, includ-
ing production testing, pressure analysis, well logs, fluid analysis, reservoir mod-
eling, and production monitoring. The choice of method depends on the evalua-
tion objectives and the specific characteristics of the well [7]. In addition to these 
methods, the nodal analysis approach is used to analyze multiple fluid produc-
tion problems in the well. It appears to be the best approach, because it quickly 
identifies the problem in a production system and proposes the optimal solution 
using one or more variables. This technique involves dividing the fluid flow path 
from the reservoir to the surface into two parts that meet at a point called the 
“node”. Thus, the flow in the reservoir before the node is called “inflow”, and in 
the well, it is referred to as “outflow” [8].  

It should be noted that nodal analysis may be less suitable for complex pro-
duction cases, such as multi-branch wells, water or gas injection wells, gas con-
densate reservoirs, etc., which is not the case for our well under study. In the 
case of multi-branch wells, fluid flows become more complex and interconnected, 
leading to variations in fluid flow rates and a non-steady flow regime. For injec-
tion wells, this introduces additional complexity due to changes in the composi-
tion of the injected fluids. Nodal analysis, however, is based on an isolated well 
assumption without interactions between wells, simple fluid flows, a stable flow 
regime, and struggles to accurately model the effects of different injected fluids 
on the overall production system. 

If a nodal analysis has been conducted to evaluate well performance, it is en-
tirely feasible to suggest enhanced oil recovery (EOR) methods, such as thermal 
injection, microbial injection, chemical injection, and gas injection. These EOR 
methods are selective based on the PVT properties of the fluids to be produced 
and the petrophysical characteristics of the reservoir [9]. 

Due to the complexity of solving the optimization problem in oil well produc-
tion systems, computer simulation software is now being used to provide in-
sights into the well’s behavior under static and dynamic conditions [10] [11]. In 
this regard, IPM Prosper is the ideal software for conducting highly accurate 
simulations of well production systems. 

1.1. Problem Statement 

Given the low discovery of new oil and gas fields and the projected insufficiency 
in supply by 2025, it is imperative to invest in this sector as soon as possible and 
maximize the recovery of already discovered hydrocarbons using appropriate 
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techniques [3]. 
The recovery methods are varied and depend on the reservoir characteristics, 

as well as the pressure, volume, and temperature properties of the reservoir flu-
ids, the well activation method, and the surface collection network architecture. 
The upper Pinda formation, considered as the productive reservoir of the Mibale 
field, contains good-quality oil but with a pressure too low to lift it to the surface 
through production wells. Given this low pressure, after one year of production, 
gas-lift activation was implemented to improve production. Unfortunately, after 
one year, this activation method became ineffective, and the decision made by 
the operating company was to assist the reservoir by injecting water. However, 
due to corrosion issues with some water treatment equipment, the injection was 
halted in 2005, with an unsuccessful attempt to resume it in 2008. 

In-depth studies conducted in 2007, 2010 and 2016 in the Mibale field led to 
the development of the field and the conversion of some wells’ activation meth-
od to submersible electric pumps. However, the results were not as satisfactory 
as the company’s expectations [12] [13]. This prompted a new line of thinking, 
which involved reviewing all the studies conducted in this field and identifying 
the shortcomings in order to propose appropriate solutions to the company for 
extracting a significant portion of the remaining 393 million stock tank barrels 
(MMstb) of oil in the upper Pinda reservoir. 

Based on the above, we are interested in understanding the production system 
using nodal analysis approach in order to propose optimal solutions for increas-
ing production in the Mibale field. This understanding raises the formulation of 
the following research questions: 
• What is causing the low production yield of certain wells producing hydro-

carbons from the upper Pinda reservoir in the Mibale field? 
• Are the current gas-lift and submersible electric pump (ESP) activation 

methods used for oil production in the Mibale field still compatible with the 
economic and technical operating conditions of the associated wells? 

• Do the petrophysical properties of the productive reservoir, upper Pinda, have 
a significant impact on the low oil production in this field? 

• Is it necessary to convert the activation mode of MIBALE-14ST2 well abbre-
viated “MIB-14ST2 Well” based on the current knowledge in this field? 

1.2. Specific Objectives 

The specific objectives set in this study are as follows: 
• Analyze and assess the production history of oil wells drilled in the Mibale 

field in order to identify strengths and weaknesses; 
• Analyze the petrophysical properties of the upper Pinda reservoir and the 

parameters of the MIB-14ST2 well that crossed it; 
• Develop IPR (Inflow Performance Relationship) and VLP (Vertical Lift Per-

formance) curves and determine parameters related to the production of 
currently gas-lift activated well in order to optimize; 
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• Propose reconditioning works by converting the activation mode of MIB- 
14ST2 well. 

1.3. Materials and Methods 

For the realization of this study, we followed a methodological approach com-
prising two main phases. 

1.3.1. Data Collection 
Apart from documentary research, the following data were collected to the ob-
jectives set: 
• Production fluid data from 2010 to 2021; 
• Completion data (Casing depth, tubing depth, pump depth, inner and outer 

diameter, inclination, sediment level in the well, packer depth…); 
• Reservoir pressure data (Gauge and perforation depth, gauge and perforation 

pressure, fluid gradient, pressure-depth relationship, limit depth for gauge 
pressure measurement, perforation pressure at the top of the reservoir, gauge 
temperature by depth…); 

• Well testing data (Produced fluid rates, sediment rates, pressure and temper-
ature at the wellhead, casing pressure, injected fluid rates, fluid production 
ratios…); 

• Fluid and reservoir properties in initial and current conditions (Reservoir 
fluid viscosity, dissolved gas ratio, bubble pressure, reservoir pressure, reser-
voir permeability, oil and gas volumetric factor…); 

• Reserve evaluation and simulation data of the upper Pinda reservoir in the 
Mibale field. 

1.3.2. Data Processing and Interpretation of Results 
Field data was processed for presentation in the form of tables, various graphs 
and maps. To do this, the following computer tools or software are used: 
• Excel for the establishment of fluid production curves and mathematical or 

statistical calculations;  
• Arcgis for the development of the study area map; 
• Integrated Production Modelling-Production System Performance “IPM Pros-

per”: to evaluate and optimize the Mibale field production system based on 
the analysis of the MIBALE-14ST2 producer well abbreviated “MIB-14ST2 
Well”. 

The meaning of the results obtained from these treatments is the subject of the 
interpretation section. The following diagram (Figure 1) summarizes the phases 
of our methodological approach.  

2. Overview of the Mibale Field and the MIB-14ST2 Well  

The Congolese Offshore has 9 oil fields with 65 wells of which 21 wells belong to 
the Mibale field. Of these 21 wells, we have 14 producers, 6 injectors and 1 ap-
preciation well, which is equivalent to 32.3% of the total oil fields. As of today,  
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Figure 1. Methodological approach. 
 
the field is producing an average of 5905.54 barrels of oil per day (BOPD) with a 
water-oil ratio (WOR) of over 60% (September 2021 average). Starting from the 
average official production of 25,000 BOPD for this company, we observe that 
this field contributes to the extent of 23.6%. Therefore, we can conclude that this 
field represents the largest offshore oil platform. It is worth noting that the 
Mibale field was discovered in 1973 by the oil company CHEVRON with the 
Mibale 1X well in the Upper Pinda formation, which is part of a fault-related 
structure with three branches. With three wells, MIB-01, MIB-02, and MIB-03, 
this field was put into production in 1976 [12] [13].  

A good quality oil (32˚ API) has been discovered in a multi-layer complex in 
the upper part of the Albien-age Pinda formation, also known as the Upper Pin-
da reservoir. The Upper Pinda in the Mibale field is a reservoir with high per-
meability intervals, sand-rich layers, and dolomitic layers. It is divided into eight 
layers (LP or UP) ranging from the transition layer to L7 (UP-7). The upper tran-
sition layer is often described as poor-quality limestone and clays, while the un-
derlying UP-1 layer consists of relatively low-quality limestone and less devel-
oped carbonate sands [8]. 
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2.1. Location of the Mibale Field 

The Mibale field is located in the coastal basin of the Democratic Republic of the 
Congo, 5 km wide and 3 to 7 km southeast of the DRC’s offshore border with 
Cabinda (Angola), and covers an area of around 11 km2 (Figure 2).  

2.2. Reserves of Mibale Field 

The studies conducted in 2016 provided the STOIIP (Stock Tank Oil Initially in 
Place) of the different layers of the Upper Pinda reservoir, as summarized in Ta-
ble 1 below, comparing them with the geological STOIIP values from 2006. 

L1 layer (34%), L2 layer (22%) and L4 layer (25%) are the main STOIIPs. The 
L1 and L2 carbonate layer STOIIPs account for 56% of the Pinda field SToIIPs as 
a whole. The difference with the geological model lies mainly in the way water  

 

 
Figure 2. Location of Mibale field in the offshore of the coastal basin of the Democratic Republic of the Congo. 
 
Table 1. Mibale field STOIIP by layer (MMstb). 

Layer 
Mibale Field 

Geological model (2006) Geological model (2016) 

L1 97 132.3 

L2 107 86.9 

L3 74 46.9 

L4 163 99 

L5 13 7.7 

L6 20 10.5 

L7 22 9.7 

STOIIP Total (MMstb) 496 393 
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saturation is used relative to depth, a relationship that introduces a large area of 
transition. 

Table 2 shows the layers of the reservoir with the wells crossing them. 
It is observed that well MIB-14ST2 penetrates layers L1, L2, L4, and L5. The 

amount of hydrocarbon reserves in these five layers amounts to 325.9 million 
stock tank barrels (MMstb). 

2.3. Production of Mibale Field  

The evolution of annual production in the Mibale field from 2010 to 2021 is il-
lustrated in Figure 3. In 2010, the production was good, but in 2015, it was too 
low, indicating a rapid decline in production.  

2.4. For MIB-14ST2 Well  

The original MIB-14 well, which was drilled in July 1991, was completed in double 
sequence with a short sequence in the transition layer and a long sequence on the 
layers L1, L2 and L4. The MIB-14ST well was laterally followed to a TD of 7005 
ftMD in May 1994 and was doubly completed in the TL layers (short sequence), 
L1, L2, L4, L5 and L6 (long sequence). In June 2007, total oil production was 1.7 
MMSTB. Current production has 70 BOPD and a WOR of 68%. 
 
Table 2. The layers of the reservoir with the wells crossing them. 

Layer Producing wells Injector wells 

L1 MIB-01-02-03-05-09ST-10-11-14-15-16-17-18 MIB-06-08-13ST 

L2 MIB-01-02-03-05-09ST-10-11-14-15-16-17-18 MIB-06-13ST 

L3 MIB-01-02-03 MIB-06 

L4 MIB-02-05-09ST-14ST-10-11-15-16-18 MIB-07-08-12 

L5 MIB-05-09ST-14ST-17 MIB-07-08-12 

L6 MIB-09ST MIB-07-08-12 

L7  MIB-12 

 

 
Figure 3. Butt diagram showing the evolution of oil production in the Mibale field from 
2010-2021. 
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Note:  
• The MIB-14 well means the fourteenth well of the Mibale field drilled verti-

cally; 
• The MIB-14ST well (Side Track) means the same fourteenth well of the 

Mibale field drilled vertically and then deviated; 
• The MIB-14ST2 well means the same fourteenth well of the Mibale field drilled 

vertically and then deviated for a second time. 

2.5. Information and Data Essential for Optimizing the  
MIB-14ST2 Well 

Table 3 shows the reservoir and fluid properties of the Mibale field, in which all 
wells drain oil to surface. 

Completion data for the MIB-14ST2 well are presented in Table 4 below. 
 
Table 3. Reservoir and fluid parameters for the Mibale field [11] [14]. 

Parameter Value 

Bubble point pressure (Pb) @Tr 1336 psia 

Drainage area 100 acres 

Gas specific gravity (γg) 0.865 

Impurities (N2, CO2, H2S) 0 

Initial gas formation volume factor (Bgi) 0.002 rb/scf 

Initial oil formation volume factor (Boi) 1.13 rb/scf 

Oil gravity (˚API) (γo) 32 

Oil viscosity @Pb 1.1 cP 

Overall heat transfer coefficient 8 btn/hr/F 

Porosity (∅) 18% 

Recovery factor (RF) 32.58% 

Reservoir permeability (k) 50 mD 

Reservoir Pressure (Pr) 2600 psia 

Reservoir temperature (Tr) 167˚F 

Skin 0 

Solution GOR (Rs) 300 scf/stb 

Surface temperature 60˚F 

Top node pressure 500 psig 

Water salinity 0 ppm 

Wellbore radius 0.354 ft 
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Table 4. Completion data for the MIB-14ST2 well on the Mibale field [8] [15]. 

Well type Producing well 

Trajectory Vertical 

Casing 
Inside Diameter: 7 inches 
Outside Diameter: 9.625 inches 
Depth: 4877.5 feet 

Tubing 

Inside Diameter: 2992 inches 
Outside Diameter: 3.5 inches 
Depth: 5495.5 feet 

Inside Diameter: 3.958 inches 
Outside Diameter: 4.5 inches 
Depth: 4358 feet 

Liner 
Inside Diameter: 7 inches 
Depth: 5821 feet 

BSW 98.5% 

Perforation 431 feet 

3. Results  

There are many factors that can contribute to the reduction of pressure in a oil 
well production system, including [11] [12] [16] [17]: 

1) Pipe friction: Pressure decreases can be caused by the friction between pe-
troleum fluids and the pipe walls. They vary with the viscosity of the fluid, the 
internal diameter of the pipes, and the length of the pipes, and can increase if the 
pipes are too rough; 

2) Narrows and obstructions: Narrows, bends or obstructions in production 
lines can lead to head losses. These losses are mainly caused by sudden changes 
in cross-section, which increase turbulence and fluid friction; 

3) Clogging: Clogging of the well can lead to significant head losses. Solid par-
ticles, such as sands, clays or drilling cuttings, can settle in the well and obstruct 
fluid flow. This creates additional resistance to fluid flow and increases head 
losses; 

4) Presence of water: If water is present in the well, it can cause high head losses. 
Water has a higher density than oil or gas, which increases the pressure required 
to move fluids through the well; 

5) Cementing problems: Poor well cementing can lead to head losses. If the 
cement is not properly applied, or if there are leaks in the cementing, this can 
create undesirable flow paths for fluids, resulting in additional head losses; 

6) Well activation mode restrictions: Limitations on the activation mode can 
be implemented in certain cases to control and pump the flow of trapped liquid 
in the well. This can be achieved through gas injection, valves, chokes, or other 
flow control devices. However, significant pressure losses can occur if these re-
strictions are too severe. 
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3.1. Wells before Activation Mode Conversion  
3.1.1. Overview of MIB-14ST2 Well Design with Prosper Software 
It should be remembered that the Prosper IPM software is a good simulator for 
converting from activation mode to ESP [18]. Data from Table 4 (geothermal 
gradient, hole bottom equipment and tube and casing size data) were used as 
input data in IPM Prosper software to generate the MIB-14ST2 well architecture 
(Figure 4). 

Figure 5 below shows us the perforation depths of MIB-14ST2 well. 

3.1.2. Well Evaluation before Activation Mode Conversion 
To assess the well’s productivity, the IPR and VLP curves must be analyzed to 
determine the well’s production capacity and operating point. To establish these 
curves, certain correlation choices must be made: 
• Rs correlation; 
• correlation on flow law; 
 

 
Figure 4. Bottom equipment configuration for MIB-14ST2 well. 
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Figure 5. Illustration of perforation depths in MIB-14ST2 well. 
 

• head loss correlation. 
1) Choice of correlation to establish the IPR and VLP curves 
a) Choice of gas solubility correlation (Rs) 
To establish the IPR curve, we need to choose the dissolved GOR correlation. 

By replacing the fluid property values from Table 3 in mathematical Equations 
(1)-(5), we estimate the gas solubility (Rs) at bubble point pressure and compare 
this with the experimental value in terms of the absolute average error (AAE). 
The Rs’s correlations expressed as mathematical equations are given as follows 
[16] [19]: 
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i) Standing’s (1981) correlation is expressed in the following mathematical 
form:  

1.2048

1.4 10
18.2

x
s

PR c   +    
=                    (1) 

( )0.0125 0.00091 460ox Tγ= − −  

ii) Vasquez-Beggs correlation is given in the following form:  

3
2 460

1

APIC
C T

s gcR C P eγ
° 

 +
⋅

=                       (2) 

with coefficient values C1, C2 et C3. 
iii) Glaso correlation is proposed according to this relation:  

( )

1.2255
0.989

*
0.172460

s g b
APIR P

T
γ

 
⋅ 

− 
=


                  (3) 

where * 10x
bP =  and [ ]0.52.8869 14.1811 3.3093logx P= − −  

iv) Marhoun’s correlation proposed the following equation:  
eb c d

s g oR a T Pγ γ=                            (4) 

The coefficient values a, b, c, d and e are: a = 184.843208; b = 1.8778480; c = 
−3.1437; d = −1.32657 and e = 1.398441. 

v) Petrosky-Farshad correlation is given by the following expression: 
1.73184

0.843912.34 10
112727

x
s g

PR γ  + ⋅    
=                (5) 

( )1.39114 1.541 57.916 10 4.561 10 460X API T− −= × × − × −  

The following formula makes it possible to find the absolute average error 
(AAE): 

100Vr VmAAE
Vr
−

= ×  as a percentage             (6) 

With Vr: Real Value (Field Data) and Vm: Measured Value (correlation val-
ues). 

This allows us to summarize the Rs correlation values found with AAE (Table 
5). 
 
Table 5. Summary of Rs calculation using empirical correlations. 

Correlation Rs (scf/STB) AAE (%) 

Standing 645.5 115 

Vasquez-Beggs 589.7 96.6 

Glaso 339.37 13.12 

Marhoun 435.51 45.1 

Petrosky-Farshad 599.4 99.8 
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We note that the value of GOR dissolved in oil (Rs) calculated by the Glaso 
correlation is a little close to that of the Mibale Field determined by PVT anal-
yses with a deviation or AAE of 13.12%, which allows us to choose this correla-
tion as the one applicable in the optimization of this well. Referring to Table 3, 
the value of Rs is 300 scf/stb and using the Glaso correlation, Rs is 339.37 scf/stb 
with 13.12 deviation factor. 

b) Choice of flow law correlations 
Several correlations on the flow law in the reservoir have been established 

with their mathematical expressions [5] [20] [21]. These are the correlations of: 
• Darcy’s method or law; 
• Vogel’s method; 
• IP method; 
• Fetkovich method; 
• Johns, Blout and Glaze method. 

Given the available data and the characteristics of the Mibale field reservoir, 
Darcy’s law correlation was used to establish the IPR curve. The mathematical 
expression of Darcy’s law is as follows: 

( )0.0078

ln

r wf
o

e
o o

w

k h P P
Q

rB
r

µ

× × −
=

 
 
 

                 (7) 

c) Choice of upward two-phase flow correlation 
Several correlations on the law of flow in the reservoir have been established 

with their mathematical expressions. Beggs and Brill summarized the correla-
tions of the law of flow into three main categories, each of which varies in com-
plexity and technique. These are the following categories [22]: 

Category A: No slip effect or flow regime is considered—Poettmann & Car-
penter, Fancher & Brown; 

Category B: Slip effect is considered, no flow regime is considered—Hagedorn 
& Brown, Gray; 

Category C: Both slip effect and flow regime are considered—Beggs & Brill, 
Orkiszewski, Duns & Ros. 

However, no single correlation was found to be the best over the others for all 
flow conditions. Individual well tests and experience can be used to obtain the 
correlation that best suits the characteristics of each well [23] [24]. Some of these 
correlations are given in the following mathematical form: 

i) Poettman and Carpenter’s correlation is a semi-empirical method using 
the general energy equation and considering the mixture of oil, gas and water as 
single-phase. 

ii) Hagedorn and Brown’s correlation is an extension of Poettmann and 
Carpenter’s.  

iii) Beggs and Brill’s correlation studied head losses in tubing using the same 
technique, as for horizontal pipes, with the introduction of a factor that takes 
into account the inclination, which changes from −90˚ to +90˚. This method is 
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based on determining the flow regime, which depends on Hold up, the pressure 
gradient, the Froude number. 

After inputting values in the software for the pressure at the wellhead, water 
cut, oil or liquid flow rate, gas-oil ratio (GOR), various depths of the well down 
to the tubing, and the pressures prevailing in the well, the Prosper software cal-
culates correlation parameters by determining the deviation factor for each cor-
relation. The obtained values are depicted in Figure 6 and Figure 7. 
 

 
Figure 6. Tubing correlation parameters. 
 

 
Figure 7. Pressure gradient curves and depth for different upward two-phase flow correlations. Note: The Poettman and Carpen-
ter’s correlation is not included in the Prosper IPM software because it is corrected by the Hagedorn and Brown’s Correlation. 
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In view of Figure 7 below, it is noted that each correlation has a relative error 
but it is found that the Beggs and Brill correlations are the most appropriate for 
calculating outflow load losses because the values of two parameters have a small 
value (0.74) with a small deviation factor of 212.174 compared to that of other 
correlations that are greater than 0.76. 

2) Establishing the IPR and VLP curves 
Unlike manual calculations and other optimization software, IPM Prosper was 

used to model the well in different scenarios to obtain accuracy on the actual 
well performance. This modeling was based on Darcy’s law and the data from Ta-
ble 3 to establish the IPR (Inflow Performance Relationship) and the Beggs and 
Brill correlation, combined with data from the pressure at the upper node, GOR 
(Gas-Oil Ratio), and a 98.5% water cut.  

Figure 8 illustrates the pressure and fluid flow rates values found after the 
calculations. 

After plotting the IPR and VPL curves for the MIB-14ST2 well, it can be seen 
in Figure 9 that an absolute maximum flow rate “AOF” of 30998.8 stb per day 
should be produced with the IP of 12.29 stb per day per psi. Unfortunately, the 
IPR curve is a steep slope, demonstrating that this well was producing absolutely 
nothing, and there is no point of contact between the two curves. 

3) Well sensitivities 
Considering that the variables for the MIB-14ST2 well are the water cut, the 

pressure at the upper node, and the GOR, we varied the GOR from 0 to 1000 
scf/stb the first node pressure from 500 to 2600 psig and the water cut from 0 to 
100%.  

Figure 10 illustrates the calculations performed taking into account the values 
of the variables listed above. 

As we described in the problem, the production of the MIB-14ST2 gas-lift ac-
tivated well is almost zero or too low so according to our study case, we do the 
sensitivity of variables such as the first node pressure, the water cut and the GOR 
to see if there will be a possibility to convert the activation mode.  

 

 
Figure 8. Calculation results for pressure and flow rate parameters for IPR and VLP curves. 
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Figure 9. IPR and VLP curves for MIB-14ST2 well. 

 

 
Figure 10. Illustration of one of the sensitivity calculation tables for variables Water cut, GOR, and First Node pressure. 

 
After the sensitivity of these variables, we notice that the IPR and VLP curves 

intercept at several points between which we can get a realistic point of opera-
tion (Figure 11). 

3.2. ESP Optimization of the MIB-14ST2 Well 
3.2.1. Well Design  
Optimization by activation mode conversion of the MIB-14ST2 well is consid-
ered in this type of well to be the best activation mode capable of compensating  
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Figure 11. Sensitivity analysis curves for well MIB-14ST2. 
 

for the loss of pressure due to the high liquid rate and low gas flow rate accord-
ing to the evaluation made in this well. The pump also has operational constraints 
for its functioning, namely [25] [26]: 
• Limit or maximum power; 
• Operating zone or map the pump’s performance; 
• The reservoir suction pressure must be higher than the bubble pressure be-

cause gas is not allowed in the pump as it is designed only to handle liquids. 
Taking into account these different constraints, the dynamic water level in the 

well, the desired oil flow rate, the number of stages, engine power and cable length, 
we have the well design as shown in Figure 12 below. 

3.2.2. Pump Operation after Design  
Taking into account Figure 12 of the design, the IPM Prosper software performs 
calculations using integrated equations, giving precision on the number of stag-
es, pump efficiency and real power (Equations (8)-(11)). If the flow rate produced 
exceeds the maximum flow rate, pump efficiency becomes low. Also, a high power 
factor in a pump is important because it improves energy efficiency, maintains 
the stability of the electrical network, improves pump performance and reduces 
operating costs, as is the case with the MIB-14ST2 well. The mathematical for-
mulae for the pump parameters mentioned above are as follows [25]: 
• The total dynamic head (TDH) for the ESP system is defined as the pressure 

head immediately above the pump (in the tubing) given in the following 
mathematical form and expressed in feet: 

d t dTDH H F P= + +                       (8) 

• The discharge pressure is given by the following expression:  

,PDP THP GAVG TVDP psia= + ⋅                 (9) 

• Hydraulic power is:  

HYD
h

Q h gP
n
ρ× × ×

= , kilowatts               (10) 
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Figure 12. Photo showing the design interface on wells MIB-14ST2. 
 

With: 
 Q: fluid flow in cubic meter per second  
 H: Manometric height in meters  
 ρ: mass volume in kilograms per cubic meter 
 g: gravity in meters per square second 
 nh: hydraulic efficiency, decimal (Between 0 and 1)  
• Hydraulic efficiency (nh) is a measurement made in a radial flow stage and 

the flow always follows the contour:  

inlet
h

h

P qn
P

∆ ⋅
=                          (11) 

With: 
 qinlet: total liquid flow in the pump, in cubic meter per second 
 ∆P: ESP pump pressure differential to overcome head losses between bottom 

and top of well, in psia 
• Total system efficiency: 

TOT PUMP SEAL MOTOR CABLE TRANS DRIVEη η η η η η η⋅ ⋅ ⋅ ⋅ ⋅= , in decimal       (12) 

With: 
 CABLEη : cable efficiency approx. 95% may also be lower with longer cable and 

higher amperage  
 MOTORη : motor efficiency: most suppliers say 90% for induction motors, but 
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more realistically 80% to 90% 
 PUMPη : pump efficiency from 20% to 80% 
 SEALη : protector efficiency very close to 100% 
 TOTη  : total system efficiency typically 20% to 60% 
 TRANSη : transformer typically 98% to 99% 
 DRIVEη : 95% dimmer for low voltage VSD and 100% dimmer for electrical 

panel 
• The power of the system:  

HYD
SYS

TOT

PP
η

=  in horsepower                  (13) 

• Power factor:  

kWPF
kVA

=                          (14) 

In decimal (Between 0 and 1) 
With: 

 kVA: apparent power, kilowatt 
 kW: real power, kilowatt 

The results obtained for the entire pumping system are as follows (Figure 13): 
• 76 stages with a pump power requirement of 106.6 hp and motor efficiency 

of 87.14% (Figure 11). 
 

 
Figure 13. Photo showing the result interface after MIB-14ST2 well design. 
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Using Equations (12)-(14), we find: 
 ntotal: 89.8% 
 The power of the system: 118.04 hp 
 Power factor: 0.90 

With these different values obtained for total efficiency, power factor and sys-
tem power, we can see that the system’s total efficiency is good, as it exceeds 60% 
according to the criteria for good operation. Also, the power factor is above 80%, 
which proves that there will be no considerable or high voltage requirement 
during production, and that friction between fluids is reduced, thus reducing 
load losses. Considered as the surface electrical power, the value of the system 
power obtained is higher than that which we want to apply to the fluid in order 
to compensate for dissipation, thus increasing fluid velocity and reducing head 
losses by elevation. 

3.2.3. ESP Performance for the MIB-14ST2 Well 
The pump’s performance is delimited in a zone called the operational zone, in 
which the pump can operate with minimum and maximum frequency [17].  

The performance curve of the ESP pump can change based on the molecular 
weight of the gas and the inlet fluid temperature. We note that the molecular 
weight of the gas can influence the overall viscosity of the fluid which will lead to 
a change in fluid flow properties through the ESP pump, which can affect its 
overall efficiency and performance. And also if the gas in the pumped fluid reaches 
steam pressure, it can create gas pockets that can cause cavitation of the pump 
which could damage the pump and reduce its efficiency.  

To avoid making corrections to this curve, the following formula is used: 

out in

mix

P Ph
gρ

−
∆ =

×
                          (15) 

When expressing performance in terms of head (∆h), the unit used is feet. The 
density of the fluid mixture (ρmix) is also an important parameter to consider in 
calculating head. 
 Pout: Outlet pressure (in psi); Pin: Inlet pressure (in psi); 
 ρmix: Density of the fluid mixture (in lb/ft3); 
 g: Acceleration due to gravity (32.2 ft/s2). 

Thus, the pump’s head required is based on the depth of its location, while 
that of well MIB-14ST2 is at 1877.38 feet after simulation and would give 5083.94 
stb/d as liquid flow. This pump will operate with a frequency of 50 Hertz and on 
the best efficiency line (BEL), we obtain the pump’s best efficiency point at 
64.72% (Figure 14). 

Referring to the formula for discharge pressure, we derive the gradient aver-
age of the fluid at the pump location: 

 
PDP THPGAVG
TVD PUMP

−
=                         (16) 

With: 
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Figure 14. Determination of pump performance zone for MIB-14ST2 well. 

 
 TVD PUMP: vertical depth for pump installation, feet 
 PDP: pump discharge pressure, psia 
 GAVG: average fluid gradient, psi/feet 
 THP: pressure at the tubing head, psia 

Using the Equation (16) and the pressure at the head of the MIB-14ST2 well at 
90 psig, we obtain 0.499 psi/ft as the average fluid gradient at the depth of the 
pump installation; this also confirms the dynamic level of the water according to 
the filling data of this well because the average water gradients are equal to or 
greater than 0.4 psi/ft. 

3.2.4. Variable Sensitivities in the MIB-14ST2 Well after ESP Installation 
Concerning sensitivities to frequency and number of stages, we have performed 
several scenarios by plotting the IPR and VLP performance curves with variables 
such as pump frequency from 30 to 70 Hertz, number of stages from 10 to 100 
stages and water cut from 10% to 100%.  

After several scenarios, the results are presented in 2 ways in a graphical form 
(Figure 16) showing the well operating points from the intersection of the IPR 
and VLP curves and in a numeric form (Figure 15) showing each scenario with 
its fluid production rates. Considering variable values, several tables have been 
presented but in this work, we present only one to illustrate this. 

We note that there are several operating points in this well, demonstrating 
that this well can still produce after conversion of the activation mode (Figure 
16). 

3.2.5. Oil Production in the MIB-14ST2 Well after Installation of the  
ESP Pump 

From the analysis and interpretation of Figures 9-12 we obtained the operating  
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Figure 15. Illustration of the numerical sensitivity results of the Frequency, Stages Number and Water cut variables (50 Stages, 
34.4 Hertz and 50% Water cut). 
 

 
Figure 16. Sensitivity analysis of pump frequency, number of pump stages and water cut for well MIB-14ST2. 
 

point from the IPR and VLP plot. This new point was used to determine the new 
production of the MIB-14ST2 well (Figure 17):  
• After several scenarios involving the change of different pump types accord-

ing to flow rates and other variables such as frequency, motor efficiency, etc.; 
the simulation showed that the well has the capacity to produce 464.978 
stb/day of oil but the realistic point of operation gives us unsatisfactory re-
sults with an oil output of 75 stb/d and a water flow of 4926.6 and gas of 0.02 
MMscf.  

This result then leads to a study on the re-evaluation of the fluids in place in 
the reservoir and the reconditioning of the well (revising the perforation depth 
and the quantity of water in the different layers crossed).  

Looking at Table 1 and Table 2, we can see that the MIB-14ST2 well crosses 
the L1, L2, L4 and L5 layers, the last of which has a high permeability but a very  
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Figure 17. Plot IPR and VLP after ESP installation for well MIB-14ST2. 

 
low STOIIP oil content and an interesting amount of water, so it would be worth 
reviewing the perforations at this level, or even at layer L4. 

With regard to the diphasic flow in a well, the researchers were able to identify 
7 flow structures that can be localized separately in the tubing. This flow regime 
is determined by calculating the hold up of fluid. These structures are presented 
as follows [27]: 
o Bubble flow: this structure appears with reduced GOR values; 
o Plug flow: when the GOR increases, the bubbles become wide. Combining 

with each other, they form gas blocks; 
o Stratified flow: a large increase in GOR makes the caps long which leads to 

the separation of oil and gas into two stratified layers; 
o Wave flow: with the increase in the volume of gas, the layered gas-oil inter-

face becomes waves; 
o Slug: by increasing the flow of gas, the GOR increases the height of the fluid 

waves until the peak touches the walls of the pipe; 
o Annular flow: a large increase in the GOR makes the oil surrounded by the 

gas; 
o Mist flow: at the extreme value of GOR, the liquid disperses into the gas and 

the flow becomes foggy. 
Note: In the case of vertical tubing, we find flow patterns such as bubble flow, 

stratified flow, annular flow, and slug flow. 
Knowing the negative impact of gases in the ESP pump, Figure 18 shows that 

the hold-up in the well is equal to 1 and the flow is in bubble flow (i.e. the GOR 
values are reduced so the presence of liquid fluids is high throughout the well. 

Figure 18 shows that the hold-up in the well is equal to 1 and the flow is  
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Figure 18. Hold-up evolution at depth in the MIB-14ST2 well. 
 

bubble flow, i.e. GOR values are reduced, so the presence of liquid fluids is high 
throughout the well. 

As the water requirement for the pump is very high, this does not adversely 
affect pump performance, whereas the viscosity of fluids in the well is considered 
a variable that can affect well performance. This significantly reduces pump per-
formance in the case of viscous or overly viscous fluids. When fluid viscosity is 
high, the number of rotating parts (rotor) is high and creates a lot of friction 
surfaces, which results in high energy losses in the well. In the case of the well 
under study, we’ll try the sensitivities of frequency and number of pump stages, 
as the oil in the upper Pinda reservoir has a good viscosity of 1.1 Cp.  

Once the liquid level has been obtained in TVD, we need to relate it to the 
depth measurement and according to the well deviation in order to measure the 
tubing fill volume [21]. This gives: 

TUBING
SURF

PUMP

Vt
Q

=                         (17) 

With: 
• tSURF: pumping time, minute or second; 
• VTUBING: tubing volume, cubic meter; 
• QPUMP: estimated fluid flow pump output, stb. 

To calculate the tubing volume of an oil well, you need to take into account 
the dimensions of the tubing, i.e. its inside diameter and length (Table 4). Tub-
ing volume an oil well can be calculated using the volume of the cylindrical tub-
ing: 

2

4
t

tubing
ID lV π∗ ∗

=  in cubic feet               (18) 

With: 
• tl : tubing length, feet; 
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• ID: Inside diameter, inch. 
Equation (17) and Equation (18) were used to calculate the pumping time. For 

the MIB-14ST2 well, the tubing volume is 232.19 ft3 and the surface fluid pumping 
time is 11 minutes and 9 seconds. 

4. Discussions 

During production using Gas-lift activation, the well was producing 70 barrels of 
oil per day (BOPD) with a water-oil ratio (WOR) of 68%. After converting to 
ESP activation, the well is expected to produce 75 BOPD with a water flow rate 
of 4926.6 barrels of water per day (BWPD). It is observed that the increase in oil 
production is only 5 BOPD, but with a WOR of 98% and a low gas flow rate. The 
low gas production is an indicator that the Gas-lift activation mode was inade-
quate for this well, while the presence of water provides a strong argument for 
activating the well in ESP mode. Unfortunately, instead of producing a higher oil 
flow rate, the well is producing more water. 

However, the pump depth is set at 5000 ft, and after simulation, the pump 
head is at 1877.38 ft. Therefore, this excessive water production indicates that 
either the water column in the well has reached the perforation zones, the layers 
traversed by the well are water-bearing rather than oil-bearing, or there is the 
presence of an aquifer in the vicinity of the perforated zones. 

Analyzing Figure 5, we observe that the perforation depths are located be-
tween 5346 to 5376 ft MDRT, 5532 to 5616 ft MDRT, 5626 to 5670 ft MDRT, 
5735 to 5755 ft MDRT, and 5757 to 5777 ft MDRT, and do not negatively impact 
the pump position. Additionally, out of the seven layers subdividing the upper Pin-
da reservoir according to Table 1 and Table 2, this well under study traverses 
four layers, namely: 
• L1 is a limestone layer with 17% porosity and 5 mD permeability, containing 

132.3 million stock tank barrels (MMstb) of oil reserves; 
• L2 is a dolomite layer with 10% porosity and 15 mD permeability, containing 

86.9 MMstb of oil reserves; 
• L4 is a sandstone layer with 10% porosity and 37 mD permeability, contain-

ing 99 MMstb of oil reserves; 
• L5 is another sandstone layer with 10% porosity and 49 mD permeability, 

containing 7.7 MMstb of oil reserves. 
Unfortunately, the studies conducted in 2016 did not quantify the water re-

serves in the reservoir and did not identify the presence of an aquifer in the vi-
cinity of the reservoir. It is noted that the well traverses 325.9 million stock tank 
barrels (MMstb) of oil reserves contained in the diverse lithological nature 
(limestone, dolomite, and sandstone) of the upper Pinda reservoir. 

Although all conditions seem to be met for the well to be activated in ESP 
mode, after a thorough analysis of the data and results obtained during the eval-
uation and optimization of the production system of the Mibale field from 
MIB-14ST2 well, it is evident that converting the activation mode is not the op-
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timal solution to improve oil production in this field. Therefore, other factors 
may contribute to the decline in oil production in the Mibale field, including: 
• Reservoir pressure decline necessitating an enhanced recovery method; 
• Petrophysical characteristics of the reservoir; 
• Oil flow obstruction due to sediment accumulation, particles, or other sub-

stances in the reservoir pores (porosity plugging); 
• Aging or damage to production equipment (technical issues, equipment fail-

ures, or delays in equipment replacement such as pumps or valves); 
• Insufficient bottom-hole pressure limiting fluid flow to the surface. 

After reviewing various reports from the operating company, it appears that 
workover studies were conducted in 2010 to replace old equipment and clean 
well MIB-14ST2 with the aim of improving well productivity. Therefore, con-
sidering the factors mentioned earlier, the issue of equipment aging can be ex-
cluded. Additionally, one of the objectives of converting the activation mode to 
ESP is to more effectively control bottom-hole pressure. Hence, the problem of 
insufficient bottom-hole pressure in well MIB-14ST2 is completely resolved by 
the activation mode conversion. 

Given the limitations of nodal analysis techniques in detecting all potential 
issues in a production system, results are often combined with reservoir simula-
tions to enhance precision regarding the performance of the production system. 
This integration can lead to more informed decisions when optimizing produc-
tion. Consequently, the unsatisfactory results obtained from this study have 
prompted the proposal of additional complementary studies on reservoir be-
havior and quantification of remaining reserves in the present day to assist the 
upper Pinda reservoir. The reservoir simulation will address the limitations of 
nodal analysis in the following ways: 
• Detailed Reservoir Modeling: Reservoir simulations will provide a better un-

derstanding of the interaction between the wells and the reservoir, taking into 
account the complex geometry of the reservoir, heterogeneities, aquifer bar-
riers, etc.; 

• Reservoir simulation models will integrate mass and energy conservation 
equations to simulate multiphase flows, interactions between gas and liquid, 
capillary effects, etc., providing a more comprehensive view of production 
processes; 

• Production Scheme Optimization: Reservoir simulations will offer a more 
in-depth approach to various production strategies, injection schemes, opti-
mal production rates, etc., to maximize the oil field’s yield. 

Therefore, it is essential to complement this study with reservoir simulations 
to identify the true factor contributing to the low production in the Mibale field. 

5. Conclusion and Perspective 

Nowadays, investment in the oil sector has become scarce due to the energy 
transition decided by funders. However, oil and gas still remain the only energy 
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consumed in various forms worldwide, accounting for more than 60% of the to-
tal. Therefore, to avoid an energy crisis during this transition period, it is neces-
sary to maximize the extraction of already discovered reserves, such as the ma-
ture fields being exploited in the Kongo central province, in the Democratic Re-
public of the Congo. 

These already discovered reserves face various issues, including declining res-
ervoir pressure, aging well equipment, inappropriate well activation methods, or 
inefficient reservoir recovery methods. Therefore, our study aimed to evaluate 
and optimize the production system of the Mibale field, specifically focusing on 
the MIB-14ST2 well located offshore in the coastal basin of the Democratic Re-
public of the Congo. Our main objective was to enhance the performance, effi-
ciency, and sustainability of the hydrocarbon production system in the Mibale 
field by proposing appropriate well activation methods for the MIB-14ST2 well, 
which is considered the least productive well in the field with an average flow 
rate of 70 stb/day. 

After collecting and analyzing geological, reservoir, and production data using 
appropriate tools and techniques such as Excel and IPM Prosper simulation 
software for production system modeling, we evaluated well MIB-14ST2 based 
on three key elements. The first element was the IPR to assess the production 
capacity of the well in relation to the reservoir, the second element was the VLP 
to identify the well performance (including tubing pressure losses), and the third 
element focused on dynamic production parameters such as water cut, GOR, 
first node pressure, etc., to better understand the production dynamics of the well 
and optimize overall performance. This evaluation aimed to determine whether it 
was advantageous to optimize the production of the well. 

Plotting the IPR and VLP graphs, we observed that well MIB-14ST2 had the 
capacity to produce a total liquid flow rate of 30998.8 stb/day, consisting of 
464.978 bbl/day of oil and 30533.822 stb/day of water. Based on this production 
capacity of the well, it was evident that the well could still yield a significant 
amount of oil. Thus, the proposal to convert the Gas-lift activation mode to ESP 
was put forward for this well. By utilizing simulations of the well using IPM 
Prosper software, we obtained the parameter values or necessary conditions for 
MIB-14ST2 well to produce with this new activation mode. 

Subsequently, at a depth of 5000 ft and a pump head of 1877.38 ft, the pump 
must be installed and should consist of 76 stages operating at a frequency of 50 
Hertz, resulting in the well producing 75 stb/day of oil, 0.022 MMscf/day of gas, 
and 4926 stb/day of water. It is important to note that several scenarios were ex-
plored by varying the pump type, frequencies, and other variables in an attempt 
to achieve a higher oil production rate from this well. Unfortunately, the obser-
vation remains that the well continues to produce a very low oil flow rate. 

As a result, it is evident that several factors may be influencing the excessive 
water production compared to oil in this well, including perforation depths, the 
layers traversed by the well, water infiltration from an unidentified aquifer, etc. 
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Identifying the factors influencing this low oil production is complex due to 
the fact that oil wells are part of a complex system that includes the reservoir and 
collection networks (surface equipment, pipelines, valves, etc.). It is worth not-
ing that nodal analysis does not fully consider the interactions between these 
components, which could limit its effectiveness in optimizing MIB-14ST2 well. 
Based on the results obtained from this nodal analysis, which is a part of our 
work in this field, we are considering further studies on the simulation of the 
upper Pinda reservoir to understand the variations in petrophysical parameters 
and estimate the remaining oil reserves. 

This approach will allow us to resume water injection, which was halted in 
2010 in this field due to the inefficiency of the process. This could lead to a sig-
nificant improvement in the production of the Mibale field and the management 
of the well production system. As the upper Pinda reservoir is multilayered, in 
order to decide on the layer to inject water into, it would be advisable to simulate 
all seven layers comprising this reservoir while taking into account their petro-
physical characteristics and fluid contents. 

This will require further study on revising the surface facilities for injection 
water treatment and also potentially converting some producers into injectors or 
drilling new wells. 
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Abbreviations 

Bo: oil volumetric factor in bbl/stb  
Ft: the friction in the tubing expressed in height 
Hd: height or vertical distance (in ft) from wellhead to estimated production flu-
id level at design capacity 
Pd: the friction in the surface pipe expressed in height 
Pr: reservoir pressure in psi 
Pwf: downhole flow pressure in psi  
Qo or qo: oil flow rate, stb/day 
Rs: Ratio of gas dissolved in oil 
Vm: Mixture surface speed 
re: drainage radius in feet 
rw: wellbore radius in feet 
μo: oil viscosity in centipoise 
d: diameter of tubing, in  
ft: feet 
h: pump head in ft 
hp: horsepower 
VLP: Vertical Lift Performance 
k: permeability in mD 
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