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Introduction
As oil is produced, the oil field matures and the reservoir 

pressure decreases [1-3]. This is due to the fact that the 
pressure at the bottom of the well becomes greater than the 
pressure in the reservoir, so the energy in the reservoir is no 
longer sufficient to bring the hydrocarbons to the surface. This 
has led to a considerable reduction in the flow rate, which 
can even lead to production shutdown [4-6]. To overcome 
this type of problem, activation methods involve reducing 
the hydrostatic column in the well [7-14]. This activation will 
cause formation fluids to flow into the well. In other words, 
the downhole pressure is reduced to allow hydrocarbons to 
be produced towards the surface. There are several activation 
methods: The progressive cavity pump [12], the sucker rod 
pump [13], the submerged electric pump [7,8], the plunger 
lift, the hydraulic pump and the gas lift [9-11]. ESP activation 
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The production in the basin named "X" (for confidential reasons) through the well called "Z" (for confidential reasons) 
located in the eastern part of the basin X decreases as time goes despite its activation by gas lift. The goal of the paper is 
to activate the well Z by converting its activation by gas lift to an electric submersible pump (ESP) in order to maximize its 
production. From the completion and PVT data processed in PIPESIM and integrating a number of calculations by nodal 
analysis and decline curve methods, the results obtained show that the well Z without activation does not produce. The 
activation of well Z by gas lift reveals that the optimal flow rate is 213 STB/d and is very low therefore economically 
uneconomic with a profitability of $721,214.663. The replacement of the gas lift activation by the ESP activation 
allows the well Z to provide an optimal flow rate of 1450 STB/d with a water percentage of 83.3% and a profitability 
of $6,525,693.13, guaranteeing an operation for thirteen years with a return on investment after eight months. This 
activation conversion from gas lift to ESP allows for the enhance of production from high percentage of water wells in the 
same geographical areas and to consider the reactivation of abandoned wells or wells that are assisted by other methods 
such as gas lift.
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is one of the feasible and sufficiently efficient methods of 
raising the productive flow rate of a depleting well without 
hindrance [15-17]. In the case of well Z, production, which 
was occurring naturally, began to fall as reservoir pressure 
decreased. This well was activated by gas lift and provided 
an optimum flow rate of 213 STB/d with a very low water 
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increase of 83.3%. The aim of this study is to propose a new 
technique, that of the submerged electric pump, in order to 
assess its effect on production. In other words, it involves 
activating the well by converting the gas lift into ESP.

To accomplish this work, it will be necessary to carry 
out a nodal analysis to assess the production status of the 
well; carry out a gas-lift design to show its performance on 
the well in terms of production flow rate; - carry out an ESP 
pump design to determine certain characteristics such as: The 
optimum depth, the number of stages and the operational 
flow rate; improve production through sensitivity analysis; 
draw up an economic balance sheet to justify the choice of 
method. To achieve these objectives, this study combines 
volumetric methods based on empirical formulae, and 
graphical methods based on the interpretation of charts 
applied to completion and PVT data for well Z. This paper is 
structured in two sections, apart from the introduction which 
represents the first section, the conclusion represents the last 
section and the bibliographical references: Section 2 presents 
the data, tools and methodology used. Section 3 presents the 
various results obtained.

Data, Methods and Results
The main data used are of two types: Completions data 

and reservoir PVT data. The data used to carry out the well 
activation are presented in Table 1.

PVT data for the reservoir are presented in Table 2.

The PIPESIM software, Excel software, nodal analysis, 
decline curve and economic evaluation methods are used to 
attain the aims of this paper.

Results of the activation of the well Z by using 
successively gas lift and ESP

The nodal analysis of well Z at its initial state without 
activation is presented in Figure 1.

Figure 1 shows that the well is not delivering any fluid to 
the surface because the blue curve (IPR: Inflow Performance 
Relation), which is the energy that the reservoir can supply, 
and the red curve (VLP: Vertical Flow Performance), which 
is the energy supplied by the well, do not intersect. It also 
shows that the reservoir pressure is lower than the pressure 
at the bottom of the well.

Activation of the well Z by using gas lift: Figure 2 is 
used to generate a maximum depth of gas injection into the 
production tubing and the optimum gas flow rate required to 
produce an optimum quantity of oil at the surface.

According to Figure 2, the intersection of the blue curve 
(showing oil recovery) and the red curve (characterizing 
gas injection pressure) gives the optimum gas injection rate 
(which is 525 MSC/D) on the x-axis, the oil production rate on 
the y-axis and the maximum injection depth (which is 8229 ft) 
on the right. The optimum point for injecting gas into well Z 
is calculated as a function of well height, well pressure, well 
temperature and the absolute open flow rate of the well 
at the time when the pressure at the bottom of the well is 
greater than the reservoir pressure, as shown in Figure 3.

In Figure 3, the intersection of the pressure curve, casing 
gas pressure curve and depth curve gives the maximum 
height at 8299.9 ft and at this depth the first valve is installed. 
The design of well Z before and after activation of the gas lift 
is shown in Figure 4.

The design of Well Z prior to gas lift activation is shown in 
Figure 4a. Figure 4b shows Well Z with four valves in which 
the first valve is at 8299 ft, the second is at 6598 ft, the third 
is at 4937 ft and the fourth is at 1576 ft. It is essentially made 
up of the production tubing, the conductor pipe, the surface 
casing, the intermediate casing, the production casing and 
the production packer and their various heights. The gas-lift 
diagnostic produced Figure 5.

In Figure 5, the intersection of the IPR curve in blue and 
VFP in red gives the flow rate produced by the well, which 

Table 1: Completion data.

Casing type Measured depth (ft) OD (inch) ID (inch) Grade

Conductor 800 20 18.376 X56

Surface 3500 16.53893 15.186 78 H40

Intermediate 6500 13.625 12.105 K45

Production 9000 7.625 6.435 C75

Tubing 8700 3.5 2.992 L80

Perforation 8872

Table 2: PVT reservoir data.

Parameters Values

GOR 120 scf/stb

Bubble pressure 2160.5 psi

Temperature 158 °F

PI (productivity index) 2 bpd/psi

Water cut 83.3%

API of the oil 26.4 API

Draw down 319 psi

Wellhead pressure 200 psi

Reservoir pressure 1335.45 psi

Choke 3 inch

Flowline (1500 ft horizontal distance) 4 inch

Reserves in place 5 million barrels
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Figure 1: Nodal analysis of well Z at initial state without activation.

         

Figure 2: Gas lift performance curve.
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Figure 3: Deepest injection point.

         

Figure 4: (a) Well Z design before gas lift activation and (b) Well Z design after gas lift activation.
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Activation of the well Z by using ESP: The ESP design after 
simulations gives the characteristics shown in Table 3.

Figure 6 shows the various parameters that help to 
optimize the ESP.

is 214 STB/d with a bottomhole pressure of 1224 psia. This 
means that the gas lift was well installed, as the pressure at 
the bottom of the well rose from 4,000 psia to 1,224 psia. To 
overcome this low flow problem, it is necessary to convert 
this gas lift activation to ESP.

         

Figure 5: Operating point after gas lift activation.

         

Figure 6: ESP performance curve.
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Table 3: Data results after ESP installation.

Pump results after simulations Parameter values

Pump model ODI RA 16

Pump power 132.2403 hp

Pump frequency 60 Hz

Pump suction pressure 316.1781 psi

Pump depths 8700 ft

Number of stages 338

Activation mode Presence of separator

Discharge pressure 3892.745 psi

Pressure difference 3576.567 psi

Dynamic depth (height of pump in tubing) 8508.639 ft

Operating flow 1298.484 STB/d

         

Figure 7: Design of the well Z activated by ESP.

Figure 7 presents the design of the well Z activated by ESP.

Figure 7 shows that the ESP is installed at a depth of 8700 
ft just above the perforation. The nodal analysis of the ESP-
activated well Z is shown in Figure 8.

The point at which the IPR and VLP meet gives the well 
flow rate and the bottomhole pressure of well Z as shown in 
Figure 8. Table 4 shows the operational flow rate including 
the operational pressure.

The results in Table 4 show an increase in operating 
point giving a high fluid flow rate equal to 1316.16 stb/d. 
There is almost a 3-fold increase in flow compared with gas 
lift activation. Despite this flow rate provided by the ESP-
activated Z-well, it is possible to improve it using sensitivity 
analysis. Table 5 shows the influence of wellhead pressure on 
the well Z activated by ESP.
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motor. It is preferable to produce with the same number of 
stages and modify the internal diameter of the flowline and the 
pump frequency. The sensitivity curves show the parameters 
on which the producer can act to make the pump even more 
efficient without modifying the basic equipment and without 
destroying the pump. Table 6 shows the optimum values to 
be taken into consideration to achieve better production in 
well Z.

Once the optimum parameters have been obtained, they 

Table 5 shows that for the same tubing diameter and a 
water level of 83.3%, reducing the wellhead pressure leads 
to a considerable increase in production flow. From Table 5, 
the wellhead pressure to be selected is 100 psia. The type of 
ESP chosen is ODI RA 16 and the reservoir frequency is set at 
65 Hz. When the frequency, number of stages and internal 
diameter of the flowline are significantly increased, the 
production flow rate increases, as shown in Figure 9.

Increasing the number of stages can put a load on the 

         

Figure 8: Nodal analysis of the well Z activated by ESP.

Table 4: Results of nodal analysis of the well Z activated by ESP.

Operating flow 1316.16 stb/d

Operating pressure 320 psi

Water Cut 83.3 %

GOR 120 scfd/stb

Table 5: Influence of pressure on the flow rate.

Well head pressure (psia) Flow rate (sbbl/day)

70 1449.927

150 1449.493

200 1448.784

Table 6: Optimum parameters.

Optimum parameters Optimum values

Number of stages 338

Head pressure 100 PSI

Frequency 65 Hz

Tubing diameter 4 Inch

Table 7: Economic evaluation of the activation of well Z by the ESP 
over 13 years.

T (year) qt (stb/d)
Quantity of oil per year 
(barrels)

0 1450 529250

1 1248.02657 455529.697

2 1074.18642 392078.043

3 924.56082 337464.699

4 795.776872 290458.558

5 684.931501 249999.998

6 589.526007 215176.992

7 507.409736 185204.554

8 436.731607 159407.037

9 375.898378 137202.908

10 323.538732 118091.637

11 278.472368 101642.414

12 239.83388 87484.4366

T = 3258990.97
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Figure 9: Frequency, flowline internal diameter and number of stages sensitivity curves.

         

Figure 10: Nodal analysis of the well Z activated by ESP by using optimum parameters.

consequence. The payback period for ESP-activated well Z is 
eight months. Table 8 shows the Capex and Opex of the gas 
lift activated well Z.

are replaced in well Z and simulated again in PIPESIM. The 
optimum flow rate obtained is 1450 STB/D with a bottom 
pressure of 115 psi, as shown in Figure 10.

Economic evaluation
The lifetime of well Z is determined using the exponential 

model shown in Figure 11.

Figure 11 shows that well Z has an operating life of thirteen 
years, as the flow rate at year thirteen is 239.68 STB/d greater 
than the gas lift flow rate (see Table 7).

The profitability of the pump is assessed over the thirteen 
years of production. The amount of reserves in place in well Z 
is 5 million barrels. Exploitation of well Z over thirteen years 
gives a quantity of oil extracted of 3,258,990.97 barrels and 
the quantity of reserves remaining in place is 1,741,009.027 
barrels. The return on investment is 0.80595687 per 

Table 8: Capex and Opex of the well Z activated by gas lift.

SERVICES (CAPEX) Cost ($)

Gas lift equipment 180 000$

Tax 0.31%

OPEX Cost ($)

Gas lift maintenance 20,000$

Water treatment 85,000$

Oil cost 8$

Price per barrel 95$

Energy costs
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activating well Z by ESP is seven times greater than that of gas 
lift. Hence the need to continue activation by ESP.

Conclusion
This paper focused on the Z well located to the east of 

the basin X. The aim was to increase production by replacing 
gas lift activation with an electric submerged pump in well 
Z. From a nodal analysis and a sensitivity analysis applied to 
the completion and PVT data, it emerged that: Well Z without 
activation was not producing due to the fact that the pressure 
at the bottom of well Z was higher than the reservoir pressure. 
By activating well Z using gas lift, we obtain a maximum liquid 
flow rate of 213 STB/d with water production of 83.3%, i.e. 
only 38.577 STB/d of oil. By activating well Z using ESP, we 
obtained an operational liquid flow rate of 1316.16 STB/d, i.e. 
217.1 STB/d of oil. After sensitivity analysis, a flow rate of 1450 
STB/d is obtained, i.e. 247.15 STB/d of oil. The profitability in 
one year of activating well Z by gas lift is $721,214.663 and 
that of the ESP is $6,525,693.13. ESP activation of well Z is 
therefore seven times more profitable than gas lift activation, 
and can lead to thirteen years of well operation with a return 
on investment after eight months.

Data Availability
The data used to support the findings of this study are 

included within the article.
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The cost of oil produced by well Z activated by gas lift in 
one year is $103,867.32 and the revenue over one year is 
$1,233,424.43. The taxes paid to the State are $370,027.629. 
The total expenditure for well Z activated by gas lift over one 
year, taking into account capex, opex, the cost of oil and tax, 
is $512,209.763. The cash flow (income - expenditure) for 
the Z well activated by gas lift over one year is $721,214.663. 
The capex and opex for the ESP-activated Z well are shown in 
Table 9.

The cost of oil produced by well Z activated by ESP in one 
year is $707,078 and the revenue in one year is $8,396,551.25. 
The taxes paid to the State in one year are $2,518,965.38. 
The total expenditure for well Z activated by ESP in one year 
is $3,520,168.38. The cash flow from ESP-activated well Z 
over thirteen years is $46,556,254.9. The net cash flow of 
ESP activated Well Z over thirteen years is $32,123,815.86. 
The net present value is $5,221,018.15. The profitability ratio 
of the project by activation of well Z by ESP and gas lift is 
7.2394731 (= 5221018.15/721214.663). The profitability of 

Table 9: Capex and Opex of the Z-well activated by the ESP.

SERVICES (CAPEX) Cost ($)

ESP equipment 200,000$

Tax 0.30%

OPEX Cost ($)

ESP maintenance 30,000$

Water treatment 85,000$

Oil cost 8$

Price per barrel 95$

Energy costs 25$

         

Figure 11: ESP-activated Z-well decay analysis curve.
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