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Abstract

Electric Submersible Pumps (ESPs) are a widely preferred solution
for artificial lift, particularly in high water-cut wells. This study
investigates troubleshooting and optimization techniques for ESP
installations, with a focus on the applications of Advanced Gas
Handlers (AGH) and Variable Speed Drives (VSD). It examines two
case studies: the Waha field equipped with an AGH and the Sarir
field employing an oversized pump. The primary objectives include
leveraging AGH capabilities to reduce tubing costs and enhance
production rates, as well as optimizing oversized pump performance
while evaluating the impact of surface chokes on ESP power
efficiency compared to VSD adjustments. Using Prosper software
for simulation and performance evaluation, along with Affinity laws
to analyze pump behavior under varying conditions, the study offers
valuable insights. Findings for the Waha field indicate that the
current installation of the AGH at a pump depth of 5,340 ft is
unnecessary, as the gas-liquid ratio can be effectively managed with
a standard pump intake. Relocating the pump to a shallower depth
of 2,800 ft is recommended, resulting in a production rate of 4,272.3
bbl/d, controlled gas fraction of 39% within AGH capacity, and
significant cost savings on cable and tubing. In the Sarir field, an
oversized pump was initially regulated using a 36" choke to achieve
atarget production rate of 2,834 STB/d at 150 psi wellhead pressure.
However, adjusting the pump speed via VSD to 43.9 Hz proved
more efficient, saving an excess head of 616 ft and reducing power
consumption, thus enhancing operational performance without
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relying on surface chokes. This study underscores the effectiveness
of AGH and VSD technologies in optimizing ESP operations.
Strategic adjustments to pump depth and speed can significantly
improve production efficiency and reduce operational costs,
particularly in high water-cut environments.

Keywords: Electric submersible pump, Advanced Gas Handler,
Variable Speed Drive, Wellhead choke.
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1. Introduction

1.1.Advanced Gas Handler (AGH)

Electric submersible pumps perform at highest efficiency when
pumping liquid only because the presence of free gas at the pump
intake has a negative effect on the pump’s performance, reducing
liquid rates and pressure added by the pump. ESPs are perhaps the
most efficient and economical lift method on a cost-per-barrel basis;
however, their capacity and efficiency are limited by depth and high
GOR [1]. In ideal conditions, wells producing gassy fluids would be
produced at pump intake pressures (PIPs) above the well fluid’s
bubble point pressure so that there is no free gas present at the pump
suction [2]. An AGH unit is a special multistage centrifugal pump
that can handle up to 45% of free gas at its suction. The AGH does
not separate gas from the liquid but homogenizes the gas-liquid
mixture so that it behaves very similar to a single-phase fluid and
poses no problem to the pump [2].
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Figure 1: Advanced gas handling device installations [3].

The main goal of an AGH design is to produce from wells that are
considered too gassy for the pump by avoiding gas-locking, which
can lead to disruptions in the work operations and possible
premature mechanical failure if not properly controlled [4]. AGH
components provide a way to produce at higher rates, which allows
the production of free gas that can help lift the fluids in the tubing
by reducing the weight of the fluid column. Additional advantages
include no surging and gas-locking in wells and lower bottom hole
pressure [5]. When implementing an AGH device, it is normally
installed down hole in series below a multistage ESP system pump
[5]. AGH can be used with a standard intake or with a gas separator.
The choice will depend on how much free gas will be present at the
intake for producing condition and on whether there is a packer
preventing gas production up the annulus [4, 6].

1.2.Variable Speed Drive (VSD)

VSDs have become a standard part of Electrical Submersible Pump
systems. The operational flexibility created by VSDs allows for
standardized pump designs, a wider operating range and improved
electrical efficiency [7]. A VSD unit is an ESP surface equipment.
It connects to the ESP motor and controls the pump’s rotational
speed. VSDs are designed with separate power and control
sections. This allows field staff to troubleshoot control,
communication, or instrumentation issues safely without exposure
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to dangerous voltage sources [8]. VSDs are used to provide a
controlled startup of the ESP and to adjust the ESP operating point
(speed) to suit the well characteristics, which change over time. The
use of a fixed speed motor would require frequent ESP change outs
to match the changing well conditions [9].

Figure 2: Variable Speed Drive (VSD) [10].

Compared to other artificial lift systems, ESP’s liquid capacity
cannot be changed because each specific ESP pump has a unique
restricted Recommended Operating Range, (ROR). If it is used
outside the specified range, pump and system efficiencies rapidly
decline resulting in mechanical issues leading to a complete system
failure ending in a workover job. Deviations from (ROR) are
ultimately due to poor designs or circumstances concerning
availability. In such cases, the possible solutions to eliminate these
problems are replacing the pump with the proper Recommended
Operating Range or using a VSD unit. However, using a wellhead
choke is another widely used solution.

The main objective of installing a choke is to control the flow rate
and pressure of the produced hydrocarbon at the wellhead. The
surface choke forces the ESP wunit to operate within its
Recommended Operating Range by restricting the flow rate.
However, this results in significant hydraulic losses across the
chokes leading to wasted power. VSDs can be used to easily address
the issues of undersized or oversized pumps leading to inefficient
energy usage and shorter pump life. The VSD unit changes the
frequency of the electric current driving the ESP motor which
significantly alters the pump’s head performance. The use of VSDs
to supply power to ESP systems offer numerous benefits, the most
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essential one being the ability to utilize the provided equipment in a
significantly wider range of liquid rates compared to what the
standard 60 Hz power supply offers. The consequences of flawed
designs, inaccurate information on well inflow conditions, etc., can
easily be resolved if ESP speed can be adjusted to the desired level.
By reducing the electrical frequency driving the ESP system to a
level where the head developed by the pump is equal to the head
required to produce the desired rate the choke is no longer needed
to adjust the pumping rate [9].

This study was conducted on two wells; one in Waha field with an
AGH device installed, and the other in Sarir field with an oversized
pump. The objective of this paper is to:

e Take advantage of the AGH device’s abilities.

e Minimize tubing cost and achieve higher production rates by
setting the pump at a shallow depth.

e Control the rate of an oversized pump.

e Highlight the negative effects of surface chokes on the power
efficiency of ESP systems in comparison to using VSD.

2. Previous Studies

Several previous studies about operation troubleshooting of Electric
Submersible pumps (ESPs) specifically that related to gas dealing
strategy and controlling oversized pumps as listed below:
Chengjian Li; Zongzhao Liu; Zhai Yang; Yinzheng Wang presented
a paper in 2000 addressing the application of a single VSD driving
several ESPs in offshore heavy oil. SZ36-1 oil field is the largest
developed offshore heavy oil field in China, located in Liaodong
Bay of Bohai, where the winter temperatures are extremely low, and
the water depth is about 30 m. The combined actions of heavy oil,
power supply system failure, low air temperature and cold sea water
make it difficult to restart ESPs after shutdown. What's worse, 1~2
sets of the ESP motors were damaged each time when restarting.
The conventional switchboard control mode dominated the vast
majority of ESP surface equipment. This mode is unable to soft-start
the ESP motor and damaged motor was the expected result when
restarting. VSDs, however, could provide soft-start function and
match with the production demands of heavy oil wells.

Now, ESPs can be softly started with the aid of the VSD. The device
can control multi-ESPs, thus reducing the areas of space-taking ESP
surface equipment. So far, 3 sets of this system have been installed
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in SZ36-1 oil field, controlling 40 ESP wells. The average run life
of ESP in this field has been increased from about 360 days to 460
days [11].

In 2003 Hisham A. Mubarak, Faroog A. Khan, and Mehmet M.
Oskay presented an article on the analysis and solutions of ESP
failures, with a case study in Ratawi field, Kuwait. A gas handler
device was deployed to regulate gas production when several cases
of “Gas Lock” was faced where the annulus (casing & tubing or
tubing & pump) were full of gases. The purpose of a gas handler
device was to pressurize the gas back into solution and produce it
with the oil through the pump [12].

Ismail Mahgoub, Mohamed Shahat, and Sayed Abd el fattah
provided an overview of ESP Applications in Western Desert of
Egypt in 2005. Khalda field was suffering from gas production
resulting in ESP gas locking problems, and the potential for
handling the massive amount of gas using the modern ESP
technologies to solve the issue of gas production and subsequently
increase ultimate recovery was examined.

The ESP string was equipped with a gas handler device to maintain
the gassy wells operating during production. The total cumulative
oil that was produced since utilizing this new technique was + 10.4
MMSTB till the end of the year of 2004 [13].

In 2008 V. G. Bedrin, M. M. Khasanov, Rinat Khabibullin, V. A.
Krasnov, A. A. Pashali, K.V. Litvinenko, V. A. Elichev, Mauricio
Prado conducted a comparison on high GLR ESP technology at the
Russian Oil and Gas Technical Conference in Moscow.

Rosneft Oil Company carried out field testing of ESP conditioning
technologies in high GOR wells under the project Systems of New
Technologies during 2006 and 2007. The tests conducted at the oil
fields were characterized by high liquid ratios.

Field tests proved that ESP could operate successfully with the
pump intake gas fraction up to 75%. In addition, it was estimated
that more than 100 wells would benefit from ESP gas handling
technologies in Purneftegas alone, yielding significant economic
impact for the company, increasing oil production by more than 700
tons/day [14].

Suat Bagci, Murat Kece, and Jocsiris Nava published a paper at the
International Oil and Gas Conference and Exhibition in China,
Beijing in 2010 outlining the challenges we face using ESPs in high
free gas applications. This study demonstrated the applications of
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Electric Submersible Pumps using a variety of gas handling
technologies based on actual field data for five wells.

The paper confirmed that ESP could operate successfully with the
pump intake gas fraction up to 75% through the use of appropriate
gas handling technologies and was concluded that some high PI
wells will benefit from ESPs with gas separation and/or gas
handling systems when operating at flowing bottom hole pressures
significantly below the bubble point pressure. For all wells,
however, ESPs with gas separation systems can provide a better
means of unloading the liquids and achieve the production targets at
the design conditions [15].

In 2011 Gabor Takacs released a study on improving system
efficiencies of ESP installations controlled by surface chokes. The
paper addresses the negative effects of wellhead chokes and
highlights the benefits of using a VSD. This study focuses on
improving efficiency, reducing energy consumption, and enhancing
ESP performance.

Calculations were performed on a group of wells from the same field
to increase the efficiency of ESP wells on surface choke control.
The application of VSD units was assumed and the required
operational frequencies were determined. The total electrical power
requirement for the studied group of wells has significantly reduced
to almost one-third of the original, going from 606 kW down to 211
kKW. Results clearly indicate that using VSDs to control the
production rate of ESP wells is a far more effective solution than the
wellhead choking adopted in field practice [16].

Ibrahim Hrari presented a paper in 2022 on improving poor ESP
systems operated by surface chokes with the application of variable
speed drives and conducted a case study on well (C-88-65) in Sarir
field, Libya. The study talks about the challenges faced when
controlling flow rates in oversized ESP pumps using surface chokes
and it proposes an alternative solution using VSDs.

Results show that the pressure wasted across the choke was 445 psi,
but by using a VSD, the pump can operate at the obtained frequency
found by using the Affinity laws which was determined to be 42.38
Hz to meet the required flow rate.

It was concluded that the application of a VSD unit would make the
pump produce at the required conditions without choking back the
pump which is viewed to be a better option in terms of power saving,
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protecting the well flow equipment from being subjected to high
pressures and extending the pump’s run life [17].

3. Methodology

Two methodologies are applied in this study; one is totally
dependent on applying the Prosper Software, which is a reliable well
performance analysis Software, and it is used to optimize or best
seize the installation of AGH.

The other is applied to obtain the choke bean size required for
choking back the unit and the consequent power loss, as well as
introducing the Affinity Laws to obtain the required Hertz reduction
as a superior solution to applying chokes for rate control. Both
methodologies are demonstrated below by flowcharts.

3.1 Applying AGH:

The following workflow chart, figure (3) describes the Prosper
simulation flowchart applied. It starts with common ESP design
steps that ends with calculating the total dynamic head required to
produce the well at the desired conditions applying gas separation
sensitivity at different values of pump sitting depth to see whether a
gas dealing device is needed using Dunbar factor chart. This is
applied twice at current pump depth to analyze the current pump
performance and at assumed depth that gives a gas fraction with in
AGH capability. Finally, a comparison of pump performance in
both cases is generated.

Generate R
Deviation Downhole Geothermal 5

IPR " ystem =

survey u equipment B cradient W (3 variables) P VB

plot

curve

Sctup
the

model

Flowing well

System
Pump
- ESP Gas Furp, Head Discharge
de separation motor and Performance Pressure vs
sign b sensitivity able [ Covesof [ VLP
plot selection pump Pressure
Curves

Figure 3: AGH simulation workflow
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3.2 Applying VSD:

Figure (4) demonstrates a flowchart followed for the second case
study about controlling the flow rate of an oversized pump. It starts
with common ESP design steps that ends with calculating the total
dynamic head required to produce the well at the desired conditions.
And depending on that the required number of stages is calculated
and compared with the currently installed unit. Then the excessive
head is calculated and a choke bean size required to cut the
production back is obtained applying Gilbert equation. Finally,
applying the Affinity laws; equation (2), the required hertz to
generate the required head to produce the required rate with the
same current number of stages is calculated.

Well
head
pressure
(pvh)
Efficiency ?ump
Quick Look
. Average Net Total
M Gama 2 X o
ﬂ@mum average fluid vertical e - L
(ou-m)e 3 |gav;) = aradient B (pwid) W i M| head  [®| selection VSD
q max| g £ st
(frg) (NVL) (TDH) ) P Application
T 1
TAP Number Excessive
friction Head/Stage o ofstages head
3
Chock
adjustment

Figure 4: Rate control flowchart

3.3 The Affinity Laws:
The affinity laws, equations (1, 2 and 3) relate variables involved in
pump performance such as (head, flow rate, shaft speed) with power

[9].

RPM?2
Flowgpyz) = Flow (®RPM1) X (W) =
RPM2\?
Headgpyz) = Head (RPM1) X (W) @
RPM2:\3
BHP (gpmz) = BHP pyq) ¥ (W) (3)
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3.4 Used data
Table 1: Well, reservoir and fluid data

Advanced gas handeler case Variable Speed drive case
Field Waha Field Sarir
reservoir Defa Reef Perforation depth (ft) | 8548
If(t))p (Bf;))ttom Casing size 7
Perforation 5530 5570 b <ine o
5580 | 5620 g '
Casing size 7" Allowable oil (stb/d) | 1300
L " Allowable water
Tubing size 35 (sth/d) 1300
Reservoir Oil formation volume
temperature f 158 factor (Bo) (bbl/stb) 114
Reservoir pressure water formation
(os) P 2320 volume factor (Bw) | 1.04
P (bbl/stb)
Productivity index Water gradient
(stb/d/psi) 26 (psi/ft) 0.480
Well head pressure 5 il aradi i/ft )
(psi) 00 oil gradient (psi/ft) 0.320
Well head 110 Res_erv0|r pressure 2970
temperature f (psi)
Desired fluid rate Saturation pressure
(stb/d) +/- 2500 (psi) 650
Productivity index
0,
Water cut (%) 75 (stb/d/psi) 15
API gravity 36.5 Note:
il rati R X .
gi:/gt'b)ra“o GO 330 GN-3200 with 110 stages has to
: be installed due to availability
Bubble point ) .
- 1372 considerations. Perform
pressure (psi) .
. production test, Sonolog and
Gas gravity 0.78 - .
Water aravit 104 adjust the chock in order to
gravity : keep production rate in pump
capacity range.

4. Results and Discussion

Results of both cases; optimizing unit depth to obtain full use of
installing AGH and controlling the flow rate by applying both
surface choke and VSD are manifested below.

Results of both cases; optimizing unit depth to obtain full use of
installing AGH and controlling the flow rate by applying both
surface choke and VVSD are manifested below.
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4.1 Results of AGH application:

4.1.1 Pump performance at current installation depth of 5340
ft:

v" Input data.
Calculate I Designl Done | Cancell Hepmtl Enportl Help

—Input D ata

Pump depth [Measured] ||5340 feet
Operating Frequency ||EQ Hertz
Maximum 0D |6 inches
Length OFf Cable [5440 feet
Gas Separator Efficiency o percent
Design Rate |2500 STE/day
wiater Cut |75 percent
Total GOR ||330 scf/STB
Top Mode Pressure ZUD— psig
Motor Power S afety Margin |0 percent
Pump ‘Wwear Factor ||0 fraction

Pipe Comrelation || Beggs and Erill
Tubing Conelation || Petroleurn Experts 2
Gas DeRating Model || <rone:

[«f ¢4

Figure 5: Input data

v' Software calculated results

Average Cable Temperature

148.877

Done | Calculate | Main | Help ‘ Export | Sensitivity ‘
Pump Intake Pressure 125865 [psig)
Pump Intake Temperatwe 157912 (degF)
Pump Intake Rate 2676.82 [RB/day)
Free GOR Entering Pump ~ 25.0473 [scf/STR)
Pump Dischaige Presswe  2316.43 (psia)
Pump Dischage Rate 264369 [RE/day)
Total GOR Above Pump 330 [sct/STR)
Mass Flow Rate 833014 (Ibrn/day]
Total Fluid Gravity 096739
Average Downhole Rate 2651.08 [RB /day]
Head Required 252475 [feet)
Actual Head Required 252475 [feet)
Fluid Power Required 476105 (hp)

GLA @ Pump Intake (VA) - 0011901 [fraction)
(as Fraction @ Pump Intake  0.011761 [fraction)
Bo @ Pump Intake 1.18021 [RB/STE)
By @ Pump Intake 0011297 ft3/scl

Figure 6: Software calculated results

Figure (6) shows a gas fraction of 0.011761 at the current pump
depth which is within the applicability range of a standard intake
and using AGH is not necessary as it can be seen in Dunbar factor
graph, figure (7) the operating pressure is above the Dunbar factor

line.
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v' Gas separation sensitivity:

‘Dunbar Factor

Intake Pressure (psig;

[ Gas LiuidRatio V) |

Figure 7: Gas separation sensitivity

v Design results:

252475 125865
%508 | 2676.82
096733 2316.43
X043 264369
330 833014
G 148.877

REDA GN2500 5.13 inches (1800-3100 RB/day]
Boret EDB125-117B5 168HP 25200 434
#1 Aluminium 0.33 [Volts/1000ft) 95 (amps) max

Figure 8: Design results
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v Pump performance:
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Figure 9: Pump performance

The following figure, figure (9), shows pump performance curve at
the current condition with 64 stages as design results show in figure
(8). It's obvious that the pump is operating within the recommended
range.
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4.1.2 Pump performance at shallower installation depth of

2800 ft:

v Input data with zero gas separation efficiency.

Begas and Brill
Petroleurn Experts 2

<none>

Figure 10: Input data

Figure 10 above shows the input data with shallower pump depth of
2800 ft with the assumption of zero % separation efficiency as AGH

is installed.

v' Software calculated results.

Pump Intake Pressure 265,603 [psig)
Pump Intake Temperature ~ 148.85 (deg F)
Pump Intake Rate 42723 [RB/day)
Free GOR Entering Pump ~ 261.034 [sct/STE)
Pump Discharge Pressure 123291 [psig)
Pump Dischage Rate 2680.89 [RB/day)
Total GOR Above Pump 330 [sct/STE)
Mass Flow Rate 899014 (lbrm/day)
Total Fluid Gravity 0.83401

Average Downhole Rate 3075.06 (RB/day]
Head Required 2678.04 [feet]
Actual Head Required 2678.04 [feet)
Fluid Power Required 505012 [hp)

GLR @ Pump Intake [VA/)  0.6646 [fraction)
(3as Fraction (@ Pump Intake  0.33926 [fraction]
Bo (@ Pump Intake 1.05271 (RB/STE)
Bg @ Pump Intake 0.058635 ft3/scf
Average Cable Temperature  143.193 [deg F)

Figure 11: Software calculated results
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Figure (11) shows the calculated results with AGH installation, a
gas fraction of 0.399 at shallower pump depth of 2800 ft which
manifests the maximum percentage that AGHSs can handle. And as
it can be seen in Dunbar factor graph, figure (12) the operating
pressure is below the Dunbar factor line at zero separation efficiency
indicating the need to use AGH.

v' Gas separation sensitivity:

< 3=

28

Gas Liquid Ratio (V)

(Gas Separation Sensitivity Plot ( 06/08/2024 - 18:09:39)

I (BT I TR P () 1
Figure 12: Gas separation sensitivity
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v" Design results:
‘ Done I Cancel I Main Help Plot

" Input Data
Head Required | 2678.04 feet Pump Intake Pressure | 265.609 psig
Average Downhole Rate | 3075.06 RB/day Pump Intake Rate | 4272.3 REB/day
Total Fluid Grawity | 083401 sp. gravity Pump Discharge Pressure | 1232.91 psig
Free GOR Below Pump | 261.034 scf/STB Pump Discharge Rate | 2620289 RB/day
Total GOR Above Pump | 330 scf/STB Pump Mass Flow Rate | 833014 Ibm/day
Pump Inlet Temperature | 14885 degF Average Cable Temperature | 143.153 degF
Select Pump | REDA GN2500 5.13 inches [1800-3100 RE /day) -
Select Motor | Boret EDB125-117B5 168HP 2520 494 Jiad
Select Cable | #1 Aluminium 0.33 (Volts/1000ft) 95 (amps) max Jhd
Results —
Number Of Stages | 85 Motor Efficiency | 83.9391 percent
Power Required | 92.3705 hp Power Generated | 92.3705 hp
Pump Efficiency 553023 percent Mator Speed | 355431 rpm
Pump Outlet Temperature | 155.612 degF Voltage Drop Along Cable | 13.6397 Wolts
Current Used | 126537 amps Woltage Required At Surface [253384 | Volts
Surface KV4 | 55,5295 Torque On Shaft | 136.494 Ib.ft

Figure 13: Design results

The following figure, figure (14), shows pump performance curve
at depth of 2800 ft with 85 stages as design results show in figure
(13). It's obvious that the pump is operating at the edge of the
recommended range but still within the recommended range.

v" Pump performance

e et

e
|

/

Operaing s (RB)

REDA- GN2500- §5 STAGE(S) 06082024 - 18:11:34)

L UL L L 1

Figure 14: Pump performance
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The results of both current and recommended pump depth are
compared in table 2 below:
Table 2: Results comparison

At current depth of | At depth of 2800
5340 ft ft

Length of cable (ft) 5440 2900

PIP (psig) 1258.65 265.609

Pump intake rate (RB/d) 2676.82 4272.3

Free GOR entering the pump (scf/stb) 25.0473 261.034

Head required (ft) 2524.75 2678.04

Gas fraction at pump intake 0.011761 0.39926

No. of stages 64 85

4.2 VSD application results:

Results were obtained according to a total dynamic head (TDH) of
2056 feet that is required to produce the required rate of 2834
(bblid).

»= Pump selection:

Based on the casing size and the desired flow rate, (GN3200) pump
type is selected.

Reda Pump Performance Cunee
GMN3200
540 Series - 1 Stage(s)
Rewv A Fluid Specific Grawvity O
Feet =

7o

— ] 70 H
= - —F

GO

E
T
—— — =

.
— B ]
=
]

50 == 50
—— e
I —
—|55 1= —
— =

T
— 150 H=

30

20

10

Hp = IR =
2.25 t ==

2.00 = = 5 =

A= == ===—C-1

1.50

1.25 = ¥ 55 H:

i

1.00 =0 Hz
0.75

0.50
0.25

i

2,000 3,000 4,000 5,000 &, 000
Capacity - Barrels per Day

Figure 15: Pump performance curve

Head/stage = 26.2 ft/stage
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= Number of stages:

TDH 2056
no.of stages = w—— = 262 - 78 stages
stage

Actual no.of stages = 102 stages
The required rate of 2834 (bbl/d) can be produced using only 78
stg, and to produce the same rate (2834 bbl/d) with 102 stg, one of
the following methods can be applied.
a. Choke adjustment:

Head 2056 ft

= = 20.15—

stage 102 stg
c - <m>_20.15ft_614(m>
onverting to stg) 328m - 145y

According to chart below, rate is 541 (%3) , (3400 %) which is at

the edge of the ROR.

GN3200850 Hz 1 2817 RPM___Pump Performance Curve 540 Series - 1 Stage(s) - Sp. Gr. 1.00

REDA Production SyStem$ e s e B . | e oo 3316

Shaft Diaerster 222 em Housing Burst Pressure Lavst Sandxd 34475 000

Shaft Cross Sectional Avea 188 o' Butvess 41370000

Rev. A Mirsmuen Casing Se 168 om Welded 41370090

Meters ! Hp Eff
15.00 f——1—1— - — o ———] 3.00 60%
AN
t '
12.50 — - 2.50 50%
=
— h
— \\
10.00 - 1 2.00 40%
= A}
7.50 - 4 - 1.50 30%
= £ < & G
=] \Y
: \
5.00 — - 1.00 20%
7 I =
14 - — e
250 [ ~ ir] e o
1
Z \!
0 100 500 541 600 700

200 300 400
Capacity - Cubic Meters per Day
Figure 16: Pump performance curve

Head generated by 102 stgs = 102 * 26.2 = 2672 ft
With 78 stg head generated is 2056 ft.
(excessive head) = 2672 - 2056 = 616 ft
si
Excessive head in psi: 616 ft * O.4z;—t
= 246 psi "must be wasted through the choke"
The choke must be adjusted to maintain an upstream pressure of 396
psi and downstream pressure (Whp) of 150 psi.
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Choke (bean) size calculation using Gilbert equation:
435R0.546Q
= 189

0-546
1-f*‘9j435 % (ﬂ) « 2834

1000

d = 396
b. Application of VSD:
The Affinity Laws are applied to obtain the frequency at which the
motor will operate to produce 2834 bbl/d using 102 stg.
head/(stage ) corresponding to excessive head 616/102

= 6ft
head/(stage ) to produce 2834 bbl
/d using 102 stg: 26.2- 6 = 20.2 ft

Hz

2
The frequency corresponding to 20.2 ft = head at 50 * (%) -

= 36/64"

Hz

2
202 = 262 * (5) - Hz = 439 Hz

Adjusting the motor frequency to 43.9 Hz, 102 stg would produce

2834 (bbl)
=),

Reda Pump Performance Curve
GN3Z200
51D Sernes - 1 Stage(s)

R A Fludd Spedilie Gy O
Feet —
To
'I'F-D;-
o ==
s st
== s
— =
20 = = e r=—}
=] =
26.2 3: ‘jls- =
20.2 20 L
43.0 HZ =
10 + : ) : m
LJ = LY
Hp + L-—%‘
2.2% ——— — —t __?'BI'E —— —
P00 —F o5 HE
1.75 —f—t 1+ — —t 11—
1.50 = = = ~=— =
125
1.00
o.75
.50
025
llII'IIlI[llllllllil]llll'lllll
o 1,000 2000 I o000 AO0D HOO0 000
Capacity - Barrels per Doy
Figure 17: Pump performance curve
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5. Conclusion

According to Prosper software results, gas fraction entering the
pump at the initial depth of 5340 ft is 1.17%. Therefore, using an
AGH device is not required. And since it was intended to install the
device regardless, results indicate that installing the AGH device at
a lower depth of 2800 ft shows a significant increase in production
rate. Setting the pump at 2800 ft poses no issues regarding free gas
entering the pump even when the pump intake pressure is below
bubble point, as AGHSs can handle up to 45% of free gas at its intake,
and Software results show that at this depth free gas entering the
pump is 39%. Regarding the VSD case study, to produce the desired
rate of 2834 bbl/d using (GN3200) pump, only 78 Stgs are required.
However, given its lack of availability, the company installed a
pump with 102 Stgs and instructed to adjust the choke to maintain
the production rate within the pump's capacity range. According to
Gilbert equation, 36" bean size should be used to produce the
required rate. Applying the Affinity Laws, a frequency of 43.9 HZ
was obtained to run the motor to produce the desired rate of 2834
bbl/d using the currently installed number of stages 102 Stgs. Final
results clearly indicate that significant electric power savings are
possible if production control is executed by VSDs rather than the
present practice of using surface chokes.
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