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Abstract

Production from an offshore oil field — named as X — would be under natural depletion
mechanism according to development plan of 25 years from 4 horizontal wells. Natural
production plateau time of X oil field will be 6 years, so in order to preserve production
Electrical Submersible Pump,  plateau of the filed longer, it should be added some source of energy to the wells to
Production, compensate pressure drop within the wellbores. One of the practical methods is using
Recovery Factor. artificial lift and for this purpose Electrical Submersible Pump (ESP) is designed for each of
4 horizontal well in this reservoir. In this paper all pump features and its designing
parameters will be presented. To accomplish the sensitivity analysis on design variables, it
needs to make the Inflow Performance Relationship (IPR) model, and outflow model is
combined with the inflow model to get a solution point on the rate and bottom-hole pressure
of the wells. Finally different values of design variables are applied to the model to
investigate the possible variations of the production also its impact on reservoir recovery
factor. As a result reservoir recovery factor increases to 8.91 and 11.66 percentages in
scenarios of production with different type of ESPs in wells, in front of 6.6% recovery in
natural depletion.
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1. Introduction

Drilling mud, Production from an offshore oil field
—named as X — would be under natural depletion
mechanism according to development plan of 25
years from 4 horizontal wells. Field oil production
of 10000 STB/day is employed for model constrain
According to the field potential. Since minimum
required well head pressure for each well is 400
psia, natural production plateau of the field will be

6 years (Production plateau starts decreasing
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because wells reach to well head pressure
constrain). So, in order to preserve production
plateau of the filed longer, it should be added some
source of energy in to the well to compensate
pressure drop within the wellbore. For this purpose,
artificial lift can be utilized in such a way that
lifting the fluids in the well to the surface with at
least 400 psia well head pressure. One of the best

artificial methods which can be used in offshore
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field is Electrical Submersible Pump (ESP). As a
matter of fact, ESP is the only down-hole pump
that can be used in offshore field and other down-
hole pumps like SRP and PCP because of their
limitation such as their weight and space cannot be
used in offshore field. In this section, two types of
ESP is designed in X field. In the first design, low
horse power pump is used and in the second cases,
high horse power pump is utilized. In this paper all
pump features and its designing parameters also its
impact on reservoir recovery factor will be

presented.

2. Methodology

For ESP design in a typical well of this reservoir,
the main inputs into the calculations are PVT
parameters and tables as well as Reservoir
parameters. Figurel demonstrates the well sketch
for typical prediction well in X field. According to
this figure, the well is horizontal and is completed
as open hole. Table also shows details deviation

survey of this well.

Basic parameters for ESP Design considered as

follows:

Pump Depth: As a general, Pump setting depth in
the well should be set in a manner that low amount
of free gas can enter to the pump. Pump
manufacturer state that, maximum 10% of the total
liquid which enter to pump can be free gas. It
means allowable amount of the gas that can be
entering to pump should be only 10 % of the total
liquid. Free gas more than 10% causes severe
problem such as pump gas locking. So, the more
the pump setting depth, the less the amount of gas
enters to the pump. Although setting pump at
higher depth decrease risk of the pump gas locking,

the economic aspects should be considered too
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because the more the pump setting depth, the more
the economic cost. There are several reasons to find
the optimum pump setting depth as following:
Because of the high uncertainty in X oil field and in
order to avoid pump gas locking, it is better to set
the pump as deep as it can. In the other hand high
amount of the impurities in hydrocarbon fluid
(mole percent of CO2 and H2S is 2.15 and 0.69
respectively) can be corrosive for Casing, so using
tubing in the well can protect casing. As a result,
setting the pump deeper, isolate the casing from
being corrosion. To sum up, pump setting depth is
set in 3600 mss near the liner hanger of 7 inch in
wells of X field.

Gas Separator: Although no free gas enters to
pump, reservoir depletion will be occurring by
increasing production time. Consequently by
falling bottom-hole pressure below bubble point
pressure, solution gas can be separated from the oil
and causes pump gas locking in near future.
Installing gas separator which located at the pump
inlet can be separate the gas to the annulus and
avoid pump to be gas locked. Normal gas separator
efficiency is 70% which is considered in this

design.

Length of Cable: Length of the cable can be easily
measures by adding pump setting depth with
surface distance. In this case, pump setting depth is
3600 mss and 100 m distances is considered for
surface facilities. So, 3700 meter cable is needed. It
is noted that, Beggs and Brill correlation is taken as
outflow correlation for study in X field. After
defining the main designing parameters, Prosper
calculates all design requirements such as pump
intake pressure and pump discharge pressure.
Figure 2 demonstrates all calculation parameters
for electrical submersible pump.
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Measured | True Vertical | Cumulative Angle
Depth Depth Displacement (degrgees)
(m) (m) (m)
18 58"
0 0 0 0
1000 1000 0 0
1044 1043 933 1224
13 | 3876 3336 167137 35.94
2017 3340 181231 88.37
2157 3344 1952.25 8836
3293 3348 2088.19 8831
4430 3352 222514 8833
4569 3357 2364.05 87.04
4716 3362 251096 88.05
08 4880 3369 267481 87,55
3876
5063 3376 2857.68 8781
™ 5254 3387 3048.36 86.70
5449 3398 3243.05 86.77

Fig. 1: Prediction well sketch & table for deviation survey of prediction well.

ESP Design (Typical Prediction Well. Out) (Matched PYT) DESIGN REQLTIRB\JE‘\.TS
Desn || ore || Concel | Resot || £t || 1o | Well Head Pressure 400 @s12)
r m“'l\-m o Flowmg Bottom-hole _
"""""' ﬁ‘;; — Pressure 3422 (@s12)
Masseam 00 |7 nches 7
T — Water Cut 10 (percent)
Gas Sepanater Eficaency |7 pescent
Deson Rate ;om [STB/dw Pump Frequency 50 (Hertz)
‘Watex Cut |10 pescent =
Touw 60A [ irsTe Pump Intake Pressure 3176 (@s12)
Tops Node Prease | 403 ous
Mtor Powes Sabety Margn [0 pavcent Pump Intake Temperature 233 (deg F)
Pumo Wear Factr [0 faction
Pon Contation [Eeoo: sriibrd - Pump Intake Rate 4365 (RB/day)
Tuberg Conelation | Beggs ard Brll 0951 47 -
Gas DeRating Model | rcre - Free GOR Entermg Pump 0 (sc’STB)
Pump Discharge Pressure 3704 (ps1a)
Pump Discharge Rate 4204 (RB/day)
Total GOR Above Pump 465 (5¢f'STB)
Mass Flow Rate 1239060 | (lbmyday)
Total Fluid Gravity 0.8164
Average Down-hole Rate 43292 (RB/day)
Head Required 455.59 (m)
Actual Head Required 455.59 (m)
Fluid Power Required 38.84 (bp)
GLR @ Pump Intake (V/V) 0 (fraction)
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Fig. 2: Represents ESP main design parameters.
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Since X reservoir pressure is 4200 psia and bubble
point pressure is 2700 psia, free GOR Entering
Pump is zero. But as producing time increases,
reservoir depletion occurs and cause separating of
the solution gas from oil. So, installing gas
separation in intake of pump reduces possibility of
pump gas locking. As it is pointed out before,
Maximum allowable free gas in pump is 10% of

total liquid and by calculation, pump gas lock does

not happen when maximum free gas (in pump
intake) is reaching to 200 Scf/Sth. So, well gas oil
ratio constrain of 600 Scf/Stb is considered in
prediction model of petrel package because this gas
oil ratio in pump intake pressure will be 200
Scf/Sth. After calculation all design parameters,
motor and pump selection should be done. Figure 3
shows motor, pump and also cable selection

parameters.

ESP Design ~ (Matched PVT)

Done I Cancel | Main | Help |

Plot ]

Input Data
Head Required | 581.08 m

Pump Intake Pressure | 3165.05 psia

Average Downhole Rate | 4938.24 RB/day
Total Fluid Gravity | 0.81803 sp. gravity

Pump Intake Rate | 4991.44 RB/day
Pump Discharge Pressure | 3840.46 psia

Free GOR Below Pump | 0 scf/STB
Total GOR Above Pump | 465 scf/STB

Pump Discharge Rate | 4889.12 RB/day
Pump Mass Flow Rate | 1416063 Ibm/day

Pump Inlet Temperature | 233.261 degF

Average Cable Temperature | 211.898 degF

Select Pump | REDA GN5200 5.13 inches (3300-6600 RB/day)

Select Motor | Reda 456_91_Std 120HP 950 66.54

Select Cable | #1 Aluminium  0.33 (Volts/1000ft)

[« ||« ]«

95 (amps) max

~Results
Number Of Stages | 106

Motor Efficiency | 83.1053 percent

Power Required | 95.7896 hp
Pump Efficiency | 65.5978 percent

Power Generated | 95.7896 hp
Motor Speed | 2888.36 1pm

Pump Outlet Temperature | 235.939 deg F
Current Used | 64.6531 amps

Voltage Drop Along Cable | 331.033 Volts
Voltage Required At Surface | 1281.03 Volts

Surface KVA | 143.453

Torque On Shaft | 174.181 Ib.ft

Fig. 3: Motor, pump and also cable selection.

Since X field located is an offshore field and
providing electrical facilities accomplish with
many limitation, one important consideration for
motor selection is motor voltage that low voltage
motor should be selected. Error! Reference
source not found. shows the selected variables for
generation of the VLP (VFP) tables.
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Table 1: Selected variables for calculation of VLP
curves.

WHP, psig | 100 | 300 | 600 | 800 | 1000

GOR, 200 | 400 | 600 | 800 | 1000
SCF/STB

WCT, % 0 10 |20 |30 |50

Error! Reference source not found. exhibits

generated VVLP curves for all variables showed in
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Table 1. The VLP tables can be exported for
Eclipse simulator afterwards. In the following, it
will be investigated how the production is affected
by following items: The sizes of Tubing string and
Motor  operation  frequency variation. To
accomplish the sensitivity analysis on mentioned
variables, we are going to need to make the Inflow
Performance Relationship (IPR) model. In order to
do that, Because of having Pl and corresponding

reservoir pressure from well test and static pressure

analyses on the same date as test points, Pl entry
model is selected among the most precise models
of inflow into a well. Afterwards, the outflow
model is combined with the inflow model to get a
solution point on the rate and bottom-hole pressure
of the well. The different values of above variables
can then be applied to the model to investigate the

possible variations of the production.

VLP (TUBING) CURVES

7420.39)

6024.38

4628 37|

Pressure_(psia)

Variables

1:Water Cut (percent)

1
0=0
1=10.000
2=20.000
3=30.000
4=50.000

7550

10000

[ Liquid Rate_(S1B/day)

PVT Method Black Oil
Fluid Oil
Flow Type Tubing
Well Type Prodi
Avtificial Lift Elec
Lift Type
Predicting Pressure and Temperature (offshore)
‘Temperature Model Rough Approximation
Company
Eield

| Submersible Pump

Bottom Measured Depth 3876.0 (m)
Bottom True Vertical Depth 3336.0 (m)
Surface Equipment Correlation Beggs and Bril
Vertical Lift Correlation Beggs and Brill 0.95 1.47

ESP Pump REDA - GN52
ESP Motor Reda
ESP Cable #1 Auminium

00
1.8

Fig. 4: VLP curves for all cases.

Tubing Size: different tubing outer diameters that
are varied in the well model to investigate the
effect of tubing sizes on the production wells are 5,
4.5 and 3.5 in. Figure 5 and Figure 6 show the
solution points of the inflow-outflow system and
the sensitivity plot for varied tubing diameters
respectively (The diameters shown in the figures

are ID's). Considering the oil rate variations of the
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sensitivity plot indicates that a 5" tubing gives the
maximum production in such wells. But in order to
avoid liquid hold up in future (it has been checked
in simulation model), it is better to use 3.5" tubing
with pump. But generally, different tubing sizes
don't significantly change the production (only
700bbl/day changes).
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Flump Discharge Pressure v VLP Pressure Plot

7025.97 Variabies
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Proticlig Prossure end Tempersiure {offshore) Vertice Lt Comsiefon Begos and Bri 005141 C el
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Fig/ 5: System solutions for varied tubing size.
Sensitivity Plot
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e
4004 .51
3791.21
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PVT Method Eﬂack oil First Node Pressure 400.00 (psia) Inflow Type Single Branc!
Flid Oil Bottom Measured Depth 3876.0 (m) Completion Open Hole
Flow Type Tubing Bottom True Vertical Depth 3336.0 (m) Sand Control None
Well T Produc:
Artificial L1t Eloctioal Submersible Pump Surface Equipment Correlation Begas and Bill Gas Coning No
Lift Type Vertical Lift Correlation Beggs and Bl 0.95 147 Rsseryolr Model P Erby
ressure and Temperature (offshore) "
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Fig/ 6: Oil rate vs. varied tubing size.
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Motor operation frequency variation: various motor
operation values that are varied in the well model
to investigate the effect of motor operation
frequency variations on the production of wells are
40, 50 and 60 Hertz. It should be mentioned that
purpose of motor operation frequency sensitivity
analysis is to simulate the effect of motor speed
into production of the well. Figure 7 and Figure 8

show the solution points of the inflow-outflow

system and the sensitivity plot for varied motor
operation frequency values. Focusing on the oil rate
variations of the sensitivity plot indicates that
different motor operation frequency values
significantly change the production. It means
increasing motor operation frequency from 40 to 60
scf/STB results

bbl/day in production.

in increased amount of 1200

Flump Discharge Pressure v VLP Pressure Plot

7025.97

5273.15]..... 7

z Variables
d T Operating Frequency (Hertz)
1

3520.33

Pressure_(psia)

1767.51

14 696|

3403 97 6794 35

10184 7
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Top Node Pressur
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Vertical Lift Correlatior
Solution Nodk
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Fig. 7: System solutions for varied motor operation frequency values.

Figure 9 shows field oil production rate for
different cases of natural depletion and artificial
lift. According to relative plots using ESP with 60
HP motor would increase the production plateau
time to 8 years however it can be reached to 9.5
years in case of using ESP with power of 120 HP.
It is important to know that the wells will be shut in
scenario of 120 HP pump, because reaching to
GOR constrain of pump. Reservoir recovery factor

increases to 8.91 and 11.66 in scenarios of
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production with ESP in front of 6.6% recovery in

natural depletion.
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Fig. 8: Oil rate vs. varied motor operation frequency values.
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Fig. 9: Field oil production rate and cumulative production for natural depletion and ESP.
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3. Conclusions and Recommendations

For utilizing electrical submersible pump in wells
in X field, the following items can be wrapped up;
Installing ESP in 3600m causes producing of
3500bbl/day. Since pump Gas locking is a major
reason for pump break down, very precise
calculation should be done for evaluation amount
of free gas in pump intake in period of pump
working days. Although using high horse power
(HP) pump is expensive, production improvement
will be more than the low HP pump. Different
tubing sizes do not significantly change the
production rate so the optimum size for preventing
liquid hold up in the wells is 3 1/2" tubing.
Different motor operation frequency values
significantly change the production. It should be
mentioned that it is better to use surface variable
frequency drive (VFD) to be able altering the motor

frequency drive during ESP working.
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