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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
plateau of the filed longer, it should be added some source of energy to the wells to
compensate pressure drop within the wellbores. One of the practical methods is using
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

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. Figure1 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

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

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/Stb. 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/Stb. After calculation all design parameters,

motor and pump selection should be done. Figure 3

shows motor, pump and also cable selection

parameters.

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.

Table 1: Selected variables for calculation of VLP
curves.

WHP, psig 100 300 600 800 1000

GOR,
SCF/STB

200 400 600 800 1000

WCT, % 0 10 20 30 50

Error! Reference source not found. exhibits

generated VLP 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 PI and corresponding

reservoir pressure from well test and static pressure

analyses on the same date as test points, PI 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.

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

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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Fig/ 5: System solutions for varied tubing size.

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 in increased amount of 1200

bbl/day in production.

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

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.

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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