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ABSTRACT 

This research project is to to design the suitable electrical submersible pump 

(ESP) component to be used for high water cut well which is PP-7, Pelanduk Putih 

Field, Offshore Sabah. ESP is one of artificial lift method that is used worldwide 

today, which the whole assembly is submerged in the fluid to be pumped. Another 

problems in PP-7 well are pressure depletion, sand production problem and side 

pocket mandrel has mechanical problem and then was categorized as idle well. The 

project problem is how to design the most ideal ESP systems, that can extend life of 

the systems since the installation cost of ESP are very expensive. So, most of this 

project were run in production software such as PROSPER, in order to find the most 

efficiency and optimum ESP components.[9] By having different results from 

different parameters, the author will compare and choose the ideal one that can fix in 

solving the case study problem. Thoughout 2 semester period of this research project, 

in first period, the author need to have the study on theory, engineering application 

and installation procedures of the artificial lift application especially on ESP system 

from papers, journals and books. Next, the author will determine the suitable ESP 

components from the results and graphs. End of the project, the author found that the 

pump, REDA DN1800 that has pump efficiency about 74.45%, number of stages is 

107, motor efficiency about 84.40% and the motor speed is 3443.llrpm. From the 

designing, the well can reproduce again about 1349 STB/Day with 60Hz power 

supply. 
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CHAPTER! 

INTRODUCTION 

1.1 Background of Study 

Usually, oil wells in early stages of their lives flow naturally to the 

surface and are called flowing wells. Flowing production means that the 

pressure at the well bottom is sufficient to overcome the sum of pressure 

losses occurring along the flow path to the separator. When this criterion is 

not met, natural flow ends and the well die. The two main reasons of a well's 

dying are: 

• The flowing bottomhole pressure drops below the total pressure losses 

in the well 

• Pressure losses m the well become greater than the bottomhole 

pressure needed for moving the wellstream to the surface 

To overcome these problems, artificial lift methods can be used to 

assist wells to sustain flow of oil to surface at adequate rates. Artificial lift 

enable 'dead well' to flow by adding energy to fluid stream and reducing fluid 

gradient below the reservoir sand face pressure.[!] 

Stable Flow Dead Well 

IPR IPR 

Flow Rate Flow Rate 

Figure 1 :The IPR Curve for Stable H.Jw and Dead Well 
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One widely used type of artificial lift method uses a pump set below 

the liquid level as to increase the pressure and to overcome the pressure 

losses occurring along the flow path such as electrical submersible pump 

(ESP). Other lifting methods use gas injected from the surface into the well 

tubing to help lifting of well fluids to the surface. But in this research, it will 

more focus on electrical submersible pump, operating features and design 

ESP system for given case study. 

As for the early history part, ESP was invented and developed by a 

Russian named Armais Arutunoffin the late 1910's. Arutunoffmake his first 

experiments in the Baku oilfields near the Caspian Sea and was later the 

founder of the company Russian Electrical Dynamo of Arutunoff (RED A). 

From the early days, ESP units have excelled in lifting much greater liquid 

rates than most of the other types of artificial lift and have found their best 

use in high-rate onshore and offshore applications. High gas production, 

quickly changing liquid production rates, viscous crudes and various 

conditions once very detrimental to ESP operations are now easily handled 

by present-day units. And it is believed that today approximately 10% of the 

world's oil supply is produced with submersible pumping installations. [1] 

1.2 Problem Statement 

1n order to design the ESP installation, the selection for well 

candidate must be done to determine the right candidate to be installed on this 

artificial1ift method. After consider some criteria and factors, the PP-7 well, 

Pelanduk Putih Field in Offshore Sabah was selected. Talking about this well, 

the PP-7 well has reservoir problems such as pressure depletion, high water 

cut, that can causes sand formation and then the sand production will be 

occurred. As planned during development period, this PP-7 well was installed 

with gas lift method, but after several years, this artificial lift type caunot run 

anymore as the side pocket mandrel has mechanical problem and then was 

categorized as idle well. [8] By having and understanding a little bit of well 

history, it is necessary for production engineer to design the most ideal ESP 
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systems that can overcome the production problem and can extend life of the 

systems as installation cost of ESP are very expensive.[9] 

1.3 Objective and Scope of Study 

The main objective is to design the suitable ESP component to be 

used for high water cut well which is PP-7, Pelanduk Putih Field, Offshore 

Sabah.This design will be done by running in production software such as 

PROSPER to find the most efficiency and optimum ESP components. By 

having different types of the component such as the pump, the author will 

compare the efficiency and number of stages of the different type pumps in 

same operation condition. 

For scope of study, thoughout 2 semester period of this research 

project, in first period, the author need to have the study on theory, 

engineering application and installation procedures of the artificial lift 

application especially on ESP system. The related cases and some reading 

regarding ESP from papers, journals and books also can enhance the 

understanding of ESP operational and design installation. The summary of 

engineering analysis and operational procedures of ESP systems are 

discussed in the literature review part. From the results done, we can 

determine the suitable ESP components such as pump, motor and the cable 

from running different types of components from different manufacturers. 

1.4 Scope ofthe Project 

The scope of study will involve the study of artificial lift method, 

electrical submersible pump system and the application of PROSPER 

software which is used for modelling the optimum ESP system. This project 

will involve the study of the effect of different pumps at different stages in 

the same electric frequency and well properties. 
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1.4.1 Relevancy of the Project 

Electrical submersible pump is still new in upstream operation by 

PETRONAS in Offshore Malaysia. Most of artificial lift are used is gas lift 

method in PETRONAS operations. Since the installation cost of ESP is very 

expensive, the proper planning and design of these systems must be fully 

studied. If not, the pump will run out of range and run life will be 

shortened.[4] 

1.4.2 Feasibility of the Project within the Scope and Time Frame 

During the frrst semester of Final Year Project (FYP I), the target of 

this project is to be able to understand the engineering application behind 

ESP and interpret the related graphs such as IPR graph and so on. In this 

period also, the author need to study on related equation involve as well as 

get to familiar with the software to be used. In semester 2 (FYP II), all related 

data will be extracted from the reports. By entering the data into the software, 

the ESP model will created and will look for the optimum design in order to 

achieve its maximum run life. 
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CHAPTER2 

LITERATURE REVIEW 

2.1 Artificial Lift Method 

Artificial lifting methods are used to produce fluids from wells 

already dead or to increase the production rate from flowing wells. If the 

producing bottomhole pressure becomes so low that it will not allow the well 

to produce at a desired flow rate, then some sort of artificial energy supply 

will be needed to lift the fluid out of the wellbore. Energy can be supplied 

indirectly by injecting water or gas into the reservoir to maintain reservoir 

pressure or through a variety of artificial lift methods that are applied at the 

producing well itself.[2] There are many artificial lift methods, such all are 

variations or combinations of three basic processes: 

a) lightening of the fluid column by gas injection (gas lift) 

b) subsurface pumping (beam pumps, hydraulic pumps, electric 

submersible centrifugal pumps) 

c) piston-like displacement ofliquid slugs (plunger lift) 

Although the use of many of those lifting mechanisms may be 

restricted or even ruled out by actual field conditions such as well depth, 

production rates desired, fluid properties and so on, more than one lift system 

turns out to be technically feasible. It is the production engineer's 

responsibility to select the type oflift that provides the most profitable way of 

producing the desired liquid volume from the given wells. After a decision is 

made concerning the lifting method, a complete design of the installation for 

initial and future conditions should follow.[S] 

5 



2.2 Electrical Submersible Pump Components 

2.2.1 Introduction 

During its long history, the ESP system proved to be an efficient 

artificial lift selection to produce liquid from the production wells. The ESP 

unit is run on the tubing string and is submerged in well fluids. The electric 

submersible motor is at the bottom of the unit and is cooled by the wellstream 

passing by its perimeter. It is connected to the seal section that provides many 

crucial functions for the safe operation of the unit. On top of the protector a 

pump intake or gas separator is situated which allows well fluids to enter the 

pump as well as can remove low quantities of free gas from the wellstream at 

the same time. Liquid is lifted to the surface by the centrifugal pump. On the 

surface equipment, it includes a junction box where downhole and surface 

electric cables are joined and a control unit that provides measurement and 

control functions. The ESP unit receives AC electricity from a set of 

transformers which supply the required voltage by stepping up or down the 

voltage available from the surface electric network.[2] 

Switchboard 

Intake or 
Gas Sfi!Parator 

Figure 2 : ESP System Components 
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There are some advantages and disadvantages of ESP itself as follows: 

Advantages 

• High fluid volume capability 

• Can be used in high water cut well 

• Can be fitted with downhole pressure sensor (data transmission via 

power cable) 

• Compatible with crooked or deviated wellbores 

• Corrosion and scale treatments are relatively easy to perform 

• Available in a range of sizes and capacities 

• Lifting cost for high volumes typically very low 

Disadvantages 

• 
• 

• 
• 

• 

Cable insulation deteriorates in high temperatures (+350°F) 

System is depth limited (+10,000 ft) due to cable cost and inability to 

provide sufficient power 

Large casing/liners are required (7" above) 

Entire system is downhole, therefore, problems and maintenance 

require the unit to be retrieved from the wellbore 

More detailed engineering required for design 
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2.2.2 The Submersible Pump 

In ESP unit, the submersible pump is one of important equipment. 

The design and analysis of the ESP system need the basic comprehension and 

understanding of the operation of the pump. The submersible pumps used in 

ESP installations are multistage centrifugal pumps operating in a vertical 

position and the basic operational principle remained the same. Produced 

liquids, after being subjected to great centrifugal forces caused by the high 

rotational speed of the impeller, lose their kinetic energy in the diffuser where 

a conversion of kinetic to pressure energy takes place. 

Upper Bearing 

Diffuser 

Impeller 

Sh"" 

Bushing 

Intake Screen .... 
Coupling 

Figure 3 : Main Parts of an ESP Pump 

The figure above shows the main parts of an ESP pump containing 

mixed-flow stages. The pump shaft is connected to the gas separator or the 

protector by a mechanical coupling at the bottom of the pump. Well fluids 

enter the pump through an intake screen and are lifted by the pump stages. 

Other parts include the radial bearings (bushings) distributed along the length 
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of the shaft providing radial support to the pump shaft turning at high 

rotational speeds. 

An optional thrust bearing takes up part of the axial forces arising in 

the pump but most of those forces are absorbed by the protector's thrust 

bearing. 

The liquid producing capacity of an ESP pump depends on the 

following factors: 

• The rotational speed provided by the electric motor 

• The diameter of the impeller 

• The design of the impeller (characterized by its specific speed) 

• The number of stages 

• The actual head against which the pump is operating 

• The thermodynamic properties of the produced fluid. (density, 

viscosity) 

The ESP installations will run on AC power with a constant frequency 

of 60 Hz or 50 Hz. ESP motors in 60 Hz electrical systems rotate at a speed 

of about 3,500 RPM, meanwhile in case of a 50 Hz power supply the motor 

speed is about 2,900 RPM. Usually, present-day ESP pumps come in 

different capacities from a few hundred to around 80,000 bpd of liquid 

production rate and in outside diameters from around 3" up to 11 ". [1] 
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2.2.3 The ESP Motor 

ESP motors are three-phase, two-pole, squirrel cage induction type 

electric motors. The construction of squirrel cage induction motors is the 

simplest among electric motors. They are also the most reliable motors due to 

the fact that their rotor is not connected to the electric supply. At the same 

time, these motors are the most efficient ones available they are very popular 

in oilfield applications. [1] 

Motor Shaft 

Rotor 
Laminations 

Copper Bar 

Stator Windings 

Stator 
Laminations 

Housing 

Figure 4 :Construction details of an ESP motor's stator and rotor 

Inside the motor housing and attached to it is the stator, a hollow 

cylinder made up of a great number of tightly packed thin steel discs called 

laminations. Stator laminations prevent the creation of wasteful eddy currents 

in the metal body of the stator. They have several "slots" accommodating the 

insulated copper stator windings connected to the AC power.[!] There are 

three pairs of coils displaced at 120° along the perimeter of the motor and 

connected to one of each electric phase. The two coils of each pair are wound 

facing each other on opposite sides of the stator. 
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Inside the stator and separated from it by an annular "air gap" is the 

rotor, consisting of rotor laminations containing in their slots a set of copper 

bars. These are joined at their ends by so-called "end rings" (copper 

washers), making up the "squirrel cage".[7] 

The rotating magnetic field developed by the AC current flowing in 

the stator windings induces a current in the rotor. Due to this induced current 

a magnetic field develops in the rotor. The interaction of the two magnetic 

fields turns the rotor and drives the motor shaft firmly attached to the rotor. 

To prevent electrical failures in windings, the motor must have a 

sophisticated insulation system including: 

• insulation of the individual wires making up the windings 

• insulation between the windings and the stator 

• protection against phase to phase faults 

Windings in ESP motors, just like m other electric motors, are 

encapsulated with an insulating material to: 

• improve the dielectric strength of winding insulation, 

• improve the mechanical strength of windings and eliruinate w1re 

movement, and 

• protect wires and end coils from contaminants. 

2.2.3.1 Operational Features 

ESP motors are very different from electric motors in everyday use on 

the surface. The most important differences are listed in the following, a 

basic comprehension of which is necessary to fully understand the 

operational features of ESP motors.[6] 

a) Since they must be run inside the well's casing string, their length to 

diameter ratio is much greater than that of surface motors. 

b) Motor power can only be increased by increasing the length of the 

unit. 
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c) Surface motors are usually cooled by the surrounding air whereas 

ESP motors are cooled by the convective heat transfer taking place in 

the well fluid flowing past the motor. 

d) Because of the great difference between the heat capacities of air and 

liquids and the accordingly higher cooling effect, electric current 

densities more than ten times higher than those in surface motors can 

be used in ESP motors without severe overheating. 

e) ESP motors have exceptionally low inertia and accelerate to full 

speed in less than 0.2 seconds when starting. 

J) ESP motors are connected to their power source by long well cables, 

where a substantial voltage drop can occur. 
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2.2.4 The Seal Protection 

In small or non-industrial submersible pumps, the electric motor is 

completely sealed against the produced liquid so as to prevent short-circuits 

and burning of the motor after it is contaminated with well fluids. Since the 

motor must be filled up with high dielectric strength oil, ESP motors 

operating at elevated temperatures, if completely sealed, would burst their 

housing due to the great internal pressure developed by the expansion of the 

oil. This is the reason why ESP motors must be kept open to their 

surroundings but at the same time must still be protected from the harmful 

effects of well fluids. This is provided by counecting a seal section or 

protector between the motor and the centrifugal pump. 

Relief 
Valve 

Mechanical 
Face Seal 

Pump 
Coupling 

Mechanical 
Face Seal 

ToWell 
Fluids 

Flexible 
Bag 

Chamber 

Breather 
Tube 

lluust 
Bearing 

Motor 
Coupling 

Figure 5 : Schematic Drawing of an ESP Seal Section 
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An ESP protector performs the following five very crucial functions 

and in so doing ensures the proper operation of the whole installation: 

I. It ensures that no axial thrust load developing in the ESP pump's 

stages during operation is transmitted to the motor shaft. Thrust loads 

transmitted to the pump shaft are supported by the protector that 

contains the ESP unit's main thrust bearing. This thrust bearing must 

be capable to overcome the net axial force acting on the pump shaft. 

2. The protector isolates the clean dielectric oil with which the motor is 

originally filled up from well fluids that are usually loaded with dirt, 

water and other impurities. It must ensure that no well fluid enters the 

motor during operation. This is a basic requirement because 

contamination of the clean motor oil can cause premature motor 

failures due to 

• The loss of lubrication in the structural bearings and the 

consequently increased wear in bearing surfaces. 

• The decrease of the electrical insulation strength of the motor oil 

causing short circuits in the motor's stator or rotor windings. 

3. It allows for the expansion and contraction of the high quality oil the 

motor is filled up with. Since the protector is connected directly to the 

motor, motor oil expanding due to well temperature and due to the 

heat generated in the motor can enter the protector during normal 

operation. Similarly, during shutdowns, the oil contained in the motor 

shrinks because of the decreased motor temperature and part of it 

previously stored in the protector can be sucked back to the motor 

space. 

4. By providing communication between well fluids and the dielectric 

oil contained in the motor, the protector equalizes the inside pressure 

with the surrounding pressure in the well's annulus. Inside and 

outside pressures being approximately equal, leakage of well fluids 

past the sealed joints and into the motor is eliminated. This feature 
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• allows the use oflow-pressure and consequently lower cost seals. 

• greatly increases the reliability of the ESP system. 

5. It provides the mechanical connection between the motor and the ESP 

pump and transmits the torque developed by the motor to the pump 

shaft. The couplings on the protector's shaft ends must be capable to 

transmit not only the normal operating torques but the much greater 

torques occurring during system startup. 
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2.2.5 The Gas Separator 

It follows from the operational principle of centrifugal pumps that 

free gas entering the pump suction deteriorates the pump's performance. This 

is caused by the great difference between the specific gravities of liquids and 

gases. The centrifugal pump imparts a high rotational velocity on the fluid 

entering its impeller but the amount of kinetic energy passed on to the fluid 

greatly depends on the given fluid's density. Liquid receives a great amount 

of kinetic energy that, after conversion in the pump stage, increases the 

pressure. Gas cannot produce the same amount of pressure increase. This is 

the reason why centrifugal pumps should always be fed by gas-free, single­

phase liquid for ensuring reliable operation. [8] 

' ' 

Liquid 
Discharge 

Gas 
Discharge 

Stand 
Tube 

:~ 
I if' Well Auid 
: ,?' Intake :, 
• 

Pickup 
Impeller 

Coupling 

Figure 6 : Construction of Gas Separator 
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The existence of free gas at pump suction conditions affects the 

operation of the ESP pump is several ways. 

• The head developed by the pump decreases as compared to the 

performance curve measured with water 

• The output of a pump producing gassy fluids fluctuates, cavitation can 

also occur at higher flow rates causing mechanical damage of the 

pump stages 

• In cases with extremely high gas production rates, gas locking may 

occur when no pumping action is done by the pump completely filled 

with gas 
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2.3 Well Inflow Performance 

2.3.1 Introduction 

The proper design of any artificial lift system requires a good and 

accurate knowledge of the fluid rates that can be produced from the reservoir. 

Present and also future production rates are needed to accomplish the 

following basic tasks of production engineering: 

• selection of the right type oflift 

• detailed design of production equipment 

• estimation of future well performance 

Therefore, the production engineer must have a clear understanding of 

the effects governing fluid inflow into a well. Lack of information may lead 

to over-design of production equipment or equipment limitations may restrict 

attainable liquid rates. Both of these conditions have an undesirable impact 

on the economy of artificial lifting and can be the cause of improper 

decisions as well. 

2.3.2 The Productivity Index Concept 

The simplest approach to describe the inflow performance of oil wells 

is the use of the productivity index (PI) concept. It was developed using the 

following assumptions : 

• Flow is radial around the well 

• A single phase and incompressible liquid 

• Permeability in the formation is homogeneous 

• The formation is fully saturated with the given liquid 
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where: 

Q =liquid rate, STB/d 

P r = reservoir pressure, psi 

Pwf =flowing bottomhole pressure, psi 

The equation states that liquid inflow into a well is directly 

proportional to pressure drawdown, as plotted in the graph below. The use of 

the PI concept is straightforward. If the average reservoir pressure and the 

productivity index are known, use of the equation gives the flow rate for any 

flowing bottomhole pressure. The well's PI can either be calculated from 

reservoir parameters or measured by taking flow rates at various P wf· 

~ SBHP = PR 
:I 
!J) 
!J) 

~ 
Q. 
Gl 
0 .c 
E 

~ 
m 
Cl c 
·~ 
u: 

Liquid Production Rate 

Figure 7 :Well Inflow Performance with the Constant PI Concept 
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2.3.3 Inflow Performance Relationships 

In many wells on artificial lift, bottomhole pressures below bubble­

point pressure are experienced. There is a free gas phase present in the 

reservoir near the wellbore and the assumptions that were used to develop the 

PI equation are no longer valid. 

The main cause of a curved shape of inflow performance is the 

liberation of solution gas due to the decreased pressure in the vicinity of the 

wellbore. This effect creates an increasing gas saturation profile toward the 

well and simultaneously decreases the effective permeability to liquid. Liquid 

rate is accordingly decreased in comparison to single-phase conditions and 

the well produces less liquid than indicated by a straight-line PI curve. 

Therefore, the constant PI concept carmot be used for wells producing below 

the bubble-point pressure. 

2.3.3./ Vogel's IPR Correlation 

Vogel used a numerical reservoir simulator to study the inflow 

performance of wells depleting solution gas drive reservoirs. He considered 

cases below bubble-point pressure and varied pressure drawdowns, fluid and 

rock properties. After running several combinations on the computer, Vogel 

found that all the calculated IPR curves exhibited the same general shape. 

The shape is approximated by a dimensionless equation as follows: 

Q p p 2 

- = 1 - 0. 2 [...!!t.]- 0. 8 [...!!t.] 
Qmax Pr Pr 

where: 

Q =production rate at bottomhole pressure P wf• STB/d 

Q max =maximum production rate, STB/d 

P r = average reservoir pressure, psi 
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Figure 8: Vogel's Dimensionless IPR Curve 

21 



2.4 Related Equations 

Productivity Index, PI = P, _Q P, 
r wf 

[
(Datum Depth- Pump Depth) - SGL] 

Pump Intake Pressure, PIP = Pwfd -
2

_
31 

[
PIP* 2.31] 

Dynamic Lift= Pump Vertical Depth- SGL 

Friction Loss * Pump Depth 
Total Firction Loss = 

1000 

THP * 2.31 
Head = ---::-::-­

SGL 

Total Dynamic Head, TDH =Dynamic Lift+ Total Friction Loss+ Head 

TDH 
Number of stages= head/ 

stage 

bhp 
BHP =-*number of stages* SGL 

stg 
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2.5 PROSPER 

PROSPER is a well performance, design and optimization program 

which is part of the Integrated Production Modeling Toolkit (IPM). 

PROSPER can assist the production and reservoir engineer to predict tubing 

and pipeline hydraulics and temperatures with accuracy and speed. This tool 

is the industry standard well modeling with the major operators worldwide. 

PROSPER is designed to allow the building of reliable and consistent 

well models, with the ability to address each aspect of wellbore modeling, 

PVT (fluid characterization), VLP correlations (for calculation of flow-line 

and tubing pressure loss) and IPR (reservoir inflow). 

PROSPER provides unique matching features, which tune PVT, 

multiphase flow correlations and IPR to match measured field data, allowing 

a consistent well model to be built prior to use in prediction (sensitivities or 

artificial lift design). PROSPER enables detailed surface pipeline 

performance and design such as flow regimes, pipeline stability, slug size and 

frequency. [10] 

2.5.1 Applications of PROSPER 

• Design and optimize well completions including multi-lateral, multi­

layer and horizontal wells. 

• Design and optimize tubing and pipeline sizes. 

• Design, diagnose and optimize gas lifted, hydraulic pumps and ESP 

wells. 

• Generate lift curves for use in simulators. 

• Calculate pressure losses in wells, flow lines and across chokes. 

• Predict flowing temperatures in wells and pipelines. 

• Monitor well performance to rapidly identify wells requiring remedial 

action. 

• Calculate total skin and determine breakdown (damage, deviation or 

partial penetration). 
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• 

• 

Unique black oil model for retrograde condensate fluids, accounting 

for liquid dropout in the wellbore. 

Allocate production between wells . 
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Figure 9 : Main Screen of PROSPER 
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CHAPTER3 

PROJECT METHODOLOGY 

3.1 Research Methodology 

• Understand the engineering application behind ESP components such 

as pump, motor and gas separator. 

• Design the installation of electrical submersible pump components. 

• Analysis the results and find the ideal and optimum one. 

3.2 Key Milestone 

FYP 1 

• Gathering information (literature review & theory) from technical papers, 

journals and reference books. 

• Study and understand the basic function and engineering concept 

FYPII 

• Gathering all the required data 

• Design for the pump model from different types 

• Find the optimum and economical ESP pump design for case study 

• Discuss about the finding from the model 
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3.3 Project Activities 

Start the Project 

"-.7 
Title Selection 

"'-7 
Literature Review 

-Journal/Paper/Book 

"7 
Engineering Analysis 

"-.7 
Data Gathering I Extraction 

- Pelanduk Putih Field 

"7 
Case Study I Simulation 

"'-7 
Result Analysis & Discussion 

"-.7 
Final Report 

"<...7 

End of Project 
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3.4 Gantt Chart 

*The Gantt chart is attached in Appendices 

Noted that the Gantt chart is a guideline for the project timeline and can be 

changed from time to time depending on circumstances. 

3.5 Tools Required 

For this final year project, there are some production engineering 

software are required such as PROSPER to accomplish this fmal year project. 

This software will be used to analysis and determine the optimum ESP 

component in order to be used in high water cut well. The optimum ESP 

components will extend the life of ESP system as well as enhance field 

economics. 

3.6 Modelling Works 

a) Defme related data and objective in PROSPER. 

Ogne I ~ I fieport I _Export , __ !:i~ J _gatMtaflll l 

Separator Si'lgle-Stage S epar alor 

Yin VISCOU,y Use De/auk Correlation 

Vilco#y Model Newtcnan Hid 

'Wei 

Flow T )11)11 r ubrng Flow 
Yl~ T )11)11 Producet ·-- - ~ 

3 

~Twer:~--~------------~1· 
~ .... 1 n~ Pumue and T empe~we (offme) .J 

Model Rough ApprO!Ci'nalm ~ 

Range Full System ... 1 

-- - -0~---~Showc_ab_llat_~-dat-a ----~ 
Yl~~ 

T~Ca:edHole 
s;d~;_ol Gravel Pad<. ~ 

- --
Reservor -

~j lnllowTwe JSingleBr~ 
G M CorW1g No 

Figure 10: Well Summary Section 
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b) Input PVT model 

I D_gnel ~~ Iablesl M<KchDat~ Reg~ CooejaOOnsl ~el ~ ~ ~~ 

--1[ -----
-"' ---- J 

I~ Parllmelerr 
S~GOR J• ! •s 

OiJGr~ J37.4996 API 

Gaa Gr~0.65 4> !liMY 

J 
I 
I 
J 

Pb, Rs. Bo JG~aw 3~ 
Oii VIICOily J.-B-eal_et_lll _____ i) 

- -----

_ _ _ wa~e~ s~ )Hxm w 

I~ 

Mole Percent H2S lo J 

Mole Percent co~l~o"-=-'~~": I 
-~~:J ... ~=-r------:1.1 . Mole~N~Jo . 

Figure 11 : PVT Data Section 

c) Input equipment data: deviation survey, equipment, geothermal gradient. 

• All roughness of tubing I casing = 0.0006 in 

• Overall heat transfer coefficient (OHTC) = 8.5 BTU/hr/ft2/F 

1? 
Q) 

'=- 2!lll 
~ 

a. ., 
Cl 
"t3 
CD 
:; 
"' 4200 

"' Q) 

~ 

8 

DEVIATION SURVEY 

Angle (degrees) 
16 24 32 

200 

7000~-------------------------iOOOO 
0 720 2160 

Cumulatrve Orsplacement (feet) 

- Measured Depth v Cumulatrve Drsplacement 
- Measured Depth v Angle 
-True Vert real Depth v Cumulatrve Displacement 

Figure 12 : Deviation Survey Section 
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d) Define for downhole equipment by inserting well completion data 

l'i Downhole I qutpment (),,fW"'Y. If llhumllllllvel • ;;; fx 

R"airidiOn • 
18Ruln 
fulio.;···· 

R~c.;;;· 
No G• 
r~b.no···· 

tii.i,;et;;.; • 
~so 

iuli•na···· 

••.................•• !Y!U!t'!!~ 

wo 410.0(1tt( 

..... ·················-~-~P.t'!!~ 

wo 700.0(1tt~ 

................. ~.~'~t'!!' 

WO 1000.0(1ul; 

................ ~.~P. .t'!~ 

wo . CiOOO.O(foor 

•.•...•.••.•••........ ~.~-~('!~ 
wo CiOOO.O(fu~ 

................. ~.~~t'!. 

WD !!eei.O(It~ 

................ ~.!~Et'!~ 
WO -I.O(ft~ 

................ ~.~?.~('!!!' 

WD 15813.0(1tt• 

••••••••••••••••• r~.~.l!(f!!t 
wo 15813.0(1tt• 

···············-~-~P.~!!! 

Figure 13 : Downhole Equipment Section 

e) Perform a new ESP lift design 

• Prosper filters out pumps, motors and cable that meet the design 

parameters from a databases. 

~ ~~e .I Qesgn J 
0!lfle ) ~I fiepat I ElCPOfl l ~ 

Input Data 
Pl.mp depth (Measued) 5492 left -----

Operatng Frequency 60 Hertz 

MalinunOD 5.62 II" me 
Len¢! Of Cable 5600 l~t 

Gas S eper alai Efficiency 50 

Desi!JlRate 1500 

we ru 75 

Total GOA 1100 

Top Node Premre 300 p$lQ 

Motor Power Safety Margil 0 PffC"l"' 

Pl.mp 'Yiu Factor 0 hac on 

~ Cooelation BeggsandBrl ... 
T lOng Conelation Petroleum Experts 2 .., 

Gas Deflatng Model <none> 

Figure 14 : ESP Design & Gas Separation Calculation 
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b Dgne _canc:el I Main .!:ielp I L~=t 

Head Aequred 1929.02 tee ~ Intake PrMSUe 1077.88 P:ll 

Average Downhole Rate 1861 .65 AB/day ~Intake Rate 1994.76 FIB/day 

Total FUel GriMy 0.79536 $p. grav~y ~Discharge ~e 1742.36 ~.g 
----

Free GOA Below~ 449.542 sci/STB ~ Discharge Rate 1769.04 RB/dao,o 

Total GOA Above~ 650.458 ~ISTB ~Mass Flow Rate 519048 lbmld3} 

jJ ---
162.705 degF Aver.,ge C«lle Temperature 131.449 degF 

Se6ect ~ AEDA DN1800 4 inches (1200-2400 AB/day) 

Se6ect Mot01 Aeda 540_91 Std 30HP 4frJI 41A 
-5~~~~~~~~-~~----------------------------------~~ 

""""..-...c lt2 Copper 0.33 (Vob/1 OOOft) 95 (amp$) max ...:_ 

_____ Motor Efficiency 

P~ Generated 

MotorS~ ------
Volage Drop Along Cable 

Volage R~ed AJ. Sl.lface 

TorqueOnS~ 

Figure 15 : ESP Design Input 

percen 

hp 

rpm 

Volts 

Volts 

lb f) 

f) The graph will be shown as all data are valid. All results from this 

modelling will be discussed in next chapter. 
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CHAPTER4 

RESULT AND DISCUSSION 

4.1 Data Gathering and Analysis 

For a proper design of an ESP installation, the available of many 

different data is necessary. The most important data is the reliable 

information on the well's productivity so that the desired fluid rate from the 

well can be established. The fluid rate is always an input parameter in the 

design of ESP installations because the selection of the submersible pump 

can only be accomplished in the available of the desired rate. There are 

different pumps that have different recommended application ranges. 

Necessary input data can be grouped as given below. 

1. Well Physical Data. 

• Casing and liner sizes, weights, and setting depths. 

• Tubing size, type, weight, and thread. 

• Total well depth. 

• Depth of perforations or open hole interval. 

• Well inclination data. 

2. Well Performance Data. 

• Tubinghead pressure at the desired rate. 

• Casinghead pressure. 

• Desired liquid production rate. 

• Static bottomhole pressure or static liquid level. 

• Flowing bottomhole pressure or dynamic liquid level. 
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• Productivity Data (PI or qmaxforthe Vogel model) 

• Producing gas-oil ratio. 

• Producing water cut or water-oil ratio. 

• Bottomhole temperature at desired liquid rate. 

3. Fluid Properties. 

• Specific or API gravity of produced oil. 

• Specific gravity of water. 

• Specific gravity of produced gas. 

• Bubble point pressure. 

• Viscosity of produced oil. 

• PVT data of produced fluids (volume factors, solution GOR). 

4. Surface Power Supply Parameters. 

• Primary voltage available at the wellsite. 

• Frequency of the power supply. 

• . Available power supply capacity. 
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PP-7 Well Data 

Data Units 

Well Data Perforation Depth (datum) 5887 feet 

Production THP 660 ps1g 

Data Test Rate 1982 bpd 

Bottomho1e Pressure Pwt 2052 ps1g 

Reservoir Pressure, Pr 2150 ps1g 

Reservoir Temperature, Tr 168 degree F 

GOR 460 sc:IThb1 

Water Cut 0 percent 

Pressure@ Perforation (5887ft) 2150 ps1g 

Calculated PI 21 bopd/psi 

Fluid Specific Gravity Water 1.02 sp.gravity 

Condition Specific Gravity Oil 35.3 API 

0.848 sp.gravity 

Specific Gravity Gas 0.65 sp.gravity 

Bubble Point Pressure 2150 ps1g 

Water Salinity 10000 ppm 

Table 1 :Well Test Data m 1977 
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Data Units 

Well Data Perforation Depth (datum) 5887 feet 

Pump Depth 5492 feet 

Datum Depth 5416 feet 

Production THP 300 ps1g 

Data Test Rate 1500 bpd 

Bottomhole Pressure Pwf 1180 ps1g 

Reservoir Pressure, Pr 1267 ps1g 

Reservoir Temperature, Tr 168 degree F 

GOR 500 sc£'bbl 

Water Cut 75 percent 

Desired Production Rate, Qd 1500 bpd 

Total GOR 1100 scf/bbl 

Fluid Specific Gravity Water 1.02 spogravity 

Condition Specific Gravity Oil 37.5 API 

00848 spogravity 

Specific Gravity Gas 0065 spogravity 

Bubble Point Pressure 2150 ps1g 

Water Saliuity 10000 ppm 

Table 2 :Well Test Data m 2009 

Deviation Survey 

0 0 

300 299o99 

400 399099 

700 699o99 

1000 99906 

5000 4095076 

6000 491209 

6776 555005 
0 0 

Table 3 : Dev1atwn Survey 
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Geothermal Gradient 

Formation Measured Depth Formation Temperature 

0 60 

277 40 

6022 168 

OHTC =8.5 

Table 4 : Geothermal Gradient Data 
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4.2 Experimentation I Modelling 

By using well data in 1977 and 2009, the results as shown in the graphs below: 

-a 
li) 

.e 

AOF 5080.7 (STWda)? 

612.78 ------- - --------------~------------ -- -- ----~------- - --------- -- ---,------------------- - --. . . 

m 075.56 ----------------------~---------------------~-----------------~ I t 

. 
---~----------------------

lll . . . 
m 

0::: 

. . . . . 
38.344 ------------- -- -------~---------------------~ ---------------------~------------- --------. 

12535~--------~~~~--------~~--------~~~------~~~ 
0 6270 18 12540 4 1881 0 5 25080.7 

Rate (STB/day) 

Figure 16 : IPR Plot for Natural Flow Based on Well Data in 1977 
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Figure 18 : Graph of Inflow vs Outflow Before ESP Installation 
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Figure 19 : Geothermal Gradient 

By using PROSPER software, the results obtained as show as below. 

Gas Separation SenslMiy Plot (PP-7 03131/11 14:07:18) 
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' ' ' ' ' ' 1 ........ ! l 
: ! : 
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Figure 20 : Gas Separation Sensitivity Plot 
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The Dunbar plot is a plot of intake pressure against gas entering the pump. 

The different lines on the Dunbar plot are different levels of gas separation efficiency 

at pump intake. When the test point plots above the Dunbar factor, a gas separator is 

not necessary at pump inlet. If the test point plots below the Dunbar factor, a gas 

separator with an efficiency corresponding to the line it plots on is required at pump 

inlet. Then, the separator efficiency is entered in ESP design and pump calculations 

are repeated to ensure the point above the Dunbar factor line. 

After installed with ESP, there is an intersection between red line and green 

line. It means that the well can reproduce back again about 1349 STB/Day. 
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Figure 21 : Pump Discharge Pressure vs VLP Pressure Curves 
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4.3 Discussions 

Submersible Pump Design 

Option 1 

~----------~R~E~DA~-~~~18~00~-~10~7~ST~A~G~E(uS)~(P~P~-7~00~1~1/~11~~~:~~~:~~~------------~' • 

···-- --- .... ---· ....... __ l ··- -· 

Figure 22 : Head Performance Curves of DN1800 Pump at Different Frequencies 

Figure 22 displays the head perfonnance curves of DN1800 

submersible pump at different frequencies. The three lines represent the loci 

of: 

• The minimum operating range I the lower limits of the recommended 

liquid rates 

• The best efficiency points 

• The maximum operating range I the upper limits of the recommended 

liquid rates 

As this pump is driven by a 60Hz electric supply, its recommended 

range is between the rates of 1200 and 2400 STB/Day. It can easily be seen 

that by regulating the electric frequency from 40 Hz to 70 Hz, the pump can 

cover a much wider range of flow rates, approximately from 800 STBIDay to 

2800 STB/Day. This extended operational range gives the much needed 
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flexibility for the operator and makes it possible to easily compensate for any 

uncertainties or changes that may occur in the well's inflow parameters. 

This submersible pump needs t 07 number of stages. The power 

required is about 28.4076 hp and the pump efficiency is 74.4483%. The 

motor efficiency is 84.3969% and it is about 3443.11 RPM for motor speed. 

Option 2 

~------~C=~~I=li~~-~CaiTU~~R~I~~~P~18_-~99~~~A~G=E=(S~)(~PP~~~00~11~/1~1~==:~=:1~1~)------~~ ~ 

--····-······--------------------·-·-····· ·····-···· ............. -·····-··· ··-· ....... . •••••~••• • -• •••• • ooooUO oooo,._•• •• • o •oooOOOoo oooo•••• o . ' 

1 i ~ 

2000 

Figure 23: Head Performance Curves ofCenturion-400-Pl8 Pump at Different 

Frequencies 

Figure 23 displays the head performance curves of Centurion-400-

p 18 submersible pump at different frequencies. The three lines represent the 

loci of: 

• The minimum operating range I the lower limits of the recommended 

liquid rates 

• The best efficiency points 

• The maximum operating range I the upper limits of the recommended 

liquid rates 
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As this pump is driven by a 60 Hz electric supply, its recommended 

range is between the rates of 1000 and 2500 STB/Day. It can easily be seen 

that by regulating the electric frequency from 40 Hz to 70 Hz, the pump can 

cover a much wider range of flow rates, approximately from 700 STB/Day to 

2900 STB/Day. This extended operational range gives the much needed 

flexibility for the operator and makes it possible to easily compensate for any 

uncertainties or changes that may occur in the well's inflow parameters. 

This submersible pump needs 99 number of stages. The power 

required is about 28.5085 hp and the pump efficiency is 73.6765%. The 

motor efficiency is 84.4114% and it is about 3442.51 RPM for motor speed. 

74.60%. 

74.40% 

74.20% 

~ 74.00% .. 
~ 73.80% 

73.60% 

73.40% 

73.20% 

Pump Efficiency vs Pump Type 

REDA DN1800 CENTRILIFT-CENTURION 

400 P18 

Pump from Different Manufacturer 

Figure 24 : Graph of Pump Efficiency vs Pump Type 

As for comparison, the author fouud that REDA DN1800 pump is 

more ideal compared to Centrilift Centurion-400-Pl8 pump. From the graph 

above, it can see that the REDA DN1800 pump has more efficiency, besides 

just required only about 28.4076 horse power. The motor speed also about 

3443.11 RPM, just near to theorical motor speed, which is about 3500 RPM 

in 60 Hz electric supply. 
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CHAPTERS 

CONCLUSION AND RECOMMENDATION 

5.1 Conclusion 

As a conclusion, by implement this final year project, the author have 

analyzed the production problem and designed the electrical submersible 

pump (ESP) system that meet the well data and the problems. Furthermore, 

ESP is the most ideal artificial lift method for this PP-7 well, which has high 

water cut and pressure depletion problem. By installed ESP, it allows 

recovering more oil in less time, which will enhance field economics. Since 

there are various designs of ESP system worldwide today, we need to design 

the most optimum and ideal ESP systems as mentioned in the project 

objective early. Again, ESP is a dynamic displacement, multistage centrifugal 

turbine pump coupled by a short shaft to a downhole electrical motor,which 

is supplied with electrical power by a cable extending to the surface. As in 

production engineer disipline, it is a need to design the most ideal ESP 

system in order to extend the life of ESP components since the ESP 

components are very expensive investment for the company. From this 

research, it can conclude that REDA DN1800 pump is the most suitable 

submersible pump for this case study. With the pump efficiency about 

74.4483%, this well can produce about 1349 STB/Day. 
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5.2 Recommendation 

The results obtained in this research are relevant with the objectives. 

If this project is expanded in wider scope like considering more parameters, 

we will be able to study a lot more theories and in the same time gain more 

knowledge in the artificial lift discipline. Here, I would like to suggest 

several recommendations to this research: 

a) To make economical analysis for each ESP components. From this, 

we can choose the more efficiency and more economical one. 

b) To analysis the difference in term of economics, run life and 

installation method of conventional tubing deployed and coiled tubing 

deployed. 

c) To develop ESP design and installation in special conditions like in 

gassy well. 
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APPENDIX C: History of Well PP-7 

The well history has been summarized below: 

10th Aprill977: 

• Pelanduk Putih PP-7 well was to be build and hold angle directional well with an 

average angle of 32 degree and a displacement of 2975 ft at 6804 ft TVD, south 

61 degree west of surface location. No lost circulation and significant operational 

problems were experienced and Pelanduk Putih PP-7 was drilled to a total depth 

of 8400 ft MD, 7458 ft TVD. After logging, the well was plugged back to the 

10% inches casing shoe at 3027 ft MD. Two cement plugs of class G were set 

from 5600 ft to 5100 ft and from 3327 ft to 2977 ft. 

• 2 dynadrill runs were made to sidetrack Pelanduk Putih PP-7 without significant 

problems. The revised target location was 1710 ft south 30 degrees west of 

surface location at 6334 ft TVD. Pelanduk Putih PP-7 side track was completed 

as a single conventional oil well with perforations at 5864 ft to 5910 ft MD. 

Drilled and completed as a vertical oil producer with 7 5/8" liner was run and 

cemented. 

25th April1977: 

• They off location on 18th April with 8 days total rig day and done completion 

date on 25th April. 

• Carried iuitial production test of 6 hours test length. With 28/64 choke size, the 

oil produced was 1982 bpd with GOR of 460 scf/bbl and 35.3 API at 60 degreeF. 

The calculated productivity index (PI) was 21 bopd/psi. The shut in BHP was 

2150 psig at 5887 ft. 

23rd August 1977: 

• Recorded SGS pressure of 1722.6 psig. 

October 1977 : 

• The first gas lift valve (GL V) was successfully installed at first side pocket 

mandrel (SPM). 
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1 '1 July 1978: 

• Recorded PBU pressure of 1372.0 psig. 

71
h July 1987: 

• Static Bottom Hole Pressure (SBHP) survey was conducted in Pelanduk Putih 

PP-7 used two Amerade Pressure Gauge (RPG-3) and Temperature Gauge (RT­

Z). 

• At mid perforation depth of 5224 ft of FT-TVD ss with 826 psig pressure, 

discover initial reservoir pressure was 2126 psig and lowered down to 890 psig. 

The reservoir datum is at 5416 ft TVD and reservoir oil gradient was taken as 

0.3 3 psi/ft. 

• Recorded SGS pressure of837psig. 

October, 1981: 

• Replaced second dummy with GL V at second side pocket mandrel (SPM). 

June, 1982: 

• Production resumed after gas compressor was successfully installed. 

March, 1988 : 

• Found out sand at 5942 ft MDRKB and did sand cleaned out using coil tubing. 

October, 1981: 

• Successfully installed third GL V at third SPM, but failed to install fourth GL V at 

fourthSPM. 

October, 1990: 

• No production occurs. 

December, 1990: 

• Discovered tubing leakage established at second SPM at depth of 4096 ft. 
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November, 1992: 

• Did tagged bottom; up to 5737 ft MDRKB. 

1st December, 1993: 

• Recorded SGS pressure of 1181.5 psig. 

* Observed declined in production from August 1983 to September 1990. 
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APPENDIX D: Well Production History Data 

Liquid Oil 
Gas Rate 

Water 
THP 

Water FGAS 
FGOR 

Date Rate Rate 
(nunscfd) 

Rate 
(psig) 

Cut Rate 
(scffbbl) 

(bbl/d) (bblld) (bblld) (%) (nunscfd) 
Mar-78 2656 2204 1.682 45!.422 385 17 !.682 763 
Apr-78 2604 2078 1.6!3 526.0!0 3!0 20.2 !.6!3 776 
May-78 2454 1840 !.369 6!3.333 275 25 1.369 744 
Jun-78 2582 1690 1.203 890.153 220 34.5 !.203 712 
Jul-78 2525 1585 1.135 938.885 !50 37.2 1.135 716 

May-79 2106 658 0.836 1450.974 185 68.8 0.836 1271 
Jun-79 2081 634 0.843 1444.689 270 69.5 0.843 !329 
Jul-79 2140 631 0.864 1507.983 200 70.5 0.864 1370 

Aug-79 1989 548 0.797 1437.507 180 72.4 0.797 1455 
Sep-79 1912 506 0.765 1403.434 180 73.5 0.765 1512 
Apr-80 2129 570 0.763 1556.866 130 73.2 0.763 !338 
May-80 2029 543 0.738 1483.119 120 73.2 0.738 1360 
Jun-80 2179 541 0.815 1640.452 170 75.2 0.815 1506 
Jul-80 2433 628 !.063 1806.109 140 74.2 1.063 1692 
Jan-81 1327 378 0.488 948.316 110 7!.5 0.488 1291 
Feb-81 - - - - 110 - - -
Mar-81 - - - - 110 - - -
Apr-81 - - - - 110 - - -
May-81 - - - - 110 - - -
Jun-81 - - - - 110 - - -
Jul-81 - - - - 110 - - -

Aug-81 - - - - 110 - - -
Sep-81 - - - - 110 - - -
Oct-81 - - - - 110 - - -
Nov-81 - - - - 110 - - -
Dec-81 - - - - 1!0 - - -
Jan-82 - - - - 110 - - -
Feb-82 - - - - 1!0 - - -
Mar-82 - - - - 1!0 - - -
Apr-82 - - - - 1!0 - - -
May-82 - - - - 110 - - -
Jun-82 2025 502 0.842 1522.194 140 75.2 0.842 1678 
Jul-82 - - - - 140 - - -

Aug-82 - - - - 140 - - -
Sep-82 2178 89 0.559 2081.732 180 95.9 0.559 6282 
Oct-82 2596 98 0.732 2480.947 180 96.2 0.732 7468 
Nov-82 - - - - 180 - - -
Dec-82 - - - - 180 - - -
Jan-83 - - - - 180 - - -
Feb-83 - - - - 180 - - -
Mar-83 - - - - 180 - - -
Apr-83 - - - - 180 - - -
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May-83 - - - - 180 - - -
Jun-83 1374 130 0.550 1238.421 210 90.5 0.550 4231 
Jul-83 2432 343 0.531 2089.624 340 85.9 0.531 1548 
Apr-84 1554 566 0.909 988.945 280 63.6 0.909 1606 
May-84 1668 610 1.024 1056.667 205 63.4 1.024 1679 
Jun-84 1668 673 1.186 996.975 210 59.7 1.186 1763 
Jul-84 1491 610 1.219 881.443 210 59.1 1.219 1999 

Aug-84 900 610 1.041 289.705 220 32.2 1.041 1707 
May-85 1126 365 0.742 761.543 231 67.6 0.742 2033 
Jun-85 1202 359 0.663 841.669 210 70.1 0.663 1847 
Jul-85 1202 327 0.571 875.206 170 72.8 0.571 1746 
Feb-87 1099 394 0.602 703.493 150 64.1 0.602 1527 
Mar-87 1067 375 0.647 693.376 0 64.9 0.647 1724 
Apr-87 1015 260 0.232 755.625 140 74.4 0.232 893 
Jun-89 740 211 0.085 529.351 200 71.5 0.085 404 
Jul-89 921 235 0.315 686.569 200 74.5 0.315 1342 
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APPENDIX E: PP-7 Completion Transitionffransformation 
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APPENDIX F: Schematic Diagram of Electrical Submersible Pump 
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