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ABSTRACT

This report consists of five chapters which are introduction, literature review,
methodology, results and discussion, and conclusion and recommendation. The
project background portion explains about the background of the project, problem
statement, project objectives and scope of the study, where mainly the study of this
project is done on the B-1 Field which is located in Sarawak. The objectives of this
project are to predict the production life of wells in B-1 Field as well as to optimize
the production of wells in B-1 Field using the gas lift aid. Moreover, the scopes of
study in this project includes the well modeling, gas lift design, gas lift optimization,
dynamic reservoir modeling and prediction of production life of the wells. The
problem statement for the project is based on a long shut in Platform C wells, thus

the well behavior cannot be predicted.

The literature review of this report describes the research on the project topic which
is gas lift and reservoir dynamic model using two software which are PROSPER and
ECLIPSE 100. Various sources are referred for the literature review section to have a
better understanding on the research topic. The methodology part contains research
methodology process flow, project activities with Gantt chart as the attachment, and
tools required to run the project. In the methodology part, the process flow is

explained with respect to the objectives of the project.

The results and discussion section will discuss on the completed phase progress, in
this case is the result for the first phase which is PROSPER modeling and the second
phase which is the gas lift optimization in the PROSPER software while the third
phase is ECLIPSE100 reservoir modeling. A thorough explanation will be provided
in the section. Lastly, in the last chapter which is the conclusion and
recommendation, the relevancy of the objective to the project progress will be stated

and some recommendation is made to improve the future work.



ACKNOWLEDGEMENT

First and foremost, 1 would like to thank Allah the Almighty who has given me
strength and blessings to complete my Final Year Project. The utmost gratitude goes
to my supervisor, Mr. Muhammad Aslam B Md Yusof for having his time to guide
and assist me in my Final Year Project. His guidance, support and encouragement
have kept the work on the right track with continually motivation. | would also like
to give appreciation to AP Aung Kyaw who has been helping me through many
challenges during this project and for his willingness to teach and guide during the
completion of this project. Moreover, my gratitude goes to all lecturers and lab
technologists who had given their help, time, guidance and advice throughout this
project. 1 would like to use this opportunity to express my deepest appreciation to
everyone who has contributed towards this project directly or indirectly. Last but not
least, the support and motivation from family and friends during the completion of

this project is much appreciated.



TABLE OF CONTENTS

ABSTRAGCT ...ttt ettt i
CHAPTER 1 . bbbttt 1
INTRODUGCTION ..ottt bbbt 1
1.1 Background Of STUAY ........cceiieiiiiececce e 1
1.2 ODJECLIVES ...t 4
1.3 SCOPES OF STUAY ... 5
1.4 Problem StatemMeNnt........ccooiiiiiiiieieere s 5
1.5 The Relevancy of the Project..........ccocoiiiiiiiiiiiiieccsc e 6
1.6  Feasibility of the Project within Scope and Time Frame ...........ccccccceveneen. 6
CHAPTER 2 ..ttt 7
LITERATURE REVIEW .....cooiiiiiiiieese e 7
2.1  Production Optimization and Nodal AnalysiS..........ccccoeervriininiinieicienn, 7
2.2 Gas Lift Optimization..........cccviveiiieiicie e 9
2.3 ReServoir MOAeling ........ccoviieieiiiiieees e 10
2.4 PROSPER SOFtWAIE .....eeiiiiieiiieie et 11
2.5  ECLIPSE 100 SOFIWAIE .......ccviiiiiieiinieiieisii et 11
CHAPTER 3 .ttt sttt sttt be e ene e 13
METHODOLOGY ..ottt ettt 13
3.1 ProjeCt ACHIVITIES ..c.veivieieieie ettt 13
3.2 Key Milestone of Project ACHIVITIES .........ccooveieiiieii i, 14
K TR B € - T |1 A - ST 16
Bh TOOIS e 17
3.5  Project Methodology ........ccccoeieiiiiiiiiiisiee e 18
CHAPTER 4 ...ttt ettt b e e 25
RESULTS L. b e 25
4.1 PROSPER Modeling- Base Case ........ccouurirereriieienienesie s 25
4.2 PROSPER Modeling- Case 2 (Gas lifted all wells with optimised gas lift
0L L= 4[] (=T 6 TSRS OTURRRPPPRS 28
4.3 ECLIPSE100 Modeling- Reservoir Modeling and Prediction of
Production Life of B-1 Field..........ccoooiiiiiiiiiii e 45
CHAPTER S ettt sttt ene e 49
DISCUSSIONS ...ttt sttt se e ne bt enenn s 49
5.1 PROSPER MOGEIING ...ooviiiiiiiiiiieiese et 49
5.2  ECLIPSELI00 MOEING ....cviiiiiriiieiniiiiei s 52
CHAPTER B ..ot 53



CONCLUSION AND RECOMMENDATION ......cooiiiiiiiiiiieecceeeee e 53

Ot o 3 Tod [V 1] o] o USSR 53

4.2 ReCOMMENAALIONS.....cc.ecveiieieeeiese e e ettt sra e e ae e nneas 54

4.3 FULUIE PIaNS ...ttt 55
REFERENCES ..ottt ettt e e e nnes 56
APPENDICES ...ttt sttt te e r e re e aeaneenres 59
APPENDIX 1- NOMENCLATURE ....ooiiie et 59
APPENDIX 2-ECLIPSE FILENAME.DATA FILE ..o, 59
APPENDIX 3- EXAMPLE OF DEVIATION DATA FOR WELL B-301 ......... 67
APPENDIX 4- EXAMPLE OF WELLTEST DATA FOR WELL B-301........... 68

Vi



LIST OF FIGURES

FIGURE 1.
FIGURE 2.
FIGURE 3.
FIGURE 4.
FIGURE 5.
FIGURE 6.
FIGURE 7.
FIGURE 8.
FIGURE 9.

FIGURE 10.
FIGURE 11.
FIGURE 12.
FIGURE 13.
FIGURE 14.
FIGURE 15.
FIGURE 16.
FIGURE 17.
FIGURE 18.
FIGURE 109.
FIGURE 20.
FIGURE 21.
FIGURE 22.
FIGURE 23.
FIGURE 24.
FIGURE 25.
FIGURE 26.
FIGURE 27.
FIGURE 28.
FIGURE 29.
FIGURE 30.
FIGURE 31.
FIGURE 32.
FIGURE 33.
FIGURE 34.
FIGURE 35.
FIGURE 36.
FIGURE 37.
FIGURE 38.
FIGURE 309.
FIGURE 40.
FIGURE 41.
FIGURE 42.
FIGURE 43.
FIGURE 44.
FIGURE 45.
FIGURE 46.
FIGURE 47.
FIGURE 48.

Production SYSEM. .......civeiiiiie e 2
Gas Lift Well SChematiC ........cccovviieiieiicie e 3
Production Optimization via Outflow Enhancement ....................... 8
Project Activities FIOW Chart..........ccocoiiiiiiiiiee 13
PVT- INPUE DALA......ooiiiiiiiiicciece e 18
Example of the parameter needed in matching the well models...... 19
VLP/IPR matching in PROSPER............cccooeviviieiiene e 19
VLP/IPR graph in PROSPER .........ccccooiiiiiiicie e, 20
Input Data for the Gas lift DeSigN .........ccccvveveiieie i, 21
FILENAME.DATA FIl .o 23
Running FILENAME.DATAile ..ccoooiiiiee 23
IPR/VLP curve for B-301 in Base Case........cccoouvvveriereerieereesennennn, 25
APR/VLP curve for B-303 in Base CasSe.......cccocerererenenesenininnnns 26
IPR/VLP curve for B-304 in Base Case........cccocuvvveriereerieereeseenennn, 26
IPR/VLP curve for B-305 in Base Case.......ccocevererenenenenenrenenn, 26
IPR/VLP curve for B-306 in Base Case........cccocuevveriereerieeeesennnnnn, 27
IPR/VLP curve for B-307 in Base Case.......cccocurverererenenenenenenn, 27
IPR/VLP curve for B-308 in Base Case........cccocuevvrieieerieeeeseenennn, 27
IPR/VLP curve for B-309 in Base Case........cccevuerererenenenenenenn, 28
IPR/VLP curve for B-301 ......ccooieiieiecieneee e 28
Gas Lift Design- Performance Curve Plot for B-301....................... 29
Gas Lift Design Graph for B-301.........ccccoviiiiiiiiniiineseeeee, 30
Results of the Gas Lift Design for B-301...........cccccovevveveiieieenene, 30
IPR/VLP curve for B-303 ......coooieieeecieceee e 31
Gas Lift Design- Performance Curve Plot for B-303....................... 31
Gas Lift Design Graph for B-303.........cccooviriiieniineeeeee 32
Results of the Gas Lift Design for B-303............ccccoeviviveiiecieenee 32
IPR/VLP curve for B-304 ........oooeieeecie e 33
Gas Lift Design- Performance Curve Plot for B-304....................... 33
Gas Lift Design Graph for B-304..........ccooeiiiiiiiiinnieceeeees 34
Results of the Gas Lift Design for B-304............ccccceevvveveieevieennene, 34
IPR/VLP curve for B-305 ......ccooieiiiieiieceee e 35
Gas Lift Design- Performance Curve Plot for B-305....................... 35
Gas Lift Design Graph for B-305.........cccooviiiiiiniienceeceee 36
Results of the Gas Lift Design for B-305..........cccccoevvevieiieeniecinenne, 36
IPR/VLP curve for B-306 .........ccocevveiiiiieieee e 37
Gas Lift Design- Performance Curve Plot for B-306.............c......... 37
Gas Lift Design Graph for B-306..........ccccevereieneniniiisesceee 38
Results of the Gas Lift Design for B-306............ccccccvevieiiieeiiecinnnne, 38
IPR/VLP curve for B-307 ......cocvveeieeiecie e 39
Gas Lift Design- Performance Curve Plot for B-307.............cccce.... 39
Gas Lift Design Graph for B-307.........cccoovieiinenineneniseeeeeeees 40
Results of the Gas Lift Design for B-307.........ccccccevvvevieiieciiecinnne, 40
IPR/VLP curve for B-308 .........ccocoiiiieiieieee e 41
Gas Lift Design- Performance Curve Plot for B-308.............c......... 41
Gas Lift Design Graph for B-308..........cccccovviviieniiie e 42
Results of the Gas Lift Design for B-308............cccooevinininiieniennn 42
IPR/VLP curve for B-309 .......ccccoiiiiiiiiiinieieee e 43

vii



FIGURE 49. Gas Lift Design- Performance Curve Plot for B-309.............c.c....... 43
FIGURE 50. Gas Lift Design Graph for B-309........ccccccevviviiie i 44
FIGURE 51. Results of the Gas Lift Design for B-309..........ccccooevinieiinieeniene 44
FIGURE 52. Top View of Reservoir Model ............cccooveiiiiiciciiece e 46
FIGURE 53. Bottom View of Reservoir Model ............cccooevvieiinninieiieceeee 46
FIGURE 54.  Front View of Reservoir Model ..., 47
FIGURE 55.  Field Oil Production Rate..........cccccueiiereiiniierecie e 48
FIGURE 56.  Field Oil Production Total...........c.ccooviininiiniiieie e, 48
LIST OF TABLES
TABLE 1. Key Milestone of Project (FYPL) ...ccccoooeiiiieeiece e 14
TABLE 2.  Key Milestone of Project ( FYP2) ......ccccooiiiiiiiieneneeeees 15
TABLE 3.  Gantt Chart of Project (FYPL) ..ccooveiiiieceeceee e 16
TABLE 4.  Gantt Chart of Project (FYP2) ..o 16
TABLE 5.  To00IS fOr the Project.........ccciveiiiiiiiieie e 17
TABLE 6. Result of Gas Lift Design for Eight Wells in Platform C, B-1 Field... 45
TABLE 7. Comparison on the Existing Valve and the Proposed Design for B-301.
.............................................................................................................. 51
TABLE 8  Results of the Case Studies of PROSPER modeling ...........ccccceevenee. 53

viii



CHAPTER 1
INTRODUCTION

1.1 Background of Study

Nowadays, oil reserves are depleting every day and oil prices are rising, thus the role of
production optimization cannot be ignored. Production optimization means
determination and implementation of the optimum values of parameters in the
production system to maximize hydrocarbon production rate. Because a system defined
differently, the production optimization can be performed at different levels such as well
level, facility or platform level, and field level. This report describes the production

optimization for the gas- lifted wells.

The production rate from a single flowing well is dominated by inflow performance,
tubing size and wellhead pressure controlled by choke size, which on the other hand is
called Nodal Analysis. Nodal Analysis is mainly focuses on the Inflow Performance
Relationship (IPR) and Vertical Lift Performance (VLP) of the well. The Inflow
Performance Relationship (IPR) is defined as the functional relationship between the
production rate and the bottom hole flowing pressure. Productivity Index (PI) expresses
the capability of a reservoir to deliver fluids to the wellbore. Productivity Ratio (PR) is
the ratio of actual productivity index to the ideal productivity index where skin, s=0.
Nodal Analysis can be used to generate tubing performance curve (VLP). Figure 1 is the

production system of a well which shows the reservoir inflow and tubing outflow.
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FIGURE 1. Production System.
Source: Economides, M. J. (n.d.). Production Optimization. Volume 1/ Exploration,
Production and Transport .

This project is based on the data from one of the field located in Sarawak named B-1
Field. This project only focuses on the eight wells in the Platform C. The B-1 Field is
located 80 km Northwest of Bintulu.The field is 14km long and 6 km wide with water
depth of 90 ft which is quite shallow. In this project gas lift will be used for the
production optimisation. Gas will be injected at high pressure from the casing into the
wellbore and mixes with the produced fluids from the reservoir (see Figure 2).
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FIGURE 2. Gas Lift Well Schematic

Source: Kashif Rashid, W. B. (2012). A Survey ofMethods for Gas-Lift Optimization.
Modelling and Simulation in Engineering

The continuous gas injection process lowers the effective density and thus the
hydrostatic pressure of the fluid column, leading to a lower flowing bottom-hole
pressure (Pbh). The increased pressure differential induced across the sand face from the
in situ reservoir pressure (Pr ), given by (Pr — Pbh), aiding in flowing the produced fluid
to the surface. The method is easy to install, economically viable, robust, and effective
over a large range of conditions, but does assume a steady supply of lift gas.

Oil and gas reservoir modeling involves two broad types of data: static (for example,
core, well logs, and seismic interpretation) and dynamic (pressure and fluid production
observed at wells). Incorporation of dynamic data together with static data improves the
quality of the reservoir models produced and provides the reservoir engineers with a

better basis for reservoir simulation and management.



The main focal point of the reservoir characterization and simulation area is the
construction of a reservoir model. This model is represented numerically in a 3D
collection of data and then serves as the input for a numerical reservoir flow simulator.
The output obtained from the simulation run represents the expected performance
production curve given a particular production or injection well trend. The optimization
of massive investments allocated to reservoir exploitation strategies basically depends
on the precision of this reservoir performance production forecast. Subsequently, the
development of this reservoir model is one of the key aspects of the overall reservoir

management process.

Previously, simulations for all the wells in Platform C have been done to determine the
best gas lift injection point for optimum production. Since Platform C has been shut in
since 2008, the early data obtain might be not accurate for the simulations by using the
PROSPER software. Thus, in this project, simulations using PROSPER software will be
done using the relevant data from B-1 Field. Moreover, with the recent PROSPER well
models; dynamic reservoir model will be created using the ECLIPSE 100 software in

order to predict the production life of the wells in Platform C.

1.2 Objectives

To ensure the project is successful, objectives are established. There are three main

objectives for this project which are:

] To remodel the wells in B-1 Field using the relevant data.
o To optimize production of the wells in B-1 Field.
o To predict production life of the wells in B-1 Field using ECLIPSE 100.



1.3 Scopes of Study

The scopes of study of this project include:
. Well modeling
. Gas lift design

. Gas lift optimization
. Dynamic reservoir modeling
. Prediction of production life of the wells.

The scopes of study will be divided into three simulation phases. For the first phase and
the second phase, it includes the well modeling, gas lift design and gas lift optimization;
where the simulation will be done using PROSPER software. The third phase is the
dynamic reservoir modeling and prediction of production life of the wells by using the
ECLIPSE 100 software.

1.4 Problem Statement

Due to long shut-in of wells in B-1 Field because of the high water cut in production and
no gas lift facilities, well modeling is crucial to optimize the production. Moreover,
since it has been shut in for a long time, the well behavior cannot be predicted.
Furthermore, the optimization problem is to optimize the daily production by choosing

the optimal gas lift rates subject to pressure and properties of the wells.

Project Title: Analytical study on gas lift optimization and prediction of production life
of the wells in B-1 Field.



1.5  The Relevancy of the Project

This project will provide a good platform to improve knowledge on the artificial lift
optimization, especially the gas lift optimization which is the focus of this project. In
this project, student gets the opportunity to perform simulations on the surface and
subsurface modeling using the software PROSPER where student can identify the
operating point of the well by generating VLP/IPR graph. Furthermore, this project
includes the usage of ECLIPSE 100 where student has to create a dynamic reservoir
model based on the field data gathered. Thus, giving an opportunity for the student to

work on their own and to practice on becoming a production technologist in the future.

1.6 Feasibility of the Project within Scope and Time Frame

The project scope and time frame is referred to the project key milestone and Gantt
chart. In this project, student has to focus on the design, data gathering and simulation
for the eight wells at B-1 Field. This project is feasible and can be done within the study

period.



CHAPTER 2
LITERATURE REVIEW

2.1  Production Optimization and Nodal Analysis

Nodal analysis as explained by (Bitsindou & M.G. Kelkar, 1999) involves calculating
the pressure drop in individual components within the production system so that
pressure value at a given node in the production system (e.g., bottom hole pressure) can
be calculated from both ends (separator and reservoir). The rate at which pressure is
calculated at the node from both ends must be the same. This is the rate at which the

well produces.

As explained by (Munoz, 1999) the performance curves generated using a steady-state
software will represent a very specific “operating point”, valid for one set of flowing
well-head and bottom-hole pressures for a specific production rate, and under one casing
head injection pressure and gas- lift injection rate. Thus from the performance curve the

production rate is known and can be optimised.

Based on the (Economides), at a certain point in the life of a well, recovery may not
satisfy physical or economic constraints and the well will be shut. At this stage, a
remediation action or workover would be performed if the preliminary analysis predicts

additional economic value creation.
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FIGURE 3.  Production Optimization via Outflow Enhancement

Source: Economides, M. J. (n.d.). Production Optimization. Volume 1/ Exploration,

Production and Transport .

The objectives of production may be to enhance reservoir inflow performance or to
reduce outflow performance. The results could be more production with less pressure
drawdown. Moreover, the concept of reservoir inflow, as exemplified by the well IPR,
with the tubing performance curve, which essentially accounts for all pressure drops
associated with the plumbing of the well. This combination brings the components of the
petroleum production system together and also be used for well diagnosis, analysis and

identification malfunctioning parts of the system.

According to Boyun Guo (2007), “Although the entire production system is analyzed as
a total unit, interacting components, complex pipeline networks, pumps and compressors
are evaluated individually using this method. Locations of excessive flow resistance or

pressure drop in any part of the network are identified”.



2.2 Gas Lift Optimization

In this project, firstly gas lift optimization will be done to the wells in B-1 Field. The
amount of gas to be injected to maximize oil production varies based on well conditions
and geometries. Too much or too little injected gas will result in less than maximum
production. Generally, the optimal amount of injected gas is determined by well tests,
where the rate of injection is varied and liquid production (oil and perhaps water) is
measured. Injected gas aerates the fluid to reduce its density; the formation pressure is
then able to lift the oil column and forces the fluid out of the wellbore. Gas may be
injected continuously or intermittently, depending on the producing characteristics of the

well and the arrangement of the gas-lift equipment. (Wikimedia Foundation Inc, 2012)

According to (Q.Lu, 2012) continuous gas lift injection to production wells or risers is
an important method to maintain and improve hydrocarbon production. The availability
of lift gas is limited because it is typically provided by produced gas; the gas lift
operation is also constrained by the resources of surface facilities, such as the separator
and compression facilities. Therefore in this project, the gas lift injection rate is

minimized to produce the optimum rate of oil which is very economical.

Since the B-1 Field has a high water cut, according to (Y.C. Chia, 1999) gas lift
becomes critical to sustain production as oil fields mature. Increasing water cut and
decreasing reservoir pressure eventually cause wells to cease natural flow. Subsequently,

gas lift is required to kick off and sustain flow from these wells.

In the gas lift design, the new setting of the gas lift valve will be proposed to the
injection depth. As explained by (H.K. Lee, 1993), the depth of the first valve is
determined by the static fluid gradient, kick off injection pressure gradient, and the

wellhead tubing pressure. Usually the well design assumes the well is filled with kill



fluid and the top valve is placed to allow unloading against this gradient. Moreover, the
valve port size is determined by calculating the amount of gas required by using
equations similar to Thornhill-Craver equations. Port size must be large enough to pass
the required amount of gas, but not so large that it produces a large pressure loss across

the valve.

2.3 Reservoir Modeling

According to (Cunha, 2004) QOil and gas reservoir modelling involves two broad classes
of data: static (for example, core, well logs, and seismic interpretation) and dynamic
(pressure and fluid production observed at wells). Integration of dynamic data together
with static data enhances the quality of the reservoir models generated and provides the
reservoir engineers with a better basis for reservoir simulation and management. The
uncertainty of simulated production scenarios is then reduced, allowing a more realistic
economic evaluation. In general, however, integrating these two sources of data is still a

challenge in petroleum reservoir modeling.

According to (V. Singhl & Sotomayorl, 2013) 3D reservoir models are constructed for
various purposes in the E&P business and support value-based decisions including:
development planning, estimation of reserves, commerciality decisions, acquisitions or
farm-in opportunities, re-development of old fields and asset management throughout
the production period, execution and monitoring, water flood / EOR planning,
production cessation/ abandonment. The reservoir modeling process is cyclic and never

really ends (new data, new technology or new analogs).

10



2.4 PROSPER Software

The main software used are PROSPER and ECLIPSE100. Firstly, PROSPER is a
software which models Inflow Performance Relationship (IPR) of the well and wellbore
hydraulics. (Tony Tianlu Liao, Michael H. Stein, 2002). PROSPER is designed to allow
the building of reliable and consistent well models, with the ability to address each
aspect of wellbore modeling viz, PVT (fluid characterization), VLP correlations (for
calculation of flow-line and tubing pressure loss) and IPR (reservoir inflow). PROSPER
provides unique matching features allowing a consistent well model to be built prior to
use in prediction (sensitivities or artificial lift design). (IPM- Integrated Network
Modeling, 2012).

In this project, the purpose of running the PROSPER software is to obtain Inflow
Performance Relationship (IPR)/ Vertical Lift Performance (VLP) curves. Production
rates at various drawdown pressures are used to construct the IPR curve, which reflects
the ability of the reservoir to deliver fluid to the wellbore. Combining this with a curve
reflecting the tubing performance (VLP) identifies the operating point. (Schlumberger
Limited, 2012). Thus from generating the IPR and VVLP from PROSPER software, gas

lift optimization can be done to the wells in B-1 Field.

25 ECLIPSE 100 Software

Sclumberger Limited (2013) stated that “The ECLIPSE family of reservoir simulation
software offers the industry’s most complete and robust set of numerical solutions for
fast and accurate prediction of dynamic behavior, for all types of reservoirs and degrees
of complexity—structure, geology, fluids, and development schemes. ECLIPSE
software covers the entire spectrum of reservoir simulation, specializing in black oil,
compositional and thermal finite-volume reservoir simulation, and streamline reservoir

simulation. By choosing from a wide range of add-on options—such as coal bed

11



methane, gas field operations, calorific value-based controls, reservoir coupling, and
surface networks—simulator capabilities can be tailored to meet your needs, enhancing

the scope of reservoir simulation studies”.

Furthermore, ECLIPSE 100 software will be used in this project as well. ECLIPSE 100
is used to build the reservoir dynamic model. Dynamic Model of the studied reservoir
which is up scaled by using static model (Nezhad & Hesam Sheikh Darani, 2008). Thus,
by the dynamic model reservoir, prediction of production life of the wells in B-1 Field
can be done. Reservoir simulation divides the reservoir into a number of discrete units in
three dimensions and models the progression of reservoir and fluid properties through
space and time in a series of discrete steps. As in material balance, the total mass of the

system is conserved. (Geoquest Sclumberger, 1999).

Results of well modeling by PROSPER software, considering different flow scenarios,
were imported into the reservoir simulator and final recoveries were observed during a
certain period of time. (Nezhad & Hesam Sheikh Darani, 2008)

In addition in this project it is needed to incorporated the gas lifted wells from the
PROSPER well models. According to (Sclumberger, 2009) the effects of gas lift are
modeled by VFP tables (keyword VFPPROD). The tables must be prepared in advance
with a suitable range of lift gas injection rates. The lift gas injection rate is equated with
the Artificial Lift Quantity (ALQ value) in the tables. In ECLIPSE 100, lift gas injection
rates lying in between tabulated ALQ values are handled by linear interpolation, by
default, like the other parameters in the table. Gas lift effects are modeled by
interpolating the VFP table with an ALQ value equal to the current lift gas injection rate.
The ALQ values in each table must span the expected range of lift gas injection rates for

the well, as extrapolation of the tables can give unrealistic behavior.

12



CHAPTER 3
METHODOLOGY

3.1  Project Activities
This project refers to waterfall model whereby first task is finished before being able to

move to the next task.

' Literature review and data gathering
' Well modeling and simulation in PROSPER software

|
9
I
L 4
[
A g

' Gas lift optimisation in PROSPER software

Modeling dynamic reservoir in ECLIPSE100 software

' Prediction of production life of wells using ECLIPSE100 software

|
N

' Conclusion and Recommendation ‘

FIGURE 4. Project Activities Flow Chart
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Firstly, to start this project research is done to gain useful information to be used in the
project. Thus, literature review and data gathering is done in order to get more insight on
the project as well as finding guideline for the study. Secondly, after sufficient
information is obtained, simulation of eight wells in Platform C is done to obtain the
operating point in every well by plotting the Inflow Performance (IPR) and Vertical Lift
Performance graph. Thirdly, the PROSPER model for the eight wells is then undergoes
the gas lift optimization in PROSPER software. The suitable injection valve depth will
be selected for the production optimization and optimum gas injection rate will be

obtained to have the optimized production rate.

Then, the project will continues in ECLIPSE 100 software, where the integrating of
PROSPER well model is done in the ECLIPSE 100, followed by the static and dynamic
reservoir modeling. Furthermore, prediction of production life of wells is done by the
results obtain from the dynamic reservoir model in ECLIPSE 100. Last but not least,

conclusion and recommendation is done for the future work.

3.2 Key Milestone of Project Activities

TABLE 1. Key Milestone of Project ( FYP1)

No Activities Date

1 Topic selected 31 January 2013 (Week 2)
2 Extended Proposal submission 27 February 2013 (Week 6)
3 Oral defence presentation 11-12 March 2013 (Week 9)
4 Literature review studies (Week 4 — Week 12)

5 Procurement of materials (Week 10)

6 Draft of interim report submission 10 April 2013 (Week 13)
7 Final interim report submission 17 April 2013 (Week 14)

14



TABLE 2. Key Milestone of Project ( FYP2)

No Activities Date

1 Project Work Continues (Week 1- Week 15)
2 Submission of Progress Report Week 8
3 Pre- SEDEX Week 10
4 Submission of Draft Report Week 11
5 Submission of Dissertation (soft bound) Week 12
6 Submission of Technical Paper Week 12
7 Oral Presentation Week 13
9 Submission of Project Dissertation ( Hard Bound) Week 15

The Key Milestone in this project will undergoes these activities in order to be
accomplished within the time given:

Project Charter/Draft

1. Topic discussion

2. Topic approval by supervisor

3. Draft deliverable

Project Execution

1. Requirement Gathering

2. Data Research

3. Record all the network activities

Project Closed Out

1. Final documentation

2. Project Presentation
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3.3 Gantt Chart
TABLE 3.

Gantt Chart of Project (FYP1)

NO

DETAIL/WEEK

12

Topic selection/ Proposal

Preliminary Research Work and Data
Gathering

Literature Review Studies

3

4

5

6

~

Remodeling wells in PROSPER

Submission of Extended Proposal

Proposal Defense (Oral Presentation)

GasL.ift Optimization in PROSPER

AmMm—-HwvmZmwnm

8910 |11 |12 |13 |14

Submission of Interim Draft Report

A>MIUW

O 0| N0 B |lOW | DN

Submission of Interim Draft Report

TABLE 4.

Gantt Chart of Project (FYP2)

Z
O

DETAIL/WEEK

Project Work Continues

Submission of Progress Report

~

Dynamic Reservoir Modeling

Pre- SEDEX

Submission of Draft Report

TmMm—e4ommMmw

Submission of Dissertation ( Soft Bound)

Submission of Technical Paper

Oral Presentation

© | 0o N[O |0 | Bl W | DN|F

Submission of Project Dissertation

AP>MI®

Legend:
A Obijective is achieved
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3.4 Tools

There are many aspects involved in successful project and program. One of the aspects
is the tools used in a project. Since this project is a simulation project, there are two

main tools used which are:

TABLE 5. Tools for the Project

NO. | SOFTWARE APPLICATIONS

1. PROSPER | Designed to allow the building of reliable and consistent well
models, with the capability to address each aspect of well bore
modeling viz; PVT (fluid characterisation), VLP correlations (for
calculation of flowline and tubing pressure loss) and IPR

(reservoir inflow).

2. | ECLIPSE 100 | Use 3D reservoir simulations to support wide-ranging well

controls, field operations planning.
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3.5  Project Methodology

3.5.1. Objective 1: To remodel the wells in B-1 Field using the relevant data.

This will be achieve by creating new well models for every wells in Platform C in
PROSPER software by referring to the gathered relevant information on every well.
Well model in Platform C is matched with the relevant production data. This is executed
by building single well model for each well in Platform C using PROSPER. The data to
be input includes PVT, reservoir characteristic, well deviation and well construction.
Matching done to ensure correct data and well performance is matched with the model.
This process requires data and information needed includes the Well test, Deviation

Data, Well Diagram, Pressure Profile, Schematic Diagram of Platform C and PVT data.

Well model in Platform C is then matched with the latest production data.. The data
gathered includes PVT, reservoir characteristic, well deviation and well construction.

Matching done to ensure correct data and well performance is matched with the model.

This process also requires recent well test data and pressure profile.

PVT - INPUT DATA (301.0ut) (Qil - Black Qil matched .

Donel Cancel| Tables| Match Data| Hegression| Correlations| Calculate| Savel Dpen| Composition|

Help

_I Use Tables

—Input Parameter

Solution GOR | Msct/STE |

r—Carrelation:

Pb. Fis. Bo ||Glaso

Ol Gravwity | 3649

il Viscosity | Beal et 2l

Gas Gravity | 0,738 3p. gravity
i ater Salinite | =]

—ImnpLiritie:

fole Percent H25 |D percent
Mole Percent CO2 | 0.0243 percent
Male Percent M2 | 0.0023 percent

LediLe |

FIGURE 5.

PVT- Input Data
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[ R [pEVIATION SURVEY (SOLOUE ‘
flow Performance Relation (IPR) - Select Model -
‘ Done ‘ Cancel | Main ‘ Help | Filter |
Done Validale ‘ Calculate ‘ Repart ‘ Transfer Data ‘ Sand Falue ‘
Cancl ‘ Resat ‘ Plat ‘ Expoit ‘ [ Input Dat
Measured | TueVertical | Cumulative
Help TestData | Senstiviy Depth Depth | Displacement | AN0E |
[fezt] lfest] | fest] | [degrees)
il 0 0 0
~Model and Global Variable Selection A EE 824 0 0
3 |[86 82553 013975 573197
Reservai Model Mechanical / Geometrical Ski ] d Pattial Penetration Ski | e Ll Ll
eserval Modsl echanical / Geametrical Skin eviation and Partial Penetration Skin D ERRE] 185316 164709
Al Eniy _& | 2642 260487 297.789 221742
Vogel 7 |]5867 585028 1611.25 240338
Campaste MacLead g |[3000 B3R5 11 29452 26,1997
F arakas+T aiig T
Fetkovich —
Mulifate Fetkovich 10
ones 11
bhultFiate Jones —
Transient e |
Hydraulically Fractured wel 13
Horizontal Well- Mo Flow Baundariss 4
Harizantal Well - Constant Presswe Upper Baundary T
MultLayer Reservai
Esternal Entry Reservar Pressure ‘1395 psig 15
Horizantal el - P Frcton Loss In WelBore Reservoi Temperatue [23 448 deal 7
MuliLayer - P Loss In'wWelBoe —
Skindide [ELF) wiater Cut |70 percent 18
Dual Porasiy e 19
Horizontal Well - Transverse Vetical Fractues . V)| bisiEHl) |
SPOT Compaction Pemeabilty Feduction Model | Mo j =
Rlelative Peimeatilty (Mo j EUWIM Fastel \nsEltI DE\Etelﬂl \nvErlI F\Dtl Imuurll Exuurll
MD < TVD
’7 [3000 [B3gs.11 | Calculate |

FIGURE 6. Example of the parameter needed in matching the well models

VLPZIPR MATCHING (by-301.0ut) (Matched P

[ Tasks
‘ Done | Cancel | Help | Expart | Irnpart | Repart | ‘ ’7 Estimate I Yalue | Correlation Comparisan | Match YLP I YLP J IPR | QuickLoak. | ‘
AdjustIPR—
‘ Rate Type |Liquid Rates h ‘ ‘ ’7 Adjust IPR:
[ Match Data
Test Poink | Test Point Comment | Tubing | Tubing Head | Water Cub |Liquid Rate [Gauge Depth|  Gauge Reservolr | GasOil | GOR Free | Gaslift Gas | Injection
Date Head Temperature (Measured) | Pressure | Pressure Ratio Rate Depth
Pressure (Measured)
(psig) {deg F} {percent) [ (STEfdayv) (Feet) (psig) {psig) {MscFSTE) | (MscFISTE) [MMsch/daw)|  (Feek)
1 01/21j2012 140 131 o =<1 o 140 1521.25 +4.49 o a o =
z 12[16j2006 1020 131 43 306 o 1020 1321.25 5.93 a o o j
3 02/07 (2007 1000 131 62 s3] o 1000 ERI S 8.93 o o o
4 02jz1j2007 1000 131 55 393 o 1000 1321.25 5.93 o a o
5 02 25] 2008 570 131 7o Q00 o 570 1321.25 5.65 a o o
& D6/03/2008 00 131 70 1115 o e00 1395 3.5 o u} o
) 7
L 5
9
10 M|

Disablel@@ Pastel Insertl Delatelmlnvertl

Matching Procedure

The Task Buttons are organised tao reflect the process an engineer would take in Quality Assuring and matching well tests,
The best way of performing this process is to try always to isolate one part of the model that can be investigated independently of the athers.
[ The methodalogy is :-
. Estimate U value, This task has to be done Firsk since the temperature will affect the PYT used in the matching.
. Correlation Comparison, This will show iF the test is valid and allow the user to select which correlation will be chosen ko represent the pressure drops in the well,
. Makch YLP, Match the correlation to walid tests, Something that many engineers do is ta match the chosen model ta one test and cross check with others,
This of course depends on the engineering judgement of the person doing the analysis.
. WLP[IPR. Check the WLPJIPR intersection and, if needed, modify the IPR so that model results match those of the test.
This will ensure that the model can reasonably represent the tests and identify possible discrepancies in the inFlow modsl.
If the YLPJIFR intersection shows a different rate o the one shown on the kest, then of course the discrepancy liss with the inflaw,

L T

s

FIGURE 7.  VLP/IPR matching in PROSPER
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Based on Figure 6 and Figure 7, there are several important data that need to be input in
order to generate IPR and VLP curves as well as to match the model which are mainly
the reservoir pressure, gas oil ratio, water cut and reservoir temperature. Moreover,
when the Darcy Model is selected, other parameter such as permeability, reservoir

thickness, drainage area, skin and wellbore radius is to be input to create the model.

After all the data has been key- in, the matching is done to obtain the IPR/VLP graph.
The intersection point between the IPR and VLP curves, we can obtain the operating
point which is the point of the well start to flow with respect to the bottom hole flowing
pressure. Figure 8 is the example of IPR/VLP graph obtained . Thus from the IPR/VVLP

graph, the production rate of the well daily can be determined.

W O R r—

Finish Main Annotate Scales Labels Replot Outy POINT

[ Inflo / b2:03:59) |

Z

1427 24]

9 (STBlday)
STB/day)

1070.43]

T13.6:

Pressre (pun)

356.51

First Node Suj iguid
o First Hode Superficial Gas Veloci
227653 570.385 1138.49 1T066 227471 TSTTne £ Faror T

Uiquid Rete_(ST8/day)

PVT Methed Black Oil
Fluid Oil

Predicting
Temperature Model Rough Approx
Company
o n

FIGURE 8. VLP/IPR graph in PROSPER
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3.5.2. Objective 2: To optimize production of the wells in B-1 Field.

This will be achieved by designing the gas lift facility in every well using the PROSPER

software in the process of remodeling the wells. Thus, multiple cases on gas lift

optimization are done. Two cases were run for field-wide optimization in this project

which is:

i.  Base case (do nothing)

The PROSPER model is run without the gas lift facilities with relevant data from
the field that will be used for the Case 2.

ii. Case 2 (gas lifted all wells with optimised gas lift parameters)

The PROSPER model is run with the new Gas lift design with relevant data from

the field.

The first step in designing gas lift is to specify the depth of injection point in the well

based on the wellbore diagram where the side pocket mandrel has already been installed.

Then, the parameter of the well is input in the PROSPER software in order to specify the

well condition and properties as shown in the Figure 9.

a:Lift Design - EXISTING MANDRELS (301.0ut) (Matched
SRS R
| CumentValve Type |
Camomm Done | Camedl | Mandrels | Report | Export | PR | Help | | =00 Gaslift Valve D atabase
B Walvel
Malve Typ E1-53 MoMuny-Macco
| Casing Sensitive ~ E1-£0 Camco
Min CHP Dzcreass Per vatve [50 i | g i
Walve Setting: =] R-20
| rvalves Pro = Gas Fressure = | £ PR
£ BKT1
Masirnum Liquid Fiate [[5000 STB/day -3 BKT
=3 BELK-Z
| Input =50 BEA
Manimum Gas Available 05 Mbdsofrdap | | oo L ot s AT o Normal
Maximum Gas During Unleading [05 | Mbisci/day ﬂ | | [l Carbide
Flowing Top Mode Pressure [400 peig E v oh i .Eker
- : alve Cheic
Unloading Top Node Pressure [400 —— ﬂc et Flin Lavel Coloated =l |
Operating Irjection Pressure [1400 psia
T ey Ta00 — |'|':"‘e‘:k Rate Conformance With IPFR = |
Desired dP Across Valve | 100 e =
Werlical Lift Conelation
Port Size R Value
weater Cut [[70 percent | ﬂPE"°'e“m Eperts 2 =] | za 0385
= i [Pl Camel i fg g fgg
Static Gradient OF Load Fluid [[0.433 psi/it ﬂBeggs and Brill =1 | 5 o oaa
Mirimurn Transter dP |25 percent Use PR For Unloadin a 0042
Maimum Part Size Bdths inch ﬂ | |
Safety For Closurs OF Last Urloading Valve [0 psi T ——
Toral GOR |1 Mset/STE ﬂc lculated dF @ Orifice ~1 |
[T homhill-Craver D eR ating
DeRating Percentags For Yalves [100 percent e DeRating Percentags For Oifice [100° pecen
| Curent Valve Information
Marsfosturer - T So-cic-o- |

FIGURE 9.

Input Data for the Gas lift Design
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3.5.3. Objective 3: To predict production life of the wells in B-1 Field using
ECLIPSE 100.

This will be achieved by developing a static and dynamic reservoir model in
ECLIPSE100. The dynamic reservoir model is created using some of the keywords that
is specifically chosen to integrate the gas lifted wells. Before the dynamic model is
created, the static model is first created in the FILENAME.DATA file. For the reservoir
static modeling the keywords used are RUNSPEC, DIMENS, OIL, WATER, FIELD,
TABDIMS, WELLDIMS, START, NSTACK, GRID, EQUALS, BOX, TOPS, PROPS,
EQUIL and SUMMARY. These keywords are basically to initialize the properties of the
reservoir. For example in the PROPS section it is also included with the PVT data to
specify the parameter such as the rock properties, formation volume factor for oil and
water, the density for oil, water and gas, and the bubble point pressure. Moreover, the
reservoir specification such as the depth, width and length is also needed in order to

create a reservoir model.

Then the modeling is continued with the dynamic modeling. The dynamic modeling is
done by adding the SCHEDULE section in the FILENAME.DATA file. Some of the
keywords needed in order to incorporate the gas lift wells modeled by the PROSPER
software are VFPPROD, WELLSPECS, COMPDAT, WCONPROD,WEFAC,
LIFTOPT, WLIFTOPT, WTEST and TSTEP. The PROSPER model of every well is
integrated in the ECLIPSE100 dynamic reservoir model by the VFPPROD table output
generated from the PROSPER software. The VFPPROD table contains the well
information on the datum depth, liquid rates, water cut percentage, gas oil ratio and
artificial lift value. The FILENAME.DATA file is then run and if errors occur in the
simulation, it is corrected using the corrected parameter. After all the errors is corrected,
the reservoir model is run in the Eclipse 100 , Floviz and Office.
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File Edit Format View Help

RUNSUM

SCHEDULE

RPTSCHED
PRES' 'SWAT' 'FIP=1" 'WELLS=2' 'SUMMARY=2' 'CPU=2' 'WELSPECS' 'NEWTON=2'
NOECHO
--PRODUCTION WELL VFP TABLE 1
VFPPROD
-- Table Datum pepth Rate Type WFR Type GFR Type THP Type ALQ Type UNITS TAB Type

1 4930.01 LIQ WeT GOR THP T FIELD BHP /

-- LIQ units - sth/da

2.3 121.9  241.5 361.1 480.7
600.3 719.9  839.5 959.1 1078.7
1198.3 1317.9 1437.5 1557.1 1676.7
1796.3 1915.9 2035.5 2155.1 2274.7 /

-- THP units - Psia
614.7 /

-- WCT units - stb/sth
0. 0085/

-- GOR units - mscf/sth
0.5 /

-- " " units -

0.4795 /

1 1 1 1 1001.5 996.8 1079.7 1116.6 1153.4
1186.0 1213.0 1236.4 1257.4 1276.8
1295.0 1312.5 1329.3 1345.8 1362.0

/ 1378.1 1294.0 1410.0 1425.9 1441.9

VFPPROD
-- Table Datum pepth Rate Type WFR Type GFR Type THP Type ALQ Type UNITS TAB Type

2 5051.91 LIQ WeT GOR THP T FIELD BHP /

-- LIQ units - sth/day

m

FIGURE 10. FILENAME.DATA file

Il ECLIPSE E300 FrontSim FlaGrid Dffice Floviz SCAL SimOpt P4Ti Peeuda SIS I__og
Windaw

l SLb
GRID GRAF Schedule VPRI Manuals License Exi
Tanl

B C\Windows\system3Z\cmd.ex:

LU 1 8 @
g——COI‘IHENT AT TIME J6h8.8  DAYS (J8-DEC-2822):

S - - -

* RUN STOPPED BECAUSE RESERVOIR PRESSURE HAS =
* PALLEN BELOW THE SPECIFIED BUBBLE-DEW POINT =

R P 0000000 I

Error summary

Comments

Warnings

Prohlems

Errors

Bugs a

Final cpu B.39 elapsed

PRODUGING RUN SUMHARIES

YAY_GASLIFT.SHSPEC exists

SPEC file succesfully read

Opened file YAY_GASLIFI.S8001

1 files exist containing 24 timesteps

Summary file YAY _GASLIFT.SG0B1 opened

vectors loaded

13
RUN SUMMARIES COMPLEIE
c:\Users\lseri\Desktop\FYP_ECLIPSE>

FIGURE 11. Running FILENAME.DATA file
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Furthermore, through the reservoir simulations that are based on accurately developed
reservoir characterisation, it will be significant in predicting the production life of the
field. The production life of the field is predicted by using the timestep of 25 years
which is equivalent to 9125 days to be input in the FILENAME.DATA file to be run.

The result will be discussed in the next chapter.
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CHAPTER 4
RESULTS

In this chapter the results of the first phase, second phase and third phase of the project

that has been completed will be shown well by well.

4.1 PROSPER Modeling- Base Case
The Base Case study is the study on the wells in Platform C using PROSPER modeling

without the gas lift injection. The results of eight wells in the Base Case will be shown
below.
Well B-301

Finish Main Annotate Scales Labels Replot Output Colours Options Variables TestData Help
[ inflow (PR) v Outflow (VLP) Plot (301 07/11/13 1150 11} |

S
ELIRT: S \L

N

e iy

NO OPERATING
POINT

73434 EE 18245 D2az08

il

FIGURE 12. IPR/VLP curve for B-301 in Base Case.
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Well B-303

Options  Variables Test Data  Hel

ol

x_h\—“‘

- Wallhaad Gas Dansity

i
icial Liquid Velodiy (fusec)

— Wallhasd Super
s Supstic iy ()

Finish  Main  Annotate Scales Labels Replot  Output  Colours »
[ Inflow (PR) v Outllow (VD) Plot (303 07/30/13 16.06.18) 1
M 26880
| o
Flow Tywe T Eo sured De )
Wall Tyos Produce: : -
Anificial LIt .. ulgrrvars: G
it Tyoe - e 2
Praiging Frasmure and Tamparaturs (ofishore)
Tarmmaratias Whet) Fouoh St tton 1 "
ST Bayan "

MES Skin Model
Compastien Permeability Redustien Modsl He

fon FI 0 43770 (STE/day/psl)

FIGURE 13.
Well B-304

IPR/VLP curve for B-303 in Base

Options  Variables Test Data  Help

Finish Main  Annotate Scales Labels Replot Output  Colours
[ Inflow (IPR) v Outllow (VLF) Plot (304 07/30/13 16 21.20) 1

25 (STB/day/el)

FIGURE 14.
Well B-305

IPR/VLP curve for B-304 in Base Case.

Options  Variables Test Data  Help

e PRI Amnatete  Scatas = Lecais " Rapict: Output - Cosurs
[ Tfioww () v Outfiow (VLE) Plot (3061 07730713 16 23 673 |

FIGURE 15.

IPR/VLP curve for B-305 in Base Case.
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Well B-306

Finiah Msin Anhotsta  Scetes  Labai  Raplot  Oulput  Colours  Options  Varisbles  Tast Dats  Halp

Inflow (PR v Outflow (VLE) Plot (306 07/30/13 16.27.29) 1

Pressue (s

Trous Fere ETETeT

Lafttana Intaraation

FIGURE 16. IPR/VLP curve for B-306 in Base Case.

Well B-307

bles  Test Da

Finish  Main  Annotate Scales Labels Replot  Output  Colours  Optians Vi

Help.
Inflow (IPR) v Outflow (VLE) Plot (307 07/30/13 16 A5 42) 1

hMactiday)
eos 7).
- e TS SRS T TERTT o T TR T

FT Methog Blac o Tom Node Pressure S50 00 (neia)
Fraia O Wai o
LaftHand Intemection Cisllos Cempastisn Farm

FIGURE 17. IPR/VLP curve for B-307 in Base Case.

Well B-308

TR e Annetats Seale Tebels Feplel Owput Tolous  Opfion: Vansbles  TeiDats Tl
Inflow (IPR) v Outflow (VLP) Plot (308 07/30/13 16.53.02) |
[] 2180.01
— P Complation {maik
= — Cempletion Skin
A e S Tet
E R sy
F y (cmntipoive)
H (caniipaisa)
o (Ramcs
v
(dynarem)
sessof. (a3 )
sach
|| o
0.78284 196.168 381.648 580831 782.313 i
T
VT Methoa Giac o Top roas Prase 450 00 (pa)
Flure o1l Water €0t 70,600 (percmnith
ottt TS veriont Dap Asesn 8
Sutace Equipmant Cora .
Lettiana Intarsacion DisAllow Compaction Parmeab e
Formation F1 0 84593 (STBidey/ps)

FIGURE 18. IPR/VLP curve for B-308 in Base Case.
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Well B-309

Main  Annotate Scales Label: Replot Output Colours Options Varisbles TestData Help
Inflow (IPR) v Outflow (VLF) Plot (300 07/30/13 16 56 33) |
[] 2z Sol n Point
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(risacy
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Wellhaad Prassure (paig)
Fiest Node Superlicial Liauid Veloaity
First Mooe Superticial Gas Velodty
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Tiavia Rore (5T67amy]
P ethod Blac: o1 T Neda Praae
Fluid oif
Flow Typa Tubling
Wall Type Producer
Antifical Lift Nona e
e Surtacs Equipment coralation Reservelr Wodal Garcy
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Locaten Formation Pl 040975 (STB/dey/psi)

FIGURE 19. IPR/VLP curve for B-309 in Base Case.

From the PROSPER modeling, all of the wells in Platform C are showing no operating

point in the Base Case, thus the flow rate is zero bbl/day for every wells in Platform C.

4.2  PROSPER Modeling- Case 2 (Gas lifted all wells with optimized gas lift
parameters)

Well B-301

Finsh _Main _ Annotale Scales Labels Replol _Output  Colours  Options  Vanables TestData  Help
[ Inflow (IPR) v Outflow (VLP) Plot (301 07/30/13 15:04:58) 1
] 1299 98
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il Rata ay)
] Walar Rate
G Rate
f“___j“" injaction Dapth
10ae 2 Seluiton Nod Presure
dP Gravity
4P Tolal Stin
F Fertoration
aP
El Complatian Skin
H sossaz] . . L
i Wellhead Gas Density
N Wellhead Liauid Viscoslty
w 3
"
Wellhead Z Factor
s amo) Wellhead Intaraciai Tersion
Wellhend Tempe
Fimst Node Liquid Den
First Node Gas Dansity
First Hode Liuid Viscoslty
First Node Gss Viscosity 0
First Node Superticial Liguld Velocity
o First Node Supericial Gas Velocty
Tvens D 738 45 TR e TraTA
ETEGET
T Metned Top Node Pr ) taiar -
o Water Cut infies Type
Bottom Measured Depth ana Contr
Botiom True Verilcal Depih St
Surtacs Haulpmant Coelation i
" Vertical Litt Gonelation Raservair Mode! Darcy
. MAG Skin Mode! Entar Skin By Hand
et e Heo Compaciion Fermeabllity Reduclion Model 1
Ralstive Par ‘.
Formation I 3,65 (5TB/day/psi)

FIGURE 20. IPR/VLP curve for B-301
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Figure 20 shows the IPR/VLP curve for well B-301. From the graph, the operating point
can be observed and the Absolute Open Flow (AOF) can be obtained. AOF is the
maximum flow rate the well can achieve when the flowing bottom hole pressure is equal
to zero. In this well the AOF is 2274.71bbl/day. Moreover, the operating point is present
at the rate of 812.9 bbl/day of liquid.

il s iad e —

Finish Main Annotate Scales Labels Replot Output Colours Options Help

I Gas Lift Design - Performance curve Plot (301 07/30/13 15:12:55) I

274 884} —— )

206 163]

Ol Produced (STB/day)

1374428

68.7211Q ___

0f

0 159249 3.18497 4777486 6.36994

I Gas Injected (MMsct/day) 1

FIGURE 21. Gas Lift Design- Performance Curve Plot for B-301

The Gas Lift Design Performance Curve Plot for B-301in the Figure 21 shows the
increasing oil rate with respect to the gas lift injection rate curve trend. Initially when
zero injection rate is applied, the oil rate also is zero. When the gas injection rate
increases, the oil gain increases. From the graph the optimum gas lift injection rate is
0.485 and the oil rate is 218.26 bbl/day.

Figure 22 shows the gas lift design which shows the injection point depth for the
optimize flow in the well. For B-301, the injection point is at the depth of 4678 ft, while
Figure 23shows the new setting for the gas lift valve including the Port Size, Test Rack

Opening Pressure, Types of Valve and the Depth for every installed valve type.
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FIGURE 22. Gas Lift Design Graph for B-301
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FIGURE 23. Results of the Gas Lift Design for B-301
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Well B-303
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FIGURE 24. IPR/VLP curve for B-303

Figure 24 shows the IPR/VLP curve for well B-303. In this well the AOF is 522.91
bbl/day. Moreover, the operating point is present at the rate of 361.7 bbl/day of liquid.
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FIGURE 25. Gas Lift Design- Performance Curve Plot for B-303

The Gas Lift Design Performance Curve Plot for B-303in the Figure 25 above shows the
increasing oil rate with respect to the gas lift injection rate curve trend. From the graph

the optimum gas lift injection rate is 0.3394 MMscf/day and the oil rate is 115.43
bbl/day.
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FIGURE 27. Results of the Gas Lift Design for B-303

Figure 26 above shows the gas lift design which shows the injection point depth for the

optimized flow in the well. For B-301, the injection point is at the Orifice at depth of

6750 ft which is at the deepest setting of the side pocket mandrel.
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Well B-304
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FIGURE 28. IPR/VLP curve for B-304

Figure 28 shows the IPR/VLP curve for well B-304. In this well the AOF is observed to

be 2172.04 bbl/day. Moreover, the operating point is present at the rate of 878.9 bbl/day
of liquid.
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FIGURE 29. Gas Lift Design- Performance Curve Plot for B-304
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Figure 29 shows the Gas Lift Design Performance Curve Plot for B-304 which has an
increasing oil rate with respect to the gas lift injection rate curve trend. From the graph

the optimum gas lift injection rate is 0.483 MMscf/day and the oil rate is 148.17 bbl/day.
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FIGURE 30. Gas Lift Design Graph for B-304
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FIGURE 31. Results of the Gas Lift Design for B-304

Based on the results from the gas lift design in the Figure 30 and Figure 31, the optimum
injection depth for B-304 is at 4773 ft.
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Well B-305
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FIGURE 32. IPR/VLP curve for B-305

Figure 32 shows the result on the IPR/VLP curve for well B-305. In this well the AOF is

2189.23 bbl/day. Tithe operating point is observed to be present at the rate of 1425.4
bbl/day of liquid.
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FIGURE 33. Gas Lift Design- Performance Curve Plot for B-305
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The Gas Lift Design Performance Curve Plot for B-305 in the Figure 33 shows the
increasing oil rate with respect to the gas lift injection rate curve trend. From the graph

the optimum gas lift injection rate is 0.473 MMscf/day and the oil rate is 192.18 bbl/day.
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FIGURE 34. Gas Lift Design Graph for B-305
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FIGURE 35. Results of the Gas Lift Design for B-305

Based on the results from the gas lift design, the optimum injection depth for B-305 is at
6061 ft which is at the deepest side pocket mandrel that has been already installed in the
well B-305.
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Well B-306
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FIGURE 36. IPR/VLP curve for B-306

Figure 36 shows the IPR/VLP curve for well B-306. In this well the AOF is 4585.1
bbl/day. Moreover, the operating point is present at the rate of 1285.6 bbl/day of liquid.
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FIGURE 37. Gas Lift Design- Performance Curve Plot for B-306
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The Gas Lift Design Performance Curve Plot for B-306 in the Figure 37above shows the
increasing oil rate with respect to the gas lift injection rate curve trend. From the graph

the optimum gas lift injection rate is 0.490 MMscf/day and the oil rate is 290.58 bbl/day.
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FIGURE 38. Gas Lift Design Graph for B-306
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FIGURE 39. Results of the Gas Lift Design for B-306
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Figure 38 shows the gas lift design which shows the injection point depth for the
optimize flow in the well. For B-306, the injection point is at the depth of 5057 ft, while
Figure 39 shows the new setting for the gas lift valve including the Port Size, Test Rack
Opening Pressure, Types of Valve and the Depth for every installed valve type.
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FIGURE 40. IPR/VLP curve for B-307

Figure 40 shows the IPR/VLP curve for well B-307. In this well the AOF is 1370.79
bbl/day. Moreover, the operating point is present at the rate of 442.6 bbl/day of liquid.
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FIGURE 41. Gas Lift Design- Performance Curve Plot for B-307
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The Gas Lift Design Performance Curve Plot for B-307 above shows the increasing oil
rate with respect to the gas lift injection rate curve trend. From the graph the optimum
gas lift injection rate is 0.446 MMscf/day and the oil rate is 147.63 bbl/day.
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FIGURE 42. Gas Lift Design Graph for B-307
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FIGURE 43. Results of the Gas Lift Design for B-307

Based on the results from the gas lift design in the Figure 42 and Figure 43, the optimum
injection depth for B-307 is at 5243 ft.
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Well B-308
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Figure 44 shows the IPR/VLP curve for well B-308.The AOF is observed to be 837.37
bbl/day. Moreover, the intersection of the IPR and the VLP curves which is the

FIGURE 44.

operating point is present at the rate of 557.6 bbl/day of liquid.
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FIGURE 45. Gas Lift Design- Performance Curve Plot for B-308
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The Gas Lift Design Performance Curve Plot for B-308 in the Figure 45 shows the
increasing oil rate with respect to the gas lift injection rate curve trend. From the graph
the optimum gas lift injection rate is 0.384 MMscf/day and the oil rate is 117.68 bbl/day.
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FIGURE 47. Results of the Gas Lift Design for B-308

Based on the results from the gas lift design in the Figure 46, the optimum injection
depth for B-308 is at 4693 ft. In addition, the new gas live valve setting is proposed from
the gas lift design in the Figure 47.
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FIGURE 48. IPR/VLP curve for B-309

Figure 48 shows the IPR/VVLP curve for well B-309. From the graph, the operating point
can be observed and the Absolute Open Flow (AOF) can be obtained. In this well the
AOF is 650.91. Moreover, the operating point is present at the rate of 478.8 bbl/day of
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FIGURE 49. Gas Lift Design- Performance Curve Plot for B-309
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The Gas Lift Design Performance Curve Plot for B-309 above shows the increasing oil
rate with respect to the gas lift injection rate curve trend. From the graph the optimum
gas lift injection rate is 0.344 MMscf/day and the oil rate is 100.88 bbl/day.
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FIGURE 50. Gas Lift Design Graph for B-309
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FIGURE 51. Results of the Gas Lift Design for B-309

Based on the results from the gas lift design, the optimum injection depth for B-309 is at
4199 ft.
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TABLE 6. Result of Gas Lift Design for Eight Wells in Platform C, B-1 Field.

- Gas Lift Injection Rate Point of Injection Oil Rate

(MMscf/day) (MD-ft-THF) (bbl/day)
B-301 0.49 4678 218.26
B-303 0.34 6750 115.43
B-304 0.48 4773 148.17
B-305 0.47 6061 192.18
B-306 0.49 5057 290.58
B-307 0.44 5242 147.63
B-308 0.38 4693 117.68
B-309 0.34 4199 100.88
TOTAL 1330.81

From the TABLE 6, the total oil production rate after the gas lift optimization is 1330.81
bbl/day showing that it is possible for the wells in Platform C to flow with the gas lift
aid. Moreover, the oil production rate shown is the optimize rate from the gas lift design
done in the PROSPER software with respect to the optimum injection gas rate and depth

of injection point.

4.3  ECLIPSE100 Modeling- Reservoir Modeling and Prediction of Production
Life of B-1 Field

After the results from the PROSPER modeling is obtained, the simulation continues with
the ECLIPSEL100 reservoir static and dynamic modeling. The modeling is done by
running the Eclipse Data file with the parameter needed in the reservoir properties. The

reservoir model is shown in the Figure 52, Figure 53and Figure 54.
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FIGURE 54. Front View of Reservoir Model

Besides that, from the reservoir modeling, the Field Oil Production Rate and Field Oil
Production Total is obtained by running the prediction case study of 9125 days (25
years). The result is shown in the Figure 55 and Figure 56. The Field Oil Production
Rate graph shows that the field production can sustain up to 25 years based on the
prediction period of the production of the wells in Platform C. Although the graph shows
decreasing trend curve, the rate of production is still high approximately 1000 stb/day up

to 25 years of production.

Figure 56 shows the Field Oil Production Total of Platform C production rate up to 9125
days (25 years). The graph shows a linear increasing trend proving that the well will

have increasing production rates in the 25 years production time.
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CHAPTER 5

DISCUSSIONS

51 PROSPER Modeling

In this project, the experimentation and modeling will be done by using the PROSPER
software in the first and second phase. While in the third phase, the modeling will be
done in ECLIPSE 100.By using the software, the performance of the wells in Platform C
can be observed. The observation of the well performances is very crucial because it
relates to the production and gain of the reservoir daily. Moreover by modeling,

performance of the well can be optimized and optimum oil gain can be produced.

In this project, the well models for eight wells in PROSPER is first generated without
the gas lift facilities which is for the Base Case. This is to prove that there is no
production in Platform C in the early years because of the high water cut percentage in
the reservoir in Platform C. This is done by using the relevant data from the field to do
the comparison of the PROSPER model. From the modeling, the production rate is

zero bbl/day which shows that the wells in the field need an aid to flow.

The reason for the well cannot flow is because there is no intersection between the
Inflow Performance and Vertical Lift Performance. In other word, the well has no

operating point and thus cannot flow. Therefore, to flow the wells and to optimize the
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production of the wells in Platform C, this project is proposed. Gas lift is chosen because
one of the well in Platform C which is B-310 has been identified as a natural gas
reservoir and thus is very suitable to be the gas lift source for the project and on the
other hand known as one of the efficient artificial lift method. The result of the project
which is modeling the well and optimizing the production with the aid of gas lift is

discussed in this chapter.

By using the data from the well, the modeling is done is done in the PROSPER software
and it is proven that the well cannot flow in the early years due to the high water cut,
thus this project will apply the gas lift optimization to allow the wells to produce. The
gas lift design is done to obtain the optimized injection gas lift rate and the best injection
depth for every well. In the gas lift principle, the deeper the injection depth, the higher
the oil rate produced. Therefore in this project, the principle is used as the guidance in
the gas lift design. Currently there are 8 wells in Platform C, which are B-301, B-303, B-
304, B-305, B-306, B-307, B-308 and B-3009.

The production rate is analyzed from the IPR/VLP generated. From the IPR/VLP curve,
the liquid rate and oil rate is known thus showing that there is increase in production for
every well when gas lift is applied in the well to assist the production. Moreover, the
production rate is basically known from the intersection point of the IPR and VLP, and
in the other hand showing the relationship of the flow from the reservoir and the flow
through the tubing up to the surface. Furthermore, the value of AOF is also known from
the IPR/VLP curve which shows the maximum flow rate that can be obtained when the
bottom hole flowing pressure is equal to zero. The production rate is the highest the well
can achieve with the minimum rate of injection. Thus, the cost in gas lift injection can be
reduced when the optimum volume of gas injection rate is known based on the gas lift

design.

50



Furthermore, from the gas lift design, the new setting of the gas lift will be shown in the
results table. The information given in the result table are the gas lift valve types with
respect to its depth setting, transfer pressure, gas lift gas rate, port size, tubing head
pressure and casing pressure. This information is very useful in the gas lift design so that
the proper well accessories can be installed and thus gas lift system can work properly in
the well. Table 7shows the example of comparison of the well’s Existing Valve and the

Proposed Design that can be done from the gas lift design results.

TABLE 7. Comparison on the Existing Valve and the Proposed Design for B-301

EXISTING VALVE PROPOSED DESIGN

VALVE | DEPTH | TEST RACK | PORT | VALVE | DEPTH | TEST RACK | PORT
TYPE OPENING SIZE TYPE OPENING SIZE
Dummy 1175 N/A N/A | Dummy 1175 N/A N/A
Dummy 2027 N/A N/A Valve 2027 1263.3 8/64”
Dummy 2933 N/A N/A Dummy 2933 N/A N/A
Orifice 3808 N/A 12/64 «“ | Valve 3808 1258.11 8//64”
Dummy 4678 N/A N/A Orifice 4678 N/A 9/64”

The existing valve is based on the wellbore diagram of well B-301. Based on the table it
is observed that the new proposed design gives more information than the existing
design. Moreover, the injection point which is the Orifice is changing from the depth of
3808 ft in the existing valve to the deepest point 4678 ft in the new propose design. The
changes are made in order to optimize the production of the well based on the data input.
The change of the gas lift injection point will require the Gas Lift Change Valve
(GLVC) operation, where the type of valve is change. For example, a dummy is changed
to the gas lift valve so that the gas lift injection operation can be done at the selected
depth.
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52  ECLIPSE100 Modeling

After the first and second phase of the project is completed in the PROSPER software,
the project continues with the third phase which is the reservoir modeling and prediction
of production life of the eight wells in the Platform C, B-1 Field. The reservoir static and
dynamic model is created using suitable keywords for the gas lifted wells. Then the
reservoir model is run and the time step is set to be 9125 days to observe the production
of the well in 25 years. Based on the graph in the Figure 55 and Figure 56 in the Results
chapter, it is shown that the wells in Platform C will be able to produce up to 25 years.
This prediction result is very useful because it gives the insight of the reservoir ability to

produce in a long time for the economic benefits in the future.
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CHAPTER 6
CONCLUSION AND RECOMMENDATION

4.1 Conclusion

As the conclusion, the objectives of this project are successfully achieved. The first
objective which is to remodel the wells in Platform C, B-1 Field using relevant data is
accomplished by modeling the eight wells in the PROSPER software. For every well
matching is done and IPR/VLP curve is generated. Moreover, the second objective,
which is to optimize the production of the wells in B-1 Field is achieved by adding the
gas lift facility in every well. By designing the gas lift, the injection depth and injection
gas rate is proposed to have the optimum oil production rates from the eight wells in
Platform C, B-1 Field. Furthermore, the third objective is also successfully achieved
which is to predict the production life of the wells in B-1 Field by modeling the dynamic
reservoir with the case study of time step of 25 years in the ECLIPSE100 software.

TABLE 8 Results of the Case Studies of PROSPER modeling

Base Case( without Gas lift) 0

Case 2 ( Gas lift all wells with optimized gas lift 1330.81

parameters)
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Based on the two cases that have been completed in the first phase and second phase of
this project, Base Case shows that the production rate is zero. Therefore, wells in
Platform C is proven cannot flow without artificial lift aid. For the Case 2, where all the
wells are gas lifted, the total flowing rate is 1330.81 STB/day of oil.

Using the main tools which are the PROSPER software and ECLIPSE 100 software; the
project can be done smoothly. In PROSPER; optimization will be done to all the wells
with the concept of Nodal Analysis. Furthermore, using PROSPER, graph of IPR and
VLP will be generated in order to identify the operating point, thus giving the well’s
production rate daily. Then, the process will be followed by the gas lift optimization.
Next, the project progress will be followed by the dynamic reservoir modeling in
ECLIPSE 100 software in order to complete the objectives of this project.

Furthermore, relevant data is gathered for every well in Platform C be the input in the
software which will be used. The project activities are referred to the Gantt Chart and

Key Milestone to make sure that the project runs smoothly within the time given.

4.2 Recommendations

There are some recommendations to improve the project in the future which are; firstly
the data for every well can be improved by sorting out the relevant data by choosing the
latest data available so that the results of the study will be more accurate. Moreover, the
software which is PROSPER software and ECLIPSE 100 software must be in the latest
version so that more option is available in doing the simulation. Furthermore, the license
of the software shall be keep in view to be available at all times in the university facility
so that students can proceed with the project without any delay.
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4.3 Future Plans

In the future the project research can be extended into broader study by adding more
case studies to compare and have more accurate results. Moreover, more parameters
should be used for the comparison of the results of the case studies. Furthermore, for the
dynamic reservoir modeling, the studies should be extended to the whole field
production prediction and larger reservoir model in order to maximize the oil production

rate with the information on the production life of the field.
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APPENDICES

APPENDIX 1- NOMENCLATURE

1. GOR - Gas Oil Ratio

2. IPR - Inflow Performance Relationship
3. PVT - Pressure Volume Temperature

4. THP - Tubing Head Pressure

5. TRO - Test Rack Opening

6. VLP - Vertical Lift Performance

7. WC - Water Cut

APPENDIX 2-ECLIPSE FILENAME.DATA FILE

ECLIPSE100 FILENAME.DATA file
RUNSPEC
TITLE
GAS LIFT OPTIMISATION TEST 9 X 9 X 2 - NO NETWORK

DIMENS
9 9 2/

OIL
WATER
FIELD

TABDIMS
1 12 4 1 2/

WELLDIMS
12 12 4 12/

VFPPDIMS
20 10 10 10 2 50/

START
1'JAN' 2013 /

NSTACK
4/

GRID

INIT

GRIDFILE
21/
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EQUALS

DX
DY
'DZ'

400 /
300 /
200 /

'PORO' 0.22
'PERMX' 1573
'PERMY" 1573
'PERMZ' 100

/

BOX

19

191

TOPS

2202
2170
2147
2133
2129
2133
2147
2170
2202

2145
2113
2090
2077
2072
2077
2090
2113
2145

ENDBOX

RPTGRID
-- Report Levels for Grid Section Data

/

PROPS

'DEPTH'

1/

2105
2073
2050
2037
2032
2037
2050
2073
2105

/

/
/
/

2080
2049
2026
2013
2008
2013
2026
2049
2080

2072
2041
2018
2005
2000
2005
2018
2041
2072

2080
2049
2026
2013
2008
2013
2026
2049
2080

2105
2073
2050
2037
2032
2037
2050
2073
2105

2145
2113
2090
2077
2072
2077
2090
2113
2145

2202
2170
2147
2133
2129
2133
2147
2170
2202 /

SWFN
0.22 0.0 0.48

0.3
0.4
0.5
0.6
0.8
0.9
1.0

0.07 0.
0.15 0.
0.24 0.
0.33 0.
0.65 0.
0.83 0.

27
21
17
14
07
03

1.0 0.0 /

SOF2

0.04
0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.78

0.0
0.022
0.1
0.24
0.34
0.42
0.5
0.8125

10 /

PVTW

0

1.0356 3.2002E-06 0.3133 0 /

ROCK
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214400 3.25e-6 /

DENSITY
52.407 62.634 0.0607 /

PVDO

2144.00 1.4281 0.4784
2214.70 1.4261 0.4815
/

RSCONST
1.253 2144 |

RPTPROPS

SOLUTION

EQUIL
3896.00 2143.00 4928.00 .00000 1000.00 .00000 0 0 0/

RPTSOL

-- Initialisation Print Output

'PRES' 'SWAT" 'FIP=1"/

SUMMARY

FOPR

FOPT

FWCT

FGOR

FGLIR

WOPR
'PA301' 'PA303' 'PA304' 'PA305' 'PA306' 'PA307' 'PA308' 'PA309" /

WWCT
'PA301"' 'PA303' 'PA304' 'PA305' 'PA306' 'PA307' 'PA308' 'PA309" /

WGLIR
'PA301' 'PA303' 'PA304' 'PA305' 'PA306' 'PA307' 'PA308' 'PA309" /

RUNSUM

SCHEDULE

RPTSCHED
'PRES' 'SWAT" 'FIP=1"'WELLS=2''SUMMARY=2"' 'CPU=2' 'WELSPECS' 'NEWTON=2"'
/

NOECHO
--PRODUCTION WELL VFP TABLE 1

VFPPROD
-- Table Datum Depth Rate Type WFR Type GFR Type THP Type ALQ Type UNITS
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1 4930.01 LIQ WCT GOR THP "' FIELD BHP /
-- LIQ units - stb/day
2.3 1219 2415 361.1 480.7
600.3 719.9 839.5 959.1 1078.7
1198.3 1317.9 1437.5 1557.1 1676.7
1796.3 1915.9 2035.5 2155.1 2274.7/

-- THP units - Psia
464.7 /

-- WCT units - stb/stb
0.85/

-- GOR units - Mscf/sth
0/

-- "' units -
05/

1111 8335 793.7 8824 926.2 959.5
990.7 1018.9 1043.7 1065.8 1086.4
1105.7 1124.1 1142.0 1159.4 1176.5
1193.5 1210.3 1227.1 1243.9 1260.7
/
VFPPROD
-- Table Datum Depth Rate Type WFR Type GFR Type THP Type ALQ Type UNITS TAB Type

2 5051.91 LIQ WCT GOR THP """ FIELD BHP /

-- LIQ units - stb/day

0.5 27.3 542 810 107.8
134.7 161.5 188.3 215.2 242.0
268.8 295.6 322.5 349.3 376.1
403.0 429.8 456.6 483.5 510.3/

-- THP units - Psia
464.7 /

-- WCT units - stb/stb
0.65/

-- GOR units - Mscf/sth
0/

-- "' units -
0.5/

1111 8725 8323 797.8 782.9 7783
807.2 833.0 854.7 867.7 879.1
890.4 900.6 909.9 918.5 926.5
934.0 941.1 948.2 9555 962.7

/

VFPPROD
-- Table Datum Depth Rate Type WFR Type GFR Type THP Type ALQ Type UNITS TAB Type

3 4930.72 LIQ WCT GOR THP """ FIELD BHP /

-- LIQ units - stb/day

2.2 116.4 230.6 344.8 459.0
573.2 687.4 801.6 915.8 1030.0
1144.2 1258.4 1372.6 1486.8 1601.0
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1715.2 1829.4 1943.6 2057.8 2172.0/

-- THP units - Psia
464.7 |

-- WCT units - stb/stb
0.8/

-- GOR units - Mscf/stb
05/

-- "' units -
0/

1111 8218 866.5 9115 955.2 992.6
1028.1 1057.6 1082.8 1105.0 1125.2
1144.1 1162.5 1180.3 1197.7 1214.6
1231.0 1247.4 1263.4 1279.3 1295.1

VFPPROD
-- Table Datum Depth Rate Type WFR Type GFR Type THP Type ALQ Type UNITS TAB Type

4 5111.87 LIQ WCT GOR THP "' FIELD BHP /

-- LIQ units - stb/day

2.2 117.3 2324 3475 462.6
577.7 692.8 807.9 923.0 1038.2
1153.3 1268.4 1383.5 1498.6 1613.7
1728.8 1843.9 1959.0 2074.1 2189.2/

-- THP units - Psia
314.7 /

-- WCT units - stb/stb
0.85/

-- GOR units - Mscf/stb
o/

-- "' units -
05/

1111 7259 598.3 699.0 752.3 787.4
817.5 846.3 873.1 898.2 921.7
943.9 965.3 985.9 1006.2 1026.2
1045.9 1065.7 1085.4 1105.2 1125.0
/
VFPPROD
-- Table Datum Depth Rate Type WFR Type GFR Type THP Type ALQ Type UNITS TAB Type

5 4909 LIQ WCT GOR THP "' FIELD BHP /

-- LIQ units - stb/day

46 2457 486.9 728.0 969.1
1210.3 1451.4 1692.5 1933.7 2174.8
24159 2657.1 2898.2 3139.3 3380.5
3621.6 3862.7 4103.9 4345.0 4586.1/

-- THP units - Psia
614.7 /
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-- WCT units - stb/stb
0.85/

-- GOR units - Mscf/sth
0/

-- "' units -
05/

1111 856.9 1095.3 1206.1 1318.1 1424.7
1514.9 1625.3 1711.1 1780.8 1838.0
1887.8 1930.7 1970.3 2006.4 2040.3
2073.3 2104.2 2133.2 2161.5 2189.7
/

VFPPROD
-- Table Datum Depth Rate Type WFR Type GFR Type THP Type ALQ Type UNITS TAB Type

6 4315.27 LIQ WCT GOR THP """ FIELD BHP /

-- LIQ units - stb/day

1.4 73.4 1455 217.6 289.7
361.7 433.8 505.9 578.0 650.0
722.1 794.2 866.3 938.3 1010.4
1082.5 1154.6 1226.6 1298.7 1370.8/

-- THP units - Psia
564.7 /

-- WCT units - stb/stb
0.8/

-- GOR units - Mscf/sth
0/

-- "' units -
0.5/

1111 793.3 834.6 922.8 966.7 994.5
1012.2 1039.7 1063.2 1083.6 1102.2
1120.5 1138.2 1155.5 1172.2 1188.4
1204.1 1219.7 1235.4 1249.9 1264.0
/

VFPPROD
-- Table Datum Depth Rate Type WFR Type GFR Type THP Type ALQ Type UNITS TAB Type

7 4089.84 LIQ WCT GOR THP '""  FIELD BHP /

-- LIQ units - stb/day
0.8 449 889 1329 176.9
221.0 265.0 309.0 353.1 397.1
441.1 485.1 529.2 573.2 617.2
661.3 705.3 749.3 793.3 837.4/

-- THP units - Psia
464.7 /

-- WCT units - stb/stb
0.8/
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-- GOR units - Mscf/stb
0/

-- "' units -
05/

1111 746.7 732.8 773.9 815.2 847.5
866.2 856.9 871.5 884.3 897.7
911.6 925.1 937.4 948.8 959.3
969.2 978.4 987.2 9955 1003.4
/

VFPPROD
-- Table Datum Depth Rate Type WFR Type GFR Type THP Type ALQ Type UNITS TAB Type

8 4282.46 LIQ WCT GOR THP """ FIELD BHP /

-- LIQ units - stb/day

0.7 349 69.1 103.3 1375
171.8 206.0 240.2 274.4 308.7
3429 377.1 411.3 445.6 479.8
514.0 548.2 582.5 616.7 650.9/

-- THP units - Psia
514.7 /

-- WCT units - stb/stb
0.7/

-- GOR units - Mscf/sth
0/

-- "' units -
05/

1111 8375 820.0 835.7 864.9 896.9
921.7 936.9 948.6 936.6 947.7
957.7 968.2 979.3 990.4 1000.8
1010.5 1019.6 1028.2 1036.2 1043.9
/

ECHO

WELSPECS

‘PA301" ‘A" 1 7 5259 'OIL' 1489 'STD' 'SHUT'/
‘PA303" ‘A" 1 3 7755 'OIL' 1489 'STD' 'SHUT'/
'‘PA304" ‘A" 4 7 5295 'OIL' 1489 'STD' 'SHUT'/
'PA305' ‘A" 1 5 6869 'OIL' 1489 'STD' 'SHUT'/
'PA306"' ‘A" 7 2 5629 'OIL' 1489 'STD' 'SHUT'/
'PA307" 'A' 8 4 6290 'OIL' 1489 'STD' 'SHUT'/
'PA308' 'A' 6 6 6037 'OIL' 1489 'STD' 'SHUT'/
'PA309" 'A" 5 3 5569 'OIL' 1489 'STD' 'SHUT'/
/

COMPDAT

'PA301' 1 7 1 2 OPEN 1 11/

'PA303' 1 31 2 OPEN 1 11/

'PA304' 4 7 1 2 OPEN 1 11/

'PA305' 1 51 2 OPEN 1 11/

'‘PA306"' 7 2 1 2 OPEN 1 11/
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'PA307' 8 4 1 2 OPEN 1 11/

'PA308' 6 6 1 2 OPEN 1 11/

'PA309' 5 3 1 2 OPEN 1 11/

/

WCONPROD

'PA301' 'OPEN' 'THP' 5000 3* 1* 1395 464.7

'PA303' 'OPEN' 'THP' 5000 3* 1* 1844 463.7

'PA304' 'OPEN' 'THP' 5000 3* 1* 1526 464.7

'PA305' 'OPEN' 'THP' 5000 3* 1* 1979 314.7

'PA306' 'OPEN' 'THP' 5000 3* 1* 1937 614.7

'PA307' 'OPEN' 'THP' 5000 3* 1* 1334 564.7

'PA308' 'OPEN' 'THP' 5000 3* 1* 1858 464.7

'PA309' 'OPEN' 'THP' 5000 3* 1* 2139 514.7

WEFAC

'PA301' 0.8 /

'PA303' 0.8 /

'PA304' 0.8 /

'PA305' 0.8 /

'PA306' 0.8 /

'PA307' 0.8 /

'PA308' 0.8 /

'PA309' 0.8 /

/

LIFTOPT

--increment minimum optimisation  optin 1st

-- size gradient interval NUPCOL its?
0.2 0.1 0.5/

WLIFTOPT

-- well optimise max lift weighting

--name lift? gasrate factor

'PA301'" 'NO' 05 1 0.1/

'PA303'" 'NO' 05 1 0.1/

'PA304' 'NO' 05 1 0.1/

'PA305' 'NO' 05 1 0.1/

'PA306' 'NO' 05 1 0.1/

'PA307" 'NO' 05 1 0.1/

'PA308' 'NO' 05 1 0.1/

'PA309' 'NO' 05 1 0.1/

/

WTEST

'PA301' 49.0 'P'/

'PA303' 49.0 'P'/

'PA304' 49.0 'P'/

'PA305' 49.0 'P'/

'PA306' 49.0 'P'/

'PA307' 49.0 'P'/

'PA308' 49.0 'P'/

'PA309' 49.0 'P'/

/

DEBUG

1034*03/

TSTEP

9125/

RPTSCHED
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'WELLS=2''SUMMARY=2"'CPU=2"'WELSPECS' 'NEWTON=2"/

--GLIFTOPT
--group max lift
--name gas rate
-'A" 05/

RPTSCHED

'PRES' 'SWAT' 'FIP=1"'WELLS=2' 'SUMMARY=2"' 'CPU=2" 'WELSPECS' 'NEWTON=2'

/
-- End simulation at 450 days

END
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APPENDIX 4- EXAMPLE OF WELLTEST DATA FOR WELL B-301
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