C8|2 Microbubble Colloidal Gas Aphrons for EOR Application: Diameter Size and Gas Blocking
Ability

Impact to Sweep Efficiency and Petrophysical Analysis

M ANDY NATAWIJAYA, Dr. Ferian Anggara, S.T., M.Eng.

Universitas Gadjah Mada, 2019 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

TABLE OF CONTENTS

INNER COVER .......oooiiiiiiiiiieie ettt e i
APPROVAL PAGE ......oooiiiiiiiit e il
DECLARATION ..ot e il
PERNYATAAN BEBAS PLAGIASI ... v
ABSTRACT ..ottt et e A%
INTISARI .ottt ettt et vi
PREFACE .....ooiiiiiiiiee ettt et viii
TABLE OF CONTENTS ..ot Xi
LIST OF FIGURES ...ttt Xii
LIST OF TABLES .....ooiiiiiiee et Xvi
CHAPTER I INTRODUCTION ......ootiiiiiiiiiiiiiiiiiiiiiiiieieeieeeeeeseeeensersssesseennne. 1
L1 Background ..........cooooiiiiiiiiiiiieeie e 1

[.2. Problem Statement ...........cccceieeiiiiiieeiiiiee et 5

[.3. Objective of Research ..........cccoeeviiiiiiiiiiiiiiiiieeeeeee e 5

.4 Scope of Research .........cccooooviiiiiiiiiiiiiic e 6

.5 Limitation of Research ...........cccocoiiiiiiiiiiiiiiiiiieeiiee e 6

[.6 Previous Research and Originality ...........ccccoeevieieiniiiieeeniiiieeeeee, 7

1.7. Benefit of Research ..........cccccccoeiviiiiiiiiiiiiieie e 9
CHAPTER II REGIONAL GEOLOGY .....oovvtiiiiiiiiiiiieeiiiieiivievvvvvvvvvvvavaaanns 10
II.1 Appalachian Basin ........c.ccccceiieiiiiiiiiiiiieeeiiee e 10

I1.2 Tectonic and HiStOTY ........cccciiieeiiiiiieiiiiiieeeiiiee e e 11

I3 SEIUCLULE ceoeieeiiiiieeeeeee e e e e e e 13

IL4. Stratiraphly ...ccceeeeeeiiiiiie e et e e 14

I1.5 Depositional ENvironment ............cccceeeveuviereeniiieeeeniiieeeesiieee e 16

I1.6. Berea SandStOne ............eeeeeiuiiiieeriiiiieeeiiiiee et e e e 17
CHAPTER IIl THEORY AND LITERATURE REVIEW ... 19
ITLT SaNdSTONE .....ccocvviiieeiiiiiieeeiiee et ee et e e e e e e e e ireee e e e 19
III.1.1 Particle COMPOSItION ...covvviereeriiiieeeeiiiiee et 22

II1.2 ReServoir PrOPEIties ........cccoviiieeriuiiieeeiiiieeeeeiiiee et 27
IIL2.1 POTOSILY .oeeeeiiiiiieeiiiiiiee et et et e e e e 27

II1.2.2. Permeability .........ccccceeviiiiiiieiiiiee e 31

ITL3. Oil ProducCtion ..........ccceeieeiiiiiiieeiiiiieeeriiiee et 34

II1.4. Enhanced Oil RECOVETY ....ccuvviiiiiiiiiieeiiiieeeiee e 43

IIL.5 CO2 Enhanced Oil RECOVETY .....ccvvviieeiiiiiieeiiiee e 47
II1.5.1 Effects of CO; to Sandstone Reservoir ..........ccceeeevvveeennee. 50

IIL6 MiCrobubble .........ccooiiiiiiiiiiiiiieeiiiee e 51
II1.6.1 CO; Microbubble for EOR Application ...........c.ccceeennnnee. 55
CHAPTER IV HYPOTHESIS AND RESEARCH METHODOLOGY .... 59
IV.1T HYPORESIS ..eoieiiiiiieeeiiiii et 59

IV.2 Research Material .........ccccooouiiiiiiiiiiieeiie e 60



C8|2 Microbubble Colloidal Gas Aphrons for EOR Application: Diameter Size and Gas Blocking
Ability

Impact to Sweep Efficiency and Petrophysical Analysis

M ANDY NATAWIJAYA, Dr. Ferian Anggara, S.T., M.Eng.

Universitas Gadjah Mada, 2019 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

IV.2. 1 POLYMET eeiiiiiiiieeee e 60
IV.2.2 Surfactant .........coooveeiiiiiiniiiinieeeeee e 61
IV.2.3 CO2 GAS e 62
IV.2.4 Special Porous Filter ...........ccoeeiiiiiiiiiiiiiiiiieeeeieee e, 62
IV.2.5 Sand Packs .......coovuiiiiiiiiiiiiiniicceeceee e 63
IV.2.6 Core Samples ......ccccveeiereiiiiieeniiiee e 65
IV.3 Research EQUIPMENt ........ccccviiiiiiiiiiiieiiiieeeiee e 66
IV.3.1 Microbubble EXperiments ...........cccceeevieeeerniieeeennniieeeeenee, 67
IV.3.2 Core Sample - Petrophysical Analysis .........cccccceeeuvvreeennnnee. 70
IV.4 Research Methodology .......c.coeeeviiiiiiiiiiiiieeiee e 71
IV.4.1 CO2 Microbubble — EOR Analysis .......ccccoccvieeeriiiieeennnnne. 71
IV.4.1.1 CO2MB-CGA Generation and Analysis .............. 71

IV.4.1.2 CO2MB-CGA Diameter Size Impact to Sweep
Efficiency ....ooocvveeeeeiiiieeeieeeeee e 73

IV.4.1.3 CO2MB-CGA Gas Blocking Ability Impact to
Sweep Efficiency in Heterogeneous Media and

Reservoir Core Sample ........cceovvvieeeiniiiieennnnnn. 75
IV.4.2 Core Sample - Petrophysical Analysis ...........cccceevvreeennnnne. 79
IV.5 Research Flowchart ..........ccoceeoiiiiiiiiiiiiiiiiiieeccceeeeeee 80
IV.6 Research TIMeline .........ccccovouieiiiiiiiiiiiiiiiieiiie e 82
CHAPTER V RESULTS AND DISCUSSION ......cccoiiiiiiiniieieeeeeeeee, 83
V.1 CO2MB-CGA Generation and Analysis ..........cccceeervvveeeennneeeeenns 83
V.2 CO; MB-CGA Diameter Size Analysis Impact to Sweep

Efficiency ANalysis .......ccccoiiieiiiiiiieeniiiee e 88

V.3 CO; MB-CGA Gas Blocking Ability Impact to Sweep Efficiency
in Heterogeneous Media and Reservoir Core Sample Analysis ..... 94
V.3.1. The Dual Permeability Sand Pack Experiment and Analysis 94
V.3.2 The Core Samples Experiment and Analysis ..................... 98
V.4 Core Sample - Petrophysical Analysis ........ccccccceveieviiiiieenniiiieeens 102
CHAPTER VI CONCLUSIONS AND SUGGESTIONS .......cccoeviiienen. 108
VLT CONCIUSIONS ...vtiiniiiiiiiieeiiie ettt e s 108
VL2 SUZEESTIONS ..eiieiiiiiiieeiiiiiieeeiiiieeeeiite e e et e e e etaeeeeesebaeeeeenaneeeaeenes 110
REFERENCES ......cooiiiiiiiii et 111
APPENDIX A MICROBUBBLE DATA ...t 120
Al DIAMELET SIZE .oeouvviieniiiiiiiieeiiie ettt 120
A2 SEAbIIILY oeeeeiiiieee e 124
APPENDIX B SAND PACK MEASUREMENTS ... 129
B.1 Porosity Measurement and Calculation ...........ccoceeeviieiniieennnenn. 129
B.2 Permeability Measurement and Calculation ...........ccccccceveuveennnennne 130



C8|2 Microbubble Colloidal Gas Aphrons for EOR Application: Diameter Size and Gas Blocking
Ability

Impact to Sweep Efficiency and Petrophysical Analysis

M ANDY NATAWIJAYA, Dr. Ferian Anggara, S.T., M.Eng.

Universitas Gadjah Mada, 2019 | Diunduh dari http://etd.repository.ugm.ac.id/

UNIVERSITAS
GADJAH MADA

APPENDIX C SAND PACK FLOODING DATA ..., 132
C.1 Sand Pack SP#1 - CO» MB-CGA from | pum Filter ....................... 132
C.2 Sand Pack SP#2 - CO>, MB-CGA from 5 pum Filter ....................... 133
C.3 Sand Pack SP#3 - CO> MB-CGA from 10 um Filter ..................... 134
C.4 Sand Pack SP#4 - Polymer and Surfactant Solution....................... 135
C.5 Sand Pack SP#5 - CO2 GaS....cccoueeeniiieeiiieeniieenieeeeieeeee e 136
C.6 Dual Sand Pack LSP and HSP..........cooooiiiiiiiiiiiiieeeeeee e 137
C.6.1 Initial Oil Flooding .........cccooviiiiiiiiiiiiiieeiiieeeeieee e, 137
C.6.2 Secondary Recovery — Water Flooding ............ccccceenneen. 138
C.6.3 Tertiary Recovery - CO> MB-CGA from 1 um Filter
FIOOAING ..eoiiiiiiiiieeiiee e 139
C.6.4 Total RECOVETY ..uvvviiiiiiiiiieeeiiiee ettt 140
APPENDIX D CORE SAMPLE MEASUREMENTS ... 141
D.1 Porosity Measurement and Calculation .............ccceeevveeeeniiieeennnnne. 141
D.2 Permeability Measurement and Calculation ...............ccccccvveeennnee. 142
APPENDIX E CORE SAMPLE FLOODING DATA..................cccl. 147
E.1  High Perm Core ......ccvviiieiiiiiiieeiiiee et 147
E.2 Low Perm Core ....ccooouiiiiiiiiiiiiiiiiieceeeee e 148

APPENDIX G XRD ANALYSIS e 155
G.1 High Perm Core ......ccoovieiiiiiiiiiiiiiiee e 155
G.2 FIESN COTC .ovvvviiiiiiieieeeeeee s aaaansnananaes 158
G.3 Raw Data ..o 161

Xi



