DAFTAR ISI

HALAMAN JUDUL ..o i
HALAMAN PENGESAHAN ... ii
PERNYATAAN KEASLIAN KARYA ILMIAH ........cccoooiiiiiiiiniiieeee iii
HALAMAN PERSEMBAHAN ......cocoooiiiiiiiiii e iv
PRAKATA ...t \%
RINGIEKASAN ettt nre e nnee s vi
ABSTRACT ...ttt vii
DAFTAR ST ..ottt viii
DAFTAR GAMBAR ... xi
DAFTAR TABEL ..o s XV
DAFTAR LAMPIRAN ..ottt e xvi
DAFTAR SINGKATAN DAN LAMBANG .......coccooiiiiiiiieeeee e xvii
BAB 1. PENDAHULUAN .....ooiiiiiii e 1
I.1. Latar BelaKang .........c.ccooiiiiiiiiiiiiiicce e 1
[.2. Rumusan Masalah .........cccooiiiiiiiiii e 2
[.3. Maksud dan Tujuan ........cccoccereiiiienieeeeeeeee e 2
L.3.1. MaKSUQ ..o 2
L322, TUJUAN ...t 2
1.4. Batasan Masalah ..........cccccoiiiiiiiii e 2
L.5. MeEtOdOLO@I ... 3
L.6. Sistematika Penulisan...........cccoceiiiiiiiiiiiiice e 5
BAB II. MODEL KONSEPTUAL . .......ccccooiiiiiiii e 6
IL.1. MOdel RESEIVOIT ....uveeiiieiieiiie ettt 6
I1.1.1. Distribusi Batuan (Lithology) .......cccccovmiieniiiiicniiniienene 7
I1.1.2. Distribusi POTOSITAS .....eevveeiiiiiiiesiieiieesee e 9
I1.1.3. Distribusi Permeabilitas ...........ccoceriiiiiiiiieiiiieccece e 14
I1.1.3. Distribusi Net To Gross (NTG) ...ccoovevviiiiiiiiiiiiiieiiciesees 18
I1.2. Data RESETVOIT .......eeieiiiieiiiieiee s 20
IL2.1. PVT e 20

viii



DAFTAR ISI

(Lanjutan)
[1.2.2. Equilibration Data .................cccccoocuviiiiiiininiiiiciise e, 21
[1.2.3. Relative Permeability .............cccocooeiviiiiiiiiiiiiiiciise e 21
11.2.4. Rock CompreSSibility ..........cccccoviiiiiieiiieiiiieie e 22
I1.3. Data IPIACE ......cccovveiiiiiiiiici s 22
BAB III. DASAR TEORI ......ccooiiiiii e 23
II1.1. Batuan SediMen .........ccceoiiiiiiiiiiiieiicie s 23
II1.1.1. Pengertian Batuan Sedimen ............cccoovviiininicniiniecneee 23
I11.1.2. Komposisi Batuan Sedimen..........cccccocevvviiiiiiieniniee e 25
II1.1.3. Sifat Fisik Batuan Sedimen...........cccooeviviiiiniiiiniiciiies 25
II1.2. Fasies dan Lingkungan Pengenapan ...........c.cccccovviiiiinicniinnnnn. 27
II1.2.1. Pengertian Fasies dan Lingkungan Pengendapan .................. 28
I11.2.2. Lingkungan Pendapan Fluvial Channel ................c..ccc.coc..... 33
I11.2.2.1. Sublingkungan Pengendapan Fluvial Channel............... 34
[11.2.3. Lingkungan Pengendapan Delta ............ccccoeviiiiniiiiinccnnnn. 34
I11.2.3.1. Sublingkungan Pengendapan Delta...........c...cc.ccerunn.... 36
I11.2.4. Lingkungan Pengendapan Submarine Fan Lobe.................... 37
I11.2.4.1. Sublingkungan Pengendapan Submarine Fan Lobe...... 38
II1.2.5. Lingkungan Pengendapan 7idal ..............cccoooiniiiiinennennnn. 38
I11.2.5.1 Sublingkungan Pengendapan 7idal ............c.c.ccccccuvnnene. 39
II1.3. Model Konseptual .........ccocvieiiiiiiiiiiiiiiie e 40
[I1.4. Well Placement OptimizZation ..............cc.couveriiiviiieniiniiiieenesieens 40
[1.4.1. Metode Konvensional...........cccecvriiiiiiiiieniec e 40

I11.4.1.1. Simultaneous-Perturbation-Stochastic-Approximation. 41

111.4.1.2. Gradient-based optimization Techniques ...................... 41
[11.4.1.3. Mixed Integer Programming ...............c.cccocevirevennennenn. 41
[I1.4.1.4. Simplex Method ..............ccccoenoiiiiiiiiiicniiees 41
I111.4.2. Metode Non-Konvensional............cccooeviiiiiiniiiiniiciine, 42
[I1.4.2.1. Genetic AIGOFithm............c.ccoovvviiiiiiiiiiiiii e, 42

X



DAFTAR ISI

(Lanjutan)

111.4.2.2. Particle Swamp Optimization ................cccoeviroennennnn. 42
[11.4.2.3. Covariance matrix Adaaption Evolution Strategy......... 42
111.4.2.4. Differential EVOIUtION ..............ccooovviiiiiiiiiiiieeiienen, 43
I11.4.2.5. Surrogate Modeling ...............ccccoocvevviiiiiiiiniiieniinennn, 43
111.4.3. Pertimbangan Well Placement Optimization.......................... 43
[11.4.3.1. Hydrocarbon Pore Volume (HCPV) ..........cccovvvinnennnn. 43
[I1.4.3.2. Permebilitas........ccccocviriiiiiiiie i 44
II1.5. Pengolahan Data..........ccccvviiiiiiiiiiiiii e 44
II1.6. Input Data .........ccoviiiiiiiiiiii 45
IIL.7. FOrecasting ...........coocvvviiiniiiiiiiiiiiiic i 45
BAB IV. SIMULASI RESERVOIR MODEL KONSEPTUAL.................. 46
IV.1. Well Placement Optimization...............ccocuvviueinieniiiieeiiieenienans 46

IV.1.1. Penentuan Area Sumur Menggunakan Polygon Dengan
Peta persebaran Hydrocarbon Pore Volume....................... 46
IV.1.2. Penentuan Filter Perforation Dengan Peta

Persebaran Kombinasi Hydrocarbon Pore Volume

dan Permeabilitas ...........ccccviiiiiiiiiiniii e 48

IV.2. Assisted History MatChing ............cccccocoooiiiieniiiiicniiiieeneenes 51
IV.2.1. Hasil AHM Model Fluvial Channel ..............c.cccccuueenn.... 55
IV.2.2. Hasil AHM Model Delta...........cccoounouiiiiiiiiiiiiinininennn, 58
IV.2.3. Hasil AHM Model Submarine Fan Lobe.......................... 63
IV.2.4. Hasil AHM Model Tidal ............cccoooeiviiiiiiiiiiieiieee, 67

IV.2.5. Summary Reservoir Properties and Field Performance .. 71

BAB Y. PEMBAHASAN........ccco i 72
BAB VI. KESIMPULAN ..o 77
DAFTAR PUSTAKA ... ..o 79
LAMPIRAN .o 81



Gambar I.1.
Gambar II.1.
Gambar I1.2.
Gambar I1.3.
Gambar 11.4.
Gambar IL.5.
Gambar I1.6.
Gambar I1.7.
Gambar I1.8.
Gambar I1.9.
Gambar I1.10.
Gambar II.11.
Gambar 11.12.
Gambar I1.13.
Gambar I1.14.
Gambar II.15.
Gambar I1.16.
Gambar I1.17.
Gambar I1.18.
Gambar II.19.
Gambar 11.20.
Gambar I1.21.
Gambar 11.22.
Gambar I1.23.
Gambar 11.24.
Gambar I1.25.
Gambar I1.26.
Gambar I1.27.

DAFTAR GAMBAR

Flowchart Studi SImulasi.........ccccovciiiiiiiiiii s 4

Model Statik Konseptual ..........ccocevviiiiiiiieniiiieiec e 6

Grid Information Model Konseptual.............ccoccvvviniiiiiiinnnnnn, 7

Peta Persebaran Lithology Fluvial Channel ............................. 7

Peta Persebaran Lithology Delta ...........c..ccccooiviiiniiiiiiininnnnn. 8

Peta Persebaran Lithology Submarine Fan Lobe...................... 8

Peta Persebaran Lithology Tidal ...............c..cccooviviiiiininnnnn. 9

Peta Isoporositas Fluvial Channel..............ccccccoovenoiiiiencnnne. 10
Histogram Porositas Fluvial Channel ................cccccovviennnnnn. 10
Peta ISOporositas Delta.........cccuviiieeiiiiiiiiiiiiiie e 11
Histogram Porositas Delta.............cccccocvviiiiiiiiiiiiciin 11
Peta Isoporositas Submarine Fan Lobe................ccccccocoenuennne. 12
Histogram Porositas Submarine Fan Lobe............................... 12
Peta Isoporositas Tidal..........ccccceuvveeiiiieiiieiiiieeie e 13
Histogram Porositas Tidal .............ccccocooiniiiiiiiiiiiiicie 13
Grafik Porositas vs Permeabilitas...........cccoovrveiiiiciicnnnenn. 14
Peta Isopermeabilitas Fluvial Channel.................ccccccoueenuncnnne. 14
Histogram Permeabilitas Fluvial Channel ................cc...c........ 15
Peta Isopermeabilitas Delta...........ccccovviiviiiiiiiiiiiiicieen 15
Histogram Permeabilitas Delta.............cccooviiiiiiiiiiccninin, 16
Peta Isopermeabilitas Submarine Fan Lobe............................. 16
Histogram Permeabilitas Submarine Fan Lobe........................ 17
Peta Isopermeabilitas 7idal............cccccocnviiiiiiiiiiiiicien, 17
Histogram Permeabilitas 7idal .............cccccooiiiiniiiiiiciiin 18
NTG Fluvial Channel...............ccccoooeiiiiiiiiiiiiiieiiieesiie s 18
NTG Dt .o 19
NTG Submarine Fan Lobe...............ccccooueiiioiiiiiiiiiiiiiiienns 19
NTG Tidal....cccoooeiiieiieece et 19

X1



Gambar I1.28. Data PVT Model Konseptual ...........c.cooiiiiiiiiinicniicee 20

Gambar I1.29. Kurva Permeabilitas Relatif Good Sand............c...cccooveviei. 21
Gambar I1.30. Kurva Permeabilitas Relatif Poor Sand ............ccccoeverennin. 21
Gambar II1.1. General Gamma Ray Log Pattern..............c.ccoovenviniinnennnnn, 28
Gambar III.2. Skema Lingkungan Pengendapan Secara Umum..................... 29
Gambar I11.3. Distribution of Alluvial Environment ...........c...ccocuvcvevienennnn. 30
Gambar lI1.4. Distribution of Glacial Environment .............c.ccocoovvvviiinennnn. 30
Gambar IIL.5. Distribution of Delta Environment ...............cccccocoveenocnieennns 31
Gambar I11.6. Distribution of Estuary Environment ............c...ccccocvveiicnnns 31
Gambar II1.7. Distribution of Lagoon Environment ...........ccc.ccoceuvcverienennnn. 32
Gambar II1.8. Distribution of Deep Marine Environment on Suubmarine ..... 32
Gambar I11.9. Main Morphological Features of A Meandering River ............ 33
Gambar II1.10. Distribution of Major Coastal Depositional .......................... 35
Gambar III.11. Macam-macam Bentuk Delta Berdasarkan Prosesnya............ 36
Gambar I11.12. Bagian-bagian Sand Deposit Pada Sistem Delta..................... 36
Gambar I11.13. Depositional Environment on Submarine Fan........................ 38
Gambar I11.14. Barrier Island SyStems ..........c.c.cocuviiiiieiiiiiieniiiie e 39
Gambar IV.1. Polygon Peta Initial HCPV Fluvial Channel .......................... 47
Gambar IV.2. Polygon Peta Initial HCPV Delta.............ccccovviniiniiiiiicnnnn. 47
Gambar IV.3. Polygon Peta Initial HCPV Submarine Fan Lobe.................... 47
Gambar IV.4. Polygon Peta Initial HCPV Tidal...........cccccoovviiiiiiiincn. 48
Gambar IV.5. Kombinasi Peta HCPV dan Permeabilitas Fluvial Channel ..... 49
Gambar IV.6. Kombinasi Peta HCPV dan Permeabilitas Delta ...................... 49
Gambar IV.7. Kombinasi Peta HCPV dan Permeabilitas Submarine Fan Lobe
.................................................................................................. 49
Gambar IV.8. Kombinasi Peta HCPV dan Permeabilitas 7idal ....................... 50
Gambar IV.9. Parameter Penentuan Lokasi Sumur Fluvial Channel.............. 50
Gambar IV.10. Workflow AHM Fluvial Channel...............cccccoooevvinionninnnne. 51
Gambar IV.11. Pengaturan Running Experimental Design AHM ................... 51
Gambar IV.12. Pengaturan Running Optimization AHM .............c.cccoevvennn 52
Gambar IV.13. Pengaturan Objective Function AHM...........c.ccccooviiviiinicnnns 52

xii



Gambar IV.14. Grafik Crossplot Oil Recovery Factor vs Variant Number

Fluvial Channel Hasil PSO ........cccociiiiiiiiiiii e 53
Gambar IV.15. Lokasi Sumur Model Fluvial Channel Hasil AHM ................ 55
Gambar IV.16. Well Section Fluvial Channel Hasil AHM...............c.ccccoeeene. 55
Gambar IV.17. Grafik Histogram Recovery Factor by Well Pada

Model Fluvial Channel ...............ccccccocviiiiiiiiiniiiiniienie e 56
Gambar 1V.18. Oil Total Hasil Optimization AHM Varian 96

Fluvial Channel.................ccccooveiiiiiiiiiiiiiie e 56
Gambar IV.19. Oil Rate Hasil Optimization AHM Varian 96

Fluvial Channel ...............ccoocoooviiiiiiiiiiiiiiii e 57
Gambar 1V.20. Grafik Crossplot Oil Recovery Factor vs Variant Number

Delta Hasil PSO ... 58
Gambar IV.21. Lokasi Sumur Model Delta Hasil AHM..............cccoooviiiiennns 59
Gambar IV.22. Well Section Delta Hasil AHM.............cccoooiiiiiiiniiee 60
Gambar 1V.23. Grafik Histogram Recovery Factor by Well Pada Model Delta

.................................................................................................. 60
Gambar 1V.24. Oil Total Hasil Optimization AHM Varian 59 Delta................ 61
Gambar IV.25 Oil Rate Hasil Optimization AHM Varian 59 Delta................ 61
Gambar 1V.26. Grafik Crossplot Oil Recovery Factor vs Variant Number

Submarine Fan Lobe Hasil PSO ............cccocoiiiniiiiiinicn, 62
Gambar IV.27. Lokasi Sumur Model Submarine Fan Lobe Hasil AHM......... 64
Gambar 1V.28. Well Section Submarine Fan Lobe Hasil AHM........................ 64
Gambar 1V.29. Grafik Histogram Recovery Factor by Well Pada

Model Submarine Fan Lobe...............cccocouveniiiiiiniiiiannns 65
Gambar IV.30. Oil Total Hasil Optimization AHM Varian 93 Submarine

Fan Lobe..........occocouoeieiiiicice et 65
Gambar IV.31. Oil Rate Hasil Optimization AHM Varian 93 Submarine

Fan LODe.........ccooooiieiiiiiiii e 66
Gambar 1V.32. Grafik Oil Recovery Factor vs Time Tidal Hasil PSO ............ 67
Gambar IV.33. Lokasi Sumur Model 7idal Hasil AHM ............ccccoivivinnennn. 68
Gambar IV.34. Well Section Tidal Hasil AHM ..........ccccoooviiiiiiiiiiiicee 69

Xiii



Gambar 1V.35. Grafik Histogram Recovery Factor by Well Pada Model Tidal

.................................................................................................. 69
Gambar 1V.36. Oil Total Hasil Optimization AHM Varian 83 Tidal................ 70
Gambar IV.37. Oil Rate Hasil Optimization AHM Varian 83 Tidal ................ 70

X1v



Tabel II-1

Tabel 1I-2

Tabel III-1
Tabel IV.1.
Tabel IV.1.
Tabel IV.2.
Tabel IV.2.
Tabel IV.3.
Tabel IV.3.
Tabel IV.4.
Tabel IV.4.
Tabel IV.5.
Tabel IV.5.

DAFTAR TABEL

Equilibration Data Specification ...........c..ccocuuvveiniiniiinesiieennens 20
Data Inplace Model Konseptual............cccooeviiiiiiiiiniinicie, 23
Ukuran Butir Pada Skala Wenworth..............cccccovciiiiniiiiiicnnn. 27
Hasil Running AHM Model Fluvial Channel...................ccccou.... 53
Hasil Running AHM Model Fluvial Channel (Lanjutan).............. 53
Hasil Running AHM Model Delta............cccocooviiiiniiiniininnnnn, 58
Hasil Running AHM Model Delta (Lanjutan)...........cccoovervenenne. 59
Hasil Running AHM Model Submarine Fan Lobe........................ 63
Hasil Running AHM Model Submarine Fan Lobe (Lanjutan)...... 63
Hasil Running AHM Model Tidal .............c.cccoovvviiiiiiniciinnn, 67
Hasil Running AHM Model Tidal (Lanjutan)............cccoceervennnenne 67
Summary Reservoir Properties and Field Performance ............... 71
Summary Reservoir Properties and Field Performance

(LANULAN) ..o 71

XV



DAFTAR LAMPIRAN

Lampiran A. Parameter Penentuan Lokasi SUMUT ..........cccccevviieeiiiinniiieennnee. 82
Lampiran B. Workflow Pada Model Koneptual ...........c.cccoviiiiiiiniiiiiennnn, 84
Lampiran C. Data Perforasi SUMUT ............ccooovviiiiiiiiiiiecece e 86
Lampiran D. Data Produksi dan Recovery Factor Sumuran.............c.c.ccceeveen. 88

xvi



DAFTAR SINGKATAN DAN LAMBANG

SINGKATAN Halaman
RF Recovery Factor 3
PVT Pressure Volume Temperature 3
RCAL Routine Core Analysis 3
SCAL Special Core Analysis 3
HCPV Hydrocarbon Pore Volume 3
PSO Particle Swarm Optimization 3
AHM Assisted History Matching 3
OoIpP Original Oil Inplace 22
MSTB Million Stock Tank Barrel 22
FOE Fraction of Oil Initially in Place 52
FMWPT Total Number of Producers 52
LAMBANG

A Luas Area, fraksi 44
K Permeabilitas, mD 44
h Ketebalan Net Pay, ft 44
%) Porositas, fraksi 44

xvii



