DAFTAR ISl

HALAMAN JUDUL
HALAMAN PENGESAHAN
HALAMAN PERSEMBAHAN

PERNYATAAN KEASLIAN KARYA ILMIAH

PRAKATA
RINGKASAN
ABSTRACT

DAFTAR ISI

DAFTAR GAMBAR

DAFTAR TABEL

DAFTAR LAMPIRAN

BAB | PENDAHULUAN

I.1.
1.2.
1.3.
1.4.
1.5.
1.6.
1.7.

Latar Belakang Masalah
Rumusan Masalah
Maksud dan Tujuan
Batasan Masalah
Hipotesa

Metodologi Penelitian

Sistematika Penulisan

BAB Il TINJAUAN UMUM LAPANGAN GHAWAR

1.1
1.2.
1.3.
1.4.

Lokasi Penelitian
Geologi dan Stratigrafi Lapangan Penelitian

Petroleum Sistem

Sejarah Pemboran Dan Produksi Lapangan Penelitian

BAB Il TINJAUAN PUSTAKA

viii

vi
vii
viii
Xi
Xiii

Xiv

© o o o1 o A W B

10
15

19



BAB IV TEORI DASAR

IVV.1. Stimulasi Acid
IV.1.1. Pengasaman Matriks (Matrix Acidizing)
IV.1.2. Perekahan Asam (Acid Fracturing)
IV.1.3. Pencucian dengan Asam (Acid Wash)
IVV.2. Tahapan Treatment Acidizing
1VV.2.1. Preflush
IV.2.2. Main Acid
1V.2.3. Overflush

IV.3. Parameter Desain Treatment Acidizing

24

24
25
25
25
25
26
26
27
27

IV.3.1. Menentukan Besarnya Harga Tekanan Rekah Formasi

27
IV.3.2. Penentuan Tekanan Injeksi Asam Maksimum
IVV.3.3. Penentuan Volume Injeksi Asam
IV.4. Reaksi Acid Terhadap Batuan Reservoir
IV.5. Operasi Acidizing
IV.5.1. Metode Bullhead
IV.5.2. Open Ended Tubing (OET)
IV.5.3. Coiled Tubing (CT)
IV.6. Coiled Tubing Wash Nozzle
IV.6.1. Cavitation Jetting Nozzle
IV.6.2. Rotating Jetting Nozzle
IVV.7. Parameter Evaluasi Produktivitas Sumur
IVV.7.1. Injection Performance
IV.7.2. Analisa Pressure Transient (Well Test)
IV.7.3. Analisa Hall Plot

27
28
28
35
36
37
38
40
40
43
44
44
45
49

BAB V EVALUASI ACID WASH PADA SUMUR INJEKSI AIR HW-89 & UT-

545 PADA LAPISAN ARAB-D ZONE
DI LAPANGAN GHAWAR SAUDI ARABIA

V.1. Evaluasi Acid Wash

52
52

58



V.1.1. Injectivity pada Sumur Horizontal Open Hole HW-89 —

Cavitation Jetting Nozzle 58

V.1.2. Injectivity pada Sumur Direction Cased Hole UT-545 —

Rotating Jetting Nozzle 61

V.2. Analisa Fluid Efficiency 64

V.3. Analisa Keberhasilan Stimulasi Acid Wash Dengan Cavitation

Jetting Nozzle 65

BAB VI PEMBAHASAN 67
BAB VII KESIMPULAN DAN SARAN 73
DAFTAR RUJUKAN 74
LAMPIRAN 76



Gambar I. 1
Gambar I. 2
Gambar I1.
Gambar 1.
Gambar 1.
Gambar 1.
Gambar 1.
Gambar 1.
Gambar 1.
Gambar V.
Gambar V.
Gambar V.
Gambar V.
Gambar V.
Gambar V.
Gambar V.

Gambar V. 8

Gambar V. 9

Gambar V. 10

Gambar V. 11

Gambar V. 12

N O Ul W N R, N O W N e

DAFTAR GAMBAR

Tipikal Treatment Area oleh Jet Kavitasi 3
Diagram Metodologi Penelitian 7
Ghawar Field, Saudi Arabia 9
Lokasi sumur HW-89 dan UT-545 10
Pergerakan antara Western Tethys dengan lempeng Euroasia 11
Struktur Lapisan Saudi Arabia 12
Stratigrafi Saudi Arabia sampai era early Jurassic 12
Petroleum Sistem Saudi Arabia 15
Decline Curve Produksi Lapangan Migas Ghawar 18
Wellbore Schematic Sumur HW-89 54
Wellbore Schematic Sumur UT-545 54
Bottom Hole Assembly of Cavitation Jetting Nozzle 55
Bottom Hole Assembly of Rotating Jetting Nozzle 55

CT Cavitation Jetting Nozzle Stack Rig Up pada Sumur HW-8956
CT Rotating Jetting Nozzle Stack Rig Up pada Sumur UT-545 57
Depth vs Rate vs Pressure Respond Survey Acid Stimulation
Cavitation Jetting Nozzle — Part 1 59
Depth vs Rate vs Pressure Respond Survey Acid Stimulation
Cavitation Jetting Nozzle — Part 2 60
Depth vs Rate vs Pressure Respond Survey Acid Stimulation
Cavitation Jetting Nozzle — Part 3 60
Depth vs Rate vs Pressure Respond Survey Acid Stimulation
Cavitation Jetting Nozzle — Part 4 61
Depth vs Rate vs Pressure Respond Survey Acid Stimulation
Rotating Jetting Nozzle — Part 1 62
Depth vs Rate vs Pressure Respond Survey Acid Stimulation
Rotating Jetting Nozzle — Part 2 63

Xi



Gambar V. 13 Depth vs Rate vs Pressure Respond Survey Acid Stimulation

Rotating Jetting Nozzle — Part 3 63
Gambar V. 14 Horner Plot Sumur HW-89 65
Gambar V. 15 Horner Plot Sumur UT-545 65

xii



DAFTAR TABEL

Tabel IV. 1 Kemungkinan Endapan pada Sandstone Acidizing ............cccceevuee. 31
Tabel V.1 Informasi Sumur HW-89 & UT-545.........ccccvvviiviieiree e, 52
Tabel V.2 Tabulasi Perhitungan Kapasitas Sumur HW-89 & B..............c........ 64
Tabel V.3 Komparasi Fluida Stimulasi Digunakan vs yang Dibutuhkan.......... 64
Tabel V. 4 Perhitungan Perubahan Skin Sumur HW-89............cccccooiiieieenen, 66
Tabel V.5 Perhitungan Perubahan Skin Sumur UT-545.........cccccccveviiiiinennenn, 66

Xiii



DAFTAR LAMPIRAN

Lampiran A Job Logs Acidizing CT Cavitation Jetting Nozzle Sumur HW-89 77
Lampiran B Job Logs Acidizing CT Rotating Jetting Nozzle Sumur UT-545 78

Lampiran C 3D Wellbore Diagram Sumur HW-89 80
Lampiran D 3D Wellbore Diagram Sumur UT-545 80
Lampiran E Site Layout Sumur HW-89 81
Lampiran F Site Layout Sumur UT-545 82
Lampiran G Rig Up/ Testing Fluid Formulation Sumur HW-89 83
Lampiran H Rig Up/ Testing Fluid Formulation Sumur UT-545 84

Lampiran | HPCT Acid Stimulation — Fluid Formulation Sumur HW-89 85
LampiranJ HPCT Acid Stimulation — Fluid Formulation Sumur UT-545 87

Lampiran K Rig Down — Fluid Formulation Sumur HW-89 89
Lampiran L Rig Down — Fluid Formulation Sumur UT-545 90
Lampiran M Total Additives Acidizing Sumur HW-89 91
Lampiran N Total Additives Acidizing Sumur UT-545 92
Lampiran O Total Volume per Stage Acidizing Sumur HW-89 92
Lampiran P Total Volume per Stage Acidizing Sumur UT-545 93

Xiv





