DAFTAR ISI

Halaman

HALAMAN JUDUL ...ooiii et nnbne e I
HALAMAN PENGESAHAN ......cooiiee e i
HALAMAN PERNYATAAN. ..ottt iii
HALAMAN PERSEMBAHAN ... iv
RINGKASAN .t e e e e st e e e st e e e nneeessaeeanaeeas v
ABSTRACT oottt ettt e re s Vi
KATA PENGANTAR ..ottt vii
DY I o ] S viil
DAFTAR GAMBAR ...ttt Xii
DAFTAR TABEL ..ot Xiv
DAFTAR LAMPIRAN ..ottt XV
BAB | PENDAHULUAN ..ottt 1
1.1. Latar Belakang Masalah ...........cccocoiiiiiiiiniiicscees 1

1.2. RUMUSAN MaSalah............coeiiiiiiiiie e 2

1.3. Batasan Masalah ..o 3

1.4, MaKsUud dan TUJUAN .....ooeeeeieieieneniesie e 3

1.5, HIPOTESA .. .ccuiiiiiiitete sttt 4

1.6. Sistematika PenUIISAN ...........ccovveiiiieseee e 4

BAB Il TINJAUAN UMUM LAPANGAN......ccccotiiiiei e 6
2.1. Sejarah Lapangan .........ccocveiieeiiiiii e 6

2.2. Geologi RegioNal..........coviiiiiiiiiee e 7

2.3. Stratigrafi Regional............ccccooiiiiiiiiiic e 9

2.4, Petroleum SYSEM .......ccoviiiiiieciec e 12

2.5. Sejarah SUMUr BX-06..........coiiiiiieiiicic e 13

2.6. Lapisan Z-10 Struktur BUNYU ..........ccoieiiieienenesesese e, 16

BAB 111 TINJAUAN PUSTAKA (LITERATURE REVIEW) ........ccceuvneee. 17
BAB IV METODOLOGI .....cocoviiiiiieieseeeses e 20
4.1. Pengumpulan Data..........coceeeeieenienieiieieeee e 20

viii



4.2, ANAIISA DALA.....oeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee e e e e e eeeeeees 20

BAB V DASAR TEORI ...ooi ettt 23
5.1. Electric Submersible Pump (ESP) ....cccoovviiiieiiceseee e 23
5.2. PrinsSip Kerja ESP ......ccovoiiiiiiiee e 23
5.3. Peralatan Electric Submersible PUMP.......ccccoooiiiiiiiiiiiiceen, 25

5.3.1. Peralatan di Atas Permukaan ..........cccccoovvivereniennnnciinnnn, 25
5.3.2. Peralatan di Bawah Permukaan ...........cccocoveveiiiinninnnnn 28
5.4. Perencanaan dan Perhitungan ESP ...........ccccccovviiiieie e 36
5.4.1. Pump Performance CUIVE .........ccccoveieneneneneneseseeeenes 36
5.4.2. Head Capacity CUIVE.........cccoiiriiieieieese e 36
5.4.3. EffiCiency CUIVE.........coe i 37
5.4.4. Brake HOISe POWEN ........ccooeiiiiiininieiee s 38
5.4.5. Kurva Intake POMPAa .......cccooviiiiiiiieieesc e 38
5.4.6. Metode ‘PI Mode’ pada VSD .......ccoviiiiniiinininieeen 39

5.5. Metodologi Optimasi ESP .........c.ccccocvveviiie i 40
5.5.1. Kurva IPR (Inflow Performance Relationship) .................. 40
5.5.2. Kelakuan Aliran Fluida Dalam Pipa..........ccccocvoviiinininennn. 43
5.5.2.1. Sifat Fisik Fluida...........cccovevieveviiiirirceeree 43

5.5.2.2. FrICtION LOSS ....vveitieieiiesieeie e e 44

5.5.2.3. Gradien Tekanan Fluida..........cccccoocvviiinivninninnnnn 45

5.5.3. Penentuan Laju Alir dan Tekanan Alir Optimum............... 45
5.5.4. Analisa NOdal ..........ccooviiiiieieeeee e 46
5.5.5. Kurva Intake POMPa .......cccooiriiiiiiiiicec e 46
5.5.6. Metode ‘PI Mode’ pada VSD .......cccceviiiiiiiiiiiiiceen 48

5.6. Pemilihan Tipe Pompa dan Frekuensi ..........cccccoevveiiieiieiieeninn, 50
5.7. Perkiraan Pump Setting Depth ..o, 50
5.7.1. Pump Setting Depth Minimum .........ccccoeviienininienieenn 51
5.7.2. Pump Setting Depth MaxXimum............cccccoevvieviieiiievneene, 51
5.7.3. Pump Setting Depth Optimum.........c.ccocvevieiiievic e 51

5.8. Penentuan Stages POMPA ........ccoovvieiiiiiiiieiiecseseee e 52
5.9. Pemilihan Motor dan Horse POWEN ..........cccccveveveieeie e 53
5.10. Pemilihan Kabel ListriK ..........cccoooiiiiiiiniiiieseee e 53



BAB VI ANALISA DAN PERHITUNGAN KINERJAESP.................... 55
6.1. Data Sumur “BX-006..........cccoeeiiiieiiie e eiiee e 55
6.2. Penentuan Kurva IPR ... 56
6.3. Penentuan Laju Alir Optimum ..........cccoveveiievie e 58
6.4. Analisis ESP Terpasang.........ccccooererirerieiieneneneseseseseeeeeans 59

6.4.1. Penentuan Pump Setting Depth (PSD) Yang Terpasang .... 59
6.4.1.1. Penentuan Specific Gravity Mix dan Gradien
L [T Lo - PSSR 59
6.4.1.2. Penentuan Dynamic Fluid Level...............c.cc......... 59
6.4.1.3. Penentuan Pump Setting Depth Minimum............. 59
6.4.1.4. Penentuan Pump Setting Depth Maximum............ 60
6.4.1.5. Penentuan Pump Setting Depth Optimum ............. 60
6.4.2. Perhitungan Pump Intake & Total Dynamic Head ............. 60
6.4.3. POMPA Terpasang........cccceivueerrreesiireeinieessneessieeessneesseeesnns 62
6.4.4. Sensitifitas Frekuensi Menggunakan Software Prosper V.11
...................................................................................................... 62
6.5. Pemilihan Peralatan Pendukung ESP ...........ccccceeveiieiiiiccnennn, 63
6.5.1. Pemilihan Motor ESP ........ccooviiiiiieenece e 64
6.5.2. Kabel Terpasang pada ESP..........ccccccceeveiiiveiiicieece e, 65
6.5.3. Pemilihan Transformer dan Variable Speed Drive (VSD). 65
6.6. Nodal Analisis Sumur “BX-06" Menggunakan Pompa ESP .....67
6.7. Analisa Pump Intake PresSure ........ccccocveveieeieecie e 67
6.7.1. “PI Mode” Sebagai Penanganan Masalah Pada Sumur
CBX 00 ..ttt 72
6.7.2. Sensitifitas Frekuensi VSD ‘PI mode’ Pada Software
PIOS RN ...ttt 72
6.8. Analisa Keekonomian...........ccceiveieiinieniie e 74
6.9. HaSil ANALISA ......cceeiiiieieee e 75

BAB VII PEMBAHASAN ...ttt 77
7.1. Produksi SUMUE BX-06 ........cooeeiiiiiiieieiie e 77
7.2. Low Influx Lapisan Z-10 Sumur BX-06..........cccccoeevveiivernnenne. 78
7.3. Optimasi ESP Sumur BX-06 dengan Pl Mode.............ccccoevuen. 79

7.4. Sensitivitas Pl Mode Pada ESP BX-06 ........ooovveeviiiiiiiiieeeeen, 80



7.5. Hasil Actual Pl Mode Pada ESP BX-06.........coooevveiiiiiiie . 81

7.4. Analisa Keekonomian ESP BX-06.........ccccccceviinneninnienneniinnennn 81
BAB VII1I KESIMPULAN DAN SARAN .....cccootiiiiiice e, 82
DAFTAR PUSTAKA ...ttt 84
DAFTAR SIMBOL ....ooi ittt 86
LAMPIRAN et e e et e e e nrre e e 88

Xi



DAFTAR GAMBAR

Gambar 1.1. Grafik Low Produksi ESP Bunyu 2023..........ccccoeiieiienenieiieian, 2
Gambar 2.1. Peta Lokasi Lapangan BunYU..........c.cooveeieieneneneneneseseeees 6
Gambar 2.2. Gambar Cekungan Pulau BunyuU...........cccccevveiieiiiie i, 8
Gambar 2.3. Stratigrafi Cekungan Pulau BunyuU...........cccccoevevveieiieieeiecienee, 11
Gambar 2.4. History Production BX-06...........cccoiriiiiiniiiincnecseseseeieen 15
Gambar 2.5. Data Log dan MDT BX-06 .........ccccviniiiiiiieiene e 16
Gambar 4.1. Flowchart Metodologi Penelitian ...........cccccoevevieveiiciiececene, 22
Gambar 5.1. Susunan Lengkap Peralatan ESP ...........c.cccooeiiiieciciiecee, 24
Gambar 5.2. JUNCLION BOX...c..eiieiieiieiesieesie e 25
Gambar 5.3. SWItChDOAI. .........c.cooveiiiiciee e 26
Gambar 5.4, TranSfOrMEr ........oooiiiiiiieiere e 28
Gambar 5.5. Pressure Sensing INStrUMENtS ..........cccooveieeieiieveese e 29
Gambar 5.6. Motor Pompa Benam ListriK..........ccccooviiiiininieen, 30
GambDAr 5.7. PrOtECION.......uveieiie et 31
Gambar 5.8. Gas SEPATALON .........ccvvieieieieie sttt 32
Gambar 5.9. Unit POMPa ESP.........c.ocoiiiee e 33
Gambar 5.10. CabIe .....c.oiiiiiiiieeee s 35
Gambar 5.11. Pump Performance CUIVE..........cccooiriiiiieieiese e 37
Gambar 5.12. Upthrust dan DOWNENIUSE...........cccoiiiiiiiiieeeseeeee 38
Gambar 5.13. Kurva IPR 1 faSa......ccoiiiiieiiiieiieie e 41
Gambar 5.14. Kurva IPR 3 faSa8......cccoiiiieiiiie e 43
Gambar 5.15. Grafik Friction Loss Hazen-William.............cccoocevveieieiincinnnen, 45
Gambar 5.15. Plot inflow vs outflow pada bottom hole nodal........................... 47
Gambar 5.17. Penempatan Pump Setting Depth ESP.........c..ccccovvevii e, 52
Gambar 5.18. Grafik Voltage Drop.......ccccveiieiiieiie e 54
Gambar 6.1. Kurva IPR Sumur AKIUAL ........cooiveiiiieieee e 58
Gambar 6.2. Pump Performance Curve NVH250(160-350)H ..........cccccovveennee. 63
Gambar 6.3. Perpotongan Nodal Analisis “Sumur BX-06"..........ccccoevevrvniinnnnn. 67

Xii



Gambar 6.4. Pump Intake Pressure, Frekuensi VS TIME .........ccocvvvviieeneniinnnnn, 70

Gambar 6.5. Performance Produksi BX-06..........cccoocviieniiiniienenieseenesee e 71
Gambar 6.6. Sensitifitas Frekuensi Menggunakan Software Prosper................ 73
Gambar 6.7. Perhitungan Decline Curve BX-06 ..........cccccvevevivereeieiieneeiennn, 74
Gambar B.1. MUD Log Lapisan Z-10 (Interval 2305.0 — 2309.0 mMD).......... 89
Gambar B.2. LFA @ 2308.0 MMD .....cocoiiiiiiiiiiiie et 90
Gambar B.3. CFA @ 2308.0 MMD .......ccccooiiiiiieiieseie e 90
Gambar B.4. Petrofisika Lapisan Z-10 (Interval 2305.0 — 2309.0 mMD)......... 91
Gambar C.1. WELL PROFILE BX-06 ........ccccooiuieiieiieecic e 92
Gambar D.1. ESP STRING DIAGRAM BX-06..........cccceevviiiiieiie e 93
Gambar D.2. ESP SURFACE EQUIPMENT DIAGRAM BX-06.................... 94
Gambar D.3. ESP SURFACE KVA CALCULATION BX-06.......ccccceevrvennne. 95

Xiii



DAFTAR TABEL

Tabel I-1. Data Low Produksi ESP Bunyu 2023...........ccccoceiiininieniene e 2
Tabel V-1. Konstanta Cn untuk masing-masing AN ..........ccccceverenenieneeiennenns 42
Tabel VI-1. Data Sumur “BX-006" .......cccccoiiiiiiiirieiie et 55
Tabel VI-2. Data Konstanta Cn untuk masing-masing An...........ccccevevevvenenne. 56
Tabel VI-3. Laju Fluida Sumur “BX-06” Dengan Berbagai nilai Pwf.............. 57
Tabel VI-4. Hasil Sensitifitas Frekuensi 70Hz, 100HZ dan 113Hz................... 63
Tabel VI-5. Permanent Magnet Motor N319 Catalog..........ccccocevveveiieirenenne. 65
Tabel VI1-6. Transformer Dual Wound, OISC TYPE......cccocveveiieieevieseesieeiene 65
Tabel VI-7. Contoh Series VSD Pompa Pada Sumur “BX-06".............cccvenee. 66
Tabel VI-8. Hasil Sensitifitas FreKUBNSI .........ccoovveriiiiiieincecee e 73
Tabel VI1-9. Perbandingan Instalasi ESP Pertama dan Kedua..............c.cccocu...... 73
Tabel VI-10. Resume Decline Curve BX-06 ..........ccccevverinrennneneneseseeeeiens 75
Tabel VI-11. Perhitungan Keekonomian Sumur BX-06 ESP...........c..cccccveneenne. 75
Tabel A-1. MoM Komplesi Sumur B-209 / BX-06.........cccoceiinininininieieens 88
Tabel B-1. Resume MDT Lapisan Z-10 (Interval 2305.0 — 2309.0 mMD)....... 91

Xiv



DAFTAR LAMPIRAN

Halaman
Lampiran A. SUMUE BX=06 .......c.ccoeiiiiiiiiceece e 86
Lampiran B. Lapisan Z-10 Sumur BX-06...........cccoovrviiiieiineneneeseseeeee, 87
Lampiran C. Well Profile Sumur BX-06 ..........ccocoiiiiniiiiiieieceeeee 90
Lampiran D. Rangkaian Peralatan ESP Sumur BX-06 ..........cccccovvevviiieiiiennenn, 91

XV



