
76 
 

LAMPIRAN  

 

Lampiran 1. Gambar Tampilan pada lingo 18.0 
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Lampiran 2. Gambar Kurva pompa 
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Lampiran 3. Tabel Efisiensi Volumetrik Sumur Aktif Lapangan Zu 

 

 
No 

Well 
Freq 
(Hz) 

Q aktual 

(BFPD) 
Q teoritis 

(BFPD) 

EV  
(%) 

1 ZUA-1 50 1188 858 138.46 

2 ZUA-2ST 55 312 944 33.05 

3 ZUA-3ST 42 168 721 24.00 

4 ZUA-4 55 714 944 75.16 

5 ZUA-5 55 186 944 19.70 

6 ZUA-6ST 52 1008 892 113.00 

7 ZUA-9 60 903 1030 87.67 

8 ZUA-10 55 204 944 21.61 

9 ZUA-12ST 52 321 892 35.98 

10 ZUD-1 
Natural 
Flow 

18 0 0.00% 

11 ZUD-2 52 118 892 13.22 

12 ZUD-4 50 528 858 61.54 

13 ZUD-5 55 1374 944 145.55 

14 ZUD-6 55 90 944 09.53 

15 ZUD-8 60  1414 1030 137.28 

16 ZUD-9 52 318 892 35.61 

17 ZUD-10 60  594 1030 57.66 

18 ZUD-11 50 294 858 37.06 

19 ZUG-1 50 660 858 76.92 

20 ZUG-3 50 420 858 48.95 

21 ZUG-4 60 264 1030 25.63 

22 ZUG-5 55 72 944 07.62 

23 ZUG-8 60 2298 1030 223.11 

24 ZUG-10 60 1507 1030 146.31 

Average  623.875 890.291 65.61 

           

   EV > 100%   

   EV < 100%   

   Natural Flow   
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Lampiran 4. Tabel Produksi vs Target Produksi 

 

Tabel Produksi vs Target Produksi 

No Well 
Choke  
Size  
(Inc) 

Frek 
(Hz) 

Amp 
Produksi 

BFPD 

Water 
Cut 
 (%) 

Produksi 
BOPD 

Target 
Produksi 
BOPD 

1 ZUA-1 32/64 50 16.1 1188 89.67% 123 100 

2 ZUA-2ST 25/64 56 15.8 312 4.73% 297 400 

3 ZUA-3ST 25/64 43 15.9 168 6.82% 157 134 

4 ZUA-4 64/64 57 17.7 714 59.22% 291 165 

5 ZUA-5 32/64 58 26 186 6.60% 174 178 

6 ZUA-6ST 32/64 52 17 1008 80.91% 192 301 

7 ZUA-9 32/64 60 22 903 92.08% 72 129 

8 ZUA-10 20/64 55 19.3 204 30.72% 141 116 

9 ZUA-12ST Oct-64 53 16.2 321 1.45% 316 214 

10 ZUD-1 50/64 
Natural 
Flow 

- 18 91.34% 2 0 

11 ZUD-2 30/64 52 25 118 78.67% 25 50 

12 ZUD-4 130/64 50 18 528 90.14% 52 54 

13 ZUD-5 130/64 54 20 1374 95.24% 65 93 

14 ZUD-6 20/64 55 12 90 83.96% 14 130 

15 ZUD-8 130/64 DOL 23 1414 96.42% 51 64 

16 ZUD-9 15/64 52 19 318 90.30% 31 166 

17 ZUD-10 130/64 DOL 17 594 97.80% 13 103 

18 ZUD-11 30/64 49 16 294 71.41% 84 45 

19 ZUG-1 60/64 48 19 660 89.24% 71 170 

20 ZUG-3 20/64 50 21 420 52.51% 199 184 

21 ZUG-4 130/64 60 34 264 97.53% 7 55 

22 ZUG-5 20/64 57 16.5 72 2.70% 70 95 

23 ZUG-8 130/64 60 27 2298 95.09% 113 186 

24 ZUG-10 130/64 60 25.4 1507 97.44% 39 73 

  Average 14973 66.75% 2599 3400 
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Lampiran 5. Tabel Sumur yang akan di optimasi 

 

 
Produksi VS Target Produksi     

No Well 
Choke  
Size  
(Inc) 

Frek 
(Hz) 

Amp 
Produksi 

BFPD 
Water Cut 

 (%) 
Produksi 
BOPD 

  

  

1 ZUA-1 32/64 50 16.1 1188 89.67% 122.7204   

2 ZUA-2ST 25/64 56 15.8 312 4.73% 297.2424   

3 ZUA-3ST 25/64 43 15.9 168 6.82% 156.5424   

4 ZUA-4 64/64 58 17.7 714 59.22% 291.1692   

5 ZUA-5 32/64 58 26 186 6.60% 173.724   

6 ZUA-6ST 32/64 52 17 1008 80.91% 192.4272   

7 ZUA-9 32/64 60 22 903 92.08% 71.5176   

8 ZUA-10 20/64 55 19.3 204 30.72% 141.3312   

9 ZUA-12ST Oct-64 53 16.2 321 1.45% 316.3455   

10 ZUD-1 50/64 
Natural 
Flow 

- 18 91.34% 1.5588   

11 ZUD-2 30/64 52 25 118 78.67% 25.1694   

12 ZUD-4 130/64 50 18 528 90.14% 52.0608   

13 ZUD-5 130/64 55 20 1374 95.24% 65.4024   

14 ZUD-6 20/64 55 12 90 83.96% 14.436   

15 ZUD-8 130/64 DOL 23 1414 96.42% 50.6212   

16 ZUD-9 15/64 52 19 318 90.30% 30.846   

17 ZUD-10 130/64 DOL 17 594 97.80% 13.068   

18 ZUD-11 30/64 50 16 294 71.41% 84.0546   
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Lampiran 6. Tabel Data Sumur Zu Flowstation 

 

Tabel Data Sumur Zu Flowstation 

No Well 
Choke 
Size 

Amp. BFPD 
BS&W 

(%) 
BOPD BWPD MCFD 

1 ZUA-1 32/64 16.1 1188 89.67% 123 1065 0 

2 ZUA-2ST 25/64 15.8 312 4.73% 297 15 0 

3 ZUA-3ST 25/64 15.9 168 6.82% 157 11 0 

4 ZUA-4 64/64 17.7 714 59.22% 291 423 0 

5 ZUA-5 32/64 26 186 6.60% 174 12 0 

6 ZUA-6ST 32/64 17 1008 80.91% 192 816 0 

7 ZUA-9 32/64 22 903 92.08% 72 831 0 

8 ZUA-10 20/64 19.3 204 30.72% 141 63 0 

9 ZUA-12ST 10/64 16.2 321 1.45% 316 5 0 

10 ZUD-1 50/64 - 18 91.34% 2 16 2664 

11 ZUD-2 30/64 25 118 78.67% 25 93 1656 

12 ZUD-4 130/64 18 528 90.14% 52 476 198 

13 ZUD-5 130/64 20 1374 95.24% 65 1309 252 

14 ZUD-6 20/64 12 90 83.96% 14 76 366 

15 ZUD-8 130/64 23 1414 96.42% 51 1363 289 

16 ZUD-9 15/64 19 318 90.30% 31 287 156 

17 ZUD-10 130/64 17 594 97.80% 13 581 192 

18 ZUD-11 30/64 16 294 71.41% 84 210 300 

19 ZUG-1 60/64 19 660 89.24% 71 589 0 

20 ZUG-3 20/64 21 420 52.51% 199 221 0 

21 ZUG-4 130/64 34 264 97.53% 7 257 0 

22 ZUG-5 20/64 16.5 72 2.70% 70 2 150 

23 ZUG-8 130/64 27 2298 95.09% 113 2185 141 

24 ZUG-10 130/64 25.4 1507 97.44% 39 1468 244 

Average 
 

5221 90.45% 498 4723 535 

      

No Well FTP Freq 
CV-
1A 

API 
Pump 
Intake 

Pump 
Discharge 

Temp 
Intake  

Temp 
Motor 
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1 ZUA-1 200 50 110 13.9 460 1231 165 207 

2 ZUA-2ST 180 56 120 17 259 1153 172 239 

3 ZUA-3ST 320 43 145 14.3 740 1395 209 295 

4 ZUA-4 580 57 120 16.9 305 1588 163 205 

5 ZUA-5 150 58 110 16.9 187 1006 185 227 

6 ZUA-6ST 250 52 110 16.9 
327 1287 164 198 

7 ZUA-9 400 60 120 15.3 175 1506 165 238 

8 ZUA-10 250 55 120 12.5 347 1216 167 210 

9 ZUA-12ST 480 53 135 17 313 1487 174 229 

10 ZUD-1 170   100 19.7         

11 ZUD-2 600 52 130 20 417 1616 172 214 

12 ZUD-4 170 50 95 14.8 
toll 

fault 
toll fault toll fault 

toll 
fault 

13 ZUD-5 90 54 85 15.2 - - - - 

14 ZUD-6 100 55 85 15.8         

15 ZUD-8 120 DOL 85 16.3 N/A N/A N/A N/A 

16 ZUD-9 800 52 110 15.7 269 1783 179 225 

17 ZUD-10 90 DOL 85 19.7 N/A N/A N/A N/A 

18 ZUD-11 280 49 100 27.5 286 1334 166 216 

19 ZUG-1 250 48 70 17 0 0 32 32 

20 ZUG-3 570 50 105 18.6 0 0 32 32 

21 ZUG-4 150 110 60 17.5 523 N/A 166 237 

22 ZUG-5 400 57 70 14.5 491 1194 206 258 

23 ZUG-8 120 60 70 14.6 301 1256 162 307 

24 ZUG-10 120 60 70 15.9 598 1078 161 212 
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Lampiran 7. Tabel Data Frekuensi Teoritis 

 

Tabel Data Frekuensi Teoritis 

Freq (Hz) 
40 42 44 46 48 50 

Wellhead Pressure 170 psig 170 psig 170 psig 170 psig 170 psig 170 psig 

Wellhead Temperature 120oF 120oF 120oF 120oF 120oF 120oF 

Bottomhole 

Temperature 
170oF 170oF 170oF 170oF 170oF 170oF 

Water Spec. Gravity 1.01 1.01 1.01 1.01 1.01 1.01 

Water Cut  99% 73% 73% 73% 73% 73% 

GOR (scf/stb) 160 160 160 160 160 160 

Method PI PI PI PI PI PI 

SBHP (psi) 650 650 650 650 650 650 

Intake Depth 3075 3075 3075 3075 3075 3075 

Operation rate (stb/d) 318 430 521 605 683 756 

Total Dynamic  Head (ft) 1616 1705 1796 1881 1963 2045 

Intake Pressure (psig) 588 543 507 474 442 411 

Discharge Pressure 

(psig) 
1273 1255 1258 1260 1263 1266 

Motor Horsepower (hp) 60 60 60 60 60 60 

Motor Amperage (A) 13.1 13.5 13.9 14.4 15.1 15.7 

Motor Voltage (V) 1138 1195 1252 1309 1365 1422 

Total Motor Load (hp) 21.3 24 26.9 29.7 32.6 35.5 

Load Factor (%) 35.45 40.01 44.75 49.56 54.3 59.2 

Total Winding 

Temperature (oF) 
201 211 212 214 218 222 

 

Freq (Hz) 
52 54 56 58 60   
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Wellhead Pressure 170 psig 170 psig 170 psig 170 psig 170 psig   

Wellhead Temperature 120oF 120oF 120oF 120oF 120oF   

Bottomhole 

Temperature 
170oF 170oF 170oF 170oF 170oF   

Water Spec. Gravity 1.01 1.01 1.01 1.01 1.01   

Water Cut  73% 73% 73% 73% 73%   

GOR (scf/stb) 160 160 160 160 160   

Method PI PI PI PI PI   

SBHP (psi) 650 650 650 650 650   

Intake Depth 3075 3075 3075 3075 3075   

Operation rate (stb/d) 824 880 935 989 1044   

Total Dynamic  Head (ft) 2130 2238 2351 2463 2575   

Intake Pressure (psig) 377 334 288 243 198   

Discharge Pressure 

(psig) 
1268 1270 1272 1274 1276   

Motor Horsepower (hp) 60 60 60 60 60   

Motor Amperage (A) 16.4 17.2 18 18.9 19.8   

Motor Voltage (V) 1479 1536 1593 1650 1707   

Total Motor Load (hp) 38.5 41.4 44.5 47.6 50.8   

Load Factor (%) 64.12 69 74 79 84.7   

Total Winding 

Temperature (oF) 
228 232 237 244 248   

 

Freq (Hz) 40 42 44 46 48 50 

Wellhead Pressure 
170 

psig 

170 

psig 

170 

psig 

170 

psig 

170 

psig 

170 

psig 

Wellhead Temperature 120oF 120oF 120oF 120oF 120oF 120oF 

Bottomhole 

Temperature 
170oF 170oF 170oF 170oF 170oF 170oF 
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Water Spec. Gravity 1.01 1.01 1.01 1.01 1.01 1.01 

Water Cut  99% 73% 73% 73% 73% 73% 

GOR (scf/stb) 160 160 160 160 160 160 

Method PI PI PI PI PI PI 

SBHP (psi) 650 650 650 650 650 650 

Intake Depth 3075 3075 3075 3075 3075 3075 

Operation rate (stb/d) 318 430 521 605 683 756 

Total Dynamic  Head 

(ft) 
1616 1705 1796 1881 1963 2045 

Intake Pressure (psig) 588 543 507 474 442 411 

Discharge Pressure 

(psig) 
1273 1255 1258 1260 1263 1266 

Motor Horsepower 

(hp) 
60 60 60 60 60 60 

Motor Amperage (A) 13.1 13.5 13.9 14.4 15.1 15.7 

Motor Voltage (V) 1138 1195 1252 1309 1365 1422 

Total Motor Load (hp) 21.3 24 26.9 29.7 32.6 35.5 

Load Factor (%) 35.45 40.01 44.75 49.56 54.3 59.2 

Total Winding 

Temperature (oF) 
201 211 212 214 218 222 

       

Freq (Hz) 52 54 56 58 60   

Wellhead Pressure 
170 

psig 

170 

psig 

170 

psig 

170 

psig 

170 

psig 
  

Wellhead Temperature 120oF 120oF 120oF 120oF 120oF   

Bottomhole 

Temperature 
170oF 170oF 170oF 170oF 170oF   

Water Spec. Gravity 1.01 1.01 1.01 1.01 1.01   

Water Cut  73% 73% 73% 73% 73%   

GOR (scf/stb) 160 160 160 160 160   
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Method PI PI PI PI PI   

SBHP (psi) 650 650 650 650 650   

Intake Depth 3075 3075 3075 3075 3075   

Operation rate (stb/d) 824 880 935 989 1044   

Total Dynamic  Head 

(ft) 
2130 2238 2351 2463 2575   

Intake Pressure (psig) 377 334 288 243 198   

Discharge Pressure 

(psig) 
1268 1270 1272 1274 1276   

Motor Horsepower 

(hp) 
60 60 60 60 60   

Motor Amperage (A) 16.4 17.2 18 18.9 19.8   

Motor Voltage (V) 1479 1536 1593 1650 1707   

Total Motor Load (hp) 38.5 41.4 44.5 47.6 50.8   

Load Factor (%) 64.12 69 74 79 84.7   

Total Winding 

Temperature (oF) 
228 232 237 244 248   
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Lampiran 8. Tabel kalkulasi perubahan frekuensi  

 

Tabel kalkulasi perubahan frekuensi 

 

configures 
Frekuensi Operating Range 

Qtotal, Qo, Head, 
Beban 

Motor, Min, Max, Motor, 
Pompa BFPD BFPD ft 

Hz BFPD BFPD HP     

 

 
60 3200 4800 5333.3 256.0 3207.1 250.1 

 59 3147 4720 5244.4 251.7 3101.1 237.8 

 58 3093 4640 5155.6 247.5 2996.9 225.9 

 57 3040 4560 5066.7 243.2 2894.4 214.4 

 56 2987 4480 4977.8 238.9 2793.8 203.3 

 55 2933 4400 4888.9 234.7 2694.9 192.6 

 54 2880 4320 4800.0 230.4 2597.8 182.3 

ING-4000 53 2827 4240 4711.1 226.1 2502.4 172.4 

200 stages 52 2773 4160 4622.2 221.9 2408.9 162.8 

 51 2720 4080 4533.3 217.6 2317.1 153.6 

 50 2667 4000 4444.4 213.3 2227.2 144.7 

 49 2613 3920 4355.6 209.1 2139.0 136.2 

 48 2560 3840 4266.7 204.8 2052.6 128.0 

 47 2507 3760 4177.8 200.5 1967.9 120.2 

 46 2453 3680 4088.9 196.3 1885.1 112.7 

 45 2074 3600 4000.0 192.0 1804.0 105.5 
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Lampiran 9. Tabel Bilangan Binary 

 

Tabel Bilangan Binary 

No Sumur 
Frekuensi 

42 Hz 45 Hz 50 Hz 52 Hz 55 Hz 57 Hz 60 Hz 

1 ZUA-1 0 0 1 0 0 0 0 
2 ZUA-2ST 1 1 1 1 1 1 1 
3 ZUA-3ST 1 1 1 1 1 1 1 
4 ZUA-4 1 1 1 1 1 1 1 
5 ZUA-5 1 1 1 1 1 1 1 
6 ZUA-6ST 0 0 0 1 0 0 0 
7 ZUA-9 0 0 0 0 0 0 1 
8 ZUA-10 1 1 1 1 1 1 1 
9 ZUA-12ST 1 1 1 1 1 1 1 

10 ZUD-1 0 0 0 0 0 0 0 
11 ZUD-2 1 1 1 1 1 1 1 
12 ZUD-4 1 0 1 1 1 1 1 
13 ZUD-5 0 0 0 0 1 0 0 
14 ZUD-6 1 1 1 1 1 1 1 
15 ZUD-8 0 0 0 0 0 0 1 
16 ZUD-9 1 1 1 1 1 1 1 
17 ZUD-10 0 0 0 0 0 0 1 
18 ZUD-11 1 1 1 1 1 1 1 
19 ZUG-1 1 1 1 1 1 1 1 
20 ZUG-3 1 1 1 1 1 1 1 
21 ZUG-4 0 0 0 0 0 0 1 
22 ZUG-5 1 1 1 1 1 1 1 
23 ZUG-8 0 0 0 0 0 0 1 
24 ZUG-10 0 0 0 0 0 0 1 

Total 14 13 15 15 15 14 20 
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Lampiran 10. Tabel Total Produksi 

 

Tabel Total Produksi 

 

Produksi
Produksi

Target
Produksi

Produksi
Produksi

Produksi
Produksi

Produksi
Produksi

Target

BFPD
BOPD

Produksi
42 Hz

BOPD
45 Hz

BOPD
50 Hz

BOPD
52 Hz

BOPD
55 Hz

BOPD
57 Hz

BOPD
60 Hz

BOPD
Produksi

1
ZUA-1

32/64
50

16.1
1188

89.67%
123

100
0

0
118

123
0

0
0

0
100

2
ZUA-2ST

25/64
55

15.8
312

4.73%
297

400
0

0
0

0
312

297
342

343
400

3
ZUA-3ST

25/64
42

15.9
168

6.82%
157

134
168

157
200

204
190.0872

205
207

209
211

134

4
ZUA-4

64/64
55

17.7
714

59.22%
291

165
0

0
0

0
714

291
727

0
165

5
ZUA-5

32/64
55

26
186

6.60%
174

178
0

0
0

0
186

235
218.973

238
178

6
ZUA-6ST

32/64
52

17
1008

80.91%
192

301
0

0
0

1008
192

0
0

0
301

7
ZUA-9

32/64
60

22
903

92.08%
72

129
0

0
0

0
0

0
903

72
129

8
ZUA-10

20/64
55

19.3
204

30.72%
141

116
0

0
0

0
204

190.0872
248

251
116

9
ZUA-12ST

Oct-64
52

16.2
321

1.45%
316

214
0

0
0

321
299.1078

347
348

350
214

10
ZUD-1

50/64
Natural 

Flow
-

18
91.34%

2
195

0
0

0
0

0
0

18
2

195

11
ZUD-2

30/64
52

25
118

78.67%
25

50
0

0
0

118
109.9524

191
193

197
50

12
ZUD-4

130/64
50

18
528

90.14%
52

54
0

0
528

542
543

53.5398
544

53.6384
545

53.737
54

13
ZUD-5

130/64
55

20
1374

95.24%
65

93
0

0
0

0
1374

65
0

0
93

14
ZUD-6

20/64
55

12
90

83.96%
14

130
0

0
0

0
90

188
30.1552

193
130

15
ZUD-8

130/64
DOL

23
1414

96.42%
51

64
0

0
0

0
0

0
1414

51
64

16
ZUD-9

15/64
52

19
318

90.30%
31

166
0

0
0

318
344

345
33.465

347
166

17
ZUD-10

130/64
DOL

17
594

97.80%
13

103
0

0
0

0
0

0
594

13
103

18
ZUD-11

30/64
50

16
294

71.41%
84

45
0

0
294

318
320

91.488
320

312
45

19
ZUG-1

60/64
50

19
660

89.24%
71

170
0

0
660

672
672

72.576
673

673
170

20
ZUG-3

20/64
50

21
420

52.51%
199

184
0

0
420

438
439

208.4811
440

441
184

21
ZUG-4

130/64
60

34
264

97.53%
7

55
0

0
0

0
0

0
264

7
55

22
ZUG-5

20/64
55

16.5
72

2.70%
70

95
0

0
0

0
72

70
194

188.762
201

95

23
ZUG-8

130/64
60

27
2298

95.09%
113

186
0

0
0

0
0

0
2298

113
186

24
ZUG-10

130/64
60

25.4
1507

97.44%
39

73
0

0
0

0
0

0
0

39
73

14973
66.75%

2599
3400

168
157

200
0

2224
313.0872

3940
601.0602

6015
1339.172

5006
524.9936

9793
350.737

3400

W
ater Cut (%)

No
W

ell
Choke Size (Inc)

Frek 

(Hz)
Amp
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Mercu Buana Conference on Industrial Engineering-MBCIE 2021, 19th June 
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Key Performance Indicators Implementation: Literature Review And 

Development For Performance Measurement 

3. Proceedings of the International Conference on Industrial Engineering and 
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Sebagai Presenter. 
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Optimization of Oil Well Production Using Binary Programming Method: Case 
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2. IJIEM (Indonesian Journal of Industrial Engineering & Management), Mercubu-

ana Journal. 
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Key Performance Indicators Implementation: Literature Review And 

Development For Performance Measurement. 
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Poka-Yoke Method Implementation in Industries : A Systematic Literature 

Review  

4. IJISRT (International Journal of Innovative Science and Research Technology) 

India Journal. 
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Optimization of Overall Performance Industrial System Water / WTP in Taman 
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5. IJIEM (Indonesian Journal of Industrial Engineering & Management), Mercubu-

ana Journal. 
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PDCA Cycle Method implementation in Industries: A Systematic Literature Re-
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6.  IJIEM (Indonesian Journal of Industrial Engineering & Management), Mer-

cubuana Journal. 
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Value Stream Mapping (VSM) Application As An Effort To Reduce Delays In 
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7. IJIEM (Indonesian Journal of Industrial Engineering & Management), Mercubu-

ana Journal. 
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