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APPENDIX A
Shortcut Distillation Output

Feed 1 scheme 1
UNIT 1, 'COL1', 'DEISOB'

FEEDS
STREAM PHASE1 LIQUID

PRODUCTS --------------  TOTAL STREAM RATES --------------MOLES WEIGHT LIQUID VOL NORM VAPOR(1)STREAM + PHASE LB-MOL/HR LB/HR FT3/HR FT3/HR SECTION
2 V 1156.94 51009.11 1611.25 439041.05 13 L 387.58 22503.29 641.17 147080.13 24 L 372.33 21965.47 599.86 141292.13
TOTALS 1916.84 95477.87 2852.28 727413.31

Feed 1 scheme 2

UNIT 1, 'COL1', 'DEPRO'FEEDS
STREAM PHASE1 LIQUID

PRODUCTS --------------  TOTAL STREAM RATES --------------MOLES WEIGHT LIQUID VOL NORM VAPOR(1)STREAM + PHASE LB-MOL/HR LB/HR FT3/HR FT3/HR SECTION
23 V 1157.81 51071.45L 759.03 44431.03 1612.91 439373.311239.59 288039.99
TOTALS 1916.84 95502.48 2852.51 727413.31

1

SUMMARY OF UNDERWOOD CALCULATIONS MINIMUM REFLUX RATIO 1.59476FEED CONDITION Q 1.38099FENSKE MINIMUM TRAYS 20.44599OPERATING REFLUX RATIO 1.30 * R-MINIMUM
TOTALTRAYS R/R-MIN M/M-MIN REFLUXRATIO DUTY, MM CONDENSER BTU/HRREBOILER

47 18 1.150 2.277 1.834 -1.215E+01 2.384E+0143 17 1.225 2.117 1.954 -1.294E+01 2.464E+0141 16 1.300 1.987 2.073 -1.373E+01 2.543E+0138 15 1.375 1.881 2.193 -1.452E+01 2.622E+0137 14 1.450 1.791 2.312 -1 532E+01 2.701E+01

NUMTRAYS
26.46 68.75
95.21

NUMTRAYS
20.45
20.45
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FEEDS UNIT 2, 'COL2', 'DEISOB'
STREAM PHASE3 LIQUID

PRODUCTS --------------  TOTAL STREAM RATES --------------MOLES WEIGHT LIQUID VOL NORM VAPOR (1) NUMSTREAM + PHASE LB-MOL/HR LB/HR FT3/HR FT3/HR SECTION TRAYS
45TOTALS

L 386.82 22471.40L 372.21 21959.63759.03 44431.03
639.97 146792.11599.62 141247.891239.59 288039.99

1 56.64
56.64

SUMMARY OF UNDERWOOD CALCULATIONS MINIMUM REFLUX RATIO 6.12676FEED CONDITION Q 1.00000FENSKE MINIMUM TRAYS 56.64139OPERATING REFLUX RATIO 1.30 * R-MINIMUM
TOTAL FEED R/R-MIN M/M-MIN REFLUX DUTY, MMBTU/HRTRAYS TRAY RATIO CONDENSER REBOILER
120 46 1.150 2.112 7.046 -2.412E+01 2.17 9E+01110 42 1.225 1.936 7.505 -2.550E+01 2.317E+01102 39 1.300 1.801 7.965 -2.688E+01 2.455E+0196 37 1.375 1.694 8.424 -2.826E+01 2.593E+0192 35 1.450 1.633 8.884 -2.963E+01 2.730E+01

Feed 1 scheme 3
UNIT 1, 'COL1', ’DEBUT’FEEDS

STREAM PHASE1 LIQUID
PRODUCTS --------------  TOTAL STREAM RATES --------------MOLES WEIGHT LIQUID VOL NORM VAPOR (1) NUMSTREAM + PHASE LB-MOL/HR LB/HR FT3/HR FT3/HR SECTION TRAYS
23TOTALS

L 1544.31 73524.14L 372.53 21978 361916.84 95502.50
2252.34 586043.11600.17 141370.192852.51 727413.31

1 58.97
58.97

SUMMARY OF UNDERWOOD CALCULATIONS MINIMUM REFLUX RATIO 2.22029FEED CONDITION Q 1.38099FENSKE MINIMUM TRAYS 58 96978 OPERATING REFLUX RATIO 1.30 * R-MINIMUM
TOTALTRAYS FEEDTRAY R/R-MIN M/M-MIN REFLUXRATIO DUTY, MM BTU/HR CONDENSER REBOILER
130 75 1.150 2.197 2.553 -3.572E+01 3.921E+01120 70 1.225 2.034 2.720 -3.739E+01 4.088E+01112 65 1.300 1.905 2.886 -3.906E+01 4.256E+01106 62 1.375 1.799 3.053 -4.074E+01 4.423E+01101 59 1.450 1.712 3.219 -4.241E+01 4.591E+01
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UNIT 3, 'C0L2', 'DEISOB'FEEDS
STREAM PHASE4 LIQUID

PRODUCTS --------------  TOTAL STREAM RATES --------------MOLES WEIGHT LIQUID VOL NORM VAPOR(1)STREAM + PHASE LB-MOL/HR LB/HR FT3/HR FT3/HR SECTION
5 V 1156.49 50990.18 1610.64 438870.26 16 L 387.82 22533.95 641.69 147172.85
TOTALS 1544.31 73524.12 2252.34 586043.11

SUMMARY OF UNDERWOOD CALCULATIONSMINIMUM REFLUX RATIO 1.56153FEED CONDITION Q 1.10905FENSKE MINIMUM TRAYS 23.91532OPERATING REFLUX RATIO 1.30 * R-MINIMUM
TOTALTRAYS FEEDTRAY R/R-MIN M/M-MIN REFLUXRATIO DUTY, MM CONDENSER BTU/HRREBOILER

54 32 1.150 2.271 1.796 -1.187E+01 1.977E+0151 30 1.225 2.113 1.913 -1.264E+01 2.054E+0147 28 1.300 1.984 2.030 -1.341E+01 2.132E+0145 26 1.375 1.879 2 147 -1.419E+01 2.209E+0143 25 1.450 1.790 2.264 -1.496E+01 2.286E+01

Feed 1 scheme 4
UNIT 1, 1COL1', ’DEPRO'FEEDS

STREAM PHASE1 LIQUID
PRODUCTS --------------  TOTAL STREAM RATES --------------MOLES WEIGHT LIQUID VOL NORM VAPOR(1)STREAM + PHASE LB-MOL/HR LB/HR FT3/HR FT3/HR SECTION
2 V 1156.85 51015.36 1611.32 439009.08 13 L 759.99 44487.06 1241.19 288404 23TOTALS 1916.84 95502.42 2852.51 727413 31

SUMMARY OF UNDERWOOD CALCULATIONS MINIMUM REFLUX RATIO 1.60209FEED CONDITION Q 1.38099FENSKE MINIMUM TRAYS 21.70103OPERATING REFLUX RATIO 1.30 * R-MINIMUM
TOTALTRAYS FEEDTRAY R/R-MIN M/M-MIN REFLUXRATIO DUTY, MM CONDENSER BTU/HRREBOILER

49 23 1.150 2.273 1.842 -1.218E+01 2.387E+0146 21 1.225 2.113 1.963 -1.298E+01 2.467E+0143 20 1.300 1.984 2.083 -1.377E+01 2.546E+0141 19 1.375 1.878 2.203 -1.457E+01 2.626E+0139 18 1.450 1.788 2.323 -1.536E+01 2.705E+01

UNIT 2, ’COL2', ’DEISOB1•FEEDS
STREAM PHASE3 LIQUID

NUMTRAYS
23.92
23.92

NUMTRAYS
21.70
21.70
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PRODUCTS
STREAM + PHASE

- TOTAL STREAM RATES - WEIGHT LIQUID VOL LB/HR FT3/HR NORM VAPOR(1)FT3/HR SECTION
45TOTALS

L 457.33 26570.22 752.48 173551.21L 302.65 17916.85 488.70 114853.02759.99 44487.06 1241.19 288404.23
SUMMARY OF UNDERWOOD CALCULATIONS MINIMUM REFLUX RATIO FEED CONDITION Q FENSKE MINIMUM TRAYS OPERATING REFLUX RATIO

3.98446 1.00000 35.287751.30 * R-MINIMUM
TOTAL FEED R/R-MIN M/M-MIN REFLUX DUTY, MMBTU/HRTRAYS TRAY RATIO CONDENSER REBOILER

76 6 1.150 2.153 4.582 -1.976E+01 1.758E+0170 5 1.225 1.979 4.881 -2.082E+01 1.864E+0165 5 1.300 1.844 5.180 -2.188E+01 1.970E+0161 5 1.375 1.737 5.479 -2.294E+01 2.076E+0159 4 1.450 1.662 5.777 -2.400E+01 2.181E+01

UNIT 3, 1COL3', 'DEISOB2’
FEEDS

STREAM4 PHASELIQUID
PRODUCTS -----------MOLESSTREAM + PHASE LB-MOL/HR

- TOTAL STREAM RATES --------------WEIGHT LIQUID VOL NORM VAPOR(1)LB/HR FT3/HR FT3/HR SECTION
386.83 70.51 22472.03 4098.19 639.99 112.50 146794.61 26756.61

TOTALS 457.33 26570.22 752.48 173551.21
SUMMARY OF UNDERWOOD CALCULATIONS MINIMUM REFLUX RATIO FEED CONDITION Q FENSKE MINIMUM TRAYS OPERATING REFLUX RATIO

3.72041 
1 .00000 42.112471.30 * R-MINIMUM

TALAYS FEEDTRAY R/R-MIN M/M-MIN REFLUXRATIO DUTY, MM CONDENSER BTU/HRREBOILER
91 55 1.150 2.154 4.278 -1.583E+01 1.575E+0183 51 1.225 1.981 4.557 -1.666E+01 1.658E+0178 47 1.300 1.847 4.837 -1.750E+01 1.742E+0173 44 1.375 1.740 5.116 -1.834E+01 1.826E+0170 42 1.450 1.663 5.395 -1.917E+01 1.909E+01

Feed 2 scheme 1
UNIT 1, 'COL1', 'DEISOB'

STREAM PHASE

NUMTRAYS
35.29
35.29

NUMTRAYS
42.11
42.11

2 LIQUID
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PRODUCTS 
STREAM + PHASE MOLES LB-MOL/HR

— TOTAL STREAM RATES WEIGHT LIQUID VOL LB/HR FT3/HR NORM VAPOR(1) NUMFT3/HR SECTION TRAYS
345

V 1061.8 46770.04 1300.05 402529.53 1 19.98L 270.1 15610.09 540.38 102333.14 2 68.62L 264.0 15601.11 510.57 100773.74
TOTALS 1595.9 77981.24 2351.00 605636.41 88.60

Feed 2 scheme 2
'COL1', 'DEPRO'

FEEDS
STREAM PHASE2 LIQUID

PR๐DUCTS - ^ - - ^  S ^ T T o l  'norm VAPOR (1) NUMSTREAM + PHASE LB-MOL/HR LB/HR FT3/HR FT3/HR SECTION TRAYS
34 V 1062.83 46751.25L 533.12 31229.94 1480.06 403329.62 1 21.82870.94 202309 25
TOTALS 1595.95 77981.19 2351.00 605638.87 21.82

SUMMARY OF UNDERWOOD CALCULATIONS MINIMUM REFLUX RATIO 1.48518FEED CONDITION Q 1.42049FENSKE MINIMUM TRAYS 21.81877OPERATING REFLUX RATIO 1.30 * R-MINIMUM
TOTALTRAYS R/R-MIN M/M-MIN REFLUXRATIO DUTY, MM CONDENSER BTU/HRREBOILER

50 19 1.150 2.283 1.708 -1.033E+01 2.108E+0146 17 1.225 2.125 1.819 -1.100E+01 2.175E+0144 16 1.300 1.998 1.931 -1.167E+01 2.243E+0141 15 1.375 1.892 2.042 -1.235E+01 2.310E+0139 15 1.450 1.803 2.154 -1.302E+01 2.377E+01

'COL2', ’DEISOB'FEEDS
STREAM PHASE4 LIQUID

PRODUCTS --------------  TOTAL STREAM RATES --------------MOLES WEIGHT LIQUID VOL NORM VAPOR (1) NUMSTREAM + PHASE LB-MOL/HR LB/HR FT3/HR FT3/HR SECTION TRAYS
56 L 268.54 15603.28L 264.58 15626.65 444.33 101906.91426.61 100402.34 1 47.06
TOTALS 533.12 31229.94 870.94 202309.25 47.06

SUMMARY OF UNDERWOOD CALCULATIONS MINIMUM REFLUX RATIO 6.16033FEED CONDITION Q 1 00000FENSKE MINIMUM TRAYS 47.06480 OPERATING REFLUX RATIO 1.30 * R-MINIMUM



TOTALTRAYS FEEDTRAY R/R-MIN M/M-MIN REFLUXRATIO DUTY, MM CONDENSER BTU/HRREBOILER
100 49 1.150 2.116 7.084 -1.683E+01 1.515E+0191 45 1.225 1.939 7.546 -1.779E+01 1.611E+0185 42 1.300 1.804 8.008 -1.875E+01 1.707E+0180 39 1.375 1.696 8.470 -1.971E+01 1.804E+0177 38 1.450 1.635 8.932 -2.067E+01 1.900E+01

Feed 2 scheme 3
1COL1», 'DEBUT’

FEEDS
STREAM PHASE2 LIQUID

PRODUCTS --------------  TOTAL STREAM RATES --------------MOLES WEIGHT LIQUID VOL NORM VAPOR (1)STREAM + PHASE LB-MOL/HR LB/HR FT3/HR FT3/HR SECTION
3 L 1331.12 62339.904 L 264.83 15641.30TOTALS 1595.95 77981.20

SUMMARY OF UNDERWOOD CALCULATIONS MINIMUM REFLUX RATIO 1.93865FEED CONDITION Q 1.42049FENSKE MINIMUM TRAYS 59.21027OPERATING REFLUX RATIO 1.30 * R-MINIMUM
TOTALTRAYS FEEDTRAY R/R-MIN M/M-MIN REFLUXRATIO DUTY, MM CONDENSER BTU/HRREBOILER
131 81 1.150 2.213 2.229 -2.737E+01 3.097E+01122 75 1.225 2.053 2.375 -2.860E+01 3.220E+01114 71 1.300 1.925 2.520 -2.984E+01 3.344E+01108 67 1.375 1.820 2.666 -3.107E+01 3.467E+01103 64 1.450 1.733 2.811 -3.230E+01 3.590E+01

1923.98 505140.92 1427.02 100497.962351.00 605638.87

FEEDS ’COL21, ’DEISOB’
STREAM PHASE5 LIQUID

PRODUCTS --------------  TOTAL STREAM RATES --------------MOLES WEIGHT LIQUID VOL NORM VAPOR (1)STREAM + PHASE LB-MOL/HR LB/HR FT3/HR FT3/HR SECTION
67 V 1062.58 46736.62L 268.54 15603.27 1479.64 403232.43444.33 101908.48
TOTALS 1331.12 62339.90 1923.98 505140.92

SUMMARY OF UNDERWOOD CALCULATIONS MINIMUM REFLUX RATIO 1.47464FEED CONDITION Q 1.09223FENSKE MINIMUM TRAYS 21 56710 OPERATING REFLUX RATIO 1.30 * R-MINIMUM

1

NUMTRAYS
59.21
59.21

NUMTRAYS
21.57
21.57



TOTALTRAYS FEEDTRAY R/R-HIN M/H-MIN REFLUXRATIO DUTY, MM CONDENSER BTU/HRREBOILER
49 22 1.150 2.285 1.696 -1.025E+01 1.723E+0146 20 1.225 2.127 1.806 -1.092E+01 1.790E+0143 19 1.300 1.999 1.917 -1.158E+01 1.856E+0141 18 1.375 1.894 2.028 -1.225E+01 1.923E+0139 17 1.450 1.805 2.138 -1.292E+01 1.990E+01

Feed 2 scheme 4

FEEDS
’C0L1', 'DEPRO1

STREAM2 ™ D
PRODUCTS --------------  TOTAL STREAM RATES --------------MOLES WEIGHT LIQUID VOL NORM VAPOR(1)STREAM + PHASE LB-MOL/HR LB/HR FT3/HR FT3/HR SECTION
3 V 10624 L 533TOTALS 1595

28 46722.54 147967 31258.66 87195 77981.20 2351
21 403118.72 179 202520.1500 605638.87

SUMMARY OF UNDERWOOD CALCULATIONS MINIMUM REFLUX RATIO 1.48806FEED CONDITION Q 1.42049FENSKE MINIMUM TRAYS 21.60454OPERATING REFLUX RATIO 1.30 * R-MINIMUM
TOTALTRAYS FEEDTRAY R/R-MIN M/M-MIN REFLUXRATIO DUTY, MM CONDENSER BTU/HRREBOILER

49 23 1.150 2.283 1.711 -1.034E+01 2.109E+0146 21 1.225 2.126 1.823 -1.101E+01 2. 176E+0143 20 1.300 1.998 1.934 -1.169E+01 2.244E+0141 19 1.375 1.892 2.046 -1.236E+01 2.311E+0139 18 1.450 1.803 2.158 -1.303E+01 2.378E+01

'COL2', 'DEISOB1FEEDS
STREAM PHASE4 LIQUID

PRODUCTS 
STREAM + PHASE MOLES LB-MOL/HR

TOTAL STREAM RATES --------------WEIGHT LIQUID VOL NORM VAPOR(1)LB/HR FT3/HR FT3/HR SECTION
56 LL 318.40 18497.62215.27 12761.03 523.82 120827.12347.97 81693.03
TOTALS 533.67 31258.66 871.79 202520.15

SUMMARY OF UNDERWOOD CALCULATIONS MINIMUM REFLUX RATIO 4.00014FEED CONDITION Q .99926FENSKE MINIMUM TRAYS 35.32378OPERATING REFLUX RATIO 1.30* R-MINIMUM

1

NUMTRAYS
21.60
21.60

NUMTRAYS
35.32
35.32



TALAYS FEEDTRAY R/R-MIN M/M-HIN REFLUXRATIO DUTY, MM CONDENSER BTU/HRREBOILER
76 6 1.150 2.153 4.600 -1.381E+01 1.224E+0170 5 1.225 1.979 4.900 -1.455E+01 1.298E+0165 5 1.300 1.844 5.200 -1.529E+01 1.371E+0161 5 1.375 1.736 5.500 -1.603E+01 1.445E+0159 4 1.450 1.662 5.800 -1.677E+01 1.519E+01

'C0L3' 'DEIS0B2'

STREAM5
PRODUCTS MOLESSTREAM + PHASE LB-MOL/HR

__TnTlT. QTDV.iM D&TRS-------------------------WEIGHT LIQUID VOL NORM VAPOR (1) NUMLB/HR FT3/HR FT3/HR SECTION TRAYS
268.54 49.86 15599.70 2897.92 444.28 79.55 101906.90 18920.22 43.39

TOTALS 318.40 18497.62 523.82 120827.12 43.39
SUMMARY OF UNDERWOOD CALCULATIONS MINIMUM REFLUX RATIO FEED CONDITION Q FENSKE MINIMUM TRAYS OPERATING REFLUX RATIO

3.73705 1 00000 43.388391.30 * R-MINIMUM
TOTAL FEED R/R-MIN M/M-MIN REFLUX DUTY, MMBTU/HRTRAYS TRAY RATIO CONDENSER REBOILER

93 59 1.150 2.153 4.298 -1.103E+01 1.097E+0186 54 1.225 1.980 4.578 -1.161E+01 1.156E+0180 50 1.300 1.846 4.858 -1.219E+01 1.214E+0175 47 1.375 1.739 5.138 -1.278E+01 1.272E+0172 45 1.450 1.663 5.419 -1.336E+01 1.331E+01

Feed 3 scheme 1

FEEDS
UNIT 1, 'COL1', 'DEISOB'

STREAM
1

PHASELIQUID
PRODUCTS TOTAL STREAM RATESMOLES WEIGHT LIQUID VOL NORM VAPOR(1) NUMSTREAM + PHASE LB-MOL/HR LB/HR FT3/HR FT 3/HR SECTION TRAYS
3 V 782.4 34490.84 1201.09 297121.71 1 26.794 L 300.2 17740.09 420.51 114067.57 2 75.585 L 270.0 16484.11 397.27 102116.33TOTALS 1352.6 67715.04 2018.87 513305.60 102.37
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Feed 3 scheme 2
'COL1', 'DEPRO'FEEDS

STREAM PHASE1 LIQUID
PRODUCTS

MOLESSTREAM + PHASE LB-MOL/HR = TST“ oEv o r - ^ ™ (1,LB/HR FT3/HR FT3/HR SECTION
2 V 782.58 34489.80 1089.96 296975.99 13 L 570.07 33225.17 928.90 216331.67
TOTALS 1352.64 67714.97 2018.87 513307.66

SUMMARY OF UNDERWOOD CALCULATIONS MINIMUM REFLUX RATIO 1.61687FEED CONDITION Q 1.54636FENSKE MINIMUM TRAYS 21.39061OPERATING REFLUX RATIO 1.30 * R-MINIMUM
TOTALTRAYS FEEDTRAY R/R-MIN M/M-MIN REFLUXRATIO DUTY, MM CONDENSER BTU/HRREBOILER

49 24 1.150 2.272 1.859 -8.308E+00 1.702E+0145 22 1.225 2.112 1.981 -8.850E+00 1.757E+0142 21 1.300 1.983 2.102 -9.392E+00 1.811E+0140 20 1.375 1.876 2.223 -9.934E+00 1.865E+0138 19 1.450 1.787 2.344 -1.048E+01 1.919E+01

FEEDSSTREAM PHASE3 LIQUID
1COL2', 'DEISOB'

PRODUCTS --------------  TOTAL STREAM RATES --------------MOLES WEIGHT LIQUID VOL NORM VAPOR(1)STREAM + PHASE LB-MOL/HR LB/HR FT3/HR FT3/HR SECTION
45 L 299.55 17399.24L 270.52 15825.93 495.55 113674.83433.35 102656.84
TOTALS 570.07 33225.17 928.90 216331.67

SUMMARY OF UNDERWOOD CALCULATIONS MINIMUM REFLUX RATIO 6.00045FEED CONDITION Q 1.00000FENSKE MINIMUM TRAYS 52.26199OPERATING REFLUX RATIO 1.30 * R-MINIMUM

1

TOTALTRAYS TFr R/R-MIN M/M-MIN REFLUXRATIO DUTY, MM CONDENSER BTU/HRREBOILER
111 83 1.150 2.115 6.901 -1.834E+01 1.659E+01101 76 1.225 1.939 7.351 -1.939E+01 1.763E+0194 71 1.300 1.804 7.801 -2.043E+01 1.868E+0189 67 1 375 1.697 8.251 -2.148E+01 1.972E+0185 64 1.450 1.635 8.701 -2.252E+01 2.077E+01

NUMTRAYS
21.39
21.39

NUMTRAYS
52.26
52.26



F e e d  3 sc h e m e  3

FEEDS
STREAM PHASE1 LIQUID

PRODUCTS

'COL1', 'DEBUT'

MOLESSTREAM + PHASE LB-MOL/HR ™ ST̂ Q̂ oEv o r ™ ; ; ^ R(x)LB/HR FT3/HR FT3/HR SECTION
2 L 1082.87 51932.55 1586.73 410934.78 13 L 269.77 15782.44 432.13 102372.88
TOTALS 1352.64 67714.99 2018.87 513307.66

SUMMARY OF UNDERWOOD CALCULATIONS MINIMUM REFLUX RATIO 2.30745FEED CONDITION Q 1.54636FENSKE MINIMUM TRAYS 59.12681OPERATING REFLUX RATIO 1.30 * R-MINIMUM
TOTAL FEED R/R-MIN M/M-MIN REFLUX DUTY, MMBTU/HRTRAYS TRAY RATIO CONDENSER REBOILER
130 75 1.150 2.193 2.654 -2.601E+01 2.902E+01120 69 1.225 2.029 2.827 -2.724E+01 3.025E+01112 65 1.300 1.899 3.000 -2.847E+01 3.148E+01106 61 1.375 1.794 3.173 -2.970E+01 3.272E+01101 58 1.450 1.707 3.346 -3.094E+01 3.395E+01

FEEDSSTREAM PHASE4 LIQUIDPRODUCTS MOLESSTREAM + PHASE LB-MOL/HR

'COL2', 'DEISOB'

-- TOTAL STREAM RATES --------------WEIGHT LIQUID VOL NORM VAPOR(1)LB/HR FT3/HR FT3/HR SECTION
5 V 783.32 345276 L 299.55 17404
TOTALS 1082.87 51932

81 1091.10 297258.57 173 495.64 113676.22
53 1586.73 410934.78

SUMMARY OF UNDERWOOD CALCULATIONS MINIMUM REFLUX RATIO 1.60815FEED CONDITION Q 1 11936FENSKE MINIMUM TRAYS 20 76740OPERATING REFLUX RATIO 1.30 * R-MINIMUM
TOTALTRAYS FEEDTRAY R/R-MIN M/M-MIN REFLUXRATIO DUTY, MM CONDENSER BTU/HRREBOILER

47 20 1.150 2.275 1.849 -8.275E+00 1.375E+0144 18 1.225 2.115 1.970 -8.814E+00 1.429E+0141 17 1.300 1.985 2.091 -9.354E+00 1.483E+0139 16 1.375 1.879 2.211 -9.894E+00 1.537E+0137 16 1.450 1.789 2.332 -1 043E+01 1.591E+01

NUMTRAYS
59.13
59.13

NUMTRAYS
20.77
20.77
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F e e d  3 sc h em e  4

'COL1', 'DEPRO’FEEDS
STREAM PHASE1 LIQUID

PRODUCTS
MOLESSTREAM + PHASE LB-MOL/HR

TOTAL STREAM RATES --------------WEIGHT LIQUID VOL NORM VAPOR(1)LB/HR FT3/HR FT3/HR SECTION
2 V 782.3 L 569.
TOTALS 1352.

77 34498.75 109087 33216.20 928
64 67714.95 2018

24 297051.38 162 216256.28
87 513307.66

SUMMARY OF UNDERWOOD CALCULATIONS MINIMUM REFLUX RATIO 1.61686FEED CONDITION Q 1.54636FENSKE MINIMUM TRAYS 21.76029OPERATING REFLUX RATIO 1.30 * R-MINIMUM
TOTAL FEED R/R-MIN M/M-MIN REFLUX DUTY, MMBTU/HRTRAYS TRAY RATIO CONDENSER REBOILER

49 23 1.150 2.272 1.859 -8.311E+00 1.703E+0146 22 1.225 2 . Ill 1.981 -8.853E+00 1.757E+0143 20 1.300 1.982 2.102 -9.395E+00 1.811E+0141 19 1.375 1.876 2.223 -9.937E+00 1.865E+0139 18 1.450 1.786 2.344 -1.048E+01 1.919E+01

'COL2', 'DEISOB1FEEDS
STREAM PHASE3 LIQUID

PRODUCTS 
STREAM + PHASE ~MOLES WEIGHT̂ STÏÏS  1รร ฺรLB-MOL/HR LB/HR FT3/HR NORM VAPOR(1)FT3/HR SECTION
4 L 352.5 L 217.
TOTALS 569.

58 20484.38 58028 12731.82 348
87 33216.20 928

21 133800.53 141 82455.75
62 216256.28

SUMMARY OF UNDERWOOD CALCULATIONS MINIMUM REFLUX RATIO 3.91216FEED CONDITION Q 1.00000FENSKE MINIMUM TRAYS 35.39317OPERATING REFLUX RATIO 1.30 * R-MINIMUM
TOTAL FEED R/R-MIN M/M-MIN REFLUX DUTY, MMBTU/HRTRAYS TRAY RATIO CONDENSER REBOILER

76 6 1.150 2.155 4.499 -1.500E+01 1.336E+0170 5 1.225 1.981 4.792 -1.581E+01 1.416E+0165 5 1.300 1.846 5.086 -1.6 61E+01 1.496E+0162 5 1.375 1.739 5.379 -1.741E+01 1.576E+0159 4 1.450 1.663 5.673 -1.821E+01 1.657E+01

NUMTRAYS
21.76
21.76

NUMTRAYS
35.39
35.39
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'COL3', 'DEISOB2'
FEEDS

STREAM PHASE4 LIQUID
PRODUCTS moles T0L̂ UIDร ^  ร ๐™ ™ ü r ' ” ' NUMSTREAM + PHASE LB-MOL/HR LB/HR FT3/HR FT3/HR SECTION TRAYS
6 L 299.55 17401.91 495.59 113675.45 1 41.957 L 53.03 3082.47 84.62 20125.09
TOTALS 352.58 20484.38 580.21 133800.53 41.95

SUMMARY OF UNDERWOOD CALCULATIONSMINIMUM REFLUX RATIO 3.70308FEED CONDITION Q 1.00000FENSKE MINIMUM TRAYS 41.95407OPERATING REFLUX RATIO 1.30 * R-MINIMUM
TOTALTRAYS FEEDTRAY R/R-MIN M/M-MIN REFLUXRATIO DUTY, MM CONDENSER BTU/HRREBOILER

90 56 1.150 2.154 4.259 -1.221E+01 1.215E+0183 51 1.225 1.982 4.536 -1.285E+01 1.279E+0178 48 1.300 1.848 4.814 -1.350E+01 1.344E+0173 45 1.375 1.741 5.092 -1.414E+01 1.408E+0170 43 1.450 1.664 5.369 -1.479E+01 1.473E+01

Feed 4 scheme 2

FEEDS 'COL1', 'DEPRO'
STREAM PHASE2 LIQUID

PRODUCTS 
STREAM + PHASE MOLES LB-MOL/HR WEIGHT LB/HR

TOTAL STREAM LIQUID VOL FT3/HR
RATES_________NORM VAPOR(1) NUMFT3/HR SECTION TRAYS

34TOTALS
VL 2219.49 97761.70 1293.30 75721.89 3512.79 173483.60

3091.18 842264.23 2112.33 490787.95 5203.51 1333052.18
SUMMARY OF UNDERWOOD CALCULATIONS MINIMUM REFLUX RATIO 1.54428FEED CONDITION Q 1.38807FENSKE MINIMUM TRAYS 20.94839OPERATING REFLUX RATIO 1.30 * R-MINIMUM

1 20.95
20.95

TOTALTRAYS FEEDTRAY R/R-MIN M/M-MIN REFLUXRATIO DUTY, MM CONDENSER BTU/HRREBOILER
48 21 1.150 2.280 1.776 -2.248E+01 4.491E+0144 20 1.225 2.121 1.892 -2.394E+01 4.638E+0142 19 1.300 1.992 2.008 -2.541E+01 4.784E+0140 18 1.375 1.886 2 123 -2.688E+01 4.931E+0138 17 1.450 1.797 2.239 -2.834E+01 5.077E+01
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DP ori T Tf'",rp Q _______________ TOT1 AT. c 'T’P T? A M p ATT?..<5_________________MOLES WEIGHT LIQUID VOL NORM VAPOR(l)

'C0L2', 'DEISOB'FEEDS
STREAM PHASE4 LIQUID

STREAM + PHASE LB-MOL/HR LB/HR FT3/HR FT3/HR SECTION
56 L 655.35 38067.98L 637.95 37653.91 1084.20 248696.15 11028.13 242091.80
TOTALS 1293.30 75721.89 2112.33 490787.95

SUMMARY OF UNDERWOOD CALCULATIONS MINIMUM REFLUX RATIO 6.14308FEED CONDITION Q 1.00000FENSKE MINIMUM TRAYS 51.20124OPERATING :REFLUX RATIO 1.30 * R-MINIMUM
TOTAL FEED R/R-MIN M/M-MIN REFLUX DUTY, MMBTU/HRTRAYS TRAY RATIO CONDENSER REBOILER
108 70 1.150 2.114 7.065 -4.096E+01 3.695E+0199 64 1.225 1.938 7.525 -4.331E+01 3.929E+0192 59 1.300 1.802 7.986 -4. 565E+01 4.163E+0187 56 1.375 1.695 8 .447 -4.799E+01 4.397E+0184 54 1.450 1.634 8.907 -5.033E+01 4.631E+01

I ced 4 scheme 3

FEEDS
STREAM PHASE 2 LIQUID

'COL1’, ’DEBUT'

PRODUCTS
MOLESSTREAM + PHASE LB-MOL/HR

TOTAL STREAM RATES --------------WEIGHT LIQUID VOL NORM VAPOR(1)LB/HR FT3/HR FT3/HR SECTION
34 L 2875.43 135864.05L 637.36 37619.65 4176.31 1091184.121027.20 241868.06
TOTALS 3512.79 173483.70 5203.51 1333052.18

1

SUMMARY OF UNDERWOOD CALCULATIONS MINIMUM REFLUX RATIO 2.09865FEED CONDITION Q 1.38807FENSKE MINIMUM TRAYS 59.16286OPERATING REFLUX RATIO 1.30 * R-MINIMUM
TOTAL FEED R/R-MIN M/M-MIN REFLUX DUTY, MMBTU/HRTRAYS TRAY RATIO CONDENSER REBOILER
130 78 1.150 2.203 2.413 -6.321E+01 7.031E+01
121 72 1.225 2.042 2.571 -6.613E+01 7.323E+01113 68 1.300 1.913 2.728 -6.904E+01 7.614E+01107 64 1.375 1.808 2.886 -7.196E+01 7.906E+01
102 61 1.450 1.721 3.043 -7.487E+01 8.197E+01

NUMTRAYS
51.20
51.20

NUMTRAYS
59.16
59.16
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'COL2', 'DEISOB'FEEDS

PRODUCTS --------------  TOTAL STREAM RATES --------------MOLES WEIGHT LIQUID VOL NORM VAPOR (1) NUMSTREAM + PHASE LB-MOL/HR LB/HR FT3/HR FT3/HR SECTION TRAYS
6 V 2220.08 97785.96 3091.97 842489.08 1 21.387 L 655.35 38078.10 1084.34 248695 03
TOTALS 2875.43 135864.05 4176.31 1091184.12 21.38

SUMMARY OF UNDERWOOD CALCULATIONS

STREAM PHASE5 LIQUID

MINIMUM REFLUX RATIO 1.51389FEED CONDITION Q 1.10057FENSKE MINIMUM TRAYS 21 37991 OPERATING REFLUX RATIO 1.30 * R-MINIMUM
TOTALTRAYS FEEDTRAY R/R-MIN M/M-MIN REFLUXRATIO DUTY, MM CONDENSER BTU/HRREBOILER

49 21 1.150 2.282 1.741 -2.204E+01 3.692E+0145 19 1.225 2.123 1.855 -2.348E+01 3.836E+0143 18 1.300 1.995 1.968 -2.4 92E+01 3.979E+0140 17 1.375 1.889 2.082 -2.635E+01 4.123E+0138 16 1.450 1.800 2.195 -2.779E+01 4.267E+01

Feed 4 scheme 4
'COL1', 'DEPRO'FEEDS

STREAM PHASE2 LIQUID
PRODUCTS

MOLESSTREAM + PHASE LB-MOL/HR
TOTAL STREAM RATES --------------WEIGHT LIQUID VOL NORM VAPOR(1) NUMLB/HR FT3/HR FT3/HR SECTION TRAYS

34 V 2219.12 97737.35L 1293.67 75746.18 3090.51 842123.452112.99 490928.73 1 21.66

TOTALS 3512.79 173483.54 5203.51 1333052.18
SUMMARY OF UNDERWOOD CALCULATIONS MINIMUM REFLUX RATIO 1.54678FEED CONDITION Q 1.38807FENSKE MINIMUM TRAYS 21 65928 OPERATING REFLUX RATIO 1.30 * R-MINIMUM
TOTALTRAYS FEEDTRAY R/R-MIN M/M-MIN REFLUXRATIO DUTY, MM CONDENSER BTU/HRREBOILER

49 23 1.150 2.278 1.779 -2.251E+01 4.494E+0146 21 1.225 2.119 1.895 -2.397E+01 4.640E+0143 20 1.300 1.990 2 . Oil -2.544E+01 4.787E+0141 19 1.375 1.884 2.127 -2.691E+01 4.934E+0139 18 1.450 1.795 2.243 -2.838E+01 5.081E+01

21.66
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'COL2', 'DEISOB1'
FEEDS

STREAM PHASE4 LIQUID
PRODUCTS 
STREAM + PHASE

---- TOTALWEIGHT LB/HR
STREAM RATES - LIQUID VOL FT3/HR NORM VAPOR(1)FT3/HR SECTION

5 L 775.74 45068.45 1276.33 294383.61 16 L 517.93 30677.74 836.66 196545.12
TOTALS 1293.67 75746.18 2112.99 490928.73

SPECIFICATIONSPARAMETER COMP. SPECIFICATION SPECIFIED CALCULATEDTYPE NUM TYPE VALUE VALUE
STRM 5 STRM 6 3 MOL RATIO4 MOL RATIO 9.998E-01 9.996E-018.000E-01 7.998E-01

SUMMARY OF UNDERWOOD CALCULATIONS MINIMUM REFLUX RATIO 3.99053FEED CONDITION Q 1.00000FENSKE MINIMUM TRAYS 35 35598OPERATING :REFLUX RATIO 1.30 * R-MINIMUM
TOTAL FEED R/R-MIN M/M-MIN REFLUX DUTY, MMBTU/HRTRAYS TRAY RATIO CONDENSER REBOILER

76 6 1.150 2.153 4.589 -3.357E+01 2.981E+0170 5 1.225 1.979 4.888 -3.537E+01 3.161E+0165 5 1.300 1.844 5.188 -3.716E+01 3.340E+0161 5 1.375 1.737 5.487 -3.896E+01 3.520E+0159 4 1.450 1.662 5.786 -4.076E+01 3.700E+01

'COL3', 'DEISOB2'FEEDS
STREAM PHASE5 LIQUID

PRODUCTS
STREAM + PHASE

-------------  TOTAL STREAM RATES --------------MOLES WEIGHT LIQUID VOL NORM VAPOR(1)LB-MOL/HR LB/HR FT3/HR FT3/HR SECTION
78 L 655.35 38070.47L 120.40 6997 97 1084.23 248694.62192.10 45688.99
TOTALS 775.74 45068.45 1276.33 294383.61

1

SUMMARY OF UNDERWOOD CALCULATIONS MINIMUM REFLUX RATIO 3.72805FEED CONDITION Q 1.00000FENSKE MINIMUM TRAYS 42.69906OPERATING REFLUX RATIO 1.30 * R-MINIMUM
TOTALTRAYS X R/R-MIN M/M-MIN REFLUXRATIO DUTY, MM CONDENSER BTU/HRREBOILER

92 57 1.150 2.153 4.287 -2.686E+01 2.672E+0185 52 1.225 1.981 4.567 -2.828E+01 2.814E+0179 49 1.300 1.847 4.846 -2.970E+01 2.956E+0174 46 1.375 1.740 5.126 -3.112E+01 3.098E+0171 44 1.450 1.663 5.406 -3.254E+01 3.240E+01

NUMTRAYS
35.36
35.36

NUMTRAYS
42.70
42.70
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F ee d  5 sc h e m e  2

'C0L1 ', 'DEPRO'FEEDS
STREAM PHASE

1 LIQUID
PRODUCTS

MOLESSTREAM + PHASE LB-MOL/HR ™  tSTRÊ Q̂ dEvol'"Norm"vapÔR(1 )LB/HR FT3 /HR FT3 /HR SECTION
2 V 1 9 3 9 .
3 L 1 3 3 0 .
TOTALS 3 2 6 9 .

28 8 5 4 9 9 . 4 4 2 7 0 1
21 7 7 7 1 7 . 9 7 2 1 7 0

48 1 6 3 2 1 7 . 4 1 4 8 7 1

0 9 7 3 5 9 2 7 . 3 7  1
2 8 5 0 4 7 9 3 . 6 0

3 7 1 2 4 0 7 2 0 . 9 7

SUMMARY OF UNDERWOOD CALCULATIONS MINIMUM REFLUX RATIO 1 . 6 1 4 1 3FEED CONDITION Q 1 . 4 1 1 9 1FENSKE MINIMUM TRAYS 2 1 . 2 5 6 9 7OPERATING REFLUX RATIO 1 . 3 0  * R-MINIMUM
TOTAL FEED R/R-MIN M/M-MIN REFLUX DUTY, MMBTU/HRTRAYS TRAY RATIO CONDENSER REBOILER

48 2 3 1 . 1 5 0 2 . 2 7 3 1 . 8 5 6 -2 .0 5 8E+ 0 1 4 .0 9 7E+ 0 1
4 5 2 2 1 . 2 2 5 2 . 1 1 3 1 . 9 7 7 -2 .1 9 3E+ 0 1 4 .2 3 2E+ 0 1
4 2 2 1 1 . 3 0 0 1 . 9 8 3 2 . 0 9 8 -2 .3 2 7E+ 0 1 4 .3 6 6E+ 0 1
4 0 1 9 1 . 3 7 5 1 . 8 7 7 2 . 2 1 9 -2 .4 6 1E+ 0 1 4 .5 0 0E+ 0 1
38 1 8 1 . 4 5 0 1 . 7 8 8 2 . 3 4 0 -2 .5 9 5E+ 0 1 4 .6 3 4E+ 0 1

'COL2 1, 'DEISOB'FEEDS
STREAM PHASE

3 LIQUID
PRODUCTS
STREAM + PHASE

------------- TOTAL STREAM RATES --------------MOLES WEIGHT LIQUID VOL NORM VAPOR(1 )LB-MOL/HR LB/HR FT3 /HR FT3 /HR SECTION
4 L 6 8 6 .
5 L 6 4 3

TOTALS 1 3 3 0 .
3 7 3 9 8 6 7 . 9 5 1 1 3 5
8 3 3 7 8 5 0 . 0 2 1 0 3 4

21 7 7 7 1 7 . 9 7 2 1 7 0

4 9 2 6 0 4 6 8 . 0 1  1
8 0 2 4 4 3 2 5 . 5 9

2 8 5 0 4 7 9 3 . 6 0

SUMMARY OF UNDERWOOD CALCULATIONS MINIMUM REFLUX RATIO 6 . 0 7 0 5 8FEED CONDITION Q 1 . 0 0 0 0 0FENSKE MINIMUM TRAYS 5 1 . 9 5 6 3 4OPERATING REFLUX RATIO 1 . 3 0  * R-MINIMUM
TOTAL FEED R/R-MIN M/M-MIN REFLUX DUTY, MMBTU/HRTRAYS TRAY RATIO CONDENSER REBOILER

1 1 0 8 0 1 . 1 5 0 2 . 1 1 4 6 . 9 8 1 -4 .2 4 6E+ 0 1 3 .8 3 8E+ 0 1
1 0 1 74 1 . 2 2 5 1 . 9 3 8 7 . 4 3 6 -4 .4 8 8E+ 0 1 4 .0 8 1E+ 0 1

94 69 1 . 3 0 0 1 . 8 0 3 7 . 8 9 2 -4 .7 3 0E+ 0 1 4 .3 2 3E+ 0 1
88 65 1 . 3 7 5 1 . 6 9 6 8 . 3 4 7 -4 .9 7 3E+ 0 1 4 .5 6 5E+ 0 1
8 5 62 1 . 4 5 0 1 . 6 3 4 8 . 8 0 2 -5 .2 1 5E+ 0 1 4 .8 0 7E+ 0 1

NUMTRAYS
2 1 . 2 6  

2 1 . 2 6

NUMTRAYS
5 1 . 9 6

5 1 . 9 6
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F ee d  5 sc h e m e  3

FEEDS ' C0L1',  'DEBUT'

STREAM PHASE
1 LIQUID

PRODUCTS -------------- TOTAL STREAM RATES --------------MOLES WEIGHT LIQUID VOL NORM VAPOR(1 )STREAM + PHASE LB-MOL/HR LB/HR FT3 /HR FT3 /HR SECTION
2 L 2 6 2 7 . 1 7  1 2 5 4 5 5 . 6 4  3 8 3 9 . 0 4  9 9 6 9 7 1 . 0 3  1
3 L 6 4 2 . 3 2  3 7 7 6 1 . 8 5  1 0 3 2 . 3 4  2 4 3 7 4 9 . 9 4

TOTALS 3 2 6 9 . 4 8  1 6 3 2 1 7 . 4 9  4 8 7 1 . 3 8  1 2 4 0 7 2 0 . 9 7

SUMMARY OF UNDERWOOD CALCULATIONS MINIMUM REFLUX RATIO 2 . 2 7 0 1 3FEED CONDITION Q 1 . 4 1 1 9 1FENSKE MINIMUM TRAYS 5 9 . 0 8 9 5 4OPERATING REFLUX RATIO 1 . 3 0  * R-MINIMUM
TOTALTRAYS FEEDTRAY R/R-MIN M/M-MIN REFLUXRATIO DUTY, MM CONDENSER BTU/HRREBOILER

1 3 0 75 1 . 1 5 0 2 . 1 9 4 2 . 6 1 1 -6 .1 9 7E+ 0 1 6 .8 4 9E+ 0 1
1 2 0 7 0 1 . 2 2 5 2 . 0 3 1 2 . 7 8 1 -6 .4 8 9E+ 0 1 7 .1 4 2E+ 0 1
1 1 2 65 1 . 3 0 0 1 . 9 0 1 2 . 9 5 1 -6 .7 8 2E+ 0 1 7 .4 3 4E+ 0 1
1 0 6 62 1 . 3 7 5 1 . 7 9 6 3 . 1 2 1 -7 .0 7 4E+ 0 1 7 .7 2 6E+ 0 1
1 0 1 5 9 1 . 4 5 0 1 . 7 0 9 3 . 2 9 2 -7 .3 6 6E+ 0 1 8 .0 1 8E+ 0 1

'COL2 ', 'DEISOB'FEEDS
STREAM PHASE

4 LIQUID
PRODUCTS 
STREAM + PHASE MOLES WEIGHTLB-MOL/HR LB/HR

TOTAL STREAM LIQUID VOL FT3 /HR ร I Z  VAPORU)""FT3 /HR SECTION
56 V 1 9 4 0 . 8 0  8 5 5 7 5 . 6 1L 6 8 6 . 3 7  3 9 8 8 0 0 3

2 7 0 3 . 3 8  7 3 6 5 0 4 . 2 2
1 1 3 5 . 6 6  2 6 0 4 6 6  81

TOTALS 2 6 2 7 . 1 7  1 2 5 4 5 5 . 6 4 3 8 3 9 . 0 4  9 9 6 9 7 1 . 0 3

1

SUMMARY OF UNDERWOOD CALCULATIONS MINIMUM REFLUX RATIO 1 . 5 7 2 7 0FEED CONDITION Q 1 . 1 1 1 7 2FENSKE MINIMUM TRAYS 2 0 8 2 4 7 9  OPERATING REFLUX RATIO 1 . 3 0  * R-MINIMUM
TOTALTRAYS FEEDTRAY R/R-MIN M/M-MIN REFLUXRATIO DUTY, MM CONDENSER BTU/HRREBOILER

4 7 2 0 1 . 1 5 0 2 . 2 7 8 1 . 8 0 9 -2 .0 0 8E+ 0 1 3 .3 4 4E-F01
44 1 9 1 . 2 2 5 2 . 1 1 8 1 . 9 2 7 -2 .1 3 9E+ 0 1 3 .4 7 5E+ 0 1
41 1 7 1 . 3 0 0 1 . 9 8 9 2 . 0 4 5 -2 .2 6 9E+ 0 1 3 .6 0 6E+ 0 1
3 9 1 7 1 . 3 7 5 1 . 8 8 3 2 . 1 6 2 -2 .4 0 0E+ 0 1 3 .7 3 7E+ 0 1
3 7 1 6 1 . 4 5 0 1 . 7 9 3 2 . 2 8 0 -2 .5 3 1E+ 0 1 3 .8 6 8E+ 0 1

NUMTRAYS
5 9 . 0 9

5 9 . 0 9

NUMTRAYS
2 0 . 8 2  

2 0 . 8 2
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F eed  5 sc h e m e  4

'C0L1 ', 1DEPRO'
FEEDS

STREAM PHASE
1 LIQUID

PRODUCTS -------------- TOTAL STREAM RATES --------MOLES WEIGHT LIQUID VOL NORM VAPOR (1 )STREAM + PHASE LB-MOL/HR LB/HR FT3 /HR FT3 /HR SECTION
2 V 1 9 3 9 . 6 6  8 5 5 1 5 . 7 2  2 7 0 1 . 6 1  7 3 6 0 7 2 . 2 1  1
3 L 1 3 2 9 . 8 2  7 7 7 0 1 . 6 6  2 1 6 9 . 7 6  5 0 4 6 4 8 . 7 6

TOTALS 3 2 6 9 . 4 8  1 6 3 2 1 7 . 3 8  4 8 7 1 . 3 7  1 2 4 0 7 2 0 . 9 7

SUMMARY OF UNDERWOOD CALCULATIONS MINIMUM REFLUX RATIO 1 . 6 1 4 4 4FEED CONDITION Q 1 . 4 1 1 9 1FENSKE MINIMUM TRAYS 2 1 . 7 0 1 9 4OPERATING REFLUX RATIO 1 . 3 0  * R-MINIMUM
TOTAL FEED R/R-MIN M/M-MIN REFLUX DUTY, MMBTU/HRTRAYS TRAY RATIO CONDENSER REBOILER

4 9 2 3 1 . 1 5 0 2 . 2 7 2 1 . 8 5 7 -2 .0 5 9E+ 0 1 4 .0 9 8E+ 0 1
4 6 21 1 . 2 2 5 2 . 1 1 2 1 . 9 7 8 -2 .1 9 3E+ 0 1 4 .2 3 3E+ 0 1
4 3 2 0 1 . 3 0 0 1 . 9 8 3 2 . 0 9 9 -2 .3 2 8E+ 0 1 4 .3 6 7E+ 0 1
41 1 9 1 . 3 7 5 1 . 8 7 6 2 . 2 2 0 -2 .4 6 2E+ 0 1 4 .5 0 1E+ 0 1
3 9 1 8 1 . 4 5 0 1 . 7 8 7 2 . 3 4 1 -2 .5 9 6E+ 0 1 4 .6 3 6E+ 0 1

'COL2 1 1 'DEISOB1 'FEEDS
STREAM PHASE

3 LIQUID
PRODUCTS -------------  TOTAL STREAM RATES --------------MOLES WEIGHT LIQUID VOL NORM VAPOR(1 )STREAM + PHASE LB-MOL/HR LB/HR FT3 /HR FT3 /HR SECTION

4
5

L 8 0 9 . 8 9  4 7 0 5 3 . 0 0L 5 1 9 . 9 4  3 0 6 4 8 66
1 3 3 2 . 6 5  3 0 7 3 4 0 . 0 7

8 3 7 . 1 1  1 9 7 3 0 8  69

TOTALS 1 3 2 9 . 8 2  7 7 7 0 1 . 6 6 2 1 6 9 . 7 6  5 0 4 6 4 8 . 7 6

SUMMARY OF UNDERWOOD CALCULATIONS MINIMUM REFLUX RATIO 3 . 9 5 3 4 4FEED CONDITION Q 1 . 0 0 0 0 0FENSKE MINIMUM TRAYS 3 5 . 3 7 3 9 8OPERATING REFLUX RATIO 1 . 3 0  * R-MINIMUM

1

TOTALTRAYS FEEDTRAY R/R-MIN M/M-MIN REFLUXRATIO DUTY, MM CONDENSER BTU/HRREBOILER
76 6 1 . 1 5 0 2 . 1 5 4 4 . 5 4 6 -3 .4 7 7E+ 0 1 3 .0 9 6E+ 0 1
70 5 1 . 2 2 5 1 . 9 8 0 4 . 8 4 3 -3 .6 6 3E+ 0 1 3 .2 8 2E+ 0 1
65 5 1 . 3 0 0 1 . 8 4 5 5 . 1 3 9 -3 .8 4 9E+ 0 1 3 .4 6 8E+ 0 1
61 5 1 . 3 7 5 1 . 7 3 8 5 . 4 3 6 -4 .0 3 5E+ 0 1 3 .6 5 3E+ 0 1
5 9 4 1 . 4 5 0 1 . 6 6 2 5 . 7 3 2 -4 .2 2 1E+ 0 1 3 .8 3 9E+ 0 1

NUMTRAYS
2 1 . 7 0

2 1 . 7 0

NUMTRAYS
3 5 . 3 7

3 5 . 3 7
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' COL31, 'DEISOB2'
FEEDS

STREAM PHASE4 LIQUID

ร ร ร นฺ)LB/HR FT3 /HR FT3 /HR SECTION
PRODUCTS

MOLESSTREAM + PHASE LB-MOL/HR
6 L 6 8 6 . 3 7  3 9 8 7 3 . 7 3  1 1 3 5 . 5 7  2 6 0 4 6 7 . 4 5  1
7 L 1 2 3 . 5 2  7 1 7 9 . 2 6  1 9 7 . 0 8  4 6 8 7 2 . 6 2

TOTALS 8 0 9 . 8 9  4 7 0 5 3 . 0 0  1 3 3 2 . 6 5  3 0 7 3 4 0 . 0 7

SUMMARY OF UNDERWOOD CALCULATIONS MINIMUM REFLUX RATIO 3 . 7 1 2 2 6FEED CONDITION Q 1 . 0 0 0 0 0FENSKE MINIMUM TRAYS 4 1 . 9 5 9 8 3OPERATING REFLUX RATIO 1 . 3 0  * R-MINIMUM
TOTALTRAYS X R/R-MIN M/M-MIN REFLUXRATIO DUTY, MM CONDENSER BTU/HRREBOILER

90 5 5 1 . 1 5 0 2 . 1 5 4 4 . 2 6 9 -2 .8 0 3E+ 0 1 2 .7 8 9E+ 0 1
8 3 5 0 1 . 2 2 5 1 . 9 8 2 4 . 5 4 8 -2 .9 5 1E+ 0 1 2 .9 3 7E+ 0 1
78 4 7 1 . 3 0 0 1 . 8 4 8 4 . 8 2 6 -3 .0 9 9E+ 0 1 3 .0 8 5E+ 0 1
7 3 44 1 . 3 7 5 1 . 7 4 1 5 . 1 0 4 -3 .2 4 8E+ 0 1 3 .2 3 3E+ 0 1
70 4 2 1 . 4 5 0 1 . 6 6 4 5 . 3 8 3 -3 .3 9 6E+ 0 1 3 .3 8 2E+ 0 1

Feed 6 scheme 2

FEEDSSTREAM PHASE
2 LIQUID

’COL1 ', 'DEPRO'

PRODUCTS 
STREAM + PHASE MOLES LB-MOL/HR WEIGHTLB/HR

TOTAL STREAM LIQUID VOL FT3 /HR T o Z  VAPOR a rFT3 /HR SECTION
3
4

V 1 8 4 4 . 8 4  8 1 2 1 3 . 1 8L 1 1 0 3 . 7 5  6 4 4 8 2 92
2 5 6 9 . 1 8  7 0 0 0 8 9 . 6 7
1 8 0 0 . 6 8  4 1 8 8 5 6  8 7

TOTALS 2 9 4 8 . 5 9  1 4 5 6 9 6 . 1 0 4 3 6 9 . 8 6  1 1 1 8 9 4 6 . 5 3

SUMMARY OF UNDERWOOD CALCULATIONS MINIMUM REFLUX RATIO 1 . 5 5 5 5 3FEED CONDITION Q 1 . 4 2 8 9 9FENSKE MINIMUM TRAYS 2 1 . 2 5 5 1 5OPERATING REFLUX RATIO 1 . 3 0  * R-MINIMUM

1

TOTALTRAYS FEEDTRAY R/R-MIN M/H-MIN REFLUXRATIO DUTY, MM CONDENSER BTU/HRREBOILER
4 8 2 3 1 . 1 5 0 2 . 2 7 8 1 . 7 8 9 -1 .8 7 9E+ 0 1 3 .8 2 5E+ 0 1
45 2 2 1 . 2 2 5 2 . 1 1 9 1 . 9 0 6 -2 .0 0 2E+ 0 1 3 .9 4 8E+ 0 1
4 2 2 0 1 . 3 0 0 1 . 9 9 0 2 . 0 2 2 -2 .1 2 4E+ 0 1 4 .0 7 1E+ 0 1
40 1 9 1 . 3 7 5 1 . 8 8 4 2 . 1 3 9 -2 .2 4 7E+ 0 1 4 .1 9 3E+ 0 1
3 8 1 8 1 . 4 5 0 1 . 7 9 5 2 . 2 5 6 - 2  3 6 9E+ 0 1 4 .3 1 6E+ 0 1

NUMTRAYS
4 1 . 9 6

4 1 . 9 6

NUMTRAYS
2 1 . 2 6  

2 1 . 2 6
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FEEDSSTREAM PHASE
4 LIQUID

' C0L2',  'DEISOB'

PRODUCTS 
STREAM + PHASE WEIGHT LB/HR

TOTAL STREAM LIQUID VOL FT3 /HR ร ^  VAPORm”FT3 /HR SECTION
5 L 5 6 8 . 0 9  3 2 9 9 7 . 1 5  9 3 9 . 8 0  2 1 5 5 8 1 . 0 5  1
6 L 5 3 5 . 6 6  3 1 4 8 5 . 7 7  8 6 0 . 8 8  2 0 3 2 7 5 . 8 2TOTALS 1 1 0 3 . 7 5  6 4 4 8 2 . 9 2  1 8 0 0 . 6 8  4 1 8 8 5 6 . 8 7

SUMMARY OF UNDERWOOD CALCULATIONS MINIMUM REFLUX RATIO 6 . 0 8 0 6 7FEED CONDITION Q 1 . 0 0 0 0 0FENSKE MINIMUM TRAYS 5 2 . 8 0 0 7 8OPERATING REFLUX RATIO 1 . 3 0  * R-MINIMUM
TOTAL FEED R/R-MIN M/M-MIN REFLUX DUTY, MMBTU/HRTRAYS TRAY RATIO CONDENSER REBOILER

1 1 2 8 3 1 . 1 5 0 2 . 1 1 4 6 . 9 9 3 -3 .5 1 9E+ 0 1 3 .1 7 5E+ 0 1
1 0 2 7 6 1 . 2 2 5 1 . 9 3 8 7 . 4 4 9 -3 .7 2 0E+ 0 1 3 .3 7 6E+ 0 1

95 71 1 . 3 0 0 1 . 8 0 3 7 . 9 0 5 -3 .9 2 1E+ 0 1 3 .5 7 7E+ 0 1
90 67 1 . 3 7 5 1 . 6 9 6 8 . 3 6 1 -4 .1 2 2E+ 0 1 3 .7 7 7E+ 0 1
8 6 64 1 . 4 5 0 1 . 6 3 4 8 . 8 1 7 -4 .3 2 3E+ 0 1 3 .9 7 8E+ 0 1

Feed 6 scheme 3

'COL1 ', ’DEBUT'FEEDS
STREAM PHASE

2 LIQUID
PRODUCTS

MOLESSTREAM + PHASE LB-MOL/HR
T D T Z k T  Q T O V .A M  T?ArT 'F . . Q __________________________ «1,LB/HR FT3 /HR FT3 /HR SECTION

3 L 2 4 1 4 . 0 1  1 1 4 2 7 2
4 L 5 3 4 . 5 9  3 1 4 2 3

TOTALS 2 9 4 8 . 5 9  1 4 5 6 9 6

99 3 5 1 0 . 7 2 9 1 6 0 7 9 . 1 9 1
2 0 8 5 9 . 1 4 2 0 2 8 6 7 . 3 5

20 4 3 6 9 . 8 7 1 1 1 8 9 4 6 . 5 3

SUMMARY OF UNDERWOOD CALCULATIONS MINIMUM REFLUX RATIO 2 . 1 2 0 6 8FEED CONDITION Q 1 . 4 2 8 9 9FENSKE MINIMUM TRAYS 5 9 . 2 1 3 1 2OPERATING REFLUX RATIO 1 . 3 0  * R-MINIMUM
TOTALTRAYS FEEDTRAY R/R-MIN M/M-MIN REFLUXRATIO DUTY, MM CONDENSER BTU/HRREBOILER

1 3 0 7 8 1 . 1 5 0 2 . 2 0 2 2 . 4 3 9 -5 .3 6 6E+ 0 1 6 .0 2 5E+ 0 1
1 2 1 7 2 1 . 2 2 5 2 . 0 4 0 2 . 5 9 8 -5 .6 1 4E+ 0 1 6 .2 7 3E+ 0 1
1 1 3 68 1 . 3 0 0 1 . 9 1 1 2 . 7 5 7 -5 .8 6 2E-F01 6 .5 2 2E+ 0 1
1 0 7 64 1 . 3 7 5 1 . 8 0 6 2 . 9 1 6 -6 .1 1 0E+ 0 1 6 .7 7 0E+ 0 1
1 0 2 61 1 . 4 5 0 1 . 7 1 9 3 . 0 7 5 -6 .3 5 8E+ 0 1 7 .0 1 8E+ 0 1

NUMTRAYS
5 2 . 8 0

5 2 . 8 0

NUMTRAYS
5 9 . 2 1

5 9 . 2 1
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PRODUCTS

' COL2',  'DEISOB'FEEDS
STREAM PHASE5 LIQUID

MOLESSTREAM + PHASE LB-MOL/HR
TOTAL STREAM RATES --------------WEIGHT LIQUID VOL NORM VAPOR(1 )LB/HR FT3 /HR FT3 /HR SECTION

6 V 1 8 4 5 . 9 2  8 1 2 6 5 . 8 2  2 5 7 0 . 7 8  7 0 0 5 0 0 . 9 0  1
7 L 5 6 8 . 0 8  3 3 0 0 7 . 1 6  9 3 9 . 9 4  2 1 5 5 7 8 . 2 9

TOTALS 2 4 1 4 . 0 1  1 1 4 2 7 2 . 9 8  3 5 1 0 . 7 2  9 1 6 0 7 9 . 1 9

SUMMARY OF UNDERWOOD CALCULATIONS MINIMUM REFLUX RATIO 1 . 5 3 0 9 8FEED CONDITION Q 1 . 1 0 2 9 9FENSKE MINIMUM TRAYS 2 1 . 3 4 5 3 6OPERATING REFLUX RATIO 1 . 3 0  * R-MINIMUM
TOTAL FEED R/R-MIN M/M-MIN REFLUX DUTY, MMBTU/HRTRAYS TRAY RATIO CONDENSER REBOILER

4 9 21 1 . 1 5 0 2 . 2 8 0 1 . 7 6 1 -1 .8 5 1E+ 0 1 3 .0 9 8E+ 0 1
4 5 1 9 1 . 2 2 5 2 . 1 2 1 1 . 8 7 5 -1 .9 7 2E+ 0 1 3 .2 1 8E+ 0 1
4 3 1 8 1 . 3 0 0 1 . 9 9 3 1 . 9 9 0 -2 .0 9 2E+ 0 1 3 .3 3 9E+ 0 1
4 0 1 7 1 3 7 5 1 . 8 8 7 2 . 1 0 5 -2 .2 1 3E+ 0 1 3 .4 6 0E+ 0 1
3 8 1 6 1 . 4 5 0 1 . 7 9 8 2 . 2 2 0 -2 .3 3 4E+ 0 1 3 .5 8 1E+ 0 1

Feed 6 scheme 4

'COL1 ', 'DEPRO'FEEDS
STREAM PHASE

2 LIQUID
PRODUCTS

MOLESSTREAM + PHASE LB-MOL/HR ะ ! ร / ' “ ร ร ร ร o r ™ ™  ร ,  1,LB/HR FT3 /HR FT3 /HR SECTION
3 V
4 L
TOTALS

1 8 4 5 . 0 2  8 1 2 1 9
1 1 0 3 . 5 7  6 4 4 7 6

2 9 4 8 . 5 9  1 4 5 6 9 6

4 3 2 5 6 9 . 4 0
6 3 1 8 0 0 . 4 7

0 6 4 3 6 9 . 8 6

7 0 0 1 5 6 . 2 1  1
4 1 8 7 9 0 . 3 3

1 1 1 8 9 4 6 . 5 3

SUMMARY OF UNDERWOOD CALCULATIONS MINIMUM REFLUX RATIO 1 . 5 5 6 1 7FEED CONDITION Q 1 . 4 2 8 9 9FENSKE MINIMUM TRAYS 2 1 . 6 9 4 1 8OPERATING REFLUX RATIO 1 . 3 0  * R-MINIMUM
TOTAL FEED R/R-MIN M/M-MIN REFLUX DUTY, MMBTU/HRTRAYS TRAY RATIO CONDENSER REBOILER

4 9 2 3 1 . 1 5 0 2 . 2 7 7 1 . 7 9 0 -1 .8 8 0E+ 0 1 3 .8 2 7E+ 0 1
4 6 2 2 1 . 2 2 5 2 . 1 1 8 1 . 9 0 6 -2 .0 0 3E+ 0 1 3 .9 4 9E+ 0 1
4 3 2 0 1 . 3 0 0 1 . 9 8 9 2 . 0 2 3 -2 .1 2 5E+ 0 1 4 .0 7 2E+ 0 1
41 1 9 1 . 3 7 5 1 . 8 8 3 2 . 1 4 0 -2 .2 4 8E+ 0 1 4 .1 9 4E+ 0 1
3 9 1 8 1 . 4 5 0 1 . 7 9 4 2 . 2 5 6 -2 .3 7 0E+ 0 1 4 .3 1 7E+ 0 1

NUMTRAYS
2 1 . 3 5

2 1 . 3 5

NUMTRAYS
2 1 . 6 9

2 1 . 6 9
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' C0L2',  'DEIS0B1'

PRODUCTS -------------- TOTAL STREAM RATES --------MOLES WEIGHT LIQUID VOL NORM VAPOR (1 )

FEEDS
STREAM PHASE4 LIQUID

STREAM + PHASE LB-MOL/HR LB/HR FT3 /HR FT3 /HR SECTION
5 L 6 7 1 .
6 L 4 3 2 .
TOTALS 1 1 0 3 .

0 2 3 8 9 8 3 . 9 1 1 1 0 4
5 5 2 5 4 9 2 . 7 2 6 9 6

57 6 4 4 7 6 . 6 3 1 8 0 0

0 9 2 5 4 6 4 2 . 4 2  1
3 7 1 6 4 1 4 7 . 9 1

4 7 4 1 8 7 9 0 . 3 3

SUMMARY OF UNDERWOOD CALCULATIONS MINIMUM REFLUX RATIO 3 . 9 5 3 5 5FEED CONDITION Q 1 . 0 0 0 0 0FENSKE MINIMUM TRAYS 3 5 . 3 5 4 1 1OPERATING REFLUX RATIO 1 . 3 0  * R-MINIMUM
TOTALTRAYS R/R-MIN M/M-MIN REFLUXRATIO DUTY, MM CONDENSER BTU/HRREBOILER

7 6 6 1 . 1 5 0 2 . 1 5 4 4 . 5 4 7 -2 .8 8 1E+ 0 1 2 .5 5 9E+ 0 1
7 0 5 1 . 2 2 5 1 . 9 8 0 4 . 8 4 3 -3 .0 3 5E+ 0 1 2 .7 1 3E+ 0 1
65 5 1 . 3 0 0 1 . 8 4 5 5 . 1 4 0 -3 .1 8 9E+ 0 1 2 .8 6 7E+ 0 1
61 5 1 . 3 7 5 1 . 7 3 8 5 . 4 3 6 -3 .3 4 3E+ 0 1 3 .0 2 1E+ 0 1
5 9 4 1 . 4 5 0 1 . 6 6 2 5 . 7 3 3 -3 .4 9 7E+ 0 1 3 .1 7 5E+ 0 1

FEEDS 'COL3 ', 'DEISOB2 '
STREAM PHASE

5 LIQUID
PRODUCTS -------------  TOTAL STREAM RATES --------------MOLES WEIGHT LIQUID VOL NORM VAPOR(1 )STREAM + PHASE LB-MOL/HR LB/HR FT3 /HR FT3 /HR SECTION

7 L
8 L
TOTALS

5 6 8 . 0 9  3 3 0 0 1
1 0 2 . 9 3  5 9 8 2

6 7 1 . 0 2  3 8 9 8 3

1 9 9 3 9 . 8 6
7 2 1 6 4 . 2 3

91 1 1 0 4 . 0 9

2 1 5 5 8 1 . 8 9  1
3 9 0 6 0 . 5 3

2 5 4 6 4 2 . 4 2

SUMMARY OF UNDERWOOD CALCULATIONS MINIMUM REFLUX RATIO 3 . 7 2 0 3 6FEED CONDITION Q 1 . 0 0 0 0 0FENSKE MINIMUM TRAYS 4 2 . 7 6 8 3 8OPERATING REFLUX RATIO 1 . 3 0  * R-MINIMUM
TOTAL FEED R/R-MIN M/M-MIN REFLUX DUTY, MMBTU/HRTRAYS TRAY RATIO CONDENSER REBOILER

92 5 8 1 . 1 5 0 2 . 1 5 3 4 . 2 7 8 -2 .3 2 4E+ 0 1 2 .3 1 3E+ 0 1
8 5 5 3 1 . 2 2 5 1 . 9 8 1 4 . 5 5 7 -2 . 4 4 7E+ 0 1 2 .4 3 5E+ 0 1
79 5 0 1 . 3 0 0 1 . 8 4 7 4 . 8 3 6 -2 .5 7 0E+ 0 1 2 .5 5 8E+ 0 1
74 4 7 1 . 3 7 5 1 . 7 4 0 5 . 1 1 5 -2 .6 9 3E+ 0 1 2 .6 8 1E+ 0 1
71 45 1 . 4 5 0 1 . 6 6 3 5 . 3 9 5 -2 .8 1 6E+ 0 1 2 .8 0 4E+ 0 1

NUMTRAYS
3 5 . 3 5

3 5 . 3 5

NUMTRAYS
4 2 . 7 7

4 2 . 7 7



APPENDIX B
C o lu m n  S e q u e n c i n g  C a lc u la t i o n

A n  o v e r a l l  b o i l i n g  c a p a c i t y  v a r i a b l e ,  K o v ,  d e f i n e  a s

which

K - K I',+(",+') *> w «p)
feed F

Z c w J K  + N ร + l ) * ( R  +  l ) - N s * v \ * D

V R = (R + 1 ) » d  
vs = (r + 1 )* ท - (p * D

Feed 1
Scheme 1
Unit F (lb-mol/hr) D (lb-mol/hr) Nr Ns R 9 [ (NS+NR+1 ) * (R-Fl) -Ns*(p] *D Kov
Coll 1 9 1 6 . 8 4 1 1 5 6 . 9 4 5 3 1 3 8 7 4 9 . 8 9 0 1 6 6 7 9 6 8 5 6 . 1 8 7 0 1 6 . 5

Scheme 2
Unit F (lb-mol/hr) ซ(lb-mol/hr) Nr Ns R 9 [ (Ns+Nr+1 ) * (R+l) -Ns*cp] *D Kov
Coll 1 9 1 6 . 8 4 1 1 5 7 . 8 1 1 6 25 2 . 0 7 3 1 1 2 0 4 8 8 . 7  ) 2 4 9 . 2
Col2 3 8 6 . 8 2 3 9 63 7 . 9 6 5 0 3 5 7 1 8 7 . 7  ^
Scheme 3
Unit F (lb-mol/hr) D (lb-mol/hr) Nr Ns R 9 [ (Ns+Nr+1 ) * (R+l) -Ns*cp] *D Kov
Coll 1 9 1 6 . 8 4 1 5 4 4 . 3 1 65 47 2 . 8 8 6 0 6 7 8 1 3 4 . 3  1 4 3 0 . 1
Col2 1 1 5 6 . 4 9 28 19 2 . 0 3 0 1 1 4 6 2 2 6 . 6  '

ร cheme 4
Unit F (lb-mol/hr) D (lb-mol/hr) Nr Ns R 9 [ (Ns+Nr+1 ) * (R+l) -Ns*(p] *D Kov
Coll 1 9 1 6 . 8 4 1 1 5 6 . 8 5 2 0 2 3 2 . 0 8 3 1 1 3 0 3 2 1 . 5  ไ
Col 2 4 5 7 . 3 3 5 60 5 . 1 8 0 0 1 8 6 5 3 5 . 8 2 5 8 . 4
Col 3 3 8 6 . 8 3 47 31 4 . 8 3 7 0 1 7 8 3 7 6 . 2

Feed 2
Scheme 1
Unit F(lb-mol/hr) D(lb-mol/hr) Nr Ns R q> [ (Ns+Nr+1 ) * (R+l) -Ns*(p] *D Kov
Coll - - - - - - - > 1 0 0 0
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Scheme 2
บท it F (lb-mol/hr) D(lb-mol/hr) NR Ns R <p [ (NS+NR+1 ) * (R+l) -Ns*(p] *D Kov
Coll 1 5 9 5 . 9 5 1 0 6 2 . 8 3 16 2 8 1 . 9 3 1 1 1 1 0 4 2 3 . 1  ) 1 9 9 . 5
Col 2 2 6 8 . 5 4 42 4 3 8 . 0 0 8 0 2 0 8 0 3 4 . 6  '
ร cheme 3
Unit F(lb-mol/hr) D(lb-mol/hr) NR Ns R [ (NS+NR+1 ) * (R+l) -Ns*(p] *D Kov
Coll 1 5 9 5 . 9 5 1 3 3 1 . 1 2 71 4 3 2 . 5 2 0 0 5 3 8 8 3 8 . 0  ) 4 0 7 . 1
Col 2 1 0 6 2 . 5 8 1 9 24 1 . 9 1 7 1 1 1 0 8 7 7 . 8  '
Scheme 4
Unit F (lb-mol/hr) D (lb-mol/hr) N„ Ns R <p [ (NS+NR+1 ) * (R+l) -Ns*cp] *D Kov
Coll 1 5 9 5 . 9 5 1 0 6 2 . 2 8 2 0 2 3 1 . 9 3 4 1 1 1 2 7 0 3 . 4  ไ
Col2 3 1 8 . 4 0 5 60 5 . 2 0 0 0 1 3 0 2 8 8 . 3 2 3 2 . 1
Col 3 2 6 8 . 5 4 5 0 3 0 4 . 8 5 8 0 1 2 7 4 2 1 . 6

F eed  3

Scheme 1
Unit F(lb-mol/hr) D (lb-mol/hr) nr Ns R <p [ (NS+NR+1 ) + (R+l) -Ns*(p] *D Kov
Coll - - - - - - - > 1 0 0 0

Scheme 2
Unit F(lb-mol/hr) D(lb-mol/hr) nr Ns R (P [ (Ns+Nr+1 ) * (R+l) -Ns*q>] *D Kov
Coll 1 3 5 2 . 6 4 7 8 2 . 5 8 21 21 2 . 1 0 2 1 8 7 9 5 0 . 6  ) 2 5 0 . 2
Col 2 2 9 9 . 5 5 71 2 3 7 . 8 0 1 0 2 5 0 4 5 2 . 3  *

Scheme 3
Unit F(lb-mol/hr) D (lb-mol/hr) N„ Ns R <p [ (Ns+Nr+1 ) * (R+l) -Ns*cp ] *D Kov
Coll 1 3 5 2 . 6 4 1 0 8 2 . 8 7 65 47 3 . 0 0 0 0 4 8 9 4 5 9 . 2  ไ 4 2 3 . 1
Col 2 7 8 3 . 3 2 1 7 24 2 . 0 9 1 1 8 2 8 9 2 . 6  '
ร cheme 4
Unit F (lb-mol/hr) D(lb-mol/hr) nr Ns R <p [ (Ns+NR+1 ) * (R+l) -Ns*(p] *D Kov
Coll 1 3 5 2 . 6 4 7 8 2 . 7 7 20 2 3 2 . 1 0 2 1 8 8 8 3 5 . 5  ไ
Col2 3 5 2 . 5 8 5 60 5 . 0 8 6 0 1 4 1 6 2 4 . 7 2 7 2 . 1
Col 3 2 9 9 . 5 5 48 3 0 4 . 8 1 4 0 1 3 7 5 8 5 . 9

F e e d  4

ร cheme 2
Unit F(lb-mol/hr) D (lb-mol/hr) N„ Ns R ‘P [ (NS+NR+1 ) * (R+l) -Ns*(p] *D Kov
Coll 3 5 1 2 . 7 9 2 2 1 9 . 4 9 1 9 2 3 2 . 0 0 8 1 2 3 6 0 2 9 . 6  ) 2 2 3 . 1
Col 2 6 5 5 . 3 5 59 3 3 7 . 9 8 6 0 5 4 7 6 7 5 . 9  ^
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Scheme 3
Unit F (lb-mol/hr) D(lb-mol/hr) Na Ns R 9 [ (NS+NR+1 ) * (R+l) -Ns*cp] *D Kov
Coll 3 5 1 2 . 7 9 2 8 7 5 . 4 3 68 4 5 2 . 7 2 8 0 1 2 2 2 0 3 5 . 9  > 4 1 4 . 6
Col 2 2 2 2 0 . 0 8 1 8 2 5 1 . 9 6 8 1 2 3 4 4 2 3 . 1

Scheme 4
Unit F (lb-mol/hr) D(lb-mol/hr) Na Ns R 9 [ (Ns+Nr+1 ) * (R+l) -Ns*cp] *D Kov
Coll 3 5 1 2 . 7 9 2 2 1 9 . 1 2 2 0 2 3 2 . 0 1 1 1 2 4 2 9 5 8 . 2  ไ
Col 2 7 7 5 . 7 4 5 60 5 . 1 8 8 0 3 1 6 8 2 0 . 3 2 4 6 . 6
Col 3 6 5 5 . 3 5 4 9 3 0 4 . 8 4 6 0 3 0 6 4 9 2 . 9

F e e d  5

Scheme 2
Unit F (lb-mol/hr) D(lb-mol/hr) Na Ns R 9 [ (Ns+Nr+1 ) * (R+l) -Ns*cp] *D Kov
Coll 3 2 6 9 . 4 9 1 9 3 9 . 2 8 21 21 2 . 0 9 8 1 2 1 7 6 1 4 . 2  ) 2 4 3 . 9
Col 2 6 8 6 . 3 7 69 2 5 7 . 8 9 2 0 5 7 9 8 0 5 . 9  ^
Scheme 3
Unit F(lb-mol/hr) D (lb-mol/hr) Na Ns R 9 [ (Ns+Nr+1 ) * (R+l) -Ns*cp] *D Kov
Coll 3 2 6 9 . 4 9 2 6 2 7 . 1 7 65 47 2 . 9 5 1 0 1 1 7 2 9 3 2 . 9  ) 4 2 0 . 4
Col 2 1 9 4 0 . 8 0 1 7 24 2 . 0 4 5 1 2 0 1 6 2 9 . 5

Scheme 4
Unit F (lb-mol/hr) D (lb-mol/hr) Na Ns R 9 [ (NS+NR+1 ) * (R+l) -Ns + (p] *D Kov
Coll 3 2 6 9 . 4 9 1 9 3 9 . 6 6 2 0 2 3 2 . 0 9 9 1 2 1 9 8 7 2 . 1  ไ
Col 2 8 0 9 . 8 9 5 60 5 . 1 3 9 0 3 2 8 1 4 5 . 1 2 6 4 . 2
Col 3 6 8 6 . 3 7 47 31 4 . 8 2 6 0 3 1 5 9 0 4 . 8

F e e d  6

ร cheme 2
Unit F (lb-mol/hr) D (lb-mol/hr) Na Ns R 9 [ (Ns+Nr+1 ) * (R+l) -Ns*cp] *D Kov
Coll 2 9 4 8 . 5 9 1 8 4 4 . 8 4 2 0 2 2 2 . 0 2 2 1 1 9 9 1 4 3 . 2  ไ 2 3 2 . 2
Col2 5 6 8 . 0 9 71 24 7 . 9 0 5 0 4 8 5 6 4 7 . 2  '
ร cheme 3
Unit F (lb-mol/hr) D (lb-mol/hr) Nr Ns R j [ (Ns+Nr+1 ) * (R+l) -Ns* j ] *D Kov
Coll 2 9 4 8 . 5 9 2 4 1 4 . 0 1 68 4 5 2 . 7 5 7 0 1 0 3 3 9 1 3 . 6  ไ 4 1 7 . 4
Col 2 1 8 4 5 . 9 2 18 2 5 1 . 9 9 0 1 1 9 6 7 0 1 . 7  '
ร cheme 4
Unit F (lb-mol/hr) D (lb-mol/hr) Na Ns R 9 [ (Ns+Nr+1 ) * (R+l) -Ns*(p] *D Kov
Coll 2 9 4 8 . 5 9 1 8 4 5 . 0 2 2 0 2 3 2 . 0 2 3 1 2 0 2 9 7 3 . 9  ไ
Col2 6 7 1 . 0 2 5 60 5 . 1 4 0 0 2 7 1 9 2 4 . 4 2 5 1 . 0
Col 3 5 6 8 . 0 9 5 0 2 9 4 . 8 3 6 0 2 6 5 2 3 0 . 0



R ig o r o u s  S im u la t io n  a n d  S iz in g  O u tp u t
APPENDIX c

Feed 1 scheme 1
RIGOROUS COLUMN SUMMARY

UNIT 1 , 'Tl'
COLUMN SUMMARY ---------- NET FLOW RATES------------- HEATERTRAY TEMP PRESSURE LIQUID VAPOR FEED PRODUCT DUTIESDEG F PSIA LB-MOL/HR MM BTU/HR

1C 1 1 0 . 3 2 1 8 . 0 0 8 6 7 7 2 2 . 8 1 1 5 7 .IV -4 9 7 5 . 2 5 8 3
2 1 1 2 . 3 2 2 3 . 0 0 8 7 6 3 5 8 . 7 8 6 8 8 7 9 . 9
3 1 1 2 . 6 2 2 3 . 0 0 8 7 4 7 5 5 . 4 8 7 7 5 1 5 . 8

5 2 1 8 6 . 3 2 2 3 . 1 3 8 2 7 6 6 8 . 3 8 2 8 8 3 2 . 1
5 3 1 8 6 . 3 2 2 3 . 1 3 8 2 7 2 7 2 . 7 8 2 8 8 2 5 . 4 3 8 7 .6L
54 1 8 6 . 3 2 2 3 . 1 4 8 2 7 2 6 2 . 1 8 2 8 8 1 7 . 3

1 4 4 2 1 1 . 0 2 2 3 . 3 8 7 6 4 6 3 4 . 4 7 6 6 1 8 0 . 1
1 4 5 2 1 1 . 0 2 2 3 . 3 8 7 6 7 2 1 9 . 3 7 6 6 1 7 9 . 1  1 9 1 6 .. 8L
1 4 6 2 1 1 . 1 2 2 3 . 3 8 7 6 7 3 9 4 . 8 7 6 6 8 4 7 . 2

1 8 9 2 1 2 . 6 2 2 3 . 4 9 7 6 2 8 7 5 . 3 7 6 4 4 1 1 . 9
1 9 0 2 1 3 . 5 2 2 3 . 5 0 7 5 9 8 0 4 . 0 7 6 2 5 0 3 . 2
1 9 1R 2 1 4 . 8 2 2 3 . 5 0 7 5 9 4 3 1 . 8 3 7 2 .2L 4 9 8 4 . 2 3 5 0

REFLUX RATIOS

REFLUX / FEED STREAM FEED1 REFLUX / VAPOR DISTILLATE
MOLAR ” ™ ร tôt™

4 5 2 . 6 8 3 4  4 0 0 . 8 9 7 5  4 2 3 . 8 1 3 8
7 4 9 . 8 9 7 5  7 5 0 . 2 5 8 7  7 5 0 . 0 6 3 8

Feed 1 scheme 2
RIGOROUS COLUMN SUMMARY

COLUMN SUMMARY ' Tl '
-- NET FLOW RATES - HEATERTRAY TEMP PRESSURE LIQUID VAPOR FEED PRODUCT DUTIESDEG F PSIA LB-MOL/HR MM BTU/HR

1C 1 1 0 . 4 2 1 8 . 0 0 2 3 2 9 . 3 1 1 5 7 .6V -1 3 . 3 7 8 3
2 1 1 2 . 3 2 2 3 . 0 0 2 3 5 2 . 2 3 4 8 6 . 9
3 1 1 2 . 6 2 2 3 . 1 3 2 3 4 9 . 6 3 5 0 9 . 8

1 5 1 3 1 . 6 2 2 4 . 6 7 2 1 3 6 . 1 3 3 2 3 . 0
1 6 1 3 4 . 9 2 2 4 . 7 9 4 7 5 0 . 3 3 2 9 3 . 7  1 9 1 6 .8L
1 7 1 3 5 . 5 2 2 4 . 9 2 4 7 4 5 . 4 3 9 9 1 . 1

3 9
4 0

1 9 8 . 4  
1 9 9 . 6

2 2 7 . 7 4  
2 2 7 . 8 7

4 7 9 0 . 9  
4 7 7 0 . 0

4 0 4 4 . 2  
4 0 3 1 . 7



41R 201.4 228.00 4010.8 759.3L 25.0730
REFLUX RATIOS

REFLUX / FEED STREAM SI REFLUX / VAPOR DISTILLATE
MOLAR- ™ I^ T I0 SSTD-L-;^

1 . 2 1 5 2  1 . 0 7 6 4  1 . 1 3 7 8
2 0 1 2 2 2 . 0 1 3 4  2 . 0 1 2 8

COLUMN SUMMARY
TRAY TEMP PRESSURE LIQUID DEG F PSIA

' T2 '
NET FLOW RATES-----------  HEATERVAPOR FEED PRODUCT DUTIESLB-MOL/HR MM BTU/HR

1C
2
3

1 1 0 . 4
1 1 4 . 5
1 1 4 . 6

8 6 . 0 0  
9 1 . 0 0  
9 1 . 0 5

2 9 9 0 . 3  
3 0 4 7 . 6  
3 0 4 8 . 0

3 3 7 7 . 1  
3 4 3 4 . 5

3 8 6 .8L -2 6 . 4 2 8 5

5 3
54
5 5

1 2 7 . 6  
1 2 8 . 1  
1 2 8 . 4

9 3 . 5 5  
9 3 . 6 0  
9 3 . 6 5

2 9 2 7 . 9  
3 3 9 6 . 5  
3 3 9 5 . 3

3 3 2 0 . 1  
3 3 1 4 . 8
3 0 2 4 . 1

7 5 9 .3M
1 0 0
1 0 1
1 0 2R

1 4 2 . 8  
1 4 3 . 4
1 4 4 . 8

9 5 . 9 0  
9 5 . 9 5  
9 6 . 0 0

3 3 1 4 . 1  
3 3 0 3 . 3

2 9 4 6 . 3  
2 9 4 1 . 6  
2 9 3 0 . 8 3 7 2 .4L 2 4 . 0 9 7 8

REFLUX RATIOS
MOLAR- Mฯ ^ 1 0 3ร;ทิ-L^L

REFLUX / FEED STREAM S3 REFLUX / LIQUID DISTILLATE 3 . 9 3 8 4  3 . 9 0 8 6  3 . 9 8 9 8
7 7 3 0 5 7 . 7 3 0 5  7 . 7 3 0 5

COLUMN SIZING SUMMARY
* T1 1TRAY SIZING MECHANICAL DATA

SECTION TRAY TRAY TRAY SPACING SYSTEM TRAY MIN DIAMETERNUMBERS PASSES IN FACTOR TYPE IN
1 2 - 4 0  N/A 2 4 . 0 0  1 . 0 0  VALVE 1 5 . 0 0

TRAY SIZING RESULTS
VALVE DIAMETER 1 . 8 7 5  INDESIGN NUMBER DOWNCOMER WIDTHS -------SECTION TRAY DIAMETER NP OF VALVES SIDE CENTER OFF-CENTERNUMBER IN OR CAPS IN IN IN

1 3 7 1 0 2 . 2 4 5 2 1 4 . 1 4 4 1 3 . 4 8 5 N/A

' T2 '
TRAY SIZING MECHANICAL DATA

SECTION TRAY NUMBERS TRAY TRAY SPACING SYSTEM TRAY PASSES IN FACTOR TYPE MIN DIAMETER IN
1 2 - 101 N/A 24.00 1.00 VALVE 15.00



TRAY SIZING RESULTS
VALVE DIAMETER 1 . 8 7 5  IN
SECTION DESIGNTRAYNUMBER DIAMETERIN NP NUMBER OF VALVES OR CAPS SIDEIN

DOWNCOMER WID CENTER IN
THS -------OFF-CENTERIN

1 1 4 9 6 . 1 4 8 6 1 4 . 7 1 1 N/A N/A

STREAM MOLAR COMPONENT RATES
STREAM ID SI S2 S3 ร4PHASE LIQUID VAPOR LIQUID LIQUID
FLUIDRATES, LB-MOL/HR

1 ETHANE . 7 6 6 7 . 7 6 6 7 9 .5 4 3 5E- 1 3 9 .3 5 1 2E- 1 3
2 PROPANE 1 1 5 6 . 0 4 7 6 1 1 5 5 . 1 9 1 6 . 8 5 6 0 . 8 5 6 0
3 IBUTANE 3 8 7 . 5 8 5 5 1 . 5 5 0 3 3 8 6 . 0 3 5 2 3 8 5 . 6 5 6 3
4 BUTANE 3 4 9 . 2 4 8 7 . 0 7 5 3 3 4 9 . 1 7 3 4 3 0 4 6
5 IPENTANE 2 0 . 5 1 0 2 1 .9 1 0 8E- 0 7 2 0 . 5 1 0 2 1 .6 0 0 8E- 1 4
6 PENTANE 2 . 6 8 3 6 7 .9 6 7 7E- 0 9 2 . 6 8 3 6 2 .5 9 2 0E- 1 4

TOTALRATE , LB-MOL/HR 1 9 1 6 . 8 4 2 3 1 1 5 7 . 5 8 3 9 7 5 9 . 2 5 8 4 3 8 6 . 8 1 6 9STREAM ID S5PHASE LIQUID
FLUIDRATES, LB-MOL/HR

1 ETHANE 1 .9 2 1 9E- 1 4
2 PROPANE 1 .9 2 7 8E- 1 4
3 IBUTANE . 3 7 8 7
4 BUTANE 3 4 8 . 8 6 8 9
5 IPENTANE 2 0 . 5 1 0 2
6 PENTANE 2 . 6 8 3 6

TOTALRATE, LB-MOL/HR 3 7 2 . 4 4 1 5

STREAM MOLAR COMPONENT FRACTIONS
STREAM IDPHASEFLUIDMOLAR FRACTIONS

1 ETHANE
2 PROPANE
3 IBUTANE
4 BUTANE
5 IPENTANE
6 PENTANE

TOTAL RATE, LB-MOL/HRII —MOLECULAR WEIGHT WEIGHT FRAC VAPOR WEIGHT FRAC LIQUID

SI S2LIQUID VAPOR
4 .0 0 0 0E- 0 4 6 .6 2 3 6E- 0 4. 6 0 3 1 . 9 9 7 9. 2 0 2 2 1 .3 3 9 3E- 0 3. 1 8 2 2 6 .5 0 1 4E- 0 5. 0 1 0 7 1 .6 5 0 7E- 1 0
1 .4 0 0 0E- 0 3 6 .8 8 3 0E- 1 2

1 9 1 6 . 8 4 2 3 1 1 5 7 . 5 8 3 9
7 6 . 4 6 0 0 1 1 0 . 3 6 9 7

2 3 2 . 2 5 2 5 2 1 8 . 0 0 0 0
2 . 3 0 8 0 9 . 2 2 7 2

4 9 . 8 2 2 8 4 4 . 1 0 7 4
. 0 0 0 0 1 . 0 0 0 0

1 . 0 0 0 0 . 0 0 0 0

S3 S4LIQUID LIQUID
1 .2 5 6 9E- 1 5 2 .4 1 7 5E- 1 5
1 .1 2 7 5E- 0 3 2 .2 1 3 0E- 0 3. 5 0 8 4 . 9 9 7 0. 4 5 9 9 7 .8 7 3 6E- 0 4. 0 2 7 0 4 .1 3 8 3E- 1 7
3 .5 3 4 5E- 0 3 6 .7 0 0 8E- 1 7

7 5 9 . 2 5 8 4 3 8 6 . 8 1 6 9
2 0 1 . 4 1 3 4 1 1 0 . 3 9 9 9
2 2 8 . 0 0 0 0 8 6 . 0 0 0 0

4 . 7 7 5 5 . 9 9 0 4
5 8 . 5 3 6 7 5 8 . 0 9 3 0. 0 0 0 0 . 0 0 0 0

1 . 0 0 0 0 1 0 0 0 0

STREAM IDPHASEFLUID MOLAR FRACTIONS
1 ETHANE
2 PROPANE
3 IBUTANE
4 BUTANE
5 IPENTANE
6 PENTANE

S5LIQUID
5 .1 6 0 3E- 1 7  
5 .1 7 6 1E- 1 7  
1 .0 1 6 9E- 0 3  . 9 3 6 7  . 0 5 5 1  
7 .2 0 5 4E- 0 3

TOTAL RATE, LB-MOL/HR 372.4415



TEMPERATURE, F 1 4 4 . 7 6 9 6PRESSURE, PSIA 9 6 . 0 0 0 0ENTHALPY, MM BTU/HR 1 . 4 5 4 6MOLECULAR WEIGHT 5 8 . 9 9 7 5WEIGHT FRAC VAPOR . 0 0 0 0WEIGHT FRAC LIQUID 1 . 0 0 0 0

Peed 1 scheme 4
RIGOROUS COLUMN SUMMARY

' T1 ’COLUMN SUMMARY -- NET FLOW RATES — HEATERTRAY TEMP PRESSURE LIQUID VAPOR FEED PRODUCT DUTIESDEG F PSIA LB-MOL/HR MM BTU/HR
1C 1 1 0 . 4 2 1 8 . 0 0 2 1 6 4 . 2 1 1 5 7 .6V -1 2 . 4 3 0 7
2 1 1 2 . 3 2 2 3 . 0 0 2 1 8 5 . 7 3 3 2 1 . 7
3 1 1 2 . 5 2 2 3 . 1 2 2 1 8 3 . 6 3 3 4 3 . 2

1 9 1 3 5 . 4 2 2 5 . 0 7 1 9 6 4 . 3 3 1 4 0 . 4
2 0 1 3 7 . 6 2 2 5 . 2 0 4 5 7 3 . 2 3 1 2 1 . 9  1 9 1 6 .8L
2 1 1 3 9 . 0 2 2 5 . 3 2 4 5 6 1 . 2 3 8 1 3 .?
4 1 1 9 8 . 4 2 2 7 . 7 6 4 6 3 8 . 6 3 8 9 1 . 2
4 2 1 9 9 . 6 2 2 7 . 8 8 4 6 1 8 . 5 3 8 7 9 . 3
4 3R 2 0 1 . 4 2 2 8 . 0 0 3 8 5 9 . 2 7 5 9 .3L 2 4 . 1 2 4 9

REFLUX RATIOS -------- REFLUX RATIOS --------MOLAR WEIGHT STD L VOL
REFLUX / FEED STREAM SI 1 . 1 2 9 0  1 . 0 0 0 1 1 . 0 5 7 2REFLUX / VAPOR ]DISTILLATE 1 . 8 6 9 6  1 . 8 7 0 7 1 . 8 7 0 1

' T2 '
COLUMN SUMMARY -- NET FLOW RATES - HEATERTRAY TEMP PRESSURE LIQUID VAPOR FEED PRODUCT DUTIESDEG F PSIA LB-MOL/HR MM BTU/HR

1C 1 1 9 . 9 9 4 . 0 0 2 3 3 8 . 6 4 5 6 .4L -2 1 . 8 3 4 3
2 1 2 4 . 5 9 9 . 0 0 2 3 7 3 8 2 7 9 5 . 0
3 1 2 5 . 4 9 9 . 0 8 2 3 6 6 . 7 2 8 3 0 . 2

1 3 1 3 2 . 0 9 9 . 8 7 2 3 1 6 . 6 2 7 7 8 . 3
14 1 3 2 . 7 9 9 . 9 5 2 7 9 8 . 7 2 7 7 3 . 0  7 5 9 .3M
1 5 1 3 2 . 9 1 0 0 . 0 3 2 7 9 7 . 4 2 4 9 5 . 9

6 3 1 4 9 . 0 1 0 3 . 8 4 2 7 3 3 . 5 2 4 3 5 . 5
64 1 4 9 . 8 1 0 3 . 9 2 2 7 2 2 . 6 2 4 3 0 . 6
6 5R 1 5 1 . 4 1 0 4 . 0 0 2 4 1 9 . 7 3 0 2 .9L 1 9 . 6 5 6 5

REFLUX RATIOS
MOLAR- “ ฯ ร !ะ 1 0 8ร ™ ^

REFLUX / FEED STREAM S3 REFLUX / LIQUID DISTILLATE 3 . 0 8 0 0
5 . 1 2 4 0

3 . 0 5 6 9
5 . 1 2 4 0

3 . 1 0 3 1
5 . 1 2 4 0



' T3 '
COLUMN SUMMARY -- NET FLOW RATES - HEATERTRAY TEMP PRESSURE LIQUID VAPOR FEED PRODUCT DUTIESDEG F PSIA LB-MOL/HR MM BTU/HR

1C 1 1 0 . 4 8 6 . 0 0 2 3 0 2 . 7 3 8 6 .7L -2 1 . 0 4 6 9
2 1 1 4 . 5 9 1 . 0 0 2 3 4 6 . 9 2 6 8 9 . 4
3 1 1 4 . 6 9 1 . 0 7 2 3 4 7 . 2 2 7 3 3 . 6

3 9 1 1 8 . 9 9 3 . 4 3 2 3 3 0 . 8 2 7 1 9 . 3
4 0 1 1 9 . 2 9 3 . 5 0 2 7 8 5 . 4 2 7 1 7 . 5  4 5 6 .4M
41 1 1 9 . 4 9 3 . 5 7 2 7 8 4 . 3 2 7 1 5 . 7

7 6 1 4 1 . 7 9 5 . 8 7 2 6 4 4 . 0 2 5 7 4 . 6
7 7 1 4 1 . 8 9 5 . 9 3 2 6 4 3 . 7 2 5 7 4 . 3
7 8R 1 4 1 . 8 9 6 . 0 0 2 5 7 4 . 1 6 9 .7L 2 0 . 9 8 4 9

REFLUX RATIOS
moZar" " ^ 1ร 108™ T

REFLUX / FEED STREAM ร4 REFLUX / LIQUID DISTILLATE 5 . 0 4 5 4  5 . 0 4 5 0  5 . 0 7 3 3
5 . 9 5 4 6  5 . 9 5 4 6  5 9 5 4 6

COLUMN SIZING SUMMARY
' T1 '

TRAY SIZING MECHANICAL DATA
SECTION TRAY TRAY TRAY SPACING SYSTEM TRAY MIN DIAMETERNUMBERS PASSES IN FACTOR TYPE IN

1 2 - 4 2  N/A 2 4 . 0 0  1 . 0 0  VALVE 1 5 . 0 0

TRAY SIZING RESULTS
VALVE DIAMETER 1 . 8 7 5  INDESIGN NUMBER DOWNCOMER WIDTHS -------SECTION TRAY DIAMETER NP OF VALVES SIDE CENTER OFF-CENTERNUMBER IN OR CAPS IN IN IN

1 3 9 96 . 2 3 8 1 1 4 . 1 5 6 1 3 . 8 8 5 N/A

1 T2 '
TRAY SIZING MECHANICAL DATA
SECTION TRAY TRAY TRAY SPACING SYSTEM TRAY MIN DIAMETERNUMBERS PASSES IN FACTOR TYPE IN

1 2 - 6 4  N/A 2 4 . 0 0  1 . 0 0  VALVE 1 5 . 0 0

TRAY SIZING RESULTS 
VALVE DIAMETER 1 . 8 7 5  INDESIGN NUMBER ----- DOWNCOMER WIDTHSSECTION TRAY DIAMETER NP OF VALVES SIDE CENTER OFF-CENTERNUMBER IN OR CAPS IN IN IN

1 14 90 . 1 4 2 1 1 4 . 3 0 0 N/A N/A
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' T3

SECTION TRAY TRAY TRAY SPACING SYSTEM TRAY MIN DIAMETERNUMBERS PASSES IN FACTOR TYPE IN
TRAY SIZING MECHANICAL DATA

1 2 - 7 7  N/A 2 4 . 0 0  1 . 0 0  VALVE 1 5 . 0 0

TRAY SIZING RESULTS
VALVE DIAMETER 1 . 8 7 5  INDESIGN NUMBER DOWNCOMER WIDTHS -------SECTION TRAY DIAMETER NP OF VALVES SIDE CENTER OFF-CENTERNUMBER IN OR CAPS IN IN IN

1 4 0 9 0 . 1 4 2 1 1 4 . 2 7 9 N/A N/A

STREAM MOLAR COMPONENT RATES
STREAM ID SI S2 S3 S4

FLUID PHASERATES, LB-MOL/HR LIQUID VAPOR LIQUID LIQUID
1 ETHANE . 7 6 6 7 . 7 6 6 7 5 .9 0 5 6E- 1 2 5 .8 8 3 7E- 1 2
2 PROPANE 1 1 5 6 . 0 4 7 6 1 1 5 5 . 2 1 4 4 . 8 3 3 2 . 8 3 3 2
3 IBUTANE 3 8 7 . 5 8 5 5 1 . 5 5 1 0 3 8 6 . 0 3 4 5 3 8 5 . 7 3 0 2
4 BUTANE 3 4 9 . 2 4 8 7 . 0 3 5 6 3 4 9 . 2 1 3 1 6 9 . 8 3 3 5
5 IPENTANE 2 0 . 5 1 0 2 7 .6 5 9 5E- 0 9 2 0 . 5 1 0 2 2 .4 8 0 3E- 0 4
6 PENTANE 2 . 6 8 3 6 2 .2 7 9 2E- 1 0 2 . 6 8 3 6 5 .2 2 7 2E- 0 6

TOTALRATE, LB-MOL/HR 1 9 1 6 . 8 4 2 3 1 1 5 7 . 5 6 7 8 7 5 9 . 2 7 4 6 4 5 6 . 3 9 7 1STREAM IDPHASEFLUID RATES, LB-MOL/HR
S5LIQUID S6LIQUID S7LIQUID

1 ETHANE 2 .1 8 7 5E- 1 4 5 .8 7 8 5E- 1 2 5 .2 7 0 5E- 1 5
2 PROPANE 1 .6 0 0 1E- 1 9 . 8 3 3 2 3 .0 7 6 7E- 1 5
3 IBUTANE . 3 0 4 2 3 8 5 . 5 6 6 6 . 1 6 3 6
4 BUTANE 2 7 9 . 3 7 9 7 3 1 6 3 6 9 . 5 1 7 2
5 IPENTANE 2 0 . 5 1 0 0 2 .8 3 7 8E- 1 4 2 .4 8 0 3E- 0 4
6 PENTANE 2 . 6 8 3 6 2 .8 6 1 5E- 1 4 5 .2 2 7 2E- 0 6

TOTALRATE, LB-MOL/HR 3 0 2 . 8 7 7 5 3 8 6 . 7 1 6 0 6 9 . 6 8 1 1

STREAM MOLAR COMPONENT FRACTIONS
STREAM IDPHASEFLUIDMOLAR FRACTIONS

1 ETHANE
2 PROPANE
3 IBUTANE
4 BUTANE
5 IPENTANE
6 PENTANE

MOLECULAR WEIGHT WEIGHT FRAC VAPOR WEIGHT FRAC LIQUID

SI S2LIQUID VAPOR
4 .0 0 0 0E- 0 4 6 .6 2 3 7E- 0 4. 6 0 3 1 . 9 9 8 0. 2 0 2 2 1 .3 3 9 9E- 0 3

. 1 8 2 2 3 .0 7 3 9E- 0 5. 0 1 0 7 6 .6 1 6 9E- 1 2
1 .4 0 0 0E- 0 3 1 .9 6 9 0E- 1 3

9 5 5 0 2 . 4 9 3 6 5 1 0 5 6 . 7 6 5 8
7 6 . 4 6 0 0 1 1 0 . 3 6 3 9

2 3 2 . 2 5 2 5 2 1 8 . 0 0 0 0
2 . 3 0 8 0 9 . 2 2 6 9

4 9 . 8 2 2 8 4 4 . 1 0 6 9. 0 0 0 0 1 . 0 0 0 0
1 . 0 0 0 0 . 0 0 0 0

S3 S4LIQUID LIQUID
7 .7 7 8 0E- 1 5 1 .2 8 9 2E- 1 4
1 .0 9 7 4E- 0 3 1 .8 2 5 6E- 0 3. 5 0 8 4 . 8 4 5 2. 4 5 9 9 . 1 5 3 0

. 0 2 7 0 5 .4 3 4 5E- 0 7
3 .5 3 4 4E- 0 3 1 .1 4 5 3E- 0 8

4 4 4 4 5 . 7 2 7 9 2 6 5 1 5 . 9 4 2 2
2 0 1 . 4 1 7 3 1 1 9 . 8 5 5 0
2 2 8 . 0 0 0 0 9 4 . 0 0 0 0

4 . 7 7 5 7 1 . 3 3 2 2
5 8 . 5 3 7 1 5 8 . 0 9 8 4. 0 0 0 0 . 0 0 0 0

1 0 0 0 0 1 . 0 0 0 0
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STREAM ID S5 ร6 S7PHASE LIQUID LIQUID LIQUID
FLUID MOLAR FRACTIONS

1 ETHANE 7 .2 2 2 2E- 1 7 1 .5 2 0 1E- 1 4 7 .5 6 3 7E- 1 7
2 PROPANE . 0 0 0 0 2 .1 5 4 6E- 0 3 4 .4 1 5 4E- 1 7
3 IBUTANE 1 .0 0 4 4E- 0 3 . 9 9 7 0 2 . 3 4  8 0E- 0 3
4 BUTANE . 9 2 2 4 8 .1 7 8 1E- 0 4 . 9 9 7 6
5 IPENTANE . 0 6 7 7 7 .3 3 8 2E- 1 7 3 .5 5 9 5E- 0 6
6 PENTANE 8 .8 6 0 3E- 0 3 7 .3 9 9 6E- 1 7 7 .5 0 1 6E- 0 8

TOTAL RATE, LB/HR 1 7 9 2 9 . 7 8 6 1 2 2 4 6 5 . 7 9 4 7 4 0 5 0 . 1 4 7 5TEMPERATURE, F 1 5 1 . 4 3 7 9 1 1 0 . 4 0 5 4 1 4 1 . 8 4 4 7PRESSURE, PSIA 1 0 4 . 0 0 0 0 8 6 . 0 0 0 0 9 6 . 0 0 0 0ENTHALPY, MM BTU/HR 1 . 2 6 4 6 9 9 0 2 . 2 6 2 7MOLECULAR WEIGHT 5 9 . 1 9 8 2 5 8 . 0 9 3 8 5 8 . 1 2 4 1WEIGHT FRAC VAPOR . 0 0 0 0 . 0 0 0 0 . 0 0 0 0WEIGHT FRAC LIQUID 1 . 0 0 0 0 1 . 0 0 0 0 1 . 0 0 0 0

Feed 2 scheme !

RIGOROUS COLUMN SUMMARY
UNIT 1 , 'T1

COLUMN SUMMARY ---------- NET FLOW RATES------------- HEATERTRAY TEMP PRESSURE LIQUID VAPOR FEED PRODUCT DUTIESDEG F PSIA LB-MOL/HR MM BTU/HR
1C
2
3

1 1 0 . 3
1 1 2 . 3  
1 1 2 . 6

2 2 1 . 0 0  
2 2 1 . 0 0  
2 2 1 . 0 0

8 2 7 8 2 2 . 1  
8 2 7 6 3 5 . 0  
8 2 7 4 7 5 . 4

8 2 8 8 8 9 . 1  
8 2 7 5 1 4 . 0

1 0 6 2 .2V -4 5 7 0 . 2 6 8 1

5 2
5 3
54

1 8 6 . 3
1 8 6 . 3
1 8 6 . 3

2 2 3 . 1 3
2 2 3 . 1 3
2 2 3 . 1 4

7 9 7 6 6 8 . 2
7 9 7 2 7 2 . 2  
7 9 7 2 6 2 . 0

7 9 8 8 1 0 . 0  
7 9 8 8 0 5 . 3
7 9 8 8 0 1 . 1

2 6 9 .OL
1 3 4
1 3 5
1 3 6

2 1 1 . 0  
2 1 1 . 0  
2 1 1 . 1

2 2 6 . 1 0  
2 2 6 . 1 0  
2 2 6 . 1 1

7 4 7 6 3 4 . 4  
7 4 7 2 1 8 . 1  
7 4 7 3 9 2 . 8

7 4 5 1 8 0 . 1
7 4 5 1 7 9 . 1
7 4 5 8 4 7 . 2

1 5 9 5 .9L
1 7 6
1 7 7  
1 7 8R

2 1 2 . 6  
2 1 3 . 5  
2 1 4 . 8

2 2 6 . 4 9
2 2 6 . 5 0
2 2 6 . 5 0

7 2 5 8 2 5 . 1  
7 2 4 7 0 4 . 0

7 2 4 4 1 0 . 5  
7 2 2 5 0 2 . 1  
7 2 9 4 3 0 . 7 3 6 4 .1L 4 5 8 0 . 2 4 7 0

REFLUX RATIOS -------  REFLUX RATIOS -------MOLAR WEIGHT STD L VOL
ร ™  ; ร ร « ร ร “  L ร ร 4 0 0 . 5 1 2 1  

7 1 1 . 3 4 9 2
3 9 6 . 9 1 5 2  
7 1 1 . 3 4 9 2

4 0 0 . 5 1 2 3  
7 1 1 . 2 2 9 4



Feed 2 scheme 2
RIGOROUS COLUMN SUMMARY

' T1 'COLUMN SUMMARY -- NET FLOW RATES ----------- HEATERTRAY TEMP PRESSURE LIQUID VAPOR FEED PRODUCT DUTIESDEG F PSIA LB-MOL/HR MM BTU/HR
1C 1 1 1 . 2 2 2 2 . 0 0 2 0 1 1 . 6 1 0 6 2 .9V -1 1 . 4 8 9 3
2 1 1 3 . 3 2 2 7 . 0 0 2 0 3 3 . 0 3 0 7 4 . 5
3 1 1 3 . 5 2 2 7 . 1 2 2 0 3 1 . 9 3 0 9 5 . 8

1 5 1 2 7 . 6 2 2 8 . 5 5 1 8 7 9 . 6 2 9 6 9 . 5
1 6 1 3 0 . 7 2 2 8 . 6 7 4 1 6 2 . 0 2 9 4 2 . 5  1 5 9 5 .9L
1 7 1 3 1 . 0 2 2 8 . 7 9 4 1 6 3 . 3 3 6 2 9 . 0

42 2 0 0 . 1 2 3 1 . 7 6 4 1 3 7 . 1 3 6 1 7 . 1
4 3 2 0 1 . 5 2 3 1 . 8 8 4 1 1 6 . 7 3 6 0 4 . 0
4 4R 2 0 3 . 3 2 3 2 . 0 0 3 5 8 3 . 6  5 3 3 .1L 2 2 . 2 4 4 1

REFLUX RATIOS -------- REFLUX RATIOS --------MOLAR WEIGHT STD L VOL
REFLUX / FEED STREAM ร6 1 . 2 6 0 5  1 . 1 3 7 0  1 . 1 9 2 0REFLUX / VAPORDISTILLATE 1 . 8 9 2 6  1 . 8 9 6 4  1 . 8 9 3 3

' T2 '
COLUMN SUMMARY - NET FLOW RATES -- HEATERTRAY TEMP PRESSURE LIQUID VAPOR FEED PRODUCT DUTIESDEG F PSIA LB-MOL/HR MM BTU/HR

1C 1 1 0 . 5 8 6 . 0 0 2 3 2 9 . 6 2 6 8 .5L -2 0 . 3 3 2 5
2 1 1 4 . 5 9 1 . 0 0 2 3 7 4 . 1 2 5 9 8 . 1
3 1 1 4 . 6 9 1 . 0 6 2 3 7 4 . 2 2 6 4 2 . 6

41 1 2 6 . 6 9 3 . 3 5 2 2 8 7 . 3 2 5 6 1 . 5
4 2 1 2 7 . 4 9 3 . 4 1 2 6 0 8 . 8 2 5 5 5 . 9  5 3 3 .1M
4 3 1 2 7 . 7 9 3 . 4 7 2 6 0 6 . 6 2 3 4 4 . 2

8 3 1 4 2 . 8 9 5 . 8 8 2 5 4 1 . 0 2 2 8 0 . 5
84 1 4 3 . 5 9 5 . 9 4 2 5 3 2 . 1 2 2 7 6 . 5
8 5R 1 4 5 . 0 9 6 . 0 0 2 2 6 7 . 6 2 6 4 .5L 1 8 . 6 5 5 8

REFLUX RATIOS
MOLAR- “ ฯ ร ;^ 108™ ^

REFLUX / FEED STREAM ร3 REFLUX / LIQUID DISTILLATE 4 . 3 7 0 1  4 . 3 3 4 6  4 . 4 2 6 1
8 6 7 5 2 8 . 6 7 5 2  8 . 6 7 5 2

COLUMN SIZING SUMMARY
' T1

TRAY SIZING MECHANICAL DATA
SECTION TRAY TRAY TRAY SPACING SYSTEM TRAY MIN DIAMETERNUMBERS PASSES IN FACTOR TYPE IN

1 2 - 4 3 N/A 2 4 . 0 0 1 . 0 0 VALVE 1 5 . 0 0



TRAY SIZING RESULTS
VALVE DIAMETER DESIGN 1 . 8 7 5 IN NUMBER DOWNCOMER WIDTHS -------SECTION TRAYNUMBER DIAMETERIN NP OF VALVES OR CAPS SIDEIN CENTERIN OFF-CENTERIN

1 3 9 9 6 . 2 4 0 4 1 3 . 1 6 1 1 2 . 4 8 1 N/A

T2 ’
TRAY SIZING MECHANICAL DATA

SECTION TRAY TRAY TRAY SPACING SYSTEM TRAY MIN DIAMETERNUMBERS PASSES IN FACTOR TYPE IN
1 2 - 8 4  N/A 2 4 . 0 0  1 . 0 0  VALVE 1 5 . 0 0

TRAY SIZING RESULTS
VALVE DIAMETER 1 . 8 7 5  INDESIGN NUMBER ----- DOWNCOMER WIDTHSSECTION TRAYNUMBER DIAMETERIN NP OF VALVES OR CAPS SIDEIN CENTERIN OFF-CENTERIN

1 4 2 84 . 1 3 6 1 1 3 . 8 7 2 N/A N/A

STREAM MOLAR COMPONENT RATES
STREAM ID SI S2 S3 ร4PHASE LIQUID VAPOR LIQUID LIQUID
FLUIDRATES, LB-MOL/HR

1 ETHANE 9 . 2 5 6 5 9 . 2 5 6 5 4 .6 4 3 1E- 1 3 4 . 5 5  6 3E- 1 3
2 PROPANE 1 0 5 3 . 0 0 7 5 1 0 5 2 . 6 2 5 1 . 3 8 2 4 . 3 8 2 4
3 IBUTANE 2 6 9 0 7 7 1 . 9 3 6 5 2 6 8 . 1 4 0 6 2 6 7 . 7 3 2 8
4 BUTANE 2 4 6 . 8 9 3 4 . 0 5 0 2 2 4 6 . 8 4 3 2 . 4 2 0 4
5 IPENTANE 1 7 . 3 9 5 9 1 .6 7 1 5E- 0 7 1 7 . 3 9 5 9 9 .5 5 6 9E- 1 5
6 PENTANE . 3 1 9 2 1 .0 2 7 6E- 0 9 . 3 1 9 2 6 .2 4 3 0 E- 1 5

TOTALRATE, LB-MOL/HR 1 5 9 5 . 9 4 9 5 1 0 6 2 . 8 6 8 3 5 3 3 . 0 8 1 2 2 6 8 . 5 3 5 6

STREAM ID S5 PUMPEDPHASE LIQUID LIQUID
FLUIDRATES, LB-MOL/HR

1 ETHANE 8 .6 7 7 9E- 1 5 9 . 2 5 6 5
2 PROPANE 1 .2 9 6 4E- 1 4 1 0 5 3 . 0 0 7 5
3 IBUTANE . 4 0 7 7 2 6 9 . 0 7 7 1
4 BUTANE 2 4 6 . 4 2 2 8 2 4 6 . 8 9 3 4
5 IPENTANE 1 7 . 3 9 5 9 1 7 . 3 9 5 9
6 PENTANE . 3 1 9 2 . 3 1 9 2

TOTALRATE, LB-MOL/HR 2 6 4 . 5 4 5 6 1 5 9 5 . 9 4 9 5

STREAM MOLAR COMPONENT FRACTIONS
STREAM IDPHASE
FLUID MOLAR FRACTIONS

SILIQUID S2VAPOR S3LIQUID S4LIQUID
1 ETHANE 5 .8 0 0 0E- 0 3 8 .7 0 9 0E- 0 3 8 .7 0 9 9E-1 6 1 .6 9 6 7E- 1 5
2 PROPANE . 6 5 9 8 . 9 9 0 4 7 .1 7 4 0E- 0 4 1 .4 2 4 1E- 0 3
3 IBUTANE . 1 6 8 6 8 .8 1 1 3E- 0 4 . 5 0 3 0 . 9 9 7 0
4 BUTANE . 1 5 4 7 4 .7 2 5 3E- 0 5 . 4 6 3 0 1 .5 6 5 5E- 0 3
5 IPENTANE . 0 1 0 9 1 .5 7 2 6E- 1 0 . 0 3 2 6 3 .5 5 8 9E- 1 7
6 PENTANE 2 .0 0 0 0E- 0 4 9 .6 6 8 5E- 1 3 5 .9 8 7 6E- 0 4 2 .3 2 4 8 E- 1 7
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TOTAL RATE, LB/HR 7 7 9 8 1 . 2 4 2 3 7 7 9 8 1 . 2 4 2 3 4 6 7 5 3 . 2 9 6 8 3 1 2 2 7 . 9 4 5 6TEMPERATURE, F 6 0 . 0 6 6 9 5 9 7 2 0 0 1 1 1 . 2 0 4 4 2 0 3 . 3 3 4 4PRESSURE, PSIA 2 3 0 . 0 0 0 0 2 0 0 . 3 4 4 2 2 2 2 . 0 0 0 0 2 3 2 . 0 0 0 0ENTHALPY, MM BTU/HR 1 . 0 9 6 1 1 . 0 7 7 5 8 . 4 5 1 0 3 . 3 9 9 8MOLECULAR WEIGHT 4 8 . 8 6 2 0 4 8 . 8 6 2 0 4 3 . 9 8 7 9 5 8 . 5 8 0 1WEIGHT FRAC VAPOR . 0 0 0 0 0 0 0 0 1 . 0 0 0 0 . 0 0 0 0WEIGHT FRAC LIQUID 1 . 0 0 0 0 1 . 0 0 0 0 . 0 0 0 0 1 . 0 0 0 0

STREAM ID รร PUMPEDPHASE LIQUID LIQUID
FLUID MOLAR FRACTIONS

1 ETHANE 3 .2 8 0 3E- 1 7 5 .8 0 0 0E- 0 3
2 PROPANE 4 .9 0 0 6E- 1 7 . 6 5 9 8
3 IBUTANE 1 .5 4 1 3E- 0 3 . 1 6 8 6
4 BUTANE . 9 3 1 5 . 1 5 4 7
5 IPENTANE . 0 6 5 8 . 0 1 0 9
6 PENTANE 1 .2 0 6 6E- 0 3 2 .0 0 0 0E- 0 4

TOTAL RATE, LB/HR 1 5 6 0 3 . 2 0 5 7 1 5 6 2 4 . 7 4 0 3TEMPERATURE, F 1 1 0 . 4 8 2 7 1 4 4 . 9 7 0 5PRESSURE, PSIA 8 6 . 0 0 0 0 9 6 . 0 0 0 0ENTHALPY, MM BTU/HR . 6 8 8 5 1 . 0 3 4 8MOLECULAR WEIGHT 5 8 . 1 0 4 0 5 9 . 0 6 3 3WEIGHT FRAC VAPOR . 0 0 0 0 . 0 0 0 0WEIGHT FRAC LIQUID 1 . 0 0 0 0 1 . 0 0 0 0

Feed 2 scheme 4
RIGOROUS COLUMN SUMMARY

COLUMN SUMMARY ' T1 ’
NET FLOW RATES-----------  HEATERTRAY TEMP PRESSURE LIQUID VAPOR FEED PRODUCT DUTIESDEG F PSIA LB-MOL/HR MM BTU/HR

1C 1 1 1 . 2 2 2 2 . 0 0 1 8 1 3 . 9 1 0 6 2 .6V -1 0 . 3 6 1 1
2 1 1 3 . 3 2 2 7 . 0 0 1 8 3 3 . 4 2 8 7 6 . 5
3 1 1 3 . 5 2 2 7 . 1 2 1 8 3 2 . 7 2 8 9 5 . 9

1 9 1 3 0 . 6 2 2 9 . 0 7 1 6 7 7 . 4 2 7 5 8 . 4
2 0 1 3 2 . 9 2 2 9 . 2 0 3 9 5 5 . 3 2 7 4 0 . 0  1 5 9 5 .9L
2 1 1 3 4 . 0 2 2 9 . 3 2 3 9 4 9 . 2 3 4 2 2 . 0

41 2 0 0 . 0 2 3 1 . 7 6 3 9 5 3 . 1 3 4 3 1 . 4
4 2 2 0 1 . 4 2 3 1 . 8 8 3 9 3 4 . 4 3 4 1 9 . 8
4 3R 2 0 3 . 3 2 3 2 . 0 0 3 4 0 1 . 0 5 3 3 .4L 2 1 . 1 1 4 8

REFLUX RATIOS ------  REFLUX RATIOS --------MOLAR WEIGHT STD L VOL
REFLUX / FEED STREAM SIPUMPED REFLUX / VAPOR DISTILLATE 1 . 1 3 6 6  1 . 0 2 5 2  1 . 0 7 4 8

1 . 7 0 7 1  1 . 7 1 0 4  1 . 7 0 7 6

' T2 '
COLUMN SUMMARY -- NET FLOW RATES - HEATERTEMP PRESSURE LIQUID VAPOR FEED PRODUCT DUTIESDEG F PSIA LB-MOL/HR MM BTU/HR

1C 1 1 9 . 9 9 4 . 0 0 1 6 5 3 . 0 3 1 7 .9L -1 5 . 4 0 0 1
2 1 2 4 . 5 9 9 . 0 0 1 6 7 7 . 9 1 9 7 0 . 9
3 1 2 5 . 4 9 9 . 0 8 1 6 7 2 . 8 1 9 9 5 . 8



1 2
1 3
14

1 3 1 . 8  
1 3 2 . 5
1 3 2 . 8

9 9 . 7 9
9 9 . 8 7
9 9 . 9 5

1 6 3 8 . 4  
1 9 7 1 . 8  
1 9 7 1 . 1

1 9 6 0 . 5  
1 9 5 6 . 3  
1 7 5 6 4

5 3 3 .4M
6 3 1 4 9 . 1 1 0 3 . 8 4 1 9 2 4 . 7 1 7 1 2 . 9
64 1 4 9 . 9 1 0 3 . 9 2 1 9 1 6 . 7 1 7 0 9 . 3
6 5R 1 5 1 . 7 1 0 4 . 0 0 1 7 0 1 . 2 2 1 5 .4L 1 3 . 8 3 0 0

REFLUX RATIOS
“ ' « 1™” °°ร™ ;;;;/

=  ; โz ,1̂ 3 . 0 9 9 1  3 . 0 7 3 9  3 . 1 2 1 2
5 . 1 9 9 0  5 . 1 9 9 0  5 . 1 9 9 0

' T3 '
COLUMN SUMMARY -- NET FLOW RATES - HEATERTRAY TEMP PRESSURE LIQUID VAPOR FEED PRODUCT DUTIESDEG F PSIA LB-MOL/HR MM BTU/HR

1C 1 1 0 . 4 8 6 . 0 0 1 5 7 6 . 9 2 6 8 .5L -1 4 . 4 4 2 1
2 1 1 4 . 5 9 1 . 0 0 1 6 0 7 . 1 1 8 4 5 . 5
3 1 1 4 . 6 9 1 . 0 6 1 6 0 7 . 3 1 8 7 5 . 7

49 1 2 1 . 1 9 4 . 0 1 1 5 8 5 . 8 1 8 5 5 . 8
5 0 1 2 1 . 4 9 4 . 0 8 1 9 0 0 . 7 1 8 5 4 . 3  3 1 7 .9L
51 1 2 2 . 0 9 4 . 1 4 1 8 9 7 . 0 1 8 5 1 . 3

78 1 4 1 . 6 9 5 . 8 7 1 8 1 4 . 2 1 7 6 4 . 7
7 9 1 4 1 . 7 9 5 . 9 4 1 8 1 4 . 3 1 7 6 4 . 8
8 0R 1 4 1 . 8 9 6 . 0 0 1 7 6 4 . 9 4 9 .4L 1 4 . 3 8 7 2

REFLUX RATIOS
MOLAR ~ " ฯ ^ 1“ ร

; “ “ 1 r s î ะ. 4 . 9 5 9 8  4 . 9 5 9 4  4 . 9 8 7 6
5 . 8 7 2 1  5 . 8 7 2 1  5 . 8 7 2 1

COLUMN SIZING SUMMARY
TRAY SIZING MECHANICAL DATA T1 '
SECTION TRAY TRAY TRAY SPACING SYSTEM TRAY MIN DIAMETERNUMBERS PASSES IN FACTOR TYPE IN

1 2 - 4 2 N/A 2 4 . 0 0 1 . 0 0 VALVE 1 5 . 0 0

TRAY SIZING RESULTS
VALVE DIAMETER 1 . 8 7 5 INDESIGN NUMBER DOWNCOMER WIDTHS -------SECTION TRAY DIAMETER NP OF VALVES SIDE CENTER OFF-CENTERNUMBER IN OR CAPS IN IN IN

1 3 9 9 0 . 2 3 4 0 1 3 . 0 4 9 1 2 . 7 0 1 N/A
' T2 '

TRAY SIZING MECHANICAL DATA
SECTION TRAY TRAY TRAY SPACING SYSTEM TRAY MINDIAMETERNUMBERS PASSES IN FACTOR TYPE IN

1 2 - 6 4 N/A 2 4 . 0 0 1 . 0 0 VALVE 1 5 . 0 0



TRAY SIZING RESULTS
VALVE DIAMETER 1 . 8 7 5  INDESIGN NUMBER ----- DOWNCOMER WIDTHSSECTION TRAYNUMBER DIAMETERIN NP OF VALVES OR CAPS SIDEIN CENTERIN OFF-CENTERIN

1 1 3 72 . 1 2 6 2 1 2 . 2 2 8 N/A N/A

' T3 '
TRAY SIZING MECHANICAL DATA
SECTION TRAY TRAY TRAY SPACING SYSTEM TRAY MIN DIAMETERNUMBERS PASSES IN FACTOR TYPE IN

1 2 - 7 9  N/A 2 4 . 0 0  1 . 0 0  VALVE 1 5 . 0 0

TRAY SIZING RESULTS
VALVE DIAMETER 1 . 8 7 5  IN
SECTION DESIGNTRAYNUMBER DIAMETERIN NP NUMBER OF VALVES OR CAPS SIDEIN

DOWNCOMER WI CENTER IN
DTHS -------OFF-CENTERIN

1 5 0 72 . 1 2 6 6 1 1 . 8 5 3 N/A N/A
STREAM MOLAR COMPONENT RATES

STREAM ID SI SIPUMPED S2 S3PHASE LIQUID LIQUID VAPOR LIQUID
FLUIDRATES, LB-MOL/HR

1 ETHANE 9 . 2 5 6 5 9 . 2 5 6 5 9 . 2 5 6 5 5 .2 9 9 9E- 1 1
2 PROPANE 1 0 5 3 . 0 0 7 5 1 0 5 3 . 0 0 7 5 1 0 5 2 . 3 6 9 0 . 6 3 8 5
3 IBUTANE 2 6 9 . 0 7 7 1 2 6 9 . 0 7 7 1 . 9 3 3 4 2 6 8 . 1 4 3 7
4 BUTANE 2 4 6 . 8 9 3 4 2 4 6 . 8 9 3 4 . 0 2 4 4 2 4 6 . 8 6 9 0
5 IPENTANE 1 7 . 3 9 5 9 1 7 . 3 9 5 9 7 . 0 3 7  6E- 0 9 1 7 . 3 9 5 9
6 PENTANE . 3 1 9 2 . 3 1 9 2 3 .1 9 8 9E- 1 1 . 3 1 9 2TOTALRATE, LB-MOL/HR 1 5 9 5 . 9 4 9 5 1 5 9 5 . 9 4 9 5 1 0 6 2 . 5 8 3 3 5 3 3 . 3 6 6 3

STREAM ID S4 S5 S6 S7PHASE LIQUID LIQUID LIQUID LIQUID
FLUIDRATES, LB-MOL/HR

1 ETHANE 5 .2 9 9 2E- 1 1 6 .6 4 7 6E- 1 5 5 .2 9 9 1E- 1 1 1 .4 3 8 9E- 1 5
2 PROPANE . 6 3 8 5 1 .7 1 8 4E- 1 4 . 6 3 8 5 6 .4 9 7 9E- 1 4
3 IBUTANE 2 6 7 . 9 2 9 3 . 2 1 4 3 2 6 7 . 7 3 9 2 . 1 9 0 2
4 BUTANE 4 9 . 3 7 0 0 1 9 7 . 4 9 9 0 . 1 6 6 6 4 9 . 2 0 3 5
5 IPENTANE 4 .1 8 9 3E- 0 4 1 7 . 3 9 5 5 1 .2 7 2 9E- 1 4 4 .1 8 9 3E- 0 4
6 PENTANE 1 .3 9 6 4E- 0 6 . 3 1 9 2 1 .3 5 0 2E- 1 4 1 .3 9 6 4E- 0 6

TOTALRATE, LB-MOL/HR 3 1 7 . 9 3 8 3 2 1 5 . 4 2 7 9 2 6 8 . 5 4 4 3 4 9 . 3 9 4 0

STREAM MOLAR COMPONENT FRACTIONS
STREAM ID SI SIPUMPED ร2 ร3PHASE LIQUID LIQUID VAPOR LIQUID
FLUIDMOLAR FRACTIONS

1 ETHANE 5 .8 0 0 0E- 0 3 5 .8 0 0 0E- 0 3 8 .7 1 1 3E- 0 3 9 .9 3 6 7E- 1 4
2 PROPANE . 6 5 9 8 . 6 5 9 8 . 9 9 0 4 1 .1 9 7 2E- 0 3
3 IBUTANE . 1 6 8 6 . 1 6 8 6 8 .7 8 4 3E- 0 4 . 5 0 2 7
4 BUTANE . 1 5 4 7 . 1 5 4 7 2 .2 9 6 0E- 0 5 . 4 6 2 9
5 IPENTANE . 0 1 0 9 . 0 1 0 9 6 .6 2 3 1E- 1 2 . 0 3 2 6
6 PENTANE 2 .0 0 0 0E- 0 4 2 .0 0 0 0E- 0 4 3 .0 1 0 5E- 1 4 5 .9 8 4 4E- 0 4



T O T & T  D A T T 7  T "R/TTC»

SSKÏÏS: ร 1ร™/»,MOLECULAR WEIGHT WEIGHT FRAC VAPOR WEIGHT FRAC LIQUID
STREAM IDPHASE
FLUID MOLAR FRACTIONS

1 ETHANE
2 PROPANE
3 IBUTANE
4 BUTANE
5 IPENTANE
6 PENTANE

T O T  AT T?A rท ?  T R  /  RT?

S S S Ï :  ร;"™/»,MOLECULAR WEIGHT WEIGHT FRAC VAPOR WEIGHT FRAC LIQUID

7 7 9 8 1 . 2 4 2 3 7 7 9 8 1 . 2 4 2 3
5 9 . 7 2 0 0 6 0 . 0 6 6 9

2 0 0 . 3 4 4 2 2 3 0 . 0 0 0 0
1 . 0 7 7 5 1 . 0 9 6 1

4 8 . 8 6 2 0 4 8 . 8 6 2 0. 0 0 0 0 . 0 0 0 0
1 . 0 0 0 0 1 . 0 0 0 0

S4 S5LIQUID LIQUID
1 .6 6 6 7E- 1 3 3 .0 8 5 8E- 1 7
2 .0 0 8 4E- 0 3 7 .9 7 6 7E- 1 7. 8 4 2 7 9 .9 4 5 7E- 0 4. 1 5 5 3 . 9 1 6 8
1 .3 1 7 7E- 0 6 . 0 8 0 7
4 .3 9 1 9E- 0 9 1 .4 8 1 7E- 0 3
1 8 4 7 0 . 8 9 6 1 1 2 7 7 0 . 0 1 6 9

1 1 9 . 8 8 6 4 1 5 1 . 7 0 4 4
9 4 . 0 0 0 0 1 0 4 . 0 0 0 0. 9 2 8 4 . 9 0 1 3
5 8 . 0 9 5 8 5 9 . 2 7 7 4

. 0 0 0 0 . 0 0 0 0
1 . 0 0 0 0 1 . 0 0 0 0

4 6 7 4 0 . 3 2 9 7 3 1 2 4 0 . 9 1 2 6
1 1 1 . 1 9 9 7 2 0 3 . 2 8 1 6
2 2 2 . 0 0 0 0 2 3 2 . 0 0 0 0

8 . 4 4 8 6 3 . 4 0 0 1
4 3 . 9 8 7 5 5 8 . 5 7 3 1

1 . 0 0 0 0 . 0 0 0 0. 0 0 0 0 1 . 0 0 0 0

S6 S7LIQUID LIQUID
1 .9 7 3 3E- 1 3 2 .9 1 3 0E- 1 7
2 .3 7 7 8E- 0 3 1 .3 1 5 5E- 1 5. 9 9 7 0 3 .8 5 0 0E- 0 3
6 .2 0 2 6E- 0 4 . 9 9 6 1
4 .7 4 0 0E- 1 7 8 .4 8 1 4E- 0 6
5 .0 2 7 9E- 1 7 2 .8 2 7 0E- 0 8
1 5 5 9 9 . 9 1 1 2 2 8 7 0 . 9 8 4 9

1 1 0 . 3 8 2 6 1 4 1 . 8 0 3 4
8 6 . 0 0 0 0 9 6 . 0 0 0 0. 6 8 7 4 . 1 8 6 1
5 8 . 0 9 0 6 5 8 . 1 2 4 1. 0 0 0 0 . 0 0 0 0

1 . 0 0 0 0 1 . 0 0 0 0

Feed 3 scheme 1
RIGOROUS COLUMN SUMMARY

UNIT 1 , ' T1

COLUMN SUMMARY ---------- NET FLOW RATES------------- HEATERTRAY TEMP PRESSURE LIQUID VAPOR FEED PRODUCT DUTIESDEG F PSIA LB-MOL/HR MM BTU/HR
1C 1 1 0 . 3 2 1 9 . 0 0 8 4 7 8 2 5 . 7 7 8 2 .7V -4 0 2 0 . 2 2 4 2
2 1 1 2 . 3 2 1 9 . 0 0 8 4 7 6 3 5 . 7 8 4 7 8 5 2 . 3
3 1 1 2 . 6 2 1 9 . 0 0 8 4 7 4 7 5 . 4 8 4 7 8 4 0 . 2

7 2 1 8 6 . 3 2 2 2 . 1 2 8 0 8 1 6 6 . 1 8 0 8 2 2 0 . 0
7 3 1 8 6 . 3 2 2 2 . 1 2 8 0 8 0 7 2 . 7 8 0 8 2 0 1 . 1 3 0 0 .2L
74 1 8 6 . 3 2 2 2 . 1 3 8 0 7 9 6 2 1 8 0 8 1 9 0 . 3

1 7 4 2 1 1 . 0 2 2 4 . 1 0 7 5 6 6 4 3 . 1 7 5 5 2 8 0 . 1
1 7 5 2 1 1 . 0 2 2 4 . 1 0 7 5 6 5 2 1 . 3 7 5 5 8 5 1 . 1  1 3 5 2 .6L
1 7 6 2 1 1 . 1 2 2 4 . 1 1 7 5 6 4 3 9 . 8 7 5 5 8 1 0 . 2

2 0 2 2 1 2 . 6 2 2 4 . 4 9 7 3 6 2 7 5 . 1 7 3 5 4 6 0 . 5
2 0 3 2 1 3 . 5 2 2 4 . 5 0 7 3 5 9 8 0 . 0 7 3 5 4 3 2 0
2 0 4R 2 1 4 . 8 2 2 4 . 5 0 7 3 5 4 1 0 2 2 6 9 .6L 4 0 1 3 . 2 1 4 5

REFLUX RATIOS
moiar"

REFLUX / FEED STREAM FEED1 REFLUX / VAPOR DISTILLATE 3 9 0 . 5 1 2 1  
6 9 5 . 4 2 9 4

3 8 5 . 1 9 1 2  
6 9 5 . 4 3 5 2

4 9 0 . 2 1 3 3  
6 9 5 . 4 2 9 4
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RIGOROUS COLUMN SUMMARY
' T1 'COLUMN SUMMARY ---------- NET FLOW RATES------------- HEATERTRAY TEMP PRESSURE LIQUID VAPOR FEED PRODUCT DUTIESDEG F PSIA LB-MOL/HR MM BTU/HR

1C 1 1 0 . 5 2 1 9 . 0 0 1 6 0 4 . 7 7 8 2 .6V -9 . 1 9 9 3
2 1 1 2 . 5 2 2 4 . 0 0 1 6 2 1 . 2 2 3 8 7 . 3
3 1 1 2 . 6 2 2 4 . 1 3 1 6 2 0 . 3 2 4 0 3 . 8

2 0 1 3 8 . 4 2 2 6 . 2 5 1 4 5 1 . 2 2 2 4 5 . 7
2 1 1 4 0 . 6 2 2 6 . 3 8 3 3 9 5 . 0 2 2 3 3 . 8 1 3 5 2 .6L
2 2 1 4 3 . 0 2 2 6 . 5 0 3 3 8 3 . 1 2 8 2 5 .0*
4 0 1 9 8 . 0 2 2 8 . 7 5 3 4 6 5 . 7 2 9 0 2 . 1
41 1 9 9 . 1 2 2 8 . 8 8 3 4 5 5 . 4 2 8 9 5 . 6
4 2R 2 0 0 . 4 2 2 9 . 0 0 2 8 8 5 . 4 5 7 0 .OL 1 7 . 9 1 5 2

REFLUX RATIOS REFLUX RATIOS --------MOLAR WEIGHT STD L VOL
REFLUX / FEED STREAM SI 1 . 1 8 6 3 1 . 0 4 5 2 1 . 1 0 7 3REFLUX / VAPOR :DISTILLATE 2 . 0 5 0 4 2 . 0 5 2 0 2 . 0 5 0 9

COLUMN SUMMARY ’ T2 '
-- NET FLOW RATES - HEATERTRAY TEMP PRESSURE LIQUID VAPOR FEED PRODUCT DUTIESDEG F PSIA LB-MOL/HR MM BTU/HR

1C 1 1 0 . 3 8 6 . 0 0 2 5 1 4 . 4 2 9 9 .6L -2 2 . 0 2 1 5
2 1 1 4 . 4 9 1 . 0 0 2 5 6 2 . 7 2 8 1 4 . 0
3 1 1 4 . 5 9 1 . 0 5 2 5 6 3 . 1 2 8 6 2 . 3

5 5 1 2 6 . 9 9 3 . 8 8 2 4 7 5 . 0 2 7 7 8 . 7
5 6 1 2 7 . 4 9 3 . 9 3 2 8 2 5 . 0 2 7 7 4 . 5  5 7 0 .OM
5 7 1 2 7 . 8 9 3 . 9 9 2 8 2 2 . 5 2 5 5 4 . 5

92 1 4 2 . 1 9 5 . 8 9 2 7 5 1 . 5 2 4 8 2 . 7
9 3 1 4 2 . 4 9 5 . 9 5 2 7 4 7 . 5 2 4 8 1 . 0
9 4R 1 4 3 . 1 9 6 . 0 0 2 4 7 7 . 0 2 7 0 .5L 2 0 . 2 6 6 6

REFLUX RATIOS
molar" " f: z iosot

REFLUX / FEED STREAM S3 REFLUX / LIQUID DISTILLATE 4 . 4 1 1 0  4 . 3 9 6 0  4 . 4 7 8 3
8 . 3 9 3 7  8 . 3 9 3 7  8 . 3 9 3 7

COLUMN SIZING SUMMARY
' T1 '

TRAY SIZING MECHANICAL DATA
SECTION TRAYNUMBERS TRAY TRAY SPACING SYSTEM TRAY PASSES IN FACTOR TYPE MIN DIAMETER IN

1 2 - 4 1  N/A 24.00 1.00 VALVE 15.00



TRAY SIZING RESULTS
VALVE DIAMETER 1 . 8 7 5  IN

DESIGN NUMBER ----- DOWNCOMER WIDTHSSECTION TRAY DIAMETER NP OF VALVES SIDE CENTER OFF-CENTERNUMBER IN OR CAPS IN IN IN
1 3 8 84 . 2 2 9 6 1 2 . 1 7 1 1 1 . 8 4 2 N/A

' T2 'TRAY SIZING MECHANICAL DATA
SECTION TRAY TRAY TRAY SPACING SYSTEM TRAY MINDIAMETERNUMBERS PASSES IN FACTOR TYPE IN

1 2 - 9 3 N/A 2 4 . 0 0 1 . 0 0 VALVE 1 5 . 0 0

TRAY SIZING RESULTS
VALVE ]DIAMETER 1 . 8 7 5  IN

DESIGN NUMBER DOWNCOMER WIDTHS -------SECTION TRAY DIAMETER NP OF VALVES SIDE CENTER OFF-CENTERNUMBER IN OR CAPS IN IN IN
1 5 6 90 . 1 4 2 2 1 4 . 2 7 4 N/A N/A

STREAM MOLAR COMPONENT RATES
STREAM ID SI S2 S3 ร4PHASE LIQUID VAPOR LIQUID LIQUID
FLUIDRATES, LB-MOL/HR

1 ETHANE 2 . 0 2 9 0 2 . 0 2 9 0 1 .1 9 5 6E- 1 0 1 .1 9 5 5E- 1 0
2 PROPANE 7 8 0 . 7 4 5 5 7 7 9 . 9 1 1 6 . 8 3 3 9 . 8 3 3 9
3 IBUTANE 3 0 0 . 1 5 1 5 . 6 5 3 7 2 9 9 . 4 9 7 8 2 9 8 . 6 5 9 2
4 BUTANE 2 6 2 . 4 1 2 7 . 0 1 1 1 2 6 2 . 4 0 1 7 . 0 6 4 8
5 IPENTANE 6 . 0 8 6 9 4 .9 1 3 0E- 1 0 6 . 0 8 6 9 1 .1 7 0 9E- 1 4
6 PENTANE 1 . 2 1 7 4 2 .0 5 4 4E- 1 1 1 . 2 1 7 4 1 .0 4 9 6E- 1 4TOTALRATE, LB-MOL/HR 1 3 5 2 . 6 4 2 9 7 8 2 . 6 0 5 4 5 7 0 . 0 3 7 6 2 9 9 . 5 5 7 8STREAM ID S5NAMEPHASE LIQUID

FLUIDRATES, LB-MOL/HR
1 ETHANE 1 .1 2 2 4E- 1 4
2 PROPANE 2 .3 0 1 9E- 1 4
3 IBUTANE . 8 3 8 5
4 BUTANE 2 6 2 . 3 3 6 9
5 IPENTANE 6 . 0 8 6 9
6 PENTANE 1 . 2 1 7 4

TOTALRATE, LB-MOL/HR 2 7 0 . 4 7 9 7

STREAM MOLAR COMPONENT FRACTIONS
STREAM IDPHASE
FLUID MOLAR FRACTIONS

SILIQUID ร2 VAPOR S3LIQUID S4LIQUID
1 ETHANE 1 .5 0 0 0E- 0 3 2 .5 9 2 6E- 0 3 2 .0 9 7 4E- 1 3 3 .9 9 0 9E- 1 3
2 PROPANE . 5 7 7 2 . 9 9 6 6 1 .4 6 2 8E- 0 3 2 .7 8 3 6E- 0 3
3 IBUTANE . 2 2 1 9 8 .3 5 2 8E- 0 4 . 5 2 5 4 . 9 9 7 0
4 BUTANE . 1 9 4 0 1 .4 1 6 4E- 0 5 . 4 6 0 3 2 .1 6 3 2E- 0 4
5 IPENTANE 4 .5 0 0 0E- 0 3 6 .2 7 7 7E- 1 3 . 0 1 0 7 3 .9 0 8 9E- 1 7
6 PENTANE 9 .0 0 0 0E- 0 4 2 .6 2 5 1E- 1 4 2 .1 3 5 6E- 0 3 3 .5 0 3 7E- 1 7



TOTAL RATE, LB/HR 6 7 7 1 5 . 0 3 7 4 3 4 4 9 1 . 9 8 5 7 3 3 2 2 3 . 0 5 1 6 1 7 3 9 9 . 5 8 8 2TEMPERATURE, F 6 3 . 1 4 0 0 1 1 0 . 5 3 0 2 2 0 0 . 4 2 0 7 1 1 0 . 3 4 0 1PRESSURE, PSIA 2 6 1 . 2 6 0 0 2 1 9 . 0 0 0 0 2 2 9 . 0 0 0 0 8 6 . 0 0 0 0ENTHALPY, MM BTU/HR 1 . 0 7 4 3 6 . 2 3 3 1 3 . 5 5 6 4 . 7 6 6 2MOLECULAR WEIGHT 5 0 . 0 6 1 3 4 4 . 0 7 2 5 5 8 . 2 8 3 2 5 8 . 0 8 5 0MOLE FRAC VAPOR . 0 0 0 0 1 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0MOLE FRAC LIQUID 1 . 0 0 0 0 . 0 0 0 0 1 . 0 0 0 0 1 . 0 0 0 0

STREAM ID S5PHASE LIQUID
FLUIDMOLAR FRACTIONS

1 ETHANE 4 .1 4 9 6E- 1 7
2 PROPANE 8 .5 1 0 6E- 1 7
3 IBUTANE 3 .1 0 0 2E- 0 3
4 BUTANE . 9 6 9 9
5 IPENTANE . 0 2 2 5
6 PENTANE 4 .5 0 0 8E- 0 3

TOTAL RATE, LB/HR 1 5 8 2 3 . 4 6 3 5TEMPERATURE, F 1 4 3 . 0 6 4 6PRESSURE, PSIA 9 6 . 0 0 0 0ENTHALPY, MM BTU/HR 1 . 0 3 5 3MOLECULAR WEIGHT 5 8 . 5 0 2 8MOLEFRAC VAPOR . 0 0 0 0MOLEFRAC LIQUID 1 . 0 0 0 0

Feed 3 scheme 4
RIGOROUS COLUMN SUMMARY

' T1 'COLUMN SUMMARY -- NET FLOW RATES ---- HEATERTRAY TEMP PRESSURE LIQUID VAPOR FEED PRODUCT DUTIESDEG F PSIA LB-MOL/HR MM BTU/HR
1C 1 1 0 . 5 2 1 9 . 0 0 1 5 8 0 . 7 7 8 2 .8V -9 . 0 6 2 3
2 1 1 2 . 5 2 2 4 . 0 0 1 5 9 7 . 1 2 3 6 3 . 5
3 1 1 2 . 6 2 2 4 . 1 2 1 5 9 6 . 2 2 3 7 9 . 9

1 9 1 3 6 . 4 2 2 6 . 0 7 1 4 3 5 . 3 2 2 3 1 . 7
2 0 1 3 8 . 8 2 2 6 . 2 0 3 3 8 3 . 3 2 2 1 8 . 1  1 3 5 2 .6L
21 1 4 0 . 4 2 2 6 . 3 2 3 3 7 4 . 6 2 8 1 3 . 5

4 1 1 9 8 . 1 2 2 8 . 7 6 3 4 4 4 . 0 2 8 8 0 . 8
4 2 1 9 9 . 1 2 2 8 . 8 8 3 4 3 3 . 7 2 8 7 4 . 2
4 3R 2 0 0 . 5 2 2 9 . 0 0 2 8 6 3 . 8 5 6 9 .9L 1 7 . 7 7 8 9

REFLUXRATIOS -------- REFLUX RATIOSMOLAR WEIGHT STD L VOL
REFLUX / FEED STREAM SI 1 . 1 6 8 6  1 . 0 2 9 6 1 . 0 9 0 8REFLUX / VAPOR :DISTILLATE 2 . 0 1 9 3  2 . 0 2 0 9 2 . 0 1 9 8

' T2 1COLUMN SUMMARY -- NET FLOW RATES - HEATERTRAY TEMP PRESSURE LIQUID VAPOR FEED PRODUCT DUTIESDEG F PSIA LB-MOL/HR MM BTU/HR
1C 1 1 9 . 8 9 4 . 0 0 1 8 8 6 . 1 3 5 2 .5L -1 7 . 4 8 1 3
2 1 2 4 . 4 9 9 . 0 0 1 9 1 4 . 6 2 2 3 8 . 6
3 1 2 5 . 3 9 9 . 0 8 1 9 0 9 . 0 2 2 6 7 . 1



5 6 9 .9M1 3
14
1 5

1 3 1 . 8  
1 3 2 . 3  
1 3 2 . 7

9 9 . 8 7  
9 9 . 9 5  

1 0 0 . 0 3

1 8 7 0 . 7
2 2 3 1 . 7  
2 2 3 0 . 0

2 2 2 6 . 1  
2 2 2 3 . 2  
2 0 1 4 . 4

6 3 1 4 8 . 2 1 0 3 . 8 4 2 1 8 2 . 6 1 9 6 6 . 8
64 1 4 8 . 6 1 0 3 . 9 2 2 1 7 8 . 8 1 9 6 5 . 3
6 5R 1 4 9 . 4 1 0 4 . 0 0 1 9 6 1 . 5 2 1 7 .3L 1 5 . 8 3 9 4

REFLUX RATIOS ------  REFLUX RATIOS --------MOLAR WEIGHT STD L VOL
REFLUX / FEED STREAM ร3 REFLUX / LIQUID DISTILLATE 3 . 3 0 9 7  3 . 2 9 9 0  3 . 3 4 2 4

5 . 3 5 0 1  5 3 5 0 1 5 3 5 0 1

' T3 '
COLUMN SUMMARY -- NET FLOW RATES - HEATERTRAY TEMP PRESSURE LIQUID VAPOR FEED PRODUCT DUTIESDEG F PSIA LB-MOL/KR MM BTU/HR

1C 1 1 0 . 4 8 6 . 0 0 1 5 6 1 . 3 2 9 9 .6L -1 4 . 5 6 5 3
2 1 1 4 . 5 9 1 . 0 0 1 5 9 1 . 2 1 8 6 0 . 8
3 1 1 4 . 6 9 1 . 0 7 1 5 9 1 . 3 1 8 9 0 . 7

4 7 1 1 9 . 7 9 3 . 9 6 1 5 7 6 . 6 1 8 7 6 . 7
4 8 1 1 9 . 9 9 4 . 0 3 1 9 2 8 . 2 1 8 7 6 . 1  3 5 2 .5L
4 9 1 2 0 . 1 9 4 . 0 9 1 9 2 7 . 0 1 8 7 5 . 2

76 1 4 1 . 2 9 5 . 8 7 1 8 3 3 . 2 1 7 8 0 . 5
77 1 4 1 . 4 9 5 . 9 3 1 8 3 2 . 9 1 7 8 0 . 2
7 8R 1 4 1 . 5 9 6 . 0 0 1 7 8 0 . 0 5 3 . OL 1 4 . 5 0 1 2

REFLUX RATIOS
MOLAR- ^ ะ 1ไ ™ ^

REFLUX / FEED STREAM S4 REFLUX / LIQUID DISTILLATE 4 . 4 2 8 8  4 . 4 2 8 5  4 . 4 5 2 6
5 . 2 1 2 0  5 . 2 1 2 0  5 . 2 1 2 0

COLUMN SIZING SUMMARY
' T1 ’TRAY SIZING MECHANICAL DATA

SECTION TRAY TRAY TRAY SPACING SYSTEM TRAY MINDIAMETERNUMBERS PASSES IN FACTOR TYPE IN
1 2 - 4 2 N/A 2 4 . 0 0 1 . 0 0 VALVE 1 5 . 0 0

TRAY SIZING RESULTS
VALVE DIAMETER 1 . 8 7 5 IN

DESIGN NUMBER DOWNCOMER WIDTHS -------SECTION TRAY DIAMETER NP OF VALVES SIDE CENTER OFF-CENTERNUMBER IN OR CAPS IN IN IN
1 3 9 84 . 2 2 9 7 1 2 . 1 2 6 1 1 . 7 7 8 N/A



84

' T2 '
TRAY SIZING MECHANICAL DATA
SECTION TRAYNUMBERS TRAYPASSES TRAY SPACING IN SYSTEMFACTOR TRAY MIN TYPE DIAMETERIN

1 2 - 64 N/A 2 4 . 0 0 1 . 0 0 VALVE 1 5 . 0 0

TRAY SIZING RESULTS
VALVE DIAMETER 1 . 8 7 5 IN
SECTION DESIGNTRAY DIAMETER NUMBER IN NP NUMBER OF VALVES OR CAPS SIDEIN

DOWNCOMER WIDTHS -------CENTER OFF-CENTER IN IN
1 1 4 7 8 . 1 3 1 1 1 2 . 9 0 7 N/A N/A

TRAY SIZING MECHANICAL DATA ' T3 '
SECTION TRAYNUMBERS TRAYPASSES TRAY SPACING IN SYSTEMFACTOR TRAY MIN TYPE DIAMETERIN

1 2 - 7 7 N/A 2 4 . 0 0 1 . 0 0 VALVE 1 5 . 0 0

TRAY SIZING RESULTS
VALVE DIAMETER 1 . 8 7 5  IN

DESIGN NUMBER ----- DOWNCOMER WIDTHSSECTION TRAY DIAMETER NP OF VALVES SIDE CENTER OFF-CENTERNUMBER IN OR CAPS IN IN IN
1 4 8 7 2 . 1 2 6 5 1 1 . 9 8 1 N/A N/A

STREAM MOLAR COMPONENT RATES
STREAM ID SI S2 S3 ร4PHASE LIQUID VAPOR LIQUID LIQUID
FLUIDRATES, LB-MOL/HR

1 ETHANE 2 . 0 2 9 0 2 . 0 2 9 0 1 .8 7 4 8E- 1 1 1 .8 7 3 7E- 1 1
2 PROPANE 7 8 0 . 7 4 5 5 7 8 0 . 1 0 3 6 . 6 4 1 9 . 6 4 1 9
3 IBUTANE 3 0 0 . 1 5 1 5 6 4 5 3 2 9 9 . 5 0 6 1 2 9 9 . 4 0 1 3
4 BUTANE 2 6 2 . 4 1 2 7 . 0 1 3 8 2 6 2 . 3 9 8 9 5 2 . 4 7 9 8
5 IPENTANE 6 . 0 8 6 9 1 .1 5 8 2E- 0 9 6 . 0 8 6 9 6 .5 2 0 5E- 0 5
6 PENTANE 1 . 2 1 7 4 5 .3 7 1 0E- 1 1 1 . 2 1 7 4 2 .1 0 0 7E- 0 6

TOTALRATE, LB-MOL/HR 1 3 5 2 . 6 4 2 9 7 8 2 . 7 9 1 8 5 6 9 . 8 5 1 2 3 5 2 . 5 2 3 1

STREAM ID S5 S6 ร7NAMEPHASE LIQUID LIQUID LIQUID
FLUIDRATES, LB-MOL/HR

1 ETHANE 1 .1 1 6 8E- 1 4 1 .8 7 3 3E- 1 1 3 .5 0 9 9E- 1 5
2 PROPANE 1 .5 6 0 4E- 1 4 . 6 4 1 9 2 .5 0 9 6E- 1 3
3 IBUTANE . 1 0 4 8 2 9 8 . 6 5 4 0 . 7 4 7 3
4 BUTANE 2 0 9 . 9 1 9 1 . 2 6 0 1 5 2 . 2 1 9 7
5 IPENTANE 6 . 0 8 6 8 6 .5 2 3 8E- 1 5 6 .5 2 0 5E- 0 5
6 PENTANE 1 . 2 1 7 4 7 .9 2 9 1E- 1 5 2 .1 0 0 7E- 0 6

TOTALRATE, LB-MOL/HR 2 1 7 . 3 2 8 1 2 9 9 . 5 5 6 0 5 2 . 9 6 7 1



STREAM MOLAR COMPONENT FRACTIONS
STREAM ID SI ร2 S3 ร4NAMEPHASE LIQUID VAPOR LIQUID LIQUID
FLUID MOLAR FRACTIONS

1 ETHANE 1 .5 0 0 0E- 0 3 2 .5 9 2 0E- 0 3 3 .2 8 9 9E- 1 4 5 .3 1 5 0E- 1 4
2 PROPANE . 5 7 7 2 . 9 9 6 6 1 .1 2 6 4E- 0 3 1 .8 2 0 8E- 0 3
3 IBUTANE . 2 2 1 9 8 .2 4 3 9E- 0 4 . 5 2 5 6 . 8 4 9 3
4 BUTANE . 1 9 4 0 1 .7 6 9 1E- 0 5 . 4 6 0 5 . 1 4 8 9
5 IPENTANE 4 .5 0 0 0E- 0 3 1 .4 7 9 6E- 1 2 . 0 1 0 7 1 .8 4 9 7E- 0 7
6 PENTANE 9 .0 0 0 0E- 0 4 6 .8 6 1 4E- 1 4 2 .1 3 6 3E- 0 3 5 .9 5 9 0E- 0 9

TOTAL RATE, LB/HR 6 7 7 1 5 . 0 3 7 4 3 4 4 9 9 . 5 5 4 6 3 3 2 1 5 . 4 8 2 8 2 0 4 8 1 . 0 4 7 6TEMPERATURE, F 6 3 . 1 4 0 0 1 1 0 . 5 2 9 5 2 0 0 . 4 5 6 8 1 1 9 . 7 6 8 6PRESSURE, PSIA 2 6 1 2 6 0 0 2 1 9 . 0 0 0 0 2 2 9 . 0 0 0 0 9 4 . 0 0 0 0ENTHALPY, MM BTU/HR 1 . 0 7 4 3 6 . 2 3 4 6 3 . 5 5 6 4 1 . 0 2 7 8MOLECULAR WEIGHT 5 0 . 0 6 1 3 4 4 . 0 7 2 5 5 8 . 2 8 8 0 5 8 . 0 9 8 5WEIGHT FRAC VAPOR . 0 0 0 0 1 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0WEIGHT FRAC LIQUID 1 . 0 0 0 0 . 0 0 0 0 1 . 0 0 0 0 1 . 0 0 0 0

STREAM ID S5 ร6 S7NAMEPHASE LIQUID LIQUID LIQUID
FLUID MOLAR FRACTIONS

1 ETHANE 5 .1 3 8 8E- 1 7 6 .2 5 3 6E- 1 4 6 .6 2 6 6E- 1 7
2 PROPANE 7 .1 7 9 9E- 1 7 2 .1 4 2 7E- 0 3 4 .7 3 8 0E- 1 5
3 IBUTANE 4 .8 2 1 3E- 0 4 . 9 9 7 0 . 0 1 4 1
4 BUTANE . 9 6 5 9 8 .6 8 3 5E- 0 4 . 9 8 5 9
5 IPENTANE . 0 2 8 0 2 .1 7 7 8E- 1 7 1 .2 3 1 0E- 0 6
6 PENTANE 5 .6 0 1 6E- 0 3 2 .6 4 7 0E- 1 7 3 .9 6 6 0E- 0 8

TOTAL RATE, LB/HR 1 2 7 3 4 . 4 3 5 3 1 7 4 0 2 . 3 8 8 2 3 0 7 8 . 6 5 9 4TEMPERATURE, F 1 4 9 . 3 9 9 6 1 1 0 . 4 0 7 3 1 4 1 . 5 2 0 4PRESSURE, PSIA 1 0 4 . 0 0 0 0 8 6 . 0 0 0 0 9 6 . 0 0 0 0ENTHALPY, MM BTU/HR . 8 8 6 6 . 7 6 7 1 . 1 9 9 0MOLECULAR WEIGHT 5 8 . 5 9 5 4 5 8 . 0 9 3 9 5 8 . 1 2 4 0WEIGHT FRAC VAPOR . 0 0 0 0 . 0 0 0 0 . 0 0 0 0WEIGHT FRAC LIQUID 1 . 0 0 0 0 1 . 0 0 0 0 1 . 0 0 0 0

Feed 4 scheme 2

RIGOROUS COLUMN SUMMARY
' T1 ’COLUMN SUMMARY — NET FLOW RATES - HEATERTRAY TEMP PRESSURE LIQUID VAPOR FEED PRODUCT DUTIESDEG F PSIA LB-MOL/HR MM BTU/HR

1C
2
3

1 1 0 . 8  
1 1 2 . 8  
1 1 3 . 0

2 2 0 . 0 0  
2 2 5 . 0 0  
2 2 5 . 1 3

4 0 9 5 . 7
4 1 3 7 . 8  
4 1 3 5 . 3

6 3 1 5 . 2  
6 3 5 7 . 4

2 2 1 9 .5V -2 3 . 4 5 4 4

1 8 1 3 2 . 1 2 2 7 . 0 0 3 7 6 0 . 3 6 0 2 4 . 1
1 9 1 3 4 . 7 2 2 7 . 1 2 8 6 4 6 . 0 5 9 7 9 . 9 3 5 1 2 .8L
2 0 1 3 5 . 8 2 2 7 . 2 5 8 6 2 9 . 7 7 3 5 2 . 8

4 0 1 9 9 . 2 2 2 9 . 7 5 8 7 0 0 . 2 7 4 3 0 . 7
4 1 2 0 0 . 5 2 2 9 . 8 7 8 6 6 0 . 9 7 4 0 7 . 0
4 2R 2 0 2 . 3 2 3 0 . 0 0 7 3 6 7 . 7 1 2 9 3 .3L 4 5 . 8 9 8 2



REFLUX RATIOS

REFLUX / FEED STREAM PUMPED REFLUX / VAPOR DISTILLATE
“ ฯ £ 1ร ? 05ร™T ™

1 . 1 6 5 9  1 . 0 4 1 1  1 . 0 9 6 5
1 . 8 4 5 3  1 . 8 4 7 5  1 . 8 4 5 8

COLUMN SUMMARY
TRAY TEMP PRESSURE DEG F PSIA

' T2 '
----------  NET FLOW RATES ----------LIQUID VAPOR FEED PRODUCTLB-MOL/HR

HEATER DUTIES MM BTU/HR
1C
2
3

1 1 0 . 4
1 1 4 . 5
1 1 4 . 6

8 6 . 0 0  
9 1 . 0 0  
9 1 . 0 6

5 6 0 0 . 7  
5 7 0 8 . 0  
5 7 0 8 . 6

6 2 5 6 . 1
6 3 6 3 . 4

6 5 5 .4L -4 8 . 9 5 8 7

51
5 2
5 3

1 2 7 . 6  
1 2 8 . 3
1 2 8 . 7

9 3 . 7 2  
9 3 . 7 8  
9 3 . 8 3

5 4 8 9 . 0
6 2 7 7 . 1  
6 2 7 1 . 0

6 1 5 5 . 5  
6 1 4 4 . 4  
5 6 3 9 . 2

1 2 9 3 .3M
90
91 
9 2R

1 4 2 . 8  
1 4 3 . 4
1 4 4 . 8

9 5 . 8 9  
9 5 . 9 4  
9 6 . 0 0

6 1 2 3 . 0  
6 1 0 2 . 2

5 4 9 4 . 3  
5 4 8 5 . 1
5 4 6 4 . 4 6 3 7 .9L 4 4 . 9 3 8 6

REFLUX RATIOS
MOLAR- ^ ฯ ^ 1 0 5ร;dT ;ôl

REFLUX / FEED STREAM ร3 REFLUX / LIQUID DISTILLATE 4 . 3 3 0 7  4 . 2 9 6 6  4 . 3 8 6 6
8 . 5 4 5 4  8 . 5 4 5 4  8 . 5 4 5 4

COLUMN SIZING SUMMARY
' T1TRAY SIZING MECHANICAL DATA

SECTION TRAY TRAY TRAY SPACING SYSTEM TRAY MINDIAMETERNUMBERS PASSES IN FACTOR TYPE IN
1 2 - 4 1 N/A 2 4 . 0 0 1 . 0 0 VALVE 1 5 . 0 0

TRAY SIZING RESULTS
VALVE DIAMETER 1 . 8 7 5 IN

DESIGN NUMBER DOWNCOMER WIDTHS -------SECTION TRAY DIAMETER NP OF VALVES SIDE CENTER OFF-CENTERNUMBER IN OR CAPS IN IN IN
1 3 8 1 3 8 . 2 8 3 0 1 9 . 0 7 2 1 8 . 1 5 5 N/A

' T2 ’
TRAY SIZING MECHANICAL DATA
SECTION TRAY TRAY TRAY SPACING SYSTEM TRAY MIN DIAMETERNUMBERS PASSES IN FACTOR TYPE IN

1 2 - 91 N/A 2 4 . 0 0 1 . 0 0 VALVE 1 5 . 0 0

TRAY SIZING RESULTS
VALVE DIAMETER 1.875 IN
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DESIGN NUMBER ----- DOWNCOMER WIDTHS -------TRAY DIAMETER NP OF VALVES SIDE CENTER OFF-CENTERNUMBER IN OR CAPS IN IN IN
5 2 1 2 6 . 2 7 9 8 1 3 . 5 3 6  1 1 . 4 5 8 N/A

STREAM MOLARCOMPONENT RATES
STREAM ID GSP1 GSP2 PUMPED SIPHASE LIQUID LIQUID LIQUID LIQUID
FLUIDRATES, LB-MOL/HR

1 ETHANE . 7 6 6 7 9 . 2 5 6 5 1 0 . 0 2 3 2 1 0 . 0 2 3 2
2 PROPANE 1 1 5 6 . 0 4 6 2 1 0 5 3 . 0 0 6 9 2 2 0 9 . 0 5 3 1 2 2 0 9 . 0 5 3 1
3 IBUTANE 3 8 7 . 5 8 5 0 2 6 9 . 0 7 6 9 6 5 6 . 6 6 2 0 6 5 6 . 6 6 2 0
4 BUTANE 3 4 9 . 2 4 8 2 2 4 6 . 8 9 3 3 5 9 6 . 1 4 1 5 5 9 6 . 1 4 1 5
5 IPENTANE 2 0 . 5 1 0 2 1 7 . 3 9 5 8 3 7 . 9 0 6 0 3 7 . 9 0 6 0
6 PENTANE 2 . 6 8 3 6 . 3 1 9 2 3 . 0 0 2 8 3 . 0 0 2 8TOTALRATE, LB-MOL/HR 1 9 1 6 . 8 4 0 0 1 5 9 5 . 9 4 8 7 3 5 1 2 . 7 8 8 7 3 5 1 2 . 7 8 8 7

STREAM ID ร2 ร3 ร4 S5PHASE VAPOR LIQUID LIQUID LIQUID
FLUIDRATES, LB-MOL/HR

1 ETHANE 1 0 . 0 2 3 2 6 .9 8 2 6E- 1 1 6 .9 7 8 7E- 1 1 3 .9 3 2 1E- 1 4
2 PROPANE 2 2 0 7 . 3 8 9 7 1 . 6 6 3 4 1 . 6 6 3 4 4 .3 1 9 0 E- 1 4
3 IBUTANE 2 . 0 5 9 6 6 5 4 . 6 0 2 4 6 5 3 . 4 2 5 7 1 . 1 7 6 5
4 BUTANE . 0 5 9 9 5 9 6 . 0 8 1 6 . 3 1 3 8 5 9 5 . 7 6 8 0
5 IPENTANE 2 .6 9 7 3E- 0 8 3 7 . 9 0 6 0 3 .2 7 6 3E- 1 4 3 7 . 9 0 6 1
6 PENTANE 5 .5 5 0 3E- 1 0 3 . 0 0 2 8 3 .4 7 3 9E- 1 4 3 . 0 0 2 8TOTALRATE, LB-MOL/HR 2 2 1 9 . 5 3 2 4 1 2 9 3 . 2 5 6 3 6 5 5 . 4 0 3 0 6 3 7 . 8 5 3 3

STREAM MOLAR COMPONENT FRACTIONS
STREAM ID GSP1 GSP2 PUMPED SIPHASE LIQUID LIQUID LIQUID LIQUID
FLUID MOLAR FRACTIONS

1 ETHANE 4 .0 0 0 0E- 0 4 5 .8 0 0 0E- 0 3 2 .8 5 3 4E- 0 3 2 .8 5 3 4E- 0 3
2 PROPANE . 6 0 3 1 . 6 5 9 8 . 6 2 8 9 . 6 2 8 9
3 IBUTANE . 2 0 2 2 . 1 6 8 6 . 1 8 6 9 . 1 8 6 9
4 BUTANE . 1 8 2 2 . 1 5 4 7 . 1 6 9 7 . 1 6 9 7
5 IPENTANE . 0 1 0 7 . 0 1 0 9 . 0 1 0 8 . 0 1 0 8
6 PENTANE 1 .4 0 0 0E- 0 3 2 .0 0 0 0E- 0 4 8 .5 4 8 1E- 0 4 8 .5 4 8 1E- 0 4

TOTAL RATE, LB/HR 9 5 5 0 2 . 3 7 7 5 7 7 9 8 1 . 2 0 0 0 1 7 3 4 8 3 . 5 7 7 5 1 7 3 4 8 3 . 5 7 7 5TEMPERATURE, F 7 6 . 4 6 0 0 5 9 . 7 2 0 0 6 9 . 3 1 1 3 6 8 . 9 7 6 5PRESSURE, PSIA 2 3 2 . 2 5 0 0 2 0 0 . 3 4 0 0 2 2 8 . 0 0 0 0 2 0 0 . 3 4 0 0ENTHALPY, MM BTU/HR 2 . 3 0 8 0 1 . 0 7 7 5 3 . 4 2 4 2 3 . 3 8 5 5MOLECULAR WEIGHT 4 9 . 8 2 2 8 4 8 . 8 6 2 0 4 9 . 3 8 6 3 4 9 . 3 8 6 3WEIGHT FRAC VAPOR . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0WEIGHT FRAC LIQUID 1 . 0 0 0 0 1 . 0 0 0 0 1 . 0 0 0 0 1 . 0 0 0 0

STREAM ID S2 S3 ร4 S5PHASE VAPOR LIQUID LIQUID LIQUID
FLUID MOLAR FRACTIONS

1 ETHANE 4 .5 1 5 9E- 0 3 5 .3 9 9 2E- 1 4 1 .0 6 4 8E- 1 3 6 .1 6 4 6E- 1 7
2 PROPANE . 9 9 4 5 1 .2 8 6 2E- 0 3 2 .5 3 8 0E- 0 3 6 .7 7 1 1E- 1 7
3 IBUTANE 9 .2 7 9 2E- 0 4 . 5 0 6 2 . 9 9 7 0 1 .8 4 4 5E- 0 3
4 BUTANE 2 .6 9 8 4E- 0 5 . 4 6 0 9 4 .7 8 8 0E- 0 4 9 3 4 0
5 IPENTANE 1 .2 1 5 3E- 1 1 . 0 2 9 3 4 .9 9 8 9E- 1 7 . 0 5 9 4
6 PENTANE 2 .5 0 0 7E- 1 3 2 .3 2 1 9E- 0 3 5 .3 0 0 4E- 1 7 4 .7 0 7 6E- 0 3

TOTAL RATE, LB/HR 9 7 7 6 3 . 8 5 3 1 7 5 7 1 9 . 7 2 4 4 3 8 0 7 1 . 3 0 9 8 3 7 6 4 8 . 4 1 5 6TEMPERATURE, F 1 1 0 . 7 7 4 4 2 0 2 . 3 0 8 9 1 1 0 . 3 6 6 1 1 4 4 . 8 3 1 6PRESSURE, PSIA 2 2 0 . 0 0 0 0 2 3 0 . 0 0 0 0 8 6 . 0 0 0 0 9 6 . 0 0 0 0ENTHALPY, MM BTU/HR 1 7 . 6 6 9 5 8 . 1 8 6 8 1 . 6 7 7 1 2 . 4 9 2 3



MOLECULAR WEIGHT 4 4 . 0 4 7 0 5 8 . 5 4 9 7 5 8 . 0 8 8 4 5 9 . 0 2 3 6WEIGHT FRAC VAPOR 1 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0WEIGHT FRAC LIQUID . 0 0 0 0 1 . 0 0 0 0 1 . 0 0 0 0 1 . 0 0 0 0

Feed 5 scheme 2
RIGOROUS COLUMN SUMMARY

COLUMN SUMMARY ' T1 ’
TRAY ----------  NET FLOW RATES ----------TEMP PRESSURE LIQUID VAPOR FEED PRODUCTDEG F PSIA LB-MOL/HR

HEATER DUTIES MM BTU/HR
1C
2
3

1 1 0 . 2  
1 1 2 . 9  
1 1 3 . 0

2 1 8 . 0 0  
2 2 5 . 0 0  
2 2 5 . 1 3

3 8 9 2 . 5
3 9 4 9 . 4
3 9 4 7 . 4

5 8 3 1 . 8  
5 8 8 8 . 7

1 9 3 9 .3V -2 2 . 3 8 3 4

2 0
21
2 2

1 3 7 . 9  
1 4 0 . 2  
1 4 2 . 5

2 2 7 . 2 5  
2 2 7 . 3 7  
2 2 7 . 5 0

3 5 3 9 . 1
8 1 0 1 . 2  
8 0 7 1 . 0

5 5 1 0 . 3
5 4 7 8 . 4  
6 7 7 1 . 0

3 2 6 9 .5L
4 0
41  
4 2R

1 9 8 . 8  
2 0 0 . 0  
2 0 1 . 6

2 2 9 . 7 5  
2 2 9 . 8 7  
2 3 0 . 0 0

8 2 5 1 . 8  
8 2 2 1 . 0

6 9 4 0 . 0  
6 9 2 1 . 6  
6 8 9 0 . 9 1 3 3 0 .2L 4 2 . 8 2 3 2

REFLUX RATIOS
M 0 ^ ~ ะ 1r s™

REFLUX / FEED STREAM SI REFLUX / VAPOR DISTILLATE 1 . 1 9 0 6  1 . 0 5 2 0  1 . 1 1 3 2
2 . 0 0 7 2  2 . 0 0 8 3  2 . 0 0 7 6

T2

COLUMN SUMMARY ______ NET FLOW RATES_______  HEATERTRAY TEMP PRESSURE LIQUID VAPOR FEED PRODUCT DUTIESDEG F PSIA LB-MOL/HR MM BTU/HR
1C
2
3

1 1 0 . 3
1 1 4 . 4
1 1 4 . 5

8 6 . 0 0  
9 1 . 0 0  
9 1 . 0 5

5 8 0 4 . 9  
5 9 1 6 . 5  
5 9 1 7 . 4

6 4 9 1 . 3  
6 6 0 2 . 9

6 8 6 .4L -5 0 . 7 9 9 6

5 5
5 6
5 7

1 2 7 . 3  
1 2 7 . 9
1 2 8 . 3

9 3 . 8 8  
9 3 . 9 3  
9 3 . 9 9

5 7 0 5 . 2
6 5 1 7 . 4
6 5 1 1 . 4

6 4 0 2 . 8
6 3 9 1 . 6
5 8 7 3 . 6

1 3 3 0 .2M
9 2
9 3  
9 4R

1 4 2 . 4  
1 4 2 . 9  
1 4 4 . 0

9 5 . 8 9  
9 5 . 9 5  
9 6 . 0 0

6 3 4 8 . 6  
6 3 3 2 . 3

5 7 1 1 . 8
5 7 0 4 . 8  
5 6 8 8 . 5 6 4 3 .8L 4 6 . 6 7 2 4

REFLUX RATIOS
MOLAR REFพ ^ TI0 STD_l‘ ;Ôl

REFLUX / FEED STREAM S3 REFLUX / LIQUID DISTILLATE 4 . 3 6 4 0
8 . 4 5 7 5

4 . 3 3 8 6
8 . 4 5 7 5

4 . 4 2 5 0
8 . 4 5 7 5



COLUMN SIZING SUMMARY
' T 1

TRAY S I Z I N G  M EC H A N I C A L  DATA

S E C T I O N TRAY TRAY TRAY S P A C I N G S Y S T E M TRAY M I N D I A M E T E R
NUMBERS P A S S E S I N F A C T O R T Y P E I N

1 2 - 4 1 N / A 2 4 . 0 0 1 . 0 0 VALVE 1 5 . 0 0

TRAY S I Z I N G  R E S U L T S

V A L V E  D I A M E T E R 1 . 8 7 5 I N

D E S I G N NUMBER DOWNCOMER W I D T H S  ----------------
S E C T I O N TRAY D I A M E T E R N P O F  V A L V E S S I D E C E N T E R O F F - C E N T E R

NUMBER I N OR C A P S I N I N I N

1 3 8 1 3 2  . 2 7 4 6 1 8 . 6 8 4 1 7 . 9 8 3 N / A

' T 2  '
TRAY S I Z I N G  M E C H A N I C A L  DATA

S E C T I O N  TRAY TRAY TRAY S P A C I N G  S Y S T E M  TRAY MI N  D I A M E T E R
NUMBERS  P A S S E S  I N  F A C T O R  T Y P E  I N

1 2 - 9 3  N / A  2 4 . 0 0  1 . 0 0  VA L V E  1 5 . 0 0

TRAY S I Z I N G  R E S U L T S

V A L V E  D I A M E T E R  1 . 8 7 5  I N

D E S I G N  NUMBER -----------  DOWNCOMER W I D T H S
TRAY

NUMBER
D I A M E T E R

I N
N P O F  V AL V E S  

OR C A P S
S I D E

I N
C E N T E R

I N
O F F - C E N T E R

I N

5 6 1 3 2  . 2 8 9 0 1 3 . 6 5 5 1 1 . 3 5 5 N / A

S TREAM MOLAR COMPONENT R A T E S

S TRE AM I D G S P 1 G S P 3 S I ร 2
P H A S E L I Q U I D L I Q U I D L I Q U I D V A P O R

F L U I D R A T E S ,  L B - M O L / H R
1 E T H AN E . 7 6 6 7 2 . 0 2 9 0 2 . 7 9 5 7 2 . 7 9 5 7
2 P R O P A N E 1 1 5 6 . 0 4 6 2 7 8 0 . 7 4 5 5 1 9 3 6 . 7 9 1 7 1 9 3 4 . 8 9 0 6
3 I B U T A N E 3 8 7 . 5 8 5 0 3 0 0 . 1 5 1 5 6 8 7 . 7 3 6 5 1 . 5 8 1 4
4 BUT AN E 3 4 9 . 2 4 8 2 2 6 2 . 4 1 2 7 6 1 1 . 6 6 1 0 . 0 2 7 8
5 I P E N T A N E 2 0 . 5 1 0 2 6 . 0 8 6 9 2 6 . 5 9 7 1 2 . 3 8 1 2 E - 0 9
6 P E N T A N E 2 . 6 8 3 6 1 . 2 1 7 4 3 . 9 0 1 0 7 . 4 1 0 0 E - 1 1

T OT A L R A T E ,  L B - M O L / H R 1 9 1 6 . 8 4 0 0 1 3 5 2 . 6 4 2 9 3 2 6 9 . 4 8 2 9 1 9 3 9 . 2 9 5 5

S T R E A M  I D S 3 S 4 S 5
P H A S E L I Q U I D L I Q U I D L I Q U I D

F L U I D R A T E S , L B - M O L / H R
1 E TH AN E 1 . 5 4 8 2 E - 1 0 1 . 5 4 8 1 E - 1 0 1 . 4 8 4 8 E - 1 4
2 P R O P A N E 1 . 9 0 1 1 1 . 9 0 1 1 5 . 1 9 0 1 E - 1 4
3 I B U T A N E 6 8 6 . 1 5 5 2 6 8 4  3 0 6 4 1 . 8 4 8 6
4 BUT AN E 6 1 1 . 6 3 3 2 . 1 5 9 5 6 1 1 . 4 7 3 7
5 I P E N T A N E 2 6 . 5 9 7 1 5 . 4 7 0 1 E - 1 4 2 6 . 5 9 7 1
6 P E N T A N E 3 . 9 0 1 0 3 . 8 0 3 8 E - 1 4 3 . 9 0 1 0

T OT A L R A T E ,  L B - M O L / H R 1 3 3 0 . 1 8 7 4 6 8 6 . 3 6 7 0 6 4 3 . 8 2 0 4



STREAM MOLAR COMPONENT FRACTIONS

S T R E A M  I D G S P 1 G S P 3 S I S 2
P H A S E L I Q U I D L I Q U I D L I Q U I D V A P O R

F L U I D  MOLAR F R A C T I O N S  
1 E TH AN E 4 . 0 0 0 0 E - 0 4 1 . 5 0 0 0 E - 0 3 8 . 5 5 0 9 E - 0 4 1 . 4 4 1 6 E - 0 3
2  P R O P A N E . 6 0 3 1 . 5 7 7 2 . 5 9 2 4 . 9 9 7 7
3  I B U T A N E . 2 0 2 2 . 2 2 1 9 . 2 1 0 4 8 . 1 5 4 3 E - 0 4
4 BU T A N E . 1 8 2 2 . 1 9 4 0 . 1 8 7 1 1 . 4 3 4 4 E - 0 5
5 I P E N T A N E . 0 1 0 7 4 . 5 0 0 0 E - 0 3 8 . 1 3 5 0 E - 0 3 1 . 2 2 7 9 E - 1 2
6 P E N T A N E 1 . 4 0 0 0 E - 0 3 9 . 0 0 0 0 E - 0 4 1 . 1 9 3 1 E - 0 3 3 . 8 2 0 9 E - 1 4

T O T A L  R A T E , L B / H R 9 5 5 0 2 . 3 7 7 5 6 7 7 1 5 . 0 3 7 4 1 6 3 2 1 7 . 4 1 4 9 8 5 5 0 0 . 4 7 0 3
T E M P E R A T U R E , F 7 6 . 4 6 0 0 6 3 . 1 4 0 0 7 1 . 0 0 6 1 1 1 0 . 2 4 3 2
P R E S S U R E ,  P S I A 2 3 2 . 2 5 0 0 2 6 1 . 2 6 0 0 2 3 2 . 2 5 0 0 2 1 8 . 0 0 0 0
E N T H A L P Y ,  MM B T U / H R 2 . 3 0 8 0 1 . 0 7 4 3 3 . 3 8 2 3 1 5 . 4 4 7 8
M O L E C U L A R  W E I G H T 4 9 . 8 2 2 8 5 0 . 0 6 1 3 4 9 . 9 2 1 5 4 4 . 0 8 8 4
W E I G H T  F R A C  V A P O R . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 1 . 0 0 0 0
W E I G H T  F R A C  L I Q U I D 1 . 0 0 0 0 1 . 0 0 0 0 1 . 0 0 0 0 . 0 0 0 0

S TRE AM I D S 3 S 4 S 5
P H A S E L I Q U I D L I Q U I D L I Q U I D

F L U I D  MOLAR F R A C T I O N S  
1 E T H A N E 1 . 1 6 3 9 E - 1 3 2 . 2 5 5 5 E - 1 3 2 . 3 0 6 2 E - 1 7
2  P R O P A N E 1 . 4 2 9 2 E - 0 3 2 . 7  6 9 8 E - 0 3 8 . 0 6 1 5 E - 1 7
3  I B U T A N E . 5 1 5 8 . 9 9 7 0 2 . 8 7 1 3 E - 0 3
4 BU T A N E . 4 5 9 8 2 . 3 2 4 3 E - 0 4 . 9 4 9 8
5  I P E N T A N E . 0 2 0 0 7 . 9 6 9 6 E - 1 7 . 0 4 1 3
6 P E N T A N E 2 . 9 3 2 6 E - 0 3 5 . 5 4 1 9 E - 1 7 6 . 0 5 9 1 E - 0 3

T O T A L  R A T E , L B / H R 7 7 7 1 6 . 9 4 4 6 3 9 8 6 7 . 7 3 2 0 3 7 8 4 9 . 2 1 3 1
T E M P E R A T U R E , F 2 0 1 . 5 9 8 0 1 1 0 . 3 4 1 6 1 4 4 . 0 1 7 4
P R E S S U R E ,  P S I A 2 3 0 . 0 0 0 0 8 6 . 0 0 0 0 9 6 . 0 0 0 0
E N T H A L P Y ,  MM B T U / H R 8 . 3 7 4 3 1 . 7 5 5 6 2 . 4 9 2 5
MOL E C U L A R  W E I G H T 5 8 . 4 2 5 6 5 8 . 0 8 5 1 5 8 . 7 8 8 5
W E I G H T  F R A C  V A P O R . 0 0 0 0 . 0 0 0 0 . 0 0 0 0
W E I G H T  F R A C  L I Q U I D 1 . 0 0 0 0 1 . 0 0 0 0 1 . 0 0 0 0

Feed 6 scheme 2
R I G O R O U S  COLUMN SUMMARY

COLUMN SUMMARY
1 T1 1

- -  N ET  FLOW R A T E S  - H E A T E R
TRAY T E M P P R E S S U R E L I Q U I D V A P O R  F E E D PRODUCT D U T I E S

D E G  F P S I A L B - M O L / H R MM B T U / H R

1 C 1 1 0 . 6 2 2 0 . 0 0 3 4 4 5 . 7 1 8 4 4 . 9 V - 1 9 . 7 3 3 5
2 1 1 2 . 7 2 2 5 . 0 0 3 4 8 2 . 5 5 2 9 0 . 6
3 1 1 2 . 8 2 2 5 . 1 3 3 4 8 1 . 5 5 3 2 7 . 4

1 9 1 3 2 . 9 2 2 7 . 1 2 3 1 5 8 . 0 5 0 3 6 . 6
2 0 1 3 5 . 4 2 2 7 . 2 5 7 3 7 2 . 4 5 0 0 2 . 9  2 9 4 8 . 6 L
2 1 1 3 6 . 9 2 2 7 . 3 7 7 3 5 4 . 1 6 2 6 8 . 7

4 0 1 9 8 . 8 2 2 9 . 7 5 7 4 3 4 . 2 6 3 4 7 . 4
4 1 2 0 0 . 0 2 2 9 . 8 7 7 4 0 6 . 3 6 3 3 0 . 5
4 2 R 2 0 1 . 6 2 3 0 . 0 0 6 3 0 2 . 6 1 1 0 3 . 7 L 3 9 . 1 6 6 6

R E F L U X  R A T I O S

mola7  ” OSa ™
R E F L U X  /  F E E D  S TRE AM PUMPED 
R E F L U X  /  V AP O R  D I S T I L L A T E

1 . 1 6 8 6  
1 . 8 6 7 7

1 . 0 4 2 6  
1 . 8 7 0 4

1 . 0 9 8 4  
1 . 8 6 8 2
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COLUMN SUMMARY
----------------------- N E T  FLOW R A T E S ----------------------------- H E A T E R

TRAY T E M P P R E S S U R E L I Q U I D V A P O R  F E E D P RO DU CT D U T I E S
D E G  F P S I A L B - M O L / H R MM B T U / H R

1 C 1 1 0 . 3 8 6 . 0 0 4 7 9 5 . 2 5 6 8 . 1 L - 4 1 . 9 7 2 2
2 1 1 4 . 4 9 1 . 0 0 4 8 8 7 . 2 5 3 6 3 . 3
3 1 1 4 . 5 9 1 . 0 5 4 8 8 7 . 7 5 4 5 5 . 2

5 4 1 2 6 . 7 9 3 . 8 0 4 7 1 7 . 9 5 2 9 5 . 8
5 5 1 2 7 . 4 9 3 . 8 5 5 3 9 1 . 8 5 2 8 6 . 0  1 1 0 3 . 7M
5 6 1 2 7 . 7 9 3 . 9 0 5 3 8 7 . 6 4 8 5 6 . 1

9 3 1 4 2 . 4 9 5 . 8 9 5 2 4 7 . 3 4 7 1 7 . 3
9 4 1 4 2 . 9 9 5 . 9 5 5 2 3 4 . 2 4 7 1 1 . 6
9 5 R 1 4 4 . 0 9 6 . 0 0 4 6 9 8 . 6 5 3 5 . 6 L 3 8 . 5 4 6 4

R E F L U X  R A T I O S

R E F L U X  /  F E E D  S T R E A M  S 3  
R E F L U X  /  L I Q U I D  D I S T I L L A T E

4 . 3 4 4 6  4 . 3 1 9 6  4 . 4 0 5 6
8 . 4 4 1 3  8 . 4 4 1 3  8 . 4 4 1 3

COLUMN S I Z I N G  SUMMARY

1 T 1  '
TRAY S I Z I N G  M E C H A N I C A L  DAT A

S E C T I O N  TRAY TRAY TRAY S P A C I N G  S Y S T E M  TRAY M I N  D I A M E T E R
NUMBERS  P A S S E S  I N  F A C T O R  T Y P E  I N

1 2 - 4 1  N / A  2 4 . 0 0  1 . 0 0  V A L V E  1 5 . 0 0

TRAY S I Z I N G  R E S U L T S  

VA L V E  D I A M E T E R  1 . 8 7 5  I N

D E S I G N  NUMBER -----------  DOWNCOMER W I D T H S
S E C T I O N TRAY

NUMBER
D I A M E T E R

I N
N P O F  V A L V E S  

OR C A P S
S I D E

I N
C E N T E R

I N
O F F - C E N T E R

I N

1 3 8 1 2 6 . 2 6 8 3 1 7 . 6 9 6 1 6 . 9 7 1 N / A

' T 2  '
TRAY S I Z I N G  M E C H A N I C A L  DATA

S E C T I O N  TRAY TRAY TRAY S P A C I N G  S Y S T E M  TRAY M I N  D I A M E T E R
N UMBE RS  P A S S E S  I N  F A C T O R  T Y P E  I N

1 2 - 9 4  N / A  2 4 . 0 0  1 . 0 0  V A L V E  1 5 . 0 0

TRAY S I Z I N G  R E S U L T S

V A L V E  D I A M E T E R  1 . 8 7 5  I N

D E S I G N NUMBER DOWNCOMER W I D T H S  ----------------
S E C T I O N TRAY D I A M E T E R N P O F  V A L V E S S I D E C E N T E R O F F - C E N T E R

NUMBER I N OR C A P S I N I N I N

1 5 5 1 2 0  . 2 7 3 6 1 2 . 4 2 3 1 0 . 3 3 4 N / A



STREAM MOLAR COMPONENT RATES
S T R E A M  I D G S P 2 G S P 3 PUMPED S I

P H A S E L I Q U I D L I Q U I D L I Q U I D L I Q U I D

F L U I D R A T E S , L B - M O L / H R
1 E TH AN E 9 . 2 5 6 5 2 . 0 2 9 0 1 1 . 2 8 5 5 1 1 . 2 8 5 5
2 P R O P A N E 1 0 5 3 . 0 0 6 9 7 8 0 . 7 4 5 5 1 8 3 3 . 7 5 2 4 1 8 3 3 . 7 5 2 4
3 I B U T A N E 2 6 9 . 0 7 6 9 3 0 0 . 1 5 1 5 5 6 9 . 2 2 8 4 5 6 9 . 2 2 8 4
4 BUT AN E 2 4 6 . 8 9 3 3 2 6 2 . 4 1 2 7 5 0 9 . 3 0 6 0 5 0 9 . 3 0 6 0
5 I P E N T A N E 1 7 . 3 9 5 8 6 . 0 8 6 9 2 3 . 4 8 2 7 2 3 . 4 8 2 7
6 P E N T A N E . 3 1 9 2 1 . 2 1 7 4 1 . 5 3 6 6 1 . 5 3 6 6

T OT A L R A T E , L B - M O L / H R 1 5 9 5 . 9 4 8 7 1 3 5 2 . 6 4 2 9 2 9 4 8 . 5 9 1 6 2 9 4 8 . 5 9 1 6

S T R E A M  I D S 2 S 3 S 4 S 5
P H A S E V A P O R L I Q U I D L I Q U I D L I Q U I D

F L U I D R A T E S , L B - M O L / H R
1 E T H A N E 1 1 . 2 8 5 5 2 . 0 4 0 7 E - 1 0 2 . 0 4 0 5 E - 1 0 2 . 0 2 2 0 E - 1 4
2 P R O P A N E 1 8 3 2 . 1 7 0 4 1 . 5 8 2 1 1 . 5 8 2 0 2 . 4 1 3 9 E - 1 4
3 I B U T A N E 1 . 3 8 7 0 5 6 7 . 8 4 1 4 5 6 6 . 3 5 8 7 1 . 4 8 2 6
4 BU T A N E . 0 3 2 1 5 0 9 . 2 7 3 9 . 1 2 9 1 5 0 9 . 1 4 4 9
5 I P E N T A N E 5 . 5 3 8 6 E - 0 9 2 3 . 4 8 2 7 4 . 0 6 4 6 E - 1 4 2 3 . 4 8 2 8
6 P E N T A N E 8 . 7 2 2 4 E - 1 1 1 . 5 3 6 6 1 . 1 5 7 4 E - 1 4 1 . 5 3 6 6

T O T A L R A T E ,  L B - M O L / H R 1 8 4 4 . 8 7 5 0 1 1 0 3 . 7 1 6 6 5 6 8 . 0 6 9 8 5 3 5 . 6 4 6 8

S TRE AM MOLAR COMPONENT F R A C T I O N S

S TRE AM I D G S P 2 G S P 3 PUMPED S I
P H A S E L I Q U I D L I Q U I D L I Q U I D L I Q U I D

F L U I D  MOLAR F R A C T I O N S
1 E TH AN E 5 . 8 0 0 0 E - 0 3 1 . 5 0 0 0 E - 0 3 3 . 8 2 7 4 E - 0 3 3 . 8 2 7 4 E - 0 3
2 P R O P A N E . 6 5 9 8 . 5 7 7 2 . 6 2 1 9 . 6 2 1 9
3  I B U T A N E . 1 6 8 6 . 2 2 1 9 . 1 9 3 1 . 1 9 3 1
4 BUT AN E . 1 5 4 7 . 1 9 4 0 . 1 7 2 7 . 1 7 2 7
5 I P E N T A N E . 0 1 0 9 4 . 5 0 0 0 E - 0 3 7 . 9 6 4 1 E - 0 3 7 . 9 6 4 1 E - 0 3
6 P E N T A N E 2 . 0 0 0 0 E - 0 4 9 . 0 0 0 0 E - 0 4 5 . 2 1 1 2 E - 0 4 5 . 2 1 1 2 E - 0 4

T OT A L  R A T E ,  L B / H R 7 7 9 8 1 . 2 0 0 0 6 7 7 1 5 . 0 3 7 7 1 4 5 6 9 6 . 2 3 7 7 1 4 5 6 9 6 . 2 3 7 7
T E M P E R A T U R E , F 5 9 . 7 2 0 0 6 3 . 1 4 0 0 6 1 . 6 8 8 5 6 1 . 3 5 5 1
P R E S S U R E ,  P S I A 2 0 0 . 3 4 0 0 2 6 1 . 2 6 0 0 2 2 9 . 0 0 0 0 2 0 0 . 3 4 0 0
E N T H A L P Y ,  MM B T U / H R 1 . 0 7 7 5 1 . 0 7 4 3 2  1 8 5 2 2  1 5 1 9
MOL EC UL A R  W E I G H T 4 8 . 8 6 2 0 5 0 . 0 6 1 3 4 9 . 4 1 2 1 4 9 . 4 1 2 1
W E I G H T  F R A C  V A P O R . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0
W E I G H T  F R A C  L I Q U I D 1 . 0 0 0 0 1 . 0 0 0 0 1 . 0 0 0 0 1 . 0 0 0 0

S TRE AM I D S 2 S 3 ร 4 S 5
P H A S E V A P O R L I Q U I D L I Q U I D L I Q U I D

F L U I D  MOLAR F R A C T I O N S
1 E TH AN E 6 . 1 1 7 2 E - 0 3 1 . 8 4 8 9 E - 1 3 3 . 5 9 2 0 E - 1 3 3 . 7 7 4 9 E - 1 7
2  P R O P A N E . 9 9 3 1 1 . 4 3 3 4 E - 0 3 2 . 7 8 5 0 E - 0 3 4 . 5 0 6 5 E - 1 7
3  I B U T A N E 7 . 5 1 8 4 E - 0 4 . 5 1 4 5 . 9 9 7 0 2 . 7 6 7 8 E - 0 3
4 BUT AN E 1 . 7 4 1 0 E - 0 5 . 4 6 1 4 2 . 2 7 2 1 E - 0 4 . 9 5 0 5
5  I P E N T A N E 3 . 0 0 2 2 E - 1 2 . 0 2 1 3 7 . 1 5 5 2 E - 1 7 . 0 4 3 8
6 P E N T A N E 4 . 7 2 7 9 E - 1 4 1 . 3 9 2 2 E - 0 3 2 . 0 3 7 5 E - 1 7 2 . 8 6 8 6 E - 0 3

T O T A L  R A T E ,  L B / H R 8 1 2 1 5 . 0 5 9 1 6 4 4 8 1 . 1 7 8 6 3 2 9 9 6 . 2 9 6 8 3 1 4 8 4 . 8 8 2 2
T E M P E R A T U R E , F 1 1 0 . 6 4 1 8 2 0 1 . 6 0 7 1 1 1 0 . 3 4 0 2 1 4 3 . 9 8 6 7
P R E S S U R E ,  P S I A 2 2 0 . 0 0 0 0 2 3 0 . 0 0 0 0 8 6 . 0 0 0 0 9 6 . 0 0 0 0
E N T H A L P Y ,  MM B T U / H R 1 4 . 6 7 4 2 6 . 9 4 8 3 1 . 4 5 3 0 2 . 0 7 2 0
MOL EC UL A R  W E I G H T 4 4 . 0 2 2 0 5 8 . 4 2 1 9 5 8 . 0 8 4 9 5 8 . 7 7 9 2
W E I G H T  F R A C  V A P O R 1 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0
W E I G H T  F R A C  L I Q U I D . 0 0 0 0 1 . 0 0 0 0 1 . 0 0 0 0 1 . 0 0 0 0
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STREAM MOLAR COMPONENT FRACTIONS
S T R E A M  I D S I S 2 S 3 S 4

NAME
P H A S E L I Q U I D V A P O R L I Q U I D L I Q U I D

F L U I D  MOLAR F R A C T I O N S
1 E T H A N E 1 . 5 0 0 0 E - 0 3 2 . 5 9 2 0 E - 0 3 3 . 2 8 9 9 E - 1 4 5 . 3 1 5 0 E - 1 4
2  P R O P A N E . 5 7 7 2 . 9 9 6 6 1 . 1 2 6 4 E - 0 3 1 . 8 2 0 8 E - 0 3
3  I B U T A N E . 2 2 1 9 8 . 2 4 3 9 E - 0 4 . 5 2 5 6 . 8 4 9 3
4 BU T A N E . 1 9 4 0 1 . 7 6 9 1 E - 0 5 . 4 6 0 5 . 1 4 8 9
5 I P E N T A N E 4 . 5 0 0 0 E - 0 3 1 . 4 7 9 6 E - 1 2 . 0 1 0 7 1 . 8 4  9 7 E - 0 7
6 P E N T A N E 9 . 0 0 0 0 E - 0 4 6 . 8 6 1 4 E - 1 4 2 . 1 3 6 3 E - 0 3 5 . 9 5 9 0 E - 0 9

T OT A L  R A T E ,  L B / H R 6 7 7 1 5 . 0 3 7 4 3 4 4 9 9 . 5 5 4 6 3 3 2 1 5 . 4 8 2 8 2 0 4 8 1 . 0 4 7 6
T E M P E R A T U R E , F 6 3 . 1 4 0 0 1 1 0 . 5 2 9 5 2 0 0 . 4 5 6 8 1 1 9 . 7 6 8 6
P R E S S U R E , P S I A 2 6 1 . 2 6 0 0 2 1 9 . 0 0 0 0 2 2 9 . 0 0 0 0 9 4 . 0 0 0 0
E N T H A L P Y ,  MM B T U / H R 1 . 0 7 4 3 6 . 2 3 4 6 3  5 5 6 4 1 . 0 2 7 8
MOL E C U L A R  W E I G H T 5 0 . 0 6 1 3 4 4 . 0 7 2 5 5 8 . 2 8 8 0 5 8 . 0 9 8 5
W E I G H T  F R A C  V A P O R . 0 0 0 0 1 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0
W E I G H T  F R A C  L I Q U I D 1 . 0 0 0 0 0 0 0 0 1 . 0 0 0 0 1 . 0 0 0 0

S T R E A M  I D S 5 S 6 S 7
NAME
P H A S E L I Q U I D L I Q U I D L I Q U I D

F L U I D  MOLAR F R A C T I O N S
1 E T H A N E 5 . 1 3 8 8 E - 1 7 6 . 2 5 3 6 E - 1 4 6 . 6 2 6 6 E - 1 7
2  P R O P A N E 7 . 1 7 9 9 E - 1 7 2 . 1 4 2 7 E - 0 3 4 . 7 3 8 0 E - 1 5
3  I B U T A N E 4 . 8 2 1 3 E - 0 4 . 9 9 7 0 . 0 1 4 1
4 BU T A N E . 9 6 5 9 8 . 6 8 3 5 E - 0 4 . 9 8 5 9
5  I P E N T A N E . 0 2 8 0 2 . 1 7 7 8 E - 1 7 1 . 2 3 1 0 E - 0 6
6 P E N T A N E 5 . 6 0 1 6 E - 0 3 2 . 6 4 7 0 E - 1 7 3 . 9 6 6 0 E - 0 8

T OT A L  R A T E , L B / H R 1 2 7 3 4 . 4 3 5 3 1 7 4 0 2 . 3 8 8 2 3 0 7 8 . 6 5 9 4
T E M P E R A T U R E , F 1 4 9 . 3 9 9 6 1 1 0 . 4 0 7 3 1 4 1 . 5 2 0 4
P R E S S U R E ,  P S I A 1 0 4 . 0 0 0 0 8 6 . 0 0 0 0 9 6 . 0 0 0 0
E N T H A L P Y ,  MM B T U / H R . 8 8 6 6 . 7 6 7 1 . 1 9 9 0
MOL EC UL A R  W E I G H T 5 8 . 5 9 5 4 5 8 . 0 9 3 9 5 8 . 1 2 4 0
W E I G H T  F R A C  V AP O R . 0 0 0 0 0 0 0 0 . 0 0 0 0
W E I G H T  F R A C  L I Q U I D 1 . 0 0 0 0 1 . 0 0 0 0 1 . 0 0 0 0

Feed 4 scheme 2
R I G O R O U S  COLUMN SUMMARY

- -  N ET  FLOW R A T E S  - H E A T E R
TRAY T E M P P R E S S U R E L I Q U I D V A P O R  F E E D PRODUCT D U T I E S

D E G  F P S I A L B - M O L / H R MM B T U / H R

1 C 1 1 0 . 8 2 2 0 . 0 0 4 0 9 5 . 7 2 2 1 9 . 5 V - 2 3 . 4 5 4 4
2 1 1 2 . 8 2 2 5 . 0 0 4 1 3 7 . 8 6 3 1 5 . 2
3 1 1 3 . 0 2 2 5 . 1 3 4 1 3 5 . 3 6 3 5 7 . 4

1 8 1 3 2 . 1 2 2 7 . 0 0 3 7 6 0 . 3 6 0 2 4 . 1
1 9 1 3 4 . 7 2 2 7 . 1 2 8 6 4 6 . 0 5 9 7 9 . 9  3 5 1 2 . 8 L
2 0 1 3 5 . 8 2 2 7 . 2 5 8 6 2 9 . 7 7 3 5 2 . 8

4 0 1 9 9 . 2 2 2 9 . 7 5 8 7 0 0 . 2 7 4 3 0 . 7
4 1 2 0 0 . 5 2 2 9 . 8 7 8 6 6 0 . 9 7 4 0 7 . 0
4 2 R 2 0 2 . 3 2 3 0 . 0 0 7 3 6 7 . 7 1 2 9 3 . 3 L 4 5 . 8 9 8 2



REFLUX RATIOS

R E F L U X  /  F E E D  S TRE AM PUMPED 
R E F L U X  /  V A P O R  D I S T I L L A T E

--------------- R E F L U X  R A T I O S  -------------------
MOLAR W E I G H T  S T D  L  VOL

1 . 1 6 5 9  1 . 0 4 1 1  1 . 0 9 6 5
1 . 8 4 5 3  1 . 8 4 7 5  1 . 8 4 5 8

' T 2  1
COLUMN SUMMARY

------------------------N ET  FLOW R A T E S -----------------------------  H E A T E R
TRAY T E M P  P R E S S U R E  L I Q U I D  V A P O R  F E E D  P RO DU C T  D U T I E S

D E G  F  P S I A  L B - M O L / H R  MM B T U / H R

1 C
2
3

1 1 0 . 4
1 1 4 . 5
1 1 4 . 6

8 6 . 0 0  
9 1 . 0 0  
9 1 . 0 6

5 6 0 0 . 7  
5 7 0 8 . 0  
5 7 0 8 . 6

6 2 5 6 . 1
6 3 6 3 . 4

6 5 5 . 4 L - 4 8 . 9 5 8 7

5 1
5 2
5 3

1 2 7 . 6  
1 2 8 . 3
1 2 8 . 7

9 3 . 7 2  
9 3 . 7 8  
9 3 . 8 3

5 4 8 9 . 0
6 2 7 7 . 1  
6 2 7 1 . 0

6 1 5 5 . 5  
6 1 4 4 . 4  
5 6 3 9 . 2

1 2 9 3 . 3M

9 0
9 1  
9 2 R

1 4 2 . 8  
1 4 3 . 4
1 4 4 . 8

9 5 . 8 9  
9 5 . 9 4  
9 6 . 0 0

6 1 2 3 . 0  
6 1 0 2 . 2

5 4 9 4 . 3  
5 4 8 5 . 1
5 4 6 4 . 4 6 3 7 . 9 L 4 4 . 9 3 8 6

R E F L U X  R A T I O S
R E F L U X  R A T I O S  

W E I GH TMOLAR S T D  L  VOL

R E F L U X  /  F E E D  S TR E AM S 3  4 . 3 3 0 7  4 . 2 9 6 6  4 . 3 8 6 6
R E F L U X  /  L I Q U I D  D I S T I L L A T E  8 . 5 4 5 4  8 . 5 4 5 4  8 . 5 4 5 4

COLUMN S I Z I N G  SUMMARY

' T 1  '
TRAY S I Z I N G  M E C H A N I C A L  DATA

S E C T I O N TRAY
NUMBERS

TRAY
P A S S E S

TRAY S P A C I N G  
I N

TRAY M I N  
T Y P E

D I A M E T E R
I N

1 2 - 4 1 N / A 2 4 . 0 0 1 . 0 0 VA L V E 1 5 . 0 0

TRAY S I Z I N G  R E S U L T S

VA L V E  D I A M E T E R 1 . 8 7 5 I N

S E C T I O N
D E S I G N

TRAY D I A M E T E R  
NUMBER I N

N P
NUMBER 

O F  V A L V E S  
OR C A P S

S I D E
I N

DOWNCOMER W I D T H S  ----------------
C E N T E R  O F F - C E N T E R  

I N  I N

1 3 8 1 3 8 . 2 8 3 0 1 9 . 0 7 2 1 8 . 1 5 5 N / A

' T 2  '
TRAY S I Z I N G  M E C H A N I C A L  DATA

S E C T I O N  TRAY TRAY TRAY S P A C I N G  S Y S T E M  TRAY M I N  D I A M E T E R
NUMBERS  P A S S E S  I N  F A C T O R  T Y P E  I N

1 2 - 9 1  N / A  2 4 . 0 0  1 . 0 0  VA L V E  1 5 . 0 0

TRAY S I Z I N G  R E S U L T S

VALVE DIAMETER 1.875 IN



S E C T I O N
D E S I G N

TRAY
NUMBER

D I A M E T E R
I N

N P
NUMBER 

O F  V A L V E S  
OR C A P S

S I D E
I N

DOWNCOMER WI D  
C E N T E R  

I N
O F F - C E N T E R

I N

1 5 2 1 2 6 . 2 7 9 8 1 3 . 5 3 6 1 1 . 4 5 8 N / A

S TR E AM MOLAR COMPONENT R A T E S

S TRE AM I D G S P 1 G S P 2 PUMPED S I
P H A S E L I Q U I D L I Q U I D L I Q U I D L I Q U I D

F L U I D R A T E S , L B - M O L / H R
1 E TH AN E . 7 6 6 7 9 . 2 5 6 5 1 0 . 0 2 3 2 1 0 . 0 2 3 2
2 P R O P A N E 1 1 5 6 . 0 4 6 2 1 0 5 3 . 0 0 6 9 2 2 0 9 . 0 5 3 1 2 2 0 9 . 0 5 3 1
3 I B U T A N E 3 8 7 . 5 8 5 0 2 6 9 . 0 7 6 9 6 5 6 . 6 6 2 0 6 5 6 . 6 6 2 0
4 BUT AN E 3 4 9 . 2 4 8 2 2 4 6 . 8 9 3 3 5 9 6 . 1 4 1 5 5 9 6 . 1 4 1 5
5 I P E N T A N E 2 0 . 5 1 0 2 1 7 . 3 9 5 8 3 7 . 9 0 6 0 3 7 . 9 0 6 0
6 P E N T A N E 2 . 6 8 3 6 . 3 1 9 2 3 . 0 0 2 8 3 . 0 0 2 8

T O T A L R A T E , L B - M O L / H R 1 9 1 6 . 8 4 0 0 1 5 9 5 . 9 4 8 7 3 5 1 2 . 7 8 8 7 3 5 1 2 . 7 8 8 7

S T R E A M  I D S 2 S 3 S 4 S 5
P H A S E V A P O R L I Q U I D L I Q U I D L I Q U I D

F L U I D R A T E S , L B - M O L / H R
1 E THANE 1 0 . 0 2 3 2 6 . 9 8 2 6 E - 1 1 6 . 9 7 8 7 E - 1 1 3 . 9 3 2 1 E - 1 4
2 P R O P A N E 2 2 0 7 . 3 8 9 7 1 . 6 6 3 4 1 . 6 6 3 4 4 . 3 1 9 0 E - 1 4
3 I B U T A N E 2 . 0 5 9 6 6 5 4 . 6 0 2 4 6 5 3 . 4 2 5 7 1 . 1 7 6 5
4 BUT AN E . 0 5 9 9 5 9 6 . 0 8 1 6 . 3 1 3 8 5 9 5 . 7 6 8 0
5 I P E N T A N E 2 . 6 9 7 3 E - 0 8 3 7 . 9 0 6 0 3 . 2 7 6 3 E - 1 4 3 7 . 9 0 6 1
6 P E N T A N E 5 . 5 5 0 3 E - 1 0 3 . 0 0 2 8 3 . 4  7 3 9 E - 1 4 3 . 0 0 2 8

T OT A L R A T E , L B - M O L / H R 2 2 1 9 . 5 3 2 4 1 2 9 3  2 5 6 3 6 5 5 . 4 0 3 0 6 3 7 . 8 5 3 3

S TRE AM MOLAR COMPONENT F R A C T I O N S

S TRE AM I D G S P 1 G S P 2 PUMPED S I
P H A S E L I Q U I D L I Q U I D L I Q U I D L I Q U I D

F L U I D  MOLAR F R A C T I O N S
. 1 E TH AN E 4 . 0 0 0 0 E - 0 4 5 . 8 0 0 0 E - 0 3 2 . 8 5 3 4 E - 0 3 2 . 8 5 3 4 E - 0 3

2  P R O P A N E . 6 0 3 1 . 6 5 9 8 . 6 2 8 9 . 6 2 8 9
3  I B U T A N E . 2 0 2 2 . 1 6 8 6 . 1 8 6 9 . 1 8 6 9
4 BUT AN E . 1 8 2 2 . 1 5 4 7 . 1 6 9 7 . 1 6 9 7
5  I P E N T A N E . 0 1 0 7 . 0 1 0 9 . 0 1 0 8 . 0 1 0 8
6 P E N T A N E 1 . 4 0 0 0 E - 0 3 2 . 0 0 0 0 E - 0 4 8 . 5 4 8 1 E - 0 4 8 . 5 4 8 1 E - 0 4

T O T A L  R A T E , L B / H R 9 5 5 0 2 . 3 7 7 5 7 7 9 8 1 . 2 0 0 0 1 7 3 4 8 3 . 5 7 7 5 1 7 3 4 8 3 . 5 7 7 5
T E M P E R A T U R E , F 7 6 . 4 6 0 0 5 9 . 7 2 0 0 6 9 . 3 1 1 3 6 8 . 9 7 6 5
P R E S S U R E ,  P S I A 2 3 2 . 2 5 0 0 2 0 0 . 3 4 0 0 2 2 8 . 0 0 0 0 2 0 0 . 3 4 0 0
E N T H A L P Y ,  MM B T U / H R 2 . 3 0 8 0 1 . 0 7 7 5 3 . 4 2 4 2 3 . 3 8 5 5
M OL ECUL A R W E I G H T 4 9 . 8 2 2 8 4 8 . 8 6 2 0 4 9 . 3 8 6 3 4 9 . 3 8 6 3
W E I G H T  F R A C  V AP O R . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0
W E I G H T  F R A C  L I Q U I D 1 . 0 0 0 0 1 . 0 0 0 0 1 . 0 0 0 0 1 . 0 0 0 0

S T R E A M  I D S 2 S 3 ร 4 ร 5
P H A S E V A P O R L I Q U I D L I Q U I D L I Q U I D

F L U I D  MOLAR F R A C T I O N S
1 E T H A N E 4 . 5 1 5 9 E - 0 3 5 . 3 9 9 2 E - 1 4 1 . 0 6 4 8 E - 1 3 6 . 1 6 4 6 E - 1 7
2  P R O P A N E . 9 9 4 5 1 . 2 8 6 2 E - 0 3 2 . 5 3 8 0 E - 0 3 6 . 7 7 1 1 E - 1 7
3  I B U T A N E 9 . 2 7 9 2 E - 0 4 . 5 0 6 2 . 9 9 7 0 1 . 8 4 4 5 E - 0 3
4 BU T A N E 2 . 6 9 8 4 E - 0 5 . 4 6 0 9 4 . 7 8 8 0 E - 0 4 . 9 3 4 0
5  I P E N T A N E 1 . 2 1 5 3 E - 1 1 . 0 2 9 3 4 . 9 9 8 9 E - 1 7 . 0 5 9 4
6 P E N T A N E 2 . 5 0 0 7 E - 1 3 2 . 3 2 1 9 E - 0 3 5 . 3 0 0 4 E - 1 7 4 . 7 0 7 6 E - 0 3

T O T A L  R A T E , L B / H R 9 7 7 6 3 . 8 5 3 1 7 5 7 1 9 . 7 2 4 4 3 8 0 7 1 . 3 0 9 8 3 7 6 4 8 . 4 1 5 6
T E M P E R A T U R E , F 1 1 0  7 7 4 4 2 0 2 . 3 0 8 9 1 1 0 . 3 6 6 1 1 4 4 . 8 3 1 6
P R E S S U R E ,  P S I A 2 2 0 . 0 0 0 0 2 3 0  0 0 0 0 8 6 . 0 0 0 0 9 6 . 0 0 0 0
E N T H A L P Y ,  MM B T U / H R 1 7 . 6 6 9 5 8 . 1 8 6 8 1 . 6 7 7 1 2 4 9 2 3
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M O L E C U L A R  W E I G H T 4 4 . 0 4 7 0 5 8 . 5 4 9 7 5 8 . 0 8 8 4 5 9 . 0 2 3 6
W E I G H T  F R A C  V A P O R 1 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0
W E I G H T  F R A C  L I Q U I D . 0 0 0 0 1 . 0 0 0 0 1 . 0 0 0 0 1 . 0 0 0 0

Feed 5 scheme 2
R I G O R O U S  COLUMN SUMMARY

' T 1  '
COLUMN SUMMARY

----------------------- N ET  FLOW R A T E S -----------------------------  H E A T E R
TRAY T E M P  

D E G  F
P R E S S U R E

P S I A
L I Q U I D V AP O R  F E E D  

L B - M O L / H R
P RO DU CT

MM
D U T I E S  
: B T U / H R

1 C
2
3

1 1 0 . 2  
1 1 2 . 9  
1 1 3 . 0

2 1 8 . 0 0  
2 2 5 . 0 0  
2 2 5 . 1 3

3 8 9 2 . 5
3 9 4 9 . 4
3 9 4 7 . 4

5 8 3 1 . 8  
5 8 8 8 . 7

1 9 3 9 . 3 V - 2 2 . 3 8 3 4

2 0
2 1
2 2

1 3 7 . 9  
1 4 0 . 2  
1 4 2 . 5

2 2 7 . 2 5
2 2 7 . 3 7
2 2 7 . 5 0

3 5 3 9 . 1
8 1 0 1 . 2  
8 0 7 1 . 0

5 5 1 0 . 3
5 4 7 8 . 4  
6 7 7 1 . 0

3 2 6 9 . 5 L

4 0
4 1  
4 2 R

1 9 8 . 8  
2 0 0 . 0  
2 0 1 . 6

2 2 9 . 7 5  
2 2 9 . 8 7  
2 3 0 . 0 0

8 2 5 1 . 8  
8 2 2 1 . 0

6 9 4 0 . 0  
6 9 2 1 . 6  
6 8 9 0 . 9 1 3 3 0 . 2 L 4 2 . 8 2 3 2

R E F L U X  R A T I O S

MOLAR W E I GH T S T D  L  V O L

R E F L U X  /  
R E F L U X  /

1 . 1 9 0 6  
2 . 0 0 7 2

1 . 0 5 2 0  
2 . 0 0 8 3

1 . 1 1 3 2  
2 . 0 0 7 6

' T 2  ’

COLUMN SUMMARY
- -  N E T  FLOW R A T E S  — H E A T E R

TRAY T E M P P R E S S U R E L I Q U I D V A P O R F E E D PRODUCT D U T I E S
D E G  F P S I A L B - M O L / H R MM B T U / H R

1 C 1 1 0 . 3 8 6 . 0 0 5 8 0 4 . 9 6 8 6 . 4 L - 5 0 . 7 9 9 6
2 1 1 4 . 4 9 1 . 0 0 5 9 1 6 . 5 6 4 9 1 . 3
3 1 1 4 . 5 9 1 . 0 5 5 9 1 7 . 4 6 6 0 2 . 9

5 5 1 2 7 . 3 9 3 . 8 8 5 7 0 5 . 2 6 4 0 2 . 8
5 6 1 2 7 . 9 9 3 . 9 3 6 5 1 7 . 4 6 3 9 1 . 6 1 3 3 0 . 2M
5 7 1 2 8 . 3 9 3 . 9 9 6 5 1 1 . 4 5 8 7 3 . 6

9 2 1 4 2 . 4 9 5 . 8 9 6 3 4 8 . 6 5 7 1 1 . 8
9 3 1 4 2 . 9 9 5 . 9 5 6 3 3 2 . 3 5 7 0 4 . 8
9 4 R 1 4 4 . 0 9 6 . 0 0 5 6 8 8 . 5 6 4 3 . 8 L 4 6 . 6 7 2 4

R E F L U X  R A T I O S
R E F L U X  R A T I O S  ------------------

MOLAR W E I G H T S T D  L  VOL

R E F L U X  / F E E D  S TRE AM S 3 4 . 3 6 4 0 4 . 3 3 8 6 4 . 4 2 5 0
R E F L U X  / L I Q U I D D I S T I L L A T E 8 . 4 5 7 5 8 . 4 5 7 5 8 . 4 5 7 5



COLUMN S I Z I N G  SUMMARY

' T 1  '

TRAY S I Z I N G  M E C H A N I C A L  DAT A

S E C T I O N  TRAY TRAY TRAY S P A C I N G  S Y S T E M  TRAY M I N  D I A M E T E R
N UMBE RS  P A S S E S  I N  F A C T O R  T Y P E  I N

1 2 - 4 1  N / A  2 4 . 0 0  1 . 0 0  VA L V E  1 5 . 0 0

TRAY S I Z I N G  R E S U L T S

VA L V E  D I A M E T E R  1 . 8 7 5  I N

D E S I G N  NUMBER -----------  DOWNCOMER W I D T H S
S E C T I O N TRAY

NUMBER
D I A M E T E R

I N
N P O F  V A L V E S  

OR C A P S
S I D E

I N
C E N T E R

I N
O F F - C E N T E R

I N

1 3 8 1 3 2 . 2 7 4 6 1 8 . 6 8 4 1 7 . 9 8 3 N / A

' T 2  '
TRAY S I Z I N G  M E C H A N I C A L  DATA

S E C T I O N  TRAY TRAY TRAY S P A C I N G  S Y S T E M  TRAY M I N  D I A M E T E R
N UMBE RS  P A S S E S  I N  F A C T O R  T Y P E  I N

1 2 - 9 3  N / A  2 4 . 0 0  1 . 0 0  VAL VE  1 5 . 0 0

TRAY S I Z I N G  R E S U L T S

V A L V E  D I A M E T E R  1 . 8 7 5  I N

D E S I G N  NUMBER -----------  DOWNCOMER W I D T H S  --■
TRAY

NUMBER
D I A M E T E R

I N
N P O F  V A L V E S  

OR C A P S
S I D E

I N
C E N T E R

I N
O F F - C E N T E R

I N

5 6 1 3 2 . 2 8 9 0 1 3 . 6 5 5 1 1 . 3 5 5 N / A

S TREAM MOLAR COMPONENT R A T E S

S T R E A M  I D G S P 1 G S P 3 S I S 2
P H A S E L I Q U I D L I Q U I D L I Q U I D V AP O R

F L U I D R A T E S , L B - M O L / H R
1 E T H A N E . 7 6 6 7 2 . 0 2 9 0 2 . 7 9 5 7 2 . 7 9 5 7
2 P R O P A N E 1 1 5 6 . 0 4 6 2 7 8 0 . 7 4 5 5 1 9 3 6 . 7 9 1 7 1 9 3 4 . 8 9 0 6
3 I B U T A N E 3 8 7 . 5 8 5 0 3 0 0 . 1 5 1 5 6 8 7 . 7 3 6 5 1 . 5 8 1 4
4 BUT AN E 3 4 9 . 2 4 8 2 2 6 2 . 4 1 2 7 6 1 1 . 6 6 1 0 . 0 2 7 8
5 I P E N T A N E 2 0 . 5 1 0 2 6 0 8 6 9 2 6 . 5 9 7 1 2 . 3 8 1 2 E - 0 9
6 P E N T A N E 2 . 6 8 3 6 1 . 2 1 7 4 3 . 9 0 1 0 7 . 4 1 0 0 E - 1 1

T OT A L R A T E , L B - M O L / H R 1 9 1 6 . 8 4 0 0 1 3 5 2 . 6 4 2 9 3 2 6 9 . 4 8 2 9 1 9 3 9 . 2 9 5 5

S T R E A M  I D S 3 S 4 S 5
P H A S E L I Q U I D L I Q U I D L I Q U I D

F L U I D R A T E S , L B - M O L / H R
1 E TH AN E 1 . 5 4 8 2 E - 1 0 1 . 5 4 8 1 E - 1 0 1 . 4 8 4 8 E - 1 4
2 P R O P A N E 1 . 9 0 1 1 1 . 9 0 1 1 5 . 1 9 0 1 E - 1 4
3 I B U T A N E 6 8 6 . 1 5 5 2 6 8 4 . 3 0 6 4 1 . 8 4 8 6
4 BUT AN E 6 1 1 . 6 3 3 2 . 1 5 9 5 6 1 1 . 4 7 3 7
5 I P E N T A N E 2 6 . 5 9 7 1 5 . 4 7 0 1 E - 1 4 2 6 . 5 9 7 1
6 P E N T A N E 3 . 9 0 1 0 3 . 8 0 3 8 E - 1 4 3 . 9 0 1 0

T OT A L R A T E ,  L B - M O L / H R 1 3 3 0 . 1 8 7 4 6 8 6 . 3 6 7 0 6 4 3 . 8 2 0 4



STREAM MOLAR COMPONENT FRACTIONS

S T R E A M  I D G S P 1 G S P 3 S I S 2
P H A S E L I Q U I D L I Q U I D L I Q U I D V A P O R

F L U I D  MOLAR F R A C T I O N S  
1 E T H A N E 4 . 0 0 0 0 E - 0 4 1 . 5 0 0 0 E - 0 3 8 . 5 5 0 9 E - 0 4 1 . 4 4 1 6 E - 0 3
2  P R O P A N E . 6 0 3 1 . 5 7 7 2 . 5 9 2 4 . 9 9 7 7
3  I B U T A N E . 2 0 2 2 . 2 2 1 9 . 2 1 0 4 8 . 1 5 4 3 E - 0 4
4 BU T A N E . 1 8 2 2 . 1 9 4 0 . 1 8 7 1 1 . 4 3 4 4 E - 0 5
5 I P E N T A N E . 0 1 0 7 4 . 5 0 0 0 E - 0 3 8 . 1 3 5 0 E - 0 3 1 . 2 2 7 9 E - 1 2
6 P E N T A N E 1 . 4 0 0 0 E - 0 3 9 . 0 0 0 0 E - 0 4 1 . 1 9 3 1 E - 0 3 3 . 8 2 0 9 E - 1 4

T O T A L  R A T E , L B / H R 9 5 5 0 2 . 3 7 7 5 6 7 7 1 5 . 0 3 7 4 1 6 3 2 1 7 . 4 1 4 9 8 5 5 0 0 . 4 7 0 3
T E M P E R A T U R E , F 7 6 . 4 6 0 0 6 3 . 1 4 0 0 7 1 . 0 0 6 1 1 1 0 . 2 4 3 2
P R E S S U R E ,  P S I A 2 3 2 . 2 5 0 0 2 6 1 . 2 6 0 0 2 3 2 . 2 5 0 0 2 1 8 . 0 0 0 0
E N T H A L P Y , MM B T U / H R 2 . 3 0 8 0 1 . 0 7 4 3 3 . 3 8 2 3 1 5 . 4 4 7 8
MOL E C U L A R  W E I G H T 4 9 . 8 2 2 8 5 0 . 0 6 1 3 4 9 . 9 2 1 5 4 4 . 0 8 8 4
W E I G H T  F R A C  V A P O R . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 1 . 0 0 0 0
W E I G H T  F R A C  L I Q U I D 1 . 0 0 0 0 1 . 0 0 0 0 1 . 0 0 0 0 . 0 0 0 0

S T R E A M  I D S 3 S 4 S 5
P H A S E L I Q U I D L I Q U I D L I Q U I D

F L U I D  MOLAR F R A C T I O N S  
1 E T H AN E 1 . 1 6 3 9 E - 1 3 2 . 2 5 5 5 E - 1 3 2 . 3 0 6 2 E - 1 7
2 P R O P A N E 1 . 4 2 9 2 E - 0 3 2 . 7 6 9 8 E - 0 3 8 . 0 6 1 5 E - 1 7
3  I B U T A N E . 5 1 5 8 . 9 9 7 0 2 . 8 7 1 3 E - 0 3
4 BUT AN E . 4 5 9 8 2 . 3 2 4 3 E - 0 4 . 9 4 9 8
5  I P E N T A N E . 0 2 0 0 7 . 9 6 9 6 E - 1 7 . 0 4 1 3
6 P E N T A N E 2 . 9 3 2 6 E - 0 3 5 . 5 4 1 9 E - 1 7 6 . 0 5 9 1 E - 0 3

T O T A L  R A T E , L B / H R 7 7 7 1 6 . 9 4 4 6 3 9 8 6 7 . 7 3 2 0 3 7 8 4 9 . 2 1 3 1
T E M P E R A T U R E , F 2 0 1 . 5 9 8 0 1 1 0 . 3 4 1 6 1 4 4 . 0 1 7 4
P R E S S U R E ,  P S I A 2 3 0 . 0 0 0 0 8 6 . 0 0 0 0 9 6 . 0 0 0 0
E N T H A L P Y ,  MM B T U / H R 8 . 3 7 4 3 1 . 7 5 5 6 2 . 4 9 2 5
M OL E C UL A R  W E I G H T 5 8 . 4 2 5 6 5 8 . 0 8 5 1 5 8 . 7 8 8 5
W E I G H T  F R A C  V A P O R . 0 0 0 0 . 0 0 0 0 . 0 0 0 0
W E I G H T  F R A C  L I Q U I D 1 . 0 0 0 0 1 . 0 0 0 0 1 . 0 0 0 0

Feed 6 scheme 2
R I G O R O U S  COLUMN SUMMARY

COLUMN SUMMARY
' T 1  *

N ET  FLOW R A T E S -------------------------- H E A T E R
TRAY T E M P P R E S S U R E L I Q U I D V AP O R  F E E D PRODUCT D U T I E S

D E G  F P S I A L B - H O L / H R MM B T U / H R

1 C 1 1 0 . 6 2 2 0 . 0 0 3 4 4 5 . 7 1 8 4 4 . 9 V - 1 9 . 7 3 3 5
2 1 1 2 . 7 2 2 5 . 0 0 3 4 8 2 . 5 5 2 9 0 . 6
3 1 1 2 . 8 2 2 5 . 1 3 3 4 8 1 . 5 5 3 2 7 . 4

1 9 1 3 2 . 9 2 2 7 . 1 2 3 1 5 8 . 0 5 0 3 6 . 6
2 0 1 3 5 . 4 2 2 7 . 2 5 7 3 7 2 . 4 5 0 0 2  9  2 9 4 8 . 6 L
2 1 1 3 6 . 9 2 2 7 . 3 7 7 3 5 4 . 1 6 2 6 8 . 7

4 0 1 9 8 . 8 2 2 9 . 7 5 7 4 3 4 . 2 6 3 4 7 . 4
4 1 2 0 0 . 0 2 2 9 . 8 7 7 4 0 6 . 3 6 3 3 0 . 5
4 2 R 2 0 1 . 6 2 3 0 . 0 0 6 3 0 2 . 6 1 1 0 3 . 7 L 3 9 . 1 6 6 6

R E F L U X  R A T I O S

“ ฯ ร ! .^ 108™ ^
R E F L U X  /  F E E D  S TRE AM PUMPED 
R E F L U X  /  V A P O R  D I S T I L L A T E

1 . 1 6 8 6  
1 . 8 6 7 7

1 . 0 4 2 6  
1 . 8 7 0 4

1 . 0 9 8 4  
1 . 8 6 8 2



' T2 '
COLUMN SUMMARY

----------------------- N E T  FLOW R A T E S -----------------------------  H E A T E R
TRAY T E M P P R E S S U R E L I Q U I D V A P O R  F E E D P RO DU CT D U T I E S

D E G  F P S I A L B - M O L / H R MM B T U / H R

1 C 1 1 0 . 3 8 6 . 0 0 4 7 9 5 . 2 5 6 8 . 1 L - 4 1 . 9 7 2 2
2 1 1 4 . 4 9 1 . 0 0 4 8 8 7 . 2 5 3 6 3 . 3
3 1 1 4 . 5 9 1 . 0 5 4 8 8 7 . 7 5 4 5 5 . 2

5 4 1 2 6 . 7 9 3 . 8 0 4 7 1 7 . 9 5 2 9 5 . 8
5 5 1 2 7 . 4 9 3 . 8 5 5 3 9 1 . 8 5 2 8 6 . 0  1 1 0 3 . 7M
5 6 1 2 7 . 7 9 3 . 9 0 5 3 8 7 . 6 4 8 5 6 . 1

9 3 1 4 2 . 4 9 5 . 8 9 5 2 4 7 . 3 4 7 1 7 . 3
9 4 1 4 2 . 9 9 5 . 9 5 5 2 3 4 . 2 4 7 1 1 . 6
9 5 R 1 4 4 . 0 9 6 . 0 0 4 6 9 8 . 6 5 3 5 . 6 L 3 8 . 5 4 6 4

R E F L U X  R A T I O S

" ' ไ ร , ร ™ พ*
R E F L U X  /  F E E D  S TRE AM S 3  
R E F L U X  /  L I Q U I D  D I S T I L L A T E

4 . 3 4 4 6  4 . 3 1 9 6  4 . 4 0 5 6
8 . 4 4 1 3  8 . 4 4 1 3  8 . 4 4 1 3

COLUMN S I Z I N G  SUMMARY

’ T 1  1
TRAY S I Z I N G  M EC H A N I C A L  DAT A

S E C T I O N  T RA Y  TRAY TRAY S P A C I N G  S Y S T E M  TRAY M I N  D I A M E T E R
N UMBE RS  P A S S E S  I N  F A C T O R  T Y P E  I N

1 2 - 4 1  N / A  2 4 . 0 0  1 . 0 0  VAL VE  1 5 . 0 0

TRAY S I Z I N G  R E S U L T S  

VA L V E  D I A M E T E R  1 . 8 7 5  I N

D E S I G N NUMBER DOWNCOMER W I D T H S  ----------------
S E C T I O N TRAY D I A M E T E R N P O F  V A L V E S S I D E C E N T E R O F F - C E N T E R

NUMBER I N OR C A P S I N I N I N

1 3 8 1 2 6  . 2 6 8 3 1 7 . 6 9 6 1 6 . 9 7 1 N / A

' T 2  '
TRAY S I Z I N G  M E C H A N I C A L  DATA

S E C T I O N  TRAY TRAY TRAY S P A C I N G  S Y S T E M  TRAY M I N  D I A M E T E R
NUMBE RS  P A S S E S  I N  F A C T O R  T Y P E  I N

1 2 - 9 4  N / A  2 4 . 0 0  1 . 0 0  VA L V E  1 5 . 0 0

TRAY S I Z I N G  R E S U L T S

V A L V E  D I A M E T E R  1 . 8 7 5  I N

D E S I G N NUMBER DOWNCOMER W I D T H S  ----------------
S E C T I O N TRAY D I A M E T E R N P O F  V AL V E S S I D E C E N T E R O F F - C E N T E R

NUMBER I N OR C A P S I N I N I N

1 5 5 1 2 0  . 2 7 3 6 1 2 . 4 2 3 1 0 . 3 3 4 N / A



STREAM MOLAR COMPONENT RATES
S T R E A M  I D

P H A S E

F L U I D  R A T E S , L B - M O L / H R

G S P 2
L I Q U I D

G S P 3
L I Q U I D

PUMPED
L I Q U I D

S I
L I Q U I D

1 E TH AN E 9 . 2 5 6 5 2 . 0 2 9 0 1 1 . 2 8 5 5 1 1 . 2 8 5 5
2 P R O P A N E 1 0 5 3 . 0 0 6 9 7 8 0 . 7 4 5 5 1 8 3 3 . 7 5 2 4 1 8 3 3 . 7 5 2 4
3 I B U T A N E 2 6 9  0 7 6 9 3 0 0 . 1 5 1 5 5 6 9 . 2 2 8 4 5 6 9 . 2 2 8 4
4 BUT AN E 2 4 6 . 8 9 3 3 2 6 2 . 4 1 2 7 5 0 9 . 3 0 6 0 5 0 9 . 3 0 6 0
5 I P E N T A N E 1 7 . 3 9 5 8 6 . 0 8 6 9 2 3 . 4 8 2 7 2 3 . 4 8 2 7
6 P E N T A N E . 3 1 9 2 1  2 1 7 4 1 . 5 3 6 6 1 . 5 3 6 6

T OT A L R A T E , L B - M O L / H R 1 5 9 5 . 9 4 8 7 1 3 5 2 . 6 4 2 9 2 9 4 8 . 5 9 1 6 2 9 4 8 . 5 9 1 6

S T R E A M  I D S 2 S 3 S 4 S 5
P H A S E V A P O R L I Q U I D L I Q U I D L I Q U I D

F L U I D R A T E S , L B - M O L / H R
1 E T H A N E 1 1 . 2 8 5 5 2 . 0 4 0 7 E - 1 0 2 . 0 4 0 5 E - 1 0 2 . 0 2 2 0 E - 1 4
2 P R O P A N E 1 8 3 2 . 1 7 0 4 1 . 5 8 2 1 1 . 5 8 2 0 2 . 4 1 3 9 E - 1 4
3 I B U T A N E 1 . 3 8 7 0 5 6 7 . 8 4 1 4 5 6 6 . 3 5 8 7 1 . 4 8 2 6
4 BUT AN E . 0 3 2 1 5 0 9 . 2 7 3 9 . 1 2 9 1 5 0 9 . 1 4 4 9
5 I P E N T A N E 5 . 5 3 8 6 E - 0 9 2 3 . 4 8 2 7 4 . 0 6 4 6 E - 1 4 2 3 . 4 8 2 8
6 P E N T A N E 8 . 7 2 2 4 E - 1 1 1 . 5 3 6 6 1 . 1 5 7 4 E - 1 4 1 . 5 3 6 6

T O T A L R A T E , L B - M O L / H R 1 8 4 4 . 8 7 5 0 1 1 0 3 . 7 1 6 6 5 6 8 . 0 6 9 8 5 3 5 . 6 4 6 8

S TRE AM MOLAR COMPONENT F R A C T I O N S

S T R E A M  I D G S P 2 G S P 3 PUMPED S I
P H A S E L I Q U I D L I Q U I D L I Q U I D L I Q U I D

F L U I D  MOLAR F R A C T I O N S
1  E T H AN E 5 . 8 0 0 0 E - 0 3 1 . 5 0 0 0 E - 0 3 3 . 8 2 7 4 E - 0 3 3 . 8 2 7 4 E - 0 3
2  P R O P A N E . 6 5 9 8 . 5 7 7 2 . 6 2 1 9 . 6 2 1 9
3  I B U T A N E . 1 6 8 6 . 2 2 1 9 . 1 9 3 1 . 1 9 3 1
4 B UT AN E . 1 5 4 7 . 1 9 4 0 . 1 7 2 7 . 1 7 2 7
5  I P E N T A N E . 0 1 0 9 4 . 5 0 0 0 E - 0 3 7 . 9 6 4 1 E - 0 3 7 . 9 6 4 1 E - 0 3
6 P E N T A N E 2 . 0 0 0 0 E - 0 4 9 . 0 0 0 0 E - 0 4 5 . 2 1 1 2 E - 0 4 5 . 2 1 1 2 E - 0 4

T O T A L  R A T E , L B / H R 7 7 9 8 1 . 2 0 0 0 6 7 7 1 5 . 0 3 7 7 1 4 5 6 9 6 . 2 3 7 7 1 4 5 6 9 6 . 2 3 7 7
T E M P E R A T U R E , F 5 9 . 7 2 0 0 6 3 . 1 4 0 0 6 1 . 6 8 8 5 6 1 . 3 5 5 1
P R E S S U R E ,  P S I A 2 0 0 . 3 4 0 0 2 6 1 . 2 6 0 0 2 2 9 . 0 0 0 0 2 0 0 . 3 4 0 0
E N T H A L P Y ,  MM B T U / H R 1 . 0 7 7 5 1 . 0 7 4 3 2 . 1 8 5 2 2 . 1 5 1 9
M OL ECUL A R W E I G H T 4 8 . 8 6 2 0 5 0 . 0 6 1 3 4 9 . 4 1 2 1 4 9 . 4 1 2 1
W E I G H T  F R A C  V A P O R . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0
W E I G H T  F R A C  L I Q U I D 1 . 0 0 0 0 1 . 0 0 0 0 1 . 0 0 0 0 1 . 0 0 0 0

S T R E A M  I D ร 2 S 3 S 4 S 5
P H A S E V A P O R L I Q U I D L I Q U I D L I Q U I D

F L U I D  MOLAR F R A C T I O N S
1 E TH AN E 6 . 1 1 7 2 E - 0 3 1 . 8 4 8 9 E - 1 3 3 . 5 9 2 0 E - 1 3 3 . 7 7 4 9 E - 1 7
2  P R O P A N E . 9 9 3 1 1 . 4 3 3 4 E - 0 3 2 . 7 8 5 0 E - 0 3 4 . 5 0 6 5 E - 1 7
3  I B U T A N E 7 . 5 1 8 4 E - 0 4 . 5 1 4 5 . 9 9 7 0 2 . 7 6 7 8 E - 0 3
4 BUT AN E 1 . 7 4 1 0 E - 0 5 . 4 6 1 4 2 . 2 7 2 1 E - 0 4 . 9 5 0 5
5  I P E N T A N E 3 . 0 0 2 2 E - 1 2 . 0 2 1 3 7 . 1 5 5 2 E - 1 7 . 0 4 3 8
6 P E N T A N E 4 . 7 2 7 9 E - 1 4 1 . 3 9 2 2 E - 0 3 2 . 0 3 7 5 E - 1 7 2 . 8 6 8 6 E - 0 3

T O T A L  R A T E , L B / H R 8 1 2 1 5 . 0 5 9 1 6 4 4 8 1 . 1 7 8 6 3 2 9 9 6 . 2 9 6 8 3 1 4 8 4 . 8 8 2 2
T E M P E R A T U R E , F 1 1 0 . 6 4 1 8 2 0 1 . 6 0 7 1 1 1 0 . 3 4 0 2 1 4 3 . 9 8 6 7
P R E S S U R E ,  P S I A 2 2 0 . 0 0 0 0 2 3 0 . 0 0 0 0 8 6 . 0 0 0 0 9 6 . 0 0 0 0
E N T H A L P Y ,  MM B T U / H R 1 4 . 6 7 4 2 6 . 9 4 8 3 1 . 4 5 3 0 2 . 0 7 2 0
MOL EC UL A R  W E I GH T 4 4 . 0 2 2 0 5 8 . 4 2 1 9 5 8 . 0 8 4 9 5 8 . 7 7 9 2
W E I G H T  F R A C  V A P O R 1 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0 . 0 0 0 0
W E I G H T  F R A C  L I Q U I D . 0 0 0 0 1 . 0 0 0 0 1 . 0 0 0 0 1 . 0 0 0 0



APPENDIX D
Estimation of Capital Investment

Feed 1 scheme 2
M a r s h a l l s S w i f t  i n d e x  J a n . 1 9 9 0 =  9 0 4  3 r d  Q .  1 9 9 9 =  1 0 6 9 . 9

C o l u m n l C o l u m n 2

D i a m e t e r ,  f t 8 . 5 o00

N u m b e r  o f  t r a y s 3 9 1 0 0

C o s t  o f  v a l v e  t r a y s  i n  p l a t e c o l u m n , $ / t r a y ( J a n . 1 9 9 0 1 , 5 0 0 1 , 3 5 0

C o s t  o f  t r a y s ,  $ 6 9 , 2 3 6 1 5 9 , 7 7 5

C o s t  o f  s h e l l  & A u x i l i a r i e s , $ 4 6 1 , 5 7 2 1 , 0 6 5 , 1 6 6

P u r c h a s e d  e q u i p m e n t  c o s t ,  $ 5 3 0 , 8 0 8 1 , 2 2 4 , 9 4 1

T o t a l  p u r c h a s e d  e q u i p m e n t ,  $

D i r e c t  c o s t s  

P u r c h a s e d  e q u i p m e n t  ( E )

P u r c h a s e d  e q u i p m e n t  i n s t a l l a t i o n  ( 4 7 % E )

I n s t r u m e n t a t i o n  a n d  c o n t r o l s  ( i n s t a l l e d ,  1 8 % E )

P i p i n g  ( i n s t a l l e d ,  6 6 % E )

E l e c t r i c a l  ( i n s t a l l e d ,  1 1 % E )

B u i l d i n g s  ( i n c l u d i n g  s e r v i c e s ,  1 8 % E )

Y a r d  i m p r o v e m e n t s  ( 1 0 % E )

S e r v i c e  f a c i l i t i e s  ( i n s t a l l e d ,  7 0 % E )

T o t a l  d i r e c t  p l a n t  c o s t ,  $  ( 3 4 0 % E )

I n d i r e c t  c o s t s  

E n g i n e e r i n g  a n d  s u p e r v i s i o n  

C o n s t r u c t i o n  e x p e n s e s

T o t a l  d i r e c t  a n d  i n d i r e c t  p l a n t  c o s t s  

C o n t a c t o r ' s  f e e  ( 5 %  d i r e c t  a n d  i n d i r e c t  c o s t s )  

C o n t i n g e n c y  ( 1 0 %  d i r e c t  a n d  i n d i r e c t  c o s t s )

F i x e d - c a p i t a l  i n v e s t m e n t  =  d i r e c t  c o s t  +  i n d i r e c t  c o s t  

W o r k i n g  c a p i t a l  ( 1 5 %  o f  t o t a l  i n v e s t m e n t )

T o t a l  c a p i t a l  i n v e s t m e n t

1 . 7 5 5 . 7 4 9

1 . 7 5 5 . 7 4 9  

8 2 5 , 2 0 2

3 1 6 . 0 3 5  

1 , 1 5 8 , 7 9 4

1 9 3 , 1 3 2

3 1 6 . 0 3 5  

1 7 5 , 5 7 5

1 , 2 2 9 , 0 2 4

5 , 9 6 9 , 5 4 5

5 7 9 , 3 9 7

7 1 9 . 8 5 7  

7 , 2 6 8 , 7 9 9

3 6 8 , 7 0 7

7 1 9 . 8 5 7  

8 , 3 5 7 , 3 6 3  

1 , 4 7 4 , 8 2 9  

9 , 8 3 2 , 1 9 2
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F eed  2 sc h em e  2

M a r s h a l l & S w i f t  i n d e x  J a n . 1 9 9 0 =  9 0 4  3 r d  Q .  1 9 9 9 = 1 0 6 9 . 9

C o l u m n  1 C o l u m n  2

D i a m e t e r ,  f t 8 . 0 7 . 0

N u m b e r  o f  t r a y s 4 2 8 3

C o s t  o f  v a l v e  t r a y s  i n  p l a t e  c o l u m n , $ / t r a y ( J a n . 1 9 9 0 1 , 3 5 0 1 , 0 7 0

C o s t  o f  t r a y s , $ 6 7 , 1 0 5 1 0 5 , 1 0 8

C o s t  o f  s h e l l  & A u x i l i a r i e s ,  $ 4 4 7 , 3 7 0 7 0 0 , 7 2 1

P u r c h a s e d  e q u i p m e n t  c o s t ,  $ 5 1 4 , 4 7 5 8 0 5 , 8 3 0

T o t a l  p u r c h a s e d  e q u i p m e n t ,  $ $ 1 , 3 2 0 , 3 0 5

D i r e c t  c o s t s

P u r c h a s e d  e q u i p m e n t  ( E ) 1 , 3 2 0 , 3 0 5

P u r c h a s e d  e q u i p m e n t  i n s t a l l a t i o n  ( 4 7 % E ) 6 2 0 , 5 4 3 . 2 2

I n s t r u m e n t a t i o n  a n d  c o n t r o l s  ( i n s t a l l e d ,  1 8 % E ) 2 3 7 , 6 5 5

P i p i n g  ( i n s t a l l e d ,  6 6 % E ) 8 7 1 , 4 0 1

E l e c t r i c a l  ( i n s t a l l e d ,  1 1 % E ) 1 4 5 , 2 3 4

B u i l d i n g s  ( i n c l u d i n g  s e r v i c e s ,  1 8 % E ) 2 3 7 , 6 5 5

Y a r d  i m p r o v e m e n t s  ( 1 0 % E ) 1 3 2 , 0 3 0

S e r v i c e  f a c i l i t i e s  ( i n s t a l l e d ,  7 0 % E ) 9 2 4 , 2 1 3

T o t a l  d i r e c t  p l a n t  c o s t ,  $  ( 3 4 0 % E ) $ 4 , 4 8 9 , 0 3 6

I n d i r e c t  c o s t s

E n g i n e e r i n g  a n d  s u p e r v i s i o n 4 3 5 , 7 0 1

C o n s t r u c t i o n  e x p e n s e s 5 4 1 , 3 2 5

T o t a l  d i r e c t  a n d  i n d i r e c t  p l a n t  c o s t s $ 5 , 4 6 6 , 0 6 2

C o n t a c t o r ' s  f e e  ( 5 %  d i r e c t  a n d  i n d i r e c t  c o s t s ) 2 7 7 , 2 6 4

C o n t i n g e n c y  ( 1 0 %  d i r e c t  a n d  i n d i r e c t  c o s t s ) 5 4 1 , 3 2 5

F i x e d - c a p i t a l  i n v e s t m e n t  =  d i r e c t  c o s t  +  i n d i r e c t c o s t $ 6 , 2 8 4 , 6 5 1

W o r k i n g  c a p i t a l  ( 1 5 %  o f  t o t a l  i n v e s t m e n t ) $ 1 , 1 0 9 , 0 5 6

T o t a l  c a p i t a l  i n v e s t m e n t $ 7 , 3 9 3 , 7 0 6
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F eed  3 sc h e m e  2

M a r s h a l l S S w i f t  i n d e x  J a n . 1 9 9 0 =  9 0 4  3 r d  Q .  1 9 9 9 = 1 0 6 9 . 9

C o l u m n  1 C o l u m n  2

D i a m e t e r ,  f t 7 . 0 7 . 5

N u m b e r  o f  t r a y s 4 0 9 2

C o s t  o f  v a l v e  t r a y s  i n  p l a t e  c o l u m n , $ / t r a y ( J a n . 1 9 9 0 1 , 0 7 0 1 , 2 0 0

C o s t  o f  t r a y s ,  $ 5 0 , 6 5 5 1 3 0 , 6 6 0

C o s t  o f  s h e l l  & A u x i l i a r i e s , $ 3 3 7 , 6 9 7 8 7 1 , 0 6 9

P u r c h a s e d  e q u i p m e n t  c o s t ,  $ 3 8 8 , 3 5 2 1 , 0 0 1 , 7 2 9

T o t a l  p u r c h a s e d  e q u i p m e n t ,  $ $ 1 , 3 9 0 , 0 8 1

D i r e c t  c o s t s

P u r c h a s e d  e q u i p m e n t  ( E ) 1 , 3 9 0 , 0 8 1

P u r c h a s e d  e q u i p m e n t  i n s t a l l a t i o n  ( 4 7 % E ) 6 5 3 , 3 3 8 . 0 6

I n s t r u m e n t a t i o n  a n d  c o n t r o l s  ( i n s t a l l e d ,  1 8 % E ) 2 5 0 , 2 1 5

P i p i n g  ( i n s t a l l e d ,  6 6 % E ) 9 1 7 , 4 5 3

E l e c t r i c a l  ( i n s t a l l e d ,  1 1 % E ) 1 5 2 , 9 0 9

B u i l d i n g s  ( i n c l u d i n g  s e r v i c e s , 1 8 % E ) 2 5 0 , 2 1 5

Y a r d  i m p r o v e m e n t s  ( 1 0 % E ) 1 3 9 , 0 0 8

S e r v i c e  f a c i l i t i e s  ( i n s t a l l e d ,  7 0 % E ) 9 7 3 , 0 5 7

T o t a l  d i r e c t  p l a n t  c o s t ,  $  ( 3 4 0 % E ) $ 4 , 7 2 6 , 2 7 5

I n d i r e c t  c o s t s

E n g i n e e r i n g  a n d  s u p e r v i s i o n 4 5 8 , 7 2 7

C o n s t r u c t i o n  e x p e n s e s 5 6 9 , 9 3 3

T o t a l  d i r e c t  a n d  i n d i r e c t  p l a n t  c o s t s $ 5 , 7 5 4 , 9 3 5

C o n t a c t o r ' s  f e e  ( 5 %  d i r e c t  a n d  i n d i r e c t  c o s t s ) 2 9 1 , 9 1 7

C o n t i n g e n c y  ( 1 0 %  d i r e c t  a n d  i n d i r e c t  c o s t s ) 5 6 9 , 9 3 3

F i x e d - c a p i t a l  i n v e s t m e n t  =  d i r e c t  c o s t  +  i n d i r e c t c o s t $ 6 , 6 1 6 , 7 8 6

W o r k i n g  c a p i t a l  ( 1 5 %  o f  t o t a l  i n v e s t m e n t ) $ 1 , 1 6 7 , 6 6 8

T o t a l  c a p i t a l  i n v e s t m e n t $ 7 , 7 8 4 , 4 5 4
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M a r s h a l l £ S w i f t  i n d e x  J a n . 1 9 9 0 =  9 0 4  3 r d  Q .  1 9 9 9 =  1 0 6 9 . 9

F e e d  4  sc h e m e  2

D i a m e t e r ,  f t

C o l u m n l  C o l u m n  2  

1 1 . 5  1 0 . 5

N u m b e r  o f  t r a y s 4 0  9 0

C o s t  o f  v a l v e  t r a y s  i n  p l a t e  c o l u m n  1 $ / t r a y ( J a n . 1 9 9 0  2 , 3 5 0  2 , 0 5 0

C o s t  o f  t r a y s , $ 1 1 1 , 2 5 1  2 1 8 , 3 5 9

C o s t  o f  s h e l l  £  A u x i l i a r i e s ,  $ 7 4 1 , 6 7 1  1 , 4 5 5 , 7 2 7

P u r c h a s e d  e q u i p m e n t  c o s t ,  $ 8 5 2 , 9 2 2  1 , 6 7 4 , 0 8 6

T o t a l  p u r c h a s e d  e q u i p m e n t ,  $ $ 2 , 5 2 7 , 0 0 8

D i r e c t  c o s t s

P u r c h a s e d  e q u i p m e n t  ( E ) 2 , 5 2 7 , 0 0 8

P u r c h a s e d  e q u i p m e n t  i n s t a l l a t i o n  ( 4 7 % E ) 1 , 1 8 7 , 6 9 4

I n s t r u m e n t a t i o n  a n d  c o n t r o l s  ( i n s t a l l e d ,  1 8 % E ) 4 5 4 , 8 6 1

P i p i n g  ( i n s t a l l e d ,  6 6 % E ) 1 , 6 6 7 , 8 2 5

E l e c t r i c a l  ( i n s t a l l e d ,  1 1 % E ) 2 7 7 , 9 7 1

B u i l d i n g s  ( i n c l u d i n g  s e r v i c e s , 1 8 % E ) 4 5 4 , 8 6 1

Y a r d  i m p r o v e m e n t s  ( 1 0 % E ) 2 5 2 , 7 0 1

S e r v i c e  f a c i l i t i e s  ( i n s t a l l e d ,  7 0 % E ) 1 , 7 6 8 , 9 0 5

T o t a l  d i r e c t  p l a n t  c o s t ,  $  ( 3 4 0 % E ) $ 8 , 5 9 1 , 8 2 6

I n d i r e c t  c o s t s

E n g i n e e r i n g  a n d  s u p e r v i s i o n 8 3 3 , 9 1 2

C o n s t r u c t i o n  e x p e n s e s 1 , 0 3 6 , 0 7 3

T o t a l  d i r e c t  a n d  i n d i r e c t  p l a n t  c o s t s 1 0 , 4 6 1 , 8 1 1

C o n t a c t o r ' s  f e e  ( 5 %  d i r e c t  a n d  i n d i r e c t  c o s t s ) 5 3 0 , 6 7 2

C o n t i n g e n c y  ( 1 0 %  d i r e c t  a n d  i n d i r e c t  c o s t s ) 1 , 0 3 6 , 0 7 3

F i x e d - c a p i t a l  i n v e s t m e n t  =  d i r e c t  c o s t  +  i n d i r e c t  c o s t  1 2 , 0 2 8 , 5 5 6  

W o r k i n g  c a p i t a l  ( 1 5 %  o f  t o t a l  i n v e s t m e n t )  $ 2 , 1 2 2 , 6 8 6  

T o t a l  c a p i t a l  i n v e s t m e n t  1 4 , 1 5 1 , 2 4 2
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F eed  5 sc h e m e  2

M a r s h a l l ^ S w i f t  i n d e x  J a n . 1 9 9 0 =  9 0 4  3 r d  Q .  1 9 9 9 = 1 0 6 9 . 9

C o l u m n l C o l u m n  2

D i a m e t e r ,  f t 1 1 . 0 1 1 . 0

N u m b e r  o f  t r a y s 4 0 9 2

C o s t  o f  v a l v e  t r a y s  i n  p l a t e  c o l u m n , $ / t r a y ( J a n . 1 9 9 0 2 , 2 0 0 2 , 2 0 0

C o s t  o f  t r a y s , $ 1 0 4 , 1 5 0 2 3 9 , 5 4 4

C o s t  o f  s h e l l  & A u x i l i a r i e s ,  $ 6 9 4 , 3 3 0 1 , 5 9 6 , 9 6 0

P u r c h a s e d  e q u i p m e n t  c o s t ,  $ 7 9 8 , 4 8 0 1 , 8 3 6 , 5 0 4

T o t a l  p u r c h a s e d  e q u i p m e n t ,  $ $ 2 , 6 3 4 1 9 8 4

D i r e c t  c o s t s

P u r c h a s e d  e q u i p m e n t  ( E ) 2 , 6 3 4 , 9 8 4

P u r c h a s e d  e q u i p m e n t  i n s t a l l a t i o n  ( 4 7 % E ) 1 , 2 3 8 , 4 4 2

I n s t r u m e n t a t i o n  a n d  c o n t r o l s  ( i n s t a l l e d ,  1 8 % E ) 4 7 4 , 2 9 7

P i p i n g  ( i n s t a l l e d ,  6 6 % E ) 1 , 7 3 9 , 0 8 9

E l e c t r i c a l  ( i n s t a l l e d ,  1 1 % E ) 2 8 9 , 8 4 8

B u i l d i n g s  ( i n c l u d i n g  s e r v i c e s , 1 8 % E ) 4 7 4 , 2 9 7

Y a r d  i m p r o v e m e n t s  ( 1 0 % E ) 2 6 3 , 4 9 8

S e r v i c e  f a c i l i t i e s  ( i n s t a l l e d ,  7 0 % E ) 1 , 8 4 4 , 4 8 9

T o t a l  d i r e c t  p l a n t  c o s t ,  $  ( 3 4 0 % E ) $ 8 , 9 5 8 , 9 4 5

I n d i r e c t  c o s t s

E n g i n e e r i n g  a n d  s u p e r v i s i o n 8 6 9 , 5 4 5

C o n s t r u c t i o n  e x p e n s e s 1 , 0 8 0 , 3 4 3

T o t a l  d i r e c t  a n d  i n d i r e c t  p l a n t  c o s t s 1 0 , 9 0 8 , 8 3 3

C o n t a c t o r ' s  f e e  ( 5 %  d i r e c t  a n d  i n d i r e c t  c o s t s ) 5 5 3 , 3 4 7

C o n t i n g e n c y  ( 1 0 %  d i r e c t  a n d  i n d i r e c t  c o s t s ) 1 , 0 8 0 , 3 4 3

F i x e d - c a p i t a l  i n v e s t m e n t  =  d i r e c t  c o s t  +  i n d i r e c t c o s t 1 2 , 5 4 2 , 5 2 3

W o r k i n g  c a p i t a l  ( 1 5 %  o f  t o t a l  i n v e s t m e n t ) $ 2 , 2 1 3 , 3 8 6

T o t a l  c a p i t a l  i n v e s t m e n t 1 4 , 7 5 5 , 9 0 9



106

F eed  6  sc h e m e  2

M a r s h a l l & S w i f t  i n d e x  J a n . 1 9 9 0 =  9 0 4  3 r d  Q .  1 9 9 9 =  1 0 6 9 . 9

C o l u m n l C o l  l i m n  2

D i a m e t e r ,  f t 1 0 . 5 1 0 . 0

N u m b e r  o f  t r a y s 4 0 9 3

C o s t  o f  v a l v e  t r a y s  i n  p l a t e c o l u m n , $ / t r a y ( J a n . 1 9 9 0 2 , 0 5 0 1 , 9 1 0

C o s t  o f  t r a y s ,  $ 9 7 , 0 4 8 2 1 0 , 2 2 8

C o s t  o f  s h e l l  เ  A u x i l i a r i e s , $ 6 4 6 , 9 9 0 1 , 4 0 1 , 5 2 2

P u r c h a s e d  e q u i p m e n t  c o s t ,  $ 7 4 4 , 0 3 8 1 , 6 1 1 , 7 5 0

T o t a l  p u r c h a s e d  e q u i p m e n t ,  $  $ 2 , 3 5 5 , 7 8 8

D i r e c t  c o s t s  

P u r c h a s e d  e q u i p m e n t  ( E )

P u r c h a s e d  e q u i p m e n t  i n s t a l l a t i o n  ( 4 7 % E )

I n s t r u m e n t a t i o n  a n d  c o n t r o l s  ( i n s t a l l e d ,  1 8 % E )

P i p i n g  ( i n s t a l l e d ,  6 6 % E )

E l e c t r i c a l  ( i n s t a l l e d ,  1 1 % E )

B u i l d i n g s  ( i n c l u d i n g  s e r v i c e s ,  1 8 % E )

Y a r d  i m p r o v e m e n t s  ( 1 0 % E )

S e r v i c e  f a c i l i t i e s  ( i n s t a l l e d ,  7 0 % E )

T o t a l  d i r e c t  p l a n t  c o s t ,  $  ( 3 4 0 % E )

I n d i r e c t  c o s t s  

E n g i n e e r i n g  a n d  s u p e r v i s i o n  

C o n s t r u c t i o n  e x p e n s e s

T o t a l  d i r e c t  a n d  i n d i r e c t  p l a n t  c o s t s  

C o n t a c t o r ' s  f e e  ( 5 %  d i r e c t  a n d  i n d i r e c t  c o s t s )  

C o n t i n g e n c y  ( 1 0 %  d i r e c t  a n d  i n d i r e c t  c o s t s )

F i x e d - c a p i t a l  i n v e s t m e n t  =  d i r e c t  c o s t  +  i n d i r e c t  c o s t  

W o r k i n g  c a p i t a l  ( 1 5 %  o f  t o t a l  i n v e s t m e n t )

T o t a l  c a p i t a l  i n v e s t m e n t

2 , 3 5 5 , 7 8 8

1 , 1 0 7 , 2 2 0

4 2 4 . 0 4 2  

1 , 5 5 4 , 8 2 0

2 5 9 , 1 3 7

4 2 4 . 0 4 2  

2 3 5 , 5 7 9

1 , 6 4 9 , 0 5 2

$ 8 , 0 0 9 , 6 7 9

7 7 7 , 4 1 0  

9 6 5 1 8 7 3  

$ 9 , 7 5 2 , 9 6 2  

4 9 4 , 7 1 5  

9 6 5 , 8 7 3  

1 1 , 2 1 3 , 5 5 1  

$ 1 , 9 7 8 , 8 6 2  

1 3 , 1 9 2 , 4 1 3

( T h e  c a p i t a l  i n v e s t m e n t  c a l c u l a t i o n s  f o r  f e e d  1 - 6  s c h e m e  4  a r e  n o t  i n c l u d e d

b u t can be c a lc u la te d  in  th e  same method)



APPENDIX E
Estimation of Process Profitability



E stim a tio n  o f  re tu rn  on in v e s tm e n t

T o t a l  c a p i t a l  i n v e s t m e n t

F l o w r a t e  o f  p r o p a n e  p r o d u c t ,  t o n / y r

C o s t  o f  p r o p a n e  p r o d u c t  ( 2 7 0  $ / t o n )

F l o w r a t e  o f  i s o b u t a n e  p r o d u c t ,  t o n / y r  

C o s t  o f  i s o b u t a n e  p r o d u c t  ( 3 3 2 . 1  $ / t o n )

F l o w r a t e  o f  L P G  p r o d u c t ,  t o n / y r  

C o s t  o f  L P G  p r o d u c t  ( 2 7 0  $ / t o n )

A n n u a l  i n c o m e  ( b e f o r e  t a x )

F l o w r a t e  o f  L P G  f e e d ,  t o n / y r  

C o s t  o f  L P G  f e e d  ( 2 7 0  $ / t o n )

F l o w  r a t e  o f  c o o l i n g  w a t e r  ( T i n = 8 6  F ,  T o u t = 1 0 4  F ) , t o n / y r  

C o s t  o f  c o o l i n g  w a t e r  ( 0 . 0 8  $ / t o n )

F l o w  r a t e  o f  s t e a m  ( S M , T = 5 3 2  F ,  p = 1 7 1  p s i a ) , t o n / y r  

C o s t  o f  s t e a m  ( 4 . 5  $ / t o n )

A n n u a l  d e p r e c i a t i o n

A n n u a l  c o s t  = R a w  m a t e r i a l  c o s t + o p e r a t i n g  c o s t

A n n u a l  p r o f i t  b e f o r e  t a x e s  =  i n c o m e  -  c o s t  -  d e p r e c i a t i o n

A n n u a l  a f t e r  3 0 %  t a x

R e t u r n  o n  I n v e s t m e n t  (% R O I )

F e e d  1  S c  2 F e e d  2  S c 2 F e e d  3  S c  2

9 , 8 3 2 , 1 9 2 7 , 3 9 3 , 7 0 6 7 , 7 8 4 , 4 5 4

1 8 9 , 1 4 7 1 7 3 , 1 9 9 1 2 7 , 7 7 3

5 1 , 0 6 9 , 6 0 4 4 6 , 7 6 3 , 6 2 6 3 4 , 4 9 8 , 8 3 9

8 3 , 2 4 5 5 7 , 8 0 2 6 4 , 4 5 5

2 7 , 6 4 5 , 6 1 2 1 9 , 1 9 6 , 0 5 2 2 1 , 4 0 5 , 6 3 4

8 1 , 4 0 0 5 7 , 8 8 0 5 8 , 6 1 7

2 1 , 9 7 7 , 9 9 4 1 5 , 6 2 7 , 5 5 1 1 5 , 8 2 6 , 5 9 6

1 0 0 , 6 9 3 , 2 1 0 8 1 , 5 8 7 , 2 2 8 7 1 , 7 3 1 , 0 6 9

3 5 3 , 7 9 2 2 8 8 , 8 8 4 2 5 0 , 8 5 3

9 5 , 5 2 3 , 7 0 5 7 7 , 9 9 8 , 7 2 3 6 7 , 7 3 0 , 3 9 0

8 , 1 9 2 , 5 6 1 6 , 5 4 9 , 1 8 4 6 , 4 2 5 , 4 9 3

6 5 5 , 4 0 5 5 2 3 , 9 3 5 5 1 4 , 0 3 9

1 9 2 , 3 5 0 1 5 9 , 9 9 5 1 4 9 , 3 6 2

8 6 5 , 5 7 5 7 1 9 , 9 7 9 6 7 2 , 1 3 1

4 9 6 , 2 1 8 3 7 3 , 1 5 1 3 9 2 , 8 7 2

9 7 , 0 4 4 , 6 8 5 7 9 , 2 4 2 , 6 3 6 6 8 , 9 1 6 , 5 6 0

3 , 1 5 2 , 3 0 6 1 , 9 7 1 , 4 4 1 2 , 4 2 1 , 6 3 7

2 , 2 0 6 , 6 1 4 1 , 3 8 0 , 0 0 9 1 , 6 9 5 , 1 4 6

22.4 1 8 . 7 21.8 ooo



E stim a tio n  o f  re tu rn  on  in v e s tm e n t (co n t'd )

T o t a l  c a p i t a l  i n v e s t m e n t

F l o w r a t e  o f  p r o p a n e  p r o d u c t , t o n / y r

C o s t  o f  p r o p a n e  p r o d u c t  ( 2 7 0  $ / t o n )

F l o w r a t e  o f  i s o b u t a n e  p r o d u c t ,  t o n / y r  

C o s t  o f  i s o b u t a n e  p r o d u c t  ( 3 3 2 . 1  $ / t o n )

F l o w r a t e  o f  L P G  p r o d u c t ,  t o n / y r  

C o s t  o f  L P G  p r o d u c t  ( 2 7 0  $ / t o n )

A n n u a l  i n c o m e  ( b e f o r e  t a x )

F l o w r a t e  o f  L P G  f e e d ,  t o n / y r  

C o s t  o f  L P G  f e e d  ( 2 7 0  $ / t o n )

F l o w  r a t e  o f  c o o l i n g  w a t e r  ( T i n = 8 6  F ,  T o u t = 1 0 4  F ) , t o n / y r  

C o s t  o f  c o o l i n g  w a t e r  ( 0 . 0 8  s / t o n )

F l o w  r a t e  o f  s t e a m  ( S M , T = 5 3 2  F ,  p = 1 7 1  p s i a ) , t o n / y r  

C o s t  o f  s t e a m  ( 4 . 5  $ / t o n )

A n n u a l  d e p r e c i a t i o n

A n n u a l  c o s t  = R a w  m a t e r i a l  c o s t + o p e r a t i n g  c o s t

A n n u a l  p r o f i t  b e f o r e  t a x e s  =  i n c o m e  -  c o s t  -  d e p r e c i a t i o n

A n n u a l  a f t e r  3 0 %  t a x

R e t u r n  o n  I n v e s t m e n t  (% R O I )

F e e d  4  S c  2 F e e d  5  S c 2 F e e d  6  S c  2

1 4 , 1 5 1 , 2 4 2 1 4 , 7 5 5 , 9 0 9 1 3 , 1 9 2 , 4 1 3

3 6 2 , 1 6 7 3 1 6 , 7 3 9 3 0 0 , 8 6 5

9 7 , 7 8 5 , 2 1 9 8 5 , 5 1 9 , 4 3 2 8 1 , 2 3 3 , 4 5 8

1 4 1 , 0 3 6 1 4 7 , 6 8 9 1 2 2 , 2 3 5

4 6 , 8 3 7 , 9 7 3 4 9 , 0 4 7 , 5 5 5 4 0 , 5 9 4 , 3 0 4

1 3 9 , 4 6 9 1 4 0 , 2 1 3 1 1 6 , 6 3 4

3 7 , 6 5 6 , 5 5 6 3 7 , 8 5 7 , 6 0 2 3 1 , 4 9 1 , 1 5 5

1 8 2 , 2 7 9 , 7 4 8 1 7 2 , 4 2 4 , 5 8 9 1 5 3 , 3 1 8 , 9 1 7

6 4 2 , 6 7 6 6 0 4 , 6 4 5 5 3 9 , 7 3 7

1 7 3 , 5 2 2 , 4 2 8 1 6 3 , 2 5 4 , 0 9 5 1 4 5 , 7 2 9 , 1 1 3

1 4 , 9 0 3 , 2 0 1 1 5 , 0 6 1 , 6 5 3 1 2 , 6 9 9 , 5 3 2

1 , 1 9 2 , 2 5 6 1 , 2 0 4 , 9 3 2 1 , 0 1 5 , 9 6 3

3 5 5 , 3 4 2 3 5 0 , 0 9 6 3 0 4 , 0 0 4

1 , 5 9 9 , 0 4 0 1 , 5 7 5 , 4 3 0 1 , 3 6 8 , 0 1 6

7 1 4 , 1 9 6 7 4 4 , 7 1 2 6 6 5 , 8 0 5

1 7 6 , 3 1 3 , 7 2 4 1 6 6 , 0 3 4 , 4 5 7 1 4 8 , 1 1 3 , 0 9 1

5 , 2 5 1 , 8 2 8 5 , 6 4 5 , 4 1 9 4 , 5 4 0 , 0 2 2

3 , 6 7 6 , 2 8 0 3 , 9 5 1 , 7 9 3 3 , 1 7 8 , 0 1 5

2 6 . 0 2 6 . 8 2 4 . 1

o



E stim a tio n  o f  p re se n tin g  d isc o u n te d -c a sh  flo w , p re se n t-v a lu e , an d  n e t-p re se n t-v a lu e

F e e d  1 S c h e m e  2 y e a r

l i n e I t e m 0 1 2 3 4 5 6

1 F i x e d - c a p i t a l  i n v e s t m e n t 8 , 3 5 7 , 3 6 3

2 W o r k i n g  c a p i t a l 1 , 4 7 4 , 8 2 9

3 T o t a l  i n v e s t m e n t 9 , 8 3 2 , 1 9 2

4 A n n u a l  i n c o m e 1 0 0 , 6 9 3 , 2 1 0 1 0 0 , 6 9 3 , 2 1 0 1 0 0 , 6 9 3 , 2 1 0 1 0 0 , 6 9 3 , 2 1 0 1 0 0 , 6 9 3 , 2 1 0 1 0 0 , 6 9 3 , 2 1 0 1 0 0 , 6 9 3 , 2 1 0

5 A n n u a l  m a n u f a t u r i n g  c o s t 9 7 , 0 4 4 , 6 8 5 9 7 , 0 4 4 , 6 8 5 9 7 , 0 4 4 , 6 8 5 9 7 , 0 4 4 , 6 8 5 9 7 , 0 4 4 , 6 8 5 9 7 , 0 4 4 , 6 8 5 9 7 , 0 4 4 , 6 8 5

6 A n n u a l  o p e r a t i n g  i n c o m e  ( 4 - 5 ) 3 , 6 4 8 , 5 2 5 3 , 6 4 8 , 5 2 5 3 , 6 4 8 , 5 2 5 3 , 6 4 8 , 5 2 5 3 , 6 4 8 , 5 2 5 3 , 6 4 8 , 5 2 5 3 , 6 4 8 , 5 2 5

7 A n n u a l  d e p r e c i a t i o n 4 9 6 , 2 1 8 4 9 6 , 2 1 8 4 9 6 , 2 1 8 4 9 6 , 2 1 8 4 9 6 , 2 1 8 4 9 6 , 2 1 8 4 9 6 , 2 1 8

8 I n c o m e  b e f o r e  t a x 3 , 1 5 2 , 3 0 6 3 , 1 5 2 , 3 0 6 3 , 1 5 2 , 3 0 6 3 , 1 5 2 , 3 0 6 3 , 1 5 2 , 3 0 6 3 , 1 5 2 , 3 0 6 3 , 1 5 2 , 3 0 6

9 I n c o m e  a f t e r  3 0 %  t a x  ( 0 . 7 * 8 ) 2 , 2 0 6 , 6 1 4 2 , 2 0 6 , 6 1 4 2 , 2 0 6 , 6 1 4 2 , 2 0 6 , 6 1 4 2 , 2 0 6 , 6 1 4 2 , 2 0 6 , 6 1 4 2 , 2 0 6 , 6 1 4

1 0 A n n u a l  c a s h  i n c o m e  ( 7 + 9 ) 2 , 7 0 2 , 8 3 3 2 , 7 0 2 , 8 3 3 2 , 7 0 2 , 8 3 3 2 , 7 0 2 , 8 3 3 2 , 7 0 2 , 8 3 3 2 , 7 0 2 , 8 3 3 2 , 7 0 2 , 8 3 3

1 1 A n n u a l  c a s h  f l o w  ( 3 + 1 0 ) 1 2 , 5 3 5 , 0 2 5 2 , 7 0 2 , 8 3 3 2 , 7 0 2 , 8 3 3 2 , 7 0 2 , 8 3 3 2 , 7 0 2 , 8 3 3 2 , 7 0 2 , 8 3 3 2 , 7 0 2 , 8 3 3

1 2 D i s c o u n t  f a c t o r  f o r  1 0 % i n t e r e s t 1 . 0 0 0 0 . 9 5 2 0 . 8 6 1 0 . 7 7 9 0 . 7 0 5 0 . 6 3 8 0 . 5 7 7

1 3 A n n u a l  p r e s e n t  v a l u e  ( 1 1 * 1 2 ) 1 2 , 5 3 5 , 0 2 5 2 , 5 7 2 , 0 8 5 2 , 3 2 7 , 3 1 9 2 , 1 0 5 , 8 4 5 1 , 9 0 5 , 4 4 8 1 , 7 2 4 , 1 2 0 1 , 5 6 0 , 0 4 9

1 4 T o t a l  p r e s e n t  v a l u e  o f  a n n u a l  c a s h  f l o w s  ( s u m  o f  l i n e  1 3  n o t i n c l u d i n g  0  y e a r ) 2 1 , 5 7 1 , 4 0 3 $

1 5 N e t  p r e s e n t  v a l u e  ( 1 4 - 3 ) 1 1 , 7 3 9 , 2 1 1 $



y e a r

7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6

1 0 0 , 6 9 3 , 2 1 0 1 0 0 , 6 9 3 , 2 1 0 1 0 0 , 6 9 3 , 2 1 0 1 0 0 , 6 9 3 , 2 1 0 1 0 0 , 6 9 3 , 2 1 0 1 0 0 , 6 9 3 , 2 1 0 1 0 0 , 6 9 3 , 2 1 0 1 0 0 , 6 9 3 , 2 1 0 1 0 0 , 6 9 3 , 2 1 0 1 0 0 , 6 9 3 , 2 1 0

9 7 , 0 4 4 , 6 8 5 9 7 , 0 4 4 , 6 8 5 9 7 , 0 4 4 , 6 8 5 9 7 , 0 4 4 , 6 8 5 9 7 , 0 4 4 , 6 8 5 9 7 , 0 4 4 , 6 8 5 9 7 , 0 4 4 , 6 8 5 9 7 , 0 4 4 , 6 8 5 9 7 , 0 4 4 , 6 8 5 9 7 , 0 4 4 , 6 8 5

3 , 6 4 8 , 5 2 5 3 , 6 4 8 , 5 2 5 3 , 6 4 8 , 5 2 5 3 , 6 4 8 , 5 2 5 3 , 6 4 8 , 5 2 5 3 , 6 4 8 , 5 2 5 3 , 6 4 8 , 5 2 5 3 , 6 4 8 , 5 2 5 3 , 6 4 8 , 5 2 5 3 , 6 4 8 , 5 2 5

4 9 6 , 2 1 8 4 9 6 , 2 1 8 4 9 6 , 2 1 8 4 9 6 , 2 1 8 4 9 6 , 2 1 8 4 9 6 , 2 1 8 4 9 6 , 2 1 8 4 9 6 , 2 1 8 4 9 6 , 2 1 8 4 9 6 , 2 1 8

3 , 1 5 2 , 3 0 6 3 , 1 5 2 , 3 0 6 3 , 1 5 2 , 3 0 6 3 , 1 5 2 , 3 0 6 3 , 1 5 2 , 3 0 6 3 , 1 5 2 , 3 0 6 3 , 1 5 2 , 3 0 6 3 , 1 5 2 , 3 0 6 3 , 1 5 2 , 3 0 6 3 , 1 5 2 , 3 0 6

2 , 2 0 6 , 6 1 4 2 , 2 0 6 , 6 1 4 2 , 2 0 6 , 6 1 4 2 , 2 0 6 , 6 1 4 2 , 2 0 6 , 6 1 4 2 , 2 0 6 , 6 1 4 2 , 2 0 6 , 6 1 4 2 , 2 0 6 , 6 1 4 2 , 2 0 6 , 6 1 4 2 , 2 0 6 , 6 1 4

2 , 7 0 2 , 8 3 3 2 , 7 0 2 , 8 3 3 2 , 7 0 2 , 8 3 3 2 , 7 0 2 , 8 3 3 2 , 7 0 2 , 8 3 3 2 , 7 0 2 , 8 3 3 2 , 7 0 2 , 8 3 3 2 , 7 0 2 , 8 3 3 2 , 7 0 2 , 8 3 3 2 , 7 0 2 , 8 3 3

2 , 7 0 2 , 8 3 3 2 , 7 0 2 , 8 3 3 2 , 7 0 2 , 8 3 3 2 , 7 0 2 , 8 3 3 2 , 7 0 2 , 8 3 3 2 , 7 0 2 , 8 3 3 2 , 7 0 2 , 8 3 3 2 , 7 0 2 , 8 3 3 2 , 7 0 2 , 8 3 3 2 , 7 0 2 , 8 3 3

0 . 5 2 2 0 . 4 7 3 0 . 4 2 8 0 . 3 8 7 0 . 3 5 0 0 . 3 1 7 0 . 2 8 7 0 . 2 5 9 0 . 2 3 5 0 . 2 1 2

1 , 4 1 1 , 5 9 0 1 , 2 7 7 , 2 6 0 1 , 1 5 5 , 7 1 3 1 , 0 4 5 , 7 3 2 9 4 6 , 2 1 7 8 5 6 , 1 7 3 7 7 4 , 6 9 7 7 0 0 , 9 7 5 6 3 4 , 2 6 8 5 7 3 , 9 1 0



F e e d  2  S c h e m e  2 y e a r

l i n e I t e m 0 1 2 3 4 5 6

1 F i x e d - c a p i t a l  i n v e s t m e n t 6 , 2 8 4 1 6 5 0

2 W o r k i n g  c a p i t a l 1 , 1 0 9 , 0 5 6

3 T o t a l  i n v e s t m e n t 7 , 3 9 3 , 7 0 6

4 A n n u a l  i n c o m e 8 1 , 5 8 7 , 2 2 8 8 1 , 5 8 7 , 2 2 8 8 1 , 5 8 7 , 2 2 8 8 1 , 5 8 7 , 2 2 8 8 1 , 5 8 7 , 2 2 8 8 1 , 5 8 7 , 2 2 8 8 1 , 5 8 7 , 2 2 8

5 A n n u a l  m a n u f a t u r i n g  c o s t 7 9 , 2 4 2 , 6 3 6 7 9 , 2 4 2 , 6 3 6 7 9 , 2 4 2 , 6 3 6 7 9 , 2 4 2 , 6 3 6 7 9 , 2 4 2 , 6 3 6 7 9 , 2 4 2 , 6 3 6 7 9 , 2 4 2 , 6 3 6

6 A n n u a l  o p e r a t i n g  i n c o m e  ( 4 - 5 ) 2 , 3 4 4 , 5 9 2 2 , 3 4 4 , 5 9 2 2 , 3 4 4 , 5 9 2 2 , 3 4 4 , 5 9 2 2 , 3 4 4 , 5 9 2 2 , 3 4 4 , 5 9 2 2 , 3 4 4 , 5 9 2

7 A n n u a l  d e p r e c i a t i o n 3 7 3 , 1 5 1 3 7 3 , 1 5 1 3 7 3 , 1 5 1 3 7 3 , 1 5 1 3 7 3 , 1 5 1 3 7 3 , 1 5 1 3 7 3 , 1 5 1

8 I n c o m e  b e f o r e  t a x 1 , 9 7 1 , 4 4 1 1 , 9 7 1 , 4 4 1 1 , 9 7 1 , 4 4 1 1 , 9 7 1 , 4 4 1 1 , 9 7 1 , 4 4 1 1 , 9 7 1 , 4 4 1 1 , 9 7 1 , 4 4 1

9 I n c o m e  a f t e r  3 0 %  t a x  ( 0 . 7 * 8 ) 1 , 3 8 0 , 0 0 9 1 , 3 8 0 , 0 0 9 1 , 3 8 0 , 0 0 9 1 , 3 8 0 , 0 0 9 1 , 3 8 0 , 0 0 9 1 , 3 8 0 , 0 0 9 1 , 3 8 0 , 0 0 9

1 0 A n n u a l  c a s h  i n c o m e  ( 7 + 9 ) 1 , 7 5 3 , 1 6 0 1 , 7 5 3 , 1 6 0 1 , 7 5 3 , 1 6 0 1 , 7 5 3 , 1 6 0 1 , 7 5 3 , 1 6 0 1 , 7 5 3 , 1 6 0 1 , 7 5 3 , 1 6 0

1 1 A n n u a l  c a s h  f l o w  ( 3 + 1 0 ) 9 , 1 4 6 , 8 6 6 1 , 7 5 3 , 1 6 0 1 , 7 5 3 , 1 6 0 1 , 7 5 3 , 1 6 0 1 , 7 5 3 , 1 6 0 1 , 7 5 3 , 1 6 0 1 , 7 5 3 , 1 6 0

1 2 D i s c o u n t  f a c t o r  f o r  1 0% i n t e r e s t 1 . 0 0 0 0 . 9 5 2 0 . 8 6 1 0 . 7 7 9 0 . 7 0 5 0 . 6 3 8 0 . 5 7 7

1 3 A n n u a l  p r e s e n t  v a l u e  ( 1 1 * 1 2 ) 9 , 1 4 6 , 8 6 6 1 , 6 6 8 , 3 5 2 1 , 5 0 9 , 5 8 7 1 , 3 6 5 , 9 3 1 1 , 2 3 5 , 9 4 6 1 , 1 1 8 , 3 3 0 1 , 0 1 1 , 9 0 7

1 4 T o t a l  p r e s e n t  v a l u e  o f  a n n u a l  c a s h  f l o w s  ( s u m  o f  l i n e  1 3  n o t i n c l u d i n g  0  y e a r ) 1 3 , 9 9 2 , 0 2 8 $

1 5 N e t  p r e s e n t  v a l u e  ( 1 4 - 3 ) 6 , 5 9 8 , 3 2 2 $



y e a r

7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6

8 1 , 5 8 7 , 2 2 8 8 1 , 5 8 7 , 2 2 8 8 1 , 5 8 7 , 2 2 8 8 1 , 5 8 7 , 2 2 8 8 1 , 5 8 7 , 2 2 8 8 1 , 5 8 7 , 2 2 8 8 1 , 5 8 7 , 2 2 8 8 1 , 5 8 7 , 2 2 8 8 1 , 5 8 7 , 2 2 8 8 1 , 5 8 7 , 2 2 8

7 9 , 2 4 2 , 6 3 6 7 9 , 2 4 2 , 6 3 6 7 9 , 2 4 2 , 6 3 6 7 9 , 2 4 2 , 6 3 6 7 9 , 2 4 2 , 6 3 6 7 9 , 2 4 2 , 6 3 6 7 9 , 2 4 2 , 6 3 6 7 9 , 2 4 2 , 6 3 6 7 9 , 2 4 2 , 6 3 6 7 9 , 2 4 2 , 6 3 6

2 , 3 4 4 , 5 9 2 2 , 3 4 4 , 5 9 2 2 , 3 4 4 , 5 9 2 2 , 3 4 4 , 5 9 2 2 , 3 4 4 , 5 9 2 2 , 3 4 4 , 5 9 2 2 , 3 4 4 , 5 9 2 2 , 3 4 4 , 5 9 2 2 , 3 4 4 , 5 9 2 2 , 3 4 4 , 5 9 2

3 7 3 , 1 5 1 3 7 3 , 1 5 1 3 7 3 , 1 5 1 3 7 3 , 1 5 1 3 7 3 , 1 5 1 3 7 3 , 1 5 1 3 7 3 , 1 5 1 3 7 3 , 1 5 1 3 7 3 , 1 5 1 3 7 3 , 1 5 1

1 , 9 7 1 , 4 4 1 1 , 9 7 1 , 4 4 1 1 , 9 7 1 , 4 4 1 1 , 9 7 1 , 4 4 1 1 , 9 7 1 , 4 4 1 1 , 9 7 1 , 4 4 1 1 , 9 7 1 , 4 4 1 1 , 9 7 1 , 4 4 1 1 , 9 7 1 , 4 4 1 1 , 9 7 1 , 4 4 1

1 , 3 8 0 , 0 0 9 1 , 3 8 0 , 0 0 9 1 , 3 8 0 , 0 0 9 1 , 3 8 0 , 0 0 9 1 , 3 8 0 , 0 0 9 1 , 3 8 0 , 0 0 9 1 , 3 8 0 , 0 0 9 1 , 3 8 0 , 0 0 9 1 , 3 8 0 , 0 0 9 1 , 3 8 0 , 0 0 9

1 , 7 5 3 , 1 6 0 1 , 7 5 3 , 1 6 0 1 , 7 5 3 , 1 6 0 1 , 7 5 3 , 1 6 0 1 , 7 5 3 , 1 6 0 1 , 7 5 3 , 1 6 0 1 , 7 5 3 , 1 6 0 1 , 7 5 3 , 1 6 0 1 , 7 5 3 , 1 6 0 1 , 7 5 3 , 1 6 0

1 , 7 5 3 , 1 6 0 1 1 7 5 3 , 1 6 0 1 , 7 5 3 , 1 6 0 1 , 7 5 3 , 1 6 0 1 , 7 5 3 , 1 6 0 1 , 7 5 3 , 1 6 0 1 , 7 5 3 , 1 6 0 1 , 7 5 3 , 1 6 0 1 , 7 5 3 , 1 6 0 1 , 7 5 3 , 1 6 0

0 . 5 2 2 0 . 4 7 3 0 . 4 2 8 0 . 3 8 7 0 . 3 5 0 0 . 3 1 7 0 . 2 8 7 0 . 2 5 9 0 . 2 3 5 0 . 2 1 2

9 1 5 , 6 1 1 8 2 8 , 4 7 9 7 4 9 , 6 3 9 6 7 8 , 3 0 1 6 1 3 , 7 5 2 5 5 5 1 3 4 6 5 0 2 , 4 9 8 4 5 4 , 6 7 9 4 1 1 , 4 1 1 3 7 2 , 2 6 0



F e e d  3  S c h e m e  2 y e a r

l i n e I t e m 0 1 2 3 4 5 6

1 F i x e d - c a p i t a l  i n v e s t m e n t 6 , 6 1 6  , 7 8 6

2 W o r k i n g  c a p i t a l 1 , 1 6 7 , 6 6 8

3 T o t a l  i n v e s t m e n t 7 , 7 8 4 , 4 5 4

4 A n n u a l  i n c o m e 7 1 , 7 3 1 , 0 6 9 7 1 , 7 3 1 , 0 6 9 7 1 , 7 3 1 , 0 6 9 7 1 , 7 3 1 , 0 6 9 7 1 , 7 3 1 , 0 6 9 7 1 , 7 3 1 , 0 6 9 7 1 , 7 3 1 , 0 6 9

5 A n n u a l  m a n u f a t u r i n g  c o s t 6 8 , 9 1 6 , 5 6 0 6 8 , 9 1 6 , 5 6 0 6 8 , 9 1 6 , 5 6 0 6 8 , 9 1 6 , 5 6 0 6 8 , 9 1 6 , 5 6 0 6 8 , 9 1 6 , 5 6 0 6 8 , 9 1 6 , 5 6 0

6 A n n u a l  o p e r a t i n g  i n c o m e  ( 4 - 5 ) 2 , 8 1 4 , 5 0 9 2 , 8 1 4 , 5 0 9 2 , 8 1 4 , 5 0 9 2 , 8 1 4 , 5 0 9 2 , 8 1 4 , 5 0 9 2 , 8 1 4 , 5 0 9 2 , 8 1 4 , 5 0 9

7 A n n u a l  d e p r e c i a t i o n 3 9 2 , 8 7 2 3 9 2 , 8 7 2 3 9 2 , 8 7 2 3 9 2 , 8 7 2 3 9 2 , 8 7 2 3 9 2 , 8 7 2 3 9 2 , 8 7 2

8 I n c o m e  b e f o r e  t a x 2 , 4 2 1 , 6 3 7 2 , 4 2 1 , 6 3 7 2 , 4 2 1 , 6 3 7 2 , 4 2 1 , 6 3 7 2 , 4 2 1 , 6 3 7 2 , 4 2 1 , 6 3 7 2 , 4 2 1 , 6 3 7

9 I n c o m e  a f t e r  3 0 %  t a x  ( 0 . 7 * 8 ) 1 , 6 9 5 , 1 4 6 1 , 6 9 5 , 1 4 6 1 , 6 9 5 , 1 4 6 1 , 6 9 5 , 1 4 6 1 , 6 9 5 , 1 4 6 1 , 6 9 5 , 1 4 6 1 , 6 9 5 , 1 4 6

1 0 A n n u a l  c a s h  i n c o m e  ( 7 + 9 ) 2 , 0 8 8 , 0 1 8 2 , 0 8 8 , 0 1 8 2 , 0 8 8 , 0 1 8 2 , 0 8 8 , 0 1 8 2 , 0 8 8 , 0 1 8 2 , 0 8 8 , 0 1 8 2 , 0 8 8 , 0 1 8

1 1 A n n u a l  c a s h  f l o w  ( 3 + 1 0 ) 9 , 8 7 2 , 4 7 2 2 , 0 8 8 , 0 1 8 2 , 0 8 8 , 0 1 8 2 , 0 8 8 , 0 1 8 2 , 0 8 8 , 0 1 8 2 , 0 8 8 , 0 1 8 2 , 0 8 8 , 0 1 8

1 2 D i s c o u n t  f a c t o r  f o r  1 0% i n t e r e s t 1 . 0 0 0 0 . 9 5 2 0 . 8 6 1 0 . 7 7 9 0 . 7 0 5 0 . 6 3 8 0 . 5 7 7

1 3 A n n u a l  p r e s e n t  v a l u e  ( 1 1 * 1 2 ) 9 , 8 7 2 , 4 7 2 1 , 9 8 7 , o i l 1 , 7 9 7 , 9 2 2 1 , 6 2 6 , 8 2 7 1 , 4 7 2 , 0 1 4 1 , 3 3 1 , 9 3 4 1 , 2 0 5 , 1 8 3

1 4 T o t a l  p r e s e n t  v a l u e  o f  a n n u a l  c a s h  f l o w s  ( s u m  o f  l i n e  1 3  n o t i n c l u d i n g  0  y e a r ) 1 6 , 6 6 4 , 5 4 1 $

1 5 N e t  p r e s e n t  v a l u e  ( 1 4 - 3 ) 8 , 8 8 0 , 0 8 7 $



y e a r

7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6

7 1 , 7 3 1 , 0 6 9 7 1 , 7 3 1 , 0 6 9 7 1 , 7 3 1 , 0 6 9 7 1 , 7 3 1 , 0 6 9 7 1 , 7 3 1 , 0 6 9 7 1 , 7 3 1 , 0 6 9 7 1 , 7 3 1 , 0 6 9 7 1 , 7 3 1 , 0 6 9 7 1 , 7 3 1 , 0 6 9 7 1 , 7 3 1 , 0 6 9

6 8 , 9 1 6 , 5 6 0 6 8 , 9 1 6 , 5 6 0 6 8 , 9 1 6 , 5 6 0 6 8 , 9 1 6 , 5 6 0 6 8 , 9 1 6 , 5 6 0 6 8 , 9 1 6 , 5 6 0 6 8 , 9 1 6 , 5 6 0 6 8 , 9 1 6 , 5 6 0 6 8 , 9 1 6 , 5 6 0 6 8 , 9 1 6 , 5 6 0

2 , 8 1 4 , 5 0 9 2 , 8 1 4 , 5 0 9 2 , 8 1 4 , 5 0 9 2 , 8 1 4 , 5 0 9 2 , 8 1 4 , 5 0 9 2 , 8 1 4 , 5 0 9 2 , 8 1 4 , 5 0 9 2 , 8 1 4 , 5 0 9 2 , 8 1 4 , 5 0 9 2 , 8 1 4 , 5 0 9

3 9 2 , 8 7 2 3 9 2 , 8 7 2 3 9 2 , 8 7 2 3 9 2 , 8 7 2 3 9 2 , 8 7 2 3 9 2 , 8 7 2 3 9 2 , 8 7 2 3 9 2 , 8 7 2 3 9 2 , 8 7 2 3 9 2 , 8 7 2

2 , 4 2 1 , 6 3 7 2 , 4 2 1 , 6 3 7 2 , 4 2 1 , 6 3 7 2 , 4 2 1 , 6 3 7 2 14 2 1 , 6 3 7 2 , 4 2 1 , 6 3 7 2 , 4 2 1 , 6 3 7 2 , 4 2 1 , 6 3 7 2 , 4 2 1 , 6 3 7 2 , 4 2 1 , 6 3 7

1 , 6 9 5 , 1 4 6 1 , 6 9 5 , 1 4 6 1 , 6 9 5 , 1 4 6 1 , 6 9 5 , 1 4 6 1 , 6 9 5 , 1 4 6 1 , 6 9 5 , 1 4 6 1 , 6 9 5 , 1 4 6 1 , 6 9 5 , 1 4 6 1 , 6 9 5 , 1 4 6 1 , 6 9 5 , 1 4 6

2 , 0 8 8 , 0 1 8 2 , 0 8 8 , 0 1 8 2 , 0 8 8 , 0 1 8 2 , 0 8 8 , 0 1 8 2 , 0 8 8 , 0 1 8 2 , 0 8 8 , 0 1 8 2 , 0 8 8 , 0 1 8 2 , 0 8 8 , 0 1 8 2 , 0 8 8 , 0 1 8 2 , 0 8 8 , 0 1 8

2 , 0 8 8 , 0 1 8 2 , 0 8 8 , 0 1 8 2 , 0 8 8 , 0 1 8 2 , 0 8 8 , 0 1 8 2 , 0 8 8 , 0 1 8 2 , 0 8 8 , 0 1 8 2 , 0 8 8 , 0 1 8 2 , 0 8 8 , 0 1 8 2 , 0 8 8 , 0 1 8 2 , 0 8 8 , 0 1 8

0 . 5 2 2 0 . 4 7 3 0 . 4 2 8 0 . 3 8 7 0 . 3 5 0 0 . 3 1 7 0 . 2 8 7 0 . 2 5 9 0 . 2 3 5 0 . 2 1 2

1 , 0 9 0 , 4 9 5 9 8 6 , 7 2 1 8 9 2 , 8 2 2 8 0 7 , 8 5 9 7 3 0 , 9 8 1 6 6 1 , 4 1 9 5 9 8 , 4 7 6 5 4 1 , 5 2 4 4 8 9 , 9 9 1 4 4 3 , 3 6 2



F e e d  4  S c h e m e  2 y e a r

l i n e I t e m 0 1 2 3 4 5 6

1 F i x e d - c a p i t a l  i n v e s t m e n t 1 2 , 0 2 8 , 5 5 6

2 W o r k i n g  c a p i t a l 2 , 1 2 2 , 6 8 6

3 T o t a l  i n v e s t m e n t 1 4 , 1 5 1 , 2 4 2

4 A n n u a l  i n c o m e 1 8 2 , 2 7 9 , 7 4 8 1 8 2 , 2 7 9 , 7 4 8 1 8 2 , 2 7 9 , 7 4 8 1 8 2 , 2 7 9 , 7 4 8 1 8 2 , 2 7 9 , 7 4 8 1 8 2  7 2 7 9  7 7 4 8 1 8 2  7 2 7 9  7 7 4 8

5 A n n u a l  m a n u f a t u r i n g  c o s t 1 7 6 , 3 1 3 , 7 2 4 1 7 6 , 3 1 3 , 7 2 4 1 7 6 , 3 1 3 , 7 2 4 1 7 6 , 3 1 3 , 7 2 4 1 7 6 , 3 1 3 , 7 2 4 1 7 6  7 3 1 3 , 7 2 4 1 7 6  7 3 1 3 , 7 2 4

6 A n n u a l  o p e r a t i n g  i n c o m e  ( 4 - 5 ) 5 , 9 6 6 , 0 2 4 5 , 9 6 6 , 0 2 4 5 , 9 6 6 , 0 2 4 5 , 9 6 6 , 0 2 4 5 , 9 6 6 , 0 2 4 5 7 9 6 6  7 0 2 4 5 , 9 6 6 , 0 2 4

7 A n n u a l  d e p r e c i a t i o n 7 1 4 , 1 9 5 7 1 4 , 1 9 5 7 1 4 , 1 9 5 7 1 4 , 1 9 5 7 1 4 , 1 9 5 7 1 4 , 1 9 5 7 1 4 , 1 9 5

8 I n c o m e  b e f o r e  t a x 5 , 2 5 1 , 8 2 8 5 , 2 5 1 , 8 2 8 5 12 5 1 1 8 2 8 5 12 5 1 , 8 2 8 5 , 2 5 1 , 8 2 8 5 , 2 5 1 , 8 2 8 5 , 2 5 1 , 8 2 8

9 I n c o m e  a f t e r  3 0 %  t a x  ( 0 . 7 * 8 ) 3 , 6 7 6 , 2 8 0 3 , 6 7 6 , 2 8 0 3 , 6 7 6 , 2 8 0 3  7 6 7 6  7 2 8 0 3 , 6 7 6  7 2 8 0 3  7 6 7 6  7 2 8 0 3 , 6 7 6 , 2 8 0

1 0 A n n u a l  c a s h  i n c o m e  ( 7 + 9 ) 4 , 3 9 0 , 4 7 5 4 , 3 9 0 , 4 7 5 4 , 3 9 0 , 4 7 5 4 7 3 9 0 , 4 7 5 4 7 3 9 0 , 4 7 5 4 7 3 9 0 , 4 7 5 4 7 3 9 0 , 4 7 5

1 1 A n n u a l  c a s h  f l o w  ( 3 + 1 0 ) 1 8 , 5 4 1 , 7 1 7 4 , 3 9 0 , 4 7 5 4 , 3 9 0 , 4 7 5 4 , 3 9 0 , 4 7 5 4 , 3 9 0 , 4 7 5 4 7 3 9 0 , 4 7 5 4 7 3 9 0 , 4 7 5

1 2 D i s c o u n t  f a c t o r  f o r  1 0 % i n t e r e s t 1 . 0 0 0 0 . 9 5 2 0 . 8 6 1 0 . 7 7 9 0 . 7 0 5 0 . 6 3 8 0 . 5 7 7

1 3 A n n u a l  p r e s e n t  v a l u e  ( 1 1 * 1 2 ) 1 8 , 5 4 1 , 7 1 7 4 , 1 7 8 , 0 9 0 3 , 7 8 0 , 4 9 2 3 , 4 2 0 , 7 3 1 3 , 0 9 5 , 2 0 5 2 7 8 0 0  7 6 5 7 2 , 5 3 4 , 1 4 0

1 4 T o t a l  p r e s e n t  v a l u e  o f  a n n u a l  c a s h  f l o w s  ( s u m  o f  l i n e  1 3  n o t i n c l u d i n g  0  y e a r ) 3 5 , 0 4 0 , 5 3 7 $

1 5 N e t  p r e s e n t  v a l u e  ( 1 4 - 3 ) 2 0 , 8 8 9 , 2 9 5 $



y e a r

7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6

1 8 2 , 2 7 9 , 7 4 8 1 8 2 , 2 7 9 , 7 4 8 1 8 2 , 2 7 9 , 7 4 8 1 8 2 , 2 7 9 , 7 4 8 1 8 2 , 2 7 9 , 7 4 8 1 8 2 , 2 7 9 , 7 4 8 1 8 2 , 2 7 9 , 7 4 8 1 8 2 , 2 7 9 , 7 4 8 1 8 2 , 2 7 9 , 7 4 8 1 8 2 , 2 7 9 , 7 4 8

1 7 6 , 3 1 3 , 7 2 4 1 7 6 , 3 1 3 , 7 2 4 1 7 6 , 3 1 3 , 7 2 4 1 7 6 , 3 1 3 , 7 2 4 1 7 6 , 3 1 3 , 7 2 4 1 7 6 , 3 1 3 , 7 2 4 1 7 6 , 3 1 3 , 7 2 4 1 7 6 , 3 1 3 , 7 2 4 1 7 6 , 3 1 3 , 7 2 4 1 7 6 , 3 1 3 , 7 2 4

5 , 9 6 6 , 0 2 4 5 , 9 6 6 , 0 2 4 5 , 9 6 6 , 0 2 4 5 , 9 6 6 , 0 2 4 5 , 9 6 6 , 0 2 4 5 , 9 6 6 , 0 2 4 5 , 9 6 6 , 0 2 4 5 , 9 6 6 , 0 2 4 5 , 9 6 6 , 0 2 4 5 , 9 6 6 , 0 2 4

7 1 4 , 1 9 5 7 1 4 , 1 9 5 7 1 4 , 1 9 5 7 1 4 , 1 9 5 7 1 4 , 1 9 5 7 1 4 , 1 9 5 7 1 4 , 1 9 5 7 1 4 , 1 9 5 7 1 4 , 1 9 5 7 1 4 , 1 9 5

5 , 2 5 1 , 8 2 8 5 , 2 5 1 , 8 2 8 5 , 2 5 1 , 8 2 8 5 , 2 5 1 , 8 2 8 5 , 2 5 1 , 8 2 8 5 , 2 5 1 , 8 2 8 5 , 2 5 1 , 8 2 8 5 , 2 5 1 , 8 2 8 5 , 2 5 1 , 8 2 8 5 , 2 5 1 , 8 2 8

3 , 6 7 6 , 2 8 0 3 , 6 7 6  , 2 8 0 3 , 6 7 6 , 2 8 0 3 , 6 7 6 , 2 8 0 3 , 6 7 6 , 2 8 0 3 , 6 7 6 , 2 8 0 3 , 6 7 6 , 2 8 0 3 , 6 7 6 , 2 8 0 3 , 6 7 6 , 2 8 0 3 , 6 7 6 , 2 8 0

4 , 3 9 0 , 4 7 5 4 , 3 9 0 , 4 7 5 4 , 3 9 0 , 4 7 5 4 , 3 9 0 , 4 7 5 4 , 3 9 0 , 4 7 5 4 , 3 9 0 , 4 7 5 4 , 3 9 0 , 4 7 5 4 , 3 9 0 , 4 7 5 4 , 3 9 0 , 4 7 5 4 , 3 9 0 , 4 7 5

4 , 3 9 0 , 4 7 5 4 , 3 9 0 , 4 7 5 4 , 3 9 0 , 4 7 5 4 , 3 9 0 , 4 7 5 4 , 3 9 0 , 4 7 5 4 , 3 9 0 , 4 7 5 4 , 3 9 0 , 4 7 5 4 , 3 9 0 , 4 7 5 4 , 3 9 0 , 4 7 5 4 , 3 9 0 , 4 7 5

0 . 5 2 2 0 . 4 7 3 0 . 4 2 8 0 . 3 8 7 0 . 3 5 0 0 . 3 1 7 0 . 2 8 7 0 . 2 5 9 0 . 2 3 5 0 . 2 1 2

2 , 2 9 2 , 9 8 4 2 , 0 7 4 , 7 7 8 1 , 8 7 7 , 3 3 7 1 , 6 9 8 , 6 8 5 1 , 5 3 7 , 0 3 3 1 , 3 9 0 , 7 6 5 1 , 2 5 8 , 4 1 6 1 , 1 3 8 , 6 6 2 1 , 0 3 0 , 3 0 4 9 3 2 , 2 5 8



F e e d  5  S c h e m e  2 y e a r

l i n e I t e m 0 1 2 3 4 5 6

1 F i x e d - c a p i t a l  i n v e s t m e n t 1 2 , 5 4 2 , 5 2 3

2 W o r k i n g  c a p i t a l 2 , 2 1 3 , 3 8 6

3 T o t a l  i n v e s t m e n t 1 4 , 7 5 5 , 9 0 9

4 A n n u a l  i n c o m e 1 7 2 , 4 2 4 , 5 8 9 1 7 2 , 4 2 4 , 5 8 9 1 7 2 , 4 2 4 , 5 8 9 1 7 2 , 4 2 4 , 5 8 9 1 7 2 , 4 2 4 , 5 8 9 1 7 2 , 4 2 4 , 5 8 9 1 7 2 , 4 2 4 , 5 8 9

5 A n n u a l  m a n u f a t u r i n g  c o s t 1 6 6 , 0 3 4 , 4 5 7 1 6 6 , 0 3 4 , 4 5 7 1 6 6 , 0 3 4 , 4 5 7 1 6 6 , 0 3 4 , 4 5 7 1 6 6 , 0 3 4 , 4 5 7 1 6 6 , 0 3 4 , 4 5 7 1 6 6 , 0 3 4 , 4 5 7

6 A n n u a l  o p e r a t i n g  i n c o m e  ( 4 - 5 ) 6 , 3 9 0 , 1 3 1 6 , 3 9 0 , 1 3 1 6 , 3 9 0 , 1 3 1 6 , 3 9 0 , 1 3 1 6 , 3 9 0 , 1 3 1 6 , 3 9 0 , 1 3 1 6 , 3 9 0 , 1 3 1

7 A n n u a l  d e p r e c i a t i o n 7 4 4 , 7 1 2 7 4 4 1 7 1 2 7 4 4 1 7 1 2 7 4 4 , 7 1 2 7 4 4 , 7 1 2 7 4 4 , 7 1 2 7 4 4 , 7 1 2

8 I n c o m e  b e f o r e  t a x 5 , 6 4 5 , 4 1 9 5 , 6 4 5 , 4 1 9 5 , 6 4 5 , 4 1 9 5 1 6 4 5 , 4 1 9 5 , 6 4 5 , 4 1 9 5 , 6 4 5 , 4 1 9 5 , 6 4 5 , 4 1 9

9 I n c o m e  a f t e r  3 0 %  t a x  ( 0 . 7 * 8 ) 3 , 9 5 1 , 7 9 3 3 , 9 5 1 , 7 9 3 3 , 9 5 1 , 7 9 3 3 , 9 5 1 , 7 9 3 3 , 9 5 1 , 7 9 3 3 , 9 5 1 , 7 9 3 3 , 9 5 1 , 7 9 3

1 0 A n n u a l  c a s h  i n c o m e  ( 7 + 9 ) 4 , 6 9 6 , 5 0 6 4 , 6 9 6 , 5 0 6 4 , 6 9 6 , 5 0 6 4 , 6 9 6 , 5 0 6 4 , 6 9 6 , 5 0 6 4 , 6 9 6 , 5 0 6 4 , 6 9 6 , 5 0 6

1 1 A n n u a l  c a s h  f l o w  ( 3 + 1 0 ) 1 9 , 4 5 2 , 4 1 5 4 , 6 9 6 , 5 0 6 4 , 6 9 6 , 5 0 6 4 , 6 9 6 , 5 0 6 4 , 6 9 6 , 5 0 6 4 , 6 9 6 , 5 0 6 4 , 6 9 6 , 5 0 6

1 2 D i s c o u n t  f a c t o r  f o r  1 0 %  i n t e r e s t 1 . 0 0 0 0 . 9 5 2 0 . 8 6 1 0 . 7 7 9 0 . 7 0 5 0 . 6 3 8 0 . 5 7 7

1 3 A n n u a l  p r e s e n t  v a l u e  ( 1 1 * 1 2 ) 1 9 , 4 5 2 , 4 1 5 4 , 4 6 9 , 3 1 6 4 , 0 4 4 , 0 0 4 3 , 6 5 9 , 1 6 6 3 , 3 1 0 , 9 5 1 2 , 9 9 5 , 8 7 2 2 , 7 1 0 1 7 7 7

1 4 T o t a l  p r e s e n t  v a l u e  o f  a n n u a l  c a s h  f l o w s  ( s u m  o f  l i n e  1 3  n o t i n c l u d i n g  0  y e a r ) 3 7 , 4 8 2 , 9 7 5 $
1 5 N e t  p r e s e n t  v a l u e  ( 1 4 - 3 ) 2 2 , 7 2 7 , 0 6 6 $



y e a r

7 8 9 1 0 1 1 1 2 1 3 1 4 1 5 1 6

1 7 2 , 4 2 4 , 5 8 9 1 7 2 , 4 2 4 , 5 8 9 1 7 2 , 4 2 4 , 5 8 9 1 7 2 , 4 2 4 , 5 8 9 1 7 2 , 4 2 4 , 5 8 9 1 7 2 , 4 2 4 , 5 8 9 1 7 2 , 4 2 4 1 5 8 9 1 7 2 , 4 2 4 , 5 8 9 1 7 2 , 4 2 4 , 5 8 9 1 7 2 , 4 2 4 , 5 8 9

1 6 6 , 0 3 4 , 4 5 7 1 6 6 , 0 3 4 , 4 5 7 1 6 6 , 0 3 4 , 4 5 7 1 6 6 , 0 3 4 , 4 5 7 1 6 6 10 3 4 , 4 5 7 1 6 6 , 0 3 4 , 4 5 7 1 6 6 , 0 3 4 , 4 5 7 1 6 6 , 0 3 4 , 4 5 7 1 6 6 , 0 3 4 , 4 5 7 1 6 6 , 0 3 4 , 4 5 7

6 , 3 9 0 , 1 3 1 6 , 3 9 0 , 1 3 1 6 , 3 9 0 , 1 3 1 6 , 3 9 0 , 1 3 1 6 , 3 9 0 , 1 3 1 6 , 3 9 0 , 1 3 1 6 , 3 9 0 , 1 3 1 6 , 3 9 0 , 1 3 1 6 , 3 9 0 , 1 3 1 6 , 3 9 0 , 1 3 1

7 4 4 , 7 1 2 7 4 4 , 7 1 2 7 4 4 , 7 1 2 7 4 4 , 7 1 2 7 4 4 , 7 1 2 7 4 4 , 7 1 2 7 4 4 , 7 1 2 7 4 4 1 7 1 2 7 4 4 , 7 1 2 7 4 4 , 7 1 2

5 , 6 4 5 , 4 1 9 5 , 6 4 5 , 4 1 9 5 , 6 4 5 , 4 1 9 5 , 6 4 5 , 4 1 9 5 , 6 4 5 , 4 1 9 5 , 6 4 5 , 4 1 9 5 , 6 4 5 , 4 1 9 5 , 6 4 5 , 4 1 9 5 , 6 4 5 , 4 1 9 5 , 6 4 5 , 4 1 9

3 , 9 5 1 , 7 9 3 3 , 9 5 1 , 7 9 3 3 , 9 5 1 , 7 9 3 3 , 9 5 1 , 7 9 3 3 , 9 5 1 , 7 9 3 3 , 9 5 1 , 7 9 3 3 , 9 5 1 , 7 9 3 3 , 9 5 1 , 7 9 3 3 , 9 5 1 , 7 9 3 3 , 9 5 1 , 7 9 3

4 , 6 9 6 , 5 0 6 4 , 6 9 6 , 5 0 6 4 , 6 9 6 , 5 0 6 4 , 6 9 6 , 5 0 6 4 , 6 9 6 , 5 0 6 4 , 6 9 6 , 5 0 6 4 , 6 9 6 , 5 0 6 4 , 6 9 6 , 5 0 6 4 , 6 9 6 , 5 0 6 4 1 6 9 6 , 5 0 6

4 , 6 9 6 , 5 0 6 4 , 6 9 6 , 5 0 6 4 , 6 9 6 , 5 0 6 4 , 6 9 6 , 5 0 6 4 , 6 9 6 , 5 0 6 4 , 6 9 6 , 5 0 6 4 , 6 9 6 , 5 0 6 4 , 6 9 6 , 5 0 6 4 , 6 9 6 , 5 0 6 4 , 6 9 6 , 5 0 6

0 . 5 2 2 0 . 4 7 3 0 . 4 2 8 0 . 3 8 7 0 . 3 5 0 0 . 3 1 7 0 . 2 8 7 0 . 2 5 9 0 . 2 3 5 0 . 2 1 2

2 , 4 5 2 , 8 1 3 2 , 2 1 9 , 3 9 7 2 , 0 0 8 , 1 9 3 1 , 8 1 7 , 0 8 8 1 , 6 4 4 , 1 6 9 1 , 4 8 7 , 7 0 6 1 , 3 4 6 , 1 3 2 1 , 2 1 8 , 0 3 1 1 , 1 0 2 , 1 2 0 9 9 7 , 2 3 9



F e e d  6  S c h e m e  2 y e a r

l i n e I t e m 0 1 2 3 4 5 6

1 F i x e d - c a p i t a l  i n v e s t m e n t 1 1 , 2 1 3 , 5 5 1

2 W o r k i n g  c a p i t a l 1 , 9 7 8 , 8 6 2

3 T o t a l  i n v e s t m e n t 1 3 , 1 9 2 , 4 1 3

4 A n n u a l  i n c o m e 1 5 3 , 3 1 8 , 9 1 7 1 5 3 , 3 1 8 , 9 1 7 1 5 3 , 3 1 8 , 9 1 7 1 5 3 , 3 1 8 , 9 1 7 1 5 3 , 3 1 8 , 9 1 7 1 5 3 , 3 1 8 , 9 1 7 1 5 3 , 3 1 8 , 9 1 7

5 A n n u a l  m a n u f a t u r i n g  c o s t 1 4 8 , 1 1 3 , 0 9 1 1 4 8 , 1 1 3 , 0 9 1 1 4 8 , 1 1 3 , 0 9 1 1 4 8 , 1 1 3 , 0 9 1 1 4 8 , 1 1 3 , 0 9 1 1 4 8 , 1 1 3 , 0 9 1 1 4 8 , 1 1 3 , 0 9 1

6 A n n u a l  o p e r a t i n g  i n c o m e  ( 4 - 5 ) 5 , 2 0 5 , 8 2 6 5 , 2 0 5 , 8 2 6 5 , 2 0 5 , 8 2 6 5 , 2 0 5 , 8 2 6 5 , 2 0 5 , 8 2 6 5 , 2 0 5 , 8 2 6 5 , 2 0 5 , 8 2 6

7 A n n u a l  d e p r e c i a t i o n 6 6 5 , 8 0 5 6 6 5 , 8 0 5 6 6 5 , 8 0 5 6 6 5 , 8 0 5 6 6 5 , 8 0 5 6 6 5 , 8 0 5 6 6 5 , 8 0 5

8 I n c o m e  b e f o r e  t a x 4 , 5 4 0 , 0 2 2 4 , 5 4 0 , 0 2 2 4 , 5 4 0 , 0 2 2 4 , 5 4 0 , 0 2 2 4 , 5 4 0 , 0 2 2 4 , 5 4 0 , 0 2 2 4 , 5 4 0 , 0 2 2

9 I n c o m e  a f t e r  3 0 %  t a x  ( 0 . 7 * 8 ) 3 , 1 7 8 , 0 1 5 3 , 1 7 8 , 0 1 5 3 , 1 7 8 , 0 1 5 3 , 1 7 8 , 0 1 5 3 , 1 7 8 , 0 1 5 3 , 1 7 8 , 0 1 5 3 , 1 7 8 , 0 1 5

1 0 A n n u a l  c a s h  i n c o m e  ( 7 + 9 ) 3 , 8 4 3 , 8 2 0 3 , 8 4 3 , 8 2 0 3 , 8 4 3 , 8 2 0 3 , 8 4 3 , 8 2 0 3 , 8 4 3 , 8 2 0 3 , 8 4 3 , 8 2 0 3 , 8 4 3 , 8 2 0

1 1 A n n u a l  c a s h  f l o w  ( 3 + 1 0 ) 1 7 , 0 3 6 , 2 3 3 3 , 8 4 3 , 8 2 0 3 , 8 4 3 , 8 2 0 3 , 8 4 3 , 8 2 0 3 , 8 4 3 , 8 2 0 3 , 8 4 3 , 8 2 0 3 , 8 4 3 , 8 2 0

1 2 D i s c o u n t  f a c t o r  f o r  1 0 %  i n t e r e s t 1 . 0 0 0 0 . 9 5 2 0 . 8 6 1 0 . 7 7 9 0 . 7 0 5 0 . 6 3 8 0 . 5 7 7

1 3 A n n u a l  p r e s e n t  v a l u e  ( 1 1 * 1 2 ) 1 7 , 0 3 6 , 2 3 3 3 , 6 5 7 , 8 7 8 3 , 3 0 9 , 7 8 5 2 , 9 9 4 , 8 1 7 2 , 7 0 9 , 8 2 3 2 , 4 5 1 , 9 4 9 2 , 2 1 8 , 6 1 5

1 4 T o t a l  p r e s e n t  v a l u e  o f  a n n u a l  c a s h  f l o w s  ( s u m  o f  l i n e  1 3  n o t i n c l u d i n g  0  y e a r ) 3 0 , 6 7 7 , 6 5 9 $

1 5 N e t  p r e s e n t  v a l u e  ( 1 4 - 3 ) 1 7 , 4 8 5 , 2 4 6 $



year
7 8 9 1 0 1 1 1 2 13 14 15 16

153,318,917 153,318,917 153,318,917 153,318,917 153,318,917 153,318,917 153,318,917 153,318,917 153,318,917 153,318,917
148,113,091 148,113,091 148,113,091 148,113,091 148,113,091 148,113,091 148,113,091 148,113,091 148,113,091 148,113,091

5,205,826 5,205,826 5,205,826 5,205,826 5,205,826 5,205,826 5,205,826 5,205,826 5,205,826 5,205,826
665,805 665,805 665,805 665,805 665,805 665,805 665,805 665,805 665,805 665,805

4,540,022 4,540,022 4,540,022 4,540,022 4,540,022 4,540,022 4,540,022 4,540,022 4,540,022 4,540,022
3,178,015 3,178,015 3,178,015 3,178,015 3,178,015 3,178,015 3,178,015 3,178,015 3,178,015 3,178,015
3,843,820 3,843,820 3,843,820 3,843,820 3,843,820 3,843,820 3,843,820 3,843,820 3,843,820 3,843,820
3,843,820 3,843,820 3,843,820 3,843,820 3,843,820 3,843,820 3,843,820 3,843,820 3,843,820 3,843,820
0.522 0.473 0.428 0.387 0.350 0.317 0.287 0.259 0.235 0 . 2 1 2

2,007,486 1,816,448 1,643,591 1,487,182 1,345,658 1,217,602 1,101,732 996,888 902,022 816,183



1 2 2

CURRICULUM VITAE

N a m e : S o m ch a i K w a n d e e
D a te  o f  B ir th : A p ril 5 , 1975
N a t io n a l i t y :  T hai
U n iv e r s i t y  E d u c a t io n :

1 9 9 4 -1 9 9 7  B a c h e lo r  o f  E n g in eer in g  in  C h e m ic a l E n g in eer in g ,
F a cu lty  o f  E n g in eer in g , K asetsart U n iv e r s ity , B a n g k o k , 
T h ailan d .
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