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Company: ECOPETROL SA Rev: 1 Date: 11/04/24  Pag: 1 de 28
Location: CARTAGENA, COLOMBIA
Equipment: E-201 A/B Case Operation: S1C1
Service of Unit: CDHDS FEED/CDHDS OVERHEAD EXCHANGERS
Project: Mejoras en Unidad de Destilacion Reactiva U-107 Para Estabilidad y Cumplimiento de 10 PPM Azufre
HEAT EXCHANGER SPECIFICATION SHEET Page 4
Released to the following company: US Units
INTERCOL EPC
LEONARDO MOSQUERA Job Mo.
Customer Reference No.
Address Proposal No.
Plant Location Date 05-10-2023 Rev 0
Service of Unit Item No.
Size 35 x 216 inch Type BEU Haorizontal Connected In 1 Parallel 2 Series
Surfilnit (Gross/Eff) 5891,3 [/ 57584 fi2 Shell/Unit 2 SurfiShell (Gross/Eff) 20456 | 28792 fi2
PERFORMANCE OF ONE UNIT
Fluid Allocation Shell Side Tube Side
Fluid Name CDHDS FEED CDHDS OVER HEAD
Fluid Quantity, Total Ibfhr 174807 214924
Wapor (In/Out) 63199 59570 214924 64267
Liquid 168487 115237 150657
Steam
Water
Noncondensables
Temperature (In/Out) F 321,00 491,00 52300 443 00
Specific Gravity 0,6715 0,5661 05853
Wiscosity cP 00160 WL 01792 | 0,0150 ViL 00,0943 0,0140 0,0140 VIL 0,1086
Molecular Weight
Maolecular Weight, Noncondensables
Specific Heat Biu/lb-F 0,7728 W/LO0D,5738 0,6025 VIL 0,6902 0,6199 05986 VIL 06771
Thermal Conductivity Btu/hr-ft-F 0,0510 W/LD,0540 0,0342 ViL 0,0401 0,0280 0,0324 VIL 0,0430
Latent Heat Biu/lb 118,80 B4 509 81,659 95 289
Inlet Pressure psia 33070 269 70
Welocty ftisec 4,72 2221
Pressure Drop, Allow/Calc  psi 21,000 6,451 15,000 [! 12 612
Fouling Resistance {min) ft2-hr-F/Biu 0,00196 0,00098
Heat Exchanged 23832210 Btufhr MTD (Corrected) 521 F
Transfer Rate, Service 79,49 Biufi2-hr-F Clean 151,44 Btufi2-hr-F Actual 101,55  Biuf2-hr-F
CONSTRUCTION OF OME SHELL Sketch (Bundle/Mozzle Onentation)
Shell Side Tube Side
Design/Test Pressure psig AB000 42500 / 15,000
Design Temperature F 550,00 650,00
No Passes per Shell 1 2
Corrosion Allowance inch 0,1250 0,0000
Connections In inch 1 @ 95620 1 @ 12,812
Size & Out inch 1 @ 95620 1 @ 12,812
Rating Intermediate @ @
Tube No. 306U oD 00,7500 inch Thk{Avg) 0,0830 inch Length 18000 ft Pitch 1,0000 inch
Tube Type Plain Material SA-179 Tube (S) K01200 Tube pattern 90
Shell SA-516 70 PI. KOZ2T700 ID 35000 OD 36,750 inch |Shell Cover SA-516 70 PI. KO2700 (Integ.)|
Channel or Bonnet SA-516 70 Pl. K0O2700 Channel Cover
Tubesheet-Stationary  Carbon sieel Tubesheet-Floating
Floating Head Cover Impingement FPlate None
Baffles-Cross  Carbon steel Type %Cut (Diam) 225 Spacing(c/ic) 12,500 Inlet inch
Baffles-Long Seal Type
Supports-Tube U-Bend Carbon steel Type MNone
Bypass Seal Arrangement 4 pairs seal strips Tube-Tubesheet Joint
Expansion Joint Type
Rho-V2-Inlet Nozzle Ibfft-sec? Bundle Enirance Bundle Exit Ihift-sec2
Gaskets-Shell Side Ml Jki. Flat'Grafoil (SS) Tube Side Mtl. Jkt. Flat'Grafoil (SS)
- Floating Head
Code Requirements ASME TEMA Class
Weight/shell [14] Filled with Water b Bundle 1]
Remarks:
1. TUBE-SHEET SA-266 GR 2-N
2. HEAD CHANMNEL SA-516 GR 60 + WELD OVER LAY
Reprinted with Permission
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Company: ECOPETROL SA
Location: CARTAGENA, COLOMBIA
Equipment: E-201 A/B

Service of Unit: CDHDS FEED/CDHDS OVERHEAD EXCHANGERS
Project: Mejoras en Unidad de Destilacion Reactiva U-107 Para Estabilidad y Cumplimiento de 10 PPM Azufre

Rev: 1 Date: 11/04/24  Pag: 2 de 28

Case Operation: S1C1

Qutput Summary Page 1
Released to the following company:
INTERCOL EPC
LEONARDO MOSQUERA

Xist 9 (32 bit) 05/10/2023 1922 SN: 46639- US Units

Summary Unit

Rating - Horizontal

No Data Check Messages.

No Runtime Messages.

Process Conditions Cold Shellside Hot Tubeside

Fluid name CDHDS FEED CDHDS OVER HEAD

Total flow rate (1000-Ib/hr)y 174,81 214,92

Inlet/Outlet ¥ (Wt frac vap.) 0,0362 0,3408 1,0000 0,2990

Inlet'Cutlet T ({Deg F) 321,00 451,00 523,00 443,00

Inlet P/Avg (psia) 330,70 269,70 263,39

dP/Allow. {psi) 6,451 21,000 12,612 15,000

Fouling {M2-hr-F/Btu) 0,00196 0,00098

Exchanger Performance

Shell h (Blwt2-hr-F}) 276,63 | Actual U (Btw/ifit2-hr-F) 101,55

Tube h (Btwm2-hr-F) 472,38 | Required U (Btw/2-hr-F) 79,49

Hot regime i—) Total duty {MM Btushr) 23,832

Cold regime (—) Mixed No Phase Change | Eff. area (Tt2) 5758,4

EMTD {Deg F) 52,1 | Owverdesign (%) 27,76

Shell Geometry Baffle Geometry

TEMA type i—) BEU | Baffle type

Shell ID (inch) 35,000 | Baffle cut (Pct Dia.) 225

Series (—) 2 | Baffle orientation ()

Parallel -} 1 | Central spacing (inch) 12,500

Orientation (deqg) 0,00 | Crosspasses ()

Tube Geometry Nozzles

Tube type (—) Plain | Shell inlet (inch) 9,5620

Tube OD (inch) 0,7500 | Shell outlet {inch) 9,5620

Length (ft) 18,000 | Inlet height (inch)

Pitch ratio (-} 1.3333 | Outlet height (inch)

Layout (deq) 90 | Tube inlet {inch) 12,812

Tubecount (—) 792 | Tube ouflet (inch) 12,812

Tube Pass i—) 2

Thermal Resistance; % Velocities; ftisec Flow Fractions

Shell 36,73 Min Max A 0,248

Tube 27,78 |Tubeside 15,40 28,74 B 0,475

Fouling 32,51 |Crossflow 2.1 8,23 C 0,047

Metal 2,98 |Longitudinal 1,40 3,46 E 0,115
F 0,118
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Company: ECOPETROL SA

Location: CARTAGENA, COLOMBIA

Equipment: E-201 A/B

Service of Unit: CDHDS FEED/CDHDS OVERHEAD EXCHANGERS
Project: Mejoras en Unidad de Destilacion Reactiva U-107 Para Estabilidad y Cumplimiento de 10 PPM Azufre

Rev: 1

Date: 11/04/24  Pag: 3 de 28

Case Operation: S1C1

Summary Unit

Rating - Horizontal Multipass Flow TEMA BELU Shell With Single-Segmental Baffles

Series Summary Page 2
Released to the following company:
INTERCOL EPC
LEONARDO MOSQUERA
Xist 9 (32 bit) 05/10/2023 19:22 SN: 46639- US Units

Shell # 1 2
Unit Shell 1 Shell 2
Performance

Overdesign (%) 27,48 28.08
Overall U (Btu/ft2-hr-F) 108,99 94,11
Required U (Btu/ft2-hr-F) 85,49 73.48
Unit Duty (MM Btu/hr) 8,9345 14,898
Shellside h (Btu/ft2-hr-F) 298,78 254,76
Tubeside h (Btu/ft2-hr-F) 555,16 402,82
Shellside delta P (psi) 4,047 2.404
Tubeside delta P (psi) 6,945 5,666
EMTD (F) 36,3 70,4
Process Conditions

Inlet T, Shell (F) 438,16 321,00
Outlet T, Shell  (F) 491,00 438,16
inlet T, Tube (F) 523,00 496,52
Outlet T, Tube  (F) 496,52 443,00
inlet ¥, Shell (Wt. fraction) 0,1580 0,0362
Outlet Y, Shell  (Wt. fraction) 0,3408 0,1580
Inlet ¥, Tube (Wt. fraction) 1,0000 0,6909
Outlet Y, Tube (Wt fraction) 0,6909 0,2990
Geometry

Shell type —) T =
Parallel (—) 1 1
Effective area (f2) 2879,2 28792
Shell orientation () Horizontal Horizontal
Shell ID (inch) 35,000 35,000
Shellside fluid () Cold Cold
Baffle type () Single-Seq. Single-Seg.
Bafile cut (Pct Dia.) 225 225
Baffle orientation () Parallel Parallel
Central spacing  (inch) 12,500 12,500
Crosspasses () 17 16
Tube type (-} Plain Plain
Tube Pass (—) 2 2
Tubecount (—) 792 792
Tube length () 18,000 18,000
Tube OD (inch) 0,7500 0,7500
Tube layout angle (--) S0 S0
Pitch ratio (—) 1,3333 1,3333
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Company: ECOPETROL SA Rev: 1 Date: 11/04/2 Pag: 4 de 28
Location: CARTAGENA, COLOMBIA
Equipment: E-201 A/B Case Operation: S1C1
Service of Unit: CDHDS FEED/CDHDS OVERHEAD EXCHANGERS
Project: Mejoras en Unidad de Destilacion Reactiva U-107 Para Estabilidad y Cumplimiento de 10 PPM Azufre
VAPORIZATION CURVE SHELL SIDE
Enthalpies Crit Temp - TC Crit Press - PC
Temp Pressure Wapor Liquid Water Total Vapor Liquid Wapor Ligquid
‘F psia MMBTUM | MMBTU/M | MMBTUMR | MMBTUM R R psia psia
3213 3307 2136 24192 0.000 25328 214.00 1060 2422 4455
3425 3307 2742 25977 0.000 28.719 25200 1061 2538 444 9
3529 3307 3509 27 600 0.000 31.110 294 60 1061 266.6 444 2
3g25 3307 4.480 29.020 0.000 33.500 34110 1062 280.3 4436
4011 3307 5702 30189 0.000 35891 390.70 1064 294 5 442 8
4189 3307 7.230 31.052 0.000 38282 442 30 1065 309.0 442 1
4358 3307 9124 31.549 0.000 40.673 494 40 1068 3232 4412
4516 3307 11.447 31616 0.000 43.063 54590 1070 335.7 4402
4666 3307 14259 31195 0.000 45454 59540 1073 3492 4391
4806 3307 17.611 30234 0.000 47.845 64210 1077 360.5 4379
4937 3307 21.541 28 695 0.000 50236 68520 1081 370 4 436.7
Temp Pressure | Vap Flow | Vapor Vapor Liq Flow Liquid |Water Flow] Surf. Ten. |Latent Heat
F psia Ihih Mol. Wit Wi Frac. Ihih Mol. Wit Ih/h dynefcm BTUWb
3213 3307 6350.0 1712 0.04 158400.0 1123 00 11.95 121.83
3425 3307 81600 20487 005 166600.0 1124 00 10.88 116.94
3529 3307 104300 2532 0.06 154300.0 112.6 00 9.88 112.21
3825 3307 132600 3011 0.08 1615000 1129 00 895 107 .64
4011 3307 16780.0 3528 0.10 158000.0 1132 00 8.10 103.27
4189 3307 211200 40.70 012 153600.0 1136 00 T.32 99.11
4358 3307 264300 46 25 015 1483000 1141 00 6.62 95 21
4516 3307 328400 51.81 019 141900.0 114.7 00 6.00 91.57
4666 3307 40500.0 57.24 023 1243000 1154 00 545 8823
4806 3307 495100 6245 028 1252000 116.1 00 4 96 8519
4937 3307 599400 67.35 0.34 114800.0 117.0 00 4.54 8245
Density Specific Heat Thermal Conductivity Wiscosity
Temp Pressure Vapor Liquid| Wapor Liquid Vapor Liquid Wapor Liguid
°F psia 1hift* it BTUMb-"F BTU-fhr-it>-"F cP cP
3213 3307 0.67 41.89 0772 0574 0.051 0.054 0.016 0179
3425 3307 0.81 41.09 0717 0.586 0049 0.052 0.017 0.164
3529 3307 0.96 40.30 0677 0598 0047 0.050 0.017 0.152
3825 3307 112 3952 0.649 0611 0045 0.048 0.017 0.141
4011 3307 1.30 3BTV 0.630 0623 0.044 0.047 0.016 0131
4189 3307 1.49 3805 0617 0635 0042 0.045 0.016 0.123
4358 3307 1.69 3737 0.608 0.647 0.041 0.044 0.018 0115
4516 3307 1.89 3674 0.604 0.659 0039 0.043 0.016 0.108
4666 3307 209 3516 0.602 0.671 0037 0.042 0.016 0.102
4806 3307 229 35.64 0.602 0.682 0036 0.041 0.015 0.097
4937 3307 248 3518 0.604 0.693 0034 0.040 0.015 0.093
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Company: ECOPETROL SA Rev: 1 Date: 11/04/2 Pag: 5 de 28
Location: CARTAGENA, COLOMBIA
Equipment: E-201 A/B Case Operation: S1C1
Service of Unit: CDHDS FEED/CDHDS OVERHEAD EXCHANGERS
Project: Mejoras en Unidad de Destilacion Reactiva U-107 Para Estabilidad y Cumplimiento de 10 PPM Azufre
VAPORIZATION CURVE SHELL SIDE
Enthalpies Crt Temp - TC Crit Press - PC
Temp Pressure Vapor Liquid Water Total Vapor Liquid Vapor Licquid
°F psia MMBTUM | MMBTU/M | MMBTU/N | MMBTLU/h R R psia psia
3211 3202 2195 24133 0.000 26.328 21820 1061 2435 4456
3422 3202 2822 25897 0.000 28719 257.10 1062 255.4 4450
3626 3202 3.618 27492 0.000 31110 300.50 1062 268.4 444 3
382.0 320.2 4.624 28 876 0.000 33.500 347.70 1064 2823 4437
400.6 320.2 5.891 30.000 0.000 35891 397.90 1065 2957 4429
4182 3202 7473 30.808 0.000 38282 445 90 1067 312 442 1
4349 3202 0432 31241 0.000 40673 502.20 10659 3254 4412
450.6 3202 11.827 31236 0.000 43063 553.50 1072 3389 4402
465.4 3202 14717 30737 0.000 45.454 602.70 1075 351.2 4391
4792 320.2 18.147 29697 0.000 47.845 648.80 1079 3623 437.8
4922 3202 22152 28.084 0.000 50.236 691.30 1083 M9 436.5
Temp Pressure | Vap Flow | “apor Vapor Liq Flow Liquid |Water Flow] Surf. Ten. |Latent Heat
°F psia Ibfh Mol Wt | Wit Frac. Ibih Mol. Wi Ihih dyne/cm BTU/lb
3211 3202 6570.0 1753 0.04 1682000 112.4 0.0 11.99 12167
3422 3202 284400 2147 0.05 166300.0 1125 0.0 10.93 116.87
3626 3202 10800.0 2590 0.06 1640000 1127 0.0 094 11232
3820 3202 13750.0 3078 0.08 1610000 113.0 0.0 a.02 107 75
400.6 3202 174100 36.01 0.10 1574000 113.4 0.0 8.18 103.47
4182 3202 219100 41 47 013 1528000 1138 0.0 741 99 41
4349 3202 274100 4705 0.16 1474000 1143 0.0 6.72 95 61
450.6 3202 340400 5261 019 140700.0 1149 0.0 6.11 92.09
465.4 3202 41930.0 5801 0.24 132800.0 115.6 0.0 BT 88.86
47592 3202 51170.0 G3.18 0.29 123600.0 116.4 0.0 510 85.94
492 2 3202 618100 68.02 035 1129000 1173 0.0 4 69 833
Density Specific Heat Thermal Conductivity Viscosity
Temp Pressure Vapor Liquid| “apor Liquid Vapor Liquid Vapor Liquid
°F psia Ihift? Ihif? BTUMb-"F BTU-ft'hr-it>-"F cP cP
3211 3202 0.67 41.90 0.763 0.574 0.051 0.054 0.016 0.180
3422 3202 0.20 41.11 0.710 0.586 0.049 0.052 0.017 0.164
3626 3202 0.95 40.32 0.671 0.598 0.047 0.050 0.017 0.152
3820 3202 111 3956 0.644 0.610 0.045 0.048 0017 0.142
400.6 3202 129 3882 0.626 0.622 0.043 0.047 0.016 0132
4182 3202 1.47 3811 0.613 0.635 0.042 0.045 0.016 0124
4349 3202 1.67 3T45 0.606 0.646 0.040 0.044 0.016 0116
450.6 3202 1.86 3583 0.601 0.658 0.038 0.043 0.016 0.109
465.4 3202 2.06 36.27 0.600 0.669 0.037 0.042 0.015 0.104
4792 3202 225 3576 0.600 0.680 0.035 0.041 0.015 0.099
4922 320.2 243 3532 0.602 0.691 0.034 0.040 0.015 0.095
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Company: ECOPETROL SA Rev: 1 Date: 11/04/2 Pag: 6 de 28
Location: CARTAGENA, COLOMBIA
Equipment: E-201 A/B Case Operation: S1C1
Service of Unit: CDHDS FEED/CDHDS OVERHEAD EXCHANGERS
Project: Mejoras en Unidad de Destilacion Reactiva U-107 Para Estabilidad y Cumplimiento de 10 PPM Azufre
VAPORIZATION CURVE SHELL SIDE
Enthalpies Crit Temp - TC Crit Press - PC
Temp Pressure Vapor Liquid Water Total Vapor Liquid Vapor Liquid
‘F psia MMBTUM | MMBTUM | MMBTU/R | MMBTUMR R R psia psia
3209 3007 2257 24071 0.000 26328 222 60 1062 2450 445 F
3420 3007 2907 25812 0.000 28719 262 40 1063 2571 4451
3622 3097 3733 2737V 0.000 31110 306.60 1064 270 4 444 4
3815 3097 4778 28723 0.000 33.500 354 60 1065 284 4 4437
400.0 3097 6.092 29799 0.000 35891 405 40 1066 2990 4430
417 4 3097 773 30550 0.000 38.282 457 70 1068 3135 442 1
4340 3097 T 30916 0.000 40 673 51010 1071 27T 4412
4495 3097 12227 30836 0.000 43.063 561.30 1073 3411 4401
464 1 309.7 15.196 30258 0.000 45 454 61020 1077 3533 439.0
4777 309.7 18.705 29140 0.000 47.845 655.70 1081 3641 4377
4905 309.7 22783 27453 0.000 50.236 697.50 1085 3735 436.3
Temp Pressure | Vap Flow | Vapor Vapor Liq Flow Liquid |Water Flow] Surf. Ten. |Latent Heat
F psia Ihih Mol Wt | Wt Frac. Ihih Mol Wit Ih/h dyneicm BTU/b
3209 3097 67900 17.97 0.04 1680000 1125 00 12.03 121.54
3420 3097 87500 2200 005 166000.0 1127 00 10.98 116.82
3622 309.7 11200.0 2652 0.06 163600.0 112.9 0.0 10.00 112.26
B15 309.7 14270.0 3147 0.08 160500.0 1132 0.0 9.09 107.87
400.0 309.7 18080.0 3677 0.10 156700.0 1136 0.0 825 103.69
4174 309.7 227600 4228 013 152000.0 114.0 0.0 7.50 99.74
4340 309.7 284500 47.88 0.16 145300.0 114.6 0.0 6.82 95.05
4495 309.7 353100 5343 0.20 1258500.0 115.2 0.0 6.22 92.64
464 1 300.7 434300 58.80 025 131300.0 115.9 0.0 569 8952
4777 300.7 529100 63.92 0.30 121900.0 116.8 0.0 523 8571
490.5 309.7 63760.0 68.70 0.36 111000.0 M7y 00 483 8420
Density Specific Heat Thermal Conductivity Viscosity
Temp Pressure Vapor Liquid| Vapor Liquid Vapor Liquid Vapor Ligquid
‘F psia 1hift* it BTUMb-*F BTU-ft'hr-fit=-"F cP cP
3209 309.7 0.66 4182 0.754 0574 0.050 0.054 0.016 0.181
3420 309.7 0.80 4113 0702 0.586 0048 0.052 0.017 0.165
3622 309.7 0.94 40.36 0.665 0.598 0.046 0.050 0.017 0.153
3815 3097 1.10 3960 0.640 0610 0044 0.048 0.016 0.142
400.0 3097 127 3887 0622 0622 0043 0.047 0.016 0.133
417 4 3097 1.46 3818 0610 0634 0.041 0.045 0.016 0.125
4340 309.7 1.64 3753 0.603 0.646 0.040 0.044 0.016 0117
4495 309.7 1.83 3593 0.599 0.657 0038 0.043 0.016 0111
4641 309.7 2.02 3538 0.597 0.668 0036 0.042 0.015 0.105
47T.7 309.7 220 35.89 0.598 0.679 0035 0.041 0.015 0.100
490.5 309.7 2.38 3546 0.599 0.689 0034 0.040 0.015 0.096
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Company: ECOPETROL SA Rev: 1 Date: 11/04/2 Pag: 7 de 28
Location: CARTAGENA, COLOMBIA
Equipment: E-201 A/B Case Operation: S1C1
Service of Unit: CDHDS FEED/CDHDS OVERHEAD EXCHANGERS
Project: Mejoras en Unidad de Destilacion Reactiva U-107 Para Estabilidad y Cumplimiento de 10 PPM Azufre
CONDENSATION CURVE TUBE SIDE
Enthalpies Crit Temp - TC Crit Press - PC
Temp Pressure “apor Liquid Water Total Wapor Liquid “apor Liquid
°F psia MMETLh | MMBTU/M | MMBTU/R | MMBTUM R R psia psia
5232 2697 80.064 0.000 0.000 80.064 87640 407 6
521.8 269.7 79.883 0.000 0.000 79.883 876.40 407 .6
516.4 269.7 72734 4.939 0.000 T7.674 861.70 1091 406.0 430.6
510.2 269.7 65.358 9.925 0.000 75283 844 .40 1088 404.0 431.8
503.7 269.7 58.370 14 522 0.000 72.892 82540 1085 401.4 433.0
4968 2697 51.787 18714 0.000 F0.501 804 50 1082 398 3 434 2
489 8 2697 45 82T 22484 0.000 68.111 78160 1078 394 6 4354
4819 269.7 39.906 25814 0.000 65.720 T56.30 1075 3902 436.5
4738 2697 34 638 28691 0.000 63.329 T28.50 1073 3850 437 6
4651 269.7 20834 31104 0.000 60.938 693.10 1070 3i788 438.7
4558 269.7 25500 33048 0.000 58.548 665.00 1067 3720 439.8
4459 269.7 21.633 34524 0.000 56157 629.30 1064 364.08 440.76
Temp Pressure | Vap Flow | Vapor Vapor Lig Flow Liquid |Water Flow] Surf. Ten. |Latent Heat,
F psia Ihih Mol Wt | Wi Frac. Ihih Mol. Wit Ihih dynelcm BTU/b
5232 269.7 214920.0 8872 1.00 0.0 0.0 0.0 0.00
521.8 269.7 214920.0 8872 1.00 0.0 0.0 0.0 0.00 80.66
516.4 269.7 196690.0 86.76 0.92 18200.0 1174 0.0 3.96 81.48
510.2 269.7 177750.0 8449 0.83 37100.0 116.6 0.0 410 8247
503.7 269.7 159690.0 8208 0.74 55200.0 115.8 0.0 425 8357
49658 2697 142550.0 79 48 0.66 T2300.0 1151 0.0 4.42 8477
489 6 2697 126410.0 T6.69 0.59 88500.0 1143 0.0 461 8510
4819 2697 111300.0 7369 0.52 103600.0 1136 0.0 483 a7 &7
473.8 269.7 97280.0 70.46 0.45 117600.0 1129 0.0 5.07 8918
4651 269.7 844000 66.99 0.39 130500.0 1123 0.0 5.35 9095
4558 269.7 72680.0 6329 0.34 142200.0 111.6 0.0 5.65 92 .89
4459 269.7 62130.0 59.36 0.29 152700.0 111.1 0.0 6.00 95.01
Density Specific Heat Thermal Conductivity Viscosity
Temp Pressure Vapor Liquid| Wapor Liquid Wapor Liquid Vapor Licuid
°F psia 1t 1hifE BTUMb-"F BTU-ft'hr-fit*-"F cP cP
5232 269.7 282 0.620 0.000 0029 0.014
521.8 269.7 283 0619 0.000 0.029 0.014
516.4 269.7 276 3412 0617 0.737 0029 0.039 0.014 0.086
510.2 269.7 267 3427 0.615 0.732 0.029 0.039 0.014 0.088
503.7 269.7 259 34.44 0613 0.727 0029 0.029 0.014 0.089
4968 2697 2449 34 52 0611 0721 0029 0.040 0014 0.091
489 6 2697 240 34 84 0608 0.715 0030 0.040 0.014 0.092
4819 269.7 229 3507 0.606 0.709 0.030 0.041 0.014 0.095
473.8 269.7 218 3534 0.605 0.702 0.030 0.041 0.014 0.097
4651 269.7 207 3564 0.603 0.695 003 0.042 0.014 0.100
4558 269.7 1.94 35497 0.602 0.688 0032 0.042 0.014 0.103
44589 2697 1.82 36.33 0.602 0.680 0033 0.043 0.015 0.106
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Company: ECOPETROL SA Rev: 1 Date: 11/04/2 Pag: 8 de 28
Location: CARTAGENA, COLOMBIA
Equipment: E-201 A/B Case Operation: S1C1
Service of Unit: CDHDS FEED/CDHDS OVERHEAD EXCHANGERS
Project: Mejoras en Unidad de Destilacion Reactiva U-107 Para Estabilidad y Cumplimiento de 10 PPM Azufre
CONDENSATION CURVE TUBE SIDE
Enthalpies Crit Temp - TC Crit Press - PC
Temp Pressure Vapor Liquid Water Total Vapor Liquid Wapor Liquid
F psia MMBTUM | MMBTUM | MMETWWH | MMBTUin R R psia psia
522 3 2622 80.064 0.000 0.000 80.064 876.40 407 6
| 5189 2622 79.605 0.000 0.000 T9.605 876.40 407 6
5141 2622 73414 4259 0.000 T7.673 863.70 1002 406.3 4303
508.0 2622 66.076 Q207 0.000 75.283 8465.70 1089 404 .3 4315
501.6 2622 59.110 13.782 0.000 T2.892 828.00 1085 401.8 4327
484 G 2622 52 536 17 .966 0.000 T0.501 807 50 1083 398 8 4339
487 T 2622 46.369 21741 0.000 68.111 T85.00 1080 3953 4351
480.2 2622 40.628 25082 0.000 65.720 T60.20 1077 391.0 436.3
4721 2622 35327 28.002 0.000 63.329 T32.90 1074 3859 4374
463.5 2622 30479 30.459 0.000 60.938 703.00 1071 380.0 4385
454 4 2622 26.092 32.456 0.000 58.548 670.40 1068 3ria 439.6
444 6 2622 22165 338462 0.000 56157 53510 1065 365 54 440 .63
Temp Pressure | Vap Flow | “apor Vapor Lig Flow Liquid |Water Flow] Surf. Ten. |Latent Heat
‘F psia Ibih Mol. Wt | Wi Frac. I Mol. Wt Ib/h dynefcm BTUb
5223 2622 2149200 8872 1.00 0.0 0.0 00 0.00
5189 2622 2149200 8B 72 1.00 00 0.0 00 0.00 8182
5141 2622 195090.0 a7.02 093 15800.0 117.7 00 411 8251
508.0 2622 1802100 8478 0.84 34700.0 116.9 00 424 8347
501.6 2622 162170.0 8240 0.75 52700.0 1161 00 4.39 84 53
4949 2622 145020.0 79.84 0.67 69900.0 115.3 00 4.56 8569
4877 2622 1288200 7709 0.60 86100.0 114.6 00 475 8597
4802 2622 1136200 7413 053 101300.0 113.9 00 4 .96 88 39
4721 2622 99490.0 7094 0.46 1154000 1132 00 520 89 94
463.5 2622 86460.0 6752 0.40 128400.0 1125 00 545 91.65
454 4 2622 T4570.0 63.86 0.35 140300.0 111.9 00 BT 9353
444 6 2622 638300 59 97 0.30 151000.0 111.3 0.0 6.11 9559
Density Specific Heat Thermal Conductivity Viscosity
Temp Pressure Vapor Liguid| Vapor Liquid Vapor Liquid WVapor Liquid
°F psia Ihifi® Ihift BTUMb-*F BTU-f'hr-fit>-"F cP cP
5223 2622 272 0.617 0.000 0.029 0.014
518.9 2622 2.74 0.617 0.000 0.028 0.014
5141 2622 268 3428 0.615 0733 0.029 0.039 0014 0.088
508.0 2622 261 3443 0613 0729 0.029 0.039 0014 0.089
501.6 2622 252 3459 0.611 0724 0.029 0.039 0014 0.090
494 9 2622 244 3477 0.608 0.718 0.029 0.040 0.014 0.092
4877 2622 2.4 3498 0.606 0.713 0.029 0.040 0.014 0.094
480.2 2622 2.24 3521 0.605 0.707 0.030 0.041 0.014 0.096
4721 2622 214 3547 0.603 0.700 0.030 0.041 0014 0.098
463.5 2622 2.03 3575 0.601 0.693 0.031 0.042 0.014 0.101
454 4 2622 1.9 36.07 0.600 0.686 0.032 0.043 0.014 0.104
444.6 262.2 1.79 3543 0.600 0.679 0.033 0.043 0.014 0107
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Company: ECOPETROL SA Rev: 1 Date: 11/04/2 Pag: 9 de 28
Location: CARTAGENA, COLOMBIA
Equipment: E-201 A/B Case Operation: S1C1
Service of Unit: CDHDS FEED/CDHDS OVERHEAD EXCHANGERS
Project: Mejoras en Unidad de Destilacion Reactiva U-107 Para Estabilidad y Cumplimiento de 10 PPM Azufre
CONDENSATION CURVE TUBE SIDE
Enthalpies Crit Temp - TC Crit Press - PC
Temp Pressure Vapor Liquid Water Total Vapor Liquid Vapor Ligquid
°F psia MMETLWh| MMBETUM | MMBTUW | MMBT LD R R psia psia
5215 2547 80.064 0.000 0.000 80.064 87640 407 6
515.8 2547 79317 0.000 0.000 79317 876.40 407 6
511.8 2547 74.093 3575 0.000 TT.674 865.80 1004 406.5 430.0
505.8 2547 66.798 8485 0.000 75283 84500 1091 404 6 4312
4995 2547 59 85T 13.035 0.000 72892 830.70 1087 402 2 432 4
4928 2547 53292 17.209 0.000 70.501 810.60 1084 3994 4336
4858 2547 47 122 20989 0.000 68111 783840 1081 3959 434 9
478.3 2547 41.362 24 357 0.000 65.720 76410 1078 3918 436.0
470.4 2547 36.031 27298 0.000 63.329 T37.30 1075 3869 4372
461.9 2547 31.140 29798 0.000 60.938 TO07.90 1072 gz 4383
452 G 2547 26.701 31847 0.000 58 548 67570 10659 3746 439 4
4433 254 7 22715 33442 0.000 56157 64090 1067 367.00 440 48
Temp Pressure | Vap Flow | “Vapor Yapor Liq Flow Liquid |Water Flow] Surf. Ten. |Latent Heat
°F psia Ihéh Mol. Wt | Wt Frac. Il Mol Wt Ibéh dyne/cm BTUW/b
5215 2547 2149200 8872 1.00 00 0.0 0.0 0.00
515.8 2547 214920.0 8a72 1.00 00 0.0 0.0 0.00 8298
511.8 2547 201540.0 8728 0.94 13300.0 1180 0.0 4.26 8355
505.8 2547 1827100 8508 0.85 32200.0 1172 00 439 84 .48
4995 2547 154690.0 8272 077 50200.0 116.4 0.0 4.54 8550
4928 2547 147530.0 80.20 0.69 67400.0 1156 0.0 4.70 86.62
4858 2547 1312800 7748 0.61 83600.0 1149 0.0 488 a7 86
478.3 2547 116000.0 T4 57 0.54 S98900.0 1141 00 509 89 22
470.4 2547 101750.0 7143 0.47 113100.0 1134 0.0 532 90.72
461.9 2547 885800 68.05 0.41 126300.0 1127 0.0 5.58 9238
4529 2547 T6520.0 64.43 0.36 138400.0 1121 0.0 5.88 94.19
4433 2547 6a600.0 6058 o 1459300.0 1115 00 6.22 9519
Density Specific Heat Thermal Conductivity Viscosity
Temp Pressure Vapor Liquid| Wapor Liquid Vapor Licuid Wapor Licpuid
°F psia It I/t BTUMb-*F BTU-fthr-fit>"F cP cP
5215 2547 263 0615 0.000 0.029 0.014
515.8 2547 2 66 0614 0.000 0.028 0.014
511.8 2547 261 3445 0612 0.729 0.028 0.039 0014 0.089
505.8 2547 254 3459 0610 0.725 0.028 0.039 0014 0.091
4995 2547 246 3475 0.608 0.720 0.029 0.040 0.014 0.092
4928 2547 2.38 3493 0.606 0.715 0.029 0.040 0.014 0.094
4853 2547 2249 3512 0.604 0.710 0.029 0.040 0014 0.095
478.3 2547 219 3535 0.603 0.704 0.029 0.041 0.014 0.097
470.4 2547 209 3559 0.601 0.698 0.030 0.041 0.014 0.100
461.9 2547 1.949 3587 0.600 0.691 0.030 0.042 0.014 0102
452 9 2547 1.87 3618 0599 0.684 0.031 0.043 0014 0105
443.3 2547 1.76 36.53 0.598 0.677 0.032 0.043 0.014 0.109
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Company: ECOPETROL SA Rev: 1 Date: 11/04/24 Pag: 10 de 28
Location: CARTAGENA, COLOMBIA
Equipment: E-201 A/B Case Operation: S1C2
Service of Unit: CDHDS FEED/CDHDS OVERHEAD EXCHANGERS
Project: Mejoras en Unidad de Destilacion Reactiva U-107 Para Estabilidad y Cumplimiento de 10 PPM Azufre
HEAT EXCHANGER SPECIFICATION SHEET Page
Released to the following company: UsS Units
INTERCOL EPC
LEOMARDO MOSQUERA Job Mo.
Customer Reference Mo.
ddress Proposal No.
Plant Location DCrate 05-10-2023 Rev O
Service of Unit Item Mao.
Size 35 x 216 inch Type BEU Horizontal Connected In 1 Parallel 2 Series
surf/Linit (Gross/Eff) 5588,3 J 51545 fi2 ShelllUnit 2 surfiShell (Grass/Eff) 2789.2 | 25772 fi2
PERF ORMANGE OF ONE UNIT
luid Allocation Shell side Tube Side
Fluid Mame CDHDS FEED CDHDS OVER HEAD
Fluid Quantity, Total Ibfhr 138259 177476
Vapor (InfOut) 45466 24151 177476 97551
Liquid 134712 115108 79925
Steam
Water
Noncondensables
emperature (In/Out) F 36700 457,00 472,00 438 00
Specific Gravity 0,6089 0,5440 0,5612
iscosity cP 00160 WL 01278 | 00140 VL 00877 0,0130 0,0130 WViL 0,0981
Molecular Weight
Molecular Weight, Noncondensables
Specific Heat Btu/lb-F 0,6177 WI/L0,6312 0,5909 VL 0,7169 0,5970 0,5819 WL 0,7059
ermal Conductivity Btu/hr-ft-F 0,0400 W/LO,0480 0,0288 VL 0,0410 0,0260 0,0266 WVIL 0,0424
Latent Heat Biu/lb 98 303 82 906 BE.331 92 093
Inlet Pressure psia 300,70 239 70
elocity filsec 231 2315
Pressure Drop, Allow/Calc  psi 21,000 ll 3,019 15,000 GI 10,547
Fouling Resiistance (min) ft2-hr-F/Btu 0.00196 0.,00058
Heat Exchanged 10438516 Btu/hr MTD (Corrected) 78,3 F
ransfer Rate, Service 71,60 Bu/ft2-hr-F Clean 13958 Biu/ft2-hr-F Actual 96,27 Biw'ft2-hr-F
CONSTRUCTION OF OME SHELL Sketch (Bundle/Mozzle Orientation)
Shell Side Tube Side
Design/Test Pressure psig 55000 42500 J 15,000
Design Temperature F 55000 650,00
Mo Passes per Shell 1 2
Comosion Allowance inch 0,1250 0,0000
Connections In inch 1 @ 95620 1 @ 12,812
Size & Out inch 1 @ 95620 1 @ 12,812
Rating Intermediate
Ube Mo, 3960 OD 0,/500 inch @—l'ﬁﬂlv_g]_ﬂ_ﬂ'ﬂ' inch Cength 1&.000 1t Prich 1,0000 inch
ube Type Plain Material SA-179 Tube (S) KO1200 Tube pattern 90
Shell SA-516 70 P1. KO2700 ID 35000 OD 36,750 inch |Shell Cover SA-516 70 Pl. KDZT00 (Inteq.
Channel or Bonnet SA-516 7O Pl KD2700 Channel Cover
ubesheet-Stationary  Carbon steel Tubesheet-Floating
Floating Head Cover Impingement Plate None
Baffles-Cross Carbon steel Type YCut (Dham) 225 Spacing({cic) 12,500 Inlet 23,730 inch
Baffles-Long Seal Type
Supports-Tube L-Bend Carbon steel Type Full suppo
Bypass Seal Arrangement 4 pairs seal strips Tube-Tubesheet Joint
Expansion Joint Type
Rho-\V2-Inlet Nozzle Ibift-sec2 Bundle Entrance Bundle Exit Ibift-sec?
askets-shell Side M. Jkt. Flat/Gratoll (55) Tube Side Ml Jkt. Flat/Gratoil [55)
- Floating Head
Code Requirements ASME TEMA Class
eight/Shell b Filled with Water b Bundle b
Remarks:

1. TUBE-SHEET 5A-266 GR 2-M
. HEAD CHAMMEL SA-516 GR 60 + WELD OVER LAY
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Company: ECOPETROL SA

Location: CARTAGENA, COLOMBIA

Equipment: E-201 A/B

Service of Unit: CDHDS FEED/CDHDS OVERHEAD EXCHANGERS

Rev: 1

Project: Mejoras en Unidad de Destilacion Reactiva U-107 Para Estabilidad y Cumplimiento de 10 PPM Azufre

Date: 11/04/24 Pag: 11 de 28

Case Operation: S1C2

Output Summary

Released to the following company:

INTERCOL EPC

LEQNARDO MOSQUERA

ist9 (32 bit) 05M10/2023 19:11 SN: 46639-

Surmmary Unit
Rating - Horizontal

Mo Data Check Messages.
Mo Runtime Measages.

Process Conditions

otal flow rate {1000-1b/hr)

(Wt. frac vap.)

(Deg F) 367,00

{psia) 300,70

{psi) 3.019
(ft2-hr-F/Biu)

0.0326

Cold Shellside
CDHDS FEED

139.26
0,1734
457,00

1.0000
472,00
239,70
21,000 10,547

0,00196

Hot Tubeside
CDHDS OWVER HEAD

177,48
0,5497
438,00
234 .42
15,000
0,00098

Exchanger Performance

(Bu/ft2-hr-F)
(Bu/ft2-hr-F)
()

() Mixed Mo Phase Change

(Deg F) 28,3

228,25
514,18

Actual U (Btu/ft2-hr-F)
Required U (Btu/ft2-hr-F)
Total duty (MM Btu'hir)
Eff. area (fL2)

Cverdesign (%)

98,27
71,60
10,440
51545
34,45

Shell Geometry

(=) BEU
(inch) 35.000
(=) 2
(=) 1
(deg) 0,00

Baffle Geometry

Baffle type

Baffle cut (Pct Dia.)
Baffle orientation (=)
Central spacing (inch)
Crosspasses (=)

225
Parallel
12,500
15

Tube Geometry
(-) Plain
{imch) 0,7500
(ft) 18,000
(—) 1,3333
(dexq) 90
(—) 792
(=) 2

Mozzles
(inch)
(inch)
(inch)
(inch)
(inch)
(inch)

Shell inlet
Shell outlet
Inlet height
Cutlet height
Tube inlet
Tube outlet

9,5620
9,5620
31172
31172
12,812
12,812

Thermal Resistance; %
42 18
2408
30,95
2,79

Tubeside
Crossflow

Velocities; ftisec
Min

18,85
1,30

Longitudinal 0,74

Flow Fractions
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Company: ECOPETROL SA

Location: CARTAGENA, COLOMBIA

Equipment: E-201 A/B

Service of Unit: CDHDS FEED/CDHDS OVERHEAD EXCHANGERS

Project: Mejoras en Unidad de Destilacion Reactiva U-107 Para Estabilidad y Cumplimiento de 10 PPM Azufre

Rev: 1 Date: 11/04/24 Pag: 12 de 28

Case Operation: S1C2

Series Summary Page 2
Released to the following company:
INTERCOL EPC
LEONARDO MOSQUERA
ist 9 (32 bit) 05/10/2023 19:11 SN: 466390- US Units

Summary Lnit

Rating - Horizontal Multipass Flow TEMA BEU Shell With Single-Segmental Baffles

Shell # 1 2
LI nit Shell 1 Shell 2
Performance
Overdesign (%) 33,80 35,14
Crverall U (Blu/ft2-hr-F) 99 38 93,15
Required U (Biu/fft2-hr-F) 74,28 68,93
Linit Duty (MM Btwhr) 3,4075 7.0321
Shellside h (Bufft2-hr-F) 236,49 220,07
ubeside h (Btu/ft2-hr-F) 552,56 478,71
Shellside delta P (psi) 1,640 1,379
ubeside delta P (psi) 5137 5,410
EMTD (F) 17,8 39,6
Process Conditions
inlet T, Shell (F) 431.86 367.00
Cutlet T, Shell (F) 457,00 431,86
Inlet T, Tube (F) 472,00 460,69
Outlet T, Tube (F) 460,69 438,00
Inlet ¥, Shell (WL fraction) 0,099z 10,0326
Outlet ¥, Shell (WL fraction) 0,1734 00,0992
Inlet Y, Tube: (WL fraction) 1,0000 0,8478
Dutlet ¥, Tube (WL fraction) 00,8478 0,5497
Geometry
Shell type (=) E E
Farallel (=] 1 1
Effective area (ft2) 2577.2 2577.2
Shell orientation (=) Horizontal Horizontal
Shell ID (inch) 35,000 35,000
Shellside fluid (=) Cold Cold
Baffle type (=) Single-Seq. Single-Seq.
Baffle cut (Pct Dia.) 22.5 225
Baffle orientation (=) Parallel Parallel
Central spacing  (inch) 12,500 12,500
Crosspassas (=] 15 15
ube type (=) Plain Plain
ube Pass (=] 2 2
ubecount (=] 742 792
ube length (ft) 18,000 18,000
ube OD (inch) 0,7500 0, 7500
ube layout angle (=) ag a0
Pitch ratio (—) 1,3333 1,3333
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Company: ECOPETROL SA Rev: 1 Date: 11/04/: Pag: 13 de 28
Location: CARTAGENA, COLOMBIA
Equipment: E-201 A/B Case Operation: S1C2
Service of Unit: CDHDS FEED/CDHDS OVERHEAD EXCHANGERS
Project: Mejoras en Unidad de Destilacion Reactiva U-107 Para Estabilidad y Cumplimiento de 10 PPM Azufre
VAPORIZATION CURVE SHELL SIDE
Enthalpies Crit Temp - TC Crit Press - PC
Temp Pressure Vapor Liquid Water Taotal Wapor Liquid “apor Ligquid
‘F psia MMBTUM | MMBTU/M | MMEBTUW/h | MMBTU/h R R psia psia
366.T 3007 1.450 23602 0.000 25052 390.30 1024 296 6 454 8
TT 300.7 1.717 24 387 0.000 26.104 426.60 1024 3077 454 6
3883 3007 2038 25119 0.000 2T 15T 464 10 1025 3190 454 5
3987 3007 2426 25783 0.000 28 209 502 60 1025 33056 454 4
408.7 300.7 2.895 26366 0.000 29261 541.60 1026 3420 454 2
4184 300.7 3463 26850 0.000 30.314 580.60 1027 3534 454 .1
427.F 300.7 4151 27215 0.000 31.366 619.00 1028 364 4 453.9
4365 3007 4981 27437 0.000 3z418 B56.30 1029 3750 453 6
4449 300.7 5.97T 27493 0.000 33.470 692.00 1031 3850 4533
4529 300.7 7.163 27 360 0.000 34523 72560 1032 394 .1 453.0
4603 3007 8.560 27015 0.000 355675 T56.70 1034 402 3 452 6
Temp Pressure | Vap Flow | Vapor “Vapor Lig Flow Liguid [Wafter Flow] Surf. Ten. |Latent Heat
°F psia Ih'h Mol Wt | Wt Frac. Ih/h Mol. Wit Ih/h dyneicm BTU/b
366.T 3007 4530.0 34 67 003 134700.0 104 2 00 8.10 106.70
vTT 3007 5340.0 3833 0.04 133000.0 104.3 00 T7.5T7 103.45
3883 3007 6300.0 4214 0.05 132400.0 104 4 00 7.08 10038
3987 300.7 7470.0 46.07 0.05 131700.0 104.5 00 G.60 9747
408.7 300.7 8860.0 50.06 0.06 130400.0 104.6 00 6.16 94.72
4184 300.7 10550.0 5407 0.08 128700.0 104.8 00 5.74 9214
4277 3007 125700 58.05 0.09 126600.0 1050 00 5 36 8973
4365 3007 14990.0 61.94 011 124200.0 1052 00 5.00 8747
4449 3007 17880.0 65.68 013 121300.0 105.4 00 4.68 8538
4529 300.7 213100 69.24 0.15 117900.0 105.7 00 4.38 83.46
4603 3007 253100 7257 0.18 113900.0 106.0 00 412 81.69
Density Specific Heat Thermal Conductivity Viscosity
Temp Pressure Vapor Liquid| “apor Liquid Vapor Liquid Vapor Licpuid
‘F psia bt It BTUMb-°F BTU-fhr-it=-"F cP cP
366.T7 300.7 1.1 38.01 0.618 0.631 0.040 0.048 0016 0128
VTT 300.7 1.34 3753 0.608 0.639 0039 0.047 0016 0122
3883 3007 147 37.05 0.600 0.648 0038 0.046 0016 0117
3987 300.7 1.60 36.57 0.594 0.657 0.037 0.045 0015 0112
408.F 300.7 1.74 3611 0.590 0.666 0.035 0.045 0.015 0107
4184 3007 1.89 35 67 0.588 0.676 0034 0.044 0015 0103
4277 300.7 2.04 3524 0.587 0.685 0033 0.043 0015 0.099
436.5 300.7 219 34.84 0.587 0.694 0.031 0.042 0.014 0.095
4449 300.7 235 3446 0.588 0.703 0.030 0.042 0.014 0.092
452 9 3007 250 341 0.590 0.712 0029 0.041 0014 0.089
4603 3007 264 3379 0.593 0721 0029 0.041 0014 0.086
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Company: ECOPETROL SA Rev: 1 Date: 11/04/24 Pag: 14 de 28
Location: CARTAGENA, COLOMBIA
Equipment: E-201 A/B Case Operation: S1C2
Service of Unit: CDHDS FEED/CDHDS OVERHEAD EXCHANGERS
Project: Mejoras en Unidad de Destilacion Reactiva U-107 Para Estabilidad y Cumplimiento de 10 PPM Azufre
VAPORIZATION CURVE SHELL SIDE
Enthalpies Crit Temp - TC Crit Press - PC
Temp Pressure Vapor Liquid Water Total Wapor Liquid Vapor Liquid
°F psia MMBTUM | MMBTU/M | MMBTUWh | MMBT VR R R psia psia
366.4 2902 1.530 23522 0.000 25052 400.00 1025 2997 454 9
3773 2902 1.815 24 289 0.000 26.104 436.90 1025 3109 454 8
38T 9 2902 2159 24997 0.000 27157 475.10 1026 3224 454 7
3982 2902 2575 25634 0.000 28209 514.00 1027 340 454 5
4081 2902 3.079 26183 0.000 29261 56340 1027 3456 454 4
417.6 2902 3.688 26625 0.000 30.314 592 50 1028 3570 454 2
426.8 2902 4.425 26940 0.000 31.366 630.80 1029 368.0 4539
4355 2902 5313 27106 0.000 32418 B6T.90 1031 irss 453.7
4437 2902 6.374 27097 0.000 33,470 T03.00 1032 3882 453 4
4514 2902 7631 26.892 0.000 34 523 73590 1034 397 1 4530
4587 2902 9102 26473 0.000 35575 T66.20 1035 4051 452 5
Temp Pressure | Vap Flow | Vapor Vapor Lig Flow Liquid [Water Flow] Surf. Ten. |Latent Heat|
F psia lhfh Mol. Wt | Wi Frac. Ibfh Mol. Wit Ib/h dynel/cm BTU/b
366.4 2902 4800.0 3563 0.03 134400.0 1043 00 8.15 106.67
3773 2902 5G60.0 39.36 0.04 133500.0 104 .4 00 7.63 103.55
38T 9 24902 6710.0 4324 0.05 1325000 104 5 00 7.14 100.59
3982 24902 T960.0 47 M 0.06 1313000 104 .6 00 6.67 97 80
4081 24902 94600 51.24 0.o7 1298000 104 .8 00 6.24 9516
4176 24902 112700 R 2T 0.08 1279000 104 .9 00 583 92 69
426.8 2902 134400 59 24 010 1258000 105.1 00 5 45 90.39
4355 2902 16040.0 63.11 012 1232000 105.4 00 510 88 24
4437 2902 191300 6681 0.14 1201000 105.6 00 479 85 26
451 4 2902 27700 70.30 0.16 1164000 1059 00 4 50 8443
458.7 2902 27000.0 73.55 0.19 112200.0 106.3 00 4.25 8277
Density Specific Heat Thermal Conductivity Viscosity
Temp Pressure Vapor Liquid| “apor Liquid Wapor Liquid Vapor Liquid
°F psia it it BTUIb-"F BTU-fthr-it>-"F cP cP
366.4 2902 1.21 38.04 0613 0631 0.040 0.048 0.016 0.128
3773 2902 1.33 37.56 0.603 0639 0.039 0.047 0.016 0.123
I8T 9 2902 1.46 ar.oe 0.596 0.648 0.037 0.046 0.015 0117
3982 2902 1.59 36.62 0.591 0.657 0.036 0.046 0.015 0.112
4081 2902 1.73 3817 0.587 0.666 0.035 0.045 0.015 0.108
417.6 2902 1.87 3573 0.585 0.675 0.033 0.044 0.015 0.104
426.8 2902 202 3532 0.584 0.684 0.032 0.043 0.015 0.100
4355 2902 217 3493 0.585 0.693 0.031 0.042 0.014 0.096
4437 2902 23 3456 0.586 0.702 0.030 0.042 0.014 0.093
451.4 2902 245 3422 0.588 0.710 0.029 0.041 0.014 0.020
458.7 2902 259 3392 0.5590 0719 0.028 0.041 0.014 0.088
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Company: ECOPETROL SA Rev: 1 Date: 11/04/24 Pag: 15 de 28
Location: CARTAGENA, COLOMBIA
Equipment: E-201 A/B Case Operation: S1C2
Service of Unit: CDHDS FEED/CDHDS OVERHEAD EXCHANGERS
Project: Mejoras en Unidad de Destilacion Reactiva U-107 Para Estabilidad y Cumplimiento de 10 PPM Azufre
VAPORIZATION CURVE SHELL SIDE
Enthalpies Crit Temp - TC Crit Press - PC
Temp Pressure Vapor Liquid Water Total Wapor Liquid Vapor Liquid
‘F psia MMBETUM | MMBTU/MR | MMBTU | MMBTU/R R R psia psia
3661 279.7 1.617 23435 0.000 25052 410.30 1026 303.0 4551
I76.9 279.7 1.923 24182 0.000 26104 447.90 1026 3144 4550
38T 4 279.7 2292 24 865 0.000 27157 486.60 1027 326.1 454 8
3976 2797 2738 25471 0.000 28209 526.00 1028 33F8 454 F
407 4 2797 3279 25082 0.000 29261 565 60 1029 3494 454 5
416.8 279.7 3.934 26380 0.000 30.314 604.80 1030 3608 454 3
4258 279.7 4724 26642 0.000 31.366 643.00 1031 ETa 4540
434 3 2797 5672 26746 0.000 32.418 67960 1032 3820 453 T
442 4 279.7 6.801 26669 0.000 33,470 71420 1034 3915 4533
4499 279.7 8132 26391 0.000 34523 T45.30 1035 400.2 4529
4569 2797 9679 25 B96 0.000 35575 77560 1037 407 8 452 4
Temp Pressure | Vap Flow | “apor Vapor Liq Flow Liguid [Wafer Flow] Surf. Ten. |Latent Heat
"F psia Ib/h Mol. Wt | Wit Frac. Ibfh Mol. Wt Ihih dynefcm BTUilb
3661 279.7 5090.0 36.65 0.04 134100.0 104.4 0.0 821 106.71
376.9 279.7 6030.0 40.45 0.04 133200.0 104.5 0.0 7.69 103.71
3BT 4 2797 71500 44 39 0.05 132100.0 1046 0.0 721 100.86
3976 279.7 84900 4841 0.06 130700.0 104.8 0.0 6.75 98.18
407.4 279.7 10110.0 5247 0.07 129100.0 104.9 0.0 6.32 95._66
416.8 279.7 12060.0 56.51 0.09 127200.0 105.1 0.0 5.92 93.30
4258 2797 144000 6047 010 124800.0 1053 0.0 h A5 91.09
4343 279.7 17180.0 64.30 012 122000.0 105.6 0.0 21 89.05
442 4 279.7 204800 67.94 0.15 118700.0 105.8 0.0 4.90 ariar
4499 279.7 243400 71.36 017 114500.0 106.2 0.0 4.63 8545
456.9 279.7 288100 7452 0.21 110400.0 106.5 0.0 4.39 8389
Density Specific Heat Thermal Conductivity Viscosity
Temp Pressure Vapor Liquid| “apor Liquid Wapor Liquid Vapor Ligquid
*F psia 1/t it BTUb-*F BTU-ft/hr-ft*-*F cP cP
3661 2797 1.20 3807 0.608 0.630 0.039 0.048 0.016 0129
3769 2797 1.32 3759 0.599 0639 0.038 0.047 0.015 0123
3BT 4 279.7 1.44 Tz 0.592 0.648 0.037 0.047 0.015 0.118
3976 2797 158 3667 0587 0657 0.035 0.046 0.015 0113
407.4 279.7 1.1 36.22 0.584 0.665 0.034 0.045 0.015 0.109
416.8 279.7 1.85 3580 0.582 0.674 0.033 0.044 0.015 0.104
4258 279.7 1.99 3540 0.582 0.683 0.031 0.043 0.014 0101
434 3 2797 213 35.02 0582 0.692 0.030 0.043 0.014 0.087
442 4 279.7 227 3467 0.584 0.700 0.029 0.042 0.014 0.094
4499 279.7 241 3435 0.585 0.708 0.028 0.041 0.014 0.091
456.9 279.7 254 3405 0.588 0.716 0.028 0.041 0.014 0.089
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Company: ECOPETROL SA Rev: 1 Date: 11/04/2. Pag: 16 de 2§
Location: CARTAGENA, COLOMBIA
Equipment: E-201 A/B Case Operation: S1C2
Service of Unit: CDHDS FEED/CDHDS OVERHEAD EXCHANGERS
Project: Mejoras en Unidad de Destilacion Reactiva U-107 Para Estabilidad y Cumplimiento de 10 PPM Azufre
CONDENSATION CURVE TUBE SIDE
Enthalpies Crit Temp - TC Crit Press - PC
Temp Pressure “apor Liquid Water Total Vapor Liquid Yapor Liquid
°F psia MMBTUMm | MMBTU/M | MMBTUWR | MMBTUih R R psia psia
4722 2397 61.213 0.000 0.000 61.213 868.90 4193
i| 4707 2397 61.049 0.000 0.000 61.049 868.90 4193
4686 2397 58.270 1.890 0.000 &60.160 862 40 1050 4185 444 2
4661 2397 55.047 4.061 0.000 59.108 854 .40 1049 4173 444 8
4635 2397 51.899 6.157 0.000 58.056 845.80 1047 416.0 4455
460.8 2397 48829 8175 0.000 57.003 835.80 1046 4145 4461
453.0 2397 45841 10110 0.000 55.951 827.10 1045 4129 445.8
4551 2397 42 939 11.980 0.000 54 899 816.90 1044 411.0 447 4
4520 2397 40125 13722 0.000 53.847 805.00 1043 409.0 443.0
4489 2397 37403 15391 0.000 52.794 T94.30 1041 406.F 448 6
4456 2397 34778 16964 0.000 51.742 T82.00 1040 404 .2 4492
4421 2397 32 252 18 437 0.000 &0 690 768.80 10359 401 44 440 82
Temp Pressure | Vap Flow | “apor Vapor Liq Flow Liquid [Water Flow) Surf. Ten. |Latent Heat
“F psia Ihih Mol. Wt | Wt Frac. Ihih Mol. Wi Ibfh dynefcm BT/
4722 2397 177480.0 8543 1.00 0.0 0.0 0.0 0.00
4707 2397 177480.0 8543 1.00 0.0 0.0 0.0 0.00 85.39
4686 2397 1658760.0 84 63 0.96 T700.0 108.0 0.0 4.38 8575
4661 2397 160720.0 83.64 0.9, 16700.0 107.7 0.0 4.44 87.22
4635 2397 151980.0 8260 0.86 25400.0 107.4 0.0 4.51 87.71
460.8 2397 143380.0 81.51 0.81 34100.0 1071 0.0 4.58 8822
453.0 2397 134980.0 80.37 0.76 42500.0 106.8 0.0 4.66 8877
4551 2397 126790.0 7917 0.7 50600.0 106.5 0.0 474 8934
4520 2397 118830.0 7790 067 58500.0 106.2 0.0 483 89 94
448 9 2397 111100.0 7657 063 66300.0 106.0 0.0 4403 90.58
4456 2397 103630.0 7517 0.58 73800.0 105.7 0.0 503 91.26
4421 2397 964100 7369 0.54 81000.0 1054 0.0 514 91.97
( Density Specific Heat Thermal Conductivity Viscosity
Temp Pressure Vapor Liquid| “apor Liquid Vapor Liquid Vapor Liquid
°F psia It Ihift? BTUWb-"F BTU-ft'hr-fit*-*F cP cP
4722 2397 254 0.597 0.000 0.026 0013
4707 2397 255 0.597 0.000 0.026 0013
468 6 2397 252 3392 0596 0.736 0.028 0.040 0013 0.089
4661 2397 2.48 33.99 0.595 0.733 0.026 0.041 0013 0.089
4635 2397 245 3407 0.594 0.731 0.026 0.041 0013 0.020
460.8 2397 241 3415 0.592 0.728 0.026 0.041 0013 0.091
4530 2397 237 3424 0591 0.726 0.028 0.041 0013 0.091
4551 2397 233 34 34 0590 0.723 0.026 0.041 0013 0.092
4520 2397 228 34 .44 0589 0.720 0.026 0.042 0013 0.083
4439 2397 224 34.54 0.588 0.717 0.027 0.042 0013 0.094
4456 2397 219 34 66 0.586 0.714 0.027 0.042 0013 0.095
4421 239.7 214 3478 0.585 0.711 0.027 0.042 0.013 0.096
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Company: ECOPETROL SA Rev: 1 Date: 11/04/2. Pag: 17 de 2§
Location: CARTAGENA, COLOMBIA
Equipment: E-201 A/B Case Operation: S1C2
Service of Unit: CDHDS FEED/CDHDS OVERHEAD EXCHANGERS
Project: Mejoras en Unidad de Destilacion Reactiva U-107 Para Estabilidad y Cumplimiento de 10 PPM Azufre
CONDENSATION CURVE TUBE SIDE
Enthalpies Crit Temp - TC Crit Press - PC
Temp Pressure Vapor Liquid Water Total Wapor Liquid Wapor Liquid
°F psia MMETU/h | MMBETUM | MMBTWh | MMETUM R R psia psia
4713 2322 61.213 0.000 0.000 61.213 868.90 4193
| 4674 2322 60.796 0.000 0.000 60.796 868.90 4193
4659 2322 58.830 1.331 0.000 60160 864 .30 1051 4187 443 8
463 .4 2322 55631 3477 0.000 59108 856.40 1050 417 6 444 5
4608 2322 52 504 5 B52 0.000 58.056 84810 1048 4164 4452
458 2 2322 49 451 7.552 0.000 57.003 83920 1047 4149 445 8
4554 2322 A6 47T 9474 0.000 55851 820.80 1046 4134 446 5
4526 2322 43584 11.315 0.000 54.899 819.80 1045 4116 447 1
4496 2322 40.776 13.071 0.000 53.847 20910 1044 4096 4477
4465 2322 38.056 14.738 0.000 52.794 T97.80 1043 407 5 448 4
4433 2322 35428 16.314 0.000 51.742 T85.70 1041 405.1 4450
439.9 2322 32.895 17.794 0.000 50.690 77280 1040 402.39 449.60
Temp Pressure | “ap Flow | Vapor Vapor Liq Flow Liguid |Water Flow| Surf. Ten. |Latent Heat
°F psia Ih/h Mol. Wt | Wt Frac. Ihih Mol. Wit Ibfh dyne/cm BTU/L
471.3 2322 177480.0 8543 1.00 0.0 0.0 0.0 0.00
467 4 2322 177480.0 8543 1.00 0.0 0.0 0.0 0.00 8763
4659 2322 171990.0 8486 IR T 5400.0 108.2 0.0 453 8788
463.4 2322 163080.0 8389 0.92 14400.0 107.9 0.0 4.60 8833
460.8 2322 154290.0 824ar 087 23100.0 107.6 0.0 4.66 88.81
458.2 2322 145710.0 81.80 .82 31700.0 107.3 0.0 4.74 89.30
4554 2322 1373300 8068 0T 40100.0 107.0 0.0 4.8 8983
4526 2322 129140.0 7950 073 48300.0 106.7 0.0 4.859 90.38
4496 2322 121170.0 7826 0.68 56300.0 106.4 0.0 4.98 90 96
446 5 2322 1134300 76.95 0.64 64000.0 106.2 0.0 5.07 91.57
4433 2322 105920.0 7558 0.60 71500.0 105.9 0.0 BAT 9222
4399 2322 98660.0 7412 0.56 T78800.0 105.6 0.0 5.28 9291
Density Specific Heat Thermal Conductivity Viscosity
Temp Pressure Wapor Liquid| Vapor Liquid Wapor Liquid Wapor Liquuid
°F psia 1hift* 1/t BTb-"F BTU-ft/hr-fit>-"F cP cP
4713 2322 244 0.595 0.000 0.026 0013
46T 4 2322 246 0.5594 0.000 0.025 0013
4659 2322 244 3409 0.593 073z 0.026 0.041 0013 0.090
463.4 2322 241 3416 0.592 0.729 0.026 0.041 0013 0.091
460.8 2322 2.38 3424 0.591 0727 0.026 0.041 0013 0.091
4582 2322 2.4 3432 0.590 0.725 0.026 0.041 0013 0.092
4554 2322 2.30 34.40 0.589 0722 0.026 0.041 0013 0.093
4526 2322 226 3449 0.587 0.720 0.026 0.042 0013 0.094
4496 2322 222 3459 0.586 0717 0.026 0.042 0013 0.094
4465 2322 218 3470 0.585 0714 0.026 0.042 0013 0.095
4433 2322 214 3481 0.584 0.711 0.027 0.042 0013 0.096
439.9 2322 2.09 3493 0.583 0.708 0.027 0.042 0.013 0.097
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Company: ECOPETROL SA Rev: 1 Date: 11/04/2 Pag: 18 de 28
Location: CARTAGENA, COLOMBIA
Equipment: E-201 A/B Case Operation: S1C2
Service of Unit: CDHDS FEED/CDHDS OVERHEAD EXCHANGERS
Project: Mejoras en Unidad de Destilacion Reactiva U-107 Para Estabilidad y Cumplimiento de 10 PPM Azufre
CONDENSATION CURVE TUBE SIDE
Enthalpies Crit Temp - TC Crit Press - PC
Temp Pressure Vapor Liquid Water Total Vapor Liquid “apor Liquid
°F psia MMBTUM | MMBTU/M | MMBTLWh | MMBTU/h R R psia psia
470 4 2247 61.213 0.000 0.000 61.213 868.90 4193
463.9 2247 60.535 0.000 0.000 60.535 868.90 4193
463.1 2247 59,300 0.771 0.000 60.161 866.20 1052 4190 4435
4606 2247 56.216 2.892 0.000 RG108 858.50 10561 4179 444 2
458.1 2247 53.110 4945 0.000 58.056 850.40 1049 6.7 444 8
4555 2247 50.076 6.927 0.000 57.003 841.70 1048 4154 4455
4528 2247 47 117 B.834 0.000 55951 832.50 1047 4139 4462
450.0 2247 44 235 10.664 0.000 54 899 82270 1046 4122 4465 8
447 1 2247 41433 12413 0.000 53.847 812.30 1045 4103 4475
444 1 2247 38.716 14 078 0.000 52 794 801.20 1044 4082 4481
440.9 2247 36.087 15655 0.000 51.742 789.40 1042 4059 4487
437 .6 2247 33.5459 17.140 0.000 50.690 77680 1041 403.33 449 35
Temp Pressure | Vap Flow | Vapor Vapor Liq Flow Liquid |Water Flow] Surf. Ten. |Latent Heat
°F psia Ih/h Mol. Wt | Wi Frac. Ihihu Mol. Wit Ihfh dynel/cm BTU/b
470.4 2247 177480.0 B5.43 1.00 0.0 0.0 0.0 0.00
4563.9 2247 1774800 B8543 1.00 0.0 0o 0.0 0.00 88 89
4631 2247 174270.0 8510 0.98 3200.0 108.4 0.0 470 89.02
460 .6 2247 1653800 8414 0.93 121000 1081 0.0 4786 89 46
458.1 2247 156650.0 8314 0.88 20800.0 107.8 0.0 482 8991
4555 2247 148090.0 82.09 0.83 248300.0 107.5 0.0 4.89 90.39
452 8 2247 1357200 8059 079 3TT00.0 1072 00 4497 5090
450.0 2247 1315400 79.83 0.74 45900.0 106.9 0.0 5.05 91.43
447 1 2247 123560.0 78.61 0.70 53500.0 106.6 0.0 513 91.99
444 1 2247 115800.0 T7.33 0.65 61600.0 106.4 0.0 522 492 58
440.9 2247 108270.0 75.98 0.61 69200.0 106.1 0.0 5.32 9320
4376 2247 100970.0 7456 0.57 TG500.0 105.8 0.0 542 93.86
Density Specific Heat Thermal Conductivity Viscosity
Temp Pressure Vapor Liquid| “apor Liquid Vapor Liquid Vapor Liquid
°F psia b/ IbiE® BTUMb-*F BTU-ft'hr-it>-*F cP cP
4704 2247 2.35 0592 0.000 0.026 0.013
463.9 2247 238 0.551 0.000 0.025 0.013
4631 2247 237 3427 0.590 0727 0.025 0.041 0013 0.092
460.6 2247 234 3434 0.589 0.725 0.025 0.041 0.013 0.092
4581 2247 2.30 34.41 0.588 0.723 0.025 0.041 0.013 0.093
4555 2247 227 3449 0587 0721 0.026 D.041 0.013 0.094
4528 2247 224 34 57 0.586 0.718 0.026 0.042 0.013 0.094
450.0 2247 220 34 66 0.585 0.716 0.026 0.042 0.013 0.095
447 1 2247 216 3475 0584 0713 0.026 0.042 0013 0.0586
444 1 2247 212 34.85 0.583 0711 0.026 0.042 0.013 0.097
440.9 2247 2.08 34 .96 0.582 0.708 0.026 0.042 0.013 0.098
437 6 2247 203 3507 0581 0.705 0.026 0.043 0.013 0.095
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Company: ECOPETROL SA Rev: 1 Date: 11/04/24 Pag: 19 de 28
Location: CARTAGENA, COLOMBIA
Equipment: E-201 A/B Case Operation: S2C1
Service of Unit: CDHDS FEED/CDHDS OVERHEAD EXCHANGERS
Project: Mejoras en Unidad de Destilacion Reactiva U-107 Para Estabilidad y Cumplimiento de 10 PPM Azufre
HEAT EXCHANGER SPECIFICATION SHEET Fage 4
Released to the following company: US Units
INTERCOL EPC
LEONARDO MOSQUERA Job Mo.
Customer Reference Mo.
Address Proposal No.
Plant Location Date 05-10-2023 Rev O
Service of Unit Item Mo.
Size 35 x 216 inch Type BEU Horizontal Connected In 1 Parallel 2  Series
SurffUnit (Gross/EfT) 55983 [/ 51545 fi2 ShelllUnit 2 Surf/Shell (Gross/Ef) 27992 [ 25772 fi2
PERFORMANCE OF ONE UNIT
Fluid Allocation Shell Side Tube Side
Fluid Name CDHDS FEED CDHDS OVER HEAD
Fluid Quantity, Total Ib/hr 193447 238208
Vapor (In/Out) G371,8 65436 238208 T3433
Liquid 187075 128011 164775
Steam
Water
Moncondensables
Temperature (InfOut) F 312,00 48300 514,00 433,00
Specific Gravity 0,6672 0,5620 0, 5845
Wiscosity cP 00160 V/L 01759 | 0,0150 V/L 0,0930 0,0140 0.0140 V/IL 0,1090
Molecular Weight
Molecular Weight, Noncondensables
Specific Heat Btu/lb-F 0,7487 VI/IL0O5TH 0,5993 V/IL 0,6928 0,6180 0.,5840 V/L 06759
Thermal Conductivity Btu/hr-ft-F 0,0480 V/L0,0540 0,0321 V/L 0,0402 0,0280 0,02310 VI/L 0,0440
Latent Heat Biu/lb 118,99 84 250 81,960 05,541
Inlet Pressure psia 330,70 269 70
Welocity ftfsec 5,01 25,01
Pressure Drop, Allow/Calc  psi 21,000 7,232 15,000 [! 15 519
Fouling Resistance (min) ft2-hr-FiBtu 0,001596 0,00093
Heat Exchanged 26452461 Btu'hr MTD (Corrected) 49 5 F
Transfer Rate, Service 103,74 Btuft2-hr-F Clean 16338 Btufi2-hr-F Actual 106,84 Biufft2-hr-F
CONSTRUCTIOMN OF ONE SHELL Sketch (Bundle/Nozzle Orientation)
Shell Side Tube Side
Design/Test Pressure psig 550,00 7 42500 |/
Design Temperature F 550,00 650,00
No Passes per Shell 1 2
Corrosion Allowance inch 0,1250 0,0000
Connections In inch 1 @ 95620 1 @ 12,812
Size & Out inch 1 @ 95620 1 @ 12,812
Rating Intermediate @ @
Tube No. 396U OD 0,7500 inch ThkiAwvg) 0,0830 inch Length 18,000 ft Pitch 1,0000 inch
Tube Type Plain Material SA-179 Tube (S) K01200 Tube pattern 90
Shell SA-516 70 Pl K0O2700 ID 35000 OD 36,750 inch |[Shell Cover SA-516 70 Pl KOZ2T00 (Integ.)|
Channel or Bonnet SA-516 70 Pl KD2700 Channel Cover
Tubesheet-Stationary  Carbon sieel Tubesheet-Floating
Floating Head Cowver Impingement Flate None
Baffles-Cross  Carbon steel Type YCut (Diam) 225 Spacingi{c/c) 12,500 Inlet 23,730 inch
Baffles-Long Seal Type
Supports-Tube U-Bend Carbon steel Type Full support]
Bypass Seal Arrangement 4 pairs seal strips Tube-Tubesheet Joint Expanded and strength welded
Expansion Joint Type
Rho-V2-Inlet Nozzle Ibift-sec? Bundle Entrance Bundle Exit Ihift-sec?
Gaskels-Shell Side  Mil. Jkt. Flat/Grafoil (55) Tube Side Mtl. Jki. FlatiGrafoil (S5)
- Floating Head
Code Requirements ASME TEMA Class
Weight'Shell 1] Filled with Water 9] Bundle 4]
Remarks:
1. TUBE-SHEET SA-266 GR 2-N
2. HEAD CHAMNNEL SA-516 GR 60 + WELD OVER LAY
Reprinted with Permission
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Company: ECOPETROL SA
Location: CARTAGENA, COLOMBIA
Equipment: E-201 A/B

Service of Unit: CDHDS FEED/CDHDS OVERHEAD EXCHANGERS

Project: Mejoras en Unidad de Destilacion Reactiva U-107 Para Estabilidad y Cumplimiento de 10 PPM Azufre

Rev: 1 Date: 11/04/24 Pag: 20 de 28

Case Operation: S2C1

Qutput Summary Page 1
Released to the following company:
INTERCOL EPC
LEONARDO MOSQUERA

Xist 9 (32 bit) 05/10/2023 19:00 SN: 46639- US Units

Summary Unit

Rating - Horizontal

No Data Check Messages.

No Runtime Messages.

Process Conditions Cold Shellside Hot Tubeside

Fluid name CDHDS FEED CDHDS OVER HEAD

Total flow rate (1000-1b/hr) 193,45 238,21

Inlet/Outlet Y (Wt frac vap.) 0,0329 0,3383 1.0000 0,3083

Inlet/Cutlet T {Deg F) 312,00 483,00 514,00 433,00

Inlet PiAvg (psia) 330,70 269,70 261,94

dP/Allow. (psi) 7,232 21,000 15,919 15,000

Fouling (fi2-hr-F/Btu} 0,00196 0,00098

Exchanger Performance

Shell h (Bwmt2-hr-F) 302,25 | Actual U (Btumt2-hr-F) 106,84

Tube h (Btwft2-hr-F) 505,85 | Required U (Btuft2-hr-F) 103,74

Hot regime (—) Total duty (MM Btu/hr) 26,453

Cold regime (—) Mixed Mo Phase Change | Ef. area (ft2) 51545

EMTD {Deg F) 49,5 | Overdesign (%) 2,98

Shell Geometry Baffle Geometry

TEMA type -} BEU | Baffle type

Shell ID (inchy} 35,000 | Bafile cut (Pct Dia.) 225

Series i—) 2 | Baffle orientation {--) Parallel

Parallel (—) 1 Central spacing (inch) 12,500

Orientation (deq) 0,00 | Crosspasses {--) 15

Tube Geometry Nozzles

Tube type -} Plain | Shell inlet {inch) 9,5620

Tube OD (inchy} 0,7500 | Shell outlet (inch) 9,5620

Length () 18,000 | Inlet height {inch) 3,172

Pitch ratio (- 1,3333 | Outlet height (inch) 3,172

Layout (deq) 20 | Tube inlet (inch) 12,812

Tubecount (-} 792 | Tube outlet {inch) 12,812

Tube Pass i—) 2

Thermal Resistance; % Velocities; ft/sec Flow Fractions

Shell 35,36 Min Max A 0,249

Tube 2727 |Tubeside 17,52 32,11 B 0,482

Fouling 34,24 (Crossflow 2,42 8,73 c 0,047

Metal 3,13 |Longitudinal 1,41 3,73 E 0,115
F 0,106
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Company: ECOPETROL SA
Location: CARTAGENA, COLOMBIA
Equipment: E-201 A/B

Service of Unit: CDHDS FEED/CDHDS OVERHEAD EXCHANGERS
Project: Mejoras en Unidad de Destilacion Reactiva U-107 Para Estabilidad y Cumplimiento de 10 PPM Azufre

Rev: 1

Date: 11/04/24 Pag: 21 de 28

Case Operation: S2C1

Summary Unit

Rating - Horizontal Multipass Flow TEMA BEU Shell With Single-Segmental Baffles

Series Summary Page 2
Released to the following company:
INTERCOL EPC
LEONARDO MOSQUERA
Xist 9 (32 bit) 05/10/2023 19:00 SN: 46639- US Units

Shell # 1 2
Linit Shell 1 Shell 2
Performance

Overdesign (%) 2,58 3.45
Qwverall U (Btumt2-hr-F) 113,76 99,91
Required U (Btuft2-hr-F) 110,90 96,58
Unit Duty (MM Btuw/hr) 97769 16,676
Shellside h (Btumt2-hr-F) 323,26 281,44
Tubeside h (Btuft2-hr-F) 58842 436,15
Shellside delta P (psi) 4,319 2,912
Tubeside delta P (psi) 8,524 6,995
EMTD (F) 342 67,0
Process Conditions

Tnlet T, Shell (F) 431,00 312,00
Qutlet T, Shell (F) 483,00 431,05
Inlet T, Tube (F) 514,00 486,92
Qutlet T, Tube (F) 486,92 433,00
Inlet Y, Shell (WHt. fraction) 0,1539 0,0329
Cutlet Y, Shell (W1t fraction) 0,3383 0,1539
Inlet Y, Tube (WH. fraction) 1,0000 0,7033
Qutlet Y, Tube (W1, fraction) 0,7033 0,3083
Geometry

Shell type —) E E
Parallel (-) 1 1
Effective area (ft2) 25772 25772
Shell orientation  (--) Horizontal Horizontal
Shell 1D (inch) 35,000 35,000
Shellside fluid (--) Cold Cold
Baffle type (-) Single-Seq. Single-Seg.
Baffle cut (Pct Dia.) 225 225
Baffle orientation (-) Parallel Parallel
Central spacing  (inch) 12,500 12,500
Crosspasses (-) 15 15
Tube type (-} Plain Plain
Tube Pass (-} 2 2
Tubecount (--) 792 792
Tube length (ft) 18,000 18,000
Tube OD (inch) 0,7500 0,7500
Tube layout angle (-) S0 S0
Pitch ratio (--) 1,3333 1,3333
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Company: ECOPETROL SA Rev: 1 Date: 11/04/2 Pag: 22 de 2
Location: CARTAGENA, COLOMBIA
Equipment: E-201 A/B Case Operation: S2C1
Service of Unit: CDHDS FEED/CDHDS OVERHEAD EXCHANGERS
Project: Mejoras en Unidad de Destilacion Reactiva U-107 Para Estabilidad y Cumplimiento de 10 PPM Azufre
VAPORIZATION CURVE SHELL SIDE
Enthalpies Crit Temp - TC Crit Press - PC
Temp Pressure Vapor Liguid Water Total Vapor Liguid Vapor Liquid
°F psia MMBTUWh | MMBTU/M | MMBTUW | MMBETU/M R R psia psia
3119 330.7 2073 26.035 0.000 28108 227 90 1045 2502 453 5
33358 3307 2691 28.082 0.000 30773 269 40 1046 2637 4530
354 2 330.7 3.486 29952 0.000 33438 315.60 1046 2785 452 3
3r41 3307 4 505 315599 0.000 36103 365.70 1048 204 1 4516
3930 330.7 5.805 32963 0.000 38768 418.60 1049 3102 4509
4110 3307 7454 33580 0.000 41.433 47250 10561 3263 450.0
4280 330.7 0524 34574 0.000 44 099 527 00 1054 3418 449 1
444 0 3307 12.080 34673 0.000 46 764 573.50 1067 3562 4480
4591 3307 1521 4208 0.000 459 425 625.00 1061 3692 A46.T
4731 3307 18.972 3122 0.000 52.0%4 67470 1065 3805 445 3
486.2 3307 23379 31.380 0.000 54 759 716.20 1069 3800 443 8
Temp Pressure | Vap Flow | “apor Vapor Lig Flow Liquid [Water Flow] Surf. Ten. |Latent Heat
°F psia Ibfh Mol. Wt | WtFrac. Ibfh Mol. Wi Ibfh dynefcm BTU/D
319 3307 63600 18.05 0.03 1870000 108.8 0.0 11.82 12232
3335 330.7 82300 2214 0.04 185200.0 109.0 0.0 10.73 117.06
3542 3307 10620.0 2674 0.05 1828000 1092 0.0 4971 112.00
3741 3307 13650.0 3178 0.07 1798000 1095 0.0 BT7 10716
393, 3307 174600 3716 0.09 1754000 1099 0.0 79 102 57
4110 3307 222100 42 7R 011 1712000 1103 0.0 713 08 26
42810 3307 28100.0 4841 015 165300.0 1109 0.0 6.43 G4 25
444 0 330.7 353000 h3.99 0.18 1581000 1116 0.0 h.B2 90.58
4591 3307 439600 R0 35 D23 1494000 1123 0.0 h.28 Br.24
4731 330.7 54190.0 64 .41 028 1392000 1132 0.0 4 B2 84 25
486.2 3307 66040.0 6911 0.34 1274000 1142 0.0 442 81.59
Density Specific Heat Thermal Conductivity Viscosity
Temp| Pressure Vapor Liquid| ‘“apor Liguid Vapor Liguid Vapor Liquid
°F psia bt b BTUMb-°F BTU-fhr-ft™"F cP cP
319 3307 072 41.64 0749 0573 0.048 0.054 0.016 0.176
3335 3307 0.87 40.81 0.697 0.586 0.046 0.052 0.016 0.160
3542 3307 1.03 40,00 0.661 0.598 0.044 0.050 0.016 0.148
3741 3307 1.20 3921 0.635 0&1 0.042 0.049 0.016 0.138
393.0 330.7 1.34 3845 0618 0.624 0.041 0.047 0.016 0.128
4110 3307 1.60 3772 0.607 0.637 0.039 0.045 0.016 0.120
4280 330.7 1.80 3703 0,601 0.649 0.038 0.044 0.016 0.112
44410 330.7 2.01 36.41 0.598 0.661 0.036 0.043 0.015 0.106
4591 330.7 22 35.84 0.5497 0.673 0,035 0.042 0.015 0.100
4731 330.7 242 35.34 0.5499 0.685 0,033 0.041 0.015 0.095
486.2 330.7 262 3490 0,601 0.696 0,032 0.040 0.015 0.061
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Company: ECOPETROL SA Rev: 1 Date: 11/04/2 Pag: 23 de 2
Location: CARTAGENA, COLOMBIA
Equipment: E-201 A/B Case Operation: S2C1
Service of Unit: CDHDS FEED/CDHDS OVERHEAD EXCHANGERS
Project: Mejoras en Unidad de Destilacion Reactiva U-107 Para Estabilidad y Cumplimiento de 10 PPM Azufre
VAPORIZATION CURVE SHELL SIDE
Enthalpies Crt Temp-TC Crit Press - PC
Temp Pressure Vapor Liquid Water Total Wapor Liquid Vapor Liquid
°F psia MMETUM | MMBETUM | MMBTUW/h | MMBTU/ R R psia psia
3T 20.2 2134 25974 0.000 28108 232 50 1046 2518 4537
3332 202 2776 27997 0.000 30773 27490 1047 2656 4531
3539 3202 3.602 29.836 0.000 33438 32200 1048 2806 h24
3736 320.2 4.662 31444 0.000 36.103 37280 104% 2965 451.7
3925 3202 6.014 32755 0.000 3B.768 426.30 1051 27 450.9
4103 320.2 T.726 3707 0.000 41433 480.80 1053 3288 450.0
4271 320.2 49871 34227 0.000 44099 535.00 1055 3442 4490
4430 320.2 12.522 34241 0.000 46.764 56720 1059 3585 4479
4578 3202 15743 33686 0.000 49 429 636 20 1063 irna3 446 6
AT17T7 3202 19.582 32511 0.000 52.094 681.30 1067 3823 445 1
484 6 3202 24 070 30589 0.000 54759 72190 1071 3916 443 5
Temp Pressure | Vap Flow | WVapor Vapor Liq Flow Liquid |Water Flow| Surf. Ten. |Latent Heat
°F psia Ibfh Mol. Wt | WiFrac. Ibfh Mol. Wi Ibfh dynelcm BTUMD
3T 320.2 6580.0 18.49 0.03 186800.0 108.9 0.0 11.86 12215
3332 3202 85400 2267 0.04 184900.0 1091 0.0 10.78 116.99
3539 3202 11030.0 2736 0.06 1824000 1093 0.0 977 112.03
3736 3202 14180.0 3248 0.o7 1792000 109.7 0o 883 10729
3925 3202 18150.0 arez 0.09 1752000 1101 0.0 799 102.81
4103 3202 231100 4355 012 1702000 1105 0.0 F.22 98.62
427. 320.2 202200 49232 0.15 164200.0 1111 0.0 6.54 94 73
4430 3202 36680.0 54 78 019 156700.0 111.8 0.0 5.493 9117
4578 3202 45600.0 60.10 024 147800.0 112.6 0.0 541 a7.96
AT1T 3202 56090.0 65.10 0.29 1373000 1135 0.0 4.96 5.00
484 6 3202 681800 6973 0D.35 1252000 1145 0.0 4 57 825
Density Specific Heat Thermal Conductivity Viscosity
Temp Pressure Vapor Liquid| Vapor Liquid Vapor Liquid Vapor Liquid
°F psia Ib/t> Ibift® BTUMb-*F BTU-fthr-ft™-°F cP cP
3T 320.2 0.72 41.65 0.741 0.573 0.048 0.054 0.016 0176
3332 202 0.86 40.84 0691 0.586 0.046 0016 0.161
3539 3202 1.02 4003 0.655 0.598 0.044 0.016 0.149
3736 202 1.19 3925 0631 0611 0042 0016 0138
3925 3202 1.38 3850 0615 0623 0.040 : 0016 0.129
4103 0.2 1.58 aris 0604 0.636 0.039 0.045 0.016 0121
427 1 3202 178 ariz2 0598 0.648 0.037 0.044 0.015 0113
4430 3202 1.08 36.51 0.596 0.660 0.035 0.043 0.015 0.107
4578 320.2 2.18 3506 0.595 0.672 0.034 0.042 0.015 0.102
4717 320.2 2.38 3547 0.597 0.683 0.033 0.041 0.015 0.097
484 6 20.2 2.56 3505 0.599 0.694 0.032 0.040 0015 0.093
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Company: ECOPETROL SA Rev: 1 Date: 11/04/2 Pag: 24 de 2¢
Location: CARTAGENA, COLOMBIA
Equipment: E-201 A/B Case Operation: S2C1
Service of Unit: CDHDS FEED/CDHDS OVERHEAD EXCHANGERS
Project: Mejoras en Unidad de Destilacion Reactiva U-107 Para Estabilidad y Cumplimiento de 10 PPM Azufre
VAPORIZATION CURVE SHELL SIDE
Enthalpies Crt Temp - TC Crit Press - PC
Temp Pressure Vapor Liquid Water Taotal Vapor Liquid Vapor Liquid
F psia MMBTU/M | MMBTU/MR | MMBTUh | MMBTU/ R R psia psia
3115 3097 2.199 25909 0.000 28108 23740 1047 2535 4538
3329 3097 2.867 27906 0.000 30773 280.70 1048 267 6 4532
3535 3097 3.726 28712 0.000 33438 328.60 1049 2828 4525
ara 3097 4.829 274 0.000 36.103 380.20 1050 2989 1.8
3918 309.7 6.236 32532 0.000 38768 434 20 1052 3153 4510
409.5 3097 8.015 33419 0.000 41.433 489.10 1054 IN4 450.0
4262 3097 10.238 33860 0.000 44099 54320 1057 8.7 4490
4418 3097 12 976 33ryar 0.000 46754 54500 1060 360.8 447 8
456.5 3097 16.288 3314 0.000 49.429 643.50 1064 3734 446.4
4701 3097 20216 31878 0.000 52.094 68780 1068 3841 444 9
4829 3097 24783 20976 0.000 54.759 T27.70 1073 3931 4432
Temp Pressure | Vap Flow | Vapor Vapor Liq Flow Liguid |Water Flow| Surf. Ten. |Latent Heat
°F psia Ib/h Mol. Wt | WtFrac. Ibfh Mol Wi Ib/h dynelfcm BTU/b
3115 3097 6820.0 1885 0.04 1866000 109.0 0.0 11.90 122.01
3329 3097 8860.0 2323 0.05 184500.0 1092 0.0 10.83 116.94
3535 3097 114600 28.01 0.06 181900.0 109.5 0.0 9.83 112.08
3731 3097 14760.0 3320 0.08 1736000 1098 0.0 890 107 45
3918 3097 188900 3871 010 1745000 1102 0.0 807 103.08
409 5 3097 24050.0 44 37 012 1693000 110.8 0.0 T3 945 00
426.2 309.7 304100 50.05 016 163000.0 1114 0.0 6.64 9524
4418 3097 381200 5.58 0.2 155300.0 1121 0.0 6.05 91.80
4565 3097 473200 60.85 0.24 146100.0 1129 0.0 5.54 88T
4701 3097 58070.0 65.80 0.30 1353000 1139 0.0 5.10 85.96
4829 3097 704000 7036 0.36 1230000 1149 0.0 472 8353
Density Specific Heat Thermal Conductivity Viscosity
Temp| Pressure Vapor Liquid| Wapor Liquid Vapor Liquid Vapor Liquid
°F psia Ihit* b BTUMb-*F BTU-ft'hr-ft*>-*F cP cP
315 309.7 0.71 4167 0.733 0.573 0.047 0.054 0.016 0477
3329 3097 0.85 40.86 0.684 0.585 0045 0.052 0.016 0162
35356 3097 1.01 40.06 0.650 0.598 0043 0.050 0.016 0.150
ETEN | 3097 1.18 3929 0.626 0.610 0.041 0.049 0.016 0.139
391.8 3097 1.37 3855 0.611 0.623 0.040 0.047 0.016 0.130
409.5 3097 1.56 3785 0.601 0.635 0.038 0.045 0.016 0.122
4262 3097 1.75 3720 0.596 0.647 0.037 0.044 0.015 0.114
4418 3097 195 3661 0593 0.655 0035 0043 0.015 0.108
456 5 3097 214 36.08 0.593 0.670 0034 0.042 0.015 0.103
4701 3097 233 3561 0.594 0.681 0032 0.041 0.015 D.098
4829 3097 250 3521 0.597 0.691 0031 0.040 0.015 0.095
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Company: ECOPETROL SA Rev: 0 Date: 15/12/2 Pag: 25 de 2
Location: CARTAGENA, COLOMBIA
Equipment: E-201 A/B Case Operation: S2C1
Service of Unit: CDHDS FEED/CDHDS OVERHEAD EXCHANGERS
Project: Mejoras en Unidad de Destilacion Reactiva U-107 Para Estabilidad y Cumplimiento de 10 PPM Azufre
CONDENSATION CURVE TUBE SIDE
Enthalpies Crit Temp - TC Crit Press - PC
Temp Pressure Vapor Liquid Water Total Vapor Liquid WVapor Liquid
*F psia MMEBTU/Mh | MMBTUM | MMETWH | MMBTU/M R R psia psia
138 2697 87 744 0.000 0.000 87 744 87410 4157
125 2697 87.548 0.000 0.000 87 548 874 10 4157
R 2697 79756 5323 0.000 85 079 860.00 1083 4145 434 5
5006 2697 71.732 10.681 0.000 82413 843 40 1079 4127 4359
494 0 2697 64 127 15621 0.000 79748 82530 1076 4105 437 3
487 0 2697 h6. 955 20128 0.000 77.083 805 40 1073 407 8 4387
4797 2697 50 234 24 184 0.000 74418 78350 1069 404 4 4400
4720 2697 43981 27 Fi2 0.000 71.753 759 40 1066 400 4 4414
4637 269.7 38.210 I0EFT 0.000 69.088 73290 1063 3955 442 7
4550 2697 32935 33488 0.000 66.423 703.80 1060 38918 444 0
4457 269.7 23162 355095 0.000 63.758 672.00 1057 3831 4452
4358 269.7 23.892 37.200 0.000 61.093 637.60 1054 3754 446.4
Temp Pressure | Vap Flow | Vapor Vapor Liq Flow Liquid |Water Flow) Surf. Ten. |Latent Heat|
‘F psia Ib/h Mol. Wt | WiFrac. Ibih Mol. Wit Ibih dynelfcm BTU/b
5138 269.7 2382100 8719 1.00 0.0 0.0 0.0 0.00
5125 269.7 2382100 8719 1.00 0.0 0.0 0.0 0.00 81.50
HD6.9 2697 2181800 | 8528 09z 200000 1154 0.0 403 8234
500 6 2697 1974300( 8309 Da3 407000 1145 0o 417 8334
494 0 2697 1776100 076 D75 606000 1137 00 432 84 44
487 0 2697 1587900 7827 D67 794000 1129 0o 449 85 64
4797 2697 1410100 7560 059 972000 1121 0o 468 8696
4720 2697 1243400 7274 052 113800.0 1113 0.0 489 23.41
4637 2697 1082300 9.66 046 120300.0 1106 0.0 513 8999
4550 2697 945300 6.36 040 143600.0 1099 0.0 5.40 91.73
4457 2697 814800 283 034 156700.0 1092 0.0 5.70 93.64
4358 2697 697000 9.07 029 168500.0 1086 0.0 6.05 95.72
Density Specific Heat Themal Conductivity Viscosity
Temp Vapor Liquid| “apor Liquid Vapor Liquid Vapor Liguid
*F psia Ibifi® Ihift BTUMb-"F BTU-ft'hr-ft>-"F cP cP
5138 269.7 2.80 0.618 0.000 0.028 0.014
125 2697 281 0618 0.000 0028 0014
SR 2697 274 34 11 D615 0735 0028 0.039 0014 0.087
500.6 2697 2 66 3426 0613 0.731 0.028 0.039 0.014 0.088
4940 2697 2.58 3443 0611 0.725 0.028 0.040 0.014 0.088
4870 2697 249 34 .61 0.608 0.720 0.029 0.040 0.014 0.091
4797 2697 2.39 3482 0.606 0.714 0.029 0.041 0.014 0.093
4720 2697 229 35 0.604 0.708 0.029 0.041 0.014 0.095
463. 2697 219 35. 0602 0.701 0.029 0.042 0.014 0.097
4550 2697 208 35 0.600 0.694 0.030 0.042 0.014 0.100
4457 2697 1.96 35 0.599 0.687 0031 0.043 0.014 0.103
4358 269.7 1.84 36. 0.598 0.679 0.032 0.044 0.014 0.106
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Company: ECOPETROL SA Rev: 0 Date: 15/12/2 Pag: 26 de 2
Location: CARTAGENA, COLOMBIA
Equipment: E-201 A/B Case Operation: S2C1
Service of Unit: CDHDS FEED/CDHDS OVERHEAD EXCHANGERS
Project: Mejoras en Unidad de Destilacion Reactiva U-107 Para Estabilidad y Cumplimiento de 10 PPM Azufre
CONDENSATION CURVE TUBE SIDE
Enthalpies Crit Temp-TC Crit Press - PC
Temp Pressure Vapor Liquid Water Total Vapor Liguid Vapor Liquid
°F psia MMBTU/M | MMBTUM | MMBTUMR | MMBTU/M R R psia psia
513.0 2622 87 744 0.000 0.000 87.744 87410 4157
i| 5096 2622 87247 0.000 0.000 87247 874 10 4157
h04. T 2622 B80.468 4611 0.000 85078 861.90 1084 4147 4341
498 .5 2622 T2.487 9.927 0.000 82413 845 50 1081 413.0 4355
491.9 2622 64.908 14 840 0.000 79.748 82770 1077 410.9 4369
4851 2622 R7.748 19.335 0.000 T7.083 80820 1074 408.3 4383
477 .8 2622 51.023 23395 0.000 74418 78670 1071 4051 4397
470.2 2622 44 752 27.001 0.000 T1.753 763.00 1067 401.1 4411
462 1 2622 38.950 30138 0.000 69.088 T37.00 1064 356 4 442 5
4535 2622 3363 32792 0.000 66.423 708.40 1061 30909 443 8
444 3 2622 28.804 34 954 0.000 63.758 677.10 1058 3843 4450
434 5 2622 24 473 36.620 0.000 61.093 643.10 1055 376.8 4462
Temp Pressure | Vap Flow | “apor Vapor Lig Flow Liquid [Wafer Flow] Surf. Ten. |Latent Heat
°F psia Ibfh Mol. Wt | WtFrac. Ibih Mol. Wt Ibfh dynefcm BTU/b
513.0 2622 2382100 8719 1.00 0.0 0.0 0.0 0.00
h09.6 2622 2382100 8719 1.00 0.0 0.0 0.0 0.00 82.65
h04.7 2822 2207400 | 8552 0.93 17400.0 157 0.0 418 83.37
498 5 2622 2000500 8336 0.84 38100.0 1148 0.0 43 84 35
4919 2622 1802600 | £1.06 0.76 57900.0 114.0 0.0 4 46 8541
4851 2622 1614300 | 7860 0.68 T6700.0 1132 0.0 463 86.57
477 8 2622 1436100 | 7597 0.60 G4600.0 1124 0.0 482 87 85
4702 2622 1268600 7315 0.53 1113000 1116 0.0 502 8925
452 1 2622 1112300 | 7011 047 126900.0 110.8 0.0 5.26 90.78
4535 2622 96780.0 6585 041 141400.0 1101 0.0 552 92 47
444 3 2622 83560.0 63.36 0.35 154600.0 109.4 0.0 582 04 31
434 5 2622 T1580.0 h0.64 0.30 166600.0 108.8 0.0 6.15 96.34
Density Specific Heat Themal Conductivity Viscosity
Temp| Pressure Vapor Liquid| Vapor Liquid Vapor Liquid Vapor Liquid
°F psia Ibift® Ibife BTUMb-°F BTU-ft/hr-ft*-"F cP cP
513.0 2622 270 0615 0.000 0028 0.014
h09.6 2622 272 0.615 0.000 0.028 0.014
5047 2622 267 3428 0613 0.73 0.028 0.039 0.014 0.088
498 5 2622 259 34 42 0611 0.727 0028 0.039 0.014 0.089
491.9 2622 2.51 34 58 0.609 0.722 0.028 0.040 0.014 0.091
4851 2622 243 3476 0.606 0.717 0.028 0.040 0.014 0.092
477 8 2622 234 34 96 0.604 0711 D029 0.041 0.014 0.094
470.2 2622 224 35.18 0.602 0.705 0.029 0.041 0.014 0.096
462 1 2622 214 3543 0.600 0.6%4 0.029 0.042 0.014 0.098
4535 2622 2104 3571 0.598 0.692 0.030 0.042 0.014 0.101
444 3 2622 192 36.02 0.5497 0.685 0030 0.043 0.014 0.104
4345 262.2 1.81 36.37 0.596 0.678 0.031 0.044 0.014 0.107
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Company: ECOPETROL SA Rev: 0 Date: 15/12/2 Pag: 27 de 2¢
Location: CARTAGENA, COLOMBIA
Equipment: E-201 A/B Case Operation: S2C1
Service of Unit: CDHDS FEED/CDHDS OVERHEAD EXCHANGERS
Project: Mejoras en Unidad de Destilacion Reactiva U-107 Para Estabilidad y Cumplimiento de 10 PPM Azufre
CONDENSATION CURVE TUBE SIDE
Enthalpies Crit Temp -TC Crit Press - PC
Temp Pressure Vapor Liquid Water Total apor Liquid Vapor Liquid
*F psia MMBTU/M | MMBTUM | MMBTUWhH | MMBTUM R R psia psia
h121 2547 87 744 0.000 0.000 87 744 87410 4157
H06.6 254.7 86.935 0.000 0.000 86.935 87410 4157
502.5 2547 81.183 3.895 0.000 85078 863.70 1086 4149 4337
496.3 2547 T3.245 9168 0.000 82413 84770 1082 4133 4351
489 .8 2547 65 695 14 054 0D.000 79748 83020 1079 4113 4366
483.0 2547 52.548 18.535 0.000 77.082 811.00 1075 4088 438.0
4759 254.7 51.823 22595 0.000 T4.418 78990 1072 4057 4394
4683 2547 45 536 26.217 0.000 71.753 T66.60 1069 4019 440.8
4603 254.7 30.704 29.384 0.000 69.088 74110 1066 397 4 442 2
451.8 254.7 34.343 32080 0.000 66.423 713.00 1062 919 4435
442 .8 2547 20.464 34254 0.000 63.758 68220 1059 3855 444 8
4331 26547 25072 3601 0.000 61.093 648 60 1056 3783 4460
Temp Pressure | Vap Flow | Vapor Wapor Liq Flow Liquid |Water Flow] Surf. Ten. |Latent Heat
*F psia Ivh Mol. Wt | WtFrac. I Mol. Wt Ib/h dynefcm BTU/b
A121 2547 2382100 8719 1.00 0.0 00 0.0 0.00
5066 2547 2382100 8719 1.00 0.0 0.0 0.0 0.00 83482
502.5 254.7 2233500 8577 0.94 14800.0 116.0 0.0 433 84 41
496 3 2547 2027300( 8364 0.85 354000 1151 0.0 4 46 8536
4808 254.7 1829700( 8136 0.y 552000 1143 0.0 461 86.39
483.0 254.7 1641300 ( 7894 0.69 740000 1135 0.0 477 8752
4759 2547 1462700( 7634 0.61 919000 M2ar 0.0 495 88.75
4683 2547 1204300 7355 0.54 108700.0 1118 0.0 o 5 90.10
4603 2547 1137000( 7056 048 124500.0 1111 0.0 539 G1.59
451.8 254.7 991000 67.34 042 139100.0 1104 0.0 5.64 G322
442 8 2547 857000 6390 0.36 152500.0 109.7 0.0 504 9501
4331 254.7 735300 6021 031 164600.0 109.0 0.0 6.26 9696
Density Specific Heat Thermal Conductivity Viscosity
Temp| Pressure Vapor Liquid| Vapor Liquid Vapor Liquid Vapor Liquid
°F psia b/t Ihift BTUMb-"F BTU-ftrhr-ft>-"F cP cP
5121 254.7 2.61 0.613 0.000 0.028 0.014
506.6 254.7 264 0.612 0.000 0.028 0.013
R0Z2 5 2547 2 A8 34 45 D611 0728 0028 0.039 0.013 0.090
4963 254.7 252 3459 0.608 0723 0.028 0.040 0.014 0.091
4898 2547 245 3474 0.606 0719 0.028 0.040 0.014 0.092
4830 2547 237 3492 0.604 0714 0028 0.040 0.014 0.094
4759 2547 228 3511 0.602 0708 0028 0.041 0.014 0.096
4683 254.7 219 3532 0.600 0.703 0.028 0.041 0.014 0.098
4603 2547 210 3557 0.598 0697 0.029 0.042 0.014 0.100
451.8 2847 2.00 3583 0.596 0690 0.029 0.043 0.014 0.102
442 8 2547 1.89 3614 0. 595 D683 0030 0.043 0.014 0105
4331 254.7 1.77 36.47 0.594 D676 0.031 0.044 0.014 0.109
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Company: ECOPETROL SA Rev: 1 Date: 11/04/24 Pag: 28 de 28
Location: CARTAGENA, COLOMBIA

Equipment: E-201 A/B

Service of Unit: CDHYDRO FEED PREHEATERS

Project: Mejoras en Unidad de Destilacion Reactiva U-107 Para Estabilidad y Cumplimiento de 10 PPM Azufre

REMARKS

1. The VENDOR shall perform its own thermal, hydraulic and mechanical design and calculate actual drop pressure and outlet properties for hot stream and cold stream.
2. The corrosion allowance in tube side only applies for front head and tubesheet.

3. Materials thickness and weights shall be verified by VENDOR based in calculations.

4. The VENDOR shall guarantee the exchanger thermally and mechanically, and shall also guarantee against damages caused by flow-induced vibration per the shell-and-
tube. The output properties, total duty and drop pressure shall be confirmed by VENDOR, and final values shall update the hydraulic study.

5. PWHT and impact test requirements shall be applied during the manufacturing process as recommended by ASME Section VIII Div 1.

6. Materials indicated in this data sheet are for reference. The VENDOR must verify the materials according to the operating conditions, fluids and client specification 000-
SP-MEQ7-0006 Heat Exchanger Materials Specifications.

7. The VENDOR shall include a update of name plate according typical specification 166000-000-DG-MV09-0072. The name plate material shall be stainless steel.

8. Any specified corrosion allowances shall be added to the minimum calculated thickness. The commercial thicknesses selected by VENDOR must be greater than the
calculated thicknesses (including corrosion thickness).

9. The VENDOR shall supply mechanical rating and detailed drawings approved for construction and AS-BUILT, including final loads and reactions according wind and
seismic loads for civil studies. All consideration according TEMA, ASME Sec. VIII Div 1 and Client Standard recomendations.

10. The VENDOR shall review and validate all drawings contained in Annex Ill of the document 107-SP-ME07-0302. Drawings from a preliminary thermal and mechanical
study by INTERCOL SA.

11. If the VENDOR considers using clad, it must ensure suitability taking into account typical specification 000-DG-MV09-0062, 000-DG-MV09-0063, 000-DG-MV09-0064
and 000-DG-MV09-0065.

12. Tubesheet, 1/8" 304L SS cladding on Tubesheet, bundle, baffles, impigment plate, tie-rods and all necessary parts shall be replaced to achive new process required
duty. Te scope of VENDOR can be seen below. A
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