Simulation Results Using Honeywell UniSim® Design
Suites R360.1, R370 and R380.

1. Simulation Results of Fractionation of Crude
Distillation Unit (crude-distillation-unit.usc).

2. Simulation Results of Gas Processing
(gas-processing.usc).

3.

Simulation Results of Reactive Distillation of Methyl
Acetate Production (reactive-distillation.usc).

. Simulation Results of Absorption of Hydrocarbons

with Lean Oil (Example 11-4.usc).

. Simulation Results of Sour Water Stripping unit

(Sour-Water-Unit.usc).
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Figure L-1 Process flow diagram of a crude distillation unit
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Figure L-2 Temperature vs. Tray Position from Top
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Appendix L .

Case Name:
Company Name Not Available
Calgary, Alberta Unit Set:
CANADA

Date/Time:

D:\Applied-Process-Design-vol-2\programs\crude-distillation-unit.usc

NewUser

Saturday Jul 4 2009, 10:28:34

Column Sub-Flowsheet: T-100 @Main

AN

2]

L3

14

5

16 ]

7

5|

9
B CONNECTIONS

1 Inlet Stream

12 STREAM NAME Stage FROM UNIT OPERATION
113] Main Steam 29__Main TS
114] Q-Trim 28__Main TS
115] Atm Feed 28__Main TS Mixer Mixer
116] Kero_SS_Energy Kero_SS_Reb
117] Diesel Steam 3__Diesel_SS

18] AGO Steam 3 AGO SS

19 Qutlet Stream

20 STREAM NAME Stage TO UNIT OPERATION
121] Residue 29__Main TS
122] Atmos Cond Condenser
123] Off Gas Condenser
124] Waste Water Condenser
125] Naphtha Condenser
126] Kerosene Kero_SS_Reb
127] Diesel 3__Diesel_SS N
128 AGO 3__AGO_SS
29| PA_1_Q PA_1
130 PA_2_Q PA_2

311 PA3 Q PA 3
= MONITOR

34 Specifications Summary

35 Specified Value Current Value Wt. Error Wt. Tol. Abs. Tol. Active | Estimate | Used
36] Kero_SS Prod Flow 9300 barrel/day * 9300 barrel/day 6.311e-008 1.000e-002 * 151.0 barrel/day * On On On
37| Diesel_SS Prod Flow 1.925e+004 barrel/day *| 1.925e+004 barrel/day 4.570e-006 1.000e-002 * 151.0 barrel/day * On On On
38| AGO_SS Prod Flow 4500 barrel/day * 4500 barrel/day 6.846e-006 1.000e-002 * 151.0 barrel/day * On On On
39| PA_1_Rate(Pa) 5.000e+004 barrel/day *| 5.000e+004 barrel/day 5.225e-006 1.000e-002 * 151.0 barrel/day * On On On
40| PA_1_Duty(Pa) -5.500e+007 Btu/hr * -5.500e+007 Btu/hr -0.0000 | 1.000e-002 * 0.9478 Btuthr *|  On On On
41| PA_2_Rate(Pa) 3.000e+004 barrel/day *| 3.000e+004 barrel/day 5.503e-006 1.000e-002 * 151.0 barrel/day * On On On
42| PA_2_Duty(Pa) -3.500e+007 Btu/hr * -3.500e+007 Btu/hr -0.0000 1.000e-002 * 0.9478 Btu/hr * On On On
43| PA_3_Rate(Pa) 3.000e+004 barrel/day *| 3.000e+004 barrel/day 6.861e-006 1.000e-002 * 151.0 barrel/day * On On On
44| PA_3_Duty(Pa) -3.500e+007 Btu/hr * -3.500e+007 Btu/hr -0.0000 1.000e-002 * 0.9478 Btu/hr = On On On
45| Naphtha Prod Rate 2.300e+004 barrel/day *| 2.300e+004 barrel/day 9.978e-007 1.000e-002 * 151.0 barrel/day * On Oon On
46| Liquid Flow 3500 barrel/day * 3500 barrel/day 3.129e-006 1.000e-002 * 151.0 barrel/day * On On On
47| Kero Reb Duty 7.500e+006 Btu/hr * 7.500e+006 Btu/hr 5.160e-002 1.000e-002 * 9.478 Btu/hr * On Oon On
48| Vap Prod Flow 0.0000 Ibmole/hr * 3.799e-018 Ibmole/hr -2.465e-007 1.000e-002 * 2.205 Ibmole/hr * On On On
49| Reflux Ratio 1.000 * 0.7065 -0.2935 1.000e-002 * 1.000e-002 * Off On Off
50
m SPECS

52 Column Specification Parameters
:—j Kero_SS Prod Flow

55| Fixed / Ranged: Fixed Primary / Alternate: Primary Lower Bound: — Upper Bound: —
56| Stream: Kerosene Flow Basis: Std Ideal Vol
% Diesel_SS Prod Flow

59| Fixed / Ranged: Fixed Primary / Alternate: Primary Lower Bound: -— Upper Bound: —
60| Stream: Diesel Flow Basis: Std Ideal Vol
m AGO_SS Prod Flow

63| Fixed/Ranged: Fixed Primary / Alternate: Primary Lower Bound: -— Upper Bound: -
64| Stream AGO Flow Basis: Std Ideal Vol
% PA_1_Rate(Pa)

67| Fixed / Ranged: Fixed Primary / Alternate: Primary Lower Bound: - Upper Bound: —
68| Spec Type: Flow Rate Pumparound: PA_1 Flow Basis: Std Ideal Vol

1B

~
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1 : -
= Case Name: D:\Applied-Process-Design-vol-2\programs\crude-distillation-unit.usc
12 Company Name Not Available
131 Calgary, Alberta Unit Set; NewUser

4 CANADA

s Date/Time: Saturday Jul 4 2009, 10:28;34
L6 ]
7] Column Sub-Flowsheet: T-100 @Main (continued)

8

9 Column Specification Parameters

10
il PA_1_Duty(Pa)

12| Fixed / Ranged: Fixed | Primary / Alternate: Primary | Lower Bound: -~ | Upper Bound: —
13| Spec Type: Duty | Pumparound: PA_1

14
(5] PA_2_Rate(Pa)

16| Fixed / Ranged: Fixed Primary / Alternate: Primary Lower Bound: - Upper Bound: =
17| Spec Type: Flow Rate Pumparound: PA_2 Flow Basis: Std Ideal Vol

18
(sl PA_2_Duty(Pa)

20| Fixed / Ranged: Fixed Primary / Alternate: Primary Lower Bound: - Upper Bound: —
21| Spec Type: Duty Pumparound: PA_2

22
Py PA_3_Rate(Pa)

24| Fixed / Ranged: Fixed Primary / Alternate: Primary Lower Bound: - Upper Bound: -
25| Spec Type: Flow Rate Pumparound: PA_3 Flow Basis: Std Ideal Vol

26
=] PA_3_Duty(Pa)

28| Fixed / Ranged: Fixed Primary / Alternate: Primary Lower Bound: --- Upper Bound: -
29| Spec Type: Duty Pumparound: PA_3

30
3l Naphtha Prod Rate
|32| Fixed / Ranged: Fixed Primary / Alternate: Primary Lower Bound: - Upper Bound: -
33| Stream: Naphtha Flow Basis: Std Ideal Vol

34 - .

= Liquid Flow
36| Fixed / Ranged: Fixed Primary / Alternate: Primary Lower Bound: --- Upper Bound: =
37| Stage: 27__Main TS Flow Basis: Std Ideal Vol Liquid Specification: Light

38
ol Kero Reb Duty

40| Fixed / Ranged: Fixed Primary / Alternate: Primary Lower Bound: - Upper Bound: -—-
41| Energy Stream: Kero_SS_Energy

42
] Vap Prod Flow

44| Fixed / Ranged: Fixed Primary / Alternate: Primary Lower Bound: e Upper Bound: ol
45| Stage: Condenser Flow Basis: Molar

46 =

p Reflux Ratio

48| Fixed / Ranged: Fixed Primary / Alternate: Primary Lower Bound: - Upper Bound: -
49| Stage: Condenser Flow Basis: Molar Liquid Specification: Light

50
P SUBCOOLING

52 Condenser

53| Degrees of Subcooling -

54| Subcool to i

55 .
;; User Variables

57
; PROFILES

59 General Parameters

60| Sub-Flow Sheet: T-100 (COL1) | Number of Stages: 29
81 Profile Estimates
|62 Temperature Net Liquid Net Vapour

53 (F) (barrel/day) (barreliday)

64 Condenser 100.0 * 1.625e+004 4.761e-003
65 1__Main TS 250.0 * 9.29%e+004 4.011e+004
66 2__Main TS 315.7 5.124e+004 6.685e+004
67 3__Main TS 342.0 5.307e+004 7.510e+004
68 4__Main TS 355.4 5.342e+004 7.694e+004
69 5__Main TS 364.8 5.318e+004 7.729e+004
n 6_ Main TS 373.0 5.249e+004 7.704e+004
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Company Name Not Available
Calgary, Alberta

CANADA

Case Name: D:\Applied-Process-Design-vol-2\programs\crude-distillation-unit.usc

Unit Set: NewUser

Date/Time: Saturday Jul 4 2009, 10:28:34

Column Sub-Flowsheet: T-100 @Main (continued)

Profile Estimates

L1
L2
12
X

5
L5
A

8

El
110} Temperature Net Liquid Net Vapour

11 (F) (barrel/day) (barrel/day)
'lg. 7_Main TS 381.8 5.131e+004 7.636e+004
£ 8__Main TS 392.6 4.964e+004 7.518e+004
14] 9__Main TS 405.8 3.600e+004 7.106e+004
115] 10__Main TS 422.9 3.495e+004 6.917e+004
116] 11_Main TS 436.7 3.434e+004 6.811e+004
i 12__Main TS 447.0 3.377e+004 6.750e+004
118] 13__Main TS 455.0 3.300e+004 BA653e+dD4
119] 14__Main TS 462.4 3.1?4é+004 6.616e+004
[20] 15_Main TS 470.9 2.929e+004 6.490+004
ﬂ. 16__Main TS 484.2 7.171e+004 6.245e+004
£ 17__Main TS 512.1 1.668e+004 7.162e+004
ﬁ 18__Main TS 553.1 1.378e+004 6.889e+004
124 19__Main TS 5729 1.214e+004 6.599e+004
125 20__Main TS 582.4 1.078e+004 6.435e+004
|26 21__Main TS 588.3 5.101e+004 6.299e+004
127 22__Main TS 616.5 = 1.553e+004 7.177e+004
'ia_ 23__Main TS 637.5 1.354e+004 7.207e+004
129 24__Main TS 647.8 1.176e+004 7.007e+004
130] 25__Main TS 654.4 1.015e+004 6.830e+004
31“ 26__Main TS 659.7 7984 6.669e+004
132| 27_Main TS 666.2 3500 6.452e+004
133 28__Main TS 679.4 4.665e+004 6.004e+004
34| 29__Main TS 600.0 * 4.398e+004 3190
_33 1__Kero_SS 428.8 1.303e+004 2455
|36 2__Kero_SS 438.5 1.356e+004 3727
137 3__Kero_SS 446.0 1.388e+004 4261
| 38] Kero_SS_Reb 456.5 9300 4582
139] 1__Diesel_S8S 504.6 2.130e+004 3254
40| 2__Diesel_SS 498.5 2.059e+004 2252
|41] 3__Diesel_SS 486.1 1.925e+004 1543
42 1__AGO_SS 602.8 5286 1445
[43] 2__AGO_SS 592.1 4964 957.7
44 3__AGO_SS 571.0 4500 635.4
= EFFICIENCIES

47 Stage Efficiencies

48 Stages Overall Efficiency Methane Ethane Propane i-Butane n-Butane

49 Condenser 1.000 1.000 1.000 1.000 1.000 1.000
; 1_Main TS 1.000 1.000 1.000 1.000 1.000 1.000
; 2__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
E 3__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
53| 4__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
54| 5__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
; 6__Main TS 1.000 1.000 1.000 1.0_00 1.0QO 1.000
E 7__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
157 8__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
58] 9_ MainTS 1.000 1.000 1.000 1.000 1.000 1.000
-5; 10__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
E 11_Main TS 1.000 1.000 1.000 1.000 1.000 1.000
E 12__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
E 13_Main TS 1.000 1.000 1.000 1.000 1.000 1.000
:; 14__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
; 15_Main TS 1.000 1.000 1.000 1.000 1.000 1.000
-(;—_5‘ 16__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
66| 17__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
;‘ 18_Main TS 1.000 1.000 1.000 1.000 1.000 1.000
; 19__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
_9 20__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
; 21 Main TS 1.000 1.000 1.000 1.000 1.000 1.000
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2| Company Name Not Available
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15

o Column Sub-Flowsheet: T-100 @Main (continued)

5 Stage Efficien

10 Stages Qverall Efficiency Methane Ethane Propane i-Butane n-Butane

1] 22_Main TS 1,000 ~ 1.000 1.000 1.000 1.000 1.000
[12] 23_MainTs 1.000 1.000 1000 | 1.000 1000 | 1.000
13| 24__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
[14| 25_MainTs 1.000 1.000 1.000 1.000 1.000 1.000
15| 26_Main TS 1.000 1.000 1.000 1.000 1.000 1.000
16| 27_Main TS 1.000 1.000 1.000 1.000 1.000 1.000
[17] 28_Main TS 1,000 1.000 1.000 1.000 1.000 1.000
18] 29_ Main TS 1.000 1.000 1.000 1.000 1.000 1.000
[19] 1_Kero_sS 1.000 1.000 1,000 1.000 1.000 1.000
20| 2_Kero_s$ 1.000 1.000 1.000 1,000 1.000 1.000
[21] 3_Kero_sS 1.000 1.000 1.000 1.000 1.000 1.000
22| Kero_SS_Reb 1.000 1.000 1.000 1.000 1.000 1.000
23] 1_Diesel_SS 1.000 1.000 1.000 1.000 1.000 1.000
24| 2_Diesel_s5 1.000 1.000 1.000 1.000 1.000 1.000
[25] 3_Diesel_ss 1.000 1.000 1.000 1.000 1.000 1.000
|26] 1_nGo_ss 1.000 | 1.000 1.000 1.000 1,000 1.000
l27] 2_aco_ss 1.000 1.000 1.000 1.000 1.000 1.000
28] 3__AGO_SS 1,000 1.000 1.000 ) 1.000 1.000 1.000
29 Stages Overall Efficiency | H20 NBP[0}49* NBP[0]79" NBP[0]111* NBP[0]144*

30| Condenser 1.000 1.000 1.000 1.000 1.000 1.000
31| 1_MainTs 1.000 1.000 1.000 1.000 1.000 1.000
32| 2_Main TS 1.000 1.000 1.000 1.000 1.000 1.000
33| 3_MainTs 1.000 1.000 1.000 1.000 1.000 1.000
34| 4_Main TS 1.000 1.000 1.000 1.000 1.000 1.000
35| 5_Main TS 1.000 1.000 1.000 1.000 1.000 1.000
36| 6_MainTS 1.000 1.000 1.000 1.000 1.000 1.000
37| 7_MainTS 1.000 1.000 1.000 1.000 1.000 1.000
38| B_Main TS 1.000 1.000 1.000 1.000 1.000 1.000
38| 9_MainTs 1.000 1.000 1.000 1.000 1.000 1.000
40| 10_Main TS 1.000 1.000 1.000 1.000 1.000 1.000
41] 11_MainTs 1.000 1.000 1.000 1.000 1,000 1.000
42| 12_MainTS 1.000 1.000 1.000 1.000 1.000 1.000
43| 13_MainTS 1.000 1.000 1.000 1.000 1,000 1.000
44| 14_Main TS 1.000 1.000 1.000 1.000 1.000 1.000
45| 15_Main TS 1.000 1.000 1.000 1.000 1.000 1.000
46| 16_Main TS 1.000 1.000 1.000 1.000 1.000 1.000
47| 17_Main TS 1.000 1.000 1.000 1.000 1.000 1.000
48] 18_ Main TS 1.000 1.000 1.000 1.000 1.000 1.000
E 19__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
50| 20_ Main TS 1.000 1.000 1.000 1.000 1,000 1.000
_§__1_ 21__Main TS 1.000 1,000 1.000 1.000 1.000 | 1.000
52| 22_ Main TS 1.000 1.000 1.000 1.000 1.000 1.000
53| 23_MainTS 1.000 1.000 1.000 1.000 1.000 1.000
54| 24_ Main TS 1.000 1.000 1.000 1.000 1.000 1.000
55| 25_ Main TS 1.000 1.000 1.000 1.000 1.000 1.000
56| 26_Main TS 1.000 1.000 1.000 1.000 1.000 1.000
E 27__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
58| 28_ Main TS 1.000 1.000 1.000 1.000 1.000 1,000
so| 29_Main TS 1.000 1.000 1.000 1.000 1.000 1.000
E 1__Kero_SS 1.000 1.000 1.000 1.000 1.000 1.000
61] 2_ Kero_SS 1.000 1.000 1.000 1.000 1.000 1.000
E 3__Kero_SS 1.000 1.000 1.000 1.000 1.000 1.000
63| Kero_SS_Reb 1.000 1.000 1.000 1.000 1.000 1.000
64| 1_Diesel_SS 1.000 1.000 1.000 1,000 1.000 1.000
65| 2_Diesel S8 1.000 1.000 1.000 1.000 1.000 1.000
%6 3_ Diesel_SS 1.000 1.000 1.000 1.000 1.000 1.000
67| 1_AGo_ss 1.000 1.000 1.000 1.000 1.000 1.000
s8] 2_AGo_SS 1.000 1.000 1.000 1.000 1.000 1.000
‘e8] 3_AGO_SS 1.000 1.000 1,000 1.000 1.000 1.000

(o))
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- Column Sub-Flowsheet: T-100 @Main (continued)

9 Stage Efficiencies

10 Stages Qverall Efficiency NBP[0])176* NBP[0]208* NBP[0]240" NBP[0]272* NBP[0)304*
|11] Condenser 1.000 1.000 1.000 1.000 1.000 1.000
[12| 1_Main TS 1.000 1.000 1.000 1.000 1.000 1.000
113] 2__MainTS 1.000 1.000 1.000 1.000 1.000 1.000
14| 3__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
[15] 4__Main TS 1.000 1.000 1.000 1.000 1,000 1.000
16| 5__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
17| 6_Main TS 1.000 1.000 1.000 1.000 1.000 1.000
|18] 7__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
E 8__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
20| 9 Main TS 1.000 1.000 1.000 1.000 1.000 1.000
21| 10__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
22| 11_Main TS 1.000 1.000 1.000 1.000 1.000 1.000
|23] 12_MainTS 1.000 1.000 1.000 1.000 1.000 1.000
(24| 13_Main TS 1.000 1.000 1.000 1.000 1.000 1.000
|25] 14__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
126| 15_Main TS 1.000 1.000 1.000 1.000 1.000 1.000
|27] 16_Main TS 1.000 1.000 1.000 ~ 1.000 1.000 1.000
28] 17_Main TS 1.000 1.000 1.000 1.000 1.000 1.000
29| 18_Main TS 1.000 1.000 1.000 1.000 1.000 1.000
130| 19__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
131] 20__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
32| 21_Main TS 1.000 1.000 1.000 1.000 1.000 1.000
33| 22_ Main TS 1.000 1.000 1.000 1.000 1.000 1.000
134 23_Main TS 1.000 1.000 1.000 1.000 1.000 1.000
135 24__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
136] 25__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
37] 26__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
138] 27__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
39| 28__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
40| 29_ Main TS 1.000 1.000 1.000 1.000 1.000 1.000
141] 1_Kero_SS 1.000 1.000 1.000 1.000 1.000 1.000
42| 2_Kero_SS 1.000 1.000 1.000 1.000 1.000 1.000
143] 3__Kero_SS 1.000 1.000 1.000 1.000 1.000 1.000
44| Kero_SS_Reb 1.000 1.000 1.000 1.000 1.000 1.000
45| 1__Diesel_SS 1.000 1.000 1.000 1.000 1.000 1.000
46| 2__Diesel_$S 1.000 1.000 1.000 1.000 1.000 1.000
47| 3__Diesel_SS 1.000 1.000 1.000 1.000 1.000 1.000
48| 1__AGO_SS 1.000 1.000 1.000 1.000 1.000 1.000
[25] 2__AGO_SS 1.000 1.000 1.000 1.000 1.000 1.000
[50] 3__AGO_SS 1.000 1.000 1.000 1.000 1.000 1.000
51 Stages Overall Efficiency NBP([0]336" NBP[0]368" NBP[0]400* NBP[0]433* NBP[0)464*

52| Condenser 1.000 1.000 1.000 1.000 1.000 1.000
B 1__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
[54] 2__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
(55| 3_MainTs 1,000 1.000 1.000 1.000 1.000 1.000
E 4__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
57| 5_ Main TS 1.000 1.000 1.000 1.000 1.000 1.000
E 6__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
59| 7__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
[60] 8_ Main TS 1.000 1.000 1.000 1.000 1.000 1.000
[61] 9__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
E 10__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
63| 11__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
64| 12__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
[65] 13__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
5] 14__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
? 15__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
(58] 16__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
(6] 17__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
70l 18 MainTs 1.000 1.000 1.000 1.000 1.000 1.000
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= Column Sub-Flowsheet: T-100 @Main (continued)

9 Stage Efficiencies

10 Stages Overall Efficiency NBP[0]336* NBP[0]368* NBP[0]400* NBP[0)433* NBP[0]464*

11| 19_Main TS 1.000 1.000 1.000 1,000 1.000 1.000
12| 20__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
13| 21_Main TS 1.000 1.000 1.000 1.000 1.000 1.000
14| 22_ Main TS 1.000 1.000 1.000 1.000 1.000 1.000
15| 23__Main TS 1.000 1.000 1.000 1,000 1.000 1.000
[16] 24_MainTs 1.000 1.000 1.000 1.000 1.000 1.000
17| 25_MainTS 1.000 1,000 1.000 1.000 1.000 1.000
18 26_ Main TS 1.000 1.000 1.000 1.000 1.000 1.000
19| 27__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
|20| 28_Main TS 1.000 1.000 1.000 1.000 1.000 1.000
21| 29_ Main TS 1.000 1.000 1.000 1.000 1.000 1.000
|22| 1_Kera_SS 1.000 1.000 1.000 1.000 1.000 1,000
|23 2_Kero_SS 1.000 1.000 1.000 1.000 1.000 1.000
|24| 3_Kero_SS 1.000 1.000 1.000 1.000 1.000 1.000
|25| Kero_SS_Reb 1.000 1.000 1.000 1.000 1.000 1.000
|26| 1_Diesel_S§ 1.000 1.000 1.000 1.000 1.000 1.000
|27| 2_Diesel S 1.000 1.000 1.000 N 1.000 1.000 1.000
28| 3_Diesel_SS 1.000 1.000 1.000 1,000 1.000 1.000
|29| 1_AGO_SS 1.000 1.000 1.000 1.000 1.000 1.000
|30 2_AGO_SS 1.000 1.000 1.000 1.000 1.000 1.000
31| 3__AGO_SS 1,000 1.000 1.000 1.000 1.000 1.000
32 Stages Overall Efficiency NBP[0J486* NBP[0]528" NBP[0)560* NBP[0]592* NBP[0]624*

133] Condenser 1.000 1.000 1.000 1.000 1.000 1.000
[34] 1_Main TS 1.000 1.000 1.000 1.000 1.000 1.000
|35] 2_Main TS 1.000 1.000 1.000 1.000 1,000 1.000
136 3__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
|37| 4_Main TS 1.000 1.000 1.000 1.000 1.000 1.000
38| 5__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
_3__9 6__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
|40| 7__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
|41] 8_Main TS 1.000 1.000 1.000 1.000 1.000 1.000
42| 9__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
43| 10__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
44| 11_Main TS 1,000 1.000 1.000 1.000 1.000 1.000
45| 12__Main TS 1.000 1.000 1.000 1,000 1.000 1.000
46| 13_Main TS 1.000 1.000 1.000 1.000 1.000 1.000
47| 14_Main TS 1.000 1.000 1.000 1.000 1.000 1.000
48| 15_ Main TS 1,000 1.000 1.000 1.000 1.000 1.000
9] 16__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
E 17__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
51| 18__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
[52] 19__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
53] 20__Main TS 1,000 1.000 1.000 1.000 1.000 1.000
E 21__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
55| 22_ Main TS 1,000 1.000 1.000 1.000 1.000 1.000
(55| 23__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
E 24__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
58| 25_ Main TS 1.000 1.000 1.000 1.000 1.000 1.000
59| 26_ Main TS 1.000 1.000 1.000 1.000 1.000 1.000
[&0] 27__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
(1] 28_ Main TS 1.000 1.000 1.000 1.000 1.000 1.000
[e2| 29_ Main TS 1.000 1.000 1.000 1.000 1.000 1.000
(&3] 1__Kero_SS 1.000 1.000 1.000 1.000 1.000 1.000
4] 2__Kero_SS 1.000 1.000 1.000 1.000 1.000 1.000
[65) 3__Kero_SS 1.000 1.000 1.000 1.000 1.000 1.000
[es Kero_SS_Reb 1.000 1.000 1.000 1.000 1.000 1.000
E 1__Diesel_SS 1.000 1.000 1.000 1.000 1.000 1.000
68| 2_ Diesel_SS 1.000 1.000 1.000 1.000 1.000 1.000
B 3__Diesel_SS 1.000 1.000 1.000 1.000 1.000 1.000
I7nl 1 aGo ss 1.000 1.000 1.000 1.000 1.000 1.000
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16

7] Column Sub-Flowsheet: T-100 @Main (continued)

8

9 Stal iciencies

10 Stages Overall Efficiency NBP[0)496* NBP[0]528" NBP[0]560* NBP[0]592* NBP[0]624*

[11] 2__AGO_SS 1.000 1.000 1.000 1.000 1.000 1.000
12| 3__AGO_SS 1.000 1.000 1.000 1.000 1.000 1.000
13 Stages Overall Efficiency NBP[0]656* NBP[0]688" NBP[0]720* NBP[0]752" NBP[0]784*

[14] Condenser 1.000 1,000 1.000 1.000 1.000 1.000
[15] 1_Main TS 1.000 1.000 1.000 1.000 1.000 1.000
[16] 2__Main TS 1.000 1,000 1.000 1.000 1.000 1.000
[17] 3__Main TS 1.000 1.000 1,000 1.000 1.000 1.000
[18] 4__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
19| 5__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
20| 6_Main TS 1.000 1.000 1.000 1.000 1.000 1.000
[21] 7__Main TS 1.000 1.000 1.000 1.000 1,000 1.000
22| 8__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
|23 9_Main TS 1.000 1.000 1.000 1.000 1.000 1.000
24 10_Main TS 1.000 1.000 1.000 1.000 1.000 1.000
25| 11_Main TS 1.000 1.000 1.000 1.000 1.000 1.000
26| 12_Main TS 1.000 1.000 1.000 1.000 1.000 1.000
27] 13_Main TS 1.000 1.000 1.000 N 1.000 1.000 1.000
28] 14_Main TS 1.000 1.000 1.000 1.000 1.000 1.000
28] 15_Main TS 1.000 1.000 1.000 1.000 1.000 1.000
30| 16__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
31| 17__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
32| 18_Main TS 1.000 1.000 1.000 1.000 1.000 1.000
33| 19__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
34| 20_Main TS 1.000 1.000 1.000 1.000 1.000 1.000
35| 21_Main TS 1.000 1.000 1.000 1.000 1.000 1.000
36| 22__MainTS 1.000 1.000 1.000 1.000 1.000 1.000
37| 23_Main TS 1.000 1.000 1.000 1.000 1,000 1.000
38| 24__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
33| 25_Main TS 1.000 1.000 1.000 1.000 1,000 1.000
40| 26_Main TS 1.000 1.000 1.000 1.000 1.000 1.000
[41] 27_Main TS 1.000 1.000 1.000 1.000 1.000 1.000
42| 28_Main TS 1.000 1.000 1.000 1.000 1.000 1.000
43| 29_Main TS 1.000 1.000 1.000 1.000 1.000 1.000
44| 1__Kero_SS 1.000 1.000 1.000 1.000 1.000 1.000
45| 2__Kero_SS 1.000 1.000 1.000 1.000 1.000 1.000
46| 3_ Kero_SS 1.000 1.000 1.000 1.000 1.000 1.000
E Kero_SS_Reb 1.000 1.000 1.000 1,000 1.000 1.000
48] 1_Diesel S8 1.000 1.000 ~ 1.000 1.000 1.000 1.000
49| 2_ Diesel_SS 1.000 1.000 1.000 1.000 1,000 1.000
50| 3_ Diesel_SS 1.000 1.000 1.000 1.000 1.000 1.000
E 1__AGO_SS 1.000 1.000 1.000 1,000 1.000 1.000
52| 2_ AGO_SS 1.000 1.000 1.000 1.000 1.000 1.000
53| 3_aGo_ss 1.000 1.000 1.000 1.000 1,000 1.000
54 Stages Qverall Efficiency NBP[0]830" NBP[0]888* NBP[0]947* NBP[0]1009* NBP[0]1062*

5| Condenser 1.000 1.000 1.000 1.000 1.000 1.000
(55| 1_mainTs 1.000 1.000 1.000 1.000 1.000 1.000
[57] 2_MainTs 1.000 1.000 1.000 1.000 1.000 1.000
58 3__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
[se] 4_MainTs 1.000 1.000 1.000 1.000 1.000 1.000
(60| 5_Main TS 1.000 1.000 1.000 1.000 1.000 1.000
1] 6_MainTs 1.000 1.000 1.000 1.000 1,000 1.000
62| 7_MainTs 1.000 1.000 1.000 1.000 1.000 1.000
63| 8_MainTs 1.000 1.000 1.000 1,000 1.000 1.000
[64] o_MainTs 1.000 1.000 1.000 1.000 1.000 1.000
[65] 10_Main TS 1.000 1.000 1.000 1.000 1.000 1.000
[65] 11_mainTs 1.000 1.000 1.000 1.000 1.000 1.000
(67| 12_Main TS 1.000 1.000 1.000 1.000 1.000 1.000
68| 13_MainTs 1.000 1.000 1.000 1.000 1.000 1.000
68| 14_wainTs 1.000 1.000 1.000 1.000 1.000 1.000
7ol 15 Main TS 1.000 1.000 1.000 1.000 1.000 1.000
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K3

- Column Sub-Flowsheet: T-100 @Main (continued)

g Efficiencies

10 Stages Overall Efficiency NBP[0]830* NBP[0]888* NBP[0]947* NBP[0]1008* NBP[0]1062*

[11] 16_MainTs 1.000 1,000 1.000 1.000 1.000
[12] 17_MainTs 1.000 1.000 1.000 1.000 1.000
13| 18_Main TS 1.000 1.000 1.000 1.000 1.000
[14] 15_MainTs 1.000 1.000 1.000 1.000 1.000
15| 20_Main TS 1.000 1.000 1.000 1.000 1.000 1.000
16| 21_MainTs 1.000 1.000 1.000 1.000 1.000 1.000
[17] 22_MainTs 1.000 1.000 1.000 1.000 1.000 1.000
18] 23__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
[19] 24__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
20| 25_ Main TS 1.000 1.000 1.000 1.000 1.000 1.000
21| 26_MainTs 1.000 1.000 1.000 1.000 1.000 1.000
22| 27_MainTs 1.000 1.000 1.000 1.000 1.000 1.000
23| 28_Main TS 1.000 1.000 1.000 1.000 1.000 1.000
24| 29_Main TS 1.000 1.000 1.000 1.000 1.000 1.000
25| 1_Kero_SS 1.000 1.000 1.000 1.000 1.000 1.000
28] 2_Kero_ss 1.000 1.000 1,000 1.000 1.000 1.000
27| 3_Kero_ss 1.000 1.000 1.000 < 1.000 1.000 1.000
28] Kero_SS_Reb 1.000 1.000 1.000 1.000 1.000 1.000
28] 1_Diesel_SS 1.000 1.000 1.000 1.000 1.000 1.000
[30] 2_Diesel S5 1.000 1.000 1.000 1.000 1.000 1.000
31| 3_Diesel_sS 1.000 1.000 1.000 1.000 1.000 1.000
32| 1_AGO_SS 1.000 1.000 1.000 1.000 1.000 1.000
33| 2_AGO_SS 1.000 1.000 1.000 1.000 1.000 1.000
24| 3_AGO_SS 1.000 1.000 1.000 1.000 1.000 1.000
35 Stages Overall Efficiency NBP[0]1124*

|36 Condenser 1.000 1.000

37| 1__Main TS 1.000 1.000

E 2_ Main TS 1.000 1.000

as| 3__Main TS 1.000 1.000

E 4__Main TS 1.000 1.000

la1] 5_Main TS 1.000 1.000

42| 6_Main TS 1.000 1.000

43| 7__MainTS 1.000 1.000

E 8__Main TS 1.000 1.000

45| 9_Main TS 1.000 1.000

46| 10_Main TS 1.000 1.000

47] 11_MainTs 1.000 1.000

48| 12_Main TS 1.000 1.000

48] 13_Main TS 1.000 1.000

[s0| 14_Main TS 1.000 1.000

[51] 15_Main TS 1.000 1.000

52| 16__Main TS 1.000 1.000

53] 17__Main TS 1.000 1.000

[54] 18_Main TS 1.000 1.000

55| 19_Main TS 1.000 1.000

E 20__Main TS 1.000 1.000

[57] 21_Main TS 1.000 1.000

58] 22_ Main TS 1.000 1.000

59| 23_Main TS 1.000 1.000

60| 24_ Main TS 1.000 1.000

[61] 25_mainTs 1.000 1.000

52| 26_Main TS 1.000 1.000

63| 27_Main TS 1.000 1.000

64| 28 Main TS 1.000 1.000

65| 29_main Ts 1.000 1.000

66| 1_Kero_SS 1.000 1.000

E 2. Kero_SS 1.000 1.000

68| 3_ Kero_SS 1.000 1.000

E Kero_SS_Reb 1.000 1.000

7nl 1. Diesel S8 1.000 1.000
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- Column Sub-Flowsheet: T-100 @Main (continued)

9 Stage Efficiencies

10 Stages Qverall Efficiency NBP[0]1124*
|11] 2_Diesel SS 1.000 1.000
[12| 3_Diesel_ss 1.000 1.000
E 1_AGO_SS 1.000 1.000
i 2__AGO_Ss 1.000 1.000

15| 3__AGO_SS 1.000 1.000

16
Iv7l SOLVER

18 Column Solving Algorithm:  Legacy Inside-Out

19 Solving Options Acceleration Parameters

20| Maximum Iterations: 10000 Accelerate K Value & H Model Parameters: Off
21| Equilibrium Error Tolerance: 1.000e-05

22| Heat/Spec Error Tolerance: 5.000e-004

23| Save Solutions as Initial Estimate: On

24| Super Critical Handling Model: Simple K

25| Trace Level Low

26| Init from Ideal K's: Off Damping Parameters

27 Initial Estimate Generator Parameters Azeotrope Check: Off
28| lterative IEG (Good for Chemicals): Off Fixed Damping Factor: 1
|29

30

31
2 SIDE STRIPPERS

33 Side Stripper Summary
% # Stages Liquid Draw Stage Vapour Return Stage F':;i;:s:‘;or;v Rel:(r;ntlz;h%uty

36| Kero_SS 3- 9__Main TS 8__Main TS 722.0 7.500e+006
37| Diesel_SS 3 17__Main TS 16__Main TS 1139

38| AGO_SS e Jid 22__Main TS 21__Main TS 202.2
% SIDE RECTIFIERS

41
] PUMP AROUNDS

43 Pump Around Summary
% Draw Stage Return Stage F:ﬁat:slte:::‘)” com:::::r? uty

46| PA_1 2__Main TS 1__Main TS 4812 -5.500e+007
47| PA_2 17__Main TS 16__Main TS 1830 -3.500e+007
48| PA_3 22__Main TS 21__Main TS 1430 -3.500e+007
= VAP BYPASSES

51
52| RATING

53
& Tray Sections

55| Tray Section Main TS Kero_SS Diesel_SS AGO_SS

56| Tray Diameter (ft) 4.921 s 4.921 4.921 . 4.921 *
57| Weir Height (ft) 0.1640 & 0.1640 0.1640 = 0.1640 *
58| Weir Length (ft) 3.937 ® 3.937 3.937 * 3.937 "
59| Tray Space (ft) 1.640 . 1.640 1.640 . 1.640 .
60| Tray Volume (ft3) 31.20 31.20 31.20 31.20

61| Disable Heat Loss Calculations No No No No

62| Heat Model None None None None

63| Rating Calculations No No No No

64| Tray Hold Up (f3) 3.120 3.120 3.120 3.120
% Vessels

67| Vessel Condenser Kero_SS_Reb

68| Diameter (ft) 3.914 3.914

69| Length (ft) 5.871 5.871

70l Volume (ft3) 70.63 . 70.63

Ll
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o Column Sub-Flowsheet: T-100 @Main (continued)
9 | Orientation Horizontal Horizontal
10| Vessel has a Boot No No
11| Boot Diameter (ft) — [
12| Boot Length (ft) — —
13| Hold Up (ft3) 35.31 35.31
% Other Equipment In Column Flowsheet
16 PA_1_Cooler [ PA_2_Cooler | PA_3_Cooler
% Pressure Profile
19 Pressure (psia) Pressure Drop (psi)
|20 Condenser 19.70 psia 4 9.000 psi
121] 1_Main TS 28.70 psia 0.1429 psi
[22] 2_Main TS 8.84 01429 psi
|23] 3__Main TS 28.99 psia 0.1429 psi
|24 4__Main TS 29.13 psia 0.1429 psi
|25 5__Main TS 29.27 psia 0.1429 psi
126 6__Main TS 29.41 psia _0.1429 psi
|27 | 7__Main TS 29.56 psia . 0.1429 psi
128 8__Main TS 29.70 psia 0.1429 psi
|29] 9__Main TS 29.84 psia 0.1429 psi
[30] 10__Main TS 29.99 psia 0.1429 psi
131)] 11__Main TS 30.13 psia 0.1429 psi
|32) 12__Main TS 30.27 psia 0.1429 psi
133 13__Main TS 30.41 psia 0.1429 psi
|34) 14__Main TS 30.56 psia 0.1429 psi
135 15__Main TS 30.70 psia 0.1429 psi
136 16__Main TS 30.84 psia 0.1429 psi
37 17__Main TS 30.99 psia 0.1429 psi
E 18__Main TS 31.13 psia 0.1429 psi
139 19__Main TS 31.27 psia 0.1429 psi
|40 20__Main TS 31.41 psia 0.1429 psi
|41 21__Main TS 31.56 psia 0.1429 psi
42] 22__Main TS 31.70 psia 0.1429 psi
143 23__Main TS 31.84 psia 0.1429 psi
|44] 24__Main TS 31.99 psia 0.1429 psi
45| 25__Main TS 32.13 psia 0.1429 psi
146 26__Main TS 32.27 psia 0.1429 psi
147 27__Main TS 32.41 psia 0.1429 psi
48] 28__Main TS 32.56 psia 0.1429 psi
|49 29_ Main TS 32.70 psia * -—
150] 1__Kero_SS 29.84 psia 0.0000 psi
151] 2__Kero_SS 29.84 psia 0.0000 psi
52| 3__Kero_SS 29.84 psia 0.0000 psi
153] Kero_SS_Reb 29.84 psia 0.0000 psi
54 1__Diesel_SS 30.99 psia 0.0000 psi
[55 2_Diesel S5 _3099psia 0.0000 psi
56 3__Diesel_SS B ~ 30.99 psia 0.0000 psi
[57] 1_AGO_SS 31.70 psia 0.0000 psi
[5s] 2__AGO_SS 3170 psia 0.0000 psi
59 3__AGO_SS 31.70 psia 0.0000 psi
% Pressure Solving Options
62| Pressure Tolerance 1.000e-004 *| Pressure Drop Tolerance 1.000e-004 ! Damping Factor 1.000 '| Max Press lterations 100 *
= CONDITIONS
65| Name Main Steam @Main Atm Feed @Main | Diesel Steam @Main | AGO Steam @Main Residue @Main
66| Vapour 1.0000 0.6053 1.0000 1.0000 0.0000
67| Temperature (F) 375.0000 * 623.5643 300.0000 * 300.0000 * 670.2670
68| Pressure (psia) 150.0000 * 65.0000 50.0000 * 50.0000 * 32.7000
69| Molar Flow (Ibmole/hr) 416.3174 6231.0675 166.5270 138.7725 1419.7843
70| Mass Flow (Ib/hr) 7500.0000 * 1284956.4375 3000.0000 * 2500.0000 * 619556.1846

12
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a Column Sub-Flowsheet: T-100 @Main (continued)
9
my CONDITIONS
11| Std Ideal Liq Vol Flow (barrel/day) 514.5826 100000.0000 205.8330 171.5275 43976.1325
12| Molar Enthalpy (Btu/lbmole) -1.014e+005 -1.201e+005 -1.019e+005 -1.018e+005 -2.546e+005
13| Molar Entropy (Btu/lbmole-F) 40.29 161.8 41.80 41.80 352.8
14| Heat Flow (Btu/hr) -4.2220e+07 -7.4846e+08 -1.6967e+07 -1.413%e+07 -3.6144e+08
15| Name Off Gas @Main Naphtha @Main | Waste Water @Main Kerosene @Main Diesel @Main
16| Vapour 1.0000 0.0000 0.0000 0.0000 0.0000
17| Temperature (F) 106.6557 106.6557 106.6557 456.5015 486.0726
18| Pressure (psia) 19.7000 19.7000 19.7000 29.8429 30.9857
19| Molar Flow (Ibmolerhr) 0.0000 2769.1927 700.9743 721.9749 1139.2301
20| Mass Flow (Ib/hr) 0.0000 245765.2528 12628.1218 113873.5417 246158.3828
21| Std Ideal Lig Vol Flow (barrel/day) 0.0000 23000.0230 866.4282 9300.0587 19250.0880
22| Molar Enthalpy (Btu/lbmole) -5.147e+004 -8.349e+004 -1.222e+005 -1.159e+005 -1.545e+005
23| Molar Entropy (Btu/lbmole-F) 47.02 29.10 13.83 83.02 130.7
24| Heat Flow (Btushr) 0.0000e-01 -2.3121e+08 -8.5626e+07 -8.3691e+07 -1.7602e+08
25| Name AGO @Main Q-Trim @Main Kero_SS_Energy | Atmos Cond @Main
26| Vapour 0.0000 - - -
27| Temperature (F) 571.0402 - - s
28| Pressure (psia) 31.7000 - - -
29 Molar Flow (lbmole/hr) 202.1898 - - -—
30| Mass Flow (Ib/hr) 59986.8757 - - =
31| Std Ideal Lig Vol Flow (barrel/day) 4500.0308 — - —-
32| Molar Enthalpy (Btu/lbmole) -1.947e+005 --- - -
33| Molar Entropy (Btu/lbmole-F) 207.8 - - -—
34| Heat Flow (Btu/hr) -3.9375e+07 7.0950e+07 7.5002e+06 1.0895e+08
= PROPERTIES
37| Name Main Steam @Main Atm Feed @Main Diesel Steam @Main AGO Steam @Main Residue @Main
i Molecular Weight 18.02 206.2 18.02 18.02 436.4
139] Molar Density (Ibmole/ft3) 1.764e-002 9.577e-003 6.267e-003 6.267e-003 0.1023
140 Mass Density (Ib/ft3) 0.3177 1.975 0.1129 0.1129 44.66
|41 Act. Volume Flow (barrel/day) 1.009e+005 2.781e+006 1.136e+005 9.466e+004 5.930e+004
42| Mass Enthalpy (Btullb) 6629 -582.5 -5656 -5656 -583.4
43| Mass Entropy (Btu/lb-F) 2.236 0.7847 2.320 2.320 0.8085
;ﬁ Heat Capacity (Btu/lbmole-F) 8.800 139.4 8.417 8.417 311.5
|45 Mass Heat Capacity (Btu/lb-F) 0.4885 0.6762 0.4672 0.4672 0.7139
'_4_5; Lower Heating Value (Btu/lbmole) 0.0000 - 0.0000 0.0000 -
;ﬂ Mass Lower Heating Value (Btu/lb) — — - -— -
48] Phase Fraction [Vol. Basis] — 0.9705 - - -
48] Phase Fraction [Mass Basis] 4.941e-324 0.3541 4.941e-324 4.941e-324 2.122e-314
E Partial Pressure of CO2 (psia) 0.0000 0.0000 0.0000 0.0000 0.0000
\51] Cost Based on Flow (Cost/s) 0.0000 0.0000 0.0000 0.0000 0.0000
52| Act. Gas Flow (ACFM) 393.4 - 442.9 369.1 -
E Avg. Lig. Density (Ibmole/ft3) 3.458 0.2664 3.458 3.458 0.1380
E Specific Heat (Btu/lbmole-F) 8.800 139.4 8.417 8.417 311.5
155 Std. Gas Flow (MMSCFD) 3.792 56.75 1.517 1.264 12.93
|56 Std. Ideal Lig. Mass Density (Ib/ft3) 62.30 54.93 62.30 62.30 60.22
57| Act. Lig. Flow (USGPM) - 2394 - -— 1730
_5; Z Factor 0.9485 - 0.9787 0.9787 2.635e-002
E Watson K - 11.29 - - 11.53
60| User Property - - . = -
E Cp/(Cp - R) 1.291 1.014 1.309 1.309 1.006
62| Cp/Cv 1.372 1.012 1.340 1.340 3.671
E Heat of Vap. (Btu/lbmole) 1.575e+004 1.136e+005 1.681e+004 1.681e+004 1.663e+005
64| Kinematic Viscosity (cSt) 3.029 - 7.698 7.698 0.3857
E Liq. Mass Density (Std. Cond)  (Ib/ft3) 63.33 54.70 63.33 63.33 60.13
66| Lig. Vol. Flow (Std. Cond) (barrel/day) 506.1 1.004e+005 202.4 168.7 4.402e+004
—E'S; Liquid Fraction 0.0000 0.3947 0.0000 0.0000 1.000
; Molar Volume (ft3/lbmale) 56.70 104.4 159.6 159.6 9.770
E Mass Heat of Vap. (Btu/lb) 874.4 551.0 933.2 933.2 381.0
? Phase Fraction [Molar Basis) 1.0000 0.6053 1.0000 1.0000 0.0000
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Company Name Not Available
Calgary, Alberta

CANADA

Case Name: D:\Applied-Process-Design-vol-2\programs\crude-distillation-unit.usc
Unit Set: NewUser
Date/Time: Saturday Jul 4 2009, 10:28:34

Column Sub-Flowsheet: T-100 @Main (continued)

HEERNRERNANE

PROPERTIES

Name Main Steam @Main Atm Feed @Main Diesel Steam @Main | AGO Steam @Main Residue @Main

Surface Tension (dyne/cm) - 10.91 -— - 12.78
113] Thermal Conductivity (Btu/hr-ft-F) 2.006e-002 -— 1.695e-002 1.695e-002 6.594e-002
|14 Viscosity _[(eP) 1.542e-002 — 1.392e-002 1.392e-002 0.2759
|15] Partial Pressure of H2S (psia) 0.0000 0.0000 0.0000 0.0000 0.0000
|16} Cv (Semi-ideal) (Btu/lbmole-F) 6.814 137.5 6.432 6.432 309.5
117 Mass Cv (Semi-Ideal) (Btu/lb-F) 0.3782 0.6665 0.3570 0.3570 0.7093
18] Cv (Btu/lbmole-F) 6.414 137.8 6.280 6.280 84.86
119 Mass Cv (Btu/lb-F) 0.3560 0.6680 0.3486 0.3486 0.1945
[20] v (Ent. Method) (Btu/lbmole-F) 6.322 166.5 6.247 6.247 -
121| Mass Cv (Ent. Method) (Btu/lb-F) 0.3509 0.7588 0.3468 0.3468 et
[22] Cp/Cv (Ent. Method) 1.392 0.8911 1.347 1.347 —_
|23| Reid VP at37.8C (psia) - 6.668 - - —
124] True VP at37.8C (psia) 0.9380 8.978 0.9380 0.9380 0.9599
25| Lig. Vol. Flow - Sum(Std. Congbarrel/day) 506.3 1.001e+005 202.5 168.8 4.404e+004
26| Name Off Gas @Main Naphtha @Main Waste WatEQMain Kerosene @Main Diesel @Main
127] Molecular Weight 51.73 88.75 18.02 167.7 216.1
28| Molar Density (Ibmole/ft3) 3.331e-003 0.5038 - 3.447 0.2584 0.1994
|29| Mass Density (Ib/ft3) 0.1723 44,71 62.11 40.75 43.09
|30] Act. Volume Flow (barrel/day) 0.0000 2.350e+004 869.2 1.194e+004 2.442e+004
|31] Mass Enthalpy (Btuflb) -985.0 -940.8 -6781 -734.9 -715.0
132] Mass Entropy (Bluﬂb_-F) 0.9091 0.3279 0.7674 0.5264 0.6050
33] Heat Capacity (Btu/lbmole-F) 21.93 43.65 18.57 102.4 140.0
134 Mass Heat Capacity (Btu/lb-F) 0.4239 0.4919 1.031 0.6491 0.6478
135 Lower Heating Value (Btu/lbmole) - - 7.316e-004 - -
136 Mass Lower Heating Value (Btu/lb) - - 4.061e-005 - -
137] Phase Fraction [Vol. Basis] - 3.045e-004 — -— .
|38]| Phase Fraction [Mass Basis] 2.122e-314 1.173e-006 0.0000 2.122e-314 2.122e-314
|39] Partial Pressure of CO2 (psia) 0.0000 0.0000 0.0000 0.0000 0.0000
140 Cost Based on Flow (Cost/s) 0.0000 0.0000 0.0000 0.0000 0.0000
|41} Act Gas Flow (ACFM) - —-- - -— -
142] Avg. Lig. Density (lbmole/ft3) - 0.5147 3.458 0.3318 0.2530
143] Specific Heat (Btu/lbmole-F) 21.93 43.65 18.57 102.4 140.0
44| Std. Gas Flow (MMSCFD) 0.0000 25.22 6.384 6.575 10.38
145| Std. Ideal Liq. Mass Density (Ib/ft3) 36.48 45.68 62.30 52.34 54.66
46| Act. Lig. Flow (USGPM) 685.1 25.35 348.4 712.2
E Z Factor - - 9.403e-004 1.175e-002 1.531e-002
[48] Watson K 13.36 11.76 19.51 11.37 11.43
49| User Property - - - - -
(50| cpiCp-R) 1.100 1.048 1.120 1.020 1.014
E Cp/Cv 1.110 1.092 1.156 1.020 | 1.123
2 Heat of Vap. (Btu/llbmole) 1.639&_*004 1.953e+004 1.746e+004 1.998e+004 4.333e+004
53] Kinematic Viscosity (cSt) 2.974 - 0.6368 0.2767 0.3146
54 Lig. Mass Density (Std. Cond) (Ib/ft3) 37.19 46.25 63.33 52.57 54.74
55| Lig. Vol. Flow (Std. Cond)  (barrel/day) 0.0000 2.270e+004 852.1 9255 1.921e+004
; Liquid Fraction 0.0000 1.000 1.000 1.000 1.000
E Molar Volume (ft3/lbmole) 300.2 1.985 0.2901 3.870 5.014
158] Mass Heat of Vap. (Btu/lb) 316.8 2201 969.2 126.6 200.5
159] Phase Fraction [Molar Basis] 1.0000 0.0000 0.0000 0.0000 0.0000
60| Surface Tension (dyne/cm) - 18.29 69.23 10.52 12.93
6_1 Thermal Conductivity (Btushr-ft-F) 1.060e-002 6.629e-002 0.3659 5.698e-002 6.338e-002
E Viscosity (cP) 8.209e-003 0.3635 0.6335 0.1806 0.2171
163 Partial Pressure of H2S (psia) 0.0000 0.0000 0.0000 0.0000 0.0000
164 Cv (Semi-Ideal) (Btu/lbmole-F) 19.94 41.67 16.59 100.4 138.0
65| Mass Cv (Semi-ldeal) (Btu/lb-F) 0.3855 0.4695 0.9207 0.6365 0.6387
; Cv (Btu/lbmole-F) 18.75 39.99 16.06 100.4 124.6
E Mass Cv (Btu/lb-F) 0.3818 0.4505 0.8915 0.6365 0.5768
168 Cv (Ent. Method) (Btu/lbmole-F) - - - 99.91 137.4
69 Mass Cv (Ent. Method) (Btu/lb-F) — —_— 0.6335 0.6357
[70] ceicy (Ent. Method) = = 1.025 1,019
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Company Name Not Available
Calgary, Alberta

CANADA

Case Name: D:\Applied-Process-Design-vol-2\programs\crude-distillation-unit. usc
Unit Set: NewUser
Date/Time: Saturday Jul 4 2009, 10;28:34

Column Sub-Flowsheet: T-100 @Main (continued)

|1
2
z
&4
5
1
a
8
9
I PROPERTIES
11| Name Off Gas @Main Naphtha @Main Waste Water @Main Kerosene @Main Diesel @Main
112] Reid VP at37.8 C (psia) 174.5 13.98 - — -—
{13) TrueVPat37.8C (psia) 420.0 17.97 26.53 2.894e-002 0.9447
14| Lig. Vol. Flow - Sum(Std. Con¢arrel/day) 0.0000 2.272e+004 852.4 9259 1.922e+004
15| Name AGO @Main
1 16] Molecular Weight 296.7
117| Molar Density (lbmolefft3) 0.1468
|18 Mass Density (Ib/ft3) 43.56
119] Act. Volume Flow (barrel/day) 5887
|20] Mass Enthalpy (Btu/lb) -656.4
121] Mass Entropy (Btu/lb-F) 0.7005
|22] Heat Capacity (Btu/lbmole-F) 201.7
123 Mass Heat Capacity (Btu/lb-F) 0.6798
124} Lower Heating Value (Btu/lbmole) -
26| Mass Lower Heating Value (Btu/lb) -
29_ Phase Fraction [Vol. Basis] —
127 Phase Fraction [Mass Basis] 2.122e-314 R
|28| Partial Pressure of CO2 (psia) 0.0000
129 Cost Based on Flow (Cost/s) 0.0000
130] Act. Gas Flow (ACFM) wee
131] Ava. Lig. Density (Ibmole/ft3) 0.1921
3_2 Specific Heat (Btu/lbmole-F) 201.7
133 Std. Gas Flow (MMSCFD) 1.841
134] Std. Ideal Lig. Mass Density (Ib/ft3) 56.98
35| Act. Lig. Flow (USGPM) 171.7
3—5 Z Factor 1.952e-002
—
i Watson K 11.49
ﬂ User Property -
[39] Cpi(Cp-R) 1.010
'2 Cp/Cv 1.150
|41| Heat of Vap. (Btuflbmole) 7.216e+004
|42 Kinematic Viscosity (cSt) 0.1824
143] Lig. Mass Density (Std. Cond) (Ib/ft3) 56.89
144 Lig. Vol. Flow (Std. Cond) (barrel/day) 4506
|45] Liquid Fraction 1.000
146] Molar Volume (ft3/bmole) 6.812
147| Mass Heat of Vap. (Btuflb) 2432
|48| Phase Fraction [Molar Basis] 0.0000
|49| Surface Tension (dyne/cm) 13.07
|50 Thermal Conductivity (Btu/hr-ft-F) 6.525e-002
|51] Viscosity (cP) 0.1273
|52] Partial Pressure of H2S (psia) 0.0000
53] Cv (Semi-Ideal) (Btu/lbmole-F) 199.7
|54] Mass Cv (Semi-Ideal) (Btu/lb-F) 0.6731
55| Cv (Btu/lbmole-F) 175.4
|56] Mass Cv (Btu/lb-F) 0.5911
157] Cv (Ent. Method) (Btuw/lbmole-F) -
58] Mass Cv (Ent. Method) (Btu/lb-F)
159 Cp/Cv (Ent. Method) -
160 Reid VP at 37.8 C (psia) -
161 True VP at37.8 C (psia) 0.9387
62| Lig. Vol. Flow - Sum(Std. Con¢®arrel/day) 4508
- SUMMARY
65| Flow Basis: Malar i The composition option is selected
66 Feed Composition
67 Atm Feed Main Steam Diesel Steam AGO Steam
68 Flow Rate (lbmole/hr) 6.231068e+03 416.3174 166.5270 138.7725
69 - - -
7n Methane 0.0003 0.0000 0.0000 0.0000
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L Case Name: D:\Applied-Process-Design-vol-2\programs\crude-distillation-unit.usc
12 | Company Name Not Available
13| Calgary, Alberta Unit Set: NewUser
4| CANADA

5 Date/Time: Saturday Jul 4 2009, 10;28:34
6 |
o Column Sub-Flowsheet: T-100 @Main (continued)
9
m SUMMARY

11 Atm Feed Main Steam Diesel Steam AGO Steam
12 Ethane 0.0006 0.0000 0.0000 0.0000
13 Propane 0.0086 0.0000 0.0000 0.0000
14 i-Butane 0.0054 0.0000 0.0000 0.0000
15 n-Butane 0.0193 0.0000 0.0000 0.0600
16 H20 0.0000 1.0000 1.0000 1.0000
17 NBP[0}49* 0.0364 0.0000 0.0000 0.0000
18 NBP[0]79* 0.0436 0.0000 0.0000 0.0000
19 NBP[O]111* 0.0427 0.0000 0.0000 0.0000
20 NBP[0]144" 0.0416 0.0000 0.0000 0.0000
21 NBP[0]176* 0.0438 0.0000 0.0000 0.0000
22 NBP[0]208* ~ 0.0451 0.0000 0.0000 0.0000
23 NBP[0]240* 0.0437 0.0000 0.0000 0.0000
24 NBP[0]272* 0.0418 0.0000 0.0000 0.0000
25 NBP[0]304* 0.0391 0.0000 0.0000 0.0000
26 NBP[0]336* 0.0362 0.0000 0.0000 0.0000
27 NBP[0]368* 0.0342 0.0000 0.0000 0.0000
28 NBP[0]400* 0.0334 0.0000 0.0000 0.0000
29 NBP[0]433* 0.0356 0.0000 0.0000 0.0000
30 NBP[0]464* 0.0394 0.0000 0.0000 0.0000
31 NBP[0]496* 0.0393 0.0000 0.0000 0.0000
32 NBP[0]528* 0.0356 0.0000 0.0000 0.0000
33 NBP[0]560* 0.0314 0.0000 0.0000 0.0000
34 NBP[0]592* 0.0279 0.0000 0.0000 0.0000
35 NBP[0]624* 0.0242 0.0000 0.0000 0.0000
36 NBP[0]656* 0.0213 0.0000 0.0000 0.0000
37 NBP[0]688" 0.0192 0.0000 0.0000 0.0000
38 NBP[0]720* 0.0172 0.0000 0.0000 0.0000
39 NBP[0]752* 0.0153 0.0000 0.0000 0.0000
40 NBP[0]784* 0.0138 0.0000 0.0000 0.0000
41 NBP[0]830* 0.0229 0.0000 0.0000 0.0000
42 NBP[0]888* 0.0212 0.0000 0.0000 0.0000
43 NBP[0]947* 0.0209 0.0000 0.0000 0.0000
44 NBP[0]1009* 0.0267 0.0000 0.0000 0.0000
45 NBP[0]1062* 0.0365 0.0000 0.0000 0.0000
46 NBP[0]1124* 0.0358 0.0000 0.0000 0.0000
47| Flow Basis: Molar The composition option is selected
48 Feed Flows

49 Atm Feed Main Steam Diesel Steam AGO Steam
50 Flow Rate (lbmole/hr) 6.231068e+03 416.3174 166.5270 138.7725
51 - - - -

52 Methane (Ibmole/hr) 1.7716 0.0000 0.0000 0.0000
53 Ethane (Ibmole/hr) 3.8868 0.0000 0.0000 0.0000
54 Propane (Ibmole/hr) 53.6976 0.0000 0.0000 0.0000
55 i-Butane (Ibmolefhr) 33.8881 0.0000 0.0000 0.0000
56| n-Butane (Ibmolefhr) 120.1641 0.0000 0.0000 0.0000
57 H20 (lbmole/hr) 0.0000 416.3174 166.5270 138.7725
58| NBP[0}49" (Ibmole/hr) 226.6945 0.0000 0.0000 0.0000
59| NBP[0]78* (Ibmole/hr) 271.5884 0.0000 0.0000 0.0000
60| NBP[O]111* (Ibmole/hr) 266.1674 0.0000 0.0000 0.0000
61| NBP[0]144* (Ibmole/hr) 259.3055 0.0000 0.0000 0.0000
62| NBP[0]176" (Ibmole/hr) 273.0245 0.0000 0.0000 0.0000
63| NBP[0]208* (Ibmole/hr) 280.7126 0.0000 0.0000 0.0000
64| NBP[0]240" (Ibmole/hr) 272.5889 0.0000 0.0000 0.0000
65| NBP[0]272* (Ibmole/hr) 260.4708 0.0000 0.0000 0.0000
66| NBP[0]304* (Ibmole/hr) 243.5950 0.0000 0.0000 0.0000
67| NBP[0]336* (lbmole/hr) 225.5670 0.0000 0.0000 0.0000
68| NBP[0]368" (Ibmole/hr) 213.0273 0.0000 0.0000 0.0000
69 NBP[0]400* (lbmole/hr) 208.0502 0.0000 0.0000 0.0000
70l NBPI01433" (Ibmole/hr) 222.1205 0.0000 0.0000 0.0000
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-—12—- ) Case Name: D:\Applied-Process-Design-vol-2\programsicrude-distillation-unit.usc
= Company Name Not Available

| 3] Calgary, Alberta Unit Set: NewUser

14| CANADA

s Date/Time: Saturday Jul 4 2009, 10:28;34
£
- Column Sub-Flowsheet: T-100 @Main (continued)

9
m SUMMARY

11 Atm Feed Main Steam Diesel Steam AGO Steam

12| NBP[0]464" (Ibmole/hr) 245,5858 0.0000 D.OCE- 0.0000

13| NBP[0]496* (Ibmole/hr) 244.7608 0.0000 0.0000 0.0000

14| NBP[0]528* (Ibmole/hr) 221.9567 0.0000 0.0000 0.0000

15| NBP[0]560* (Ibmole/hr) 195.5585 0.0000 0.0000 0.0000

16| NBP[0]592* (Ibmole/hr) 173.7073 0.0000 6.0000 0.0000

17| NBP[0}624* (lbmole/hr) 150.9991 0.0000 0.0000 0.0000

18| NBP[0]656* (Ibmole/hr) 132.5479 0.0000 0.0000 0.0000

19] NBP[0]688" (lbmole/hr) 118.3653 0.0000 0.0000 0.0000

20| NBP[0]720* (Ibmole/hr) 107.2018 0.0000 0.0000 0.0000

21| NBP[0]752* (Ibmolefhr) 95.1769 0.0000 0.0000 0.0000

22| NBP[0]784* (Ibmole/hr) 86.1208 0.0000 0.0000 0.0000

23| NBP[0]830* (Ibmole/hr) 142.9814 0.0000 0.0000 0.0000

24| NBP[0]888* (Ibmole/hr) 131.8420 0.0000 0.0000 0.0000

25| NBP[0]847" (Ibmole/hr) 130.3502 0.0000 0.0000 0.0000

26| NBP[0]1009" (Ibmole/hr) 166.3452 0.0000 0.0000 0.0000

27| NBP[0]1062* (lbmole/hr) 227.1241 0.0000 0.0000 0.0000

28| NBP[0]1124* (Ibmoleshr) 223.1228 0.0000 0.0000 0.0000

28 Products

30| Flow Basis: Molar I The composition option is selected

31 Product Compositions

32 Off Gas Naphtha Waste Water Residue Kerosene
33 Flow Rate (Ibmolefhr) 0.0000 2.769193e+03 700.9743 1.419784e+03 721.9749
34 - - . - -
35 Methane 0.1082 0.0006 0.0000 0.0000 0.0000
36 Ethane 0.0452 0.0014 0.0000 0.0000 0.0000
37 Propane 0.1853 0.0184 0.0000 0.0000 0.0000
38 i-Butane 0.0493 0.0122 0.0000 0.0000 0.0000
39 n-Butane 0.1243 0.0434 0.0000 0.0000 0.0000
40 H20 0.0578 0.0010 1.0000 0.0070 0.0000
41 NBP[0]49" 0.1636 0.0818 0.0000 0.0001 0.0000
42 NBP[0]79* 0.1218 0.0980 0.0000 0.0001 0.0000
43 NBP[0]111* 0.0670 0.0960 0.0000 0.0001 0.0000
44 NBP[0)144* 0.0359 0.0935 0.0000 0.0002 0.0000
45 NBP[0]176* 0.0205 0.0984 0.0000 0.0002 0.0001
46 NBP[0]208* 0.0112 0.1009 0.0000 0.0004 0.0005
47 NBP[0]240" 0.0055 0.0974 0.0000 0.0005 0.0019
48 NBP[0]272* 0.0026 0.0916 0.0000 0.0007 0.0058
49 NBP[0]304* 0.0011 0.0822 0.0000 0.0009 0.0158
50 NBP[0]336* 0.0004 0.0647 0.0000 0.0012 0.0534
51 NBP[0]368* 0.0001 0.0167 0.0000 0.0017 0.2124
52 NBP[0]400* 0.0000 0.0006 0.0000 0.0024 0.2531
53 NBP[0]433* 0.0000 0.0000 0.0000 0.0038 0.2411
54 NBP[0]464" 0.0000 0.0000 0.0000 0.0061 0.1779
55 NBP[0)496* 0.0000 0.0000 0.0000 0.0089 0.0361
56 NBP[0]528* 0.0000 0.0000 0.0000 0.0117 0.0019
57 NBP[0]560" 0.0000 0.0000 0.0000 0.0149 0.0001
58 NBP[0]592* 0.0000 0.0000 0.0000 0.0187 0.0000
59 NBP[0]624* 0.0000 0.0000 0.0000 0.0225 0.0000
60 NBP[0]656" 0.0000 0.0000 0.0000 0.0269 0.0000
61 NBP[0]688* 0.0000 0.0000 0.0000 0.0319 0.0000
62 NBP[0]720" 0.0000 0.0000 0.0000 0.0367 0.0000
63 NBP[0]752* 0.0000 0.0000 0.0000 0.0409 0.0000
64 NBP[0]784* 0.0000 0.0000 0.0000 0.0460 0.0000
65 NBP[0]830* 0.0000 0.0000 0.0000 0.0966 0.0000
66 NBP[0]888" 0.0000 0.0000 0.0000 0.0928 0.0000
67 NBP[0]947* 0.0000 0.0000 0.0000 0.0918 0.0000
68 NBP[0]1009* 0.0000 0.0000 0.0000 0.1172 0.0000
69 NBP[0]1062* 0.0000 0.0000 0.0000 0.1600 0.0000
70 NBP[011124* 0.0000 0.0000 0.0000 0.1572 0.0000
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N Case Name: D:\Applied-Process-Design-vol-2\programs\crude-distillation-unit. usc
12| Company Name Not Available >
B Calgary, Alberta Unit Set: NewUser
4] CANADA
5 Date/Time: Saturday Jul 4 2009, 10:28:34
L5
— Column Sub-Flowsheet: T-100 @Main (continued)
9
ol SUMMARY
11 Diesel AGO
12 Flow Rate (Ibmole/hr) 1.139230e+03 202.1898
13 e -
14 Meth 0.0000 0.0000
15 Ethane 0.0000 ~ 0.0000
16 Propane 0.0000 0.0000
17 i-Butane 0.0000 0.0000
18 n-Butane 0.0000 0.0000
19 H20 0.0062 0.0079
20 NBP[0}49* 0.0000 0.0000
21 NBP[0]79* 0.0000 0.0000
22 NBP[0]111* 0.0000 0.0000
23 NBP[0]144* 0.0001 0.0000
24 NBP[0]176* 0.0001 0.0000
25 NBP[0]208* 0.0003 0.0000
26 NBP[0]240* 0.0007 0.0000
27 NBP[0]272* 0.0014 0.0000
28 NEP[0}304* 0.0028 0.0000 i
29 NBP[0]336* 0.0053 0.0001
30 NBP[0]368* 0.0097 0.0002
31 NBP[0]400* 0.0177 0.0005
32 NBP[0]433* 0.0372 0.0013
33 NBP[0]464* 0.0946 0.0036
34 NBP[0]496* 0.1794 0.0082
35 NBP[0]528* 0.1762 0.0158
36 NBP[0]560* 0.1482 0.0278
37 NBP[0]592* 0.1210 0.0460
38 NBP[0]624* 0.0916 0.0723
39 NBP[0]656" 0.0625 0.1149
40 NBP[0]688* 0.0332 0.1793
41 NBP[0]720* 0.0100 0.2161
42 NBP[0]752* 0.0015 0.1751
43 NBP[0]784* 0.0001 0.1020
44 NBP[0]830* 0.0000 0.0285
45 NBP[0]888* 0.0000 0.0004
46 NBP[0]947* 0.0000 0.0000
47 NBP[0]1009* 0.0000 0.0000
48 NBP[0]1062* 0.0000 0.0000
49 NBP[0]1124* 0.0000 0.0000
50| Flow Basis: Molar The composition option is selected
51 Product Flows
52 Off Gas Naphtha VWaste Water Residue Kerosene
53 Flow Rate (Ibmole/hr) 0.0000 2.769193e+03 700.9743 1.419784e+03 721.9749
54 o ana ——— — —
55 Methane (Ibmole/hr) 0.0000 1.7715 0.0000 0.0001 0.0000
56 Ethane (Ibmole/hr) 0.0000 3.8865 0.0000 0.0003 0.0000
57 Propane (lbmole/hr) 0.0000 53.6888 0.0000 0.0087 0.0000
58 i-Butane (Ibmole/hr) 0.0000 33.8787 0.0000 0.0092 0.0000
59 n-Butane (lbmole/hr) 0.0000 120.1252 0.0000 0.0377 0.0001
60 H20 (Ibmole/hr) 0.0000 2.6936 700.9743 9.9429 0.0000
61| NBP[0]49" (Ibmole/hr) 0.0000 226.5771 0.0000 0.1101 0.0010
62| NBP[0]79* (Ibmole/hr) 0.0000 271.4085 0.0000 0.1630 0.0031
63| NBP[0]111* (Ibmole/hr) 0.0000 265.9248 0.0000 0.2047 0.0095
64| NBP[0]144" (Ibmole/hr) 0.0000 258.9506 0.0000 0.2630 0.0307
65| NBP[0]176* (Ibmole/hr) 0.0000 272.4376 0.0000 0.3529 0,1009
66| NBP[0]208* (Ibmole/hr) 0.0000 279.4958 0.0000 0.5064 0.3848
67| NBP[0]240* (Ibmole/hr) 0.0000 269.8077 0.0000 0.6949 1.3432
68| NBP[0]272* (Ibmole/hr) 0.0000 253.7392 0.0000 0.9472 4.1740
69 NBP[0]304* (Ibmoleshr) 0.0000 227.6800 0.0000 1.2739 11.3997
701 NBP[0]336" (lomole/hr) 0.0000 179.2151 0.0000 1.7128 38.5288




Appendix L .

a Case Name: D:\Applied-Process-Design-vol-2\pragrams\crude-distillation-unit. usc
12] Company Name Not Available
12 Calgary, Alberta Unit Set: NewUser
4] CANADA
5 Date/Time: Saturday Jul 4 2009, 10:28:34
16
- Column Sub-Flowsheet: T-100 @Main (continued)
9
m SUMMARY
11 Off Gas Naphtha Waste Water Residue Kerosene
12| NBP[0]368* (Ibmole/hr) 0.0000 46.2345 0.0000 2.3633 153.3164
13| NBP[0]400* (Ibmale/hr) 0.0000 1.6436 0.0000 3.3925 182.7217
14| NBP[0}433* (Ibmole/hr) 0.0000 0.0334 0.0000 5.3705 174.0735
15| NBP[0]464" (Ibmole/hr) 0.0000 0.0005 0.0000 B.?ﬁ?S 128.4266
16| NBP[OJ496* (Ibmole/hr) 0.0000 0.0000 0.0000 128528 26.0635
17| NBP[0]528* (Ibmole/hr) 0.0000 0.0000 0.0000 16.6330 1.3515
18| NBP[0]560* (Ibmole/hr) 0.0000 0.0000 0.0000 21.1106 0.0446
19] NBP[0]592* (Ibmole/hr) 0.0000 0.0000 0.0000 26.5369 0.0013
20| NBP[0]624" (Ibmole/hr) 0.0000 0.0000 0.0000 32.0125 0.0000
21| NBP[0]656" (Ibmole/hr) 0.0000 0.0000 0.0000 38.1224 0.0000
22| NBP[0]688* (Ibmole/hr) 0.0000 0.0000 0.0000 45.2790 0.0000
23| NBP[0]720" (Ibmole/hr) 0.0000 0.0000 0.0000 52.1042 D.‘DEOO
24| NBP[0]762* (Iomolefhr) 0.0000 0.0000 0.0000 58.0137 0.0000
25| NBP[0]784" (Iomole/hr) 0.0000 0.0000 0.0000 65.3338 0.0000
26| NBP[0]830* (Ibmole/hr) 0.0000 0.0000 0.0000 137.2172 0.0000
27| NBP[0]888* (Ibmoale/hr) 0.0000 0.0000 0.0000 131.7652 0.0000
28| NBP[0]947* (Ibmole/hr) 0.0000 0.0000 0.0000 ) 130.3496 0.0000
29| NBP[0]1008* (Ibmole/hr) 0.0000 0.0000 0.0000 166.3452 0.0000
30| NBP[0]1062* (Ibmole/hr) 0.0000 0.0000 0.0000 227.1241 0.0000
31| NBP[0)1124* (Ibmole/hr) 0.0000 0.0000 0.0000 223.1228 0.0000
32 Diesel AGO
33| Flow Rate (Ilbmole/hr) 1.139230e+03 202.1898
34 -
35 Methane (lbmole/hr) 0.0000 0.0000
36 Ethane (Ibmole/hr) 0.0000 0.0000
37 Propane (Ibmole/hr) 0.0001 0.0000
38 i-Butane (Ibmole/hr) 0.0002 0.0000
39 n-Butane (Ibmole/hr) 0.0011 0.0000
40 H20 (lbmole/hr) 7.0656 1.6023
41 NBP[0]49* (Ibmole/hr) 0.0062 0.0000
42| NBP[0]79* (Iomole/hr) 0.0138 0.0000
43| NBP[0]111* (Ibmole/hr) 0.0284 0.0001
24| NBP[0]144* (Ibmale/hr) 0.0611 0.0001
45| NBP[0]176" (Ibmole/hr) 0.1329 0.0002
46| NBP[0]208* (Ibmale/hr) 0.3251 0.0006
47| NBP[0]240" (Ibmole/hr) 07418 0.0013
48| NBP[0]272* (Ibmale/hr) 1.6074 0.0030
49| NBP[0]304" (Ibmole/hr) 32345 0.0069
50| NBP[0]336* (Ibmole/hr) 6.0941 0.0162
51| NBP[0]368* (Ibmole/hr) 11.0739 0.0392
52| NBP[0]400* (Ibmole/hr) 20.1940 0.0984
53| NBP[0]433* (Ibmolefhr) 42.3710 0.2720
54| NBP[0]464" (Ibmole/hr) 107.7213 0.7301
55| NBP[0]496* (Ibmole/hr) 204.3843 1.6602
56| NBP[0]528" (Ibmole/hr) 200.7705 3.2017
57| NBP[0]560* (Ibmole/hr) 168.7906 5.6127
58 NBP[0]592" (bmole/hr) 137.8735 9.2956
59| NBP[0]624* (Ibmole/hr) 104.3708 14.6158
60| NBP[0]656" (Iomole/hr) 71.1891 23.2364
61| NBP[0]688* (Iomole/hr) 37.8334 36.2529
62| NBP[0]720* (Ibmole/hr) 11.4127 43.6849
63| NBP[0]752* (Ibmole/hr) 1.7591 35.4041
64| NBP[0]784* (Ibmoale/hr) 0.1704 20.6167
65| NBP[0]830" (Ibmole/hr) 0.0033 5.7610
66| NBP[0]888* (Ibmale/hr) 0.0000 0.0768
67| NBP[0]947* (Ibmolefhr) 0.0000 0.0006
68| NBP[0]1009* (Ibmole/hr) 0.0000 0.0000
69| NBP[0]1062" (lbmole/hr) 0.0000 0.0000
7nl NBPIO11124* (Ibmole/hr) 0.0000 0.0000
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L Case Name: D:\Applied-Process-Design-vol-2\programs\crude-distillation-unit.usc
12] Company Name Not Available - .
13 Calgary, Alberta Unit Set: NewUser
4] CANADA ERE

P  Date/Time:  Saturday Jul 4 2009, 10:28:34
15
— Column Sub-Flowsheet: T-100 @Main (continued)

9
m SUMMARY

11| Flow Basis: Molar | The composition option is selected

12 Product Recoveries .

13 - Off Gas Naphtha | Waste Water Residue Kerosene
14|  Flow Rate (Ibmole/hr) 0.0000 2.769193e+03 700.9743 1.419784e+03 721.9749
= . - : Lol A s
16 Methane (%) 0.0000 99.9962 0.0001 0.0037 0.0000
17 Ethane (%) 0.0000  99.9915 0.0000 0.0085 0.0000
18 Propane (%) 0.0000 99.9836 0.0000 0.0163 0.0000
19 i-Butane (%) 0.0000 99.9723 ~0.0000 0.0270 0.0001
20 n-Butane (%) 0.0000 99.9676 0.0000 0.0313 0.0001
21 H20 (%) 0.0000 0.3733 97.1394 1.3779 0.0000
22 NBP[0J49* (%) 0.0000 99.9482 0.0000 0.0486 0.0004
23 NBP[0]79* (%) 0.0000 99.9338 0.0000 0.0600 0.0011
24 NBP[0]111* (%) 0.0000 99.9089 0.0000 0.0769 0.0036
25 NBP[0])144* (%) 0.0000 99.8631 0.0000 0.1014 0.0118
26 NBP[0]176* (%) 0.0000 99.7850 0.0000 0.1293 0.0369
27 NBP[0]208* (%) 0.0000 99,5665 0.0000 _ 0.1804 0.1371
28 NBP[0]240* (%) 0.0000 98.9797 0.0000 0.2549 0.4928
29 NBP[0]272* (%) 0.0000 97.4156 0.0000 0.3636 1.6025
30 NBP[0]304* (%) 0.0000 93.4666 0.0000 0.5229 46798
31 NBP[0]336* (%) 0.0000 79.4509 0.0000 0.7593 17.0809
32 NBP[0]368* (%) 0.0000 21.7036 0.0000 1.1094 71.9703
33 NBP[0]400* (%) 0.0000 0.7900 0.0000 1.6306 87.8258
34 NBP[0]433* (%) 0.0000 0.0150 0.0000 2.4179 78.3690
35 NBP[0]464* (%) 0.0000 0.0002 0.0000 3.5455 52.2940
36 NBP[0]496* (%) 0.0000 0.0000 0.0000 5.1695 10.6485
37 NBP[0]528* (%) 0.0000 0.0000 0.0000 7.4938 0.6089
38 NBP[0]560* (%) 0.0000 0.0000 0.0000 10.7950 0.0228
39 NBP[0]592* (%) 0.0000 0.0000 0.0000 15.2768 0.0007
40 NBP[0]624* (%) 0.0000 0.0000 0.0000 21.2005 0.0000
41 NBP[0]656* (%) 0.0000 0.0000 0.0000 28.7613 0.0000
42 NBP[0]688" (%) 0.0000 0.0000 0.0000 37.9331 0.0000
43 NBP[0]720* (%) 0.0000 0.0000 0.0000 48.6039 0.0000
44 NBP[0]752* (%) 0.0000 0.0000 0.0000 60.9535 0.0000
45 NBP[0]784* (%) 0.0000 0.0000 0.0000 75.8629 0.0000
46 NBP[0]830* (%) 0.0000 0.0000 0.0000 95.9685 0.0000
47 NBP[0]888" (%) 0.0000 0.0000 0.0000 99.9417 0.0000
48 NBP[0]947* (%) 0.0000 0.0000 0.0000 99.9995 0.0000
43 NBP[0]1009* (%) 0.0000 0.0000 0.0000 100.0000 0.0000
50 NBP[0]1062* (%) 0.0000 0.0000 0.0000 100.0000 0.0000
51 NBP[0]1124* (%) 0.0000 0.0000 0.0000 100.0000 0.0000
52 Diesel AGO

53| Flow Rate (Ibmole/hr) 1,139230e+03 202.1898

54 - -

55 Methane (%). 0.0000 0.0000

56 Ethane (%) 0.0000 0.0000

57 Propane (%) 0.0001 0.0000

58 i-Butane (%) 0.0006 0.0000

59 n-Butane (%) 0.0009 0.0000

60 H20 (%) 0.9791 0.2220

61 NBP[0]49* (%) 0.0027 0.0000

62 NBP[0])79" (%) 0.0051 0.0000

63 NBP[0]111* (%) 0.0107 0.0000

64 NBP[0]144* (%) 0.0236 0.0000

65 NBP[0]176* (%) 0.0487 0.0001

66 NBP[0]208* (%) 0.1158 0.0002

67 NBP[0]240* (%) 0.2721 0.0005

68 NBP[0]272" (%) 0.6171 0.0012

69 NBP[0]304* (%) 1.3278 0.0028

n NBPI0I336* (%) 2.7017 0.0072
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-;— ) Case Namg; D:\Applied-Process-Design-vol-2\programs\crude-distillation-unit.usc
= Company Name Not Available - e

H Calgary, Alberta Unit Set: NewUser

4 CANADA - —

51 Date/Time: Saturday Jul 4 2009, 10:28:34

15

— Column Sub-Flowsheet: T-100 @Main (continued)

9

m SUMMARY

11 ; Diesel AGO

12 NBP[0]368* (%) 5.1983 0.0184

13 NBP[0]400* (%) 9.7063 0.0473

14 'NBP[0]433* (%) 19.0757 0.1226

15 NBP[0}464* (%) 43.8630 0.2973

16 NBP[0]496* (%) 83.5037 0.6783

17 NBP[0]528* (%) 90.4548 1.4425

18 NBP[0]560* (%) 86.3121 _ 2.8701

19 NBP[0]592" (%) 78.3712 5.3513

20 NBP[0]624* (%) 69.1201 9.6794

21 NBP[0]856* (%) 53.7082 17.5306

22 NBP[0]688" (%) 31.6954 30.3714

23 NBP[0]720* (%) 10.6460 40.7502

24 NBP[0]752* (%) 1.8482 37.1982

25 NBP[0]784* (%) 0.1978 23.9392

26 NBP[0]830* (%) 0.0023 4,0292

27 NBP[0]888* (%) 0.0000 0.0583

28 NBP[0]947* (%) 0.0000 0.0005 )

29 NBP[0]1009* (%) 0.0000 0.0000

30 NBP[0]1062* (%) 0.0000 0.0000

31 NBP[0]1124* (%) 0.0000 0.0000

— COLUMN PROFILES

34| Reflux Ratio: 0.7065 | Reboil Ratio: 0.4048 ] The Flows Option is Selected i Flow Basis: Molar
35 Column Profiles Flows

36 Temperature (F) Pressure (psia) Net Lig (Ibmole/hr) Net Vap (Ibmole/hr) Net Feed (lbmole/hr) | Net Draws (Ibmele/hr)
_:1_7_ *Condenser 106.7 19.70 1956 - - 3470
38| 1__Main TS 275.2 2870 9285 5426 4812 -
|39 2__Main TS 315.7 28.84 4932 7952 — 4812
40| 3_Main TS 3420 28.99 4925 8401 - —
141 4__Main TS 355.4 29.13 4844 8394 -
142 5__Main TS 364.8 29.27 4733 8314 =
143 6_ Main TS 373.0 29.41 4587 8203 - .
44| 7__Main TS 381.8 29.56 4386 8056 -
145 | 8__Main TS 3926 20.70 4123 7856 2186 -
45| 9__Main TS 405.8 29.84 2881 7373 — 940.6
|47 10__Main TS 422.9 29,99 2679 7072 -
48] 11__Main TS 436.7 3013 2550 6871 - -
49| 12__Main TS 447.0 30.27 2449 6741 —
150] 13__Main TS 455.0 30.41 2346 6640 - -
151] 14__Main TS 462.4 30.56 2209 6537 - -
152] 15__Main TS 470.9 30.70 1980 6401 - —
153 16__Main TS 484.2 30.84 4595 6172 2218 -
154] 17__Main TS 512.1 ©30.99 1018 6569 - 3190
55| 18__Main TS 553.1 3113 751.4 6182 — —
Ed 19__Main TS 572.9 31.27 627.9 5916 — —
57| 20__Main TS 582.4 31.41 541.3 5792 - -
s8]  21_MainTs 588.3 31.56 2500 5705 1642 —
s8] 22 MainTs 615.5 31.70 740.3 6022 - 1706
60|  23_MainTS 637.5 31.84 614.4 5068 - -
61  24_Main TS 647.8 31.99 515.9 5842 — -
62 25_ Main TS 654.4 3213 433.1 5744 —
|63 ] 26__Main TS 659.7 32.27 3313 5661 —
|64] 27__Main TS 666.2 32.41 137.8 5559 = —
65 28_ Main TS 679.4 32,56 1578 5365 6231 —
65| 20_mainTs 670.3 32.70 = 574.7 416.3 1420
167] 1__Kero_SS 428.8 2984 1041 — 940.6 2186
el 2_ Kero_SS 4385 29.84 1078 318.8 e &
69 3__Kero_S8 446.0 29.84 1095 356.1 - -
[70]  Kero SS Reb 456.5 29.84 — 373.4 — 722.0
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Company Name Not Available
Calgary, Alberta
CANADA

Case Name: D:\Agplied—Procesé—_Design-vo!-Z\pmgrams\crude-diéﬁll'aﬁon—uniLusc
Unit Set: NewUser i . ' .
DatefTime:  Saturday Jul 42009, 10:28:34

Column Sub-Flowsheet: T-100 @Main (continued)

COLUMN PROFILES

[als]z]g]e]=]~To]olo]u]x]=

Temperature (F) Pressure (psia) Net Lig (Ibmole/hr) Net Vap (Ibmole/hr) | Net Feed (Ibmole/hr) | Net Draws (Iomole/hr)
1__Diesel_SS 504.6 30.99 1281 1360 387.5
2__ Diesel_SS 498.5 30.99 1230 308.8 - ==
14|  3_Diesel_SS 486.1 30.99 - 257.0 166.5 1139
15|  1_aco_ss 602.8 31.70 2440 e 2753 2118
el  2_acoss 502.1 3170 225.9 180.5 -
17 3__AGO_SS 571.0 31.70 —- 162.5 138.8 202.2
18 Column Profiles Eneray
19 Temperature (F) Liquid Enthalpy (Btuibmole) | Vapour Enthalpy (Btwibmole) Heat Loss (Btu/hr)
20 *Condenser 106.7 -8.349e+004 -5.147e+004 —
|21] 1_Main TS 275.2 -9.797e+004 -6.841e+004 -
2 2__Main TS 315.7 -1.000e+005 -7.320e+004 —
123| 3__Main TS 342.0 -1.028e+005 -7.691e+004 -
_Zi 4__Main TS 355.4 -1.047e+005 -7.849e+004 -
2?_ 5__Main TS 364.8 -1.063e+005 -7.936e+004 —
126 6__Main TS 373.0 -1.080e+005 -7.996e+004 -
27| 7_MainTS 381.8 -1.101e+005 N -8.045e+004 -
28 8__Main TS 392.6 -1.130e+005 -8.093e+004 -
E 9 __Main TS 405.8 -1.168e+005 -8.136e+004 -
2 10_Main TS 422.9 -1.210e+005 -8.207e+004 -
ﬂ 11_Main TS 436.7 -1.241e+005 -8.271e+004 -
132] 12__Main TS 447.0 -1.264e+005 -8.314e+004 —
|33] 13_Main TS 455.0 -1.285e+005 -8.337e+004 -
34 14__Main TS 462.4 -1.307e+005 -8.342e+004 -
;‘ 15__Main TS 470.9 -1.341e+005 -8.324e+004 -
E 16__Main TS 484.2 -1.409e+005 -8.256e+004 -
137 17_Main TS 512.1 -1.451e+005 -8.409e+004 -
138 18__Main TS 553.1 -1.583e+005 -8.343e+004 -
ﬁ 19__Main TS 5729 -1.649e+005 -8.233e+004 -—
40| 20__Main TS 582.4 -1.689e+005 -8.141e+004 -
ﬁ 21__Main TS 588.3 -1.726e+005 -8.053e+004 -
142 22__Main TS 615.5 -1.729e+005 -8.220e+004 -—
143 ] 23__Main TS 637.5 -1.784e+005 -8.148e+004 -
44| 24__Main TS 647.8 -1.834e+005 -8.010e+004 -
145 25__Main TS 654.4 -1.878e+005 -7.885e+004 -
ﬁ 26__Main TS 659.7 -1.927e+005 -7.766e+004 —
147 27__Main TS 666.2 -2.032e+005 -7.594e+004 -
48| 28__Main TS 679.4 -2.384e+005 -7.199e+004 -
149 29__Main TS 670.3 -2.546e+005 -9.916e+004 -
150 1__Kero_SS 428.8 -1.147e+005 -8.527e+004 -
|51 2__Kero_SS 438.5 -1.145e+005 -8.852e+004 -
[s2] 3__Kero_SS 446.0 -1.148e+005 -9.052e+004 —
’5_3 Kero_SS_Reb 456.5 -1.159e+005 -9.246e+004 -
54 1_I;)iesei_SS_ 504.6 -1.488e+005 -9.897e+004 -
E 2__Diesel_SS 498.5 -1‘5102-}005 -1.026e+005 -
156 3_ Diesel_SS 486.1 -1.545e+005 -1.039e+005 -—-
57 1__AGO_Ss 602.8 -1.825e+005 -1.055e+005 -
; 2__AGO_Ss 592.1 -1.876e+005 -1.068e+005 -
-\‘;9— 3__AGO_SS 571.0 -1.947e+005 -1.056e+005 -
Z—? FEEDS / PRODUCTS
62]| Flow Basis: Molar l
63 Stream Type | Duty (Btu/hr) r State | Flows (Ihmole.’hri Enthalpy  (Btu/llbmol{ Temp (F)
64 Atmos Cond Energy 1.089e+008 Y - - -
[65) Off Gas Draw — Vapour 3.799¢-019 -l 3213 -| 1067 .
™ *Condenser =
66 Naphtha Draw o Liquid 2769 || -5212 "| 106.7 »
? Waste Water Draw — Water 701.0 *| -7626 *| 106.7 *
68 <PA_1> Energy -5.500e+007 * = - -
= 1__Main TS 7 o
69| — PA_1_Return Feed o Liquid 4812 *| -4.792e+004 *| 138.0 *
701 2__MainTS PA_1_Draw Draw — Liquid 4812 *| -6244 *| 3157 i
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N Case Name: D:\Applied-Process-Design-vol-2\programs\crude-distillation-unit. usc
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|13 Calgary, Alberta Unit Set: -NewUser

4 CANADA ; o e
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6]

- Column Sub-Flowsheet: T-100 @Main (continued)

9

m FEEDS / PRODUCTS

11| 3__Main TS

12| 4__Main TS

13| 5_ Main TS

14| 6__Main TS

15 7__Main TS

16 8__Main TS Kero_SS_Return Feed — Vapour 218.6 *| -3.666e+004 428.8 *
17| 9_ _Main TS Kero_SS_Draw Draw - Liquid 940.6 *| -7290 405.8 ¥
18| 10__Main TS

19 11__Main TS

20| 12__Main TS

21| 13__Main TS

22| 14_ Main TS

23] 15_ Main TS
|24 Diesel_SS_Return| Feed -— Vapour 387.5 *| -4.255e+004 504.6 *
125| 16_Main TS <PA_2> Energy -3.500e+007 - - . .

26 PA_2_Return Feed - Liquid 1830 i -?7.061e+004 365.2 x
27 | 17 Main TS Diesel_SS_Draw | Draw - Liquid 135_0 *| -9060 512.1 .
28 T PA_2_Draw Draw - Liquid 1830 *| -9060 512.1 *
29| 18_ Main TS

30| 19_ Main TS

31| 20__Main TS
_:;_2_ AGO_SS_Return | Feed - Vapour 211.8 *| -4.537e+004 602.8 .
133 21__Main TS <PA_3> Energy -3.500e+007 * 2 s o

34 PA_3_Return Feed - Liquid 1430 *| -8.485e+004 484.2 =
_:3‘2_ 22 Main TS AGO_SS_Draw Draw - Liquid 275.3 *| -1.079e+004 615.5 *
36 — PA_3_Draw Draw - Liquid 1430 *| -1.079e+004 615.5 *
37| 23_ Main TS

38( 24_ Main TS

39| 25_ Main TS

40| 26__Main TS

41| 27__Main TS

42 . Q-Trim Energy 7.095e+007 L s - -
[1a] 20-—-MainTS Atm Feed Feed Mixed 6231 +| -5.164e+004 623.6 -
44 . Main Steam Feed - Vapour 416.3 *| -4.360e+004 375.0 *
= 29_ Main TS 5

45 o Residue Draw - Liquid 1420 *| -1.589e+004 670.3 -
146 | 1 Kero SS Kero_SS_Draw Feed - Liquid 940.6 *| -5.020e+004 405.8 =
47 T - Kero_SS_Return Draw - Vapour 218.6 *| -5323 428.8 *
48| 2_ Kero_SS

49| 3__Kero_SS
50| Kero_SS_Reb Kero_SS_Energy | Energy 7.500e+008 * - - — -

51 Kerosene Draw -— Liquid 722.0 *| -7237 456.5 *
_§_2_ 1 Diesel SS Diesel_SS_Draw Feed - Liquid 1360 *| -6.239e+004 5121 *
53 T - Diesel_SS_Return| Draw - Vapour 387.5 *| -6178 504.6 $
54| 2_ Diesel_SS

55 . Diesel Steam Feed - Vapour 166.5 *| -4.380e+004 300.0 *
— 3_ Diesel_SS —

56| - Diesel Draw - Liquid 1139 *| -9645 486.1 -
i 1 AGO SS AGO_SS_Draw Feed - Liquid 275.3 *| -7.433e+004 615.5 E:
58] T - AGO_SS_Return | Draw - Vapour 211.8 *| -6588 602.8 *
59| 2__AGO_SS

80 AGO Steam Feed - Vapour 138.8 *| -4.380e+004 300.0 *
; 3_AGO_SS AGO Draw - Liquid 202.2 *| -1.216e+004 571.0 *
62
= SETUP

64 Column Flowsheet Topology

65| Total Theor. Stages: 40 *| Total Tray-Sections: 4 *| Condenser + Reboiler: 2 *| Pump Arounds: 3
66| Side Strippers: 3 *| Side Rectifiers: 0 *| Vapour Bypasses: 0"

67 Sub-Flowsheet

68 Feed Streams Product Streams

69 Internal Stream External Stream Transfer Basis Internal Stream External Stream Transfer Basis

70 Main Steam Main Steam @Main T-P Flash Residue Residue @Main T-P Flash

23




Appendix L
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3] Calgary, Alberta Unit Set: NewUser

4 CANADA
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o] :

~ Column Sub-Flowsheet: T-100 @Main (continued)

9 Sub-Flowsheet

10 Feed Streams Product Streams

11] Q-Trim Q-Trim @Main None Req'd ___Atmos Cond Atmos Cond @Main None Reg'd
[12] Atm Feed Atm Feed @Main T-P Flash off Gas Off Gas @Main T-P Flash
113 Kero_SS_Energy None Req'd Waste Water Waste Water @Main T-P Flash
|14 Diesel Steam Diesel Steam @Main T-P Flash Naphtha Naphtha @Main T-P Flash
|15} AGO Steam AGO Steam @Main T-P Flash Kerosene Kerosene @Main T-P Flash
|16 Diesel Diesel @Main T-P Flash
kil AGO AGO @Main T-P Flash
18] PA_1_Q None Req'd
1¢) PA2Q None Req'd
120] PA_3_Q None Req'd
21

22

2] VARIABLES

24 Column Flowsheet Vars Available as Parameters

25 Data Source Variable Component Description

26

27

28] COMPONENT MAPS -

29 Feed Streams

30 Feed Name In to SubFlowSheet Qut of SubFlowSheet

|31] Main Steam

132 Q-Trim

|33] Atm Feed

|34 Kero_SS_Energy

2?_ Diesel Steam

36[ AGO Steam

37 Product Stream

38 Product Name In to SubFlowSheet Qut of SubFlowSheet

139 Residue

|40| Atmos Cond

141 Off Gas

|42| Waste Water

43| Naphtha

Z Kerosene

145 Diesel

146 AGO

147] PA_1_Q

|48] PA_2 Q

49| PA_3.Q

50

= DYNAMICS

52 X R

5l Vessel Dynamic Specifications

54| Vessel Condenser Kero_SS_Reb

55| Diameter (ft) 3.914 3.914

56| Height.0 (ft) 5.871 5.871

57| Volume.0 (ft3) 70.63 * 70.63 *

58[ Liquid Volume Percent (%) 50.00 * 50.00 *

53| Level Calculator Horizontal cylinder Harizontal cylinder

60| Fraction Calculator Use levels and nozzles Use levels and nozzles

61| Vessel Delta P (psi) 9.000 * 0.0000 *

62| Fixed Vessel P Spec (psia) 19.70 29.84

63| Fixed P Spec Active Not Active Not Active

% Other Equipment in Column Flowsheet

66 PA_1_Cooler @COL1

[67] PA_2_Cooler @COL1

?; PA_3_Cooler @COL1

-:% Holdup Details
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Bl Case Name: D:\Applied-Process-Design-vol-2\programs\crude-distillation-unit.usc
12 ] Company Name Not Available —— e - = =
13 ] Calgary, Alberta - Unit Set: NewUser

[ 4] CANADA - : -
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1S

— Column Sub-Flowsheet: T-100 @Main (continued)

19 ] Pressure Volume Bulk Liquid Volume
10 (psia) (ft3) (#3)
|11 *Condenser 0.0000 0.0000 s 0.0000
[12] 1_MainTs 0.0000 0.0000 . " 0.0000
113] 2__Main TS 0.0000 0.0000 . 0.0000
[14] 3_Main TS 0.0000 ~ 0.0000 . 0.0000
[15] 4_MainTs 0.0000 ~ 0.0000 . 00000
[16] 5_MainTs 0.0000 0.0000 . '~ 0.0000
17| 6_Main TS 0.0000 0.0000 . 0.0000
18] 7_Main TS 0.0000 0.0000 s 0.0000
18] &_MainTs 0.0000 0.0000 | ~ 0.0000
20| o_Main TS 0.0000 0.0000 . 0.0000
21| 10_Main TS 0.0000 0.0000 . 0.0000
(23] 11_Main TS 0.0000 0.0000 . 0.0000
23] 12_Main TS 0.0000 0.0000 . 0.0000
24| 13_Main TS 0.0000 0.0000 . 0.0000
|25 14__Main TS 0.0000 0.0000 . ~ 0.0000
26| 15_Main TS 0.0000 0.0000 . 0.0000
27| 16_Main TS 0.0000 0.0000 . 0.0000
28] 17__Main TS 0.0000 " 0.0000 * 0.0000
[29] 18_Main TS 0.0000 0.0000 . 0.0000
[30] 19_Main TS 0.0000 0.0000 . 0.0000
31| 20_MainTs 0.0000 0.0000 . 0.0000
az| 21_MainTs 0.0000 0.0000 . 0.0000
[33] 22_mainTs 0.0000 0.0000 . 0.0000
34] 23_Main TS 0.0000 0.0000 . 0.0000
(35| 24_Main TS 0.0000 0.0000 . 0.0000
[36] 25_Main TS 0.0000 0.0000 - 0.0000
37| 26__MainTs 0.0000 0.0000 . 0.0000
38| 27_Main TS 0.0000 0.0000 . 0.0000
39| 28_Main TS 0.0000 0.0000 . 0.0000
40| 29_Main TS 0.0000 0.0000 . 0.0000
41] 1_Kero_ss 0.0000 0.0000 . 0.0000
42| 2__Kero_ss 0.0000 0.0000 . 0.0000
ﬁ 3__Kero_SS 0.0000 0.0000 N 0.0000
44| Kero_SS_Reb 0.0000 0.0000 . 0.0000
45| 1_Diesel_sS 0.0000 0.0000 . 0.0000
46| 2_ Diesel_SS 0.0000 0.0000 . 0.0000
47| 3_Diesel ss 0.0000 0.0000 . 0.0000
(28] 1_aco_ss 0.0000 0.0000 . 0.0000
23] 2_aco_ss 0.0000 0.0000 . 0.0000
[50] 3_Aco_ss 0.0000 0.0000 . 0.0000
— NOTES
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Appendix L .

1 i : 5
— Case Name: D:\Applied-Process-Design-vol-2\programs\gas-processing.usc
12| Company Name Not Available - -
13| Calgary, Alberta Unit Set: NewUser

4 CANADA T

5 Date/Time: Saturday Jul 4 2009, 10:41:08

6
& Distillation: DePropanizer @Main

8

9
m CONNECTIONS

11 Inlet Stream

12 STREAM NAME Staae FROM UNIT OPERATION
13| RebDuty Reboiler

14] TowerFeed 5 Main TS Mixer MIX-101
15 Qutlet Stream

16 STREAM NAME Staae TO UNIT OPERATION
17| CondDuty Condenser
18] Ovhd Condenser

18| LiquidProd Reboiler

20
1] MONITOR

22 Specifications Summary

23 Specified Value Current Value Wt. Error Wit. Tol. Abs. Tol. Active | Estimate | Used
24| Reflux Ratio 1.000 * 1.000 1.784e-006 1.000e-002 * 1.000e-002 * On On On
25| Propane Fraction 2.000e-002 * 2.000e-002 -2.574e-005 1.000e-002 * 1.000e-003 * On On On
26| Ovhd Vap Rate 219.6 Ibmolefhr * 242.9 Ibmole/hr 0.1062 1.000e-002 * 2.205 Ibmole/hr * Off On Off
27| Reflux Rate --- 242.9 Ibmole/hr -—- 1.000e-002 * 2.205 Ibmole/hr * Off On Off
28| Btms Prod Rate -~ 67.67 Ibmole/hr --- 1.000e-002 * 2.205 Ibmole/hr * Off On Off
29

= SPECS

31 Column Specification Parameters

32 =
o] Reflux Ratio

34| Fixed/Ranged: Fixed Primary / Alternate: Primary Lower Bound: -— Upper Bound: -—
35| Stage: Condenser Flow Basis: Molar Liquid Specification: -

36
571 Propane Fraction

38| Fixed/Ranged: Fixed Primary / Alternate: Primary Lower Bound: - Upper Bound: -—
39| Stage: Reboiler Flow Basis: Mole Fraction Phase: Liquid

40| Components: Propane

41
m Ovhd Vap Rate

43| Fixed / Ranged: Fixed Primary / Alternate: Primary Lower Bound: - Upper Bound: ===
44| Stream: Ovhd Flow Basis: Molar

45

e Reflux Rate

47| Fixed / Ranged: Fixed Primary / Alternate: Primary Lower Bound: — Upper Bound: —
48| Stage: Condenser Flow Basis: Molar Liquid Specification: ==

49
o] Btms Prod Rate

51| Fixed / Ranged: Fixed Primary / Alternate: Primary Lower Bound: — Upper Bound: —
52| Stream: LiquidProd Flow Basis: Molar

53
™ SUBCOOLING

55 Condenser

56| Degrees of Subcooling =

57| Subcool to —_

58 <
ol User Variables

60
= PROFILES

61

62 General Parameters

63| Sub-Flow Sheet: DePropanizer (COL1) | Number of Stages: 10
64 Profile Estimates
E_s_ Temperature Net Liquid Net Vapour

66 (F) (lbmole/hr) (Ibmole/hr)

67 Condenser 40.00 * 242.9 242.9
68 1__Main TS 86.34 247.4 485.9
69 2__Main TS 99.14 242.6 490.3
70 3__Main TS 106.9 238.3 485.5
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L Case Name: D:\Applied-Process-Design-vol-2\programs\gas-processing.usc
12 Company Name Not Available - - -
13| Calgary, Alberta Unit Set: NewUser
|4 ] CANADA =

5 Date/Time: Saturday Jul 4 2009, 10:41:08
15

. Distillation: DePropanizer @Main (continued)

9 Profile Estimates
|10 Temperature Net Liquid Net Vapour

11 (F) (Ilbmole/hr) (lbmole/hr)
|12 4__Main TS 1124 235.3 481.3
113 5__Main TS 116.2 501.4 478.3
[14] 6__Main TS 155.0 552.5 433.7
15 7__Main TS 169.9 568.1 4848
16 8__Main TS 178.4 575.1 500.4
117 | 9__MainTS 183.9 579.0 507.5
18] 10__Main TS 187.9 581.3 511.3
19 Reboiler 200.0 * B67.67 513.7
- EFFICIENCIES

22 Stage Efficienci

23 Stages Qverall Efficiency Nitrogen co2 Ethane Propane
24] Condenser 1.000 1.000 1.000 1.000 1.000 1.000
125| 1__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
26| 2_Main TS 1.000 1.000 1.000 1.000 1.000 1.000
127] 3__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
28] 4__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
129 5__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
130 6__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
131] 7__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
32 8__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
133 9_ Main TS 1.000 1.000 1.000 1.000 1.000 1.000
|34] 10__Main TS 1.000 1.000 1.000 1.000 1.000 1.000
35| Reboiler 1.000 1.000 1.000 1.000 1.000 1.000
38 Stages QOverall Efficiency i-Butane n-Butane
137] Condenser 1.000 1.000 1.000
138 1_Main TS 1.000 1.000 1.000
139 2__Main TS 1.000 1.000 1.000
140 3__MainTS 1.000 1.000 1.000
141 4__Main TS 1.000 1.000 ~1.000
142/ 5__Main TS 1.000 1.000 1.000

43 6__Main TS 1.000 1.000 1.000
44] 7__Main TS 1.000 1.000 1.000
45| 8__Main TS 1.000 1.000 1.000
|46 9_ Main TS 1.000 1.000 1.000
4_7' 10__Main TS 1.000 1.000 1.000

48| Reboiler 1,000 1.000 1.000
= SOLVER

51 Column Sclving Algorithm:  Legacy Inside-Out

52 Solving Options Acceleration Parameters

53| Maximum Iterations: 10000 Accelerate K Value & H Model Parameters: Off
54| Equilibrium Error Tolerance: 1.000e-05

55| Heat/Spec Error Tolerance: 5.000e-004

56| Save Solutions as Initial Estimate: On

57| Super Critical Handling Model: Simple K

58| Trace Level: Low

59| Init from Ideal K's: off Damping Parameters

60 Initial Estimate Generator Parameters Azeotrope Check: off
61| Iterative IEG (Good for Chemicals): Off Fixed Damping Factor: 1
|62

63

64

65| SIDE STRIPPERS

66

] SIDE RECTIFIERS

68

™ PUMP AROUNDS

70
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- Case Name: D:\Applied-Process-Design-vol-2\programs\gas-processing.usc
12| Company Name Not Available - - - -
13 Calgary, Alberta Unit Set: NewUser
14 CANADA : . =
e Date/Time:  Saturday Jul 4 2009, 10:41:08
E
= Distillation: DePropanizer @Main (continued)
9 VAP BYPASSES
m RATING
12
m Tray Sections
14| Tray Section Main TS
15| Tray Diameter (ft) 4.921 *
16| Weir Height (ft) 0.1640 “
17| Weir Length (ft) 3.937 .
18| Tray Space (ft) 1.640 5
19| Tray Volume (ft3) 31.20
20| Disable Heat Loss Calculations No
21| Heat Model None
22| Rating Calculations No
23| Tray Hold Up (ft3) 3.120
124]
25 Vessels
26| Vessel Condenser Reboiler
27| Diameter (ft) 3.914 3.914
28| Length (ft) 5.871 5.871
23| Volume (ft3) 70.63 = 70.63 2
30| Orientation Horizontal Horizontal
31| Vessel has a Boot No No
32| Boot Diameter (ft) - -
33| Boot Length (ft) == -
34| Hold Up (ft3) 35.31 35.31
'3'2' Other Equipment In Column Flowsheet
a7 I [
38
™ Pressure Profile
40 Pressure (psia) Pressure Drop (psi)
141] Condenser 200.0 psia * 0.0000 psi
|42 1__Main TS 200.0 psia 0.5556 psi
143 2__Main TS 200.6 psia 0.5556 psi
| 44] 3__Main TS 201.1 psia 0.5556 psi
145 4__Main TS 201.7 psia 0.5556 psi
146 5__Main TS 202.2 psia 0.5556 psi
147 | 6__Main TS 202.8 psia 0.5556 psi
148 7__Main TS 203.3 psia 0.5556 psi
149] 8__Main TS 203.9 psia 0.5556 psi
50 9__Main TS 204.4 psia 0.5556 psi
151] 10__Main TS 205.0 psia —
52 Reboiler 205.0 psia N 0.0000 psi
% Pressure Solving Options
55| Pressure Tolerance 1.000e-004 *| Pressure Drop Tolerance 1.000e-004 | Damping Factor 1.000 '| Max Press Iterations 100 *
= CONDITIONS
58| Name TowerFeed @Main LiquidProd @Main Ovhd @Main RebDuty @Main CondDuty @Main
53| Vapour 0.0168 0.0000 1.0000 — -
60| Temperature (F) 24.7167 190.6985 50.9511 — en
61| Pressure (psia) 580.0000 205.0000 200.0000 - -
62| Molar Flow (lomole/hr) 310.5934 67.6652 242.9282 — —
63| Mass Flow (Ib/hr) 11619.0607 3913.8955 7705.1652 - -
64| Std Ideal Lig Vol Flow (barrel/day) 1741.8603 468.3456 1273.5147 — ---
65| Molar Enthalpy (Btu/lbmole) -4,963e+004 -6.029e+004 -4.020e+004 - -
66| Molar Entropy (Btu/lbmole-F) 25.76 24.35 38.91 -~ -
67| Heat Flow (Btu/hr) -1.5416e+07 -4.0793e+06 -9.7649e+06 3.3651e+06 1.7935e+06
El
69
[70l
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L Case Name:  D:\Applied-Process-Design-vol-2\programs\gas-processing. usc
12 ] Company Name Not Available — e — -
3] Calgary, Alberta _ _NewUser B
14 | CANADA : =
s  Date/Time: 8_§tqfdéy Jul 4 2008, 10:41:08
HH
- Distillation: DePropanizer @Main (continued)
9
E‘ PROPERTIES

11] Name TowerFeed @Main LiquidProd @Main Ovhd @Main

12| Molecular Weight 37.41 57.84 31.72
|13] Malar Density (Ibmole/ft3) 0.7321 0.5086 4.286e-002
[14] Mass Density (Ib/ft3) 27.39 2942 1.360 |
|15] Act. Volume Flow (barrel/day) 1814 568.7 2.423e+004
[16] Mass Enthalpy (Btu/b) -1327 -1042 -1267
17| Mass Entropy (Btu/lb-F) 0.6886 0.4209 1.227
|18| Heat Capacity (Btu/lbmole-F) 24.79 44.19 14.77
119} Mass Heat Capacity (Btu/lb-F) ) 0.6627 0.7640 0.4655
120 Lower Heating Value (Btu/lbmole) - 1.137e+006 i
2_1 Mass Lower Heating Value (Btuflb) — 1.965e+004 -
22| Phase Fraction [Vol. Basis] 8.621e-002 -— -
123 Phase Fraction [Mass Basis) 9.666e-003 2.122e-314 4.941e-324
124) Partial Pressure of CO2 (psia) 3.901 0.0000 1.149
125 Cost Based on Flow (Cost/s) 0.0000 0.0000 0.0000
26| Act. Gas Flow (ACFM) - --- 94.46
_2":'_ Avg. Liq. Density (Ibmole/ft3) 0.7622 0.6176 0.8154
(28| Specific Heat (Btu/lbmole-F) 2479 44.19 i 14.77
129/ Std. Gas Flow (MMSCFD) 2.829 0.6163 2.212
130 Std. Ideal Lig. Mass Density (Ib/ft3) 28.51 35.72 25.86
31| Act. Lig. Flow (USGPM) 48.34 16.59
132| Z Factor — 5.775e-002 0.8515
133] Watson K 15.62 13.66 16.66
|34] User Property - - —
E Cp/(Cp - R) 1.087 1.047 1.155
136 Cp/Cv 1.149 1.047 1.309

37| Heatof Vap. (Btu/lbmole) 6972 6548 7751
E Kinematic Viscosity (cSt) - 0.1977 0.4482
39| Liq. Mass Density (Std. Cond)  (Ibft3) 27.07 35.78 21.36
140 Lig. Vol. Flow (Std. Cond) (barrel/day) 1830 467.1 1531
141 Liquid Fraction 0.9832 1.000 0.0000
2 Molar Volume (ft3/Ibmole) 1.366 1.966 23.33
43| Mass Heat of Vap. {Btu/lb) 186.4 113.2 244 .4
144 Phase Fraction [Molar Basis) 0.0168 0.0000 1.0000
145 Surface Tension (dyne/cm) 7.301 4.326 -
|46 Thermal Conductivity (Btu/hr-ft-F) — 3.763e-002 1.305e-002

47| Viscosity (cP) - 9.317e-002 9.761e-003
E Cv (Semi-Ideal) (Btu/lbmole-F) 22.81 42.20 12.78

49| Mass Cv (Semi-Ideal) (Btu/lb-F) 0.6096 0.7297 0.4029
(50| cv (Btu/lbmole-F) 2158 42.20 11.28
151 Mass Cv ) (Btu/lb-F) 0.5770 0.7297 0.3556
152] Cv (Ent. Method) (Btu/lbmole-F) - - 11.47
153 Mass Cv (Ent. Method) (Btu/lb-F) - -— 0.3616
54| Cp/Cv (Ent. Method) -— - 1.287
55| Reid VP at37.8C (psia) 502.4 62.78 -
56| TrueVPat37.8¢C (psia) 870.2 63.18 1035
_'5_7_ Lig. Vol. Flow - Sum(Std. Con¢harrel/day) 1802 467.6 1542

58| Partial Pressure of H2S (psia) 0.0000 0.0000 0.0000

= SUMMARY

61| Flow Basis: Molar L P The composition option is selected
62 Feed Composition

63 TowerFeed

64 Flow Rate (Ibmole/hr) 310.5934

65 —

66 Nitrogen 0.0019

67 CcOo2 0.0045

68 Methane 0.2344

69 Ethane 0.2528

70 Propane 0.2592
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23

L Distillation: DePropanizer @Main (continued)
9

'ﬁ SUMMARY

11 TowerFeed

12 i-Butane 0.1259

13 n-Butane 0.1212

14| Flow Basis: Molar The composition option is selected

15 Eeed Flows

16 TowerFeed

17 Flow Rate (Ibmole/hr) 310.5934

18 o

19| Nitrogen (Ibmole/hr) 0.6046

20 'CO2 (Ibmole/hr) 1.3960

21 Methane (lbmole/hr) 72.8109

22 Ethane (Ibmole/hr) 78.5185

23| Propane (Ibmole/hr) 80.5041

24 i-Butane (Ibmole/hr) 39.1108

25 n-Butane (lbmole/hr) 37.6485

26 Products

27| Flow Basis: Molar | The composition option is selected

28 Product Compositions

29 Qvhd LiquidProd

30 Flow Rate (lomole/hr) 2429282 _67.6652

31 -— -

32 Nitrogen 0.0025 0.0000

33 co2 0.0057 0.0000

34 Methane 0.2997 0.0000

35 Ethane 0.3232 0.0000

36 Propane 0.3258 0.0200

37 i-Butane 0.0371 0.4450

38 n-Butane 0.0060 0.5350

39| Flow Basis: Molar The composition option is selected

40 Product Flows

41 Ovhd LiquidProd

42 Flow Rate (Ibmole/hr) 242.9282 67.6652

43 —_ -

44 Nitrogen (Ibmole/hr) 0.6046 0.0000

45 CO2 (lomole/hr) 1.3960 0.0000

46 Methane (Ibmole/hr) 72.8109 0.0000

47 Ethane (Ibmole/hr) 78.5152 0.0033

48 Propane (lbmole/hr) 79.1509 1.3532

49 i-Butane (Ibmole/nr) 9.0014 30.1094

50 n-Butane (Ibmole/hr) 1.4482 36,1992

51| Flow Basis: Molar The composition option is selected

52 Product Recoveries

53 Ovhd LiquidProd

54| Flow Rate (Ibmole/hr) 2429282 67.6652

55 i —

56 Nitrogen (%) 100.0000 0.0000

57 €02 (%) 100.0000 0.0000

58 Methane (%) 100.0000 0.0000

59 Ethane (%) 199.9958 0.0042

60 Propane (%) 98.3190 1.6810

61 i-Butane (%) 23.0152 76.9848

62 n-Butane (%) 3.8494 96.1506

= COLUMN PROFILES

65| Reflux Ratio: 1.000 i Reboil Ratio: 7.591 | The Flows Option is Selected I Flow Basis: Molar
66 Column Profiles Flow:

67 Temperature (F) Pressure (psia) Net Lig (Ibmole/hr) Net Vap (Ibmole/hr) Net Feed (lbmole/hr) | Net Draws (Ilbmolefhr)
68 Condenser 50.95 200.0 2429 - - 2429
69 1__Main TS 86.34 200.0 247.4 485.9 - -
70 2 Main TS 99.14 200.6 242.6 490.3 - —
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L Case Name: D:\Applied-Process-Design-vol-2\programs\gas-processing.usc
12 ] Company Name Not Available
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= Distillation: DePropanizer @Main (continued)
9
ol COLUMN PROFILES
11 Temperature (F) Pressure (psia) Net Lig (Ilbmole/hr) Net Vap (Ibmole/hr) Net Feed (Ibmole/hr) | Net Draws (Ibmole/hr)
|12 3__Main TS 106.9 201.1 238.3 485.5 - —
__:ll 4__Main TS 112.4 201.7 2353 481.3 -— -
14/ 5__Main TS 116.2 202.2 501.4 478.3 3106
115 6__Main TS 155.0 202.8 552.5 433.7 - -
116 7__MainTS 169.9 203.3 568.1 484.8 - b
|17 8__Main TS 178.4 203.9 575.1 500.4 - -
|18 9_ Main TS 183.9 204.4 579.0 507.5 - -
[19]  10_Main TS 187.9 205.0 581.3 511.3 -
20 Reboiler 190.7 205.0 -— 513.7 -— 67.67
21 Column Profiles Energy
22 Temperature (F) Liquid Enthalpy (Btu/lbmole) Vapour Enthalpy (Btu/lbmole) Heat Loss (Btu/hr)
123 Condenser 50.95 -5.284e+004 -4.020e+004 -
124 1_Main TS 86.34 -5.465e+004 -4.283e+004 -
ﬁ 2__Main TS 99.14 -5.604e+004 -4.383e+004 -
26 3__Main TS 106.9 -5.700e+004 -4.442e+004 -
Z 4_ Main TS 112.4 -5.758e+004 . -4.479e+004 -
28] 5__Main TS 116.2 -5.791e+004 -4.500e+004 -
129 6__Main TS 155.0 -5.888e+004 -4.978e+004 —
30 7__Main TS 169.9 -5.961e+004 -5.174e+004 —
E 8__Main TS 178.4 -6.004e+004 -5.279e+004 -
132 9_ Main TS 183.9 -6.025e+004 -5.338e+004 -—
133] 10__Main TS 187.9 -6.032e+004 -5.367e+004 -
34 Reboiler 190.7 -6.029e+004 -5.377e+004 -—-
= FEEDS / PRODUCTS
37| Flow Basis: Molar |
38 | Stream [ Type | Duy (Btwhr)|  State | Flows (Ibmole/hr] Enthalpy  (Btulbmol{ Temp __ (F)
39 CondDuty Energy 1.794e+006 * - - -
7 kil ovhd Draw — Vapour 242.9 +| -2509 +| 5095
41| 1__Main TS
42| 2__MainTS
43| 3__Main TS
44| 4__Main TS
45| 5_Main TS TowerFeed Feed - Mixed 310.6 *| -2.134e+004 *| 2472
46| 6__Main TS
47| 7__Main TS
48| 8__Main TS
49| 9_ Main TS
50{ 10__Main TS
151] Reboller RebDuty Energy 3.365e+006 * - —_ -
52 LiquidProd Draw -— Liquid 67.67 *| -3764 *| 190.7
53
m SETUP
55 Sub-Flowsheet
56 Feed Streams Product Streams
57 Internal Stream External Slre?n? Transfer Basis Internal Stream External Stream Transfer Basis
58 RebDuty RebDuty @Main None Req'd CondDuty CondDuty @Main None Req'd
;; TowerFeed TowerFeed @Main T-P Flash Ovhd QOvhd @Main T-P Flash
?SE LiquidProd LiquidProd @Main T-P Flash
[61]
62
= VARIABLES
64 Column Flowsheet Vars Available as Parameters
65 Data Source Variable Component Description
66
67
m COMPONENT MAPS
69 Feed Streams
70
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7] Distillation: DePropanizer @Main (continued)

8
% COMPONENT MAPS

11 Feed Name In to SubFlowSheet QOut of SubFlowSheet
112 RebDuty

13| TowerFeed

14 Product Stream

15 Product Name In to SubFlowSheet Out of SubFlowSheet
_1'5 CondDuty
117] Ovhd

18| LiquidProd
- DYNAMICS
% Vessel Dynamic Specifications

23| Vessel Condenser Reboiler

24| Diameter (ft) 3.914 3.914

25| Height.0 (ft) 5.871 5.871

26| Volume.0 (ft3) 70.63 * 70.63 *

27| Liquid Volume Percent (%) 50.00 * 50.00 *

28| Level Calculator Harizontal cylinder Horizontal cylinder

29| Fraction Calculator Use levels and nozzles Use levels and nozzles

30| Vessel Delta P (psi) 0.0000 * 0.0000 *

31| Fixed Vessel P Spec (psia) 200.0 205.0

32| Fixed P Spec Active Not Active Not Active
% Other Equipment in Column Flowsheet

35
= Holdup Details

38 Pressure Volume Bulk Liguid Volume
(3] (psia) (f3) (f3)
40| Condenser 0.0000 0.0000 . 0.0000
71- 1__Main TS 0.0000 0.0000 * 0.0000
E 2__MainTS 0.0000 0.0000 » 0.0000
E 3__MainTS 0.0000 0.0000 i 0.0000
:: 4__Main TS 0.0000 0.0000 . 0.0000
-;; 5__MainTS 0.0000 0.0000 bt 0.0000
E 6__Main TS 0.0000 0.0000 2 0.0000
? 7__Main TS 0.0000 0.0000 b 0.0000
E 8_ Main TS 0.0000 0.0000 = 0.0000
E 9__Main TS 0.0000 0.0000 * 0.0000
E 10__Main TS 0.0000 0.0000 > 0.0000
-51- Reboiler 0.0000 0.0000 ‘ 0.0000
= NOTES

53

33
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| [ cond
Q Y
s Distillate
Feed Reb
Temperature 167.0 F _ - Q
Pressure 14.70 psia mms
Mass Flow 4568 Ib/hr Reactive
Comp Mole Frac (Methanol)  0.4000 Distil
Comp Mole Frac (AceticAcid) 0.4000 Reactive Distil
Comp Mole Frac (M-Acetate) 0.1000 Number of Trays 15.00
Comp Mole Frac (H20) 0.1000 Top Stage Press 13.05 psia

Bottom Stage Press 14.07 psia
Reflux Ratio Spec 5.000
Distillate Rate 44.09 Ibmole/hr

Figure L-7 Process flow diagram of a reactive distillation unit

Temperature vs. Tray Position from Top
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Figure L-8 Temperature vs. Tray Position from Top

Pressure vs. Tray Position from Top
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Figure L-9 Pressure vs. Tray Position from Top
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A Case Name: D:\Applied-Process-Design-vol-2\programs\reactive-distillation.usc
12 Company Name Not Available : . -
13 Calgary, Alberta Unit Set: NewUser
14 ] CANADA — -

2 Date/Time: Saturday Jul 4 2009, 10:50:36
16|
L Distillation: Reactive Distil @Main

El

ol CONNECTIONS

11 Inlet Stream

12 STREAM NAME Staqe FROM UNIT OPERATION
|13 RebQ Reboiler

14] Feed 10__Main TS

15 Qutlet Stream

16 STREAM NAME Stage TO UNIT OPERATION
17| Cond Q Condenser
118] Distillate Condenser

19| Bottoms Reboiler

20
m MONITOR

22 Specifications Summary

23 Specified Value Current Value Wt. Error Wt. Tol. Abs. Tol. Active | Estimate [ Used
24| Reflux Ratio 5.000 * 5.000 0.0000 1.000e-002 * 1.000e-002 * On On On
25| Distillate Rate 44.09 Ibmole/hr * 44.09 Ibmole/hr 0.0000 1,000e-002 * 2.205 Ibmole/hr * On On on
26| Reflux Rate —- 220.5 lbmole/hr - 1.000e-002 * 2.205 Ibmole/hr * Off On Off
27| Btms Prod Rate -—- 55.12 Ibmole/hr — 1.000e-002 * 2.205 Ibmole/hr * Off On Off
28
E SPECS

30 Column Specification Parameters
‘3';' Reflux Ratio

33| Fixed/Ranged: Fixed Primary / Alternate: Primary Lower Bound: — Upper Bound: —
34| Stage: Condenser Flow Basis: Molar Liguid Specification: —
% Distillate Rate

37| Fixed / Ranged: Fixed Primary / Alternate: Primary Lower Bound: - Upper Bound: -—
38| Stream: Distillate Flow Basis: Molar
— Reflux Rate

40

41| Fixed / Ranged: Fixed Primary / Alternate: Primary Lower Bound: -—- Upper Bound: -—
42| Stage: Condenser Flow Basis: Molar Liquid Specification: -
% Btms Prod Rate

45| Fixed / Ranged: Fixed Primary / Alternate Primary Lower Bound: - Upper Bound: -—
46| Stream: Bottoms Flow Basis: Molar
= SUBCOOLING

49 Condenser

50| Degrees of Subcooling —

51| Subcool to b

52 .
™ User Variables

54
= PROFILES

55

56 General Parameters

57| Sub-Flow Sheet: Reactive Distil (COL1) l Number of Stages: 15
58 Profile Estimates
158 Temperature Net Liquid Net Vapour

60 (F) (Ibmole/hr) (lbmole/hr)

61 Condenser 122.0 * 220.5 0.0000
E 1__Main TS 126.7 2204 264.6
-6; 2__Main TS 127.0 220.4 264.5
6_4 3__Main TS 127.3 220.4 264.5
E 4__Main TS 127.6 220.3 264.5
56| 5_ Main TS 127.9 2202 264.4
-r:; 6__Main TS 128.2 219.9 264.3
(68 7__Main TS ' 128.4 219.4 264.0
g 8__Main TS 128.7 218.4 263.5
’;; 9__Main TS 129.1 215.7 262.5
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L‘ Case Name:  D:\Applied-Process-Design-vol-2\programs\reactive-distillation.usc
12 Company Name Not Available i - s L : .

3 Calgary, Alberta Unit Set: NewUser
14 CANADA E — =

s . DatelTime: ‘_Saturday Jul 4 2009, 10:50:36
16
- Distillation: Reactive Distil @Main (continued)

L] Profile Estimates
110] Temperature Net Liquid Net Vapour

11 (F) (Ibmole/hr) (Ibmole/hr)
112] 10__Main TS 130.2 270.3 259.8
13 11_Main TS 130.5 270.4 215.2
| 14] 12__Main TS 130.8 270.5 215.3
15| 13__Main TS 131.0 2705 215.3
116 14__Main TS 131.3 270.3 215.4
[17] 15__Main TS 1318 266.8 215.1
18 Reboiler 212.0 * 55.12 2T
™ EFFICIENCIES

21 S Efficiencies

22 Stages Overall Efficiency Methanol AceticAcid M-Acetate H20
23] Condenser 1.000 1.000 1.000 1.000 1.000
124] 1__Main TS 1.000 1.000 1.000 1.000 1.000
25| 2__Main TS 1.000 1.000 1.000 1.000 1.000
28] 3_MainTS 1.000 1.000 1.000 1.000 1.000
127 4_ Main TS 1.000 1.000 1.000 1.000 1.000
28] 5_MainTS 1.000 1.000 1.000 ) 1.000 1.000
129 6__Main TS 1.000 1.000 1.000 1.000 1.000
130/ 7_MainTS 1.000 1.000 1.000 1.000 1.000
131 8__Main TS 1.000 1.000 1.000 1.000 1.000
32| 9__Main TS 1.000 1.000 1.000 1.000 1.000
133 10__Main TS 1.000 1.000 1.000 1.000 1.000
134] 11__Main TS 1.000 1.000 1.000 1.000 1.000
135 12__Main TS 1.000 1.000 1.000 1.000 1.000
136 13__Main TS 1.000 1.000 1.000 1.000 1.000
137 14__Main TS 1.000 1.000 1.000 1.000 1.000
138 15__Main TS 1.000 1.000 1.000 1.000 1.000

39| Reboiler 1.000 1.000 1.000 1.000 1.000
m SOLVER

42 Column Solving Algorithm: ~ Sparse Continuation Solver

43 Solving Options Acceleration Parameters

44| Maximum lterations: 10000 Accelerate K Value & H Model Parameters: off
45| Equilibrium Error Tolerance: 1.000e-05

46| Heat/Spec Error Tolerance: 5,000e-004

47| Save Solutions as Initial Estimate: On

48| Super Critical Handling Model: Simple K

49| Trace Level: Low

50| Init from Ideal K's: Off Damping Parameters

51 Initial Estimate Generator Parameters Azeotrope Check: Off
52| Ilterative IEG (Good for Chemicals): Off Fixed Damping Factor: 1*
53]

54

55
™ SIDE STRIPPERS

57
m SIDE RECTIFIERS

59
™ PUMP AROUNDS

61
= VAP BYPASSES
= RATING

65 =

= Tray Sections

67| Tray Section Main TS

68| Tray Diameter (ft) 4.921 &

69| Weir Height (ft) 0.1640 .

701 Weir Length (ft) 3.937 N
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- Case Name: D:\Applied-Process-Design-vol-2\programs\reactive-distillation, usc
12 Company Name Not Available - e
13 Calgary, Alberta - Unit Set: NewUser
14| CANADA — e -

5 Date/Time: Saturday Jul 4 2009, 10:50:36
16
= Distillation: Reactive Distil @Main (continued)

9 | Tray Space (ft) 1.804 *

10| Tray Volume (ft3) 34.32

11| Disable Heat Loss Calculations No

12| Heat Model None

13| Rating Calculations No

14| Tray Hold Up (ft3) 3.120

15
".;'6" Vessels

17 Vessel Reboailer Condenser

18| Diameter (ft) 3.914 3.914

19| Length (ft) 5.871 5.871

20| Volume (ft3) 70.63 . 70.63 *

21| Orientation Horizontal Horizontal

22| Vessel has a Boot No No

23| Boot Diameter (ft) - -—

24| Boot Length (ft) - -

25| Hold Up (f3) 35.31 35.31
'i% Other Equipment In Column Flowsheet

28 I [ -

29
o] Pressure Profile

31 Pressure (psia) Pressure Drop (psi)

32 Condenser 13.05 psia * 0.0000 psi
E 1__Main TS 13.05 psia 7.252e-002 psi
134] 2__Main TS 13.13 psia 7.252e-002 psi
35| 3__Main TS 13.20 psia 7.252e-002 psi
|36] 4__Main TS 13.27 psia 7.252e-002 psi
3_?' 5__Main TS 13.34 psia 7.252e-002 psi
38| 6__Main TS 13.42 psia 7.252e-002 psi
139] 7__Main TS 13.49 psia 7.252e-002 psi
140 8__Main TS 13.56 psia 7.252e-002 psi
141] 9_ Main TS 13.63 psia 7.252e-002 psi
|42 10__Main TS 13.71 psia 7.252e-002 psi

43 11__Main TS 13.78 psia 7.252e-002 psi
? 12_.Main TS 13.85 psia 7.252e-002 psi
':ET 13__Main TS 13.92 psia 7.252e-002 psi
T_g_ 14__Main TS 14.00 psia 7.252e-002 psi
147 15__Main TS 14.07 psia =

48 Reboiler 14.07 psia il 0.0000 psi
% Pressure Solving Options

51| Pressure Tolerance 1.000e-004 *| Pressure Drop Tolerance 1.000e-004 '] Damping Factor 1.000 | Max Press lterations 100 *
B CONDITIONS

54| Name Feed @Main Bottoms @Main Distillate @Main Reb Q @Main Cond Q @Main
55| Vapour 0.0633 0.0000 0.0000 - o
56| Temperature (F) 167.0000 * 136.2575 126.6085 - -—
57| Pressure (psia) 14.6959 * 14.0687 13.0534 o -
58| Molar Flow (lbmole/hr) 99.2070 * 55.1150 44.0920 - -
59| Mass Flow (Ib/hr) 4568.1798 1552.2308 3016.0076 — =
60| Std Ideal Lig Vol Flow (barrel/day) 330.4306 109.4397 219.7548 — —_
61| Molar Enthalpy (Btu/lbmole) -1.484e+005 -1,337e+005 -1.810e+005 — —
62| Molar Entropy (Btu/lbmole-F) 25.31 10.38 32.63 -— —
63| Heat Flow (Btu/hr) -1.4725e+07 -7.3664e+06 -7.9822e+06 2.9723e+06 3.5954e+06
= PROPERTIES

66| Name Feed @Main Bottoms @Main Distillate @Main

67| Molecular Weight 46.05 28.16 68.40

; Molar Density (lbmole/ft3) 3.362e-002 2127 0.8113

Eg- Mass Density (Ib/ft3) 1.548 59.91 55.50

_7; Act. Volume Flow (barrel/day) 1.261e+004 110.8 232.3
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W
@

l Case Name:  D:\Applied-Process-Design-vol-2\programs\reactive-distillation.usc
12| Company Name Not Available 2 =
13| Calgary, Alberta Unit Set: NewUser
|4 CANADA T — 3 iy
5 4D§tef|"i=n'fe:_ - §§;urday Jul 4 2909. 19:50:36
16
= Distillation: Reactive Distil @Main (continued)
9
ol PROPERTIES

11| Name Feed @Main Bottoms @Main Distilate @Main
112] Mass Enthalpy (Btu/lb) -3223 -4746 -2647
113 Mass Entropy (Btu/lb-F) 0.5496 0.3684 0.4770
|14] Heat Capacity (Btu/lbmale-F) 25.31 20.91 32.11
115 Mass Heat Capacity (Btu/lb-F) 0.5497 0.7426 | 0.4694
116] Lower Heating Value (Btu/lbmole) 3.073e+005 1.116e+005 5.616e+005
117] Mass Lower Heating Value (Btu/lb) 6674 3963 8211

18| Phase Fraction [Vol. Basis] 0.9738 ) - o ]
E Phase Fraction [Mass Basis] 6.029e-002 0.006b 2.122e-314
20| Partial Pressure of CO2 (psia) 0.0000 0.0000 0.0000
121] Cost Based on Flow (Cost/s) 0.0000 _0.0000 0.0000
_gg_ Act. Gas Flow (ACFM) - - -
E Ava. Lig. Density (Ibmole/ft3) 1.283 2.153 0.8577
|24] Specific Heat (Btu/lbmole-F) 25.31 20.91 3z2.11
|25] Std. Gas Flow (MMSCFD) 0.9035 0.5020 0.4016
|26] Std. Ideal Lig. Mass Density (Ib/ft3) 59.10 60.63 58.67
127] Act. Liq. Flow (USGPM) 9.633 3.230 6.776
28| Z Factor 1.034e-003 " 2.557e-003
129 Watson K 9.153 8.924 8.944
130 User Property - - -—
31| Partial Pressure of H2S (psia) 0.0000 0.0000 0.0000
|32| Cp/(Cp-R) 1,085 1.106 1.066
|33] Cp/Cv 1.005 1.185 1.285
|34] Heat of Vap. (Btu/lbmole) 1.384e+004 1.792e+004 1.359e+004
135] Kinematic Viscosity (cSt) - 0.4279 0.3197
|36 Lia. Mass Density (Std. Cond) (Ib/ft3) 59.59 62.48 58.52
|37 Lig. Vol. Flow (Std. Cond)  (barrel/day) 3277 106.2 220.3
38| Liquid Fraction 0.9367 1.000 1.000
_:}_9_ Molar Volume (ft3/Ibmole) 29.74 0.4701 1.233
140 Mass Heat of Vap (Btu/lb) 300.5 636.3 198.7
|41] Phase Fraction [Molar Basis] 0.0633 0.0000 0.0000
142 Surface Tension (dyne/cm) 27.88 59.13 32.15
_13_ Thermal Conductivity (Btu/hr-ft-F) - 0.3012 0.1039
44 Viscosity (cP) 0.4106 0.2842
145 Cv (Semi-ldeal) (Btu/lbmole-F) 23.33 18.93 30.12
|46| Mass Cv (Semi-ldeal) (Btu/lb-F) 0.5066 0.6721 0.4403
47| Cv (Btu/lbmole-F) 25.18 17.65 24.98

48| Mass Cv (Btu/lb-F) 0.5469 0.6266 0.3652
i_gi Cv (Ent. Method) (Btu/lbmole-F) - - -
150 Mass Cv (Ent. Method) (Btu/lb-F) - - -—
_3'1_ _ Cp/Cv (Ent. Method) - — -
|52| Reid VP at37.8C (psia) 3.446 6.871 .
53] TrueVPat37.8C (psia) 3.356 6.597 7.387

54| Lig. Vol. Flow - Sum(Std. Con®arrel/day) 327.7 106.2 220.3
= SUMMARY

57| Flow Basis: Molar | The composition option is selected
58 Feed Composition

59 Feed

60 Flow Rate (Ilbmole/hr) 99.2070

61

62 Methanol 0.4000

63 AceticAcid 0.4000

64 M-Acetate 0.1000

65 H20 0.1000

66| Flow Basis: Molar The composition option is selected
67 Feed Flows

68 Feed

69| Flow Rate (Ibmole/hr) 99.2070

70 e




Company Name Not Available
Calgary, Alberta

CANADA

Appendix L '
Case Name: D:\Appli'ed-Prooess-E_Jesign-vol-2\prcgra)ms‘;reactlve-disﬁllaﬁon.usc
Unit Set: NewUser
Date/Time:  Saturday Jul 4 2009, 10:50:36

Distillation: Reactive Distil @Main (continued)

slRRERE]=]x=]-]=]=]~]-

SUMMARY
Feed
Methanol (Ibmole/hr) 39.6828
AceticAcid (Ibmale/hr) 39.6828
M-Acetate (Ibmole/hr) 9.9207
H20 (Ibmole/hr) 9.9207
Products
Flow Basis: Molar | The composition option is selected
18 : Product Compositions -
19 - Distillate Bottoms |
20|  Flow Rate (Ibmolefhr) 44.0920 55.1150
21 — o
22 Methanol 0.0117 0.0023
23 AceticAcid 0.0000 0.0116
24 M-Acetate 0.8958 0.1717
25 H20 0.0925 0.8144
26| Flow Basis: Molar The composition option is selected
27 Product Flows -
28 Distillate Bottoms
29 Flow Rate (lbmole/hr) 44,0920 55.1150
30 - -
31 Methanol (Ibmole/hr) 0.5152 0.1261
32|  AceticAcid (Ibmole/hr) 0.0000 0.6413
33 M-Acetate (Ibmole/hr) 39.4981 9.4641
34 H20 (Ibmole/hr) 4.0787 44,8836
35| Flow Basis: Molar The composition option is selected
36 Product Recoveries
37 Distillate Bottoms
38 Flow Rate (Ibmole/hr) 44.0920 55.1150
39 ) —
40 Methanol (%) 1.2983 0.3177
41 AceticAcid (%) 0.0000 1.6160
42 M-Acetate (%) 398.1386 95.3974
43 H20 (%) 41.1126 452.4234
— COLUMN PROFILES
46| Reflux Ratio: 5.000 | Reboil Ratio: 3.841 | The Flows Opticn is Selected | Flow Basis: Molar
47 Column Profiles Flows
48 Temperature (F) Pressure (psia) Net Lig (Ilomole/hr) Net Vap (Ibmole/hr) Net Feed (lbmole/hr) | Net Draws (Ibmole/hr)
149 Condenser 126.6 13.05 220.5 — - 44.09
150] 1__Main TS 126.7 13.05 220.4 264.6 -— —
51 2__Main TS 127.0 13.13 220.4 264.5 = —
2]  s_MainTs 127.3 13,20 2204 2645 - =
153 4__Main TS 127.6 13.27 220.3 264.5 - -
|54 5__Main TS 127.9 13.34 220.2 264.4 -— -
i 6__Main TS 128.2 13.42 219.9 264.3 - —
36_ ?7M_ain TS 128.4 13.49 219.4 264.0 — —
57 8__Main TS 128.7 13.56 218.4 263.5 - -
—5_'8_ 9__Main TS 129.1 13.63 215.7 262.5 — -
59 10__Main TS 130.2 13.71 270.3 259.8 99.21 -
o]  11_MainTs 130.5 1378 270.4 215.2 -
E‘ 12__Main TS 130.8 13.85 270.5 2153 - ot
E 13__Main TS 131.0 13.92 270.5 2153 - -
E 14__Main TS 131.3 14.00 270.3 215.4 -— -
64 15__Main TS 131.8 14.07 266.8 215.1 - o
_G:; Reboiler 136.3 14.07 - 211.7 = 55.12
66 Column Profiles Energy.
67 Temperature (F) Liguid Enthalpy (Btu/lbmole) Vapour Enthalpy (Btu/lbmole) Heat Loss (Btu/hr)
68 Condenser 126.6 -1.810e+005 -1.671e+005 -
[6s] 1_Main TS 126.7 -1.8126+005 -1.6748+005 e
’; 2 MainTS 127.0 -1.813e+005 -1.676e+005 —
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L1 Case Name; D:\Applied-Process-Design-vol-2\programs\reactive-distillation.usc

12 ] Company Name Not Available —_— - - - - - -

13 ] Calgary, Alberta Unit Set: NewUser

4 CANADA

n Date/Time: Saturday Jul 4 2009, 10:50:36

16

7] Distillation: Reactive Distil @Main (continued)

8
9

m COLUMN PROFILES

11 Temperature (F) Liquid Enthalpy (Btuibmole) | Vapour Enthalpy (Btu/lbmole) Heat Loss (Btu/hr)

'2 3__Main TS 127.3 -1.813e+005 -1.677e+005 —

13 4__Main TS 127.6 -1.813e+005 -1.677e+005 -

14] 5__Main TS 127.9 -1.812e+005 -1.677¢+005 _ -
6__Main TS 128.2 -1.810e+005 -1.676e+005 . -—
7__Main TS 128.4 -1.8066+005 -1.674e+005 =
8__Main TS 128.7 -1.798e+005 -1.670e+005 -
9__Main TS 1291 -1.778e+005 -1.663e+005 -
10__Main TS 130.2 -1.692e+005 -1.645e+005 -
11__Main TS 130.5 -1.693e+005 -1.645e+005 -
12__Main TS 130.8 -_1.693e+005 -1.645e+005 -

122 13__Main TS 131.0 -1.692e+005 -1.646e+005 ) -—

123 14__Main TS 131.3 -1.691e+005 -1.645e+005 -

|24 15__Main TS 131.8 -1.673e+005 -1.643e+005 -

25 Reboiler 136.3 -1.337e+005 -1.620e+005 —

= FEEDS / PRODUCTS

28| Flow Basis: Molar_| )

29 | Stream [ Type | Duty  (Btwh)| State | Flows (bmole/hr] Enthalpy  (Btuibmol{ Temp ()

30 Cond Q Energy 3.595e+006 * - = —_

—{ Condenser i

31 Distillate Draw -— Liquid 44.09 "] -1.130e+004 *| 126.6

32| 1__Main TS

33| 2_ Main TS

34| 3_ Main TS

35| 4_ Main TS

36| 5 MainTS

37| 6__MainTS

38| 7__Main TS

39| 8__Main TS

40| 9_ Main TS

41| 10__Main TS Feed Feed - Mixed 99.21 *| -6.381e+004 *| 167.0

42[ 11_Main TS

43| 12_ Main TS

44| 13__Main TS

45| 14_ Main TS

46| 15__Main TS

147 s Reb Q Energy 2.972e+006 * == — =

48 Bottoms Draw - Liquid 55.12 *| -8344 *| 136.3

= SETUP

51 Sub-Flowsheet

52 Feed Streams Product Streams

53 Internal Stream External Stream Transfer Basis Internal Stream External Stream Transfer Basis

54 Reb Q Reb Q @Main None Req'd Cond Q Cond Q @Main None Req'd

; Feed Feed @Main P-H Flash Distillate Distillate @Main P-H Flash

-5-'6' Bottoms Bottoms @Main P-H Flash

[57]

58

el VARIABLES

60 Column Flowsheet Vars Available as Parameters

61 Data Source Variable Component Description

62

63

™ COMPONENT MAPS

65 Feed Streams

66 Feed Name In to SubFlowSheet Out of SubFlowSheet

67| RebQ

E Feed

69 Product Stream

70
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- Case Name: EJ:\Applied-Process—Desi_gn-vol-z\programs\reébﬁ\ie;qlsﬁllation;usc
2 ] Company Name Not Available e e : . e o
13| Calgary, Alberta Unit Set: NewUser

4 CANADA T = - . -
S| D,atje[l: |rn,t=: . igaturday-..iui 4 20091 0‘55‘0:36
16
7 Distillation: Reactive Distil @Main (continued)

8
1—1‘ COMPONENT MAPS

11 Product Name In to SubFlowSheet Qut of SubFlowSheet
|12| CondQ
113] Distillate

14| Bottoms
™ DYNAMICS
% Vessel Dynamic Specifications

19| Vessel Reboiler Condenser

20| Diameter (ft) 3.914 3.914

21| Height.0 (ft) 5.871 5.871

22| Volume.0 (ft3) 70.63 " 70.63 *

23| Liquid Volume Percent (%) 50.00 * 50.00 *

24| Level Calculator Horizontal cylinder Horizontal cylinder

25| Fraction Calculator Use levels and nozzles Use levels and nozzles

26| Vessel Delta P (psi) 0.0000 * 0.0000 *

27| Fixed Vessel P Spec (psia) 14.07 13.05

28| Fixed P Spec Active Not Active Not Active
"23% Other Equipment in Column Flowsheet

31
M Holdup Details

34 Pressure Volume Bulk Liguid Volume
[35) (psia) (ft3) (#3)

36| Condenser 13.05 49.30 * 48.33
; 1__Main TS 13.05 34.32 * 6.094e-002
?; 2_ Main TS 13.13 34.32 ' 5.730e-002
; 3__Main TS 13.20 34.32 * 6.110e-002
[40] 4__Main TS 13.27 34.32 * 6.131e-002
? 5__Main TS 13.34 34.32 * 6.145e-002
Z 6__Main TS 13.42 34.32 . 6.149e-002
E 7__Main TS 13.49 34.32 = 6.134e-002
-4:1- 8__Main TS 13.56 34.32 * 6.078e-002
:; 9_ Main TS 13.63 34.32 & 5.905e-002
E 10__Main TS 13.71 34.32 * 6.713e-002
? 11_Main TS 13.78 34.32 I 7.805e-002
I 12_Main TS 13.85 3432 = 7.672e-002
45| 13_MainTs 13.92 34.32 . 7.644€-002
; 14__Main TS 14.00 34.32 = 7.558e-002
E 15__Main TS 14.07 34.32 5 5.927e-002
52| Reboailer 14.07 2.784e+004 = 0.8609
— NOTES

54
155] A distillation column with 12 theoretical stages.

56

57
50
59
160

61
2]
63|
64|
|65
166
|67
68|
EE]

7

41
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Lean oil
Temperature 90.00 F

Pressure 70.00 psia
Molar Flow 2006 Ibmole/hr

Wet gas
Temperature 90.00 F

Multicom Absorber-Example 11-4

gas

Pressure 75.00 psia
Molar Flow 1975 Ibmole/hr

Figure L-10 Process flow diagram of a multicomponent absorption unit

345

34.0

33.5

33.0

Temperature (C)

325

32.0

Residue off
gas

f——
Rich oil

Residue off gas
Temperature 90.00 F
Pressure 70.00 psia
Molar Flow 1808 Ibmole/hr

Rich oil
Temperature 93.90 F
Pressure 75.00 psia
Molar Flow 2173  Ibmole/hr

Temperature vs. Tray Position from Bottom

9\5

1 2 3

TS-1

Figure L-11 Temperature vs. Tray Position from Bottom
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Pressure vs. Tray Position from Bottom

520 -

515 1=

510 3——r

505 <

500 -

495

Pressure (kPa)
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485 —f— e S ==l

480 =

1
841

Figure L-12 Pressure vs. Tray Position from Bottom

Multicomp Absorber-E le 11-4

 Residue off gas

|
. — 0-100| —_ |
 Leanoll - Residue off = Temperature = 90.00 ] F
| Temperature | 90.00 'F L%'n L o " Pressure 70.00 | psia
P | wnen | ocie |0l %
| Pressure ;770:0_0 | psia - Molar Flow = 1808 | Ibmole/hr
Molar Flow | 2006 | Ibmole/hr a
Wet Rich ol B
r gas ————t —
| Wet gas Rich oil Temperature | 93.90 | F
I o o T N T N | e
| Temperature | 90.00 | F | Pressure ‘ 75.00 | psia |
| Pressure | 75.00 | psia . | MolarFlow | 2173 | Ibmolefhr |
' Molar Flow 1975 | Ibmole/hr

Figure L-10 Process flow diagram of a multicomponent absorption unit
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Appendix L

1
2 | Company Name Not Available
s Honeywell cgy, Avers
[ 4] CANADA
5
LS
- Absorber: Multicomponent-Absorber-Example 11-4 @
9
ol CONNECTIONS
1 Inlet Stream
12 STREAM NAME Stage FROM UNIT OPERATION
13| Lean oil 5 TS+
114 Wet gas 1_TS-1
15] Q-100 5 TS+
16 Qutlet Stream
7 STREAM NAME Stage TO UNIT OPERATION
18| Residue off gas TS-1
19] Rich oil 1 _TS-1
20
m MONITOR
22 Specifications Summary
23 Specified Value Current Value Wt. Error Wt. Tol. Abs. Tol. Active | Estimate | Used
24| Residue off gas Rate e 1808 Ibmole/hr == 1.000e-002 * 2.205 Ibmole/hr * Off On Off
25| Rich oil Rate - 2173 Ibmole/hr = 1.000e-002 * 2.205 Ibmole/hr * Off On Off
26| Temperature 90.00 F * 90.00 F -5.342e-007 1.000e-002 * 1.800 F * On On On
27 .
26 SPECS
29 Column Specification Parameters
:—? Residue off gas Rate
32| Fixed / Ranged: Fixed Primary / Alternate: Primary Lower Bound: —— Upper Bound: —
33| Stream: Residue off gas Flow Basis: Molar
34
5 Rich oil Rate
36| Fixed / Ranged: Fixed Primary / Alternate: Primary Lower Bound: — Upper Bound: —
37| Stream: Rich oil Flow Basis: Molar
% Temperature
40| Fixed / Ranged: Fixed Primary / Alternate: Primary Lower Bound: — Upper Bound: —
41| Stage: 5 _TS-1
m SUBCOOLING
44
45| Degrees of Subcooling
46| Subcool to
47 .
m User Variables
49
0| PROFILES
51 General Parameters
52| Sub-Flow Sheet: mnponent-Absorber-Example 11-4 (COL1) I Number of Stages: 5*
53 Profile Estimates
154 Temperature Net Liquid Net Vapour
55 (F) (Ilbmole/hr) (Ibmole/hr)
56 5__TS-1 90.00 2099 o 1808
57 4T84 91.30 2118 1902
58 3__TS-1 92.43 2132 1920
59 2__TS1 93.65 2150 1935
60 1_TS1 93.90 2173 1952
= EFFICIENCIES
63 tage Efficiencies
64 Stages Overall Efficiency Methane Ethane Propane i-Butane n-Butane
65| 5_ TS-1 1.000 1.000 1.000 1.000 1.000 1.000
[65] 4_T15-1 T 1000 | 1.000 1.000 1.000 1.000 1.000
67] 3__TS-1 1.000 1.000 1.000 1.000 1.000 1.000
68| 2_ TS-1 1.000 1.000 1.000 1.000 1.000 1.000
[6o] 1_T51 1.000 1.000 1.000 1.000 1.000 1.000
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Appendix L

Honeywell

Company Name Not Available
Calgary, Alberta

CANADA

: C;aSg‘ﬂafné: Q:\Example-1 1.‘-55.|;|sc.

; 'uﬁit:ééi} :

Fleld

DatefTime:  Saturday Mar 6 2010, 19:46:41

Absorber: Multicomponent-Absorber-Example 11-4 @

Staqge Efficiencies

Stages

Overall Efficiency

i-Pentane

n-Pentane

n-Octane

5_TS-1

1.000

1.000

1.000

1.000

4_T54

1.000

1.000

1.000

1.000

alsz2]3]|e cnl-ulo: m[blulml—

3__T841

1.000

1.000

1.000

1.000

o

2__TS-

1.000

1.000

1.000

1.000

[

1_TS-1

1.000

1.000

1.000

1.000

@

17

SOLVER

Column Salving Algorithm:

Legacy Inside-Out

Solving Options

Acceleration Parameters

Maximum lterations:

10000

Accelerate K Value & H Model Parameters:

Off

Equilibrium Error Tolerance:

1.000e-05

Heat/Spec Error Tolerance:

5.000e-004

Save Solutions as Initial Estimate:

On

Super Critical Handling Model:

Simple K

Trace Level:

Low

Init from Ideal K's:

Off

Damping Parameters

Initial Estimate Generator Parameters

Azeotrope Check:

Off

Iterative IEG (Good for Chemicals):

Off

Fixed Damping Factor:

SIDE STRIPPERS

SIDE RECTIFIERS

PUMP AROUNDS

VAP BYPASSES

RATING

Tray Sections

Tray Section

T5-1

Tray Diameter

(ft)

4.921

Weir Height

(ft)

0.1640

Weir Length

(ft)

3.937

Tray Space

(ft)

1.640

Tray Volume

(ft3)

31.20

Disable Heat Loss Calculations

No

Heat Model

None

Rating Cal ions

No

Tray Hold Up

(ft3)

3.120

Vessels

Vessel

Diameter

Length

Volume

OI. i 1

Vessel has a Boot

Boot Diameter

Boot Length

Hold Up

ARAR

Other Equipment In Column Flowsheet

66

[

67
68

Pressure Profile

69

Pressure (psia)

Pressure Drop (psi)
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Appendix L

1
2 Company Name Not Available
sIHoneywell cagy, Aers
| 4 CANADA

5 A s
A ety
- Absorber: Multicomponent-Absorber-Example 11-4 @
9 4__TS-1 71.25 psia 1.250 psi

10 3_TS-1 72.50 psia 1.250 psi N
11 2__TS8-1 73.75 psia 1.250 psi

12 1__TS1 75.00 psia * -—

1
% Pressure Solving Options

15| Pressure Tolerance 1.000e-004 * | Pressure Drop Tolerance 1.000e-004 'I Damping Factor 1.000 ‘| Max Press Iterations 100 *
= CONDITIONS

18| Name Lean oil @Main Wet gas @Main Rich oil @Main |esidue off gas @Main Q-100 @Main
19| Vapour 0.0000 1.0000 0.0000 1.0000 =
20| Temperature (F) 90.0000 * 90.0000 * 93.9028 80.9995 =s
21| Pressure (psia) 70.0000 * 75.0000 * 75.0000 70.0000 -
22| Molar Flow (Ibmole/hr) 2005.7000 * 1975.0000 * 2172.5103 1808.1897 -
23| Mass Flow (Ib/hr) 227933.5008 40165.4690 234021.5531 34077.4167 -
24| Std Ideal Lig Vol Flow (barrel/day) 22151.2517 8081.5912 23055.7764 7177.0664 -—-
25| Molar Enthalpy {Btulbmole) -1.060e+005 -3.407e+004 -1.013e+005 -3.334e+004 -
26| Molar Entropy (Btu/lbmole-F) 11.37 41.73 13.52 41.82
27| Heat Flow (Btu/hr) -2.1256e+08 -6.7294e+07 .-2.1997e+08 -6.0287e+07 -4.1082e+05
= PROPERTIES

30| Name Lean oil @Main Wet gas @Main Rich oil @Main Residue off gas @Main

31| Molecular Weight 113.6 20.34 107.7 18.85 .
32| Molar Density (Ibmole/ft3) 0.3895 1.293¢-002 0.3853 1.203e-002 ) -
33| Mass Density (Ib/ft3) 41,99 0.2630 41.51 0.2267 .
34| Act. Volume Flow (barreliday) 2.321e+004 6.527e+005 2.410e+004 ____ 6.425e+005 ]
35| Mass Enthalpy (Btu/lb) -932.5 -1675 -940.0 -1769

36| Mass Entropy (Btu/lb-F) 0.1001 2.052 0.1256 2.219

37| Heat Capacity (Btu/lbmole-F) 58.36 10.28 55.97 9.734

38| Mass Heat Capacity (Btu/lb-F) 0.5135 0.5053 0.5196 0.5165 -
39| Lower Heating Value (Btu/Ibmole) 2.18%e+006 4.268e+005 2.078e+006 3.985e+005 el
40| Mass Lower Heating Value (Btu/lb) 1.927e+004 2.099e+004 1.929e+004 2.114e+004 o
41] Phase Fraction [Vol. Basis] - - - - |
42| Phase Fraction [Mass Basis] 2.122e-314 4.941e-324 2.122e-314 4.941e-324

43| Partial Pressure of CO2 (psia) 0.0000 0.0000 0.0000 0.0000

44| Cost Based on Flow (Cost/s) 0.0000 0.0000 0.0000 0.0000

45| Act.GasFlow - (ACFM) - 2545 - 2505

46| Avg. Lig. Density . (Ibmole/ft3) 0.3870 1.045 0.4028 1.077

47| Specific Heat (Btu/ibmole-F) 58.36 10.28 55.97 9.734

48] Std. Gas Flow (MMSCFD) 18.27 17.99 19.79 16.47

49| Std. Ideal Liq. Mass Density (Ib/ft3) 43.99 21.24 43.39 20.30 o

50| Act. Liq. Flow (USGPM) 676.8 - 702.9 -

51| Z Factor 3.212e-002 0.9830 3.276e-002 0.9864

52| Watson K 12,67 18.18 12,71 18.70

53| UserProperty aan e o - o .
[54] cpice-R) 1.035 1.240 1.037 1.256 ]
ﬁﬁ'CpICv 1.123 1.262 1.132 1.276

56| Heat of Vap. (Btw/lbmole) 1.277e+004 5903 3.046e+004 6531

57| Kinematic Viscosity (cSt) 0.6833 2.699 0.6240 3.165

58| Liq. Mass Density (Std. Cond)  (Ib/ft3) 44.15 — 43.75 -

59| Lig. Vol. Flow (Std. Cond)  (barrel/day) 2.207e+004 - 2.286e+004 -—

60| Liquid Fraction 1.000 0.0000 1.000 0.0000

61| Molar Volume (ft3/lbmole) 2,707 77.31 2.595 83.12

62| Mass Heat of Vap. (Btu/lb) 112.4 290.3 282.7 346.6
E' __Phase Fraction [Molar Bas_is] 0.0000 1.0000 0.0000 1.0000

64| Surface Tension (dyne/cm) 20.38 —- 18.97 -
65| Thermal Conductivity (Btwhr--F) 7.153¢-002 1.838e-002 6.897e-002 1.900-002
66| Viscosty ) 0.4596 1.1370-002 0.4149 1.150e-002

67| Cv(Semiideal) (Btulbmole-F) 56.37 8.290 53.99 7.748

68| Mass Cv (Semi-ldeal) (Btu/lb-F) 0.4960 0.4076 0.5012 0.4111

[69] Cv __ (Btuibmole-F) 51.98 8.141 49.43 7.626
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Appendix L .

= -
Z Company Name Not Available o e s
3] Honeywel Calgary, Alberta Field
4 CANADA e it
5 | Saturda;{ a 9:46:41
& =
= Absorber: Multicomponent-Absorber-Example 11-4 @
9
m PROPERTIES
11| Name Lean oil @Main Wet gas @Main Rich oil @Main Residue off gas @Main
[12| Cv (Ent. Method) (Btu/lbmole-F) — 8.139 54.23 7.628
13| Mass Cv (Ent. Method) (Biw/Ib-F) - 0.4002 0.5035 0.4047
14| Cp/Cv (Ent. Method) - 1.263 1.032 1.276
15| Lig. Vol. Flow - Sum(Std. Con@arrel/day) 2.207e+004 0.0000 2.286e+004 0.0000 ]
16| Partial Pressure of H2S (psia) 0.0000 0.0000 0.0000 0.0000
17| Reid VP at37.8 C (psia) 0.8703 - 18.45 -
18| TrueVPat37.8C (psia) 0.8910 — 76.89 —
';—2 SUMMARY
21| Flow Basis: The composition option is selected
23 s : Lean oil Wet
24| ~ Flow Rate (Ibmole/hr) 2.005700e+03 1,975000e+03
25 - .
26 Methane 0.0000 0.8300
27 Ethane 0.0000 0.0839
28 0.0000 0.0481 )
29 : o 0.0010 0.0090
30 n-Butane 0.0020 0.0170
31 i-Pentane 0.0040 0.0040 ]
32 n-Pentane 0.0060 0.0080 S
33 n-Octane 0.9870 0.0000
34| Flow Basis: Molar The composition option is selected
35 Feed Flows ' ' 3
36 Lean oil Wet gas
37|  Flow Rate (lbmole/hr) 2.005700e+03 1.975000e+03 . ]
38 ] - i
39|  Methane (fbmole/hr) 0.0000 1,639200e+03 L
40| Ethane (Ibmolefhr) 0.0000 165.8000 .
41|  Propane (lbmolefhr) 0.0000 94.9000 o B ki
42| i-Butane (Ibmole/hr) 2.0057 17.8000 N
43]  n-Butane (Ibmole/hr) 4.0114 33.6000 ]
44|  i-Pentane (Ibmole/hr) 8.0228 7.9000 B .
45| n-Pentane (Ilbmole/hr) 12.0342 15.8000
46|  n-Octane (Ibmole/hr) 1.979626e+03 0.0000
47
48| Flow Basis: The composition option is selected
49] : 3 Produ s
50 .|  Residueocffgas __Richoil_
51|  Flow Rate (lbmale/hr) 1.808190e+03 2,172510e+03 ]
52 - o )
53 Methane 0.8815 0.0209
54 Ethane 0.0786 0.0109
55 Propane 0.0273 0.0209 R
56 i-Butane 0.0018 0.0076 R
57 n-Butane 0.0019 0.0158 ]
58 i-Pentane 0.0010 0.0065
59 n-Pentane 0.0012 0.0118
60 n-Octane 0.0067 0.8057
61| Flow Basis: Molar The composition option is selected
62 . Product Flows
63 Residue off gas Rich ol ] )
64| Flow Rate (lbmole/hr) 1.808190e+03 247260et03 | 2000y 000000
65 - o=
66 Methane (lbmolé/hr) 1.593895e+03 45.3049
67 Ethane (lbmale/hr) 142.1548 23.6452
68|  Propane (Ibmole/hr) 49.3861 45.5139
9|  i-Butane (Ibmole/hr) 3.2959 16.5098
n n_Ritana MRmalathn R 3931 34.2183
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Appendix L

Honeywell

Company Name Not Available

Calgary, Alberta
CANADA

Absorber: Multicomponent-Absorber-Example 11-4 @

slefoffo]afsfeoin]-

SUMMARY

1.8807 14.0321
2.1383 25.6959
12.0358 1.967590e+03

Rich

Molar

The composition option is select

ed

1.808190e+03

2.172510e+03

97.2362

2.7638

85.7387

14.2613

52.0401

47.9599

16.6410

83.3590

9.0214

90.9786

11.8740

88.1260

7.6824

92.3176

0.6080

99.3920

COLUMN PROFILES

Reflux Ratio:

1.161 | Reboil Ratio:

_ [ Flow Basis:

Molar

-Tempetéhga:(f) e

The Flows Option is Selected

5__TS1

90.00

Net Feed (Ibmole/hr).

:Net Draws: (Ismole/hr)

2006

1808

4_T5-1

91.30

1902

3_TS-1

92.43

1920

2_TS-1

93.65

1935

1 TS-1

93.90

1952

1975

2173

Temperature (F)

.'Li&u,i&*].initia'lg'

_|. Viapour Enthalpy (Bfu/ibmole). |

Heat Loss (Bturhr)

5_ TS

90.00

-1.031e+005

-3.334e+004

4_T8-1

91.30

-1.026e+005

-3.356e+004

3_TS-1

92.43

-1.023e+005

-3.368e+004

T5-1

93.65

-1.019e+005

-3.380e+004

1_T51

93.90

-1.013e+005

-3.398e+004

FEEDS / PRODUCTS

Flow Basis:

Molar |

Stream |

Type

| puty

(Btwhn | state |

Flows

(Ibmole/hr] Enthalpy

(Btuflbmol

Temp

Lean il

Feed

Liquid

2006

*| -4.556e+004

+| 90.00 %

5__T8-1 Q-100

Energy

-4.108e+005 =

Residue off gas

Draw

Vapour

1808

*| -2081

*] 90.00 %

4__T8-1

3__T8-1

2__T8-1

Wet gas

Feed

Vapour

1975

*| -1.465e+004

*| 90.00 &

1_TS1

Rich oil

Draw

Liquid

2173

*| -6321

*| 83.80 2

SETUP

Sub-Flowsheet

Feed Streams

Product Streams

Internal Stream

External Stream

Transfer Basis

internal Stream

External Stream

Transfer Basis

Lean oil

P-H Flash Resid|

P-H Flash

Lean oil @Main

off gas

Residue off gas @Main

Wet gas

Wet gas @Main

P-H Flash

Rich ail

Rich oil @Main

P-H Flash

Q-100

Q-100 @Main

None Req'd

VARIABLES

zlglal2

Column Flowsheet Vars

Data Source

Variable

Available as Parameters

Component

Description

69

kL)
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Appendix L '

Honeywell

Company Name Not Available
Calgary, Alberta
CANADA

Absorber: Multicomponent-Absorber-Example 11-4 @

COMPONENT MAPS

F Streams

K 5'0 ml-:lm ml&lu’w]#

Feed Name

In to SubFlowSheet

Qut of SubFlowShest

Lean oil

Wet gas

Q-100

Product Stream

Product Name

In to SubFlowSheet

QOut of SubFlowSheet

Residue off gas

Rich oil

DYNAMICS

Vessel Dynamic Specifications

Vessel

Diameter

(f)

Height.0

(ft)

Volume.0

(ft3)

Liquid Volume Percent

(%)

Level Calculator

Fraction Calculator

Vessel Delta P

{psi)

Fixed Vessel P Spec

(psia)

Fixed P Spec Active

Other Equipment in Column Flowsheet

Holdup Details

Pressure
(psia)

Volume
(ft3)

(f3)

Bulk Liquid Volume

5_TS-1

0.0000

0.0000

0.0000

4_TS-1

0.0000

0.0000

0.0000

3_TS

0.0000

0.0000

" 0.0000

2_ TS

0.0000

0.0000

% 0.0000

1_TS-1

0.0000

0.0000

. 0.0000

LA P2 B BR
Imwaw

S
]

NOTES

ifelz]z]g]z]z]glR]2]e]elela]sla]e e 8 ]]els ]
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Appendix L

50

e _C:\Sour-Water-Unit:.usc
12| Company Name Not Available ————
3| Calgary, Alberta : ~ NewUser
4 CANADA R =
5 Date/Time: Saturday Jt_ll 42009, 11:00:17
i
(7 Distillation: SW Stripper @Main
8
9
m CONNECTIONS
ikl Inlet Stream
12 STREAM NAME Stage FROM UNIT OPERATION
|13] RebQ Reboiler
14| Stripper Feed 3 Main TS Heat Exchanger Feed Bottoms
15 Outlet Stream
16 STREAM NAME Stage TO UNIT OPERATION
7] CondQ _ Condenser
18] Off Gas Condenser :
18] Stripper Bottoms Reboiler Heat Exchanger Feed Bottoms
20
m MONITOR
22 Specifications Summary
23 Specified Value Current Value Wt. Error Wt. Tol. Abs. Tol. Active | Estimate | Used
24| Reflux Ratio 10.00 * 9.999 -6.315e-005 1.000e-002 * 1.000e-002 * On On On
25| NH3 Mass Frac (Reboild 1.000e-005 * 9.966e-006 -5.988e-004 1.000e-002 * 1.000e-003 * On On On
26| Ovhd Vap Rate - 643.7 lIbmole/hr — 1.000e-002 * 2.205 Ibmole/hr * Off On Off
27| Reflux Rate e 6437 Ibmole/hr — 1.000e-002 * 2.205 Ibmole/hr * Off On Off
28| Btms Prod Rate - 3.949e+004 Ibmole’/hr — 1.000e-002 * 2.205 Ibmole/hr * Off On Off
29
ol SPECS
31 Column Specification Parameters
32
3] Reflux Ratio
34| Fixed / Ranged: Fixed Primary / Alternate: Primary Lower Bound: — Upper Bound: —
35| Stage: Condenser Flow Basis: Molar Liquid Specification: -
36 )
o NH3 Mass Frac (Reboiler)
38| Fixed / Ranged: Fixed Primary / Alternate: Primary Lower Bound: --- Upper Bound: -
39| Stage: Reboiler Flow Basis: Mole Fraction Phase: Liquid
40| Components: Ammonia
41
ol Ovhd Vap Rate
43| Fixed / Ranged: Fixed Primary / Alternate: Primary Lower Bound: — Upper Bound: -—
44| Stream: Off Gas Flow Basis: Molar
45
5 Reflux Rate
47| Fixed / Ranged: Fixed Primary / Alternate: Primary Lower Bound: --- Upper Bound: —
48| Stage: Condenser Flow Basis: Molar Liquid Specification: -
49
= Btms Prod Rate
51| Fixed / Ranged: Fixed Primary / Alternate: Primary Lower Bound: — Upper Bound: —
52| Stream: Stripper Bottoms Flow Basis: Molar
53
m SUBCOOLING
55 Condenser
56| Degrees of Subcooling e
57| Subcool to -
58 )
5ol User Variables
60
1] PROFILES
62 General Parameters
63| Sub-Flow Sheet: SW Stripper (COL1) ] Number of Stages: 10
64 Profile Estimates
ﬁ Temperature Net Liquid Net Vapour
66 (F) (Ibmole/hr) (Ilbmole/hr)
67 Condenser 2084 | 6437 643.7
68 1__Main TS 2410 6438 7080
69 2__Main TS 2453 6448 7081
70 3__Main TS 246.5 4.850e+004 7091




Appendix L '

- C:\Sour-Water-Unit.usc
12 | Company Name Not Available - —
3| Calgary, Alberta NewUser
n CANADA — R

5 Saturday Jul 4 2009, 11:00:17
18
- Distillation: SW Stripper @Main (continued)

B Profile Estimates
|10 Temperature Net Liquid Net Vapour

11 (F) (Ibmole/hr) (Ibmole/hr)
112 4__Main TS 249.0 4.857e+004 9012
|13 5__Main TS 250.5 4.863e+004 9086
14] 6_Main TS 2517 4.868¢+004 8140
15| 7_MainTs | 2527 487204004 _ o188
|16 8__Main TS 253.6 4.876e+004 9233
117] 9_ Main TS 2544 4.881e+004 9276
118 10__Main TS 255.2 4.885e+004 9318
19 Reboiler 255.3 3.949e+004 9362
= EFFICIENCIES

22 iencies

23 Stages Overall Efficiency H2S Ammonia H20
ﬂ Condenser 1.000 1.000 1.000 1.000
25| 1_Main TS 1.000 1.000 ~ 1.000 1.000 |
26] 2_Main TS 1.000 1.000 1.0 1.000
E 3__Main TS 1.000 1.000 1.000 1.000
28] 4__Main TS 1.000 1.000 1.000 ) 1.000
E 5__Main TS 1.000 1.000 1.000 1.000
_I_ip_ 6__Main TS 1.000 1.000 1.000 1.000
'iil 7__Main TS 1.000 1.000 1.000 1.000
32| 8_Main TS 1.000 1.000 1.000 1.000
ﬂ 9__Main TS 1.000 1.000 1.000 1.000
'ﬂ 10__Main TS 1.000 1.000 1.000 1.000

35| Reboiler 1.000 1.000 1.000 1.000
& SOLVER

38 Column Solving Algorithm:  Legacy Inside-Out

38 Solving Options Acceleration Parameters

40| Maximum [terations: 10000 Accelerate K Value & H Model Parameters: Off
41| Equilibrium Error Tolerance: 1.000e-05

42| Heat/Spec Error Tolerance: 5.000e-004

43| Save Solutions as Initial Estimate: On

44| Super Critical Handling Model: Simple K

45| Trace Level: Low

46| _Init from Ideal K's: off Damping Parameters

a7 Initial Estimate Generator Parameters Azeotrope Check: Off
48| Iterative IEG (Good for Chemicals): Off Fixed Damping Factor: [
'ﬂ

50
% SIDE STRIPPERS

53
'5—4 SIDE RECTIFIERS

55
m PUMP AROUNDS

57
m VAP BYPASSES

59
5ol RATING

61
o] Tray Sections

63| Tray Section Main TS

64| Tray Diameter (ft) 4.921 %

65| Weir Height (ft) 0.1640 .

66| Weir Length (ft) 3.937 &

67| Tray Space (ft) 1.640 *

68| Tray Volume (ft3) 31.20

69] Disable Heat Loss Calculations No

70l Heat Model None

51




Appendix L

Company Name Not Available

a

2

al
12
131 Calgary, Alberta
4 CANADA R i
5| turday Jul 4 2009, 11:00:17
- Distillation: SW Stripper @Main (continued)
$ | Rating Calculations No
10| Tray Hold Up (ft3) 3.120
m Vessels
13| Vessel Condenser Reboiler
14| Diameter (ft) 3.914 3.914
15| Length (ft) 5.871 5.871
16| Volume (ft3) 70.63 E 70.63 =
17| Orientation Harizontal Horizontal
18| Vessel has a Boot No No
19| Boot Diameter (ft) - —
20| Boot Length (ft) - —
21| Hold Up (ft3) 35.31 35.31
% Other Equipment In Column Flowsheet
24 [ |
25
ol Pressure Profile
27 Pressure (psia) Pressure Drop (psi)
28] Condenser 28.70 psia . 0.0000 psi
129] 1__Main TS 28.70 psia 0.4444 psi
30| 2__Main TS 29.14 psia 0.4444 psi
131] 3__Main TS 29.59 psia 0.4444 psi
|32] 4__Main TS 30.03 psia 0.4444 psi
133 5__Main TS 30.48 psia 0.4444 psi
ﬂ 6__Main TS 30.92 psia 0.4444 psi
35| 7__Main TS 31.37 psia 0.4444 psi
|36 8__Main TS 31.81 psia 0.4444 psi
i 9__Main TS 32.26 psia 0.4444 psi
3@_ 10__Main TS 32.70 psia -
9 Reboiler 32.70 psia <, 0.0000 psi
*3:1 Pressure Solving Options
42| Pressure Tolerance 1.000e-004 *| Pressure Drop Tolerance 1.000e-004 '| Damping Factor 1.000 'I Max Press Iterations 100 *
% CONDITIONS
45| Name Stripper Feed @Main [ipper Bottoms @Main Off Gas @Main Reb Q @Main Cond Q @Main
46| Vapour 0.0000 0.0003 1.0000 = -
47| Temperature (F) 200.0000 * 255.2556 208.3806 - —
48| Pressure (psia) 30.0000 32.7000 28.7000 - e
49| Molar Flow (Ibmole/hr) 40131.1250 39487.4281 643.6969 ot -
50| Mass Flow (Ib/hr) 725148.9890 711369.7315 13779.2575 -— ==
51] Std Ideal Lig Vol Flow (barrel/day) 50000.0000 48808.0864 1191.9136 — —
52| Molar Enthalpy (Btu/lbmoale) -1.195e+005 -1.194e+005 -5.288e+004 — —_
53| Molar Entropy (Btu/lbmole-F) 16.86 18.21 44.60 ame —_
54| Heat Flow (Btu/hr) -4.7963e+09 -4.7129e+09 -3.4036e+07 1.6034e+08 1.1117e+08
By PROPERTIES
57| Name Stripper Feed @Main |Stripper Bottoms @Main Off Gas @Main
2 Molecular Weight 18.07 18.02 2141
159] Molar Density (Ibmole/ft3) 3.280 2.688 4.056e-003
ﬂ Mass Density (Ib/ft3) 59.26 48.43 8.683e-002
_Sl Act. Volume Flow (barrel/day) 5.231e+004 6.279e+004 6.784e+005
’Eg_ Mass Enthalpy (Btu/lb) -6614 -6625 -2470
Eﬁ_{ Mass Entropy (Btu/b-F) 0.9330 1.011 2.083
64 Heat Capacity (Btu/lbmole-F) 18.86 19.22 8.581
65 Mass Heat Capacity_ (Btu/lb-F) 1.044 1.067 0.4008
|66] Lower Heating Value (Btulbmole) — = e
|67| Mass Lower Heating Value (Btu/lb) — == -
|68| Phase Fraction [Vol. Basis] - 0.1636 e
69| Phase Fraction [Mass Basis] 0.0000 2.638e-004 4.941e-324
T’F Partial Pressure of CO2 (psia) 0.0000 0.0000 0.0000
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Company Name Not Available
Calgary, Alberta

Case Name!
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Unitset
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|1
12

13
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16|

0 Distillation: SW Stripper @Main (continued)

El

10} PROPERTIES

11| Name Stripper Feed @Main_|[Stripper Bottoms @Main Off Gas @Main
12| Cost Based on Flow (Cost/s) 0.0000 0.0000 0.0000
113] Act. Gas Flow (ACFM) — - 2645
14| Avg. Liq. Density (Ibmole/ft3) 3.431 3.458 2.309
[15] Specific Heat (Btwibmole-F) 18.86 19.22 B8t
[16] std. Gas Flow (MMSCFD) 3655 3506 5862
17| Std. Ideal Liq. Mass Density (Ib/ft3) 61.99 62.30 49.42
18] Act. Lig. Flow (usGPM) 1526 1532 — |
[19] ZFactor 1.292¢-003 - 0.9870
22 Watson K 10.49 12.12 10.49
|21{ User Property . — 2=
|22| Cp/(Cp-R) 1.118 1.115 1.301
123 Cp/Cv 1.176 1.000 1.320
24| Heat of Vap. (Btu/lbmole) 1.750e+004 1.713e+004 1.727e+004
25| Kinematic Viscosity (cst) 0.3134 | : - 7.693
26| Lig. Mass Density (Std. Cond)  (Ib/ft3) 63.09 6333 51.62
|27] Liq. Vol. Flow (Std. Cond) (barrel/day) 4.911e+004 4.800e+004 1140
28| Liquid Fraction 1.000 0.9997 0.0000
_22 Molar Volume (ft3/bmole) 0.3049 0.3720 246.5
_3_0_ Mass Heat of Vap. (Btu/lb) 968.2 950.7 806.8
ﬂ Phase Fraction [Molar Basis] 0.0000 0.0003 1.0000
32_ Surface Tension (dyne/cm) 59.38 53.95 —
3_3_. Thermal Conductivity (Btu/hr-ft-F) 0.3887 - 1.548e-002
ﬁ' Viscosity {cP) 0.2975 - 1.070e-002
2 Partial Pressure of H2S (psia) 0.0000 1.722e-004 6.641
136] Cv (Semi-Ideal) (Btu/lbmoale-F) 16.87 17.23 6.595
137] Mass Cv (Semi-Ideal) (Btu/lb-F) 0.9337 0.9565 0.3081
138 Cv (Btu/lbmole-F) 16.03 19.21 6.499
23_ Mass Cv (Btu/lb-F) 0.8872 1.066 0.3036

40| Cv (Ent. Method) (Btu/lbmole-F) - - - -
41| Mass Cv (Ent. Method) (Btu/lb-F) - - -
142 Cp/Cv (Ent. Method) - - _
43| Reid VP at37.8 C (psia) 2905 214.8 290.6
ﬂ True VP at37.8C (psia) 1.326 0.9513 206.2

45| Lig. Vol. Flow - Sum(Std. Con@®arrel/day) 4.913e+004 4.802e+004 1141
n SUMMARY

48| Flow Basis: Molar l The composition option is selected
49 Feed Composition

50 Stripper Feed

51 Flow Rate (Ibmole/hr) 4.013113e+04

52 -

53 H2S8 0.0037

54 Ammonia 0.0053

55 H20 0.9910

56| Flow Basis: Molar The composition option is selected
5 Feed Flows

58 Stripper Feed

59 Flow Rate (Ibmole/hr) 4.013113e+04

60 -

81 H2S (Ibmole/hr) 148.9624

62 Ammonia (Ibmole/hr) 212.9034

63 H20 (Ibmole/hr) 3.976926e+04

64 Products

65| Flow Basis: Molar ]_ The composition option is selected
66 Product Compositions

67 Off Gas Stripper Bottoms

68 Flow Rate (Ibmole/hr) 643.6969 3.948743e+04

69 - -

70 H2s 0.2314 0.0000

53
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N CaseName:  CiSour-Water-Unit.usc

12 Company Name Not Available — = =

3] Calgary, Alberta Unit Set NewUser

4] CANADA —— —

P Datemme Saturday Jul 4 2009, 11:00:17

L6

- Distillation: SW Stripper @Main (continued)

9

0| SUMMARY

11 Off Gas Stripper Boftoms

12 Ammonia 0.3301 0.0000

13 H20 0.4385 1.0000

14| Flow Basis: The composition option is selected

15 £

16 Off Gas Stripper Bottoms.

17| Flow Rate (Ibmole/hr) 643.6969 3.948743e+04

15 ‘__ —_— i

19| H2s (ibmole/hr) 1489541 0.0084 )

20 Ammonia (Ibmole/hr) 212.5099 0.3935

21 H20 (Ibmole/hr) 282.2330 3.948703e+04

22| Flow Basis: Molar The composition option is selected

2 Product Recoveries

24 Off Gas Stripper Bottoms

25 Flow Rate (Ibmole/hr) 643.6969 3.948743e+04

2 = =

27 H2S (%) 99.9944 0.0056

28 Ammonia (%) 99.8152 0.1848 )

29 H20 (%) 0.7097 99,2903
= COLUMN PROFILES

32| Reflux Ratio: 9.999 | Reboil Ratio: 0.2371 | The Flows Option is Selected | Flow Basis: Molar
33 Column Profiles F

34 Temperature (F) Pressure (psia) Net Lig (Ibmole/hr) Net Vap (Ibmole/hr) Net Feed (Ibmole/hr) | Net Draws (Ibmole/hr)
135] Condenser 208.4 28.70 6437 - - 643.7
136 1__Main TS 241.0 28.70 6438 7080 - -—
137 2__Main TS 2453 29.14 6448 7081 = -—
138 3__Main TS 246.5 29.59 4.850e+004 7091 4.013e+004 —_
[39] 4__Main TS 249.0 30.03 4.857e+004 9012 - —
2 5__Main TS 250.5 30.48 4.863e+004 9086 = - —
i 6__Main TS 251.7 30.92 4.868e+004 9140 - -—
142 7_Main TS 252.7 31.37 4.872e+004 9188 - -
43|  8_MainTS 2536 31.81 4.876e+004 9233 - -
44) 9__Main TS 254.4 32.26 4.881e+004 9276 - -
145 | 10__Main TS 2552 32.70 4.885e+004 9318 - -—
46 Reboiler 255.3 32.70 — 9362 - 3.949e+004
a7 Column Profiles Energy

48 Temperature (F) Liquid Enthalpy (Btu/lbmole) Vapour Enthalpy (Btu/lbmole) Heat Loss (Btu/hr)
49 Condenser 208.4 -1.126e+005 -5.288e+004 -
50| 1__Main TS 241.0 _ -1.185e+005 -9.147e+004 -
51] 2_ Main TS 2453 ~-1.191e+005 -9.687e+004 -
52| 3__Main TS 246.5 -9.737e+004 -
153 4__Main TS 249.0 5 -1.001e+005 -—
|54 5__Main TS 250.5 -1.193e+005 -1.0126+005 -
55| 6__Main TS 251.7 -1.1946+005 -1.017e+005 -
5_6 7__Main TS 252.7 ; e+005 -1.020e+005 -
z 8__Main TS 2536 -1.194e+005 -1.021e+005 -—
|58 ] 9__Main TS 254.4 -1.194e+005 -1.022e+005 s

59 10__Main TS 255.2 -1.194e+005 -1.022e+005 -
; Reboiler 255.3 -1.194e+005 -1.022e+005 =
= FEEDS / PRODUCTS

63| Flow Basis: Molar I

64 Stream [ Tye | Duy (Btwhr)|  State | Flows (bmole/hr] Enthalpy  (Btwibmol Temp _ (F)
165/ Cordasisss Cond Q Energy 1.112e+008 o - = o

66 Off Gas Draw sl Vapour 643.7 *| -3301 *| 208.4 .
67| 1__Main TS

68| 2_ Main TS

69| 3_ Main TS Stripper Feed Feed — Liquid 4.013e+004 *| -5.138e+004 *| 200.0

70| 4__Main TS
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Unit Set.
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Distillation: SW Stripper @Main (continued)

FEEDS / PRODUCTS

5__Main TS

6__Main TS

7__Main TS

2lsIs=2 'D‘Tw mlﬂlm o-Ib.IwIMI_.

8__Main TS

o

9_ Main TS

16

10__Main TS

-

Reb
Reboiler SiLiae

Energy
Draw —

Stripper Bottoms

1.603e+008  *

Liquid

3.949e+004 .

7451

*| 2553 -

19
[20]

SETUP

21

Sub-Flowsheet

22

Feed Streams

Product Streams

23

Internal Stream

External Stream

Transfer Basis

Internal Stream

External Stream

Transfer Basis

24
25

27

Reb Q
Stripper Feed

Reb Q @Main
Stripper Feed @Main

None Req'd
T-P Flash

Cond Q
Off Gas
Stripper Bottoms

Cond Q @Main
__Off Gas @Main
Stripper Bottoms @Main

None Req'd
T-P Flash
T-P Flash

28
29

VARIABLES

30

Column Flowsheet Vars

31

Data Source

Variable

Available as Parameters

Compol

nent

Description

32

(53
34

COMPONENT MAPS

35

Feed Streams

36

Feed Name

In to SubFlowSheet

Out of SubFlowSheet

37
38

RebQ
Stripper Feed

39

Product Stream

40

Product Name

In to SubFlowSheet

QOut of SubFlowSheet

41
42
43

Cond Q
Off Gas
Stripper Bottoms

44
]
45

DYNAMICS

46
47

Vessel Dynamic Specifications

48

Vessel

Condenser

Reboiler

49

Diameter

(ft)

3.914

3.914

50

Height.0

(ft)

5.871

5.871

51

Volume.0

(ft3)

70.63 *

70.63 *

52

Liquid Volume Percent

(%)

50.00 *

50.00 *

53

Level Calculator

Horizontal cylinder

Horizontal cylinder

54

Fraction Calculator

Use levels and nozzles

Use levels and nozzles

55

Vessel Delta P

(psi)

0.0000 *

0.0000 *

Fixed Vessel P Spec

(psia)

28.70

32.70

57

Fixed P Spec Active

Not Active

Not Active

e

Other Equipment in Column Flowsheet

60

61

Holdup Details

63

Pressure
(psia)

Volume
(ft3)

Bulk Liquid Volume
(ft3)

olo|o |
lz]z]2]8]a]2]

Condenser

1__Main TS
2__Main TS
3__MainTS
4__Main TS
5 MainTS

0.0000
0.0000
0.0000
0.0000
0.0000
U,ODO})

0.0000 :
0.0000 :
0.0000 :
0.0000 i
0.0000 :
0.0000 *

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

55
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Distillation: SW Stripper @Main (continued)

Pressure
(psia)

Volume
(ft3)

Bulk Liquid Volume
(ft3)

[elzlalzlzlele]=]~]o]o o ]=]~]-

16

6 _MainTS

7_Main TS
8__Main TS
9__Main TS

fo_ManTs

Reboiler

00000 .

0.0000
0.0000
0.0000
0.0000

0.0000

0.0000
0.0000
0.0000
0.0000

00000
0.0000
0.0000

00000

0,000
0.0000
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Appendix L APPENDIX L

Stripper Feed
Temperature 2000 F Off Gas
Pressure 30.00 psia Temperature 2084 F
Molar Flow 4.013e+004 Ibmoleshr Off  Pressure 28.70 psia

e}

as

Molar Flow 643.7 Ibmole/hr
Cond
Q

s

Effluent
— Effluent  Temperature 1549 F
Pressure 2270 psia s
Molar Flow  3.949e+004 Ibmolehr ' e RebQ
Feed Heat Flow  1.603e+008 Btu/hr
Bottoms L
Sm’;per
SourH20 Bottoms
Feed
Stripper Bottoms
SourH20 Feed Temperature 2553 F
Temperature 100.0 F Pressure 3270 psia
Pressure 40.00 psia Molar Flow 3.949e+004 Ibmole/hr
Molar Flow 4.013e+004 Ibmole/hr
Figure L-14 Process flow diagram of a sour water stripping unit
Temperature vs. Tray Position from Top
125 —
120 ?/a/’f"’
Q 115
[0} E
=
@© 110 3 -
o ] /
E- E
o 105 4
= ] /
100 3 /
95.0 -
C 5 10 R
Main TS
Figure L-15 Temperature vs. Tray Position from Top
Pressure vs. Tray Position from Top
33.0 E
325 S /E/[ §
320 /z/
T 3151
g e
= 3104
g
2 305 1
(23
L 300 / il
29.5 3 /z/
29.0 —
28.5
Cc 5 10 R
Main TS

Figure L-16 Pressure vs. Tray Position from Top
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1 b SRR R R T
— Case Name: D:\Applied-Process-Design-vol-2\programs\Sour-Water-Unit.usc
12 | Company Name Not Available e —_— —
R Calgary, Alberta Unit Set: NewUser
4 CANADA T -
5 B DMIM@:;: gatu_rday_durz{zgo 1:06:54
6
] . . . ~ g E .
7] Distillation: SW Stripper @Main
8
Ed
= CONNECTIONS
11 Inlet Stream
12 STREAM NAME Staae FROM UNIT OPERATION
l13] RebQ Reboiler
14| Stripper Feed 3 MainTS Heat Exchanger Feed Bottoms
15 Outlet Stream
16 STREAM NAME Stage TO UNIT OPERATION
117} Cond Q Condenser
18] Off Gas _Condenser I ——
19| Stripper Bottoms Reboiler Heat Exchanger Feed Bottoms
20
1] MONITOR
22 Specifications Summary
23 Specified Value Current Value Wt. Error Wt. Tol. Abs. Tal. Active | Estimate | Used
24| Reflux Ratio 10.00 * 9.999 -6.315e-005 1.000e-002 * 1.000e-002 * On On On
25| NH3 Mass Frac (Reboilg 1.000e-005 * 9.966e-006 -5.988e-004 1.000e-002 * 1.000e-003 * On On On
26| Ovhd Vap Rate == 643.7 lbmole/hr — 1.000e-002 ~ 2.205 Ibmole/hr * Off On Off
27| Reflux Rate === 6437 Ibmole/hr — 1.000e-002 * 2.205 Ibmole/hr * Off On Off
28| Btms Prod Rate - 3.949e+004 Ibmoale/hr - 1,000e-002 * 2.205 Ibmole/hr * Off On Off
= SPECS
30
31 Column Specification Parameters
32 .
2] Reflux Ratio
34| Fixed / Ranged: Fixed Primary / Alternate: Primary Lower Bound: - Upper Bound: -
35| Stage: Condenser Flow Basis: Molar Liquid Specification: -—
36 )
57 NH3 Mass Frac (Reboiler)
38| Fixed/ Ranged: Fixed Primary / Alternate: Primary Lower Bound: - Upper Bound: —
33| Stage: Reboiler Flow Basis: Mole Fraction Phase: Liquid
40| Components: Ammonia -
a1
ol Ovhd Vap Rate
43| Fixed / Ranged: Fixed Primary / Alternate: Primary Lower Bound: -— Upper Bound: —
44| Stream: Off Gas Flow Basis: Molar
45
= Reflux Rate
46
47| Fixed / Ranged: Fixed Primary / Alt t Primary Lower Bound: — Upper Bound: —
48| Stage: Condenser Flow Basis: Molar Liquid Specification: -
49
5ol Btms Prod Rate
51| Fixed/R d: Fixed Primary / Al Primary Lower Bound: — Upper Bound: —
52| Stream: Stripper Bottoms Flow Basis: Molar
53
oal SUBCOOLING
55 Condenser
56| Degrees of Subcooling -
57| Subcool to -—
58
m User Variables
60
™ PROFILES
62 General Parameters
63| Sub-Flow Sheet: SW Stripper (COL1) | Number of Stages: 10
64 Profile Estimates
65| Temperature Net Liquid Net Vapour
g8 (F) (Ibmolerhr) (Ibmole/hr)
67 (_Jq_ndens_er_ 208.4 6437 | _B43.7
68 1__Main TS 241.0 6438 7080
69 2__Main TS 2453 ) 8448 7081
70 3__Main TS 246.5 4.850e+004 7091
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o Water-Unit
12 Company Name Not Available -
|13 ] Calgary, Alberta
| 4] CANADA
o -
q Distillation: SW Stripper @Main (continued)
9 Profile Estim
110 Temperature Net Liquid Net Vapour
11 (F) (Ibmole/hr) (Ibmole/hr)
E 4__Main TS 249.0 4.857e+004 9012
113] 5_MainTS 250.5 4.863e+004 9086
4] . 6 _ManTS | ESES __ 4868e+004 | 940
15| 7_MainTs | 2627 487204004 | 9188
[16] 8_MainTS | 263.6 4.8766+004 9203
17 o MainTs | 2544 488104004 | _e278
18] 10_MainTs | 2662 | 4.8850+004 9318
19 Reboiler 255.3 3.949e+004 9362
= EFFICIENCIES
22 Stage Efficienci
23 Stages Overall Efficiency H2S Ammonia H20
24| Condenser 1.000 1.000 1.000
25| 1__Main TS 1.000 _ 1.000 ~1.000
28] 2_Main TS 1000 | 1000 _1.000
_21 3__Main TS 1.000 1.000 1.000
28| 4__Main TS 1.000 1.000 | 1.000 )
20| 5_Main TS 1.000 1.000 | 1.000
30| 6_Main TS 1.000 1.000 | 1.000
E 7__Main TS 1.000 1.000 1.000
(32| 8_Main TS 1.000 1.000 1000 |
33| o_MainTs 1.000 1.000 1000 |
ﬁ 10__Main TS 1.000 1.000 1.000
35| Reboiler 1.000 1.000 1.000
36
? SOLVER
38 Column Solving Algorithm:  Legacy Inside-Out
39 Solving Options Acceleration Parameters
40| Maximum Iterations: 10000 | Accelerate K Value & H Model Parameters: o Off
41| Equilibrium Error Tolerance: 1.000e-05
42| Heat/Spec Error Tolerance: 5.000e-004
43| Save Solutions as Initial Estimate: On
44| Super Critical Handling Model: Simple K
45| Trace Level: Low
46| Init from Ideal K's: Off Damping Parameters
47 Initial Estimate Generator Parameters Azeotrope Check: Off
48| Iterative IEG (Good for Chemicals): Off Fixed Damping Factor: 0"
_ﬁ
50
51
= SIDE STRIPPERS
53
M SIDE RECTIFIERS
55
= PUMP AROUNDS
57
2 VAP BYPASSES
59
m RATING
61 .
o] Tray Sections
63| Tray Section Main TS
64| Tray Diameter (ft) 4.921 "
65| Weir Height (ft) 0.1640 .
66| Weir Length (ft) 3.937 *
67| Tray Space (ft) 1.640 ks
68| Tray Volume (ft3) 31.20
69| Disable Heat Loss Calculations No
70| Heat Mode! None

59
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60

12| Company Name Not Available _p}m)[iec.!f_’r??ess DE‘S!?Q. yo} ?\pmg(gms\Soqr Wate

13| Calgary, Alberta = .\' .

4 CANADA —

B 11085

LS

] Distillation: SW Stripper @Main (continued)

9 | Rating Calculations No

10| Tray Hold Up (ft3) 3.120

11
m Vessels

13| Vessel Condenser Reboiler

14| Diameter (ft) 3.914 3.914

15| Length (ft) 5.871 5.871

16| Volume (ft3) 70.63 = 70.63 *

17| Orientation Horizontal Horizontal

18| Vessel has a Boot No No

19| Boot Diameter (ft) - -

20| Boot Length (ft) - -

21| Hold Up (ft3) 35.31 35.31
% Other Equipment In Column Flowsheet

24 [ [

25
6| Pressure Profile

27 Pressure (psia) Pressure Drop (psi)
128 Condenser 28.70 psia } : 0.0000 psi
29) 1_Main TS 28.70 psia 04444 psi
130] 2__Main TS 29.14 psia 0.4444 psi _
131 3__Main TS 29.59 psia 0.4444 psi
[a2] 4_Main TS 30.03 psia 0.4444 psi
3] 5_Main TS 30.48 psia 0.4444 psi
|34] 6__Main TS 30.92 psia 0.4444 psi
'E 7__Main TS 31.37 psia 0.4444 psi
|38 8__Main TS 31.81 psia 0.4444 psi
|a7] 9_ Main TS 32.26 psia 0.4444 psi
|38 10__Main TS 32.70 psia -
39 Reboiler 32.70 psia * 0.0000 psi
% Pressure Solving Options -
42| Pressure Tolerance 1.000e-004 *| Pressure Drop Tolerance 1.000e-004 '! Damping Factor 1.000 ‘| Max Press Iterations 100 *
m CONDITIONS
45| Name Stripper Feed @Main [ipper Bottoms @Main Off Gas @Main Reb Q @Main Cond Q @Main
46| Vapour 0.0000 0.0003 1.0000 -— —
47| Temperature (F) 200.0000 * 255.2556 208.3906 — —-
48| Pressure (psia) 30.0000 32.7000 28.7000 e -—
49| Molar Flow (Ibmole/hr) 40131.1250 39487.4281 643.6969 - —
50| Mass Flow (Ib/hr) 725148.9890 711369.7315 13779.2575 o =
51| Std Ideal Lig Vol Flow (barrel/day) 50000.0000 48808.0864 1191.9136 = —--
52| Molar Enthalpy (Btu/lbmole) -1.195e+005 -1.194e+005 -5.288e+004 = ==
53| Molar Entropy (Btu/lbmole-F) 16.86 18.21 44.60 - =
54| Heat Flow (Btu/hr) -4.7963e+09 -4.7129e+09 -3.4036e+07 1.6034e+08 1.1117e+08
= PROPERTIES
57| Name Stripper Feed @Main |Stripper Bottoms @Main| Off Gas @Main
58] Molecular Weigh _ 18.07 18.02 2141
159] Molar Density (Ibmole/ft3) 3.280 2.688 | 4.056e-003
ﬂ Mass Density (Ib/ft3) 59.26 48.43 8.683e-002
|61] Act. Volume Flow (barrel/day) 5.231e+004 6.279e+004 6.784e+005
62| Mass Enthalpy (Btu/lb) 6614 -6625 -2470
63| Mass Entropy (Btu/lb-F) 0.8330 1.011 2.083
164) Heat Capacity (Btu/lbmole-F) 18.86 19.22 8.581
165 Mass Heat Capacity _ (Btu/lb-F) 1.044 1.067 0.4008
|66 Lower Heating Value (Btu/Ibmole) - - w—
167 Mass Lower Heating Value (Btu/ib) - Y w—
|68 Phase Fraction [Vol. Basis) - 0.1636 -_
|69] Phase Fraction [Mass Basis] 0.0000 2.638e-004 | 4.941e-324 |
Partial Pressure of CO2 (psia) 0.0000 0.0000 0.0000
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Company Name Not Available

|1
_2_
13| Calgary, Alberta
14 CANADA

5 F - i it 2 i S i
a Distillation: SW Stripper @Main (continued)
g
S PROPERTIES

11| Name Stripper Feed @Main [Stripper Bottoms @Main Off Gas @Main
12| Cost Based on Flow (Costs) 0.0000 0.0000 | 0.0000
113] Act. Gas Flow (ACFM) - 7 — 2645
14| Avg. Lig. Density (omolerfts) Csam | sase | 2300
15| Specific Heat (Btubmole-F) 1886 | ez | eser | | :
[16] std. Gas Flow (MMSCFD) 3655 3596 | see2 |
[17{ Std. Ideal Lig. Mass Density (IbAAt3) | 6199 | 6230 4942
18] Act. Liq. Flow (USGPM) . 1526 | s ) =
19 Z Factor _1.292e-003 O | L0 _0.9870
20| watson K 10.49 12.12 1049 |
21| User Property =1 =l |
22] Cpi(Cp-R) 1118 | 1115 | 1.301
23| cpicy 1176 1.000 1.320
|24| Heat of Vap. (Btu/lbmole) 1.750e+004 1.713e+004 1.727e+004
|26] Kinematic Viscosity _ (e8Y) 0.3134 - 7.693
|26| Liq. Mass Density (Std. Cond) (Ib/ft3)  63.09 o 33 51.62 -
|27| Liq. Vol. Flow (Std. Cond) (barrel/day) 4.911e+004 4.800e+004 1140
28] Liquid Fraction . 1.000 0.9997 0.0000
28] Molar Volume (ft3/lbmole) 0.3049 0.3720 246.5
30| Mass Heatof Vap. (Btu/lb) 968.2 9507 806.8
31 Phase Fraction [Molar Basis] 0.0000 0.0003 1.0000
32 Surface Tension (dyne/cm) 59.38  53.95 =
133 Thermal Ccnductivity ) (Btu/hr-ft-F) 0.3887 - 1.548e-002
134 Viscosity (cP) 0.2975 - 1.070e-002
135 Partial Pressure of H2S (psia) 0.0000 1.722e-004 6.641
36| Cv (Semi-Ideal) (Btw/bmole-F) 16.87 17.23 6.595
137] Mass_ Cv (Semi-Ideal) (Btu/lb-F) 0.9337 0.9565 0.3081
138 Cv (Btu/lbmole-F) 16.03 19.21 6.499
139 Mass Cv (Btu/lb-F) .0.8872 1.066 0.3036 |
40| Cv (Ent. Method) (Btu/lbmole-F) - - e L
[41] Mass Cv (Ent. Method) (Btu/lb-F) - - -
142] Cp/Cv (Ent. Method) - - -
43| Reid VP at37.8C (psia) 290.5 214.8 290.6
44| True VP at37.8C (psia) 1.326 09513 206.2

45| Lig. Vol. Flow - Sum(Std. Con@®arrel/day) 4.913e+004 4.802e+004 1141
= SUMMARY

48| Flow Basis: Molar I The composition option is selected
49 Feed Composition :

50 Stripper Feed Sl !

51 Flow Rate (Ibmole/hr) 4.013113e+04

52 — B
53 H2S 0.0037

54 Ammonia 0.0053 N B a
55 H20 0.9910

56| Flow Basis: Molar The composition option is selected
57| : Feed Flows i P

58 : Stripper Feed i

59| = Flow Rate (Ibmole/hr)  4.013113e+04

60 o

61 H2S (Ibmole/hr) 148.9624

62| Ammonia (Ibmole/hr) 212.9034

63 H20 (Ibmole_:’p_r) 3.976926e+04

64 Products _

65| Flow Basis: Molar The composition option is selected
66 Product Composit

67 Off Gas Stripper Bottoms :

68 ‘f;tlow Rate (Ibmole/hr) 643.6969 3.948743e+04

69 = -

70 H2S 0.2314 0.0000
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Appendix L

aa ~ Case Name:  D:\Applied-Process-Design-vol-2\programs\Sour-Water-Unit tisc
12 Company Name Not Available — — —_— e P
13| Calgary, Alberta Unit Set: .”Ne\p\gUse’r_

4 CANADA e e -

B DetfTime: _ Saturday Ju 4 2008, 106:64

15

o Distillation: SW Stripper @Main (continued)

9

ol SUMMARY

1] : R OffGas - _ Stripper Bottoms - |

12 _ Ammonia 0.3301 0.0000

13 "~ H20 0.4385 1.0000

14| Flow Basis: Molar The composition option is selected

15[EEEE : o A BERECRE R duct Flows = T

16l : : Off Gas | StipperBottoms |

17| Flow Rate (Ibmole/hr) - 643.6969 3.948743e+04

19| H2S(bmolefr) | 1489541 | ooo0s4 - | i

20| Ammonia (Ibmole/hr) 212.5099 0.3935 )

21 H20 (Ibmole/hr) 282.2330 3.948703e+04

22| Flow Basis: Molar The composition option is selected

23 : : Product Recoveries

24 Off Gas Stripper Bottoms - ;

25|  Flow.Rate (Ibmole/hr) 643.6969 3.948743e+04

L) s =

27 H2S (%) 99.9944 0.0056

28 Ammonia (%) 99.8152 ) 0.1848 B

29 H20 (%) 0.7097 99.2903

= COLUMN PROFILES

32| Reflux Ratio: 9.899 | Reboil Ratio: 0.2371 | The Flows Option is Selected J_ Flow Basis: Molar
33 Column Profiles Flows :

34 Temperature (F) Pressure (psia) Net Lig.(Ibmole/hr) Net Vap (lbmole/hr) Net Feed (Ibmole/hr) | Net Dra_wa(lb‘mol'e.'hr)
|35| Condenser 208.4 28.70 6437 - - 643.7
| 38| 1__Main TS 241.0 2870 6438 7080 - -
37| 2_ Main TS 245.3 2914 6448 7081 - -
38| 3__Main TS 246.5 29.59 4.850e+004 7091 4.013e+004 -
39| 4__Main TS 249.0 30.03 4.857e+004 9012 ) - -
40| 5__Main TS 250.5 30.48 4.863e+004 9086 - -
41|  6_MainTS 251.7 30.92 4.868e+004 9140 o - ’ -
42| 7__Main TS 252.7 31.37 4,872e+004 9188 - -
43|  8_MainTS 253.6 31.81 4.876e+004 9233 ] - -
44| 9_MainTS 254.4 3226 4.881e+004 9276 . - . -
l45]  10_Main TS 255.2 3270 | 48sSer00s | e8| - _ -
46 Reboiler 255.3 32.70 e 9362 — 3.949e+004
47 Column Profiles Eneray :

48 Temperature (F) Liquid Enthalpy (Btu/lbmole) Vapour Enthalpy (Btu/lbmole) Heat Loss (Btu/hr)
49 Condenser 208.4 -1.126e+005 -5.288e+004 -

;_ 1i_MainTS 241.0 -1.185e+005 -9.147e+004 ] —

E ] 2__Main TS 245.3 -1.191e+005 -9.687e+004 ) —

52| 3__Main TS 246.5 -1.191e+005 o -9.737e+004 o -

|53] 4__Main TS 249.0 -1.193e+005 -1.001e+005 -

54 250.5 -1.193e+005 ek -1.012e+005 ) .

[s5]. ainTS | 2517 _ -l1s4eso0s A017es00s | -

ss| 7 _mamTs | w27 11844005 . t0zes00s |

7] s_MainTs 2536 -1.194e+005 -1.021e+005 -

B 9_Main TS | 2saa -1.0226+005 _ =

B 10_Main TS I R o o5 | -1.022ev005 |

§0 Reboiler 255.3 -1.194e+005 -1.022e+005 —

— FEEDS / PRODUCTS

63| Flow Basis: Molar I

64 Stream Type I Duty (Btufhrﬂ State | Flows (lbrnuiefhr‘] Enthalpy  (Btullbmol{ Temp.  (F)
65 Cond Q Energy 1.112e+008 o - - .

fia] Condanass Off Gas Draw o Vapour 643.7 -| -3301 -| 208.4

67| 1_ Main TS

68| 2_ Main TS

69| 3__Main TS Stripper Feed Feed - Liquid 4.013e+004 *| -5.138e+004 *| 200.0

701 4 MainTS
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Appendix L

Company Name Not Available

Calgary, Alberta
CANADA

Case Name:

‘D;'V_\p_pI_ie_d-F'moa's.élbésign-ﬁvol-z\brogra‘_mS\Sour—Wé'th-!.Jnit.usc

'Nﬂ‘w[,‘;'s.gr_ 3

 Saturday Jul 4 2009, 11:06:64

Distillation: SW Stripper @Main (continued)

FEEDS / PRODUCTS

5__Main TS

6__Main TS

=1=1=1=
alsiz cIm oo!-qla) miaiwlml-

7__Main TS

8__Main TS

9__Main TS

10__Main TS

Reb Q

Reboiler -~
Stripper Bottoms

Energy
Draw

4180984000 ...

" Liquid

3.949e+004 -

7451

R

SETUP

Sub-Flowsheet

Internal Stream

Feed Streams
External Stream

Product Streams

Transfer Basis

Internal Stream

External Stream

Transfer Basis

25

RebQ
Stripper Feed

Reb Q @Main
Stripper Feed @Main

Nene Req'd
T-P Flash

Cond Q

Cond Q @Main
|-....Off Gas @Main
Stripper Bottoms @Main

None Req'd
T-P Flash
T-P Flash

VARIABLES

Column Flowsheet Vars

Data Source

Variable

Component

Available as Parameters

Description

COMPONENT MAPS

Feed Streams

Feed Name

In to SubFlowSheet

Out of SubFlowSheet

Reb Q )
Stripper Feed

Product Stream

Product Name

In to SubFlowSheet

Out of SubFlowSheet

Cond Q
Off Gas
Stripper Bottoms

DYNAMICS

Vessel Dynamic Specifications

Vessel

Condenser

Reboiler

Diameter

(ft)

3.914

3.914

Height.0

(ft)

5.871

5.871

Volume.0

(ft3)

70.63 *

70.63 *

Liquid Volume Percent

(%)

50.00 *

50.00 *

Level Calculator

Horizontal cylinder

Horizontal cylinder

Fraction Calculator

Use levels and nozzles

Use levels and nozzles

Vessel Delta P

(psi)

0.0000 *

0.0000 *

Fixed Vessel P Spec

(psia)

28.70

32.70

Fixed P Spec Active

Not Active

Not Active

Other Equipment in Column Flowsheet

Holdup Details

Pressure
(psia)

Volume
(ft3)

Bulk Liquid Volume
(ft3)

Condenser

1_Main TS
2__Main TS
3__MainTS
4__Main TS
5 MainTS

0.0000 )
0.0000

£ 0.0000
0.0000
0.0000
0.0000

0.0000 .
0.0000 :
0.0000 :
0.0000 :

_O0gow0
0.0000 .

0.0000
0.0000
0.0000
0.0000

00000
0.0000
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Appendix L

Company Name Not Available

Calgary, Alberta
CANADA

Distillation: SW Stripper @Main (continued)

Pressure Volume Bulk Liquid Volume
(psia) (ft3) (ft3)

6_MainTS | 0.0000 e OO B 100000
7_Main TS 0.0000 0.0000 . 0.0000
8__Main TS ) . 0.0000 0.0000 . 0.0000

| 9_MainTS 0.0000
10__Main TS
Reboiler

n
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