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] Temperature, Age, Leak? Stress  |Metallography]
Type of equipment normal Years Relieved? done?
/maximum,F
Lean piping 149/220 -~ |Yes-many] No Yes
Lean piping 194/ - No No No
Lean piping (3) 140/ --- |Yes-many| No Yes
Lean piping 115/ --- |Yes-many| --- ---
Lean piping 165/ -~ |Yes-many] --- ---
Lean piping 140/265 7 Yes No Yes
Lean piping 265 7 Yes No No
Regenerator 236/262 2.5  |Noaifwaiy] No Yes
Lean DEA Steam heater 110/300 5 Yes No Yes
Lean Amine Cooler 163/180 13 Yes Yes No
Rich/Lean exch’s.(5) 148/250 27 Yes No Yes
Rich/Lean exch. 200/250 15 Yes No No
Lean Piping 160/190 12 [Yes(Five)] No Yes
Regenerator t -- - No --- No
Regenerator Reboiler 1|  --- --- NO --- No
Lean exchangers t - - No --- No
Reflux accumulator t --- --- NO --- No
Amine filter T -- --- No --- No
Piping 113/ --- No No No
104-112(3) -
140-148 - ---
149-157
158-166
167-175
176-184
194-202
--- 212-220 -
--- 230-238(5) --- ---
--- 239-247 - --- --- ---
248-256(2)
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. Temperature, Leak? Stress Metallography
Type of equipment normal Relieved? done?
/moximum,F
L/R exchanger 194/221 No No Yes
L/R exchanger 158/194 No No Yes
L/R exchanger 194 No No ?
Regenerator ? Yes No(repair) ?
Lean Piping (4) 194 No No ?
Lean exchanger <194 Yes No ?
Absorber 109 No No Yes
Settler 109 No No Yes
Lean Piping 109 No No Yes
Lean Piping 152 Yes No No
-~- 86-94
104-112(4) ---
--- 113-121(2) ---
122-130(4) --- --- ---
131-139(2) --- --- ---
--- 149-157(2) ---
158-166(3) ---
--- 167-175(5) --- --- -
--- 186-184 --- --- -
- 185-193 --- ---
--- 203-211 --- ---
--- 212-220 --- ---
--- 230-247 --- --- ---
--- 248-256(3)
.- 265-267 --- --- ---
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Application of nickel dloys to
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Nickel alloy trim
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Carbon steel
Stress relieve

welds and bends

Area "A"
Carbon steel
No stress relief necessary

| 1 | |
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Concentration NaOH, % by weight
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VERSION 3.32

SIMULATION SCIENCES INC.

BREA, CALIF, USA
PHONE (714) 579-0412
(800) 827-7999
(800) 427-4672
(800) 443-4418
FAX (714) 579-0236
PC BBS (714) 579-7415

EAST USA/EAST CANADA

(UsAa)
(CALIF.)
(CANADA)

NEWTOWN SQUARE, PA, USA

PHONE (215) 359-0801
(800) 237-4371
(800) 648-8883
FAX (215) 359-0806

PACIFIC RIM/WEST CANADA

BREA, CALIF, USA

PHONE (714) 579-0412
(800) 827-7999
(800) 427-4672
(800) 443-4418

FAX (714) 579-7468

SOUTH AMERICA
CARACAS, VENEZUELA
PHONE 58-2-283-8833
FAX 58-2-283-8911

(usa)
(CANADA)

(USA)
(CALIF.)
(CANADA)

HOUSTON, TEXAS, USA

PHONE (713) 683-1710
(800) 231-2754 (USA)
FAX (713) 683-6613
DENVER

AURORA, COLORADO, USA
PHONE (303) 750-1000
FAX (303) 750-1935

EUROPE/MID-EAST/AFRICA/CIS

STOCKPORT, CHESHIRE, UK

PHONE 61-429-6744
TELEX 666127
FAX 61-480-9063

SIMSCI (SM) JAPAN K.K.

TOKYO, JAPAN
PHONE 813-3432-4631
TELEX J22274
FAX 813-3432-4633
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R - PRO/II IS A REGISTERED MARK OF SIMULATION SCIENCES INC.
SM - SIMSCI IS A SERVICE MARK OF SIMULATION SCIENCES INC.

(c) COPYRIGHT 1988, UPDATED 1989, 1990,

1991, 1992, AND 1993,

SIMULATION SCIENCES INC.
ALL RIGHTS RESERVED
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SIMULATION SCIENCES INC. R PAGE 4
PROJECT PRO/II VERSION 3.32 386
PROBLEM INPUT

SOURCE LISTING

Je ok kK ok ke ke ke ok ok ok *kkkkkkdkkkk
**xxkx¥x*x*x PRO/II Keyword File created by PC Interface *kxkkxkikkkk
kkkkkkkkkkk (WRITE.EXE ver. 08/25/92) % %k % % & &k k ok k *
*kkkkkkkkkkx kkkkkdkhkhkhkkx

TITLE PROJECT=SIMULATION, PROBLEM=GTU, *
USER=M. MOTAGHI,DATE=1376/7/1
DIMEN ENGLISH,TIME=HR,WT=KG, TEMP=C, PRES=PSIA, *
ENER=BTU, WORK=HP, LIQV=M3, VAPV=M3, VISC=CP, *
COND=BTUH, SURF=DYNE, XDEN=API, *
STDTEMP (F) =60, STDPRES=14.7
PRINT RATE=M, STREAM=ALL, PERCENT=M, INPUT=ALL
CALC TRIAL=10
DBASE DATA=ALL, IDATA=11,SDATA=PROCESS
*
COMPONENT DATA
LIBID 1,H20/2,NITROGEN/3,C02/4,HYSULFID/ *
5, CRBLSULF/6,METHANE /7, ETHANE/8, PROPANE/ *
9, IBUTANE/10, BUTANE/11, IPENTANE/12, PENTANE/ *

13, HEPTANE/14,DEA
*
THERMODYNAMIC DATA
*  WATER DECANT=0ON
METHODS SYSTEM=SRK, TRANS=PURE, SET=1
METHODS SYSTEM=AMINE, TRANS=PURE, SET=2

*

STREAM DATA
PROP STREAM=40, TEMP=56, PRES=1074, PHASE=M, RATE (GV) =173000, *
COMP (M) =1,0/2,0.50/3,6.55/4,3.39/6,88.931/7,0.268/ *
8,0.068/9,0.017/10,0.034/11,0.018/12,0.019/ *
13, 0.205, NORMALIZE
PROP STREAM=50, TEMP=40, PRES=1080, PHASE=M, RATE (LV) =100, *
COMP (M) =1, 100, NORMALIZE
PROP STREAM=3, TEMP=62, PRES=1100, PHASE=M, RATE (LV) =460, *
COMP (W) =1, 66/14, 34, NORMALIZE
* PROP STREAM=8, REFSTREAM=28, TEMP=93
NAME 1, SOUR GAS/2, SWEET GAS/3,LEAN DEA/4,RICH DEA/*
5,FR 122/6,PV 104/7,FD OUT/8,BOSTER OUT

*

UNIT OPERATIONS

*

FLASH UID=2221,NAME=I.G.S
FEED 40,50
PROD V=1,L=35,W=36
IS0 TEMP=57, PRES=1074

METHODS SET=1

*

COLUMN UID=2201,NAME=ABSORBER
PARAM TRAY=4,I0=15,ERRINC=1.5,DAMP=.8

* CEFF (MURPHREE)1,3,0.3/20,3,0.10

* CEFF (MURPHREE)1,4,0.3/20,4,0.15

* EFACTOR .95
PRINT ITER=NONE, PROPTABLS=ALL, COMPOSITION=M
FEED 1,4/3,1,NOTSEP




SIMULATION SCIENCES INC. R PAGE S

PROJECT SIMULATION PRO/II VERSION 3.32 386/
PROBLEM GTU INPUT M. MOTAG|
SOURCE LISTING 1376/7
PROD OVHD=2,BTMS=4,19000
PSPEC TOP=1060, DPCOL=3
ESTI  MODEL=SIMP
METHODS  SET=2
TRATE SECTION(1)=1,3,V1,SF=.85, PASSES=2, SPACING (FT) =2, DIAMETER (FT)=9.5, &
NUMBER (VALVES) =372, WEIR (IN) =3,DCC(IN) =2.75, &
DCW (IN) =20,22.5,,,17,16.5,,0,DPCALC=0.2, THICKNESS (VALVE, GAUGE) =14
TRATE SECTION(2)=4,4,V1,SF=.85, PASSES=2, SPACING (IN)=30,DIAMETER (FT)=9.5,
NUMBER (VALVES) =372, WEIR (IN) =3,DCC (IN) =2.75, &
DCW (IN) =20,22.5,,,17,16.5,,0,DPCALC=0.20, THICKNESS (VALVE, GAUGE) =14
* SPEC STREAM=2,COMP=4,VALUE=4E-6
* VARY FEED=3
SPEC  STREAM=4, COMP=3,4,DIVIDEDBY,COMP=14, VALUE=0.5
VARY  FEED=3
*
FLASH  UID=2223,NAME=FLASH DRUM
FEED 4
PROD  V=5,L=7
ADIA  PRES=106, TEST=88
METHODS  SET=2
*
HX UID=1601, NAME=LEAN-RICH HX
HOT FEED=28, L=8
COLD  FEED=7,L=20,DP=15
OPER  CTEMP=104
METHODS  SET=2
*
VALVE UID=F103,NAME=DEA REG.FEED
FEED 20
PROD M=21
OPER  DP=10
METHODS  SET=2
*
COLUMN  UID=2202, NAME=REGENERATOR
PARAM TRAY=8,SURE=15, CAVE=2
* CEFF  (VAPORR)=2,4,.1/5,4,.1
PRINT ITER=NONE, PROPTABLS=ALL, COMPOSITION=M
FEED 21,3, SEPARATE
PROD OVHD=6,830, BTMS=27
COND TYPE=PART, PRESS=22
DUTY 1,1/2,8
PSPEC TOP=25,DPCOL=2.2
ESTI  MODEL=CONV
METHODS  SET=2
TRATE SECTION(1)=2,3,V1,SF=.85, PASSES=1, SPACING (IN)=24,DIAMETER (FT)=12.5
NUMBER (VALVE) =164 0, WEIR (IN) =3,DCC(IN)=2.5,*
DCW (IN)=10,,,,8.5,,,0,DPCALC=0.33333
TRATE SECTION(2)=4,7,V1,SF=.85, PASSES=4, SPACING (IN) =24, *
DIAMETER (FT) =12 .5, NUMBER (VALVE) =1140, WEIR (IN) =3,DCC(IN)=2.5, *
DCW(IN)=10,11,11,,8.5,8,8,0,DPCALC=. 2
SPEC  COLUMN=2202, TRAY=1, TEMP, VALUE=52
SPEC  RRATIO(M),VALUE=1.73
* SPEC STREAM=27,COMP=3,4,DIVIDEBY,COMP=14,VALUE=.035




SIMULATION SCIENCES INC. R
PROJECT SIMULATION PRO/II VERSION 3.32
PROBLEM GTU INPUT

SOURCE LISTING

PAGE 4
386/

M. MOTAQ
1376/

-+ttt ittt ittt A R

METHODS
*

HX
HOT
OPER
CONFIG
UTIL

METHODS
*

PUMP
FEED
PROD
OPER

METHODS
*

VALVE
FEED
PROD
OPER

METHODS
*

CALC

DUTY=1, 2

UID=1102, NAME=BOOSTER PUMP
27

L=28

PRESS=89.2,EFF=84.0

SET=2

UID=1661, NAME=SOL.COOLER
FEED=8,L=30,DP=8
HTEMP=61

TPASS=4
AIR,TIN=39.3,TOUT=62
SET=2

UID=1101, NAME=CIRCULATING PUMP
30

L=31

PRESS=1191.2,EFF=77.5

SET=2

UID=135A,NAME=ABSORBER FEED
31

L=3

DP=10

SET=2

UID=CAL1l, NAME=WATER BALANC

SEQUENCE STREAM=40,2,5,6,50

PROC

V(1)=SCMR(1,40)

v(2)=0.

0

DO 10 IS1=2,6

10 V(2)=V(2)+SCMR (1, 1I81)
R(1)=V(2)-V(1)

CALL SRXSTR(SMR,R(1),50)

RETURN




SIMULATION SCIENCES INC.
PROJECT SIMULATION
PROBLEM GTU

FLASH ID
NAME

FEEDS

PRODUCTS VAPOR
LIQUID
WATER

TEMPERATURE, C
PRESSURE, PSIA
PRESSURE DROP, PSI
MOLE FRAC VAPOR
MOLE FRAC LIQUID
DUTY, MM BTU/HR
FLASH TYPE

R

PRO/II VERSION 3.32
OUTPUT

FLASH DRUM SUMMARY

2221 2223
I.G.S FLASH DRUM
40 4

50
1 5
35 7

36
57.000 88.029
1074.000 106.000
0.000 956.319
0.98954 0.00297
0.01046 0.99703
1.13132 0.00000

ISOTHERMAL ADIABATIC-P

PAGE E
386

M. MOTAG
1376/




SIMULATION SCIENCES INC.

PROJECT SIMULATION
PROBLEM GTU

PRO/II

VERSION 3.32

PAGE §
386

M. MOTAG
1376/7

VALVE ID
NAME

FEEDS

PRODUCTS MIXED
LIQUID

TEMPERATURE, C
PRESSURE, PSIA
PRESSURE DROP, PSI
MOLE FRAC VAPOR
MOLE FRAC LIQUID

F103
DEA REG.FEED

20

21

103.605
81.000
10.000

0.00324

0.99676

135A
ABSORBER
FEED

31

3

63.786
1181.200
10.000
0.00000
1.00000




SIMULATION SCIENCES INC.
PROJECT SIMULATION
PROBLEM GTU

R
PRO/II

PUMP SUMMARY

VERSION 3.32
OUTPUT

PAGE P
386/

M. MOTAG

1376/7

o e . — - an ——_—— o e A i e S S T R S o T e e T M . L S A MR R A T e S TS ST TS S S S ESmEEsT

FEEDS

PRODUCTS LIQUID

OPERATING CONDITIONS

TEMPERATURE, C
PRESSURE, PSIA

MOLE FRAC VAPOR

MOLE FRAC LIQUID
ACT FLOW RATE, M3/HR
EFFICIENCY, PERCENT
HEAD, FT

WORK, HP

UNIT 7, '1102°',
27

28

490:5973

'"BOOSTER PUMP'




SIMULATION SCIENCES INC.

PROJECT SIMULATION
PROBLEM GTU

FEEDS

PRODUCTS LIQUID

OPERATING CONDITIONS

TEMPERATURE, C
PRESSURE, PSIA

MOLE FRAC VAPOR

MOLE FRAC LIQUID
ACT FLOW RATE, M3/HR
EFFICIENCY, PERCENT
HEAD, FT

WORK, HP

PRO/II

UNIT 9, '1101', 'CIRCULATING PUMP'

VERSION 3.32

30

31
INLET OUTLET
61.00 63.79
81.20 1191.20
0.0000 0.0000
1.0000 1.0000
470.0863 470.9064
77.5000
2551.8745
1729.2245

PAGE P
386/]

M. MOTAGI
1376/7




SIMULATION SCIENCES INC. R PAGE H

PROJECT SIMULATION PRO/II VERSION 3.32 386
PROBLEM GTU OUTPUT M. MOTAG
HEAT EXCHANGER SUMMARY 1376/17

UNIT 4, '1601', 'LEAN-RICH HX'

OPERATING CONDITIONS

DUTY, MM BTU/HR 29.620
LMTD, C 17.103
F FACTOR (FT) 1.000
MTD, C 17.103
U*A, BTU/HR-F 962139.063
HOT SIDE CONDITIONS INLET OUTLET
FEED 28
LIQUID PRODUCT 8
LIQUID, KG-MOL/HR 18747 .527 18747.527
M KG/HR 471.975 471.975
CP, BTU/KG-C 3.482 3.437
TOTAL, KG-MOL/HR 18747.527 18747.527
M KG/HR 471.975 471.975
CONDENSATION, KG-MOL/HR 0.000
TEMPERATURE, C 122.275 104.011
PRESSURE, PSIA 89.200 89.200
COLD SIDE CONDITIONS INLET QUTLET
FEED 7
MIXED PRODUCT 20
VAPOR, KG-MOL/HR 38.680
M KG/HR 1.376
CP, BTU/KG-C 1.032
LIQUID, KG-MOL/HR 19441.117 19402.438
M KG/HR 500.387 499.011
CP, BTU/KG-C 3.326 3.337
TOTAL, KG-MOL/HR 19441.117 19441.117
M KG/HR 500.387 500.387
VAPORIZATION, KG-MOL/HR 38.680
TEMPERATURE, C 88.029 104.000

PRESSURE, PSIA 106.000 91.000




SIMULATION SCIENCES INC.
PROJECT SIMULATION
PROBLEM GTU

UNIT 8,
OPERATING CONDITIONS

DUTY, MM BTU/HR
LMTD, C

F FACTOR (FT)
MTD, C

U*A, BTU/HR-F

HOT SIDE CONDITIONS

FEED

LIQUID PRODUCT

LIQUID, KG-MOL/HR

M KG/HR

BTU/KG-C
KG-MOL/HR

M KG/HR

CONDENSATION, KG-MOL/HR
TEMPERATURE, C
PRESSURE, PSIA

CP,
TOTAL,

COLD SIDE CONDITIONS

COOLING AIR, KG/HR
TEMPERATURE, C

R

PRO/II VERSION 3.32

OUTPUT

HEAT EXCHANGER SUMMARY

'le6l’',

'SOL . COOLER'

68.650
30.745
0.955
29.365
1298786 .000

3136144.000
39.300

30

18747 .527
471.975
3.352
18747 .527
471.975
0.000
61.000
81.200

3136144.000
62.000
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SIMULATION SCIENCES INC. R
PROJECT SIMULATION PRO/II VERSION 3.32
PROBLEM GTU OUTPUT

CALCULATOR SUMMARY

UNIT 11, 'CALl1', 'WATER BALANC'

RESULT NAME VALUE RESULT NAME

B s L

PAGE [
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SIMULATION SCIENCES INC.

PROJECT SIMULATION PRO/II VERSION 3.32 386/
PROBLEM GTU OUTPUT M. MOTAG
COLUMN SUMMARY 1376/7
UNIT 2, '2201', 'ABSORBER'
TOTAL NUMBER OF ITERATIONS
IN/OUT METHOD 36
COLUMN SUMMARY
—————————— NET FLOW RATES ----------- HEATER
TRAY TEMP PRESSURE LIQUID VAPOR FEED PRODUCT DUTIES
DEG C PSIA KG-MOL/HR MM BTU/HR|
1 64.4 1060.00 18770.5 18740.3L 6562.7V
2 67.5 1060.75 18796.9 6592.9
3 80.6 1061.53 19075.0 6619.4
4 88.5 1062.32 6897.5 7321.6V 19499.1L
FEED AND PRODUCT STREAMS
TYPE STREAM PHASE FROM TO LIQUID FLOW RATES HEAT RATH
TRAY TRAY FRAC KG-MOL/HR MM BTU/HR
FEED 3 LIQUID 1 1.0000 18740.28 97.14
FEED 1 VAPOR 4 0.0000 7321.56 18.07
PROD 2 VAPOR 1 6562.73 10.44
PROD 4 LIQUID 4 19499.09 104.76
OVERALL MOLE BALANCE, (FEEDS - PRODUCTS) 2.7466E-02
OVERALL HEAT BALANCE, (H(IN) - H(OUT) ) 1.8169E-
SPECIFICATIONS
PARAMETER TRAY COMP SPECIFICATION SPECIFIED CALCULATED
TYPE NO NO TYPE VALUE VALUE
STRM 4 4 3- 4 MOL RATIO 5.000E-01 5.000E-01

R

PAGE P
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PROJECT SIMULATION PRO/II VERSION 3.32 386/
PROBLEM GTU OUTPUT M. MOTAG]
COLUMN SUMMARY 1376/7
UNIT 2, '2201', 'ABSORBER' (CONT)
TRAY MOLAR COMPOSITIONS
TRAY 1 TRAY 2
COMPONENT X Y X Y
1 H20 0.91502 0.00305 0.91461 0.00350
2 NITROGEN 1.2731E-05 0.00552 1.2783E-05 0.00553
3 Co2 0.00174 1.9793E-06 0.00194 3.5889E-06
4 HYSULFID 3.1789E-04 2.2337E-06 6.4604E-04 6.5991E-06
5 CRBLSULF 0.00000 0.00000 0.00000 0.00000
6 METHANE 0.00142 0.98445 0.00143 0.98400
7 ETHANE 4.7947E-06 0.00296 4 .7895E-06 0.00296
8 PROPANE 8.4504E-07 7.5309E-04 8.4504E-07 7.5205E-04
9 IBUTANE 1.2943E-07 1.8857E-04 1.2977E-07 1.8807E-04
10 BUTANE 5.0591E-07 3.7612E-04 5.0404E-07 3.7584E-04
11 IPENTANE 1.1500E-07 1.9969E-04 1.1611E-07 1.9911E-04
12 PENTANE 9.7052E-08 2.1091E-04 9.8050E-08 2.1022E-04
13 HEPTANE 3.3580E-07 0.00228 3.4297E-07 0.00227
14 DEA 0.08148 7.7348E-08 0.08136 9.7165E-08
RATE, KG-MOL/HR 18770.46 6562.73 18796.94 6592.91
TRAY 3 TRAY 4
COMPONENT X Y X Y
1 H20 0.90208 0.00598 0.88052 0.00796
2 NITROGEN 1.3688E-05 0.00551 1.4989E-05 0.00529
3 Co2 0.01028 ©5.7089E-04 0.02621 0.02368
4 HYSULFID 0.00587 9.3967E-04 0.01300 0.01538
5 CRBLSULF 0.00000 0.00000 0.00000 0.00000
6 METHANE 0.00158 0.98007 0.00181 0.924103
7 ETHANE 5.3892E-06 0.00295 6.4751E-06 0.00283
8 PROPANE 9.9305E-07 7.4904E-04 1.2704E-06 7.1929E-04
9 IBUTANE 1.5995E-07 1.8732E-04 2.1809E-07 1.7986E-04
10 BUTANE 5.9358E-07 3.7433E-04 7.7825E-07 3.5951E-04
11 IPENTANE 1.5131E-07 1.9831E-04 2.1970E-07 1.9042E-04
12 PENTANE 1.2929E-07 2.0938E-04 1.9074E-07 2.0103E-04
13 HEPTANE 5.1918E-07 0.00226 9.1738E-07 0.00217
14 DEA 0.08017 1.8234E-07 0.07843 1.3863E-07
RATE, KG-MOL/HR 19075.03 6619.38 19499.09 6897.48




SIMULATION SCIENCES INC. R PAGE P
PROJECT SIMULATION PRO/II VERSION 3.32 386
PROBLEM GTU OUTPUT M. MOTAQ
COLUMN SUMMARY 1376/
===========================================================================d
UNIT 2, '2201', ‘'ABSORBER' (CONT)
TRAY NET VAPOR RATES AND DENSITIES
——————————————— RATES --------——=-1
TRAY MW ACTUAL DENS Z FROM STANDARD ACTUAL
KG/M3 DENSITY M KG/HR M M3/HR M M3 /HR
1 16.417 45.51483 0.93918 107.737 155.431 2.3
2 16.417 44.98870 0.94216 108.234 156.146 2.4
3 16.453 42.95293 0.95325 1108.908 156.773 2.5
4 17.349 44.23387 0.95540 119.664 163.359 2.7
TRAY NET LIQUID RATES AND DENSITIES
--------------- RATES ----=-==-=~===-
TRAY MW ACTUAL DENS 7 FROM STD LIQ ACTUAL
KG/M3 DENSITY M KG/HR M3 /HR GAL/MIN
1 25.161 1006.680 0.06508 472.289 458.780 2065.6
2 25.162 1004.412 0.06468 472.962 459.548 2073.2
3 25.359 987.629 0.06390 483.719 472.815 2156 .4
4 25.735 967.124 0.06482 501.814 495.314 2284 .5
TRAY STANDARD LIQUID DENSITIES
TRAY ------ DENSITY ------= ~—=c-c--- AP - ----c-mn mmememo- SPGR -------
KG/M3 WATER 60F
LIQUID VAPOR LIQUID VAPOR LIQUID VAPOR
1 1029.444 305.730 -2.249 331.949 1.0948 0.304
2 1029.189 305.832 -2.140 331.953 1.0938 0.305
3 1023.062 307.069 0.626 330.953 1.0709 0.304
4 1013.123 325.232 4.761 305.587 1.0384 0.323
TRAY TRANSPORT PROPERTIES
TRAY - THERMAL CONDUCTIVITY - ------ VISCOSITY ------- -~ SURFACE --
BTU/HR-FT-F cp TENSION
LIQUID VAPOR LIQUID VAPOR DYNE/CM
1 1.9063E-01 2.3695E-02 9.5764E-01 1.2281E-02 6.3366E+01
2 1.9020E-01 2.3963E-02 8.8891E-01 1.2376E-02 6.2822E+01
3 1.7345E-01 2.5057E-02 6.5890E-01 1.2776E-02 5.9781E+01
4 1.5194E-01 2.5078E-02 5.4494E-01 1.3249E-02 5.7008E+01




SIMULATION SCIENCES INC.

PROJECT SIMULATION

PROBLEM GTU

TRAY ENTHALPIES

TRAY

W

UNIT 2,
MM BTU/HR
LIQUID VAPOR
98.176 10.448
102.693 11.485
109.473 15.996
104.767 22.780

R PAGE P+

PRO/II VERSION 3.32 386/
OUTPUT M. MOTAQ
COLUMN SUMMARY 1376/

'2201', 'ABSORBER' (CONT)

M BTU/KG-MOL BTU/KG
LIQUID VAPOR LIQUID VAPOR
5.230 1.592 207.871 96.91
5.463 1.742 217.127 106.11
5.739 2.417 226.315 146 .87
5.373 3.303 208.775 190. 34
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PROJECT SIMULATION PRO/II VERSION 3.32 386/
PROBLEM GTU OUTPUT M. MOTAQG
COLUMN SUMMARY 1376/

B 1t T Tt T LT T r r F L L L F T U T T b F o T b T T b L T T F T T T L Ty Sy

UNIT 2, '2201', 'ABSORBER’ (CONT)

TRAY RATING MECHANICAL DATA

SECTION TRAY DIAM TRAY SPACE SF ------- TRAY --------
NUMBERS IN PASSES IN TYPE METAL THK, GA

1 1 - 3 114. 2 24. 0.85 Vi SS 14.000

2 4 - 4 114. 2 30. 0.85 V1 SS 14.000

SECTION NO VALVES VALVE CAP TO SIEVE UNIT ++ WEIR HT DC CLEAR

OR CAPS THK, GA CAP, IN PCT DIA, IN IN IN
1 372 14.000 N/A N/A 1.875 3.000 2.750
2 372 14.000 N/A N/A 1.875 3.000 2.750

++ DIAMETER OF VALVES, SIEVE HOLES, OR BUBBLE CAPS

SECTION DOWNCOMER WIDTHS, IN SLOPED DC WIDTHS, 1IN
SIDE CENTER OFF-CTR OFF-SIDE SIDE CENTER OFF-CTR OFF-SIDE
1 20.00 22.50 N/A N/A 17.00 16.50 N/A N/A
2 20.00 22.50 N/A N/A 17.00 16.50 N/A N/A

TRAY RATING RESULTS

PRES DOWNCOMER
TRAY VAPOR LIQUID VLOAD DIAM FF DROP GPM/LWI BACKUP, PCT
CFS HOTGPM CFS IN PSI GPM/IN TRAY SPACING
1 23.60 2084. 5.129 114.0 69.1 0.750 10.5 41.36
2 24 .87 2093 5.283 114.0 70.0 0.758 10.5 41.61
3 26 .54 2206 5.815 114.0 75.7 0.787 11.1 43 .56
4 24 .67 2391 6.192 114.0 79.7 0.798 12.0 36.84
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PROJECT SIMULATION PRO/II VERSION 3.32 386/
PROBLEM GTU OUTPUT M. MOTAGI
COLUMN SUMMARY 1376/7
UNIT 6, '2202', 'REGENERATOR'
TOTAL NUMBER OF ITERATIONS
SURE METHOD 13
COLUMN SUMMARY
---------- NET FLOW RATES ----------- HEATER
TRAY TEMP PRESSURE LIQUID VAPOR FEED PRODUCT DUTIES
DEG C PSIA KG-MOL/HR MM BTU/HR
1C 52.0 22.00 1346.5 778.3V -57.98
2 103.5 25.00 1468.7 2124.9 424 .7V
3 109.9 25.44 21253.3 1822.4 19016.5L
4 116.3 26.07 21655.7 2590.6
5 118.7 26.71 21828.2 2992.9
6 120.1 27.37 21925.2 3165.5
7 121.1 28.03 21996.5 3262.4
8R 122.1 28.39 3333.8 18662.8L 128.09
FEED AND PRODUCT STREAMS
TYPE STREAM PHASE FROM TO LIQUID FLOW RATES HEAT RATE
TRAY TRAY FRAC KG-MOL/HR MM BTU/HR
FEED 21 MIXED 3 0.9782 19441.12 133.74
PROD 6 VAPOR 1 778.34 13.77
PROD 27 LIQUID 8 18662.78 190.08
OVERALL MOLE BALANCE, (FEEDS - PRODUCTS) 4 .2915E-04
OVERALL HEAT BALANCE, (H(IN) - H(OUT) ) 0.01
SPECIFICATIONS
PARAMETER TRAY COMP SPECIFICATION SPECIFIED CALCULATED
TYPE NO NO TYPE VALUE VALUE
TRAY LIQ 1 TEMPERATURE 5.200E+01 5.200E+01
UNIT 2202 1 MOL RRATIO 1.730E+00 1.730E+00




SIMULATION SCIENCES INC.
PROJECT SIMULATION
PROBLEM GTU

UNIT 6,

REFLUX RATIOS

REFLUX / FEED STREAM 21
REFLUX / VAPOR DISTILLATE

R
PRO/II VERSION 3.32
ouTPUT

'2202', 'REGENERATOR' (CONT)

-------- REFLUX RATIOS --------
MOLAR WEIGHT STD L VOL
0.0693 0.0485 0.0494
1.7300 0.8096 0.6649

PAGE P-
386/

M. MOTAG
1376/7
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SIMULATION SCIENCES INC.
PROJECT SIMULATION
PROBLEM GTU

R

PRO/II VERSION 3.32

UNIT 6, '2202', 'REGENERATOR'
TRAY MOLAR COMPOSITIONS
TRAY 1
COMPONENT X Y
1 H20 0.99916 0.08974
2 NITROGEN 4.3811E-10 3.2613E-05
3 Co2 3.3276E-04 0.59917
4 HYSULFID 5.0597E-04 0.30785
5 CRBLSULF 0.00000 0.00000
6 METHANE 7.6890E-08 0.00304
7 ETHANE 4.3364E-10 1.4887E-05
8 PROPANE 5.2893E-11 2.6307E-06
9 IBUTANE 4.3873E~-12 3.5044E-07
10 BUTANE 9.3890E-11 2.2679E-06
11 IPENTANE 5.3269E-12 3.9163E-07
12 PENTANE 2.8521E-12 2.8850E-07
13 HEPTANE 3.2417E-12 8.1079E-07
14 DEA 6.0549E-09 1.0646E-14
RATE, KG-MOL/HR 1346.53 778.34
TRAY 3
COMPONENT X Y
1 H20 0.91443 0.74339
2 NITROGEN 2.3837E-12 4.0849E-08
3 Co2 0.01024 0.17750
4 HYSULFID 0.00337 0.07899
5 CRBLSULF 0.00000 0.00000
6 METHANE 1.3464E-10 2.8616E-06
7 ETHANE 1.1767E-12 1.9246E-08
8 PROPANE 1.5622E-13 2.9834E-09
9 IBUTANE 1.1707E-14 2.9871E-10
10 BUTANE 2.8304E-13 3.7657E-09
11 IPENTANE 1.6178E-14 3.7043E-10
12 PENTANE 8.2397E-15 2.2792E-10
13 HEPTANE 6.8368E-15 3.4992E-10
14 DEA 0.07197 4.6062E-05
RATE, KG-MOL/HR 21253.33 1822.41

PAGE P-

386

M. MOTAQ

1376/

(CONT)
TRAY 2
X Y
0.99967 0.66604
1.8411E-10 1.1946E-05
1.0698E-04 0.21969
1.5987E-04 0.11309
0.00000 0.00000
2.7769E-08 0.00112
1.3342E-10 5.4533E-06
1.6615E-11 9.6368E-07
1.4183E-12 1.2837E-07
2.3811E-11 8.3080E-07
1.8229E-12 1.4346E-07
9.9926E-13 1.0568E-07
1.2078E-12 2.9699E-07
6.1455E-05 3.8370E-09
1468.72 2124 .87
TRAY 4
X Y

0.92167 0.90329
1.1341E-15 1.9556E-11
0.00604 0.07136
0.00166 0.02534
0.00000 0.00000
5.2587E-14 1.1046E-09
5.8407E-16 9.6540E-12
6.5667E-17 1.2816E-12
3.6689E-18 9.6044E-14
1.6780E-16 2.3221E-12
5.6243E-18 1.3272E-13
2.3663E-18 6.7600E-14
1.0453E-18 5.6090E-14
0.07063 7.4565E-05
21655.72 2590.56




SIMULATION SCIENCES INC. R PAGE P
PROJECT SIMULATION PRO/II VERSION 3.32 386
PROBLEM GTU ouTPUT M. MOTAQ
COLUMN SUMMARY 1376/
UNIT 6, '2202', 'REGENERATOR!' (CONT)
TRAY 5 TRAY 6
COMPONENT X Y X Y

1 H20 0.92490 0.95720 0.92662 0.97753

2 NITROGEN 4.8048E-19 8.2057E-15 1.9724E-22 3.3133E-18

3 Co2 0.00405 0.03274 0.00297 0.01758

4 HYSULFID 9.7250E-04 0.01004 6.4423E-04 0.00484

5 CRBLSULF 0.00000 0.00000 0.00000 0.00000

6 METHANE 1.8424E-17 3.8050E-13 6.2800E-21 1.2705E-16

7 ETHANE 2.5761E-19 4.2261E-15 1.0999E-22 1.7764E-18

8 PROPANE 2.4400E-20 4.7514E-16 8.7527E-24 1.6826E-19

9 IBUTANE 1.0140E-21 2.6547E-17 2.7026E-25 6.9925E-21

10 BUTANE 8.7297E-20 1.2142E-15 4.3670E-23 6.0198E-19

11 IPENTANE 1.7199E-21 4.0695E-17 5.0648E-25 1.1860E-20

12 PENTANE 5.9714E-22 1.7121E-17 1.4505E-25 4.1178E-21

13 HEPTANE 1.3926E-22 7.5635E-18 1.7781lE-26 9.6031E-22

14 DEA 0.07008 8.8580E-05 0.06977 9.6132E-05

RATE, KG-MOL/HR 21828.24 2992.95 21925.18 3165.46

TRAY 7 TRAY 8
COMPONENT X Y X Y

1 H20 0.92779 0.98752 0.91598 0.99387

2 NITROGEN 8.0430E-26 1.3256E-21 3.6888E-29 5.3048E-25

3 Co2 0.00222 0.00989 0.00176 0.00482

4 HYSULFID 4.4943E-04 0.00252 3.1671E-04 0.00119

5 CRBLSULF 0.00000 0.00000 0.00000 0.00000

6 METHANE 2.1333E-24 4.2205E-20 7.478%E-28 1.4071E-23

7 ETHANE 4.6641E-26 7.3923E-22 2.0663E-29 3.0763E-25

8 PROPANE 3.1126E-27 5.8823E-23 1.1547E-30 2.0531E-26

9 IBUTANE 7.1348E-29 1.8158E-24 0.00000 0.00000

10 BUTANE 2.1595E-26 2.9349E-22 1.0711E-29 1.4243E-25

11 IPENTANE 1.4762E-28 3.4029E-24 0.00000 0.00000

12 PENTANE 3.4863E-29 9.7457E-25 0.00000 0.00000

13 HEPTANE 2.2410E-30 1.1948E-25 0.00000 0.00000

14 DEA 0.06955 1.0139E-04 0.08195 1.2750E-04

RATE, KG-MOL/HR 21996.54 3262.41 18662.78 3333.76




SIMULATION SCIENCES INC. R PAGE P-
PROJECT SIMULATION PRO/II VERSION 3.32 386/
PROBLEM GTU OUTPUT M. MOTAQ
COLUMN SUMMARY 1376/
UNIT 6, '2202', 'REGENERATOR' (CONT)
TRAY NET VAPOR RATES AND DENSITIES
--------------- RATES ------——-———-
TRAY MW ACTUAL DENS Z FROM STANDARD ACTUAL
KG/M3 DENSITY M KG/HR M M3/HR M M3/HR
1 38.533 2.17560 0.99376 29.992 18.434 13.7
2 25.541 1.41972 0.99009 54.271 50.325 38.2
3 23.902 1.33074 0.98948 43.560 43.162 32.7
4 20.283 1.13999 0.98784 52.546 61.354 46.0
5 19.035 1.09005 0.98712 56.970 70.885 52.2
6 18.558 1.08542 0.98669 58.745 74.971 54 .1
7 18.321 1.09490 0.98635 59.772 77.267 54 .5
8 18.171 1.09742 0.98619 60.577 78.957 55.1
TRAY NET LIQUID RATES AND DENSITIES
--------------- RATES -------=--—-=--
TRAY MW ACTUAL DENS Z FROM STD LIQ ACTUAL
KG/M3 DENSITY M KG/HR M3 /HR GAL/MIN
1 18.032 984 .147 0.00103 24.280 24.325 108.6
2 18.026 955.155 0.00104 26.475 26.515 122.0
3 24.605 944 .625 0.00143 522.941 510.788 2437 .4
4 24.352 950.571 0.00142 527.365 514.097 2442 .6
5 24 .241 953.591 0.00144 529.140 515.352 2443 .1
6 24.181 955.115 0.00146 530.167 516.101 2443 .9
7 24.139 956.006 0.00149 530.973 516.719 2445.3
8 25.205 958.823 0.00157 470.396 455 .876 2160.0
TRAY STANDARD LIQUID DENSITIES
TRAY ------ DENSITY ----=-- oo API -----=--om  amee_ oo SPGR -------
KG/M3 WATER 60F
LIQUID VAPOR LIQUID VAPOR LIQUID VAPOR
1 998.144 819.843 10.123 40.924 0.9991 0.820
2 998.466 891.058 10.078 27.143 0.9995 0.891
3 1023.792 909.404 6.575 23.943 1.0248 0.910
4 1025.809 956 .888 6.304 16.229 1.0268 0.957
5 1026.755 978.499 6.177 12.967 1.0278 0.979
6 1027.255 987.699 6.110 11.621 1.0283 0.988
7 1027.585 992.470 6.066 10.933 1.0286 0.993]
8 1031.851 995.620 5.497 10.482 1.0329 0.996
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PROJECT SIMULATION PRO/II VERSION 3.32 386
PROBLEM GTU OUTPUT M. MOTAQ
COLUMN SUMMARY 1376/7
UNIT 6, '2202', 'REGENERATOR' (CONT)
TRAY TRANSPORT PROPERTIES
TRAY - THERMAL CONDUCTIVITY - ---=--- VISCOSITY ------- -- SURFACE --
BTU/HR-FT-F CcP TENSION
LIQUID VAPOR LIQUID VAPOR DYNE/CM
1 3.6145E-01 1.1093E-02 5.2541E-01 1.5256E-02 6.7709E+01
2 3.8687E-01 1.3989E-02 2.6906E-01 1.4675E-02 5.8581E+01
3 1.8127E-01 1.4355E-02 3.9430E-01 1.4477E-02 5.4892E+01
4 1.9062E-01 1.4880E-02 3.6382E-01 1.3593E-02 5.4020E+01
5 1.9533E-01 1.5080E-02 3.5351E-01 1.3252E-02 5.3701E+01
6 1.9797E-01 1.5177E-02 3.4799E-01 1.3132E-02 5.3517E+01
7 1.9978E-01 1.5242E-02 3.4387E-01 1.3085E-02 5.3368E+01
8 1.9252E-01 1.5300E-02 3.6410E-01 1.3069E-02 5.2920E+01
TRAY ENTHALPIES
TRAY MM BTU/HR M BTU/KG-MOL BTU/KG
LIQUID VAPOR LIQUID VAPOR LIQUID VAPOR
1 5.001 13.770 3.714 17.692 205.984 459 .13
2 10.878 76.752 7.406 36.121 410.867 1414 .23
3 174.282 70.238 8.200 38.541 333.272 1612.43
4 196.629 112.306 9.080 43,352 372.851 2137.30
5 206.397 134.657 9.455 44 .991 390.060 2363.61
6 211.876 144.421 9.664 45 .624 399.638 2458 .43
7 215.892 149.896 9.815 45.946 406.596 2507.79
8 190.081 153.908 10.185 46 .166 404.085 2540.70
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PROJECT SIMULATION PRO/II VERSION 3.32 386/
PROBLEM GTU OUTPUT M. MOTAQ
COLUMN SUMMARY 1376/
UNIT 6, '2202', 'REGENERATOR' (CONT)
TRAY RATING MECHANICAL DATA
SECTION TRAY DIAM TRAY SPACE SF  -—----- TRAY --------
NUMBERS IN PASSES IN TYPE METAI, THK, GA
1 2 - 3 150. 1 24 0.85 Vv1 sSs 14.000
2 4 - 7 150. 4 24, 0.85 vi1 Ss 14.000
SECTION NO VALVES VALVE CAP TO SIEVE ©UNIT ++ WEIR HT DC CLEAR
OR CAPS THK, GA CAP, IN PCT DIA, IN IN IN
1 1640 16.000 N/A N/A 1.875 3.000 2.500
2 1140 16.000 N/A N/A 1.875 3.000 2.500
++ DIAMETER OF VALVES, SIEVE HOLES, OR BUBBLE CAPS
SECTION DOWNCOMER WIDTHS, IN SLOPED DC WIDTHS, IN
SIDE CENTER OFF-CTR OFF-SIDE SIDE CENTER OFF-CTR OFF-SIDE
1 10.00 N/a N/A N/A 8.50 N/A N/A N/A
2 10.00 11.00 11.00 N/A 8.50 8.00 8.00 N/A
TRAY RATING RESULTS
PRES DOWNCOMER
TRAY VAPOR LIQUID VLOAD DIAM FF DROP GPM/ILWI BACKUP, PCT
CFS HOTGPM CFS IN PSI GPM/IN TRAY SPACING
2 393.2 122 15.11 150.0 37.7 0.264 1.6 25.54
3 452.1 2437 15.72 150.0 96.4 0.624 32.6 92 .44
4 512.7 2442 17.37 150.0 70.1 0.633 5.0 33.74
5 530.9 2443 17.92 150.0 71.9 0.649 5.0 34.10
6 535.4 2444 18.14 150.0 72.5 0.656 5.0 34.25
7 541 .4 2445 18.36 150.0 73.2 0.663 5.0 34.39




SIMULATION SCIENCES INC.

PROJECT SIMULATION
PROBLEM GTU

FLUID MOLAR PERCENTS
1 H20
2 NITROGEN
3 Co2
4 HYSULFID
5 CRBLSULF
6 METHANE
7 ETHANE
8 PROPANE
9 IBUTANE
10 BUTANE
11 IPENTANE
12 PENTANE
13 HEPTANE
14 DEA

TOTAL RATE, KG-MOL/HR

TEMPERATURE, C
PRESSURE, PSIA
ENTHALPY, MM BTU/HR
MOLECULAR WEIGHT
MOLE FRAC VAPOR
MOLE FRAC LIQUID

R

VERSION 3.32
OUTPUT
STREAM MOLAR COMPONENT PERCENTS

PRO/II

SOUR GAS
WET VAPOR

.2325
.4988
.5348
.3821
.0000
.7242
.2674
.0678
.0170
.0339
.0180
.0190
.2045
.0000

QO OCOOO0OOOXOWANOO

7321.5645

57.0000
1074.0000
18.0731
18.8157
1.0000
0.0000

SWEET GAS
VAPOR

0.3053
0.5521

1.9793E-04
2.2337E-04

0.0000
98 .4451
.2964
.0753
.0189
.0376
.0200
.0211
.2279

o N-NoNeoNeNe N

7.7348E-06

6562,7251

64.4230
1060.0000
10.4480
16.4165
1.0000
0.0000

LIQUID

91.

6328

3.6984E-27
0.1747

0.
0.

0318
0000

7.6348E-26
2.1022E-27
1.1741E-28

0.

0000

1.0974E-27

0WOoOoo

18747.

63

1181.
97.
25.

.0000

.0000

.0000
.0000
.0000
.1607

5273

.7858

1998
1747
1753
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25.73




SIMULATION SCIENCES INC.
PROJECT SIMULATION
PROBLEM GTU

FLUID MOLAR PERCENTS
1 H20
2 NITROGEN
3 CO2
4 HYSULFID
5 CRBLSULF
6 METHANE
7 ETHANE
8 PROPANE
9 IBUTANE
10 BUTANE
11 TIPENTANE
12 PENTANE
13 HEPTANE
14 DEA

TOTAL RATE, KG-MOL/HR

TEMPERATURE, C
PRESSURE, PSIA
ENTHALPY, MM BTU/HR
MOLECULAR WEIGHT
MOLE FRAC VAPOR
MOLE FRAC LIQUID

R
PRO/II VERSION 3.32
OUTPUT
STREAM MOLAR COMPONENT PERCENTS

==m=====

13.8350
0.0000
56.8370
0.1978
0.0392

.8649E-03

0.0231

.8636E-03
.0281E-03

0.0298

.4040E-04

57.9735

88.0291
106.0000
0.6398
24.6212
1.0000
0.0000

8.9757
3.2617E-03
59.9250
30.7894
0.0000
0.3045
1.4889E-03
2.6311E-04
3.5049E-05
2.2682E-04
3.9168E-05
2.8853E-05
8.1089E-05
1.0648E-12

778.3414

52.0000
22.0000
13.7703
38.5333
1.0000
0.0000

88.2908
1.3057E-04
2.5673
1.2629
0.0000
0.0122
.9600E-05
.0532E-05
.4030E-06
.0799E-06
.5679E-06
.1550E-06
.2461E-06
7.8665

WHROMP WO

19441.1172

88.0291
106.0000
104.1268

25.7386

0.0000
1.0000
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91.63
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0.0
0.00
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0.00
1.0974E-
0.00
0.00
0.00
8.1¢

18747 .52

104.01
89.20
161.42
25.17
0.00
1.00




SIMULATION SCIENCES INC.
PROJECT SIMULATION

PROBLEM GTU

FLUID MOLAR PERCENTS

TOTAL RATE, KG-MOL/HR

H20
NITROGEN
co2
HYSULFID
CRBLSULF
METHANE
ETHANE
PROPANE
IBUTANE
BUTANE
IPENTANE
PENTANE
HEPTANE
DEA

TEMPERATURE, C
PRESSURE, PSIA

ENTHALPY, MM BTU/HR

MOLECULAR WEIGHT
MOLE FRAC VAPOR
MOLE FRAC LIQUID

PRO/II VERSION 3.32

MIXED

88.2908
1.3057E-04
2.5673
1.2629
0.0000
0.0122
5.9600E-05
1.0532E-05
1.4030E-06
9.0799E-06
1.5679E-06
1.1550E-06
3.2461E-06
7.8665

19441.1172

104.0000
91.0000
133.7466
25.7386
1.9896E-03
0.9980

R

OuUTPUT

21

MIXED

88.2908
1.3057E-04
2.5673
1.2629
0.0000
0.0122
5.9600E-05
1.0532E-05
1.4030E-06
9.0799E-06
1.5679E-06
1.1550E-06
3.2461E-06
7.8665

19441.1172

103.6046
81.0000
133.7473
25.7386
3.2414E-03
0.9968

STREAM MOLAR COMPONENT PERCENTS

27

LIQUID

91.5983
3.6888E-27
0.1755
0.0317
0.0000
7.4789E-26
2.0663E-27
1.1547E-28
0.0000
1.0711E-27
0.0000
0.0000
0.0000
8.1945

18662.7754

122.1451
28.3960
190.0808
25.2050
0.0000
1.0000
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SIMULATION SCIENCES INC.
PROJECT SIMULATION
PROBLEM GTU

FLUID MOLAR PERCENTS
H20
NITROGEN
coz2
HYSULFID
CRBLSULF
METHANE
ETHANE
PROPANE
IBUTANE
10 BUTANE
11 TIPENTANE
12 PENTANE
13 HEPTANE
14 DEA

VoSN dWNhE

TOTAL RATE, KG-MOL/HR

TEMPERATURE, C
PRESSURE, PSIA
ENTHALPY, MM BTU/HR
MOLECULAR WEIGHT

MOLE FRAC VAPOR

MOLE FRAC TOTAL LIQUID
MOLE FRAC H/C LIQUID
MOLE FRAC FREE WATER

PRO/II

R

VERSION 3.32

OUTPUT

STREAM MOLAR COMPONENT PERCENTS

30

LIQUID

91.6328
3.6984E-27
0.1747
0.0318
0.0000
.6348E-26
.1022E-27
.1741E-28
0.0000
1.0974E-27
0.0000
0.0000
0.0000
8.1607

RN

18747.5273

61.0000
81.2000
92.7747
25.1753
0.0000
1.0000
1.0000
0.0000

LIQUID

91.6328
3.6984E-27
0.1747
0.0318
0.0000
7.6348E-26
2.1022E-27
1.1741E-28
0.0000
1.0974E-27
.0000
.0000
.0000
.1607

QO OO0

18747.5273

63.7858
1191.2000

97.1747
.1753
.0000
.0000
.0000
.0000

N
orFOoOO

WATER

100.0000
0.0000
0.0000

.0000

.0000

.0000

.0000

.0000

0.0000

0.0000

0.0000

0.0000

0.0000

0.0000

[eNeNeNeRol

77.4215

57.0000
1074.0000
0.3235
18.0150
0.0000
1.0000
0.0000
1.0000

DRY VAP

0.00
0.50
6.551
3.39
0.00
88.93
.26
.06
.01
.03
.01
.01
.20
.00

COO0OO0OO0OOOO

7304 .53

56.00
1074.00
16.98
18.81
.00
.00
.00
.00

COOKH




SIMULATION SCIENCES INC.
PROJECT SIMULATION
PROBLEM GTU

TOTAL STREAM
RATE, KG-MOL/HR

M KG/HR
TEMPERATURE, C
PRESSURE, PSIA
MOLECULAR WEIGHT
ENTHALPY, MM BTU/HR

BTU/KG

MOLE FRACTION LIQUID
MOLE FRACTION FREE WATER
————— TOTAL VAPOR
RATE, KG-MOL/HR

M KG/HR

M M3/HR
STD VAP RATE(1), M M3/HR
MOLECULAR WEIGHT
ENTHALPY, BTU/KG
CP, BTU/KG-C
DENSITY, KG/M M3
Z (FROM DENSITY)
THERMAL COND, BTU/HR-FT-F
VISCOSITY, CP
————— TOTAL LIQUID
RATE, KG-MOL/HR

M KG/HR

M3 /HR

GAL/MIN
STD LIQ RATE, M3/HR
MOLECULAR WEIGHT
ENTHALPY, BRTU/KG
CP, BTU/KG-C
DENSITY, KG/M3
Z (FROM DENSITY)
SURFACE TENSION, DYNE/CM
TH COND, BTU/HR-FT-F
VISCOSITY, CP

R
PRO/II

VERSION 3.32

OUTPUT

SOUR GAS
WET VAPOR

7321.564
137.760
57.000
1074.000
18.816
18.073
131.192
0.00000
0.00000

7321.564
137.760
2.488
173.403
18.816
131.192
2.279
55367.391
0.9167
0.02152
0.01261

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

SWEET GAS
VAPOR

6562.725
107.737
64.423
1060.000
16.417
10.448
96.977
0.00000
0.00000

6562.725
107.737
2.407
155.431
16.417
96.977
2.579
44762 .531
0.9550
0.02370
0.01228

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

LIQUID

18747 .527
471.975
63.786
1181.200
25.175
97.175
205.888
1.00000
0.00000

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

18747.527
471.975
470.906

2073.336
457.452
25.175
205.888
3.357
1002.270
0.0730
63.5616
0.19141
0.97586

(1) STD VAPOR VOLUME IS 379.38 FT3/LB-MOLE (60 F AND 14.7 PSIA)
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SIMULATION SCIENCES INC.
PROJECT SIMULATION
PROBLEM GTU

————— TOTAL STREAM -----
RATE, KG-MOL/HR
M KG/HR
STD LIQ RATE, M3/HR
TEMPERATURE, C
PRESSURE, PSIA
MOLECULAR WEIGHT
ENTHALPY, MM BTU/HR
BTU/KG
MOLE FRACTION LIQUID
REDUCED TEMP (KAYS RULE)
PRES (KAYS RULE)
ACENTRIC FACTOR
WATSON K (UOPK)
STD LIQ DENSITY, KG/M3
SPECIFIC GRAVITY
API GRAVITY

VAPOR ---------
RATE, KG-MOL/HR

M KG/HR

M M3/HR
STD VAP RATE(1), M M3/HR
SPECIFIC GRAVITY (AIR=1.0)
MOLECULAR WEIGHT
ENTHALPY, BTU/KG
CP, BTU/KG-C
DENSITY, KG/M M3
Z (FROM DENSITY)
TH COND, BTU/HR-FT-F
VISCOSITY, CP

LIQUID
RATE, KG-MOL/HR
M KG/HR
M3 /HR
GAL/MIN
STD LIQ RATE, M3/HR
SPECIFIC GRAVITY (H20=1.0)
MOLECULAR WEIGHT
ENTHALPY, BTU/KG
CP, BTU/KG-C
DENSITY, KG/M3
Z (FROM DENSITY)
SURFACE TENSION, DYNE/CM
THERMAL COND, BTU/HR-FT-F
VISCOSITY, CP

PRO/II

57.974
1.427
2.858

88.029

106.000

24.621

0.640
448,245

0.0000

1.3110

0.1021

0.0956

12.770

499.501

0.5000

151.504

57.974
1.427
0.236
1.373
0.850

24.621

448 .245
1.494
6053.655
0.9898
0.01948
0.01477

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

VERSION 3.32

778.341
29.992
36.583
52.000
22.000
38.533
13.770

459.131
0.0000
0.9134
0.0165
0.2005

8.731

819.843
0.8207
40.924

778.341
29.988
13.786
18.434

1.330
38.528
459.191
0.908
2175.318
0.9938
0.01109°

0.01526

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

FD OUT
LIQUID

19441 .117

500.387
492 .456
88.029
106.000
25.739
104.127
208.092
1.0000
0.5625
0.0362
0.3894
8.823
1016.104
1.0171
7.620

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

19441 .117

500.387
538.048
2368.952
492 .456
1.0171
25.739
208.092
3.326
930.004

6.7355E-03

57.2437
0.15314
0.55255

(1) STD VAPOR VOLUME IS 379.38 FT3/LB-MOLE (60 F AND 14.7 PSIA)
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SIMULATION SCIENCES INC.
PROJECT SIMULATION
PROBLEM GTU

TOTAL STREAM
RATE, KG-MOL/HR
M KG/HR
STD LIQ RATE, M3/HR
TEMPERATURE, C
PRESSURE, PSIA
MOLECULAR WEIGHT
ENTHALPY, MM BTU/HR
BTU/KG
MOLE FRACTION LIQUID
REDUCED TEMP (KAYS RULE)
PRES (KAYS RULE)
ACENTRIC FACTOR
WATSON K (UOPK)
STD LIQ DENSITY, KG/M3
SPECIFIC GRAVITY
API GRAVITY

VAPOR

RATE, KG-MOL/HR
M KG/HR
M M3/HR

STD VAP RATE(1), M M3/HR

SPECIFIC GRAVITY (AIR=1.0)

MOLECULAR WEIGHT

ENTHALPY, BTU/KG

CP, BTU/KG-C

DENSITY, KG/M M3

Z (FROM DENSITY)

TH COND, BTU/HR-FT-F

VISCOSITY, CP

LIQUID
RATE, KG-MOL/HR
M KG/HR
M3 /HR
GAL/MIN
STD LIQ RATE, M3/HR
SPECIFIC GRAVITY (H20=1.0)
MOLECULAR WEIGHT
ENTHALPY, BTU/KG
CP, BTU/KG-C
DENSITY, KG/M3
7 (FROM DENSITY)
SURFACE TENSION, DYNE/CM
THERMAL COND, BTU/HR-FT-F
VISCOSITY, CP

R
PRO/II VERSION 3.32
OouUTPUT

MIXED

19441.117
500.387
492 .456
104.000

91.000
25.739
133.747
267.285
0.9980
0.5874
0.0311
0.3894
8.823
1016.104
1.0171
7.620

38.680
1.376
0.190
0.916
1.228

35.576

585.825
1.032
7234.727
0.9839
0.01402
0.01710

19402.438
499.011
548.775

2416.179
490.721
1.0179
25.719
266.407
3.337
909.318
5.6591E-03
54.4781
0.15447
0.43093

MIXED

19441.117
500.387
492 .456
103.605

81.000
25.739
133.747
267.287
0.9968
0.5868
0.0277
0.3894
8.823
1016.104
1.0171
7.620

63.016
2.244
0.348
1.492
1.230

35.618

607.853
1.025
6447.267
0.9849
0.01380
0.01705

19378.104
498.142
546.696

2407.028
489.673
1.0183
25.706
265.752
3.339
911.187
5.0297E-03
54.6032
0.15520
0.43428

LIQUID

18662.775
470.396
455.876
122.145

28.396
25.205
190.081
404.085
1.0000
0.6045
9.4918E-03
0.3973
8.829
1031.851
1.0329
5.497

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

18662.775
470.396
490.597

2160.032
455.876
1.0329
25.205
404.085
3.480
958.823
1.5659E-03
52.9199
0.19252
0.36410

(1) STD VAPOR VOLUME IS 379.38 FT3/LB-MOLE (60 F AND 14.7 PSIA)
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455 .87
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SIMULATION SCIENCES INC.
PROJECT SIMULATION
PROBLEM GTU

TOTAL STREAM
RATE, KG-MOL/HR

M KG/HR
TEMPERATURE, C
PRESSURE, PSIA
MOLECULAR WEIGHT
ENTHALPY, MM BTU/HR

BTU/KG

MOLE FRACTION LIQUID

MOLE FRACTION FREE WATER

TOTAL VAPOR
RATE, KG-MOL/HR

M KG/HR

M M3/HR
STD VAP RATE(1), M M3/HR
MOLECULAR WEIGHT
ENTHALPY, BTU/KG
CP, BTU/KG-C
DENSITY, KG/M M3
Z (FROM DENSITY)

THERMAL COND, BTU/HR-FT-F

VISCOSITY, CP
----- TOTAL LIQUID
RATE, KG-MOL/HR

M KG/HR

M3/HR

GAL/MIN
STD LIQ RATE, M3/HR
MOLECULAR WEIGHT
ENTHALPY, BTU/KG
CP, BTU/KG-C
DENSITY, KG/M3
Z (FROM DENSITY)
SURFACE TENSION, DYNE/CM
TH COND, BTU/HR-FT-F
VISCOSITY, CP

(1) STD VAPOR VOLUME IS 379.38 FT3/LB-MOLE (60 F AND 14.7

R
PRO/II VERSION 3.32
OUTPUT

STREAM SUMMARY

LIQUID

18747.527
471.975
61.000
81.200
25.175
92.775
196.566
1.00000
0.00000

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

18747 .527
471.975
470.086

2069.725
457 .452
25.175
196.566
3.352
1004.019
5.0528E-03
64.0143
0.19120
1.04540

31

LIQUID

18747 .527
471.975
63.786
1191.200
25.175
97.175
205.888
1.00000
0.00000

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/a

18747.527
471.975
470.906

2073.336
457 .452
25.175
205.888
3.357
1002.270
0.0736
63.5616
0.19141
0.97586

WATER

77.421
1.395
57.000
1074.000
18.015
0.324
231.958
1.00000
1.00000

N/A
N/A
N/A
N/A
N/a
N/A
N/A
N/A
N/A
N/A
N/Aa

77.421
1.395
1.416
6.236
1.397

18.015

231.958
3.942
984.723
0.0494
66.9626
0.37430
0.48519

PSIA)
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DRY VAP

7304.5
137.4
56.0
1074.0
18.8
16.9
123.5
0.000
0.000

7304.5
137.4
2.4
173.0
18.8
123.5
2.2
55636.4
0.91
0.021
0.012
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SIMULATION SCIENCES INC.

PROJECT SIMULATION
PROBLEM GTU

----- TOTAL STREAM -----

RATE, KG-MOL/HR
M KG/HR

TEMPERATURE, C
PRESSURE, PSIA
MOLECULAR WEIGHT
ENTHALPY, MM BTU/HR

BTU/KG
MOLE FRACTION LIQUID

MOLE FRACTION FREE WATER

----- TOTAL VAPOR ------

RATE, KG~-MOL/HR
M KG/HR
M M3/HR

STD VAP RATE(1), M M3/HR

MOLECULAR WEIGHT
ENTHALPY, BTU/KG
CP, BTU/KG-C

DENSITY, KG/M M3
Z (FROM DENSITY)

THERMAL COND, BTU/HR-FT-F

VISCOSITY, CP

----- TOTAL LIQUID -----

RATE, KG-MOL/HR
M KG/HR
M3/HR
GAL/MIN
STD LIQ RATE, M3/HR
MOLECULAR WEIGHT
ENTHALPY, BTU/KG
CP, BTU/KG-C
DENSITY, KG/M3
Z (FROM DENSITY)

SURFACE TENSION, DYNE/CM

TH COND, BTU/HR-FT-F
VISCOSITY, CP

(1) STD VAPOR VOLUME IS 379.38 FT3/LB-MOLE (60 F AND 14.7 PSIA)

R PAGE P-
PRO/II VERSION 3.32 386/
OUTPUT M. MOTAG

STREAM SUMMARY 1376/7

WATER

94 .455
1.702
40.000
1080.000
18.015
0.281
165.035
1.00000
1.00000

N/A
N/A
N/A
N/A
N/A
N/A
N/a
N/A
N/A
N/A
N/A

94 .455
1.702
1.715
7.552
1.704

18.015

165.035
3.937
992.109
0.0519
69.5942
0.36373
0.65130
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ABSTRACT

Corrosion in amine system is one of the most important problems in sour
gas treating plants. In this research, after reviewing types of possible corrosion in
amine systems, the effect of process parameters like temperature, amine kind and
concentration, amounts of H2S and CO2 in sour gas, solution acid gas loading, and
entered or formed impurities are discussed.

Becouse of the extensive usage of Diethanolamine (DEA) in gas treating
plants, the corrosion in this amine system needs to much heed. Therefore,
corrosion in Shaheed Hasheminejad gas sweetening plant was considered and
after doing site corrosion tests by coupon installation and inspection of amine
system equipments, some corrosion problems such as erosion - corrosion at
entrance end of rich - lean amine heat exchangers, corrosion in reboilers vapor
line and bottom tray of regeneration columns, crevice corrosion in wear rings of
amine circulating pumps, crevice and erosion corrosion in the amine circulating
pumps body, and severe general corrosion in amine drain sumps were identified.
Then the sweetening units were simulated by PRO-I1 package and samples of
circulating solutions, accumulated sluge and corrosion products were analysed.

According to the simulation results, samples analyses and design parameters
studies, the mechanism of corrosion at any point was found. Unproper design of
amine flash drum and breakout vapors in turbulencies near the tube sheet of the
rich-lean amine exchangers, large amounts of amine degraded products, heat
stable amine salts, elemental sulfur and suspended solids in amine solutions were
the main cuases of above corrosion problems. In order to control these problems,
some recommendations are offered as follows:

1 - Revamping the rich-lean amine exchangers tubesheet.

2 - Installation of a new flash drum with at least 5 min. retention time.

3 - Use of 316N and 317L stainless steels for circulating pumps wear rings and
some sections of the pumps body.

4 - Installation of a new 5 micron mechanical filter on rich solution stream.

5 - Installation of a L/G coalescer on sour gas stream to absorption columns.

6 - Addition of caustic to the plant solutions to control total heat stable salt level
up to 0.5% of solution.

7 - Prevention of O2 enteranc into the amine system.

8 - Conforming to the literature - recommended maximum rich amine loading (0.5
moles of acid gas per mole of DEA).
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