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SUBJECT CO2 Absorber and wash column section HEETS

1. PURPOSE OF CALCULATION:

Sizing of the CO2 Absorber,MV-101,MV-102 based on the design basis and bechtel standard guides

2. METHODOLOGY:

Heat and material balances developed for Normal case - reclaimer and without reclaimer operation by Bantrel were used in this calculation.

All other cases are within +-10% of the Normal case. The Summer Turndown case is 60% of the Normal case and so 60% will be taken as Turndown
Column Diameter was calculated using two programs KG tower and Sulcol. Using conservative approach larger diameter was

used to fix the diameter of the column.

The height of the column was worked out based on:
Residence time of 6 mins for rich amine in column bottom (LLL - HLL).
Residence time of 5 mins for wash water in pan (LLLL - HHLL). (3 mins LLL-HLL)

3. COLUMN DIAMETER:
3.1 Software calculation
Basis of flows for diameter calculation
Largest liquid flow - stream 300 divided for 2 absorbers
Largest vapour flow - stream 100/200

The results of the KG-Tower and Sulcol are tabulated below:

Program Column Diameter Flooding System |HETP Height
Tag No. mm Internals Limit % Factor m
KG Tower |MV-101/102 # FLEXIPAK 250 YHC 0.8 0.8 2.0
structure packing
Sulcol MV-101/102 # Mellapak 170X 0.8 0.8 2.0
structure packing

The selected column diameter is 11802 mm say 11810 mm
# - values obtained from vendor software and subject to confidentiality agreement between Bechtel and vendor

The turndown capability of the packing is 50% of the Normal Case and so satisfies the 60% turndown requirement
specified above.

For the wash water section, a system factor of 1.0 is applied.

For the top wash water bed, stage 1, structured packing is installed but the capacity requirements are lower,
which may result in a different selection to that listed above for the bulk of the column

The liquid load of the top bed is 0.26 m3/h/m2 which exceeds the minimum loading of 0.2 m3/h/m2.



CALCULATION SHEET

CALC NO. Bechtel:25474-000-M4C-CN-00003

SIGNATURE  MJC DATE
PROJECT CO2 KARSTO
SUBJECT CO2 Absorber and wash column section

4. COLUMN HEIGHT:

4.1 Liquid Levels:

Flow Rate Variations in absorber liquid level will reflect the overall water
Density o balance in the amine system and allow the operator to adjust
Volume Flow 1209 m3/h lean amine or water wash temperatures in order to hold levels

Column Diameter m constant at a given feed gas flow and temperature. Note that

CSA 109.5 m2 a liquid equalizing line between the absorbers dampens
liquid level changes between the two absorbers.
Calculated Actual Vol Hold up Vol  Hold up
mm mm (m?) (m®) min
HHLL (from BTL) 1772 1 1 min holdup time between HHLL and HLL
HLL (from BTL) 1688 6 6 minutes required
NLL (from BTL) 1036
LLL (from BTL) 484 1 1 min holdup time between LLLL and LLL
LLLL (from BTL) 300

4.2 Liquid Levels on Wash water draw-off:

Vapor Flow Rate (Stream 103 in H&B balance)

Density

Volume Flow 1121405 m3/h

Column Diameter 1181 m

CSA Tower 109.5 m2

Chimney area= % of X-sec area 20% (Bantrel B-501-SlI, note 2)
Total CSA Chimney area 21.9 m2

Diameter of 1 chimney 53 m

Velocity through total chimney area 14.22 m/s

Limiting the chimney diameter to 1.0 m

CSA per chimney 0.8 m2 '28 Chimneys)

Clearance b/t plate and chimney to 0.250 m clearance= vapor exit area = chimney area (Bantrel B-501-Sl, note 3)
limit the gas velocity to 14.22

Excess water draw rate (Stream 101+102)

Density

Volume Flow 1455 m3/h

Chimney height = controllable height +Buffer volume

5% of packed volume 329 m3
Buffer Height 375 mm
Total chimney height 1911 mm (Buffer + levet control height)

Level Control on draw off tray:

mm| min
HHLL 1536 5.0
HLL 1259 4.0
NLL
LLL 429 1.0

LLLL 152 152mm -6"min
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4.3 Column
Height above Demister 1181 mm > 305 mm or 10% D Bantrel B-505-SI
Demister 150 mm /\
Nozzle N2 152.4 | f1 E
Manway 30" 762
Liquid distributor
From Demister to Bed1 1520 |mm
Bed 1 height - 2000  |mm
Lattice support 1500 |mm
Nozzle N3 508 |
Manway 30" 762
Liquid distributor
From Lattice support to Bed2 1520  |mm
Bed 2 height 4000  |mm
Lattice support 1500 |mm
Height above chimney 750 mm min. 12" Bantrel B-504-IMP or 0.75 dr
Clearance between plate and top 250 mm
Chimney Height 1911 mm
Nozzle N4 508
Manway 30" 762
Depth forDraw-off par 762 for 20" nozzle, 30" 3DG B10017
From draw-off tray to Demister 1181 mm > 305 mm or 10% D Bantrel B-505-S1
Demister height 150
From Demister to Bed3 1520
Bed 3 height 2000 |mm
Lattice support 1500 |mm
Nozzle N5 406.40
Manway 30" 762
Liquid distributor
From Lattice support to Bed4 1520  |mm
Bed 4 height 8000 |mm
Lattice support 1500 [mm
Nozzle N6 203.20
Manway 30" 762
Liquid distributor
From Lattice support to Inlet duct 1500 |mm
Inlet Duct 6200 |mm Plot Plan
Height above HHLL to Inlet Duct 1157  [mm
Nozzle N9 deleted
Height for level control 1800 [mm

Total height (T/T)
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5.0 Column Tray Efficiencies:

Theoretical Stages HETP Height m
Wash Water 3 2.00 6.0
CO2 Absorber 5 2.00 10.0
Column Tray Section
Bed 1 2000 mm Wash water
Bed 2 4000 mm Wash water
Bed 3 2000 mm Amine
Bed 4 8000 mm Amine

6.0 Pressure Drops:

Pressure Drop through Packed beds 3.43 mbar/m

Tota Height of Packed Beds 16 m

Total Pressure drop 54.88 mbar

Mass flow Density (Kg/m3) Velocity Pressure
(Kg/hr) Liquid Gas (m/s) Drop

outlet nozzle 1206228 1.08 18.97 0.097 kPa |
top demister 1206228 1.08 2.84 0.437 kPa
Chimney Tray 1206228 1.08 14.22 0.435 kPa
mid demister 1206228 1.08 2.84 0.437 kPa
Inlet Duct 1.000 kPa Assumed
Packed Bed 1296910 1.139 5488 'kPa

liquid distributor 1296910 1.139 2.89 0.019 _ kPa
AP 791 kPa |
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7.0 Nozzle Sizes.

N1:Vapor Qutlet nozzle

Min stack exit velocity should be 1.5 times expected wind velocity, which rarely exceeds 12 m/s ij ]

Case Normal Flow / No Margin
Flow  (Stream 103/203) 1206228.0 KG/HR
Density 1.08 KG/M*3
Nozzle Diameter 180.00 IN 4572 mm
No of nozzles 1.00
Velocity 18.97 M/S Target 18 m/s
62.25 FT/S 50-150 ft/s
v2 387.2401 Pa
N2: Process Water Nozzle
Case Normal Flow / No Margin
Flow  (Stream 107/207) 27315.0 KG/HR
Density 997.89 KG/M”3 A
Nozzle Diameter 6.00 IN 162 mm
No of nozzles 1.00
Velocity 0.42 M/S
1.37 FT/S 5-10 ft/s
N3 : Wash Water Nozzle
Case Normal Flow / No Margin
Flow  (Stream WWC) 1360777.1 KG/HR
Density 999.86 KG/MA3
Nozzle Diameter 20.00 IN 508 mm
No of nozzles 1.00
Velocity 1.87 M/S
6.12 FT/S 5-10 f/s
N4 A/B: Wash Water Draw Off Nozzle
Case Normal Flow / No Margin
Flow  (Stream 101+102/201+202) 1436722.5 KG/HR
Density 987.76 KG/M*3
Nozzle Diameter 20.00 IN 508 mm
No of nozzles 2.00
Velocity 1.00 M/S
3.27 FTIS max3.8 ft/s for 20" Draw

NS5: Lean Amine Nozzle

Case Normal Flow / No Margin
Flow  (Stream 104/204) 1098654.2 KG/HR
Density 1086.81 KG/MA3
Nozzle Diameter 16.00 IN 406 mm
No of nozzles 1.00
Velocity 2.16 M/S
7.10 FT/S 5-10 ft/s
N6: Semi Lean Amine Nozzle
Case Normal Flow / No Margin
Flow  (Stream 105/205) 273713.7 KG/HR
Density 1142.46 KG/M*3
Nozzle Diameter 8.00 IN 203 mm
No of nozzles 1.00
Velocity 2.05 M/S
6.73 FT/S 5-10 ft/s
N8/N10: Rich Amine Nozzle/ Equalising Line Nozzle
Case Normatl Flow / No Margin
Flow  (Stream 106/206) 1392443.7 KG/HR
Density 1151.40 KG/M*3
Nozzle Diameter 24.00 IN 610 mm
No of nozzles 1.00
Velocity 1.15 M/S
3.78 FT/S 2-4 ftis

N9A/B: Overflow Nozzle

DELETED

Overflow will be protected by instrumentation
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0.0401766
36.3147
63.3397

1.04093E-05
0.288924
0.00128324
4.99811E-07
1.13820E-06
0.000673033

1.39455]

3.83689
3468.08
6048.99
0.000994098
27.5925
0.122550
4.77324E-05
0.000108699
0.0642752

4.21387E-07
8.95682E-07

79.0812

6.02076
3.05340E-08

14.8978
2.84699E-08
2.52992E-11
2.02911E-10
0.000238875

8.87346E-05
0.000188610
16652.7
1267.84
6.42976E-06
313715
5.99512E-06
5.32745E-09
4.27285E-08
0.0503016

5.18681E-07
9.65172E-07

54.8023

10.1926
7.52456E-08

35.0049
4.37488E-08
2.92013E-11
3.58088E-10
0.000156489

0.00283940
0.00528361
300003
55796.9
0.000411915
191627
0.000239493
1.59856E-07
1.96575E-06
0.856662

0

0

80.6626
3.54576

0

15.7915

0

0

0
0.000174250

0

0
71170.2
3128.50
0
13933.2
0

0

0
0.153744

0

o]

56.4596
6.06291

0

37.4774

0

0

0
0.000115299

0

0
1.28215E+06
137684

0

851080

80.6626 80.6626
3.54576 3.54576
0 0
15.7915 15.7915

0 0

0 t]

0 o
0.000174250 0.000174250

0 0
0 0

64053.2 7117.02
2815.65 312.850

0 0

125639.8 1393.32

0 0

0 0

0 0

0.138370 0,0153744

0 0

0 0

56.4596 56.4596
6.06291 6.06291

0 0

37.4774 37.4774

0 0

0 0

0 0
0.000115299 0.000115299

0 0

0 0
1.15394E+06 128215
123916 13768.4

0 1]

765972 85108.0

0 0

0 0

0 0

2.35651 0.261834

°C 50 46,6389 90* 49.9304 52,9211 52,9211 42.7358 54.3194 53.5484 129.383 53.5484 54.3228 48.8889* 107.222* 112.778* 119,656 113.703 113.756 130.769 130.837 130.837
Pressure bar 3.44738* 1.0017 1.0017* 1.08857 4.48079 4.48079 1.01273 3.93964 4.12350 3.43403* 7.63859 6.60438 5.66333 7.63859 3.93964 8.60510* 6.60438 5.57017 4.53595 2,39982* 5.84719 2.56069 6.35281 6.35281
Wole Fraction Vapor % 0 99.9310 100 100 0 0 100 0 0 4] 0 0 0 0 0 0 0 0 0.334353 100 0 0 0 0
Molecular Weight kgfkmol 18.0153 28.1471 28.4622 28.0891 18.2577 18.2577 27.8818 25.0293 25.9965 18.0153 26.0412 26.0412 25.7380 26.0412 25,0287 25.9414 26.0412 26.0412 26.0412 28.8876 25,9965 25.7380 25.7380 25.7380
tass Density kg/m”3 987.395 1.06184 0.944399 1.13909 987.755 987.755 1.07564 1086.81 1142.48 997.894 1151.40 1130.40 1063.38 1151.40 1086.85 1005.13 1135.69 1133.44 557.534 2.17944 1123.78 1062.47 1062.49 1062.49
tdolar Flow kmol/h 3208.34" 91813.9 89044.3 46171.3 74531.8 4159.64 43262.2 43894.7 10528.9 325* 106942 855563.3 79408.8 21388.3 87728.1 61.3206 21388.3 21388.3 21388.3 330.594 21057.7 88232.0 79408.8 8823.20
Mass Flow kg/h 59420.6"| 2.58430E+06| 2.563440E+06*]  1296910.3 1360777.1 75945.39 1206228.0 1098654.0 273713.7{ 5854.966*| 2.78489E+06] 2.22791E+06{ 2.04383E+06 556977| 2.19572E+08 1590.74 556977 556977 556977 9550.08 547427 2.27092E+06] 2.04383E+06 227092
Std Vapor Volumetric Flow  mA3/h 78139.2] 2.17511E+06]| 2.10950E+06 1093819.0 1765690.8 98543.75 1024901.1 1039885.6 249433.5] 7699.3944%| 2.53349E+06] 2.02680E+06| 1.88123E+06 506699| 2.07832E+06 1452.71 506699 506699 506699 7831.93 498867 2.09026E+06] 1.88123E+06 209026
Std Liquid Volumetric Flow  Sm~3/h 59.479 30124 2962.1 1510.8 1362.7 76.06 1406.0 1105.3 278.0f 5.8607277* 2834.8 2267.9 2056.8 566.96 2209.0 1.5780 566.96 566.96 566.96 10.871 556.09 2285.4 2056.8 228.54
Specific Gravity 0.988329 0.983118 0.970229 0.988689 0.088689 0.963068 1.08784 1.14354]  0.998837 1.15249 1.13147 1.06439 1.15249 1.08788 1.00608 1.13676 1.13451 0.997811 1.12484 1.06348 1.06350 1.06350
tass Enthalpy kd/kg -15760.2 -1399.97 -1117.26 -1439.44 -15546.7 -15546.7 -789.457 -11409.1 -11166.1 -15885.0 -11200.2 -10961.0 -10826.5 -11200.2 -11409.6 -10749.1 -11010.0 -10989.0 -109565.8 -10440.0 -10964.4 -10821.3 -10820.8 -10820.8
Dynamic Viscosity cP 0.536833 0.0205100f{ 0.0187202 0.525557 0.525557 0.0186119 1.73945 2.23693 1.01288 2.56018 0.654474 0.493112 2.56018 1.73923 1.83401 0.799477 0.730817 0.0170308 0.703166 0.483929 0.483925 0.483925
Thermal Conductivity Wi(m*C)} 0.637443 0.0293200{ 0.0267124 0.627952?]  0.6279527?| 0.0265493] 0.417995?| 0.387438?| 0.599115} 0.382082?| 0.3951827 0.416430 0.382082? 0.417992? 0.421330 0.394760?7|  0.3950647? 0.0246623 0.3988587 0.416276 0.416280 0.416280
Surface Tension dyne/cm 67.8882 67.0150 67.0150 59.3959 93.0434? 73.8205 93.6747 87.2865 46.1464? 93.6747 59.3948 61.0912 88.9555 88.4980 86.7190 45.9072? 45.8881? 45.88817
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