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Table (1) Specifications of incoming gas at Qaleh Hatam Station

Parameter value

Inlet temperature(°C) 12-26

Outlet temperature(°C) 8-18
Inlet pressure(psia) 500-850
Inlet flow rate(m®/hr) 120000

(J9o 00,30) CGS ol | 41 (6999 H oy S 5 (V) Jgur

Table (2) Composition of the percentage of gas entering the CGS station (molar percentage)

Material

Value

Methane

93.89




Ethane 2.50
Propane 0.38
Iso-butane 0.05
Normal-butane 0.05
Iso-pentane 0.02
Normal- pentane 0.02
ct 0.04
Carbon dioxide 0.61
Nitrogen 2.44
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Figure (1) Schematic of the CGS station simulated in the HYSYS environment.
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Table (3) Material balance for CGS station

Parameter FEED 1 2 3 4 5 Product 3-1
Vapour
Fraction 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000




Parameter FEED 1 2 3 4 5 Product 3-1
Temperature
(°C) 21.00 20.85 20.75 20.70 20.68 20.65 20.62 20.62
Pressure
(psig) 700.0 650.0 550.0 450.0 350.0 300.0 249.8 249.8
Molar Flow | 80.00 80.00 80.00 80.00 80.00 80.00 80.00 80.00
Heat Flow - - - - - - -
(kw)  8.479e+0048.479e+0048.479e+00418.479e+004(8.479e+004(8.479e+004(-8.479e+004 | 8.479e+004
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Figure (2) Gas hydrate formation curve
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Figure (3) Diagram of changes in station outlet temperature depending on inlet flow rate at 700 psia pressure
and 21 degrees Celsius temperature
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Figure (4) Diagram of changes in outlet temperature and heater energy requirements depending on inlet
pressure at a flow rate of 70842 m’/hr
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Figure (5) Diagram of changes in heater energy requirements depending on inlet pressure at 82649m>/hr
MMSCEFD flow rate and different temperatures
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Table (4) Values related to maximum and worst-case capacity conditions

@la 9 O bl o 5oy 9 ST Cud b byl ol 4 b po polie (F)Jguer

Overall

Quantit Thermal | Heate | Later | Gas Initial Ambient Gas inlet Gas Water
y heat resistan r al mas | temperatu | temperatu | temperatu heat heat
transfer | ce of the | water | area s re of re re capacit | capacit
coefficie shell mass | of gas | flow heater y y Unit
nt of coil rate water
heater
Unit | Kw/m?.° ° Clw kg m? Kg/ °cC °cC °cC ikg.° ikg.°
Cc S Cc Cc
Value 0.568 0.0418 | 12560 27 5.7 45 -29 5 2750 4200
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Figure (6) Diagram related to modeling maximum station capacity conditions
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Figure (7) Replacing the shell and tube heat exchanger with the heater
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Figure (8) Changes in inlet temperature to the regulator and the amount of energy required to prevent
hydrate formation in the boiler depending on inlet pressure
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Figure (9) Comparison of shell and tube exchangers with indirect heaters
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Figure (11) Diagram of changes in outlet temperature from station to inlet temperature (94389 m>/hr)
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Figure (13) Schematic of CGS station with turbine replaced by regulator
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Figure (15) Schematic of CGS station with three regulators in series
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Table (5) Material flow balance for placing 3 series regulators instead of 1 regulator

Parameter FEED 1 2 3 4 4-1 4-2
Vapor Fraction | 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000
Temperature (°C) 15.00 17.50 19.80 21.20 23.73 23.73 23.73
Pressure (psig) |  700.0 600.0 450.0 350.0 250.0 250.0 250.0
MU 80.00 80.00 80.00 80.00 80.00 80.00 80.00
(kgmole/h)
"iq“i‘gn:ﬁ;’r:j Flow! 4 0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
Heat Flow (kW) | -8.479¢+004 | -8.479e+004 | -8.479¢+004 | -8.479e+004 | -8.479¢+004 | -8.479¢+004 | -8.479e+004

69,9 ,Liad g ol Kol a0 VO L ol oK) 44 (699,9 (sloo ST el 00l asrie YU Jgu> a5 jghailes
4> ,923.73 L il bo,ed5, 4y (695,5 sles wub wil AFFAF M3/Nr gog)5 20 5 A+ - PSIA L il
Jesis Ol jaus o] (29,5 ;o U ail o Kiblo ax 0 O L ply ois! 5l 29,5 sloo b ol o Sl
ogde |5 bl cod (golaidl 0 )5 18 po LS )0 (5 pw &jg0 4y )W) a5 g )l (pl a0 00,55
0l W) S 1 YL b by gdS ) 4 (6999 sles liee )W) (g IS ale s 450

el o0 o0l Lzi(16) ISs o 195, S sl ilan Do 4 e, Y5l solial Ssled

J

_?_,E(E)Gq ?.

Filter
PIPE-100 MO-100

FIFE-101 PIPE-102

~L. ~- " ] T

REG-2
TEE-100

GSilao & g0 4 ey dw b ol o CGS oKt | Silosls (V£) Sl
Figure (16) Schematic of CGS station with three regulators in parallel
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Table (5) Material flow balance for placing 3 parallel regulators instead of 1 regulator

Parameter FEED 1 2 5 Product 3 3-1
Vapor Fraction 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000 1.0000

Temperature (°C) 15.00 15.00 23.73 23.50 5.50 5.50 5.50
Pressure (psig) 700.0 695.0 690.0 690.0 249.8 250.0 250.0

Mass Flow (kg/h) 1.280e+003| 1.280e+003| 1.280e+003| 1.280e+003| 1.280e+003| 1.280e+003| 6.400e+002

Liquid Vol Flow (m3/h)| 0.000e+000| 0.000e+000| 0.000e+000| 0.000e+000| 0.000e+000| 0.000e+000| 0.000e+000

Heat Flow (kW) -8.479e+004| -8.479e+004| -8.420e+004| -8.420e+004| -8.510e+004| -8.510e+004| -4.255e+004
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Table (6) Technical and economic analysis of proposed scenarios

Operation Annual Most
Technical Investme and Savings Paybac | Suitable
. Technical Consideratio - Maintenanc - g k Applicatio
Scenario . nt (billion (billion .
Benefits ns and IRR) e Cost IRR/Vear Period n
Limitations (billion )y (years) | Condition
IRR/year) S
Elimination
of f i .
uel_ R_equlres Stations
consumption | precise control .
. with an
Heater , reduction in | of the outlet inlet
L pollutant temperature 0 0 63 0
Elimination . . temperatur
emissions, | and prevention
e above 21
and lower of hydrate oC
maintenance formation
costs
Improved
heat transfer .
Replaceme efficienc Design must
nt of the 4 be based on Stations
Heater with reduced flow rate with stable
energy ' 130 11 130 1 .
a Shell-and- consumption pressure, and operating
Tube Heat ang allowable loads
] ressure dro
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Eliminati .
|m|n§t|on Feasible .
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. provided that .
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MEG environment the dew point suitable
. . is controlled 50 0 20 25
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. formation is .
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prevented
costs
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El .
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