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Appendix C _.

This appendix is a compilation of work done to predict overall cycle performance
from gasifier to generator terminals. A spreadsheet has been generated for each case to
show flows within a cycle. The spreadsheet shows gaseous or solid composition of flow,
temperature of flow, quantity of flow, and heat content of flow. Prediction of steam and
gas turbine performance was obtained by the computer program GTPro. Outputs of ali
runs for each combined cycle reviewed has been added to this appendix. A process
schematic displaying ali flows predicted through GTPro and the spreadsheet is also added
to this appendix. The numbered bubbles on the schematic correspond to columns on the
top headings of the spreadsheet.
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GTPRO 3.31 Michael Brown 10-15-1990 II:10:03
IGCC 53 - 50 MW COGEN CYCLE
GENERAL ELECTRIC LM 5000 PC

ESTIMATED G.T. SITE PERFORMANCE

Fuel=Fuel G.T. @ 100 % rating, XIGV= 0

Site arnbient conditions: 14.7 psia, 59 F, 60 "_ RH
Inlet loss-- 4 inch H20, exhaust loss= 10 inch H20

Evap. inlet cooler to 0 % RH.

G.T. DEVIATION FROM NOMINAL, CLEAN ENGINE

Cr0rnpressor inlet airflow % reduction = 0

Compressor efficiency reducti0z.n Y. = 0

Turbine efficiency reduction % = 0
Maxirelunl firing temperature excess over base l,_nad = 0 F

Cc.rnbustor % pressure loss (0 means norninal value) = 0

Combustor inefficiency + heat loss % (0 nleans nominal value) = 0
Cooling air- increase % (0 rneans norninal value) = 0
Pr,z°cess air bleed 10:0cati°z°n(0 means none) = 1
Pr°-,cess air bleed % ,-°finlet = 8.94

I

# Model PR TIT TET Mair kWe H.R. LHV Mex N2+Ar 02 C02 H20

F F kpph BTU/kWh kpph % % % %

LM/TG5000PC 25.8 2190 848 962 33690 10133 1003 75.38 14.20 5.03 5.39

Fuel flow = 126 kpph

Fuel pressure reqd.= 50T psia, compressor power= 1720 kWe
G.T. auxillary power = 169 kWe.

ESTIMATED G.T. CYCLE

STREAM TEMP. PRESS. MASSFLOW M.W. MOLE COMPOSITION %

F psia kpph N2+Ar 02 C02 H20

Anlbient air in 59 14.70 962.44 28.75 78.--'_ 20.74 0.03 1.01

. _ 20.74 0.03 1 01Cornpr inlet 59 14.55 962.44 28.75 78. °.=
Turbine coolant misc. 165.02

Process air bld 945 375.62 86.04 28.75 78.22 20.74 0.03 1.01

Cornpr. disch. 945 375.62 711.37 28.75 78. ':'°_ 20.74 0.03 1.01
Turbine inlet 2190 360.59 837.64 28.87 74.82 12.91 6.01 6.26

Turbine exhaust 848 15.06 1002.67 28.85 75.38 14.20 5.03 5.39

Cornpress,:,r= 61599 Turbine= 96324 Mech. loss= 347 kW

Turbine coolant= 17. 1% compr in

GT specific pc°wer @ gen term= 35 kW per- kpph
GT efficiency @ gen terrn= 30.99 % HHV = 33.68 % LHV

i
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GTPRO 3.31 Michael Brown 10-15-1990 Ii:10:03 Gas Turbine p. 2

GAS TURBINE/GENERATOR HEAT BALANCE

Energy irl = 106601 BTU/s

Inlet air Irslet air Water Steam Fuel

Sensible Latent Inj. Inj. HHV

1760 1780 0 0 103061

Energy out = 107151 BTU/s

Ir_cor_Ipl ce,mb GT Mech. Gearbox Generator Exhaust Exhaust Electric Proc
& carcass rad Losses Loss Loss Sensible Latent Output Air

522 221 0 658 58313 9853 31934 5651

Zero er_thalpy: dry gases & liquid water @ 32 F (273. 15 K)
Heat Balar_ce Errc, r = Ir_- Out =-550 BTU/s =-.516 "/.



GTPRO 3.31 Michael Brown 10-15-1990 11:10:09 Steam cycle p.l
IGCC 53 -50 MW COGEN CYCLE

ERAL ELECTRIC LM 5000 PC

Je: 6 Subtype: 2 Induction

P T h m UA Q A

psia F BTU/Ib kpph BTU/s-F BTU/s sq. ft

Cnd rtrn 0.74 87.57 55.58 126.053

Stm rtrn 17.89 250.00 218.49 5.250

Makeup 17.89 80.00 48.02 4.028 (Includes .322 kpph for desup)

FW supl 17.89 93.72 61.70 135.009
LTE 135.009 15 2107 6493
from LTE 17.20 150.00 117.88 135.009

LOb 9.824 33 2635 13580
water bleed 18.810

htd. FW 17.20 220.00 188.13 116.199

HPFW 1011.93 220.80 191.91 86.532
HPE1 86.532 51 3051 21953

6 973.01 343.99 318.85 0.000
HPE2 86.532 10 1195 4105

7 954.30 388.76 368.55 0.000
HPE3 86.532 49 3407 20488

8 935.58 516.40 510.29 0.000
Blwdn 935.58 536.40 532.50 1.697
HPB 84.836 183 16146 69688

9 935.58 536.40 1194.99 0.000
1 84.836 0 0 0
10 935.58 536.40 1194.99 0.000

HPS2 84.836 44 4819 21414
11 899.60 806.00 1399.50 0.000

Into HPT 865.00 800.00 1397.61 84.836
bef addn 450.00 657.33 1338.96 84.836
HPT addn 450.00 457.00 1205.71 18.810

aft addn 450.00 613.81 1314.78 103.646
HPT bid. 260.00 515.99 1274.15 6.678

Desuperhtr 0.322
HPT proc 250.00 420.00 1214.85 7.000
HPT exit 115.00 376.10 1211.52 96.968

IPFW !29.36 220.09 188.56 29.667
IPE 29.667 12 878 5138

1 124.38 _._'_ 99 295. 1 °_ 0.000
Blwdn 124.38 343.99 315.62 0.582

IPB 29.085 101 7248 39973
2 124.38 343.99 1191.86 0.000

IPS1 29.085 2 206 860
3 124.38 388.76 1217.31 0.000

IPS2 29.085 12 636 6101
4 119.60 536.40 1296.04 0.000

lO .................exit 0.74 91_ 57 974.81 126.053
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GTPRO 3.31 Michael Brown 10-15-1990 11:10:09 Steam cycle p. 2

STEAM TURBINE

No. ,0f steps Exit Quality Efficiency(%) Work (kW)

To HPT additn 2 1.174
To HPT bleed 2 1.087

To HPT exit 4 1.024 79.33 4472

To LPT exit 13 0.878 77.42 9439

Gross power = 13911 kW. Mech/Elect losses = 556 kW.
Generator output = 13355 kWe. ST auxiliaries = 93.5 kWe

Boiler feed pumps = 111 kWe

CONDENSER

P T h rn

psia F BTU/Ib kpph

LPT exit 0. 7365 91.57 974.81 126.05

Sat urat ion 0. 7365 91.57
Condensate well 0. 7365 87.57 55.58 126.05

Cool ing water in 65.00 7724.80

_ling water out 80.00 7724.80

Number of passes= I UA= 1787 BTU/s-F Surface area = 8739 sq. ft
Tubes: OD = 1 in Length= 38.6 ft number= 865

Cooling water: Velc,city= 9 ft/s DP = 9.02 psia Pumps = 87. i kWe.

STEAM CYCLE HEAT BALANCE

Energy in = 74932 BTU/s

GT Exhaust GT Exhaust Duct Burner Makeup+Proc Pump External
Sensible Latent Fuel HHV Return Work Steam

583 !3 9853 0 372 94 6300

Energy out = 74932 BTU/s

Heat Blow Mech/Elec Stack Stack Condnsr Process GT Proc. Electric

Radiated down Losses Sens. Latent C.W. St eai_1 Injec. Water Output

798 302 527 15262 9853 32187 2362 0 983 12658

c, enthalpy: dry gases & liquid water @ 32 F (273. 15 K)
Balance Error = In - Out =-.312 BTU/s = 0 %



GTPRO 3.31 Michael Brown 10-15-1990 11:10:09 Steam cycle p. 3

HRSG GAS-SIDE PROFILE

Gas Tg F Tw F DT F Qg/UA DELTA P UA Qg Vg Tube Lngth
HP/lP HP/lP F inch H20 BTU/s-F BTU/s ft/s Rows ft

1 843,8 806.0 37.8
110.0 1.2 44.2 4867.6 56.9 4.5 1.9

778.7 536.4 242.3

2 778.7 536.4 242.3
89.1 3.4 183.0 16307.2 50.5 14.8 6.1

556.4 536.4 20.0

3 556.4 516.4 40.0
3 556.4 536.4 20.0

66.3 1.1 61,6 4083.4 44.2 5.6 2.3
499.7 388.8 110.9
499.7 388.8 110.9

4 499.7 388.8 110.9
4 499.7 388.8 110.9

123.0 0.2 11.5 1414.3 42.5 1.1 0.4
479.9 344.0 136.0
479,9 344.0 136,0

5 479.9 344.0 136.0
72.7 1,5 100.7 7320.7 39.8 8.5 3.5

377.0 344.0 33.0

6 377.0 344.0 33.0
6 377.0 324.0 53.0

63.0 0.9 63.0 3968.6 36.2 5.7 2.4
320,7 220.8 99.9
320.7 220.1 100.6

7 320.7 220.0 100.7
80.2 0.4 33.2 2660,9 34.1 2.9 1.2

282.7 220.0 62.7

8 282.7 150.0 132.7
145.3 0.2 14:6 2127.9 32.6 1.4 0.6

252.3 93.7 158.6

Duct burner fuel= • kpph
Gas mole composition: 75.4 %N2+Ar 14.2 %02 5.03 %C02 5.39 %H20 .002 %S02
Flue gas dew point = 94 F M.W.= 28.8

HRSG TOTALS Economisers Evaporators Superheaters TOTAL

Q BTU/s 10638 26028 5661 42327
UA BTU/s-F 137 317 58 512

a_ _ _ 5_178 !_'_4! 28375 209794

Prime surface= 12204 fin surface= 197589 sq. ft. Averaged fin eff.= .721
HRSG frontal area = 312 sq. ft. Gas mass flux= 6.37 kpph/sq, ft
HRSG length = 18.5 ft, 44.4 tube rows, 749 ft of tubes per row.
2 in dia. tubes with serrated fins, staggered arrangement.
Find thickness/dia.= .03 , height/di,.= .4 , spacing/di,.= .07
Tube transverse pitch/di,.= 2.5 , row longitudinal pitch/di,.= 2.5



E _ 5MO PC

Watercooling

airtocoalratio 2.41 airpressure 375 Cpair 0.2_
Natercoalratio 0.251 airtemperature 945 CpNater1.000
airtowaterratio 9.50 watertemperature 80 Cpsteam0.455

Ib Nt5 toolstool5 partial
pressure

air 9.6090.57_0.3385.74_321.53
water I._ 9.43_0.06 14.26553.47 sattemp 265

TemperatureofcombinedstreamenteringboostLx_mpressor

J 460.15F satpressure 247psia Rel.Hum.21.655

i Temperatureofstreamexitingcompressor(855compefr)

Tf = Ti + (Tilrr*{(PflPi)"((k-1)lk)_l})

i Nhere

i Ti - inlet tNperature - 400.15F - 660.15R
n - efficiency- 85._
k - ratioofspecificheat@ constantpressuretospecific

:m tospecificheat@ constantvolume 1.384

i Pf- final 450psiapressure

i Pi - initial pressure 375 psiaTf= 452.66F
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GTPRO _?._I_ Michael Br,z,wn 10-15-1990 i I._I:13"
CC 55 - 50 MW COGEN CYCLE
IERAL ELECTRIC LM 6000

ESTIMATED G.T. SITE PERFORMANCE

Fuel=Fuel G.T. @ 100 % ratir, g, XIGV= 0

Site ar_bient conditions: 14.7 psia, 59 F, 60 % RH
Inlet loss= 4 inch H20, exhaust loss= 10 inch H20
Evap. inlet cooler to 0 % RH.

# Model PR TIT TET Mair kWe H.R. LHV Mex N2+Ar 02 C02 H20

F F kpph BTU/kWh kpph % % % %

52 User Def GT 0.0 0 859 891 42385 8640 1026 75.25 13.88 5.27 5.60

Fuel flow = 135 kpph
G.T. aux illary p,-,wer = 0 kWe.

ESTIMATED G.T. CYCLE

STREAM TEMP. PRESS. MASSFLOW M.W. MOLE COMPOSITION %

F psia kpph N2+Ar 02 C02 H20

Ambient air in 59 14.70 890.62 28.75 78.22 20.74 0.03 1.01

. inlet 59 14.55 890.62 28.75 78.22 20.74 0.03 1.01
ne coolant misc. 0.00

Turbine exhaust 859 15.06 1026.07 28.85 75.25 13.88 5.27 5.60

; Conlpressor= 0 Turbine= 0 Mech. loss= 437 kW

!I GT specific power @ gen terrn= 47.6 kW per kpph
i GT efficiency @ gen term= 36.34 % HHV = 39.49 % LHV

!
t

: GAS TURBINE/GENERATOR HEAT BALANCE
Energy in = 113831 BTU/s

Inlet air Inlet air Water Steam Fuel

Sensible Latent Inj. Inj. HHV

1629 1647 0 0 110555

Energy out = 112880 BTU/s

IrJc,-,rslplc,-,mb GT Mech. Gearb,-,x Ger,erator Exhaust Exhaust Electric Proc

& carcass rad Losses Loss Loss Serssible Latent Output Air

509 277 0 828 6061 _-' 10478 40175 0

,_-,enthalpy: ary gases & liquid water @ 32 F (273. 15 K)
Lt Balance Error = In - Out = 951 BTU/s = .835 %



GTPRO 3.31 Michael Brown 10-15--1990 11:31:18 Steam cycle p.l
GCC 55 - 50 MW COGEN CYCLE

IERAL ELECTRIC LM 6000

e: 6 Subtype: _':' Induct ion

P T h rn UA Q A

psia F BTU/Ib kpph BTU/s-F BTU/s sq. ft

Cnd rtrn 0.74 87.57 55.58 1_1_.i_

Stm rtrn 17.72 250.00 218.49 6.450

Makeup 17.72 80.00 48.02 3.344 (Includes .346 kpph for desup>

FW supl 17.72 94.90 62.89 140.581
LTE 140.581 15 2148 6637
from LTE 17.20 150.00 117.88 140.581

LPB 10.230 35 2743 14104

water bleed 20.020

htd. FW 17.20 220.00 188.1 _ 120.561

HPFW 973.57 220.77 191.77 91.701

HPEI 91.701 52 3196 22338
6 945. _°I 342. 54 _17. °_ 0.000

HPE2 91.701 6 751 2510
7 931.44 369. 13 346.71 0.000

HPE3 91.701 57 4094 23587

8 917.68 514.08 507.42 0.000
Blwdn 917.68 534.08 529.60 0.908

HPB 90.793 191 17362 72514

9 917.68 534.08 1195.63 0.000

1 90.793 0 0 010 917.68 534.08 1195.63 0.000
HPS2 90.793 42 5151 20189

11 890.95 806.00 1399.87 0.000

Into, HPT 865.00 800.00 1397.61 90.793
bef addn 500.00 673.58 1345.06 90.793
HPT addr, 500.00 466.58 1205.38 20.020
aft adan 500.00 628.54 1319.82 110.813
HPT bid. 257.50 502.67 1266.76 8.254

Desuperhtr 0.346

HPT proc 250.00 420.00 1214.85 8.600
HPT exit 115.00 359.02 1201.10 102.559

IPFW 125.66 220.09 188.55 28.860

IPE 28.860 11 842 4825

1 122.00 322.54 293.59 0.000

Blwdn 122.00 342.54 314.10 0.286
IPB 28.575 98 7129 38717

:' 122 00 342.54 1191 52 • 000

IPS1 28.575 1 114 464
122 00 369 1 _ 1205.89 0 000

IPS2 28.575 13 707 6472
1.18.45 534.08 1294.96 0.000

Into, LPT 115.00 392.18 1220.90 131.133



GTPRO _._ 31 Michael Brown 10-15-1990 11.-31:18 Steam cycle p. 2

STEAM TURBINE

No. of steps Exit Quality Efficiency(%) Work (kW)

To HPT ad_itn 2 I. 185
To HPT bleed 2 1.078

To HPT exit 4 1.012 84.83 5095

To LPT exit 13 0.860 81. 13 10179

Grc,ss power = 15274 kW. Mech/Elect losses = 458 kW.
Generator output = 14816 kWe. ST auxiliaries = 104 kWe

Boiler feedpumps = 11 _ kWe

CONDENSER

m

P T h m

psia F BTUIIb kpph

LPT exit 0.7365 91.57 956.02 131.13

Saturation 0.7365 91.57
Condensate well 0.7365 87.57 55.58 131. 13

Cooling water in 65.00 7871.91

ling water out 80.00 7871.91

Number of passes= I UA= 1821 BTU/s-F Surface area = 8905 sq. ft
Tubes: OD = i in Length-- 38.6 ft number= 882

Cooling water: Velocity= 9 ft/s DP = 9.02 psia Pumps = 88.8 kWe.

STEAM CYCLE HEAT BALANCE

Energy in = 78325 BTU/s

GT Exhaust GT Exhaust Duct Burner Makeup+Proc Pump External
Sensible Latent Fuel HHV Return Wc,rk Steam

6061 --.' 10478 0 436 96 6703

Energy out = 78326 BTU/s

Heat Blow Mech/Elec Stack Stack Condnsr Process GT Proc. Electric

Rad iated down Losses Sens. Latent C.W. Steam Injec. Water Out put

839 158 434 15625 10478 32800 2902 0 1046 14043

_c, enthalpy: dry gases & liquid water @ 32 F (273. 15 K)

Balance Error = Irl - Out =-°.328 BTU/s = 0 %;|

|
!
t!__



GTPRO __.31 Michael Brown 10-15-1990 11:31:18 Steam cycle p. 3

HRSG GAS-SIDE PROFILE

P3as Tg F Tw F DT F Qg/UA DELTA P UA Qg Vg Tube Lngth
HP/lP HP/lP F inch H20 BTU/s-F BTU/s ft/s Rows ft

1 855.0 806.0 49.0
124.3 1.1 41.8 5202.6 57.6 4•2 1.7

787.2 534.1 253.2

:' 787.2 534.1 253.2
91.9 3.6 190.9 17535.8 50.8 15.1 6.3

554•1 534.1 20.0

554 1 514.1 40.0
554. 1 534. 1 20 0

69.4 1.3 69.9 4848.8 44.1 6.2 2.6

488. _ 369. 1 119.2
488._ _ 369.1 119.2

4 488.3 369.1 119.2
4 488._ 369.1 119.2

126.4 0.1 6.9 873.5 42.4 0.6 0.3

476.4 342.5 133.8
476.4 342.5 133.8

5 476.4 342.5 133.8
73.7 1.4 97.7 7200.1 39.9 8.0 3.4

377.5 342.5 35.0

6 377.5 342.5 35.0
6 377.5 322.5 55.0

64.4 0.9 63.3 4078.3 36.4 5.6 2.4
3.__1.1 220.8 100.3

321.1 220.1 101.0

7 321.1 220.0 101.0
80.2 0.4 34.5 2770.7 34.2 2.9 1.2

282.5 220.0 62.5

8 282.5 150.0 132.5
144.5 0._ 15.0 2169.0 32.7 1.4 0.6

252.'2 94.9 157.3

Duct burner fuel= 0 kpph

Gas mole composition: 75.2 %N2+Ar 13.9 %02 5._7 %C02 5.6 %H20 •002 %S02

Flue gas dew point = 95 F M.W.= 28.9

HRSG TOTALS Economisers Evaporators Superheaters TOTAL

Q BTU/s 11030 27234 5972 44237
UA BTU/s-F 141 323 56 520

sq. ft 59897 125336 27125 212357
_m

| Prime surface= 12353 fin surface= 200004 sq. ft. Averaged fin elf.= .721

_ HRSG frontal area = 318 sq. ft. Gas mass flux= 6.4 kpph/sq, ft

i_ HRSG length = 18.4 ft, 44. 1 tube rows, 764 ft of tubes per row.
2 ire dia. tubes with serrated fins, staQgered arrangement.

Fin thickness/dia. = .03 , height/dia.= .4 , spacing/dia.= .07

Tube transverse pitch/dia.= 2.5 , row longitudinal pitch/dia.= 2.5



8E LJq_

Hater cooling

air to coal ratio 2.41 air pressure _,4 Cp air 0,246
inter coal ratio 0.255 air teul_rature 955 Cp Nater l.IM
air to uater ratio 9.45 inter tmwrature M Cp stm 0.455

Ib st _ sols sol _ partial
pressure

air 9.45 9e.43_0.33 8,5.55_367..72

.ater I.N 9.57_ e.06 14.45_ 61.26 sattrap

Temperatureof combinedstreamentering boostcompressor

399.5a F sat pressure 247 psia Reh Hum.24.81_

Temperatureof streamexiting compressor(85_compelf)

Tf = Ti + (Ti/r_((Pf/Pi)^((k-1)/k),-l})

xhere
Ti ,- inlet tmperature - 399.5e F - 653.58 R
n - efficiency- 85.1_
k - ratioof specificheat@ constantpressuretospecific

to specificheat@ constantvolme 1.364

Pf- finalpressure 506psia
Pi - initialpressure _4 psia

Q

Tf= J146.83F

i
S
m
m
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._TPRO _'.31 Michael Brown 10-15-1990 11:18:20

GCC 49 - 50 MW COGEN CYCLE

]ENERAL ELECTRIC LM 5000 ST120

ESTIMATED G.T. SITE PERFORMANCE

-uel=Fuel G.T. @ 100 % rat ing, XIGV= 0
;lte ambierit conditions: 14.7 psia, 59 F, 60 % RH

inlet loss= 4 inch H20, exhaust loss= 10 ir,ch H20

<vap. inlet cooler t0-, 0 % RH.

G.T. DEVIATION FROM NOMINAL, CLEAN ENGINE

::ornpressor inlet airflow % reductior, = 0
_,_,mpressor efficiency reduction % = 0
-urbine efficiency reductior_ % = 0

_axirnum firing ternperature excess over base load = 0 F

_,z,rnbust0:,r % pressure loss (0 means nornir_al value) = 0
_,_,rnbustor inefficiency + heat loss % (0 means nomir, al value) = 0

_,_,c,ling air increase % (0 mearls r,ominal value) = 0
-_-ocess air bleed l,:,cati,:,n(0 means n,_-,ne)= i

)rocess air bleed % ,:,fit,let = 9.73

# Model PR TIT TET Mair kWe H.R. LHV Mex N2+Ar 02 C02 H20
F F kpph BTU/kWh kpph % % % %

5000ST120 32.9 2209 771 1099 48981 8649 1253 65.66 11.93 4.75 17.65

--uel flow = 157 kpph

-uel pressure reqd.= 646 psia, cor,lpressor power= 875 kWe
3. T. auxillary power = 261 kWe.
_,_-,mb.steam ir_j.= 60.5 kpph @ 650 psia & 600 F

_P steam inj.= 43.2 kpph @ 250 psia & 450 F

ESTIMATED G.T. CYCLE

STREAM TEMP. PRESS. MASSFLOW M.W. MOLE COMPOSITION %

F psia kpph N2+Ar 02 C02 H20

qmbient air ir_ 59 14.70 1099.45 28.75 78.22 20.74 0.03 1.01

]ornpr. inlet 59 14.55 1099.45 28.75 78.22 20.74 0.03 1.01
Turbine coolant misc. 218.14

Orocess air bld 1052 478.67 106.98 28.75 78.22 20.74 0.03 1.01

_]ompr. disch. 1052 478.67 774.34 28.75 78.22 20.74 0.03 1.01
Turbine lr,let 2209 459.52 991.50 27.86 67.41 10.86 6.08 15.65

Turbine exhaust 771 15.06 1252.84 27.49 65.66 11.93 4.75 17.65

Compressor= 79107 Turbine= 129228 Mech. loss= 399 kW
Turbine coolant= 19.8 % compr in

_jlmkoecific power @ gen term= 44.6 kW per kpph

__ficiency a_ gen term= 36.3 % HHV = 39.46 % LHV



3TPRO 3._1 Michael Brown 10-15-1990 11:18:20 Gas Turbine p. 2

GAS TURBINE/GENERATOR HEAT BALANCE

gy in = 168439 BTU/s

_nlet air- Inlet air- Water- Stearn Fuel

_ens ib ie Latent Inj. Inj. HHV

2011 2033 0 36509 127885

_nergy out = 168364 BTU/s

Incornpl comb GT Mech. Gearbox Generator Exhaust Exhaust Electric Proc
& carcass rad Losses Loss Loss Sensible Latent Output Air

_mm_

467 ,-_'-'=_ 0 708 7031 '2 42320 46427 7877

_'ero enthalpy: dry gases & liquid water @ 32 F (273. 15 K)
teat Balance Error = In - Out = 74.8 BTU/s = .044 "/.



TPRO 3.31 Michael Brown 10-15-1990 11:18:27 Steam cycle p. 1
GCC 49 - 50 MW COGEN CYCLE

ENERAL ELECTRIC LM 5000 S7120

2 Subtype: 2

P T h m UA Q A

psia F BTU/Ib kpph BTU/s-F BTU/s sq. ft

tm rtrn 17.72 250.00 218.49 37.350

takeup 17.72 80.00 48.02 117.431

W supl 17.72 121.24 89.16 154.781
TE 154.781 7 1235 2600

torn LTE 17.20 150.00 117.88 154.781

PB 11.263 25 3020 8900
later bleed 23.390

ltd. FW 17.20 220.00 188.13 131.391

_PFW 731.58 220.57 190.85 37.461

IPE1 37.461 32 2004 11856
6 710.27 405.95 383.39 0.000

PE2 37.461 3 581 907

7 699.93 456.00 439.21 0.000

IPE3 37.461 1 290 515

8 689.58 481.03 467.12 0.000

_lwdn 689.58 501.03 489.43 0.371
_PB 37.090 36 7577 12210
,tm addn 689.58 501.03 1202.37 23.390

9 689.58 501.03 1202.37 0.000
sPS1 60.480 0 0 0

689.58 501.03 1202.37 0.000
I 60.480 8 1523 3269

11 669.50 606.00 1293.02 60.480

_P procs 669.50 606.00 1293.02 60.480
650.00 600.00 1290.71 60.480

PFW 273.18 220.21 189.11 93.930
IPE 93.930 56 4484 20817

1 265.23 385.95 360.96 0.000

_lwdn 265.23 405.95 381.70 0.930
PB 93.000 232 21751 79642

2 265.23 405.95 1202.73 0.000

IPS1 93.000 4 918 1746
3 257.50 456.00 1238.28 93.000

EP procs 257.50 456.00 1238.28 93.000
250.00 450.00 1235.46 93.000

-R



_TPRO 3.31 Michael Brown 10-15-1990 11:18:27 Steam cycle p. 2

"_oiler feed pumps = 63.3 kWe

STEAM CYCLE HEAT BALANCE

{nergy in = J24330 BTUIs

GT Exhaust GT Exhaust Duct Burner Makeup+Proc Pump External

Sensible Latent Fuel HHV Return Work Steam

70312 42320 0 3833 54 7812

Znergy out = 124331 BTU/s

Heat Blow Mech/Elec Stack Stack Condnsr Process GT Proc. Electric

_adiated down Losses Sens. Latent C.W. Steam Injec. Water Output

944 149 0 26095 42320 0 17090 36509 1222 0

_ero enthalpy: dry gases & liquid water @ 32 F (273.15 K)
_eat Balance Error = In - Out =-.367 BTU/s = 0 %



]TPRO 3 31 Michael Brown 10-15-1990 11:18:27 Steam cycle p._

HRSG OAS-SIDE PROFILE

Tg F Tw F DT F Qg/UA DELTA P UA Qg Vg Tube Lr_gth
HP/lP HP/lP F ir_ch H20 BTU/s-F BTU/s ft/s Rows ft

1 767.2 606.0 161.'2
202.7 0.3 7.6 1538.1 71.6 0.7 0.3

751.8 501.0 250.8

=_ 751.8 501.0 250.8

209.7 0.9 36.5 7653._=' 68.9 2.6 1. 1

674.4 501.0 173.4

3 674.4 481.0 193.4
204.2 0.0 1.4 293.4 66.6 0.1 0.0

671.4 456.0 215.4

4 671.4 456.0 215.4

4 671.4 456.0 215.4

z'_='.3 0.2 6.5 1514. _ 66_ 0 0. 6 0. _"='

656.0 406.0 250.1

656.0 406.0 250.1

5 656.0 406.0 250.1
- . _ _, _ -_,94.6 5.2 2_. _ _1968.5 58. 9 16.9 7.0

428.5 406.0 22.5

428.5 406.0 ='=_.5
428.5 386.0 42.5

75.1 1.8 87.2 6552.5 50._=' 6.9 2.9
359.3 220.6 138.7

_0 _ 139 1359._ _-, =m m

7 359.3 220.0 139.3

IC'°='.4_ 0. 4 24. 9 3050.6 47.2 1. 9 0. 8

326.9 220.0 106.9

8 326.9 150.0 176.9
184.5 0.1 6.8 1247. _ 45.8 0.6 0._='

31 _. 6 121._=' 192.4

Ouct burrJer fuel= 0 kpph

3as mole compositior_: 65.7 %N2+Ar 11.9 %02 4.75 %C02 17.7 %H20 .001%S02

--lue gas dew poir_t = 136 F M.W.= 27.5

_RSG TOTALS Ecor_omi sers Evaporators Superheaters TOTAL

Q BTU/s 8594 32349 2441 43384

JA BTU/s-F 98 294 12 403

A sq. ft 36695 100752 5015 142462

e surface= 8287 fir_ surface= 134174 sq. ft. Averaged fir_ eff.= .686

fror_tal area = 312 sq. ft. Gas mass flux= 7.96 kpph/sq, ft

:_RSG ler_gth = 12.6 ft, 30.2 tube rows, 749 ft of tubes per row.
2 ir_ alia. tubes with serrate_ fins, staggered arrangemerJt.

_ir_ thick_ess/dia.= .03 , height/dia.= .4 , spacir_g/dia.= .07

tube transverse pitch/alia.= 2.5 , row Ior_gitudinal pitch/alia.= 2.5



GE LM 5000STIL_

Watercooling

airto coalratio 2.41 airpressure 478 Cp air 0.248

,atercoalratio 0.260 airtemperature 1052 Cp ,ater I.Ne

airto xaterratio 9.27 watertemperature 80 Cp steam 0.455

Ib wt _ =ols =oi_ partial

pressure
air 9.27 9e.L_ 0.32 85.31_407.76

,ater I.00 9.74_ 0.06 14.69_ 70.24 satte,,p 302

Temperatureof combinedstreamenteringboostcompres_r

469.80F satpressure 514 psia Rel.Null13.67_

Temperatureof streamexiting compressor(85_ ¢ompeff)

Tf = Ti + (Tilne((PflPi)^((k-l)lk)-l})

_here ,P
Ti- inlettemperature- 469.80F - 929.80R
n - efficiency- 85._

k - ratioof specificheat@ constantpressureto specific

to specificheat@ constantvolume 1.384

Pf- finalpressure 550 psia
Pi- initialpressu,e 478psia

Tf= 513.22F





_Lo i p I o t n ! s I T I ....U t V t W. I .X I V I Z I, ;_' i AO i AC AO
Illinois #6 J-1538 DE-AC21-89MC26291 s

Output 10116/90 Revision 7 T
6 Uncomb '7 8 J ' lO $5 scf/lh oi cml 3

(L)5 Ash P_rbou Flame(Clam') Tar Dust(per RT! dfa) MJscelbmeous Hot _ with tans T
II_Kb+ Gedner Zig_, C,,edfier • 4.00'W, Gmmer • &00q, Fitml Cyelom GmUler Beni GmUler N2 ht coal '=_

:Cmd Ash SiJo Orklmtlint HGCU 'Reclaim _ HGI_IJ to_ Coav !10.1
! lwbr wt'l, lh/br wt 'it Jb'b_ wt'li lh/br wt _ b/br IWmol wt _ tool _ 7

41,324 _.]$ 26.26 22.82 9
nmm,.m

1,1.59 0.29 1.18 14.26 10

11,493 2._ 11.75 6+50 11
11,035 134 5.11 6.90 12
3,376 o._ 215 3.26 13

669 0.10 0043 0.34'
1.162 0.18 0074 00YJ+15

.remain..

342 0.05 O.22 00O9 16
80,115 12.39 50.91 44_4t 17
1,402 O.22 0089 005418

o O.CO 0000 (_eo_19
55 0.01 0003 0.03 20

s. 00_ o34 0049!'_
0 O.CO 0000 0000

o o.oo 00oo o.®I"_"...,.mm.

0 0.00 0000 000C 24
.mm,mm

0 0.00 0.00 001m 25
0 O.G0 O.(X) 00_ .,,.,ro,mm

o o.co 00oo oa 27

,, 157r3611 _.34 100.00 lOGO0 28

" 157,368 30
3,3OO 31 *

32....... 40_34 .
33
34

O.26O 00260 0.26 O.26O 00329 3S
0 10936 17,329 0 2,588.8 :36
0 10,936 16,.571 0 2,375.0 37 8

M
1S4 276 2"/6 323 349 39

4O
0 0 749 0 214 41i ,,

10038 1.9.3"7 44.03 0_0 373.74 43
.mm..m,

44
,,.,m,.,.m.

0079 0.49 0.73 0.07 25.4WmB'laeem 34.8"7 45.mm.,..

jKk*.
0000 0.00 1.99 O.00 5.9 "f_va'ak_ 33.66 Gm14I_- 109 Bu_/_:f 4'7,.mm.mm

StkTir lbtknlted- 633 Bw/lh 48
ILl7 19.86 46.'75 0.07 3L3 T_d _ _ 633 Btu/lh 49

Mb& 17tph(t_picaQCoaleach: 1.8 IU_dtO_tp.t_tW,) ,46.2MW" _ m_ _o mammm

..... v+ .... Csk:(_mb Tem_ _!_ =10 Sl
716 13.m '1_374 77J_1 2,338 U.0(YA _.5_15 25,,914 0.00_ 52

,,mm.m

0 0.00_ 213 _ 3,195 3,_ 0.00_, $3 ,
0 0.0051' 53 2+00,+ _ _ 0.00_ $4 ,

td 0 0.0_ 27 1.0C_ _ 10,58:1 0.00qt $5 '
0 0.(_ 0 0.00_ 27 1_J+ 1_'75 11276 ,.0.02_ _5 '

.,.m,,,m.

0 0.005 Sumd Sumo(Om _ 58 '+..i.mu

201 90 Screum Comtinunu Unbelmee $9

13 + FI_CC_de_[I_ 47.93_ 61
0 0 im_tC_ck _mc_n)- 45._2_, 62
4 2 6.3

4.428 86.0e ;,97 22.40_ 0 0 64
5,144 la) 1,7571 IG0_ _ 100.00_ 223 100 6S

_____. 1_1 _+_ 223 _______._ 66

--I I I + +1.43 0.49 0.74 0_5 43.71 68

14.7 600 * e00 * 554 554 69
6_0 I ,, ""+" I 11_, I ..... "--" i , !1__0_ 70

i I '"_' ....
]





-__1 AS i AT ! ,AU '"! ,,AV. I AW I _, , I 'AV ! AZ I _ !, m I" nO I m m
Illinois #6 J-1538 DE-AC21-89MC26291 1mmuu

_Output Revision 7 10/16/90 2
Is Is, .... i6 ....... i_ 3

_nrse Fret _H2S HP Sisera lni,t Gm Tbrml NO (plmVd) 25 Lp Steam mmu

HGCU Removed IIRSG GT Combumtor *Rkk&eu Red. F 8.51t HRSG $m

GTCombmtor g)9.0% OTCanbumm¢. GTl_mder LPTmrblM 6
. qb tool qf, ' _ molar wt q6 moi qf,.... ill, tr IWiw lld_ol umlJ wt _ nmlqk lh/tw 7tamm

8
m

U0 G00 41.3_ 1,475 2_3S 22.1_ 0 (X00 0_0 G00 G00 9
G00 G00 I,SM 911 LIT 14.10 0 _00 0_0 0.m _ 10,mm

G03 111_493 420 ILO0 6.51 95,138 :zea 0.cx_ 9.59 C_(_ 11
U4 1_2 8,845 491 5.65 7._0 _0AS0 100_S4 2.83 001 10.13 1_71 43,X0 12m

U0 0.00 3J7_ 210 Z16 3.26 0 G00 0_0 0.00 G00 13
Ga) (49 22 G43 GM 0 G00 0J00 0.00 G00 14,T_,,

,..,..,m

G00 12 0 G01 G01 0 1100 0_0 G00 G(_ IS,T_,,
m

U0 Ge0 3 0 GO0 ACO 0 0.00 0_0 0.00 CX_ 16m

lsJn 77.28 m,115 _ $1.14 44.28 t+1,w.5 it64 o.oz3s c,4;.11 mt55 17
1.31 G95 1,4Q2 35 0.89 G54 11,.576 G33 0_0 L17 GI_ 18.,,.mnu

0e0 Ge0 0 0 O00 O00 0 Gee 0O0 0.O0 G0C 19
U0 Ga) 55 2 G03 G03 0 (100 0_00 G01) G(313 20
000 GO0 537 12 0.34 G_ 0 O00 Oa) G_ G_ 21
UO G00 0 0 0.00 GgO 0 O.00 0_0 _00 Gee 22
(J_0 G00 0 0 O.0O 0,(30 25 0,0007 0._OO G0026 (_0011
O00 GOD 0 0 Ge0 G01) 2109 GIX]I59 O.IX_ GO211 G0191 24,.umm

22Ji8 2GT2 0 0 G00 Ga) 122,708 3.46 0.G039 1137 IG81 25
0(30 0 0 Ga) GG0 0 _00 0J00 Ga) G0_ 26,mm,.,

(Le0 G00 0 0 O00 O00 0 O00 0J00 GG0 GCX] 2"/,,i--,m,

tOW 10OGO 1_6"7 6,459 10_00 100.00 lO#lO _ltTJ4 _95 O.0_J8 100.00 lt0_ 43,213028
............ 991.735b,I & .... 29m

3O

3,421 36,860 31m

32_o _t .....
33

125_7 1235-534=umm..

G334 G301 35.,..m

2,s,u.9 o.o 345
2,330.O 0.0 37

38
375 646 39

40
219 105 41

42
365.04 G00 43

44

$8.67 64G73 45,,mm.m

445
.m.=.m

34.29 104.47 47tamm.

48
mmmme

4.58.00 71.06 74S.21 "/45.29bsIchk 53.3"/49

MWll Combustion Turbine Output 48,M1 MWR 50- ' S'-T"
-lm _eo_, 25ju7 25.947 25_7 o.eo_ ' S2

0.00qf, 3,194 _,720 11,162 11,162 O.00V, 4,80_ $3.tamm,

G4_0V, 44JI21 53r710 281,315 281,31t 0.G0_ 3_,_ $4
_a_ mass m#m cm,'m _1,-r,.a o.oo_ a.g_mSS

0 0.00q_ 13J ' 13 13 0.tOY, $6m,.m,m

_#--. _oo_ ,S._..b*a_ _o_.9 sm,u+ o.o_ ,d,4om s._
•_cin,k _-Imced,eck 58m,.,,,m

$9
.,.--.,.

60
...,mm

61
62

mm..,

63
64
65

43,2OO66,,, _ .... m,4m _r _ ,,
--- 67

,.,.mU

43.52 16.80 275.48 12.(]1]68
553.6"7 600 460 * 250 69

11S0 .. 6_0 . 2_209• 45e 70_









cK I a. I cN oN'
J-1538' DE-AC2149MC26:1

Revision 7 I0/16/90 2

hum' Dioxide Ask

802 Recovery Unit SO2 Redectm. T
H_k,tabJ,n_rodmctnbp_d "_"

II_r IJb_r wt_ 7
mmmmm

8
eum..m

9
10m.emm,

11
12
13
14
IS
16
17

mm.mum

19
era.tamm

L 21
L

23
24
25
26
27

mum,nra

28
i.

29
3O

m.nmn

31
m..mm

22
u. ii

33
mum-,.

34
C_000 35

..m.u.m

36
,mm,mm

3"7
i_ 38

154 o .,umm.

4O
,,m.,,.m.

41
42

,...,.m.

5.Cl2 1.81 0 4:3.mmmmq

44
Gco 0.oo 0 45mmm,m

46
Ga) 0.00 0 4"7me.mm.

48
mamma.

_m 1.81 04 49mm,mm

SO
51

r 125 3 S2
53

.,..,,.,.m

54,mmm.,

55
,,,.ro.mn

SO
57

,,.,.,.,,m

58
59
60
61
62

,,.,,m.m

6.3
4428 97 64
4,533 jGG _._

_4 4_53 1oo66
67

O_ 1._ 68
lOO 15 69m,,..m,.

_g 214 70i
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100 MW Cogen Cycle
Westinghouse 501 D5
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TPRO 3.31 Michael Brown 10-15-1990 13:12:15
3CC 51 - 100 MW COGEN CYCLE

ESTINGHOUSE 501 D5

ESTIMATED G.T. SITE PERFORMANCE

uel=Fuel G.T. @ 100 % rating, XIGV= 0
lte ambient conditions: 14.7 psia, 59 F, 60 % RH

rJlet loss= 4 inch H20, exhaust loss= 10 inch H20

/ap. inlet cooler tc, 0 % RH.

G.T. DEVIATION FROM NOMINAL, CLEAN ENGINE

=,mpressor inlet airflow % reduction - 0

ompressor efficiency reduction Y. = 0
urbine efficiency reduction % = 0

aximum firing temperature excess over base load = 0 F

=mlbustor Y. pressure loss (0 means nominal value) = 0

ombustor inefficiency + heat loss % (0 means nominal value) = 0

ooling air increase % (0 r_leans nominal value) = 0
_-ocess air bleed l,:,cation (0 means none) = i

•-L-,cess air bleed Y. of inlet = 10. 14

M

# Model PR TIT TET Mair kWe H.R. LHV Mex N2+Ar 02 C02 H20

F F kpph BTU/kWh kpph % % % %

501 D5 14.5 2060 980 2848 107180 10688 2983 75.02 13.36 5.67 5.95

uel flow = 424 kpph

uel pressure reqd.= 285 psia, compressor power= 737 kWe
.T. auxillary power = 534 kWe.

ESTIMATED G.T. CYCLE

STREAM TEMP. PRESS. MASSFLOW M.W. MOLE COMPOSITION %

F psia kpph N2+Ar 02 C02 H20
.--_

_mbient air in 59 14.70 2848.11 28.75 78.22 20.74 0.03 1.01

c°mpr, inlet 59 14.55 2848.11 28.75 78.22 20.74 0.03 1.01
urbine coolant misc. 254.40

rocess air bld 711 211.27 288.80 28.75 78.22 20.74 0.03 1.01

_ompr. disch. 711 211.27 2304.92 28.75 78.22 20.74 0.03 1.01
urbine inlet 2060 202.82 2728.63 28.87 74.72 12.67 6.20 6.41

_rbine exhaust 980 15.06 2983.03 28.86 75.02 13.36 5.67 5.95

_ompressor= 134299 Turbine= 243657 Mech. loss= 656 kW
urbine coolant= 8.93 % compr in

iT specific power @ gen term= 37.6 kW per kpph
_T efficiency @ gen term= 29.38 % HHV = 31.93 % LHV

v



TPRO 3.31 Michael Brown 10-15-1990 13:12:15 Gas Turbine p. 2

GAS TURBINE/GENERATOR HEAT BALANCE

in = 356318 BTU/s

nlet air Inlet air Water Steam Fuel

ensible Latent Inj. Inj. HHV

5209 5268 0 0 345842

nergy out = 358064 BTU/s

Incompl comb GT Mech. Gearbox Generator Exhaust Exhaust Electric Proc
& carcass rad Losses Loss Loss Sensible Latent Output Air

4168 417 0 1451 204011 32359 101593 14066

ero enthalpy: dry gases & liquid water @ 32 F (273. 15 K)
teat Balance Error = In - Out =-1746 BTU/s =-. 49 %



TPRO _ ? --_._1 Michael Brown 10-15-1990 13:12:_ Steam cycle p. 1
GCC 51 - 100 MW COGEN CYCLE
ESTINGHOUSE 501 D5

6 Subtype: 2 Induction

P T h m UA Q A

psia F BTU/Ib kpph BTU/s-F BTU/s sq. ft
m_ _m

nd rtrn 0.74 87.57 55.58 450.420

tm rtrn 17.72 250.00 218.49 18.300

akeup 17.72 80.00 48.02 10.131 (Includes 1.34 kpph fc°r desup)

W supl 17.72 93.69 61.68 477.506
TE 477.506 51 7455 23714
tom LTE 17.20 150.00 117.88 477.506
PB 34.747 108 9318 45953
ater bleed 70.420

td. FW 17.20 220.00 188.13 407.086

PFW 1423.77 221.13 193.48 336.128

PEI 336.128 149 11710 66383

6 1382.30 342.54 318.89 0.000

PE2 336.128 49 6126 21486

7 1362.17 400.10 384.50 0.000

PE3 336.128 248 17237 106113

8 1342.04 562.08 569.12 0.000
llwdn 1342.04 582.08 591.91 3.328

PB 332.800 581 56219 227514
9 1342.04 582.08 1177.03 0.000

PS1 332.800 0 0 0

1342.04 582.08 1177.03 0.000

332.800 227 26264 112429
i 1302.95 941.00 1461.14 0.000

rjto HPT 1265.00 935.00 1458.99 332.800

ef addn 350.00 630.40 1330.20 332.800

IPT addn 350.00 432.00 1204.98 70.420

ft addn 350.00 590.01 1308.33 403.220

_PT bld. 257.50 536.63 1285.90 23.056

esuperhtr 1.344

IPT proc 250.00 420.00 1214.85 24.400
PT exit 115.00 389.92 1219.60 380.164

PFW 125.66 220.09 188.55 70.959

PE 70.959 23 2071 10142

1 122.00 322.54 293.59 0.000

Ilwdn 122.00 342.54 314.10 0.703

PB 70.256 196 17528 80738
2 122.00 342.54 1191.52 0.000

PSI 70.256 5 640 2733

3 122.00 400.10 1224.32 0.000

PS2 70.256 35 1843 18083
4 118.45 582.08 1318.77 0.000

hto LPT 115.00 416.65 1234.60 450.420
_xit 0.74 91.57 964.36 450.420



TPRO 3.31 Michael Brown 10-15-1990 13:12:22 Steam cycle p. 2

STEAM TURBINE

m--

No. of steps Exit Quality Efficiency(%) Work (kW)

o HPT additn 4 I. 157

o HPT bleed 1 1. 101

c, HPT exit _? 1.033 81.66 22597

o LPT exit 13 0. 868 81.49 35672

rc0ss power = 58268 kW. Mech/Elect losses = 1748 kW.
_enerator output = 5652.0 kWe. ST auxiliaries = 396 kWe

roi let" feedpumps = 598 kWe _

CONDENSER

P T h m

psia F BTU/Ib kpph

.PT exit 0. 7365 91.57 964.36 450.42

;aturat ior, 0. 7365 91.57

]or,der,sate weli 0. 7365 87.57 55.58 450.42

i:oc,ling water in 65.00 27288.88
_oolir, g water out 80.00 27288.88

_umber c,f passes= I UA= 6311 BTU/s-F Surface area = 30870 sq. ft
"ubes: OD = I in Length= 38.6 ft number= 3057

]oolir, g water: Velocity= 9 ft/s DP = 9.02 psia Pumps = 308 kWe.

STEAM CYCLE HEAT BALANCE

[r,ergy ir, = 261693 BTU/s

GT Exhaust GT Exhaust Duct Burr, er Makeup+Prc, c Pump Exterr, al

Ser,s ib Ie Later, t Fue I HHV Ret urr, Work St earn

204011 ....=__= 0 1246 507 23571

Znergy c°ut = 261694 BTU/s

Heat Blow Mech/Elec Stack Stack Condnsr Process GT Prc0c. Electric

'adiated down Losses Sens. Latent C.W. Steam Injec. Water Output

2755 608 1657 45124 32359 113703 8234 0 3680 53574

-' enthalpy: dry gases & liquid water i_ _2 F (273.15 K)
Balance Errc0r = In- Out =-1.06 BTU/s = 0 %



TPRO _._ 31 Michael Brown 10-15-1990 13:12: _ Steam cycle p. 3

HRSG GAS-SIDE PROFILE

Tg F Tw F DT F Qg/UA DELTA P UA Qg Vg Tube Lngth
HP/lP HP/lP F inch H20 BTU/s-F BTU/s ft/s Rows ft

mu

1 976.1 941.0 35.1
117.0 1.9 226.7 26526.7 57.0 7.4 3.1

859.0 582.1 277.0
mm m

2 859.0 582.1 277.0

97.8 3.2 580.7 56781._° 49.2 15.0 6.2

602.1 582.1 20.0

602 1 562.1 40.0m

3 602.1 582.1 20.0

68.1 1.5 282.8 19271.6 42.1 8.2 3.4

512.8 400.1 112.7

512.8 400.1 112.7

4 512.8 400.1 112.7
4 512.8 400.1 112.7

125.0 0. _ 54.6 6833.5 39.6 1.6 0. 7

480.8 342.5 138.3
480.8 342.5 138.3

5 480.8 342.5 138.3

90.3 0.8 196.0 17702.8 37. °_ 5.3 2. °

397.5 342.5 55.0

397.5 342.5 55.0

6 397.5 _2_.5 75.0

81. 1 0.7 171.5 I_918.0_ 34.1 5.0 _.:'I

331.5 _o_I.I 110.3
331.5 220.1 111.4

_ _1.5 220.0 III.5

87.1 0 4 108 1 9411 _'. ._ _i 8 _ 0 I _. • am .

286.5 220.0 66.5

8 286.5 150.0 136.5
146.4 0._° 51.4 7529. _ 30. I 1.6 0.6

250.4 93.7 156.7

,uct burner fuel= 0 kpph

as mole composition: 75 %N2+Ar 13.4 %02 5.67 %C02 5.95 %H20 .002 %S02

lue gas dew pc,int = 97 F M.W.= 28.9

_RSG TOTALS Economisers Evapc, rat ors Superheaters TOTAL

Q BTU/s 44598 83065 28747 156410

JA BTU/s-F 521 885 267 1672

sq. ft 227838 354204 133245 715287

surface= 41608 fin surface= 673678 sq. ft. Averaged fin eff.= .728

IRSG frontal area = 1005 sq. ft. Gas mass flux= 5.89 kpph/sq, ft

IRSG length = 19.6 ft, 47 tube rows, 2413 ft ,-,ftubes per row.

2 iri dia. tubes with serrated fins, staggered arrangement.

iri _nick.ness/aia.= .03 , height/dia.= .4 , spacing/dia.= .07

ube transverse pitch/dia.= 2.5 , row longitudinal pitch/dia.= 2.5



HSOI D5

Water cooli_

air to coal ratio 2.41 air pressure 211 Cpair 0.2_
mtm. coal ratio 0,147 air tmperature 711 Cp.atm" l.Mi
air to water ratio 16.39 mtm. temperature M Cp stem L455

lb wt _ nols gol _ partial
pressure

air 15.39 94.25_ 0.57 91.13_ 192.27
Natm. 1.0e 5.75_ 0.CE 8.87S 16,73 sat teel) 224

Temperatureof conbiredstrew enteri_ boostcorm'essor

q_e.09 F sat pressure 247 psia Rel. HB. 7.58Z

Temperatureof stream exiting coepressor (BS_conpeff)

Tf = Ti + (Tilr#((PflPi)^((l_-l)lk)-l))

xhere
Ti - inlettRperature - l_e.e9 F - _._ R
n - efficiency - 85.11_
k - ratioof specificheate co.rantpressureto specific

tospecificheat0 comtantvolme 1.384

Pf - finalpressure 350psia

Pi - initialpressure 211psia

Tf = _.._F
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ser Dbclmrlp Fuel _H2S inlet Ges Thrml NO (ppmvd) 2,5 Eximmt Ges
nor HG4L_U Removed 'Combustor eJ_h/l,e_ Red, F 85_ Ges Turbine
lm' Gr Combmtor _,0_

_ wt_ vt_

lO G00 111,763 3,.990 26.38 22.84 0 O.OO 0.OO GW 0 GOO O.OO
II) G00 4,966 2,463 1.17 0 O.OO 0.00 G00 0 G00 0.OO
)1 GW 50,015 1,136 11.10 &51 2_r/,404 2.73 0.oo21 9.43 6.21 2_/,..q24 5851.49 0.63
18 0.64 1.W 23,922 1,328 5.65 1_,448" 1.11 ooo 4.01 111,066 61(4.19 3.'72
_0 oa) 9,131 569 2.16 0 oct) 0.oo GW 0 0.00 0.OO
_0 G00 1,811 tj0 0.43 0.34 0 0.00 0.00 O.10 0 0.00 0.00
D0 0.00 0.00 31 I 0.01 0.01 0 O.OO 0.00 0.00 0 0.00 0.OO
00 0.00 9 0 Ga) 0.0C 0 O.OO 0OO 0.00 0 0.00 O.OO
fd 75.03 216.674 7,735 51.14 1,947,0/9 20.67 O.GI_$ 7L35 2,1Y/JI_3 7t32G04 71.6"/
38 L31 0.95 3,791 95 0.89 0.54 34067 0.16 0CO L2J 0.91 37,409 9_44 125 0.9!
10 0.00 0 0 0.00 0.00 0 000 0.OO 0.00 0 0.00 O.OO
Ix) 0.oo 147 5 0.m 0.03 0 o.oo 0.oo 0.0o 0 0.o0 o.oo
a} 0.00 1,453 85 0.34 0.4g 0 o.oo o.oo G00 0 0.00 0.OO
a) 0.m 0.00 o o 0.0o 0.0o o o.oo o.oo 0.0o o 0.oo o.oo
_o G00 0 0 0.00 O 0.0007 O._OO 0.0025 0.0011 (¢_ LO8 o.oo
Co 0.00 0 0 0.00 563 o.oo_o 0.0000 0.w06 583 lt'F/ 0.O2
_i3 2RN 20.72 0 0 0.00 310,163 4.04 0.0044 13.93 12.61 43U22 lY_/..16 14.70 13.31
_o 0.0o o o 0.0o 0.00 o o.oo 0.oo 0.0o o Goo o.oo
LOo 0.0o o o 0.0o 0.o_ o o.oo 0.oo 0.0o o Goo o.oo
LM 100.00 100.00 28.97 0.0345 J03000.T/ 100.002,728.';94b_ ck 2_3J06 betck

1v,8_ 3o9.,_s6 1.75t,o54

0.334 0.271 0.26"7
2,548.9 0.0 0.0
2,330_0 0.0 0

375 55"7

219 42 39

WT._ 0.OO 0.OO

158.68 1_t20.15 134.13

92.73 113.83 11_..51

1238.6'7 153.94 1636.50be1chk 850.34

11,83 L CombusUoa Turbine Ot 107,179 1.05

70,201 ";0_1 7o,23412,341 12,341
12,161 "24,972

6640_85 2,158316
_4_,342 34 34

belm_ dseck bebn_ dmck

t

I 11v._o I -_. I _.1_

1110
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STPRO 3.31 Michael Br,0wn 10-15-1990 13:24:31

IGCC 50 - 100 MW COGEN CYCLE
3ENERAL ELECTRIC 7111 EA

ESTIMATED G.T• SITE PERFORMANCE

_uel=Fuel G.T. @ 100 % rating, XIGV= 0

;lte ambient conditions: 14.7 psia, 59 F, 60 % RH
Enlet Ic,ss= 4 inch H20, exhaust loss= 10 inch H20

yap. inlet coo,let to 0 % RH.

G.T. DEVIATION FROM NOMINAL, CLEAN ENGINE

],-,mpressor inlet airfl,:,w % reduction = 0

]or,lpress,-,r efficiency reducti,-,n % = 0
_urbine efficier, cy reductior, % = 0

daximum firing temperature excess c,ver base load = 0 F
?c,rnbustc,r % pressure Ic,ss (0 rneans nc,r,1ir_alvalue) = 0

],:,mbust,-,r inefficiency + heat loss % (0 mear, s r.:,minal value) = 0

_oc,lir_g air increase % (0 rneans nor_linal value) = 0
_rocess air bleed l,_-,cation (0 rneans n,-,ne) = 1
_:rc,cess air bleed % ,-,f inlet = 10. 13

# M,-,del PR TIT TET Maim- kWe H.R. LHV Mex N2+Ar 02 C02 H20

F F kpph BTU/kWh kpph % % % %

_JE. 7111EA i-.'.7 2020 999 2306 84385 10986 2416 75.02 13.37 5.66 5.95

-uel flow = 343 kpph

3. T. au xillary p,-,wer = 423 kWe.

ESTIMATED G.T. CYCLE

STREAM TEMP. PRESS• MASSFLOW M.W. MOLE COMPOSITION %

F psia kpph N2+Ar 02 C02 H20

qmbier_t aim- lr, 59 14.70 2306.29 28.75 78.'='=_;-' 20.74 0.03 1.01

. _;-' 20.74 0.03 i. 01],-,mpr in iet 59 14.55 2306.29 28.75 78. °-'°-
urb ine c,:,0-,_iant rclisc • 177..-.--'-'

_rocess air bld 680 184.42 _:'_.63 28.75 78.22 20.74 0.03 1.01

• _:-' 20.74 0.03 I. 01]ompr disch. 680 184.42 1895.45 28.75 78. :':
r_irbine• inlet 2020 177.04 ,_:':'38._" 28.87 74•77 I='_.78 6. ii 6.34

rurbir, e exhaust 999 15.06 2415. 55 28.86 75. 02 13. 37 5.66 5. 95

]ornpressor= 103510 Turbine= 189871 Mech. loss= 691 kW

Turbine coc°lant= 7.68 % cc,mpr in

__T specific power @ gen term- 36.6 kW pet- kpph
- = - ---_ ',_:,' -- -" ,_c % _tv,

i

!
|
J
me



3TPRO 3.31 Michael Brown 10-15-1990 13:24:31 Gas Turbine p. 2

GAS TURBINE/GENERATOR HEAT BALANCE

gy iri = 288349 BTUIs

_r,let air lr,let air Water Steam Fuel

Sensible Later, t Inj. In j. HHV

4218 4265 0 0 279866

Energy out = 288423 BTU/s

Inc,-,mpl c,-,nlb GT Mech. Gearbox Generator Exhaust Exhaust Electric Proc
& carcass rad Losses Loss Loss Sensible Latent Output Air

1030 439 0 1228 168691 26189 79986 10862

_ F (27 _. 15 K)Zero, enthalpy: dry gases & liquid water @ _-
i_eat Balar, ce Err,-,r = It,- Out =-74. 1 BTU/s =-.026 %



3TPRO _ _1 Michael Brown 10-15-1990 1_. _:24-37 St earn cycle p 1_ e m

IGCC 50 - 100 MW COGEN CYCLE

3ENERAL ELECTRIC 7111 EA

: 6 Subtype_ 2 Inductior,

P T h r,1 UA Q A

psia F BTU/lb kpph BTU/s-F BTU/s sq. ft

]hd rtrn 0.74 87.57 55.58 3?4. 082

Stm rtrn 17.89 250.00 218.49 14.625

_lakeup 17.89 80.00 48.02 11.530 (Includes 1.09 kpph for desup)
=W supl 17.89 93.36 61.35 399.150
_TE 399.150 43 6268 19621

from LTE 17.20 150.00 117.88 399.150

_PB 29.046 87 7789 36998
water bleed 59.730
_td. FW 17.20 _:'20.00 188. 1_ 339.420

_PFW 1479.87 ="=_I. 17 193 69 288.443

_PE1 288.443 120 10165 53372

6 1422.95 343.99 320.56 0.000
dPE2 288.443 46 5445 19759

7 1395.5_ 403.49 388.51 0.000

_PE3 _='88.443 217 14749 92523

8 1368.22 564.65 572.59 0.000
-- 6_6Blwdn 1368. _ 584.65 595. 4 _ 5.

_PB 282.787 477 47408 186175

9 1368.22 584.65 1175.66 0.000
_PS1 282.787 0 0 0

0 1368.22 584.65 1175.66 0.000

282.787 162 22391 80024

Ii 1315.60 941.00 1460.70 0.000

into HPT 1265.00 935.00 1458.99 282.787

_ef addn 350.00 630.40 1330.20 282.787

HPT addn 350.00 432.00 1204.98 59.730

_ft addn 350.00 590.06 1308.36 342.517
dPT bld. 260.00 538.57 1286.76 18 41 _

Desuperhtr 1.087

HPT proc 250.00 420.00 i°14.85_ 19.500
dPT exit 115.00 389.97 i='19_.6 _ 324.104

IPFW 129.36 220.09 188.56 50.977

IPE 50.977 21 1799 9398

i 124.38 343.99 _15.62 0.000

Blwdn 124.38 343.99 315.62 1.000

IPB 49. 978 i_°_ 12164 54109
2 124.38 343.99 1191.86 0.000

IPSI 49.978 4 472 2087

3 124.38 403.49 1225.89 0.000

[PS2 49.978 _5 1306 13085

4 119.60 584.65 i_19.98_ 0.000

Into LPT i15.00 413.07 1232.64 374. 082
ex it 0.74 91.57 962.70 374. 082



]TPRO 3.31 Michael Brown 10-15-1990 13:24:37 Steam cycle p. 2

STEAM TURBINE

No. of steps Exit Quality Efficiency(%) Work (kW)

To HPT additr, 4 I. 157

To HPT bleed i 1.102

To HPT exit 3 1.033 81.66 19217
Tc, LPT exit 13 0.867 81.58 29592

3ross power = 48808 kW. Mech/Elect losses = 1952 kW.
Generator c,utput = 46856 kWe. ST auxiliaries = 328 kWe

Boiler feedpurnps = 533 kWe

CONDENSER

P T h rn

psia F BTU/i b kpph

__PT exit 0. 7365 91.57 962.70 374.08

3at urat it,r, 0. 7365 91.57

Conder, sate well 0. 7365 87.57 55.58 374.08

Cool ing water in 65.00 22622.64
Cool ir,g water ,:,ut 80.00 22622.64

um_

Number ,-,fpasses= 1 UA= 5232 BTU/s-F Surface area = 25592 sq. ft
Tubes: OD = 1 in Length= 38.6 ft number= 2534

Cooling water: Velocity= 9 ft/s DP = 9.02 psia Purnps = 255 kWe.

STEAM CYCLE HEAT BALANCE

Er,ergy lr, = _16364 BTU/s

GT Exhaust GT Exhaust Duct Burr, er Makeup+Proc Purnp External

Ser,si ble Later, t Fuel HHV Ret urr, Work Stearn

168691 o6189 0 1041 451 19993

Er,ergy ,-,ut = 216365 BTU/s

Heat Blow Mech/Elec Stack Stack Condr, sr Process GT Prc,c. Electric

Rad iated dowr, L,-,sses Sens. Latent C.W. Stearn Injec. Water Out put

•......;- . _;- :.-... ,-,._--i _oo._-'--_- _uiS3-_ 2,4 ;--'61 _500_ _,_ 3121 44414

ar, thalpy: dry gases & liquid water @ 32 F (273. 15 K)
_alar, ce E; ,'c,r = i,-, Cut =-.'306 DTU/s = 0 "_



]TPRO _ _1 Michael Brown 10-15-1990 1__._ _:24:37 Steam cycle p. 3

HRSG GAS-SIDE PROFILE

Tg F Tw F DT F Qg/UA DELTA P UA Qg Vg Tube Lngth
HP/lP HP/lP F inch H20 BTU/s-F BTU/s ft/s Rows ft

-- m

I 994.9 941.0 53.9

139.5 1.7 162.1 22614.4 58.0 6.5 2.7

872. 0 584.6 287._

: 872 0 584.6 287m mU

100. _ _'.4 477. 3 47882. 1 49.9 15. _o 6. 3

604.7 584.6 20.0

604 7 564 6 40 0m m m

_ 604.7 584.6 20.0
66.9 1.6 242.4 16215.5 42.4 8.6 3.6

ull.9 403.5 108.4
511.9 403.5 108.4

* 511. 9 40 _._ 108.4

4 511.9 403.5 108.4
120.4 0._? 49.6 5976. _ 39. 8 1.8 0.7

477.4 344.0 I?_.4_

477. 4 _44.0 I_.4_

5 477.4 344.0 133.4
93.2 0.7 131.9 12286.1 37.6 4.4 1.8

406.0 344.0 62.0

406.0 344.0 62.0

6 406.0 344.0 62.0

85.5 0.7 141.4 12083.9 34.6 5.1 2.1

335.2 _°°i. :'_ 114.0

335. "='_ 220.1 115.1

7 335.2 220.0 115.2
90.0 0.4 87.4 7866.8 _._':' _._ 0 1.3

288.8 220.0 68.8

8 288.8 150.0 138.8
148.2 0.2 42.7 6331.1 30.4 1.6 0.7

251.3 93.4 158.0

Duct burner fuel= 0 kpph
3as nlole conlposition: 75 %N2+Ar 13.4 %02 5.66 %C02 5.95 %H20 .002 %S02

_-lue gas dew p,-,int = 97 F M.W.= 28.9

_RSG TOTALS Economisers Evaporators Superheaters TOTAL

,..j_ D i ut S-r rr- -r--r,"/' -: ,..,.,,_:'_-/ ---Iqi I ._,._._

sq. ft 194673 277282 95196 567150

surface= 32991 fin surface= 534158 sq. ft. Averaged fin eff.= .727

"RSG frontal area = 808 sq. ft. Gas mass flux= 5.93 kpph/sq, ft

_RSG length = 19. 3 ft, 46.4 tube rows, 1940 ft of tubes per row.
in dia. tubes with serrated fins, staggered arrangement.

--in thlckness/dia.= .03 , height/dia.= .4 , spacing/dia.= .07

TuDe transverse pltch/dia.= 2.5 , row longitudinal pitch/dia.= 2. 5



E 7111EA

Mater coolir_

airto coalratio ?..41 air pressure 184 Cp air 0,2_

•atm"coalratio &133 airtmpm'ature 680 Cp wtw 1,1

airto Ntw ratio 16,12 watertemperature N Cp stew L455

Ib wt _ mls ml _ partial

pressure
air 18,12 %,77% |,63 91,9_ 169,I@

_zter 1.m 5.23_ O,O6 B.I#_ 14,96 sattrap 213

Temperatureof combinedstrea enteringboostcompressor

4N,@4 F sat pressure 247psia Rel.Hum. 6,

Tmpm'atureof streamexitimjcompressor(65_compeff)

Tf = Ti + (Tiln*((PflPi)"((k-l)lk)-l})

uhere

TJ - inlet tmperature - qm. I_ F - 660.1_ R
n - efficiency - 65._
k - ratio of specific heat t constant pressureto specific

to specific heat @constant volume 1.384
Pf - final pressure 350 psia
Pi - initial pressure 184 psia

Tf = ,_JT,_ F
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7,392 0._2 2.15 3_ 13
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s+ -- sT __3
DIKhaurle Fsd qbH2S Imlot_ 'rlhruudN@ 4 pm,,,_l) 25 _oaJl, _ 4$

HGCU Removed Combmtor *_ R,_ F 85_ GesTm'bin. T
lm' GT Combustm' t)9.iql

_ mo4 wt_ m_ _ mm4_ mt_qwmoWlmf wt,lr, mmot_ S
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?TPRO 3.31 Michael Br,-,wr, 10-15-1990 13:33:37
GCC 52 - 100 MW COGEN CYCLE

_SEA BROWN BOVERI GT Ii N

ESTIMATED G.T. SITE PERFORMANCE

:uel=Fuei G.T. @ 100 Y. ratir, g, XIGV= 0

_ite ambier, t cor,ditior, s: 14.'7 psia, 59 F, 60 % RH

{rllet loss= 4 ir_ch H20, exhaust loss= 10 irlch H20
{yap. lr,let c,-,,-,lertc, 0 "/.RH.

G.T. DEVIATION FROM NOMINAL, CLEAN ENGINE

i:,_-,r,lpressc, r lr,let airflc.w % reductior, = 0

]c,r,lpressor efficier, cy reducti,-,r, % = 0

urbir, e efficieracy red,4ctiorJ % = 0

laximur,1 firir, g temperature excess ,:,vet-base load = 0 F

onlbust,-,r _/.pressure l,z,ss (0 mearls r,,z0mir_alvalue) = 0
]c,nlbust,-,r ir,efficierlcy + heat l,z,ss % (0 ri1ear,s r,c,mir,al value) = 0

],-,,-,lir,g air lr,crease % (0 mear|s r._-,mir,ai value) = 0
]t-ocess air bleed l,-,cati,z,r_(0 rnearls r,-,r,e)= 1

?rocess air bleed Y. of ir_let = 9.5

# Mc°del PR TIT TET Mair kWe H.R. LHV Mex N2+Ar 02 C02 H20

F F kpph BTU/kWh kpph % % % %

GT 1IN 12.7 1975 973 2442 81153 11399 2552 75.20 13.78 5.35 5.67

-uel flow = 342 kpph

}.T. auxillary power = 408 kWe.

ESTIMATED G.T_ CYCLE

STREAM TEMP. PRESS. MASSFLOW M.W. MOLE COMPOSITION %

F psia kpph N2+Ar 02 CO_ H20

qmbie_t air irl 59 14.70 2441.75 28.75 78. °°_ 20.74 0.03 1.01

]onlpr. lr,let 59 14.55 2441.75 28.75 78.22 20.74 0.03 1.01
Turbir, e coc,lar,t misc. 21_.65

_rc,cess air bid 693 184.33 231.97 28.75 78.22 20.74 0.03 1.01

]ompr. disch. 693 184. _ 1996. 14 28.75 78.22 20.74 0.03 1.01
Tiirbir,e ir_let 1975 179.73 2338.30 28.86 74.92 13.14 5.84 6.10

;urbir, e exhaust 973 15.06 2551.94 28.85 75.20 13.78 5.35 5.67

"" _ _ _ " 1_,n_pi'_s,::,,-= .t ll,._, , u_-bir, e= 194931 Mech, _.:,ss= $64 kW
Turbir|e coolar, t= 8.75 % compr irs

3T specific power @ger, term= 33.2 kW pet- kpph

IT efficierlcy I_ gerl term= 27.54 % HHV = 29.93 % LHV



_TPRO 3.31 Michael Brown 1@-15-199@ 13:33:37 Gas Turbine p. 2

GAS TURBINE/GENERATOR HEAT BALANCE

y in = 288255 BTU/s

_nlet air Inlet air Water Steam Fuel

Sensible Latent Inj. Inj. HHV

4466 4516 0 0 279274

Er_ergy out = 289915 BTU/s

Incompl comb GT Mech. Gearbox Generator Exhaust Exhaust Electric Proc

& carcass rad Losses Loss Loss Sensible Latent Output Air

1028 422 0 1181 172966 26395 76923 11001

Z.ero er,thalpy: dry gases & liquid water @ 32 F (273. 15 K)
-leat Balar, ce Error = Irl- Out =-.1660 BTU/s =-.576 %



]TPRO 3.31 Michael Brc°wrl 10-15-1990 13:33:44 Steam cycle p. i
IGCC 52 - 100 MW COGEN CYCLE

qSEA BROWN BOVERI GT II N

: 6 Subtype: 2 Induct ion

P T h r,1 UA Q A

psia F BTU/i b kpph BTU/s-F BTU/s sq. ft
--m

]nd rtrn 0.74 87.57 55.58 382. 397

Stm rtrr, 17.72 250.00 218.49 14.400

_akeup 17.72 80.00 48.02 8.210 (Ir,cludes 1.06 kpph for desup)

FW supl 17.72 93.26 61.25 403.951
_TE 403.951 44 6355 20205
from LTE 17.20 150.00 117.88 403.951

_PB 29.395 91 7883 38977

water bleed 59.580
ntd. FW 17.20 220.00 188. 13 344.371

--m

dPFW 1423.77 221.13 193.48 281.848

HPEI 281.848 126 9819 56330

6 1382.30 342.54 318.89 0.000

:dPE2 281.848 41 5113 17763
7 1362.17 399.84 384.20 0.000

HPE3 281.848 207 14477 88712

8 1342.04 562.08 569.12 0.000

Blwdr, 1342.04 582.08 591.91 2.791

aPB 279.057 493 47140 193470

9 1342.04 582.08 1177.03 0.000
HPSI 279.057 0 0 0

1342.04 582.08 1177.03 0.000
279.057 206 22023 102400

Ii 1302..95 941.00 1461.14 0.000

Into HPT 1265.00 935.00 1458.99 279.057

bef addr, 350.00 630.40 1330.20 279.057

HPT addr, 350.00 432.00 1204.98 59.580

aft addr, 350.00 589.71 1308.16 338.637

HPT bld. 257.50 536.34 1285.74 18. 144

Desuperhtr 1.056

HPT prc,c 250.00 420.00 1214.85 19.200
HPT exit 115.00 389.65 1219.45 320.493

IPFW 125.66 220.09 188.55 62.524

IPE 62.524 20 1824 9026

I 122.00 322.54 293.59 0.000

Blwdr, 122.00 342.54 314. 10 0.619

IPB 61.905 173 15444 71368
2 122.00 342.54 1191.52 0.000

IPSI 61.905 4 561 2374

3 i_.00 399.84 1224. 17 0.000

IPS2 61.905 30 1627 15876
4 118.45 582.08 1318.77 0.000

Into LPT 115.00 417.45 1235.04 382.397

xit 0.74 91.57 964.72 382.397



3TPRO 3.31 Michael Brc,wr, 10-15-1990 13:33:44 Steam cycle p. 2

STEAM TURBINE

---- m

No. ,-,f steps Exit Quality Efficier, cy(Y.) Wc,rk (kW)

Tc, HPT additr, 4 I. 157

Fo HPT bleed I I. 101

ro HPT exit 3 1.033 81.66 18984

Fo LPT exit 13 0. 869 81.47 30292

3ross pc,wer = 49276 kW. Mech/Elect losses = 1478 kW.

3er,eratc, r output = 47798 kWe. ST auxiliaries = 335 kWe

3oiler feedpumps = 502 kWe

CONDENSER

P T h m

psia F BTU/Ib kpph

LPT exit 0.7365 91.57 964.72 382.40

3aturatiorl 0.7365 91.57

Condensate well 0.7365 87.57 55.58 382.40

Coolir, g water in 65.00 23177.06

Coolir_g water out 80.00 23177.06

Number c,f passes= 1 UA= 5360 BTU/s-F Surface area = 26219 sq. ft

Tubes: OD = 1 iri Lerlgth= 38.6 ft number= 2596

Coolirlg water: Velc, city= 9 ft/s DP = 9.02 psia Pumps = 261 kWe.

STEAM CYCLE HEAT BALANCE

Er,ergy iri = 220712 BTU/s

GT Exhaust GT Exhaust Duct Burrler Makeup+Proc Pump Exterr_al
Ser,s ib ie Lat erlt Fue i HHV Ret urrl W,:,rk St earn

172966 26395 0 983 426 19942

Erlergy c,ut = 220713 BTU/s

,l_ L,l,:,wMech/Elec Stack: Stack _,_.r,d_,srProcess GT P,-oc. Electric

Radiated d,:,wr, Losses Ser_s. Later, t C.W. Steam Irljec. Water- Output

2336 513 1401 38598 26395 96571 6479 0 3114 45307

Z erlthalpy: dry gases & liquid water- @ 32 F (273. 15 K)
Balar, ce Errc, r = Irl - Out =-.875 BTU/s = 0 Y.

II '
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3TPRO 3.31 Michael Brown 10-15-1990 13-33"44 Steam cycle p.?• • _.J

HRSG GAS-SIDE PROFILE

Tg F Tw F DT F Qg/UA DELTA P UA Qg Vg Tube Lngth
HP/lP HP/lP F inch H20 BTU/s-F BTU/s ft/s R0z,ws ft

1 969• 5 941. 0 28.5

108.0 2 0 205.9 "-"_'"_• _.,- _.-,_. 0 56.6 7.8 3.3
854.5 582• 1 272.4

2 854• 5 582• I 272.4

96.7 3.2 492• 6 4761 I. 8 49.0 14.8 6.2

602• i 582• 1 20.0

' _ 602• 1 562. 1 40.0

3 602• 1 582. 1 20.0

68.5 I. 5 237.4 16265. --.' 42. 0 8.0 3.3
51 _. 8 399• 8 114.0

513.8 399• 8 114.0

4 513.8 399.8 114.0

4 513.8 399.8 114.0

126.5 0.3 45.3 5731.2 39.5 I. 5 0.6

482.5 342.5 139.9
482• 5 _ -'_4.-. 5 139.9

5 482• 5 342.5 139.9

90.3 0.8 172.8 15598• 5 37. 1 5.5 2.3

396.5 _742.5 54.0
m

396• 5 342.5 54.0

6 396.5 3_i_-°:.5 74.0

80.5 0.7 146. 1 11759• 5 34.0 5.0 2. 1

331.2 221. 1 110. 1

331.2 220. 1 iii. 1

7 331. -.- 220.0 III.2

87.0 0.4 91.5 7961.5 31.7 3.0 I._°

286• 7 220.0 66.7

8 286.7 150.0 136.7
146.8 O._Z' 43.7 6418.3 30.0 1.5 0.6

250.6 93. _ 157.4

Duct burr, er fuel= 0 kpph
Gas fmc,le compositior,:: 75. -'_%N2+Ar 1_.8 %02 5.35 %C02 5.67 %H20 .002 %S02

Flue gas dew point = 96 F M.W.= 28•9

HRSG TOTALS Ecor,_-,misers Evaporators Superheaters TOTAL

[_ BTU/s 37588 70467 24211 132266

UA BTU/s-F 438 757 241 1435

sq. ft 192037 303815 120651 616502

surface= 35862 fin surface= 580640 sq. ft. Averaged fin eff.= •729

HRSG frontal area = 863 sq. ft. Gas mass flux= 5•87 kpph/sq, ft

HRSG length = 19.7 ft, 47.:' tube rows, 2072 ft of tubes per rowLS_ m

o in d _ -_ _- _ __a• t ''_ ................................ == with ==,, =t o_,,=, =_= =_ =, _=,,,=,_,_

Fir, thickness/dia.= .03 , height/dia.= .4 , spacing/dia.= .07

Tube transverse pitch/dia.= 2.5 , row longitudinal pitch/dia.= 2.5



ABB6T11N

Matercooling

air to coal ratio 2.41 air I_SSUre 184 Cpair @.248
Natercoal ratio 1.139 air tLmperatm'e 693 CpNater l.lm
airto.ate"ratio 17.34 NatertNperature M Cpstem e.455

Ib wtH toolstoolH partial
I_essu_e

air 17.3494.55Hi._ 91.57H168.48

water I.M 5.45He._ 8.43_ 15.52 satttmp214.6

Temperatureofcombinedstreamenteringboostcompr_asor

41_.19F satpressure 247psia Rel.Hum. 6.28H

Temperatureof strea=exiting compressor(&SHcoepelf)

Tf = Ti + (Tiln,{(PflPi)^((k-1)lk)-l})

xhere
Ti - inlet tNperature - 4ae.19 F - 86e.19 R
n - efficiency - 85.i_
k - ratioof specificheatO constantpressuretospecific

tospecificheat@ constantvolume 1.384
Pf - finalpressure 350psia
Pi- initialpressure 184l_ia

Tf = 597.84F
r.
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1 Standardized IGCC Gaslfler Cogen Application Reference Coal -
T Mass & Energy Balance ABB GT IIN Plant Full Load Predicted Gaslfler 0 u

1 2 4 5
4_ 3 Stremu No. ..... 3

_ ldenlffleatlea ,tit Coed Coal Fined Sized Cos/ CompAlrB 2,41 A/C Wster B 0._From lllfnob_ SizerB 30% ComblnedStremm AmzCompr&lorBomterCompr Coolin8Water H20

I "t-, To SIzer Brk!uettlnR Gmifler Gmifler G-,iller Cea_
7 Gas MM Wt Itdhr wt % Ib/l_ wt % lh/br wt % Ib/hr Ib/mol wt qt molqb lh/br

8
.am,umm

lP CO 21010 0 0.00 0.00 0.a)
mmme.,,m

1 O H2 101_ o 0.00 0.00 0.00
"_" CO2 ..OLO 11o O.Ol _o_ o.m

1-'-/"H20 1&015 tall GIS G64 1.62 2_,144
.m,.....

1 3 !1_4 16.042 0 G00 0.03 0.03

1__. C2116 30.068 0 0.00 OGO 0.00
1 5 :H2S 34.O16 0 0.00 G00 0.03

COS mo_ o _oo o03 o.oo
1 7 _T2 21013 174,8:57 21.65 75.03 77.28
18 Ar 39.948 3,O61 G38 L31 0.95

' _ HCI 36.461 0 G00 GW 0.03
20 HCN 27.03_ 0 0.00 0.03 0.C0

21 qH3 17.030 O 0.00 GQ0 0.03

22 _12 v6.131 o 000 0.Ge 0.03
-_- SO2 H.O_9! 0 0.Ce 0.03 O.m
24 NO 30.006 0 0.00 G00 0.03

25 02 31.9_ 53,553 6.63 22.98 20.72
2 1 NaCI _.497: 0 0.00 0.(]0 0.00

27 KCI 7¢596 0 0.00 0.03 0.Ge=.m...m,

2 8 Total Ges _k/br) , ,, 233D64 28.86 lOGO0 100.00 25,144 ,,
20

30 Volumetric Flow Astm (STP 14.7 pdu, _gF)m,,.,.m

3__1(norm) 4,166
3, (u_m) 50r_ ....
33

3"_" Heat (BTU/ib) 1332

3"t_" Cp (BTU/]b F) G251
36 HllV'(BTU/Ib) lO.776 1o,776 1o.77e o

LHV (BTU/lh) IO.239 10_ lO_m o
3 8 Sensibk Hest above
3""0'59 F Btu/lh steam o o 0 135

H Latat Heat of

"_j Wat,r Btu/Ib stunt 7 ......
42
43 Chemical Heat 9_0.19 _97.06 1031.98 0.(30

4 5 SensJbJe Heat 0.03 0.00 0.03 31.50

4"-i"above59FM]Dtarm'
m

47 Lateat Heat 51.93 l.q.M 51.93 L34

4-8-ofWsttr MBtu/hr
4-"0" Totalll_r) 1o42.11 31Z6_ 10_.90 33.04 33_9 ,.
50 Number of Gasifters for 85% Plant Availabflit]r _90% GasWJer Availability, 350 psia

52 'C 12.011 _8,131 _0.11qt 17,439 60.11qf 61,132 m78qt 30
• 5-'_ 11 LOGS 4,033 4.17_ 1.210 4.17V, 4,033 4.015 165 2,794
+ 5-"4-iO 16.000 7,321 7.5"/qt 2,196 7.57qt 7_q21 7.285 34,951 2Z350

i _ N 1¢007 1,141 1.18_ 342 Ll8_t 1,141 L13qt 174,857! 25 144 Tetsl

+ _ C_$2 32.060 2,785 _ 836 2.Mqt 2,785 z77ql 230,003 Tmal3_._ 0 0J_0+t 0 0.03+t 0 (1035 .,,tamm,

S 8 H20 l&016 13,636 14.10% 4,091 14.105 13,636 13.565

60 ZnS
FeS

-_- Fe203
63 ZnO

64 ASH 9,671 IOD0_ 2,90,' 1GGO_ 10,537 10.485
65 TotalSolids 96,707 lOO.Olqt 29,012 lOO.Olqt 100,583 100.00_

6 6 Total Flew (pph) 9_707 ,*,,, 291012 , 100_l_ 233_064 25,144 ,,
67

68 Tetal Flow (pl)s) 26.86 t_06 27.94 64.74 6_8
6 0 Pre_ure (psLt) 14.7 14.7 14.7 350 * 350 •

"7--0"Temperature (F) 59 _9 _ _98 • _9e •

!
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I- Illinois #6 J-1538 DE_,AC21-89MC26291 1

tier OUtl)ut 10/16/90 Revision 7
6 Uncomb 7 8 9 1o ss scab el cml 3

0.26 Ash Cnrb(m Finm (Char) Tsr Dmt(per RTI dia) Ml_dlmamm Hot Gm with Tm 4
lr 11201 Gadfler 2J;9% Gadfkr • 4.00% Gmlfler O £04% Real CTgloae GmBierHeat Gmifler N2 In cmd T
_ Coal AshSilo OrlqmttinR HGCU Reclaim _ HGCU toNll3Coav 94).1%"_

lwbr wt % lwbr wt % lh/br Wt % lh/br wt % lh/br lh/tool wt % inel qk 7
a

8
90_2 6.39 2_26 2ZS2 9m

4,O+O 0.29 1.18 14.2+!I0
40,388 2.a6 11.75 6._ U

144 17.547 1.24 5.11 6.98 1"-'_
7,..I"/4 0._ 2.15 3_M 13

1.462 0.10 0.43 G34 14
2,537 0.18 0.74 0.53 15

746 0.05 0.22 G(_ 16
1"/4..9"70 12.39 _91 44._ 17

3_61 0_2 G09 G54 18
0 0.0o G00 G00 19

119 0.01 0.03 0.03 20

!,173 0.08 0.34 G49 21m

o o.0o 0.00 0.Ge 22
m

0 O.OO 0.OO 0.00 23
0 O.GO 0.00 G00 24
0 0.00 0.00 O_ 25

u

0 0.00 0.00 OGO 26
0 0+0o 0.0o 0.00 27

_44 , m3,em 24.m smoo 1oooo"-_
29

343.et0 3O
15,409 31

, , , 89_181 "_
33

1332 34
0.260 O.260 0_6 O26O 0.329 3S

m

0 10,936 17,329 o 2,588.8 36
0 10,936 16,.571 0 2,375.O 37m

38
154 276 276 323 349 39

40
o 0 749 0 214 41i i i i

42
22.6"7 42..10 96.15 0.00 816.25 43

44
1.73 1.07 1.60 0.16 6(15 Wem/st_m 119.84 4S

0.00 0_0 4.34 0JD0 14.1 _ 73.51 Ga HHV- 189 Blu/_ 47
Semr lbemmd- 528nu_b 48

nA9 24.40 4337 102.10 0.16 74.6TolM llglg.lEOCaku_ m ,m/l) 4.9

-- I_' '& 17 tph {typical) Coal each: 4.0 [Unit Output _fWn} 118.5 MW,. ]hlkO_- S.8_ 10o --
-- ,_,, _lc ¢3anbTemp 4_ 1990 51
- _ 13_ 3_m 77_t 5.1o_ n.oo_ _ 58..577 o.oo_, 52

o o_o_ 4+4 8Jxxt mm+ uol o.oo_,
•_ 0 O_OSt 116 2.0_ 96,742 96,7412 OJ[X)ql 54
[_. 3_td 0 O.OOqt 50 12_t 175_9_ 175,996 O.OOqi 55

o 0.0o o o_o_ s8 s.oo,s 2_J5 2,7_ .o.o_ 16m

o o.omt Sd_roub UO,e_9 340.62_ oeo,, __ i
0 0_0_t Sumof Sumof Om Ma_ .58

439 90 Su'atm J_U Uhlxdmee 59
u

10 2 belmce check 60

29 6 FI_C _,cle F_cimc,/_ 44.47_ 61
0 0 FERCl_t,'h"Efficim_n)- 41.05% 62

1o 2 63

9,671 86.0_ 866 22.40% 0 0 64
11,234 100 3,868 100.00% 5,11)2 100.00q5 487 100 6S

___ 11+234 31868 5r802 487 , 3431690 645
67

_q_ 3.12 1.07 1.61 0.14 95.47 68
350* 14.7 350* 350* _ 259 69
_* 650 1120 . 11_ 1300 1120 70

i
L





Jd , i

AS J AT i AU I AV I AW | XX."i AV 1' AZ I'0A" I em I ec I m" ! . es .1' ...eF m
!linois #6 J-153& D£-AC21-SgMC26291 l,,,,m,,,m

tput Revision 7 10/16/90 2
, i inl | , | i • -, |, ,, ,i i i i , i ,

I$ 16 17 :3
| Fuel _H2S InletGl Thrnd NO (ppm_l) 2.5 Exhalt Gas "_"

HG4_U Removed GTCombusC_r *Rkh/l,om R,d. F 85% Cii Turbine T

GT Combltor 99,0% GT Exi_nd,r 6
bol '_ lh/br ml/br wt 'Jt, n_d '_ lwbr lh/rod rods wt _ foXY, lh/br mols/_ 'wt _ nlol5, `7

T
Goo _ 3,222 26.38 2214 o o_oo oJao GaO aoc o Goo o.oo o.oo

• Gao 4010 1_909 1.17 14.10 0 0_0 0.00 G00 O.0C 0 G00 0_0 0.(_ 10
G03 40,108 918 11.80 651 _7,_4 2.58 0.G_0 190 5.8_ _5 4"7_v6 s.s6 5._7 11
I.G2 L9,318 1_72 _65 7.J) 09,232 1.11 0_0 3.82 6,14 90,.590 50_61 3.55 5.71 1"-2"
Gao 7,374 460 2.16 3.26 0 0_0 0.00 Gao G0C 0 000 0.ao 0.00 13
aG0 1,462 49 G43 G54 0 0_, 0._0 aao G0C 0 Gao 0_0 0._ 14
Gao 25 1 G01 G01 O OJO0 0.00 Gao G0C 0 Gao 0,ao 0._ 15

i Gao 'i G Gao GaO o o_J o.oo Gao G0C o Gao 0_0 0._ 16

i 7'7.28 174,.0"70 _6 51.14 44.28 1,672,553 20.73 0.(12.55 71.56 74.0_ 1,132J_3 65421.65 71.85 74.27 1'7m._w.m

i G95 3061 77 GW G54 29.2t5 036 0.00 125 Ggl YJ_71 IK_.83 126 0.91 18
! Gao o o GU0 G00 o o_) o_o Goo G0C o Gao o_o o.(_ 1"_-
i Gao 119 4 GO3 GW 0 0_) 0.00 aCO G0C 0 G00 Gao 0.00 20
i Gao 1,173 49 0,34 0.49 0 O.OP 0_0 GO0 G0C 0 Gao 000 0.00 2"-T"
! Gao 0 0 Gao Gao 0 0,OD 0.00 Gao G0C 0 Gao 0_0 0.O0 2-'_

.,tom-.era

i Gao 0 0 G00 Gao 56 0,Cao7 0,(X_00 G(X)24 0,0011 $6 GST 0.ao 0.00 23
Gao 0 0 GaO GaO: 454 0.(X_6 o,ax)o GOlg4 0.0181 4.54 15.13 0J)2 0.W 24

_0.72 0 0 Ga) Gao: 337,_91 4.19 0.0045 14.4.5 113.01 38(4786 120_.43 15.16 13.72 25
Gao o o G00 Gao! 0 0,oo 0.oo Gao G0_ 0 G00 0.00 o.oo

!. Goo o 0 Gao G0_ 0 0_ 0_ Gao G0C 0 G00 0_ o._o _'-T"
L lOOm ,s,_._lm ,14_to_ s_,,oo.... IOO.O_ 2rS'Jr/01"/2 28S_. 0.ao45," tOO.ao 100.0_ 2,$50,8_ 01090.7.8. 100.00 lao.O0

2,337,175b,l ck 2,550,835 balck 29

i _5m3 _.t_ 1,491.9w 3_L

34
G334 0.278 G26"7 3S

2,,_48.9 0.0 0.0 36
2,.t30,0 0.0 0 37m

38
m

3";5 533 244 39
40

219 4O 37 41
42

"797.24 G00 Gao 43
44

128.14 1246.66 623.55 45.,,.mm.m

46
74.88 93.8O 94.21 47

48
mm_mmm

i ,, , lOao.2_ _3_9.48 _3_.6"7t,_ 717.76 4,9,
"WR ._bustioa Turbine Output 81.153 ....l_Ng ' . 1.04 .'l_r_ _ _ Ms-,x_n 50

$1
_ao_ ' '5_,_9 ..... 5_o_ '" 5_._o_ 0.oo_ s_._ 5_,_ o.m_, " s2
Gaoq, 1_505 9,.915 9.915 0.00_ 10,066 10,066 0.00_, 53
GG0_r, 9_,119 _68,493 568,495 0.(X_ 618,8"71 611_71 0.ao_ 54
Gao_ ITS,g_ 1,6T2,765 1,672,765 0.00_ 1,133,065 1,833,065 0.ao_ SS
o.ao_ 28 28 28 o._o_ _s zs o.ao_ 56
Gao_ 339_ .._md "S_0_7 " z_o_91o o.oo_,.b_o_ 2_18;_32_lS,Vea o.ao_,._o.d S"T-m

_: t_twcecheck I_ obe.ck $8
$9
60

.,.,.-,..,m

61
62
63
64
6S

_.04 649.21 7_6 68

2_9 180 * 1.5.13 6__9

f _seo ,. I _.-_ " , .



Total Flow (pps) o • 70L56
Pressure(Imh) 2_9 14.7 1265

J i lo Itemperaiure _r"_ I ii_ I _! * * , _. ....



• mm , I OT I su I ev nw
J-1538 DE-AC21-89MC26291
Revision 7 10116/90 2ml

21 2.2 23 24 3
L_ Prarert S_mn Make Up Wsbr Sat. Stmun _u_m SUn 4

HP.SO Ws_rTreahnent GmUier Slm Turbine -..-.-T-

• $__t_Turblne , HP,SG SteamTurblne ProcemF_lUty 6
Ib/_ ' Fo/hr lh/br lh/br

8
9
10
11
12
13
14
15
16
17
18

2O
21
22
23
24
25
26

32

I ,, , 3_.!_31242 48 1204 1214.5 34

I -3__L

, 37

39
411
41
42
43
44
4S

47
48

76.89 1.60 60.54 23.32 4_9

;IP,SG Turbine Output 47.8 MWjt 50..... ' ' S-'T
52
53
.54
SS
56
57
58
59
60
61
62
63
64
65

61r906 33_5. 59rSIM 19_199 66

i " I 'N1720 9.27 16.55 _.33
350 2_0_.115 15

• "J "_J "_I 70437,I --

I





_ cl i c_J I cx I ct. cu
ois#6 J-1538 DE-AC21-89MC26291 z

Revision 7 10/16/90 2
27a " 27b ' 20 3

tmoutalSulfur Sulfw i)4ozlde Ash 4
DSRP SO2Recovery Unit SO2 Reductor S..mm,

mttbk Byproduct MarketableB.vproduct Disposal 6
It/inr lh/br lh/br vK% 7

8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23

25
26
27
28

' ' ' 29
30
31
32

' 33
34

o.ooo ox_e 3.%
36
37
38

154 o 39
40
41
42

10.9"/ 10.97 3.96 0 43
44

G00 G00 G00 o 45
46

GO0 G00 G00 o 47
48

lO.97 la97 3.96 0.4 4__9
SO
Sl

p 273 3 52
53
54
5S

2,756 2,?56 56
57
58
$9
60
61
62
63

9,6"/1 97 64
9,944 1oo 65

,. 2t756 5_512 9r944 100 66-- 67

0.77 1.53 Z76 68

15 1(30 15 69
190 59 284 70

_ ' .

i

i

i



200 MW Cogen Cycle
Mitsubishi-Westinghouse 501 F

Page C.7
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3TPRO 3.31 Michael Brown 10-15-1990 13:43:52
GCC 63 - 200 MW COGEN CYCLE

,IITSUBISHI-WESTINGHOUSE 501 F

ESTIMATED G.T. SITE PERFORMANCE

:uel=Fuel G.T. @ 100 Y. rat irlg, XIGV= 0

_ite arnbierlt cc,rlditiorls: 14.7 psia, 59 F, 60 % RH

[r_let loss= 4 ir_ch H20, exhaust loss= 10 inch H20

Evap. ir_let cooler to 0 Y. RH.

G.T. DEVIATION FROM NOMINAL, CLEAN ENGINE

]ornpressc°r ir_let airflow % reduction = 0

]c°rnpressc,r efficierlcy reductic0r_ % = 0

Furbirle efficiency reductiorl % = 0

_axirnunl firir_g temperature excess over base load = 0 F
2ombustor Y. pressure loss (0 mear, s rlomirlal value) = 0

]c,nlbustc, r ir_efficierlcy + heat Ic,ss % (0 rnearls rlomir_al value) = 0

2c,c,lir_g air ir_crease % (0 rnear_s r,:,mirlal value) = 0
Process air bleed lc,cation (0 means r_c,rle) = 1

:)rc,cess air bleed Y. c,f irilet = 11.86

# Mc,del PR TIT TET Mair kWe H.R. LHV Mex N2+Ar 02 C02 H20

F F kpph BTU/kWh kpph % % % %

IW50IF 14.6 2300 1085 3386 153645 10376 3574 74.50 12.17 6.58 6.75

Fuel flow = 589 kpph

3. T. auxiliary power = 762 kWe.

ESTIMATED G.T. CYCLE

STREAM TEMP. PRESS. MASSFLOW M.W. MOLE COMPOSITION %

F psia kpph N2+Ar 02 C02 H20

qrnbierlt air irl 59 14.70 3386.37 28.75 78.22 20.74 0.03 1.01

Cc,rnpr. irilet 59 14.55 3386.37 28.75 78.22 20.74 0.03 1.01
Turbir_e cc,olar_t rnisc. 408.37

Process air bld 713 212.28 401.62 28.75 78.22 20.74 0.03 1.01

Cc°rnpr. disch. 713 212.28 2576.38 28.75 78.22 20.74 0.03 1.01
Turbir_e ir_let 2300 203.79 3166.03 28.90 74. 02 11.05 7. 43 7.50

Furbir_e exhaust 1085 15.06 3574.40 28.88 74.50 12. 17 6.58 6.75

:]ornpressor= 159812 Turbir_e= 316579 Mech. loss= 940 kW

Turbir_e coc,larlt= 12. 1% compr iri

3T specific power @ gerl term= 45.4 kW per kpph
GT efficier_cy @ gen term= 30.26 % HHV = 32.89 % LHV

I



Z,TPRO 3.31 Michael Brown 10-15-1990 13:43:52 Gas Turbine p. 2

GAS TURBINE/GENERATOR HEAT BALANCE

_gy iri = 493736 BTU/s

_,'alet air Iralet air W_ter Steam Fuel

Seras ib ie Lat er_t Inj. Ir_j. HHV

6194 6263 0 0 481280

Energy out = 496446 BTU/s
--N

Ir_compl c,:,nlb GT Mech. Gearbox Ger_erator Exhaust Exhaust Electric Proc
& carcass rad Losses Loss Loss Ser_sible Later_t Output Air-

9899 597 0 2080 274646 43964 145636 19624

_ F (273. 15 K)Zero erathalpy: dry gases & liquid water- @ ?':
Heat Balar_ce Error = Ira - Out =-2710 BTU/s =-.549 "/.



3TPRO• 3._I_ Michael Browr, 10-15-1990 13:43:58 Steam cycle p. 1
_GCC 63 - 200 MW COGEN CYCLE
_ITSUBISHI-WESTINGHOUSE 501 F

: 10 Subtype.- _ Inductior,

P T h rN UA Q A

psia F BTU/I b kpph BTU/s-F BTU/s sq. ft

]r_d rtrn 0.74 87.57 55_58 564. 092

_tm rtrr, 17.72 250 00 _'• _18.49 27 000

dakeup 17.72 80.00 48.02 13.971 (IrJcludes 5.15 kpph for desup;
_W supl 17.72 94.81 62.80 599.916

-TE 599.916 63 9180 31169
_rom LTE 17.20 150.00 117.88 599.916

PB 43.655 I_ 11707 60301
_ater bleed 97.830

ntd. FW 17.20 220.00 188.1 _ 502.086

dPFW 1648.87 221.31 194.33 423.739

dPEI 423.739 477 26261 224762
6 1600.84 434.18 417.45 0.000

dPE2 423.739 325 20974 147371
7 1577.53 581.98 595.64 0.000

dPE3 423.739 0 0 0
8 1554. _-'" 581.98 595.64 0.000

Blwdr, 1554.22 601.98 619.75 4.195

dPB 419.544 641 66402 266495
9 1554.--'_ 601.98 1165.18 0.000

dPSI 419.544 237 33584 124491
1508.95 940.05 1453.36 0.000

419.544 67 4530 34948
1 1508.95 1006.00 1492. "='_ 0. 000

Int,=, HPT 1465.00 1000.00 1490.10 419.544

R/H extr 500.00 729.39 1375. _3 419. 544

stm addr, 500.00 650.00 1331.99 0. 000
•-- a_old R/H 500.00 729.39 1375._3 419.544

lr,to HPT 471.30 1000.00 1519.55 419.544

HPT exit 339.81 924.63 1483.59 419.544

IPFW 371. __ 220.29 189.48 78.347

IPE 78.347 62 4404 29072
1 360.50 414.18 391.86 0.000

Blwdn 360.50 434.18 412.73 0.776

IPB 77.571 365 17528 158018
Stm addr, 360.50 434.18 1205.09 97.830

2 360.50 434.18 1205.09 0.000

IPSI 175.401 106 5350 58523
350 00 601 98 1314.90 0.000

IPS2 175.401 0 0 0
4 350.00 601.98 1314.90 0.000

cold R/H 500.00 729.39 1375.23 419.544

IPS3 419. 544 11 _ 17146 58935
5 485.44 1006.00 1522.36 0.000

LPT 339.81 827.30 1432.97 594.945

ld. 257.50 781.55 1412.52 30.853

Desuperhtr 5.147

LPT prc,c 250.00 420.00 1_'_14.85 36.000

LPT exit 0.74 91.57 1009.90 564.092



0

3TPRO 3.31 Michael Browr, 10-15-1990 13:43:58 Steam cycle p. 2

STEAM TURBINE

No. of steps Exit Quality Efficiency(%) Work (kW)

r,:,14PT exit I 1.349 72.75 18543

T,:,LPT bleed i 1.255

r,-,LPT exit 15 0. 912 86.63 70123
m

]ross power = 88666 kW. Mech/Elect losses = 2660 kW.

3enerator ,:,utput = 86006 kWe. ST auxiliaries = 602 kWe

_qoiler feedpumps = 896 kWe

CONDENSER

mm

P T h rn

psia F BTU/Ib kpph

_PT exit 0. 7365 91.57 1009.90 564.09

:_aturat ior_ 0. 7365 91.57

Conder_sat e we ii 0. 7365 87.5T 55.58 564.09

Cooling water ir, 65.00 35888.31

Cool ing water ,=,ut 80.00 35888.31
mm

of passes= 1 UA= 8300 BTU/s-F Surface area = 40595 sq. ft
es: OD = 1 in Length= 38.6 ft r_urnber= 4020

C,=,olirlg water: Vel,z,city= 9 ft/s DP = 9.02 psia Pumps = 405 kWe.

STEAM CYCLE HEAT BALANCE

Er_ergy lr, = 353942 BTU/s
o_ --

GT Exhaust GT Exhaust Duct Burner Makeup+Proc Pump ExterrJal
Ser_s ib Ie Lat er_t Fue I HHV Ret urn W,-,rk St earn

274646 43964 0 1825 759 32748

Zrjergy ,-,ut = 353797 BTU/s

Heat Bl,z,w Mech/Elec Stack Stack Cor,dr_sr Process GT Proc. Electric

Radiated dowr_ L,z,sses Serfs. Latent C.W. Steam Ir,jec. Water Output

3890 811 2521 54293 43964 149534 12148 0 5113 81523

'ero erlthalpy: dry gases & liquid water @ _2 F (273. 15 K)
I Balance Err,z,r = Irl - Out = 145 BTU/s = .041 %



3TPRO 3.31 Michael Browr, 10-15-1990 13:43:58 Stearn cycle p. 3

HRSG GAS-SIDE PROFILE

Tg F Tw F DT F Qg/UA DELTA P UA Qg Vg Tube Lngth
HP/lP HP/lP F inch H20 BTU/s-F BTU/s ft/s Rc0ws ft

1 1080.8 1006.0 74.8

1 1080.8 1006.0 74.8

1":'i_.4 1.0 180.4 21893.5 54.5 4.5 I_9
1001.9 940.1 61.9

100i.9 729.,4 272.6

2 1001.9 940.1 61.9

143.3 1.3 236.8 33920.2 50.8 6.0 2.5

878. 1 602. 0 276._:'

3 878.1 602.0 276_2

104.6 2.3 641.4 67066.0 44.0 12.8 5.4

627.0 602.0 25.0

4 627.0 582.0 45.0

4 627.0 602.0 25.0

61.7 1.5 430.8 26587.6 37.6 9.9 4.1

524.9 434.2 90.7

524.9 434.:'_ 90.7

5 524.9 434.2 90.7
48.5 1.0 364.9 17702.9 34.5 7.6 _._2

456.2 434._:' 22. 0

6 456.'2 434.2 22.0

6 456.2 414.2 42.0

57 6 1 4 538.:' 30972.4 _I 0 I:'.2 5 1

334.5 221. 3 II _. 2

334. 5 220. _ 114. 2

7 334.5 220.0 114.5

88.9 0.3 I_:'9_. 11823.7 28.0 2.9 1.2

287.5 220.0 67.5

8 287.5 150.0 I_7_.5
146.5 0.1 63. _ 9271.5 26.5 i. 5 0.6

250.6 94.8 155.8

Duct burr, er fuel= 0 kpph

Gas rnc,le cornpositic, r,: 74.5 %N2+Ar I_.2 %02 6.58 %C02 6.75 %H20 .002 %S02

FI,.Le gas dew poirlt = 101 F M.W.= 28.9

HRSG TOTALS Ecor, ornisers Evaporators Superheaters TOTAL

_,TU,= _'_3_0_, 35G3G COGll 21 _'_,,_,_,

UA BTU/s-F 926 1139 523 2589

sq. ft 432373 484814 276897 1194085

me surface= 69460 fir_ surface= 1124624 sq. ft. Averaged fir, eff.= .732

dRSG frc,r,tal area = 1372 sq. ft. Gas rnass flux= 5. 17 kpph/sq, ft

HRSG ler,gth = 24 ft, 57.6 tube rc,ws, 3292 ft of tubes per rc,w.

:' in dia. tubes with serrated fir,s, staggered arrar, gemer, t.

Izin thickness/dia.= .03 , height/dia.= .4 , spacing/dia.= .07
Tube trar, sverse pitch/dia.= 2.5 , row Iongitudir, al pitch/dia.= 2.5



_501 F

Watercooling

air to coal ratio 2.41 air IX_SUre 212 Cpair 8.248
water coal ratio 8.143 air tmpevature 713 Cp_ater l.im
air to water ratio 16._ water tewe_ature _ Cp ste_ e.4_

lb wt S tools mol S partial
pressure

air 16.28 94.21_ 1.57 91.B7_ 193._7
water I.N 5.79_ e.e6 8.93_ 18,93 sat trap _4.7

Tmperatureof combinedstreamenteringboostcompressor

399,9eF sat pressure 247psia Rel, Hum,7,66¢

TNperatureof strem exiting comp._essor(85:¢coepefr)

Tf = Ti + (Tilrrm'((PflPi)^((k-l)lk)-l})

where
Ti "- inlet tmperature - 399.9e F - 859.9e R
n - efficiency - 85.N_
k - ratio of specific heat @constant pressure to specific

to specific heat e constant volum 1.384
Pf - final pressure 35epsia
Pi - initial pressure 212 psia

w

Tf = 55e,88F



Total Flow (plm) 46.29 13.89 48.15 111.57 1204
Pressure(psit) 14.7 14.7 14.7 350* 350*



R T Y Z
J-1538 DE.AC21-89MC26291Illinois #6

10/16/90 Revision 7
45 Uncomb 7 8 lO o( coli

O._ Ash Fines (Char) Dust(per RFI dla) Mimelianm Hot Gas wlUnTars
1120/ brier Ugq_ Gminer • 4.00S hhr O L00qb Final Cycloae Gmifl_r Heat GmUler N2 in coal
Cud Ash Silo llGCU Reclaim Lemm ilGCU to Nii3 Coav N,lqt

wt_ wt_ wt_ wtt moist

155,532 6.39 26.26 22.82

6,997 o.29 1.18
69,602 2._ 11.75 6.51)
3O,240 1.24 5.11 650
IZ_Y7 0.52 2.15 3.26
2,52Q 0.10 0.43 G34
4,372 0.18 0.74 0.$3
1386 O.OS O.22 0.09

301,529 12.39 50.91 440.4
5,275 0.22 0.89 0.54

0 0.00 0.00 0.00
205 0.01 0.03 0.03

2,O22 o.oe 0.34 0.49
0 O.O0 0.00
0 O.GO 0.0O
0 0.00 0.00
0 0.00 0.00 0.0G
0 0.00 0.00 0.00
0 0.00 0.00 Ga)

24.34 lOGO0 100.0C

23,939



Total Flow(pps) 94o.65* 111.57 113.44 71S.64
Pressure (psia) 14.7* 212* 212

_n * 71"4 * 713



d.A, I As I *T'i Au I ,v I AW I AX ! *Y I AZ ! ....e* i ne I .c ! .o I ge I .F .-]Illinois #6 J-1538 DE.AC21o89MC26291

IfierOutput Revision 7 10/16/90 2is 16 ' 17
w I)bclmrlP Fuel %H2S Inlet Ges Thrnd NO (ppmvd) 25 Exhsmt Gis
x' HGCU Removed GT Combustolr eRich/Lena Red. F 85% Ges Turbine ._5
r GTC_mb,,-J.or 99,0% GT Exlmnder 6

wt % tool 'n, roar tool/br wt % tool % lwbr Iblmol tools wt % _o1% " Ib'/_w mobr/hr wt _k' mol% 7m

8

o.oo Goo 155.532 5,553 26.N 22.84 o o_o o_o bOO G00 0 G00 000 0._
0,00 G00 6911 3,428 1.1'7 14.10 0 0.00 0.00 Ga) G00 0 GO0 0.00 O.(X_10
(_G5 GO3 e9,(_2 1,582 11.110 6.51 35"7.911 3.28 0.0O26 11.30 "/.45 35S,104 81_88 1Ore 6._O 11
G64 1.02 33,291 1,848 5.65 7._0 148,296 IJ6 0_0 4.68 1.54 150_93 8375.96 4.22 6.79_
0,00 0._0 12,707 "792 Z16 3.26 0 0JDO 0_0 G00 G0G 0 GO0 0_0 0.(30 1:3
G00 G00 2,520 84 G43 0.34 0 0.00 0.00 ha) GO(] 0 G00 0.(X) bGO 1,4
G00 GG0 44 1 G01 G01 0 0J_0 0_0 G(X) G0C 0 G00 0_0 bOO 15
G_ Ga] 13 0 G_ Ge0 0 0iX) 0_0 Ge0 G0_ 0 GO0 0J_ 0.0e 16

*/$._J 77.28 301,529 10,764 :51.14 44.28 2,23:5,823 20.48 0.Q2.52 -/(1(;2 TJ.lC 2,.542,2.1:5gCq:51.26 T1.12 "/3.58 1'7
1.31 0,95 $,275 132 G89 b54 39,114 0_t6 O.0Q 1.24 GgO 444"78 1113.41 134 0.9(31....8.8
G00 G00 0 0 Ga) bOO 0 0_0 0_0 bOO G00 0 GC_ 0_0 0._ 19
0,e0 bOO 205 8 G_ b03 0 0J_O 0_0 bOO G00 0 G00 0JDO 0._ 2._.0_0
G00 GG0 2,022 119 G54 b49 0 0.00 OJ3O G00 GGO 0 G00 0_0 0.00 2.__1
0.00 bGO 0 0 G00 b_ 0 0JDO 000 bG0 G00 0 b00 0J00 0._ 22
Ga) G00 0 0 G00 b0C 96 0.(X)09 0.0000 GG030 0.0014 96 LSO 0J_0 bgc 23
GO0 G(I) 0 0 0.00 b(X_ 7119 0.0072 0.e000 GG249 0.0241 799 26.29 0.02 0.(IZ 24

22.98 20.'72 0 0 GQO bGO 383,939 3.q2 O.(XD8 12..13 10.99 477,77"/ 14930.99 D_V7 12.11 2_____S
G00 G00 0 0 G00 bO0 0 0.00 0.00 GO0 GO(] 0 G00 0.00 O.CO26
G00 G00 0 0 G00 Ga) o oJoo o.oo b00 G0C 0 G00 0J_O 0.(30 27

mnm _l_u__.t_589r6__1 24_!0 100.00 _l___m_ 3w16:sr963 29.00 0.0345 100.00 10_0C 3rY74r14"/123336.28 100.00 lm.G0 28
3.165,968bal ck 3,5"/4,352 balck ' 2930

24_t5 264,161 2,252333 3_.L
153r41t4 _r349 T'/I_T06 32, 33

34

G334 O.284 _ 35
2"..sa.9 o.o o.o
_o.o o.o o 3.._.._38

3_:5 _36 274 3_._._40

219 49 44 4142

1373.9O G00 G00 4:344

220.83 2014.96 98G81 4..._S.546

L_.o4 154.23 1_6.93 4_!.748

1723.77 2169.19 21_9Jl4balet,k 1137.74 49

- 16.59MWg Combustion Turbine Output 1S3.64S MW_ 1.06 "r_K,e Co,,,r,,_mr Sur_ Mt_ S0. Sl

-- 333 G(X_ 97,279 97,612 97,612 0.t_uw 97,66:5 97.66_qJ 0._,_ S.._2
IJJ_3 G(X_ 14,6.T7 16,477 16,477' O.CC_ 16,'766 16,T_ 0.00_ $...3...3

607,430 b(X_t 169,_1 776,520 776.525 O.OOq, 872,812 8"/2,812 O.G0_ $4
1.932,091 GOOq_ 303,300 2,2.36,1.91 2336,191 O.CO_ 2,.542,583 2,542,583 0.00_ _

o Geo_ 4e 48 48 0.:0_ 48 48 0.00_,,

59
60
61
62
63
64
6S

__...._ _v 6667

165.'79 11"/9.43 9c_l.ff-/ 6._88
287.3 204 * 15.13 6_..99
11_ 2,300 * 1085* 70I
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+ Standardized IGCC Gasifler Cogen Application Reference Coal - Illinois #6
2 Mass & Enert_ Balance MW,501 F Predicted Gasifler Output ....
3 Stremu No. 18 19 Thrml NO (ppmvd) 2S 20 21
4 lden0fkatJm FmlforSuppkmentaryFIrJn 8 FlueGm SCRRedF 80'Jt SuperhutJdStum LowPremureSla

From Gmifler HRSG R/L Red F 8S% HRSG HRSG
To HRSG Stack NOz Reburn F 05 Stem Turbine Steam Turbin

7 Gas Mol Wt Jb/br lh/tool wt qk" mol% ' Ib/br motdhr wt % moi% Ib/hr ' Ib/hr.mm.era

8
it CO 28.01C 0 6._ 26.26 22.82 0 G00 CL00 GG0
10 H2 Z01_ 0 0,29 1.18 14,_6 0 0.00 0.Q0 GG0

......

1 1 CO2 44.01c 0 2.86 11.75 6,50 358,104 8136.8_ ICL_ _60
1--2"H20 18,015! 0 1.24 5.11 _,90 150,_93 8375.96 422 _79
1$ CI!4 16.042 0 (152 2.15 3.26 0 G00 G00 OGO

,..mi

14 C2116 30.0et 0 0.]0 CL43 CL34 0 CLoo CLoo CLoo
1"-s'I12S 34,m_ 0 o.ts 0.'74 as3 0 000 CLoo CLoo
_-"_"COS axo76 o CLo_ CL22 CL_ o CLoo CLeo CLce
17 N2 28,013: 0 I139 _CLgl 44.24 2,542,215 90751.26 71.14 73.59
18 Al" 39.94S 0 (122 CL09 0.54 44,4"78 1113.41 124 (190
1o HC! 3_461 o G00 G_0 G00 o CLoo (1oo (loo

_._._ HCN 27.G_ O.Ol CLo3 0.03 o CLoo am CLooo
211 NIi3 17.030 0 CL08 0.34 0.49 0 (100 CLO0 CL00
22 CS2 76.131 0 am CL00 aoo o (1oo CLoo (1ooStt_kemi_iem_u:

_SO2 64.059 0 CL00 _S 1.50 CL00G00 (100 CLeO (1053
24 NO 30,006 0 Ga) G00 a00 158 5.26 CL00 0.00 LCL09

02 31.999 o am am G00 4"0,7/7 1493O.99 13.37 1111

NtCI SL_7 0 CL00 CL00 aoo o CLoo CLoo CLeo_gCi _4,_ o CLoo CLoo _oo o _oo CLoo CLoo
TotalC,u{Whr) o :¢u leeOo 1moo 3r_3,_ m3..25 lO_m 1_0o

2 9 3,573,721bal chic
0 Volumetric Flow Rates (STP 14,7 pd8, 59F)

(term) o 1_._Ol
s2 1(scfm) o .. _m4 ,
s3
3"_ Heat (BTU/Ib) 149CL1!

3_.s.sCp(BTU/lhF) CL334 o_9
_.__eHtlV(wru/Ib) 2.u_.9 CLo
3 7 LHV (BTU/Ib) 233o.o o.....i.,

3 8 Sensible Heat above
3 lt 59 F Btu/Ib sheam 0 48
4 0 LatentHeat o(
4 1 Water Bla/lb stem 0 44

I I II I I I

42
43 Chemlcal Heat o_ o_o

4 5 SensibleHeat oJ)o 170..5"7
-....,mn

4 6 above $9 F MBtu/hr
-...,..m

47 Latent Heat 0_0 156,93
"_ O(Water MBtu/hr

41) ToCtiH_l(MBtu/hr) 0_0 327.5o 62_.16.

60 HRSG Turbine O1
m.m.a,m

Sl
5 2 C IZ011 O 97,66_ 97.66_ 0.00_.....
5 3 H Lm8 O 16,766 16,766 CL00_
54 O I_C00 0 872,47:5 8"/2,47:5 CLG0_
155 N 1¢007 © 2,542,299 2,.542,289 CL(XEt

58 1120 18,016
:!i'.'+_++__i 5"--b-ZnFe204

So ZnS
61 FeS
62 Fe203
63 ZnO
64 ASH
65 To/_dSolids
6 it Total Flow (pph) o 3,574,347 419p:544 ..... '

(pps) 0 • 9_2_r7 116._
Pressure(psla) 287.3 14.7 1465

")41 •, ....
+
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J-1538 DE-AC21-89MC26291 1
Revision 7 10/16/90 2

lm

21 22 23 24 3_.mmm

_wPremurt$t_mn Mab Up Wmr Sat. Steam Procem Stm 4mmmmm

IlRSG WaterTrutment GmUler Stm Turbine 5
,.SteamTurbine HRSG IlRSG Proems FaeiUty 6

lh/br lh/br Ibfltr lh/br ?
8

..w.,..,,..

9
10
11
12
13
14
15
16
17
18
19
2O
21
22

m,.,,....,.

23
24
25
26

28
29
3O
31

' 33

1204 48 1204 1214.5 34
3S
36
37
38
39
4O
41
42
43
44
4$
445
47
48

.ro.mn.

93.40 ZT5 99.39 4332 4._.9

SG Turbine Ou_ut 86.0 MW B SOSl
- ' 52

53
54
5S

...mm..

$6
57

===mm.

58
59
60
61
62
63
64
6S

_,_ _ 97_25 _

21.55 15.92 27.17 10._
13 2301

a_ 420 t, ""'_i _I "'-i .



Total Flow (pps) 13S.4_ 1_ _._z ',
Pressure(psia) 294 :294 15

-i' L_Oi, emperature _) I i_o I ;_,,o , , _._ . , .._



cl 'I cJ I at I CL a_
Is#6 J-1538 DE-AC21-89MC26291 1i

Revision 7 10/16/90 2
27t 2'7b 28 ' 3

mhd Svl_ur SulfurDimdde Ash 4
DSRP SO2 Rece_v/Unit SO21bmt_tor T

lableByproduct Marketable Byproduct Dlspcxmd T
lh/br lh/br lh/br Wt_ ?

8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

.,.,mm

26
27
28
29
30
3I
32
33
34

GO0O o.ooo 35
36
37

154 0 _
411
41

i

- 42
18,90 l&_3 6JI3 0 43

44
G00 G_ oJoo o 45

46
0.00 G00 0_0 0 47

48
l&90 l&gC 6J_3 0.4 49i

50
Sl

--' 471 3 52
53
54
5S

4.730 4,7_0 ._
57

m

59
6O
61
62
63

16.666 9"7 64
17.136 lO0 6S

4t"/_ 9y500 17_136 100 66
-- 67

1.32 Z64 4.76 68
15 lm 1_ 69

. 190 _9 284 70

.!



200 MW Cogen Cycle
General Electric 7191 F

Page C-8









GTPRO 3.31 Michael Brown 10-15-1990 13:52:01

IGCC 64 - 200 MW COGEN CYCLE
NERAL ELECTRIC 7191 F

ESTIMATED G.T. SITE PERFORMANCE

Fuel=Fuel G.T. @ 100 % rat ing, XIGV= 0
Site ambient conditions: 14.7 psia, 59 F, 60 % RH

Inlet loss= 4 inch H20, exhaust loss= 10 inch H20

Evap. inlet co,-,ler tc, 0 % RH.

G.T. DEVIATION FROM NOMINAL, CLEAN ENGINE

Conlpressor inlet airflow % reduction = 0

Compressor efficiency reduction % = 0

Turbine efficiency reductior_ % = 0

Maxinlum firing tempereture excess over base load = 0 F
Combustor % pressure loss (0 means r_ominal value) = 0

Combustor inefficiency + heat loss % (0 means r_onlinal value) = 0
Coolir_g air increase % (0 releans r,_-,mir_alvalue) = 0
Prc0cess air bleed location (0 means nc,r_e) = 1

Process air bleed % of inlet = 11.81

i

# Model PR TIT TET Mair kWe H.R. LHV Mex N2+Ar 02 C02 H20

F F kpph BTU/kWh kpph % % % %

G.E. 7191F 14.1 2300 1101 3315 150427 10334 3499 74.51 12.20 6.56 6.73

Fuel flow = 575 kpph
G.T. auxiliary power = 757 kWe.

ESTIMATED G.T. CYCLE

STREAM TEMP. PRESS. MASSFLOW M.W. MOLE COMPOSITION %

F psia kpph N2+Ar 02 C02 H20

Ambient air in 59 14.70 3315.07 28.75 78.22 20.74 0.03 1.01

Compr. inlet 59 14.55 33!5.07 28.75 78.22 20.74 0.03 1.01
Turbine coolant misc. 400.51

Process air bid 721 204.77 391.51 28.75 78.22 20.74 0.03 1.01

Cornpr. disch. 721 204.77 2523.05 28.75 78.22 20.74 0.03 1.01
Tur'bir_e inlet 2300 196.58 3098.00 28.89 74.03 11.09 7.40 7.47

Turbine exhaust 1101 15.06 3498.51 28.88 74.51 12.20 6.56 6.73

Compressor= 158298 Turbine= 311782 Mech. loss= 921 kW

Turbine coolant= 12. 1 % compr in

GT specific power @ gen term= 45.4 kW per kpph
GT efficiency @ gen term= 30.38 % HHV = 33.02 % LHV

I



GTPRO 3.31 Michael Brown 10-15-1990 13:52:01 Gas Turbine p. 2

GAS TURBINE/GENERATOR HEAT BALANCE

Er_ergy ir_ : 481473 BTU/s

Irtlet air Ir_let air Water Steam Fuel

Ser_s ib Ie Lat er_t Inj. Ir_j. HHV

6063 6131 0 0 469279

Er_ergy out = 481885 BTU/s
m

IrJcompl c0-mlb GT Mech. Gearbc°x Ger_erator Exhaust Exhaust Electric Proc
& carcass rad Losses Loss Loss SerJsible Later_t Output Air

1295 585 0 2037 273152 42892 142585 19339

Zero enthalpy: dry gases & liquid water @ 32 F (273. 15 K)
',lear r_alartce Err,-,r = Ir_- Out =.-412 BTUIs =-.086 "I.



GTPRO 3.31 Michael Brc,wn 10-15-1990 13:52:11 Steam cycle p. 1
IGCC 64- 200 MW COGEN CYCLE

RAL ELECTRIC 7191 F

: 10 Subtype: 3 Inductior,

P T h m UA Q A

psia F BTU/Ib kpph BTU/s-F BTU/s sq. ft

Cnd rtrn 0.74 87.57 55.58 559. 136

Strn rtrn 17.72 250.00 218.49 26. 250

Makeup 17.72 80.00 48.02 13.672 (Includes 5.23 kpph for desup)

FW supl 17.72 94.68 62.67 593.828
LTE 593.828 62 9107 30677

from LTE 17.20 150.00 117.88 593.828

L.PB 43.212 130 11588 58735
water bleed 96.700

htd. FW 17.20 220.00 188. 13 497.128

HPFW 1648.87 221.31 194.33 425.641
HPEI 425.641 453 26379 212870

G 1600.84 434.18 417.45 0.000

HPE2 425.641 330 21069 149181
7 1577.53 581.98 595.64 0.000

HPE3 425.641 0 0 0
8 1554.22 581.98 595.64 0.000

Blwdn 1554.22 601.98 619.75 4.214

HPB 421.426 634 66700 262673
9 1554.22 601.98 1165.18 0.000

Si 421.426 260 35423 136130

!0 1508.95 964.41 1467.77 0.000
421.426 41 2863 21265

II 1508.95 1006.00 1492.23 0.000

lr,tc, HPT 1465.00 1000.00 1490.10 421.426

R/H extr 456.25 708.84 1366.34 421.426

stm addn 456.25 457.25 1205.59 0.000

cc01d R/H 456.25 708.84 1366.34 421.426
irfto HPT 430.06 1000.00 1520.70 421.426

HPT exit 339.81 948.70 1496.20 421.426

IPFW 371.32 220.29 189.48 71.487

IPE 71.487 54 4019 25501

i 360.50 414.18 391.86 0.000
Blwdn 360.50 434.18 412.73 0.708

IPB 70.779 320 15993 138313

Stm addn 360.50 434.18 1205.09 96.700

2 360.50 434.18 1205.09 0.000
IPSI 167.479 102 5108 56362

3 350.00 601.98 1314.90 0.000

IPS2 167.479 0 0 0
4 350.00 601.98 1314.90 0.000

cold R/H 456.25 708.84 1366.34 421.426

IPS3 421.426 104 18402 54082
5 442.96 1006.00 1523.54 0.000

c, LPT 339.81 848.18 1443.79 588.906
T bid. 257.50 801.83 1422.88 29.769

Desuperhtr 5.231

I i_w, proc 250.0_, _,._,_, I_14
LPT exit 0.74 91.57 1014.40 559.136



GTPRO 3.31 Michael Brown 10-15-1990 13:52:11 Steam cycle p. 2

STEAM TURBINE

No. c0f steps Exit Quality Efficiency(%) Work (kW)

T,:,HPT exit I 1.365 67.78 18310
To LPT bleed I 1.268

To LPT exit 15 0.916 86.81 70539

Gross power = 88849 kW. Mech/Elect losses = 2665 kW.
Generator output = 86184 kWe. ST auxiliaries = 603 kWe

Boiler feedpumps = 897 kWe

CONDENSER

m

P T h r,1

psia F BTU/I b kpph

LPT exit 0. 7365 91.57 1014.40 559. 14
Sat urat i,=,n 0. 7365 91.57

Corldensate well 0. 7365 87.57 55.58 559. 14

Cooling water in 65.00 35741.08

Cool ing water c°ut 80.00 35741.08

ber of passes= 1 UA= 8265 BTU/s-F Surface area = 40429 sq. ft
Tubes: OD = I in Length= 38.6 ft number= 4004

Coolir_g water: Velocity= 9 ft/s DP = 9.02 psia Pumps = 403 kWe.

STEAM CYCLE HEAT BALANCE

Energy in = 350949 BTU/s

GT Exhaust GT Exhaust Duct Burner Makeup+Proc Pump External
Sensible Latent Fuel HHV Return Work Steam

mmw

273152 42892 0 1776 760 32370

Energy out = 350810 BTU/s

Ideat Blc0w Mech/Elec Stack Stack Condnsr Process GT Prc0c. Electric

Rad iated dc,wr, Losses Sens. Latent C.W. Steam Injec. Water Out put

3868 807 2527 53240 42892 148921 I1811 0 5053 81691

Zer°=, enthalpy: dry gases & liquid water @ 32 F (273. 15 K>
Balance Error = In - Out = 138 BTU/s = .039 %

• ,



GTPRO 3.31 Michael Brown 10-15-1990 13:52:11 Steam cycle p.3

HRSG GAS-SIDE PROFILE
m

Tg F Tw F DT F Qg/UA DELTA P UA Qg Vg Tube Lngth
HP/lP HP/lP F inch H20 BTU/s-F BTU/s ft/s Rows ft

mm

1 1096.8 1006.0 90.8

1 1096.8 1006.0 90.8
147.8 0.9 145.3 21478.0 55.4 3.7 1.6

i017.9 964.4 53.5

1017.9 708.8 309.1

2 1017.9 964.4 53.5
137.7 1.4 259.9 35776.9 51.5 6.7 2.8

884.7 602.0 282.7

3 884.7 602.0 282.7
106.2 2.3 634.1 67366.9 44.4 13.0 5.4

627.0 602.0 25.0

4 627.0 582.0 45.0
4 627.0 602.0 25.0

61.2 1.5 431.9 26438.6 37.8 10.2 4.2

523.3 434.2 89.1

523.3 434.2 89.1

5 523.3 434.2 89.1
50.4 0.9 320.3 16152.9 34.7 6.8 2.9

459.2 434.2 25.0

6 459.2 434.2 25.0
6 459.2 414.2 45.0

60.6 1.4 506.9 30701.9 31.3 11.8 4.9
335.9 221.3 114.6

335.9 220.3 115.6

7 335.9 220.0 115.9
90.1 0.3 129.9 11703.7 28.2 2.9 1.2

288.5 220.0 68.5

8 288.5 150.0 138.5
147.2 0.1 62.5 9198.6 26.6 1.5 0.6

251.0 94.7 156.3

Duct burr,er fuel= 0 kpph
=' %02 6. 56 %C02 6.73 %H20 002 %S02Gas mc,le cc,r,lpositi,-,r_: 74.5 %N2+Ar i_-'.L.

Flue gas dew point = 101 F M.W.= 28.9

HRSG TOTALS Ecor_ornisers Evaporat,-,rs Superheaters TOTAL

Q BTU/s 60574 94281 61796 216651

UA BTU/s-F 899 1084 507 2491

sq. ft 418229 459721 267839 1145790

ime surface= 66651 fin surface= 1079138 sq. ft. Averaged fir, eff.= .732

HRSG frontal area = 1335 sq. ft. Gas mass flux= 5.2 kpph/sq, ft

HRSG !er:gth = 23°A ft, 56:7 tube rows, 3205 ft ,_-,ftubes pe- row.

2 in dia. tubes with serrated fir,s, staggered arrangement.

Fir, thickness/dia.= .03 , height/dia.= .4 , spacir_g/dia.= .07

Tube transverse pitch/dia.= 2.5 , row longitudinal pitch/dia.= 2.5

!



8E7191F

Natercooling

air to coal ratio 2.41 air pressure _ Cp air 1.248
water coal ratio L15,?. air temperature 721 Cp water l.lW
airto waterratio 15.91 wate"temperature N Cp steam 1.4_

Ib wt _ tools ml _ partial
pressure

air 15.91 94._ 0.55 9i.8_ 185,39

water 1.m 5.91:10.06 9.1_ 18.61 sattnp 224

Temperatureofcombinedstreamenteringboostcompressor

480.52F satpressure 247 psia Rel.Hum. 7.5_

Temperatureof streamexiting compressor(_5_ compeff)

Tf = Ti + (Ti/n*{(Pf/Pi)^((k-l)/k)-l})

where
Ti - inlet temperature - q_e,5?.F - _)e,52 R
n - efficiency- 85._

k - ratioof specificheat0 constantpressuretospecific

tospecificheat@ constantvolume 1.304

Pf- finalpressure 35_psia
Pi - initial pressure _ psia

Tr= 564,09 F
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i _ Standardized IGCC Gasifler Cogen Application Reference Coal -
". T M_a__s& Energy Balance ,, GE 7191 F Plant FullLoad Predicted Gasifler Oul

a Stream No. 1 2 3 4 5
Identifleattoa KR Coal Coal Finm Sized Coal CompMr@ 2,41 K/C Water @ 0.26
From lllinok_ ISizer4P 30% CombhtedStreanm AuxComprAIorBomterCompr CoolinlWater H20/I
To Shutr BrJqueU!.ll Gmlfler Glifler Gmifler., Coed.

I 7 Gsa' MoaWt lh/br wt % " lh/br wt % Ib/br wt % lh/br lh/tool wt % tool% Ib/hr
8

CO 2¢o10 o _oo ooo o.oo
1"_ H2 2o1_ o (_oo ooo o.a)

CO2 44.o1¢ 185 0.01 0.05 0.03
"_ H20 18.015 2_90 G18 (X64 1.m 42251

___ C.H4 16`042 o Ga) (loo 0.ce
't4 '_J-16 3o.o_ o o.oo oa) o.m

H2S _.o"/6 o ooo oa) o.o_
"_" COS meTo o _a) o_a) o.o_
1-7"N2 2_013 293_22 21.65 "/_l.03 "r/_8
1--8"Ar 39.948 5.144 (x38 1.31 0.gs

"_ HCI 36.461 0 000 Ga) 0._
--_" HCN 27.O26 0 e00 ea) 0.a)
"2T NIt3 17.030 0 (X00 (X00 0.a)
"_- CS2 w131 0 _a) _a) o.a)

SO2 64.059 o ooo _oo o.a)
2-'4"NO _oo6 o _oo _oo o.oo

2-'_" 02 31_ _.9_ 6`_3 _x_ _0"_
2--_ _aCI _4_ 0 O_ Om o.oo
2--TKCI 74._ 0 O_ _ 0._

2"TT@_-'_(tWhr) _lp_ , _u lOO.msm.a) 4_1
20
a"0"Volumetric Flow RaMs (STP 14.7 pda, 59F)

:i-_ (,,cim) V.lot
3:_ (scfm) 8_p91 .
33
3--4"Heat (BTU/Ib) 1315
___scp0n'U_b13 _2m
3 6 IHHV (BTU/Ib) 10,776 10,776 10,776 0

LHV _['U/ib) 10,239 10,239 10,260 0
38 SensibleHeat above
_-'-8"59 F Btn/Ib steam o o 0 126
40 LatentHeat of
4--']"Water Btu/Ib d.mmtm 7 ,

42
43 Chemical Heat 1663.87 499.16 1734.09 Ga)

4"T(LHV)Mntu/hr
SensibleHeat o.a) Ga) 0.a) 49.345

4"6"above59 F MBtu/hr
4"-'7"Latent Heat 8736 26,18 87,26 2._3
4 8 o(Water MBtu/hr

4___TotalHeat(MBtu/hr) 1V51.12 S25.34 1821.34 51.95 55.5_
S0 Number of Gasifiers for 85% Plant Availabilit], _90% Gasifier Availability, t 350 ' Psla d
51
s 2 C 12.011 97,680 m.11_t 29,304 60.11_t 102,724 m'/85 51
S'-_ H I.(XM 6,7/6 4.17_ 2/)33 4,17_t 6,776 4.01_ 277: 4,695
S"_"O 16,0(_ 12,301 7.f7_ 3,690 7.Y7_ 12,301 7,_8% 92,336 37,556
S"-'S"N 14.007 1.918 1.18% 575 1.18% 1.918 1.13qt 293,822 42_51 Total
S'--_S 32.060, 4,680 2.885_ 1,404 Z88qL 4,6_) Z'T/_J, 386,486 rra1

s'-_" CL2 35.5a) o ox_t o o_ o Ga)_ -
5"-'8"[120 18.016 22,913 14.10_ 6,874 14.105, 22,913 13.56%

•. _., ....

:""""" 6""_ZnS
FeS

"_" Fe203
--.,.--a

63 ZnO
6-"_"ASH 16,250 lOX_St 4_75 10.00_ 173o6 10.48_t

6-"5"Total Solids 1G2J_2 la).Ol_t 480751 lOGOl_t le9,018 lOO.a)_
6I; Total Flow _ph) I_,__2 • 48_7Sl legp18 391#3o . 423.51

68 Total F (pp_) 45.14 13.54 _.95 lm.'_ 11.74

_m

a|llr ,, ,I 7o ITemper.... e(lr) _9 _9 _9 _,4* 564•



I o i P i o i R I s. ! T I u I v I w. I x I Y ! z I AA I A8 i AC
d. Illinois #6 J-1538 DE.AC21-89MC26291 I
I_r Outl)ut 10/16/90 Revision 7 2i i i

6 Uncomb 7 8 9 10 $5 scf/lh o(coal 3m

0.26 ,_h Carbon IFUm(Char) Tar Dmt(per RT! dim) Mimelimum Hot Gu with Tm 4
!i20/ Gadlier 2.69% Gadlkr B 4.00% Gmlller • ILO01t Final Cyclone GnaWer Heat GIifler N2 in coal -T"m

Coei AshSlio, BrkimttlnR HGCU Reclaim Leim , HGCU toNli3Coav 90.1% 6
lh/ht wt % lh/ht wt _ lh/br wt % Ib/hr wt % lh/Iu' lh/tool wt q_ tool % 7m

8

151,6_$ 6.39 26.26 22.82 9
f_82_J 0.29 1.18 14.26 10

67,867 2.86 11.75 6.50 11
!_1 29,486 1.24 S.ll 6.90 12

12,391 0._2 2.15 3_6 13

Z4Y/ 0.10 0.43 0.34 14

4,263 0. li 0.74 (153 IS
1,254 0.0_ a22 0,09 16m

294,011 12.39 _0.91 ,44.24 17
5,14, 0.22 0,89 0,34 18

0 0,00 0.00 0.00 19
200 0.01 0.03 0,03 20

IJ/72 0._ 0.34 0,_ 21
0 0.00 0.00 0,00 22
0 0.00 0,00 0,(30 23
0 0,00 0.00 0.00 24
0 0.00 0.00 0.00 25
0 0.00 0.00 0.oo 26
0 0.00 GO0 0.00 27

,_t, , s'n_1 24.34 1o0,oo1o0,002s
29

frs,s21 30m

23,977 31
32..... 149r856 ,
33

DIS 34
0.260 G260 026 0.260 0.329 35

0 10,936 17,329 0 2,588.8 36

0 10,936 16,Yll 0 2375.0 37
38

154 276 276 323 349 39
40

0 0 749 0 214 41
42

38.10 71.09 161.57 0.00 1371.59 43
44

2.90 1.79 2.69 0.26 9Q.3 Wtwl_m 201.37 45
jKka 46

GO0 0.00 7.30 0.00 22.9 Tmwrskql 123.52 Gu HHV- 189 Bm/_f 47
Stk_r _tkn_t= 628 Btu/lh 48

8.56 41.00 72_8 1"/1.56 0.26 121.1 Teud 1e96.49 (3tlatlmed- 639 nm/Ib 4.._9_9

psia & 17 Iph (typical;) Cod each: 6.7 [Unit Output (MWn) 220.0 MWn nukOa,- 4_1,1420 50m

CembWanp 0_ 2335 Sl
- 2,628 13':92 5,044 77.605 8,.580 U.0Oqt 95,103 95,102 0.00_ 52m

0 OJO0% 7110 8.00_ 14,293 14,294 O.OOCt $3
156 0 0.00_ 195 2.00¢t 162.561 162.561 000_ $4
U'_r4Dud o 0.00_ _ 1.00¢t 295,74O 295,739 o.oo_ $5
"-' 0 0.00 0 0.OO% _ 1.00_ 4,680 4,681 -O.02q,

0 OX)O_ Sdt_-Touda _TZY/7 STZ377 O_OC_ 5"7
0 0.00% Stm elf Sumof Om Mmm 58

737 90 Su'emu _u IUnbalmce $9
16 2 b, lmce check 60

49 6 FERCC'yck F.mcimc_)- 4&34% 61
0 0 FI_C O/de l_mcy(n)- 4_.30% 62

16 2 63

16,250 86._ 1,456 22.40% 0 0 64
18,878 100 6,.500 I(X)_XEk 9,750 100.(X)% 819 100 6S

251 _ 18T878 , 6_500 9_750 819 . 5V7_521 66

1.74 5.24 1.81 2.71 023 160.42

YJ0' 14.7 3_0 * 350 * 280 280 66__9

[

[



Total Flow (pps) g2o.85* 10_9 11125 "700.81
Pressure(psia) 14.7* 20_* 205

.72!

__l] 59_ I 721* I , '







08 J BT I eu I ev ew
J.1538 DE.AC21-89MC26291 1
Revision 7 10/16/90 2

21 ' 22 '" 23 24 3.m,,mme.

_murtStem Make Up Water Sit. Stem i)rocem Stm 4umm.me.

llRSG WsterTreatment Guifler Stm Turbine $

.mTurbim HRSG ilRSG Protein Facility 6
Ib4r lh/br lh/br IbAsr '7

8
9
10
11
12
13
14

"i3-
16
17
18
19

.mm.ro.

2O
.m......

21
.m......

22
23
24
25

.m.,..m

26
27
28
29
30

n.--.m.

31
32
33

1204 48 1204 12,14.534
3S
36
37
38

.,.-.,,,.m

39
40
41

- ' 42
43
44

.,,,......

45
445
47

,.,.....m.

48

T-urblntOu_ut 86.2 MW 8 SO

-- 52
53
54
55
56
57
58
59
60
61
62
63
64
6S

70,'no 55r023 _?03 34p996_,.---- 67

19.66 15.53 2(t86 9.72 68
350 15 350: 250; 69
432. 80 432 42O 70

I
I

i



":i_ ex I sv "I ' Bz I cA I cs I oc I co ,,I aE I ¢F I ¢_ I C. I c_ IStandardized IGCC Gasifler Cogen Application Reference Coal - lllinois ft6 ]-_" Mass & EnerRy Balance GE 7191 F Predicted Gasifler Output
3 Stream No. 25 _6 27 _Ta

ld, ntllkatioa ReseaRecycleLoop Cooc SO2Bleed Ekmental SuUur Ekmeetal Sulfur ]
"T" From Recyck Blower Reign Loop Rmox Procem DSRP ]

' _ To Rqlenerator ., SRP Marketebk Byproduct Marketable Byproducl[
7- Gas Mol Wt IbAsr wt% Ib/hr lM/tool mob/hr wt% In_..4b IbAtr wt% Ib/hr...,=...

8
"_ CO :n.OlO o o,oo o.oo o.m o.oo
.--...,

H2 2.o16 0 0.00 0.00 0.00 G00lo
.........m

1 1 CO2 44.one 236 om _o Go2 G45 o.m a04
1-T H20 18.o15 2,_3 o.s2 245 G2o 1x61 o.e_ _.!1

CH4 16.042 0 G00 G00 0.00 0,00
"_- C2H6 )o.o_ o Goo Goo o.oo _oo
"_H2S 34.o76 o Goo Goo o.oo _oo

COS eomo o G00 Ge0 o.eo _ee
' _ N2 2_.013 356,030 74.87 29,669 24.10 1059.12 74.87 IJ6.a2

1--_"_r _9.94n 0 Gee o Goo am o.oo _ee
1-'b-HCI 56.4_! o G00 GO0 0.e0 am

HCN 2v.au o G00 G00 0.00 0,00!
2--'_"NII3 17.0"_ 0 G00 0,00 0.00 0,00

CS2 _.131 o G00 G00 o.oo o,oo
2--_"SO2 64.0_ 111,154 23.3"7 9,263 7.52 144.60 23.37 11.74

NO _o.ooe o Gee GO0 o.oo o,oo
2-'S' 02 31.999 5o164 1.09 430 0.35 13.45 !.09 L09

NaCI _.497 0 G00 0,00 0.e0 0,00
KCI V4._96 0 G00 G00 0.00 0_00

'_I T_I*I C'-_(ll[_hl') 47Sr,q27 lm00 39f_r7 32.19 1231 100.(30 lm.a)
2o
"_ Volumetric Flow Rates (STP 14.7 I_ia, 59F)

(acfm) 16/115 1,318
32 (scfm) 9_r_- 7,774 .,
33

;Heat (BTU/ib)
"_'lcp (]BTU_b]D 0240 o_o o_oo ao

HHV (BTU/Ib)
"_" LHV (BTU/lb)

Sensible Heat above
3O 59 F Btu/Ib stum

Latent Heat of
4 1 Water Btu/Ib steam ,
42
"_ Chemical Heat 18.43 18.,
.....,.

4_2L (cnv__U_hr
45 SensibleHeat 153.04 11.80 GOl) Ge.,,m..-,

4 6 above 59 F M[Btu/hr
"_ Latent Heat 3.06 0.26 o.oo Gq
4--'8"ofWater MBtu/br

40_0ToUdHeal(MBtu/hr) 156.10 12.06 1&43 18.,
S0
51 .......

S2 C 12.011
53 H 1.008
S4 0 16.000

......,

s.._s.sN 14.oo_
$6 S 32.060 4,631 4,6

,=.,,.,mm

57 CL2 35Jo_
H20 18.Ole, _ _,,_._,_._,._,._,_,$ _ ZnFe204

..1.,.--

60 ZnS
...--..

61 FeS
F6203

63 ZnO
6-'T ASH o.oo o
65 Total Solids

6"6"Total Flow (pph) 4"/5_5_7 39,S27 4,631 . 4,e
67
6-"8"Total Flow (pps) 13Z09 11.01 1.29 1.
6"-_"Pressure(psla) 294 294 15
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STPRO 3.31 Michael Brc,wr_ 10-15-1990 ii:15:27

GCC 62 - 50 MW UTILITY CYCLE
GENERAL ELECTRIC LM 5000 PC

ESTIMATED G.T. SITE PERFORMANCE

Fuel=Fuel G.T. @ 100 "4 rating, XIGV= 0

Site anlbier_t cortditions: 14.7 psia, 59 F, 60 % RH
Inlet loss= 4 inch H20, exhaust loss= 10 inch H20

Evap. inlet cooler tc, 0 % RH.

G.T. DEVIATION FROM NOMINAL, CLEAN ENGINE

Cor_ipressc,r inlet airflow % reduction = 0

Conlpressor efficiency reduction % = 0

Turbine efficiency reductiorl % = 0
_aximunl firing tenlperature excess over base load = 0 F

Cor,lbustor % pressure loss (0 rneans r_c,rninal value) = 0

Ccmlbustc, r inefficiency + heat loss % (0 mearls rlorninal value) = 0

Cooling air increase "/.(0 means rJonlinal value) = 0
Prc,cess air bleed Iocatic, n (0 rneans nor|e) = 1

_rc,cess air bleed % of inlet = 8.94

# Model PR TIT TET Mair kWe H.R. LHV Mex N2+Ar 02 C02 H20

F F kpph BTU/kWh kpph % % % %

M/TG5000PC 25.8 2190 848 962 33690 10133 1003 75.38 14.20 5.03 5.39

Fuel flc,w = 126 kpph

Fuel pressure reqd.= 507 psia, cornpress,z,r p,z,wer= 1720 kWe
G.T. auxillary pc,wer = 169 kWe.

ESTIMATED G.T. CYCLE

STREAM TEMP. PRESS. MASSFLOW M.W. MOLE COMPOSITION %

F psia kpph N2+Ar 02 C02 H20

Ambient air irl 59 14.70 962.44 28.75 78.22 20.74 0.03 1.01

Compr. inlet 59 14.55 962.44 28.75 78.22 20.74 0.03 1.01
Turbir, e coolant rnisc. 165.02
Process air b ld 945 375.62 86.04 28.75 78.22 20.74 0.03 1.01

Corllpr. disch. 945 375.62 711.37 28.75 78.22 20.74 0.03 1.01
Turbirle inlet 2190 360.59 837.64 28.87 74.82 12.91 6.01 6.26

Turbine exhaust 848 15.06 1002.67 28.85 75.38 14.20 5.03 5.39

Compressor= 61599 Turbine= 96324 Mech. loss= 347 kW

Turbine coolant= 17.1% compr in

GT specific power @ gen term= 35 kW per kpph

GT efficiency @ gen term= 30.99 % HHV = 33.68 % LHV



GTPRO 3.31 Michael Browrl 1@-15-199@ 11:15:27 Gas Turbirle p. 2

GAS TURBINE/GENERATOR HEAT BALANCE

gy ir_ = 106601 BTU/s

[rllet air Ir_let air Water Steam Fuel

Ser_s ibie Lat er_t Ir_j. Ir_j. HHV

1760 1780 0 0 103061

Er_ergy out = 107151 BTU/s

Ir_compl cor,lb GT Mech. Gearbox Generator Exhaust Exhaust Electric Proc
& carcass rad Losses Loss Loss Ser,sible Later, t Output Air

522 221 @ 658 58313 9853 31934 5651

Zero er_thalpy: dry gases & liquid water @ 32 F (273. 15 K)
Heat Balar_ce Error = lr, - Out =-550 BTU/s =-.516 Y.

iI̧?



GTPRO 3.31 Michael Brown 10-15-1990 11:15:33 Steam cycle p. 1
_GCC 62 - 50 MW UTILITY CYCLE

GENERAL ELECTRIC LM 5000 PC

: 6 Subtype: 2 Inductiorl

P T h m UA Q A

psia F BTU/Ib kpph BTU/s-F BTU/s sq. ft

Cnd rtrn 0.74 87.57 55.58 131.976

Makeup 17.89 80.00 48.02 2.263

FW supl 17.89 87.44 55.45 134.239
LTE 134.239 16 2328 6908

from LTE 17.20 150.00 117.88 134.239

LPB 9.768 32 2620 12875

water bleed 18.810

htd. FW 17.20 220.00 188.13 115.429

HPFW 1011.93 220.80 191.91 86.532

HPEI 86.532 48 3051 20686

6 973.01 343.99 318.85 0.000

_-IPE2 86.532 10 1195 4081

7 954.30 388.76 368.55 0.000

HPE3 86.532 49 3407 20387

8 935.58 516.40 510.29 0.000

Blwdn 935.58 536.40 532.50 1.697

HPB 84.836 183 16146 69433
9 935.58 536.40 1194.99 0.000

HPSI 84.836 0 0 0
10 935.58 536.4_ 1194.99 0.000

84.836 44 4819 21337

1 899.60 806.00 1399.50 0.000

Into HPT 865.00 800.00 1397.61 84.836
hef addn 450.00 657.33 1338.96 84.836

HPT addn 450.00 457.00 1205.71 18.810

aft addn 450.00 613.81 1314.78 103.646

HPT exit 115.00 376.10 1211.52 103.646
.... m

IPFW 129.36 220.09 188.56 28.897

IPE 28.897 ii 855 4774

I 124.38 323.99 295.11 0.000
Blwdn 124.38 343.99 315.62 0.567

IPB 28.330 95 7060 37439

2 124.38 343.99 1191.86 0.000

IPSI 28.330 2 200 833
3 124.38 388.76 1217.31 0.000

IPS2 28.330 12 620 5912

4 119.60 536.40 1296.04 0.000

Into LPT 115.00 406.54 1229.02 131.976

LPT exit 0.74 91.57 973.71 131.976



]TPRO 3.31 Michael Browr_ 10-15-1990 11:15:33 Steam cycle p. 2

STEAM TURBINE

N°-,. ,-,fsteps Exit Quality Efficier, cy(%) W,-,rk (kW)

Tc, HPT additr, 2 I. 174

T,-,HPT exit 4 1.024 79.33 4594

T,-,LPT exit 13 0.877 77.47 9874

Gr°z,ss p,z,wer = 14469 kW. Mech/Elect l,z,sses = 579 kW.
Ser,erator c,utput = 13890 kWe. ST auxiliaries = 97.2 kWe

Boiler- feedpumps = iii kWe

CONDENSER

-- mu

P T h rn
psia F BTU/Ib kpph

LPT exit 0. 7365 91.57 973.71 i?I_.98

3at urat i,:,rl 0. 7365 91.57

C,=,r_dertsate well 0. 7365 87.57 55.58 131.98

Coolir, g water irl 65.00 8078. 11
C,=,olir,g water out 80.00 8078. 11

er ,:,fpasses= 1 UA= 1868 BTU/s-F Surface area = 9138 sq. ft

Tubes: OD = I ir_ Ler,gth= 38.6 ft rJur,lber= 905

Cool irlg water: Velc, city= 9 ft/s DP = 9.02 psia Pumps = 91. I kWe.

STEAM CYCLE HEAT BALANCE

Erlergy ir_ = 74590 BTU/s
_MN uu

GT Exhaust GT Exhaust Duct Burr, er Makeup+Pr,:,c Pump Exterr, al
Serlsible Latent Fuel HHV Returre Work St earn

--mu

58313 9853 0 30 94 6300

Erlergy c,ut = 74590 BTU/s

Heat Blow Mech/Elec Stack Stack Cor_dr_sr Process GT Pr,:,c. Electric

Radiated dc, wr, Lc,sses Ser,s. Latent C.W. St ear_1 IrJjec. Water Output

792 301 549 15289 9853 33659 0 0 983 13166

Zet-,:,erlthalpy: dry _ases & liquid water F_ 3:-'F (273. 15 K)
Balar, ce Error = Irl - Out =-.297 BTU/s = 0 Y.

I



3TPRO 3.31 Michael Brc0wn 10-15-1990 Ii'15"_3.._ Steam cycle p._

HRSG GAS-SIDE PROFILE

Tg F Tw F DT F Qg/UA DELTA P UA Qg Vg Tube Lngth
HP/lP HP/lP F inch H20 BTU/s-F BTU/s ft/s Rows ft

_mm

I 843.8 806.0 37.8

110.0 1.2 44.2 4867.6 57.4 4.6 1.9
778.7 536.4 242.3

2 778.7 536.4 242.3

89.1 3.5 183.0 16307.2 50.9 14.8 6.2
556.4 536.4 20.0

3 556.4 516.4 40.0

3 556.4 536.4 20.0

66.5 1.1 61.2 4066.7 44.6 5.6 2.3

499.9 388.8 111.2

499.9 388.8 111.2

4 499.9 388.8 111.2
4 499.9 388.8 111.2

123.3 0.2 11.4 1408.9 42.9 1.0 0.4
480.3 344.0 136.3

480.3 344.0 136.3

5 480. _ 344.0 136._

75.3 1.4 94.7 7130.7 40.2 8.0 3.3

380.0 344.0 36.0

6 380.0 344.0 36.0
6 380.0 324.0 56.0

66.4 0.9 59.4 3945.5 36.6 5.4 2.3

324.0 220.8 103.2

324.0 220.1 103.9

7 324.0 220.0 104.0

83.7 0.4 31.6 2645.7 34.5 2.7 1.1

286.3 220.0 66.3

8 286.3 150.0 136.3

150.3 0.2 15.6 2351.4 32.9 1.5 0.6
252.7 87.4 165.2

Duct burrler fuel= 0 kpph

Gas nlole cornpositior_: 75.4 %N2+Ar 14.2 %02 5.03 %C02 5.39 %H20 .002 %S02

Flue gas dew point = 94 F M.W.= 28.8

HRSG TOTALS Ecorsorn isers Evaporators Superheaters TOTAL

Q BTU/s 10836 25825 5639 42301

UA BTU/s-F 134 309 58 501

sq. ft 56836 i19747 28082 204665

Prirne surface= 11905 fin surface= 192759 sq. ft. Averaged fin eff.= .72

HRSG fror,tal area = 310 sq. ft. Gas rnass flux= 6.42 kpph/sq, ft
_'b .--, i " L

"_ - - ft 43.7 t._u_ rows, 744 ft of tubes per rc,w.

n_ ler_gth - I_._

2 in dia. tubes with serrated fins, staggered arrangernent.

Fin thickness/dia.= .03 , height/dia.= .4 , spacing/dia.= .07

Tube transverse pitch/dia.= E. 5 , row longitudinal pitch/dia.= 2.5



GEL_ 50W PC

Watercooling

air tocoalratio 2.41 airpressure 375 Cp air 0.248

watercoalratio 0.251 air_emperatu,e 945 Cp water I._

air to water ratio 9.60 water temperature 80 Cp steam 0.455

Ib wt _ tools =oi_ partial

pressure
air 9.60 90.57_0.33 85.74%321.53

water I._ 9.43% 0.06 14.26_ 53.47 sattemp 285

Temperatureof combinedstreamenteringboostcompressor

_00.15F satpressure 247psia Rel.Hum.21._

Temperatureof stream exiting compressor(&5I compeff)

Tf = Ti + (Ti/n_(Pf/Pi)^((k-1)/k)-l})

,here
Ti - inlettemperature- 400.15F - 860.15R

n - efficiency- 85.0_

k - ratioof specificheat@ constantpressureto specific

to specificheat@ constantvolume 1.384

Pf - finalpressure 450 psia
Pi - initialpressure 375psia

Tf = 452.55 F

I





i o ! P i o i n ! o i T i U ! iV i W 1 X I Y ! Z i AA ! AO I AC AO]
M" lllinois #6 J-1538 DE-AC21-89MC26291
drier Output 10/16/90 Revision 7 2

6 Uncomb 7 8 9 ........ 10 $5 mcUIb o( coal 3

P O._ Ash Carbon Fines (Chow) Tmr Dust(per RTi dia) Mhcellneoum Hot Gu with tor8 4
iter H2(]_ Gmtfler 2.69% Gmifler • 4.00_ G_lfier O 6.00% Fhud Cyclone Gummer Heat Gummer lq2 bi emd ._S

r Cml Ash Silo Br_uettin| HGOLI Rechdm _ , HGOU to NH3 ConT 90.1% 6
Ildhr wt % lidhr wt % lh/br wt % lh/br wt 9k lh/ht Ildmoi wt % mol % 7

8
....----..

33.306 6.39 26.26 22.82 9
1,498 0.29 1.18 14.26 10

14.905 2.86 11.75 6.50 11

9,279 6,4;6 1.24 5.11 6.90 12
2,721 0.52 2.15 :9_5 1:3

940 0.10 0.43 0.34 14

936 0.18 0.'/4 0.53 lS
275 ooa o_ oog"id".,.m....

64,569 12.39 90,91 44.24 17
1,130 0_2 Go9 G94 18

0 0.00 0.oo G0o 19
44 0.01 GO3 G03 20

4.13 0.08 0.34 0.49 21
0 0.08 G00 0.0O 22
0 0.08 G00 G00 23
0 0.08 G08 G0C 24
0 0.08 O00 GC0 25
0 0.00 G08 G00 26
0 0.08 G00 G00 27

_) _u3 24.34 1m08 100.0o 2S

12c_3 .,m,.,,m.

3,26a 31
32321.911
33

34

0 10,936 17,329 0 2,988,8 --..--36 ,

0 IO_gM 16,571 0 2,3"7£0 37
38

154 _;6 _ 323 _49 3.._.9
4O

......

0 0 749 0 214 41i i li i t
42

&T7 15.61 35A8 0.00 3O1._ ....-._ _
44

0.64 0..19 0.59 0.06 19.1 Wnm'/mam 44,22 45
j,cka 46

0.00 0/X) 1.60 0.00 4.5 Tntva'abl 27.13 OmHHV- 189Btu/scf 47
s,,T,, mt_d- _e numb "_" !

11._ 9.00 16al 3"1.68 0.06 23.6 Teta1 3"/2.58 CaJmbud- e05 Btu/lh 4__9.9

r nd_ & 17 tph (typical) Coal each: l.S JUnit Output (MWn) 45.1 M_Vn BuJkGm 391_, H20 SO
• -T- '" _ CombTap (F) . .2220 S'_

577 13._2 1,108 77.60_ 1,884 88.00_ 208845 _0,sae O_ 52

o oao_ 1vl uo_ 3,m S,l_ ox)mo _
o oao_ 43 _ 35,_1 35,'n)110_00,_ s4 i

_Tml 0 0.00_ 21 1.00% 64,949 64,949 0.00_ 5_..$5
0 O.G0 0 o_oqr, 21 lJ00_ 1_'II28 1_8 .002_ .--..56 ,

o omq_ S_To_ t25_o3 c_,vos o_x_ S7.,..m,,,m

0 O_)0q_ aurae( Sum_Om Main
v 162 90 5_amu Cmuetumu Unbdmce 59

4 2 bahncecheck 60

11 6 Cyde Rffictmcy(S)- 42.23S 61,.,...,,m

o o c-_e_m:imc7(_n)-40.o_ 62
4 2 63

3._ ,_0_ 3_o -,4o_ __ o o
4,146 100 1,428 |00.00_ 2.,141 100.{X)ql,J 180 100 6,_,,._,_

9_9 4T!46 11428 2_141 180 1261833 6667

i:_2.58 1.15 0.40 0.59 0.05 35.23 68
450* 14.7 450 * 4:_0* 451 451 69

11__ |_too 1120 70

I _53: n "-'- , -_ n n , ,





BF
""" I "'-- I -- - I • " =

"]llinol_ #6 J.1538 DE.AC21.89MC26291 _..s
Output Revision 7 10/16/90 2

is 16 s7
Saris Fuel %H28 lnkt Ges Thrml NO(ppmvd) 25 Exhaust Gss di

HGCU Removed GT Combustor *Rich/LeanRecLF 85% Gas Turbine mS
b-rFCombusto¢ _,0_ GT Expander 6

mot % lh/ht' mol/hr wt % mol % lh/ht Ib/mol moWIb wt % tool% Ib/hr moM/hr wt % m_% 7
of fuel __8

00 G00 33,306 1,1S9 2_38 2ZIM 0 000 0_0 GOt) G00 0 G00 000 0.0C--9 !

oo 0.00 1,48o 734 1.17 14.10 0 0J00 0_0 0.00 G0G o G00 0_o o.oc 1__.0 [
m Gm 14,905 339 11.00 [51 76719 2.65 0.0021 9.16 _03 76,79"/ 1744.99 7.66 5.0¢ l._J_l
.64 1.02 7,129 396 5.65 Ze0 32,772 !.13 0_0 3.91 tk2_ 33,821 18T7.37 3J7 5.42 12_2
,00 G00 2,721 170 2.16 126 0 0_0 0_0 0.00 0.00 0 0.OO 0_0 O.00 1_.3.3
,00 0.00 540 IS 0.43 0.M 0 QP0 0_0 0.00 GO() 0 0.00 0_0 0.001__4
,oo G00 9 o G01 0.01 o ooo om 0.00 0.00 o 0.oo 0.00 0.00 I._.SS
,m 0.00 3 o 0.00 0.00 o 0.00 o_o 0.00 0.oo o 0.oo 0.00 0.00 16i

_3 77.28 64,.5Q _,305 $Li4 44.28 _9t,596 20.70 0.G255 7L46 73.90 722,406 _578K24 72.05 74.46 1___,7
.31 0.95 1,130 28 0.89 0.54 10.474 0.36 0_0 1.25 G91 12,641 31_44 126 0.91 1_..8_8
L00 0.00 0 0 0.00 G00 0 0_0 0,00 0.00 0.00 0 0.00 0_o 0.00 19
_00 0.00 44 2 G03 0.03 0 000 0_0 0.00 G0G 0 0.00 0_0 0.00 20
_00 0.00 433 25 0.34 0._ 0 0_0 O_ 0.00 0.00 0 0.00 0_0 0._ 21
_0 0.00 0 0 Ga} 0.00 O 0_O OJ00 0.00 0.0© 0 0.00 OD0 O.O_22
LO0 G00 0 0 0.00 0.00 21 O.(XX)7 O.(XX)0 G0025 0_011 21 0.32 0_0 0.00 23
LC0 0.00 0 0 G_ 0.00 168 0.0058 0.0000 GQ200 0_193 168 _59 OJD2 0.07. 24

20.?2 0 0 0.00 G00 118,913 4.11 0.0044 14.20 12.85 156,832 4901.15 15J14 14.152__5
L_0 0.00 0 0 0.00 0.00 0 0_)0 0_0 0.00 0.00 0 0.00 O_O0 0.00 26u

_.oo 0.00 o o 0.00 0.00 o o.oo 0,00 0.00 0.oo o 0.00 0.00 0.00 2"/

Lm !nn_00 I_ $_c__ Sm.00 lOGO0 mr_ 28F7 0.0345 10G00 100.00 lpO2_m4 34634.09 100m 1Go.00 28
30

m

3,388 37,957 535,433 31,

3oT,_y- 1_,560 21_669 32_ 33
34

0.334 0.283 0.267 3S
2,548_ o.o o.o 3._6_6
_3oa o.o o 3_2._38

371 ce3 211 3...9.940

219 41 35 . 41

29_1 0.00 0.00 4._3.344

4729 _o5.1v 21_58 4__5.S46

21.63 34,os 35.1v 4__748

3_9.L1 ., $39.25 $39.07bid_ 246.76 49
.A--_MWs Combustion Turbine Output 33.69 MWR 1.04 True, r,C_,,_,_- Suq_ M_S,_u SO-- Sl

_ 0.00_t 2o,831 ' 2o_3 2oy23 o.e6.,_.... 2o,94:5 2o,.94:4 o.o_,,_" S._.2.2
0.(X_J_ 3,139 3,641 3,641 0.009. 3,758 3.75& 0.(X_ $35O3

_,m 0.005 36_ _o3_37 so3,.93so.00_ _2.uv _2_'_ o.00v, 14
0.(X_ 64,949 5ge,6_4 _74 0.00V, ";2_484 722,484 O.CX_ SS

l"/2_0L 0.00_ lC 10 10 0.10_ 10 10 0.00V,

0.0041 12S,Ds =.b.,,_,d 827,186 8Z'/vlS'/ 0._'_ Jut,4otd 990rO4a 990_"_ O._'-Y+-_,ub4nud S7" _ died[ It_t_."_-__ ."_..._'_i .f}8

59
60
61
62
63
64
65

67

35.c0 23Z68 278.52 68
4_0.G2 361 • 15.13 6__99

1180 ...... 2,190" 848" 70

i '

i ,



Flow (pps) o * 27e.52 23_
Pressure (psht) 450.62 14.7

p



Is ! .t I eu +_ ev
J-1538 DE-AC21-89t_dC26291 __.1
Revision 7 10/16/90 2

21 '22 23 u 3__.
Ptmmn Sam Msla U_ Wsar Sat. Sam Procws Stm

HRSG WsterTrealment Gssifllr StmTurbine
+__m_Turblm llRSG StemuTurb hut Proem Facility 6_

lh/br Ib/hr lh/br 7
8
9
10
11
12
13
14
15
16
17

umm..

18
19

21
22
23
24
25
26
27
28
29
3O
31
32

.... 33

1237.6 48 1204 34
35
36
37
38
39
4O
41

' 42
43

_.__
45 *
46
47
48

3_ _ 19.11 4..._.t

Turblu Output 13_q MW R Sl
- $2

53

$5
56

muumm

58
59

_._. '

60
61
62
63
64

,.,.....m

65

_ ._m m_ o 66_ 6"I

7._5 3.21 :_.22 t_uu[___.
115 15 45O 250_.9
432 IN) 4_ 4201 70

i

_t



i _' I, ev I ez I CA I Co I _ I m I _ ! _ I _ I m i C, ]

iStandardized IGCC Gasifler Utility Application Reference Coal - Illinois #62 Mass & Energy Balance GE LM 5000 PC Predicted Gasifler Output
3 Strem No. 2S 26 27 27a 1

Identification ReaeaRecycle Loop Coac SO2Bleed Elemental SuUar gkmeabd Sulfur 1
"-_ From RecycleBlower Rqlen Loop Rmex Protein DSRP

To Reaenerater SRP Marketable B]rproduct MarKetableByprodu_
Gas Mol Wt lh/ht wt% lh/ht lint/ml rook/ht wt% me4% lh/ht wt% lh/ht ]

8
0 CO 2L01o o Geo Geo Geo 0_0
10 H2 Z016 0 0.00 Geo G00 0J)0
1 1 CO2 44.010 44 0.0_ 4 0+02 0.Q8 0.0_[ OD4

12 !!20 l&015 590 0.67 49 0.22 ZT3 0.67 132
1:3 CH4 16,042 0 0.00 Cle0 0.00 0_0
14 C2H6 30.0_ 0 0.00 Cleo 0.00 0_0
15 K2S 34.076 0 0.00 Cleo 0.00 0J_0
16 COS dci079 0 0.00 Cleo 0.00 0_]O
17 N2 21L013 _2,806 70.TJ 5,234 23.219 106.84 70.75 83.48
18 Ar 39.948 0 0.eo 0 0.00 Geo 0.00 0_(]
I ii HCI 36.461 0 O.eo cleo 0.eo 0.0(3
20 HCN 2"/.G26 0 0.00 Cleo 0.00 0J_)
2 1 N][_ 17.030 0 0.eo Cleo 0.00 0J_
22 CS2 76,131 0 0.00 Cleo ct00 0.0C
2:3 SO2 64.0_ 24,411 27.51) 2,034 9.09 31.76 27.50 14.19
24 NO _0_06 0 0.00 cleo GO0 O.OC

02 31._ 921 l.m _ 0.14 2,40 s.04 lm
NmCI se,4_ 0 0.oo cleo cleo om

2"-'7"KCi 74.._ 0 0.00 cleo 0.0o om

2""_TomG,u(,,/hi.) _4 leo.eo 7r_ as.oa 22+ tmoo tm_ .
2O
:30 VolumetricFIowRat_ (STPI4.Tpsh4SgF)
:3...L1(acrm) 3_038 24o
:32 (scfm) s_ 1,41_
:3:3

:3__4.4Hat(wr_ab)
:35 Cp (B'l_/lb F) 0.240 03_10 0.(300 04
:36 HIIV(BTU/rb)
:3...LLHr(WrUab)
38 iSensible Heat above

59F Btu/ib steam
40 Latent Heat of
4 1 Water Btu/Ib _t,,,,m , ,
42
4-'3"Chemical Heat 4J_5 4

4--4(LAV)Ml+m/br
45 Sensibk Heat 28.57 2.2o o.oo Cm

46 above59 ][;'MBtu/br
4-"7-Latent Heat o.61 0.C_ 0D0 C
4a of Water MBtu/hr
4---OTotallleat(MBtu/hr) 29.19 :7.25 4J_ 4m

50
51
52 C 12_11

i

53 H IJ_8
54 0 16_0
55 N 14,007
s 6 S 22J_ 1,o17 tj
57 (3[,2 35J_0
S8 H20 18_316

,,,_+.,:• ,+.+:+,;+,_,., 5_._.9ZnFe204eo ZnS
61 Fea
6 2 Fe203
63 ZnO
6 4 ASH o.eo o
6S Tolal Sollds

6 T_,d Flow (pph_ _774 "/rra 1,017 , 1

!I +---+,++.....
1 6[__.JPressure(laSh) 294 294 15

I 7 0 ITemperature (F) 1400 1300 2s4 ,

+t



:cl I ca ! cx I ct. CM
1#6 J-1538 DE-AC21-89MC26291 1__

Revision 7 10/16/90 2
'_27a I 27b 28 3
a_ Sulfur [ SuUurDioxid, Ash

I)Sl_ I SO2 Reeov,_ Unit SO2 Rsduttor __S_bl,Byproduct Msrk,tabk l_yproduct Dkpoul 6
Udlur -- lh/br Ib/hr _L% 7

8
...-..m

9
..--...

10
11
12
13
14
IS
16
17
18
19
2O

22
.....

23
24
25
26

....-m

27
28

' 29
3O

.....

31
32

' ' 33
34

o.ooo o,ooo 3s
36
37
38

]54 o 39
40m.----,

41
42

4,05 4.05 1.57 0 43,,,.,m.

44

i o.oo o.oo o.oo o 4"_46

G00 0.00 G00 o 47
48

4.(YJ 4.0_ 1.S7 0.4 4.._9
S0
Sl

- los 3 S:
$3
54

,.mm

S._
,mm

l.osv 1.or7 _._
5"J
S_

....

S_
.,...

6(
63
6"
6_

.....

3..5_ 97 6'.m..,

1rot.7 2,034 3.0_ 10o 6_

(X2S_ 0.57 I._.
1oo 1_

17o14190 59 284
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GTPRO 3.31 Michael Brnwn 10-15-1990 11:22:24
_CC 54 - 50 MW UTILITY CYCLE

ELECTRIC LM 6000

ESTIMATED G.T. SITE PERFORMANCE

Fuel=Fuel G.T. @ 100 % rating, XIGV= 0

Site ambient conditions: 14.7 psia, 59 F, 60 % RH
Inlet loss= 4 inch H20, exhaust loss= 10 inch H20
Evap. inlet cooler to 0 % RH.

# M,-,del PR TIT TET Mair kWe H.R. LHV Mex N2+At- 02 C02 H20

F F kpph BTU/kWh kpph % % % %

52 User Def GT 0.0 0 859 891 42385 8640 1026 75.25 13.88 5.27 5. 60

Fuel flow = 135 kpph
G.T. auxillary pnwer = 0 kWe.

ESTIMATED G.T. CYCLE

STREAM TEMP. PRESS. MASSFLOW M.W. MOLE COMPOSITION %

F psi a kpph N2+Ar 02 C02 H20

Ambient air iri 59 14.70 890.62 28.75 78.22 20.74 0.03 i. 01
inlet 59 14.55 890.62 28.75 78. :.'2 20.74 0.03 i. 01

bine coolant misc. 0.00

Turbine exhaust 859 15.06 1026.07 28.85 75.25 13.88 5.27 5. 60

C,-mlpress°-,r= 0 Turbine= 0 Mech. l,-,ss= 437 kW

GT specific power @ ger, terr,1= 47.6 kW per kpph
GT efficiency @ gen term= 36.34 % HHV = 39.49 % LHV

GAS TURBINE/GENERATOR HEAT BALANCE
Energy lr, = 113831 BTU/s

Inlet air Inlet air Water Steam Fuel

Sensible Latent Inj. Inj. HHV

1629 1647 0 0 i10555

Energy out = 112880 BTU/s

, Ir_compl comb GT Mech. Gearbox Generat,-,r Exhaust Exhaust Electric Pr,-,c

& carcass rad L,z0sses L,-,ss L,-,ss Sensible Latent Output Air
I

509 277 0 828 60612 10478 40175 0

enthalpy: dry gases & liquid water @ 32 F (273. 15 K)
Balance Error = In - Out = 951 BTU/s = .835 %



•-- .-0

GTPRO _.31 Michael Browrl 10-15-1990 II:_:29 Steam cycle p. 1
GCC 54 - 50 MW UTILITY CYCLE

RAL ELECTRIC LM 6000

pe_ 6 Subtype: 2 Ir_ductior_

P T h rN UA Q A

psia F BTU/Ib kpph BTU/s-F BTU/s sq. ft

Cr_d rtrr_ 0.74 87.57 55.58 138.614

Makeup 17.72 80.00 48.02 1.186

FW supl 17.72 87.51 55.51 139.800
LTE 139.800 16 2422 7198
from LTE 17.20 150.00 117.88 139.800

LPB 10.173 _ 2728 13379

water bleed 20.020

htd. FW 17.20 220.00 188.13 119.780

HPFW 973.57 220.77 191.77 91.701

HPEI 91.701 49 3196 21093
6 945.21 342.54 317.23 0.000

HPE2 91.701 6 751 2496

7 931.44 369.13 346.71 0.000

HPE3 91.701 57 4094 23475
8 917.68 514.08 507.42 0.000

Blwdr_ 917.68 534.08 529.60 0.908
HPB 90.793 191 17362 72266

9 917.68 534.08 1195.63 0.000
HPSI 90.793 0 0 0

10 917.68 534.08 1195.63 0.000
90.793 42 5151 20121

ii 890.95 806.00 1399.87 0.000

Irlto HPT 865.00 800.00 1397.61 90.793
bef addr, 500.00 673.58 1345.06 90.793

HPT addr_ 500.00 466.58 1205.38 20.020

aft addr_ 500.00 628.54 1319.82 110.813
HPT exit 115.00 359.02 1201.10 110.813

m_

IPFW 125.66 220.09 188.55 28.079
IPE 28.079 10 819 4484

1 122.00 322.54 293.59 0.000

Blwdr_ 122.00 342.54 314. 10 0.278

IPB 27.801 92 6936 36281
2 122.00 342.54 1191.52 0.000

IPSI 27.801 I 111 449

3 i-'- 00 369. i__. _ 1205.89 0.000
IPS2 27.801 12 688 6266

4 118.45 534.08 1294.96 0.000

Ir_to LPT 115.00 389.44 1219 _._3 138.614

LPT exit 0.74 91.57 955.39 138.614



GTPRO 3.31 Michael Brc°wn 10-15-1990 11:22:29 Steam cycle p. 2

STEAM TURBINE

No. ,-_fsteps Exit Quality Efficiency(%) Work (kW)

T,:, HPT additrt 2 I. 185
To HPT exit 4 1.012 84.83 5254

To LPT exit 13 0. 860 80.99 10722

Grc,ss p,z,wer = 15975 kW. Mech/Elect losses = 479 kW.

Gerlerator output = 15496 kWe. ST auxiliaries = 108 kWe

Boiler- feedpumps = 113 kWe

CONDENSER

P T h m

psia F BTU/I b kpph

LPT exit 0. 7365 91.57 955.39 138.61

Sat urat ior_ 0. 7365 91.57

Cor_der_sate well 0. 7365 87.57 55.58 138.61

Coolirlg water iri 65.00 8315. 10

Cc,olirlg water c,ut 80.00 8315. 10

umber c0f passes= i UA= 1923 BTU/s-F Surface area = 9407 sq. ft
Tubes: OD = 1 iri Lerigth= 38.6 ft number= 932

Coc,lir,g water: Velocity= 9 ft/s DP = 9.02 psia Pumps = 93.8 kWe.

STEAM CYCLE HEAT BALANCE

Er_ergy in = 77905 BTU/s

GT Exhaust GT Exhaust Duct Burrler Makeup+Proc Pump Exterrlal
Ser_sible Latent Fuel HHV Return Work Steam

60612 10478 0 16 96 6703

Er_ergy c,ut = 77905 BTU/s

Heat Blow Mech/Elec Stack Stack Cor_dr_sr Process GT Prc,c. Electric

Rad iated dowrl Losses Serls. Lat erlt C.W. Steam IrJjec. Water Out put

831 158 454 15603 10478 34646 0 0 1046 14688

Zet-°:°er_thalpy: dry gases & liquid water @ 32 F (273. 15 K)
Balar_ce Err,:,r = Irl - Out =-.297 BTU/s = 0 Y.

I



GTPRO _._i Michael Browr, 10-15-1990 i I:_'29. Steam cycle p._

HRSG GAS-SIDE PROFILE

Gas Tg F Tw F DT F Qg/UA DELTA P UA Qg Vg Tube Lngth
HP/lP HP/lP F ir,ch H20 BTU/s-F BTU/s ft/s Rows ft

1 855.0 806.0 49.0

124.3 1.2 41.8 5202.6 58.0 4.2 1.8

787.2 534.1 253.2
m

2 787._:' 534.1 253. °
91.9 _.6 190.9 17535.8 51.2 15. I 6._

554. i 534. i 20.0

3 554.1 514.1 40.0

3 554.1 534.1 20.0
69.6 I. _ 69.4 4829.5 44. 4 6. :'_ 2. 6

488.6 369.1 119.4
488.6 369.1 119.4

4 488.6 369.1 119.4
4 488.6 369. 1 119.4

126.7 0.1 6.9 870.4 42.7 0.6 0.3
476.7 342.5 134.2

476.7 342. 5 134._:'

5 476.7 342.5 134.2
76.2 1.4 91.9 7005. _ 40.:'_ 7.6 _.2

380.5 342.5 38.0

6 380.5 342.5 38.0

6 380.5 _:':'.5 58.0
67.8 0. 9 59.8 4055. __ 36.8 5.4 _:'.2

324.4 220.8 103.6

324.4 220.1 104.3

7 324.4 220.0 104.4
83.8 0. 4 _._='9 E755. 3 34.6 _:'.8 i. 2

286.0 220.0 66.0

8 286.0 150.0 136.0

149.8 0.2 16.3 2446.3 33.0 1.5 0.6

251.9 87.5 164.4

Duct burr,er fuel= 0 kpph

Gas mc°le c,_-0mpositior,: 75.2 %N2+Ar 13.9 %02 5.27 %C02 5.6 %H20 .002 %S02
Flue gas dew poir,t = 95 F M.W.= 28.9

HRSG TOTALS Ecc,r.zmlisets Evapc°rat ors Superheaters TOTAL

Q BTU/s i1282 27026 5950 44258

UA BTU/s-F 139 316 55 510

A sq. ft 58746 121926 26836 207507

Prime surface= 12071 fir, surface= 195436 sq. ft. Averaged fir, eff.= .72

HRSG fror,tal area = 316 sq. ft. Gas mass flux= 6.44 kpph/sq, ft

I HRSG ier,gth = 18. i ft, 43.4 tube rows, 759 ft ,_,ftubes per" row.

2 lr, dia. tubes with serrated fir,s, staggered arrar, gemer, t.

Fin thickr, ess/dia.= .03 , height/dia.= .4 , spacir, g/dia.= .07
. _' row lor,gi_udinal pitch/dia = 2.5Tube trar,sverse pitch/dia = ,=.5 ,



GE _ 6000

Watercooling

airtocoalratio 2.41 airpressure 4?.4 Cp air 0.2&8

watercoalratio 0,255 airtemperature 955 Cpwater I._
airtowaterratio 9.45 watertemperature 80 Cpsteam 0.455

Ib wt _ tools tool_ partial

pressure
air 9.45 90.43_0,33 85.55_362.72

water I.00 9.b'7_0.06 14.45_ 61.28 sattemp LXJ4

Temperatureof combinedstreamenteringboostcompressor

399.50F satpressure 247psia Rel.Hum.24.81_

Temperatureof stream exiting compressor(85_compeff)

Tf = Ti + (Ti/n_(Pf/Pi)^((k-1)/k)-l})

where
Ti- inlettemperature- 399.50F - 859.50R

n - efficiency- 85.001_

k - ratioof specificheat@ constantpressureto specific
to specificheat@ constantvolume 1.384

Pf- finalpressure 500psia
Pi- initialpressure 424 psia

Tf = 446.83 F



To.al Flow(pps) 10.61 3.18 11.04 25._ 2.';6
Pressure (psi-) 14.7 14.'7 14.7 500 • 500 •



t o "1 P i o I ,. " I s ! T i U I V I--W..,_I X I V ! Z ! A* I A. ! AC ,_
al. Illinois #6 J-IS38 DE-AC21-89MC26291 s

mill

sifter Output 10/16/90 Revision 7 z
i iii • I In I

6 Uncomb 7 8 9 i 10 SS scUlb of coal :3

P 0.26 Ash Carboa FJm8 (Char) Tar Duet(par R_ IMitelbme°mHot Gas with Tara
Wr BXY G_r 2Jigqk _d_r e 4.00% Gaslfl, r • Ik00% Final Cy¢kxml IO_ar Hut Oasmar N2 h _
w_ Coal, AshSIIo BrkjmUinR ilOCU R_bdm JLemas HGL'IJ toNil3Coav H.I% -_

lh/br wt % lwbr wt % lh/br wt % Ib/hr wt 5 b/br lh/tool wt qt inel % ?
mmmmu

8
35,650 6.39 26.26 27-82 9
1,604 0_9 1.18 14_6 10

15,954 2.86 11.'75 6._ 11
9_32 _031 1_ 5.11 _go 12

2913 0.52 2.15 3.26 13
5"/8 0.10 0.43 0.34 14_mmm

1_02 0.18 0.74 0.53 lS
295 0.05 O.22 0.O9 16

mn--mm

69,114 12.39 _X91 44_ 17
1,_9 O22 0.89 0.34 18

0 0.00 0.60 0.00 19
47 0.01 0.03 0.03 20

463 0.08 0.34 0.49 21
0 0.60 0.oo 0.0022
o 0.60 0.0o 0.0023
o 0.00 0.oo 0.oo 24
o 0.00 0.oo 0.¢( Z5
o 0.00 0.oo 0.oo 26
o 0.60 0.oo 0.oo_ ',

_9,g_n 135wv60 34.34 lm60 uxx00 28 ri i i i t
29

....mm.

135,760 30
3,159 31

32
33

1257 34
.,,.mm

O.26O O.26O 026 O.26O. _329 35
0 10,936 17.329 0 Z58&8 36
0 10,936 16,571 0 2Jr75.0 37,,.ammm

38
154 276 2/6 323 349 39.,,.m.m

40
0 0 749 0 214 41

JL ,.- i i
4:2

8.96 16.71 37.98 0.00 322.43 43
.,,mim.

44
.,,m,.m,

0.M 0.42 0.63 0.06 20.3WsUr/_em 47.34 45
1-,4,*, 46

0.60 0.00 1.72 0.00 4.7Tmvasfnl 29.04 OmHI-IV- IW Bm/m:f 47
Stk_r EJtkaaaJ- mOB_lb 48

,12.48 9.64 17.13 403) 0.06 ....... ,25.1Total 3M.N _ _ Btu/lh 4_,_9
p_ &. 17 Iph (typkal) Coal each: 1.6, Iu.itOutput(MW.) ss.3MWn n_ka.- 4m_tmo so

,-- Cak CembT,_p (F) 2280 Sl
.... 618 t3._ 1,1_ 7_z_t 2.Ol'7 u.60,_ 22,35e 22.3_6 o.60_ $2

1,"_" o oxx_ 183 umr 3_o 3_eo e.0o,s ,ro.tamm

0 O.GO_ 46 2.00% 38,214 38,214 0.00q_ 54
ras 0 0.00_ 23 1.0mr, _,521 _.s=o 0.00,_ s..._s

0 0.00 0 0.60_ 23 1J_t 1_160 1tlm .0_ _6mmm_

o o,oo,_ Sub-TmU 134_551 134rSSl o.60_ 5'7
0 O_Oq_ Sum_ SumofOm idu8 58

173 gO SIremu CometumuUnbdmce $9
4 2 balancec_t_:k 60

12 6 Cyclel_'kt_ - 47.99qk 61
0 0 C/de E_tm_ (n_)- 45.82_ 62
4 2 63

3,820 l_.Oe 342 22.40_ 0 0 64
4,438 100 1,.528 100J_Jt 2,292 1000_(,qt 193 100 6S

19.932 4_438 1|528 2_292 193 135,760 66

2.76 1.23 0.42 0.64 0.05 37.71
500* 14.7 500* 500* 499 499

,_ ,,,,., ,,_, ...w _ .... "'" ....... J "" I





q I Ab IAT ! AU i-AV I' AW ii mC I AV,,II AZ l_'nA I " I m I m ,,i m I m: enIllinois #6 J-1538 DE-AC21-89MC26291 x

]fl_ Output , Revision 7 ........... 10/16/90 2
IS 16 17 :3

r Dkbrlp Fml _!i_ Inlet Gee Thrml NO (ppmvd) 25 Exlmmt Gas "7"mmm..

r HGC'IJ Removed GT Combmtor *Rich/ieu Rod. F $S% Gas Turbim S
.mmmm-

' GT Combustor 99.0q, GTgxpmder , , 6-- l|

wt_ tool_ lh/ht' moVhr wt 5 tool % lh/ht ....'lblm'oi mohu wt % moHb Ib/hr mob/Itr wt qb mol_ 7mammm

8
000 G00 35,6_0 1,273 26.38 2284 0 0_0 0_0 G00 G0O 0 0.00 Oi)0 0.00 9
0.00 0.00 1JB4 706 1.1'7 14.10 0 0.00 000 Ga) G00 0 0.00 0.00 O.00 10
0M 0.03 !$,9_4 363 11.80 6.$1 82,102 2.'76 0.0022 9.54 6.211 12,1110 186"7.30 1.01 5.27 11
064 1.(12 7,631 424 5.65 7.60 34,851 1.17 0_0 4.05 6.51 35,900 1992.80 3.50 5.62 1--_"
000 G_ 2,913 182 Z16 3.26 0 0_0 0_0 GCO G_ 0 0.00 0_0 0.0C 1__3
G01) 0.00 578 1.9 G43 G34 0 0_0 0_0 G03 G00 0 0.00 OJ_) 0.00 14

,,....m

U0 0.00 10 0 GOl O.OlJ 0 0.00 000 G00 G_ 0 0.00 000 0.00 15
U0 0._ 3 0 Ga) 0.00 0 0_0 0_0 OGO G0G © 0.00 0_0 0.GO16

75_8 7"/.28 _,114 2,467 51.14 44.28 613,907 20.645 0.0255 '71.31 73.'76 737,717 26334.81 "71.91 .74.33 17
DI 0.95 1,2Og 30 G89 0.54 10,.741 0.16 0_0 1.25 GgG 12,909 323.14 1.26 0.91: 18
u0 0.00 o o ooo 0.00 o o_o o_o om o00 o 0.00 o_ o.o_ 19
uo 0.00 4v 2 o.o3 om o o_ 0.00 o.m o00 o 0.o0 o.oo 0.00 2"-6"
o.oo 0.00 4_ 27 0.34 0.49 o o.oo 0.00 o00 o00 o 0.oo o.oo 0.oo 2--'i"

ro.tamm

A00 0.00 0 0 O00 G00 0 0_0 0_0 OG0 O0C 0 0.00 0_0 0.00 22

0,00 0.00 0 0 G00 0.00+ 22 O.IX_ 0.0000 00026 0m12 22 0.34 0,00 0.00 23
oe0 0.00 o o ooo 0.001 10o o.00m o.emo oo2o9 o_rJ2 18o 5.99 o_2 o.m 24

2231 20.72 0 0 0,00 000 119,068 4JDI 0.0043 13.03 1252 IS6_qe'7 49(_00 15.10 13.8_ 25
OQ0 0.00 0 0 000 0.001 0 0_0 Oi)0 0.00 O00 0 0.00 Oi)0 0.0C 2,6
U0 0.00 0 0 000 ACO 0 000 O/X) O00 G0C O 0.00 Oi)0 0.00 27

• mm _oo.00 13_| lr_ _[_m_ 100.00 100"001 tj 8J_T_70 _ 0.0_4 5 ..... +00_00 1_0.00 1_4 _U_J_ 8 .mn lm_ 1_.0_ 28

3"'6"
3.2.75 34,020 _$_ 31,m....m

ZSrlltl ,, il;'/rq841 223ve96 , , . 32
' ........ 33

,--.-..m

34
0.334 0.288 O267 35

Z548_ o.o o.o 36
2,D0.0 o.o o 37

38
i 375 619 214 3'-'_
i 4--6-
i_ 219 42 36 4--i--
+'.............. 42

i +14.m 0.oo 0.oo ,___
44

i ,o.a m._ _.,o __4"-T"
! ' 46

+- :35.58 36.2.5 y7.,_l. 4"I
p+ "_
+ 395.11 569.54 m.58 bd chk 2.56.84 49

_- 2,62MWII Combustion Turbine Output 42.385 MWg ' 1.04 _ '_ SurgeMargin S0"' Sl
I I I

I su] 0.00_ 3._o 31r2 3x_2 o.00v, 3.w_ ues o.00_ s_
0.00_ 69,.I_ 613,991 613,991 0.00q, 737,801 TYT,801 o.cx_ SS

i ol 0.am 1_ 11 11 O.lO+ 1,, !, , o.m_

0.00,_ 133_v,.b-.m m,129 _1)o o.eo,_,+_o_ lpUrvmlpt2rvu o.00q_,.b_.] sv
s_..L
J.L
J..L
j._2

..65_.

37._ 2_.i3 l _.Jmo'_

499 417 * [ 15.13 67_0_sx_ , , _ _o ; ..... m. ..........
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m " I el I eJ _1 eK I m. I m ! eN ! eo I ep ! eo i m I na
Standardized IGCC Gaslfler Utility Application Reference Coal - Illinois #6
Mass & Energy Balance GE LM 6000 Predicted Gasifler Output

$ Stream No. 18 19 Thrnd NO (ppmvd) 25 20 21
Identification Fuel for Suppkmentar7 FIrin8 FJH G88 SCR Red F 80% Superbeatad Skmm Low Prmure Stes
From Gnelfler HRSG R/L Red F 85_ HRSG HRSG
1"o HRSC Stack NOx Reburn F 0% Stamu Turbine Steam Turbine

7 One MCAWt lidbr lh/tool wt % mcA% Ibfltr moWbr wt % mcA% ib/hr lh/br
.m,,.,.m,

8
0 CO 28,010 0 _39 2636 22.82 0 GO0 _O0 GGG
10 H2 Z016 0 G29 1.18 14_6 0 GO0 G00 G00!
11 CO2 44.01C 0 2.86 11.75 6,50 82,180 1867.30 LOI 5_/i
12 H20 ILL015 0 1_4 _LII 6.90 35_00 19_00 3.50 5.63
13 (_][4 16.042 0 0.52 2.15 $_6 0 G00 G00 0.00
14 (_J:]6 30.068 0 GI0 0.43 0.34 0 GO() GC0 G00
18 _2S 34.07d 0 GIS G'/4 0.53 0 G00 GO0 G00
16 COS (0.070 0 G05 032 0.09 0 G00 G00 0.06

m

17 N2 28.013 0 12._ 5G91 4434 "/3/,'/17 26334.81 "/1._ 74.34
Ol_O.4dr 39.948 0 G22 GI_ G$4 12,909 323.14 1_6 0.91

HQ 16.461 0 G00 G00 G0O 0 G00 G00 G00
20 H(_ 2"/.0Z_ 0 G01 0.03 GO3 0 0.00 0.00 G00

,,..m...

21 _ 17._ o 0.08 0.34 G4g o o.oo GO0 GO0
22 (:_S2 76.131 o o._ Goo o._ o o.oo o.oo o.ooStadcEaflmtmJ0b/MBe,:
2--3"SO2 6_Ge_ 0 OX00 O00 (_0_ 22 C_34 _00 (_00_053
94 NO 3GGOG o Ga} o.oo Goc 36 1_ o.oo Gooo._
_"-502 3L999 o Ga) G00 GO(] 156,987 4906.00 15.50 13.8.5
26 NaK_I 58,497! 0 GO0 G00 0.0C 0 G00 0.00 G00
27 KCI 74.:5_6 0 0.00 0.00 O.0C 0 eL00 eZ00 G00

a8 T_,_-_C---_tb/hr) 0 24.S4 so_oo s_oe s_;no 3s4_.59 100.G0S00.G0
20 1.o25.751balchk

VcAumetri©Flow Ra_ (STP 14.7 pstr, 59F)
s_._L(tclrm) o 3o_o
32 (scfm) 0 2:Z3r666
33
3"4"Heat(BTU/Ib) I_9_ U
s5 Cp (BTU/lh F) (_33_ o_4v

$___.7LHV (BTU/Ib) 2330.0 0
8 SenslbleHeatabove

59 F Btu/Ib shmm o
4o Latent Heat o(
4 1 Water Btu/Ib _d_tm o 36

4 3 ChemicalHeat 0_)0 oJ)o

4 s SensibkHeat oDo _L93m

46 above$9F MBtu/b_
m

4 7 ][_tent Heat 0_0 3734
4 8 of Water M]Btu/hr
4-"0'T___r) o.oo 06.2_ 126.93 ....i

60 H_G Turbine _1
immm.

51
82 C 12.011 0 22,413 22,413 G00_
s-_"H s.oo_ o s,._o_ 3_e9 (_oo_
s-'4"0 16.ooc o _48._ _k_ _o_
s"'5"N 1_0o_ o 737.734 -/_.'/34 o.oov,

S'-'6"S 32,06c 0 11 11 0.oo_
6-'_ 4_2 35.500 0 mb4outl 1,012_8421/)12_842 G00_mb-taul
58 H20 18,016

:_;'_';:_-_'..';;- SO ZaFe204
60 ZnS
6 1 FeS

m

6 2 Fe203
63 ZnO
64 ASH
_"_"To_ So_
,-"'6T_ -t Flow (pph) 0 _L 1_X25r894 , _r7_ Z
67 I

; s--"8"Total Flow (pps) o • l 284.9"/ _.22

i ,"-e"Pressure(psie) 4_ I 14.v 8_s7"-_'Temperature (F) 1190 252 • 000
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Revision 7 10/16r90

21 " 22 - ' 23 ' ' 24 3
_rtmumStoma Make Up Water 8at. Sterna Proems St,,, 4mmmmmm

HRSG Wat_rTrutme_ GasHer Slm Turblm S

s_tTurbim , HRSG St_unTsrbim _Facllit7 +6
It/br lh/br ......... Ib)hr lh/br 7

8
.........

9
10
11

.,m.....

12
D

ro.m,.,,.

14

16
17
18
19
2O
21

..,....m

22

24

,,.,.....

27
.,......

28
• i lm i 29

.......

3O
31
32

i ,| i li i i i .

......,.

1237.6 48 1204 34
35
36
37
38
39
4O
41..

..... 42
43
44
45

.m,....

46
47

...,...m

48

MAO 0._ 20.34 49

Turbine Output 15_ '" MWpc"' SO- ' ........ s-'_"
| i i , ml 52

53
,mm,..,.m

54
5S
56
57
.q8
59
6O
61
62

..m..-.

63
64

- "" _7

432 80 ..... 46"7 ,42O1 7o +
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DE.AC21-89MC26291 11.IcI_ " 'j A_v,,ru

Revision 7 10/16/90 2
27t _Tb _ ' 28 3
did8uMur SulfurDicmdde A_t "_" I
_P 302 R_very Un_. SO2 Reductor 5_.. i
,b Byproduct Msurtmts_bByproduct Disposal 6
b/br ib/br 1b/br wt_ 7mmmm

8
9
10
11
12
13
14
15
16
17
18

2O
21
22
23
24
25
26

.m._m

27
28
29
3O
31
32
:33
34

o.ooo o.ooo 35
36

.......

37
,.....

38
.......

154 o 39
4O
41
42

4.33 4.33 1.56 0 43
44.ro.m,,

oJ)c GO0 o_o o 4S.,.mm

46
......

O_)C GO0 OJDO 0 47
48

4J3 4.33 1.56 0.4
S0
51

- 1(_ 3 $2

54
SS

57
58
$9
60
61
62
63

3,820 97 64
3,928 100 62

,_e9 2,,_ 3r92s mo 6"7

0.30 0.m 1.09 _6_
15 100 ,5 .--6_

,9O 59 284 74]i



100 MW Utility Cycle
Westinghouse 501 D5
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]TPRO 3.31 Michael Brown 10-15-1990 ii:38:14

GCC 61 - 100 MW UTILITY CYCLE
'04ESTINGHOUSE 501 D5

ESTIMATED G.T. SITE PERFORMANCE

=uel=Fuel G.T. @ 100 % rat ing, XIGV= 0

_ite anlbient cc,nditions: 14.7 psia, 59 F, 60 % RH

Inlet loss= 4 inch H20, exhaust loss= 10 inch H20

:Zvap. inlet cooler tc, 0 % RH.

G.T. DEVIATION FROM NOMINAL, CLEAN ENGINE

?]ompressor inlet airflow % reduction = 0

C,:,mpressor efficiency reduction % = 0
Turbine efficiency reductiorl % = 0

Maximum firing temperature excess over base load = 0 F

:]onlbustor % pressure loss (0 means nominal value) = 0

Cornbustor inefficiency + heat l,z,ss % (0 means nominal value) = 0

Cooling air increase % (0 means nominal value) = 0
_rocess air bleed location (0 means none) = 1

_rocess air bleed % of inlet = 10. 14

# Model PR TIT TET Mair kWe H.R. LHV Mex N2+Ar 02 C02 H20

F F kpph BTU/kWh kpph % % % %

501 D5 14.5 2060 980 2848 107180 10688 2983 75.02 13.36 5.$7 5.95

Fuei flow = 424 kpph

I=uel pressure reqd.= 285 psia, compressor power= 737 kWe
G.T. auxillary power = 534 kWe.

ESTIMATED G.T. CYCLE

STREAM TEMP. PRESS. MASSFLOW M.W. MOLE COMPOSITION %

F psia kpph N2+Ar 02 C02 H20

Ambient air in 59 14.70 2848.11 28.75 78.22 20.74 0.03 1.01

Compr. inlet 59 14.55 2848.11 28.75 78.22 20.74 0.03 1.01
Turbine cc,olant misc. 254.40

Process air bid 711 211.27 288.80 28.75 78.22 20.74 0.03 1.01

Compr. disch. 711 211.27 2304.92 28.75 78.22 20.74 0.03 1.01
Turbine inlet 2060 202.82 2728.63 28.87 74.72 12.67 6.20 6.41

Turbine exhaust 980 15.06 2983.03 28.86 75.02 13.36 5.67 5.95

Compressor= 134299 Turbine= 243656 Mech. loss= 656 kW
Turbir_e co,::,lant= 8.93 % cornpr ir_

GT specific pc,wer @ gen term= 37.6 kW per kpph

GT efficiency @ gen term= 29.38 % HHV = 31.93 % LHV



GTPRO 3.31 Michael Browrl 10-15-1990 11:38:14 Gas Turbine p. 2

GAS TURBINE/GENERATOR HEAT BALANCE

gy iri = 356318 BTU/s

Ir_let air Ir_let air Water Steam Fuel

_erls ib ie Lat er_t Ir_j. Iraj. HHV

5209 5268 0 0 345842

Ertergy out = 358064 BTU/s

Ir,c,-,mpl c,.nr,lb GT Mech. Gearb,-_,x Generator Exhaust Exhaust Electric Proc
& carcass rad Losses Lc,ss Loss Ser_sible Laterlt Output Air

4168 417 0 1451 204011 32359 101592 14066
....... m_

Zero erlthalpy: dry gases & liquid water @ 32 F (273. 15 K)
Heat Balarlce Error = Ir_ - Out =-1746 BTU/s =-.49 %



_TPRO 3._=I Michael Brown 10-15-1990 11:46:43 Steam cycle p. 1
[GCC 61 - 100 MW UTILITY CYCLE
JESTINGHOUSE 501 D5

Fype: 6 Subtype: 2 Ir_ductic, r_

P T h rn UA Q A

psia F BTU/I b kpph BTU/s-F BTU/s sq. ft
-- mm

]rid rtr_ 0.74 87.57 55.58 471.271

#akeup 17.72 80.00 48.02 4. 009

W supl 17.72 87.51 55.51 475.279
_TE 475.279 55 8234 25323

=rc,m LTE 17.20 150.00 117.88 475.279

_PB 34.585 103 9275 43832

Jater bleed 70.420

_td. FW 17.20 220.00 188.13 404.859

_PFW 1423.77 221. I_ 193.48 336. 128

_PEI 336.128 143 11710 63605
6 1382.30 342.54 318.89 0.000

_PE2 336.128 49 6126 21385
7 1362.17 400.10 384.50 0.000

_PE3 336.128 248 17237 105740

8 1342.04 56='.08 569.12 0 000

i(lwdn I_4_.-'04 582.08 591.91 _.328

_PB _._=m 800 581 56219 227045

9 1342.04 582.08 1177.03 0.000

_PSI 33_.800 0 0 0

10 1342.04 582.08 1177.03 0.000

_PS2 332.800 227 26264 112202
1 1302.95 941.00 1461.14 0.000

[rlto HPT 1265.00 935.00 1458.99 332.800

hef addra 350.00 630.40 1330.20 33_.800_=

_PT addr, 350.00 43_-°=.00 1204.98 70. 420

_ft addr: 350.00 590.01 1308.33 403.220

_PT exit 115.00 389.92 1219.60 403.220

tlPFW 125.66 220.09 188.55 68.732

[PE 68.732 21 2006 9471

1 1 ':'=..... ._.00 _.54 293.60 0 000
Blwdrl 12"2.00 342.54 314.10 0.681

[PB 68.051 185 16977 76156

2 122.00 342.54 1191.52 0.000
[PSI 68.051 5 620 2634

3 I'="=_.00 400.10 1224 32 0.000

i_PS2 68.051 34 1785 17452

4 118.45 582.08 1318.77 0.000

Into LPT 115.00 414.62 1":'_.49 471.271

_PT exit 0.74 91.57 963.42 471.271

!



3TPRO 3.31 Michael Brown 10-15-1990 11:46:43 Steam cycle p. 2

STEAM TURBINE

No. ,of steps Exit Quality Efficiency(%) Work (kW)

To HPT additn 4 i. 157

ro HPT exit 3 1.033 81.66 23045

To LPT exit 13 0.867 81.54 37299

3ross power = 60344 kW. Mech/Elect losses = 1810 kW.

3enerator output = 58533 kWe. ST auxiliaries = 410 kWe

Boiler- feedpumps = 598 kWe

CONDENSER

mm

P T h m

psia F BTU/Ib kpph

LPT exit 0. 7365 91.57 963.42 471.27

3at urat ion 0. 7365 91.57

Condensate well 0. 7365 87.57 55.58 471.27

]ooling water in 65.00 28522.57
Cool ing water- out 80.00 28522.57

c,f passes= 1 UA= 6597 BTU/s-F Surface area = 32266 sq. ft

Tubes: OD = 1 in Length= 38.6 ft number= 3195

Cooling water: Velocity= 9 ft/s DP = 9.02 psia Pumps = 322 kWe.

STEAM CYCLE HEAT BALANCE
!

Energy in = 260500 BTU/s

GT Exhaust GT Exhaust Duct Burner Makeup+Prcc Pump External
Sensible Latent Fuel HHV Return Work Steam

204011 32359 0 53 507 23571

Energy out = 260501 BTU/s

Heat Blow Mech/Elec Stack Stack Condnsr Process GT Proc. Electric

Radiated down Losses Sens. Latent C.W. Steam Injec. Water Output
..---m

2734 607 1716 45080 32359 118844 0 0 3680 55482

Zero enthalpy: dry gases & liquid water @ 32 F (273.15 K)
Balance Error = In - Out =-1.03 BTU/s = 0 %

Ii



3TPRO _._991 Michael Brown 10-15-1990 11:46:43 Steam cycle p. 3

HRSG GAS-SIDE PROFILE

Tg F Tw F DT F QglUA DELTA P UA Qg Vg Tu0e Lngth
HP/lP HP/lP F inch H20 BTU/s-F BTU/s ft/s Rows ft

1 976.1 941.0 35. I
117.0 1.9 226.7 26526.7 57.2 7.4 _._1

859.0 582.1 277.0

2 859.0 582.1 277.0
97.8 3.3 580.7 56781._ 49.5 15.0 6.2

602.1 582.1 20.0

9 602 I 562.1 40.0m

3 602.1 582.1 20.0
68. =_ 1.5 281._9 19213. 1 42.3 8. I 3.4

51 _.0 400.1 112.9

517.0_ 400. i 11:'_.9

4 51 =_.0 400. 1 Ii "='_.9
4 513.0 400. 1 11°9_.

=' 54.3 681_. "='i_5.4 0._ _ _ 39.8 1.6 0.7

481.2 342.5 _38.7

481._:' 342.5 138.7

5 481._ =' 342.5 138.7
92.6 0.8 185.3 17147.1 37.4 5.0 2.1

400.5 342.5 58.0

400.5 342.5 58.0
6 400.5 322.5 78.0

84.4 0.7 164. E 13852.5 34.4 4.8 2.0

334.8 =':_I. 1 119_.7

334.8 220.1 114.7

7 334.8 220.0 114.8
90.6 0.4 103.4 9367._= _.19_ :_.9 I._°

._._290. 1 _0.0 70. 1

8 290.1 150.0 140.1
151. i 0._° 55.0 8316.7 30.3 1.7 0.7

250.2 87.5 162.7

Duct burner fuel= 0 kpph
3as mole composition: 75 %N2+Ar 13.4 %02 5.67 %C02 5.95 %H20 .002 %S02

Flue gas dew point = 97 F M.W.= 28.9

-IRSG TOTALS Econc, misers Evaporators Superheaters TOTAL

Q BTU/s 45313 82471 28669 156453
UA BTU/s-F 516 869 265 1651

sq. ft 2_5525 3_7033 132289 704846

ne surface= 41001 fin surface= 663845 sq. ft. Averaged fin eff.= .727

_RSG frontal area = 1001 sq. ft. Gas mass flux= 5.91 kpph/sq, ft

HRSG length = 19.4 ft, 46.6 tube rows, 2403 ft of tubes per row.
2 in dia. tubes with serrated fins, staggered arrangement.

Fin thickness/dia.= .03 , height/dia.= .4 , spacing/dia.= .07
Tube transverse pitch/dia.= 2.5 , row longitudinal pitch/dia.= 2.5



TemperatureofcombirL_dstreamenteringboostcompressor

_. 09 F sat pressure 247 psia Rel.Hum. 7._H

Temperatureof stream exiting conpressor (85Hcoapeff)

Tf = Ti + (Tiln*{(PflPi)^((k-l)lk)-l})

where
Ti - inlet temperature- _e. e9 F - 868.e9 R
n - efficiency - 85.(_
k - ratio of specific heat @constant pressureto specific

to specific heat @constant volume 1.384
Pf - final pressure 350 psia
Pi - initial pressure ;_I1 psia

Tf : 55=3.53F

A
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I " Illinois #6 J-1538 DE-AC21-89MC26291

IflerOutl)Ut 10/16/90 Revision 7 2
.... 6' Uncomb 7 ...... 8 t 10 $5scf/lho(_,_1 3.m.,e,.m

0.16 Ash ClrkN Fines (Clime) Tsr Dust(per RTI dis) Mkcelbw,ol Hot Ges with Tm 4
_tr HT,(J GeMNer 2_9_ Gulfkr lP 4.M_ GmUkr O 6.00_ mini CycloN GssiNerHest GmlNer NI h cml --.T

-r e_,ud A_ Silo Brki_-_lt HG(_U Recbdm _ HGOLI to NX3 Coav t)0.1% 6
' lh/Iu' wt qb lh/ht wlL'qb lwbr" wt qb lh/br wt %- lib/br Ib,'_ wt t tool % "7

8
.i.mmu

111,763 6.39 2626 22.82 9
5_R8 029 1.18 1426 10.=mmmm

50,015 2.e6 11.75 6.50 11

1,137 21,730 1,34 _11 6.901..__2
9.131 0.52 2.15 3_ 13,...,mmm.

1,811 0.10 G43 O.34 14
3,142 0.18 G74 G53i 15mmm_m

o.m o_2 a® 1_.6_6
21c_74 _ 5_91 44_ 17

3,791 0.22 GIS G54 18,=m..mi

0 0.® G00 G® 19
14"/ 0.01 G0$ G03 20

1.453 0.(m G34 G49 21mmmmmm

o o.® O00 G® 22
0 0.® G® G® 23.mm.mi

o o.® G® G® 24
0 0.® G® G® 25mm,....,

o o.® G® G® 26 L

o o.® a® j
29

425,me 30u

17J62 31

33
34

13o8 ----
O3® 0._0 O.26 O36o CL529 35

o 10.9M 17,129 0 2,.588.8 36=nra.mm

o lO,936 16,571 o 23/_Lo 37 )

38

40
mm,mm.

o o 749 0 214 41 ,42 '
0

_N SR.M) 119_'/ 0_00 101G81 43 ,

7.14 132 1_ 0.19 71.5Wmm'smm 14&40 4-'_

G00 o_o 538 o.oo 16.7"hsvmdnj 9L03 OmHHV- 18_But&ct 47
Sl_mr E_mmlS= 555Bwm 48

_. --, s71 _ o19 u_ _=a _ _ c_ _ s_
-_ & 17 ___lyp_Ce-_l_-'_: 4.9 iUsdtOutput_41Wn_ 153._ MWm nd_w. 4_l_mO SO
• ---- ' _cmb'rmp_ :mo Sl

_ '1_6 13_J_ !.717 _.8_ 6.523 _ " "/O,uu"-7 _ n-_,_" $2
o _____

___ o o_os 1,, _oos 11_o i1_m_ o_o_ s4
Feui 0 0_0S 72 1.m)ql 21"/,94"/ 217,947 O_0ql $_.S.5

o o_ 0 U0qk 72 1,ool 1,449 3_SO , _2_/r_ $6m_m,u

0 O_Oq_ Seb_Tmsb 421,817 421,817 O_OV, 57mmmum

o ,h.,,r u.. i
543 90 Sem CimJ¢tssmLlnb,lmm .--.-19 ,
12 -_ _,lmmc_k 60.m.=mm

36 6 _,de m_3_- 43.U_ 61
0 o Cyde Bl_-kmc_(n)- _70_ 62
12 2 63i_m

11,976 86.01 1,073 22.40q_ 0 0 _a:64
1®_o_ _,1. 1®_ m_ lOO13.912 lm

_ 1_12 4,_0 _,1. _ 4_,_
QO

, 67

us xu lZ_ _oo o.1_ IIL_ 68
* 14.7 310" 3510* 286 286 6__9
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• Illinois #6 J-1538 DE.AC21-89MC26291 1

tierOutput Revision 7 10116190 s- ' ss '" 16 ' _7 3,.,.m.,.mm

i' l)kdmlp Fuel qkH_ inkt Ges Thrml NO (ppmvd) 2,5 EzkmudGis 4
lr HGCU Removed GT Combustor *Ricl_,esn Red. F 85q6 Gsa Turbine
P GT C_-__mtor 99.0q6 GT ExpL,_n_r 6
115 mot % b/ht tool/br wt % tool q5 lwbr Ib/mol mobs wt % _dqb lwbr ' i_/hr ' wt % moiqb 7,mmmmm

8,mm,mm,

i G00 G00 111,743 3,990 2£31 2284 0 0_0 0_0 0.a) G00 0 0.00 000 0.a) ___9
[ m aa) _ 2,,.3 s.r; 14.10 0 o_ o_ o_a) 0_00 0 o,oo oa) 0.00jJ.o

u_ o.m so.ms 1.1_ SLm _51 _.,m 2.VS o.ans I. Ul ro.sz4 s._49 u3 5.a 11
a_ sm 23,sm _ z43 7.m sm,,-s 1.1_ oa) _01 z4s 11t,0_ 61_19 3.v2 s._
om _a) 9,131 sm zt_ s._ o o_ o_ aa) o_oe o aoo oa) o.oo13
0,00 0.a) 1,811 40 0.43 0.34 0 0.a) 0.00 Ga) G0C 0 0.00 0.00 O.0C"_
(LO0 Ga) 31 I GOl G01 0 0_0 0/X) Ga) G0C 0 G00 Oi00 O.0C
010 Ga] 9 0 Ga) GOt) 0 0.a) 0.00 Ga) G0C 0 GOO 0.00 O.0C..-.--"_

75_0 77.28 216,674 ?,735 $L!4 44.20 1,947,079 30.57 O.QU5 71.35 73.0C 2,137,953 76320.04 71.6"7 74.N 17
LII G95 3,701 95 0.89 0.54 34,067 0.,16 0.00 1._ 0.91 37,409 936.44 13.5 0.91l"_F
G00 Ga) 0 0 Ga) G00 0 0.00 0.00 Ga) Ga) 0 0.00 0,00 0.00
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GTPRO _.__ ?I Michael Br,z,wn 10-15-1990 12_:16.''_'_ 1
!GCC 59 - 100 MW UTILITY CYCLE

RAL ELECTRIC 7111 EA

ESTIMATED G.T. SITE PERFORMANCE

Fuel=Fuel G.T. @ 100 % rating, XIGV= 0
Site ambient conditions: 14.7 psia, 59 F, 60 % RH

Inlet loss= 4 ir,ch H20, exhaust loss= 10 inch H20

Evap. inlet co,_-,lerto 0 % RH.

G.T. DEVIATION FROM NOMINAL, CLEAN ENGINE

Compressor inlet airflow % reduction = 0
Compressor efficiency reduction % = 0
Turbine efficiency reduction % = 0

Maximurll firing temperature excess over base load = 0 F

Combustor % pressure loss (0 mear, s nominal value) = 0
Cornbustor inefficiency + heat loss % (0 mear,s n,:,mir_al value) = 0

Cooling air increase % (0 means nominal value) = 0
Process air bleed location (0 means none) = I
Prc,cess air bleed "/.,_,finlet = 10. 13

# Model PR TIT TET Mair kWe H.R. LHV Mex N2+Ar 02 C02 H20

F F kpph BTU/kWh kpph % % % %

G.E. 7111EA 12.7 2020 999 2306 84385 10986 2416 75.02 13.37 5.66 5.95

Fuel flow = 343 kpph

G.T. auxiliary power = 423 kWe.

ESTIMATED G.T. CYCLE

STREAM TEMP. PRESS. MASSFLOW M.W. MOLE COMPOSITION %

F psia kpph N2+Ar 02 C02 H20

Ambient air in 59 14.70 2306.29 28.75 78.22 20.74 0.03 1.01

Compr. inlet 59 14.55 2306.29 28.75 78.22 20.74 0.03 1.01
Turbine coolant misc. 177.22
Process air bld 680 184.42 233.63 28.75 78.22 20.74 0.03 1.01

Compr. disch. 680 184.42 1895.45 28.75 78.22 20.74 0.03 1.01
Turbine inlet 2020 177.04 2238.33 28.87 74.77 12.78 6.11 6.34

Turbine exhaust 999 15.06 2415.55 28.86 75.02 13.37 5.66 5.95

Compressor= 103510 Turbine= 189871 Mech. loss= 691 kW
Turbine coolant= 7.68 % compr in

GT specific power @ gen terrn= 36.6 kW per kp_h
GT efficiency @ gen term= 28.58 % HHV = 31.06 % LHV



GTPRO 3.31 Michael Brown 10-15-1990 13:16:33 Gas Turbine p. 2

GAS TURBINE/GENERATOR HEAT BALANCE

gy in = 288349 BTU/s

Inlet air Inlet air Water Steam Fuel
Sensible Latent Inj. Inj. HHV

4218 4265 0 0 279866

Energy out = 288423 BTU/s

Incompl comb GT Mech. Gearbox Generator Exhaust Exhaust Electric Proc
& carcass rad Losses Loss Loss Sensible L_tent Output Air

1030 439 0 1228 168691 26189 79986 10862
mm.

Zero enthalpy: dry gases & liquid water @ 32 F (273. 15 K)
Heat Balance Error = In - Out =-74.1 BTU/s =-.026 %

r_



GTPRO _.__ _1 Michael Brown 10-15-1990 13-16:38. Steam cycle p. 1
IGCC 59 - 100 MW UTILITY CYCLE

RAL ELECTRIC 7111EA

: 6 Subtype: 2 Induct ion

T h m UA Q A

psia F BTU/Ib kpph BTU/s-F BTU/s sq. ft

Cnd rtrn 0.74 87.57 55.58 390. 061
Makeup 17.89 80.00 48.02 6.607
FW supl 17.89 87.45 55.45 396.668
LTE 396.668 45 6879 20636
from LTE 17.20 150.00 117.88 396.668
LPB 28.865 82 7741 34766
water bleed 59.730

htd. FW 17.20 220.00 188.13 336.938

HPFW 1479.87 "_'-_1.17 193.69 288.443
HPE1 288.443 114 10165 50605

6 1422.95 343.99 320.56 0.000
HPE2 288.443 45 5445 19631

7 1395.59 403.49 388.51 0.000
HPE3 288.443 217 14749 92078

8 1368. "_°=_ 564.65 572.59 0.000
Blwdn 1368.22 584.65 595.43 5.656
HPB 282.787 477 47408 185657

9 1368.22 584.65 1175.66 0.000
HPS1 282.787 0 0 0

• 10 1368.22 584.65 1175.66 0.000

i 282.787 162 22391 79806
• 11 1315.60 941.00 1460,70 0.000
i

i
j Into HPT 1265.00 935.00 1458.99 282.787
| ber addn 350.00 630.40 1330.20 282.787

HPT addn 350.00 432.00 1204.98 59.730

, aft addn _0.00 590.06 1308.36 342.517

HPT exit 115.00 389.97 1219.63 34_.517

I IPFW 129.36 220.09 188.56 48.495

IPE 48.495 19 1712 8479
1 124.38 343.99 315.62 0.000

Blwdn 124.38 343.99 315.62 0.951

IPB 47.544 122 11572 49815
, 2 124.38 343.99 1191.86 0.000

IPS1 47.544 4 449 1973
3 124.38 403.49 1225.89 0.000

il IPS2 47.544 24 1243 12385
4 119.60 584.65 1319.98 0.000

m Into LPT 115.00 410 99 1231 50 390. 061

i LPT exit 0.74 91.57 962. 17 390. 061

a

q

g



GTPRO _._ 31 Michael Brc,wn 10-15-1990 13-16:38. Steam cycle p. 2

STEAM TURBINE

No. ,:,f steps Exit Quality Efficiency(%) Work (kW)
w

To HPT additn 4 1. 157

Tc, HPT exit 3 1. 033 81.66 19579

To LPT exit .13 00866 81.50 30786

Gross power = 50365 kW. Mech/Elect losses = 2015 kW.
Generator c°utput = 48350 kWe. ST auxiliaries = 338 kWe

Boiler feedpumps = 532 kWe

CONDENSER

P T h m

psia F BTU/Ib kpph

LPT exit 0. 7365 91.57 962. 17 390.06
Sat urat ion 0. 7365 91.57

i Condensate well 0. 7365 87.57 55.58 390.06

Cooling water in 65.00 23575. 16

Coolirag water out 80.00 23575. 16

_ber ,:,f passes= 1 UA= 5452 BTU/s-F Surface area = 26669 sq. ft

Tubes" OD = 1 in Length= 38.6 ft number= 2641

i Cooling water: Velocity= 9 ft/s DP = 9.02 psia Pumps = 266 kWe.

i
!
q

I STEAM CYCLE HEAT BALANCE

Energy iri = 215410 BTU/s

GT Exhaust GT Exhaust Duct Burner Makeup+Proc Pump External
Sensi ble Latent Fuel HHV Ret urn Work Steam

168691 26189 0 88 451 19993

Energy out = 215411 BTU/s

Heat Blow Mech/Elec Stack Stack Condnsr Process GT Proc. Electric

Rad iated dc,wn Losses Sens. Latent C.W. Steam Injec. Water Out put

.- .-,_ 14 1019 1910 36899 26189 98230 0 0 3121 45830

Zero° enthalpy: dry gases & liquid water @ 32 F (273. 15 K)
Balance Error = Irl - Out =-.875 BTU/s = 0 "/.

i
I
!

!
I



GTPRO 3.31 Michael Brown 10-15-1990 13:16:38 Steam cycle p. 3

HRSG GAS-SIDE PROFILE

s Tg F Tw F DT F Qg/UA DELTA P UA Qg Vg Tube Lngth
HP/lP HP/lP F inch H20 BTU/s-F BTU/s ft/s Rows ft

1 994.9 941.0 53.9

139.5 1.8 162.1 22614.4 58.4 6.6 2.7
872.0 584.6 287.3

2 872.0 584.6 287.3
100.3 3.4 477.3 47882.1 50.2 15.3 6.4

604.7 584.6 20.0

3 604.7 564.6 40.0
3 604.7 584.6 20.0

67.1 1.6 240.7 16151.2 42.7 8.6 3.6
512.2 403.5 108.7
512.2 403.5 108.7

4 512.2 403.5 108.7
4 512.2 403.5 108.7

120.9 0.3 49.2 5953.1 40.0 1.8 0.7

477.9 344.0 133.9
477.9 344.0 133.9

5 477.9 344.0 133.9
96.0 0.7 121.8 11687.9 37.9 4.1 1.7

410.0 344.0 66.0
mm_

6 410.0 344.0 66.0
6 410.0 344.0 66.0

89.8 0.7 133.6 11995.4 35.0 4.9 2.0
339.8 _°°l. _' 118.6
339.8 220.1 119.7

7 339.8 220.0 119.8

94.9 0.4 82°4 7817.9 32.5 2.9 1.2
293.7 220.0 73.7

8 293.7 150.0 143.7
154.1 0.2 45.1 6948.0 30.7 1.7 0.7

252.6 87.4 165.1

Duct burner fuel= 0 kpph

Gas mole composition: 75 %N2+Ar 13.4 %02 5.66 %C02 5.95 %H20 .002 %S02

Flue gas dew point = 97 F M.W.= 28.9

HRSG TOTALS Economisers Evaporators Superheaters TOTAL

Q BTU/s 38949 66721 24083 129753

UA BTU/s-F 441 682 190 1312

sq. ft 191428 270238 94164 555830

me surface= 32332 fin surface= 523497 sq. ft. Averaged fin eff.= .726

HRSG frontal area = 804 sq. ft. Gas mass flux= 5.96 kpph/sq, ft

HRSG length = 19. 1 ft, 45.7 tube rows, 1929 ft of tubes per row.

=' in dia. tubes with serrated fins, staggered arrangement

Fin thickness/dia.= .03 , height/dia.= .4 , spacing/dia.= .07
Tube transverse pitch/dia.= 2.5 , row longitudinal pitch/dia.= 2.5



6E 7111

Water cooling

air to coal ratio 2.41 air pressure 184 Cp air @.248
.atm" coal ratio ii. 133 air temeeature 688 Cp uater I.N
air to water ratio 18.12 water temperature N Cpsteam ii.4_

lb wt _ mis tool _ partial
pressure

air 18.12 %.T/_ 0.63 91.9_ 169. Iii

Nater I.N 5.23_ e._ 8. lii_ 14.90 sat tnp 213

Temperatureof combinedstrew entering boostcompressor

41le._ F sat pressure 247 psia Rel. Hum. 6.1k_

Tmqx_'atureof streamexiting ¢oapressor(85_compeff)

Tf = Ti + (Tilne((PflPi)^((k-l)lk)-l})

Nher_

Ti - inlet temperature- _._ F - 860._ R
n - efficiency - 85.ii_
k - ratio of specific heat @constantpressureto specific

to specific heat @constant volume 1.384
Pf- final pressure 350 psia
Pi - initial pressure 184 psia

Tf = 597.65 F
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3TPRO _._ 31_ Michael Brown 10-15-1990 1_:28".I_

•GCC 60 - 100 MW UTILITY CYCLE
_SEA BROWN BOVERI GT Ii N

ESTIMATED G.T. SITE PERFORMANCE

fuel=Fuel G.T. @ 100 "/.rating, XIGV= 0

_ite anlbient cor,diti,z,ns: 14.7 psia, 59 F, 60 % RH

Inlet loss= 4 inch H20, exhaust l,z,ss = 10 inch H20

vap. inlet co,-,ler t,-, 0 % RH.

G.T. DEVIATION FROM NOMINAL, CLEAN ENGINE

_ompressor inlet airflow "/.reducti,:,n = 0

]ompress,-,r efficiency reductic, n % = 0
turbine efficiency reduction % = 0

4aximum firir, g temperature excess ,-,vet base load = 0 F

]ornbust,-,r "/-pressure Ic,ss (0 nleans rlc,minal value) = 0
]ombustor inefficiency + heat loss Y. (0 rneans n,-mlinal value) = 0 .
"o,z,ling air increase % (0 nleans nonlinal value) = 0
Orocess air bleed l,-,cati,z,n (0 means none) = 1

-_rc,cess air bleed Y. _,f inlet = 9.5

# Model PR TIT TET Mair kWe H.R. LHV Mex N2+Ar 02 C02 H20

F F kpph BTU/kWh kpph % % % %

_BB GT 1IN 12.7 1975 973 2442 81153 i1399 2552 75.20 I_.m 78 5.35 5.67

=uel flow = 342 kpph

3. T. auxillary p,-,wer = 408 kWe.

ESTIMATED G.T. CYCLE

STREAM TEMP. PRESS. MASSFLOW M.W. MOLE COMPOSITION %

F psia kpph N2+Ar 02 C02 H20

qmbient air irl 59 14.70 2441.75 28.75 78.22 20.74 0.03 1.01

],-,mpr. inlet 59 14.55 2441.75 28.75 78.22 20.74 0.03 1.01
Turbine coolant misc. 213.65

Process ai:- bld 693 184.33 231.97 28.75 78.22 20.74 0.03 1.01

]r,mpr. disch. 693 184.33 1996. 14 28.75 78.22 20.74 0.03 1.01
Furbine inlet 1975 179.73 2338.30 28.86 74.92 13. 14 5.84 6. 10

_urbine exhaust 973 15.06 2551.94 28.85 75.20 13.78 5.35 5.67

],z,mpressor= I11877 Turbine= 194931 Mech. l,-0ss= 664 kW
Turbine c,-.:,lant= 8.75 "/.compr in

3T specific p,-°wer @ger, term= 33.2 kW per kpph

3T efficiency @ gen term= 27.54 % HHV = 29.93 Y. LHV



]TPRO 3.31 Michael Brown 10-15-1990 13:28:13 Gas Turbine p. 2

GAS TURBINE/GENERATOR HEAT BALANCE

,gy in = 288255 BTU/s

_nlet air Inlet air Water Steam Fuel

3ensible Latent Inj. Inj. HHV

4466 4516 0 0 279274

7.nergy out = 289915 BTU/s

Incornpl cornb GT Mech. Gearbc, x Generator E)chaust Exhaust Electric Proc
& carcass rad Losses Loss Loss Sensible Latent Output Air

1028 422 0 I 181 172966 26395 76923 11001

_ero enthalpy: dry gases & liquid water @ 32 F (273. 15 K)
-_eat Balance Errc, r = In - Out =-1660 BTU/s =-.576 %



_TPRO 3.31 Michael Brown 10-15-1990 13:28:51 Steam cycle p. 1
ZGCC 60 - 100 MW UTILITY CYCLE

ISEA BROWN BOVERI GT 11N

: 6 Subtype: 2 Induction

P T h m UA Q A

psia F BTU/Ib kpph BTU/s-F BTU/s sq. ft

_nd rtr_ 0.74 87.57 55.58 398.030

lakeup 17.72 80.00 48.02 3.384

W supl 17.72 87.51 55.51 401.415
.TE 401.415 46 6955 21192
_om LTE 17.20 150.00 117.88 401.415

PB 29.210 86 7833 36602
_ater bleed 59.580

ltd. FW 17.20 220.00 188.13 341.835
umm

_PFW 1423.77 221.13 193.48 281.848

_PE1 281.848 119 9819 53190
6 1382.30 342.54 318.89 0.000

_PE2 281.848 41 5113 17650
7 1362.17 399.84 384.20 0.000

iPE3 281.848 207 14477 88284

8 1342.04 562.08 569.12 0.000

_lwdn 1342.04 582.08 591.91 2.791
4PB 279.057 493 47140 192909

9 1342.04 582.08 1177.03 0.000

_PS1 279.057 0 0 0

10 1342.04 582.08 1177.03 0.000
279.057 206 22023 102110

1302.95 941.00 1461.14 0.000

into HPT 1265.00 935.00 1458.99 279.057
_ef addn 350.00 630.40 1330.20 279.057

_PT addn 350.00 432.00 1204.98 59.580

_ft addr, 350.00 589.71 1308.16 338.637

IPT exit 115.00 389. G5 1219._5 338.637

]PFW 125.66 220.09 188.55 59.987

_PE 59.987 19 1750 8245

i 122.00 322.54 293.59 0.000
_lwdn 122.00 342.54 314.10 0.594

IPB 59.393 161 14817 66074

2 122.00 342.54 1191.52 0.000
]PSI 59.393 4 539 2263

3 122.00 399.84 1224.17 0.000
IPS2 59.393 29 1561 15156

4 118.45 582.08 1318.77 0.000

_nto LPT 115.00 415.23 1233.82 398.030

.PT exit 0.74 91.57 963.70 398.030



]TPRO 3.31 Michael Brown 10-15-1990 13:28:51 Steam cycle p. 2

STEAM TURBINE

No. of steps Exit Quality Efficiency(S) Work (kW)

Tc, HPT additr, 4 I. 157

Fo HPT exit 3 1.033 81.66 19336

Fc, LPT exit 13 0.868 81.52 31508

3ross power = 50844 kW. Mech/Elect losses = 1525 kW.

3er,erator output = 49319 kWe. ST auxiliaries = 345 kWe

3oiler feedpumps = 502 kWe

CONDENSER

P T h m

psia F BTU/Ib kpph

_PT ex it 0. 7365 91.57 963.70 398.03

]at urat ion 0. 7365 91.57

]onder, sate well 0. 7365 87.57 55.58 398.03

]oolir, g water ir, 65.00 24097.37

]oolir, g water out 80.00 24097. 37
mm

_r c,f passes= I UA= 5573 BTU/s-F Surface area = 27260 sq. ft
s: OD = I in Length= 38.6 ft number= 2700

Cooling water: Velocity= 9 ft/s DP = 9.02 psi. Pumps = 2-/2 kWe.

STEAM CYCLE HEAT BALANCE

!{r,ergy ir, = 219773 BTU/s

GT Exhaust GT Exhaust Duct Burr, er Makeup+Proc Pump External
Sensible Latent Fuel HHV Returr, Work Steam

172966 26395 0 45 425 19942

Energy out = 219774 BTU/s

Heat Blow Mech/Elec Stack Stack Condnsr Process GT Proc. Electric

_adiated down Losses Ser,s. Latent C.W. Steam Injec. Water Output

2316 511 1446 38840 26395 100405 0 0 3114 46748

Zero enthalpy: dry gases & liquid water @ 32 F (273. 15 K)
Balar, ce Error = In - Out =-.875 BTU/s = 0 %



;TPRO 3.31 Michael Brown 10-15-1990 13:28:51 Steam cycle p. 3

HRSG GAS-SIDE PROFILE

Tg F Tw F DT F Qg/UA DELTA P UA Qg Vg Tube Lngth
HP/lP HP/lP F inch H20 BTU/s-F BTU/s ft/s Rows ft

I 969.5 941.0 28.5

108.0 2.0 205.9 22243.0 56.9 7.9 3.3
854.5 582.1 272.4

2 854.5 582.1 272.4

96.7 3.2 492.6 47611.8 49.3 14.9 6.2
602.1 582.1 20.0

3 602.1 562.1 40.0

3 602.1 582.1 20.0

68.7 1.5 235.7 16198.5 42.2 8.0 3.3

514.2 399.8 114.3

514.2 399.8 114.3

4 514.2 399.8 114.3
4 514.2 399.8 114.3

126.9 0.3 45.0 5708.2 39.7 1.5 0.6

483.0 342.5 140.4

483.0 342.5 140.4

5 483.0 342.5 140.4

93.2 0.8 160.5 14965.6 37.4 5.1 2.1

400.5 342.5 58.0
_m

400.5 342.5 58.0

6 400.5 322.5 78.0

84.7 0.7 137.9 11684.8 34.3 4.7 2.0

335.6 221.1 114.5

335.6 220.1 115.5

7 335.6 220.0 115.6

91.7 0.4 86.2 7911.5 32.1 2.8 1.2

291.4 220.0 71.4

8 291.4 150.0 141.4

152.7 0.2 46.0 7024.2 30.3 1.6 0.7

252.0 87.5 164.5

Duct burner fuel= 0 kpph
3as mole composition: 75.2 %N2+Ar 13.8 %02 5.35 %C02 5.67 %H20 .002 %S02

lue gas dew point = 96 F M.W.= 28.9

_RSG TOTALS Economisers Evaporators Superheaters TOTAL

Q BTU/s 38114 69791 24122 132027

JA BTU/s-F 431 739 239 1410

sq. ft 188560 295585 119529 603674

surface= 35115 fin surface= 568558 sq. ft. Averaged fir, eff.= .728

_RSG frontal area = 858 sq. ft. Gas mass flux= 5.9 kpph/sq, ft

dRSG length = 19.4 ft, 46.5 tube rows, 2059 ft of tubes per row.

I 2 in alia. tubes with serrated fir,s, staggerea arrangement.

=in thickr, ess/dia.= .03 , height/dia.= .4 , spacing/dia.= .07
Tube transverse pitch/dia.= 2.5 , row longitudinal pitch/dia.= 2.5



RBBST 11N

Watercooling

airto coalratio 2.41 air pressure 184 Cp air 0.248
watercoalratio @.139 airtempm'ature 693 Cp watm" I.Ne

airto waterratio 17.34 watertemperature 8e Cp steam e.455

Ib wt _ tools tool_ partial

pressure
air 17.34 94.55_e._ 91.57_ 168.48

water I.N 5.45_ _.IS 8.43_ 15.52 sattemp 214.6

Temperatureof combinedstreamenteringboostcompressor

4_.19 F satpressure 247 psia _el.Hum. 6.28X

Temperatureof stream exiting compressor(851icompeff)

Tf = Ti + (Ti/n*{(Pf/Pi)^((k-1)/k)-l})

Nhere
Ti - inlettemperature- 4ee.19F - 8_.19 R

n - efficiency- 85.N_

k - ratioof specificheat@ constantpressureto specific

to specificheat@ constantvolume 1.384

Pf- finalpressure 35e psia
Pi - initialpressure 184psia

Tf = 597.84F
f

i

o

i
I
ii
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dmrSe Fuel q_il2S nk¢ Ges Thrml NO (ppmvd) 2,5 ,Ges
HGCU Removed Combustor *I_h/LeM Red. F 8551, Ges Turbine
GT _9.0_ , qb

q, mol % wt % tools wt %

0_0 goJS2 3,222 26.38 22.84 G ono _0 Gao 0 0.00 0_0
O00 4,010 1,989 Li7 0 0.00 0.00 G01) 0 G00 0.00
GW 0.03 40,388 918 11.10 6,51 20"/,924 2.58 0.0W0 8.90 20e_5 472k76 8.16
0.64 19,318 1,072 S.li5 7._C 89232 1.11 0_0 3.82 90,_0 502L61 335 5.71

_U0 7,374 449 2.16 326 0 OnO 0_0 GW 0 G00 0_)

GAO 1,4a 49 0.43 0.34 0 0_0 0_0 0.(30 0 0.00 OJX)
0C0 25 I 0.01 G01 0 0.00 0.00 Ga) 0 G00 0.00
0.W 0.00 7 0 0.00 0.00 0 0.00 0.00 0.00 0 0.00 0.0O
3_ 174,970 6246 5LI4 4421 1,672,553 20.73 0.GZSS 71.56 1,832,853 65428.65 71J5 74.27
!131 0.95 3,061 77 0.49 0.54 29,265 0_t6 0_0 1.25 0.91 32,O/1 li_.83 1.26 0.91

i 000 0 0 0.0o o 0_0 0.00 GaO o 0.00 OnO
U0 0.013 119 4 0.03 0.03 0 0.00 0.00 0.00 0 0.00 0.00
0.00 1.173 49 0.34 0.49 0 0.o0 0.0o Gao 0 0.o0 o.oo
0.00 0 o 0.03 0 0.00 0.00 0.00 o 0.0o ol)o
U0 0 0 0.00 56 0.cx_ 0.oX]00 0.00_4 56 0.87 0.00
000 0.00 0 0 0.00 454 0.0056 0.0000 0.0194 454 1.5.13 0,02

_.N 0 0 0.00 0.00 337,491 4.19 0.0045 14.45 386,786 12017.43 15.16
000 0 0 0.00 0 0.oo 0.00 0.03 o 0.0o 0.00
0.00 0 0 0.03 0 0_0 0.00 G00 0 0.00 0.00

1oooo 28_7 0.0345 8sogo_ 100_0
2,337,175betck 2,55O,835 bd ck

15,973 195,189 1,491_97

708.56
95.04 649_1 1.%13

259 180 * 9./30
4)

1180
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GTPRO 3.31 Michael Brown 10-15-1990 13:38:48

IGCC 58 - 200 MW UTILITY CYCLE
"SUBISHI-WESTINGHOUSE 501 F

ESTIMATED G.T. SITE PERFORMANCE

Fuel=Fuel G.T. @ 100 % rating, XIGV= 0
Site ambient o-_,nditior,s: 14.7 psia, 59 F, 60 % RH

Inlet loss= 4 inch H20, exhaust ir,ss= 10 inch H20

Evap. inlet cooler tc, 0 % RH.

G.T. DEVIATION FROM NOMINAL, CLEAN ENGINE

Compress,-,r inlet airfl,-,w "/.reductiorl = 0

Con_pressor efficiency reduction % = 0
Tt_rbir,e efficiency reductior_ "/.= 0

MaxirnI.Lm firir_g ternperature excess ,-,vet base l,z,ad = 0 F
C,-,mbust,-,r % pressure loss (0 r,leans ri,z,rnirlal value) = 0

C,-,rnbustor inefficiency + heat loss % (0 rneans r_,z,rnir,al value) = 0

Coc,lir,g air increase % (0 rneans r.-,rnirlalvalue) = 0
Prr,cess -:_ir bleed locatiorJ (0 means r0,-,r,e)= i
or,::,cess air" bleed % ,-,finlet = 11.86

# Model PR TIT TET Mair kWe H.R. LHV Mex N2+Ar 02 C02 H20
F F kpph BTU/kWh kpph % % % %

MW50IF 14.6 2300 1085 3386 153645 10376 3574 74.50 12.17 6.58 6.75

Fuel flc,w = 589 kpph

G.T. auxiliary power = 762 kWe.

ESTIMATED G.T. CYCLE

STREAM TEMP. PRESS. MASSFLOW M.W. MOLE COMPOSITION %

F psia kpph N2+Ar 02 C02 H20

Ambient air in 59 14.70 3386.37 28.75 78.22 20.74 0.03 1.01

Compr. lr,let 59 14.55 3386.37 28.75 78.22 20.74 0.03 1.01
Turbine coolant rnisc. 408.37

Process air bld 713 212.28 401.62 28.75 78.22 20.74 0.03 1.01
- "=":, 1 01

Cornpr. disch. 71_ _i:' 28 2576.38 28.75 78 20.74 0 03
Turbine inlet 2300 203.79 3166.03 28.90 74.02 11.05 7.43 7.50

Turbir_e exhaust 1085 15.06 3574.40 28.88 74.50 12.17 6.58 6.75

CornDreseor= 159812 Turbine= 316579 Mech. loss= 940 kW

Turbir, ecoc, lar,t= 12.1% cornpr lr,

GT specific pc,wet @ gen terrn= 45.4 kW pet- kpph
GT efficiency @ gen terrn= 30.26 % HHV = 32.89 % LHV



GTPRO 3.31 Michael Brown 10-15-1990 13:38:48 Gas Turbine p. 2

GAS TURBINE/GENERATOR HEAT BALANCE
-,ergy in = 493736 BTU/s

Inlet air Inlet air Water Steam Fuel

Sensible Latent Inj. Inj. HHV

6194 6263 0 0 481280

Energy out = 496446 BTU/s

Incompl comb GT Mech. Gearbox Generator Exhaust Exhaust Electric Proc

& carcass rad Losses Loss Loss Sensible Latent Output Air

9899 597 0 2080 274646 43964 145636 19624
--H.. w

Zero enthalpy: dry gases & liquid water @ 32 F (273,15 K)
llear Balance Error = In - Out =-.2710 BTU/s =-.549



GTPRO 3.31 Michael Brown 10-15-1990 13:38:54 Steam cycle p.l
IGCC 58 - 200 MW UTILITY CYCLE

SUBISHI-WESTINGHOUSE 501 F

pe: 10 Subtype: 3 Ir_ductic0n

P T h r_ UA Q A

psia F BTU/Ib kpph BTU/s-F BTU/s sq. ft

Cnd rtrn 0.74 87.57 55.58 590.984

Makeup 17.72 80.00 48.02 4.932
FW supl 17.72 87.51 55.51 595.916
LTE 595.916 68 10324 33314

from LTE 17.20 150.00 117.88 595.916
LPB 43.364 125 11629 56123
water bleed 97.830

htd. FW 17.20 220.00 188.13 498.086
m

HPFW 1648.87 221.31 194.33 423.739

HPEI 423.739 436 26261 204068

6 1600.84 434.18 417.45 0.000

HPE2 423.739 324 20974 145993
7 1577.53 581.98 595.64 0.000

HPE3 423.739 0 0 0

8 1554.22 581.98 595.64 0.000
Blwdn 1554.22 601.98 619.75 4.195

HPB 419.544 641 66402 264798

9 1554.22 601.98 1165.18 0.000
HPSI 419.544 237 33584 123713

10 1508.95 940.05 1453.36 0.000
2 419.544 67 4530 34734

ii _508.95 1006.00 1492.23 0.000

Into HPT 1465.00 1000.00 1490.10 419.544

R/H extr 500.00 729.39 1375.23 419.544

stm addn 500.00 650.00 1331.99 0.000

cold R/H 500.00 729.39 1375.23 419.544
!r_to HPT 471.30 1000.00 1519.55 419.544

HPT exit 339.81 924.63 1483.59 419.544

IPFW 371.32 220.29 189.48 74.347
IPE 74.347 55 4179 25719

I 360.50 414.18 391.86 0.000
Blwdn 360.50 434.18 412.73 0.736

IPB 73.611 323 16633 139054

Stnl addn 360.50 434.18 1205.09 97.830

2 360.50 434.18 1205.09 0.000
IPSI 171.441 103 5229 56653

3 350.00 601.98 1314.90 0.000

IPS2 171.441 0 0 0

350.00 601.98 1314.90 0.000
cold R/H 500.00 729.39 1375.23 419.544

IPS3 419.544 113 17146 58572

5 485.44 1006.00 1522.36 0.000

o LPT 339.81 828.87 1433.78 590.984
exit 0.74 91.57 1010.24 590.984



GTPRO 3.31 Michael Brown 10-15-1990 13:38:54 Steam cycle p. 2

STEAM TURBINE

w

No. of steps Exit Quality Efficierlcy(%) Work (kW)
E

To HPT exit I 1.349 72.75 18543

T,=,LPT exit 15 0.912 06.64 73353

Gross power = 91896 kW. Mech/Elect losses = 2757 kW.

Ger,eratc, r c,utput = 89140 kWe. ST auxiliaries = 624 kWe

B,z,i ler feedpumps = 894 kWe

CONDENSER

P T h r_1

psia F BTU/I b kpph

LPT exit 0. 7365 91.57 1010.24 590.98

Sat urat ion 0. 7365 91.57

Condensate well 0. 7365 87.57 55.58 590.98

Coolir_g water- irl 65.00 37612.85

Cool ing water out 80.00 37612.85

of passes= I UA= 8698 BTU/s-F Surface area = 42546 sq. ft
,s: OD = i iri Ler_gth= 38.6 ft rJur_iber= 42i4

Cooling water-: Velocity= 9 ft/s DP = 9.02 psia Pumps = 424 kWe.

STEAM CYCLE HEAT BALANCE

Energy ir_ = 352181 BTU/s
Jm

GT Exi_aust GT Exhaust Duct Burner Makeup+Proc Pump External
Sensible Latent Fuel HHV Return Work Steam

274646 43964 0 66 758 32748

Energy c,ut = 352039 BTU/s

Heat Blc,w Mech/Elec Stack Stack Condnsr Process GT Proc. Electric

Radiated down Losses Sens. Later, t C.W. Steam Injec. Water Output

3862 807 2613 54468 43964 156720 0 0 5113 84493

Zero enthalpy: dry gases & liquid water @ 32 F <273. 15 K)
Heat Balar_ce Error = Ire - Out = 142 BTU/s = .04 %



GTPRO _._ 31 Michael Brown 10-15-1990 I_-38:54_. Steam cycle p. 3

HRSG GAS-SIDE PROFILE

Ls Tg F Tw F DT F Qg/UA DELTA P UA Qg Vg Tube Lngth
HP/lP HP/lP F inch H20 BTU/s-F BTU/s ft/s Rows ft

I 1080.8 1006.0 74.8

i 1080.8 1006.0 74.8
l°1_.4 i. i 180.4 21893.5 55. °_ 4.6 1.9

1001.9 940.1 61.9

1001.9 729.4 272.6

o 1001.9 940. I 61.9
143. _ i._ 236.8 33920.2 51.5 6.0 2.5

878. 1 602. 0 276._°

878 1 602 0 276. :'
104.6 _._°? 641.4 67066.0 44.6 l°.9_ 5.4

627.0 602.0 25.0

4 G27.0 582.0 45.0
4 627.0 602.0 E5.0

62.0 1.5 427.1 26465.6 38.1 9.9 4.1

5_5.4 434. _ 91._:'

525. 4 434. °_ 91. 2
----w

5 525.4 434.2 91.2

52.0 0.9 323. _ 16799.1 35.0 6.8 _°.8

460.2 434.2 26.0

6 460. °_ 434. °_ 26.0
6 460._° 414.2 46.0

62.7 1.4 490.7 30745._ _1.6 ii._° 4.7

?_9 4 221 3 118.1
339.4 220. _ 119.1

7 339.4 _20.0 119.4
94._' 0._ 124.7 11744.9 28.5 _:'.7 I. 1

292.8 220.0 72.8

8 292.8 150.0 142.8
153. 1 0._° 68. 1 10427.5 26.9 1.6 0.7

251._ 87.5 163.8

Duct burner fuel= 0 kpph
Gas mole compositic, n: 74.5 %N2+Ar 12._° %02 6.58 %C02 6.75 %H20 .002 %S02

Flue gas dew point = 101 F M.W.= 28.9

HRSG TOTALS Ecc0r0omisets Evaporatc, rs Superheaters TOTAL

Q B;U/s 6i73"9 946_3 _,_'__'_'_, _°i_ _-

UA BTU/s-F 883 1089 520 2492

sq. ft 409094 459975 273673 1142742

iratesurface= 66473 fin surface= 1076268 sq. ft. Averaged fin eff.= .731

HRSG _rontal area = 1354 sq. ft. Gas r_ass flux= 5.24 kpph/sq, ft

HRSG length = _:'_._ ft, 55.8 tube rows, 3249 ft of tubes per row.
2 in dla. tubes with serrated fins, staggered arrangement.

Fin thickness/dia.= .03 , height/dia.= .4 , spacing/dia.= .07

Tube transverse pitch/dia.= 2.5 , row longitudinal pitch/dia.= 2.5



_N5elF

Watercooling

airtocoalratio 2.41 airpressure 212 Cp air 0.2_

,atercoalratio @.I_8 airtemperature 713 Cp water I.Ne

airto ,aterratio 16.28 ,atertemperature _ Cp steam @.4_

Ib ,t % mls =ol_ partial
pressure

air 16.2894.21_8.57 91.07_193.@7

,ater I._ 5.7% 0.06 8.93_ 18.93 sattemp _4.7

Temperatureofcombinedstreamenteringboostcompressor

399.95F satpressure 247psia Rel.Hum. 7.66_

Temperatureof stream exiting compressor(85_compeff)

Tf = Ti + (Tilr_(PflPi)"((k-t)lk)-l})

_here

Ti - inlet temperature- 399,90 F - 859.9e R
n - efficiency - 85._
k - ratio of specific heat @constant pressureto specific

to specificheat@ constantvolume 1.384

Pf- finalpressure 35epsia

Pi- initialpressure 212 psia

Tf : 55e.88F
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mr IIMm_rlp Fml qI,H2S Gm Thrnd NO (plmVd) 25 Exhaust Ges
mr HG_U Removed ' ComlHmtor *iUc_ Red, F 8S_ Ges Turbine
mr GT Combustor 99,0%

wt _ tool _ wt _ mol _ rook wt _ wt _ mol_

D 0_0 155532 5.55) 2_38 22.14 0 0_0 0_0 G00 0 O.00 0_0
D GW Ull 3,428 L17 0 0.00 0J)0 O.00 0 GO() 0D0
t GW GW m,rdlZ 1,582 11.80 &Sl 35"7.911 328 0.a_26 11.30 358,104 Sl_U 10_
| Gi4 35,291 1,848 5.Cd 7.t0 148,296 1.t6 0J)0 4.68 7.54 150,8_3 83"_96 4.22
O GO0 1_707 792 2.16 0 0.00 0_0 O.00 0 O.00 0,00
0 Ga) 2,520 84 O.43 O.34 0 0,00 0.00 O.CX) 0 G00 O.fX)
O 0_0 44 1 G01 O.01 0 0J)0 0JD0 O.(X) 0 O.00 0_0
O 0.G0 13 0 O.OO O.0O o 0.oo 0,oo 0.oo 0 O.O0 0.oo
I 7_3 77,21 301,529 10,764 51.14 4428 2,235,823 20A| 0.GZ52 7G6Z 2,542315 90751.26 71.12
l L31 G95 5275 132 GI0 G54 39,114 0.16 0JO0 134 44,478 i113.41 124
D O00 0 0 O00 Ga) 0 0.00 0.00 O00 0 O00 0.00
D G00 205 I GW G03 0 0.00 ODO 0.00 0 O.00 0.00

GO0 2,,022 119 G341 O.49 0 0.00 0,,00 G00 0 0.00 0.100
• O00 0 0 G(X) O0O 0 0.OX) 0.00 O.(X) 0 O.OO O.(X)

GO0 0 0 O00 96 0.0009 0.0000 0.0030 96 1.50 0,00
GW 0 0 0130 0.1_ 789 0.0072 0.0000 0.024+I 0.0_I 7119 26.29 0.02

22gl 0 0 O00 383.939 3.52 0.003rs IZl$ 477,777 1493G99 1337 12.11
0_0 O.G0 0 0 GG0 Ga) 0 0.00 0.00 O.00 0 O00 O.00 ,
G00 0 0 O.(X) 0 0.00 0.00 Ga) 0 O00 0.00 b

10000 10G00 29JD0 0.0345 10G00 123336_8 100_0 +*
3,165,968lintck 3,574,352 belck

24,815 264,161 2,252,233

+

G334 0.284 0.26-1 ,
2.548.9 0.0 0.0
233O,O 0.0 0

375 636 274

219 49 _ 44 '

13"/3.90 G00 O00

220.83 2014.96 9eG81 i

129.04 1.5423 156.93

21_9.19 21_J4 hd cbk 1137.74

1_t3"TZ_0_nbustJou sur 153.64S -- 1.06 _ _ Surf Mtq_in S01_ Sl

1(4477 16,766 !_,7_ 0.00V, S_.3..3
m2"st2 mm,st2 o.omr, 54

2._.ns 2,s4_u 2.54_u _ S__S.s
48 48 48 4_ 0.005 545

romaine

bslmmdndc bskncecheck bebam cbedc $859
..mm..

6O
ro.mms

451
62
63
64
65

...,.,mm

..... 3.165.063 3.5"/4,347 66

. i +,n+* J''i 163.79 879.43 9512.87204 * 15.13
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"m I Bv I SZ I ....ca I cs I _ i co icm i cF i co co +
1 Slandardized IGCC Gasifler Utility Application Reference Coal' / CH ....Ilillnois #6

T Mass & Energy Balance MW 501 F Predicted Gasifler Output , ,
$ Slrtm No. " 25 '" 26 " ' 27 27s

"_ lcknldflcmUoll ResenRecycleLoop CoecSO2Bleed ElementalSulfur ElemenlalSuUur
! T From RecycleBlower Rates Loop Rm_ Procts DSRP

i-- To R,_urslor SlIP ,, Msrkolable B.?]pr,oduct MmrketsbleByprodu
_' 7 G-" ' MolWt ro/br wt% IbAtr II_mol moWbr _% tool'& Ib/hr wt_ lidbr

m,_nm

8
-_- CO 2s.onc o ooo Goo o.oo Goc
m..,mm,

1o H2 2.OlC_ o GGO GO0 0.00 G0G
. I"_" (,'02 _.010 242 Go_ 2o oo2 G4_ 0.0_ OO4

+a H20 ro.GiS' +_18 Gm 2+2 o2o izsm o.m LI1
I"_"CH4 16.0412, 0 G00 G00 0.130 G00!

"_" C2H6 3o.o6s 0 G00 G00 0,00 GCO
1"-i"H2S 34.m6 0 G00 O00 0,00 GO0
11 COS _10.o70 0 G00 O00 0.00 G01)

..,...m

1_ N2 28.013 365.133 74.87 30.428 2_10 108&20 74,1? 116.OZ
18 ! .4dr 39.948 0 G_ 0 G00 G00 0.00 G00

HtCI _.4+1 o GOO GO0 o.oo G00
-_" HCN 27.026 0 G00 G00 0.00 G00

'I%'IL3 1"7.030 0 G00 G00 0.m G00
"_- CS2 76,131 0 G00 G00 0.130 Gm
"_" SO2 _1.059 113.996 23.37 _ 7.$2 148.30 23,37 11.74

qO 3o.ooe o ooo ooo o.oo Goo
2"-_02 31.999 5,296 L09 44| G35 13.79 1.09 L09

"_" _tC! mS.+_ 0 G00 G00 0.00 O00
"_" KC3 _4.5_ 0 G00 G00 0.00 O00
"ii" T_-_a_._m,(,m,,,/i_,,), 4n,,m_ loooo 4o,64o _1_ s_+_ mo.co 1oo.oo,,
20

"_ Volumelri¢ Flow Ratu (STP 14.7 pis, 59 IV)

_. (stim) 17,143 !_2
a2 (scrm)..... r_,_,_ _,m ...........
33

Heat 08TU/Ib)
cp (BTU/lhF) 0.24o osm oooo ,,

as HHV(BTU/m)
LHV 01flU/lh)
Sensible Hut above

"_" 59F Btu/lh stum
40 Latent Heat o(

W'-_+"m.nb_d..._ .............
42t

Chemical Hut 18,9o s_
_- (LHV) MBU_
"4-_ Sendbb Hemt 15_s_ 1_1o Goo
46 above _9F M]_tu/hr

Latent Hemt 3.14 0.26 G00
_ Wal+r MBlu/hr

4--"1"ToUdll_t_nr) t+oto x2_ _t_o '
60

61 ................
62 C 12,011
53 H 1.oo_

,mmmme

54 0 1_ooo
.....,mm

55 N 14.007
5"6" S ]_06G 4,7_0

eL2 _._
58 H20 18.Ole

6o ZnS
61 FeS
62 Fe203
s3 ZnO
64 ASH o.oo o
6S Totld SolR_
SS Te'-_ Flow(pph) 4_/,_6 40,_4o .... 4,7_o , ,

,, I i
0 iTemper-J_,,re(F) 1400 1300 284
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_uMur Sulfur i)4adde Ads
SO2 R._,mry U..It SO2Reductor $._

wtqk

o.ooo

6.85 0

0.00 0

0.00 0.00 0

6.113
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3TPRO 3.31 Michael Brown 10-15-1990 13:47:48

IGCC 57 - 200 MW UTILITY CYCLE
_ENERAL ELECTRIC 7191 F

ESTIMATED G.T. SITE PERFORMANCE

-uel=Fuel G.T. :_ 100 "/.rating, XIGV= 0

_ite ambient conditions: 14.7 psia, 59 F, 60 % RH

Inlet loss= 4 inch H20, exhaust loss= 10 inch H20

Zvap. inlet cooler to 0 % RH.

G.T. DEVIATION FROM NOMINAL, CLEAN ENGINE

:ompressor inlet airflow % reduction = 0

]ompressor efficiency reduction % = 0
Furbine efficiency reduction % = 0

_aximum firir|g temperature excess over base load = 0 F

:ombustor Y. pressure loss (0 means nominal value) = 0
]ombustor inefficiency + heat loss % (0 means nominal value) = 0

:ooling air increase Y. (0 means nomlnal value) = 0
_rocess air bleed location (0 means none) = i

:rocess air" bleed "/.of inlet = 11.81

mo

# Model PR TIT TET Mair kWe H.R. LHV Mex N2+Ar 02 C02 H20
F F kpph BTU/kWh kpph % % % %

_.E. 7191F 14.1 2300 1101 3315 150427 10334 3499 74.51 12.20 6.56 6.73

=uel flow = 575 kpph

3. T. auxiliary power = 757 kWe.

ESTIMATED G.T. CYCLE

STREAM TEMP. PRESS. MASSFLOW M.W. MOLE COMPOSITION %
F ps i a kpph N2+Ar 02 C02 H20

_rnbient air in 59 14.70 3315.07 28.75 78.22 20.74 0.03 1.01

2ompr. inlet 59 14.55 3315.07 28.75 78. z'-,' 20.74 0.03 1.01
Turbine coolant rnisc. 400.51

_rocess alr bld 721 204.77 391.51 28.75 78.22 20.74 0.03 1.01
. . _2: 20 74 0.03 1 01:ompr. disch. 721 204.77 2523 05 28 75 78. :": • -

Furbine inlet 2300 196.58 3098.00 28.89 74.03 11.09 7.40 7.476.73
I-i .irbir,e exhaust 1101 15.06 3498.51 28.88 74.51 12.20 6.56

::,-,rnpressor= 158298 Turbine= 311782 Mech. loss- 921 kW
Turbine coolant= i_.:'I % compr in

;m _.p_ific p,:,wer ,_ ger, term= 1,5.4 _W pet- kpph
_ 3T efficiency @ gen term= 30.38 % HHV = "_ 02 % LHV

i@
!
i



3TPRO 3.31 Michael Brown 10-15-1990 13:47:48 Gas Turbine p. 2

GAS TURBINE/GENERATOR HEAT BALANCE

y iri = 481473 BTU/s

nlet air Inlet air Water Steam Fuel

3ens ib ie Latent Inj. Inj. HHV
.m

6063 6131 0 0 469279

_nergy out = 481885 BTU/s
--n

Incompl comb GT Mech. Gearbox Generator Exhaust Exhaust Electric Proc

& carcass rad Losses Loss Loss Sensible Latent Output Air

1295 585 0 2037 273152 42892 142585 19339

_ero enthalpy: dry gases & liquid water @ 32 F (273.15 K)
4eat Balance Error = In - Out =-412 BTU/s =-.086 %

i 0
i
i



3TPRO 3.31 Michael Brown 10-15-1990 13:47:55 Steam cycle p. 1
_GCC 57 - 200 MW UTILITY CYCLE
;ENERAL ELECTRIC 7191F

: 10 Subtype: 3 Induction

P T h m UA Q A

psia F BTU/Ib kpph BTU/s-F BTU/s sq. ft

]nd rtrn 0.74 87.57 55.58 585.029

lakeup 17.72 80.00 48.02 4.883
:W supl 17.72 87.51 55.51 589.912
.TE 589.912 67 10220 32752
:rom LTE 17.20 150.00 117.88 589.912
_PB 42.927 122 11511 54742
_ater bleed 96.700
ltd. FW 17.20 220.00 188.13 493.212

_PFW 1648.87 221.31 194.33 425.641
_PEI 425.641 417 26379 194639

6 1600.84 434.18 417.45 0.000
_PE2 425.641 329 21069 147864

7 1577.53 581.98 595.64 0.000
_PE3 425.641 0 0 0

8 1554.22 581.98 595.64 0.000
_lwdn 1554.22 601.98 619.75 4.214
_PB 421.426 634 66700 261148

9 1554.22 601.98 1165.18 0.000
_PS1 421.426 260 35423 135356

10 1508.95 964.41 1467.77 0.000
421.426 41 2863 21146

1 1508.95 1006.00 1492.23 0.000

Into HPT 1465.00 1000.00 1490.10 421.426
R/H extr 456.25 708.84 1366.34 421.426
stm addn 456.25 457.25 1205.59 0.000
_old R/H 456.25 708.84 1366.34 421.426
_rlto HPT 430.06 1000.00 1520.70 421.426
iPT exit 339.81 948.70 1496.20 421.426
-- 0

IPFW 371.32 220.29 189.48 67.571
_PE 67.571 48 3799 22542

1 360.50 414.18 391.86 0.000
31wdn 360.50 434.18 412.73 0.669
IPB 66.902 284 15117 122005
3tm addn 360.50 434.18 1205.09 96.700

2 360.50 434.18 1205.09 0.000
IPS1 163.602 100 4990 54558

3 350.00 601.98 1314.90 0.000
IPS2 163.602 0 0 0

4 350.00 601.98 1314.90 0.000
_old R/H 456.25 708.84 1366.34 421.426
IPS3 421.426 104 18402 53779

5 442.96 1006.00 1523.54 0.000

LPT 339.81 849.87 1444.66 585.029
it 0.74 91.57 1014.76 585.029



_TPRO 3.31 Michael Brown 10-15-1990 13:47:55 Steam cycle p.2

STEAM TURBINE

No. of steps Exit Quality Efficiency(%) Work (kW)

o HPT exit 1 1.365 67.78 18310
"o LPT exit 15 0.917 86.83 73704

;ross power = 92014 kW. Mech/Elect losses = 2760 kW.
_enerator output = 89254 kWe. ST auxiliaries = 625 kWe
_oiler feedpumps = 895 kWe

CONDENSER

P T h m

psia F BTUIIb kpph

.PT exit 0.7365 91.57 1014.76 585.03
_aturation 0.7365 91.57
_ondensate well 0.7365 87.57 55.58 585.03

_ooling water in 65.00 37409.88
_ooling water out 80.00 37409.88

_er of passes= 1 UA= 8651 BTU/s-F Surface area = 42316 sq. ft
: OD = 1 irt Length= 38.6 ft number= 4191

ing water: Velocity= 9 ft/s DP = 9.02 psia Pumps = 422 kWe.

STEAM CYCLE HEAT BALANCE

:nergy in = 349237 BTU/s

GT Exhaust GT Exhaust Duct Burner Makeup+Proc Pump External
Sensible Latent Fuel HHV Ret urn Work Steam

273152 42892 0 65 758 32370

Znergy out = 349102 BTU/s

Heat Blow Mech/Elec Stack Stack Condnsr Process GT Proc. Electric
_adiated down Losses Sens. Latent C.W. Steam Injec. Water Output

3842 802 2617 53420 42892 155874 0 0 5053 84602

_ero enthalpy: dry gases & liquid water @ 32 F (273. 15 K)
_ n=1_ _= Er_'_" = Tn - Out = 135 BTU/s = 039 "/.a_ _.x _ _L...,i,._ .b ,..,, .r| ,,_. ,_. ......... i



]TPRO 3.31 Michael Brown 10-15-1990 13:47:55 Steam cycle p. 3

HRSG GAS-SIDE PROFILE

Tg F Tw F DT F Qg/UA DELTA P UA Qg Vg Tube Lngth
HP/TP HP/lP F inch H20 BTU/s-F BTU/s ft/s Rows ft

1 1096.8 100610 90.8

I 1096.8 1006.0 90.8
147.8 0.9 145. _ _:'1478.0 56.0 _.8 1.6

1017.9 964.4 53.5
1017.9 708.8 309.1

2 1017.9 964.4 53.5
137.7 1.5 259.9 35776.9 52.1 6.8 2.8

884.7 602.0 282.7

3 _84.7 602.0 282.7

106. 2 _.° 4 634. 1 67366.9 44. 9 1TM_.1 5.5
627.0 602.0 25.0

4 627.0 582.0 45.0

4 627.0 602.0 _5.0
61.5 1.6 428.3 26319. °_ 38.:'_ 10.1 4._:'

523.7 434.2 89.6
523.7 434.2 89.6

-m

5_.7 434.25 =,7 89.6
53.7 0. 8 284. _ 15268. 1 35.2 6.1 2. 5

463.2 434.2 29.0

463.2 434.2 29.0
6 463. °_ 414.2 49.0

65.6 1. _ 465.0 30479. 6 _1. 8 10. 9 4.5

340 9 :=. _1.3 119.6
Pe

340. 9 220. 9_ i_0.6

7 340.9 220.0 120.9
95.4 0.3 121.9 11626.6 28.7 2.7 1.1

293.8 220.0 73.8

8 293.8 150.0 143.8
153.8 0.2 67.1 10322.4 27.1 1.6 0.7

_51. 8 87.5 164. °

Duct burr,er fuel= 0 kpph

3as mo le composition: 74.5 %N2+Ar 12.2 %02 6.56 %C02 6.73 %H20 .002 %S02

-lue gas dew point = 101 F M.W.= 28.9

_RSG TOTALS Econornisers Evaporators Superheaters TOTAL

Q BTU/s 61467 93328 61678 216473

IJA BTU/s-F 861 1040 505 2406
.... "_. ."at I, J3 "_0 l")llr')l_.."_lTl

sq. r_ 397797 407895 __- I1......

P be surface= 64018 fin surface= 1036511 sq. ft. Averaged fin eff.= .73

_RSG frontal area = 1320 sq. ft. Gas mass flux= 5.26 kpph/sq, ft

HRSG length = 23 ft, 55.2 tube rows, 3167 ft of tubes per row.
2 in dia. tubes with serrated fins, staggered arrangement.

Fin thickness/dia.= .03 , height/dia.= .4 , spacing/dia.= .07

Tube transverse pitch/dia.= 2.5 , row longitudinal pitch/dia.= 2.5



6E7191F

Matercooling

airto coalratio 2.41 airpressure _ Cp air 0.248

.atm"coalratio 0.152 airtemperature 721 Cp .atm. 1.Ne

airto .atm"ratio 15.91 .ate,temperature 88 Cp steam 0.455

Ib ,t _ .ols tool_ partial

pressure
air 15.91 94.i% 0.55 91.88_ 185.39

.atm. I.N 5.91_ _.06 9.1L_ IB.GI sattemp _4

Temperatureof combinedstreamenteringboostcompressor

48e.52 F satpressure 247 psia Rel.Hum. 7.5,3_

Temperatureof stream exiting compressor(85_{co=peff)

Tf = Ti + (Tilrri{(PflPi)^((k-l)lk)-l})

Nhm.e

Ti - inlet temperature- 400.52 F - 1360.52R
n - efficiency - 85.1_
k - ratio of specific heat @constant pressureto specific

to specific heat @constant volum 1.384
Pf - final pressure 350 psia
Pi - initial pressure L=_ psia

Tf = 5_._F
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er Output 10/16/90 .... Revision 7 2
6 Uncomb_ ? 8 9 lo 'SSscf/Jbd coet 3

O,M Ask Carbeo IPims (Char) Tar Dmt(per Icr! dim) Milcelimeom Hot G,-, with Tins 4
IiXl_ Gedfler 2491k Gedfler • 4,0elk Gmifler • 6.N% iqul O/clou GmMier Heat GmUier N2 in coal ._S

Coed Ask Elk) Brkjmthll HGCU Reclaim Lcmm HGCU to NiHD Conv .... N,11k
lh/Itr wt qk It/br wt _ lit/br wt"lD lh/br wt qt ......... b/br lh/tool wt qk tool qk 7m

8

IS1,(45 6,39 2626 22.12 9

U_3 0.29 1.18 14_ 10
6"/_M_7 ZI_ IL7t 6_ 11,--..mm.

st _.4u 1_4 1.11 _go_x2
12.._1 e.n x15 z_l'-'_,m...,.,m

2,45"/ 0.10 0.43 0.34 14,om,..,,.m

4,263 0.18 0.74 0._PJ1Sm,,,m.m

1,_ 0.O5 O+22 0.(_ 16emm.,..

294,011 L?.39 1091 4434 17
o 5.144 022 0.19 0.54 18

0 0.O0 0.O0 0.0O 19
mmmm.

2OO 0.01 0.03 0.m 20

1,9"72 O.m 0.34 0.49 21
0 0.O0 0.00 0.00 22mm.mn.

0 0.O0 0.00 0.0O 23
m,.,,.,..m

0 0.O0 GO0 0.O0 24
,.m,,,mm

0 0.O0 GO0 0.O0 25mmmm,

0 0.O0 GO0 0.013 26
nm..,,mm

0 0.00 0.00 0.O0 2'7

577,521 30
t =3._ 3"F"

12
....... 149_56

IL1315 3'4''''m

_ O.26 _ O329 35
0 10,.936 17,.129 0 2,5141.1 36mu.mm

0 10,936 16,571 0 2_I.0 37

154 Z76 Z76 323 349 39

L 0 0 749 0 214 41
..................... 42

38.10 7129 16137 0.O0 LT7L19 43
44

190 1.79 2.69 026 913 Wsm_mm 201.37 45.mm,mt

j_kt ,16II I

0.O0 0_0 730 0.130 22.9 _ 12&52 Ou _ 119 Bmi/mS 47,,mm,,m

Iblbllll6" 68 ltu_b 48

__41 41.00 '/2.88 1"/I..56 026 12,1.1'loud 1_£4g C_MNmJ- t39 _ 4__9

- ml. & 17 Ipk(lyplclr_Coltle_ch: 6.7 [UultOu_ut(MWn) 223.0 MWu _ 4.1;'/'11,1130 SO

- _ D.g0 ' _ 77_i0_ 'USO _ ..... 9_103 95.1W _ 52

0 O.o0q, 710 14,293 14,294 0_0_,
0 O.o0'ik 195 2.0011 1_.5_1 162,.561 0.00,1_

__._ul o omr, gs :m_ _m_.'mo_m_,7_o.o0,_ s_.sso o.m o o.oo_, _ :.omr, 4,+oo 4_1 .o_....

o o_ __ _,+ _ o_
0 O_Oq_ S.md Suuo(Om klue M

737 90 _-,,-, Cm_lnmu Un_lmc_ 59m.-,.m

16 2 btlmce check 60

49 6 " C_ l_cEmcy_)- 46.71qk 6"_
0 0 Cycle]E_Imcy (n) .. 43.47q_ 62

16 2 63

16_J0 16.0_ 1,456 22A0_ 0 0 64
18,878 !O0 6,.500 lO0.o0_r, 9.750 lo0.O0V, 819 100 6....S_S

1134 1.2,4 lA! 2+71 023 1+G42 68
Ii0 * 14.7 _ * 350 " 280 210 69
564* 6_0 , , IL_t__ . .. 1120 ...... 1300 ..... !120 ..... 7,0
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Illinois #6 [535 DE 10/16/90
put Revision 7 17

16

charge Fuel tiL_ Gu Thrud NO (ppmvd) 2S gslmust Ges
HGCU Removed tbultor *ilkhlLe_ Red. F 8S"Jk Gsa Turbine
GT Combmtor _J).0% %

molqk 'w't_ mob w't%

0,00 !$1,_$ 5.414 26.31 22.14 0 OJDO OJO0 Ga) o Goo o_o
O00 1,731 1,.142 1.1"/ 0 0.00 0.00 0.00 0 0,00 0.00
005 GW 67.867 1,542 II.10 6.51 348.992 32"/ 0.0026 11+21 349,182 1934,15 9,94
0.14 LW 32.461 1.102 165 144.6M 1.35 0_0 4.67 147,214 11171.2/ 421
0400 12391 2/2 2.16 0 0+00 0.00 GIX) 0 GO0 0.00
GO0 2,45"7 12 0.43 G34 0 0_0 0_0 GW 0 O00 0.00
GIN 43 1 O01 G01 0 0.(30 0.00 G00 0 G00 0_0
GIN 13 0 G00 0 OCO Oi00 G00 0 G00 0_0

294011 10,41_ 51.14 44_ 2,111,220 20.411 0.0152 "/0.64 2,488.eP'/ 81840.29 71.14
+L$1 5.144 129 GIO O54 31,212 0.36 0+00 134 4_542 10_Jr/ 124
iG00 0 0 10.00 0 0/30 0_0 GO0 0 G100 0,130
i0C0 200 7 G03 GW 0 0_0 0_0 GO0 0 O00 0_0

i O00 _ 116 G34 0 OO0 0.00 GOl) 0 O00 0.00
!G00 0 0 G00 0 0.130 0_0 G00 0 O00 0.00
! GOD 0 0 O00 94 0+0009 0.0000 G0030 94 L44J ODO
U0 0 0 O00 _ 0.00"/2 0.0000 013248 24_ 25.63 0.02

20.12 0 0 0.00 31"/6,859 3..53 0.0W11 12.17 468,186 146,53.14 13.40
O00 0 0 O00 0 OZl0 0_0 G00 0 O00 0_0
G00 O00 0 0 G00 0 0.430 0_0 0.00 0 G00 OnO

10000 29.00 0.0345 101100 120/16.92 100,00
3,097,1MJ4hl ck 5.,191,384 bid ck

24.1_ _.214 2,227,229

G334 0.284 G267

2,548.9 0.0 0.0
2,33O.O 0.0 0

3"/5 636 279

219 49 44

1339.65 GO0 G00

215.32 19"/1.63 9+/4"94

125.8_ 150.45 153.10

t_m._ 2t_oe 2t23_1_ c_ 112104!.06Tuz_/_r._/m_or SurlP_ SO
[. Combustioa mt IS0.427 Sl

+.,,,,,, ''*' "" °oi
,4.,,.2,188,519 2,4W,056 2,4m#51+ ._.4"/ 4"/

47 4"/ 1belm_ check INhmmckeck
mdmk

I1(.G52 9"/L2/

s_y.t. 15.13

• .." J
......++ 1180 _ 1101 "

, i
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.15,38 26291

Illinois #6 10/17/90 Revision 3
'7 dill) MMmllmleouJ Gelwim Tsrs

Adl Fines (Chit') GmM_ NI k com
Gedllar _D_ • _M_ _ • _ !+!111C7¢1oee GmMler Halt N.I_wt_k

440,.519 6.39 26_6
1_1R1 O29 1.18

1_/,167 2.16 11.75
85,662 1_4 5.11
35,997 0.52 115
7,138 0.10 0.43 0.34

12,315 0.18 0.74 0.53
1,64,4 0.05 O22

854,163 12.39 5K91
14,943 0.27. 0.B G54

0 0.130 0.00
581 0.01 0.03 0.03

5,728 0.08 0.34
0 0.O0 0.00
0 0.(30 0.00
0 0.00 0.00
0 0.00 G00
0 0.00 0.00
0 0.(30 0.00

24._ 100.00

!,677,81e
c,9,c,_r7





lllin 538 DE-AC21.89MC26291- 10/17/90
drier _ut Revision 3 z_

or Dbcburse Fuel _H2S InletGem Thrnd NO (ppmvd) 25 Ex_uN GN
or HGCU Removed Combmtor *iU_ls4_w Red. F 851b Ges Turbine
r GT CombusUw 99.0_ Boiler

wtqb mol_ wt_ mok _4% wt_

GW 151A55 5_14 2638 2Z84 0 0D0 000 GW 0 G00 0_0
i G00 6,738 3,342 L17 0 0CO 0_X) G_0 0 _00 On0

GW GW i;/_r/ 1,,542 ILS0 _51 348_93 327 O.(m6 1L27 349,182 7934.16 9M 6.57
! Gi4 32,461 1,802 KM 7.40 144_ 1.15 0_x) 4L67 147JI4 8171.77 421

i G00 12,391 772 ZI6 0 0_0 0_X) G00 0 G00 Oi)0, lm _ 02 0.43 0,34 0 0_0 0_0 GO0 0 0.00 0_0
0.e0 4,1 I 0.01 0.01 0 0n0 0_00 0.CX) 0 0.00 0.00
0.00 13 0 G00 0 0.00 0.00 G00 0 G00 0.00

7_W 2_011 IO,4_ 51.14 2,11J8,220 20.48 0.W52 "/GM 2.4M,m'/ IIMO.?9 71.14
L$1 5,144 120 GSD G54 38J82 0J6 0_0 1.24 41,542 10_ 124
0.00 0 0 G00 0 0.00 0n0 G00 • G00 0.00
0.00 7 GW GW 0 0.00 0.00 G00 0 0.00 0D0
0.00 1.012 116 G34 0 0.00 0.00 G00 0 0.00 0_0
G00 0 0 GO0 GOI] 0 0.00 0.00 G00 0 G00 0.00
G00 • 0 G00 94 0.0009 0.(X300 G0030 94 L46 0,00
0.00 • 0 Ga) 769 0.00r_ 0.0000 GO_18 _ 2t63 0,(_,

_M 0 0 G_0 3r/6,859 3.53 0.00_8 IZI7 41_886 14653.14 13.40 12.14
0.00 0 0 G00 0 0,00 0.00 O00 0 0.00 0.00
_00 0 0 oa) 0 0_0 000 000 0 _00 0_0

100.00 I_0 2_0 0.034s lOG_ 120_1_92 I00_0
3,071,884_tck 3,49_s4 bd ck

2_854 2_,214 2,22"/,230

O.$34 0.284 O.267
2,54L9 .0.0 0.0
2,_30_ 0.0 0

_75 _36 279
44

219 49 • 4:£
43

13_.15 G_0 G00
45

215.32 1971.63 y/_94 mm.mm

125.82 150.45 15110 4__.7_48

IM0.79 2122(_ 212321bd di .112L04 49
C__b__on Turbine _ut 150A:r7 _-- !_6_ _ _ _ S0sl

•6,o74 _6,_ _t_r7 o.am 5.._33
854,151 164,151 0_0_ 54

2j88_5 2,4m_x 2_0_ o_o_ .__
47 47 -- 3_454,842$_454_J42 0.O0q__8md)4J_l _S"_

bebsce check bebnmdmck
tmlmmclmck
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eH i al i nj i eK"! L i] m i es I so I eP l,m I m I 8s
__ S_daurWzed IGCC Gaslfler ReWofl_Repower ApplicaUon Reference Co_ Illinois

t Mass & Enerl_ Balance GE 7191 F Predicted Gaslfler Output
a _ Sri NL _ ' 1_ _rd NO""_pm_ _

l_mdl Fml for Supp_ _ __ __F M_ _S_
_" From GmUkw _ R/L.RodlP lSqb Gmifler

To _r 8_k N_ ReburuF 0% _ Tur_ ....
,ro,Drum

_- CO _oto _UM 64o _30 _a4 o Goo Goo Gon
H2 1mt I_DO LIT 14,10 0 G_ GW G_
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