GT PRO 27.0 Tractebel Engineering

Gross Power 748162 kW
Net Power 732792 kW Ambient
Aux. & Losses 15370 kW 1,011 P
LHV Gross Heat Rate 5970 kJ/kWh 3T
LHV Net Heat Rate 6095 kJ/kWh 30% RH
LHV Gross Electric Eff. 60,3 %
LHV Net Electric Eff. 59,06 %
Fuel LHV Input 1240732 kWth
Fuel HHV Input 1371900 kWth Stop Valve
Net Process Heat -103327 kWth 300386 kW
Cold Reheat
HP Steam 0,0519 p
01M — 3353 T
37,59 p 201,3 M
374,7T 0,8971 x
199,9 M
1,011 p
120,6 T
1046,1 M
to HRSG
GE Gas 2014 1,011 p
2422 M 3T
1124577 kWth LHV 1019,3 M
LPB HPB 30% RH
4,29 p 126.,6 p
1462 T 3288 T 1,001 p
14,52 M 161,1 M 3T
2144T 499 T 10193 M
1869 T 3388T
1,042 p
592,1 T
31,14 T Includes DB 10436 M 2 x GE 7F.05
2155M GE Gas 2014 T (Physical Model #611)
2,502 M
176155 kwth LHV @ 100% load
447777 KW

p [bar] T [C] M [ka/s], Steam Properties: IAPWS-IF97 -tP GT PRO 27.0 Tractebel Engineering
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ﬁ' GT PRO 27.0 Tractebel Engineering r:bpﬁgeﬁgstzggtzekgggs kJ/kWh

LHV Net Efficiency 59,06 %
1,01p
3T 1X GE 7F.05 521,8 m 2XGT 75,06 %N2
30 %RH (Physical Model #611) 104 12,48 %02
e p 3,963 %CO2
509,7 m 502 T ,
18,73 m elev 17.92p 17,02 p 223888 KW 7'594 %H20
: : 386 T 1317 T —_— 10436 M 0,9023 %Ar
1p
3T
509,7 m
300386 kW
GE Gas 2014 12,11 m
LHV= 562288 kWth 120,5p
31T 25T 185 T 544 T
2155M N/ 2043 M
1137 4,293 p 0,0519 p
146 T 34T
201,3M
0,8971 X
|~ = N
SN SN ~ w
oo [N i
NN w =z
4 < 44,82 p 199,9 M
257 T @
0,1M NES
0.22M 120,5p325TOM V2 “a;
s N| ©
. N ®003 M N2lg
= o435 34T
o ul| o
P £
: : S
3 . J
— 11,01 M 432 M 0,11 M
—
FW
0,08 M
1217 501 T
1046,1 M 1043,6 M
D —— -
1,138 malkg 293P 4,29p 128,9 p 1266p 126,6p 1233p  3593p [1226p  35p 1223 p 2,419 m"3/kg
11905 mr3/s 1137 146 T 225 T 326 T 329T 483 T 4717 23T 530 T 544T 2524.8 m~3/s
333,8M 14,52 M 172,1 M 161,1M 161,1M 2043M  1999MB044M  1999M 2044 M
187 187 214 214 265 265 339 499 499 594 631 559 581 591
_ Peludes DB 2.502M
p[bar], T[C], M[kg/s], Steam Properties: IAPWS-IF97 LHV 116155 kWth
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Fuel chemical LHV input = 1240732 kW
Fuel chemical HHV input = 1371900 kW

Ambient air sensible 3087

Power Plant Energy Flow Schematic [kW]

Fuel enthalpy 1376824

Ambient air latent 3571

Steam and water 127427

Condenser 446064

<
<

Process steam 268,5

<
<

Process water 26601

<
<

Blowdown 1175,5

<

<

Heat radiated from steam cycle 4970

<

ST/generator mech/elec/gear loss 4081

Power Plant

GT Output = 447777
ST Output = 300386

44444»

Heat balance aux. 4819

Gross Power 748162

| Non heat balance aux. 6811
‘ Transformer loss 3741

-

Stack gas sensible 133098

Stack gas latent 137912

v

GT mechanical loss 2916,4

v

GT generator loss 5444

v

GT miscellaneous losses 3401

v

Net Power 732792

Zero enthalpy: dry gases & liquid water @ 32 F (273.15 K)

GT PRO 27.0 Tractebel Engineering
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Fuel exergy input = 1254686 kW Power Plant Exergy Flow Schematic [kW]
Fuel chemical LHV input = 1240732 kW

Fuel chemical HHV input = 1371900 kW
Fuel 1254686

Ambient air 685,6 Stack gas 13855

Power Plant
Condenser cooling water 67,77 Process steam/water 3676

v

GT Exergy Loss = 396491

Process return 2,084 Condenser cooling water 2338,2
HRSG Exergy Loss = 100175 >

Process water return 46,09 ST Exergy Loss = 30159
Condenser Exergy Loss = 9900
Makeup water -26,18 Miscellaneous loss = 1795,6 g

Other Exergy Loss = 5454
Steam/water 51728

Heat balance aux. 4819

Gross Power 748162

Net Power 732792

| Non heat balance aux. 6811
‘ Transformer loss 3741

-

Reference: 1.013 bar, 25 C, water as vapor.

GT PRO 27.0 Tractebel Engineering
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Auxiliaries & Losses [kW]

Total auxiliaries & transformer losses = 15370 kW

Misc. plant aux.
3741, 2,43 %

Misc. steam cycle aux.
159,4, 1,04 %

Misc. GT aux.
960,2, 6,25 %

Transformer losses
3741, 24,34 %

PEACE running motor/load
1995, 12,98 %

Miscellaneous
34,48, 0,22 %

Cooling water pump(s)
3288, 21,39 %

HRSG feedpump(s)
4212, 27,41 %

Condensate pump(s)
606,4, 3,95 %

GT PRO 27.0 Tractebel Engineering
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Plant Water Consumption [kg/s]

Plant water consumption = -42,85 kg/s

DA bleed
43,2, 100 %

GT PRO 27.0 Tractebel Engineering
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GT generator power = 223888 kW
GT Heat Rate @ gen term = 9041 kJ/kWh
GT efficiency @ gen term = 36,01% HHV = 39,82% LHV

GT @ 100 % rating, inferred TIT control model, CC limit

Ambient air in
1,011 p

3T

509,7 m

30 %RH
18,73 m elev.

223888 kW
10 millibar 9041 kJ/KWh LHV
GE 7F.05 (ID # 611) 39,82 % LHV eff.
égOl P (Physical Model) 100 % load
509,7 m
29,7 RH

29,51 p
185 T 2722 Qrej

12,11m 2293,6 (elec. & windage loss)
46791 LHV 428,4 (mech. loss)

Fuel = GE Gas 2014 30,97 DP millibar

>

25T
12,11 m 1,042 p 1,011 p
464231 HV . A - 5921 T
. 521,8m
8,041 % airflow
N2= 75,06 %
02=12,48%

CO2= 3,963 %
H20=7,594 %
AR=0,9023 %

plbar], T[C], M[kg/s], Q[kW], Steam Properties: IAPWS-IF97

-Uo GT PRO 27.0 Tractebel Engineering
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1 | 2 | 3 | 5 | | 7 8
HPS3 Hardware Design (water/steam DP by user)
| Fin-tube type Serrated fins
Tube arrangement Staggered
W Fin material TP409
o Tube material T91
o o Tube outer diameter 38,1 mm
o o Tube wall thickness 2,794 mm
o o Fin height 12,7 mm
o Fin spacing 10,67 mm
o o HPS3 Fin thickness 0,9906 mm
Number of fins per meter 85,77
o o iotztiet;’ows I row Serrated fin segment width 3,97 mm
o M ubes perro # of serrated fin segments 34,17
o PI=95,25 mm Un-serrated height / fin height 0,2
(0] Pt=76,2 mm
o o Longitudinal row pitch 95,25 mm
o Transverse tube pitch 76,2 mm
o o # of tube rows (longitudinal) 2
Gas Out o o Gas In # of rows per pass 2
581,4T o 5909 T 38,1 mm # of tubes per row (transverse) 104
521,8 m 521,8 m
o o 63,5 mm | Tube length 18,29 m
<= (o] <= ' Gas path transverse width 7,961 m
o o Gas path frontal area 145,6 m"2
o HX total outside surface area 1794,3 m"2
o o Maximum gas velocity 18,98 m/s
Steam In o o Steam Out Gas pressure drop 0,8571 millibar
122,6 p o 1223 p Steam side velocity 16,5 m/s
5228 T o 5444 T Steam side DP from hardware 0,4466 bar
j h o ! h Heat transfer from gas 5868 kW
3408 o 3465 Heat transfer to steam 5839 kW
102,2 m o o 102,2 m
0°
| |
1 'Thermoflow, Inc. |Company: Tractebel Engineering S.A.
User: Tractebel Engineering
HPS3
Date: 05/30/18
© Flow out of drawing Drawing No:
. Flow into drawing 0 150 mm 0 50 mm
| I L ! ]
p[bar] T[C] m[kg/s] h[kJ/kg]
1 ' 2 ' 3 ' 5 ' ' 7 8

-Uo GT PRO 27.0 Tractebel Engineering
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1 | 2 | | 5 | | 7 8
RH3 Hardware Design (water/steam DP by user)
| Fin-tube type Serrated fins
I Tube arrangement Staggered
‘ Fin material TP409
. o \ Tube material T22
. 0 | Tube outer diameter 50,8 mm
. o | Tube wall thickness 2,794 mm
. . o 0 ‘ Fin height 12,7 mm
. o [ Fin spacing 11,03 mm
. o RH3 ‘ Fin thickness 0,9906 mm
. 0 4 tube rows Number of fins per meter 83,22
. o 78 tubes per row : Serrated fin sggment width 3,97 mm
. 0 Pl =127 mm | # of serrated fin segments 44,22
. o Pt=101,4 mm ‘ Un-serrated height / fin height 0,2
. o ‘ Longitudinal row pitch 127 mm
. o | Transverse tube pitch 101,4 mm
. . o G | # of tube rows (longitudinal) 4
Gas Out . 0 GasIn ‘ # of rows per pass 2
558,7 T . o 581,4T . 50,8 mm | # of tubes per row (transverse) 78
521,8m . 0 521,8 m f 1
. o ) 76,2 mm | Tube length 18,29 m
- . o - f 1 Gas path transverse width 7,961 m
Gas path frontal area 145,6 m"2
. . o o HX total outside surface area 3435 m"2
. o Maximum gas velocity 18,38 m/s
Steam In . 0 Steam Out Gas pressure drop 1,273 millibar
35,93 p . o 35p Steam side velocity 39,08 m/s
4701 T . o 530,3 T Steam side DP from hardware 1,113 bar
3382 h . o 3520 h Heat transfer from gas 13830 kW
99.97 m . . o 0 99,97 m Heat transfer to steam 13761 kW
® O
| |
! | ! |
| |
| |

'Thermoflow, Inc. |Company: Tractebel Engineering S.A.
User: Tractebel Engineering
RH3
Date: 05/30/18
© Flow out of drawing Drawing No:
. Flow into drawing 0 150 mm (I) 50Imm
plbar] T[C] m[kg/s] h[kJ/kg]
1 ' 2 ' ' 5 ' ' 7 8
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1 | 2 | 3 | 4 | 5 | 6 | 7 | 8
HPS2 Hardware Design (water/steam DP by user)
| Fin-tube type Serrated fins
Tube arrangement Staggered
——— Fin material TP400
. o Tube material T91
. . o o Tube outer diameter 38,1 mm
. . o o Tube wall thickness 2,667 mm
‘ . o o Fin height 12,7 mm
. o Fin spacing 10,16 mm
. . o o HPS2 Fin thickness 0,9906 mm
Number of fins per meter 89,67
. . o o éllotztiet;’ows I row Serrated fin segment width 3,97 mm
. o M ubes perro # of serrated fin segments 34,17
. ‘ o o PI=95,25 mm Un-serrated height / fin height 0,2
Pt=76,2 mm
. . o o Longitudinal row pitch 95,25 mm
. o Transverse tube pitch 76,2 mm
. . o o # of tube rows (longitudinal) 4
Gas Out . . o o Gas In # of rows per pass 2
540 T . o 558,7 T 38,1 mm # of tubes per row (transverse) 104
b
521,8m ® (o] 521,8m
. o ) 63,5 mm | Tube length 18,29 m
- ‘ o - y 1 Gas path transverse width 7,961 m
. . o o Gas path frontal area 145,6 m"2
. o HX total outside surface area 3711 m"2
. . o o Maximum gas velocity 18,21 m/s
Steam In . . o o Steam Out Gas pressure drop 1,512 millibar
1233 p . o 1226 p Steam side velocity 15,29 m/s
' ' Steam side DP from hardware 0,8052 bar
4823 T 5228T
h . o 3408 h Heat transfer from gas 11368 kW
3297 . o Heat transfer to steam 11311 kW
102,2 m . . o o 102,2 m
@ 0"
1 ‘ 'Thermoflow, Inc. |Company: Tractebel Engineering S.A.
User: Tractebel Engineering
HPS2
Date: 05/30/18
© Flow out of drawing Drawing No:
. Flow into drawing 0 150 mm 0 50 mm
I — L L ]
p[bar] T[C] m[kg/s] h[kJ/kg]
1 ' 2 ' 3 ' 4 ' 5 ' 6 ' 7 ' 8
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1 | 2 | | 5 | | 7 8
RH1 Hardware Design (water/steam DP by user)
| Fin-tube type Solid fins
I Tube arrangement Staggered
‘ Fin material TP409
o \ Tube material T22
0 | Tube outer diameter 50,8 mm
O | Tube wall thickness 2,667 mm
O 0 ‘ Fin height 9,525 mm
0 ! Fin spacing 3,348 mm
O RH1 ‘ Fin thickness 0,9906 mm
0 2 tube rows Number of fins per meter 230,5
o 78 tubes per row ‘ Serrated fin segment width N/A
Pl =127 mm | # of serrated fin segments N/A
o 0 Pt=1014 mm ‘ Un-serrated height / fin height N/A
‘ Longitudinal row pitch 127 mm
9 p!
o 0 | Transverse tube pitch 101,4 mm
o | # of tube rows (longitudinal) 2
Gas Out 0 Gasn ‘ # of rows per pass 2
5945T o 6309 T . 50,8 mm | # of tubes per row (transverse) 78
523 m 0 523 m f L
o ) 69,85 mm | Tube length 18,29 m
- 0 - f 1 Gas path transverse width 7,961 m
Gas path frontal area 145,6 m"2
O 0 HX total outside surface area 2865,3 m"2
O Maximum gas velocity 20,28 m/s
Steam In 0 Steam Out Gas pressure drop 1,032 millibar
37,45p o 35,93 p Steam side velocity 33,04 m/s
3746 T 0 4706 T Steam side DP from hardware 0,4557 bar
3159 h O 3384 h Heat transfer from gas 22572 kW
Heat transfer to steam 22460 kW
99,93 m O 99,93 m
O
| 1
|
Thermoflow, Inc. [Company: Tractebel Engineering SA.
User: Tractebel Engineering
RH1
Date: 05/30/18
© Flow out of drawing Drawing No:
. Flow into drawing 0 150 mm (|) 50 |mm
p[bar] T[C] m[kg/s] h[kJ/kg]
1 ' 2 ' ' 5 ' ' 7 8
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1 | 2 | 3 | 5 | | 7 8
HPS1 Hardware Design (water/steam DP by user)
| Fin-tube type Solid fins
Tube arrangement Staggered
R E—— Fin material TP400
Q Q ‘ ‘ Q Q Tube material T91
(0) () (0) Tube outer diameter 38,1 mm
Q Q ‘ ‘ Q Q Tube wall thickness 2,413 mm
Q O ‘ ‘ Q O Fin height 9,525 mm
Q ‘ Q Fin spacing 4,837 mm
Q ‘ Q HPS1 Fin thickness 0,9906 mm
Q Q ‘ ‘ Q Q 6 tube rows Number of fins per meter 171,6
Q ‘ Q 104 tubes per row Serrated fin segment width N/A
Q ‘ Q M # of serrated fin segments N/A
Q ‘ Q PI'=95,25 mm Un-serrated height / fin height N/A
90022 M Longiucinal o i
ongitudinal row pitc ,25 mm
Q Q ‘ ‘ Q Q Trar?sverse tube Sitch 76,2 mm
Q Q ‘ ‘ Q Q # of tube rows (longitudinal) 6
Gas Out Q Q ‘ ‘ Q Q Gas In # of rows per pass 2
45122 rTn Q Q ‘ ‘ Q Q gg;lrSnT 38,1 mm # of tubes per row (transverse) 104
(0) () (0) . 57,15 mm . Tube length _ 18,29 m
- Q ‘ Q - f 1 Gas path transverse width 7,961 m
Q Q ‘ ‘ Q Q Gas path frontal area 145,6 m"2
Q ‘ Q HX total outside surface area 7059 m"2
Q O ‘ ‘ Q O Maximum gas velocity 18,7 m/s
Steam In Q Q ‘ ‘ Q Q Steam Out Gas pressure dro_p 2,477 millibar
126,6 p Q ‘ Q 123,3p Steam s!de velocity 11,66 m/s
Q ‘ Q Steam side DP from hardware 0,8641 bar
3359T O ‘ Q 4828 T H
eat transfer from gas 58365 kW
%zgl’smh Q Q ‘ ‘ Q Q i§£2;81hm Heat transfer to steam 58075 kW
’ ©,® g 0 ’
© g ©® - O
©,® g 0
© g ©® - O
©,® g 0
© g ©® - O
©,® g 0
© g ©® - O
©,® g 0
© g ©® - O
©,® g 0
© g ® - O
© " @ " 0
| | | | | |
| ' | ' | '

'Thermoflow, Inc. |Company: Tractebel Engineering S.A.
User: Tractebel Engineering
HPS1
Date: 05/30/18
© Flow out of drawing Drawing No:
. Flow into drawing 0 150 mm 0 50 mm
| I L ! ]
plbar] T[C] m[kg/s] h[kJ/kg]
1 ' 2 ' 3 ' 5 ' ' 7 8

-Uo GT PRO 27.0 Tractebel Engineering
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1

HPB1 Hardware Design

Water In

126,6 p -—-
3258T

1497 h

80,53 m -

--00000000000000000000000000
--0000000000000000000000000

--00000000000000000000000000
--0000000000000000000000000

--00000000000000000000000000
--0000000000000000000000000

HPB1

12 tube rows

104 tubes per row
Pl =95,25 mm
Pt=76,2 mm

Gas In
499 T
523 m

<

Steam Out
126,6 p
3288T
2670,9 h
80,53 m

Fin-tube type Serrated fins
Tube arrangement Staggered
Fin material CSs

Tube material Cs

Tube outer diameter 38,1 mm
Tube wall thickness 3,404 mm
Fin height 12,7 mm
Fin spacing 2,73 mm
Fin thickness 0,9906 mm
Number of fins per meter 268,8
Serrated fin segment width 3,97 mm

# of serrated fin segments 34,17
Un-serrated height / fin height 0,2
Longitudinal row pitch 95,25 mm
Transverse tube pitch 76,2 mm

# of tube rows (longitudinal) 12

# of rows per pass 12

# of tubes per row (transverse) 104

Tube length 18,29 m
Gas path transverse width 7,961 m
Gas path frontal area 145,6 m"2
HX total outside surface area 27938 m"2
Maximum gas velocity 17,56 m/s
Gas pressure drop 8,167 millibar
Water side velocity 2,344 m/s
Water side DP from hardware 0 bar

Heat transfer from gas 95011 kW
Heat transfer to steam/water 94538 kW

'Thermoflow, Inc. |Company: Tractebel Engineering S.A.
User: Tractebel Engineering
HPB1
Date: 05/30/18
© Flow out of drawing Drawing No:
. Flow into drawing 0 150 mm 0 50 mm
I — L |
plbar] T[C] m[kg/s] h[kd/kg]
1 I 2 I 3 I I I 7 I 8
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HPE3 Hardware Design (water/steam DP by user)
Fin-tube type Serrated fins
Tube arrangement Staggered
Fin material CS
T Tube material Cs
o ‘ ° ‘ ° ‘ ° Tube outer diameter 38,1 mm
.9, ® b wall thick
___ Tube wall thickness 3,404 mm
e203093 e som
950,04 HPE3 Fin ticknoss 09606 i
‘ ‘ ‘ 16 tube rows Number of fins per meter 232,9
- . ° ° ° 92 tubes per row Serrated fin sggment width 3,97 mm
. . - p # of serrated fin segments 35,17
- ‘ o ‘ o ‘ o glt; ;2702 mnr; Un-serrated height / fin height 0,2
o ‘ g ‘ g ‘ g ' Longitudinal row pitch 107,2 mm
o Transverse tube pitch 86,06 mm
s ot L . o . o . o cae # of tube rows (longitudinal) 16
as Ou as In f
265 T - : o : o : o 3388 T zgf trggvessp;errpr%zvs (transverse) Slaz
>z3m - ‘ o ‘ o ‘ o cz3m Tube length 18,29 m
h idth
- T ‘ o ‘ o ‘ o - g:z E::h gglgfgle;eeaw t 14956é m"z
- ° ° ° HX total outside surface area 36320 m"2
R ‘ ‘ ‘ Maximum gas velocity 12,71 m/s
0a0e0 a
Water In ‘ ‘ ‘ Water Out Gas pressure drqp 6,65 millibar
12 o 12 ater side velocity , m/s
8.9p ° ° ° 6,6 p Water side velocit 1,482 m/
Water side DP from hardware 1,388 bar
225’4 T ‘ ‘ ‘ 325’8 T
' - ° ° ° ! Heat transfer from gas 42545 kW
23152 rr1n o . o . o . o 339573hm Heat transfer to water 42334 kW
| L e g |
22209
202092
©%¢Ce®
20202
e%e%e°
| | | | | |
| ! | ! | !
| | |

'Thermoflow, Inc. |Company: Tractebel Engineering S.A.
User: Tractebel Engineering
HPE3
Date: 05/30/18
© Flow out of drawing Drawing No:
. Flow into drawing 0 150 mm 0 50 mm
I — L |
plbar] T[C] m[kg/s] h[kJ/kg]
1 ' 2 ' 3 ' ' ' 7 8
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HPEO Hardware Design (water/steam DP by user)
| Fin-tube type Serrated fins
Tube arrangement Staggered
W Fin material cs
Tube material Cs
‘ ° ‘ ° ‘ ° Tube outer diameter 38,1 mm
‘ o ‘ o ‘ o Tube wall thickness 3,404 mm
‘ o ‘ o ‘ o Fin height 15,88 mm
‘ ‘ ‘ F!n sp_acing 4,37 mm
‘ o ‘ o ‘ o HPEO Eﬁnﬂéf%ﬁﬁqs 0,9906 mm
6 tube rows . per meter 186,6
° ° ° Serrated fin segment width 3,97 mm
. o . o . o glz_tuf(;s g?r:r:qow # of serrated fin segments 35,17
- ' Un-serrated height / fin height 0,2
= 86,06
: ° : ° : ° " " Longitudinal row pitch 107,2 mm
Transverse tube pitch 86,06 mm
©%2¢0¢©
o o o # of tube rows (longitudinal) 6
Gas Out ‘ ‘ ‘ Gas In # of rows per pass 1
214,4T ‘ o ‘ o ‘ o 265T 38,1 mm # of tubes per row (transverse) 92
>z3m ‘ o ‘ o ‘ o cz3m 69,85 mm Tube length _ 18,29 m
<G ® o] ® o] ® o = Gas path ronalarea 1456 2
° ° ° HX total outside surface area 11152 m"2
‘ ° ‘ ° ‘ ° Maximum gas velocity 10,95 m/s
Water In ‘ ‘ ‘ Water Out Gas pressure drqp 1,748 millibar
130,4 p ° ° ° 128,9 p Water side velocity 1,371 m/s
1497 T ‘ ‘ ‘ 2254 T Water side DP from hardware 0,5437 bar
638’6 h ° ° ° 971’3 h Heat transfer from gas 28768 kW
86 1'5 m . o . o . o 86 64 m Heat transfer to water 28625 kW
| L e > q |
22209
202092
©%¢Ce®
20202
e%e%e°
| | | | | |
| ! | ! | !
| | |

'Thermoflow, Inc. |Company: Tractebel Engineering S.A.
User: Tractebel Engineering
HPEO
Date: 05/30/18
© Flow out of drawing Drawing No:
. Flow into drawing 0 150 mm 0 50 mm
I — L |
plbar] T[C] m[kg/s] h[kJ/kg]
1 ' 2 ' ' 5 ' ' 7 8
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LPB Hardware Design
| Fin-tube type Serrated fins
Tube arrangement Staggered
w Fin material CS
o Tube material Cs
° o ° Tube outer diameter 38,1 mm
o o Tube wall thickness 2,108 mm
o o o Fin height 15,88 mm
o Fin spacing 4,048 mm
o o o LPB Fin thickness 0,9906 mm
Number of fins per meter 198,5
° ° gztutbs rows Serrated fin segment width 3,97 mm
o ubes per row # of serrated fin segments 35,17
o o PI=107,2 mm Un-serrated height / fin height 0,2
o Pt = 86,06 mm
° o ° Longitudinal row pitch 107,2 mm
0 0 Transverse tube pitch 86,06 mm
o o o # of tube rows (longitudinal) 3
Gas Out o Gas In # of rows per pass 3
1869 T o o o 2144 T 38,1 mm # of tubes per row (transverse) 92
523 m 523 m
o o 69,85 mm Tube length 18,29 m
o Gas path transverse width 7,961 m
° ° Gas path frontal area 145,6 m"2
° o ° HX total outside surface area 5893 m"2
o o o Maximum gas velocity 10,2 m/s
Water In o Steam Out Gas pressure drop 0,8763 millibar
4,293 p o o 4,29 p Water side velocity 0,5698 m/s
1462 T o 1462 T Water side DP from hardware 0 bar
' ° ° ’ Heat transfer from gas 15501 kW
6158h o 2741.2h Heat transfer to steam/water 15424 kW
7,257 m Q o Q 7,258 m
"0
I | I
|

'Thermoflow, Inc. |Company: Tractebel Engineering S.A.
User: Tractebel Engineering
LPB
Date: 05/30/18
© Flow out of drawing Drawing No:
. Flow into drawing 0 150 mm 0 50 mm
| I L ! ]
plbar] T[C] m[kg/s] h[kd/kg]
1 I I I 5 I I 7 8
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LTE Hardware Design (water/steam DP by user)
Tube arangement Staggered
W Fin material cs
Tube material Cs
: O : O : O Tube outer diameter 38,1 mm
o o o Tube wall thickness 3,048 mm
‘ o ‘ o ‘ o Fin height 15,88 mm
‘ ‘ ‘ LTE Fin spacing 4,218 mm
in thick
‘ o ‘ o ‘ o 6 tube rows EISnEIIJIgrg??iis per meter 2’992906 m
O O O Serrated fin segment width 3,97 mm
92 tubes per row -
. . . - # of serrated fin segments 35,17
‘ o ‘ o ‘ o gt;;gzg 2’; Un-serrated height / fin height 0,2
:8:8:8 g e i
o 9090 @®Q o # of ube rous (ongiudina) €
1206 T 1869 T ,2L mm # of tubes per row (transverse 92
2 99999 38 Funesper o ranserz)
‘ o ‘ o ‘ o 69,85 mm Tube length 18,29 m
h idth
<G ® o] ® o] ® o = Gas paih flontal area Ta5,6 mr2
Q Q Q HX total outside surface area 11443 m"2
‘ ° ‘ ° ‘ ° Maximum gas velocity 9,149 m/s
Water In ‘ ‘ ‘ Water Out Gas pressure drqp 1,402 millibar
4.421 42 ater side velocity ,33 m/s
p ° ° ° 93 p Water side velocit 2,33 m/
601T ‘ ‘ ‘ 1126 T Water side DP from hardware 1,73 bar
25’1 9h O O O 472’6 h Heat transfer from gas 37009 kW
166:9m : o : o : o 166:9m Heat transfer to water 36825 kW
® o @& o @& o
20202
® (o] & (o] & (o]
20202
0%90%90°
| | | | | |
| ! | ! | !
| | |

'Thermoflow, Inc. |Company: Tractebel Engineering S.A.
User: Tractebel Engineering
LTE
Date: 05/30/18
© Flow out of drawing Drawing No:
. Flow into drawing 0 150 mm 0 50 mm
L ] L ]
plbar] T[C] m[kg/s] h[kJ/kg]
1 2 ' ' 5 ' ' 7 8

-Uo GT PRO 27.0 Tractebel Engineering
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LHV Net Heat Rate 6095 kJ/kWh

ﬁ' GT PRO 27.0 Tractebel Engineering Net Power 732792 kW
LHV Net Efficiency 59,06 %

HRSG Temperature Profile

LPB HPB1 HPS2
15424 94538 11311
LTE HPE3 RH1 HPS3
700 — 36825 42334 22460 5839
HPEO HPS1 RH3
28625 58075 13761
— 3
600 L Qw329192 kw L0
Qg 330838 kW /
500 /
400
o
Ll
[a
o}
'_
& 300
L
o
s
i)
'_
200
UA kw/C
100 =
o 562,6 4299 203
551,1 1782,6 119,7 112,2
201 1681,6 247,6
0 | | | | | | ]
0 50 100 150 200 250 300 350

HEAT TRANSFER FROM GAS [.001 X kW] (per HRSG)
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ﬁ' GT PRO 27.0 Tractebel Engineering

HP Water Path - Totals of 2 HRSG's

to HPT

117,5p
542T
3465h
201,1M

Leakages
> 3,174 M

X Stop valve

120,5p
0,11 M 5447
3465h
& 204,3M
s ,
o 0,2176 M § 130p
esup é. 380T
HPEO R HPE3 HPB1 2949,6h  HPS1 HPS2 HPS3
57250 Q g 84667 Q 189076 Q 43.2M 116150 Q 22623 Q 11678 Q 122.3p
[ s
= L 544T
—D— (O Sise
160,9p 130,4p 128,9p 126,6p 1266p  126,6p 1233p 122,6p 204,3M
1497 150T 225T 326T 329T 336T 482T 523T
638,6h 638,6h 971,3h 1497h 2670,9n  2729,8h 3297h 3408h
172,3M 172,3M 161,1M 161,1M 161,1M 204,3M 204,4M 204,4M
1223 p
544 T
3465 h
%{0,0724 M
I
120,5p 122,3p
325T 327T
2684,5h 2684,5h
oM 0.1M 0,028 M
44,82p
2577
2684,5h
0,1M

p[bar], T[C], h[kJ/kg], M[kg/s], Q[kW], Steam Properties: IAPWS-IF97
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ﬁ' GT PRO 27.0 Tractebel Engineering

IP & Reheat Water Path - Totals of 2 HRSG's

Cold RH Hot RH
37,59p 34,87p
375T 530T
3159h 3520h
199,9M 199,9M
0,08 M
RH1 RH3
44920 Q 27523 Q
37,45p 37,45p 35,93p 35p
321T 375T 470T 530T
3026h 3159h 3382h 3520h
oM 199,9M 199,9M 199,9M
37,59p
375T
3159h
oM

plbar], T[C], h[kJ/kg], M[kg/s], Q[kW], Steam Properties: IAPWS-IF97
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LP Water Path - Totals of 2 HRSG's

DA
14,52 M

LPB
30848 Q

DA

4,293p
146T

615,8h
14,51M

plbar], T[C], h[kJ/kg], M[kg/s], Q[kW], Steam Properties: IAPWS-IF97
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ﬁ‘ GT PRO 27.0 Tractebel Engineering

Feedwater Path - Totals of 2 HRSG's

From condenser
4,421 p D ﬂ @ 0,4108 p

34,14 T 3355T
143,4 h 140,5h
204 M

204 M
Fuel heater ret.
Proc stm ret 128,9 p
4,421 p 356T
822T 160,7 h
3445h 11,01 M
0,1 M Blowdown
Proc wat ret 4.421p LPB to D/A
4,421p 31,14 T
15T 130,8 h
63,31 h 42,85 M
432 M
4,293 p DIA wat bld.
1126 T
472,6 h
2155 M
LTE recirc.
118,3 M
FW to LP
- =
4,293 p
1462 T
4,421 p 4,421 p 4,293 p 615.8 h
31,14 T 60,1 T LTE 1126 T 14,52 M
130,8 h 251,9h 472,6 h
2155 M 3338M 73649Q 2155 M FW to IP/HP
4,293 p
1462 T
615,8 h
172,3 M

plbar], T[C], h[kJ/kg], M[kg/s], Q[kW], Steam Properties: IAPWS-IF97
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ﬁ' GT PRO 27.0 Tractebel Engineering

117,5p
542T
3465h
201,1M

Leakages

—>3,174 M

X Stop valve

120,5p
544T
3465h
204,3M

HP boiler

HP Casing
HPTL
117,5p
542T
3465h
6,644s
201,1M
87,2 % eff.
9 stages

leak out

Steam Turbine Group Data

37,59p
375T
3159h
6,714s
201,1M

34,17p
530T
3519h
7,256s
201,5M

Leakages

1,508M

34,87p
530T
3519h
203M

@]
=)
o
Y
<
I

H/4d 10H

37,59p
375T
3159h
199,9M

Leakages

-
3,064M

34,87p
530T
3520h
199,9M

plbar], T[C], h[kJ/kg], s[kJ/kg-C], M[kg/s], Steam Properties: IAPWS-IF97
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IP Casing
LPTX1

91,24 % eff.
8 stages

5,619p
283T
3027h
7,343s
201,5M

leak out
0,2502M

J1BA0SS01D

5,619p
283T
3027h
7,343s
201,3M

ST Expansion Power 304466 kW

LP Casing

LPTL
0,0519p
34T
2296,8h
7,516s
201,3M

93,2 % eff.

7 stages

ST exhaust

L >
0,0519p
347
2312,9h
201,3M
0,8971x



LHV Net Heat Rate 6095 kJ/kWh

Steam Turbine Expansion Path LHV Net Efficiency 59,06 %
3700 _ 120,5 bar 37,59 bar —600 C

ﬁ' GT PRO 27.0 Tractebel Engineering Net Power 732792 kW

3600 —

% Hot RH
HP 4 —500 C

3400 | )
4300 B 5,619 bar
B HPTL 400 C
[PTX1

3500 —

3200 —

3100 —
300 C

3000 —

2900 —
| 200 C
2800 |- "

Wilson 0,97

2700 —
2600 — 0,0519 bar

2400 —
= 0,85

2300 |- L% ExRan

— 0,8
2200 —

ENTHALPY [kd/kg]

2100 —

2000 | | | | | | | | | | I | | | | | | | | | | | | | | | | |
55 6 6,5 7 7,5 8 8,5

ENTROPY [kJ/kg-C]
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Steam Turbine Exhaust L oss

200

1
|

|

|

|

|

|

|

|

|

|

|

|

7

8 8 g
i

Bx/cX ‘sso7 sneyx3 Aiq

o

300 400 500
AnnulusVelocity, m/s

200

100

GT PRO 27.0 Tractebel Engineering
9501 05-30-2018 09:31:20 file=C:\Users\IEJ351\Documents\Duba\Duba2.gtp

i



ﬁ‘ GT PRO 27.0 Tractebel Engineering

Cooling System

Exhaust steam

2,779 M

Duty = 446064 kW

0,0519 p
3353 T

2312,9 h
201,3 M
0,8971 x

Hot CW
287T
23871 M
24T >
23871 M
247
N 23871 M Sea water
Salt concentration = 4 % O(
2 CW Pumps
3288 kW
0,4108 p
3355T
204 M
> ©0HRSG
O 4,421 p
4 kW 34,14 T
606, 204 M

p[bar], T[C], M[kg/s], Steam Properties: IAPWS-IF97
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ﬁ' GT PRO 27.0 Tractebel Engineering

TEMPERATURE [C]

30

20

Water Cooled Condenser T-Q Diagram

Exhaust Steam 0,0519 bar
33,53 33,58

28,7

Cooling Water

Condenser 446064 kW

0 50 100 150 200 250 300 350 400 450

HEAT TRANSFER [.001 X kW]
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Plant Energy In [KW] Plant Energy Out [kW]

Plant energy in = 1508074 kW Plant energy out = 1509275 kW
Plant fuel chemical LHV input = 1240732 kW, HHV = 1371900 kW
Plant net LHV elec. eff. = 59,06 % (100% * 732792 / 1240732), Net HHV elec. eff. = 53,41 %

Stack sensible
133098, 8,82 %

Stack latent

137912, 9,14 %
Process water
26601, 1,76 %

GT cycle losses
11761, 0,78 %
Steam cycle losses
9051, 0,6 %
Miscellaneous
10795, 0,72 %

Condenser
446064, 29,55 %

Miscellaneous
3823, 0,25 %

Steam and water
127427, 8,45 %

Fuel @ supply
1376824, 91,3 %

Net power output
732792, 48,55 %

Zero enthalpy: dry gases & liquid water @ 32 F (273.15 K)

GT PRO 27.0 Tractebel Engineering
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GT Cycle Energy In [KW] - per unit GT Cycle Energy Out [kW] - per unit

GT cycle energy in = 631755 kW GT cycle energy out = 632344 kW
GT fuel chemical LHV input = 562288 kW, HHV = 621733 kW

Exhaust sensible
339907, 53,75 %

Exhaust latent
62668, 9,91 %

Losses & other
5881, 0,93 %

Miscellaneous
3329, 0,53 %

Fuel @ combustor
628426, 99,47 %

GT electric output
223888, 35,41 %

Zero enthalpy: dry gases & liquid water @ 32 F (273.15 K)

'UO GT PRO 27.0 Tractebel Engineering
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Steam Cycle Energy In [kW]

Steam cycle energy in = 1065225 kW

GT exhaust latent
125335, 11,77 %

Miscellaneous
3752, 0,35 %

External steam
127427, 11,96 %

DB fuel enthalpy
128896, 12,1 %

GT exhaust sensible
679815, 63,82 %

Zero enthalpy: dry gases & liquid water @ 32 F (273.15 K)

'UO GT PRO 27.0 Tractebel Engineering
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446064, 41,87 %

Steam Cycle Energy Out [kKW]

Steam cycle energy out = 1065249 kW

Stack sensible
133098, 12,49 %

Stack latent
137912, 12,95 %

Losses
9051, 0,85 %

Miscellaneous
1443,8, 0,14 %

Condenser

ST electric output

28,2 %
to GT cycle 300386, 28,2 %

10693, 1 %

Process water
26601, 2,5 %



Plant exergy input = 1307189 kW
Fuel exergy input = 1254686 kW

Plant Exergy Analysis [kKW]

Plant fuel chemical LHV input = 1240732 kW, HHV = 1371900 kW

Reference: 1.013 bar, 25 C, water as vapor.

'UO GT PRO 27.0 Tractebel Engineering

GT exergy loss
396491, 30,33 %

HRSG exergy loss
100175, 7,66 %

Steam turbine exergy loss

30159, 2,31 %

Condenser exergy loss

9900, 0,76 %

Stack gas

13855, 1,06 %

Process steam/water @ delivery
3676, 0,28 %

Other
20140, 1,54 %

Net electric output
732792, 56,06 %
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GT Exergy Analysis [kW]

GT exergy in = 568813 kW

Electric output
223888, 39,36 %

GT exergy loss
198245, 34,85 %

Exhaust gas
146679, 25,79 %

Reference: 1.013 bar, 25 C, water as vapor.

'UO GT PRO 27.0 Tractebel Engineering
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GT & Peripheral Exergy Analysis [kW]

GT & peripheral exergy in = 570070 kW

Electric output
223888, 39,27 %

GT exergy loss
198245, 34,78 %

Exhaust gas
146679, 25,73 %



HRSG Exergy Analysis [kW]

HRSG exergy in = 465999 kW

Steam/water bleed (near HRSG)
6068, 1,3 %

Stack gas exergy
13855, 2,97 %

Steam to ST - Cold RH
345897, 74,23 %

Reference: 1.013 bar, 25 C, water as vapor.

-UO GT PRO 27.0 Tractebel Engineering
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HRSG exergy loss
100175, 21,5 %



ST Exergy Analysis [kW]

ST exergy in = 345316 kW

ST electric output
300386, 86,99 %

Reference: 1.013 bar, 25 C, water as vapor.

-UO GT PRO 27.0 Tractebel Engineering
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ST leakages
2509,3, 0,73 %
ST exhaust steam
12262, 3,55 %

ST exergy loss
30159, 8,73 %

ST & Condenser Exergy Analysis [KW]

ST & condenser exergy in = 348672 kW

ST electric output
300386, 86,15 %

Cooling water out
2338,2, 0,67 %

ST leakages

2509,3, 0,72 %

Other

3379, 0,97 %
Condenser exergy loss
9900, 2,84 %

ST exergy loss
30159, 8,65 %



1 | 2 3 5 7 8
Integral Feedwater Pump (P29)
Head (m) Efficiency (%) o No. per HRSG 3
9' No. operating per HRSG 2
- Nameplate flow 47,86 kg/s
- Nameplate head 1643,2 m
L ] Nameplate flow (nominal) 3407 lpm
B Nameplate head (nominal) 16459 m
S | Nameplate RPM 3600
8 Design flow 43,07 kg/s
Design head 1396,8 m
i Design RPM 3600
Minimum continuous flow 9,572 kgls
Maximum continuous flow 62,22 kgls
1O
Lo
o
o ]
o
—
® ]
| = ® =
= [ =
: o
= 5 & |
2 Z E Thermoflow, Inc. |Company: Tractebel Engineering S.A.
User: Tractebel Engineering
\\\H\\\\\H\\\\H\‘\\\H\\\\\H\\\\\H‘\\\\HH\HHHHH‘HHH\H Integral Feedwater Pump (P29)
0 20 40 60 Date: 05/30/18
ate:
FI OW (kg/S) Drawing No:
1 ‘ 2 3 5 7 8

-UO GT PRO 27.0 Tractebel Engineering
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1 | 2 3 4 5 7 8
Condenser C.W. Pump (P4)
o Head (m) Effici ency (%) o No. per Condenser 2
o .
N e No. operating per Condenser 2
| Nameplate flow 13261 kg/s
Nameplate head 10,62 m
B ] Nameplate flow (nominal) 798722 Ipm
- Nameplate head (nominal) 10,67 m
B | Nameplate RPM 600
Design flow 11935 kg/s
ﬂ Design head 11,29 m
B B Design RPM 600
Minimum continuous flow 3315 kg/s
B Maximum continuous flow 18566 kg/s
i Design
o | )
— Lo
Lo -
L O |
= © =
/& z =
— Y
* = g 8 |
| 2 Z E Thermoflow, Inc. |Company: Tractebel Engineering SA.
User: Tractebel Engineering
| | | ‘ | | ‘ | | | ‘ | | | Condenser C.W. Pump (P4)
0 5000 10000 15000 20000
Date: 05/30/18
FI OW (kg/S) Drawing No:
1 ! 2 3 4 5 7 8

-UO GT PRO 27.0 Tractebel Engineering

9501 05-30-2018 09:31:20 file=C:\Users\|EJ351\Documents\Duba\Duba2.gtp




1 | 2 3 4 5 6 7 8

Condensate Forwarding Pump (P6)

Head (m) Efficiency (%) o No. per Condenser 2
9' No. operating per Condenser 1
i Nameplate flow 255 kg/s
1 | Nameplate head 205,6 m
o ] Nameplate flow (nominal) 17034 Ipm
8 Nameplate head (nominal) 2134 m
| Nameplate RPM 1800
Design flow 204 kg/s
Design head 41,12 m
i Design RPM 1800
Minimum continuous flow 38,26 kg/s
Maximum continuous flow 344,3 kgls
o ]
o
AN
1O
Lo
o ]
o
—
7 2 |
fo! o
+ B =
Design = & i
Z 2 Thermoflow, Inc. |Company: Tractebel Engineering S.A.
User: Tractebel Engineering
\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\‘\\\\\\\\\ Condensate Forwarding Pump (P6)
0 100 200 300 400 N
ate:
FIOW (kg/S) Drawing No:
1 ‘ 2 3 4 5 6 7 8
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