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Figure 1. TVA's Paradise Unit 3 (Coal-Fired)



Figure 2. TVA's Sequoyah Nuclear Plant

Figure 3. Steam Turbine Rotor
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Figure 4. Types of Systems
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Figure 5. Work on a Closed System
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Figure 6. Filling a Tank
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Figure 8. Molecules Collide
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Figure 9. Maxwellian Velocity Distribution
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Figure 10. Mean Atomic Speed
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Figure 11. Speed Distributions
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Figure 12. Conceptual Energy Levels
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Figure 13. Specific Heats

Figure 14. Energy Levels 1

Figure 15. Energy Levels 2
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Figure 16. Energy Levels 3
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Figure 17. Partitioning 1
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Figure 18. Partitioning 2
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Figure 19. Work on an Insulated System
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Figure 20. Steam Reduced Pressure vs. Reduced Volume




Figure 21. States of Water
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Figure 23. Mollier Diagram for Water



Reduced Enthalpy, HRTc
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Figure 24. Extended Mollier Diagram

Figure 25. Maxwell's Equal Areas
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Figure 26. Specific Heat of Water
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Figure 27. Reduced Entropy vs. Reduced Enthalpy




Mollier Chart for Redlich-Kwong-Soave Equation of State
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Figure 29. Carnot Cycle
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Figure 30. Arbitrary Cycle
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Figure 31. Cascaded Steam Turbines
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Figure 32. Typical Power Factor Curves
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Figure 33. Typical Steam Turbine Expansion Line
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Figure 34. Typical Steam Turbine Exhaust Loss Curve
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Figure 35. Simple Rankine Cycle
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Figure 36. Rankine Cycle with Regeneration



Figure 37. Combustion Turbine System Boundary

Figure 38. Simple Combined Cycle
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Figure 39. Typical HRSG Process Lines
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Figure 42. Refrigeration T-S Diagram




4500

F?WIE

== L
1500 COMEresEion "
R ISMT;; . L/
1 Comgression -
m:l e, S0 G O
x
curve .
500 4
o2 J
180 180 200 20 20 X0 0 300 240
enthalpy [k1kg]
Figure 43. Refrigeration P-H Diagram
Ot Cypecle
Liser ipuds 160 | | |
OIS Falio 9.5
compresson s1f oy wius ':"_’tls A
expansion eficiency 9% 1800 feed = =i = iSECINORIC oM BSSON 1
crmbustion lemp L LT TR = e ETTOEAC R gandinn / .
keCpiy 14 - .
op 14 kikgrc 120 :
[ 0314 kdhgre \
pod | P T [ ) s !
uniz | kFa T omthg kMg kagtc | 1000 /
1A % oms 0 om0 | 2 *
11 | 138 - =5 0.6 33 | oooa / !
12 | %83 . 85 0&4 85 | 005 B0 :
13 | &8 1S 0s13) @@ | 0gA / '
14 | 303 145 043 137 | Q07 A
14 X8 - 475 0E 64 | o) | & 6D P
16  4EB - 204 033 197 | 0038 /
17 | s T 0| 230 0 p
18 | B84 - IE4 04T| 253 | 0iME =0 -
14 &5 - e 09 285 002 ]
z =3 3e pieE 3@ | 0osF -
20 ME2 - aa2 0% ehs | 0ase
22 1342 - ==8 p4@s| s | oF7 .-4-"'""—
FERE N o A I )
24 [ 1TH  Te Da3E| B4 | 0=3 o
25 180 - s 0% 8TE | 058S o oz L] 0.8 LE] 1
15 MM 0135 1105 | 088 erogy [k Mg¥]

1030

Fig_il-re 44, Otto Cycle T-S Diagram
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Figure 45. Otto Cycle P-V Diagram
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Figure 46. Diesel Cycle T-S Diagram
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Figure 48. Brayton Cycle T-S Diagram
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Figure 49. Brayton Cycle P-V Diagram
Chapter 21. Lenoir Cycle
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Figure 50. Lenoir Cycle T-S Diagram
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Figure 52. Sterling Cycle T-S Diagram
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Figure 54. Ericsson Cycle T-S Diagram
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Figure 63. Typical Feedwater Heater
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Figure 68. Pipes and Valves in a Power Plant



Figure 69. Pumps in a Power Plant

Muallier Diagram Showing Bipansion Line

1600 — - - =
T e e _[#Msin Steam
- ; 1 #Cold Reheat |
e A #Hot Reheat
1300 -~ P - #Cross-Ower [ |
- e 4 g *ELEP
s ' ~|*uEEP
E - i \,—--"'f; ) e e
= 1300 — = = — - e
E ---- - ' i i |
e o P
" i - 3 __,-'-"-F
w > i et e . =
1200 1— ———— ——=T
-+ E __:--"'--FJ- T e "'-_F_F_F
| _'____;-'—"F--- e _'___—'-F-F-
1100 = — T - e
i - i P
1B e — R i T
1':":":. b — - —
155 160 165 170 175 185 150

Entropy [BTIGm ]

Figure 70. Expansion Line




o

L NHI'IW LB PR AT ARRLE LS VIO T R TAE I

FRADM THE POLLCWING EXFRESSDM: VAN = O f-5 84 1] 1 {30004]
3 EMTHALPY OF THE STRAL BuTEEMER Tl SOsTsagii i THE

Tl CUAVE £ BASED O Tell HI.I.TI.\I.IT.-.IE
LGRS

WM = AMSULUS VELDOITY, FT.EEC

0= CORCENSTR FLOW, |30 38

7% EATURATED OHY SPFECIIE VOLLME, curuuu SORSESFORD
LN i SPERMEAT
RECAHIN, w 15 THE BPECIFIC YWOLLIRAR AT nttu.r MO PIINT |
W LART STAGE ARSI ARES, 35 FT
¥ & NCASTLINE AT ELEP (ERD PCSNT]. FENCEMT.

WEEPa mu:rm:s ENDRORRT COSHE SPOROERD 10 LAST BTAGE
“I'I.II.N

EIHAWTI.WSGURU‘E
EFEED - M NI WTTH CDOTEN PO ESSAMAET
BUCKET LESGTH, i - 115, PTCH SAMETER, - 525

ANSULLE ALA PR DS, BOFT. - 6814

SRARE (LiEtiam | EE HEmastl atiail

O o] 0d dia BT 60D oo 800 o] 004

AMHULLE VELDCITY, FTIBEC.
Figure 71. Exhaust Loss Curve



E’Eu:]__lIIF|III!l.III!|III!].III!|III!|III!|IIIflIII!IIII!d
- i i I {':IB5PF:

— i

I, |

. 3 o B R VAN VTS

1500 |

1400

e
1
!
i
1
!
i
!
i
1
.
i
1
i
1
I

1
1
i
1
i
i
1
1
!
i
1
i
1
1
I
I

GENERATOR LOSS (KW)

1200

g
e
i
|
|

s g

: i .f. ’

3 i ,z # ,_./ i 1

B i L |/ i i

L : _--'2_ ~ 1, : :

: A : !

g o ! !

300 |- e —nmeed ——aed

R .’.____.:_:_:,__._:. "

, GENERATOR QUTPUT (MW)

Em-l.]ll [P A |.J||||.J||||J||||.J||||.J||J|_j||J|.J||

b 50 100 150 200 250

Figure 72. Typical Generator Loss Curves

aaaa g o ol ey oyl gy gl oy ol gl dgag el ady 0y




8. 25

LI FRS 78

a7

6. T2

6.5

]

97.73

%6, 25

o]

Efficiescy ¥

1 | et

Il

Dutput Power MW
ey

B 10 12 14 14 18
Figure 73. Typical Generator Efficiency Curves

20



2200

2000
1800 I
1600 Il R =0.9083

3

Loss (regression) [kw)
&
[ =)

g

&00

600

a0 1000 1200

1400 1800 1800 ZoO00 2200
Loss (curves) [k

Figure 74. Generator Curve Regression



2200

o PF=0.85
2000 & PF=0.90 i
o PF=085
& PF=1.00
1800
1600
:
g'l-i-‘l][]
]
a
|
1200
600
0 50 100 150 200 250
Output [MW]

Figure 75. Results of Regression for Losses






99.4%

99.3%

99, 2%

99.1%

99.0%

Efficiency

98.8%

98.7% -
98.6%

g98.5%

98.4%

98.9% -

O PF=0.83

S0 75 100 125 150 175 200 225
Output [MW]
Figure 76. Results of Regression for Efficiency



Figure 77. Simple Rankine Cycle
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Figure 81. Typical GT Inlet Chiller
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Figure 83. Typical Enhanced Surface Tubes
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Figure 84. Typical HRSG Evaporator Schematic

Figure 85. Typical HRSG Superheater Tubes Showing Ageing
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Figure 87. Minimal HRSG Components
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Figure 89. Two-Pressure HRSG Schematic
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Figure 91. Three-Pressure HRSG Schematic
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Figure 93. Schematic Showing Reheater and Duct Burner
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Figure 95. Simple Cycle Schematic
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Figure 97. System Schematic




1000 P hx""m Net Power, My 457
I e Heat Rate (LHY), BTUK-hr 7109
900 o o || Efficiency (LHW). % 48,00
800 ';_\‘ % e
L = "'-\' - e -
700 \ \- -
Y 1
F kY - .
BO0 | g N X1 a
I % ."1. T Ty
001 5 e | BN
L 2 L N,
400 | o » )
L T
300 L
- \
200 BN
100 ‘Eias Path Stait: 527 \.
GiateCpele v 56110
o [06/55/2019 11:36 a'm. Heat Transfer, BTU/Mr , s
= % % O% % o%"O% % % WO®OB T TR OE O
= [} [an] =i L} w0 [ [am] ] — = [} [Ln] - Ly
Figure 98. Heat Release Diagram
56,000 £300
— PO Br /
54,000 B200
m—heal ras | -
=
/ 3
52,000 #100 2

" 1 g

=

H i

3 50,000 B000 g

L]

g

L4 ]

E 48,000 /' Ta00 g
46,000 /J" ] TEO0D
44000 Tro0

i} 20 40 60 80 100 120

Ambient Dry-Bulb Temperature [*F]
Figure 99. Temperature Correction Curves



N L

—— pow er -

\ —— heat rate / 8400
51,000 \ / e

/ 3000

/ TEOD

N

TEOD
47,000 r/ AN

-

5
8

5
8

L
N

Hetfjrclegupu [kW]
5 g
/f

[unmiinial a1ey 1ean 81340 BN

&
8
K

46,000 7400
135 14 14.5 15 155 16
barometric pressure [psia)

Figure 100. Pressure Correction Curves

52,000 F0an
51 500 | pow &r SO0
— 02 rate
51,000 3040
=
= 50,500 2020
H
S 50,000 — =1 3000
= |
4
O 4g 500 Tog0
-
=
48,000 TEGD
48 500 T840
43,000 7020

0%  10%  F0%  30%  40%  S0% B0% TO%  E0% 20%  100%
Am bient Relative Humidity
Figure 101. Impact of Relative Humidity

[uainLa] 93ex JeaH 8240 19N



1600

Otto Cycle

actual cycl

1400 H = =4 =izentropic compression
= =d= = jzertropic expanzion

=]

[

1200

s
- o= -

1000

Temperature [*C]
[}
=
L]

o
=
=]

/
/

S

400 "

N

prd

B
-

L

200
//

(o

] (e

0.4 .

5 0.5 1

entropy [kJkgrK]

Figure 102. Otto Cycle T-S Diagram




Otto Cycle

3000
actual cycle
2500 = =i~ -izertropic compression ||
= =8 = jzertropic expansion
2000
=
)
L1500
E
1000 31]
R
a00 ‘_“.‘—-7
0
0.0 0z 0.4 0.6 0.5 1.0 1.2
Specific Yolume [m*kg]

Figure 103. Otto Cycle P-V Diagram



Temperature [*C]

Diesel Cycle

1000

actual cycle
= =g= = Bentropic compression
- @ - Beniropic expansion

800

600

pd

\

/

e

400

200

/

0.2

Figure 104. Diesel Cycle T-S Diagram

0.4
entropy [kJkg/ K]

0.8






GO0

500

400

Pressure [kPa)

W
=2
=

200

100

Brayton Cycle

actual cycle
- =& - isenlropic compression
= =@ = [senlropic expansion

N

0.0

0.5 1.0 15 2.0 25
Specific Volume [m*kag]

Figure 105. Brayton Cycle P-V Diagram

ao



200

[ L
—fired
3
100 =
i
i
g8 0
[
e M//
B L] f',... Wl
L ]
-200
0.0% 0.5% 1.0% 1.5% 2.0%
HP Bl wdown (a5 porcent of Teedwater fow)
Figure 106. Typical CCPP Delta3 Correction
200
[— st
m—  TUF
B0 +— — amwr
— i AT /
— it T
400 /.-”
= 200
: ég;ﬂl
g [
S —mm?
é /
200 ————
400
600
B

4 3 0 2 1
Cooling Tover Wet Bull Temgeratire . CTG inlat Wet. Bulb Temperature [°F]

Figure 107. Typical CCPP DeltaSA Correction



al& Bl Comections

o2 & p2 Conedions

100

114
-u-Pmlerunl-m :
T T
msnae P oars 1 [ Brad]
——Heat Inpuk (e d) /
110 / ,"//=
105 /%
1.00
pas 'ﬁf
»
t""'ﬂ.’.-.‘
nan
10 0 m 40 50 ] 70 an @
Aambvient T emparature [°F )
Figure 108. Typical CCPP Alphal and Betal Corrections
1.40 I [
e P (i i
9 e Heatt inpat ot
1.08 \ ——Fuar ifredy ]
4 \\.\ —— Haa ik ()
1.06 .&
1.04 “""‘“—-., -
1.02 R .
H%
1.00
--..__‘___‘__.
0.0 “-‘-'h-""-.._‘-h‘-"""--.._ _“‘_-‘1
"h-..__‘-l
D.98 \%
0.94
141 143 43 144 148 4B 14T 148 140 145 151

Ardiient Pressure [jeia)

Figure 109. Typical CCPP Alpha2 and Beta2 Corrections



ad, Coarechion

3, Cormedion

1.02 d
-
l--"""r".
h-"'"_'-"-‘ - ——d
1.00 % '____,_..--4 e -
0.98 / =
0.95 / f,-.--‘
1
0.9
4 ‘rf_,.-
0492
0% 10% 0% W% 0% 50t 0% To po%  90%  100%
Ambisnt Relative Humidiby
Figure 110. Typical CCPP Alpha3 Correction
1.06 T 1
ememen | O
—at T
——atJF
10—t
at 18T /
1.02 -’H
"
"]
] —
1.00 e
P — l(__.,..----"'"
" A
0.98 —— =
Lo V/ __.1/
094
lr’/
0.92
0% 100 20% e e S0% ED% ToE  80% o 100%

Ambient Retative Humidity
Figure 111. Typical CCPP Beta3 Correction



100020
E=d
- T Heat
1.00015 -.\\'
1.00010 \.\
.""\..
1.00005
.E ~
E 1 00000 ——s
=
z
E 0aE0es .\"x,‘
099990 \’\
095085 R"‘“
093320
5 40 45 50 55 B0 £S5 70 75 B0 5
Fuel Supphy Temperaiume [“F]
Figure 112. Typical CCPP Alpha4 and Beta4 Corrections
1.002
e O R 3 T2
— e 3 S
e ] T J’”’H-H-‘
1.002 .*-*-"'"*'-H
l.'.‘_--'-_.‘.__'_____,_--l-"l."-'-'.
100
-
g _'___.__-_..--"-"'_-_‘M
E 1.000 e
0899 —
MF—_‘_“___,.-"‘
0898 P
0947
19,500 20,000 0,500 1,000 7,500 22,000

Fual LHV [BTUABM]
Figure 113. Typical CCPP Alpha$5 Correction



1.003

|
]
\

1.002 e

\

i 001 ’_,("'"f
1,000
i " """
a /
n.a9s — r/,.
0.8 — f,.a""
0997
19,500 20,000 20,500 1,000 21,500 22,000
Fuel LHY [BTUAkm]
Figure 114. Typical CCPP BetaS Correction
1006
—Far 1
Racipioeil Hait isgul /”‘IL
1.0085 ’J’ﬂ"ﬁj—f
§1 0o / ﬁ
w
g 1003 L2
(%]
E 1,002
8
1.001
1.000 &
0 2,000 4000 B,000 8,000 10,000

E quivalent Howrs of Cperation
Figure 115. Typical CCPP Alpha6 and Beta6 Corrections



3non

2000 \

A000 o

07 Corection &)
[=]

1000 -

AN

-2000

e

™~

-3000

-30 -2 -10 0 10
w7 Comection {per HRSG) [mmBTU b

2

o

Figure 116. Typical Delta7/Omega7 Duct Firing Correction




98 5%
A
— - —
98 5% —_FF=100
= PF=0.95
——PF=0.90
98 0% —— PF=085
— PF=0ED
....... FF=0.T5
57 5%
= 970%
$
= |
W g5 5% r
96 0%
|
95 5% ff
54 5% !
94 0% J
il 10 20 a0 40 a0 =11 70 =] an 100

Mt P owier [MV]

Figure 117. Typical Generator Efficiency Curves



1200

1100

1aoo

a0

Losses [K\W]

700

1all]

200

400

300

1] o 20 a0 40 a0 GO
Net P ower [NA]
Figure 118. Typical Generator Loss Curves

0 80 an 100



A2 Correction [kW]
o]

-X0

0735

——30
— 40
50

—E0

0E0 085 0an
Power Factor

Figure 119. Typical Type 1 Power Factor Correction

08

1.00



GO0

400

200

A2 Correction [KW]
o

-200

-400

-G00

[
...... 075
—— 080 B
-
085 Y,
— 040 -
T1—o09s
e 1000 B
ﬁ““‘\x — —
\\\

30

40 S0 80

5] 71l
Met Power [MW]
Figure 120. Typical Type 2 Power Factor Correction

a0

100



Comection Factor

15:]

[iE:]

o7

\\
T

//

]
P

N L
—
>~

I\

- N
f// \\\

.40 =30 =20 -10 a 10 2 ki a0 =t

Compressaor lnlet Temperature [C]

Figure 129. Typical Gas Turbine Curves for Inlet Temperature

40

-20

-40

[7.] abueyo asnwsadusa



Correction Factor

1.04

1.03

1.02

N e | L

g

\ i //
—EGT

]

)
8

/ AN
/ N

ﬁJ aﬁmt;amumduu]_

ta

0.9a

097

/ N

/| ANID

/

Y

0.96
970

== 1] 930 1000 1010 1020 1030 1040
Barometrc Press ure [mbar]

Figure 130. Typical Gas Turbine Curves for Barometric Pressure

1050



Power Comection Facior

yd

\ —d5
1.005 —as

1o AN |
N \\ —|
1,002 ] \ I, =
Lo - :::>x§

Y s et e

- NSSS

N

0.557

» NN
AN
N

0556 \

0% 10% 20% 0% 40%  B0% B0% T0% BO%  G0%
Relative Humidity

Figure 131. Typical GT Power Correction for Relative Humidity

100%



8

Heat Rate Cormrection Factor
=]

8

097

0095

0935

0% 0% 0% 0%

I
\‘\
IFAVRS

yd

40% 0% BO0% T0% 0% a0% 100%:
Rekative Humidity
Figure 132. Typical GT Heat Rate Correction for Relative Humidity



Exhaust Flow Cormection Factor

Ly ke
mowm

/
]

2

VAN

]

I/

I

/
A

8

[/
[/
N

/
(/]

A/

:
/

0,936

0,994

0% 0% 20% 0% 0% S0% B0% 0% B0% 9% 100%
Relative Humidity

Figure 133. Typical GT Exhaust Flow Correction for Relative Humidity




Exhaust Temperature Correction [*C]

i
=]

(=

-3

-4

T
R

PR

—

s
NN
N\
\RANAN

e

s

W

AN

/|

-
s
/

b

/|

0%

0% 20% 0% 0% a0% E0% 0% a0% 20%
Relative Humidity

Figure 134. Typical GT Exhaust Temperature Correction for RH

100%



105

\‘\- mFI.DH 15
\\.\ ——
NN —EGT
1.010 ‘\.::. 10
N
%.\
= 1.005 \\}"‘:"‘ 5 g
] ]
: N
; N g
O 1.000 > o é
f"‘
=
0.855 i ﬁf -5
| ff""
0990 ] 10

0000 0006 0012 0018 0024 0030 0036 0042 0048 0054 0060 00668 0072
Abs olute Humidity [dimens bnless]

Figure 135. Absolute Humidity Corrections



1.008
— (6
—103
—_— T
1 008 -H"""-"*--.\-‘
. \\ x
21004 T~ Mﬁ"“"—“-..__‘
£ T
E \
5 1.002 T — —
o x
1000 \\-.._
0994
20000 20,500 21,000 21,500 22,000
Fuel Lower Heating Value [BTUNBmM]
Figure 140. GT Power Correction for Fuel Composition
1001
—378
—1935
p—
1000

=
E
\

(=]
=]
=]
(=]

e
_— ]
— P
-

Heat Rate Correction

[
Lie)
8
\

_A""""’-’"
0998 ,.F—-""ffﬂ

0a8s

20,000 20,500 21,000 21,500 22000
Fuel Lewer Haating Value [BTWIbm]

Figure 141. GT Heat Rate Correction for Fuel Composition



Exhaust Flew Correction

Exhaust Temperature Correéction

1.0030

20,000

— 4.8
— 035
P
1.0025 \Q“
1.0020 \ ~
%\
1.0015 ﬁ
10010 \
\%
1.0005
20000 20,500 21,000 21 500 22 000
Fuel Lewer Heating Value [BTUABM]
Figure 142. GT Exhaust Flow Correction for Fuel Composition
08 5
\\ ey ]
H"'\--..,_ — 3035
04 —
‘\\ _“-""‘--...
03 =
""--...__‘___‘_-\-\\
b2 == _‘-\"'-\“‘
o H\\
i o ——
o \\

20,500

Fuel Lower Haating

21,000

21,500
Value [BTUNbm]

22,000

Figure 143. GT Exhaust Temperature Correction for Fuel Composition



Peawer, Heat Rate, and Exh. Flow Carmr.
[ =] = — p— p— p— — —
.3 & = = = = E o

=
(23]
==

105

nmn

1005

2
o

9.0

Barometric Pressure [kPa]
e
in

985

980

oy s

1]
| s
\ _.-r“"‘fﬂrf 10 ﬂ'
— -
(/ T E
] —BRT L 15 o
\u\ — GV * §
—EGT m"é
( I '
I 250
-3
N :
--..,_____‘_1_-_""-—-___,_,
— -35
— ]
)
0 10,000 20,000 30,000 40,000 &0 000 60,000
Equivalent Op erating Hours
Figure 144. GT Corrctions for Ageing
f
i ‘|
| K
Ill ! ﬂ frh
: bl 1 i ik
| i I i M | } JI '
’ f Ik '! "lli _ il ﬂ !?ILFJ] \fl ,Il iﬂlﬂ; ||||.H! Jlﬁr.'i |.1|I:': | II'R! |J
T T g T
e 5 I Il]lv ll: || .'li i
. | 4 I
moo1E 3R 42 5i2 B2 72 1 a1 10A 11 1A 12

Figure 147. Hourly Values of Barometric Pressure



20

Diy-Bulb Temperato e [*C]

nn—
b

i

100%

0%

=]
=

Relativie Huimidity
& 2
= =

]
=

=]
#

131

iz 4z 52 &2 2 an =N 10A

1M1 12n

Figure 148. Hourly Values of Dry-Bulb Temperature

12731

11

1.1

T 452 G2 B2 T2 an an 1041
Figure 149. Hourly Values of Relative Humidity

1A 12A

1281



51000

50,000

Fuel Gas Heating Value [klky]

B

48,000

47 500

LU 75 ) BT ] 2 52 &2 T2 B an moma 12 123
Figure 150. Hourly Values of Heating Value from Online GG






95000

90 P00 1+

g i ;
g (|
= {114
& B5 000 it
] 1 |
=

= |

E

=]

£ B0 poo

g

]

-

L]

75000

FOO00 + - ! : - -
moow3 3z 42 82 B2 TR an ¥ ma A A 12

Figure 153. Expected GT1 Capacity throughout the Year



11700

11500

11500

11400

11,200

GT1 Heal Rate [khkWh]

11.200

11100

11 000

”|J

i

Lfil

1 iz 42 52 B2 T2 an 91 1 1A
Figure 154. Expected GT1 Heat Rate throughout the Year

124

1271



GT1 Fuel Flow [ke/hi]

22000

21000

20000

b
o
=]

18 000

17 004

16000

li“

1A

131 3 42 82 B2 T2 BA 9 10A 1A
Figure 155. Expected GT1 Fuel Flow throughout the Year

121 13



[#e8] 587 0=4d 18 wdinQ Beang 18y

502 =T Tz aA an o 1a 120 12E
Figure 157. 2x1 CCPP Capacity without Duct Firing

4

181



270,000

260000

%
g

Met Power Dutput al PF=0.85 [KW]
()
-
=

230,000

220000

iL1L

11

181 32 42 52 B2 T2 81 % 10 114
Figure 158. 2x1 CCPP Capacity with Seasonal Duct Firing

121

1231



7800

7750

3

7 .B50 |

:

Met Plant Heat Rate [kJkAh]

7550

7a00

n

1131 32 42 a2 =T TR a1 an oA 1A
Figure 159. 2x1 CCPP Heat Rate without Duct Firing

121

1231



7850

7 E00

[ mey vy wejd Wy

7 B0

7550

57 B2

an an 1w 1A 1z 12m

72

131 32 42

11



44,000

42 000 i

|
&
=1
=

Fuel Flow |
l

=

2

I

36 D00

34000

" 13 3R 42 542 b2 72 gA an 10 1A 121 143
Figure 161. 2x1 CCPP Fuel Flow without Duct Firing



44 noo

o0 UL |I‘ IH | UL

.n.
5
=
=]

i
=
=

Fuel Flow [kg/hr]

% 0o N AR . |l 7

34 000 ! +
W 3 42 a2 B2 TR an L S [ T Y I ) B e B e/

Figure 162. 2x1 CCPP Fuel Flow with Seasonal Duct Firing



190,000

180,00:0

10,000

Reportesd Powes (K]

160,000
'
+ HE
150,000
150,000 160,000 170,000 180,000 180,000

Espected Power K]
Figure 163. Reported vs. Expected GT Power



Feported Hea nput [METUKT)

1600

1700

1600

1500

1400
1400

1500 b

1600
Extpected LHY Heat Input [MBT U]
Figure 164. Reported vs. Expected Heat Input

am



Aeported Heal Fale [BTUK ]

HB00

4700

GH00

500

£
=3

]
=

b
=}

=2
2

0040

EA0D

EROD

ET00

yd

EYOD

aain

ga00 8000 @00 GZ00 @300 S400 9500
Expicted Heal Raole [BTUKW]

Figure 165. Reported vs. Expected Heat Rate

GEOm

gro0 GR00



4,000,000

3,800,000

3,600,000 4

2,400,000

Calculated Exhaust Flow [lmohr]

+ _./
.—"/
3,200,000
~
3,000,000
3,000, 000 3,200,000 2400000 3,600,000 3,800,000

Expacted Bdiaust Flow [lbmbr]
Figure 166. Reported vs. Expected GT Exhaust Flow

4,000,000



Reported Exhaust Temp erature [°C)

B30

BOO

SEQ

SEQ

540

540

S0

Figure 167. Reported vs. Expected GT Exhaust Temperature

530
Expected Exhaust Temperatmwe [C]

620



caculaed Generaor Outpul [ Kie)

190,000

185,100

180,000

175,000

170,000

165,000

160,000

155,000 4

150,000

150,000

1585000 180,000 165000 AT0000  1PS000 180,000
Reported Generator Qutput [Ewe]

Figure 168. Results of Power Regression

185,000

160,000



Caloulated Heat Input [MBTU M|

160D

=
2

1500

1400

1400

1500 1600 1700
Reported Heat nput [MBTLU]

Figure 169. Results of Heat Input Regression



Calcula ed Heat Rate [BTURAG]

480

47

G500

bS50

8400

5300

5200

100

0am

3000

oo

j=rdil1] 9300 5400 9500 600
Reported Heat Hate [BTW W]

Figure 170. Results of Heat Rate Regression

a700

L]



Exhaist Flow (Reqgression) [mdhr]

4,000,000

3,900,000

3,800,000

3,700,000

3,604,000

3,500,000

3,400,000 4=
3,400,000

3,500,000 3,600,000 3,700,000 2E00.000 3,900,000
BEdhaist Flaw |Calculated by PTC-22) [l ]

Figure 171. Results of Exhaust Flow Regression

4,000,000



Exhaust Temperature {Regression) [4C]

G0l

i)
=

m
=

+
41+ Ha 4;@“
A . * R = narTn
& " L
2 P
L
570 %
N "
/.f' *
e
r n
-
SE0 4
AED 70 530 A4l

Figure 172. Results of Exhaust Temperature Regression

Reported Exhaust Temperature [°C]

[qui]



425

a R = -0.0108
o @
420 iy S T
ey
T “ ﬂl:} “ o
@ o £
o " 5
o o oo dy
g o p P
o o &
! g
3 o
E 410
o
w I+
o
4035
o
400 :
400 405 410 415 420 425

Recorded Net Power [MWwe]
Figure 173. Recorded vs. Expected Full-Load Net Power Output



GE00

6530 ﬁF=v1.aE
g £500
=1
:
" sa50
: ¥ )
o £1 o
z s % & e
E 6400 o o SR 899,00
o ]
b3 ] o
w 8 b ] [+
o “ gﬂﬁ.ﬁ( P
@ep 0
I
6350 =
L]
6300
6300 6350 400 6450 300 550 EE0D

Recorded Met Heat Rate [kJ'k'Wh]
Figure 174. Recorded vs. Expected Full-Load Net Plant Heat Rate



Expected Fuel Flow [Kghr]

59,000

58,000 g
:
57,000 IRt = 0.4849 ﬁﬁ@
L
g ¢~
=)
ks
56,000
4] o2 o
o _ o o

o fojo
55,000 =

T ) .

= ]
2]
L %
54,000
v ]
53,000
53,000 54,000 55,000 56,000 57,000 58,000

Recorded Fuel Flow [kg'hr]
Figure 175. Recorded vs. Expected Fuel Flow at Full Load

53,000



Calculated Pover [MA]

FTi]

410

Ll

ol

1]

©
=

320

mn

T

0

220

240

260 ZED 300 310 340 360 180
Reported Power [

Figure 176. Revised Net Power Comparison

on

420

440



2600

2600

2400

2200

Cormalated Heat Input [Glhr

1800

1600 1800 2000 220 2400 2600 2600
Reported Hea Input [Glhi)

Figure 177. . Revised Heat Input Comparison



E0,000

55,000

50,000

R =0 30

45,000

Comelated Fud Flow [kghr]

40,000

35,000

/

30,000
20,000

35 00 40,000 45000 50 P00
Reported Fuel Flow [kghr]

Figure 178. Revised Fuel Flow Comparison

5000

&0 00



Comelated Heat Rate [kJsAM]

non

r000 R—_—
: T i '.* +
R A3
BO00 g - 1, é‘ .
e [+
11 ’
ot et
i At
1 by 5
8900 s
3t
i +
&700 - ] :
e ’ +
4 t
+4 + '
G600 - I
=
il )

3 ‘o,

o Wt
E500

" + t
5 o,
b s
5400 | o -
b i
G300
G300 G400 6500 aaon 700 G400 G900 Ji00d0 7100

Reporied Heat Rate [kJkWh]
Figure 179. Revised Heat Rate Comparison



Comection Factors, alphal & betal

116

112

110

108

106

104

(495

I I
—pow e (mfy's)

® power (actual) |

heat mput (mig's)
& R mput (actual

5 a0 5 10 15 il ] i 35

A bient Tem parature [*C]
Figure 180. Temperature Corrections, alphal & betal



105

1\
1.04

e porar (i g's)
& powar (actual)

==
=]
ol

heat input [mfg's)
& hesl input (aciual)

=
I}

2

\.\‘

Comection Factors, alpha? & beta?
=

5

N

055

N

kT

T

20 9490 1000 1010
Barom etric Press ure [mbar|

1020

1030 1040

Figure 181. Barometric Pressure Corrections, alpha2 & beta2



| I
poow er (rifg's)
L ® power (actual)
1.006 haat input (mfg’s) [
K\a\ & heal input (aclal)
1.004 S~
] T
T %
=y ooz ::"‘1-._
e "'--._____"‘--—-,.___‘_‘_\“' ¥
.
% h"""l.._______ . .
1.000 r
;‘ ' I S 1 - —
= -
FooEs =
t -
2 -
E 0996
E L)
L ]
“~ gy -
]
0992
0830
0.000 0.0 oon2 onoz 0004 0.005 0,006 o007 000

Als olute Hum ity [kg&g)
Figure 182. Humidity Corrections, alpha3 & beta3



s
1.00 b N
A 1 LA §
o
F -
g (IR ] " a— +
! R S
'ﬂ F ) -
=0m® &
b F
g
i
E 097 +
5 A
. }
a &
&
pow er [rfg's)
.95 - ®  power [actal -
heat input (rfg's) &
a  heat input [actual)
(ER:1] ! l

A5 00 45 500 46 00 A4h,500 A7 o0 47 500 Ad [0 A5 500 44 o0
Fuel LHY [kdkg|

Figure 183. Fuel Composition Corrections, alpha5 & beta5

1.05

I
———pawer (mig's)

& power (sctual
——hial mpul {rlg's)

4 haatinpul (actual

\

B
A\

Correction Factors, alphal & hetal
=

A

—
/" 4 ‘___,_,..--"""r
.
-
1.0 s ] _,.f-f/ . ¢+ *
- '_-,.r""’ | N i E
i
i
adk .
1.00
0 10,000 20000 0,000 40,000 50000 E0,000

Equivalent Operating Hours



LEVEL EMNEREY

LEWEL ENERGY

LEVEL POPULATIGN, n,

Figure Al. Change in Level Populations

LEVEL POPULATION, n,

Figure A2. Change in Energy Levels



oo ||

&
FRr L

Exhpre e Coreoion o HeatRak

FRra:

T
[
! ) /—_/——_‘/-
f
B

¢ 7

s

Bachresura i by g
Figure 184. Backpressure Correction to Heat Rate
N Eaphpre wure Comeodon o Load
FRrLiE

T \

bachprnaure | By g
Figure 185. Backpressure Correction to Load




TFR= 128

Inlet Recmm Correolon 4o Load

FTERr e

]
L
B
i
B T —
————______ 4
— ]
-
JB.Q [ e I-.I

Pl FreuureFake

Figure 186. Steam Pressure Correction to Load







FeheatT emperatum Coreoion b Heat Rake

FFR=n.e

TR i
TR &

o ||

=

3
Rkt Tomparimre D+

=
>

E

Figure 187. Reheat Temperature Correction to Heat Rate

Enhanscesmend Facior, ©

g

:

N\

:

S0 il =0 100 (]
Temperaure [F]

Figure 188. Enhancement Factor



] —— _'._.___,_-""-"‘
,-""f’r__,.-a-"’/

i
-

\
\

B 10 150 L]
Termperabune [F]

Figure 189. Saturation Pressure vs. Humidity Ratio




(]
(QILIDXIHIND)

= ]

¥AWM FAILOVIY

sk

1 l
(Q3LDXIHIANN)

Curves

Figure 190. Typical Reactive Capability



ARMATURE VOLTAGE DA CURRENT

PER UNIT

-

A RAE REES RS RAADE LD

L

e n D AL
r

wJaasalies

A i

U arm volt
U arm amps

!!rlll1rl'|'!l1|'|-lII|'r'1'!lllr"'!|ll'I_I"r'|"l!l

h i)

j - 13500?
= 4357

Gaz gap
Ko load 8
Synchrono
Saturatio
arm amnps=
Eatu

T

;I |

m ome

arm amps-

AFNL & 313 Amph
AFSI = 576 Anph
AFFL = B42 Anpp

AW PETY TR TS PO TS PETUY ENTT ANTTEY FTR ey ST SN

rFEEIOn at ~
g [f‘.iﬁ

i

pturation ]
Us Lmped
| At rate
Fated PF 4

o 200 400 BOO
FIELD AMPERES

Figure 191. Typical Synchronous Impedance Curves

L] 1000 1200



B0

70

60

Figure 192. Typical Efficiency Curves

20

10

m =]
= =
..___.. - mm
=] S;
YR o
i
- . =
: <1
+ I
} . ]
n =
y: {TRE
~ - =77
= uty
=« Ny
H _.r_n_u_.__;n_r i
T Looo B : H
 Joco . - =
e % ' AONIIDId43 HOLVHINZD
& FY) " - ) i L S £
(n [, i 2] [ o L




1500 gerepr—

1800

1400 F

1200

1000

800

aon L

T Ll e il & o il i T Lo lonlls il muie: e it e Ll T I i |-1 _I TV 1 Lgnle denil mlew &
! ! ! 10,90 PF ]
i i | A ]
i i { A ]
I | ' O
[ i | ]
| ! | | 1
1 1 1 i 1
/(095 PF) 1
[ . WA L
y ' §
: : : S 1
- : | : /o s
i i i r 4
{1.00 FF) 1
I I, A 4
) !

A N S S L N
% FA o 1
— | ] 14 ! ]

[ i i A ]

7] Al ]

[ E ;’. ! ]

/ ! ]

T% - - i T - ]

[ — : : / P ]

=< ; d / ]

- 05 S S 1

s 2 r rd F ! ]

F & vl ‘ ]

:_ ___________ LY === _.za'_. amapmamnns s bemm sy meansm s ______:

i | S | 1

Ay ]

- ey s : -

A | ]

oy : ]

| ! . ]

L ' ]

» A - " B - .
-___.-—""l:'-'. E

&0 100 15
Figure 193. Typical Generator Loss Curves

00

15

n
U



Losses

2200

2000

1800

1600

1400

1200

1004

ano

&00

3
/
+
4
W
'
.I"‘l
__J'r
.
+
o
+
~
o
v,
b
ﬁ.
5
e
o
Fi 4
¥
-
.
¥,
;,
Fy
W
o
+
.
ey
=
J:tl:t" hr_ -
—
o S0.000 100,000 150,000 200 000 250,000

Total Power, KWnet'PF n
Figure 194. Multiple Loss Curves Collapse to Single Curve

900,000



2200

2000

1800

16010

1400

Lesses [KWW]

1200

1000

GO0

*
[
« PF=085
= FF=040 2
4 PF=095 E ;
1
®FF=100 Aoy
» |/
;'f N¥
. B
A S
I ,{
K e
Fw e
ri ._.-' K
‘{ ,-'I .}r *
-
N -
+ 5 rd
r'I i _.* L]
£ 4
LT A
.:' ’. S .,
s A
Y
¥/ i*f -
e’
A }"/ .
5%
M
800 r-owl*""h(
50,000 100,000 150,000 200,000
Met Output [kW]

Figure 195. Typical Generator Loss Curve Regression Results

Zao.0an



B CurveFit® Yersion 5.21 ©1982-2018

Curve-Fit

data copied from the clipboard

1,01 § 4=t , : : :
plree-H BE=0, 833830 Fovalue=1 G20AE+00T ]
exact agreement h
1.01 *]
- ]
] o ]

gk
1.005 e -
* ]
1 -
0.955
0.99 Bl -
e ]
0,985 * :
E ]
0.68
ngr FEE AN ] 111 111 1 4.3 3. 5 i
i 1005 401 10

gaphics

75 093 0085 093 0995
Diata




P Inlet B 2.5 inHZ0
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Figure 200. Risk of Icing for Houston, TX



Figure 201. Risk of Icing for Edmonton, Alberta
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Figure 202. Icing Risk Cumulative Probability Curves
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