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DEVELOPING OF COMPUTER PROGRAM FOR COMBINE CYCLE POWER PLANT HEAT

REAT AND EFFICIENCY

AN ABSTRACT
BY
CHIRAWUT SRIHERA

Presented in Partial Fulfillment of the Requirements for the
Master of Engineering Degree in Mechanical Engineering
at Srinakharinwiroj University

September 2008



Chirawut Srihera.(2008). Developing Of Computer Program For Combine Cycle Power
Plant Heat Rate And Efficiency. Master thesis, M.Eng.(Mechanical
Engineering).Bangkok: Graduate School, Srinakharinwirot University.
Advisor Committee: Asst. Prof. Dr. Pichai Asadamongkon, Asst. Prof.

Dr. Jutarat Kurujareon

The purpose of this investigation is to demonstrates the combined cycle power
plant performance test results. The test results shown here consists of 2 units of gas
turbine performance test and 1 unit of steam turbine performance test The power plants
used in the study are operated with natural gas. The performance test was processed
using PI program by EGAT to connect online data from power plants and using power
plant real time heat rate and efficiency values to calculate fuel gas flow, power output,
fuel gas temperature, air inlet temperature to ISO condition temperature and pressure
corrected point. The calculating results had been compared with ASME PTC22 standard
test codes for gas turbine power plant and ASME PTC 46 for steam turbine power plant
to assure the accuracy values. The testing result indicated that the testing values were

conform with the ASME PTC22 and ASME PTC46 standards.

Keywords: Heat Rate / Combined cycle power plant / Efficiency
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2.1.3 NIHUMBUUY 2 YUY (Two Stage Gas Turbine)
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2.1.4 AIRUMBUVL 2 191 (Two Shafts Open-Cycle Gas Turbine)
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2.1.6 159 1W#waannu3ausa (Combined Cycle Power Plant)
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2.1.7.2 nisfenuiialesi (Heat Recovery Steam Generator -HRSG)

A I o A J dquw o A o oo @ & wq Y =~

maammﬂuwmmmﬂ‘laum”l%ﬂwmﬂ%1mﬂimﬂmummﬂumiﬁmmiamm
A A A A & = 4 . 9 4?1 2 A
YOLTYNDNTDVI U LITANINUVDYLADI ( Waste Heat Boiler) TﬂiQﬁiN“lJiZﬂEJ‘]JﬂJUiﬂﬂTﬂSQMﬁﬂ‘V]
< a 09: 1 < 9 £ g ] [2) = A
LLUNLLT ﬂ181‘11!@]{51@0"11@]1/1ﬂlﬂﬁﬂﬂuﬂ’)'lhiﬂu’ﬂaWﬂ q YA FUTUNIHIUVDIN BTV INAT B
v o @ A Y v o 3 J a Y] o Y '
ﬂwuﬂwmﬂaammmﬂuwmm umaz”lau1fnz"lwanﬂummﬁummiaumﬂium NyUDN

Y i1

9 o A A A 9 Y Y & a o IS
3J'f]u’leumglﬂfﬂllﬂ@WN@LW@anslﬁﬂ’lcﬁﬁﬂu539@ﬂ T]ﬁVl’l\?ﬂ’lﬁllﬂa"U@Qﬂ'lcﬁiauel,uWIIﬂu'l@'li]i]g

=~

€

[ 9 [ a A 1 = 1 Y a d? dy 9 1
QﬂUﬂ?ﬂW@ﬂM%uﬂ@,ﬂ‘ﬁimﬂ1 maﬂaeEIGIM"lwammﬁiwmaaﬂmumawu deenn19lany

T et

[ = 9

Y ' v
ufuMIeRALUL vanead 9 Tuniiothininuazmme ail

2D,

A a 9 3 T Y 9 Y o A k4 '
1n509NINNUTOU (Super Heater) tHuvanerosuuiu A lundeduiialotiua
1 Y o [l [ A A 1 4 d Y & = ] Y o 9

aziaenazao i uNeI NG enI 18A1AB3 ( Header ) 31NFAADI UKL TALUUANNUNTD
o =) oy = d! = o 1 1 Y o [ ﬁ}d' % d‘ "9

fudialerir dnlarenilaazdameds uavziasslivdudai ldiensvensaiiienosoun 1naa

4 Y 1 v v o oy 4 1 3‘ % o a [ Y v W ‘;y

wosmuiazas ludanaiu loiuodslovi lldudy  Unaudreesmstudunaiulotiagi 2

I A Y cy ' . 9 @ Y =

2995 1asusniluaseshilinnuauletitgandt (High Pressure Steam ) 92141 115unnuioun

Y

A = Y [ 1 v v v W o Ao o o = £ =
msm‘mﬂ:mJsﬂuﬂ’nmuqmazm“lﬂﬂmﬂuﬂwuhlaumﬂwumwmuqmmwwm U

] 9
=

y S s 1 & od A 9 A Y Y o s y
au'leihdindr ggnsainneddesvziiveiududiesii Talmsayos
o I 1 { o () y [
dudeisimes ( Evaporator) iuvanensuanuounnmawiou Taeiiilunsadu
. g v v 3’ g} T 4 ] I
g4 (Boiler Feed Pump) Hudduaudnunlundei ihlunevesduiilesmeszdoa liudaiu
3} 09/’ A oA ] 9y Y 1 Y 3’ g‘
Towhianua iosninvaneil liamnsanuanuioulage meluneaz ldasanmimeloii
v = 14 1Y) [ A & :j :j Y 31
lwasglunedunllesmesuas lvandugasu Agvzuenitas loweennniulagletinggn
y A a 9 A J o d Y o a o &
uon liduaioaniniuiou vmzminggnilmhdudmdeorihdnasmil

Vo 9 A I ' 9 ] Vo A J
LUANNDIUAINNIDU ( Economlzer) Lﬂuﬂlﬂﬂﬂiﬂﬂ?’mﬁ@uuﬂu'l‘VliJ'ﬁ]'lﬂig“U‘]Jq‘Uu'l

v '
Y o o

o A e J o o da A A ' Y o a
u’]ﬂil’m’lﬂ'ig‘ﬂlluhlﬂﬂﬂ @]'J%Wﬂllf)‘l:!'mﬁllﬂUuTﬂl@]lll"U'lll‘lJGlui$U‘UWlﬂﬁﬁﬂﬂjﬂlluuﬁﬂﬂﬂ“uﬂqﬂ

e

@ [ = 4 v v @ ] 1 a (2 1 o a
HIUAATAD i]$i‘Uﬂ1°1)'LﬁEJiﬂﬂLﬂ§’éNfN‘Vi’L!fﬂ‘ﬂﬂ?ﬂuﬂ1ﬂ%@ﬁﬂ1ﬂlﬂuﬂl@ﬂﬂ1%%}@u ﬂﬁ)ul%ﬁﬂﬁﬂﬂuuﬂ

g' Y T 5 ) dy S q Y 9 9 g’ 9 ' 9 g' =)
lovhdesiuuiulszgle - da vilszqiiazdlaliliidhmdon mindesngagoundei e

v
S A

a 4 a 4] 1 1
vgauaioanan il nazmasouszgniasseonnigilaes (Bypass  Stack) Tunsdifidesns

2 Y 9 9 Y o A 09, o ! IS ' ' IS Y &Y Y 9 09,
m«vsaummﬂmm“lumemmﬂllam muﬂiz@mﬂan%ﬂﬂﬂam ummﬂﬂchmwmnmmm

UNU

4 IS)

o g’ I d w Y o a 3‘ o 9
QWﬂVlﬂui(Steam Drum) LﬂuQﬂﬂiﬂ!ﬁaﬂm@ﬂﬁﬂﬂﬂWluﬂqﬂHW VYHIAUDIDNVEF DI
Aa ~ A g} A = v 9 [ g’

USuaunesanenocazauiimiunmsilasuuilasvesaning iuﬂlmzmmﬂummmmmm‘um
19 Yo a o g’d' Y Y ' Y o A g}

llﬂJelW@ni]l!Lﬂﬂi’)u@iTﬂ TﬂEJL!TV]‘ﬂB‘L!HHS%“U‘LIﬁ]S@@QN"IL!fﬂﬁﬂTJ‘]J?]NﬂmﬂTWLLﬁSﬂNi’)ﬂ"lluﬂ"l@u"l

9 o <3| 3 9}2} A 9 o ' g’ A o o o A
ﬁ]g@]@QVI']ﬂTJ"I?JﬁS’;@"IﬂL‘]JH‘U"NﬂﬁQIﬂ8(16111!1fﬂlﬂllL"llTVIW"I’JTJJﬁ%'E)']ﬂﬂ?f]mluﬂf‘]unwaﬂ"ﬁ]ﬂﬁgﬂilﬁ/]



24

A o w A

9
anagnieluervszianuidemeae lunesiuld mshaundgaenisuenleaseanninimaz

o =

‘;y A ag A aa o 9 o 3‘ Yy A
lowrduda AFmsuenionisuen lnesssumanerdeussnegaveslan 01leasunuiimdad
< < o o a 19 @ a (= I~4 = fl a
ANUSWNANDNIZILENA TASTITUSIA LABINTHENGN TA8TT TSR LNeIno A ae TirusIa
. o Y g} [l A & 31 a 1A 1 A 1Y) T 1 A &
(Swirl Plate) 3z 1% lowhwyuaudiuindulerhezanegiuiusdanazannaugasdumilule
=3I o 4 [ [
aanru lildaunseanianusouuduindnaiuas 11

Y

d‘ vV v :’ A v o oy a0 [ 1 A
2.1.7.3 msmmﬁu"lem mimﬂmu"lam Haulsznouvan 2 dIu Ao

Y

1 ~ T oA . [~ 1 ~ (=) 9 1 v o o
drunegnuf (Stationary  Part) 1ludaui luifimsvyu 1dun ludawiulen

U

2
IS a 1

a o t g { 1 4 v W
UsznouAnanunsounen (Casing) FuilundonuenivequFudIua1e 9 YouATOINIHY

1 . < A = <3| =
A@7UNYU (Rotating  Part) 1Wuarunimavyu Tagimaniuununaranazily

q

a [

v o =KX A 1 A oy Aa = v v @ 9
MU UNAYYATANADYVULNAN !JJ’i]ul’f)L!TV]M@ﬂ!‘l/iﬂNllﬁ&’ﬂ'J']iJﬂHQ'QﬂﬂiJWﬂgVIZGl‘UWﬂﬂwaﬂ@uﬁlﬁ

Q QU

AAMTHYY

v
[ o

] 9 1
w3osnarulorhegliaesdiu Ao AnuAuguEzANUAUA Fdoandoanuns

v
o A

9 ]

PONILLNITHAALAZMS Inaeuvedlei ToanudugaazanuaudnesndnnioInIna

Fouvz Tnahinsiuanuduguazdaiuaududnuszay tazsmnuoendua1udgingo
ALY

[ Ay 9 A [ 3’ A [ :j 2 = [ oy

wanmaesduveuniesnaiulorh fe naiulomezryuldTasliugsinleii

v A [ v W o Y ' [ A ° a Y] o &

ponvniaaa llnsznunuludeiu dldmamyuuszsunsadenuieIasiiiia Wi suily

Py a a A o o v & = o I = | A ' o o o =3

uwaziNaiadszEnTnmwsasisiuliinniudahdisiulnans quadlliauiariuusiiugsn

i lurhuniialathdnasaiaiugunnivalaasudidnisiuusidudilasnuniuusian

o v 2 o A ' -y d o g A o, o Y a &
@]']LL@'J?NLmquﬂja\‘]ﬂjULLuuvLauq"ﬂzﬂau@'ﬁLﬂuquwaLmqgﬁuaqauqaﬂﬂjﬂ

2.1.7.4 ;30anuiia vl
wypanuia i Jarudszaeundn 2 dau 1dun
S Q) 9 d! 1 [ v W :’ d‘
Tswes Whuwavyu Tasdatednanilsazaenuldaromaivesnsiu leiuiena
[ [l 4 o [] <
Tanyuldrenu dAuluzgnanzsouieiuaataauuuiman
s J ' A 1w A v ] 1 3 A
manos 1Wudiunedivin sululszneudrsudumaninandounuiuglag
= 9 [ Y o 1 4‘ ) a
UMIUGBaFY o AuudIsAauLNITuNTINTZUBNAANAaRAANENVR AT B 1T 1T
1 & I'd 1 o [y
Goan upulu (Stator ) Falilswmosaoainllld aaeannusveanuluaziisosdnsy
% d (%3 =) 4 'Q/ 4
yaaradududinda i Womamyu vaaranidlumarszgnilounszualdduioadhs

awuiman lihldvyudasuveataluaames sildinausaundeu i waznszualih



25

4 o a { I~ Y
Tvaeenainmiosduiia lihnszua i nszualvibhnlsludhuwsudunszualifhady 1
A a d KR Y = <3 A Y A 1 a2 d
AR 5018509 Tedeslimanruauanus lumsnyuveunieslinei 3,000 soudeud 1l
wa lianudvesnszua Tihasnau lddqe
2 4. A v o 2 oy = o a o )
Toshidumaniosnaiulethwdszlinnudunazguugianas vzgnild
v o I g} ~ [ g} A A 1 9 o :j o AR
naudnailhinauudy iidwasesnumivezgngudeiluiiliglnsainemaiy
Y, A o Yy A v 2
Fourosuanusounuiie lovise ll
! P, S A quw & o A A " e v o
mIoamanuieueenan letune ldnareiinmiesnruunuiy azldin

4

=2 ' gl 9y A 31 ' Y J ' 9 A 9 3} A
qmummmmmmammqt;mu1mum'lﬂ1ummammmiam‘wa@ﬂmmiaumﬂllaumwm

Y
)

A o oo y oAy IL o v A Yy a1 &
inseenariu lorwdnimieutivuszii luszueanuiouseniiveszuiennuioudnaonil
Y o [ Y Y '
udnhnauunldauluresszueanuiouas il
9 o @ @ 9 9 g’ A
woszueaNudouiinuTagerdunannmsmianuieuesn liare orna i
Yo v A ' 2 Y o ¥ v
lasuanudonanaiesnrumivezgnanliiludesidiuuuvesroszuiennuion uarana
o 1 1 @ < J @
NdidIuanvereszinenNNion auiueImmdy uazaemanusouliiueima
A oA 1 A A1 o A v o o A v :1 o
3o lfhwaaziniesiaenunsesnaiumasnazinTeenainlom vz
] ' o o o H 4 o Aa [ o
winilasunasaunadundsaliih nszua i ldnnnsessduiialdihazgniSuszau
useau i Idmngaudundondad i Aeudwihuamedaunomimasau Wi Tdgd14 i
ao 11
@ 9 ' & Yy a Jd 491 a =) v
Tsalihwdennuiousiu deldmasssuna ifudomasziinansznuao
A 4 %) { 1 1 = %3 J
dunedendosniniiesninmads Nlassoonainildesveslselwih luliduazeowazdamlos
st g Y v A o a g 4
lavonlea dedesnruguliedluszauiunasgiuimuaausssunandd lulasoueon lva vy
a é} d‘ a Y 9J d’ v o a o = o Iy Y
navuiegurglludown ndve unesnsiumaiu 1,200-1300°cmsaduguisild 1dae
Y ]
Taon1sAnazoo(Water Injection) 1ndn 1 ludeum ludivoanguugiilildinul,  200°C
1 ] 1 2
aapananimsawnieswannszud lihmsiniomniui lddseaninmswmvesase i
WanNWSous WG 50 % WeoreunuTse TihmdenuarusouTaeia luddinnlszana 40 %
Tsa'lwvhudennudous aunsaneuausinnudesmsvatslsems naie
o ' 9 Y3 1 A A =\ A Y Y Y] dy a
mimsneasalaisinilsdliihriady Tnansznvaedunadouos tazwasunndomaa
Y [ ~ a a 2/' (9 Adq Y J dy a 19 ) 9
gnldediszndanazlilsz@ninm venainiiu Masssumanniudemasludouindion
a91lszne
a A J £ v d A o I v v W Y J
m3aunsenemes IMihdndadaedounumaniiudmduanulduyuuenes
v J { o o o a 4 % 1
IWfhazvganazadagazgnilansoniensiumaauniowuss ldudrlaemaidnduniiszao

4 4 4 o a 4 1 4 { Qy
onaldnyuma Iswmesvouniossuila Wduionyuirenszua lwihmaioungnisesnain



26

A v o o = a ) ) 9. A ) (% '
Lﬂﬁ’ﬂ\iﬂ\‘lWl!ﬂ'l“]fﬁ]gﬂJQﬂlﬁﬂuilﬂﬁgﬂJ']ﬂl 500 C (ama39101,100 C sllﬂ‘!gLWWllWﬁJ) LHBDIITINNTIFANNEA
[ = [ 9 A 122 [ ] a v W oy A 9
ﬂwwawmmmieumaaegmgﬂmﬂwuaﬂwa@”lwﬁmwu'l@mma“lmm

fﬂﬁ‘ﬁNTLHJ'ENI?Q11/\]17111/“5\1\1111?131%%@1!53%
Y 9 ' 33| ) ' v o & v v o 3’ £~
TﬁQ"lWﬁWWﬁQﬂfﬂlli@uj'ﬁlll,ﬂuﬂWﬁ/n\ﬂuﬁgﬂ’J"I\Tﬂ\?ﬂi!ﬂ"l%’ﬂﬂﬂ\iﬂu“lﬂhﬂ UINRN

o [ dyd 491 a o 19 o 9 9 = A v 9 @
NIININIUAIUAD mfal,wmmngﬂmm"lﬂﬂwmgm"lwu TﬂﬂllﬂTﬂWﬂ%Qﬂﬂﬂﬂ’Jﬂﬂ')TNﬂuq\i 8-

a [

1 4 [ ] o a @ ] [
10 L‘VI”IiﬂﬂLﬂ?@Qﬂﬂ@WﬂWﬁNﬂf’JﬂLNTllWﬂ ‘Vniﬁiﬂﬂﬂ"li"llfﬂﬂ@'J“’IJ@Qﬂ"l‘ﬂf%}@l!ﬂu!,!ﬁgqmﬁﬂﬂﬁﬂﬁ\u%"l

G U

v o &Y o A A o A A ' = [ 1 4] 9 A o
AU UNY ﬂmmaauuazgmmmmmﬂ"l%lﬁmmagumwauﬂmﬂu TAIUNIHEIDUNY

—

g

Uyuau
. o 9 ya o & o Yy Ay o4 v o 3
¢4 llaggﬂﬁqaaﬂqﬂﬂQWﬂ\uW’ll‘lﬂﬂ BNAIINUI l!agu']ﬂ'ﬂ’lllﬁauullﬂﬁllu’lﬂ UDUT U

€

f
o
f

-]

NI
{ | 1Y v v W 091 § o 4 4 o A 1 091 { o
ngndvaznaeilu leanudugs lldunaiulew edunaewniessuidalvih aaulevinduy

[

v W S v ' Ao ~ o ' ' I’ o 9 2 <
uneulorhuds drundinsinnuaugeeges lvadundianuaula lewhdiuiinzduau

€

[ Y

fuudnadanila dau"laﬁ”m’;mﬁuaﬂaaﬁ%gﬂdu%’ﬂﬂﬁqm?mﬂamuiu Fagszoanudou

vodlorhdeni Terhergratumiiiuh Tudeluddaimi iedalduseldmtedui
ﬁ’ﬂTJg3JW]ijpu??ﬂ’i%U’?;]%ﬂiﬁﬂﬁuﬁ1%&tﬁ$’§§]%ﬂiﬁiﬁu1@ﬁ’1 FIusTeIA

lerniinsnAsunladllausunauazaauin lumsiinsanmsnaounlades

o 9 v v W v o &Y v o v o g’ @ Y
Lﬂ?‘(’]‘ﬂlﬁleIﬂﬂﬁ'ﬂ'ngil'lﬁij”lllﬁ”lﬂ3‘]_]'3{(]fﬂﬂﬁﬂ\iﬁuﬂ"lclﬂlagﬁaﬂﬂﬁﬂﬂﬁullﬂu'l AIN1T N1

MTN 1 L!ﬁﬂ\1ﬁﬂ']’wﬂ\l"lﬂijpu‘llﬂ\i@\iﬁ’ﬂiﬁlﬁ‘]

Parameter CIMAC ASME NERA ISO
QUNYH 15 80 80 59
ANUAUVITIINA 1.03mbar 14.17 14.17 14.7
AnFUF NG 60% 50 60

CIMAC= International Council on Combustion Engines
ASME = The American Society of Mechanical Engineers
NERA = National Electrical Manufacturers Association

ISO = International Organization for Standardization
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o w a v o A A 9
kW, = masmseanvesnsiumasinan 1d
N =  UIUTDVUD watt-hour meter (20 591)
T =
Pkh = fA9NY0IND3 (447,989)
3600 = 50U /%31N4
\Y = Tad (Field voltage)
A = nIzuUe (Field current)

0.975 Amsulasnung
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3.4.2 905131 H¥INAINY (Fuel Gas Flow)
[ 9 dy a o o 9 [ U a () [ ()
on31ms Inyemasnadiunldnmsiam gungivesma anuauveImsIaz

@ { 1 an o g { o o o Y { a o
ﬂﬂ1hﬂuﬁ@ﬂﬂiﬂﬂmﬂﬂﬂ@iﬂ“}fiﬂﬂﬂ1ﬂ1§3@ﬁﬂ1ﬁ\iﬂﬁ@q\1’q¢] mimmmammﬁhvﬁmwmﬂw

Y
92ADIMUIUIIN AGA Report No.3 Taeldgasmsmiuiaaail

U

Qm = 3600 -N; -Cy4 -E, - Y-d> - [p,, - AP (3-2)

Tasf
q, 8n31ms 1 ¥ewasia( 1b/h)
3600 9/ 114

AN = 0.09972424

o Z

=%

a.1l.a. voq discharge

< o
AITULTIVDINIY

™

y Wy o .
NITVIIYAIVDINTIFAIUYI A Orifice

o <

YUIAUDY Orifice( inches)
P ANuHUILHUYEIMY (Ib/f)

AP anuauNanABUN Orifice (inches of H,0)
343 msaulassnnuion (Measured Gas Turbine Heat Consumption )

HC, = FuelFlow * LHV (3-3)
Taghi

1 Qy A Y
HC manuauaosnnuiou

G
v Wdﬂl a o
Fuel Flow @@5']ﬂ'lﬁalalﬂ°lfﬂ!‘wa\1ﬂ']clf

Y
LHV mmm%’aumawﬁmwm

344  dATIANNIUNIY (Measured Gas Turbine Heat Rate)
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HRg = (3-4)

1w Y Ao 4
HR, ﬂ'l’[’]@]'jﬁlﬂ'l'uﬁ@uwjﬂul@

3.4.5 l¥msiSumliéaan1izanasgiu (Corrections Application)
mstSuanzdealsumangiialalilln annguasgruigungi 60°F (15 °C) A
[ 4 @ @ 4 o 4
AU 147 psia(1.013 bar) HAZANNFUTUING  60% QNMHUATAGRINTAINIATFIUAING

International Organization for Standardization — ISO M30138n71 NETA1IL ISO Condition

3.4.6 USUmMaIveun3eanariumas (Corrected Gas Turbine Power)

_w F(la) ‘FQa) -Fda) 1 ]
KWec =kWo F(1b) -F(2b) -F(4b) FN (3-5)

Taen
1 Y A [T Y
F(la) ﬂ”lf;(\if]:ﬂsll@fiﬂ?"mﬂullﬁiEJ"IﬂTﬁVIi]%TJi‘]Jﬂ"I"lﬂ
Y Ao Y
F(1b) ﬂ'ﬂllﬂu‘ﬂﬁifﬂﬂ”lﬂ‘ﬂ?ﬂvlﬂ
1 a dy Y @ ' 14
F(2a) ﬂ1f;Nf]:ﬂsll’E’)QQiLl°ViQ?JLLEI3ﬂ’ﬂll°If°L!‘1]@\‘1@1ﬂ"lﬁalnlf‘ll"l‘1/ﬁ]$ﬂ§°]_lﬂ1hlﬂ

Y v
F(2b) gamgiuazanuduvesoimauuiniiald

g
Y ) ]
1 [ = ) A = [ 1 Y
F(4a) ﬂ1qqqmmamwmmﬂmmaamamazmzﬂﬁum”lﬂ
(Y] = g’ A Ao 9
F(4b) dasimsaatiuneaauanziiald

@ 1 <
FN  5umanusisou

347 JSumonsinnuSeuveun3eanariuma (Corrected Gas Turbine Heat Rate)

_pgr.. . Ydo) -F@e) 1 )
HRge =HRg F(1d) -F(4d) HN (3-6)

Taeh
1 o ~ [ J 9 .
F(lc) MgIgauednnuaulsseImanazlsuala (psia)

F(d)  anusuussemeidald( psia)

1 [ = g} A A [T Y
F(4c) ﬂ”lfjﬂf]"ﬂﬂl’t’)ﬂi’)@i”Iﬂ"liﬂﬂu%WﬂﬁﬂMﬁﬂn%ﬂﬂzﬂi‘Uﬂﬂﬂ
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@ =} g‘ A Ao 2
F(4d) @ﬂiWﬂWiﬂﬂu’]LW@ﬁﬂNﬁﬂ”l')fﬂ')ﬂllﬂ

HN  YSudnanasisay

3.4.8 YSummasmswangnsveensiulerit (Corrected Combine Cycle Net Plant

Power Output)

kwcc = (kWG + kWST) ) kWADCC - kWAUX

(3-7)
k\X']ADCC = 1 (3_8)
k\A]ADCCT : k\R]ADCCB ' 1(\XJADCCH : k\X]ADCCS : 1(\XJADCCP : k\A]ADCCW
Tagfi
kW, M THAAVDINT ﬁ’u'lm% (Steam turbine generator output, MW)
kW, dsnusildnelulsdilih

AUX

Y
kW, dSumididemsnanveenariu e

ADCC

[ 9
AnnaemsUTumgavgivIinAaiuMene 2 nilemsnan

k\A/ADCCT

J { [ @ v o oY QSJ‘ ] a
kWADCCBﬂTLﬂa‘c’Jﬂ"ﬁﬂi‘]Jﬂ'NiJﬂuUii‘c’ﬂﬂ"lﬁ"UﬂﬁfN‘ViL!fﬂ“]ﬂ/N 2 HUIYNDH

1 { [ 1 4 v v 09/’ 1 a
KW, ooy ANRA0UDIMTUSUAIAIMFUV VAT UM 2 HUIBNTHER

1 { [ ] v o & qgj ] a
kW ANNABYEINMTUSUMANNSTITOUYDINIH UM 2 HUIINaR

ADCCS

Y
kW, oo USumnnuau lothmasrunaiu

Y I
kW ﬂ%umsumwammmé“ms1ms§ﬂﬁnﬁaaﬂmmaz

ADCCW

3.4.9 YSumonsnnudougnsveanafiulein (Corrected Combine Cycle net plant heat

rate)

HR _ HC orc
C kW (3-9)
HC ggpc = Z 12 [kW s -HR 4 ] (3-10)

Taeh

9
HR.. USumdasianuiougnivesiaiulein

CcC

% 1 Qa} A 9
HC, g Y5umanuaunlaninnusou
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4.2 m'iﬁmammumﬂﬂgm ASME
msmuasannuioutazszansnmlse i auansigiu ASME PTC 22 d sy
Tsq IWfhdeiumaas ASME PTC 46 d sy 159 Idfhndannudousu Tasduasestszuna

o 4 1 ! ] [ o 0 {
1 4 e e lddrganzasi idanudeyann 2w Wunar 2 42 Tue Juhdeyai Tduim

a
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AUNAYUAITIMIATUIU AIUMTATUIDAIT]

dy a o aAdyY a . Y @ dy
ﬂmaumamfmwmmmﬁwmmwamaammu (Des1gn) ”lmamazmu

- ANUAUDINA ¢ 322 C

- AifaANAY .75 %

- ANUAUDINA  : 1.0135 bar

- WY .75 %

- mwsududa - 00229 K, e vapor Kary i

ANMNSITOY : 3000 RPM



ANMZUULINNINAADVNINTINIHANFIGA

ANUNAAUDINA
gauriginszihzing
gamginsznhzilen

AL

fifianmiu

ANUSITOU

UIUTOUMIIA (10 rev, 5 rev)
sade lih AdeuldinToaruiialnih

usaau T ndlouldinoatuiia v
fasnunlgmelulsdii kw,,,J
Y dy a o

ANVUAUFDINAIN Y
ANVAUANNADUN Orifice

Y
gaurglvouFeInaIm
1 9 tﬂy a o
MAYTOUVDUFBINAINIH(LHY)

421 TsalWdhdaviude
1) MEIMIHANUD IR UMY
kW,

-Pkh - (N/T) —

Taeh

=3.6 * 447989 *20 /169.32

=190,498.51 KW

3600 V-A
1000 0.975 -1000

14.750
89.960
77.576
60.00
0.01757
3000.000
169.320
1029.304
298.670
1,187.34
389.931
122.450
182.153

862.882

psia

0.

0.

%
1b/1b

kW
psia
inch H,0

F

BTU/SCF

Y 1 )
2) anuaunlassmdsnlsileunszualimasosduiia luih

= A*V/PF/1000

Taeh

(4-1)

(4-2)
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=1029.304*298.67/0.975/1000

=315.30 KW

3) Mawangns
=190.498.51KW —315.30 KW
=190,183.21 KW

v Wdy a o
4) ORI 1 FFOINAINY

Qm = 3600 -N; -Cy4-E, - Y-d> - [p,, - AP
(4-3)

Taeh
= 3600%0.09972424*0.603050601*1.106068341*0.996018858*

6.5554439592*(1 .2355%122.4501)10.5

=126,070 lbs/h

9
5) msamﬂﬁmmm%’au

HC,, = FuelFlow * LHV (4-4)

Taeh
= (126,070 1bs/h/0.05599281b/CF) * 862.882 BTU/sCF

= 1942,812.877 BTU/
6) oasnnusoundsliyldlsulgea linmasgrugurgiinazanuau

HC, (4-5)

HR,, =
T kW

Taeh
=1942,812.877 BTU/h/ 190,183.21 KW

=10215.48 BTU/kWh



v 9 d‘ (% 1 d' a [y
7) dananuieundSuliem lfnasgruguuginazanuau

_F(le) -F(de) 1
F(1d) -F(4d) HN

HR . = HR

G
Taeh

=10215.48*(1.00/0.9984)*(1.00/1.00)*(1/1.0021)*(1/1.00)
=10210.41 BTU/kWh

a A v o o
8) UseansENnUoInIH Uy

Eff, = 3600 *100
HR .

=3600/10,210.41 BTU/kWh
=33.42%

422  Tsdlvthwdsanudeusin

1) kWg = ﬂ-th(N/T) _L
1000 0.975 -1000

Taen
= 3.6 * 447989 *20 /147.54
=218,650.09 KW
2) anuaunlaosmdsnlstleunszualimasosduiia luih
= A*V/PF/1000
Taeh

=1153.924*300.4/0.975/1000
=355.53 KW

(4-6)

4-7)

(4-8)
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kW =218.650.09KW —355.53 KW

net

=218,264.56 KW

) midsnmswaardds i 1dUsul e lUfines gueanginasanudiu
HaWAN3IY = GT1+GT2+ST10
=190,183.21+190.037.06+218,264.56 KW
=598,484.83 KW

a a

5) Mawangninlsulysmlunnesgugungiuazanuau

q Q

kchc = (kWG + kWST) : kWADCC - kWAUX

(4-9)
(4-10)
1
kW pee =
kW ADCCT kW ADCCB  ~ kW ADCCH ~ kW ADCCS kW ADCCP kW ADCCW
Tagh
= 1/(1.00322+0.99963+1.00095+1.000+1.01337+1.000)
=0.99308
kW .. =598,484.83 KW*0.99308 - 13510.503KW
=577,221.10KW
6) oaanuieunlsuliem lfnasgruguuginazanuau
HC
HR — GSTC
cc KW . (4-11)

HC goe = D, kW ¢ - HR 4 ] (4-12)
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Taeh
= 188,967.25KW*10,210.41+188,698.27KW *10,320.75 BTU/kWh / 100

= 3,876,941.53 BTU/h

LY 9y ad‘ [ 1 d‘ a [
7) dananuieugnsndsulgea ldfuasguguugiivazanudu

HR.. =(3,876,941.53BTU/h)/577,221.10 KW (4-13)
=6,716.56 BTU/kWh
8) UszanSmnueIndInuTous iUy
Eff, = 3600  *100 (4-14)
HR,.
=3600/6,716.56 BTU/kWh
=50.80%
4.3 HamMInagey
A3 2 HANMTNATOUA N NIUANYIN 1 LaznsaANEIN 2 TMdInangage
v o o v o o YY) g’
SLATAL NI UN 19 fariu et
Unit DA d DA d DA d
NUIIHAATN 1 NUIIHANT2 HUIONAAN 1
Mdalnihinwaa1d MW 190.07 194.57 218.80
AMANUTDOUVDUFDINGY  BTU/SCF 862.882 862.882 -
dasmnuiou BTU/kWh 10,487.29 10,505.49 6,624.28
Uszansnn % 32.53 32.47 51.51




A1 3 AANITNATOUNIUNINGTIIIU ASME PTC 22 t1ag ASME PTC 46

57

Aariumes Aariumes Fariulorin
Unit . 4 . . , -
nienanil nueNann2 nuenannl
srda Tihiingald MW 190,498.51 190,352.36 218.62
Sasms A masi SCF/h 2,251,945 2,273,587 -
gavginsznzung °C 81.18 81.18 81.18
gaviginsznhgilen °C 77.576 77.000 77.29
ANUAUVITINA psia 14.750 14.760 14.755
Anan oM % 54.00 54.00 54.00
fnudoureudomas  BTU/SCF 862.882 862.882 -
8n31ANUTOU BTU/kWh 10,210.41 10,320.75 6,716.56
Uszansnn % 33.42 33.06 50.80

A1319 4 MISeUMeUTLNINMINATDUMUATAANYIN 1 ATAANYIN 2 AUNANITNATDLIN

[

a s o A
Tlsupsuneunnes NI

§931A21059U ( BTU/KWh)

szansam (%)

v v & ] A A
AT UMFHUIGHAAN 1

{ Y v
wanmsnaaouan ldsunsun Tawann

ANUAAAAADU (%)

v o &Y [l a H
IR UMEHUIeHAAN 2
wanMINaaeUIN 1IN un Tanmm

A
AaNuAfIAnaRY (%)

Y 1
A lorimeran 1
NanMInaaoUIN 1UIunIuN Tawmu

A
ANuAfIAAARY (%)

10,210.41
10,487.29

2.71

10,320.75
10,505.49

1.78

6,717.17
6,624.28
1.38

33.42
32.53
0.79

33.06
32.47

0.59

50.79
51.51

0.72
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9 a P Y o A Y 9 a A
%WﬂfnﬁEl“HIﬂiLLﬂiNﬂﬂNW?Lﬁﬂﬁﬂhlﬂ AUANOMINDATIANNTDULASHIUsEANTM NV

9
Yo A

Tsalihmaeanudeuswaunsoagy 1dasd

R d' - 9 a A
5.1.1 NNTUANEIN 1 Waﬂ"l'i‘l’lﬂﬁ’f)ﬂ"’llﬂﬂﬂ"l’f)@]i?ﬂ??hi’ﬂﬂllﬁ%ﬂi&iﬁﬂ‘ﬁﬂ?Wﬂl@\iIi\i‘l‘NﬁT
v o
NUUNIY
' A A Y1 v 9 kY a A
HUINAAN 1 ”lﬂﬂ"li’]GﬁWﬂ’J"liJiﬂu 10487.29 BTU/kWh Ulﬂﬂigﬁ‘i/l‘ﬁﬂﬁ/\l 32.53%

nierann 2 1da1das1anudon 10505.49 BTUKWR 1a1l5ansnn 32.47 %

R d' " 9 a A
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WEINNNTDITT 1 vrewan 1da10a51au50U 6624.28 BTUAWh ladseansain 51.51 %
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11 vugMan 1amoaIINNSou 6717.17 BTUAWh 1@daszansnin 50.79 %

pamsfSeufeuasasianuieutardszannmueInITNAFOUAINNIATITIY

ASME PTC 22 fumsnadoumunsaignynil 1 Avidenaai 1 daanunaiamaousdi 2.71 %

] '
= 1 A

Usz@ninmiiaanuasianionsdi 0.79 % iniienaai 2 Imanuaaiandousdi 1.78 %

)

Uszaninmiimanuaaianiousdi 0.59 %
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ASME PTC22-2005[Revision of ASMT PTC22-1997(R2003)] Gas Turbine Performance Test Codes

ASME PTC46-1996 Performance Test Code on Overall Plant Performance
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GT1 GT2
S18M3 UNIT
Base Load Base Load
Sufinaaou - 27/02/2551 27/02/2551
NAMATOY - 10:00-10:30 10:00-10:30
Yoyafinagou
ANVAULTTIMNA psia 14.750 14.760
gaungiinsznhzus °F 89.960 89.960
ganginszinhzilen °F 77.576 77.000
AL oM % 60.00 60.00
fifan Ay Ib/Ib 0.01757 0.01703
§asimsfaiufioanuanie Ib/sec 0.000 0.000
mmﬁ’gia‘u pm 3000.000 3000.000
s uIAeS (10 rev , 5 rev) sec 169.320 169.450
nszuaiitloudunsosiuiialuih A 1029.304 1029.304
usegafhiidlowsuasesiuiialnih \% 298.670 298.670
SrdwveunTessesuiialvih w1 kW 1,187.34 1,186.67
AN A psia 389.931 399.280
AL ATiANARUT Orifice inch H,0 122.450 122.770
QMg iiFoma iy °F 182.153 180.342
Manuoureudomas (LHV) BTU/SCF 862.882 862.882
faaluih
s Tithitsatuianaa 18 kw 190,498.51 190,352.36
S TR 199 Exciter kW 315.30 315.30
$rdelilfhingaldna 1§ U5 ua fow, ] kW 190,183.21 190,037.06
anuaunlaeannudou

Sa31ms 1domasmes SCF/h 2,251,539 2,273,177
msfuldesanudou [HC_] BTU/h | 1,942,812,877 | 1,961,483,781
saranuZeudids i ldiue [HR_] BTU/kWh 10,215.48 10,321.59

kJ/kWh 10,778.97 10,890.92
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msUsum
FH - U5uamanudesuni luaunuinieq - 1.00300 1.00300
F(la) -Mgagavesnnuauussemanazlsuala psia 14.7000 14.7000
F(1b) - ANNAUUsINMana ld psia 14.7503 14.7600
F(2a) - AGIgAUDIQUUYNLAZANUFUYDIDINA
g4 e iy - 1.00000 1.00000
vutnazalsuala
F(2b) - gauvinitazanuduveseimavudinia’la - 1.0000000 1.00000
F(4a) - Y51M1gagau038051m13 AMaauaniiz - 1.00000 1.00000
F(4b) - sasimsaatiuneaauaninznia’ld - 1.00000 1.00000
FN — 1/5uma1u15 2501 - 1.0000000 1.00000
HaTINVRIMIUTUAIAINYNADY - 0.99360638 0.99296
madlwihiinaalanlsumanugnaeandd
KW 188,967.25 188,698.27
KWl
msdSumennanuieu
HH — U5umanudeuandi luauauniod - 1.00210 1.00210
F(2¢) — MIgAUDIQUNNNLAZANUAUUI TENA
P, - 1.00000 1.00000
fvzilsuala
F(2d) - guugiitazanu¥oussomauuiinia
v - 0.99840 0.99798
1a
F(4c) - USUMgagaueIdnsimsnailaauaniy - 1.00000 1.00000
F(4d) - sasimsnaiiuneaananinznia’ld - 1.00000 1.00000
HN - U5uAnnusisen - 1.00000 1.00000
HaIINVRIMsUTUAIANYNADY - 0.99950 0.99992
MonsInNNTouNUSumnNgNABINad [HR, ] | BTUKWh 10,210.41 10,320.75
kJ/kWh 10,772.56 10,888.97
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ST10
18M3 UNIT
Base Load
Sufinagou - 27/02/2551
naMATeL - 10:00-10:30
Yoyafinagou
ANUAUVTTOINA psia 14.755
gaurigiinszinhzus °F 89.960
gamginsznhzilen °F 77.288
AT LUTT M % 60.00
fifanuay Ib/Ib 0.01730
§amsfaiuitoanuaniz Ib/sec 0.000
ANWISITOU rpm 3000.000
ST Exhaust pressure psia 1.557
$1UIUTDVTNDS (10 rev , 5 rev) sec 147.54
nszuaitlowdnseasuiia lwih A 1,153.92
useulhiitlewsuaseasuiialuih \% 300.4
sidellfhweunieataeduiialiih (kw,,, ] kW 11,136.50
MIAUIN
$r8e llihisarulethianaald kW 218,620.09
S8 1WA Exciter kW 355.53
$18e llehisarulethanaals (kW] kW 218,264.56
mida s mvessaiumainga 18 (kw,] kW 380220.266
srdellfhsamveunsessesudaliih w,, ] kW 13510.503
MAINIHANTIN [Kwg+kW,] KW 598,484.83




70

HAMINATOUANUIATTIU ASME PTC46 vo415¢ Ilihmasanudousu (o)

msSum
KW, cep — ANUAULTIEINADRAG2HUIBHAN 1.00322
KW o cor — QUUQNU T URAO2WUIOHER 0.99963
KW, oo — ANUFUTUNIZINRO2HUOHER 1.00095
KW o o0s — ANHITITOLINA2HUIONER 1.00000
[l 2
KW o oep — AR UNAIUA U To1i 1.01337
E4 f
KW ey - HETINVDI0ATINTRAN UNOAANANTIZ 1.00000
KW o — MM uaveImskanvoanaiy lei(Output) 0.98308
agilwa
fas liihiwaa lagnindsuamanugndowds kw, ] kW 577,221.10
anuawilassnnudeuiiliumnnugndowds [HC ] MJ/h 4,090,390.43
MonIIANNTUNUSUMANNGNABINGY [HR | kJ/KWh 7,086.35
BTU/kWh 6,716.56
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| STAG 209FA Performance

1 Number: CCA-2113-NG, 90F AMB, 75% RH, NG Fuel,
Dry Low NOx Combustion System

Date: 8-30-95, Rev. 6, by SP Gallagher
1.1 Equipment Performance
1.1.1 Power (kW)

Gas Turbine Generator * (2 Units)
Steam Turbine Generator *
Gross Equipment Power *
Equipment Auxiliary Power
Net Equipment Power
* Gross Power At Generator Terminals Minus Excitation Power

I.1.2 Fuel

Fucl Type-Matural Gas
Specification-GEI 41040C & Supplemental Specifications

Heating Value LHV (kI/kg)
HHV (kl/kg)
HHV/LHV
Heat Consumption {106 kJ/hr) LHV
HHV

Fuel Flow (103 kg'hr)
1.1.3 Operating Conditions

Ambient Air Temperature (C) DB
WB

Site Elevation (m PD)

Ambient Air Pressure (bar, a)

Compressor Inlet Temperature (C) DB

Steam Turbine Exhaust Pressure (mm Hga)

1.1.4 Water Injection

Total Gas Turbine Water [njection (103 kg/hr)

405600
213310
618910

2410
616500

40,209.6
44,592.5
1.10%
42382
4,700.1
105.4

322
28.3
0.00
1.013
322
103.0

0.0



15 Equipment Auxiliary Power (kW)
LLAI Gas Turbine (2 Units)

Atomizing Air Compressor
Water [njection Pump
Lube Oil Pump

Hydraulic Oil Pump

Fuel Pumps

Exhaust Frame Blowers
Compartment Ventilation Fan
Mist Eliminator Fan

Fuel Forwarding Pumps
Controls & Instrumentation
Generator Excitation

Total

1.15.2 Steam Turbine and Generator (1Unit)

Bearing and Seal Oil Pumps
Gland Exhausters

Vapor Extractors

Controls and Instrumentation
Generator Excitation

Total

1.1.5.3 Heat Recovery Steam Generator (2 HRSGs)

Controls & Instrumentation

Total Equipment Auxiliary Power

73

-Mator Driven-
-Not Operating-
-Motor Driven-
-Motor Driven-
-Not Operating-
-Motor Driven-
-Motor Driven-
-Motor Driven-
-Not Operating-
-Included-
-Included-

1740 kW

30 kW

620 kW

2410 kW



Net Plant Performance
Power (kW)

Net Equipment Power
Plant Auxiliary Power
Net Plant Power

Plant Auxiliary Power (kW)

HP Feedwater Transfer Pumps

LP Feedwater Transfer Pumps
Condensate Pump

Condenser Vacuum Pump
Circulating Water Pump

Cooling Tower Fans

Fuel Gas Compressor

Make-up Water Pump
Demineralized Water Transfer Pump
Service Water Pump

Condensate Transfer Pump

Air Compressor

Water Treatment

Auxiliary Cooling Water Pump
Step-up Transformers
Miscellaneous Auxiliaries & Plant Lighting

Total Plant Auxiliary Power

Net Plant Heat Rate (kJ/kWh)

616500
13000
603500

3510

750

270

30

2400

By Others
2400

70
20
180
50
230
2460
630

13000

LHV 7023



1.3

Heat Balance Data

Estimated conditions for 2 STAG 309E unit at the state points
indicated on the heat balance diagram.

F2

Parameter

Mass Flow Rate
Pressure
Temperature
Enthalpy

Heat Consumption
Relative Humidity

Air and Gas Turbine Exhaust Gas

Ambient Air
Compressor Inlet
Gas Turbine Exhaust
Bypass Stack

HRSG Inlet

HRSG Stack

Fuel

Plant Fuel Supply
Gas Turbine Fuel Supply

Units

103 kg/hr
bar, a
ki/kg

kd/hr

%

Flow

2,007.0
2,007.0
2,059.1

2.0
2,057.1
2,057.1

Flow

1054
327

Pressure

1.014
1.004
1.046

1.014

Heat
[nput
LHV

42382
2119.1

Temp Humidity

32.2
32.2
611.8

610.7
106.7

Heat
Input
HHY

4700.2
2350.1

Relative

60

75



1.3.3

Sl
S2

-
3

S4
5
S6
§7
S8

.34

Wil
W2
W3
W4
W5
Wé
W7
W8
w9
Wi0
Wil
W12
W13
Wi4
W13
W16
W17

MNaotes:

Steam

HP Superheater NEV Exit

Steam Turbine Throttle

LP Superheater NRV Exit

Steam Turbine LP Admission
Steam Turbine Exhaust

Seals & Misc to Condenser
Deaerator Pegging from LP Drum
Deaerator Pegging from HP Drum

Water

Condenser Hotwell
Condensate Pump Suction
Condensate Pump Discharge
Deaerator Inlet

LP Transfer Pump Suction

LP Economizer Inlet

HP Transfer Pump Suction
HP Economizer Inlet

Main Steam Attemperaticn
LP Drum Blowdown

HP Drum Blowdown
Feedwater Make-up
Condenser Cooling Water In
Condenser Cooling Water Out
Gas Turbine Water Injection
HP Recirculation

LP Feedwater Preheater Bypass

1.  HP and LP Economizer Inlet pressures are determined by adding
NRV and HRSG pressure drops to the NRY Discharge pressure.

Flow

326.2
652.3
39.4
78.8
729.6
1.6
15
0.0

Flow

7312
731.2
7312
312
93.8
46.9
6524
326.2
0.0

0.0

0.0

0.0
26,027.6
26,027.6
0.0

0.0

0.0

Pressure

§7.8
85.1
7.0
6.0
0.137

7.1

Pressure

0.137
0.137
17.6
1.4
15
8.2
2.5
94.1

Economizer inlet and discharge control valve pressure losses

are not included, -

Temp

540
538

192

195
52

166

Temp

52
32
52
98
109
109
109
112

35
49

Enthalpy

3,486.8
3,484.5
2,837.0
2,835.9
2,332.7

2,762.2

Enthalpy

218.3
218.3
220.7
410.9
456.6
459.1
456.6
474.5

76
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p—

. Simple Cyele, Base Load
T Ambient |, Specific | Reluive | Baro, ! Grogs Power | HeaiRae | Exhaust | [nlet Air Flow ratio
" Temperature iHurnidiry!HumirIi[p: Pressure | ratioto | ntotwo | Flowrstionm | tolnlel Al Flow
[dearees F : degrees C 1 oy | | psia_| Rating Paint | Rating Point | Rating Point | @ Rating Paint
000 1150 0007 | 3% | WA0] LB | 0959 1 10% T
000 10 VDN | 5% | 0] LW | 0950 R CEERTE
90 E U0 000 T W% | R0 T | 08% | Lo | L0
R0 10 0 9% 0] 150 | 00 | 107 LT
GO0 | M0 08051 | 3% | W70| 1099 | 0%D | L0%9S 1 105v
G800 W0 00081 T 5% | WI0] 1059 | 0%D | 5% | BT
CHR00 N0 TOOIY | B% | 1] 1004 | 0% | LSR5
800 200 5 00l | 9% | 10| 1093 09T | L0 | 10syT
MU0 1 B0 00069 | B L M| 10T | a0 | rmws | g
0 P B0 0AHO | % | W] 105 | 0870 | &0 | Looeo
MO0 | B0 0O T | W0 L0 00 | 106 | L
0T N0 el W% o la0] 108 | 0% | 1m0 L0310
800 . 3BD 00093 | 3% | owa0] 10193 | 00 | 10189 n
1600 1 300 10018 | 5% | 4I0] LOIS | 00 | 1037 | L00d
00 - 300 0004 T 7% T UM 10m | 0%0 | 10 | 1o
000 . 300 0060 | 9% | 10T 10U T 0 | 1w | |
996 322 0006 | 3% [ R 1005 | 0% | 10 | Lo
096 - 31 008 | 5% | 0. 1000 | 0% 1 1006 1o
996 32 D0 % | W0y 100 | 0% | 10007 | L
I L T T T R T
996 | 20007 | 9% | 14707 0995 | LoD | 0.9 0.9963
U0 30T 0D | 3 W0 09%E | 100 | 0% | 09w
SO0 . 30 008§ 5% | 14I0) 095 | 1me) | o0%0s | ogam
B0 k0 0B | 7w | em| 00T | e | 9 | 0864
B0 T 350 000 | 9% | TAmi 0978 | 1010 | 09 09811
LIM00 | 00 00164 | 3% | W] 0% | 10 | 0o E
00 00 1 002 | % | L4T0) 0582 | L@ | 09665 | 09s67
0400 | 400 D033 | 7% | 140|092 | 101 | 09613 09612
D00 | 400 1 00467 | 9% [ 14| 09357 | ton | D953 0033
W40 | 430 0o |3 T OWRI0[ 0915 | 0w | 0957 09582
0940 | 430 5 0m09 | 3% | W0 09140 | LOnI | 09l 09513
10940 0 30 1 009 T TR | Wm| o918 | L9l | 004 09435
0401 50 1 0mM | 9% | 0| 0313 | Loa | 0.3 03391
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PG9311 Effect of Turbine Speed on Heat Rate

Based on EGAT Guarantee Conditions
Base Load

-

30 °F GF =7.45426 - 0.00435806 s + 7.355444E-7 8 |
" 59°F CF = 11.44243-0.00888494 s + 1.134T1E6 §° |

Curve Fit

.,
"

© 90 °F CF = 7.88607 - 000436183 5 + 6,888245E-7 5
- Where: CFis the correctian factor read from the curve |
5 is the turbine spead in rpm j

Compressor Inlet Temperature

B9.96 °F — =—59°F - - - 32°F'

|
A

1.020 s — —
= 5 ———
1018 NG =
A mm— i s
1.010 == - S S M S—— i
- | 1 L"‘Q‘ ; T T — T T [
8 e ) - — — o
¢ 1005 — e o~ . = L
2 — = P —
- 1000 = L " =t — . P —
i I o — S ST
0.995;, "*-L.;:|:":J_
HIlE ~ T
0.950 }——: , ! . — e
i : ] 1 T :
] ——— | ——
0.985 ' ; - :
2940 2860 2980 3000 3020 3040 3060

SDW angiar

Turbine Speed (rpm}

Ganaral Electnic Compary



PG9311 Effect of Turbine Speed on Power
Based on EGAT Guarantee Conditions
Base Load

7 Curve Fit ™

32 °F CF =-11.71380 + 0.00851704 5 - 14263696 8" °
. 59 °F OF =-25.11767 + 0.017134425 5 - 2.800512E-6 5°
CO0°*FCF=-13.27165+ 0.00B38108 5 - 1.374521E-6 gl |

Where: CF is the correction factor read from the curve

L 5 i5 the turbine speed in rpm ;

Compressor Inlet Temperature
89.96°F — =50°F - - - 32°F

1.04 : :
— . - : i : -.\..i
109 i - x o
— : : T : - ‘;"’ i
1.02 : — : — ——
H T i - I 7 - " :
101 = — : —
.E | : j ' Il : ' '..IT":"_'—. ﬂﬂ#ﬁ_
B 100 e - 4—"/:!--. —
3 e =
2 099 M ——— i ai—
o 5 e 74 | —
098 = i : —
A i l L l —
087 .= - o
qﬁ g : i 1 ¥ t
T i T T 1 T TR
e e
0.95 k= —
2940 2960 2980 3000 3020 3040 3080

SOW disinT

Turbine Speed (rpm)

General Electric Company
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PG9311 Effect of Turbine Speed on Air Flow

Based on EGAT Guarantee Conditions
Base Load

-

Curve Fit

N

| 32 °F CF = -4 443457 + 0.0033864569 5 - 5.239001E-7 5%
50 °F CF = -7.2531 + 00051614697 s - 8.02367T92E-T s*

00 °F CF =-7.810304 + 000530231 5 - 8.175144E-7 &°
Where: CF is the correction factor read from the curve
5 is the turbing speed in rpm

il

81

Tehya 4

\ J
F
Compressor Inlet Temperature
B9.GE°F == =—59°F = = = 32°F:
1.030 —— :
' —
1020 f—— e —— —
1010 [
| ] i |
8 i — f N )
8 1,000 g
t; 1 ! : : : i - vl,ui_y"! | : ; -
B — i e e : T
- 0.980 f—— B —1 L
= e T o i : ; : —
SO T . — : —
0980 L . : —_—
2 e o s A mr—— —— ; ——
e - L ' L— i I
0.970 |r—— —- —— : —t i —
T ) T ) — ——
i 1 it PR 1 HE | [
] 1 1 1 { ! ] ] ] T | T
0.860 . ot : i _— - T
2940 2960 2980 3000 3040 3040 3060
Turbine Speed (rpm)
SDW 441 5/87 General Electric Company



EGAT South Bangkok [
Simple Cycle Plant Performance

Effect of Water Injection Rate and Compressor Inlet Temperature

on Output at Base Load

Notes: !

1. Ambient Pressure = 14.7 psia
2. Ambient Relative Humidity = 75%
3. Fuel = Distillate Oil, 18,550 BTU/b (LHV)}

0 i | ! J ] i I| 1 ! :
| | | ] ] b
L | L
F | | | |
| I
| B | 1]
15 —
i _| ] LA
§ .' LA
: 109.4 F| LT '
;- IpZ
2., | Edldl
8 1
=
: e
: L 8998 F
-
: A
5 ,r*’:ﬂf A
/",.’::’/ﬂ 70 F.
P
| Z
Zal
)
0~}
a 1Q 20 30 a0

v, 0, 6/12/36

AR EnnED

WATER INJECTION, POUNDS/SECOND

50
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EGAT South Bangkok I
Simple Cycle Plant Performance

Effect of Water Injection Rate and Compressor Inlet Temperature
on Heat Rate at Base Load

MNates:
1. Ambient Pressure = 14.7 psia
' 2. Ambient Relative Humidity = 75%

3. Fuel = Distillate Qil, 18,550 BTUAD (LHV)

’ I L t
' I I | }
..-"/T =
. 89,96 F A
\ yids
| ; N LA 7 |

5 I : A A%
8 | A T\ r
u i A / \1ID9. F
i-s_ ; 70 F vV )
< '* N | A
- N
P2
z, 7
i )
174
9 ) 7.4
= JP/"/?'

1 "'/

V.
b}
0 10 20 30 40 50

WATER INJECTION, POUNDS/SECOND

Rev. 0. 812,98

e



Heavy-Duty Gas Turbine

Mon-Hecoverabla Performance
Degradation As A Functian Of

GAS TURBINE DERATE (%)

Total Fired Hours
I 1 i | i I 1 [ | N | -
! R -
H i i I:
| I 1 ) I
| | ; . R |
| | IIE
1] LA
. F
Output Cerale ; I
I ]
Ny T
| 'Heat Rats D'emm ' . |
\ , i : i i i
| to I o
I ; I | i i
! -. oo ; .
| S A |
; : [ i i
I o |
SR man L nusLELE) SLRLECES SLELELEN SRELALI SRR I
8 10 12. 14 18 18 20 22 24
TOTAL FIRED HOURS (THOUSANDS)
499HAS07 REVE

23-APR-9!
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Power Quptut Degradation (%)

EGA I Douul Danynun n

Steam Turbine Power Output Degradation
Based on methodology of
ASME PTC 6 Report-1985 page 9 Figure 3.3
for.a 213 MW / 1220 psig Steam Turbine

0.38% - —— ) — — — —— —

=y

0.30% -

0.25% ,ﬁ
|

0.20% _

0.15%

0.10%

— —— — e —

0.05%
0.00% +—— + - - s - 1 _
0.0 2.0 : 40 6.0 , 8.0 10.0 12.0 14.0
Time since intial operation (Months)
5/13/98 @ GE Performance Engineering

¢ o Q.



Oulput Correction Factor
For Compressor Inlel Temperature

EGAT South Bangkok |l

Combined Cycle Net Equipment Qutput Variation

Effect of Ambient Temperature Variation on Output Power

Notes:
1. STAG 209FA with Gas Turbine Base Load
2. Ambient Relative Humidity = 75%
3. Ambient Pressure = 14.7 psia
4, Natural Gas Fuel, LHV = 17,290. Btu/Lbm
5. Condenser Pressure = 1.992 psia
1.10 T
N |
N |
N
N
N
\\
1.05 \
A
N
N
N,
l N
N
\\
N\
N
\‘1
| N\
0.95 !
- M
\
-
60 70 80 90 100 110
KR Boehm
anas? Variation in Compressor Temperature (F) LN

Rev-1

86



~ EGAT South Bangkok Il
Combined Cycle Net Equipment Qutput Variation

Effect of Specific Humidity on Output Power

Notes: -

1. STAG 209FA with Gas Turbine Base Load
2. Ambient Temperature= 83.96 F

3. Barometric Pressure = 14.7 psia

4. Natural Gas Fuel, LHV = 17290. Btu/Lbm

5. Condenser Pressure = 1.992 psia

1.004

1,003 AN

1.002

1.001

QOuput Correction for
Specific Humidity

1.000 I N |

//_- N

0.999

]
|
|
] N
|
i

r
- 0.998
0.000 0.008 0.010 0.015 0.020 0.025 0.030

KRBoehm ., . . . } » ., S23HAce8
9/18/7 Variation in Specific Humidity (mass water vapor/mass dry aif)  Rav-1




EGAT South Bangkok |l
Combined Cycle Net Equipment Output Variation

Effect of Barometric Pressure on Output Power

Notes:
1. STAG 208FA with Gas Turbine Base Load
2. Ambient Temperature = 89.96 F
3. Ambient Relative Humidity = 75%
4 Condenser Pressure = 1.992 psia
5. 50 Hz ( 3000 rpm ).
6. Any Fuel
|
HER
1.05
/4'
/
)4
¥
 § )l
sc /
] § 7
1 /
Op r f
E 3085 .
38 7
A
7
0.80 I
4 A |
/
|
13.0 13.5 14.0 145 15.0 15.5
KR Boehm N . .
anae7 Variation in Ambient Pressure (psia) 523HAB69




sction Factor

Qutput C

EGAT South Bangkok I

Combined Cycle Net Equipment Output Variation

Effect of Generator Frequency on Output Power

Notes:

1. STAG 209FA with Gas Turbine Base Load
2. Ambient Temperature =89.96 F

3, Barometric Pressure = 14.7 psia

4, Ambient Relative Humidity = 75 %

5. MNatural Gas Fuel, LHV = 17,290 Btw/Lbm
6. 50 Hz = 3000 RPM

7.1 Hz =60 RPM
8. Condenser Pressue = 1.992 psia
#‘% — — >
| ad
-
-
. /‘
p"/‘/
/]
1.00
2 )
] 7
g /
- /
% /
O 095 //
2
/"/
/
0.90
2850 2900 2950 3000 3050 3100 3150
KR Boshm I . 52IHAETO
aae? Variation in Generator Frequency in ( rpm ) ey 1

&9



Output Correction Factor

For Condenser Pressure

EGAT South Bangkok Il

Combined Cycle Net Equipment Output Variation

Effect of Condenser Pressure on Output Power

Notes:

1. STAG 205FA with Gas Turbine Base Load

2. Ambient Temperature = 89.96 F

3. Barometric Pressure - 14.7 psia

4. Ambient Relative Humidity = 75%

5. Natural Gas Fuel, LHV =17,280. Btu/Lbm
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EGAT South Bangkok I
Combined Cycle Net Equipment Output Power

Effect of Compressor Inlet Temperature
on Qutput and Water Injection at Base Load

Notes:
1. Ambient Pressure = 14.7 psia
2. Ambient Relative Humidity = 75%
3. Fuel = Distillate Qil, 18,550 BTU/b (LHV)
4. Estimated Water Injection to 75 ppmvd NOx @ 15% 02
5. Condenser Pressure = 1.982 psia.
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CokyecTear
Oupun orrection for

Specific Humidity

EGAT South Bangkok |l
Combined Cycle Net Equipment Output Variation

Effect of Specific Humidity on Output Power

Notes:

1. STAG 209FA with Gas Turbine Base Load
2. Ambient Temperature= 89.96 F

3. Barometric Pressure = 14.7 psia

4. Distillate Qil Fuel, LHV = 18,550. Btu/Lbm.
5. Condenser Pressure = 1.992 psia
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CoAuecnor
Output Correction Factor

for Generator Frequency

EGAT South Bangkok ||
Combined Cycle Net Equipment Output Variation

Effect of Generator Frequency on Output Power

Notes:

1. STAG 209FA with Gas Turbine Base Load
2. Ambient Temperature = 89.96 F

3. Barometric Pressure = 14.7 psia

4. Ambient Relative Humidity = 75 %

5. Distillate Oil Fuel, LHV =18,550. Btu/Lbm
6. 50 Hz = 3000 RPM

7.1Hz =60 RFM

8. Condenser Pressue = 1,992 psia
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EGAT South Bagkok |l

Combined Cycle Net Equipment Output Variation
Effect of Condenser Pressure on Output Power

Notes:
1. STAG 209FA with Gas Turbine Base Load
2. Ambient Temperature = 83,96 F
3. Barometric Pressure = 14,7 psia
4, Ambient Relative Humidity = 75%
5. Distallate Qil Fuel, LHV = 18,550 Btu/Lbm
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EGAT South Bangkok Il
Combined Cycle Net Equipment Qutput Variation

Effect of Water Injection Rate on Qutput Power

Notes:
1. Ambient Temperature = 89.26 F
2. Ambient Pressure = 14.7 psia
3, Ambient Relative Humidity = 75%
4, Ambient Temperature = 89.96 F.
5. Distillate Cil Fuel, 18,550 BTUMb (LHV)
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