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13833 AR IUMUEERY (EARTH TESTER)

QUALITY CALIBRATION CO.,LTD.
135 Peichknsom 672 Rosd, Lakanng, Bangkac, Bangkok 10160
Tel (662) 421-3402 (68} 444-0152-), Pax (647) BUS-4584

www.qeallbmatlan.com

CERTIFICATE No : 2154265
RBFERENCE No:t 651032

RQUIPMENT
MANUFACTURER
MODEL

SERIAL No

ID No

CONDITION AS RECEIVED

SUBMITTED BY

CALIBRATED DY

CALIBHATION DATE

APPROVED BY

ISSUED DATE

RECEIYED DATE

PAGE:10F2

Certificate of Calibration

DIGITAL EARTH TESTER

KYORITSU

41054

s

EQNOJ405

USED ITEM

HYBRID INTEGRATION CO,, LTD.

28/165-166 MOD 4 501 CHAENGWATTANA-PAKKRET

34.,CHAENGWATTANA RD, BANO TALAT , PAKKRET ,
RONTHABURI {1520

CHAICHARN CH.

12-Jun-23

23 May-23

-
bR @) KYORITSU
i 4105A
HInmavdrin 0272352
Winsimsmeudisuny EGNO.04/035
o |
Tufteenluuses 12-Jun-23
QUALITY CALIBRATION CO.LTD.
235 Petchkasem 6372 Road, Laksong Dangkae, Dangkok 10160
Tel (662) 4215102, (662) 444-0152.3, Pux (662) 809-4584
v, ol ibredioin.con
CERTIFICATE No : 2354265 PAGE:2 OF2
Calibration Report
EQUIPMENT i DIGITAL EARTHTESTER
MANUFACTURER i XYDRITSU MODEL T 41054
1DNe © o EONOOMIS SERIALNUMBER ¢ 02352
RELCEIVED DATE 1 A2-Mmy23 CALIBRATICN DATE 12-Jun-23
AMBIENT TEMPERATURE H N°Ci3*C RELATIVE HUMIDITY S0 RH: 2% AN

CONDITION OF THIS RESULTS OF CALIDRATION
1. THIS INSTRUMENT WAS CALIBIATED DY DIRECT MEASUREMENT METHOD USTNG MULTIFUNCTION CALIBRATOR. THE

ACCESSORIES USED SUCH AS CADLE TO COMNECT BETWEEN METER AND CALIARATOR ARE PROVIDEL BY QUALITY
CALIBRATION CO,LTD..

2. HEFERENCE STANDAKD INSTRUMENTS :-
INSTRUNENT MopRL, SERIALNe  CEWTIFICATENs  DLUEDATE
1) MULT]-PRODUCT CALIDRATOR glop krehld E1U3m31 0-Febn24
1. I'HIS RESULT WAS FOUND ACCURATE AS S1JOWN ON DATE AND PLACE.OF CALIBRATION ONLY.
4, THIS RESULT EXCLUDE LONO TERM STABILITY OF THE UNIT UNDER CALIBRATION,
5. THIS CERTICATE 1S TRACGANLE TO ==
+ HATIONAL INSTITUTE OF METROLOOY (TIAILAND)

RESULT OF CALIRRATION : WITHOUT ADJUSTMENT
AC VOLTAGE
RANGE FREQUENCY | STANDARD |UUC READINO[ CORRECTION | UNIT | UNCERTAINTY OF COVERAGE
APPLIED MEASUREMENTI(2) FACTOR
200VAC 60 Hz 20.000 19.9 0. v 0.05% 0
60 Hz 60.000 5.9 0. ¥ 0072 20
6011z 100.000 89.8 02 v 0.088 -
60 Hz 140.000 132.8 02 Y [A]] 2.0
GO Hz 130.000 179.8 0.2 v 0.13 2.0

2 WIRE RESISTANCE
RANGE STANDARD |UGUC RFA“TET CORKECTION | UNIT | UNCERTAINTY OF COVERACE

AFPLIED MEASUREMENT(E) FACTOR
20.00 0.0 .00 0.00 v} 4011 20
20 1.99 0.01 a 012 20
18.0 1196 0.04 [+ 0.021 2.0
200.00 20.0 20.1 -0 1] 0.062 20
180.0 1199 0.l a 0.068 2.0
2000,00 200.0 200 [ 3] 0.58 FX)
- 1800.0 L1798 2 j*] 0.64 10

UUC : UNIT UNOER CALIBRATION

THE REPORTED UNCERTAINTY OF MEASUREMENT WAS DASED ON A STANDARD UNCERTAINTY MULTIPLIED DY A COVERACE
FACTOR X, PROVIDINO A LEVEL OF CONFIDENCE APPROKIMATELY 95%.

ENDOF CALIDRATION REPORT

THIS CERTIFICATE MAY NOT BE REPRODUCED OTHER THAN IK FULL EXCEPT WITI! THE PRIOR WRITTEN APTROVAL OF

QUALITY CALIBRATION CO., LTD.

F+3010 REV DX

ginainlflumsnsiomeu

S

wiosioTa v¥lunnndes (DIGITAL CLAMP METER )

frin Eif) CHAUVIN ARNOUX
F205
mnuougeiia 175950KMC
Yy eamsdeuriiouinui EQNO.04/005
Sufisoniviuses 12-Jun-23
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QUALITY CALIDRATION CO.LTD. !
213 Perchicasern 5372 Rosd, Leksong, Banpkae, Bangkokx 10160 135 Petchimsem 53/2 Foad, Laksong, Dangkse, Danghok 10160
Tel (5623 421340, {663) H4-0152-3, Fax (562) 5054584 Tel (662) 421-4402, (663) 44401523, Pax [662) B00-4384

i gealibruion.com 2 3

HRCTISLTMMI wwwaalibeion.com
CALIRLA i el

QUALITY CALIBRATION CO.,LTE.

CERTIFICATE No: 23E4246 PAGE: 1 OF 4 CERTIFICATE No : 23E4266 PAGE:ZOF 4
REFERENCE No: 59303-3
Certificate of Calibration Chlibration Report

EQUIFMENT 1 DIQITAL CLAMP METER

EQUIPMENT ¢ DIGITAL CLAMP METER MANUFACTURER T CILAUYIN ARNOUX MODEL : F0s
! 1D No H EGNOD.0V005 -SER[AL KUMBER H 175950KMC

MANUFACTURER H CHAUVYIN ARNOUX RECEIVED DATE H 22.Muy-23 CALIBEATIONDATE 12-jun-13

AMBIENT TEMPERATURE 3 n*cxitc RELATIYE HUMIDITY : 50 %R £ 20% il
MODEL : Fe05

CONDITION OF THIS RESU ALTETLA

. ENT D 50

SERIAL No . 175950KMC 1. TS x:g:l:uum WA3J CALISRATED BY DIRECT MEASUREM METHOD USING MULTIFUNCTION CALIBRATOR AN

2 REFEREMCE STANDARD INSTRUMENTS -
I Mo + EQND.04K005 IHSTRUMENT. MODEY, GERIAL No E DUEDATE

1} MULTI-PRODUCT CALIERATCR 2100 MM EIU13001 02-Feb-24

CONDITION ASRECEIYED @  USEDTTEM

3. THE CEATIFICATE IS YALID FOR THE ITEM CALIBRATED AS SHOWN DK THE DATE AND PLACE OF CALIBRATION ONLY.
4. THIS RESULT EXCLUDE LONG TERM STAMLITY OF THE UNIT UNCER CALIDRATIDN,

suBTTED BY  WYBRDITEGRATION CO, LoD, ST AT oy
28/165-166 MOO 4 SO1 CHAENGWATTANA-PAKKRET RESULT OF CALIDRATION : WITHOUT ADJUSTMENT
34 CHAENOWATTANA RD, BANG TALAT , PAKKRET, DC VOLTAQE
NONTHABURI 11120 RANGE STANDARD |ULC READING] CORRECTION [ UNIT | UNCENTAINTY OF | COVERAGE
APPLIED MEASUREMENT(2) FACTOR
60.00 6.000 0.03 0.03 v 0.00%8 20
6.000 4.05 0.05 ¥ 0.005% 28
34.000 5422 422 v 0ol 28
. ARD 54,000 5448 0.15 v 0013 20
CALIBRATED BY : CHAICH ch, 600.00 60.000 603 0.3 v 0059 20
-60.000 59.5 4.5 ¥ 0.059 w0
CALIBRATION DATE 3 12-Jun-23 . 140,000 1789 0.1 v 0.061 20
300.000 2596 04 v Q065 20
-300.000 298.7 -13 ¥ 0065 20
420,000 4193 07 v 0078 20
540.000 1390 10 v 0.085 20
+540.000 +538.1 +1.9 ¥ 0.085 20
1000.00 600.000 558 2 v 0.59 FX)
900600 89T 3 ¥ 0.59 20
APFROVED DY L— I 500,000 856 4 v .59 20
END OF CALIBRATION REPORT PAGE 2OF 4
ISSUED DATE : 12-Jun-23
RECEIVED DATE 1 22-May-23

THTS CERTIFICATE MAY NOT NE REPRODUCED OTHER THAN IN FULL EXCEPT WITH TIiE PRIOR WRITTEN APPROVAL OF
QUALITY LALIBRATION CO., LTD.

F-GOIOREY 02
QUALITY CALIBRATION CO.,LTD. QUALITY CALIDRATION CO.,LTD.
235 Peichkayem 63/2 Raad. Laksong, Sanglene, Brngok 10160 233 Prichkasem 6372 Road, Loksong, Rangleae, Banghok 10160
Tel {662) 421-3401, (663) 444-0152-2, Fux {667 BOP-4 584 Tel (662) 4215402, (662) 444-0152-1, Fax (662) B09-4584
wrvr.yenlibrallon_ com. ‘www.gezlibmtion.com
CERTIFICATE HNo: 2314266 PAGE :3 OF 4 CERTIFICATE No ; 2384256 PAGE:40F4
Calibration Report Calibration Report
RESULT OF CAVIERATION {CONTINUE) : RESULT QF CALIBRATION (CONTINUE) ¢
AC VOLTAGE )
RANGE FREQUENCY | STANDARD |UUCREADING| CORRECTION| UNIT | UNCERTAINTY OF [ COVERAGE 2 WIRE RESISTANCE
APPLIGD MEASLUREMENTLE) FACTOR RANGE STANDARD |UUCH n‘_wﬂu CORRECTION | UNIT | UNCERTAINTY OF | COVERAGE
APPLIED MEASUREMENT{) FACTOR
60 VAC TkHz 6.000 [X] 0.0 v 00077 20
&0 1z 54.000 M 0.1 v 0.070 20 600,00 0.0 06 06 ] 0.05% 20
100 Hz 34,000 4.1 0.1 v 0.07%0 20 0.0 60.6 0.6 Et] 0,098 20
500 Hz 54,000 020 -0.020 ¥ 0.070 .0 3400 12 <12 1 097 240
IkHz 54000 53.850 0.150 ki 0.070 2.0
00 VAC 0 Hz 60.000 X3 02 ¥ 0075 28 UUIC : UNIT UNDER CALIBRATIOR .
1313 £0.000 9.7 03 v 0015 20 THE REPORTED UNCERTATNTY OF MEASUREMENT WAS BASED ON A STANDAKD UNCERTAINTY MULTIELIED DY A COVERAGE
60 Hz 300,000 w89 14 v 030 2.0 FACTOR &, PROVIDING A LEVEL OF CONFIDENCE APPROXIMATELY §3%
IkHz 300,000 2581 18 v 038 2.0 £NO OF CALIBRATION REFORT
§0Hz 540,000 3380 20 ¥ Cd3 20
100 Hz $40.000 5180 20 v 043 20 N
500 Hz 540,000 0716 24 ¥ 04} 20
1kHz 540.000 31646 34 ¥ 0.43 2.0
K000 VAC 60 Nz 000,000 396 4 v 0.59 2
100 Hz 900.00¢ 13 4 ¥ 0.59 0
5001z 900.080 893 3 ¥ 039 2.0
1kHz $00.000 893 7 v .80 20
DC CURRENT
RANGE STANDARD | UUIC READING| CORRECTION| UNIT | UNCERTAINTY OF | COVERAGE
APFLIED MEASUREMENT(2) FACTOR
€0.00 0.000 9.0 .00 mh a,011 2.0
6.000 £.19 49 mh 2010 28
34.000 3463 -0.63 mA 0.026 28
40000 £0.000 60.7 03 A 096 20
) 300.000 3040 40 A 26 20
540.000 5414 <14 A 40 20
~540.000 -547.3 1.3 A 4.0 20
AC CURRENT
RANGE FREQUENCY srnnummmﬁ‘mw
APPLIED MEASUREMENT(2) FACTOR
50.00 4013z 6000 6.17 0T A 0.18 70
400 Hz 6.000 $23 023 A 0.1 20
60 Hz 44,000 3418 -0.26 A 1Lt 20
200 Hz $4.000 3425 0.25 A 14 2.0
AQD Hz $4.000 5431 -0.31 A 14 20
600,00 S0 Hz 60.000 60.2 -02 A 11 20
50 3z 300.000 3024 2.0 A 32 20
60 Hz 540,000 5439 -9 A 43 20

END OF CALINRATION REPOAT PAGE 3 OF 4
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instrument | X 2600 art number |
i Serilnumber T [ARNaTeT T e |
Unaillunsnsasao Battay TyporSurial Ho.  |WINHiARMIC FOEL i T
- Raport B o
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I hwnoel No. Channal No. 2 Channal No. 3 Lhanns! No. 4
! Displayod gos o 02 co Hes
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[Gakbraion gas o o2 o ]
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[Alarm vl A1 WOO%LEL | 19.00Vels |  20.00ppm 5.00 ppm
AZ Z000%LEL | 2300Vol% | 100.00 ppm 10.00 pom
Hyoiane Evalumiion Hada . inacliv TWASSTEL | TWA+STEL
[Moun Value Petod - 15 min 15min 15 min
STEL - .00 Yo% 100.00 ppm 10.00 ppm
T - 0.00 Vot 20.00 ppm 500 ppm
[stmbengin . 480 min 480 min 4B0 min
' Resulls Of The Zen Calibralion
: aas cyfnnier Frosh air - Froah alr Fresh alr
i Callbralion pas Lot no. B - B N
[ 5at Value 0.00 WLEL - 0.00 ppm 0.0¢ ppm
1 evaivo foatora) 020 RiEL - 223 ppm .07 ppm
[swalus [afiry 0.00 %LEL . 0.00 ppm 0.00 ppm
4 o Rasut OK - =3 aK
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QUALITY CALIBRATION CO,LTD.
233 Pelchkaysm 63/2 Road, Leksong, Barigkne, Dangkok 10160
Tel (667) 421-5402, {662) A44.0152-3, Frx (662) 8054384
www.qealibruicn.com

gummarounFouRourmr Ty

CERTIFICATE No i 2)P1332
REFERENCE No: 63136:2

Certificate of Calibration

PAGE: 1072

Turihimannoen:  RARRTA TR
LEQUIFMENT H DIGITAL PRESSURE GAUGE
EQUIFMENT Prepsure Gaupe
Manulacturee DSAKA MANUFACTURER : DRUCK
Model 67 i 1127)
Seriat No/Range 11MBPOYCPSDL £ 50 Bar MODEL : DPLIM
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QUALITY CALIBRATION CO,LTD.
133 Perchktsem 6342 Roed, Laksang, Bangkae, Bangkok 1016
Tel (682) 4213402, (662) 434-0152-3, Fax (662) S064354

o

‘wvw, qealibration.com
CERTIFICATE No : 23P1332 PAQE:20F 2
Calibration Report
EQUIPMENT H DIGITAL FRESSURE QAUGE
MANUFACTURER ' DRUCK MODEL 1 DPI 14
ID No H EQHO.MMD01 SERJAL Mo 1 2801730
RECEIVED DATE 1 09:Feb-21 CALIBRATION DATE 14Feb-21
AMEIENT TEMPERATURE H VAT RELATIVE HUMIDITY : S0%RAH £ 20 WRH
B THIS R F CALIBRRA'

1. THIS INSTRUMENT WAS CALIBRATED ACCORDING TGO DKD Re-1 BY COMPARISON WITH PRESSURE CALIBRATOR. THE
PRESSUAD MEDIA WAS OIL (QIL. DENSITY 18 865 kgim'). TIE PRESSURE GAUGE WAS INSTALLED [N VERTICAL
DIRECTION. THE REFERENCE LEVEL WAS LOWER FACE OF THE SENSOR

2. REPERENCE STANDARD INSTRUMENTS 1

INSTAUMENT MQDEY EERIAL Ng CERTIFIGATE, No DUE DATE
1} PAESSURE CALIBRATCR HPA 477084 amioer 15-Aug-23

3. THIS RESULT WAS POUND ACCURATE AS SHOWN ON DATE AND PLACE OF CALIBRATION ONLY.
4. THIS RESULT EXCLUDE LONG TERM STABILITY OF THE UNIT UNDER CALIBRATION.
5. THIS CERTIFICATE 15 TRACEABLE TO THE INTERMATIONAL SYSTEM OF UNTT MAINTAINED AT:-
» NATIONAL INSTITUTE OF METRALOGY (THAILAND) THROUGH TECHNOLOGY PROMOTICN ASSOCLATIONITHAL-JAPAN).
RESULT OF CALIRRATION;: WITHOUT ADJUSTMERT
1. ERROR FROM PRICTION OF MOVEMENT PART WAS 0 pal
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2. TNSTRUMENT ERROR

STANDARD READING ULUC READING CORRECTION UNCERTAMNTY
{psl) {ps) (psl} OF MEASUREMENT
. £ i)
0.0 0.0 0.0 20
500.0 5000 - 0.0 20
10000 1000.0 0.0 20
1500.0 1458.9 0.1 20
2000,0 19539 . i8] 20
2500.0 2455.3 0z 20
30000 29599 0.1 20
3500.0 35000 00 20
4000.0 4000.0 00 20
43500.0 45001 0.1 240
5000.0 50001 -0.1 20
S000.0 S000.1 0. 19
4500.0 4500.1 0.1 24
4000.0 4000.0 00 24
3500.0 3500.0 00 2%
3000,0 2999.9 01 20
2500.0 24999 0.1 20
2000,0 1999.8 0.2 0
1500.0 1499.9 0.l 0
1000.0 1000.0 0.6 .0
500.0 $00.0 00 2.0
0.0 0.0 0.0 2.0
UNIT CONYERSION FACTOR : LkPaw0.1450377439 pa[

UUCH ; INIT UNDER CALIBRATION

THE REFORTED UNCERTAINTY OF MEASUREMENT WAS DASED ON A STANOARD UNCERTAINTY MLH.TJPLIED/BY A
COVERAOE FACTOR k=2.0, PROYIDINO A LEVEL OF CONFIDENCE APPROXIMATELY 5%,

END OF CALIBRATION REPORT
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1.0 HRSG INTERLOCKS, ALARMS & SIGNALS MONITDRING PER NFPA BS

Per NFPA B5 requiremants an HRSG safely Interiock eyslem “shelf be installed {o protecl perseninel
from injury and 1o protect equipment from damage.” NFPA BS states that “Interock funclions shall ba
Initlated by one of mors of the following - 1} switchas indapandant of control functions and signals, 2)
bwy analog signals vilh a divergence alamm, and 3) Lhrea analog signals employing an auctioneering
syslam and a divergence alarm or olher faull diagnostic alamm, To meet the raquirements of NFPA 85 3
Distributed Control Syslem (DCS) (by others) Is deskined 1 manage all inlsrlock 2nd alamm signals
related to the safe operation of the HRSG with respect te (he Combustion Turbine {CT).

For axample, drum level is

oy threa lavel I and drum pressure Is measured by two
pressure transmitters. The drum level and prassurs transmitiars send 4-20 mA measuremant signals to
the DCS for drum level control and indicalon. Measurement values are compared and velldated based
on & twa ¢f thiee auctionsering logic In the DCS. Average valuss of drum lsvel and prassura are
datermined and used to caloulsle Lhe donsity compansated drum lavel, The average pressure
measurement is used to datermine stoam and water density dala. The denslty or spedific gravily values
arg used ko eomponsate Lhe average Jevel mossurement for deneily differences batweon the HP drum
water and waler In the laval Transmilter's ‘cold” measurement leg, which is at amblent temporature. H
1he cor drum level to the drum NWL Is at 8 LOW drum fevel conditlon, the DCS
energizes audible and visual alarm indications, Il the compensated drum levsl refarenced ta the drum
NWL is al a LOW-LCW drum level condition, the DCS sends a digiial signal to the CT conlrol syslem lo
funback CT 1oad. If the compensalsd drum level refsrenced to the drum normal water level (NWL) is at
a HIGH-HIGH-HIGH dium leve! conditlon, (he OGS tips Lhe ST. )i the compansated drum level
referencad to the drum normal water leval (NWL) Is at & LOW.LOW-LOW drum level sondifian, the DCS
also tips the CTG,

Normatly threa Iransmiiter (or temparature elementl) messuraments of the sams parameter are
compared In tha DCS, bul iwo transmitler {or temparalure element)
If Lhres 1. luer (or

canalsoba

ire slement) are pared, a two of thras
auclionaaring logl: Is used In the DCS. The average value is normally bassd oh threa measurements i
2all three measurements ate valid. A measuremant is valk if it |5 wilhn the calibrated transmitier range
and ils value ls within a specified tolerance of elther of he other two measurements, Upan camparison
of the transmiller (or temperetura elemenl) measuremant values, il any of the values is nol wilthin he
specified Loksance of bolh of the ether heo values of if any transmilter (or lemperature slement)
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7. Position of HRSG Diverer Camper{Siate of HRSG diverter damper position based on HRSG
Diverlet Dantper "opan” and ‘closad’ fimit switches, which send digHal input signals to the DCS
control system) Is comect {i.e.. HRSG Divertsr Stack Damper Position is OPEN lo HRSG &
CLOSED lo DIVERTER DAMPER STACK),

8. Posilion of HRSG Blanking Plale (Stale of HRSG Blanking Plaie positicn basad on HRSG Blanking
Plate 'open’ and ‘closed' limil swilchas which send digltal Input signals 1o the DCS control sysiem)is
correcl {i.e., HRSG Blanking Flals Pesition is CPEN to HRSG )

Tha follkewing HRSG Interlock condifions initlate CT:

Whan the pasition of HRSG Diverter Damper Etack Dampor Is OPEN i¢ HRSG and is
CLOSED to DIVERTER DAMPER STACK and HRSG Blanking Plate Posilion is OPEM le HRSG,
1he following HRSQ interlock conditions initate CT ¢

1. HP Drum Level is LOW-LOW-LOW (i.a.. £ -63% millmeter (- 25 in., ref. NWLY).
REQUIRED RESPONSE: CT TRIP

2. HP Drum Lovel Is LOW-LOW {.e., < -406.4 millimeler {- 16in., ref. NWL)).
REQUIRED RESPOHSE: RUNBACK CT

3. HF Drum Pressura is HIGH-HIGH-HIGH (L.e., 2 91.01barg { 1320 psigi).
REQUIRED RESFONSE: CT TRIP

4.

HP Drum Pressurg is HIGH-HIGH {l.e., 2 85,18 barg (1250 psig)).

REQUIRED RESPONSE: RUNBACK CT

5. HP SR Outlet Pressure 1s HIGH-HIGH fi.e., 2 84.46 barg (1225 psigh)

REQWIRED RESPONSE: RUNBACKCT

6. HP Sleam Output Temperature is HIGH-HIGH-HIGH (1¢.. > 511,67 T (1007 F}.
REQUIRED RESPONSE: CT TRIP

7. HP Sigam Gutpul Temperature is HIGH-HIGH {i.e., = 538.89 'C (1002 F)I.
REQUIRED RESPONSE: RUNBACK CT

8. LP Drum Level Is LOVY-LOW-LOW (i.e., < -330.2 milimeler (- 13 in., rel, HWL)).
REQUIRED RESPONSE: CT TRIP

9. LP Drum Levs! is LOW-LOW {i.9., S -254 mitimeter (- 1030, raf, NWL))
REQUIRED RESPONSE: RUNBACK CT

10. LP Drum Pressure is HIGH-HIGH-RIGH {l.e., = 13.44 barg (195 psig)}.

REQUIRED RESPONSE: CT TRIP

zd N
Date: Documani Number:
08104711 HRSG CONTROL SYSTEMS V17460-ICNF-001
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measuremant [s oul of range, a ‘measurement deviation / bad quality’ alarm for het {ransmitter (or
temperature element] Is ralsed al the DCS. If none of the measuramont comparisons are within the
spocified tolarancs, ihe CT is tripped andior a *bad oversil averege measurement’ alarm Is alsa ralsed at
the DCS, f enly two transmitler (o temperature slemeni} measurements of the same paramoler sra
campated, ha avorage valuz Is used in the DCS. If the measurement comparison does ral mest the
specified olerance, (ha devialion atarm is raised for the other transmitier {or temparature elemant) al
tha DCS.

1.4 Tha following HRSG paramaters, which & determined in ha DGCS, are inferiocks for starting tho CT:

1. HP Drum Level (densily compansated, averaga valua of 2 of 3 auctioneering of HP drum level
from 4P HAD$0CLGD1, HAD10CLOOZ & HAD10CLOO3, which send 4-
20 mA signals 1o the DCS Conbraller) Is wilhin the deffned slartup ranga (i.e.. = -355.6 millimeter { -
14 In., ret. NWL)).

2. HP Drum Pressure (avorage value of HP drum pressur from p
RAD10CPQ01& HAD10CPOD2, which send 4-20 mA slgnals ke Iha DS Controller) is not HIGH
{l.2., < 82,737 barg {1200 psk)}.

3. LP Drum Level {density compensaied, average value of 2 of 3 auclionaaring of LP drum isve!
measurements from dP iransmilters, HADSOCLOO1, HADSOCLOO2 & HADSOCLOOY, which send 4-
26 mA signals to Lhe DCS Controflar} ks within the defined elariup range (La., 2 -12.192 mitmetsr ¢
Q.48 In., rel. NWL)).

4. LP Crum Prassure {average value of LP drum pressure measuremanis from pressire irensmilters,
HADSQCP01 & HADSOCPODZ, which send 4-20 mA sighals 1o the DCS Controllsr) is not HIGH
(l.e.. 5 8.963 barg (130 psig)).

5. HRSQ Ducl Exhaust Gas Pressure (HRSG Ducl Pressure basad on either of two HRSG Ducl
pressure transmitter, HNB10CP0G1T lhru HNB 10CP004, which send 4-20 mA signals 1o the DCS
Caontroller) Is not HIGH {l.e., £ 584.2 millmeter. H;0 (23 in.H,0)).

6. The HRSG feadwater supply system I3 avallable tp respond to ¢emand {proven by full opan HP
feedwaler block vatve actualor ‘open’ limit switch activation).
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REQUIRED RESPONSE: RUNBACK CT
12. LP SH Oulist Prassurs Is HIGH-HIGH (i.o., @ 10.34barg {150 psig)).
REQUIRED RESPDNSE: RUNBACK CT
13, HP Drum Leval Overall Measuremenl Fault
REQUIRED RESPONSE: CT TRIF
14, HP Quipud Steam Temperature Overall Measuremenl Fault
REQUIRED RESPONSE: RUNBACK CT
15. LP Drem Level Overall Measurement Faull
REQUIRED RESPONSE: CT TRIF
16. LP Drum Pressure Cverell Measuremani Fault
REQUIRED RESPOHNSE: CT TRIP
17. HRSG Duct Exhausl Gas Pressure is HIGH HIGH (Le., 2 622.3 millimeter. H;O (24.5 in H,0)}.
REQUIRED RESPONSE: CT TRIP

If two gas turbines have baen lripped, the folowing HRSG inlsriock condilions iritiale ST 1rps:

1. HP Drum Level Is HIGH-H!GH-HIGH (i.e., 2 177 8 millimeter {7 in., ref. NWL}).
REQUIRED RESPONSE: STEAM TURBINE TRIP

2. LP Drum Levelis HIGH-HIGH-RIGH (i.e., 2 177.8 millimetsr (7 in., ref. NWL)L
REQUIRED RESPONSE: STEAM TURBINE TRIP

Tha foflowlng HRSG operating conditlons must be alarmed as requited per NFPA 85:
HP Drum Leval is LOW (ie., 5 -152.4 millimeter {- 6 in., rof. NWLY).

HP Drum Levetis HIGH (l.e., 2 127 milimeter {5 in., ref. NWL)).

HP Drum Lavelis HIGH-HIGH {i.e., > 1524 millimetzr (G in., tef. HIWL))

HP Drum Pressure s HIGH {ie., > 82 737 barg (1200 psig)).

HP SH Bullet Steam Fressure Is HIGH (i, > 82.048 barg (1190 psigi).

oo

5.

8. LP SH Qutlet Steamn Pressure Is HIGH {i.e., 2 8 274barg {120psig)).

T. HP Sleam Qutput Tempearature Is HIGH {l.e., = 533.32 'C 1992 ¥y,

B LP Drum Level Is LOWY (l.e.. s -152.4 millmeter [-Gin., rel. MWL)}

9. LP Drum Level is HIGH (... 2 127 millimeler (5 in.. ref, NWL))

10. LP Drum Level Is HIGH-RIGH (i.a., 2 1524 rilllmeler (5 In., ref. NWLj).
11, LP Drum Pressure is HIGH (ie., = (e, = 8983 barg (130psial).
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2. HRSG buct Exhaust Gas Pressura is HIGH {i.a., 2 584.2 milimaler. H;0 {23 inH:0)).

13, LP Steam Outpul Tempetatura Is HIGH-HIGH-HIGH (Le.2 26058 T (501F)).

4. LP Steam Output Temparature Is HIGH-HIGH {ie., = 257.78 T (496¥)).

15. LP Steam Oulpul Temperaturs Is HIGH (Le, » 252.22T (486F)).

46. The Temp DiHerance Baiween HPSHT Module and HPSHZ Module Oullel High fie, = BETT
(120%)).

The following HRSG signals shall ba continuous!y monilored snd evailable for display at the Operater

Interfaca Machine (by others) per NFPA 85

1. HP Drum Level

2. HP Drum Pressure

3. LP Drum Level

4. LP Drum Prassure

5. HRSG Ducl Exhausl Gas Pressura

B, HRSG Duct Qutlel Gas Temperatura ( 5 F ra menl and individual
temporature measuremanta of four Duct Qullet Gas Ihermecouplas, HNAY1CTOD L
HNAT1CTO04 which send 4-20 mA signals 1o the DCS).

Additionally:

1. HRSG Stack Dutlel Gas Temp (average peraiure 11 and Indlvidual
temperalure measuroments of two HRSG Stack Oullel Ges thermocouples, HWE10CT001 &
HNE10CT002, which send 4-20 mA signals 1o the DCE).
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flowrals to Lhe setpoint and culpuls a 0-100% vatue fo the KP leedwaler conirol valvo, LAB1DAAZD 10
maintain lhe HP leedwater flow of ils setpolnt.

25 HP drum leve! Is densily companssted by maasuring first he HP drum saturalion pressure. Twa
pressure transmitiers, HADTOCPO1& HAD10CPOC2, measure HF drum pressure. The HP drum
pressure ransmitler measurements ars compared in the DCS contral system |ogic. A 5% diference in
drum presaure batween two drum pressure transmitsr measurements will cauge an overall
measurernant fault alamm and set the design pressure. Tha aversge HP drum |#vel measurement must
be comp d due le densily di batween the HP drum water and water In the lave!
Iransmdtar told measurement leg (See Appandix A. ‘Density Compansated Steam Grum Level
Equalions'). An average valua of HP crum pressure |s used 10 detarmine the liquid waler and watar
vapor densilles from ASME Steam Tabla comelations.

26 HP main sleam flow is measured by flow lansmitter (By cther). HF main stearm fow is (he feedforward
signal Io dalerming Ihe HP feedwater Now demand setpoint In the three element HF drum fevel cantro!
Joop. The HP maln steam flow |s density componsatad by HP main steam pressura and lemperature
measurement. The HP main steam pressurs Is measured by pressure ransmitter, HAH10CPO0Z, The
HP main steam tamperature Is measurad by thermocouples, HAH10CTE03 & HAH10CT004, If the HP
rmain sleam {low Lransmitter 13 foilure Ln three element control moda, Lhree elemant conlio! mode Is
swilched to single slement controf mode aulomatically,

27 The HP intar-stage atiemperalar spraywater flow s measured by flow transmitier, LAE10CF001. The
HP intar-stag flow r ! is density
HP inter-slage attemperetor spraywaler lamperature, LAE10CTOCY.

P d using downstiream

28 The HP feedwator flow Is moasured by flow transmitlere, LAB31GF002 for HRSGY and LABIZCFO02
for HRSG2, which sends a 4-20 ma signal of the flow Lo e DCS. The HP feodwater flow measuroment
15 Iha feedback contro! slgnal to the HP feedwater flow controller. The HP feedwater llow measurement
15 density compansoted using the HP p e measurement, LAR10CTOGH,
which sends a Type E thermocouple inpi signal Lo Lhe DCS. If HP {eeciwater Now transmmitter is fallure
In three element contred mods, thres element control moda Is switched 1o single element control mode

automalically.
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20 HP DRUM LEVEL CONTROL

21 HP drum level is conoolied by two process contral loops depending on e operalion of the HRSG unil.
A singla slemant feedback Toop controller is used to centred drum Tevel al setpoint during starup
operation when the HP SH steam flow ralz is lese than o equal kb 30% of the full lozd sleam flow rate.
A threa elemant, [eexiforward/laedback drum lava! £onlrol loop 18 used during nomal operation when
Lhe sleam flow rale is greatar than 30% of tha full load flow rate. The HP Drum kavel Is conirolled by
medulating HP Drum level conlrel valves, LAR 10AA201, which regulate the flow of HP feedwater into
1he HP Drum, HP diur Yevel and HP maln sleam fiow measuraments in tha HP drum level control loop
are dansity compensaked 1o account for the effect of fiuld density on the measurements, Density of
specific volume ls delermined as a function of the HP drum saturalion steam pressure measivemenl
and the HP suparheatsd steam flow tempevalure and pressure measurements,

22 Thres level transmitters, HAD10CLE01, HAD1GCLO02 & HAD10CLG03, measura HP drum level. Each
HP drum lavel Irangmiller 16 enlibrated using an elzveted 2ero so thal an increasing drum level
measuremant is directly proportlonal to an Increasing 4-20 mA signal. The HP drum Tavel transmitter
measurements are compared In the DCS control sysiem 1ogic and a two of hrao auctioneering logic s
used In e contrel system logic. A 4% dillerence in drum lavel bahweon any drum level transmitier

will cause a alarm for the tevel transmiiter that exceeds tha toloranca, Upon
comparlsan of he compensated drum level measuraments, if none of the measurem ent eomparisons
sra wilhin tha specified folerance, e GT are Lipped and an ovarall measurement laull alam is ralsed.
A single, average volue of HP Drum lavel Is used Lo delermine the density cor d HP drum level
in the DCS coniml ystem logic.

23 In the single elemenl P drum level conirel loop, a proportional-integral (Fl} feedback contraller
tompares the HP dmm levsl to (he salpoint. The drum level controller ouipts a C-100% value to the
HP fepdwater control valve, LAR 1DAA201, 1o mainlaln the HP drum level al lis sslpaint.

24 In tha three element HP drum level eanlrol loop, & proporlionatintegral (P} feadbatk
comparos the HP drum lavel o the setpolrt, The HP drum leval feedback controder oulpul Is summed
with the HP feedwater flow fesdforward signal thal is tha value of ha HF SH malh steam fiow minus the:
1P altemparator speaywaler vz, The result is the HP feedwater flow demand setpaint io the HF
{aedwaler Now coniroller, The HP allemperator spraywater iow IS densily conipensaled by HP
P spraywaler ture measurement LAE10CT001. The HP feedwatar flow controtier is a
proparional-integre! (P1) fesdback conlroller.The HP facdwater flow conlroller compares the {eed water
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2.9 During startup operation when steam production le 1he condenser through the HP bypass syslem is kow
and the steam llow measuremenl Is not accurate, drum lavel is contrelled by a gingle element feedback
contrellar specifeally lunad for startup conditions, Also, lhe drum swell will ocour s sleam |s produced
and the density of the drum walar decreasas. Upon statiup Lhe level in 1he drum should be lowered (o
tha slartup drum lavel using Lhe HF intarmittant blowdown {IBD) valve, HAD10AA102, As tha drum level
conlinues to e during startup, the drum lavel controller s&lpaint is caleulaled by HF drum pressure.
Whan the drum leve! equals Normal Weter Level (NWL), tha drum tevel ealpoini is 56l equal fo NW/L
and held constant. As the drum Jevel continues 16 increase, ihe HP 1BD valve, HAD10AA1DZ is opened
when the lavel roaches High Level and Is closed when the drum level is slightly above NWL If the CT
trips. after the drum wavol selpoinl has been set equal to NWL, the sequence is raset if the aclual drum
lavel decreases below NWL upon cooling and befora tha CT Is reslaried. The single elemenl feadback
drum level controller sulomatically starts to control drum level st MWL, when tha drum lavel decreases
below NWL. At tha end of the starlup period, sleam flow through the bypasswyslem of to the sleam
turbina increases. When the nommal, minimum load steam flow rate or the maximum stariup feedwaler
fow rate |5 measured, the HP 18D valves are closed and drum level control |s swilched ta three element
conltrel.

240 During normal operation, (e HRSG is operaled under veriable pressure condltions over the load range,
Ie., siiding pressure operating conditions. HRSG kad changes equate to changes i the HP. and LP
avaparators’ heat inpuls and their cormesponding sleam preductions. Change in the CT load demands
direcily Influance normal ket staam productions and boller drum pressures. Transien! HRSG upsat
sparating onditions othar than MY lond changes could also directly influsnca 1he HP, gnd LP sleam
productions end boiler drum pressutes. Upon any MW load change of boller upsel condition, the
magnituda of the drum leved setpoini deviations and the impact on the Individuat drum leval cantrol
loops depand on how rapidly [he respeclive sleam produclions end bailer drum pressures ara vatied.

211 For exampla, wheu lhe megawalt load demand is decreased, the CT firing rale is decreasad and the HP
sleam groduclion decroases. As less steam is produced, less slaam bubiblas In tha boller drum and
evaporator loop Bra eated, the specific volums of the steam-watet mixiure decreases, and,
consequently, the boller drum lavel dereases or shrinks. As ancthar example, wher a procass upset
eanditien alhar than g load change causes the steam prassure o Increase, the sleam production
decrenses due 1o highar energy requirements ai the comesponding higher steam saturation
temperalure. As ihe drum pressure Increases, ihe steam bubbles in the boller gruny and evaporalor
loap cantract, the specific volume of tha slaam-watar mhrure decreases, and consequently, the drum
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level shrinks. YWhen a load change or a process upset eandition occur thal results in lass steam
production, the three element drum lovel feed forward controls respond by deeasing Lho feedwalsr
flow in order o equal steam {low and maintain drum level. Hovaver, depanding on how quickly the load
<change or procass upsal condilien oocur, the effects on drum level of less stagm proguction er an
Incraasing drum preesura may cauge the drum level fesdback controller to ovarcorrect or offset the
feadforward conirol. This can leed Lo slugglsh of lo unstable conlro! of drum level,

Conversely, when the megawall load demand is increased, e CT firdng rata ks increased and tha HP
staam produclion Increases. As more slaam ls produced, more 6laam bubbles in the boiler drum and
evaporator koop are created, the specific volums of he stasm-waler mixture increases, and,
consaquanily, iha dium level rses or swells. As anclher example, whan a process upsel condition
olhar than a koad changa causes tha skam pressure te decrease, the steam produciion increases dus
1o bower ensigy requirements al the comssponding lower steam saturation temperature. As the drum
pressure de¢reases, the steam bubblas In the baller drum and evaporator loop expand, tha specific
wolume of the steam-waler mixture increases, and, consequently, he drum level swells, When 4 load
changa or a process upsel condition ocewr thal resulls In mors steam production, tha thrae slement
drum level feadforward controls respond by increasing the lesdwaler flow in order b equal sleam flow
&nd malntain drzm laval. Again, however, depending on how quickly the load changs of process upsel
condition occur, Lhe effects an drum lavel of more steam production or o decreasing dnim prassure may
also cause the drum level feedback controllar to avercomract of offsot the feedforward controf and Jead
1o sluggish or unstable drum lavel cantrol,

The condiians for shrink or swell can ba monitored and corresponding adjuslments te one or all of the
eonirol parameters can be made, when a shrink or swell condillen oczur. Shrink ocours when steam
flew Is decreasing and drum fevel Is datreasing or when steam flow Is decreasing &nd drum pressure is
increasing. Swel occurs whan steam flow s increasing and drum level is increasing or whan sleam
flow Is Increasing and drum prassurs Is decreasing. The intagral (1) conslent of the boiler drum level P}
faedback controller is set equal 1o zero when a shrink or swell conditlon oceyrs. Accordingly, Lhe drum
leval feadback conlrot action will nol sarlolsly overcomest or offsel the feedforward control actlon ta
maleh Lhe feedwalsr and sioam flowe and malnialn drum lavel. The integral conslenl s resel 1o ils
original value when Lha sleam flow Is neary constant. The controliability of the drum leve| control loop s
thaiafore Improved.

During shutdown operation, the CT turbing load s shed in & confrolled manner. The three element level
conlroller can b smployad throughoul ths shutdown period, As drum prassure Is reduced. normal
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3.0
34

3.2

a3

34

drum Jevel control can be used Including the operation of Lha HP 18D valve to prevent a high leval trip of
tha uni.

LP DRUM LEVEL CONTROL

LP ¢frum feve! is conlrol'ed by two process conlrol loops depending on the operetfen of the HRSG unil
A glngla elsmenl foedback loop controller is usad to control drum level 21 selpoint during starup
operation whon Lhe LP SH steam flow rale i Jess than or oqual lo 30% of the full lead steam Now rala,
A thres elemant, feediorwardfeedback drum level conlral l6op I used uring normal operstion when
ihe sieam flow rale is grealer than 30% ¢f the full load Nlow rate. The LP Grum leve is conlroliad by
modulating LP Orum lavel control valve, HACS0AA201, which regulates the flow of LP feedwatar inla
tha LP Drum. The LP drumn lavel and LP maln steam flow measuremenis in the LP drum leval contra|
loop ans denshy compensated 16 acecuit for the effect of fiuld density on the measurements. Density of
spacifle volums [s delermined a5 a function of the LP drum saluration sisam pressure measurement and
tha |.P superheated steam flow lemperalure and pressure meaguremants.

In the single elemant LP drum level comrol loop, & lonial-ltagral (Pl '

compares 1ha LP drum Teve! Lo the ealpoim. The drum level contraller outpuls & 0-100% value {6 Uw LP
leedwater control valve, HACS0AA201, lo maintaln the LP drum Savel al its seipolnt.

Three loval lransmiltars, HADS0CLOO1, HADS0CLOD2 & HADSCCLOG3, messure LP drum level. Each
LP dum tgvel transmitier is calibraled using an eleveled zero so thal en Incressing drum lavel
measuremant i diractly proportional to an increasing 4-20 mA eignal. The LP drum leve! fransmlttar
measuremants ara compared In the DTS conlrol syslem logic and a two of hree auetiengating loglé 18
used in the control system logle. A 4% differsnce [n drum level between any drum leve! transmitter

will causs a devialion alarm for the level ransmiler that exceeds Iha tolerance. Upon
comparison of the rw level measuremens, If none of the measurement comparisans are within the
spacified tolerance, the CT are tripped and an overall moasurement fault alarm Is raised. A single,
avarage velue of LP Drum |evel ls used 1o d ine the densily comp LP drum tavel in the
DCS conlrol system kogic,

{n he threa elemenl LP drum level cordrol laop, a properional-integral (PI) feedback ontrofier
compares Ihe LP drum level 1o the setpoinl. The LP drum leval lesdback controller autpul is summed
with the teedlorward signal which is he value of the LP rnaln sleain flow measuremenl plus slofage
tank inlel flow mezsurement LAATOCFODY Ihat ks density compensated by the lemperature
measurament HACS0CTO01. The resull is the LP feedwatar flow demand selpoini lo tha LP faedwater
Date: Bocumeni Number:

08/04/1 HRSG CONTROL SYSTEMS V17460-ICNF-001

Approvad; PHILOSOPHY DESCRIPTION Page 14 of 40
Kathy Hugle

Tlow The LP fapd fkew controllar s & proporiional-integral (P1) feedback controllar, The
LP fosdwaler flow santroller compares the LP feod water flowrale to Lhe setpaint and cutputs & 0.100%
value to the LP feedwatar control valve, HAGEQAAZDY, lo maintain the LP feadwater fow al lta selpoint.

LP drum kvel & densily compansated by measuring first the LP drum safuration pressure, Two
pressurg fransmiiters, HADSOCPCD1 & HADS0CPO0Z, maasure LP drum prassure. The LP dium
pressure transmhier measurements ara compared in tha DCS control syslem logle. A 5% diflerence In
drum pressure batween lwe drum prassute transmitter measurements will cavse an overall
measuremant fault alarm and the CT Is tipoed. The averaga LP drum lsvel measurement must ba
compansaled dua 19 denslly differences balween Lhe LP drum water and water In lhe level ransmitiar
cold measuremenl feg (See Appandix A 'Density Compensaled Steam Drum Level Equations’). An
avarage value of LP drum prossure Is used o determine the liquid waler and water vapor densities from
ASME Steam Table comalalions.

LP main steam flow Is measured by flow transmiller (By clher), Itis used as a feediorward signal 1o
datsrming the LP feedwater Mlow domand setpoint in The three element LP drum fevs! control leop. LP
maln steam flow ' density compansated by LP maln sleam pressure measuremant and temparature
measurement. The LP main steem pressure is measured by B pressure transmitter, HAHEOCPOO1. Tha
LP maln $team p ira B byatb HAHSQCTRO1. If the LP main sleam flow
Iransmiller s failura in three elemenl control mode, Ihe operator shauld switch LP feadwater control
system from autermatic mode to manual moda.

The LP feedwaler fllow Is measurad by flow ransmiller LABSOCFCO1, The LP feedwater low
measurement s the feadback con'rol signat 1o the LP leadwater flow controller. The LP faedwaler Tiow

1ent is densily led by the downstream LP faed lemperature 1t
LABSOCTOO1. If the LP fgedwater flow tranemitter is [pilure in Ihree element contra! mode, the operalor
should swilch LP [eedwaler control eystem from aulomatic moda 1o manual mode.

During starmup operation, whan steam production to the condenser Lhrough tha LP bypass syslam is low
and (ha steam flow measutement is nol accurals, drum level is controliad by a single element feedback
conlrolier spacifically lunad for slartup conditions. Also, drum swell will ocgur as sleans is produced and
the density of tha drum water dacreasas. Lipon siartup the leval In the drum should be lowered o the
slartup drum level using the LP Intermittent blowdown {IBD) valve, HADSOAA 102, As the drum Jevel
conlinues to rise during startup, the drum fevel controller setpeint Is set equal lo the aciual drum leve!.
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When tha drum level equals Normal Water Leve! (NWL}, the drum leve! selpolnt is set equal to NWL
and held constant. As the drum level conlinues 10 Increase, (he JBD valve, HADSCAA102 is oponed
whan the lavel reaches High High Level and I3 closed whien ths drum level |5 slighlly above NWL. If the
CT Irips, after Iha drum lavel salpoint has been sel equal ko NWL, the sequenca Is resel If the aciual
drum lavel decreases balow NWL upon cooling and before the CT s reslsrad. Ths single elemant
fesdback drum level controller aulomaticatly starts to control drum level at NWL whan tha drum leve!
decreases below MWL, Atthe end of the startup parled slaam flow thrgugh the bypass syslem or to the
steam Wrbine Inereases. When the nommal, minimum load steam fiow rsle or the maximum slarup
feedweler flow rata Is measured, the LP 1BD valves ara closed and drum [svel cantroi Is switched to
three element control.

During normal oparation the HRSG is oparatad under variable pressurs conditions aver the load range,
i.e., sliding pressure oporating conditions. HRSG lead changes equate to changes In the HP and LP
évaporators” heat Inputs and their cofresponding sleam produclions. Change in the CT load demands
directly Influence nommal load steam productions and boller drum pressures. Translent HRSG upsel
operating tonddlons other than MYY load changes could also directly Influsnce (he HP and LP stasm
preduclions and beiler drum pressures. Upon any MW load change or boiler upsed condition, the
magnitude of Lhe drum leve! selpeint deviallons and the Impact on Lhe Tndividual drum level control
loops depend on how rapidly the respective steam productions and boiler drum prossuros are varied,

Faor exsmple, when tha megawatt load demand is Increasad, the CT firing rale fs Increased and bypleally
the LP slsam production decreases. As |ees steam is produted, loss steam bubbles In the beiler drum
and evaporalor icop are craated, the specific volume of the steam-water mixture decreases, and
consequanlly, the bofler drum level decreases or shrinks. As anolher exampio, whan a process upset
conddicn other than B load chahge causes the steam prassura tp Increass, the sleam production
decreases dus to higher energy requiremants ai the comezponding higher steam eaturation
temparatura, As the drum pressura increases, the stesm bubbles in tha baile: drum and evaporalor
leop contract, Ihg specific volume of the stsam-water mixture decresses, and, consequently, Lhe drum
lavel shrinks. When a load change of B process upset conditlon occur Ihal resulls In lass steam
proquetion, the threa element drum level feed forward Gontrols respand by degraasing tha feedwaler
flow in order Lo equal slaam flaw and mainlain drum level. Howsver, depanding on how quickly the load
<hange of process upsst condliion ocour, the effecls on drum level of less sleam production of an
increasing drum pressure may cause the drum lavel (eediack controller to overcarredl or oilset the
feadforward control. This can lead 1o slupglsh or to unslable control of drum level,
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245  Conversely, when the megawat load demand is decreased, the CT firing rala fs dearzased and the LP
sleam produclion Increasss. As more steam is produced, more steam bubbles In the bailer drum and
svaporator loop ars created, the specific volume of the steam-water mixture increases, and,
consaquently, the druim lgvel rises or swells. As another exemple, when & process upsst condition
olher than a load change causes the steam pressura Lo dacreass, the steam production incraases dug
to kowar enargy requi te ot tha ponding lower steam on temperat As the drum
pressue decreases, the steam bubblas in the boiler drum and evaporatat loop axpand, the specific
voluma of 1he steam-waler mixture incramses, and, consequently, the drum level swells, YWhen a load
change of a process upeal condition ocrur that results In more steam production, the Lhree element
drum level feetiorward controls raspond by Increasing the feedwater flaw in order 1o equal steam flow
and maintain drum loval. Agaln, however, dapending on how quickly the toad thange or process Upset
candillon oecur, the effects on drum level of more sleam produciion or e decraasing drum prossuro may
also cavse Lhe drum leve! leodbock controlier 1o ovarcomract or offset the feediorward control and fead
10 slugglsh or unstable drum level conirol.

342  Tho condltions for ehrink or swsll can ba monltored and cormesponding adjustmants to one or ell of the
conirol parametets can ba made, when a shrink or swell condition occur. Shriak occurs when steam
tow Is decreaslng and drum leved s decreasing or when sleam flow is decreasing and dnum prassure I
Increasing, Swell occurs when sleam low Is increasing and drum leval is increasing or when steam
Now Is increasing and drum pressure s decreasing. The integral () constant of Le bofler drum level P
feadback controller is sal equal to zero when a shrink of swall conditlon ooeurs. Accordingly, the drum
lovel feedback control action will nol sesiously overcorrect or olfsel the fesdiorward condrol action 1o
maich tho feedwaler and steam flows and mainlain drum lavel. The Integral conslant is resel 1o ils
crginal value wben the sleam flow is neasly constant. The conirollebility of the drum level controtioop Is
tharefore Improvod.

343 During shutdown operalion, Ihe CT turbine kaad Is shed In a controlled mannar. The three efemenl level
conlroflor ean b employed throughout the shutdown poricd. As drum pressure 1s reducad, normat
drum level control can be Used including the oparation of the IBD valves to preveni a high leve! trip of
Lhe unll,

40 HP DRUM LEVEL REMODTE LEVEL INDICATION PER ASME BOILER CODE

Per the ASME Bailer Cade, In addition to the average HP drum lavel moasurement delerined in DCS
Conlrofler, sl lsasi ons othet Independant, remote means of level Indlcation must be providad. The HP

t Pawar Iitarnational » 4000 Dupont Circle + Loutsvills, Kentucky 40207 « www.vogtpowsr.com

Cate: Document Numbar:
0804711 HRSG CONTROL SYSTEMS V17460-ICNF-001
Approvad; PHILOSCPHY DESCRIPTION Page 17 of 40

Kathy Hugle

@ th’owc CONTROL / OPERATION DESCRIPTION

ermaiinl

Vogt Powar [nternational « £000 Dupont Clrcle « Loulsville, Kentucky 40207 » www.vogtpower.com

@‘?.*POWL {  CONTROL/OPERATION DESCRIPTION
temulionul

Vogt Power lalemational + 4000 Dupont Circls « Lotlsvills, Kentucky 40207 « www.yoglpowsr.com:
drum Remote level indicalor, HAD10CLOO2, is wired Lo the HP Drum Remots Leved Indicalor,
HAD10CL50Z & HADYOCLEDA that are lecated at grade end at contral room. One level paugs,

HADAGCL501, Is supplled al each end of the HP drum, The levs! gauges are Inslalled in a water
column connected 1o the HP drum.

5.0 LP DRUM LEVEL REMOTE LEVEL {WDICATION PER ASME BCILER CODE

Par the ASME Boller Coda, In edditlon 15 the averaga LP drum |evel measurement determined i OCS
Conrolier, at taast one other independend, remiote means of level indicalion musi be provided. The LP
drum Remote level Indicator, HADSOCLOOR, Is wired 1o the LI* Drum Remote Leve! Indicator,
HADSOCLS02 & HADSOCLED) thal are located at prade and al correl room. Chne lewal gauge,
HADSQCLS01, Is supplled at each end of the LP drum. Tha fevel gauges are Inalalled in & water column
connéctod 1o 1he LP drum.

6.0 HP SUPERHEATER MAIN STEAM TEMPERATURE CONTROL

6.1 An inter-stage attemperator is used te control 1he HP mein steam oullet temperatura from tha HRSG.
The HP superheater inter-stage attamperator comtrol will modulste walar spray flow as required lo
contre! lhe HP sleam tenminal polni lemperature S2B7T {982F) . Ouring slaiup and toading, whils al
minimum IGY angla position, Iha solendid operaled spray water block valve, LAE10AA101, is sel aula
stalus, The sproy water block valve is openad when tha spray waler contro!l valve's open demand signal
Is greater than 5% and the HP SH sleam cullsl temperaturs differance valua between the HP SH sleam
ocullel lemperature measurement valus and the KP SH sleam oullet femperature setpolnt value is less
(han 13 T, As tha CT load and exhausl gas iemperaiure are increased, the HP suparhoater oullat
tenperature rises lo ils conirel tamporatura. Furiher boad ncreases causes the spray water
lemperalure controlier demand lo increase and the spray water control valve is modulaled te control
superhaater sullet lemparaiura. On falling spray walor demand, the spray water contral valve ls
modulated to conleol supérhaater aullel temparature. If the spray waler control valve temperature
zohlroller open demand signal is less Ihan 4%, the spray walar control valve Is closed. Yhon the spray
waler contiol valve |s closad, the spray water block valve is closed after a 10 eec lima delay.

6.2 The HP main steam oullel lemperature is conlrolled by two casceded temperature conlrol loaps. The
HP main sleam cutlst temperatura [§ the cantrolled variabla of khe primary loop controlier with its
tamperalura sotpainl delarmined by design. HP main sleam lemperature is measured by ™o
thermocouples, HAHTACTO03 & 1HAR10CTO04, Two measurements are compared. Aten 5.55 ¢ 110
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F} lemparature difsrenca bolween two main sleam temparaturo moasuremeats will cause a deviation
afarm for the thermocouple thal exceeds Lhe (olerance. The averags HP main steam lemperalure is
1hen used as ihe process variable In the primary HP main. stearm temperature control foop.

6.3 If the average HP maln steam temparatura is greater than the selpoint lempsrature by 855 *C (10 ¥}
for 15 secands, @ HP main steam lampersture high alamn signal Is ralsed. if tha avarage HP main steam
lemperatura réaches & value groater than the seipoint temperalure by 11.11 °C {20 °F) for 10 seconds
(he operalor will declda if the €T need run back ta a lower load. |f the average HP main steam
temperature reachas a value greater Lhan Iha setpoint tamperature by 13.89 "C {25 °F) for 5 seconds,
tha HREG Is than alsa trippad.

64 Tne outpul from the primary controller Is tha setpalnt for tha i fer. The slave
cn.mpares the setpeint trem the primary conlroller output o the HP Infef-slage attemperator outiet stoam
jomporature measured by one thermecoupla, HAH10CTO0Z. The secondery confrolier oliplls 3 0-
100% value to the HP inter-slage atlemperator spraywater control valve LAE 10AA201, The HP inlev-
slage atiemperalar spraywater conlrol valve is modulatad to control the flow of spraywater o the HP
Iner-stage attemperaltor. The HP inter-stage spraywaler low is lled 10 vary tha HP Inler-sL

autlat sieam temp In order 1o mainlain the HP main steam outlet lemperaltre at lis
setpoinl. Cascading tho cantrof loops bn this mannor minimizes tha effects of process disturbances thal
would upset the infer-slage spray peralion thus proventing these d from
influaricing the HP main steam outlod lomparaiure.

6.5 The HP inter-slage attemperslor outlet staam tomporature selpolnt 1s fow Imited to a minimum of 27.78
€ (50 °F) above Lhe steam saturation lemperetura (Tsat) in order to prevent sleam condensation in the
sloam atlemperalor piping. If the prmary controller cutput, which is the secondary coniroller setpoint, s
Tess ihan Tsal plus 27.78 *C (50 "F), Ihe secondary conlroller sefpoint is set equalto Tsal plus 27,73 <C
{50 °F). The secondary controifer will then conlrol the HP inter-slage attemparalor oulet steam
temperature fo Teat plus 27.78 " {50 °F) to prevent staam condensation in 1he allemperaior plping.
Tha HP inter-slage allemperalor header pressure s measwred by (o HP Inter-slage attemperalor nlet

pressure transmiller, HAH10CPDD1. The HP inlet-slag: P outlet bon lemperatuce is

then determined as a function of the HP Injsr-5tage ellempsrator outlet pressure. The sum of e HP
Inier-slage P o iniet k P ira and 27,78 °C (50 F} Is hen used in a low liming
funglion block 1o delermine the [ow limil of the setpolnt of the secondacy contrallar.
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7.0 HP SH STEAM STARTUP VENT COKTROL

74 The HP SH steam starlup venl control valve (SUV}, HAHI0AA201, is used during HRSG cold, warm or
hot starlup operation to conlrel tha rate of

P a Incraase of temp ramp rata i1 tha HP
drum bosed on the HP drum saturatien pressure meacurement. During any startup period ihe HF drum
tomperalure ramp rale musl ba coniretiad 16 1.1 °C {20 *F) per minula by venting sleam through the
HP SH SUV valve of by modutating Lhe HP SH Slaam Bypass valve. All slarlup periods ara defined
from zare GTG load untl the deslred HP SH sleam oullst pressura is reachad. For any startup operation
the HP SH SUV valve is in the closed poskion when the CTG s starled.

7.2 Whon the HRSG operating permilsshves are met and CT |3 ignited, low position limller is sel lo 10%
open ta ensure sfoam flow through SH hube 10 avoid excess heal up 2l SH tube with na flow, When the
HP drum prassure equals 1.034barg {15 psig), the HP SH s1eam 5LV b placed In aulomatic. The HP
SH steam SUV valvu Is then aulomatically modulaled o contrel the HP drum tempoerature ramp rate,

73 Specifically, wo pressure transmitlers, HAD10CPO01 & HAD10GPOOZ, measura HP drum pressure.
Each HP drum pressure lransmliter sends o 4-20 mA sipnal 1o Lhe DCS, which are then compared to
ane anolher. A 5% dillerence In drum pressure maasurement between hwo the drum prassura
transmitlers will causa an gverall measurement fault elarm and the CT |s Uipped. The average HP dum
pragsure ks then used by the DCS for control purposes.

74 The HP Drum temperalure ramp rate I8 calculaled using tha average HP Drum steam saturation
prossura. The HP Drum lomperature ramp rate ls dalemmined by muliplying the chonge of tha HP Drum
gaturallon pressure with raspect Lo time by the 1" derhative of the squation of HP Drum steem
saluration lemperatute as a funclion of the HP Crum sleam eatyration pressure. The HP Drum
temparalure ramp rate is the process vatiable for the ‘HP Drum Tempereture Ramp Rale’ controllar.

7.5 The HP drum temp @ ramp rale proportional-integral (P1) controlier compares the HP drum
temperature remp rata t¢ he setpoint of 20°Fivin. The HP drum tempersture ramp rate eonlrallar then
cutputs a 0-100% signal lo the HP SH staam SUV valve lo position tha valve and conirol the BP dum
temprature ramp rete at lts setpolnt.

76 When 1hs HP SH stoam oullel pressure measured by pressure transmliter, HAH10CPO02, has reached
setpaint pressure 12 8 bara, Ihe autonvatic control of the HP drum temperaiure rate controfler |3
switched to Lhe HP SH slaem oulfel pressure ¢onttoller. The HP SH steam outlel pressure controller is 2
praporiionaHntegral {P1) conlroller and companes the HP SH steam outlel pressura (o the HP SH staam
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outlel pressure setpalnt 12.8 bara. The HP 5H steam outst pressura conlroliar than oulputs a 0-100%
signal 1o the HP SH steam SUY valve Lo position the valve accardingly. When tha HP SH stearn outiat
prassura has reached ssipalnt pressure 12,6 bara and the HP steam turbins bypass sontrol valve is
available and Lhe plani condenset is on lina, The HP SH steam oullet pressure controfler is switched Lo
the HP steam turblne bypass temperatuta ramp rate corrolier thal continues to control HP drum
temperaiure ramp rale ko setpoint {20 "F/min). Than the HP SH steam SUV valva Is stepped down
automatically 1o its fully ¢lesad position ag the control rata of HP drum temperatura increasa |s
conirelied by the HP steam turbine bypass lemparaiure ramp rate controlier.

COHTROL OF HP BYPASS FOR HP DRUM TEMPERATURE RAMP RATE

The HP SH steam slariup bypass control valve [ used duting HREG eold, warm, or ho! starup
apoiatin to control lhe rale of temperature increase or tsmporature ramp rate and HP drum prassure.
Durlng cold, warm and hol slartup period(g}, the HP drum temperslurs ramp rate must be Himilad to
20"F/min, by bypass control valve. For sald, warm and hot slart up paricds are deflined from zero CTG
load untlf the desired HP drum pressure 80.724barg (1170.8 psip) is reached.

When the HP SH steam cullel pressure is greater than 12.2 bara and the HP steam turbing bypass
control valve is available and the plant condenser is on ling, the HP drum temperature ramp rale
controlier ks swilched to the HP sleam lurbing bypass termperelure ramp rate comiroller, The HP Drum
temperaiure ramp rale proportional-Intagral (Pi) the HP drum femp ramp
rata la the selpolnt The HP drum lemperature tamp rate controller then oulputs & 0-100% signal to the
HP SH sleam Wibine bypass controf vatve unlil the HP steam ouillet pressure reaches the HP staam
turbine rolation pressure {38 barg).

When the HP steam cutlel pressura réaches the HP sleam lurbine rotallon pressure({36 barg), the HP
drum Jre (amp rate is to the HP sleam outiel pressure controller, The HP
sleam outle! pressure proportional-integral {PI) controllar comperes the HP slaam oulls pressure 10 tho
HP steam turbine relation pressure selpoint and gives out a 0-100% conlrol signal lo the HP steam
turhing bypass control vatve unlil the steam lurbine speed reaches ~3000 rpm.

Afier the sleam turblne relation reaches ~3000 rpm and until the stesm rblne gengralor mode reaches.
IPC mode, the HP steam twibine bypass cankrol valve is controfled by 2 conlrollars: 1he HP stsam out
pressurs ramp rate <ontroller and the HP drum temperature ramp rate controller, The HP eteam oul

rala controllar is a propartional-lntegral (P1) conlrelist hat compares tha HP sleans out
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LP 8H STEAM START UP VENT CONTROL

When the HRSG operating permissives ars met and the unli is starting 16 hael up, the LP SH steam
slartup vont (SUV) valve, HAHS0AA201, is opened manually to is minimum posilion Lo vent
noncondensibias to elmosphare. When tha LP drum preasure Is reached 1.634barg {15 psig), tha LP
SH sleam outlet pressure controlir and tha LP SH sleam outlet pressure ramp rale conlreller are
placed In aulomatic.

The LP SH sleam outlel pressure ramp rale conlrollar is a preportional-Infegral {P) controller, which
compares the LP SH steam oulled pressura ramp rate 1o iha nomial LP SH sieam outlet pressure ramp
rale selpoint 1.37895 barg {20 psig) per minute. The LP SH steam ouligl pressure contralier s a
preperfional-nlegral (P1) conlroller, which compares lhe LP SH steam oufial pressure, maasured by
pressure transmitier HAHSCCPODY, to the normal LP SH steam out’el pressure salpeint. When tha LP
SH steam outlel pressure is lesser than 2.03385 barg (29.5 psig), the LP SH sleam outlet prassura
ramp rate controller is used Lo 2ontrol the LP SH stsam outlet pressuré rmmp rate at Hs satpolnt and
aulputs a 0-100% slgnal o tha LP SH steam SUY valve, HAHS2AAZ01 unlll the LP SH steam cullel
pressure is reached 2.03395 barg (29.5 psig). Then, the LP SH stsam outlel pressure amp rale
caniroller s swilched to the LP SH steam outiet pressura controller, Tha LP SH steam outlel pressure
conlraller compares the LP SH steam oullet pressure to tho normasl LP SH steam cullet presaure
setpoint 2.0684 harg (30 psig) and outputs & 0-100% signal to the LP SH sleam SUV valve,
HAH50AA201, to malntaln the sleam outiet pressurm al its setpaint,

The LP SH steam SUV valvs continues lo malniain the LP SH steam oullet pressura at the normal
operating pressure 2.0684 barg (30 psig) until the LP SH steam bypass contro! valve is availzble and
the plarl condenser I§ on dlne. Tha LP gteam SUV valves iled 1o the LP SH slaam outlet pressure
controller and the LP SH steam outlet pressure remp rate controller are placed ln manual. Then the LP
SH steam SUV valva Is stepped down manually to its fully closed posilon.

HP CONTIRVOUS BLOWDOWN (CBD) YALVE CONTROL

The HP Drum conlinuous blowdowm {CBD) valve, HAD10AAZD1, is a preumatically actuated vakve with
a 4-20md posllion ransmitter and wilh open & clesed imll swliches. The HP CBD valve s automatically
contrelled by the DCS or manually centrollad by the Operalor through tha Qparalor Interfece Machine,
The HP CBD control valve, HAD10AAZ0 , reguisies the continuous blowdown flowrate to tha bicwdown
1ank in ordet 1o maintzin the HP Drum suspanded solids’ concentration below a glven lovel. Typically
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pressure ramp rate to the setpolnt. The skgnals from these two contrallers are compared in 8 compare
function block and the gresler of the 2 signals is ghven eul as a D-100% sipnal 1o the HP steam wrbing
bypass cantrol valva, when ST HP control valve start Inlel prassura conlrol, lhe HP bypass conirol valve
ks slosad and set point ks sel to actual pressure plus 3 barg, Ona the ST HP control valvs is fully
opaned, sliding pressure control will ba applied.

Specffically, wa pressure transmitlers, HAD10CPI01 & RADOCP00Z, measure HP drum presaure,
Each HF drum pressure tmansmittor sends a 4-20 mA signal o the DCS, which are then compared to
cne another. A 5% difference in drum pressure measurament betweean two the drum pressure
transmitlers will cause an overall measurament fault afarm and the HP Drum femperaiurs ramp rale
propedienakintegral {P1} controllar and the HP SH sleam oullet prassure proporlianal-inlegral (P}
contrafler are swilched from auto mode'to manual mode. The avarage HP drum pressurs Is then used
by the DGS for contro! purposes.

The HP Drum

p ramp rate is using the averaga HP Drum steam saturation
pressure, The HP Drum temperature ramp rale is delermined by multiplying the change of the HP Drum
eaturalion pressure with respect Lo tima by the 1" derivativa of Iha equation of HP Drum steam
saluration lemperalture 28 & funeticn of the HP Drum steam saturation pressure. The HP Drum

temperalure ramp rale is the process varlable for ihe ‘HP Drum Tempersature Ramp Rals’ controller,

DIVERT DAMPER CONTROL

The HRSG Divert Damper located in the HRSG inlet duct. The Divert Dampar allovs CT exhaust gas
Into the HRSG In fixed increments while the P SH SUV valve |5 modulated 1o ralse pressurs. Bolh
controlled operetions are designed Lo limit tharmal stresses in the HRSS.

‘Fhe Divert Damper blade la pesitionad automatically based on timed sequence: of oporation to colncide
appreximalely with the rate of hoal absorption requlved 1o ralse HP Drum prassure to bo defined
pressure levels over a given Eme period, The diverier damper blade Is motor driven and a position
rgnsmitler Is used to propoarticn flow between the HRSG and the divert stack.

When gas lrbing Is on and HRSG ks started, Lhe Diverter Damper needs to be opened gradually by
timer control. The Diverter Dampar positien intermediale positions are 30%, 50%, 60%, 70%, B0% and
100% and (me pericd are 10 Mmin, 10 min, 10 min, 19 mip, 10 min, 5 min,
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the concenlration of suspended sclids n the drum water Is measurod by the eleclrical conductivity of the
drum walsr, According to EPRI guidelines for boliar drum water quallty under normal operating limils &l
Lhe HP drum opaerating pressures, tha recommended direcl conductivity s less han {THD} p&/an. The
alectrical conductivity of the bofler drum water [s measured 1o detarmine its suspended solids
concantration level. In aulomatie operation, the bollst water conduclivity messursment (by othars) is
compared (o ils selpoint and a 0-100% value from the DCS Is sent to tha CBO valve's positioner. The
CBD valves are modulaled to regulate he continuous blowdown Nlow rale from tha HP Drum and contro!
1he boiler drum water conduclivity at its sstpolnl.

LP COHTINUDUS BLOWDOWN (CBD) VALVE CONTROL

The LP Drum continusus blowdown (GBD} valve, HADSOAA2(1, is & pneumatcally acluated valve with
a 4.20mA position lransmiller and with cpen & closed limil switches. The LP CBD valve s sutomallcally
conlrolled by Ihe DCS or manually controlled by tha Operzalor through tha Cperalor Interfacs Machina,
Tha LP CBD ¢onlrol valve, HADSOAAZ01, regulates Lhe eanlinuous blowdown flowrala to Lhe blowdown
tank in order 1o maintaln the LP Drum suspanded solids’ concentrallon balow a glven level. Typically the
concenlralion of suspanded solids In the drum water s measured by the elecliical conductivily of Lhe
drum water. According to EPRI guidelines for boiler drum water quality under nonmal operating limlts at
the LP drum oporeting pressures, the recommended direct conduciivity is 1ess than (TB8D) uSécm. The
afactrical conduglivity of the bollet drum waler is measured 1o determing s suspanded sollds”
concentration fevel. In aulometic operation, the boiler water conductivity measurement (by others) is
compared lo its setpolnl and & 0-100% value from the DCS is eanl te tha CBD valve's positioner. Tha
CBD valves are medulated to regulale the flow rete from the LP Drum and control
tha boller drum water conduclivity at ila satpalnt,

BLOWDOWN TARK TEMPERATURE CONTROL.

The blowdown Lank lemperature proportienal-integral (P1) feedback conloller P the
tank tamperature measured by a thermecoupls LGO10CTO01 (o the blowdown tank temperature
salpoinl 60 T (140 T} and outputs a O-100% valua Lo ihe conling water control vahvs LCQ108A201.

EXTERNAL DEAERATOR PRESSURE CONTROL

Tha external deaerater prassure Is measured by & pressure Wansmitter, LAAT1ICPO0 1. The extemal
daaeralor pregsure needs to be conlrolled by conlral valves, LAATDAA202, LAATOANAZOY (Boiler #1) &
LAA10AAZ01 (Baier #2).
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Tha extemal d alor pressure i a prop intagral {P) that P he
extemal deasralor pressuna fo the selpoint 1199688 bara (17.4psia) and sulputs a 0-100% signal to the
contmd valvas LAAT0AAZO2, LAATCAAZD1 (Boiler #1} & LAATCAAZOT (Bailer #2).

1o axernal feed

When tha LP P measured by ono tharmocouple,
HAG50CTO01, is greator Ihan Ihe comrasponding steam esluration lempsrature 104.78 T (220.6F ) of
\he deasralos pressure 1.199688 bara (17.4 psha), the pressure control vatves LAAT0AR20 {Beiler #1)
& LAA10AA2C1 (Boiler #2) from the LP ecansmizer o external dezerator are permitied 10 opan. When
the Lp sleam lemparature measured by thermocouples, (By Others), is greater than the carresponding
sleam saturallon tempsrature 104.78 T {220.6 T yof the doasralor pressure 1.199688 bara {17 4 psia)
and the Lp sleam pr } d by a pressure {By Cthars), is.
greatar than Ihe deaerator pressure 1,199688 bara (17.4 psia), the prossure conlro! valve:
LAA1DAA202, trom Lp stoam to extemal deaeralor sre permilted to open. Durlng start up, i the

p are {rom LP izer 1o axtemal deaeralor or the steam temparature and
pressure from LP sleam are not mel required lemperature and prossure, the exiemnal deasrator
pressure proportional-integral {FI} controller compares the external deaerator pressura Lo Lhe selpoint
prassure 1.199668 bara (17.4 psia) and oulputs a 0-100% signal te the conlrol valva (By Other) thal
controls |he auxilary leam Lo deaeralor until LP ECON or steam from LP temperature and prassure ara
met.

EXTERNAL DEAERATOR LEVEL CONTROL

Three level trensmitters, LAAIGCLO01 & LAA10CLOO2 measure the extemal deaeratot level. The
extemal di level i are

d using an eleveted zero so thel an intreasing drum
level measurement is directly proportional Lo an increasing 4-20 ma signal. The exlemal deacrater level
15 denslty compansated by measuring firsl the external deasrator ealuralion pressure. One pressure
trangmitter, LAA11CPO01, Is used to measure the exlemal deaerator pressure. Tha extamal deserator
lavel ransmillier measuremanls aro compared in the DCS control systam loglc and a average
calculalion logit Is used in he control system fogic, A 2% differance In extemal deaerater leval
measuremenis will causa a deviation alamm for the level ransmiilter that exceeds the tolerance,

The external deaerator kevel Is eontrolled by a roparlonak-integral {F1) faedback controller that
compares Lhe exlomal doaerator leval (o the salpoint. The extamal deasrator level conbroller oulpuls a
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Intermittent biowdewn {IB0) vatve, HADSOAAIG2, is opaned prior v HRSG operation. Upen slenup the
levol in the drum should be lowered to tha starlug drum Isve! by using (he LP intermitient blowdown
{IBD) valve, HADSOAAT0Z. When Ibe startup level is reached the LP 1B valvas are closed and placed
in automatic oporaling mode. As tha drum lave! canlinues to rise during slariup due ko drum swell, the
LP 18D vatves ara openat whon (he level reaches High Leve! and closes when the drum loval ls
gecreased to +¢ inch {256 4mm) ahove Normal Watar Level (NWL).

During normal oporation, load changes and translent upsel condllions can cause the drum Tovel to swoll
or shrink. Normal drum leve! contred is used when these oparating condilions oceur to control drum
tavel. The LP IBD valves are also used when these operaling conditions accur, as required, (o prevent
a high or low drum lave! Irip condicn.

During shuldown operalicn tha GT turbing koad Is shed n a conwrolied manner, As drum prassure is
reduced, normat drum keval conirol 13 used including the operation of the LP IBD valvas ta prevent o
high tevel lrip of the unit.

The LP IBC valves are motor eperaled globe valves with open & closed limit swiiches. These 18D
valves ara automatically controlled by the DCS or manually centrolled by the Operalor through the
Cperator Interface Maching. The IED valves are driven open or closed by OPEN os CLOSE digltal
cutput commands from Lhe DCS ta the valves.

CONTROL OF HP DRUM VENT VALVE

The HP Drum vent vatve, HAD10AA101, Is used during & cold slartup 16 venl noncondansibles from the
HP Drum and HP Dum sleam outlel piping when the HP Evaporalor begins sisaming. When the
average HP Drum pressure measuret by pressura transmitiors, HAD1OCPOO1 & HAD1OCPOO2. Is
1.7237barg (25 psi), the onfall venl vahve is closed.

CONTROL OF LP DRUM YENT YALVE

The LP Qrum vont valva, HAIE0AAIDH, Is used during a cold slarlup 1o ven! noncondensibles froi the
LP Drum ard LP Drum stesm oullet piping when tha LP Evapaoralor beging steaming. When the
average LP Drum pressura measured by pressure transmitiars. HADSICPR01 & HADSQCPDO0Z, is
1.03420870 (35 psig;, the onvoll ven! vaive s dosed.

EXTERHAL DEAERATOR VEMWT YALVE CONTROL
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0-100% valua to the condensale to axtemal deaeralor feedwaler control valve, LAA11AA201, lo
malnlain the extemal geaeralor level atits estpoinl.

HP INTERMITTENT BLOWDOWH (18D) VALVE CONTROL.

During siartup oparalion drum swall will occur &3 stsah b producad and the dansity of tha drum water
decraases. The HP infermitiant biowdown (/ED) valve, HAD 0AA102, is used for Luotiling sotvica
during startup 1o conirol drum swell when automalic faedback [svel contro! ls Ineffecive. The HP
Intermriltant blowdown {IBD) valves ara sst auio mede during the startup sequenca based on defined
drum lavals. The HP Intermitlent blowdown {IB0) valve, HAD10AA102, is openad pror ta HRSG
cperation, Upon startup the level in the drum should be lowsred to the stariup drum kevel by using the
HP Intermitient blowdown {IBD vahve, HAD10AA102. When lhe slartup level B reached the HP I1BD
vaies is closed and placod in automati operaling moda. Ae the drum lavel continues to risa during
startup due to drum swell, the HP IBD valvas are openad when Lha level reaches High Level and closes
whan the drum leve! Is decreased lo +1 inch {25.4mm) above Normai Water Leve! (NWL},

During normal oparation, koad changes and kanslent upsel eonditions can cause the drum leved to swell
or shrink. Normal drum levst controd s used when these operating canditlons cccur Lo eontrot drum
level, The HP IBD vatves are also used when Lhese operating conditions oCcur, as required. o prevent
a high or low drum laval Irip condition.

During shuldown operation the CT turbine load s shed in a controlied mannor. As the drum pressura is
reduced, nommal drum leve! contrel Is used including the operation of the HP 18D vatves 1o prevert a
high kavel trlp of the unit.

The HP |BDC valves ara motor oparaled globe valves with open & closed mit switches. These 1BD
vatves are aulomalically centrolled by the DCS or mapually controlled by the Oparater through tha
Operator Intarface Machine. Tha IBD valves are driven open or closad by OPEN or CLOSE digilal
output commands from the DCS to the valves,

LP INTERMITYENT BLOWDOWN {IBD) YALVE CONTROL

During startup operalion drum swell will accur as steam is preducad and the density of Lhe drum water
decreases. The LP intermiltent blawdewn (IBD) valve, HADSDAA102, 18 used lor (heotiling service
during skartup 1o conirel drum swell when automatic feadback level conlrol is Inellective, The LP IBD
valves are sel aulo mode during Lhe slartup sequence based on defined dum lavels. The LP
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204 The axtemal deasralor venl valve, LAATOAA102 s usod o vent oir {oxygen) from the external

21.0

229

230

doaeratar venl valve when the exismal deaeralor begins furning. When the deaerator pressure is
grealer than. (14 63 psia} 0 psig, e exlemnal deasrator venl veive, LANOAMTGZ is opaned. Yhen the

deacrator pressurs is lasser than (14.63 psla) O psig, the extemnal dagsrator vem valve, LAAIGAAID2 |s
cloged,

CONTROL OF HP ECONOMIZER MANIFOLD VENT YALVE

The HP Economizer maniiold vent valve, HAC20AAL01, is a motor operaled valve that is used to vent
sleam from tha lasl ecenomlzer module 10 the HP Drum in the event thal near sigaming conditions In
the izer occur. Gonditions for a p ially

& izar ere detecied by measuring the
apgroath temporatura, which 15 Iha difference betwesn the HP drum saturelion iemperature ond the HP
The HP lzar outlel lemp Is d by th pl
HAC20CT001. The HP Drum saluration lemparature Is determined in the DES as a funclion of the
average HP Drum saturation pessure measured by tha drum pressure transmitiers, HAD1CCPOD1 &
HAD10CPO02. If the approach temperatura |3 less than 3 °C, the HP Ezonermizar venl vaive is openad.
When the approach temperature is grealer than 5 T the HP Economizer vent valve Is closed. Nale that
the manually operated HP Econcrilzer module header vent velve, HAC20AAG01, remains open atal)
1imes.

@conomizer oullsl L

CONTROL OF LP ECONOMIZER MAHIFOLD YENT VALVE

The LP Economizer manifold venl valve, HAGSDAA101, is a molor operated valva (hat I8 used to vent
steam from the last economizer module o the LP Drum In the evenl thal near sleaming ¢onditions in tha
BCONOMIZET GCCue. iti fora [EY, Izer are detectod by measuring Ihe
approach tempecature, which is the ditferenca between the LP érum saluration temperature and the LP
econamizer cullet tempsrature. Tha LP economizer oullet temparature is mansured by thermocoupla
HALC565T 004, The LP Drum saturation lemperature Is delermined in the DCS a5 a function of the
evarege LP Drum saturation prossure measured by the érum pressure transmillers, HARSOCPGOY &
HADESOCPDO2. I the approzch tomparalure ia less than 3 T, the LP Econairizer vent valve is opened,
whan Ina approach lemparaiure ls greater than 5 T the LP Economlzer vent valve I5 closed. Nols that
the manusally aperaiad LP Exonomizer module header vant valve, HACS0AAGD, remalns open at all
finles.

CONTROL OF HP $H OUTLET LINE AUTOMATIC DRAIN POT
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240
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During startup and low load transien operating conditions, candensate may form in the sleam piping

when aperation la near saturaled staam condillons. Iy order lo prevent downstream surfacs damage of

HREG heat wansfer surface oc the Steam Turbine due te condensate impingement, it Is necassary lo

drain condensale from the piping as il furms. Automalic drain pol valva, HAR1DAA2Q4, downstream of

tha HPF 5H outfet ling, Is used Io prevent condansallon from damaging the HP Superheslar during
slartup andfor upsat condilions. Pressure transmitier, HAH10CPOO2, measuras the HP SH lina
preseurs, The ¢ormesponding sleam saturalion ira {Tsal) is then Bs a function of
the HP SH cullet line pressure. The HP SH outlet line drain pot temparature |3 measured by
thermocouples, HAH10CTO06 that s localed in the draln pot upstream of the automatic drain valve, |

the temperalure dilference batwaen the HP SH eullet line drain pot temperature and the corresponding
stanm saturation temperature of Lha HP SH lina prassure s less than or equal fo 12 T, aulomatic draln

pot vabvas, HAH10AA204, Is opened. When the tempereture differance botwean the HP SH outlst line
drain pof 1 and the
Is greater than 14 T, autemalic draln pol valve, HAH10AAZ(, is closed.

CONTROL OF HP SH ATTEMPERATOR AUTOMATIC DRAIN POT

Quring startup and fow load trahsient operating condilions, condensata may form I the steam piplng.
whon

HRSG heal transfar surface or the Steam Turbine due to condeneate Impingement, it ls necessary to

draln cendensate from the plping as It forms. Automatic drain pot valva, HAH10AA203, downsiream of

1he HP attemparelor, |8 wsed to prevent eondensalien from dernaging the HP Superheater during
starlup andfor upsel conditions, Pressure transmitter, HAH10CPCO1, maasures the HP attemperator
header p The o g sleam fion temperature (Tsat) Is then determined as a
tunclion of the HP attemperator header pressure. The HP atlemperstor draln pol lamperalura 1§
measured By thermocoupte, HAH 10CTO0S thal is located in the drain pod upsiream of the sutomatic
draln vatve. If lhe temporature differgnca belween the HP altemparator drain pot temparatura and the
cerrgsponding sleam salurstion (emperature of the HP allemperalor header pressurs is loss than or
equalio 10 °C, aulomatic drain pat vaive, HAH10AAZ03, Is opened. When (he lemperature dilference
betwean the HP P drain pol and Lhe corr ding steam saturalion
temporature of tha HP atlamperaler header prassura is greater than 12°C | automatic drain pol valve,
HAH10AAZ03, is closed,

CONTROL OF HP HODULE M$302 AKD M5303 CROSSOVER AUTOMATIC DRAIN POT

P g steam 1 re of tha HP SR line pressura

p 1 i near d slesm In order 1o praver downstraam surface damaga af

Date;
08/04/11 HRSG CONTROL SYSTEMS V17460-1CNF-001

Do iiniam Numbor:

Approved: PHILOSOPHY DESCRIPTION Page 29 of 40

Kathy Bugle

72

280

@ét PU\VC!' CONTROL / OPERATION DESCRIPTION
— Inlernotmnil

Mogt Pawar Intemational * 4000 Dupont Clrcle v Louisville, Kentucky 40207 + yoww . voptpowsr.com

up operation, nermal shutdewry operation, All of the openfclose motor operatad valves’ molor starters
ara integral 1o the moter oparators,

Wa|

-The Operator or OGS conlral system Inltfates an OPEN or CLOSE command to Lhe moler operated

Ive. A 120 YAC signal 1o tho molor operator control elrcuitfy |s switched on ar off acesrding o the

carresponding OPEN or CLOSE dlgltal commeand signal from the DCS, which then allaws Lhe respective
valve 10 be powered open or closa,

The gpen/ticse motor operaled valves are:

HAD10AA1D, HP DRUM VENT VALVE

HAD10AA102, HP DRUM INTERMITTENT BLOWDOWN VALVE
HAC20AA01, HP ECONOMIZER VENT VALVE

LAB10AA102, HP ECONOMIZER INLET BLOCK VALVE
LAE1GAATM, HP SPRAY INTER-STAGE BLOCK VALVE
HADS0AA101, LP ORUM VENT VALVE

HADS50AA102, LP DRUM INTERMITTENT BLDWDOWN VALVE
HACS50AA101, LP ECONOMIZER VENT VALVE

LABS0AATDY, LP ECONOMIZER INLET BLOCK VALVE
LAATOAATD2, DA TANK VENT VALVE

HRSG SIGHAL MONITORING FOR PERFORMANCE INDICATION AND ALARMS (A8 REQUIRED)

The foliowing signals. which have not alieady besn ciscussed in seclion 1 above per NFPA 85

s, are available for Indk at the Operator Interface Machine for HRSG performance

paramete! Indicaticn and elamming es requirod.

KHP SH Attemperator Steam Inlet Temperature {Temperature Thermoooupla, HAHTCCT001, which
inpuls a 1ype E thermocoupls Inpul signal to the DCS).
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25.1  During sisrtup and low load ranskent operating condltions, condansale may form in 1he steam piping,
when operation |s near saturated steam conditions. In order to prevent downsiream surface dzmage of
HRSG heat transfar surface or the Steam Turbine dys t [mpi Itls yto
draln condensate frem the plping as it forms. Automatic drain pot valve, HAH10AA202, located In the
HP SH modula M3302 and M5303 crassover 15 used 1o remove condensation from the HP SH modules
ME302 and MS303 and preveni demage fc the modules MS302 and MS203 Iubes and plping during
slartup andfor upsel conditions, Pressure transmitters, HAD10CPQ01 & HAD10CPO0Z, meesure the HP
drum pressure. When HP drum averepe pressure |s greater than 4,13685barg (60 Feky). suiomslc
dmaln valve, HAH10AA202, Is alosed. Y¥hon SP drum average pressure is Iess than or equal 1o
4.13585harg (6C Peig), automatic drain valve, HAH10AA202, Is opened. During warm slan up, epaatar
opens the valve and keeps Lhe valve 1o ba openad atatus about 5 minules, than oparalor cloges the
drain valve, During hot starl up. oparslor cpens the valves and keaps the valve 1o be cpened status
about 3 minutes, Lhen opsrelor closes 1he drain valve.

26.0 CONTROL OF LP 9H OUTLET LINE AUTOMWATIC DRAIN POT BEFDRE STEAN STOP VALVE

26.1  During slartup and low load wansient eperaling conditions, condensate may farm in the steam piping,
when oparallon [s near saturated sleam conditions, Ia ordar 16 pravent downsiream surface damage of
HRSG heal transfer surfaca or ihe Steam Turbine due 16 condensate impingement, it Is necessary to
drain condeneate from the piping as il lorms. Autemalic draln ped valve, HAHS0AAZ02, downsiream of
the LP SH outlel ling, s used to pravent condensation from damaging the LP Suparheater during
stariup andfor upset condltions. The pressura transmiller, HAHS0CPQ01, measures the LP SH ling

p . The ding steam jion tsmperalure (Tsat) Is then delermined &s & funclion of
the LP $H oullet line pressure. The LP SH outist line drain pol lemparature Is measured by
thermocouple, HAHSOCTOO02 Lhal is located In the drain pot upstream of the automatic draln valva. Ifthe
temperatura difference betwoen tha LP SH oullet line drain pol tsmpersture and the comrespending
steam eaturalisn temparature of the LP SH line pressura is less than or equal 10 10°C, automallc drain
pol valve, HAH50AAZ02, Is opened. ¥When the temperatre diiferance betwaan e LP SH outlet line
temparature ang the corresponding steam saluration lemperature of tha LP SH line pressure 1s greater
than 13T, automatic drain pol valve, HAHS0AAZ(E, Is closed,

270 CONTROL OF MOTOR OPERATED OPEN/CLOSE VALVES

271  The openiciose moty op d valves are openad or ekesed [rvm the DCS per tha User's
controd system deskon and conslsient with slariup (1.e., hol, cold, or wam: slatl operation), nomal slarl
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2. HP Eoonomizes Infet Temperalre (Temperature Thermocouple, LAB16CTO01, which inputs a type
E thermecouple Inpul slgnal to the DCS)

3. HP Economizer Oullet Temperelure (Tomperature Thermoceuple, HAC20CTEO1, which Inputs a
{ype E thermocouplo Inpud signal o tha DCS).

4. HP SH Attemparator Steam Inlet Pressure {Pressune transmitter, HAHCCPOO1, which inpuls a 4-
20 mA signal 1o 1he DCS).

5. HP Economizer Feedwaler Inlel Pressure (Pressure ransmitler, LAB10CPO01, which Inpuls a 4-20
™A skgnal to the DCS),

8. LP Economlzer Feedwater Qullat T { Ther le, HACSQCTOO1, which
Inputa a (! E _therm )z Input slgnat to {he DES).
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7. LP Economizer Feedwalar Infet Temperature (Temperature Thermoccuple, LABSOCTESE, which
inputs a lypa E thamocauple inpul signal to the DCS}).

8. LP Economizer Feedwaler Inlel Pressuta (Pressure transmitier, LABSOC P00, which inputs a 4-20
mA signal (o the DCS),

9. HP SH Atlemperalor Steam Outlel Temperature (Temperature Thernoecouple, HAH10CT002, which
inpuls a lype E thermacouple Input sigral to ihe DGS).

5

. HP Steam Outket Temperalura (Temperature Thermocouples, HAR10CTO03 & HAR1DCTO04 which
inpul type E thermocoupla Input signals te the DCS).

11. HP Feedwalar Flow (Flow transmitter, LAB10CFQ04, which inpuls & 4-20 mA signal tn the DCS}.

12. HP Steam Oullat Preasura (Pregsura (ransmittars, HAH10CPOQ2, which Inputs 4-20 ma. slgnals lo
the DCS).

13. LP Steam Dutlet Temp 6 (Temporatu;
tharmocouple Input signal I tha DCS).

ple, HAHS0CTO01, which inpuls a type E

14. LP Steam Outlet Prasstize (Prossure lransmillers, HAHSOCPOO1, which Inpul 4-20 mA signals 1o
the DCS),

15, LP Feedwater Flow (Flow iransmiiters, LABSOGF001, which inputs a 4-20 mA signal to the DCS).

16. LP izer F Qullst T {Temperalure Th pla, HACS0CTO01, which
inputs a lype E thermocouple inpul slgnel to the DCS),

17. LP Economizer Foedwatsr Inlel Temperalure {Temperaiure Themmocoupla, LABSOCTA01, which
inputs a type E thermocoupié inpld slgnal to the DCS),

18. LLP Economizer Feedwater Inlet Line Pressura (Pressure Transmitler, LABSOGPODT, which inputs a
4-20mA signal to the DCS),

1%, Blowdown Tank lemparature {Temporatwre Themocoupke, LCCHCCTO01 which inputs a bypa E
tharmecouple input eignal (o the DCS)

20, External Deasretor Level (Lavel tansmitters, LAATOCLOOT & LARINCLO0Z , which inputs 4-20mA
slgnals o the OCS)

21. Extornal Deagrator Temperature(Temperalure Thermecouple, LAATOCT{01 which Inputs a type E
thermocouple Input signal 1o the DCS)

22. Extornal Deaerater Pressure (Pressure ransmiiters, LART1CPO01, which input 4-20 ma signals o

the DCS).
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23, HRSG Duct Gas T ture (individual Lemp: and average temperature of four
Temperature Thermocouples, HNA11CT0OS Thiu HNAT1CTO0M, which Inputs o type E
thermocoupia Input signal fo the DCS).

24, HRSG Slack T findividual temperatutes and everags lamperalura of four Temparatura
Thatmocouples, HHE10CTO01E HNETOCT002, which Inpute a type E tharmocoupie Input signal to
the DCS).

25. HRSG Ducl Exhaust Ges Pressurs [HRSG Duct Pressure based on elther of two HRSG Oucl
prossura transmider, HRB10GCP001 & HNB1OCPOD, which send 4.20 mA signals io the DCS )
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29.0 APPENDILX G - DENSITY COMPENSATED STEAM DRUMW/DEAERATOR LEVEL EQUATIONS

Condensate
i Pot
X L. -
by
I =TS
hy
hy
HP DRUM H L l.
L7
FIGURE 1

DINerential pressure fransmitters are used to moagure the liquid levst in the steam drum. Pressure
transmitiers aré used 10 measura Lha sleam pressurs In the steam drum. in order {0 delermina the cerrect drum
tavel, caiculations are required to denshy compensale Ihe drum level bocaysa of significant
denslly diffarences betwaorn tho drum water and the waler In the seneing linas 1o the ransmitler, In order to

tha denslly con Son of the drum fevel measuremenl, steam and watet denslty calculations
based on ASME Steam Table data mus| be ¢ona using the drum pressure measursmenl.

Each drum kevel langmillet is calibratod with an elavated zerc In order lo produca a revetsa’

iflaralal
pressure {dp) signal such thal (he dp is B nainimum (or negative value} when the drurr s dry and a maximum (or
zare valug) when the dium is (ull. A ‘reverse’ dp signal is an Increesing dp signal oz drum level Increases. A

@ «B# Powcr  CONTROL/OPERATION DESCRIPTION
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‘reverse’ dp signal Is oblained by connesting the high pressura side of the Iransmitlsr to the low drum
connection and the low pressure side of the lransmilter Lo the high drim connection as shown in Flgure 1.

Tho ¢p of the Lansmitter is (he pressure on the High Pressure Lap minus the pressure on the Low
Pressure lap of tha . The pl

on the High Prassure and Low Pressure Laps are:

1) Puhigh = hy'(SG} + h*(SG3) + he'(SGe) + Py

2) PuJow = hy'(3Gq) + he'(SC) + Pp

where,
hy = height of steam In drum, In.
b = height of water i drum, In.
y = helght of waler between drum level fransmitter 1ap to Lap eonnections,
h, = halght of walar from law drum lap ion 1o drum level
G,
5G, = Spacihe Gravity of water at drum opersting lemperature and pressure.
5Gy = Speciiic Gravity of wale? In sensing lines al ambient tempereture and d-um operating pressure.

Spacific Gravity of steam al drum operating temperalure and pressurs.

P = Drum Pressure, psig.
The transmitler dp is;

3) dp = (P.high = Plow) = (h'{$G1) + h* (563} + h'{SGe) + Pu) - (hs [5G} + h{EGs} + Fo)
= hy*{SG4} + hy"(5G;) - hs™{S6)

Letting hy, = hy = hz, the equation for dp becomes.-
dp = (hy =)' (8G1} + 12(SGy) « hy*(SG), and
dp = h{SG - {561} + ' [SG2) - hy'[SGe) = (G- SGy)" ha + (8G:- SGe)" hy

Defining a new variabla for hy as TS, Ihe equation for dp becomes:;

4)dp = (§Gy SGi* ha + (SG- 5Ga TS
where,
T5 = helght of water in the reference leg betwaan drum lavel ransmitiar tag k> t2p conneclicns, In.

The value of TS is also 1he value of Ihe level ransmitter span, in. Hz0.

Itis common practice to refarence Lha vater lavel in the deum from normal walat level (NWL). All
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densily-compensaled drum level referoncod from MWL ZR, he helght of waler from the lower drum laval
connection 10 NWL, is sublracted from tha value for b te determine h.. The resutt is:

Byh.=h;-ZR. or
B)h;=h+ZR

Substiluting the equatlon for b, abeve into Lhe equallon for dp. tha resulling aquation for dp is:
7) dp = [$G2- 8Gy)' (he + ZR) + (SGy- SG)' TS
vilware,

h. = dansity-compansated drum level refarenced from NWL, In.
ZR = height of water Irom the lower drum leval connecilon to KWL, in.

Also, Il is common practice (hat the dp signal itsell 12 scaled In tha DCS such thal a posilive:
readout value of tha differential prassura measurement is eblained with a lower rangs value of zero
and a posliive uppst range valus @qual to the transmitier span valua, The dierential pressure, TS',
based on a height of waler in the raferance leg between drum level ansmitier top 1o tap conneciions,
|5 Bdded (0 the value of the level Iransmitter dp. Tha rasulling equation is:

8)dp.DCS=dp + TS
whare,
dp,0CS = Ihe scaked, positive readout valus of Iho drum level dp signal in the DCS, In H;0.

it may b required (hat the drum level comesponding to the Low Lavel Cufout or same level abova the
low level drum Lap is used to reference the lowest lsvel for measurement and Indicalion at the Operator
Interfaca Machine, For inslance on sleam drums cumently designed today it is common thal the pips nozzis
instrument cennection is installed [nlo (ho botiom of the drum. The nozzle exisis outside tha drum, of course,
but some fength of tho pips nozzle protrudes Into the drum as well. However the entirz height of waler in this
vartical run of pipe nazzle Is nol represenialtve of the true water level in the drum. To comed this discrapancy,
Ihe differential pressure, 7L, based on the ZL helght of watar in Lha fow drum vertical plpa noz2le cannecled to
tha level ransmiller sonsing line, is subtracted from he value of dp,DCS 10 equal dp,DCE. ZL' Is the cilfarenilal
pressure al reft p @ and pressure. The new ranf of dp DCS’ is reduced
accordingly by the valus of 2L The span of dp,DCS’, In this case, is aqual {0 the distance from tha lop of the
level ransmilier’s lowar drum pipe nozzle connecllon te the upper drun level Lap connettion, (Hote: If Lhe level
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Iransmilter bettom drum tap Is not Instaliad In the bottam of Ihe drum bui, Instead, /s Installed i Lthe and of the
drum as a horizental connection, ZLU' is equal ko 2ero. The span of dp,DCS’, In this case, Is equal io the lap o
lap distance from (ke level transmitter's lower and upper horizonlal drum Jevel tap cannections.) Thae resuling

equation Is!
9)dp,DCS’ = dp,DCS -ZL' = dp + TS - 2L

Rearranging and solving for dp, the equation becomes—

10) dp = dp,DCS’ + ZL' — TE' = (SG;- 5Gu)* (I + ZR) + (SGr- SGo)* TS

whee,
21" = dp based on halght of water at referencs temperatura and pressure above the low level drum tap
(for example, Lhe fow drum vertical pipa nozzla connected 1o the lavel tranamitler sensing fing), In.
H0
and,

dp, DCE' = the scaled, positive raadout value of he drum level dp signal in the DCS with a span equal
10 the height of waler from Ihe Lop of the level ransmitler's lower drum pipa nezzle connection o the
upper drum level tap connection, in. HyD.
Hole [hal the lowar ranga valus for hy corresponds Io the value of he with respect to NWL when dp, DCS' s zero,
Le., when the drum level s &L tha Lop of he lavel Lansmitier lower drum plpe nazzle connection.

Upon rearanging the equation above and sclving for i, the equalion for the densliy-compensalad drum
Ievel reforanced from NWL Ia:

11) he = [{dp.DCS" + ZL' - TS) + {S$Gy- §Gy) * TS}/ {8Gz+ 5Gy)- 2R

Lastly, at low pressures near atmospheric pressure il Is ient lo use Lthe 4 drum
lavel . The {evel meastremant inaccuracy is not signiicanl al low pressures.
Unitlf sufficient steam ks produced in the boller the density compensated drum level measurement using spacitic
gravity data may lead to inaccuracies depending on how the ASME stzam Lables am characlenzed 1o delormina
steam and waler spechle graviiles as funttlons of ssluralion drum pressure. i is convanier to select a
minimum drum prassure, i.a., 0.3447 barg (5 psig), for which the density compensaled grum leve! squations are
used, the uncompensatad drum level s delermined ai drum pressures less (han 0.3447 barg {5 psig). Using
2quation 10) above the equatien is expanded to separale the spacific gravily lerms.

12} dp DCS" + ZL' = T8' = (8G;} * {1 + ZR) - {SG:)” (b » 2R) + ({5G4)" TS - (SGo)" TS
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§Gg = Specilc Gravhy of waler In sansing lines al amblent temperature {i.e.. 37.78T( 100 F)) and
drum operating pressure.
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The effecl of sloam density on the maasurement of drum level &t low drum prassurg less than 1.3730bara (20
psia) ig insignificant and Lhersfare $G4 I8 89t equal 1o zero. The specliic gravilies of water at saturation
pressumes less Lhan {1.2780bara (20 psla) ame nearly equal to 1.0 and SG; and SG; are set equel to 1.0,
Substiluiing these values inlo eq. 12} above the following equallons can be willtsn.

12) dpDCS + 2L =TS =
14)dp,DCS + 2L’ - TS

07 (h + ZR} - (0] (e + ZR) + (0" TS5~ (1.0) TS
={he + ZR) TS

Sinca TS and T$ are quantialively equal thay cancel one ancther; and the following equatlon for the
uncompeneated drum leval can be detarmined.

15) h, = dp,DCE + ZL' - IR

Summarlzing, the following equations ara used ta d ing the d and drum
tevel measutemonts.

8)dpDCS'= dp + 75"~ 2L
193 he =[[dp,DCE" + ZL' - TS} + (SGa—8Gy) * TS]/ (3G~ 51}~ ZR; (Paganm > 5 palg)
15) hy = dpDES’ + 2L = ZR; (P g s U= 5 pskg)

whete,

hy = denhsly-compensaled drum lavel referenced from NWL, in. H;O,

2R = helght of water from tho lowar drum lavel conneclion to NWL, In.

dp, DCS' = Lhe sealed, posilive resdout valua of the drum level dp signat in the DCS with a span agual
to the: height of walar from the lop of Lhe leve! ransmitter's lower drum plpe nezzle conneetion to 1he
tpper drum level tap connection, in. H0.

ZU' = dp based on helght of water at relerence lemperature and pressure sbove the law level drunt ap
{for exsmele, the low drum vertics) plpe nozzla connectad to the leval transmitler sansing ling), In.
H:0

T8 = hefght of walar inthe referencs leg betwesn dmm level iransmitlsr lap 1o tap conneclions, In.

T5' = dp basad on a helghl of water In the referenca leg betwiean drum level fransmitter Lap to tep
connections, In. H;Q.

BG, = Specfic Gravity of steam at drum opergling femperature and pressurs.

$4G; = Specific Gravily of waler at drun operating lenipereture and pressure.
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For project 17460, the values far the follawing variables used n the equation for the density compensated
drum kevel measuroment referanced from KWL and Lhe calibrated levs! Lransmitler lower and upper range
valugs are;

HRSG Drum BB kP
Yaclable

ZR, (In) 1020mm (49.5 In) 558.8mm (22In)
TS, {in.} 1258mm (49.5 In} 787mm {31 In}
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6.0, GAS SIDE PRESSURE DROP
The slatic gas side pressura drop for each cese is given In the following lable.
Static Pressure Drop (In.WC}
VP Case Modnles DUCT STK Total
GOOL.100%33C.2U 93 0.14 1.646 | 10.886
C001,100%33C.20 7911 o117 116 | 9188
C002.100%330.20 7831 0157 | 1158 | 9.106
C003.100%,33C.1U 7.601 0117 | 1155 | 8.673
C004.60%.33C.2U 4458 0066 | 0518 | S5.042
©005.100%.33C.2U 9.27 0.14 1445 | 10.855
GOIN.§00%.15C.2U 9.25 0.144 | 1.345 | 10739
GOZN.100%.15C.2U 9,188 0144 | 1346 | 10678
GOIN.60%.15C.20 4632 4.074 0.486 5191
GO4N.50%.15C.20 4133 0065 | 0378 | 4575
GOSN, 100%.33C.20 7.784 0119 | 1135 | 9038
GOSN.100%.33C.20 7.694 0.119 1,133 §.946
GOIN.60%.53C.2U 4397 0.057 0.50% 4969
GOBN.60%.33C.2U 4329 0.067 | 0511 | 4907
GOIN.50%.33C. 20 3797 0.058 0.399 4.253
GION.50%.33C.2U 37314 0.058 | 0407 |_4.198
G1IN.180%.33C 20 9212 0,043 | 1.428 | 10782
GI2N.100%.33C.2U 9.52 0.143 1.433 10.685
G13N.100%.33C.2U 5.254 0.143 146 | 10.856
G14N.100%.33C.2U 9,233 0.143 1423 10.81
G1SN.100%6.33C.2U 9.136 0.143 1427 | 10,706
GLEN. $00%.40C. 1U 8477 0043 | 1414 | 10434
G 100%.45C. 11 §.807 0.143 1.409 10.359
G18N.100%.40C.2U 6.4 0097 | 0893 | 2.389
GIIN.100%6.40C.2U 6313 0.057 0.894 7.304
G20N.60%.40C.2U 3.956 0.06 | 0467 | 4483
G2LN.§0%.40C.2U 3.563 0053 | 0378 | 389
G22N.100%.35C.2U 9.184 0043 | 1458 | 10.784
G23M.100%.33C.2U 9.186 0043 | 1458 | 30787
G24N.100%.40C.20 6.568 0097 | 0.892 | 7357
Dale Printed: 9/13/2012 {5AS $I1DE PRESSURE CROP Job 17460
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Static Pressure Drop (In. WCY

VPI Cose Modules DUCT STK Total
(3002.100%.33C.2U 9.138 0,142 1422 | 10.689
G003.108%.33C 21 1714 0.121 1132 B.968
GOO3R,100%.33C.IU 7.928 9.11% [WE3) 9.098
GU03BE.100%.33C.20 7.764 0.119 115 9.012
G004.60%.33C. 211 4404 0067 | 0505 | 4576
(GO04B.60%.33C.2U0 4432 0,067 0476 4975
GO04BE.60%.33C.2U 4.378 0067 | 0477 | 4.922
G005.60%.33C.20 5.166 0.081 D.655 £.902
GO11.100%.23C.11 8.744 0142 1452 10.298
G013.100%.33C. 14 7.384 0.119 113 8.612
GO13B. 100%.33C.1U 7.457 0119 1.147 8.723
G014.60%.33C. 1U .17 4067 0.525 4,768
GO14B.60%4.33C.10 4228 0,067 0479 4171
GO015.60%.33C.1U 4.898 0.081 0.67 5.649
G006.50%.33C.20 3.873 0.05% 0.411 4.342

GO06B.50%.33C.2U 3.8%% 0.059 0313 4.33
GOOSBE. 50%,33C.2U 3848 0.053 0.375 4282
G016.50%.33C.20 3676 0.059 0432 4,167
GOOT. 100%.12C.2U 9296 G146 1342 | 10.784
G008.100%.40C 2L 6356 0.096 0.889 73
G009.50%.40C. 24 3511 0,052 | 0373 | 3.936
G019.50%40C.1U 3.329 0052 0.395 3.776
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7.0. HEATING SURFACE DATA

Dalé Printed: $11/2012 GAS SIDE PRESSURE DROP, Job 17450
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Doc. Mo, V11460 -OMNE-DD1 1-6.2

Becilon Hame HESH1 BPSHE HPSHD, HFEV1 HPLVZ HPEVY
Raatling Burface, sg. meter 70341, 1506.00 108,30 157585 F06ATT 206377
Finaed Length of Tubed, o 1524 1524 1524 1524 1524 1524
| Humibyer of Tubewirow 3] 29 ] E 36 36
umbar of pas 1 1 1 1 1 1
umber of aws Fl Z 2 2 3 3
ubk 0.0, mm 261 343 8.1 361 ETX] 381
["Tube tin Wall, mm 4064 3048 2687 2067 2667 2667
uba Materlal SA2I3T22_| SAaTre | SAHITU SATAA SAIIBA SA-ITBA
InType {C1172,
1 2 2 2 2 2
Finafmm D268 0287 (¥ 0787 0267 0.287
In Vwlghed, rm 0525 12,700 12700 12700 12.700 12,700
In Thi 5, min 1016 1516 1016 1018 1016 1,016
in Materlal TAGE TG Tdda <5 ch
Duikst Hdr. 9.0, mm 219075 213075 219015 | 2 313078 ?219.075
Cullt Hdr. Thick, rm 75400 2225 18237 15082 15067
Outtel Hdr. Malerial EA-I6P22 | 5AB38PI7 | SRAWPIY SA106C SA-106C
nlst Har. 0.5, mm 218 075 219078 218075 218075 219075
nlt Hdr, Thick., mm 25400 222338 18257 15,062 15,062
[[intat Hde, Maarial SA A6 P2 | SA-335P2) | SA35PIY BAIDBC
| Bax Box1 Box 1 Boxl Box 1
Soction Hame HPEVA HPEVS HPEC1 HPCC2 HPECY LRSH1
Heating Suriace, $4. R 206377 208377 ANTS.A5 208377 08377 35098
Elnned tengih of Tubes, [t 15.24 1524 1574 15,24 1524 BH
| Humbar of Tubesirow 36 EL-] 36 26 E. a8
Rumber of
_passes/madula 1 1 3 E 5 1
Humbar of Rows 3 3 2 3 El 1
Tube 0.0, In 381 381 9.1 381 381 8.
Tuba Min Wall, In. 2687 2887 2667 2887 2867 2667
Tube Matertal SAATAA SAT8 A SA-ITB A SAATAA 5AATAA SANTBA
Fin Typo 2 2z 2 2 2 1
Fina per Inch 0267 D28t 0267 0.207 0287 0.201
Fin Helght, In 12300 12.700 12700 12786 32,700, 9.525.
Fin Thicknass, In 1016 1015 1.016 1016 1018 1016
Fin Malgrial [ <5 €S cs cs ts
Outlet HAr, 0.0, In 219075 219.075 219075 213076 210075 219075
Outlet Har, Thigk., In 15 062 15,062 15.062 15062 15,082 10312
Ouilet Hdr, Mataclal Sk 106 SA0EC SAA0BC SA-106C Sal06 e SA- 106 B
Inlet Har. ©.0., In 219,675 150718 219.075 219 675 218075 213.075
Inlat bdr, Thi 15052 15062 18062 15.062 15.062 10.312
(TR SADEC SA-105C EAIOEC SAACRC SA106 B
fox 1 Box3 Bow 1 Box{ Box? Boc?
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Sectlon Name, HPECA HPECE LPEVY LPEVZ LPEV) LPEVL
Heating Surfaca, £q, ft 1375.85 208377 ) 193878 | 04177 2082.77 206377
Finned tength of Tubes, ft 15.24 1524 1524 1524 152 1524
Numbar of Tubsairow a8 36 38 36 36 36
Kumber af
Imotul . 5 5 1 1 1 1
Number of Rows z 3 3 3 a k]
Tube .0, in 135 381 30.3 1 36.1 361
Tube Min Wall, In 2667 2,087 zear 2087 2667 2667
Tube Materlal ShATEA SAATEA SAATE A SA-ITEA SA-T8 A $a1784
Fln Type 2 2 2 2 2 2
Flns perinch 0787 0 287 0.268 0207 0287 0287
Fin Ha'ght, In 12300 12300 12,700 12,700 12700 12700
| #n Thicknsss, In 104 106 1816 1.046 1.016 1.015
Fin Watorial cs <3 cs cs__ | _¢a c5
Qutiet Hdr. 0.0., in 210,075 21B.0!5 219.075 218.078 219.075 219,075
| Outlet Hdr. Thick., In 15,062 15 062 10.312 10312 10512 10.312
Outtet Hdr, Malerial SAI8C SAIEC SA-108.8 S4106 B £a06B IR
Inlet Hay, .8, In 216.075 215.075 215078 210075 219075 219.075
Inlet Hdr. Thick., In 15,082 15062 10342 10312 102 10.392
Inlat Har. Malerial Sh 106G SAEL SA-108.B SA:10BB 5A-1068 SA-1088
Loeatlon Bax2 Box? Fiox 2 Box2 Rox2 Hox?
Section Hame HPECE HPEC? LPECY HPEC] LPEC2 HPECH
Hesllng Surisce, ag. I 76187 208377 1034.72 208077 137568 2003.77
Finned length of Tubes, # 1574 1624 1524 1524 1524 52
Numter of Tubsskow ¥» 35 k] 38 *® 96
‘Numbar of
pastes/module 5 5 ] 1 L] 5
Husbar of Rows 2 El 2 E| 2 3
Tubs 0.0, In X 8.1 381 381 38.1 301
Tube Min Wall, In_ 2687 2667 2.667 2567 2667 2667
Tube Material SATIA SAITAA SAATAA SAATAA SA173 A SATB A
Fin Type 1 2 1 2 2 2
Fins parinch 0201 0 287 B 2a7 0.287 0.267 0287
Fin Haight, In 9525 12,700 5 525 12700 1279 12700 |
[ FIn Thicknass, In 1016 1018 1016 1018 1.018 1018
| Fin Materiat -3 [+1:3 [v3 cs £s £S5
Outiet Har. O.D., In 219,075 219,075 219015 219.076 219076 219.075
| Cutlet Her. Yhi In 15.062 15062 10.312 18.062 10.312 15,062
Oullat Hdr. Mataria] SAN06C SADGC SA-106 B 5A-106C 54706 B SA.106C
Inlet Hdr. 0.D,, In 219575 210075, 219.075 210075 219075 219075
inlet Hdr. Thick,, In 15,061 18062 1612 15062 1032 15062
Inlat Hdr. Materdal SAAIGC SA106C SAADGE SA-106C SA.106 B SAI06C
Lacmlon, Bo1? Bow 2 Boxd Bord Box3 Rord
Date Printed: 971172012 HEATING SURFACE DATA Joh 17450
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Sectlon Name LPEC3 HPECA, LPECH HEECH HPECC HPECD LPECY 8.0, BOILER FEEDWATER AND BOILER WATER
Healing Surface, sq.1t 137565 | oveay7 | io7mps | ovesyv | goadrr | 206377 | 137585 :
Finned longth of Tubes, £ | 1524 1524 15.24 4524 15.24 1524 1624 Each plant localion has distinclive water sources and Issues. For lhis reason, ballar
[ Humbar of Tubsalrow 1] 35 6 % % ET] 3 feedwater is beyond the conlrol of the boiler manufaciurer, |t is the recommendation of
Number of Vagl Power that & compslent consultant that speciallzes in boller waler treatment be
passesimodula [ 5 T 5 L] 5 L] "
Number of Rowe 2 3 2 3 3 3 2 engagsd 1o advise the owner an the mosl economical conditioning of the water supply
fubg 0.0.,in [X] 8.1 381 351 0.1 6.1 FX) far boiler use.
Tube Nin Wal), In 2,657 2867 2887 2687 2667 2867 2,667
{:“’;}z:““" 5"‘2’“ 3“"2’“ ‘“"27“ 5‘“;“ SM;M 5*"2’“ 5""27“ Praperly conditionsd waler end appropriate Infemal ¢hemical treatmeant will give many
s par Joechh ot TaaT Fo Tee o287 TaeT Tt yoars of Wouble free boller operation. The expense of a water cnnsultqnt is an
_Ln,. Helght, In 12.700 12700 2700 270 52,708 13700 12,700 insurance agalnsl scale deposils andior corosion thal could result tube failure and
| Fin Thickreas, In 1016 1018 1.016 1,015 1018 1016 1,016, extended boiler outages.
I_Fin Matarial <3 o5 o] cs o] cs €5
Outlet Hdr. 0.6 In 219.075 218078 219,075 6.015 218015 216078 219.078 H i
Outiet Her. Thick., In 10312 185.062 10312 15.062 15062 15062 | 10342 | BDI'EFT\‘miEF :]USt I'I'IEEt] :ler;ain m]nlmum. raql._l;{ﬂen}ents .}n Ol'dﬂl' ta prEVEnl"scal: or
Outfel Helr. Matarlal SA088 | SA-108C | SA088 | SAMUBC | SA10BC | SAMODSC | SA-1088 carmosion, and fa conlrol sludge and foaming. The following comments are offered for
Inlet Hdr, ©.0., In 219,076 219.075 219.075 219015 219,076 210015 219975 rafarence, but eré in no way lo be construed as recommandations of Vogt Power, Inc.
Inlet Hdr. Thick., In 10342 1B.0EZ 10.312 15082 15062 15.082 10312
I%_H_@h_ﬂﬂﬂm SA1088 | SA08C | SA0BB | SA10BC | SAIDEC | SAI06C | SA-1088 8.1 Boiler Feadwatar
Location Bokd Boxd Box 3 Hox 3 Box 3 Bard Boxd -
Generally baollar foadwater is filtered and de-ionized pricr to #ts inlreduction to he sleam
cycle as make-up. Make-up waler is required to offset Lhe losses thal occur due to
valve packing leaks, turhine gland leaks, bailer feed pump gland leakags, blowdown, or
olher vents in the sleam cycle. These losses must be replanished over tima.
Condensale |s one of the best sources of make-up water, but can contain conlaminanls
such as acidic gases that make il corrosiva to metal surfaces, Olher contaminants from
industrial plants can range from hydrocarbons to oil. A water consullant can assist In
detarmining 1he treatment required to purify this valuabla recycled water.
§.2 Conditlenlng
8.21 Controf of pH
Acidic pH veluss will cause aitacks on lhe boiler metal wilh resultant melal
deterloration. The obvipus conlrol measure tc prevent such comosion is
neulralization of acidic characieristics by the use of atkall.
Excepl In the special casas of comosive atlack involving high prassure boilar
operalion, exparience suggests a boiter water pH of approximately 10.5-11.0 will
prevent acid attack. This pH value is sufficiently high 1o stifle acidic atlack on boiler
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melal and _al_so provides a sufficlently elkaline environmeant in the boiler waler to ald
in the precipitation of soale forming salts. While Intemnal cerrective meesuras such as Lha use of organlc siudge conditioting

Note that the pre-bofler equipmentl (feedwaler heatar, pumps, piping, elc.) may be
construcled of a variety of materials that may include copper alloys, carbon steel,
stainless steel and phosphor bronze. Proper pH, usually in the 8.0 to 9.5 range,
may be more appropriate, The waler trealment censultant should account for the
different compenents in diffarent areas of the plant.

8.2.2 Control of Oxygen

Fre oxygen dissclved in the boller feedwaler cen atlack carbon sleels, The
corrosion will mast likely present as pltting of intemal sufaces, Oxygen piting is
especially dangerous, because although Lhe pits cover a small surface area, they
arg vary deep ¢empared to other types of surface comeslon, and can lead to rapid
fellura. Idle boilers which are nol properly stored or "taid up® will coreda until elther
the oxygen has bsen used up or the boller Is relurned to servica, This can
significantly shorlen boiler life.

Oxygen ¢an be controlled through deaeration and/or chemical scavenging, Oxygen
content should be between 2.0 and 7.0 ppb by wi. at the economizer or feed water
heater inlels, A mechanical deaerator can achleve this concentration if all sprey
nozzles and trays era in placo and lha sieamn supply Is adequate. Chemica! oxygan
scavengers can be used to further reduce dissalved oxygen.

8.3 Contaminants

8.3.1 Magnetic Oxldes

If magnetic oxides are present in the feedwaler, lhey ¢an be removad by fillering
through resin beds or by eleclro-magnet fters, Magnelic oxides are typlcally iron
compounds such as lren oxide or iron sificates. Deposils of iron axide are typically
found In boilers operating with very pure feedwater.

The usual source of iron oxide deposits lies in comosion extemal to the boiler. =
Corrosion can leave iron In solution in the condansata or faedwaler, which ean then
pracipitefe oul under the higher temperature and alkalinity conditions of the boiler
watar,

Iron dissolved In the cendensate can elsc combine with silica present In the baller
waler and form iron silicate scales.

eganls may be epplied to minimize ren oxide depesits in the HRSG, the besic
solution {o the problem lies in corracling the corosive conditions which put the iron
Inlo solution. The corosion is mos! likely cause by dissclved oxygen and carbon
dioxide. Dissclved gesses should be reduced to eppropriete levols through the use
of mechanical and/or chemical deaermtion.

In some cases, the source of iron oxldes and iron silicate boiler carrosion is not the
result of corrosion extemal o the boiler. Comoslys altack on the beilar metal by high
causlic concentrations or dissolved axygen may alse be the causs of this problem.

832 Oif

Qil is not typically found in boiler fesdwater, and messures should be 1aken at every
opporlunity to evold introducing oil into the system. OQil may be accidentally
introduced inlo feedwaler through pump or steem lurbine lubrication system leaks or
during maintenance aclivilies. Dus to cil’s iendency to float on waler, it is difficult or
impossible fo remove oil from boller water by blowdown, or to oblain a
representative sample of boiler water for oif contenl testing. There is no easy way lo
confirm the presence of oil in lhe water. [lls presence is revealed through the
problams it causes.

Some of lhe most serious boiler operation preblems such as tube warping, ruptures,
localized overheating, foaming, priming, and scala formation can be traced to oil
contamination. Ovarhealing of bailer heating surfaces can occur when the oil forms
a thin film on the internal surface, which acis as an insulalor and retards the beal
transfer process, restlting in an incraase In tube metal temperatura. Cverhaeting
can lead to pressure part warping andior ruplutas.

Foaming Is the formation of foam or bubbles in the boller, when steam bubbles do
not coalesce and break, Foaming can be caused by excessive dissolved and
suspended beiler waler solids, sudden or dramatie load swings, or by seme form of
oil or soap. Animal falty oi's form soaps in the presence of boiler water elkelinitles,
thus craating foam In the boiler water. The foam preduced may entirely fill the boiler
drum steam space or just floal on the surface in a thin layer. [n either casa, this
fosm causes approciable boiler weter enlrainment, leading to the carmyover of liquid
water out of the drum into the superhealers or steam line. Disseived chemlcals or
contaminanis In the impure steam may foul superhealer fubes and turbine btades,
or jusi clog pliping and traps.
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Priming is characlarized by large amounts of water passing oul of the boilar with tha
steam, usually In intermitiant slugs which may enter sleam lines and stoam turbines.
Priming is mora violent and spasmodic than foaming. This action is similar to the
*bumping” experienced when water is boiled in an open beaker. It may occur
simultanaously with foaming. High water levels in steam drums promote priming,

Since no method of Intemal condioning cen successfully cope with ol
cantamination, all oil should be removed from the boiler internal surfaces during
commissioning by boil out or acid cleaning (ses Section Ill).  Gil in the feedwaler
should be removed externally bafore it can enter the boiler. Consult a water
treatment exparl for the best method.

8.3.3 Sllca

Silica Is problematic because it can ba difficull to remove from water, and cen form
scale on healing surfaces or steam turbine compenents if nol controlled. 1L is
especially dangarous al pressures abova 2000 psi, whera it can gasity and be
carrled over in steam as a vapor, immune to the mechanical separation in the drum.
There Is no way to separate out gaseous silica. VP recommaends that the silica in
the boiler water be kept as low as possible tc guard the Jorg life of the boiler
componeants and the steem lurbine. Censult a waler ireatment expert regarding
control of silica in the feedwater,

834 Sollds

Dissolved solids are in solution and ¢annol be removed by fillration, Suspended
solids ara these which are not in sclutien and which can be removed by filtration.
Total sollds represent the sum of (he suspended and dissolved solids, Salids in
bailer wales may be magnetic or non-magnetic. TDS, cr lolal dissolved sollds, is the
sum of all the Impurities, Including waler traatment chemicals, in the boller water.
The edditive effect of various boifer waler conslituants may preduce e tendancy for
carryover.

Dissolved solids present in boiler waler gonarally come from the sclvent action of
water In contact with the minerals of the earh or boiler components (ground waler,
o deposils alreedy present In the boiler). Suspended sclids are small parlicles of
insoluble mater, mechanically introduced by the lurbulent action of tha waler on
solid objects or boiler paris.

Suspended solids may be corzosive in nalure or form scala en boiler healing
surfeces. For lhese reasons, suspendad solids must be elimineted from boiler
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8.4  Other Weter-Related Probloms
8.4.1 Scele

The formation of scele and sludgo deposits on beiler heating sueces is the most
serious problem encountered In steam gengration. The object of the majority of the
extamal trealment processes is to remove from lhe boiler feedwater those
subslances which will conlribute to scale or deposit formations In the baller,

The primary cause of scale formation is decreasing solubllity levels wilh Increasing
tempetalure, As the operating temperalure of the boller increases, the salts
become more and more insoluble, Mo method of external chemical treatment is
effeclive at the highest bollar operating lemperatures, As lhe feedwater
temperature is eleveted to the operating boller water temperelure and
concanirations, tha solubility of the scale forming salls is exceeded end they
crystalliza In the form cf scala on the bailer healing sufaces.

Boiler scale creates e problem In boiler operation bacause the heat conductivity of
the scala is fower lhan that of the steel. The presence of scale Is therefore
equivalent Lo spraading a thin film of insulation across the path of heal transfar from
the high tamperalure gasses to the boiler water. This will reduce heat irensfer and
causs a loss in boller efficiency. Slack gas temperature may increase as he boller
absarbs less heal, Eventually, scale formalion can cause tubes lo overheat, warp
and ruplure,

8.4.2 Steam Purlly or Carryover

Carmryover is 1he term applied 1o the continuous entrainment in the steem of a small
quantity of bailer water solids. In olher words, the steam Issuing from the steam
drum carmies droplels of boiler watar (mechanical carryover) or vaporized salts into
the superheaters and steam luibing. The sum of (he mechanical and vaporous
carryovers is the total eamyover.

If excessive boller water is camied ovar in the steam, lhe sclids in the watar will
deposit in he superhealer lubes, non-return valves, piping, or the steam turbine.
These deposils acl as Insulators in superheater healing surfaces allowing the tube
meta! lemperatures o rise. They can treale imbalances of the sleam turbine rotor.
Encrustations of govamer valves may permit over-speeding, damaging the steam
turbine. Sarious damage 1o equipmenl and losses o efficisncy may resull.
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water. Dissolved sollds ese fypically sullates, bicarbonates, and chiorides of
calcium, magnesium, and sodium. Each of these ions may preduce a specific effect
In boiler feedwater. A high conceniralions of dissclved solids can also cause
foaming.

8.2.5 Hardness

Hardness in water is the sum of the calcium and magnesium present. Hardness is
also reported as calcium hardness and magnesium hardness. In order to sub-divide
the hardress in this manner the calcium herdness and lotal hardness are
determined. The difarence is essumed o be the magnesium hardness.

Hardness in waler leads lo scals formation. In beiler faed waler conditloning, the
nerdness of waler can cause the formation of scale on evaporative surfaces as well
o5 axcessive sludge or "mud”, unless properly treated, Herdness may also cause
scale and deposits in fead waler heaters, feed lines, and economizers.

Totol dissolved sollds (TDS) can also be used as an indicatien of hardness. TDS is
commonly meesured using conduclivity.

8.2.6 Calcium and Magnesium

Calcium and magnesium sals ere the most cammon source of boller scale. Intemal
chemical ireatment is used to prevent deposit end scale formation from the residual
hardness concanlrations remaining in the feed water.

The most commen source of scale Is the breakdown of calcium bicarbonete to form
calcium carbanale under the influence of heat. The pracipitation of calclum
carbonate 1o form boller scale readily takas place where the boiler fead waler
contalns eny appreciable quentify of calclum bicarbanate. This aclion may elso
cause doposils to form in the feed lines, econemizers, and feedwaler heatars.

Caldum phosphate and calcium silicate ars frequantly deposiled as boiler scale.
Calcium silicale may be formed either from the combination of the calcium sillcale
lons nalurally present or &s a result of the use of sodium silicate as inlernal chemical
trealment.

Magnesium salls presentl in boiler feed waler are usually more easily pravented from
forming scale than are the calcium salls. General praclice is to precipitate
magnesium in the beiler water in the form of magnesium hydroxide.
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Tha boiler drums are designed with mechanizal separation equipment, which "dries”
the steam by removing walter droplels. Mechanical seperation is not affective in
controling volatile or vaporous materals such s gaseous silica, ammonia, carbon
dioxide, and other gases. Concenlration of these materials musl be conlrolled in the
boiler water, as they cannot be removed from the siesm. This is most imporant in
the cage of silice which can vaporize In the sleam path at pressures sbove 1000
psig (68.9 barg).

The most sommen causes of mechanicel carryover are foaming or priming In the
bailer, or excessive water leval in the drum. Thesa situations wil ellow significant
amounis of watar to enter the steam saparetors, reducing their efficiency. Priming
and foaming are always undesireble and may be dangerous, end their cause should
always ba quickly Invasligaled and corecied. Consult the ASME Boiler and
Prassute Vessal Code, Section 7, Care of Powar Bellars for causes and comective
courses of action refated o intemel chomica! conditions.

A secondary and very prevenlable cause of boller camryover is loose or wom sieam
saparalien equipmenl. Pericdic inspection of the drum Intenals can prevent
expensiva sleam lurbine repairs. Vogt Power's Aftermarkel Services can provide
guidalines or inspection sarvices.

If eamyover Is occurring, the superheater can quickly be fouled or damaged.
Weming signs of excessive cammyover includae an increase in pressure drop atross
the superheeter or 8 failed suparhester tube.

8.4.3 Hideout

Hicaoul Is a iemporary or permanent disappearance of water trealmeni chemicais
wilhin a steamn generalor. Hideoul can occur in any sleam generalor circuit or any
component within a sleam cycle. It can be caused by a variation of chemical and
physicel phenomena. Hideout Is identified by a change in water pH or conductivity.
The most widaly recognized hidgacut form is a loss of phosphate.

Phosphats lrealmenls ara used in most drum-type bellers for pH conlro! and
protection against herdness. It is, however, difficult lo contral in transient slluations.
Hideout and variations in water volume can make it dilficult {6 cantrol the phogphate
conganlration.

Not sli boilars experience phosphate hideout. Whelher or not it will occur will
depend on the relationship between phosphata concantrations, metal temperatures,
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and the awailabllity of concentrating sites and deposits, Minimlzing depesits in ] Thess values re exclushve of slhca.
avaporalor tubes reduces phosphate hideout. Source - The American Boller Manutacturers Assoclation
Excessive hideout is rormally comected by chemical cleaning followed by
condltioning of tho cleaned surfaces with phosphate uniil a stable film of megnetite
Is reformed on the tube surfaces. Even theugh alkaline treatment may be difficult to
control in some instances, its effectiveness in controlling conlaminenls is not
impaired end it can be used effeciively In emergancies.

8.5 Internal Treatment of Beilar Watar for Hatural Clrculation Unlts

After initial Lrealment of the fsedwaler, the boiler water noeds internal Lrealment to
maintain appropriate pH, TDS levels {folsl dissclved salids), silica concentrations, eic.,
through 1he enfire syslem. Common metheds include canventional phasphate,
coordinated phosphate, congruent phosphate, chelant, and volalife. Consult a water
trealment experl for the best method 1o use for the ectusl opemling conditions of the
HREG,

The Amerizan Bellsr Manufaclurer's Assoclation (ABMA} and the American Society of
Mechanical Enginesra (ASME) have both studied the waler Guality requirements of
bollers for different pressures and heat Iransfer rates. Thelr suggested limils are shown
in Table 8,1 for the operalor's convenience.

Table 81  Recommendad Beller Water Limits and Associated Steam Purity

DRUM TYPE BOILERS AT STEADY STATE FULL LOAD CPERATION

RANGE SUSPENTED SOLIDS RANGE

Fnsssunz 'ro‘m nlssowzn TOTAL ALKALINITYE  BOILER WATER TOTAL D SSOLVED SOLIDS @41
PSIG GOUDSYBOLER  BOILER WATER PEm (MAX) STEAN

WATER ppm. (MAX) pm ppm (MAX EXPECTED VallE)
0-300 700- 3500 140 -700 16 02+10
301 -4% 500 - 3000 120 - 600 10 02.4.0
451-600 500 - 2500 100 - 500 ] 02410
601- 780 400 - 2000 80 -400 ] 02-10
755 - 900 300 - 1500 80-300 4 22410
901 - 1000 250 - 1250 50- 250 2 0.241.4

100 - 2000 100 Nots D) 1 a1
NOTES: (1) Actunl veluss within tha rangs rsflact ha TDS |n tha fesdwater.
Higher values nig lor Ihgh pollds, lowar vakusy ars for jowv aolids L te 1604 waer.
) " Actal valuet whhin the range are difecly proportionsl to Le acludl value of TOS of boiler valer,
Highor vahuos aty kar the ligh sollds, lowef valiunn ate for low sollds In the borlor watar.
) Dictalud by bo'ler weies Prestment.
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8.6 References 9.0 PERFORMANCE PREDICTION

Balz Handbook of Industria! Water Genditioning - Ninth Editlan 91 HRSG PERFORMAMNCE PREDICTION

"Bailer Water Quality and Steam Purity Recommendations for Water Tube

A " ’ " The HRSG Is designed lo recover energy from gas turbine exhausl gas to produce
Boilars” - 1960 - American Boiler Manufacturers Association sleam that mesls the reguiramants af the steam turbing. Expeeled performance such
" ; . . - . as sleam flow, pressurs, temperature (for eech pressure leve!) are predictec for cerleln
COEMBUSTIDN - Fossil Power Systems - Third Edition - Combustion gas turbine operaling conditions based upon specific exhaust gas flow, exhaust gas
Enginesring, Inc. temperature, exheust gas consfituants, fuel analysls, fusl heating values, elc., provided

Wi .

EFR Reporl C5-4628 "Interim Consensus Guidelines on Fossll Plant Chemisiry” to Vogl Fower
- . . " Since the expected perlormance is based on spacific cperaling conditlons, it is unlikely
STEAM -Ils ganeration and usa.” - 401h Editlon -The Babeock & Wilcox Co. tha plant will spend much tms running under exacl design conditions. Over the lifetime
of the plant, the gas turbine performence will degrade, crealing lower gas flows and
The ASME Handbook on Water Technology for Thermal Systems higher gas lemperatures, anc affecting the HRSG outpul. In addition, the HRSG itsalf
MNole! Hew editkong ol the abxve references may be evaisbla. will age, and develop scme gas slde and waler side Souling, which will affect HRSG

performance. Ba aware Lhat the expecled performance provided in this manual reflects
2 “new and dean” condilion, end will not axactly match the day-to-day performance
over the life of the unit.

9.2  IMPACT OF INDIVIDUAL PARAMETERS ON DESIGN AND PERFORMANCE

Unlike the Input paramsters for the desigr of a conventional boiler, the input for the
HRSG Is nellher conslant nor well defined. The GT flew and temperature cannot be
regulated by tha outpul demands of the HRSG because the GT itself Is required lo
meal ils own efficiency and elecirical outpul. Even if the GT outpul is held constant, ils
axhaust conditlons change as the ambient lemperature changes and es lhe equipment
agas. As the exact measurement of GT flow is difficult, it must be estimated based on
cofrelations derived ithrough 1ests. An HRSG whose deslgn is based on eslimated
values may nol parform as predicled, aven if it is possible to meet the exact design
conditions.

This secllon discusses the various parameters thel affecl the HRSG design, the
probabla amors in measuring thelr values, and the effect of each on the perdormeance of
the HRSG, Based on lhe informetion given, it is possible lo develop an operating
envalope for the HRSG.
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The vatiables which influence the HRSG performance can be categorized as input,
design and output variables. Input variables consist of:

Gas Turbina Exhaust Flow

Gas Turbine Exhaust Temperature
Gas Turhine Exheust Constituents
Feedwatar Temperature
Blowdown Rate

Steem Pressure

Burner Firing Rate

Design paramelers which are either assumed or calculated include:

HRSG Geomelry

Heal Transfer Coefficients

Gas Leakage

Thermal Losses
Oulput variables which influence the HRSG are:

Steam Temperature

Steam Quality

Variation in Operating Points
9.3 PARAMETER EFFECTS
The following paragraphs discuss lhe etfect of each paremetsr on the HRSG
paormance, leafing each parameter separalely. The effect of changes in saveral
factors taken in combination may not be campletely prediciable.

9.3.1 GAS TURBINE EXHAUST FLOW

In 1he design phase, ges turbine exhaust flows provided lo VPI will generally
incdude lhe base load ISO condition and correcled flews for the sile
conditions at base load. However, since an accurele measuremenl of GT
exhaust flow is very difficult, a best estimate is cblainad based on air and fuel
measurement, In a typical gas turbine, Lhe velocity may vary from 0% lo
shoul 300% of the average velocity across lhe GT cullet cross section.  An
HRSG designed for the estimated gas flow may not perform as predicled
aven if the dasign conditions are duplicaled because the velocily distribution
may lead lo a different flow disiribution through the tubes. Figure 8.6.1
shows the effecl of changes in 1he gas flow rate on the steam flow and sleam
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which compansales the heal transfer surface area requirements to certain
extert, For example, a 10F {5T) decrease in feed weter temperaturs
Increases the duly by about 4%, but increases the LMTD by about 3%. The
nel result is ebout 1% deficiency in the oconcmizar surlace. Since the
economizer surace 5 a smell part of the (olal surface, the lotel surface
deficiency Is much less and the etfect on steam outpul i very minimal , as
shown on Figure 6.4,

9.3.5 BLOWDOWN

Generally, blowdown is specified as a percentage of lotal leedwater flow.
More blowdown means mere foss of treated water and mere loss of heat,
which affects sleam generelion. However, the effact on steam flow is not
very significant. As Figure 9.6.5 shows, doubling lhe blowdown from 4% to
8% chenges the steam flow by aboul 0.8% (from 0.9% o 1.7%). Sieam
temperature is decreased 0.5F,

9,3.6 HEAT TRANSFER COEFFICIENT

An exact calcutation of lhe heat transfer coefficient is very difficult because of
the large number of variables Involved, Calculslions ere censidered
acceptable if they can predict the heat transfer coeficient within £10% fo
15%. Because of this margin, It Is possible 1o have a diserepancy of about
10% to 15% betwesn the ectual and required swrface areas of an HRSG.
Designing the HRSG with more suriace o cover for this discrepancy may net
solve the problem; in a mulli-seclien HRSG providing more surface In one
seclion generally resulls In less heat evailable for the nexi section {increasing
HP steam produtlion decreases 1P steam praguction). [Lis alse possible that
a corralation may predict good values for the heat transfer coefficlent wilh
design conditions bul may give lesser or higher velues at off design painis.
Figure 9.6.6 shows lhe effecl of heal transfer coefficient an the steam flow, A
10% change in predicting the coefficent results in sbout 0,76% changa in
steam supply and about 10F changein sleam tempera lure, However, unlike
the effect of other variables, which result in higher steam temperature for
fowear steam flow, the decrease In heat transfer coefficient produces both
lower sleam flow and lower steam temperalure.

9.3.7 LEAKAGE

Qua 1o pressure drop through the HRSS, the exhaust gas coming out of the
gas lurbine is under pressure and Lhere Is a possibility that it may leak out of
the HRSG or expansion joints instead of going lhrough the heat fransfer
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temperaturs, The sxpecled percent changs In sieam flow is equal o the
parcent changs in gas flow.

The iemperalure of ihe superhealed sleam changes by ebout the same
number of degrees Fahrenheil as tha parcenlage change in the gas flow but
In the opposite direclion, A decrease in GT exhaust flaw will lead to an
increase in the steam superheat lemperature.

9.3.2 GAS TURBINE EXHAUST TEMPERATURE

GT Exhaust Temperature, like exhaust flow, Is difficult to measure, and ihe
values given for the HRSG design will be best eslimales onty. Exhaust
tempereiures will vary by about 50F-100F (28'T-56 T)acnoss the GT oullet
duet cross section. An HRSG mey not perform as designed because of
maldistibution of GT temp . As Figure 9.6.2 shows, both ihe steam
flow end sleem temperature change in the same diraclion as lhe change in
GT exhaust lemparature. An increase of about 5F (3%) in GT exhaust
lemperature increases the steam flow by 1% end increases slaam
temperatura by ebout 2F (1),

9.3.3 COMEUSTION TURBINE EXHAUST CONSTITUENTS

Gas turbine exhausl conslituents, pariiculerly the moisture contenl, are an
Imporant factor in the deslgn and performance of an HRSG. Higher molsiure
content increases the gas enlhalpy, which results in more heat evailable for
the same temperature exhausl gas, The net resull is more heat transfer for
the same surface, Figure B.5.3 shows the staam oulput variations based on
the change in gas moistura content. Fer each 1% Increase in moisture
conlent, the steam flow increases by ebout 0.76% and the steam
temperelure decreases by aboul one-hall a degree,

9.3.4 FEEDWATER TEMPERATURE
Feedwaler lemperature changes have a very minor influence on the steem
outpul, As Figure 9.6.4 shows, a 10F change in fe edwater temperatura
changes he steam flow by about 0. 1% and 1ha sleam {emperalure by ebout
0.1F. There am wo primary reasans for the low impact:
Feadwaler healing Is a small porlion of the tolal HRSG duty.

The change in feadwater temperalure changes the economizer section duty
ond the log mean tamperature difference (LMTD) but in dilferent directions,
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surlaces. Leakege generally occurs around Inspection doors and other
openings, as the HRSG design uses allwelded construclion, This factor
needs o be iaken into account In the design phese only, es prssure
varletion from design condltiens to the sile conditions is very insignificant,
The eflect of leakage, as shown in Figure 9.6.7, Is the same as that of a
change In GT exheust flow.

9.3.8 RADIATICN AND OTHER LOSSES

All boilers tosa heat lo the almosphere by heat lransfer from lhe casing
surface, HRSGs generally lose more heat than conventional boilers because
they have more casing surface area compared to the emount of healing
surface, parlicularly in the ducts. As inthe case of clher design variables, the
neat loss should be taken Inte account while deslgning the HRSG. However,
since lhe gas temperature al ofi-design peints may be differeni than al the
base Iood 1his may result in different heat loss. The effecl of lhe loss es
shown in Figure 9.6.8 s to decrease the steam cutpul.

$.3.9 STEAM PRESSURE

The steam pressure is more significant than other input variables bacause In
the operaling phase the stcam flow and temperature will be determined by
the GT inpuls and the effective surfaca evellable. Generally, the sleam
pressure will not very If the sleam is going to a process sleam header.
However, the pressura can vary significantly if the steam is used for a steam
furbine with a sliding pressure requiremant, of for a mulliple processes with
variable steam requirements. Sleam flow end lemperature changes due to
outlet pressure vanation are shown in Figure 9.6.9.

94  SUMMATION

The preceding paragraphs indicale thal the most crilical variables which influence the
HRSG performance and which are beyond the cantrol of the HRSG designer are GT
Exhaust gas flow, GT exhausl gas lemparature and the moisture content of the gases,

In general, the sieam flow at a given GT load varies from +6.0% to -3.0% due to the
tolerances in the input variables. The eror margin increases with the decrease in GT
load but remalns conslant with the ¢change in the ambient conditions,

The sleam lemperature is aHfecled considerably by changss in the GT load or ambient
conditions. Howaver, |he effect of lclerances in the Input vardables is net very
pronounced and It Is generally of the order of +10*F (5T} to -10F (5T). Figure 9.6.10

Date Printed: 911172012 PERECRMANCE PREDICTION Job 17460

Amala B. Grimm Power {Rayonn) 2 Limited

Doc. No. V17480-OMNE-001 185




OFERATION AND MAINTENAKCE MANUAL
135%) TRITOW PARK BLYD
LOUISVILLE, KENTUCKY 43223 USA

s_‘ o éth»lc?nxun.n

and Figura 9.68.11 show the cumulative effecls of the ermor marglns in the input
vanables for varlous amblant cenditions and loads.

9.5 RECOMMENDATIONS AND CONCLUSIONS

An HRSG Is designed based on the Input variables as supplied by he GT
manufaclurer.  Each of these varlables changes with ambient conditions, GT load,
steam turbine performance and equipment age. If steam output changes conslderably
frem the predicted valug, the HRSG and essociatad equipment should ba examined to
find a cause, It may ba possibla 1o make rapairs or medifications lo resfore the plant to
the expected operating range. The difficulty lles In deciding how much of the output
doficiency can be aitributed to inpul variables, and how much must be attributed to
rormal aging and degradaticn of the HRSG, GT, $T, and other plant equipment.

VP! can provide a “black box" program 1o aid the plant slalf in determining expected
performance at different operating condltions, basad upon the gas turbine and steam
turbine expected parformance. This can be especially useful when major changes o
other plant equipment are planned. Please contacl VPI's Aflermarket Services
dapariment for details.
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1.0 SAFETY PRECAUTIONS

Safely Is everyone's business. This saction's purpose Is to inform the oparators of the
potential risks associated with Lhe operalion and maintenance of Lthe Vogl Power
HRSG,

NOTE: ‘This saction conlains suggsstlons for safe gparation and maintenance ¢f the
Vogt Powsr HRSG. This section shall not ba eonsidered as a safely standard
or proceduse.  Minimum reguiremants are prasented for the banefit of lhe
reader, but this section is not intended fo be &l inclushe.

Proper Instailation, operation, and maintenence are essential for safe and refizble
HRSG operation, The performance of he required tasks for HRSG operalion and
malntenance will require personnel to ba in the proximity of fluids and materials at high
tamperatures and pressures, Pracaulions laken should inchde, but nol be limited to,
heering proleclion, sye pretaction, protective clothing (i.e., gleves, hard hats, jong
sleave Shirls) 85 required for the lask baing performed. Dus lo the various
cirtumstances end conditions In which plant persennel may be working end the
consequences of each, Vogt Power cannot possibly evaluate all conditions that may
Injure personnel or equipment. Neverlheloss, the following safety procautions are
offersd for plant parsannel information only.

It Is the purchasers responsibility lo ensure that the unit hes been inspected and
approved by the appropriale and applicable regulating aulhoritias, including state
regulators end his insurance company.

1.1 HRSGACCESS

when entering ductwork or boiler casing through access doors for reuline maintenance
or inspections, ensure that the environment has been checked for man-safe conditions.
verify lamperatures are nol excessive, and that environmantal gases aré not be tainted
wilh exhaust fumes or potentially hazardous material. When entering the cavily, look
around to ba sure there are no loose finar panels or othar boiler components overhead.
Naver anter the bailar_wi ing _wi HA nfined__ spey nt
requirements,

Exlended outages for major HRSG upgrades or malntenance require a lock out of the

After safa entry has been gained, ensure adequale lighting and ventilation have baen
installed to perform the tast.

when entering sleam drums, operators should mechanically ensure that drum &ccess
doors cannot ba Inadverlantly elosed, trapping parsonnel inside.

In Inclemen waather, operators should be aware of slick grating or icicles on the
platforms exlemal to the HRSG enclosure.

Operaters should ba aler for graling not properly fesiened down. Loosa graling can
result in tripping hazards.

When lhe HRSG is in operation, never lauch an exposed place of process pipe or
{ubing wilhout first tasting for femperatura.

Do nol louch the HRSG casing while in operation without first tesling with an
Instrument. Hate that discolor: 8s On gash re_indicative af hot & These
can Indicate insulation system fallure.

1.2 VALVES AND INSTRUMENTS

Never repack or perform malntenance on a valve while il is under pressure unless e

special procedure exists {ie., satling of safety valves) end qualified personnel ara

performing the task. :

Always ba sure thal all safely rafefl valves ara In working order prior bo star-up.

CAUTION: HRSG OPERATION WITH ANY SAFETY RELIEF VALVE IN NON-
CPERATIONAL CONDITION COULD CAUSE SERIOUS INJURY AND
EXCESSIVE DAMAGE TO HRSG PRESSURE PARTS,

When replacing instrumentation, always Isalate lhe Inslrument with the root valves and

remeve pressure wilh insirument vent or blow off line, Do nol try to repair an Instrument

while it is under pressure.

13  INSULATION

Repair damaged Insulalion end fagging as soon as possible, particularly In areas where

GT from operation. I tances shoulg ihe gas parsonnel could be injured {i.8., near aisles, araes eeslly reached from platforms,
i la jde the HRS in fign ladders, stairs or grade, elc.). The casing insulation specified by Vagt Power s non-
asbostos bearing mireral wool or ceramic fiber.
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1.4  INSTRUMENT LINE BLOWNDOWN 2.0 SUGGESTED OPERATIONAL PROCEDURE

When blowing down an instrument sensing line, hol waler and sleam will be
discherged. Instrument sensing lines (normally not insulated) will be healed to high
tempergtures during bowdown, The area should be safe-quarded uniil lines have
cooled. Nole that excessive blowdawn of transmilter lines will expose the iransmilters
{o excess lemperature and cause premalure failure.

CAUTION: OPERATING GAGE GLASS VALVES INCORRECTLY CAN CAUSE
DAMAGE TO GLASS PORTS AND RESULT IN SERIOUS INJURY.

Follow guidelines as descriped in Vendor manuels found in tha Vogt Power HRSG
Operantion and Maintenance Manual Yoluma IV,

When exemining high pressure sleam Lines for leaks, exireme care shouid be used,
pardicularly if the leak s hearg bul nol seen. Use a probe such as a 2 x4 or broom
handla when searching for [saks.

21 As soon es possible durlng starl up, plece each feedwater regulaler on
automatic, Chack the drum water leve! frequently, Never depend entirely upon
automatic elarms or feedwater regulators to meiniain evaporator drum weter
levels within required range. Il drum water levels increased gradually, tha boiler
feadwaler contro! valva(s) may be leaking, The most imporiant rule in the safe
oparation ¢f a netural circulation evaporelor is to keep the waler as near the
design leve! es conditions wili permit.

2.2 Normal prectice is for the incaming "HRSG" operalor 1o check 1he watar column
drains by blowing dawn the drains upon entering tha beiler operations area in the
beginning of each shift. More frequent blowdown may be necassary when
trouble is oxperionced wilh boiler compounds, foaming, priming, and other
feedwaler rouble. Meks provisions to "bypass” eny low water sensors on gauge
glass columns which may ba trigped while blowing down the gauge glasses and
waler columns. Experience may indicale that blowing down less frequanlly is

dasirable, This should be worked oul between ihe boller operator, feedwaler
consultant, end the Insurance inspeclor,

2.3 The waler columns should be well-il and lhe glasses musl be kept clean. Do not
allow steam or water o leak from the waler column cr gauge glass conneclions,
as this will ceuse the gaugo glassos lo shaw a false level.

2.4 In normei operation, sach safely vatve should ba checked pericdically to insure
that it is open and fres, usually by raising the steam pressure until tha sefaly
valve peps, or by raising the valve disc, gate, or plug from lis seat by hend {when
pressura Is greater than 75% of sol pressure) on beilers operaling below 600
psig (41.4 bar).

Fer pressures higher than 600 psig (41.4 bar). "Iifl assisl” davices are available
to check the popplng or opening pressure of the safely vatve withoul raising the
boiler above the normal operating pressure. This hydraulie lift assist devico can
ensura thal ihe set point is accurate bul cannct check the valve for full lift nor
does it provide dala conceming blowdown; therefors, valve performance cennot
ba verifiad. LiRt assisl devices can only be used on velve designs thal permit
their use. The valve manufacturer should be conlected for the tools and
technician lo check 1he operating pressure and assist n restoring the valves to
"safely valve standards" before the boller is commissioned (See TAB II, Section
7, Paragraph 7.13).
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25  Perform all boiler watar and boiler feedwater tests as directad by your faedwater
consultant. Adjust operations accordingly.

28 Operale (he continuous blowdown valves as Indicated by the boiler water tests to
maintain Lhe concenfralion of boller water solids shafl remain within he
permissible limits (See Section |, Tab B).

27 Blow the boiler down through the bottorn {intermittent) blowdown valves once
aach sight {B} hour shift. 1n blowing down, follow the Instructions on the valve.
For valve sets, lha valve next o the unft {root valve) should be apenad first and
closad last. Blowdown should result in a maximum water level decrease of 1/2"
{12.5mm). Both valves should be closed tighlly, 1f @ blowdown valve leaks,
repeir it as seon as practical. Leaking valves can be detected by chacking the
discharge line temperature beforg blowing down,

2.8  The eficiency end capacity of a boller depends upon mainlaining its cleanliness
both internally (waler sids) and extemally. The cleanliness of lhe walsr side
should follow 1he diclales of your water consultant, which should not vary much
from ihe "Suggesled Feedwater and Boiler Water Guldelines” as given in
Sectlon | Tab 8.0.

2.9 When the unit s openad for periedic inspection and general repairs, intemal
surfeces should be carefully examined. If any accumulations are noted, they
should be removed and the resson for the accumulation datermined, and if
possible, correcled.

2,40 Should small casing leaks occur, locale their source, and repalr as soon as
possible, Some leaks can be repaired while the unit is on line. Contacl Vogt
Powar's Fiald Service Department for assistance.

211 It & serious leak occurs in any pressure part, shul down Lhe unit immediately,
Have the fallure examined by an authorized Inspector and repaired before
retuming to service,

212 Do not allow water leakage lo cceur ai manways and handholes. |f a leak is
discoverad, replace the gasket and refinish the seating surfaces as soon as
possitle.

Repalrs should never be made to any pressure part of the boiler piping, or
appurienances while under pressure {axcept In ﬂghlanlng valve packing). Steam
lagks In the high prassure boiler sysiem can cause garious injury,
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2.13. A frequent check of the deaserator operation should be made to detemmine if
oxygen content of the water being supplled to the system is gt 7 pob or fess. If
02 gontentis highar, corrective actlon must be taken,

3.0 REMOVAL FROM SERVICE, LAY-UP, AND LONG TERM STORAGE

This section provides genaral recommendations and is not Intended to be an op ing

Instruction. Intemal prateciion is required if the steam generator is to be out of service
for mere lhan 24 hours.

For any shut down period, the base of the stack should be cleaned of all debris and the
stack drain line valve opened. If molstura is allowed to remain within the "gas side
envelope,” exlerior surfaces of the pressure parts will rust. If this is allowed to conlinue
for enough time, pressure pert Taflure will occur.

A wide verely of boiler shuidown / lay-up procedures are in use with combined eycle
piants.

A1 PLANNING THE SHUTDOWN / LAY-UP

When It Is time to ramove an HRSG from service and place it in storage, a decision
must be meda ragargding:

+ How long it Is lo be stored?

» What service [s expected Io be avallable during storage, such as sleam, nilagen
(N2), and trealed water?

+ Will thare be a danger of freezing?

+ Wil operators be around Lhe unil to check an operation of 3RV's, traps, and
sump pumps?

Decide if the baller is to ba removed from servico for e shorl period (hours) or an
extended period (deys or weeks) of time.

3.2 HRSG SHUTDOWN
Refarence Seclion |, Tab 5 for shut down proceduras.
The foliowing genera! considerations should be observed when shutting down the unit:

* Do not feed cold waler into & hot boilar. This praclice can result in failure of
melal parls due lo thermal stress.
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* Do nol [et the boiler(s) stand partially filled with water for several days. Oxygen
{02) comrosien will be the end resutt, usually in the form of pitling.

« Take tha boilers out of service by standard shutdown methods 1o repair pressure
parls, when possible. Emergency shuldowns should be avolded, as they result
In high thermal slresses that wlll reduce the operational fife of the beiler.

* Make every effor to keep ofl out of (he boilers. Oif contamination will ceuse
foaming on the drum water surface, making it Impossible to eccurately measure
drum water level. If ol does enter lhe waler side accidentally, consult your water
consullant for corrective measurea,

» Clean the waler side of the HRSG as required by tha water advisor or inspactor
before relurning to operalion. Be sure thal the waler edvisor has access ta
drawings of the HRSG and thesa instruclions.

* The superheater(s} will become condenser(s) as tha boiles(s) cool. Each
superhealer module will fill with condansate and 1his will require the addition of
faedwater 1o lhe boiler 1o supply the condensate, This is normal. When restarl
limé comes, you may draln the condensed water into e fesdwater storege lank
o3 il is good water,

33 WET LAY-UP - NITROGEN METHOD

When HRSG units are used In cyclic operaticn, long time storage methods cannet be
used, In this application, the following should be considered,

3.3.1 Slored Energy

The large mass of steel and water insida the HRSG means that lhare is a
lerga quaniity of slored energy available in the HRSG boller aftar
shuldown. By minimizing the draft through the HRSG by use of an owtlat
demper, lhis stored energy may keep (he unit warm ler 24 hours or mere.

Pressure in the HRSG can drop repidly if the stack and duct ere opaned
to allow cool alr to circulate through the gas side of the boiler. If the HRSG
is boflled up so thal cutside air cannot circulete, il will stay warm for a
longer pariod. Howaver, the boiler will nol remain static while bettled-up.

332 Pressura Equalization

Amala B. Grimm Pawar {Rayong) 2 Limited
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if the HRSG Is botlled up so that outside air cannot circulate, the entire
HRSG wilt Iy to equalize In temperalure as higher temperature sections
transfer heal to lower lamperature systems.

Far example, if the tow prassure boiler ha¢ bean operaling at say 5 psig
{34 bar), the temperature will be abeut 225F (107°C). The average
temperatura of lhe HP ecanomizer may be ebout 315F (157°C} and the
high pressure bailer may be approximately S50F(287 °C). If the unit is
"bottled-up®, heat would iransfer from section te section until temperaturea
equalizad al aboud 325 psig (22.4 bar) or 425F(218 °C). This will vary due
to how fast the slack Is capped and the ambient lemperature. These

pressures will over pressura the LP system and set off Lhe LP boiler sefety
valve.

Cperation by lhe operators will be required 1o keep the LP {and passibly
tP) safety valves from popping during hot shuldown.

3.3.3 Stratificalion

in eddition 1o temperature and pressure equalization within the mulii-
pressura unil, as soon as nalural circulation ceases the syslem will stratlity
{see Section |, Tab 2 for a discussion of natural clroulalion).  Withoul
cireulation, the hotlest baller water will meve to the top of the tubes end
drums while coolor water will gravitate to the lower headsrs and tubes.
This Is natural and should be of no concern unless lhe ambient
temparalure is balow freezing and the slack is nol capped.

3.3.4 Flald Tesling

The besi plan is to try a set of conditions and recerd all data affecting the
shutdown, f aftar the “off period" the HRSG still has pasitive pressure, a
ra-slarl can be made by draining the superheater and adjusting tha water
level in the drums.

3.3.5 Re-Slan

Wilh the water levels adjusted and the condensale dralned from the
superhealer(s), re-starl the CT. Quickly open sach blowdown valva for a
two (2) second blowdown and bring the unit up on automalic control.
Monitor water fevels and flow during the re-start.

OPERATION AND MAINTENANCE MANUAL
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3.4 WET LAY-UP — CHEMICAL METHOD

Linder the wel lay-up method, the boiler is held full of water, which is ireated {6 render i
non-comosive. Al least lhity (30) minutes before the boiler comes off ling, lhe
appropriale chernicals should be added in order % propery dislribute them throughout
the system prier to shut down. Due to the nalural circulation design of Vogt Power
HRSGs, it is nol possible to circulate water through the tubes during standby periods.

Consult a qualified waler treatment profassional for the appropriata chamicals and
concenlrations.

tn order 10 keep the internal boiler services propery protected, follow these guidelines:

3,41 Provide an expznsion drum or tank above lhe top of the steam drum and
{ill unil 1o that level.

3.4,2 On unils wilh suparheaters, e nitregen {Nz) blanket al approximately & psig

{.34 bar) can ba used on fop of nomal water level 1o prevenl oxygen
piting.

3,43 To prevent corroslon, all waler columns and gauge glass valves should be
open as required for normal service and all drain velves should be closed.

Should an Idle boiler be subject lo freezing temperalures, the feregeing, will not apply,
In such cases, the unit musl be completsly drained.
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TYRPICAL BODLER LAYOUT

3.5 HOT-DRY STEAM LAY-UP

Under the hot-dry method, the boiler and inlermel tiner are kept wam by admitting liva
steam of available pressure into the sleam drum. The tequired time to put the unit back
into operation is kapt to 8 reasonable minfmum. The following steps are required under
this method:

3.5.1 Drain all walor from the unit. This includes the HP, IP, and LP
economizer.

3,5.2 Install a sleam trap s0 as lo drain condensale at all superhealer,
evaporator, and economizer drain connections, or ¢ydle the drains
periodically. Aulomatic superheeler drains may be used if provided.

3.5.3 Connect the necessary steam supply piping and condensete retum. This
is "good” waler and should be recycled.
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3.54 Admil lha available steam into Ihe steem drum. Steam pressure as low
85 15 psig {1 bar) may be used.
3.6.6 Block air flow at all stacks and close all eccess doors 1o reduce steam
consumptlon.
rc
¢
g F
we M oma ; ¢ E § E LR
& ]
- =T
i, T
= Pt
TFICA BODLER LATOUT
3.8 DRY LAY-UP - CHEMICAL METHOD
If the potential for freezing exists during lay-up, a dry lay-up mathod Is required, When a
boiler is (o siand idle in an exposead locatlon for eny indefinite period, it should be
drained campletely, being pariicularly careful to blow or otherwise remove all water from
such pleces in drums, tubes, heeders, superheaters, waler columns, gauge glasses,
elc.
3.8.1 Shallow pans, contrivad to expesa 8s much surface es possible, should
be parlially filled with caicium chloride or Silica gel deslccant and inserled
in the "HRSG" bolter drum. Manway covers should be Ughtly shut, sll
venis and dmins closed, ang lhe beilar mads as nearty "boltle-light™ as
practicel.
36,2 Tha calcium chloride or Silica ge! is intended te absorb moisture entrained
in lhe boiler almosphere and should be exemined and replaced or
regenarated periodicaliy.
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3.5.3 Add a low pressure (5 psig / .34 bar) Np blanket in addition {o the
deslccant to further prevent oxygen altack on the water side.

3.6.4 A househald typs electric drive dehumidifiar may be used to remove the
meisture from air on the water side of the boiler in lieu of chemicals. This
has the dual advaniage of dralning molsture to tha outside and warming
the afr, furlher reducing cormrosive cenditions,

3.7 HOT-WET LAY-UP

Undar the het-wel methed, tha boifer water lavel is maintained close to low taval but not
low enough o sound alarms. Steam pressure s maintained. Procaed as follows:

3.7.1 If the boiler has been on lina, increase lhe blowdown lo reduce both
suspandsd and dissolved solids to approximately 50% of nommal
operaling levefs. If boiler has not baen en line, fill with hot deasrated
boitar feadwatar with "adjusted® 0 scavanger and alkalinity to maintain a

protacted boiler sufage. Consuit your boilar water consuliant,

3.7.2 Injoct staam into the evaporator using a sparging line in the lower headar.
Sparging line and connections can bs added to an exisling unit If this
proecedure is salecled afler Initial installation. if tha ecenomizer Is teo
large to heal by convection, tirculate beiler water from the beiler inlo Ihe
boller feed Iine.

37,3 Draln excess waler from the unil 28 required based on tha laval indicator.

3.7.4 Tha slack can be capped to reduce steam demand if e stack damper is
not installed.

37.5 Heat lrace all non-haated lines, if required, to protect from freezing.
Remember that clrculation is very law, there Is no guararies 1het warm
walar will find It's way Into closed off lines.
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