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AMATA B. GRIMM POWER (RAYONG) 2 LIMITED

Incident Record 2026

Result

JAN

FEB

MAR

APR

MAY

JUN

JUL

AUG

SEP

OCT

NOovV

DEC

Total

‘]JW]L%TJ?L!!LN (Serious Injury or Medical Treatment)

aluEnt oy (Slighly Injury or First- Aid Treatments)

nindaudeno (Property Damage/Lost)

) a .
1NOULNA (Nearmiss)

1NABLUBNIY (Out of Working Time Injury)

WANTENUAD TUNAGDY (Impact on the environment)

ﬁuﬁmauqﬂ“ﬁmqﬁmmﬁu (Total Count Injury Incidents)

FINTIMIUIUHYANU (Lost Time : Days)

FAUMANNEFINY (Incident Expense:Baht)

Sl

Sleoe|lolololelele @

Sl

Sleoe|lolololelele @

Slo|lolo|lololeoleo e

Sleoe|lololololele @

Sl el

32052 THaM5 91971 (Working Hours)

5477.75

4879.00

5658.90

4849.50

5113.50

7634.75

0.00

0.00

0.00

0.00

0.00

0.00

33,613.40

Contractor/Visitor/Trainee

lJ‘IﬂL%’U;uLLN (Serious Injury or Medical Treatment)

1AuEnTeY (Slighly Injury or First- Aid Treatments)

nsSweauFeY (Property Damage/Lost)

= = -
1NOULNA (Nearmiss)

WANTTNUADAUNIARO (Impact on the environment)

3 ’J:Jﬁmmqﬂ"amqﬁmﬂﬁu (Total Count Injury Incidents)

0

3UAIANIT Y8 (Incident Expense:Baht)

Sl

Sl

Sl

Sl @

Sl

Sl

0

Slo|l ool @

iawﬁ”ﬂmmsﬁnm (Working Hours)

finsauf ABPR1

wneve) : Baiuilusnshaudaa wisanavldh fedui 21 Hgueu 2556

15/07/2026
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Record & Follow BMI via MS FORM Iy A0 BMI BASELINE : SEP-2025

at the end of the month [MAR to SEP]

drindeendnun®, 3 s, 2%

|

Y.2026

ABPR1-5 | OourTARGET. R m———
KPIs | 20% of BMI abnormality group

losmg mdlwdual BMI at least 5%

HEALTH
INDEX

CHECK YOUR
BASELINE & TARGET

29nA1ALMY
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This Cantrol philosophy and Stant up and Shutdown procedure Is a conceptual representallon anly of
Ihe recommended operation and control reguirements of the HRSG based upoh code requirements,
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HRSG INTERLOCKS, ALARMS & SIGNALS MONITORING PER NFPA BS

Per NFPA 85 requiremants an HRSG safety interiock system “shall be installed lo protect personnal
from injury and o protect equipment from damage.” NFPA 85 states that “interfock functions shall be
Initlated by one or more of the g - 1) switches dent of control fi and signals, 2)
twa analog signals with a divergence alarm. and 3) three analog signals employing an suctioneering
systam and & divergance alarm or other faull diagrostic alarm. To meet the requirements of NFPA BS a
Distributed Control Systam (DCS) (by others) is desighed lo manage all infarlock and alarm sigmln
related io the safe oparaiion of the HRSG with respect to the Combustion Turbine (CT)

Far axample, drum level s by three lavel itters and drum s ] by twa
pressura iransmitiers. The drum lovel and pressure transmtiers send 4-20 mA measurement signals to
Ihe DCS for drum level control and M A valies am i and vali basad
on & two of (hree auctioneering logic in the DCS. Average values of drum level and pressure e
determined and used lo calculate the density compansated drum level. The average pressura
moasurament i used to determine steam and water density data, The density or specific gravity values
are used lo compensale the averags level for dansity differ the HF drum
water and water in the level transmitter’s ‘cold’ messurement leg, which s at ambient tempecature. If
the r drum laval o the drum NWL is al a LOW dium level condition, the DCS
onorgizes wudible and visual alam It the comp drum levol 1 fo the drum
NWL is ot @ LOW-LOW drum level condition, the DCS sends o digitsl signal to the CT control system o
runback CT load. it the D ted drum lovel to the drum normal water level (NWL) is at
8 HIGH-HIGH-HIGH drum level condition, the DCS trips the ST I the compensated drsm level
referenced to the drum nommal water level (NWL) is at a LOW-LOW-LOW drum lewel condition, the DCS
niso frips the CTG

Normalty three itter {or of the same pammater ane

compared in the DCS, but two itter (or can also be
d. I thres liter (or alement) e d, m two of threa
auctionasring logic is used in the DCS. The average valuse s normally basad on thies measurements If

all three moasurements are vilid. A measurement is valid if i is within the calibrated transmitter ranga
and (is value is within & specified lolerance of aither of the othar two Upon
itor (or I I values, if sny of the values ks not within the

spacifled lolerance of both of the olher two values or il any for i}

of the
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messurament is oul of rengs, a ‘maasurement deviation ! bad qualily’ slarm for that transmitter (or
temperature alemant) ls reised of the DCS. If none of the moanurement comparisans are within the
specilied tolerance, the CT is iripped and/or a ‘bad overall average measurement’ alarm is also raised at
the DCS. If only two fr ittar {ar e of the same are
compared, the avernge value & used n the DCS. If the measuremant compartson does nol meat the

Lok the dovi aluim is ralsed for the other tr (ot al
the DCS

1.4 Thie HRSG which are d in the DCS, are intarocks for starling the CT:

1. HP Drum Level (depsity compensated, average valus of 2 of 3 sucbonasning of HP drum lavel
from dP 8. HAD1DCLODY, HADADCLDDZ & HAD1DCLDO3, which send 4-
20 maA signals o the DCS Controller ] is within the defined startup range (i.e., 2 -355.8 millimeder { -
14 I, rof, MWL),

2, HP Drum Pressure (average value of HP drum pressure Is from p
HADAGTPOO1& HADMOCPO0Z, which sond 4-20 mA slgnale to the DCS Confroller) is not HIGH
{18, < B2737 barg (1200 pald))

4. LP Drum Levol (doneity compensaled, average volue of 2 of 3 suclionearning of LP drum lovel
from dP HADSDCLODY, HADSDCLONZ & HADSDCLDO3, which sand 4-
20 mA signals {o the DCS Controller) s within the defined stertup rangs (Le., 2 <1212 millimeter (-
0.48 in,, ref, MWL)

4, LP Dium Pressure (avarage vilue of LP drum sEEAL from pi 3
HADSOCPONT & HADSDCPOOZ, which send 4-20 mA slgnals fo the DCS Controller) Is nat HIGH
(1.0, < B.BE3 batg (130 peig]).

6, HRASG Duct Exhayst Gas Prassum (HRSG Duct Pressure based on either of two HRSG Duct
prosaure lratsmiter, HNB10CPOOT iy HNB1OTPOO0A, which sahd 4-20 mA signals 1o the DCS
Contreller) ls not HIGH {|.e., < 584.2 milimeter, H,0 (23 in H,01)

8. The HRSG feedwalor supply system is avallable to respond 1o demand (proven by Tull opan HP
feadwater block valve aclualor ‘'open' Hmil swileh activalion).
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7. Position of HRSG Diverter Dampar{State of HRSG divarter damper position based on HRSG
Diverier Damper “open’ and “closed” limil switches, which send digital input signals fo the DCS
control system) is correct (e, HRSG Diverter Stack Damper Position is OPEN to HRSG &
CLOSED to DIVERTER DAMPER STACK),

8, Position of HRSG Blanking Plate {State of HRSG Blanking Plate position based on HRSG Blanking
Flale ‘open’ and ‘closed” imil switches which send digital input signals to the DCS control systam) is
oorret (Le., HRSG Blanking Plate Position is OPEN to HRSG |

The following HRSG interlock conditions initiate CT;

Whan the position of HRSG Diverter Damper Stack Damper is OPEN 1o HRSG and is
CLOSED to DIVERTER DAMPER STACK and HRSG Blanking Plate Position is OPEN Io HRSG,
The following HRSG interiock condifions iniiate CT

1. HP Drum Lovel |s LOW-LOW-LOW (La., < -635 millimetar (- 25 in.. ref. NWL))
REQUIRED RESPONSE: CT TRIP
2. HP Drum Level (s LOW-LOW (le., < -408.4 milimeter (- 18in., ref, NWL))
REQUIRED RESPONSE: RUNBACK CT
3. HP Drum Pressure is HIGH-HIGH-HIGH (Le., 2 §1.01barg | 1320 peig))
REQUIRED RESPONSE: CT TRIP
4. HP Drum Prassura s HIGH-HIGH (| e,, = 86,18 barg {1250 psig))
REQUIRED RESPONSE: RUNBACK CT
8. HP SH Oullet Pressure s HIGH-HIGH (Le., = B4 48 barg (1225 psig)).
REQUIRED RESPONSE: RUNBACK CT
6. HP Steam Oulput Temparature is HIGH-HIGH-HIGH (.o, = 541.67 T (1007 F))
REQUIRED RESPONSE: CT TRIP
7. HP Steam Quiput Temperature is HIGH-HIGH (i=., = 535.80 'C (1002 F))
REQUIRED RESPONSE: RUNBACK CT
B. LP Drum Lavel s LOW-LOW-LOW (Le_ < -330.2 millmater {- 13 in_ ral. NWL})
REQUIRED RESPONSE: CT TRIP
8. LP Drum Lovel s LOW-LOW (o, < -254 millimaoter {- 10 in., ref, NWL))
RESPONSE: RUNBACK CT
10. LP Deum Prassurs s HIGH-HIGH-HIGH (Le., > 13.44 barg (185 peig))
REQUIRED RESPONSE: CT TRIP
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REQUIRED RESPONSE: RUNBACK CT
12, LP SH Oullet Pressurs is HIGH-HIGH (|e., = 10.34barg (150 paig))
REQUIRED RESPONSE: RUNBACK CT
13. HPF Drum Level Overall Mossurement Fault
REQUIRED RESPONSE: CT TRIP
14, HP Oulput Steam Tamy Crarall b Faull
REQUIRED RESPONSE: RUNBACK CT
15. LP Drum Levol Qvarall Measuramnrn Fault
REQUIRED RESPONSE: CT TRIP
16. LP Drum Prossure Overall Moasuromsnt Fault
REQUIRED RESPONSE: CT TRIP
. HRSG Duct Exhoust Gas Preasurs is HIGH MIGH (L., = 622.3 milimeter, H0 (24,5 in.H,0)).
REQUIRED RESPONSE: CT TRIP

1

b

Il e s turbings Huve been inpped, the 3 HRSG ! Inftiate ST tps
1. HP Drum Lovel I HIGH-HIGH-HIGH (Le., > 177.8 millimetor (7 in., raf. NWL))

REQUIRED RESPONSE: STEAM TURBINE TRIP
2, LP Dvum Lavel is HIGH-HIGH-HIGH (i.e., = 177 8 millimeater (T in., raf. NWL))

REQUIRED RESPONSE: STEAM TURBINE TRIP

3

i HRSG op: ] must be alarmed as regquirad per NFPA B5;
HP Drum Level (s LOW (ie., < -152.4 milimeter (- 8 in., rof. MWL)
HP Drusm Level s HIGH (Le,, = 127 millimeter {8 in,, rel, MWL),
HP Brum Leval |8 HIGH-HIGH (Lo, = 152.4 millimetar (6 in,, ref, MWL)
HP Drum Pressure is HIGH (iLe.. 2 B2.737 barg (1200 peig)).
HP SH Oullet Stearn Pressune is HIGH (e, > B2.048 barg (1190 psig)).
LP SH Outlet Steam Pressure is HIGH (10, = B.274barg (120psig))
HP Sloam Oulpul Temparature s HIGH (e, > 533,33 'C (802 F)),
LP Drurn Laval Is LOW (la,, < -152.4 millimeter (48 ., raf. NWL))
LP Drum Laval s HIGH (Le., 2 127 miflimalar (5 . rel. NWL]),
. LP Dvum Lavel ls HIGH-HIGH (La., = 1524 millimeber (& In., rel. MWL)
11, LP Drum Proasure s HIGH (Lo, = (e, = 8863 barg (130psig)),

-

DoENeoe w N

= !
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12. HRSG Ducl Exhaust Gas Pressure is HIGH (l.e.. = 584.2 milimeter. H;0 (23 in H,D))

13, LP Steam Output Temperaturs is HIGH-HIGH-HIGH (l.e. = 26056 T ([501F))

14, LP Steam Output Tomparature is HIGH-HIGH (i.e, = 257 78 T (486F))

15 LP Steam Output Tempemturs is HIGH (ie., > 2562 22'C (4B6F)),

16, The Temp Difference Botwoen HPSHT Module and HPSH2 Module Outkel High (lL.e., = 67T
[120F))

The following HRSG signals shall be | d and lntile for display al the Oporator

Interince Machine (by ofhers) per NFPA B5:

HP Brim Lovel

HP Drum Pressure

LP Drum Lovel

LP Drum Pressure

HRSG Duct Exhaust Gas Pressure

HRSG Duct Outtet Gas Temg p 3 mnd
lemperaiure measurements af four Duct Dullel Gas Iharmocouples, HNATICTOOY thiu
HMA11CT004 which send 4.20 mA signals 1o the DOS).

LA I

Additionally:

1. HRSG Stack Dutlel Gas Temg o and individual
temparature measurements of two HRSG Stack Ouflet Gas tharmocouples, HNE10CTO0 &
HNET1DCTDOZ, which send 4-20 mA signals to the DCS),
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HP DRUM LEVEL CONTROL

HP drum Ievel s contralied by two process control loops depanding on the oparation of the HRSG unit.
A single stement fesdback loop controller s used 1o cantrol drum level st setpaint durlng starup
oparation when the HP SH steam flow rate is less than or squal 1o 30% of the hll losd steam flow rate,
A three slement, feedforvardfeadback dium level conrol loop i dsed duting normal operatian whst
tha steam flow rate s groaler than 30% of tha full load flow mbe, The HP Drum leval s coptrolied by
maduilating HP Drum laval cortrol valves, LAB10AAZD1, which regulate tha flow ol HP fopdwaler Inte
tha HPF Drum. HP drum level and HP main steam flow messuremaents in the HP drum lovel control leop
nro donsiy compensatud o account for the effect of fluid denaity on the measurements. Dansity ar

npacific volume s deformined as a function of the HP drum wioam p

orid the HP suparhoated steam fow 1 and pi

Thrae lovel tranemitters, HAD10CLDDT, HAD1OCLDO2 & HAD10CLOO3, meanure HP drum level. Each
HP drum level Is el uming an zoro s0 (hal #n inefeesing drum level
measurament s directly proporional to an increasing 4-20 mA signal. The HP deum level tranamitter
measuraments are compared in the NCS control system Iogic and & wo of thres auctionesring logle s
usad in the control system logic. A 4% differance in drum level betweon any drum lovel irnemitter
madadraments will cause o devislicn alarm lor (he level ransmiiled thal excesds (he olerance, Upian

o of the comg drum level If nene of the measuremenl comparisans
are within the specified tolaranca, the CT ar tripped and an overall measurament faull alarm s rised,
A single, avernge value of HP Drum lavel is used to the dansity atad HP drum (evel
In the DCS control system [ogic

In the single stemant HP drum level control loop, & proporionak-ntegral (P1) feedback controller
compares hie HP drum level lo the seipcint. The drum level controller outputs o 0-100% value to he
HPF tesdwoler control valve, LAB1DAAZ(1, lo malntein the HP drum lovel at its setpoint

In thie thres olament HP drum [evel cantral leap, o proparbonal-integral (P} fesdback controller
comparas the HP dium level 1o the selpalnt. The HP dium lovel feadback troller output is
with the HP leadwatar Bow lsediorward signal that s the value of the HP SH main steam flow minus the
HE altemperator spraywalar flow. The result (s the HP feadwator flow demand satpaint fa the HP
f Maw lar. Tha HP att pray llow I8 dapaity compansaled by HP
Ham praywal L L LAE10CTO01. The HP feedwalar flow controller s a
s fisandd wantesr

poporlionak-iniegral (Fl) leadback llar Tha HP i flaw !

Date: Document Number:
o0B/oant HRSG CONTROL SYSTEMS VAT460-ICNF-O0

Kathy Hugle

Approved: PHILOSOPHY DESCRIFTION Page 10 of 40

wer CONTROL / OPERATION DESCRIPTION

mternational

Vegt Power International » 4000 Dupont Circle « Lovisville, Kentucky 40207 « www.vogipowar.com

25

28

27

28

Nowrntz to ha satpon! and oulpuls & 0-100% value 1o the HP fesdwatsr contral vaive, LAB1DAAZ01 o
mainiain the HP fesdwalsr fiow al its s=ipoint

HP drum level s density compensated by measuring first the HP drum saturation pressure. Two
pressure iransmitiers, HAD 10CP001 S HADADCPODZ, measure HP drum pressure. The HP drum

[« e d in the DCS control systom logic. A 5% difforonce in

drum twa drum s will catise an overall

measurement fault alarm and sof the design pressume. The average HP drum level measuremont must
be due to density diffs the HP drum water and water in the level

cold i log (See A dix A "Densily C led Stearm Drum Lavel
Equations'). An average value of HP drum pressure ls used to determine the liguld water and waler

vapor densiies from ASME Steam Table cormalations.

HF main steam fow is measured by flow transmitter (By othar). HP main steam flow is the fesdforward
signal to determine iha HP feedwater lliow demand setpoint in the hiee alament HP drem level control
Ipop. The HP main steam flow is density compensated by HP main steam pressure and tsmperaturm

measurameant. The HP main steam pr re s byp HAH10CPOOZ. The
HP main steam Is by ples, HAH10CTO03 & HAH10CTO04. If the HP

main staam Now transmifter s failure In three element confrol mode, three element cantrol mods (s
wwitched to single element control mods sutomatically

The HP [rier-stage proywater flow is by flow . LAE10CFUD. The
HP inler-stage ywaler flow is density using

HP inter-stage P praywite P , LAE10CTOO01

The HP d fiorw in by flow . LAB31CFO02 for HRSG1 and LABI2CFO02
for HRSE2, which sands a 4.20 mA signal of the flow io the DCS, The HP feadwaler flow measurement
i the feedback control signal to the HP fiow The HP fead Pl

Is donaity P using the HP fi , LAB10CTOO,

which sands a Type E thermocouple input signal 1o the DCS. If HP feedwaler flow transmitter s fallure
In thres alsment control moda, thres alamant control mode k= switchad to single slement control mods
automatically.
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During startup operation whan steam praduction 1o the condenser through the HP bypars systam is low
nnd the steam flow mannurement is nol sccurats, drum level is controlled by o sihgle element feedback
controller specifically tuned for startup conditions. Also, the drum swell will cccur as steam is produced
and the danslty of the drum water decresses, Upon startup the level in the drum should be lowered o
the startup drum kevel using the HP Intermittent blawdown (IBD) valve, HAD10AAT02. As the drum |ovel
canlindes to rise during starlup, the drim level controller setpelnt s calculsiod by HP drum pressure.
Whan the drim lavel equals Normal Waler Lavel (NWL), the drim lavel setpeint is sl sgqual o NWL
and held constant. As the drum level continues to Incroase, the HP 1BD valve, HAD10AA102 |s opsned
when the lovel reaches High Level and is closed when the drum level is slightly above NWL. I the CT
tripa, after the didim level selpoint has been sot equal to NWL. the sequence |s resol if the acltial drim
lsval decranses balow NWL upan cooling snd before the CT s restarted. The single olament fasdback
drum level controllar sutomatically sterts to control drum kevel at NWL, whan the drum lovel decroises
batow NWL. Al the end of fhe startup period, steam flow through the bypess system of to the steam
turbine incrasses. Whan e nocmal, minkmum ood stesm low rale o the maximadm starup lesdwales
flow rate |s measured, the HP IBO valves are closed and drum level cantral is siwlohed to thres slement
cantrol

During normal cperation, the HRSES is operated under varable pressure condiions ovar the load rangs,
| e, sliding I 'l lons. HREG loed equats (o b Inthe HP, and LP
ovaporators’ heat inputs and (hais cofres; 10 sloam Change in the CT load demands
directly influance normal joad steam productions and bafler drum pressures. Transian! HRSG upsst
oparating canditions ofher than MW losd changes could also directly influsnce the HP, and LP steam
produetions and boller drum pressures. Upon any MW lond change or baller upset condition, the

magnituda of the drum level setpoint deviations and the impact on the individual drum level control
|pops depend on How rmpidly the respective slsam productions and bafler dium pressumes om vanoed.

For example, whan the megawatt load demand s decrensed, the CT firing rate is decrepsed and the HP
steom production decroases. An leas steam is produced, jess steam bubblos in the bailer drum and
ovaparator leop are created, the specific volume of the sleam-wiler mixture decressas, and,
conseduently, tha bollar drum level decreases of shrinks, As another example, whan a process upsal

condition athar than a load change causes the steam to

the stoam |

decroases duo lo higher energy ot tha highar steam eaturalion

temperalure. As tho drum pressuro incroases, the steam bubbles In the boller drum and svaporalor
loop contract, the spacific volume of the stearm-walsr mixure decreases, snd conseguantly, the drum
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level shrinks. Whan a load changa or a process upsst condition occur that resulls in loss steam
production, the three slement drum level feed forward controls respond by decraasing the feedwater
fow in order to equal stasm flow and maintain drum level. However, depending on how quickly the load
change or process upset condition ocour, the effects on drum level of less steam production or an
Increasing drum pressure may cause the drum lovel ller to or offset the
feadforward control. This can lead fo sluggish or to unsiable control of drum leval.

242  Conversaly, whan the megawalt lood demand is increased, the CT firing rala is increased and the HP

stoam production incroases. As more sioam is produced, more steam bubbles in the boller drum and
evaparator loop are created, the spacific volume of the steam-waler mixture increases, and,
conssquantly, tha drum lovel rises or swells. As anather example, whon & process upset condition
other than a joad change causes the sisam pressure io decrease, ihe steam production ncroases duo
lo lowar ersrgy al the lawar stesm As the drum
presaure decreases, (ha steam bubbias in the boller drum and evaporator loop expand, the specific
voluma of the steam-water mixlurs increases, and, consaquantly, the drum level swells. When & load
change or B process upsal condition occur that results in more steam production, the thres alsment
drum level leadiorward controls respond by increasing the fesdwalal Nlow in arder 1o equal steam Now
snd maintain drum level. Again, however, depending on how quickly the joad change or process upset
candition oceur, the effects on dium level of more steam ion or & d ing drum may
also cause the drum lavel f lor o or offsat the feedt i contral and lead

1o sluggish or unstable drum level control,

P g mdj o one or all of the
conirol paramoters can be made, whaen a shrink of swell condition occur. Shrink occurs when stoam
flow is decreasing and drum level is decraasing or when sieam fiow |s decreasing and drum pressure s
Increasing. Swell occurs when sieam low is increasing and drum level is increasing or when sleam

g. The intagral (1) conatant of the boller drum level P
feedback controller is sat egunl to zero when o shiink or swell condition ecurs. Acoordingly, the drum
level feadback control action will not sarlously overcormect or offsel the feedforward conirol action to
match the fesdwater and steam flows and maintain drum level  The integral constant is ressi to iis
arginal value when the steam flow is nearly constant. The controllabillity of the drum level control loop Is
tharefore improved

flow is g and drum p (]

During shuldown operation, the CT turbine load |s shed In o contralled manner. The three alemont lovel
throughiout the shutdown period. As drum pressure s reduced, normal
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drum level control cen be ussd ncluding the operation of the HP IBD valve to prevent 5 high level tip of
thas Lot
LP DRUM LEVEL CONTROL

LP drum level s contralled by two procsss conliol lvops depending on the oparation of the HRSG unil,
A sligle slemant fesdback loop cantroller (& used 1o contral drum level sl selpalnt durlng startup
oporation whep the LP SH stoam flow rale s less than ar agual to 30% of the full losd sieam flow rats

A hreo slement. feedidrwardTeedback drum level control loop is used diring normal ogeration wheh
thar steim Bow rate is grealer (han 30% of the ull load flow mle. Tha LP Drim level & controlled by
madulating LP Drum level control valve, HACS0AAZ01, which rogulates the llow of LP fosdwaler nlo
tha LP Drum, The LP drum level and LP mmn steam flow measurements in the LP drum leval cantrol
lpop are density compeniated fo accournt for the affect of uid denslty oh the measufemants. Donslly or

npeciiic volume |8 delermined ps o tunction of the LP drum sluam and
the LP suparhaated staam flow and

In thes single alement LP drum lavel conbiol loop, o Integral (Pl) feedback conl)
compares the LP drum |evel to the setpaint. The dium level controller outputs a 0-100% value to the LP
fuadwater control valve, HAGS0AAZ01, to maintain the LP drum laval at ita sotpainl.

Three lovel tranamitiers, HADSOCLO0Y, HADSOCLOOZ & HADSOCLOOS, measurs LP drurm level, Each
LP drum lavel | using an d #aro so that ah increasing drum level

it s directly prop: | ta an ing 4-20 mA signal. The LP drum leve! fransmitter
maeasuraments are compared in fhe DCS control systam logic ond & two of thres suctionesering logle s
used In the control system logie. A 4% difference n drum level botween any drum lovel transmitter
measuraments will couse & devialion alarm lor the level thast the Upon

compansen of the mw leval measuremeants, if none of the measurement comparisons are within the
wpacified tolerance, the CT are trippod and an avernl] measuremant faull alam is mised. A single,
overnge value of LP Drum level s used to detorming the denslty compensated LP drum lovel |n the
LICS coniral systam logic.

In th three eloment LP drum level control loop, & proportionak-integral (P1) feedback controflor

compares the LP drum lovel to the setpoinl. The LP drum level fesdback e output (s d
with the fesdlorward signal which |s the value af tha LP main steam fow measurament plus storage
tank inbat flaw maasurament LAA10CFO0Y that s density oo lad by the tamp

measurament HACS0OTO01. The resull |8 the LP fesdwalor low demand saipoint o the LP fesdwaler
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Now The LP flow B a proporfional-integral (P1) fesdhack controlier. The
LP How i P the LP feed water llowrate o the selpoint and outputs & 0-100%
value (o the LP fesdwaler control valve, HACSOAAZD1, to maintain the LP fesdwatar flow st its saipaint

LP drum level is densify compensaied by measunng first the LP drum saturation pressure. Two
pressure fransmittors, HADSOCPO01 & HADSOCPOD2, measure LP drum pressure. The LP drum

ts mro In the DCS control system logic. A 5% diffarence In
will catise an overnl|
measurement fault slarm and the CT is ripped. The aversge LP drum level measurement must be
compensated due fo density differences between the LP drum water and waled in the level transmittor
cald 1 log (See App A ‘Danslty C: d Steam Drum Level Equations'). An
mvarage value of LP drum pressure s used fo determine the liquid water and watar vapor densithes from
ASME Steam Table correlations.

drum p b two drum

LP main steam fow ks measured by flow transmitter (By other), It is usad as & feadlonwird signal to
detormine the LP feadwaler flow demand setpoint in the thres olement LP drum lavel conirol loop. LP
main sleam Now is density compensated by LP main sleam p ahd i
measurament. The LP main steam p is by ap HAHSOCPO01. The
LP main steam Is by e HAHSOCTOO. If the LP main steam flow
transmitter in failure in ihres alement control moda, the oparator should swilch LP feedwater contral
system from automatic mode o manual modes.

The LP feedwaler flow ks Ty flow LABSOCFDO01. The LP teedwater fow

mensuremant is the feedback control signal to the LP f flow The LP f flonw
s denuity by tho LP P

LABSDCTOO1. It the LP feodwater flow transmitier is failure in three element control mode, the operator

should swilch LP leadwaler control system from aulomatic mode to manual mode,

During starlup operation, when steam productien to the condenser through the LP bypass system s low
and the sleam llow s not drum lovel is lled by & single slamant fesdback
cantroller spoctfically tuned for startup conditions. Also, drum swell will cocur as steam |s produced and
the density of the drum waler decreases. Upon stafiup tha leval in the drum should be lowered 1o the
starfip drum level using the LP intermittent blowdown (IBD) valve, HADS0AAT02. As the drum level
continies to riss during starup, the drum level controller ssipoint |s sel equal to the sctusl drum evel,
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Whan the drum (evel squals Normal Walar Level (NWL), the drum [svel setpoint is st equal o NWL
nnd held constant, As the drum level continues to inoreass, the IBD valve, HADSDAANDZ in opened
when ihe level reaches High High Lavel and is closed when ihe drum level is slightly above NWL. If the
CT trips, after the drum level setpaint has been set agual to NWL, the sequance is resst If the actunl
drum lavel decroases below NAL upon cooling and beforo the CT s restarted.  The singlo element
feadback dium lovel controll L starts to conirol drum level al NWL when the dium loval
decronses balow NWL. At the and of the startup poriod steam flow through the bypass system o lo the
utonm tWibine increases. Whan the nermal, minimum loed steam flow mbe or the mximuem startup
feadwator flow mte w measured, the LP (BD valves are closed and drum (svel coptrol is switched to
thres element contral.

During normal oparation the HRSG is operated under varable pressure condibons over the load range,
l.e., sliding p F =] - HRSG lond dguata (o I ha HP ahd 1LP
evaporators’ heal Inputs and thair e Ing steam product Change i the CT load demands
direetly Influence nofmal load stesm productions and boller drum pressures. Transten| HRSG upsal
oparating condilions ofter then MW lond changss could alsa directly influsnce the 4P and LP steam
produetions and boller drum pressunes. Lpan any MW lood changs of bolldr upsal cehdilion, the
magnituda of the dram level sstpoint deviations ond the impact an the individusl drum level contol
Ioops depand on haw rapidly the respective steam productions and baller dium pressures am varied.

For example, when the megawot! load demand is Increased, (he CT ling rato |s increased and typically
the LP steam production decreases. As jess sieam s produced, less stsam bubbles In the boller drum
nnd avaporator loop am created, the speciflc voluma of the steam-water mixture decreasas, and
conseduanity, tha boiler drum lovel decreasos of shrinks. As another example, whon o process upsat
condition other than o load change causos the steam prossure (o incmase, the steam production
decreases due lo higher energy reg at the ponding higher steam saluration
temperature. As fhe drum pressure increases, the steam bubbles in the boller drum and evaporator
Ioop contract, the specific valume of the u vtel mixture one, conkeas ¥, the drum
lovel shrinka. Whan o load chenge or a process upsel condition ccour that reslls in less steam
production, thes three elament drum level feed forward controls respend by decressing (he fesdwatar
flow In arder to equal stanm flow and maintain drum level. Howevaer, depending on haw qulckly the load
change of process upsel condltion oocur, the alfects on drum level of less staam productan of an
Increasing drum pressure may cause the drum level fesdbach lier o | or olfsat the
leadiorward confrol. This can lsad to slugglsh o lo unstable contrel of dram level.
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Conversaly, when he megawalt load demand is decreased, the CT firing rale is decreased and the LP
stoam production incranses. As more steam is produced, more steam bubbles in the boiler drum and
evaporator loop are created, the spacific volume of Ihe steam-waler mbxdure increases, and,
vonsequentty, the drum level iees or svells. As another example, when a process upset condition
other then a joad change causes the sisam pressure io decrease, ihe steam production ncrosses duo
1o bowar enorgy i ol the ding lower stedm jon fempal . As the drum
pressure decreases, the staam bubbles in the boler drum and evaporalor loop expand, the specific
valume of the s tor micture and, ly, the drum level swells. Whan o load
change of b process upsot condition occur that resulls in more sieam production, the three slement
drum level leedforward controls respond by increasing the foedwater flow in drder to equal steam Now
and muaintain drum level. Again, however, depending on how quickly the load change or process upsel
condifion occur, the effacts on drum level of more steam production or a d
or offsat the

g drum Fray
i contral and lead

nlso causa the drum kevel o
lo sluggish or unstable drum level control

The conditions for shrink or swell can bo and
conirol parsmeters can ba made, when a shiink of swell condition cccur, Shrink occurs when sleam
Now |s decreasing and drum level s decreasing or when stsam flow is decreasing and dium pressure fs
Increasing. Swall occurs when steam flow s increasing and drum level is increasing or when steam
Mow = g and drum in g, The intagral (1) constant of the bailer drum level P
feedback contraller is set equal to zero when a shrink or swell condition pcours. Acoordingly, the drum
leval fesdback control action will not serlously overcorrect or offset the fesdforward control action to
maich the fesdwater and sieam flows and maintain drum level  The integral constant is resat to ils
onginal valug when the steam flow is nearfy constant. The coptrollability of the drum level control loop is
therefore improved

to ane or &l of the

Cluring shutdown operation, the CT turbine load is shed in a controfled manner. The three etement level

can be ¥ I+ the: pariod. As drum pressure is reduced, normal
drum level conirol can be used including the oparation of the 1BD valves to prevant a high loval irip of
Fhas Lapdt.

HP DRUM LEVEL REMOTE LEVEL INDICATION PER ASME BOILER CODE

Par the ASME Boiler Code, in addition io the average HP drum level measuremani delermined in DCS
Controllar, ai least one other independent, remole means of level indication must be provided. The HP
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drum Remote leved indicator, HAD10CLO03, in wired |o the HP Drum Remote Lavel indieator,
HADAOCLE0Z & HAD1OCLS03 that ate localed al grade and at control roam, Cine level gauge,
HAD10CLED1, is supplied at each and of the HP drum. The level gauges are installed in & water
calumn cannectad te the HP dum

LP DRUM LEVEL REMOTE LEVEL INDICATION PER ASME BOILER CODE

Par [he ASME Baller Code, In addition lo the sversge LP drum level measurdmaent delermined In DCS
Controller, 8t luast one other iIndegandant, remets means of level indieatian must be provided, The LP
drum Remate level Indicator, HADSOCLIS. |s wired |o the LP Drum Raemote Level Indicator,
HADSOCLE0Z & HADSOCLS03 that are located at grade apd at control room, Cna lavel gauge,
HADBOCLS0Y, In supplled ol sach end of the LP drum. The level gauges are installed in o waler column
confected 1o the LP drum

HP SUPERHEATER MAIN STEAM TEMPERATURE CONTROL

An inter-ntags attermparator s used to control fho HP main steam outlet temperature from the HRSG.
The HP sl ntar-siaga canlial will walal spray low an reguired 1
control the HP slaam tarminal paint temperature 520°C (BB2F) | During starup and losding, while at
mindmum IGY angle position, the solepoid operated spray water block valve, LAET0AATDY, s sef aulo
utalus. The spray waler block valve is opsned when the spray wator conirol valve's open demend signst
In groater thin 5% and the HP SH stoam otitlet walue tha HP S5H stoam
oullot temparature moasuremort value and the HP SH steam outlet lemperature selpaint value |s loss
than 13 T . As lhe CT |ond and axhatst gas e are thie HP superf ol
tempermture rises to ts control temparature. Further load Increases couses the spray water

ler domund 1o i and Ihe spray wialor control valve s modulated jo control
superhaator outlol temperature. On falling spray watar demand, the spray waler control valve |s
modulated o control supsrhaater oullel temperature, If the speay water conbrol valve tempersture
canfroller apen demand aignal (s less than 4%, the spray water control valve & closed. Whan the spray

water cantral valve s closed, the spray walar block valve |u closed alter a 10 soc time dalay,

Tha HP main stoam outlat lemperature s controlled by two cascaded tamparature confrol loaps. The
HF main stoam cutlel temperature (s the confrolled variable of the primary loop controller with jis
lemperaiure selpalnt determined by design. HP maln sieam temperafure Is measured by two
tharmocouples, HAH10CTOD3 & HAH1DCTO04. Twa measurements ate comparad. A ten 555 "C (10
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F) inmpemture differance betwsen two main staam will cause &
nlarm for the thesmocouple that excesds the tolerance. The avernga HP main stesm lemperatures is
then usad as the process variable in the primary HP main steam lemparature control loop.

If the averngs HP main steam lemparsture i graater than the satpoint temperature by 5 55 "C (10 F)
for 15 saconds, & HP maln steam lemperature high alarm signal is raised. If the average HP main steam
tampemture fesches a valus groater than the satpolnt lsmperature by 11.11 °C (20 *F) for 10 seconds
the operator will decide if the CT nead run back 1o a lower load. If the averages HP main stasm
tampermlure reaches a value greater than the setpoint lamperature by 1388 *C (25 *F) for 5 seconds,
the HREG ls then also tripped.

The outpul from the primary controller is the setpoint for the secondary coniroller. The slave cantraller
compares the setpalnt from tha primary controller outpul to the HP Inter-stage attemperator outle! staam

d by ons | le, HAH1OCTO0Z. The secondary controller outpuls a 0-
100%: valua to the HP nter-singe attemperator spraywater conirol valve LAE10AA201. The HP inter-
singe atlemperator spraywaler conirol valve s modulated lo control the Now of spraywater fo the HP
Inter-singe attemperaior, The HP inter-singe spraywaler flow |s contralled to vary the HP inter-stage
attamparalor oullet steam temperatura in order lo maintain the HP main steam oullet temperature al its
setpaint. Cascading the control loops in this manner minimizes the efiects of process disturbances that
wauld upset the inlsr-stage Thus thase from
Influencing the HP main steam outlst temperature.

This HP inter-stage allsmparalor oulle! steam lsmparalure satpoint is low limiled 1o 8 minimum of 27.78
S (50 "F) above the steam saturation temperature (Tsat) in order lo prevent stsam condansation In the
wtaam attemperalor piping. If the primary confroller output, which is the secondary controller setpaint, s
les than Tsat plus 27 78 “C (50 "F), the secondary controlier setpoint is set equal fo Teat plus 27 78 *C
{50 "F). The secondary contrailer will then control the HP intar-stage atlemperalor oulle! staar
temperature lo Tsal plus 2778 *C (50 *F} to prevent sieam In the plping.
The HP Inter-siage v header pr s d by the HP inler-stage altemperator inlet
pressure tmnsmjtter, HAH10CPO01, The HP inter-stage outied : P i
then determined ms o function of the HP inter-stnge attemperstor ouflet pressura. The sum of the HP
Inter-stage P inlet sat and 27.78 "C (50 "F) Is then usad in o low limiling
function block lo determine the low limit ol the setpaint of the sscondary controller
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HP SH STEAM STARTUP VENT CONTROL

Thie HP S5H steam startup venl control valve (SUV), HAHTOAAZD, s usad during HRSG cold, warm or
hat stantup operation to control he rate of tempersl ar lemg
drum basad on the HP drum I Duing any startup petiod the HPF drum
tamperature ramp et must bo confrolled to 11,11 °C (20 “F) per minule by venting steam through th
HP SH SUV valva or by madulating the HP SH Steam Bypass valve. All starfup periods are defined
fréim zero CTG load until the desired HP SH sleam outiet prossure is reached. For any slartup operation

tha HP SH ELIV valve s in the closed pesilion when the CTG is started,

ramp rnfs in the HP

Wharn the HRSS oparaling permissives ame mel and CT s igriled. low posifion limier s sel lo 10%
opan Lo ansure steam faw hrough SH tube to avoid oxcess haat up al SH Wie with no flaw, When the
HP drurm pressurs squals 1.034barg (15 pelg), the HP SH staam SUV s placed in sutomatic. The HP
SH ntonm SUV valve 18 then sulomatically modulsted to control the HP drum temperaiure ramp rals,

I ¥, two HAD10CPO0T & HADIGCPOOZ, measure HF drum prassure,
Ench HP drum prassure imnsmiller ssnds a 4-20 mA signsl to the DCS, which sre then compared to
ong snather. A 5% difference in drum pressure medsuremenl Biwson two IHe dium prossure
transinliters will cause an overall measurement fault alarm snd the CT s tripped. The average HP dium
pressure s theh used by the DCS for contiol purposes

The HP Drum temperature ramp rate s calculated using the average HP Drum steam satlration
pressure. The HP Drum tempeaature ramp rate is determined by multiplylng the change of the HP Dum
saturation pressure with respect to fime by the 1" dervative of the aquation of HP Drum sfeam
saturation tompernture o o functon of the HP Drum steam salumlion preasure. The HF Dram

Ramp Rate’ I

temporature ramp rato ls the process varioble for the 'HP Dum T

Thim HP drum the HP drum
temperalure ramp rato to the selpoint of 20°Fimin. The HP drum temperatire mmp rale contraller then
outpuls & 0-100% signal to the HP SH steam SUY valve 1o position the valve and control the HP drum
temporature ramp rata &t its satpoint

nmp e o initegral (F1)

Whan the HP SH stesm olllel pressiure measured by pressurs transmitter, HAH10CPI0Z. has resched
retpaint prassurm 12,8 bara, the automatic contral of the HP drum tamparature rate cantrollar s
wwilched fo the HP SH steam outlel preesure confrolier. The HP SH stoam outlel pressure controlier b a

lenak-integral (P1) lreller and il the HP SH stenm outlel pressura o the HP SH sloam
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outlel pressure setpaint 12.8 bara. The HP SH steam outied pressure controlier then outputs n 0-100°%
signal fo the HP SH steam SUV valve to position iha valve nccordingly, When the HP SH steam outlat
pressure has reached setpoint pressure 12.8 bars and the HP steam turbine bypass conltrol valve is
available and the plant condenser is on line, The HP 5H steam ouflet pressure controller is switched fo
the HP steam furbine bypass ramp rate that to contral HP drum
tomperalure ramp rate to setpoint (20 “Fimin). Then the HP SH steam SUV valve is stopped down
sutomatically to ts fully closed position as the conirol rate of HP drum lemperature increase s
controlled by the HP steam turbine bypass tlemperatura ramp rate controller

CONTROL OF HP BYPASS FOR HP DRUM TEMFERATURE RAMFP RATE

The HP SH steam startup bypass conbiol valve ks used during HRSG cold, warm, or hol stariup
oparalion to conirol the rato of » af e ramp rade and HP drum pressure
During cold, warm and hot startup period(s), the HP drum lempsrature mmp rfe must be limitod 1o
20°Fimin, by bypass control valve. For cald, warm and hol starl up petiods are defined from ero CTG
|oad until the desired HP drum pressure B0, 724barg (11708 psig) is resched.

When the HP SH steam outiel pressure is greater than 128 bars and the HP steam turbine bypass
conirol valve is available and the plant condensar is on line, the HP drum lemparatuto rmmp rale
conbroller is switched io the HP stearn turbine bypass temperature ramp rale controller. The HP Drum

1 ramp rate prop intearal (P} [ i the HF drum temperatura ramp
ate to the setpaint. The HP drum temperature mmp raie controller then outputs a 0-100% signal to the
HP SH stanm turbine bypass control valve until the HP steam outist pressure resches the HP steam
turbine rotation pressure (38 barg),

‘Whan the HP steam outlet pressure reaches the HP steam turbine rotation pressure|38 barg), the HP
drum ramp rate s o the HP steam outiel pressure controllor. The HP
e integral (F1) the HP steam oullst pressure 1o the
HP steam Wirbine rotation pressurs sstpoint and gives oul a 0-100% control signal 1o the HP steam
turbine bypass cantrol valva until the steam turbine speed reaches ~3000 pm.

st outiel

Alter the sieam furbine rotation reaches 3000 rpm and untll the steam lurbine generator mode reaches
IPC mode, the HP steam turbine bypass control valve s controlied by 2 controllers: the HP steam oul
prossura ramp mate contraller and the HP drum femperature remp rate controller. The HP staam out

res the HP steam oul

usare ramp rate controller i a tional-integral (P1) controller that
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pressura ramp rte (o the setfpainl. The signals from Hese fwo nre inm

funetion block and the greater of the 2 signals is given out &8s a 0-100% signal to the HP steam turbine
bypass control valve, When ST HP controf vatve start inlel pressurs control, the HF bypass control valve
I closed and set point is sef to actunl pressure plus 3 barg, One the ST HP control valve |s fully
oponed, siding prossure control will be applhed

Specifically, two pr HAD1OCPOOT & HAD1OCPODZ, mensure HP drum pressurs.
Ench HP drum pressure trmnsmillar sands a 4-20 mA slgnal to the DES, which ate then compinsd to

ono anather. A 6% n drum p b twe the drum pressure
lrahsmitters will cause an overall measuremiehl fault alarm and the HP Drum lemperatise mmp rale
mroparionakiniegral (P1) controller and the HP SH sloam outle! pressure proportional-integral (P}
coniroller are switched from aute mode o manuel mode, The avernge HP drum pressure (s then used

by the DCS for conlrol purposes

The HP Drum using the avarage HP Drum steam saturalion
prousura, The MP Drum tomparature mmp rate in detormined by mulliplying the change of the HP Drum
alusulion prassure with respect 1o lime by the 1" detvative of the egquation of HP Driam sleain
naluralion lemparaiure as o function of he HP Drum steam saluration pressure, The HP Drum
lemperature ramp rale s he process variable for the ‘HP Dum T Ramp Rate’ I

ramp rate is

DIVERT DAMPER CONTROL

T HRSG Divart Demper located |n the HRSG inlet duct, The Divert Damper allows CT exhoust gos
Into the HRSG In fixed increments whils the HP SH SUY valye s modulated to relse pressure. Bolh
| 15 are designed to liml thermal stresses in the HRSG,

Thim Divart Damper blode s positioned sutomatically based on imed sequonce of operation fo caincide
npproximately with the rate of hoot absorption requined 1o relse HP Drum pressure to be defined
pressure lavels over a glven lime perod. Tha diversr damper blsde |s motos driven and a posilion
transmitter s used o proportlan llow betwesn the HRSG and tha divar slack

‘Whan gas turbine s on snd HRSG le slarded, the Diverter Damper naeds lo be openad gradually by
Hmes conirol. The Diverier Damper pasilion intermediate positions are 30%, 50%, 00%, 70%, B0% and
100% and time podod are 10 min, 10 min, 10 min, 10 min, 10 min, 5 min
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LP SH STEAM START UP VENT CONTROL

When the HRSG operating permissives are mel and tha unit is starting 1o heat up, the LP SH steam
startup vent (SUV) valve, HAHSDAAZD, |n opaned ly 1o ibw i
noncondensibles to stmosphere. When the LP drum pressurs is resched 1 034barg (15 psig), the LP
SH stanm autlet pressure controller and the LP SH steam oullet pressure ramp rate controller are
placed in automatic

pasition o vent

Tha LP SH steam outiel L-integral (P1) ller, which
compares the LP SH steam outlel pressure ramg rale to the normal LP SH steam outlet pressure ramp
rate selpoint 1.3T805 barg (20 psig) per minule. The LP SH sioam outiet pressure cantroller is @

Integral (Pl) contraller, which the LP SH stdam outlel pressure, measured by
pressure transmitter HAHSDEPD01, to the normal LP SH steam oullet pressure setpoinl. When the LP
SH steam outlet pressurs is lesser than 2.03398 barg (20.5 psig), the LP SH steam outlel pressure
ramp rate controller is usad io control the LP SH sleam outle! pressure ramp rate ol is setpoint and
oulptits & 0-100% signal to the LP SH steam SUV valve, HAHBOAAZDT untl the LP SH steam outlel
pressure ks reached 2 03365 barg (26.5 paig). Then, the LP SH steam oullet pressure ramp rate
controller is switched 1o the LP SH steam outlet pressure confroller. The LP SH steam ouflet pressure
caniroller compares the LP SH steam outlol pressure to the nommal LP SH steam oullet pressure
wetpoint 2.0884 barg (30 psig) &nd oulpuls a 0-100% sighal lo the LP SH slearm SUV valva,
HAHSOAAZDY, to maintain the steam outlet pressure at its sotpoint.

ramp e llr 15 2 p

The LP SH steam SUV valve continues fo mantain the LP 5H steam outlet pressure at the pormal
aparaling pressure 2. 0884 barg (30 psig) until the LP SH stosm bypass conirol valve is available and
the plant condensar is on line. The LP steam SUV valves tied to the LP SH stoam outlel pressure
caniroller and the LP SH steam oullet pressure ramp rate controller are placed in manual. Then the LP
SH steam SUV valve |s stepped down manually to its fully closed position

HP CONTINUDOUS BLOWDOWN (CBD) VALVE CONTROL

The HP Drum continuous blowdown (CBD) valve, HAD10AAZ01, is & pneumalically asctunted valve with
& 4-20mA position transmitier and with open & clossd limit switches, The HP CBD valve is automatically
cantrollad by the DCS or manually cantralled by the Operator through the Operator Interface Machina.
Tha HP CBD conirol valve, HAD10AAZ01, regulales the continuous blowdown flowrate lo the blowdown
tank in order io maintain the HP Drum suspended solids’ concentration below a given level. Typically
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120

13.0

14.0

CONTROL / OPERATION DESCRIPTION

the capcantration of suspended solids in the drum watar is measured by the elacirical conductivity of the
dium wilar. Ascording to EPRI guldelines for boilsr drum water gquallty under narmal oparaling limlia at
thes HF drum op g , thes ditect conductivity s less than (TAD) uS/em. The
wlectrionl conduntivity of the boller drum water |s meesured to determine its suspoandad solids’

laval. In i 1, the botler walor conductivity measurement (by ofhera) s
compared lo its selpoint and a 0-100% value from the DCS is senl lo the CBD valve's positioner. Tha
CHD valves are modulnted W@ regulaie the continuous bowdown Now rate from the HP Drum and conbol
tha bselliar druem witisr conductivity at e satpeinl,

LP CONTINUOUS BLOWDOWN (CBD) VALVE CONTROL

Tha LP Drum centinuous blowdewn (CBL) valve, HADS0AA201, s a pnaumatically nctusted valve with
n 4-20mA position transmitter and with epen & clased Imit swltches, The LP CBO valve |s automatically
coplrolled by the DCS or manunlly controlied by the Oparator through the Opemlor Inferfoce Machine,
The LP CBD cohliol valva, HADISDAAZDT, the s 1 llewrate fo e Blawdawn
Lank in order 1o maintain the LP Drum suspended solids’ concentration below & ghen level, Typleally the
cancentration of suspanded solids In the drum water |s by the slectrical conductivity of the
drum walsr, Acoording to EPRI guidelines for boiler drum water quality under narmal aperating limits at
the LP drisn pr the difoct Y I8 lesa |an (TRO) pSdem. The
slncliical conductivity of the bailer drum walsr s ] Its d solids’
cancaeniration level. In automatic opatation, the boiler walar conductivity measuramant (by others) I8
compared fo its setpaint and a 0-100% value from the DCS s sent to the CBO walve's positioner. The
CBD valves am modulated (o regulate the continuols blowdown Now rate from the LP Drum and copbro)

the boilar drum woter conductivity at ts setpoint,

BLOWDOWN TANK TEMPERATURE CONTROL

The blowrown tark tempaerature proportional-imegral (P} e
Lok teimg by n ple LCOAOCTOO to the tlowdown lank temperaturn
setpolnl B0 T (140 F) and cutpuls 8 0-100% value to e cooling water conlrol valve LCO10AAZ00,

EXTERNAL DEAERATOR PRESSURE CONTROL

Thi external d tor [ is d by o Her, LAATTCPO0T. Th extemal
h noods o be lled by conirol valves, LAAT0AAZD2, LAATOAAZDY (Boller 1) &
LAA10AA201 (Baller #2)

Date: Document Number:
o0B/oant HRSG CONTROL SYSTEMS VAT460-ICNF-O

Kathy Hugle

Approved: PHILOSOPHY DESCRIFTION Page 24 of 40




142

143

15.0

151

152

wer CONTROL / OPERATION DESCRIPTION

mternational

Vegt Power International » 4000 Dupont Circle « Lovisville, Kentucky 40207 « www.vogipowar.com

The extarnal d o in lonal-integral (Fl) ller thit the
external dessrator pressure 1o the setpoint 1,100688 bara (17 4psia) and outputs a 0-100% signal to the
cantrol valves LAATOAAZ0Z, LAATOAAZDY (Boller #1) & LAATDAAZDY (Baller #2)

‘Whan the LP Izat fo external d tor feadwnt d by one th I
HACS0CTU01, ks gramtar than the ponding staam parature 104,78 'C (220,6F ) of
the dossrator prossure 1 199688 bara (17 4 psia), the prassure control valves LAAT0AAZDT (Baoller #1)
& LAATDAAZOT (Boller #2) from the LP economizer o exiemal desaraior are parmitied to open. When
the Lp steam d by | des, (By Othors), is greater than the corresponding
stoam saturation temperature 104 78 T (2206 F ) ol the deasrator pressure 1199688 bara (174 psla)
and the Lp steam pi p ] dbya (By Others), s
greater than the deseralor pressure 1. 199688 bam (17 4 psia), the pressure control valve
LAATDAAZDZ, from |Lp sisam lo exiarmal deasmior are permitied to opan. During stalit up, IF the

4 ¥ from LP to external deasrator of the steam lemperature and
pressure from LP steam are nal met required and g {ha external d
F propart inlogral (Pl) the exlamal daseralor pressurs io (he satpoint
pressure 1. 199688 bara (17.4 psial end oulpuls a 0-100% signal to the control valve {By Olhed) that
controls the auslisry steam to deserstor untll LP ECON or steam from LP lemperature and pressure are
maet.

EXTERNAL DEAERATOR LEVEL CONTROL

Thres lovel transmitters, LAATOCLO01 & LAATDCLO0Z measurs the extemnl dessralor level. The
oxtormal leval are calit using an slevaied zem so thal an increasing drum
leve| measurement is directly proportional 1o an increasing 4-20 mA signal. The exienal deasrator lavel
is density compensated by measunng first the external deasrat . One p
transmittor, LAATICPODT, is used to moeasure fire exiernal deasraior pressure. The axtormal desarmior
lavel | ls are In tha DCS conirol system logic and & average
calculalion logic is usad in the control system logic. A 2% diferance in exismal dessrator level

will cause o alarm for the lovel transmitter thal exceods the tolorance.

The external d lovel Is led by o p J intearal (P1) feadback lar that
comparas the axlsmal deastator level to the setpoinl. The sxternal deasrator level controllss outputs &
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D-100% vahis o tha cor I axtemal contal valve, LAATIAAZDT, to
maintaln tha extemal denerator level of ita setpaint

16.0 HP INTERMITTENT BLOWDOWN (IBD) VALVE CONTROL

161  Duripg starup operation drum swall will oceur as steam 18 produced and the density of the drum water
! Tha HP Blowd (1BD) valve, HAD1DAA10Z, s used for throtiling sarvica
during startup o control drum swall when automatic feedback level control is Ineflective. The HP
Intaermittent blowdown (B0} vilves are st auto made during the startup sequence based on definad
drum lavels, The HP infermittent blowdown (1BD) valve, HAD10AA102, 18 cpened prior o HREG
opatation. Lpon startup ik lovel In the drum should be lowered to the startup drium level by using the
HP Intermittent blowdown (IB0) valve, HADN0AAI02. Whan the startup level is reached the HP IBD
vislven s closed and pleced in automatic opersling mode. As the drum level cantinies 1o rlees duripg
utartup dus (o drum swell, the HP 18D valves are opaned when the loval ronches High Lavel and closos
wheh the diim level is decroased 10 +1 Inch (25 4mm| abovi Normal Walar Level [NWL),

182 During normal operabon, load and transient upset cin causa e dium |evel to swall
or shrink. Normal drum level control 1 used whan these aporaling condibons oceur fo control drum
level. Thie HP I1B0D valves are also usad whin Ihese opstaling cohdilions cccur, as raguired, |o pravent
o high or low drum level trlp condition,

16.3  During shutdown operation the CT twbine load |s shed in 8 controlled manner. As the drum pressurs s
roduced, normal drum level control s used including the operation of the HP IBD valves lo provent o
high leve! trip of the unil,

164  The HP |BD valves are moltor operaiod globe valves with open & closod limit switches. These IBD
valves ars aulomatically controlled by the DES or manually controlied by (he Operator through the
Cperator Interface Machine. The (BO valves are driven open or closed by OFEN or CLOSE digital
outpul commands from the DCS (o Ho valves,

17.0  LP INTERMITTENT BLOWDOWN (IBD} VALVE CONTROL

171 During startup oparation drum swall will occur as staam ts praduced and the denalty of the drum water
The LP Blewd (1B0) valve, HADSOAATOZ, |8 uned for throltiing service
durlng slartup to confrol drum swell when sutomaltlc feedback level control is Ihefleclive. Tha LP 1BD
valves ara sol adto mode during the startup sequence based on defined drum levels, The LP
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intarmittent blowdown (1BD) valve, HADSOAAT0Z, is apened prior o HRSG oparafion, Lipon startup the
level In the drum should be lowsred 1o the stanup drum level by using the LP Intermittent blowdown
(IBD) valve, HADS0AA 102, When the startup leve! ls resched the LP 1BD valves are closed and placed
in automatic oparating mode. As the drum level continues to rise during startup dua to drum swell, the
LP 18D valves are opaned when ihe level reaches High Leval and closes whan the drum jevel s
decroased to +1 inch (25.4mm) above Normal Water Level (NWL).

Bhuring nermal op . load changes mnd larnit upset ditions can cause the drum level to swell
or shnnk. Normal drem level control is used when thess operaling condibons occur o contral drum
leval. The LP IBD valves are aiso used when these operating conditions occur, as required, lo prevent
 high or low drum level trip condition

Duiring shuldown operation the CT turbina load ls shed in & conlrolled manner, As drum pressurs is
reduced, normal drum level conirol is used including the operation of the LP IBD valves to prevent a
high level frip of the unit.

The LP IBD valves are molor operated glabe valves with open A& closed imit switches. Thess IBD
valves are aulomatically confrolled by the DCS or manually contralied by the Opsrator through the
Operator Intorface Machine. The IBD valves are diven open of closad by OPEN or CLOSE digital
oulptd commands from Ihe DCS lo the valves.

CONTROL OF HP DRUM VENT VALVE

The HP Drum vent valve, HAD10AAYD, s used dunng & cold starfup fo vent noncondensibles from the
HP Drum and HP Drum steam oufiet piping whon the HP Evaporalor begine steaming.  When the
average HP Drum g d by p ittors, HADAOCPOU! & HAD10CPO0Z, In
1. 7237harg (25 paig), the onfofl ven! valve is closed,

CONTROL OF LP DRUM VENT VALVE

The LP Drum vent valve, HADS0AA1D1, is used during a cold stertup lo venl noncondensibles from the
LP Drum and LP Dium steam outisl piping when the LP Evaporalor begins stesming. When the
avarage LP Drum p d by . HADSOCPDO1 & MADSOCPO02, s
1.0342barg (15 puig), the on/oll vent valve = closad,

EXTERNAL DEAERATOR VENT VALVE CONTROL
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201 The extarnal densrator venl valve, LAATDANTDZ in used fo venl wer (oxygan) from the axtomal
deasrator vant valve when the exlemal deanrator begine running, When the dessrator preseurs s
qrester than (14,63 paia) 0 psig, the external deasrator vent valve, LAATOAATDZ is opaned, When the
deaerator pressure is lessar than (14,63 psia) 0 peig, Ihe external deaarator vent valve, LAA1DAATDZ is
closed,

210 CONTROL OF HP ECONOMIZER MANIFOLD VENT VALVE

This HP Economizer manlfold vent valve, HAC2084101, (s a moetor operated valve that is ssed o venl
wtonm fram the laet eeonomizer madule to the HP Drum in the svent that near steaming conditions in

the peanomizer occur. Conditlons for o e by g tha
approach lempetature, which ks the differshos between the HP drum saturation tempaeratire and the HP

outlet Tha HP outlal temy [ d by (e I
HACZOCTO0. The HP Drum saturaton temparatura is determined in the DCS as a function of the
avarege HP Drum saturation pressure mensured by the dum preseurs transmitters, HAD10CPO0T &
HADOCFOOZ. |1 the approach temperalura s less IHan 3 T, the HP Econamilzsr vent valv |s apened,
When the spproach temperstute ks greater than 5 'C the HP Economlzer vent valve |s cosed, Note that
the manually operated HP Economizer module header venl vilve, HAC20AABO Y, remains opan al all
lirmes.

22.0 CONTROL OF LP ECONOMIZER MANIFOLD VENT VALVE

Thee LF Economizer manifold vent valve, HACS0AATDH, Is 4 molor operated vaive thal |4 used lo vent
ateam from the |aet economizer module to the LP Drum in the event that near steaming conditions in the

oeeur, fornp y 5] are by g the
npproach temparature, which ks the differsnce between the LP drum soturation temperaturs and (he LP

outlel P The LP oullet It Is by [
HACSOCTO0 . The LP Drum L3 d in the DCS as a function of the

mvarnge LP Drum saturation pressuro medsurad by the drum pressure tranimitters, HADSOCPOD &
HADSICPOOZ. |1 the npproach lemporatum |a loss than 3 'C | the LP Economizer ven! valve ks opaned.
Whan the approsch temperalure is greater than 5 T (he LP Econam|zer vent valve is closed, Nols thal
tha Ii LPE module header vant valve, HACS0AABOT, remalns opan al all
Hrrves.

23.0 CONTROL OF HP SH OUTLET LINE AUTOMATIC DRAIN POT
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231 During startup and low load - permting i may form in the stsam piping
when ion In near steam i In !xdnr to prevant downsiream surface damags of
HRSG hest transfer surfacs or the Staam Turbine dus to imping tis ylo
drain condensate from the piping as it forms. Automatic drain pot vahve, HAH10AAZDA, downstream of

the HP SH ouflet line, is used to prevent tion from the HP Sup: duning
starfup andlor upsel conditions. Pressure transmitier. HAH10CPD0Z2, measures the HP 5H line
The ing sloam satb (Taal) ls then d Ined as & function of

the HP SH cutlet line pressure. The HP SH outlet line drain pol temperatune & measured by
thermocouples, HAH10CTODE that is located in the drmin pot upaiream of the automatic drain valve.
the temperature differance betweaen the HP SH outlet line drain pot ture and he ponding
stopm satumtion temparature of the HP SH line pressure s less than or equal 1o 12 T, aulomatic draln
pol valves, HAH10AAZ04, is opened. When the tnmp-rnlurn differsnce batween the HP SH outlel ling
drain pot and the correspanding steam W of the HP SH line pressure
|s gheatet than 14 T, aulomalic drain pot valve, HAH1DAAZ(M, is closad.

240 CONTROL OF HP SH ATTEMPERATOR AUTOMATIC DRAIN POT

241 During startup and low load transient operaling conditions, condensate may form in the steam plping,
when op I8 P slsam i In arder o prevent downstream surface demage of
HRSE heal ransfet surface of the Steam Turbine dus to cof ping s yio
drain condensate from the piping as it forms.  Automatic drain pol valve, HAH10AA203, downstream of
the HP altemperalor, is used to prevent from d ging the HP 5 ter during
atarfup andior upset conditions, Pressure tapsmitier, HAH10CP001, measures the HP attemperator
headar p . Tha P g shoam (Tuat) is then determined ns &
function of the HP header p Tha HP drain pat o in
measured by thermoeouple, HAH10CTOOS that is located in the drain pot upsiream of the sutomaltic
draip valye. |f the temp the HP attemperator drain pot and the
comesponding steam saturation tomperature of the HP attemperator header pressure is (ess fhan or
equal to 10 'C | sulomatic drain pot valve. HAH10AA203, ks opened. When the lemperature diference
b the HP drain pal and the ding steam saluratl

of tha HP headar p Is greator than 12T, automatic drain pot valve,
HAH10AAZ03, is closed

250 CONTROL OF HP MODULE M5302 AND MS303 CROSSOVER AUTOMATIC DRAIN POT
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261 During startup and low load transsant operafing conditions, candensate may form in the steem piping,

when lar s near nteam

In ardar to preven! dawnntream surlace damage of
HRSE heat transfer surfacs or the Steam Turbine due lo faing i ¥ lo
drain condanwata from the piping as It forms. Automatic drain pot valve, HAH10AAZ02, locatad in the
FIP SH modute MS302 apd M5303 crossover ks used to remove copgensation from the HP SH madules
MS302 and MS303 and prevenl damage 1o the modules MS302 and MS303 lubes and plping durlng
startup andior upsal condllions. Pressure transmitters, HAD10CPOD & HAD1DCPODZ, measure ihe HP
drum prestite, Whan HP drum aversge pressdre s greatar than 4 13885berg (60 Pslg), aulomatls

drain valve, HAH10AAZDZ, is closed. Whon HP drum average prossuns is less than or equal o
4.13685bmrg (80 Psig), automatic drain valve, HAH10AAZDZ. |s dpenad. Duting warm start Lp, operator
opans the valve and keeps the valve (o be opaned status about 5 minutes, hen opertor closes (he
drali valve. Curing hat start up, operalor opens the valves and keeps the valve to be opened status
nbaut 3 minutes, thon operator closas tho drain valve.

20,0 CONTROL OF LP SH OUTLET LINE AUTOMATIC DRAIN POT BEFORE STEAM STOP VALVE

261 During starup snd low load £ [ It cond may form In the steam plping,
when operation |§ near | stamm Iii nrdnr to prevenl downstream surface damage of
HRSG hoat fransfer surfacs or the Steam Turbine dus o ping
dralr condankale from Ihe piping as It Iofms. Aulamalic draln pot valve, HAHEDAAZNZ, dawnsteam of

i y lo

the LP SH outlet line, is used to provent lon fram qing tho LP Superl during
startup andl'or upssl . The pi HAHSOCPOOY, measures the LP SH line
presaure. The comesponding steam saturation P (Taat) |s then oa a funetion of

tha LP 5H cufiet fine pressum. The LP SH autiet lino drmin pot iemperaiurs i measursd by
thermocouple, HAHEICTDOZ that is Iocaled n the drain pol upsiresm of (he sutomalic drain valve. I the
lemperature difference belween the LP SH outlel line drain pot P and the e a9

ntenm saturation temperature of the LF 5H line pressure is less than or equal to 10°C | qutomatic drain
pot valve, HAHSDAAZOZ, in opaned, Whan he lemperalure difforence between the |LP SH outlal fine

! and the ling steam lan 1 fure of the LP SH line pressura |s groater
than 12°C | sutomalic draln pot valve, HAHSDAA202, |8 closad.

271.0 CONTROL OF MOTOR OPERATED OPEN/CLOSE VALVES

271 Thoop I matar | valves are openad or closed from the DCS per the User's
conirol sysiem design and consistent wilh starlup (Le., hol, cold, or warm stmt operation), normal star
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up nafmal ian. All of the op: mer valves' motor slartsrs
o integral to Ike molor operatars

272  The Opsmaior or DCS control system infisles an OPEN or CLOSE command lo the molor operated
valva. A 120 VAL signal to the molor opamtor contral circuliry i switched on or off according to the
coresponding OPEN or CLOSE digital command signal from the DCS, which then allows tha respective
vitlve to be powered opon of closa.

The open/close motor operated valves am:

HAD10AAT01, HP DRUM VENT VALVE

HAD10AA102, HP DRUM INTERMITTENT BLOWDOWN VALVE
HAC20A4101, HP ECONOMIZER VENT VALVE

LAB10AATD2, HP ECONOMIZER INLET BLOCK VALVE
LAE10AAT01, HP SPRAY INTER-STAGE BLOCK VALVE
HADSOAATD, LP DRUM VENT VALVE

HADSDAA102, LP DRUM INTERMITTENT BLOWDOWN VALVE
HACSOAATDN, LP ECONOMIZER VENT VALVE

LABS0AA101, LP ECONOMIZER INLET BLOCK VALVE
LAATOAAIDZ, DA TANK VENT VALVE

8.0  HRSG SIGNAL MONITORING FOR PERFORMANCE INDICATION AND ALARMS (AS REQUIRED)

The Tol'luw\nn signals, which have nol already been discussed in section 1 above par NFPA B5

arm ot 1 al the Operalor far HRSG pay
[ and ing o8 reguired
1. HP SH Attamperator Steam Inlet T (L TH le, HAHIOCTOO01, which
Inputs & type E tharmocouple input signal o the DCS)
2. HP Inlat Tamp T T ple, LAB1DCTOON, which inputs a lype
E thermocouple input signal 1o the DCS)
3. HPE lLrar Outiet T (T Thear e, HAC20CTO01, which inputs o

type E thermocoupls input signal to the DCS),

4. HP SH Atemperator Steam inlel Pressure (Pressure transmitter, HAH10CPO01, which inputs a 4-
20 mA signal to the DCS)

5, HP Economizer Feedwaler inlel Pressure (Pressure transmitiar, LAB10CPDOT, which inputs n 4-20
mA signal to the DCS).

6 LP Fi mtar Outiet Te (Ti Th la, HACSOCTOOT, which
inputs a typa E thermocoupla input signal to the DCS)
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T LP izer | Irdal T (T Tt , LABSOCTDOT, which
Inputn o lype E tharmoooupla inpud signal to the DOS),

B, LP Ecapomizer Fepdwalar Intel Prosswre (Prossure transmitier, LABSDCPO01, which inputs a 4-20
mA signal lo the DCS).

B, HP SH Attemparator Steam Outlet Temparature (Tempamture Thammooouple, HAH10CTO02, which
inputs m type E tharmoooupla inpld signal lo the DCS),

10. HP Bleam Oufiet (T4 Tt plos, HAH10CTO03 & HAH1DGTO04 which
input type E thermocoupla inpul signats lo the DCS)

11. HR Fi lir Flow (Flow L LABTOCFD0, which inputs & 4-20 mA signal to the DCS)

12. HP Sleam Oullel Pressuns [Pressurd tansmitters, HAH10CPIOZ. which inputs 4-20 mA signals 1o
the OCS).

13, LP Steam Outlet T irev [T ™ i, HAHSOCTOOT, whith inputs o type E

Ihermaocoupie npul slgnol to the DCS).
14. LP Steam Outlot Pressure (Pressure trapemitiers, HAHSOCRO01, which inpul 4-20 mA signals o

I DCS)

15 LPF Flow (Flow , LABBOCFOO1, which Inputs a 4-20 mA signal ta the DCS),

10, LP Econombzer Fesdwaler Oullsl T (Tamparaturs Th le, HACSOCTO0Y, which
Inputs @ typa E thermocouple inpul sighal to the DES),

17. LPE leor Femdwaler Intal Ty (T ture T la, LABSOCTO0, which

Inpits & lype E tharmocoupls inpul signal lo the DCS)

18, LP Ecdhomizer Ferdwaler Inlel Line Prossure (Prossure Transmitler, LABSOCPOD1, which inputs a
4-20mA signal lo the DCS).

1 @ Tank | (T turs Tt o, LCQI0CTON which inpuls a type E
Ihermacouple mpul slgnal lo the DCS)

20, Extornal Deoorator Lavel (Lavel ransmittors, LAAIDCLODY & LAATOCLOOZ , which inpuls 4-20mA
slghats lo thie DCS)

2

Extarnal Denorator Temperaturel Temparature Tharmocougle, LAATOCTO01 which inputs a typo E
hermaocauple inpul slgnal to the DCS)
22 Exlornal Deaarator Prossure (Pressura transmiiters, LAAT1CPO0Y, which input 4-20 mA signals to

he DES)
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23. HRSG Ducl Ges T i and averags aof four
Temperature Thermocouples, HNAT1CTO01 Thru HNAT1CTO04, which inpuls & typa E
Iharmacaupie inpul signal to the DCS)

24. HREG Stack T dividual and average of four T
Thermocouples, HNE10CTO01& HNE10CTOOR, which inputs & type E tharmocouple input signal to
Iha DES)

25. HRSG Duct Exhaust Gas Presaure (HREG Duct Pressurs based on elther of two HRSG Duct
pressure irsnemitter, HNB10CPO01 & HNB10CPO04, which send 4-20 mA signals 1o the DCS )
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20.0 APPENDIX C - DENSITY COMPENSATED STEAM DRUMMDEAERATOR LEVEL EQUATIONS

Condonsalo
Pt

M .

=15

HF DRUM H L l

FIGURE 1

Diffarential pressura tansmitters ame used to measurs the fiquid level m the ateam drum. Preasure
trunsmitiers are usod (o messire the steam pressure in the steam drum. In onder 1o datermine the comect drum

level, caloulotiohs ore d lo densily P the drum lavel [ af signl
dansity differences batwaen the drum watsr and He waler in the sanasing lnes to the frensmitar. In order 1o
datermine the dansdy of tha drum level measuremant, stoam and water density calculations

basod on ASME Stearn Table dals must be done using the drum pressure messuremant.

Ench drum love| i i colik with an ol zoro in order (o produce 8 ‘roversa’ differenial
presoure (dp) signal such 1hat thi do (8 o minimum (o negotive valis) when 1he drdm (s dry and o maximum (or
zoro value) when the drum bs full. & ‘roverss’ dp signal ls an ncreasing dp signael as doam level incresses. A
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revass’ dp signal is i by the high mids of the itter fo the low drum
and the low side: of the to the high drum connection es shown in Figure 1,

The dp of the transmitter is the pressure on the High Pressurs tap minus the pressura on he Low
Pressure tap of the transmitter. Tha pressures on tha High Pressure and Low Pressure taps ar:

1) Pibigh = 1 *(SGy) + hy*(SGy) + he'(SGy) + Py
2) P low = hy"(5Gy) » hy"(SGy) » Py

whars,
hy = helght of stasm In drum, in
hy = haight of water in drum, in,
hs = haight of water beh drum level itter tap o tap
hy = helght of water from low drum tap connection (o dum leved tmnsmitier
56, = Specific Gravily of steam at drum operating temperature and pressure
SG; = Spacific Gravity of waler al drum operating

nnd

SG, = Spacilic Gravily ol waler in sansing lines al ambienl and drum op ]
Pya = Dirum Pressure, psig.

The transmittar dp i

3) dp = (P high —P.low) = (h"(5G) + h:"(SG) + hi*(SGo) + Py} — (h:"(5Gx) + ha"(SGu) + Pa)
=hy (5G] + hy"(5G) - by (5G,)

Lattmg hy = hy = hy, the equation for dp becomes—
dp = (g = M) (§Gy) + hz*(SG2) - ha*(SGe), and
dp = hy'(SG ) - hY(SG) ¢ b (SG;) - hy'(5Ge) = (5G- 5Gy)" hy # [5G~ 5G4)" hy

Defining o pew vanable for hy a8 TS, the squation for dp becomes:
4) dp = (56 56,)* h + (56 5Gu)" TS
whare,
TS = height of waler in the reference leg batween drum lovel transmitier tap lo tap connections, in.

The value of TS is aluo the value of the level transmitter span, in. H,O.

It is comman practice to reference the water level in the drum from normal water level (NWL), Al

roadings ah | ate +
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donsity-compansated drum level referanced from NWIL. ZR, the haight of water from [he [ower drism beveal
conrection o NWL, Is subtrmcted (rom the valies far hy 1o determine b, The resull is:

B)he = hy = ZR; or
B hy=h, +ZR

Substituting the equation for by above inta the sguation for dp, the resulling equation for dp s
) dip = (S SG)* (h, + ZR) + (SGy- SGy)* TS
whire,

h. = densily-cdmpensated dium lovel reforenced fram NWL. in.
ZR = helght of walar trom the lower drum level connection to NWL, n,

Also, Il is comman praclice hat (e dp signal isall s scaled in the DCS such thal & posliive
rendout value of the di | |8 oblained wilh a lower range value of zeo
and A posive upper range value equal fo the transmiter span value, The differential pressure, TS,
lap b tap

baped on & hoight of waler in the reference log batwean dium level
in addod 1o b valle of [he lavel ransmiller dp. The resulling equalion is:

B)dp,OCS =dp+ TS5
whisre,
tp,DCS = the scaled, positive resdoul value of the drum lovel dp signal in the DCS, in H0,

1l may be required that the drum level corespanding 1o the Low Leval Cutoul or some level above the
low lovel drum lop |a used lo relerance the lowest level for measuremaont and indicalion ot the Oparator
Intesface Machine. For instance on steam drums currently designed loday 1 is common thal the plpe nozzie
matrument connection |s installed info the bofttom of the drum. The nozzia edsts outside the drum, of course,
bul soma |ehgth of the pipe nozzie profrudes into the drum os woll, However the antire fieght of watar in fhis
vorlical run of pipe nozzle is nol representative of the irue weter level I the diim. To correct this discrepancy,
ihe diffarential pressure, 2L, basad on the ZL height of watar In (ha low drem verllcal plpe nozzie connected (o
the lovel transmitter sansing line, is subtracted from the value of dp, DCS to equnl dp,DCS'. ZL is the differentlal
pressure measurament at roforence lemparalure apd pressure. Tho new range of dp,DCE" (s reduced
sccordingly by the value of ZL. The span of dp,DCS’, In (his cese, is equal lo the distance from the op of the
lavel ransmilter's lower drum pipe nozzle connaction to the upper drum level tap connection. (Nate: |1 the level
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transmitter battom drum tap is not installed in the botlom of the drum but, instead, is installed in the and of the
drum as a harizontal connection, ZL' in egual to z2era. The span of dp,DCS', In this case, Is squal la the tap o
tap distance from the level transmitter's lower and upper harizontal drum level tap connections.) The resuling
equation s

9) dp.DCS' = dp,DCS — 21" = dp + TS - ZL
Rearranging and solving for dp, the equation becomes—

10) dp = dp,DCS’ + ZL' - TS’ = (§G;- 5G.)" (h, + ZR) + (SG- SG;)' TS

where,
ZL' = dp based on helghl of water al ref Lo and jx above the low level drum tap
(for exampbe, the kow drum vertical pipe nozzle 1o the level sansing line), in
H,0
and,

dp, DCS' = the soaled, posiive readout value of the drum level dp signal in the DCS with a span equal
1o the helaht of water from the top of the level transmitter’'s lower drum pipe nozzle connpection 1o the
upper drum level tap connection, n. HO
Nols thal Ihie lower rangs value Tor b, colresponds 1o the value of h, with respect fo NWL when dp, DCS' |s zem0,
La,, when (he drum lavel s al the top of the level transmitier lower drum plpe nozzle connection,

Upon rearranging the equation sbove and sabving for h,, the ion for the donsity drum
levol refarenced from NWL is:

11) he = [(dp,DCS’ + ZL' = TS') ¢ (SGy— 5G4} * T5)/ (56~ 5G,) - IR

Lastly, at low p near atmosph it Is to use the ted drum
level L The lovel mensurement ¥ in not =i

g it ot low :
Uintil sufficient sinarm is produced in the boller the dennity drum level using specific
gravity data may lead to Inaccuracies depanding on how the ASME steam tables are characterized lo delermine

tas as of drum i is to seloct a

staam and water speciic gr

minimum drum pressure, Le., 0.3447 barg (5 peig), for which the density drum |eval i ore

used, the uncompansated drum lovel is determined st drum pressures less than 0.3447 barg {5 paig). Lsing
equalion 10) above the s o tha specilic gravity lerms.

12) dp,OCS' + ZU' — TS' = [SG;) * (he + ZR) - (SG)" (h. + ZR) + (8G,)* TS - (SG)* TS
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The offecl of steam dansily oh the measuremant of drum level al low drism pressure less than 1.3700bara (20
pain) In insignificant and therefore SG In net equal to zero, The specilic gravites of water al saturstion
pressures |ess than 1 3780bar (20 paia) are neatly equal to 1,0 and SG; and 56, are sst equsl to 1.0
Substituting these values into eg. 12) above the following equations can be written

13)dp.DCS' « ZU' — TS'= 1.0 *[n, + ZR) - (0 (b, + ZR) + (0)* TS = {1.0)* TS
14) d4p,DCS' + 2L - T = (h, + ZR) T8

Since TS ard TS are quantitatively equial they cancal one anather: and the following equation for the
uncompensated drum level can b detesmiped.

156) h, = dp.DCS' + ZL' - ZR

Summarizing, the following eguations are used fo deformine the wnd drum
level moanufements.

0)dpDCS =dp+ TS = 2L
1) hy = [[dp.DES + 2L = TS') + (88— 5G;) * TS|/ (56;— SG1) = ZR! (Pawgiuun > 5 pligt)
15) h = dp,OCS + ZL' — ZR; (Payg au= <= 5 palg)

whefa,
= denaily P drum lavel rof d from NWIL, in, H,O.
ZR = helght of water from the lower drum level connection to NWL, In,
dp, DCS' = the scaled, positive readout value of the drum lavel dp signal in the DCS with & span equal

1a the Helght of water from fhe 1op of the level fransmitter’s lower dium pipe nozzie cappection 1o the

uppar drum level lop conpeclion, In. H,O,

ZL' = dp based on helghl of water at It and p ahave he low level drum tap
{for example, the low drum vertical pipe nozzia to the level mensing line), in
H:O

TS = height of waler In tha rolerence leg | drurm leval | Itler tap 1o lap In.

T&' = dp basad on a height of wales in the rel lag | drum level tap o lap

oonnections, In. HO,
503, = Specific Gravity of steam al drum operating lemparalure and prassure
86, = Spocific Gravity of wator al drum operating temperature and pressure.
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50, = Spacific Gravily of waler in sansing lines al ambient tempermture (la, 37.78T{ 100 F)) apd
drum aperaling pressure.
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For project 17480, the values for he following variables usad in the equation for the dapsity compensated
drum laval mensurement raferenced from NWL and tha calibrated laval transmiltar lowsr and upper rangs

valles are:

HREG Drum HP LP
Variable

2R, (in.) 1020mm (40.5 in) 558.8mm (22in)
15, (I} 1258min (49,5 in) TETmm (31 In)

Date: Document Number:
08/0411 HRSG CONTROL SYSTEMS VAT460-ICNF-O0
Approved: PHILOSOPHY DESCRIPTION Page 40 of 40

Kathy Hugle




OPERATION AND MAINTENANCE MANUAL

13551 TRITON PARK BLVD
LOUISVILLE, KENTUCKY 40223 U'SA

OPERATION AND MAINTENANCE MANUAL

1355 TRITON PARK DLVD
LOUISVILLE, KENTUCKY 40223 U'SA

6.0. GAS SIDE PRESSURE DROP

Stutic Pressure Dvop (I WTT)

VPI Cose Modul DUCT STE Total
The static gas side pressure drop for each case is given in the following table. - <
G002 104, 33C. 200 9.125 0.142 1472 10.689
Satic Pr WWE) GOOA | INM 33 3L 1.714 0.121 1133 L.968
—ﬂL ~ il e 3
i I sovims s saea T etis T ias [ aum
GO 100% 33C.2U 9.3 014 | 1446 | 10886 i :;_1 ;3r — o gy ul;ﬂ i
COO1, 100 33C 21 7911 0017 | 116 | 9.188 Py sn": “r"m ” = ulns? nl:u;s 4'575
| COO2.100%% 33C 30 7.831 0117 1158 9.106 - “ "1 4'4 - - - - -
CO0A100%.33C. U 7.601 0117 | 1155 | 8873 GGDDU "'; i;m;;scil]u 5'::;: E'g:: :';E 4913
CO04.601633C.2U 4458 0066 | 0518 | 5042 oo, 1Lm': .13(" = T RRTT
CO05.100%.33C.2U 927 014 | 1445 | 108355 ; L e - AL
GOIN.100% 15C.2U 925 0144 | 1345 | 10739 n(::l:n ;‘::J:“';"” : :i:‘; :i:: ll‘l':T
GOINAOMWISCIU | 9ass | oa4d | 1346 | 10678 Py B T
Neowisca | a6 | oon | oase | sio bt | aait [iooh | 6
| GO4NS 4.133 0065 | D378 | 4575 <al il . ;" YR :
GOSN 100M 33C. 207 7.784 0119 1.135 9.038 50%.330.2 "U 3 s:;"— L —'n*f”— —
GOEN. 10033020 7.694 a.119 1.133 5046 [— pm— qnﬂl Prym— 3-8-“99"‘_ _IJ‘D‘W —03;3
GOTN.607%.33C.2U 4397 0067 | 0505 | 4969 musuB}:usﬁ::;‘i]cl'-ﬂu o anss o
GOEN.60%.33C.20 4329 0067 | D51 | am07 ToT—— TR TR
_GoNsmisicau | 3797 | 00ss | 0399 | 4383 T T TR BT
GIoNS0%3CIU_| 374 | ooss | odor | atos Goosiomnscay | 63se | 096 | oam
Gl]. A0 33C 20 5212 0143 1428 10.782 Lt : : -
1511 0.052 0.373
GI2N. 100 33020 912 0141 14733 10.685 _1 m
GLINI0MW3CU | 9354 | 0143 | 146 | 10856 G019,50% 40C 11 P | 00 | D3ed
GLIN. 10033020 9213 0143 1433 lo.81
GISN.100%, 33C.2U 9.136 0043 | 1427 | 10,706 |
GI6N. 100 40C. |17 BETT 0143 | 1414 10,434
GITN 100 A0C. 1T B80T 0143 | 1409 10359
G1EN. [00%,. 40C.20 64 0.097 | 0893 7.389
GION. 100 40020 6.313 0.097 0.894 T34
G0N G0N 40020 3956 0.0 0467 4483
GRIN 50 400 U 3563 [HiLE] 03TR 3993
G2N 100 330217 9184 0143 L458 10.784
G23N. 1004, 33C.TU 9186 143 1458 10.787
G2AN. 100540020 6.368 0.087 0.892 7357
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7.0. HEATING SURFACE DATA
N A Seciion Marris HPECA HPECS LPEVY LPEVE LPEV LPEYY
Section Name HFEHT HPaNZ T HPEWT HPEVE HPEV Heating Surface, sq. 1 175 H5 3T U35 TE 2068 77 63T 2083 7T
Finned |ength of Tubes, f 1524 M 16M 151 16524 16524
FHaating Sirface, sq. meler THI 61 110630 1106 30 1375 B EATT A IT Number of Tubes/row £ a8 » an kL] ]
Finned Length of Tubes, m 1524 1534 155 154 1524 150 Mumber of
Nusmber of Tubsa/row 2 E) -] £l £ E) passesimoduls 4 ] 1 1 1 1
L] ¥ Number of Rows 2 3 E] 2 ] a
2 | Tube 0.0, in a6 31 TR i1 31 6.1
Z’fw‘? z"“‘, ;'.;! z“'“‘? Tube Min Wail, in 2 67 2607 2607 2607 2807 2607
SAZIITIT BATAA SAATHA SANTHA Tnhh._lgglvlll m.;ru sm;ma nn:ru\ g.;mn M1;M m\-:fu
3 2 nasr oy 0,248 a2ur 02ar oo
FLT [Fid hrkl] 12700 12700 13 7 18 100 3700
2.700 12700 1.0m LR 1011 e L) 1018
1018 Fin c5 €5 [ [ =1 3
“:‘:snm Oullet Hir. 0.0, In Fal ] 210075 20076 210,075 210,075 M OTE
] Dutlet Hdr. Thick., In 5 16 a2 02 1amn2 10312 0N
SAI06 & _Outlat Har. "I!?'"" EAROND TS CL A SA1068 :
ST 075 r Huoss 2107% HBOih 21008
15002 inlet Hdr, 'ml:i.,m 15 02 16 062 10312 102
A 106 € i [TRIT BA-0 SA-100 SA10080
= 1 (=% i 2 [ 2 B 2
HPECY HPECY LPaus FEC LPECT HPECH
306317 E
1h 162
k] w
5 5 1 . 5 ] 5 ] ]
N f Row TR [N TH N T— F] 3 2 3 F] 3
Tube 0.0, in ECR] 31 a8 31 ETN] (L] an 34 1 a8 1 a1 K]
Tube Min Wall, in 2 BT 2087 2 887 2087 2By zear 2HE¥ Jear 2 ey a7 Spar 2aar
Tube Material SAITRA SAITA BATTRA SATAA SATTOA SATTRA HAATNA AAATAA HA-1T0 A SATHA BAATIA ATHA
_Fin Type 2 1 2 2___| 2 2 1 .| i S— 1 — 2 2
_Fins per inch g87r | o oI [T o287 (¥ | per r 1201 [ 1] (RTd Q2T 0287 ozt
Fin Height, in 20| 1270 12700 12700 12.700 0535 Fin Haight. in [ 12 700 05 12 100 12700 12 100
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Fin Material [ | =3 o &3 s cs Fin Matorinl [ 3 ol ch c8 [
Hdr. 0.0, In 210075 21807 210075 210025 29 ods 21800 Outlet Hdr. 0.0, In 210075 8,075 21p07E 210,075 210075 210004
Outlet Har. Thick., In 15 0 15 D62 15 0 15002 15 06 10312 Outiet Har. Thick., In 15,00 15 042 10313 15002 10,312 15 a2
Olitiet Hir. Material SAIGC SAAmE T SAI0A G EA06C SA06C SA 00 B | Dutlet Hdr. Material SADEC BAI0 0 BA0R D SA 6 G SA10 B SA0AC
| Infet Hr. 0.0, in Fal 1] 20,075 Paf Lt 210075 10075 210,076 Inlet Helr, Q.0,, in 2o orE 290075 MDOTE 210,078 210074 FALEAT)
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8.0. BOILER FEEDWATER AND BOILER WATER

Each plant location has dislinctive waler sources and issues. For this reason, boller
feedwatar is beyond the control of the boiler manuf; . It is the recomr tion of
Vogt Power that a competant consultant that specializes In boiler water treatment be
engaged 1o advise the awner on the most economical conditioning of the water supply
for boller use,

Properly conditioned water and appropriate intermnal chemical treatment will give many
years of trouble free boller operation. The expense of a water consultant is an
Insurance agalnst scale deposits andlar carrosion that could resull tube fallure and
extended boller outages,

Boller water must meel certain minimum requirements In order to praven! scale or
corrosion, and to control sludge and foaming. The following comments are offered for
reference, but are in no way to be construed as recommendations of Vogt Power, Inc,

8.1  Boiler Feedwater

Generally boller feedwater |s filered and de-lonized prior to its introduction to the steam
cycle as make-up. Make-up water is required to offsel the losses thal ocour due to
valve packing leaks, lurbine gland leaks, boller leed pump gland leakage, blowdown, or
other venls n the steam cycle. These losses musl be replenished over time,

Condensale |s one of the besl sources of make-up water, but can contaln contaminants
such as acldic gases that make || corrosive lo metal surfaces, Other contaminants from
Industrial plants can range from hydrocarbons to oll. A waler consultant can assist in
determining the treatment reguired to purify this valuable recycled water,

B.2 Conditioning
8.2.1 Control of pH
Acidic pH values will cause atlacks on the boiler metal with resultant melal
deterioralion.  The obvious control measura to prevent such corroslon |s
neutrallzation of acidic characterislics by the use of alkall,
Except in the special cases of corroslve attack involving high pressure boller

operation, experlence suggests a boiler waler pH of approximately 10.5-11.0 will
prevent acid attack, This pH value Is sufficlently high to stifle acldic attack on boller

Section Marms LPECE HPECA iPECA | HPECB | HWPECC HPECD LPECY
_Heating Surface, sq. n 1975 B eI TT L9565 | 2063TF | 206377 2083 7T 1T s |
Finned length of Tubss, 15 M4 1524 1524 153 M | 15 15M
Nurmber of Tubes/row 30 £ E) | w | ) | ] £}
Number of | |
_passes/module (] 5 4 5 5 5 L]
Number of Rows 2 3 2 | ] | 3 | 3 F
301 a1 fTE] 31 sy | amv a8
2667 2867 2667 | go8F | 687 | 2887 2 67
L OhIRA L SAITIA L SAITRA L ShTeA L SALTRA L BATIRA | SACIAA
2 2 2 2 2 2 2
[¥1T] (¥ 13 panr | omr | ooar 0247 [
12 70 12700 12700 | e | 12Wme 1278 12706
S €T N T S S 7T N .1 N O O L O I 1 -
3 cs s | € | ©s | ©s 3
0T | 2007 | Jwors | 1wors 2WOTS | 20075 0075
10312 15 Doz W2 | tspes | oo | 1som 10312
Outlet Hdr. Materlal | sei06s | satooc [ saioan [ satoac | saip6c [ saipic
Inlet Har. 0.0, in e0rs | wors YOS | oieors | owors | ngors
10012 15002 0oz 15002 15062 15062
_SAED | SAGRC 1 SANEC L BADOC ||
| Boxd | Howd . Bosd
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metal and also provides a sufficiently alkaline environment In the boller water to ald
in the precipitation of scale forming salls.

Nota that the pre-boiler equipment (feedwater heater, pumps, piping, etc.) may be
constructed of a variety of materials that may include copper alloys, carbon steel,
stalnless steel and phosphor bronze, Proper pH, usually in the 8.0 to 8.5 range,
may be more appropriate. The water treatment consultant should account for the
different components in different areas of the plant.

8.2.2 Control of Oxygen

Free oxygen dissolved In the boller feedwaler can allack carbon steels, The
corrosion will most likely present as pitting of internal surfaces. Oxygen pitting is
especially dangerous, because although the pits cover a small surface area, they
are very deep compared to other types of surface corroslon, and can lead to rapld
fallure. Idle bollers which are not properly stored or “laid up™ will corrode until either
the oxygen has been used up or the boller is returned lo service, This can
significantly shorten baiter life.

Oxygen can be controlled through deaeration andfor chemical scavenging. Oxygen
content should be between 2.0 and 7.0 ppb by wi. at the economizer or feed water
healer inlets. A hanical d tor can achieve this tration If all spray
nozzles and trays are in place and the steam supply is adequate. Chemical oxygen
scavengers can be used to further reduce dissaolved oxygen.

B3 Contaminants
8.3.1 Magnetic Oxides

If magnetic oxides are present in the feedwater, they can be removed by filtering
through resin beds or by electro-magnet filters. Magnetic oxides are typically iron
compounds such as lron oxide or iron sillcates, Deposits of ron oxide are lypically
found in boilers operating with very pure feedwater.

The usual source of fron oxide deposits lles in comoslon external to the boller.
Carrosion can leave iron In solution in the condensale or feedwater, which can then
precipitate oul under the higher temperature and alkalinity conditions of the boller
water.

Iron dissolved in the condensate can also combine with silica present in the boiler
water and form iron silicate scales.

OPERATION AND MAINTENANCE MANUAL é‘t wer
1355] TRITON PARK DLVD termational

LOUISVILLE, KENTUCKY 40223 USA

While Internal corrective measures such as the use of organic sludge canditioning
agents may be appiied to minimize ron oxide deposits in the HRSG, the basic
solution to the prablem |les in corecting the comoslve conditions which pul the iron
into salution, The corrosion is most likely cause by dissolved oxygan and carbon
dioxide. Dissolved gasses should be reduced lo appropriate levels through the use
of mechanical andfor chemlcal deasration,

In seme cases, the source of iron oxides and iron slicate boller corrosion Is ot the
result of corrosion external lo the boller. Corrosive atlack on the boiler metal by high
caustic concentralions or dissolved oxygen may also be the cause of this problem,

8.3.2 Ol

Oll s not typleally found In boller feedwater, and measures should be taken at every
opportunity to aveld Infreducing oll Into the system. Oil may be accidentally
Introduced into feedwater through pump or steam Wrbine lubrication systermn leaks or
during maintenance activities, Due to oil's tendency to float on water, it is difficult or
impossible to remove oil from baller water by blowdown, or to obtain a
representative sample of boller water for oll content testing, There Is no easy way lo
confirm the presence of oll In the water. |ls presence |s revealed (hrough the
problems it causes:

Some of the most serious boller operation problems such as tube warplng, niptures,
localized overhealing, foaming, priming, and scale farmation can be iraced to oll
contaminalion, Overhealing of boller healing surfaces can occur when the oll forms
a thin film on the Internal surface, which acts as an Insulator and relards the heat
transfer process, resulting in an increase n tube metal temperature,  Overheating
can lead to pressure part warping andfor ruptures.

Foaming Is the formatlon of foam or bubbles in the boller, when steam bubbles do
not coalesce and break. Foaming can be caused by excessive dissclved and
suspended boller water solids, sudden or dramatic load swings, or by some form of
oll or soap. Animal fatty olls form socaps In the presence of boller water alkalinities,
thus creating foam in the boller water. The foam produced may entirely fill the bailer
drum steam space or Just float on the surface In a thin layer, In sither case, this
foam causes appreciable boiler water entrainment, leading to the carryover of liquid
water out of the drum Into the superheaters or steam line. Dissolved chemicals or
contaminants In the impure sleam may foul superheater lubes and turbine blades,
or Just elog plping and traps.
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Priming is characterized by large amounts of water passing oul of the boller with the
steam, usually in intermittent slugs which may enter steam lines and steam turbines.
Priming is more violent and spasmodic than foaming. This action is similar to the
"bumping” experienced when water |s bolled in an open beaker. It may occur
simultaneously with foaming. High water levels in steam drums promote priming.

Since no method of internal conditioning can successiully cope with oil
contamination, all oil should be removed from the boiler intermal surfaces during
commissioning by boil out or acid cleaning (see Section IIl). Ol in the feedwater
should be ramoved extemally before |t can enter the boller. Consull a water
treatment expert for the best method.

8.3.3 Silica

Silica Is problematic because It can be difficult to remove from walter, and can form
scale on heating surfaces or steam turbine I ts if not controlled. It is
especially dangerous at pressures above 2000 psi, where it can gasify and be
carried over in steam as a vapor, immune to the mechanical separation in the drum,
There is no way to sep out g silica. VP| recommends that the silica in
the boller water be kept as low as possible to guard the long life of the boller
components and the steam lurbine, Consull a waler treatment expert regarding
conlrol of silica In the feadwater.

8.3.4 Solids

Dissolved solids are In solution and cannot be removed by filtration. Suspended
solids are those which are nol in solution and which can be removed by filtration.
Total solids represent the sum of the suspended and dissolved solids. Solids in
boller water may be magnetic or non-magnetic. TDS, or total dissolved solids, Is the
sum of all the impurities, Including water treatment chemicals, In the boller walter,
The additive effect of varlous boiler water constituents may produce a lendency for
caryover.

Dissolved solids present In boller water generally come from the solvent action of
water in contact with the minerals of the earth ar boller components (ground water,
or deposits already present in the boller). Suspended solids are small particles of
insaluble matter, mechanically introduced by the turbulent action of the water on
solid objects or boiler parts.

Suspended solids may be corrosive in nature or farm scale on boiler healing
surfaces. For these reasons, suspended solids musl be eliminated from boller
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water, Dissolved solids are lypically sulfates, bicarbanales, and chlorldes of
calcium, magnesium, and sodium. Each of these lons may produce a specific effect
in builer feedwater. A high concentrations of dissalved solids can also cause
foaming.

8.3.5 Hardness

Hardness in water is the sum of the calcium and magnesium present. Hardness is
also reported as calclum hardness and magnesium hardness. In order to sub-divide
the hardness in this manner the calclum hardness and total hardness are
delermined. The difference Is assumed lo be the magnesium hardness,

Hardness in water leads to scale formation. In boller feed water conditioning, the
hardness of water can cause the formation of scale on evaporative surfaces as well
as excesslve sludge or "mud", unless properly lreated, Hardness may also cause
scale and deposils in feed waler healers, feed lines, and economizers,

Total dissalved solids {TDS) can also be used as an |ndication of hardness. TDS js
commanly 1 d using conductivit

8.3.6 Calcium and Magnesium

Calcium and magriesium salls are the most common source of baller scale. Intermal
chem|cal treatment is used to prevent deposit and scale formation from the res|dual
hardness concentrations remalning in the feed water.

The most common source of scale Is the preakdown of calclum bicarbonate (o form
calcium carbonate under the influence of heal. The precipllation of calcium
carbonate to form boller scale readily takes place where the boller feed water
contalns any appreciable quantity of calclum bicarbonate, This action may also
cause deposits o form In the feed lines, economizers, and feedwater healers,

Caloiurn phosphate and calcium silicate are frequently deposited as boller scale.
Calclum silicate may be farmed elther from the combination of the calcium silicats
ions naturally present or as a result of the use of sodium sillcate as internal chemical
treatment.

Magnesium salts present in boiler feed water are usually maore easily prevented from
forming scale than are the calclum salts, General practice |s to precipilate
magnesium In the boller water in the form of magnesium hydroxide,
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84  Other Water-Related Problems
B.4.1 Scale

The formation of scale and sludge deposits on boiler heating surfaces js the most
serfous problem encountered In steam generation, The object of the majority of the
external treal t pre Is to from the boiler fesdwaler those

substances which will contribute 1o scale or depasit farmations in the baoller.

The primary cause of scale formation is decreasing solubllity levels with Increasing
temperature.  As the operating temperature of the boiler increases, the salts
become more and more Insoluble. No method of external chemical treatment Is
effeclive at the highest boller operating lemperatures. As the feedwaler
temperature is elevated to the operating boiler water temperaturs and
concentrations, the solubility of the scale forming salls Is exceeded and they
crystallize in the form of scale on the boller healing surfaces,

Boiler scale creates a problem in boiler operation because the heat conductivity of
the scale is lower than that of the stesl. The presence of scale is therefore
equivalent to spreading a thin film of insulation across the path of heat transfer from
the high temperature gasses to the boller water. This will reduce heal transfer and
cause a loss In boller efficiency. Stack gas lemperature may Increase as the boller
absorbs less heal. Eventually, scale formation can cause tubes to overheat, warp
and rupture,

8.4.2 Steam Purity or Carryover

Carryover is the term applied to the continuous entrainment in the steam of a small
quantity of boiler water solids, In other words, the steam issuing from the steam
drum carries droplets of boiler water (mechanical carryover) or vaporized salls into
the superheaters and steam lurbine. The sum of the mechanical and vaporous
carryover is the total carryover,

If excessive boiler water s carried over in the steam, the solids in the water will
deposit In the superheater tubes, non-relum valves, piping, or the steam lurbine,
These deposits act as Insulalors In superhealer heating surf llawing the tube
metal temperatures to rise. They can create imbalances of the steam turbine rotor,
Encrustations of governor valves may permil over-speeding, damaging the steam
turbine, Serlous damage to equipment and losses to efficiency may result.
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The boller drums are designed with mechan|cal separation equipment, which “dries”
the steain by removing water droplets. Mechariical separation Is rol effective in
cantrolling valatile or vaparous materials such as gaseous sillca, ammoria, cartion
dioxide, and other gases. Concentration of these materlals must be controlled in the
boller water, as they cannol be removed from the steam. This Is most important in
the case of sillca which can vaporize In the steam path at pressures above 1000
paig (68.9 barg).

The most common causes of mechanical carmyover are foaming or priming in the
boller, or excessive water level In the drum. These situations will allow significant
amounts of water lo enter the sleam separalors, reducing thelr efficiency. Priming
and foaming are always undesirable and may be dangerous, and thelr cause should
always be quickly investigated and carected. Consult the ASME Boller and
Pressure Vessel Code, Sectjon 7, Care of Power Bollers for causes and correctlive
courses of action related lo internal chemieal conditions.

A sacandary and very preventable cause of boiler carryovet |s loosa or worn sleam
separation equipment. Perlodic inspection of the drum internals can prevent
expensive steam lurbine repairs. Vogt Power's Altermarkel Services can provide
guidelines or inspection services,

If earryover is ocourring, the superheater can quickly be fouled or darmaged.
Warning signs of excessive carryover Include an increase in prassure drop acrass
the superheater or a falled superheater lube.

8.43 Hideout

Hideout is @ temporary or permanent disappearance of water treatment chemicals
within a steam generator. Hideoul can oceur In any steam generator clreull or any
component within a steam cycle, |t can be caused by a varlation of chemical and
physical phenomena, Hideout Is [denlified by a change In walet pH or conductivity,
The mast widely recognized hideout form |s a loss of phosphate.

Phosphate treatments are used in mosl drum-type bollers for pH control and
protection agalnst hardness. It s, however, difficult lo control in translent situations,
Hideout and variallons in waler valure can make |t difficull to control the phosphate
concertration.

Not all bollers experience phosphate hideout. Whether or not it will occur will
depend on the relatlonship between phosphate concentrations, metal lemperatures,
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sind 1he ilabllity of ¢ ting siles and deposits. Minimizing d s In
evaporalor tubes reduces phosphate hideoul.

Excessive hideout is normally comected by chemical cleaning followad by
conditioning of the cleaned surfaces with phosphate until a stable film of magnetite
is reformed on the tube surfaces. Even though alkaline treatment may be difficult to
control In some instances, |ts effectiveness in conlrolling contaminants is nol
impaired and it can be used affectively in emergencies.

85 Internal Treatment of Boller Water for Natural Circulation Units

After initial treat; t of the feedwaler, the boller water needs Intermal treatment lo
maintain appropriate pH, TDS levels (total dissolved solids), sillca concentrations, etc.,
through the entire system. Common methods include conventional phosphate,
coordinated phosphate, congruent phosphate, chelant, and volatile. Consult a waler
Ireatment expert for the best method to use for the actual operating condilions of the
HRSG.

The American Boiler Manufacturer's Association (ABMA) and the American Society of
Mechanical Engineers (ASME) have both studied the water quality requirements of
bollers for different p and heal transfer rates. Their suggested limits are shown
in Table 8.1 for the operator's convenlence.

Table 81  Recommended Boller Water Limits and Associated Steam Purity

DRUM TYPE BOILERS AT STEADY STATE FULL LOAD OPERATION
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LI RAL RANGE SUSPENDED SOLIDS RANGE
PRESSURE  TOTAL DNSSOLVED  ToTAL ALKALMITYS!  BOILER WATER TOTAL DISSOLVED SOLIDS 44
PEIG SOLIDS Y BOILER HOHLER WATER PRm (MAX) STEAM
WATER pom (MAX) fm ) (MAX EXPECTED VALLE]
0-300 3500 140 - o0 15 02-10
09 - 450 B0 - 3000 120 - 600 0 0210
451 - fO0 500 - 2500 0k - 500 L] B2-10
01 - 750 A0 - 2000 ) - A0 L} a2-10
41 - 00 300 - 1500 10 - 300 4 0z-10
8ot - 1000 250 - 1250 40 - 350 2 0z-10
1000 - 2000 0 Mist (3} 1 3]
NOTES: (1) Achund waios wimm the mnge metiect e TEE m he feadwater
Higgher weisies iim for begh solics. iowr walies are for low soids in e feed water
@ Acctunt vl within the ranges am dieclly proportonal 0 e sctusl value of TOS of boller smlst
Mighest umiusss e dof (e bigh sobes ot vesloses, e for iow Sofics, in e bl ambey
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9.0 PERFORMANCE PREDICTION
91 HRSG PERFORMANCE PREDICTION

The HRSG Is designed to recover energy from gas turbine exhaust gas to produce
sleam that meets the requiremenis of the steam lurbine. ed performance such
as steam flow, pressure, temperature {for each pressure level) are predicled for certaln
gas trbine operating conditions based upanh specific exhaust gas flow, exhaust gas
temperalure, exhaust gas constituents, fuel analysis, fuel heating values, eto., provided
to Vogl Power.

Since the expected performance |s based on specific operaling conditlons, it Is unlikely
the plant will spend much time running under exacl design conditions. Over the lifetime
of the plant, the gas turbine performance will degrade, creating lower gas flows and
higher gas temperatures, and affecting the HRSG output. In addition, the HRSG itself
will age, and develop some gas side and water side fouling, which will affect HRSG
performance. Be aware that the expected performance provided in this manual reflects
a "new and clean” condilion, and will nat exaclly match the day-lo-day performance
over the life of the unit.

9.2 IMPACT OF INDIVIDUAL PARAMETERS ON DESIGN AND PERFORMANCE

Unlike the input parameters for the design of a conventional boller, the Input for the
HRSG is neither constant nor well defined. The GT flow and temperature cannot be
requlated by the oulput demands of the HRSG because the GT itself Is required to
meel its own efficlency and electrical output, Even I the GT output is held constant, its
exhaust condillons change as the amblent lemperature changes and as the eguipment
ages. As the exact measurement of GT flow Is difficull, It must be estimated based on
correlations derived through tests. An HRSG whose design is based on estimated
valu;n may not perform as predicted, even If |t is possible to meet the exacl design
conditions.

This section discusses the various parameters thal affecl the HRSG design, the
probable emrors in measuring thelr values, and the effect of each on the performance of
the HRSG. Based on the Information given, It is posslble to develop an operating
envelope for the HRSG.
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The variables which Influence the HRSG performance can be categorized as input,
deslign and oulput variables. Inpul variables consist of:

Gas Turbine Exhaust Flow

Gas Turbine Exhaust Temperature
Gas Turbine Exhaust Constituents
Feedwater Temperalure
Blowdown Rate

Steam Pressure

Bumer Firing Rate

Design paramatets which are either assumed or calculated Include:

HRSG Geometry

Heat Transfer Coefficients
Gas Leakage

Thermal Losses

Output variables which Influence the HRSG are:

Steam Temperalure
Steam Quality
Variation in Operating Points

9.3 PARAMETER EFFECTS

The following paragraphs discuss the effect of each parameter on the HRSG
performance, lreating each parameter separately. The effect of changes in several
factors taken in combination may not be completely predictable.

9.3.1

GAS TURBINE EXHAUST FLOW

In the design phase, gas turbine exhaust flows provided to VP! will generally
include the base load ISO condition and comected flows for the site
conditions al base load. H , since an te measurement of GT
exhaust flow Is very difficull, a best estimate s oblained based on air and fuel
measurement. In a typical gas turbine, the velocity may vary from 0% to
about 300% of the average velocity across the GT outlet cross section. An
HRSG designed for the usllmatnd gas i'l:m may not perform as predicted
even if the design conditions are dupli the velocity distribution
may lead to a differenl flow distribution through the lubes. Figum 8.6.1
shows the effect of changes in the gas flow rate on the steam flow and steam

Date Prinled: 62672013 PERFORMANCE FPREDICTION oty 17461

Date Prinled; 6262013 PERFORMANCE PREDICTION Jab 17461

Amata B Gnmm Power {Rayong) 1 Limied

OPERATION AND MAINTENANCE MANUAL

13551 TRITON PARK DLVD

LOUISVILLE, KENTUCKY 40223 USA qt&mﬁ{l
lemperal The ted percenl change In steam flow |s equal to the

percent change in gas Tlow,

The temperature of the superheated steam changes by aboutl the same
number of degrees Fahrenheit as the percentage change in tha gas flow but
In the opposite direction. A decrease in GT exhaust flow will lead to an
Increase in lhe steam superheal lsmperalure.

9.3.2 GAS TURBINE EXHAUST TEMPERATURE

GT Exhausl Temperalure, like exhaust flow, Is difficull 1o measure, and the
values given for the HRSG design will be best estimates only. Exhaust
temperatures will vary by about 507-100F (28°C-56 C) acrass the GT outiet
ducl cross secljon. An HRSG may not perform as designed because of
mald tion of GT lemperature. As Figure 9.6.2 shows, bolh the steam
flow and steam lemperature change In the same direclion as the change in
GT exhaus! lemperature. An increase of about 5% [3C) In GT exhaust
temperature increases the steam flow by 1% and Increases steam
tempemture by about 2°F (1°C),

9.3,3 COMBUSTION TURBINE EXHAUST CONSTITUENTS

Gas {urbine exhaust constituents, paricularly the moisture cortend, are an
Important factor in the design and performance of an HRSG, Higher moisture
content Increases the gas enthalpy, which resulls in more heat available for
Ihe same lemperalure exhaust gas. The net resull |s more heat transfer for
the same surface. Flgure 9.6.3 shows the steam outpul variations based on
the change in gas moisture content. For sach 1% increase in moisture
content, the steam flow Inocreases by about 0.75% and the steam
lemperalure decreases by aboul one-hall a degree.

9.3.4 FEEDWATER TEMPERATURE
Feedwater temperature changes have a very minor influence on the steam
oulput, As Figure 9.6.4 shows, a 10F change In feedwaler lemperature
changes the sleam flow by aboul 0.1% and the steam lemperature by about
0.1F. There are two primary reasons for lhe low | mpact:
Feedwater heating Is a small portlon of the total HRSG duty.

The change In feedwaler lemperature changes the economizer sectlon duty
and the log mean tlemperalure difference (LMTD) bul in different directions,
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9.3.5

9.3.6

8.3.7

which compensales the heat transfer surface area requirements lo carain
extenl. For example, a 10F (5T) decrease in feed waler temperature
increases the duty by about 4%, but increases the LMTD by about 3%. The
net result is about 1% deficiency in lhe economizer surface. Since the
economizer surface is a small part of the total surface, the total surface
deficiency is much less and the effect on steam output is very minimal |, as
shown on Figure 9.6.4,

BLOWDOWN

Generally, blowdown s specified as a p tage of total feedwater flow.
More blowdown means more loss of trealed water and more loss of heat,
which affects steam generation. However, the effect on steam flow s nat
very significant. As Figure 9.6.5 shows, doubling the blowdown from 4% to
8% changes the steam flow by about 0.8% (from 0.9% to 1.7%) Steam
temperature is decreased 0.5F.

HEAT TRANSFER COEFFICIENT

An exact l:alwlallun of the hea! lransfar mafﬂniant is vary difficult because of
the large of are considered
acceptable if they can predict the heat transfar coefficient within £10% to
15%. Because of this margin, it is possible to have a discrepancy of about
10% to 15% between the actual and required surface areas of an HRSG,
Deslgning the HRSG with more surface to cover for this discrepancy may not
solve the problem; In a multi-section HRSG providing mare surface In one
section generally results in less heal available for the next section (increasing
HP steam production decreases IP steam production). It is also possible that
a correlation may predict good values for the heat transfer coefficient with
design conditions but may give lesser or higher values at off design points.
Figure 9.6.6 shows the effect of heat transfer coefficient on the steam flow, A
10% change in predicting the coefficient resulls in about 0.75% change in
steam supply and about 10F change in steam tempera ture. However, unlike
the effect of other variables, which result in higher steam temperature for
lower steam flow, the decrease in heal transfer coefficient produces both
lower steam flow and lower steam lemperature,

LEAKAGE

Due to pressure drop through the HRSG, the exhaust gas coming oul of the
gas turbine is under prassure and thers is a possibility that it may leak out of
Ihe HRSG or expansion joints instead of going through the heat transfer
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surfaces, Leakage generally occurs around inspectlon doors and other
openings, as the HRSG design uses all-welded conhstruction. This factor
neads to be taken into account in the design phase only, as pressure
varlation fram design conditions to the site conditions s very insignificant,
The sffect of leakage, as shown In Figure 9.6.7, is the same as thal of a
change in GT exhaust flow.

8.3.8 RADIATION AND OTHER LOSSES

All boilers lose heat to the atmosphere by heat transfer from the casing
surface. HRSGs generally lose more heal than conventlonal bollers because
lhey have more casing surface area compared to the amount of heating
surface, particularly In the ducls, As in the case of ather design variables, the
heat loss should be taken into acoount while designing the HRSG. However,
since the gas lemperature at off-design points may be different than at the
base load this may result in different heal loss. The effect of the loss as
shown in Figure 9.6.8 is 1o decrease the steam outpul.

9.3.9 STEAM PRESSURE

The steam pressure s more significant than ather input variables because in
lhe operaling phase the steam flow and temperature will be determined by
the GT inputs and the effective surfa llable. Generally, the steam
pressure will not vary if the steam is going to a process steam header,
Heweaver, the pressure can vary significantly if the steam |s used for a steam
lurbine with a sliding pressure requirement, or for a multiple processes with
vaflable steam requirements. Sleam flow and temperature changes due o
oullet pressure vanation are shawn In Figure 8.6.9,

94 SUMMATION

The preceding paragraphs Indicate that the most critical variables which influence the
HRSG performarnce and which are beyond |he control of the HRSG deslgner are GT
Exhaust gas fiow, GT exhaust gas temperature and the molsture content of the gases.

In general, the steam flow at a given GT load varles from +6.0% lo -3.0% due to the
lolerahees In the Input variables, The error margin increases with [He decrease in GT
load bul remains constant with the chanae in the amblent conditions,

The steam temp |s affected i y by changes in the GT load or amblent
condillons. However, the effect of tolerances in the Input varlables is nol very
pronounced and It is generally of the order of +10°F (5T) to -10F (5T). Figure 9.6.10
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and Figure 9.6.11 show the cumulative effects of the eror margins In the Input
varlables for various ambient conditions and loads.

95 RECOMMENDATIONS AND CONCLUSIONS

An HRSG Is designed based on the Inpul varables as supplied by the GT
manufacturer. Each of these variables changes with ambient conditions, GT load,
steam turbine performance and equipment age. If steam outpul changes considerably
from the predicted value, the HRSG and associated equip t should be ined to
find a cause. It may be possible to make repairs or modifications to restore the plant to
the expected operaling range. The difficulty lies In deciding how much of the output
deficiency can be attributed to input variables, and how much must be attributed to
normal aging and degradation of the HRSG, GT, ST, and other plant equipment.

VP| can provide a “black box” program to ald the plant staff in determining expected
performance at different operating conditions, based upon the gas turbine and steam
lurbine expected performance. This can be especially useful whsn maijor changes lo
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1.0 SAFETY PRECAUTIONS

Sa{aty is everyone's husin This section’s purpose is to inform the operators of the
| risks iat wﬂh the operation and intenance of the Vogt Power
HRSG

NOTE: This section contains suggestions for safe operation and maintenance of the
Vogl Power HRSG. This section shall not be considerad as a safety standard
or procedure.  Minimum requi ts are ted for the benefit of the
reader, bul this section is not intended to be all inclusive.

Proper installation, operation, and are fial for safe and reliable
HRSG operation. The performance of the required tasks for HRSG operation and
maintenance will require personnel to be in the proximity of fluids and materials at high
lemperalures and pressures. Ptecautinna laken should Include, but not be limited to,
hearing prot BYE | lothing (l.e., gloves, hard hats, long
sleeve shirls) as requlrad for Iha lask being performed. Due lo the various
circumstances and conditions in which plant personnel may be working and the
consequences of each, Vogt Power cannot possibly evaluate all conditions that may
injure personnel ar equlpmenl Nevertheless, the g safely p thons are
ferad for plant tion only.

It is the purchaser's responsibility to ensure that the unit has been inspected and
appmved by the appropriate and applicable regulating authorities, including state
s and his | pany.

11 HRSG ACCESS

When entering ductwork or boller casing through access doors for routine maintenance
or inspections, ensure that the environment has been checked for man-safe conditions,

Verify temperatures are nol ive, and that enviror tal gases are not be lainted
with exhaust fumes or potentially hazardous matarial. When entering the cavity, look
amund 110 be sure there are no loose liner panels or other bollar mmpnnants uverhﬂsd

Extended outages for major HRSG upgrades or maintenance require a lock out of the
GT from operation. Under no circum: should the turbine have an
tion when personne| are |nside the HRSG for in tion or maintena

Afler safe entry has beer galned, ensure adequate lighting and ventilation have been
Installed to perfarim the task,

When entering steam drums, operators should mechanically ensure that drum access
doors cannot be inadvartently ciosed, trapping perscnnel inside.

In Inclement weather, operalors should be aware of slick grating or cicles on the
platforms extemnal to the HRSG enclosura,

Operalors should be alert for graling not properly fastened down. Loose graling can
resultin tripping hazards,

When the HRSG Is in operation, never touch an exposed piece of process pipe ar
tubing without first testing for tempemture.

Do not louch the HRSG casing while In operation withoul first tesling with an

instrumant. Note that discolored areas on casing are Indlcative of hot spots. These
can indicate insulation system failure,

1.2  VALVES AND INSTRUMENTS

Naver repack or perform maintenance on a valve while it is under pressure unless a
special procedure exists (Le., selting of safely valves) and qualified personnel are
performing the task.

Always be sure that all safety reliel valves are In working arder prior to star-up.

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

When replacing instrumentalion, always isolate the instrument with the root valves and
remove pressure with instrument vent or blow aff line, Do not try lo repair an instrument
while it |s under pressure.

1.3 INSULATION

Repair damaged insulation and lagaing as soon as poss|ble, padicularly in areas where
personnel could be injured (le, near aisles, areas easily reached from platforms,
ladders, stairs or grade, elc,), The casing Insulation specified by Vogl Power Is nor-
asbestos bearing mineral wool or caramic fiber,
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14  INSTRUMENT LINE BELOWNDOWN

When blowing down an instrument sensing line, hot water and steam will be
discharged. Instrument ing lines lly not insutated) will be healed to high
temperatures during blowdown. The area should be safe-guarded until lines have
cooled. Mote that excessive blowdown of transmitter lines will expose the transmitters
o excess lamperature and cause premature failure.

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

Follow guidelines as described In Vm'rdnr manuals found in the Vogt Power HRSG
(o] tion and Maint; e M v,

When examining high pressure steam Lines for leaks, extrame care should be used,
particularly If the leak Is heard but not seen. Use a probe such as a 2 x 4 or broom
handle when searching for leaks.

2.0 SUGGESTED OPERATIONAL PROCEDURE

21 As soon as posslble during start up, place each feedwaler regulalor on
automatic, Check the drum water |evel frequently. Never depend entirely upon
automatic alarms or feedwater regulators to maintain evaporator drum watar
levels within required range. Il drum waler levels increased gradually, the boller
feedwatar control valve(s) may be leaking, The most Important rule In the safe
opetation of a natural circulation evaporator is to keep the water as near the
design level as conditions will permit.

2.2 Normal praclice s for the Incoming "HRSG" operator o check the water column
drains by blowing down the drains upon eritering lhe boller operations area in the
beginning of each shift. More fequent blowdown may be necessary whan
trouble |5 experienced with boller compounds, foaming, priming, and other
feedwater trouble. Make provisions lo "bypass" any low waler sensars on gatge
plass columns which may be tripped while blowing down the gauge glasses and
water columns, Experience may Indicate lhat blowing down less frequently Is
desirable. This should be worked out between the boiler operator, feedwater

Itant, and the i ance inspector.

23 The waler columns should be well-lit and the glasses must be kept clean, Do nat
allow siearm or water lo leak from the water column or gauge glass contiections,
as this will cause the gauge glasses to show a false level,

24 In normal operation, each safety valve should be checked periodically to Insure
that It s open and free, usually by ralsing the steam pressure untll the safety
valve pops, ar by raising the valve disc, gate, or plug from Its seal by hand (when
pressure is greater than 75% of sel prasaure) on bollers operating below 600
psig (41.4 bar).

For pressures higher than 600 psig (41.4 bar), "It assisl" devices are avallable
to check the popping or opening pressure of the safety valve without raising the
boller above the normal operating pressure. This hydraulic lift assist device can
ensure that the set point is accurate but cannot check the valve for full it nor
does |l provide dala concerning blowdown; therafore, valve performance cannat
be verifled. LIt assist devices can only be used on valve designs thal permit
their use. The valve manufacturer should be contacled for the tools and
technician to check the operating pressure and assist in restoring the valves to
"safely valve standards” before the boller Is commissioned (See TAB |I, Seclion
7. Paragraph 7.13).
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25  Perform all boller water and boller feedwaler tests as directed by your feedwal
Itant. Adjust operations accordingly.

26 Operate the continuous blowdown valves as indicated by the boiler water tests to
maintain the concentration of boller water solids shall remain within the
permissible limits (See Section |, Tab 8).

2.7 Blow the boiler down through the bottom (intermittent) blowdown valves aonce

each eight (8) hour shift. In blowing down, follow the instructions on the valve.

For valve sels, the valve next lo the unil (root valve) should be opened first and

closed lasl. Blowdown should resull in a maximum water level decrease of 1/2°

(12.5mm). Both valves should be closed tightly. If a blowdown valve leaks,

repair it as soon as pradn:al Leaking valves can be detected by checking the
before blowi

fischarge line temp g down.

2.8 The efficiency and capacity of a boller depends upon malintaining Its cleanliness
both internally (waler side) and externally. The cleanliness of the water side
should follow the dictates of your water consultant, which should not vary much
fram the “Suggested Feedwater and Boller Water Guidelines® as given in

Section | Tab 8.0,
2.9 When the unil is opened for peri ir ction and g | repairs, internal
surfaces should be carefull i If any accumulati are noted, they

should be removed and the reason for the accumulation determined, and i
possible, corrected.,

2,10 Should small casing leaks occur, locate their source, and repair as soon as
possible. Some leaks can be repaired while the unit is on line. Contacl Vogt
Power's Field Service Department for assistance.

211 I a serious leak oceurs In any pressure parl, shul down the unit iImmedialely.
Have the failure examined by an authorized inspector and repalred before
retuming to service.

2,12 Do not allow water leakage 1o occur al manways and handholes. If a leak Is
discovered, replace the gaskel and refinish the seating surfaces as soon as

possible.

Repalrs should never be made to any pressure part of the boller piping, or
appurtenances while under p (except In tightening valve packing). Steam
ks in ller m can i i

2.13. A frequent check of the deaeralor operation should be made to delermine If
oxygen content of the waler being supplied to the system |s at 7 ppb or less. IT
02 content s higher, cormective action must be taken,
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3.0 REMOVAL FROM SERVICE, LAY-UP, AND LONG TERM STORAGE

This section provi g ns and Is nol intended 1o be an operating

. P ion is required if the steam generator is to be out of service
for more than 24 hours.

For any shut down period, the base of the stal:k shuuld be cleaned of all debris and the
stack drain line valve op Ir Il d to remain within the "gas side
envelope,” exterior surfaces of the pressure parls will rust. If this is allowed to continue
for enough time, pressure part failure will occur,

A wide varlety of bailer shutdown / lay-up procedures are In use with combined cycle
plants.

31  PLANNING THE SHUTDOWN / LAY-UP

When I Is time to remove an HRSG from service and place Il in slorage, a decision
must be made regarding:

+ How long it is to be stored?

« Whal service |s expecied o be i during ge, such as sleam, nitrogen
(N2), and trealed waler?

« Wil there be a danger of freezing?

* Will operators be around the unit to check an operation of SRV's, traps, and
SUmp pumps?

Decide if the boller is to be removed from service for a short period (hours) or an
extended period (days or weeks) of time.

3.2 HRSG SHUTDOWN
Reference Section |, Tab 5 for shut down procedures.

The following general iderations should be observed when shutting down the unit:

+« Do not feed cold water into a hot boller. This practice can result in fallure of
melal parts due lo thermal stress.

Diits Prinfed: 872872013 REMOVAL FROM SERVICE Job 17451

« Do nat et the boiler(s) stand partially filled with water for several days, Oxygen
({O2) corrosion will be the end result, usually in the form of pitling.

* Take the bollers out of service by standard shutdown methods to repair pressure
parts, when possible. Emergency shutdowns should be avolded, as they result
In high thermal stresses thal will reduce the operational life of the boller.

* Make overy effort to keep oil out of the boilers. Oil contamination will cause
foaming on the drum water surface, making It Impossible to accurately measure
drum water level, If oll does enter the water side aceldentally, consult your water
consultant for correctlve measures,

+ Clean the water side of the HRSG as required by the water advisor or inspector
before retuming to operation. Be sure that the water advisor has access fo
drawlngs of the HRSG and these instructions.

* The superhealer(s) wlll become condenser(s) as lhe boller(s) cool. Each
superheater module will fill with condensate and this will require the addition of
feadwater to the boller ta supply the condensate. This is normal. When restart
time comes, you may draln the condensed water into a feedwaler storage tank
as It Is good water.

3.3 WET LAY-UP - NITROGEN METHOD

When HRSG units are used in cyclic operation, long lime storage methods cannot be
used, Inthis application, the following should be considered.

3.3.1 Stored Energy

The large mass of steel and water inside the HREG means that there |s a
large quantity of stored energy avallable in the HRSG boller alter
shutdown. By minimizing the draft lhrough the HRSG by use al an outlet
damper, this stored energy may keep the unit warm for 24 hours or more,

Pressure In the HRSG can drop rapidly if the stack and ducl are opened
to allow cool alr to clrculate thraugh the gas side of the boller, If the HRSG
is boltled up so thal outside air cannot circulate, it will stay warm for a
longer period. However, the baller will not remain static while bottled-up,

3.3.2 Pressure Equallzation

Amata B Grimm Power (Rayong) 1 Limited
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If the HRSG is bottled up so that outside air cannol circulate, the entire
HRSG will Iry to equalize in t ture as higher lemperalure sections
transfer heat to lower tnrr!pﬂratura systems.

For example, if the low pressure boiler has been operating at say 5 psig
(34 bar), the temperature will be about 225¥ (107 °C). The average

perature of the HP izer may be about 315F (157°C) and the
high pressure boller may be approximately S50F(287 °C). If the unlt is
"bottled-up”, heat would far from ion lo ion until

equalized at aboul 325 psig (22.4 bar) or 425F(218 °C). This willr\dary due
to how fast the stack is capped and the ambient temperature, These
pressures will over pressure the LP system and se! off the LP boller safety
valve.

Operation by the operators will be required to keep the LP (and possibly
|P) safety valves from popping during hot shutdown.

333 Stratification

In addition to temperature and pressure equalization within the multi-
prassure unit, as soon as natural circulation ceases the system will stratify
(see Section |, Tab 2 for a di fon of natural clroulati Without
circulation, the hottest boller water will move lo the top of the tubes and
drums while cooler water will gravitate to the lower headers and lubes.
This is natural and should be of no concern unless the ambient
temperature is below freezing and the stack |s not capped.

3.34 Field Tesling

The best plan is to try a set of conditions and record all data affecting the
shutdown. If after the "off period” the HRSG still has positive pressure, a
re-start can be made by draining the superheater and adjusting the waler
level in the drums,

3.35 Re-Start

With the waler levels adjusled and the condensate drained from the
superheater(s), re-start the CT. Quickly open each blowdown valve for a
two (2) second blowdown and bring the unil up on automatic control.
Manitor waler levels and flow during the re-start.
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34  WET LAY-UP - CHEMICAL METHOD

Under the wet lay-up method, the bailer Is held full of water, which is treated lo render it
non-corrosive. At least thirty (30) minutes before the boiler comes off line, the
appropriate chemicals should be added In order to propery distribute them throughout
the system prior o shut down, Due o the nalural cireulation design of Vogt Power
HRSGs, It is not possible to circulale watar through the tubes during slandby parlods.

Consull a qualified water treatment professional for the appropriale chemicals and
concertrations.

In order to keep the Internal boiler services properly prolected, follow these guidelines:

3.4.1 Provide an expansion drum or tank above the top of the steam drum and
fill unit to that leval,

3.4.2 On units with superheaters, a nitrogen (N2) blankel al approximately 5 psig
(.34 bar) can be used on lop of normal water level lo prevent oxygen
pitling.

3.4.3 To pravent corroslon, all water columns and gauge glass valves should be
open as required for normal service and all drain valves should be closed.

Should an idle boller be subject to freezirg temperatures, the foregolrig, will nol apply.
In such cases, the unit must be completely drained.
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3.54 Admit the avallable steam Into the steam drum. Steam pressure as low
as 15 psig (1 bar) may be used.
3.55 Block air flow at all stacks and close all access doors to reduce steam
cansumptian,
e, s o
AL
L ﬁ £ 5
e
B - Y I AL
| A g E 5 B
4 ] &
S == L) LA LS LAt}
et T T kL g P S W
111 L | I
="
TrRICAL BOILER LAYOUT TIPIGM. BOTLER LATOUT
3.6 DRY LAY-UP - CHEMICAL METHOD
35 HOT-DRY STEAM LAY-UP
If the potantial for freezing exists during lay-up, a dry lay-up methed Is required, When a
Under the hot-dry method, the boller and intarnal liner are kept warm by admitting live baller is to stand idle in an ex; i locallon for any Indefinite perlod, it should be
steam of available pressure into the steam drum. The required lime to put the unit back drained campletely, being particularly careful to blow or otherwise remove all water from
inta operation is kept to & reasonable minimum. The following steps are required under such places in drums, tubas, headars, superheaters, water columns, gauge glassas,
this method: elc,
351 Drain all water from the unil This Includes the HP, IP, and LP 3.6.1 Shallow pans, contrived to expose as much surface as possible, should
ECONDMIZEr. bie partially filled with calclum chloride or Silica gel deslccant and Inserted
in the *HRSG" bailer drum. Manway covers should be tightly shut, all
352 Install a sleam trap so as lo drain condensate at all superheater, vents and drains closed, and the boiler made as nearly "bottle-tight" as
lor, and i drain connections, or cycie the drains practical.
puﬂudl:aﬂy Automatic superheater drains may be used if provided.
3.6.2 The calcium chioride or Sillca gel Is intended lo absorb maoisture entrained
3.53 Connect the necessary steam supply piping and condensate retum. This in the boiler atmosphere and should be examined and replaced or
is "good" water and should be recycled. regenerated pariodically.
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3.63 Add a low pressure (5 psig / .34 bar) Ny blankel in addilion lo the
desiccant to further prevent oxygen attack on the watersige. ™~ | S FrTmTT—m—gT T T T T T T T a

3.6.4 A household type electric drive dehumidifier may be used to remave the
molsture from air on the water side of the boller in lieu of chemicals. This
has the dual advantage of draining moisture to the oulside and warming
the air, further reducing corrosive conditions.

3.7 HOT-WET LAY-UP

Under the hol-wet method, the baller water level Is maintained close 1o low level but not 3

i £ k
low enocugh to sound alarms,. Steam pressure is maintained. Proceed as follows: - !L [ E E E E T -

371 If the boller has been on line, increase the blowdown lo reduce both
suspended and dissolved solids to approximately 50% of normal
operaling levels. |f boller has not been on line, fill with hot deaeraled

|

|

|

: |

OO Wsle, XSk b ol beal o e, I MO0 11 dnpacaie - ST |

prolected boller surface. Consult your boller water consultant.

3.7.2 Inject steam Into the evaporator using a sparging line in the lower header. TYPIGAL BAILER LAYLLT
Sparging line and connections can be added to an existing unit if this
procedure |5 selected after initial Installation. If the economizer is too
large to heat by convection, circulate boller water from the boiler into the
boller feed line,

3.7.3 Drain excess water from the unit as required based on the level indicators.

3.74 The stack can be capped lo reduce steam demand if a stack damper |s
not installed.

3.7.5 Heat trace all non-heated lines, if required, lo protect from freezing.
Remember that circulation Is very low, there |s no guarantee that warm
water will find II's way into closed off lines.
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