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ABSTRACT

This co-operative education report discusses the methodology for analyzing the
reliability and unreliability of control system for Heat Recovery Steam Generator (HRSG) to
find ways to increase reliability of control system and make control system more stable. In
this case, all HRSG control loops are analyzed, which consists of 3-pressure steam drum
that receives steam from the HRSG to drive the steam turbine in the power plant, The HRSG
which produces steam at three pressure levels : high pressure, intermediate pressure and
low pressure, and finally is feed water system. Fault tree analysis (FTA) is employed as a

tool for analyzing reliability and unreliability of control system for HRSG
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2.2.5.1 Atmospheric Blowdown Tank
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The shaded area is the probability T
that xis between a and b g

Plasx<b) = Pla<x<b)

AW 2.9 Ananhingltuvesdudsguuuusiaiien X lukissening a uas b
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F(x)=[" f(x)dx (2-2)
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o ol a 1 1 A 1 A
LL'RNEI’]‘HSUWJLLU'EQMLL‘UUW@LU@Q A1N13709ALRRYAD
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2.3.2.1.2 aallsiindetia (Unreliability)
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2.3.2.1.3 Naaasiiazduiman (Mean Time to Failure)
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Trigger event
House event

External event

gUURHIINNIBUBN

Inhibit cate

k3 1
= & =

1 A = = =4
A AND gate walngn1salnaviinduazdasltouluvio

fasunsiiinmegnisad

Condition event

WARIANITRIVEOUAR AT WETIAINAANANAIN

ADINLNA

Alternative condition

event

wansman1saluuudieouladmivasin

Transfer In

1 d 1 ‘é
WEAPNAIUVDILNUN TN NLRDINUNUN TN

Transfer Out

ttama";u"ua\iLqumwﬂ%Qﬂﬁ']lﬂ'l‘ffﬁiaﬁl,l,wumwﬁu

Incomplete event

that needs attention

Or >0l DO

1 [ P = £ (%
Auzidunilenainlseuafag
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243 35 FTA \3enminw
o =aal a ] .4 < =]
M FTA  Weaunwnlilunisesnwuvdwlnglfiduesesdlonsinaaunis
nauresyuuMialiovhnmamudeunsesnuuustuvdsenaziiasenluntsesnuuussuy

sagrurussuu WA e lunng 2.15

Power system failure

[ 1

Utility power failure f Eenerator failure ’ i Battery system failure_'

Generator fails
to restart

i ¥ 2 /
Generator ( Batteries // \‘\
offline \ discharged Eharger failﬂ
=L

d o L2
AN 2.15 LEUATN Fault Tree 0953 uUIARAANS

swuUlWii6e (power system) Usenausag 3 ssuudesiivnanudasyiuie Utility
power, Generator Uz Batter system dgyanwil AND gate Tuununmsuuuaauandly whuiisyuu
lwﬂnﬁemmzw%ﬁmﬁmmmw%’auﬁu%"a%ﬁﬂﬁssuu‘lﬂﬁﬂﬁwé’alﬁmm’mé’umm

ﬁwmamm@ﬁ'ﬁﬂﬁ Utility  power . \imeuiduivasleiwsvmnisaindniivihlsiin
AsdumaIAegUnsailosiuvesszuuie  wantned  (breaker) Fethiluiunmazlidydnuel
Incomplete event unugmgduATivAli Utility power idnnnudumainieiineniusninedssidn
(breaker blow) uaz Generator AualEWAN9IN Generator vgansyhauLazEURTR L ld
vhmsiaweSedlmisnass dugaiessuulndsesan wunmesI v lasnuuaneiinday

Liieaneuazaunsainnsaluide

2.4.4 35 FTA U501
ad o v g a4 A a ¢ | 2 a |a v ot
35 FTA annsodnldidunediolumsiinseinnuiesdudausinald Seaan
1 L 1 =3 ¥ 4 (3 1 L 2/ d
m%L%‘JumﬂamﬂmmﬂmmammmﬁugmLLam&;mmmﬂmauaﬂ nasrutazidudldiie
vawsmavausluiifetudunadansuitymeswandsfuuasivansss Wy Gate solution

method, Cut Set Analysis, Tie Set Analysis Waz Event Space method gy Wnsnamuady

34



2
[

Bnsrwanuvduvadune fauasnniauely mMsmeideUSinuiife Gate Solution

9

a

1 CJ o = a 1 1
method L EJmmmﬁ]a:Lflu‘uauauwm::ﬁwmmn am'ﬁmwmé’mmmuas/msaamwmwammma@Lm

9

azvgn1sal

2.4.4.1 Gate solution method
W FTA Tunmsmdimauvesaedninaag niedmiunsuityminenissu
M handuiiieiuandunsveseinnalasldngmnnhandu  dwivasinnniugiuilide
AND gate Wag OR gate WBLNUNIW Fault Tree fanududouniniunisinsigiienaimiuianain
da & yua & " oA A cah 1 & a @ =
anlumseenuuuiiinduldvesnsis lnswizedrduflommmsaiflidudaserariu wio AND gate
o L =

Wil INATIWINMIAT  PFDavg  Usnanidddyiasfesdifens  Ra1sauedrssounauiie i

wanenIiuesnNasuduaala

2.4.4.1.1 AND gate
wa A a o v 1a ¢ o v
AuAuTRYOuNA AND Aedunamsnazdelsifinuduaudiielyls
€ ] « e X a I » YO0 o
wanmildnlu Aud widisthuwszendldlunsimseiaudumad 0" ssmnesyuvinaulay
duysaiuay “1' mnsieszuuasanmad wasmineanuruuesfuvetgunsieziinany

UVMAAANTUWIIAY 1 FILVANT50IA NI TUYRIA A ULIAN 8958 UUMT DA LA L IMAI VDS

L
@ =i

sruulBsuduaunislaead
P(4nB)=P(4)xP(B) (2-19)
39 Unreliability 2095zuuazunusay Fs) aglgsail
Fs=F(A4)xF(B) (2-20)
ilo F(A) wae F(B) uisridudndlmuideavesgunsaflussuuasld

Fs =(1—e_’”’)x(1—e'“"”) (2-21)

2.4.4.1.2 OR gate
AauauTRveana OR WoBunavavumlsifieduaudinavilmiondnnves
neliilaffugudsne  dwsumgnisaibiaansaiatuldlusanfionty  (mutually  exclusive
events)
P(AUB)=P(A)+P(B) (2-22)
ﬁw%’um&gmicﬂﬁtﬁmﬁulﬁiuna%ﬁmﬁu (non-mutually  exclusive
events) Tngund axldnsdiilunsfiansan
P(AUB)=P(A4)+P(B)-P(ANB) (2-23)
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2/
e a &

w39 Unreliability dwiuwmgnisainingulalunanferiuazunusy
Fs(t) a¢léidtail
=F(A4)+F(B) —[F(A)xF(B)] (2-24)

o Fs ( R(A)+( )(1—R(A))><(1-R(B))

R

Fs=1-Rs=1-T]R (2-25)

i=1

2.5 YANNITEDNLUUIZUUANTDY
oA A v %) \ ) ) ¢ -
anuideie ANuwsauldnuasanulasnisluserugUnsaiuazszuy. aunsomulalag
Wuszuvdseadilulunsihau szuudises (redundancy system) azwaneds gunsaifislunnndn
wilwhluiidumsinuuuuideatiuiazseuvdseshildnnefisgunsalansawiedafien  szuu
- o ¥ o [ o 2 ' =1 £ [ ° o 2
gawwasNausalyiulusyuudsedds - egnslsinudeaisseislunsissuudrsoantd
1 1 = s d o v ot d
NUABANNANIVEITTRIRUN sl law eIt unvIuluanZRRBUALI Y N1500NUUULIND
a  a 6 o i @ la) 6 & L a
winideansnsaliinadudssndusgeds
SYUVANSOINAITNUANANGLUNISIY 3 WUUAD Active Redundancy, Warm Redundancy wag

Standby Redundancy Wsiavuwuuiisgasideneadl

® Active Redundancy (parallel, hot): aunsaddrsadluszuvaziinmsvinnuniouldsisnu nse
nuiierfuuasululifiasinsulsmssureudazgUngnl 1y musuunITIAuAENS
AuAN senuikiduilsdy

® Warm Redundancy (lightly loaded): q‘dnmﬁﬁ'ﬁaa“l,u'se:Ums'ﬁmsﬁmu%wwmusi"']qm
wnszisgunsalilasuidussuniinauduvaiiazgunsaidisesseyauunuiionsy
NUIEA

® Standby Redundancy (cold, unloaded): gunsaldsesluszuuaziinisinuuuulaifinise
Nukazazyhaufdeiogunsalmilasmil Tusruuifnauauwaiuaraunsaldrsesay

MUY

2.5.1 38UV k-out-of-n
TPUUAISRUUY active vTegUnsalifleidunisviausauiu (load sharing) lu
° < 1=l a8 =l = oa o ! ! s = 2/ o &
svuudsesiliiinnududeunasivseivinm dedratuszuunsingumgilagly esluduida 5
M Feszuulaanuuuligunsaimsiadnisinn 4 fMuasmniinanudumainnnii 1 6 szuu
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NyinguUniagauvaiasyuy Iemseonuuussuudisesiasimnuuy doos (four out of five
voting) weds 4 Mresihaulaauysaluagaumadld 1 6 dauduawisdany (combination)

[

294 n velagliisaadundasedsunoundeazlaned

n n!
= 2.26
(k] k!(n—k)! Z28)

a & o ‘& A4 o el v v o
e n ﬂaﬂﬂu?u%adqﬂﬂimWQ%uﬂ hay k ﬂ@'ﬂququ%@‘ﬂQﬂﬂ'ﬁmmﬂaﬂﬂq'ﬂ,ﬁm’]\jqu

AINUIINAIDYNILANIT VANV UNIVNA 5 35

5 5!
m‘aﬁnmmmmmﬁﬂ%LﬂuwmmiﬁwwuimUaugiﬂiamﬁﬂmlﬁﬁaﬂaﬂﬁaﬁ
Rppy= R xR, x Ry xR,
Ry =B X TR

Rppis 5 By X Ry X R X Ry
Rpps = Ry X Ry X Ry X R,
Rps = Ry X Ry X Ry X Ry

oA A ° ) o - s
ANNLULTRNBYBITEUUNTEIMIN - k-out-of-n  aunsaldwmiumsyheuiauysalves
spU Aednuauvesisnisdamnavinaenuinvziluve waszmiilsudusunsiaail

VAW X i['zjfe(r)" (1-R(1)" (2.27)

4L

L

R(1),, :ma(z)‘ (1=R (1)) +@R(z)2 (1<R(1)) " =2R=R’

2.6 Euler Math Toolbox
dwiulusunsuiliyedn TWsunsu Euler Math Toolbox gniaiualaefinaiuain Euler Math
= & el o o a s o
Toolbox  Usewewesudl  WulUsunsuniianuaunsaseusuluisosnisiesigy  Auiuas
Uszinananeadladiansiuuidednteedaazidon  lddashldldudaunisdnas (Numerical
Equation), nM3mUsWus (Integration), Muds (Variable), n3 (Graph), @d@ (Statistics), SUNSY

- = o 8 o .
1591A8A (Geometry), 59uf4n15A1UIM (Computation) JUkuUduq lasnvainviane

2
= a

anvis lUsunsu Euler Math Toolbox eanunsainluussendldlums asrsiedrdonsiSeu

= &

msaeu (CAN Ussininadamans nalundngasvedlsausey uagluszavaaufny univenauls

[

1 = s aa o at [l 1 I = o v 2 e v o
L{:]UE)EJ’Nﬁ ‘LJE]ﬂ50'1ﬂuENL“ﬂu%‘LIEJLII‘EJﬂ‘L!’e)‘EJ’]\1LLW?%ﬂ']EJ'LUﬂQiJB']‘?IWWW@ﬂ’UWﬂHSﬂNWWUHWSﬂ"IU?m e

v a

Ieseideiauduagiann wu dnadiamans Thland dnneiaians uasiains iudu
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o

Falusunsy Euler Math Toolbox faflfandulunmsdiassnmnns v adfdiady way JUnTs

wuade luguueawuuns il (Graphic) 2 &R (2D) wag 3 I& (3D)

W EMT x4 (3. LOOP LEVEL CONTROL HP DRUM 38) (changed) - 0 X

File Recent Edt Edras Options UserMenu Tasks Help
L 3-ELEMENT LOOP CONTROL HP DRUM

MITFLT=25000;
MTTFPT=

09

MITFITI])):

{exp (-2*t/MTTTET)]]]: 08

o7

06

System
HP DRUM LT Zco3
HP DRUM PT 2003

R(t)

05
HPSH OUTLET TT 2003

HPSH OUTLET PT 1001
HPECO2 FT 1002
HPECO2 TT 1001

— HPFWCV

04

4%, "AS", K€", "KI¥], 0, 100000,Q, 1, ek w8, Tl
2003, #HF DRUM PT 2oc3", "HFSH GUILET TI 2023, *HESH
2003 588 DREN PT Zoc3", "MESE T 8 o4

01

0 10000 20000 30000 40000 50000 60000 70000 80000 ©0000 100000
TIME(hour)

ANl 2.16 Desktop of Euler Math Toolbox

2.7 SAMA Diagram

laezunsudmivszuumunulugramnssunanudngne1edeneg  ununm  SAMA  ag
é’ﬁyé’nwaiuaximazunmﬁlﬁgﬂﬁ’ﬁumﬁuim Scientific Apparatus Makers Association (SAMA) &
uunm SAMATazgninanldlunisesusiasdminananslunismununszuaums tazgnasnuuy
sndwiuniernloddlividusugramniswevaosglon wiigelundeedety  ISA
lnazunsy uifilmuunnsisedndiduddysevin 2 Flunisdeulaunsuszuuniumy

il 2.17 wamsguaailnsasnainisliaagnsdiovassi ISA Lag UHunM SAMA szdanals
Ifiiesdeydnuaives Flow transmitter fwmiiouy Tng 1SA lnezunsuazuanufesdydnualvesi
AIUANENTINISIVA (FIC : Flow indicating controller) @31 WHUAW SAMATIAzUARI B ENYDY
Aeulnsalaesinnni1 lasuvenindumoulnsawmesuuy Pl uarduansAid@anosy (Set point),

manual adjustment Wag auto/manual transfer switch @3 SAMA waz ISA Tnazunsudslidyanual

a 1 L7 v
28949 Flow control valve (FCV) e NAINAURI8E
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ECV

ISA Diagram SAMA Diagram

NWA 2,17 AUUANATITENTIS ISA WAY LEUATHW SAMA

A15747 2.3 Enclosure symbols

» ENCLOSURE X end s ENCLOSURE
FUNCTION SYMBOL FUNCTION SYMBOL

------ N b
Mensuring or Readout O Logical AND i g - -
...... - [

....... B!
Manual Signal Processing O Logical OR OR ). - —

Automatic Signal Processing Qualified Logical OR 9— -

Final Controlling

LogilNOT | <em-- ""'“

‘‘‘‘‘ -
Final Controlling W] -
with Positioner E n =

Muintained Memory
~~~~~ -
Time Del B 2]
ime Delay or -
Pulse Durtion | b4 b | eeeas - —
TTTT OptiomalReset ) ] tuee m .-
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ANs1d 2.4 Process Signal Continuation Symbols

SIGNAL SYMBOL
Continvoudy Variable Signad —_—
Incremental Change Sigual
or Rate of Chunge of @

Continuously Variable Signal -
OnOfSignl* ] meecreeenaes L

* The on-off signal symbol may be a solid line if on a separare
digital logic diagram or if on an inset detail on a funtional
diagram.

AN5199 2.5 Signal Processing Symbols

SIGNAL SIGNAL
FUNCTION PROCESSING FUNCTION PROCESSING

SYMBOL SYMBOL
Sumiuing o4 Emgigni B
Avenaging 3/n Lozical AND AND
Difference aor — Logical OR OR
Proportional Ko P Qualificd >0 GTn
F— ™ Togical OR <h LTn
Detivative didt or D 0= un ipteger = EQn
Multiplying % Lagical NOT NOT
Dividing 4= Set Mamory 8§, 80
Root Extraction N Reset Memory R, RO
Exponcutial x" Pulse Duration FD

L i f(x) TPuls: Durafion
:“”S::?; fuclion of e 1 ¢eser T g
-State
(Raise, Hﬂs‘.t?lﬂﬂ) ‘ y&gﬁ:’; Ol w GT
H Time Dels
Inteprate or Totalize Q o 'I‘mnin!ﬁo T DT
High Selecting 4 Amlop A
Low Selecting " Digital D
High Liniting * %n Voluge E
Low Limitin + Freguaney
b k Sipnal :
Reverse Proportions] K o -P G et H
Velocity Limiting & Cuerent 1
Bits Examples: 11 e
+ lﬁ ﬂrscln:mqtgwwm 0

Time Function f(t) w Pneumatic P
Variablc Signal Generator A Relisiains R
Transfer T
Signal Mortitor H/, HIL, 1L
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Uni 3

= o

Weinllunsinssianulnleiavasszuuarugudmsuszuuasesindaleti

3.1 unih
MsiATTimTeioresruumuANdmSUsTuuATestudalountiy  sruisdennis
Anszioeniluusiazguasulviaesszuy HRSG viua 23 gu Tngasdeniinisiiaseiluiiazgu

TPuITUADUNITIATIE WAL

3.1.1  Weuuwun waadniioglusy weuniw SAMA
=l 5 o @ L a € 1 o a oA I
MaTeU ununm SAMAUU  illudeslinsevdiumdngluununinasdn dude
vmaeYl (Set point value) , ns1uaiiawes (Transmitter) , wllavaasimunu (Controller) uagda
muRugany (Final control element) 1undn  Faasadunsaunuidudeuluinunimasin
A o L5 = 1
oenly thearwazmnlunisianudilagureulvsa lnsuwunwasinuesurasguaeulnsaansg

glaluniAnwan

3.1.2  Aes1e uwunaw SAMA udndeulieglugUununiw Fault Tree (Fault Tree
Diagram)

i
0 w A

sl ToulHUAIM - Fault Tree iiududhdyiuansdalymioesiiligueeulvsa

o

ﬂ[aa‘{vl

auieanatn  Gelulesseuatvlasaulallyminafuivdiuvevsdidannsednduemsiuain
(3 o v I ulj - 1 1 = L o
LMBSLATAIMIUANGANIBLVINIL e lndtefan ITilAsIgmemaila FTA

3.1.3 14 FTA (Fault Tree Analysis) @auSinnuiladinsizviuuunn Fault Tree o
Tuguvesaunisanudumaiuazaunisanuundaie

NISWHULNUAIN - Fault Tree Lﬂuﬁauﬁﬁﬁmﬁmaﬁqﬁmmﬁ%ﬁﬂﬁgﬂﬂau‘[ma

vuAawann  ddulesanuatuiraulaliymiietuiudurs vnsesiidnseindvomsuadn

weswazfrIuAuanTewity aliihesanisimsesimemeda FTA

3.1.4  daunisilauwaonnslulusunsy Euler Math Toolbox
Falunsmudaannisuseaianalnaunisauu I detsuaranylduldeiond 9y
o = 1 s ot v a: 1 1 14 =
mu'nm‘swﬁmﬁmaawaﬁswn'1‘s’mLLaz'sx‘uUmmuauqmmwﬁwamammmLﬂuamaﬁuaqgﬂ

AoUlnsaluY



3.2 guaaulnail 1 LP Drum Level Control
Huguraulnsaiildlunismunusziuiluvsiorinlednmiudush (Low Pressure Drum) 3

sziinsaiinmatinszauinluviionnlerhanudus 3 67 iauluzuwuu 2 out of 3 (2003) uaeil
nawadnmesinanumilundeinlethanudusii 3 i (2003) Wuswawe (Compensator) A5

g oo 8 s v ] - a
widalandainmsvaweudiaggninluldniuau LP Feed Water Control Valve ialiiUnmiusesuun

Y 2/ a ’o’ o J = U i I I3 s 3 a g 5/ 5/ a
fiala mnsydvdimnIvIegeninAnganesyi (Set Point) 'J’lamsmmuﬂﬁmmmmwawmuawn

lorhanudiusmlimunzan aundnszavavegluandawasi

DISPLAY

ANN IND

© 1 e mnim

O Sy e
A

BOCHW

AW 3.1 fhegaunuAmasInuas LP Feed Water Level Control Valve (1/2)
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MITSU I-!I 118

HEAVY INDUST]

AW 3.2 Fogawnun wanINTad LP Feed Water Level Control Valve (2/2)

= - A a
WINWITTRUILNUAINABTINIINNINN 3.1 ey 3.2 LLﬁ’J ANUNTOTEULNUN N SAMA 16id
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TITLE LF FEED WATER LEVEL CONTROL VALVE (3| Rev.
2 [
i 8 THAI o SHEETNO
GOI-ANDS-2

[
al

U




LP DRUM PRESSUREA LPDRUWM PRESSUREE LP DRUN PRESSURE C

< THAGT 1CP101 = < *HAG11CPI0Z » <THAGIICPIDI >
SEL-SS3

LP DRUM PRESSURE SELECT

LPDRWM LEVELA LPDRWM LEVELB LPDRWM LEVELC
< "HAGI1CL101 = < *HAG11CL102 » <"HAGI1CL103 =

| SEL-SS3 |

PRESSURE COMPENSATE

LP DRUWM LEVEL SELECT

SET POINT FROW DCS
N

MANAUTO CONTROL STATION

LP PV LEVEL CONTROL
VALVE
<" LABTIAAQDE -

mwﬁ 3.3 WHUNIW SAMA ‘Uaﬁqﬂﬂ@ﬂma LP Drum Level Control

NNMFIATIEgUABUNSA LP Drum Level Control lunwil 3.3 seweia FTA @wsa

ssyanvnivihligueeulnsaifinrudumanlamail

1) LP DRUM LEVEL FAIL A SEUUMTIAATEAULNURIMMLONNlotAINURAUG
Auvan

a4



2) LP DRUM PRESSURE FAIL fig szuumsinaaiusuveisaninlotnanudush
A7
3) LP FW LEVEL CONTROL VALVE FAIL fia ssuusimuaNgaving (Final Control

Element) 284 LP Feed Water Level Control Valve auwian

LOOP LEVEL CONTROL

LP DRUM FAIL
LP DRUM LP DRUM LP FW LEVEL
LEVEL PRESSURE CONTROL
(2003) (2003) VALVE FAIL

AT 3.4 uHuAm Fault Tree (Fault Tree Diagram) ‘uaaqﬂmau‘lma LP Drum Level Control

= L = A a L3 ] | = =
NNNA- 3.4 @nsalavaie FTA LW’E}'JLﬂﬁ']ﬂ‘l/‘i"ﬂ')'lllu’lL‘UaaaL’Uﬁﬂiu']m‘uaﬂf‘}ﬂﬂQUIWiﬁ LP

v as

Drum Level Control 1®ﬂdﬁ

ELPDRUM & FLP W F:LP. o FLP
)y PT FIFCV

<
NAUNTTN 2-25

Fs=1-Rs=1-T[R

i=1

v o P oA [Ty al w4 oA Y]
Adupalihinieiiovesguneulnsauandlafaunisn 3-1 uavamutidetiouansless

AN 3-2
Fppron =1 RLPRLP RLP (3-1)
LT PT FWCVF

Ry pprun =1 Fppgun (3-2)

F,=1-R,,=1-3R,.> +2R,;> =1-3¢7%" +.2¢7*47 (2003) (3-3)
LT LT

F,,=1-R,=1-3R,> +2R,’ =1-3¢7*"" +2¢7%"" (2003) (3-4)
g e

FLP =1 _RLP =]1—g " (3-5)
FWCV FWwcr

A ! v/
S10) j—_— h mmmaumm‘umqﬂﬂaﬂma LP Drum Level Control

45



= i 1 :s; -
7. mmmmmaﬂa‘uaaqﬂﬂauima LP Drum Level Control

F, #o eenudumsivesssuunisiasssuiiluntonnlethanusius
LT
R, fo emenuiideievesssuunisinasyiuiilunionnletemussh
' i
F, #fo dmisduvaivesssuunmsinsausluvsdeinlotendush
PT
R, fo emnaidedevesszuunisiadanudiluniennlethainusiush
PT

F, f9 AANUGNMAIU0ITEULAIAIUANGAYINY (Final Control Element) 484
Fwcvy

LP Feed Water Control Valve

R, fp AenuveliavassyuuaImuaNgaviie (Final Control Element)

FWCv
U949 LP Feed Water Control Valve

F,, ~ fa A1ANANME U UALRLADSIATEAU

R, o dmuniwdeidevewmsiuadioweiiasssu

F,, A8 AIMUANUAIT8INTIUALNRDTInANAY

R, @ Manuuideievemsiualinaesiarnuiy

Ay RO BRTIANEUMAITEMS AT RO INSEAU

App  AD BOTIAIMAUMAIVOMIUATAIADTINAIIAY

Ay AR BMTIANNGNIAIVOITHUUMIAIUANGAVIEDY - Control  Valve
(Positioner)

t AD - 52ELIAINSIEIUYRNRUNTAINTETEHELIAINITYINUTBITEUY

| Y [ o & o
ﬂ’ﬁ’]x‘lﬁ i | ami’lﬂ']'ﬂ!aﬂLﬂa’)LLaBnaqLQﬁUW@gﬁMLWﬁTﬂﬂQQUﬂﬁﬁlﬂ”ngU HRSG

) onsIenLaNwa | anadefieduivan 3 .
gunsa G WAV
A (per 1019) - MTTF (2l34)
NIUETAADTINTEAY Foxboro Function
3680 271740
(Level Transmitter : LT) Safety Manual
nuadiamesinAINeu Foxboro Function
3680 271740
(Pressure Transmitter : PT) Safety Manual
nualiamesingnsnisiug Foxboro Function
3680 271740
(Flow Transmitter : FT) Safety Manual
niualinmesinguni OREDA 2002
4570 218819 Y
(Temperature Transmitte : TT) (W1 754)
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) Sasmudumal | nanedefiesduman > "
gunI o UWRINUNYDIYDYE
A (per 1019) : MTTF (¢1lu49)
FEUUMAIUANGAVINEVDY 22910 43649 OREDA 2002
Control Valve (Positioner) (W1 560)

4 o 1 EJ -y o ld
iiethaunsauundeiouazailliuntefsvesguaeulvsa LP Drum Level Control,

ssuunsinlugureulnsa wazsvuummuauaaite (Final Control Element) wimsigsiiie

wansnaludnwzoIns ML AN A 0 BN LA ILARITANA LT D B B LA LN UL ULARY

o [ < :J\lyz v o A
weranuvesgUnsaliwuandlumwi. 3.5 wanldiuwualiuauiideiiovesquasulnsa

'
173 o -

o =l 1 o o = = o = = ) = P L3
Wunudn)  dmanaaeliiguiussuuauy | Wessngueaulnsatulunasiuvadeniaiigunsed

—

'
= a

duaiineuaumad daiiluinaieiy guasulnsadeflantavihaudumannniga
A - dl (]
Lmawmﬁmﬁswmﬂuaaﬁﬂiznawaaqﬂﬂau‘[ma LP Drum Level Control Tuthaan
WWeaiunudn LP. Feed Water Control Valve (duitufiuiiu) Sadussuusmunuaayinesiuusliy
oA A v =i - o [ A - A A o o
ANLRNDUBEYIAALURIIINTBRTIANANWAY (Failure Rate) 3nnfigeyselinaadenazduiman
. " - = P ar w
(Mean Time to Failure : MTTF) desfiaaiilaiiio uiuszuun1sindug was LP Feed Water Control
Valve hiflsyuvdrseudiameufivszuunmsinseavlunsionnlovianusud (duiivdung) wazszuy
n3ImANAUlumlown lodaUALAT (Fulsealen) Falssuudiseaiuu 2 out of 3
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1. 3PUUMAIUALEANIEYDY LP Feed Water Control Valve (uiiudinidu)
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LP DRUM LEVEL CONTROL

09
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07
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LOOP CONTROL
LP DRUM LT 2003
LP DRUM PT 2003

LPFW CV
S
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A 3.5 nevlbwaltiuauutetioresguasulnga LP Drum Level Control

at (% ] d ql 5 1 | D | A =
AnwazvednT Lyl luuaY kiUt Do TN UAILERIAIAIN LU TR D DAL WAL ULERS
° ¢ @ = a = al Y ) 1 d a
vozanInurataUnsalfaaasiunmy - 3.6 dewseuisuiunsmuislunanuinweioly

ﬂ!. 1 v [ dl =l 1 d o/ '
it 3.5 wuliulduaaldudidedioliu 17s complement vasauuI@atiansluaunisn 2-8

LP DRUM LEVEL CONTROL
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AN 3.6 ﬂi'mlLLu'ﬂuumwaﬂumL'ﬁaﬂammqﬂﬂaﬂma LP Drum Level Control
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3.3 gUAsulusadl 2 1-Element HP Drum Level Control

Lﬁ‘ugﬂﬂE]‘LJI‘V]'iﬁ'i?ﬂ‘éﬂ“liﬂ”l3?1’3‘1)?}158ﬁUlE’ﬂUWﬁﬂﬁﬂlE)i’lﬂ’l’mﬁUQd (High Pressure Drum)
9wl nywalinmeiinszau 3 d viedluguuuu 2 out of 3 (2003) sndustasziuilumeii
anuduge  wasdnsadinmesinanudulundfednlatheudugs 3 i (2003) Dusawaie
(Compensator) mseduthiitaldudsmsvaieudaazgninluldauay HP Feed Water Control
Valve itelillamuseduriiiiale ‘Ifi’]ﬂ‘isﬁUéﬂﬁ?ﬁﬂiﬁﬂ%BQﬂﬂ’j’]ﬁﬂW@E}ﬁ (Set point) 218z
muguﬂ%mmﬁnﬁlwaL‘ﬁ’mﬁaﬁwmwﬁus‘fﬂﬁmm'13amun'a"lsss%'fuazaajﬁﬁmwaaﬁ%amsmuquﬁu
vy 1-Element Harldlutaiasuiiunios (Start-up) vdsntaesufiuaiowdarasulldng
AIVANLUY 3-Element

WINWANTULHNUNINADINLAT ANUTOLUHULNUNIN SAMA laganini 3.7

HP DRUM HP DRUM HP DRLM
PRESSUREA PRESSURE B PRESSURE C
=« THAG3ICP1D1 > <*"HAG31CP102 « "HAG31CP103:
SEL-S53
HP DRUM HP DRUM HP DRUNM o
HP DRUM PRESSURE SELECT
LEVELA LEVELB LEVELC
CTHAG3ICLIC» - PHAGICLI0Z2 « “HAG3I1CLI0Z >

PRESSURE COMPENSATE

HP DRUMILEVELSELECT

A + HP FW LEVEL CONTROL
VALVE SETVALLE

]
KI5
fx| fx02
MANAUTO CONTRCL STATION T>® MANAUTO CONTROL STATION
[ij %01
HP PW LEVEL CONTROL HP PW LEVEL CONTROL
VA LVE (0-25%) % VA LVE {0-100%)
< TLASEAADIS < "LABOIAAGIZ -

mwﬁ 3.7 WHUNIN SAMA waagﬂaauima 1-Element HP Drum Level Control
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NNNTIATIRgUABUINTS 1-Element HP Drum Level Control lngldinaila FTA aunse

¥

spyamiviliauneulvsaiinaudumaldddl
1) HP DRUM LEVEL FALL fe szuumsindseduthlusmfoinlothanusiugs
duwmal
2) HP DRUM PRESSURE FAIL fio sruumsindianuduvamsioiinlevnausugs
GHIEY
3) HP FW LEVEL CONTROL VALVE FAIL (0-25%) Ao szuufmiuaugavine (Final
Control Element) 984 HP Feed Water Level Control Valve auiua
4) HP FW LEVEL CONTROL VALVE FAIL (0-100%) Ai® s¢uusiniunAuanving (Final
control element) 484 HP Feed Water Level Control Valve auinad

= v U s A
annsoleuliaglunnuniu Fault Tree ladsning 3.8

LOOP LEVEL CONTROL

HP DRUM FAIL
HP DRUM HP DRUM HP FW CONTROL HP FW CONTROL
LEVEL FAIL PRESSURE FAIL VALVE (0-25%) VALVE (0-100%)
(2003) (2003) FAIL FAIL

mwﬁ 3.8 WNUNINW Fault Tree maquﬂauTma 1-Elermment HP Drum Level Control

i a & = 1 P o g
NN 3.8 aunsaldivaila FTA WallasigsinuldedeldaUsunuvesguaoulnsa 1-

Element HP Drum Level Control sl

F:HPDRUM =FHP UFHP UFHPFW UFHPFW

LT PT cr1 Ccr2

MnaNMsh 2-25 frrnusuwmaivisenuliunyefevesguasulnsa 1-Element HP Drum

Level Control kandlaniauni1si 3-6 wazAnuuLaadauandlanaaunisy 3-7

Fypproy =1- RHPRHPRHPFWRHPFW (3-6)
LT PT CV1  CF2
RHPDRUM =1- FHPDRUM (3-7)
Fp=1-R,=1-3R > +2R, =1-3e7"" + 27" (2003) (3-8)
LT LT
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Fp=1-R,=1-3R,*+2R, > =1-3¢2*" +2¢7*" (2003) (3-9)
Vo5 PT
F, =1-R, =l-¢* (3-10)
Fwcvl FWCr]
F, =1-R, =l-e* (3-11)
FWCY2 Fwcy?2
d = 1 v
e Fpppoy A9 AIANANWVEIYBI5UABUINSA HP Drum Level Control
Rypproy PO ANAMNUNEDDDU098UABUINTA HP Drum Level Control
Fyp AD AmnudumavesszuuMsiaAseaulunliewnlethanuiues
LT
= 1 1 a oA s 1 @ ::’ & s ‘o/ @
R Ao frr I LgenevessEvUMsiadssdunihlundenleuinnudug
LT
e A AAudwaresTrUUNTIRmAN LR lumdain e NAuge
PT
- [ T | o @ Y 5 )
Ry, fe Apnuddelievesszuunsinnauiuluvtonnlouiniudugs
PT
V.4 A9 ATAINANIIVRTYUUMIATUALEAN1Y HP Feed Water Control
Fwcri
Valve (0-25%)
Ry R AIMINNNIUEADURISEUURIAIUANEATIE HP Feed Water Control
FwcCrl
Valve (0-25%)
= AD AIAIUAVAIVOITFUUMIAUALAAYTINY HP Feed Water Control
FWCY?2
Valve (0-100%)
=4 1 T @ v
Xir AB AIAIUUWTDARUDITEUUMIMIUALGANIY HP Feed Water Control

Fwcr2

Valve (0-100%)

d o 1 A 1 1 A -
diethaumsaududedouazauliunveiovesgureulusa 1-Element HP Drum Level
L2 o £ 4 b = 3 ai
Control, szuunmsinlugureulnsa wavmmuaugavne (Final Control Element) u13nseing
Y o Ao ¢ X = 1 oA
LARSKA LA N WL YBIN S LU LA LU B D DTSN UAILAAINIAIAL LY DO LAZ LN UL ULARY
o € o A
SEEIAINIINUYIRUNTalauanslunIni 3.9
PNMTIATIEY FEUUNAITUILUIMS IUNITHRLALU DR 092 NN NTZUUNITIANS D

) v 1al ° = ) o i P ¢
ssuushmusuanvhevesguasulnsadilifiszuvdrseaduvdn  Jsmneauimnssuuiidussd-

L
=

= o A & o A -
Usznauvesgursulvsalinnuundafonniu arnuinidediovesguasulvsassifivdumey Tngssuy

o

Aduesrvsvnovvesgureulnsaiildiissuvdisemiaisoninhauuy 1 out of 1 i
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L = o

1. seuuimUANanYEvad HP Feed Water Control Valve 0-25% (Fuiiudun
&)
2. FBUUMIMUALAAYNEYBY HP Feed Water Control Valve 0-100% (idutsed

")

1-ELEMENT HP DRUM LEVEL CONTROL

08

08 LOOP CONTROL
HP DRUM LT 2003
HP DRUM PT 2003
HPFW CV 0-26%

HPFW CV 0-100%

07

06

05

R(t)

04

0.3
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TIME(hour)

< . e

A 3.9 nemwnltiunudwieiiovesguasulvga 1-Element HP Drum Level Control
a 2/ 11 di = ﬂl! ﬂ‘:' 1 1.1 A -
anvagapmnsuliie v e tiedununalansrin i denonaznuuBULARS

° ‘o = P < - W v oA A
srezmnanuresgUnseiiwandunng 3.10 Walsuwsuiunsmwualiuauiigedely

P ' ) oA | [ -
A9 3.9 wuhwulduauliundededu 17s complement aasrnutntonogluaunisin 2-8
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1-ELEMENT HP DRUM LEVEL CONTROL

09

08

07

06

05

F(t)

04

LOOP CONTROL
HP DRUM LT 2003
HP DRUM PT 2003
HPFW CV 0-25%
HPFW CV 0-100%

03

02
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TIME(hour)

AN 3.10 m']wl,l,u’ﬂﬁum'mhhi'lL%ﬁamaaqﬂﬂaﬂma 1-Element HP Drum Level Control

3.4 Q‘Uﬂa‘lﬂmaﬁ 3 3-Element HP Drum Level Control
Tuwmeuvas “3-Element control” unsnanfsdiuiuvesiiilsnszuauns (Process
Variables : PVs) ﬁ’"s’mﬁaﬂ’mﬂu HP Feed Water Control Valve
TaefiuusnssuIuN1TUsENa UMY
- szdudilumbernlevinnusuge
% é’mﬂmﬂ‘wamaqﬁl'lLgaqﬁﬁauLiﬂwﬂaﬁ’n"l.aﬁg’]mmﬁuqq

- ansinsivavedlaunneananmiiednlawimnuaugs

U

'
ar =l

nseuauszduilumiedrloauiugeiubudsdidinyian - Tnsasdesuny
seiuthliedlutasitgnaenuutliuhidy mnssduthguiuniimusazdemalifidulzuly
fuleduingitoiuledh FuluamumudnivhliRamnudemessiudiuvesioiuloth wazmnsedu
hwemifernledhininasiiimusszdmansznusomisaniedidsahidndnionnlon ey
gnuhliAsnisuandraiienlafuanudeunniiuly  Sedymdndnardisarionsyuiunisndn
Indisaangnas

MNATUIMHUNINADINUAT ANUNTOTHULNUATN SAMA lananing 3.11
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PRESSURE
COMPENSATE!

HP DRUM HP OUTLET STEAM HPFEEDWATER wezoceto
HP DRUM HP DR HPDRU:  HPSHSTEMM  HPSHSTEMM  HPSHSTEAM HPSHSTEM  HPECOZTO  HPECOZTO DR
PRESSUREA  PRESSUREB  PRESSUREC OUTLETTEMPA OUTLET TBMPE OUTLETTBMPC OUTLEI' PRESSURE DRUM FLOWA DRU FLOWEB TB4PERATURE
HMHAGIICPO! THAGMCPIOZ » < YHAGRICPI03 » TLBAZICTION - ~LBA3ICTICT » 3CPIDT » *LABS3CF10Zy « **LABS3CF102 "LABEACT 104
T ? ?
i HP DRUM PRESSURE SELECT SEL&S HP 5H STEAM OUTLET TEMP SELECT
x
P g (8 ¥} HP
REDRLM fEte - HPSHSTEAM  HP SH STEAM
LEVELA Lvee LvELE
= "HAGIICLIDT » « “HAGMCLIOZ -+ « ™HAGIMCL102 OUTLET FLOWA CUTLET FLOWB

SLBAZCRI0Z ~  «

“LBARCFI03 »

PRESSUREAND
TeuPERATURE | 1x |
COMPENSATE

e

HP DRUM LEVEL SELECT

SELECT

o
K { J’ I d HP P LEVEL CONTROL
VALVE SETVALUE

HP $H STEAM OUTLET F|

LOW

HP ECO2 TO DRUM FLOW
SELECT

MANAUTO CONTRO
STATION

MANAUTO CONTROL
STATION

HP P LEVEL CONTROL _ < HP A% LEVEL CONTROL
VA LV E {0-25%) VALVE{D-100%)
MLABERATIS < MLABS3AA03S

AN 3.11 UNLDIW SAMA Yo9gUnpulNga 3-Element HP Drum Level Control

NNAsIATEiguAaulnga 3-Element HP Drum Level Control lagldimadia FTA a1unsa

= o g w a v v o
seyaunaiilviguaeulnsafinaudumanlasd

1)
2)

HP'DRUM LEVEL FAIL fio ssuumsinsguidlundortnloshamsugsduman
HP DRUM PRESSURE FAIL fle szuumisinaamusuesiainlathninuiuge
AU

HP SH STEAM OUTLET TEMPERATURE FAIL fe s¥uunisinanmgiives HP SH
Steam Outlet AuLvan

HP SH STEAM OUTLET FLOW. FAIL f® S¥uumsindnsinisivaves HP SH
Steam Outlet duivian

HP SH STEAM OUTLET PRESSURE FAIL @8 fzuumsinmIuauYes HP SH
Steam Outlet duian

HP ECO2 TO DRUM FLOW FAIL fi® szuun1sinensinistuaves HP ECO2 to
Drum auivan

HP ECO2 TO DRUM TEMPERATURE FAIL fi® ssuun15ingamniiaas HP ECO2

to Drum ausvan
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8) HP FW LEVEL CONTROL VALVE (0-25%) FAIL A9 szuusiniuANgaving (Final
Control Element) 484 HP Feed Water Level Control Valve (0.25%) auian

9) HP FW LEVEL CONTROL VALVE (0-100%) FAIL fia seuusiamauauaamy (Final
Control Element) ¥84 HP Feed Water Level Control Valve (0-100%) &iuan

P w =
anansalieuliegluununw Fault Tree ladannd 3.12

LOOP LEVEL
CONTROL HP
DRUM FAIL

a

HP DRUM HP DRUM HP SHSTEAM | | 0 o ceany HP ECO2 TO HP ECO2 TO HP FW HP FW
LEVEL FAIL PRESSURE FAIL OUTLET GUTLET FLOW DRUM FLOW DRUM CONTROL CONTROL
(2003) {2003) TEMPERATURE FAIL (1002) i FAIL (1002) TEMPERATURE | | VALVE(0-25%) | | VALVE{D-100%)
FAIL{2003) FAL FAIL FAIL FAIL

mwﬁ 3.12 LNUNIN Fault Tree “UaQQUﬂ@uIma 3-Element HP Drum Level Control

< L = d o ! = = =
PNAWN 3.12 d@rwnsaldinaiia FTA LWEI"J%F‘]?'Wﬁﬂ'NﬁJU’IL‘UE)ﬁ@L‘UQUiMWmT@Q@JUﬂ@UIVﬁﬁ 3-

Element HP Drum Level Control la@ il

F;!EHPDRUM = FHP UFHP v FHPSH ¢ F;'{PSH 4 F‘HPSH Y FHPECOE U
LT AL T PT FT FT

FHPEC02 UFHP UFHP
T Fwcrl FWCr2

= | - oA
NAUNSN 2-25 mmmﬁummmamwﬂummaﬁammgﬂﬂau‘lma 3-Element HP Drum

Vs 4 ] .-J vV s ﬂl
Level Control wa@nalanaauniIsy 3-12 wavAuuieiouLandlas@unisa 3-13

‘F;EHPDRUM =1- RHPRHP RHPSHRHPSH RHPSH RHPECOERHPECOZRHP RHP (3_12)

LT PT IT  PT  FT  FT T FWCV1 FIWCV2

R wporom =1~ Fy g yp prune (3-13)

Fopsty =1=Rypsy =1-3R.> + 2R P =1-3e741" 42074 (2003) (3-14)
T T

Fupsy =1=Rypgy =1- g el (3-15)
PT PT

FHPSH =1- RHPSH =1- 2RFT .3 RFTZ =1-2¢747! 4 ¢! (loo2) (3-16)
FT FT

Fupecor 1= Ryppeos =1=2Rpr + Rpy” =1-2e7%7 4741 (1002)  (3-17)
FT FT
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¥

HPECO?2
T

P
be F;EHPDRUM
EaEHPDRUM

F, HPSH

=

HPSH
FT

o

HPECO2

=

HPECO?2
T

s

PECO2

o

=

HPECO2
i

=1=

R =]—g ! (2-18)

HPECO?2
g

AANuauvaIresgUABUInsa 3-Element HP Drum Level Control
AU LYeievasgUAaUlvsa 3-Element HP Drum Level Control

AANANIMAIVBITEUUNTINDMRTUaY HP SH Steam Outlet
Amuidetiavessruunsagumgiues HP SH Steam Outlet
AIAIIUALNAITDITZTUUNITIAAIUAUYDS HP SH Steam Outlet
AP dafiovessruunisianusuYes HP SH Steam Outlet
AP ILALARIUDISZUUNTTIAOASINTTIAARBY HP SH Steam Outlet
AamuindeliovosszuumsTasnsinisluases HP SH Steam Outlet
AR LALLUAUDITEUUNTIND RTINS IWavae HP ECO2 to Drum
ArANtAeRavesEuUNISTnasnIsiavas HP ECO2 to Drum
ANMINAANLVEIVDITEUUN TIngaunafivad HP ECO2 to Drum

AU IeloveIsEUUNTIngamiiuas HP ECO2 to Drum

o o oA A o
Wiedaumsansundeiowasnuhivlveiovesguaeulvsa 3-Element HP Drum Level

Control, svuunsinlugunoulnsa uazszuummiuguaaviie (Final Control Element) 1niiAs1es

- @ v I d b d! alj = ! ' d
LWBLLﬁﬂQNﬁIUﬁﬂﬁﬂJE%BQﬂT}WLL‘LJ'JI‘L!&JFl'ﬂl!uqﬁi'ﬂﬂ@‘ﬂﬂLLﬂUlﬂ\‘lLLﬁﬂ\?ﬂQﬂ’lﬂ?ﬂNUWL%aaaLLﬁSLLﬂuu@‘u

o & P~
uanssEEEAINNTINUYBIRUATalsuanslunIng 3,13

INNTIATIEA

= a T ] o LT - |
iSU‘Uqﬂﬂ']i?ﬁLLU’JVWQIUF!'??LWQJF]'J']NU’]L“U@O@"\]SWQ']?M']S%UUﬂ?i?ﬂﬂ?@

ssuummvaNgavievesgursulnsanlifiszuvdrsendundn  Jomneauimnsyuuiduese-

=l 1 l‘-'J qi‘ 1 A < A' dy ¥
‘l_J'ia‘ﬁﬂElU‘U’ENQUF’]@‘HIWSﬁNﬂ’HNU’]L‘U’r]ﬁi]li’]ﬂ"ll‘ld ﬂ"J’!ZJ‘L!']L‘U’aﬂa‘ﬂﬂd@ﬂﬂ@UIﬂiﬁﬁﬂ%LWN?}uﬂ?U Tnesguu

< & o 3 | I o oo &
AlluesrusznauvesguraulnsanlidiissuudrsomSezanivitauuuu 1 out of 1 Sl

1 wuﬁaﬂ’mﬂu?jﬂﬁﬂwm HP Feed Water Control Valve 0-25% (i@ufivdinn)

2. SLUUFIAUANEAYNETBY HP Feed Water Control Valve 0-100% (iduused

TUNW)

3. SEUUNMTIAAIIUANYDY HP SH Steam Outlet (lAWAUENT)

4. szuumTingun)ilves HP ECO2 to Drum (dufiuduinia)
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3-ELEMENT HP DRUM LEVEL CONTROL

1 —— LOOP GONTROL
—— HPDRUMLT 2003
HP DRUM PT 2003 _
09 —— HPSHOUTLET TT 2003 |
— HPSH OUTLET FT 1002
- —— HPSHOUTLET PT 1001 |
' HPECO2 FT 1002
' —— HPECO2 TT 1001
07| HP FW CV 0-25%
: HP FW CV 0-100%
06|
g os|
04|
03| .
02|
01
0 [ - - - - - NSRS « WSESN——
0 100000 200000 300000 400000 500000
TIME (hour)

AWt 3.13 nsmluwalimaiigeRevesguaoulvsa 3-Element HP Drum Level Control

3-ELEMENT HP DRUM LEVEL CONTROL

1 >
09
0.8
07
06
£ 05
04 LOOP CONTROL
‘ HP DRUM LT 2003
HP DRUM PT 2003
03 HPSH OUTLET TT 2003
HPSH OUTLET FT 1002
HPSH OUTLET PT 1001
02 HPECO2 FT 1002
HPECO2 TT 1001
o4 HP FW CV 0-25%
HP FW GV 0-100%
0 .........................
0 100000 200000 300000 400000 500000
TIME(hour)

AW 3.14 ﬂ‘i']wLLu'ﬂﬁaJm’mln.iﬂ’n.%ﬁawaag%au‘[ma 3-Element HP Drum Level Control
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a5 gﬂﬂauiw'saﬁ 4 HP DSHTR (Desuperheater) Spray Water

HP DSHTR spray water control valve Lﬂuﬁ?uﬁmwﬁmﬁm’wﬂ’\'ﬂwawaﬂf’ngmﬂ’nuﬁuQaﬁ
9z U HP Attemperator %&ﬁdagﬁw’i'}&ﬁa HP Superheater 1 uag ¥ie HP Superheater 2 e
auAuguuniiveslonsruaugiliiguiundidimuny  IneAndygiuaivauees HP DSHTR
Spray Water Control Valve ag@nunnildninandanseviflininnissuinmvomsuainmesiin
g iiuad HP SH Steam Outlet (2003) WieAamsuainmesiinausulumiownlodau
Mg (2003) WiguLiBUAUAINTEUIUNNS (Process Value) 4B HP DSHTR Outlet Temperature
mngamgiivasloniusiugeiiinldmnimioganinadanes Mangauauahidn  H
Attemperator (eldasdlimngan sundnumglvedlenussiugezogiiaaianos

PINRINTUNUNINADINGET FIUNTOEU LEUNW SAMALAGT AWA 3.15

HP DRUM HP DRUM HP DRUM HP SHSTEAM ~ HPSHSTEAK  HP SH STEAM
PRESSUREA ~ PRESSUREB  PRESSUREC QUTLET TEMP A OUTLET TEMPB OUTLETTEMP C
« THAGRICP101 % = PHAGI1CP102 » « ™HAG3ICP103 > = "LBAICTION - < MLBA31CTI0» " LBA3ICTIOl »
@
S Sl B
SEL-5S3 .] SELSSA r
A (—@ SETPOINT FROM DCS
5=17.0 — 4
]
56 K] o’
i S _Hl
TN L,
HP DSHTR OUTLET
s g
efl PR TORE HP DSHTR SPRAY WATERCY
« HAHIICTI2 v 2 SETVALUE
& [sF;
K
ltg
N N
b 4
1 I
ADOT VALVE DUTY SELECTED AQD4VALY E DUTY SELECTED
1 1><A> MANAUTO CONTROL STATION MANAUTO CONTROLSTATION
*

HP DSPHTR SPRAY WATER HP DSPHTRSPRAY WATER

CONTROL VALVE CONTROL VALVE
o LAEDIAADGE - < TLAEQIAADDT =

AT 3.15 UNLATH SAMA waqqﬂﬂmﬂma HP DSHTR Spray Water
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NNMIATIEigUApunsa HP DSPHTR Spray Water lngldinaila FTA anunsaszyanimai
ﬁﬂﬁqUﬂauiwmﬁﬂmmé'umaﬂﬁﬁaﬁ

1) HP DRUM PRESSURE FAIL f® i:ﬁ‘uUﬂwﬁﬂmmﬁuiwﬁaﬁ'nlmfwmmﬁuq&
auLvan

2) HP SH STEAM OUTLET TEMPERATURE FAIL fin seuun1singamgilues HP SH
Steam Outlet duiwan

3) HP DSHTR OUTLET TEMPERATURE FAIL f® 3$UUﬂ’ﬁ’?®QmMQﬁ‘U€N HP DSHTR
Outlet auwad

4) HP DSHTR SPRAY WATER CONTROL VALVE FAIL f® SzuusiImIuANgaviig
(Final Control Element) w83 HP DSHTR Spray Water Control Valve auina?

= v [y =
annsadeulviagluununin Fault Tree lasanmi 3.16

LOOP CONTROL HP
DSHTR SPRAY
WATER FAIL
| b
HP DRUM HP SH STEAM OUTLET HP DSHTR SPRAY
PRESSURE FAIL TEMPERATURE WATER CONTROL Ti;g;:;ig:&il
(2003) {2003) VALVE FAIL (1002)

AN 3.16 wkuATN Fault Tree ‘Uaﬁqﬂﬂa’iﬂma HP DSPHTR Spray Water Control Valve

=l v a 4 a 1l S o
NN 3.16 ausaldinala FTA LWE]'JLFIT]Z“V?F]?T%JUWL"UE]QEJLﬂﬂﬂﬁ]’lﬂfUENéj}UﬂE]UIWia HP

DSPHTR Spray Water léaii

FHPDSHTR = ‘F}JP U FHPSH S FHPDSHTR v FH.PDSHTR
SPRAY WATER RT T c¥ T

Nnaunsh 2-25 Aerwdmamieanuliundeiievesguaoulnsa HP DSPHTR Spray

Water wa@nalansaunisy 3-19 waranuddodauansldmaunisn 3-20

Fyppsire =1= RypRypsyy Ryyp psyrra R psiare (3-19)
SPRAY WATER PT IT ¥ T

Ryppsure = 1= Fuppsur (3-20)
SPRAY WATER SPRAY WATER
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F, HppsHTR =1~ RHPD.SHTR
T T

F

HPDSHTR
cr

o
LD FHPDSHTR
SPRAY WATER

RHP DSHTR
SPRAY WATER

FH."’ DSHTR
T

RH 'PDSHTR
T

‘F} 1P DSHTR
(84

RHP DSHTR
Cl

b
©

=]—gr (3-21)

=1=Ryppoum =1=2Re, + Ry,* =1=2¢7% 4 &' (1002) (3-22)

CF

APLANIVAaIvasgUADUNSA HP DSHTR Spray Water
ﬂ'wmmu"}L‘?faﬁamaaqﬂﬂauima HP DSHTR Spray Water
FPLANmaIYdTEUUNT IR iives HP DSHTR Outlet
m"mmu"lL‘?ﬁaﬁamaassuumﬁmqquﬁwaq HP DSHTR Outlet
ANPIIANMAIVBITEULUFIAIUANEAYIE. (Final control element) HP

DSPHTR Spray Water Control Valve

1 1 o A ot 2/ -
AIAMUUINYBODVDITEUUMIAIUANEANIY (Final control element)

HP DSPHTR Spray Water Control Valve
AIPIMANEIVDITEULFIAIUANGIYE  (Final control element)
U84 Control Valve (Positioner)

AMRIBRTDYBTHULRImUANERYTNY (Final control element)

294 Control Valve (Positioner)

diseunsmniidenauazaubitndeievosguaevlvsa HP DSHTR (Desuperheater)

Spray Water, ssuumsintugunsulnsa WA¥IZUUAIMUANEATIIY (Final Control Element) 11

a ¢ Y oA = & = ood o«
'3Lﬂ'ﬁ']g‘lﬁl,waLLﬁﬂﬁNa‘Luaﬂ‘lﬂuﬁ‘ﬂa~3ﬂ?']WLLU'JIﬁl]ﬂ']']ﬂJUWL%@ﬁ@Sﬁ‘ﬂLLﬂum\‘]Ltﬁﬂﬁﬂ\‘lﬂqﬂjqﬁuqﬁﬂaﬂ@uﬁg

-] f :J
LLﬂUU@JuLLEW]\‘]‘E%EJZL'Jﬁﬁﬂ’l‘JVlﬂﬁ’lu‘UHQQUﬂimﬂﬁLLE‘I@\‘]IUJT’]WVI Solal

INATIATIEN

szuunmstuuImslumMsfinanuu@eteasfiarsunsyuunisSavse

sswﬁ'gmuauqmﬁwmmqﬂﬂau‘[maﬁlﬁﬁ‘sswﬁﬁamﬂuwé‘ﬂ FINUIWANMUIVINTEUUTL D UDIR-

Uszneuvesguasulvsaiimundeionntu axuindefevesguasulnsassifiviude Tnesyuy

Mlusadussnauresquaeulnsaiilifiszuudseavoioninhanuuy 1 out of 1 figeil

1. suumsingumniiued HP DSHTR Outlet (duiiudiin)
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LOOP CONTROL (HP DSHTR SPRAY WATER)

09

08 LOOP CONTROL

HP DRUM PT 2003

HPSH QUTLET TT 2003

HP DSHTR SPRAY WATER CV 1002

HPDSHTR QUTLET TT 1001

07

06

R(1)

05

04

03

02

01

0 50000100000 150000 200000 250000 300000 350000 400000
TIME(hour)

AW 3.17 ﬂ'i'lWLLu'ﬂﬂummﬂ”uL%aﬁaﬂuaaqﬂﬂau‘[ma HP DSHTR Spray Water

LOOP CONTROL (HP DSHTR SPRAY WATER)

09
o8

07

1

06

F{)
o
o

LOOP CONTROL

HP DRUM PT 2003

HPSH OUTLET TT 2003

HP DSHTR SPRAY WATER CV 1002
HPDSHTR OUTLET TT 1o01

0 50000 100000 150000 200000 250000 300000 350000 400000
TIME(hour)

nwil 3.18 nsluunluanulsiindefiovesgureulnsa HP DSHTR Spray Water

3.6 guaaulvnsail 5 1-Element IP Drum Level Control
\Hugueeulnsaildmvaussiuiilundeihanuiuuiunans (intermediate Pressure Drum)
Feziivsuadamasiaszauiilunioinlethaududiunans 3 fr vihaluguiuy 2 out of 3

(2003) uwarivsuadawesiaausulunionnloudianusuliunas 3 f (2003) Wusvawe
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'
v e £ o

(Compensator) Assiviinlanainisvaweudiszgninluldaiunn 1P Feed Water Control

< v a o o Ado vy v 8 b oA ! o ¢ ¢ =
Valve LW@IWLUﬂmquﬁﬁmUquW']ﬂiﬂ W']ﬂi%ﬂuu’!m']ﬂ?'\“i@%QﬂT\Q‘mLWC‘]W@H% 'J’la’JGJ::H’JUﬂuU‘imm

. o PR H ) v ' ) 1<l o
unilvadmiferinlewminnusuuunawlivgasundissduasegiyadanesy  Fsnisaauny

9

W
s °

sERUUIUY 1-Element HagldluriasuAuiniog (Start-up) ndndrasuiuaisaudiavadululy

N13AIVANLUY 3-Element

WINAIITUUAUNINADINLAD FTUITOTYU WHUNIN SAMA Tads A i 3.19

IP DRUM PRESSURE IP DRUM PRESSURE IP DRUM PRESSURE

A B c
= *HAG21CP101 = = *HAG21CP102 - < *HAG21CP103 =
eD (D)
| -SEL-S53
(RERLYS IR T DR IP DRUM PRESSURE SELECT
LEVELA LEVEL B LEVELC
«HAGZICLI01 > < MHAG2ICLIO2~ < “"HAG2ICL103 >

PRESSURE COMPENSATE x
SEL-8S3
iPDRUM LEVEL SELECT

e A N SETPOINT FROM DCS

+ oesf T N
d/
<11

6@ MANAUTO CONTROL
STATION

| ><] IPPWCONTROLVALVE
< MLABB3RAD1I4 >

mwﬁ 3.19 LWNUNIW SAMA ﬂadgﬂﬂauima 1-Element IP Drum Level Control

NMNMTIATIEigUaeulnsa 1-Element IP Drum Level Control Tngldinaila FTA @nsa

R IC IR a o v &
sgyauvgminlviguaeulvsaiinnuaumailaned
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1) IP DRUM LEVEL FAIL #e szuumsinssiuilumiewnlethanusutiunans
ALLAAY

2) IP DRUM PRESSURE FAIL fia szuunisinussiuluniannlothanusuliunas
auan

3) IP FW LEVEL CONTROL VALVE FALL fie szuusiaiuAugaving (Final Control
Element) 984 IP Feed Water Control Valve auivan

anansaeulviogluununiw Fault Tree 1afanini 3.20

LOOP LEVEL CONTROL

IP DRUM FAIL
IP DRUM IP DRUM
ROL
LEVEL FAIL PRESSURE FAIL A muf: thL
(2003) (2003)

AT 3.20 LuAW Fault Tree 9p3guABUlNga 1-Element IP Drum Level Control

| - ﬂé = 1 d‘ = =Y =
Q’mﬂ']Wﬁ 3.20 Ei’lmiﬂ‘h’j’mﬂuﬂ FTA LW@’JLﬂiqxﬁﬂjquuqL‘U@ﬂalﬂmﬂiﬂJ']m’U@ﬂQUﬂ@uxWﬁa 1-
Element IP Drum Level Control leinail

‘F:fPDRUM :F:rp UF;P o E‘P
oF PT FWCV

Eil 1 8/ = [ d =
MNANNSN 2-25 ApeaumraIvsenuliintetiovesguraulnsa 1-Element IP Drum
2o = ' | Vo &
Level Control LLﬂﬂ\ﬂlﬂﬂﬂﬂﬂJﬂqi‘Vl 3-23 LLagﬂ'TlﬂJu'TL%@a@LLﬁﬂﬂlﬂm\jaNﬂ'ﬁV} 3-24
Fpprum =1—Rp Rpp Rpp (3-23)

LT Pr FWCV

Ripprone =1 Fipprons (3-24)

Fp =1-R, =1-3R,.> +2R,;” =1-3e™%" 4 274" (2003) (3-25)
LT LT

F, =1-R, =1-3R,.> +2R,,;’ =1-3¢7" + 2% (2003) (3-26)
P i PT

~Ap

F, =1-R, =l-e ™ (3-27)

Fwcy Fwcv
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o)
©

1o  J—— @hmmé’umawmgmau‘lma 1-Element IP Drum Level Control

=y 1 1 d
Rsrppig O mm'mmLmaﬁawaqqﬂﬂaﬂma 1-Element IP Drum Level Control
B AD AIANMNANMAIVBITTUUNTIRSTAULN UMl N lawA AU
LT
nang
= 1 ] A s o IUI v o ‘D’ s
R A AIANUNTBNTBIsTUUNMTIRTEAUUT luntann o AuiuU Y
LT
nang
o A ANANANWABISTUUNTInANAUlunewn L Aus Ul
PT
NAN
R, AB_AIAINULIRDaveIsTUUNTInANeUlumlawn low A uAuUNY
PT
nang
Fq D ANAINANIVAIVDITYUUAIATUANEAYINY (Final Control Element)
Fivcy
Uy IP Feed Water Control Valve
R Ae AAaLeiovesssuumnIuANgaYite (Final Control Element)
Fwcy

284 IP Feed Water Control Valve

dlodaumsennanidetisuazaruliuniofiovesquasulnsa 1-Element IP Drum Level
Control, syuumyinluguaaulnga uazseuummvANaavie (Final Control Element) anilasizy
Wouanmaludnuaeven s livauiidededwnudwansdsmmunindefonazunuuey
wanssTEznaMIVuYosUnsaifauandunmi 3.21

PMNMTIATIY - sevuiimsmuuansunisfisanuddefossinnsanssuunsianse

szuuimunugavnevasgUastlysalifisruudsesdundn  Jsmneamuinnnssuuiiduesd-

P
v

Usgnouvesguasulnsaimnuigenonndu anumiveievesgunsulniasviiuduie Tngszuy

o 1l o A o ) A
‘V]L‘ﬁuad?ﬁﬂiaﬂEI‘U‘UENQ‘UF']E)uiwiaﬁluu‘iﬁuuﬂﬁaﬂwiaﬁan’J’W]NWULLUU 1 out of 1 URIU

2
=t = o

1. syuudimuANanyineued IP Feed Water Control Valve (1§ufivduntu)
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1-ELEMENT IP DRUM LEVEL CONTROL

09

08

07

06
—— LOOP CONTROL

IP DRUM LT 2003
IP DRUM PT 2003
IPFW CV

R(t)

05

04

03

02

0 100000 200000 300000 400000 500000
TIME (hour)

- v oA A
i 3.21 navunliuauiwensvesgUaeulnsa 1-Element IP Drum Level Control

1-ELEMENT IP DRUM LEVEL CONTROL

1
/‘
09 .
. /
08
07
06
Z o5
04
03
—— LOOP CONTROL
o2 IP DRUM LT 2003
IP DRUM PT 2003
— IFFWCV
01
0] B ..... g .-----:r2cccr0 - e .
0 100000 200000 300000 400000 500000

TIME(hour)

P 'Y P o
i 3.22 nsmluualifuanuliuneiievesguaeulnsa 1-Element IP Drum Level Control
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3.7 Qﬂﬂauiwiﬁﬁ' 6 3-Element IP Drum Level Control
lumanves “3-Element control” Hun1snannfsdiuiuvesdudsnssuiums (Process
Variables : PVs) ﬁi’mﬁaﬂ’m@u IP Feed Water Control Valve
Tngfuusnszuiunisusenaunig
- sedudlumsternlothenusuuunans
- Snrnislvavenidssiteudusennlothanusuuiunan
- Savnslwavadlethitosnannusferinlothausuliunans

o g 4 o %’ at 5 q' 4 - = 14
ﬂ?iﬂ?UﬂﬁJﬁ%ﬂUUWIUWNBWﬂl@u']ﬂ’l']ﬁJG]UUWUﬂﬁ’NUUL‘fJUHG‘Vlﬁ’WF]EUu‘I/IE?‘i;ﬂ IG]EH]SG]@GF’WUF}&J

v
L

o v | P v o @ o g = I o i Vi c‘l’ o
seiuinliiegludsignosnuuulivihbu minssauihgaiunimunazdaalitinnudusuuluiu

2
| o e

lovdngrviuleu Faluawvpudhimiliifinmmdemsdedudinvasiaiulet uazmnszdui

v o ) 1 e | ] w | o a 5 v ow @ H
vealainlednitnuafiivusadmansenudenivesiosudoahdrdmioinlonn uavens
o g v a o - v v a < Y i | i a
vibiiAamsuaniaiesnlisuanuiounnniviy Fdygmfnanaydmanenssuiunisudslnii
ROIMENA

- a = @ =
MINNFUNNUNNADINWAIFLISTUU WHUNIN SAMA 1oas AN 3.23

P DRUM IP OUTLET STEAM IP FEEDWATER | e
PDRUN 1P BRI IF SK STEA iPSH § TEAM IF &4 GTEAM CRRINLET RECGTC IPECOTO TEMPERATIRE
E PRESSURES PREGSUREC CUT_ETTEM® A CUTLET TEMFB  GUTLETTEMPC PRIJILURE DRU* VA CRUM FLOWB B
« “*HAGZICP10" = CEHAGZIC2DZ S < "HAZZICPIOYF € L EA2ITTICI = "LBA21CT102 » = ULEAZICTT » « “LECCICPIAL > « *"LABB3CFID2» w TLABBICFIDI> « “PLABBRZT14%:
PT PT “PT CTT T/ TT CPT
IPQRLY SRESSURE SELECT "-[ IP Sk STEAM CUTLETTEMPSELECT |

HP DRUM
HP DRU JE.SH SILA IPSH S11AM
"o ,,}‘_E.‘ELH‘;(‘_ . CUTLET FLOWA SLTLFT FeOwW B
: pickinded © “LBAZICIIES &0 < “LBARICH 035
C LT T f FTK 19 LCOR G BRUM FLOMBELES
& ENgats ) . N . ERESSURE aND — /
L 1 "
| 63, b @-WJ k (J fr 1EMPLRATURL b o
‘1 SEPENSATE K| [
SF1-583 oo ‘
SEL552
IP CRUMN LEVEL SELE \
1P SHSTEAK GUTLET T A WaNauTD CONTRDL STATICN
FLOW SELECT

CcT j
A

< g

[ | L P PWCONTROL VALVE
< LABSIARATE >

mwﬁ 3.23 LULHNUNIN SAMA waaqﬂﬂaﬂma 3-Element IP Drum Level Control

nnMslneiguaeulnsassiviilumiussiuunanlasldnalln  FTA  awsnssy
o 0 o a o uv-:-’ld
amnvihliguasulnsafinauduvanlsssll
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7)

P DRUM LEVEL FAIL fio szuunmsiasesiutlumsfenledhanusudunans
ALLAY

P DRUM PRESSURE FAIL e seuumisiamusulumsiownlotdanusuliy
NANANNA?

IP SH STEAM OUTLET TEMPERATURE FAIL f® iSUUﬂTﬁﬂqmﬂﬂuﬁﬁJad IP SH
Steam Outlet duL¥a?

CRH INLET PRESSURE FAIL @B S2UUN1TIAAMUAUYEY CRH (Cold reheat) Inlet
QHIRGR

IP SH STEAM OUTLET FLOW FAIL Aa 5¥uun15inansnsiuaves IP SH Steam
Outlet Auan

IP ECO TO DRUM FLOW FAIL fg ssuunisingmsinisivages IP ECO to Drum
Auan

IP ECO-OUT TEMPERATURE B FAIL fig FEVUNTINgMuNE 1P ECO Outlet B
GHIVED

IP FW LEVEL CONTROL VALVE FAIL A s#UufnavaNgaving (Final control

element) ¥4 IP Feed Water Level Control Valve auvan

= v v o A
anusaeulvagluuaunin Fault Tree lafanndg 3.24

LOOP LEVEL
CONTROL IP

DRUM FAIL

A\

|

|

IP SH STEAM
OUTLET
TEMPERATURE
FAIL {2003)

o IP SH STEAM 1P DRUM 1P DRUM IPECOTO IPECOQUT IPFW
pREssuee | | OUTLET FLOW LEVEL FAIL PRESSURE DRUM FLOW || TEMPERATURE || CONTROL
FAIL {1002) (2003) FAIL (2003) FAIL {1002) B FAILL VALVE FAIL

mwﬁ 3.24 WHUAW Fault Tree ‘IJENQUﬂﬁJuIVlia 3-Element IP Drum Level Control
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INNINN 3.24 anunsalavaila FTA Lﬁaf‘aLﬂ'i'wﬁmwmj’n,%aﬁaL%qﬂ'%mmmm@UﬂauTma B

Element IP Drum Level Control Jagad

‘F'SEIFDRUM =F:’F UF}P UF‘IPSH UFCRH U‘F}PSH UF:’PECO UF:’PECO UE!P
LT PT T PT Fr Fr T FWCV

INFUNITN 2-25 ﬁhmmé’mwmw%ﬂ'amwmL%aﬁa’uaagﬂﬂauima 3-Element IP Drum
7NV n[ 1 éj v av d’
Level Control a@snsamlaseaunisi 3-28 uwazanuudodsuansldmsaunisa 3-29

E%E}P DRUM = ke RIP R.!.P RIP.S'H R('RH RIPSH RIPECO‘RJPECORIP (3-28)

LT Pr 1T PT FT FT T Fw ey
Rigporume =1= Figippron (3-29)

Fipgy =1=Rpgy =1-3R;% 4 2R =132 4+ 273471 (2003) (3-30)

Ir T

Fepy =1=Regy == (3-31)
PT. PT

Fipsyy 1= Rypey =1=2Ry + Rpp? = 12271 46741 (1002) (3-32)
FT e

Fipgto = 1= Ripprg =122Rpy + R 7 = 152274 4 o267 (1902) (3-33)
f '

Fipeco =1=Ryppep =1- Ay (3-34)
T T

W8 Fyppppeo A9 AIA0ANIMAI Y099 URBUINTA 3-Element IP Drum Level Control

RL ) £ 18 ﬂ"lm’mﬁ’n%aﬁa‘uaegﬂﬂaﬂma 3-Element IP Drum Level Control
Fipgy  AD MANEMaw0ss¥uun1sinaamaiived IP SH Steam Outlet
T
Rpgy — FD ﬂ'ﬂm'}mhL“?’Jaﬁa‘uaﬁzwmﬁﬂqmmﬁwm IP SH Steam Outlet
T
Fapyy © . A8 AIAIINENIMAITRITSUUNTIRATIR DD CRH Inlet
PR
Ry 9 Aiamnidedievasszuunisinenadyes CRH Inlet

PT

e AR AIMINANMAITRITTUUNNTTRSRTINTINaued IP SH Steam Outlet

&

1 1 A o L2
psy B ATANNYUNYDDUDITEUUNTINDRTINITIMA89 IP SH Steam Outlet
FT

peco A8 AIANANMEITEITEUUNTINgRIINTsuaves IP ECO to Drum

=

&

Rippeo  AD Manmudeiiovasszuunsindnsnisivaes IP ECO to Drum
Fr
Fipseo A0 fAMudmanvasszuunIsingamgilves IP ECO Outlet
rr
1 1 d L s A
Ripsco  PD ATAIMNUNTDNBVDITEUUNITINGAUNANUUDA IP ECO Outlet
IE
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d o 1 d’ =3 | I ! {
Wiohaunsanuiensuazanuliiwenevesguasulvsa 3-Element IP Drum Level
Control, s¥uumsintuguneulvsa wazssuusiiniuAnaayne (Final Control Element) 173tAs1z%
iﬂl a 1 A = EII 5 = 1 1 d =
alanwaludnuzvainTIwnltuAuU TR BunuiuantirinIu L datisuazunuuoy
wansszezaN YUY UnsalfaandlunIng 3.25
a = < od oA a o oA
MMTAATIE sruuimsmuuavslumsiueudLgeiiosrinnsanssuunisianie
Y v .:I\l 12l ° o ) <t [ < s
sruuimuauanyevesgursulnsanlifissuvdiseatuvdn  Jneanuiminszuuinilue-
. oA a & N .y
Uszneuvesguasulnsaianunideiienniu aruungeiovesguareulnsasvifindume lnusyuy
a = ¢ a e ° A4 a e v &
nluesrusznevvesguroulnsanliiissuudrseaiaseniiiauwuy 1 out of 1 fifad
1. szuufmuANgaYeues IP Feed Water Control Valve (@uviudinga)
2. TPUUNTIAANAUYRY CRH Inlet (Fuiiudv)

3. S¥UUMTingumgiives IP ECO to Drum (@ufivduinia)

3-ELEMENT IP DRUM LEVEL CONTROL

—— LOOP CONTROL
—— IP DRUM LT 2003
-+ - 1P DRUM PT 2003
—— IPSH OUTLET TT 2003
== CRHINLET PT 1001
- IPSH OUTLET FT 1002
IPECO FT 1002 e
IPECOBTT 1001
IPFWCV

09

08

07

06

R(t)

05

04

03

0.2

01

0 100000 200000 300000 400000 500000
TIME(hour)

A v 1 dl =
NN 3.25 fmwLLmT,uaJmmmlfzjaﬂa“umgﬂﬂauima 3-Element IP Drum Level Control
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3-ELEMENT IP DRUM LEVEL CONTROL

09

0.8

07

06

05

F(t

04

—— LOOP CONTROL
- —— IPDRUMLT 2003
o ==~ _IPDRUM PT 2003
/ —— IPSH QUTLET TT 2003
02 s ———  CRHINLET PT 1001
IPSH OUTLET FT 1002
IPECO FT 1002
01 IPECOBTT 1001
IPFW CV
0
0 100000 200000 300000 400000 500000
TIME (hour)

mwﬁ 3.26 ﬂ'i’lwLLU’ﬂﬁuﬂ'J’l:Jl:u'Lhtﬁaﬁaﬂmqﬂﬂaﬂma 3-Element IP Drum Level Control

3.8 guasulnsai 7 RH DSHTR Spray Water

RH DSHTR Spray Water Control Valve L{‘Jue’huﬁﬂwﬂuﬁmﬂmﬂwamaﬁwLgmmmﬁumu
nafiazdalugs RH Attemperator %amxaagiszwdﬁavia Reheater 1 W% 18 Reheater 2 WioAuay
gampiivatleamnudulunanldliaufuniiauganesd Ingadtygimniuasves RH DSHTR
Spray Water Control. Valve funildainsdanessinldannisuindvesgumgiivinldan
nswaiinnesingumgiilu HRH Steam Outlet (1002) MisAwBIAILAUT TRl M LaTinme T In
anusluvifoinlodhnrmauuiunans (2003) WisUBURUAINSEUILUNT (Process Value) 199 RH
DSHTR Outlet Temperature Mnammnivedlanusifutunasitialdmnimiogainignidnnany
NézauguUTInaniiidn RH Attemperator wigldlunsaisdlimusauunirgamgivedlons
uswuunaazegigndamnosy

a a v = v o
UINWATTUUNUNTNARANLAT SFTUITOLVEU LNUATN SAMA‘IWWQ NN 3.27
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HRH STEAM HRH STEAM
IP DR IP DRUM IP DRUNM ’

OUTLET OUTLET
PRESSUREA  PRESSUREB  PRESSUREC *
= HAGZ1CP101 =« *HAG21CP182 =< *HAGZ1CPI1B3 > TEMF? TUREA  TEME TURE B
« *LBBD1CT101 - = " BROICTI02 =

HRH STEAM QUTLET
TEMPERATURE SELECT

_ s ey
A —

SET POINT FRCM DCS

RHDSHTR SPRAY WATER OV
SETVALLE

RH DSHTR OUTLET
TEMPERATURE
« *HAJOICT115 » ) -

o

AUD4VALVE DUTY SELECTED
y

MANAUTO CONTROL STATION <T MANAUTO CONTROL STATION

RH DSPHTR SPRAY WATER RHDSPHFR SPRAY WATER
CONTROLVALVE CONTROLVALME
< *LAFORADOS = « “LARD1AADDT »

AT 3.27 WHUATW SAMA 194qUnulNsa RH DSHTR Spray Water

INMTIATINgUARBUINTA RH DSHTR Spray Water Control Valve lngldinafin FTA

aunInsyyanvgmihiguareulvsalianudumailaned

1) IP DRUM PRESSURE FAIL fla ssuumsiaanusulunsiennlethamusuiiy

NATNANLAA?

2) HRH STEAM OUTLET TEMPERATURE FAIL flo szuumsingamaiives HRH

Steam Outlet auwman

3) RH DSHTR OUTLET TEMPERATURE FAIL fig 'ib“lJ‘lJm‘ﬁquwgﬁ’Uad RH DSHTR

Outlet auLa?
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4) RH DSPHTR SPRAY WATER CONTROL VALVE FAIL fia S¥UUMAIUANEAYIIY

(Final control element) 984 RH DSPHTR Spray Water Control Valve auivad
annsnleulieglunaunin Fault Tree @il 3.28

LOOP CONTROL RH
DSHTR SPRAY
WATER FAIL

P DRUM HRHSTEAM

RH DSHTR SPRAY RHD5SHTR
PRESSURE QUTLET WATER CONTROL OQUTLET
FAIL(2003) TEMPERATURE VALVE FAIL TEMPERATURE
FAIL (2003) FAIL

AT 3.28 uruaIw Fault Tree Y8qUAaULYSa ¢ RH DSPHTR Spray Water

< ] 4' = L3 1 d - - =
INNINN 3.28 a’ihqiﬂ‘[’ﬁLWﬂUﬂ FTA LWE]’JLﬂiqﬂﬂﬂﬁquuqlfﬁaﬂ@LAUQUﬁiJ’]quENQUﬂE]UIW'ia RH
DSPHTR Spray Water lanqil

\F RHDSHTR = F:’P o P:H’RH U F, RH DSHTR 5 RH DSHTR
SPRAY WATER PT T cv 7

= ! [ - T -]
PMNENNSA 2-25 AAnualvasenulivdeisvesgUreulvsa RH DSPHTR Spray
Voo < oA - Vo o
Water LLaW\ﬂ:@@NﬂﬂJﬂqiqﬂ 3-35 LLaﬁﬂ?qﬁJuqL‘Uﬂﬂ@LLaﬂﬂlﬂﬂﬂaﬂlﬂqu] 3-36

F R DsHIR . =1 RIP RHRH RRH DSHTRRRH DSHTR (3-35)
SPRAY WATER PT. TT OV T

Frpn =1 - R NBor ¥ 3R77.2 - ZRT,.3 =3¢ 2! _ Qg™ ! (2003) (3-36)
T T T

Fos psurr =1 Ry psrrg =1= — (3-37)
T 7

Fgﬁ pserm =1— jomm =1-2R., +R.,* =1-2e7*" + & (1002) (3-38)

=
kg FRHDSHTR

A FANaNwaIresgUAsulnga RH DSPHTR Spray Water
SPRAY WATER

Reypsuy B AAMuYaiiovasguasulnsa RH DSPHTR Spray Water
SPRAY WATER

FHRH

Ap AIMINAImaITassEUUNTIngamalives HRH Steam Outlet
r

T2



=3 U 1 d = s =
R D AANHUILTDOBVBNTEUUNITINYUNNUUDY HRH Steam Outlet

HRH
T
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LOOP CONTROL (RH DSHTR SPRAY WATER)
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IPECO OUT IP DRUM PRESSURE  IP DRUM PRESSURE IP DRUM PRESSURE

TEMPERATURE B A B c
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JT . P Py
SEL-883
4 \ - == IP DRUM PRESSURE SELECT
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MAN/AUTO CONTROL STATION

X7 —
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‘\A/) IP ECO BYPASS CV SET VALUE

IPECO BYPASS CONTROL
P VALVE
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1) IP DRUM PRESSURE FAIL e ssuumsisanusaluntiannletiamusuliu
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2) IP ECO OUT TEMPERATURE B FAIL fie sxuunisinanmaiives IP Economizer

Outlet B 1@

3) IPECO BYPASS CONTROL VALVE FAIL Ag s2uufinnIunuaavine (Final Control
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LOOP CONTROL IP
ECO BYPASS FAIL
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| FAIL FAIL
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W Fppe A9 AR maNMaIw0sgUAoulnsa IP Economizer Bypass
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BYP

Fipeo  AD AIANNGUMAIYRITEUUAIAIVANARYIIY  (Final Control Element)
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U9 IP Economizer Bypass Control Valve
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1. swuﬁ’amuquqmﬁwmaq IP Economizer Bypass Control Valve (i MTTEIVEIEN)

2. sruuingaungiives IP Economizer Outlet B (\uivaiven)

LOOP CONTROL (IP ECO BYPASS)
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LOOP CONTROL (IP ECO BYPASS)
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IP DRUM IP DRUM IP DRUM CRH INLET

PRESSURE A PRESSURE B PRESSURE C PRESSURE
< HAG2ICP101 > « “"HAG2ICP102 > - *"HAG21CP103 > < *LBCOICP101 >
pach o sy
L PT ERT  PT
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P DRUM FRESSUPC SCLECT
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K ‘ J‘ 4| 1P SH STEAM OUTLET BACK
dt PRESSURE CV SET POINT
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Vo STATION
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PRESSURE CV
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LOOP IP SH STEAM
BACK PRESSURE FAIL

IP DRUM IP SH STEAM BACK CRH INLER
PRESSURE FAIL PRESSURE CONTROL PRESSURE
(2003) VALVE FAIL FAIL
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dlo  F,g A8 fmiuduviaivesguroulvsa IP SH Steam Back Pressure
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BPCV
U3 IP SH Steam Back Pressure Control Valve
\ oA A ) ’
R,y P mmmmwaaa‘uaaisuummuqu@ﬂﬁw (Final Control Element)
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2249 IP SH Steam Back Pressure Control Valve
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LOQP CONTROL (IP STEAM BACK PRESSURE)
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LOOP CONTROL (IP STEAM BACK PRESSURE)
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IP DRUM PT 2003

CRH INLET PT 1001
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A 3.38 nsmuualduasliuivensvesguaeulna IP SH Steam Back Pressure

=
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LP ECO 2 OUTLET

TC DRUM LP DRUM LP DRUM LP DRUM LP ECO 2 INLET
TEMPERATURE PRESSURE A PRESSURE B PRESSURE C TEMPERATURE
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289 LP Economizer 1 Inlet Control Valve
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LOOP CONTROL (LP ECO1 INLET AND ECO BYPASS)
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AumngnUaudiumm

WINRIITUIUHUNTNADINUAT ATUITOTBULNUATN SAMA lasanind 3.43

LP ECO 1 INLET

DILFIRING, = s g
TEMPERATURE [
< "1LABT2CT102 > Ii
(TT ) §=120 | SG ; $) SG | =54
LP ECO 1 BYPASS CV SET
VALUE
+
M
af
K
Hal
<T : \A\ MAN/AUTO CONTROL
d 2( STATION

L3

b4

L™

| <] tpEco 1 BYPASS OV
< "LABT2AAQ15 >

AT 3.43 LHuATW SAMA Y83guAoulnga LP ECO1 Bypass

MNMsiaeiguaelnga LP ECO1 Bypass laeldinafla FTA anhsaszyammgiivinliigy
roulnsaAnALdumMar de
1) LP ECO 1 INLET TEMPERATURE FAIL @@ STUUMTIngUngives LP
Economizer 1 Inlet auiunand
2) LP ECO 1 BYPASS CONTROL VALVE FAIL A szuudapiuauaaving (Final
Control Element) ¥89 LP Economizer 1 Bypass Control Valve auwvian

anunsadeulviogluuaunim Fault Tree lisisnwit 3.44
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LOOP CONTROL LP
ECO 1 BYPASS FAIL

LP ECO 1 INLET

{

{ LP ECO 1 BYPASS }
i

| TEMPERATURE FAIL

{
CONTROL VALVE FAIL i

%
e
|

ATWF 3.44 WA Fault Tree ?Jaﬁgtlﬂauima LP ECO1 Bypass

1NN 3.44 @nsaltinatla FTA ieleswinnuit@etiodalsunnieesguaeulnsa LP

ECO1 Inlet & ECO Bypass geved

Frpecor =F; rrecor M pecor
BYP BYPCY INTT

= | - S ]
PINANNSH 2-25 AnrauvavIeANulitseisvnsgUaeulnsa LP ECO1 Bypass uans

lafaauni15 3-51 warAuulodouandlaeiaunisi 3-52

Erprcor =1=Rip el s peon (3-51)
BYP BYPCV INTT

Riprcor =1=Fpppeon (3-52)
BYP BYP

Fopzco = V=R, ppeoi =1~ (3-53)
INTT INTT

Erppcor =1 = Rippeo =1 e (3-54)
BYPCV BYPCV

Wo  Fu A8 Amnudumaivesgureulnsa LP ECO1 Bypass

BYP

Rippeor A® AIMIINYDRBYRIgUARUMSA LP ECOT Bypass
BYP

< ! v L =Y i

F, A AIAILAUMAIYDITEUUNITINDMATUBY LP Economizer 1 Inlet
LPECOI ) A
INTT

Rippeey  AD AAaitafiovesssuunsingumgiives LP Economizer 1 Inlet
INTT

F, Ao AAMLALIMAITEISTULUMAIUALAAYNY (Final Control Element)
LPEE:?I L |
BYP

Y04 LP Economizer 1 Bypass Control Valve

J 1 =J = s %
Riprcor D AIPMUNTRNBYBITLUUAIAIUANAAYINY (Final Control Element)
BYPCV

U89 LP Economizer 1 Bypass Control Valve
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Lﬁaﬂﬂaumimmﬁ’]L“?iaﬁmt.azmmhiﬁwL%ﬁawaqgﬂﬂaﬂma LP ECO1 Bypass, S¥UUN1T
alugupeulnsa wazszuudimIuAuanny (Final Control Element) wniiAewiiitauaninaly
dnwnirveansmuwiliuauideiiodaunuiuansisinauidofiouazunuuounantszorina
nsheuvesgunsaifauandluniwi 3.45 uasuansnalusnuusvesnsmluuiliuanaliundededs
Lmué‘?duamﬁaﬁwm’ml:iﬂ%%aﬁaLLazLLﬂuuauLLamiwsnmmsﬁwmu‘naaqﬂmnﬁﬁqLLﬂm’lumwﬁ
3.46

MMFeTEE  sruuiimsnunnslumsfsmnhidedearinsunssuunisiaie
szuummuRuannevesgUasulysailifiszudseadundn  Famneeaimnszuuiiiuesd-
Usznouresguasulnsafinnuidefieinniu amnindadavesguasulnsasziintudie Tasszuy
fifuosdussnevvasgueaulnsaiilifiszuudsesviaonivhaniuy 1 out of 1 il

1. ‘iauuﬁ’m’mﬂmjﬂﬁ’m‘nad LP Economizer 1 Bypass Control Valve (i@uiiud
\Wen)

2. yuuingoigilyed LP Economizer 1 Inlet (Wiunuduns)

LOOP CONTROL (LP ECO 1 BYPASS)

09

08 4 —— System
: —— LPECO1 INLET TT 1001

=~ _LP ECO1BYPCV 1001

0.7

06

05

R{t)

04

03

02

0 100000 200000 300000 400000 500000
TIME hour)

amil 3.45 nsmluwliumnsnideiievesquasulnsa LP ECO1 Bypass
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LOOP CONTROL (LP ECO1 BYPASS)

08

08

07

06

05

F(t)

04

03

—— LOOP CONTROL
—— LPECO1 INLET TT 1001
=—— LPECO1BYPCV 1001

0 100000 200000 300000 400000 500000
TIME(hour)

nwil 3.46 namlinliunnaliundedevesguaeulvsa LP ECO1 Bypass

3.13 gﬂﬂau‘[maﬁ 12 LP ECO Recirculate Pump VFD Speed Control
Recirculation Pumps %mm‘iﬂuﬁwmﬂmaaﬂ‘uaq Preheater 1 taiiuALsaulTuLd

w111 Preheater 1 IWgungiigandt Acid dew point TunseivfinsiduinIesdieuiiu mnvsuads

[ )

weiingaumaiizeingamgildlaain LP Eco 1 Inlet fiAsiningadawesn Recirculation Pump ¢

o [ ad 4 R (A1) = H 14l
vinsuiuanuiieineslunamuidsuhivizasaun g iveaingeg iyaude-

WaUN

= = a 14
MINNITULEUATNEDIN LA FIUNTOTUULAUATN SAMA Tasanndg 3.47
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LP ECO 1 INLET

TEW PERA TURE OILFRING = — === —— .
i

< "LABT2CTIOZ » |
i

Y N
53=121 T S=5b

LP ECO RECIRCPLMPVFD
CONTROL SETVALUE
+

-
Kfm

MANAUTO CONTROL
STATION

LP ECO RECIRC PUMPVFD
CONTROL

AT 3.7 ununIw SAMA ‘Uadgﬂﬂmﬂwsa LP ECO Recirculate Pump VFD Speed Control

¢

INMINATgUAUINgg LP ECO Recirculate Pump VFD Speed Control lagldinaila
FTA anunsassuanimgiviliguastlnsaiinaudumaslieed
1) LPECO 1 INLET TEMPERATURE FAIL fig s¥uun1singamaiiues LP ECO1 Inlet
ALLVE)
2) LP ECO RECIRC PUMP VFD CONTROL FAIL fo ssuusamuaugavie (Final
Control Element) 984 LP Econommizer Recirculate Pump VFD al1a?

=i v a <l
anunsnliulvieglunsunin Fault Tree Ansnma 3.48

a1



LOOP CONTROL
LP ECO RECIRC PUMP
VFD CONTROL FAIL

LP ECO 1 INLET LP ECO RECIRC PUMP
TEMPERATURE FAIL VFD CONTROL FAIL

AW 3.48 UHUAM Fault Tree 1aguAsulnga LP ECO Recircutate Pump VFD Speed Control

a - A a ¢ o (s,
NN 3.48 @nsaldveila FTA thelingianudideiadiinuvesguaoulnsa LP

ECO Recirculate Pumip VFD Speed Control lédad

F, wn (= treEcoi E/PD
RECIRC INLETTT RECIRC PUMP

RINFUNITA 2-25 mmmé'umam‘%ammlﬂmL%aﬁamaaqﬂﬂauima LP ECQ Recirculate

Py = s [ o
Pump VFD Speed Control uanslanaaunisy 3-55 wagmuundefenandlddisaunsi 3-56

Boep  =1=Ryppeor Ry (3-55)
RECIRC INLETTT  RECIRC PUMP

Ry =1=Fyp (3-56)
RECIRC RECIRC

N =85 Ry = 13830 (3-57)

dlo  F,, o fie ApovdumanvesgUaeulnsa LP ECO Recirculate Pump VFD
RECIRC

Speed Control

R fio Amuindefiovesguaeulnsa LP ECO Recirculate Pump VFD

RECirc
Speed Control
Fpp AR AIAN0ALMAY8ITEULRIAIUANEAYNY  (Final Control Element)
U84 Variable Frequency Drive
o B MAMdeievesssuusImUANgAYe  (Final Control Element)
U4 Variable Frequency Drive
App D BATIAMUANIMAIVEITEUUSIAIUANGAYINY (Final control element)

U049 Variable Frequency Drive
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dothaunsanuindeieuazenuliindefiovasguasulusa LP ECO Recirculate Pump
VFD Speed Control, ssuumsinluguaaulvsa wagszuudnuauganie (Final Control Element)
uasiionansaludnuazessnsmwuliuauhideiofunuduanideiemuidofiouas
unuLBULARsTY BRI ITuYesgUnsalfuandun il 349 uasuammaludnuazyeng I
wultmldindefedaunuiiuansisanauliundofouarunuusunansszezanisvinnuyes
gunsnifauanslunni 3.50

nened  ssuufimsnuamidunaiisamnideiioerfinisaunszuunsianie
szuufmunugavheresgUasulnsafilifiszuudiseatundn  Saneanaimnssuuiiduesd-
Uszneuvesgureulnsadimnundeionintu mmmindaiiovesquasulnsasziiutusy Taoszuy
AifuesdussnauresuaoulnsaiilifsvuudisemiaGoniwinuiuy 1 out of 1 fdd

1. syuuingaumaiivas LP Economizer 1 Inlet (duiiudund)

LOOP CONTROL (LP ECO 1 BYPASS)

09

08 —— System
=— LPECOTINLET TT 1001
—— | LPECO1 BYP CV 1001

0.7

06

05

RN

04

03

02

01

0 100000 200000 300000 400000 500000
TIME(hour)

MW 3.49 Asmlulduarniiensvesguasulnsa LP ECO Recirculate Pump VFD Speed

Control

25



LOOP CONTROL (LP ECO1 BYPASS)

09

08

07

06

05

F(t)

04

03

—— LOOP CONTROL
—— LPECO1INLET TT 1001

02
—— LPECO1BYPCV 1001

01

0 100000 200000 300000 400000 500000
TIME(hour)

Al 3.50 namwwaliumalsiinideievesquasulnga LP ECO Redirculate Pump VFD Speed

Control

3.14 gumeulnsail 13 LP ECO Bypass (from Gland Steam Condenser)

LP ECO Bypass Control Valve (from GSC) 19 miuaiuaugamiiuives LP ECO Feed to
HP/IP Feed Water Pump lmenisuiswid@direulauianain Feed Water Heater Waz LP

. d“ P b dl 4 g -=.|’ Ad oy (.!a 1 A:J @ o &V
Economizer ienauawed GT Cooling Air Cooler Nifaini1suassniionmailanluseninaniaiufiie
n‘ = d' o @ o & = dl =t 45 1 14 L2 s n? -y d‘ l—’g 1
SUAWATEY  MaanndiuninaiueIaaasiavanifaanll  Mnawndarleelviilyariu LP
Economizer

WINNITUAUNINADINLAD AIUITOLTUUBEUNTN SAMA TamanInd 3.51
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LP ECO FEED TO HP/IP

FWP TEMPERATURE
< **LABB0OCT001 >

/ N
W il
TR 4

= i \ LP ECO BYPASS CV (FROM GSC)
)
\.pcs /| SET VALUE

df
dt

o

(\6/ MAN/AUTO CONTROL STATION

/i LP ECO BYPASS CV
\ (FROM GSC)
<**LCAT4AAT11 >

AR 3.51 WNuAW SAMA v8sgUReulnsa LP ECO Bypass (from GSC)

NNMsAsIeviguaailnga LP ECO Bypass (from GSC) Ingléinaiia FTA awnsasyyaivg

%

qurpulnsainAmdmalFFsi
1) LP.ECO FEED TO HP/IP FWP TEMPERATURE FAIL fi® SEUUMTINgUNN VRN

-l
Avinl

LP Economizer Feed to HP/IP Feed Water Pump &31a2

2) LP ECO BYPASS CONTROL VALVE (FROM GSC) FAIL fia SzUURAIUANEAYINY
(Final Control Element) ¥®4 LP Economizer Bypass Control Valve (from
Gland Steam Condenser) duwan

= v [ o
annsadisulviegluununin Fault Tree I@danni 3.52
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LOOP CONTROL LP
ECO BYPASS

(FROM GSC) FAIL

LP ECO FEED TO HP/IP LP ECO BYPASS CV

FWP TEMPERATURE FAIL (FROM GSC) FAIL
|

AW 3.52 unuaT Fault Tree vasquneulnga LP ECO Bypass (from GSC)

ANAINN 3.52 gursaldmatia FTA Lﬁaf‘;miwﬁmmmL%aﬁa@qﬂ?mmmmqﬂﬂauima LP
ECO Bypass (from GSC) 1adiadl

F:’.PECO =Fpeco H LPECO
BYP(GSC)  BYPCV(GSC) HPHIPIT

‘ql 1 v i 8 ‘J =y
NAUNTTN 2-25 ArpnuaumaInIeauliindetovedguaoulnsa LP ECO Bypass (from
3 yp

Y oas =!‘ 1 ai @ oas :J
GSC) UanalaRaalnITN 3-58 WaZAIINUITRToLEALARIEUNIST 3-50

Eppico =1=Ripeco -+ Rippeo (3-58)
BYP(GSC) BYPCV(GSC) HPIIPIT

Riprco =1=Fjppeg (3-59)
BYP(GSC) BYP(GSC)

Fotp o =1~ Ridpeor = 158 (3-60)
HPIIPTT HPI/IPTT

Fpkco =1=R a0 == (3-61)
BYPCV (GSC) BYPCV(GSC)

G Fppco A AANMGIWMEITRIUARUINTA LP ECO Bypass (from GSC)

BYP(GSC)

Riprco A9 A@MLNTRHBVEIGUABULNSA LP ECO Bypass (from GSC)
BYP(GSC)

Fippco D fmndumaiasszuunIsineamaiues LP Economizer Feed to
HP/IPTT

HP/IP Feed Water Pump

I o oA [ a n
Ripro  AB AAMMUWRTRYRISTUUNITIngMfives LP Economizer Feed to
HP/IPTT

HP/IP Feed Water Pump

Flprco  AD Mianudumatvesszuuiniuauaae (Final Control Element)
BYPCV(GSC)

U84 LP Economizer Bypass Control Valve (from GSC)
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= 1 1 dl = o v .
F orco AB ANANUNYDRDVRITTUUAIAIUANEANIY (Final Control Element)

BYPCV(GSC)

Y93 LP Economizer Bypass Control Valve (from GSC)

d o 1 ‘J = [ d =
Weathaumsanudndeteuazanuliyndeiovesguaeulnsa LP ECO Bypass (from GSO),
zuumsinlugueaulnia wavszuumimuAuaaving (Final Control Element) wiiAs1eiite
a 2/ 1 d a4 5 = I 1 A A
wannaluan YT INILITINAMNI YR B TINUAARITIAIANU TR T B UL LN UUBUULARS
o € as P LY 4 1
srEIaIMInuTesgUnsalduandunIni 353 uavuanmaludnwasainsinwualiuanuly
WnFpdaTauwnumnantiadIAu iU Telisuay N UL LLAAITYEELIAINTTIUVDI0UNTAIRILERY
<
Tun i 3.54
a < - oA a LY |
PMMTIATIEY - sEuunasmwiImslumafitanuditeiossiansanssuunisianie
@ v M 1a & o = i o <
sEUUimUALanTngveigUuresulnsaililssvudseatunan  Jamneauimnsruuiiluesd-
= o oA ¥ T - PR
Usznauvesgurauinsalinnuyivenenniu anuinieievaguasulnsasvifamumey lngseuy
o« 3 v oA o & el [ a o &
nluesiuszneuresguaeulnsanlifissuvdrsemiassniviinunuy 1 out of 1 Uil

1. s¥uUINQMNYNUDa LP Economizer Feed to HP/IP Feed Water Pump (efuiiu

=l
aAun)
LOOP CONTROL (LP ECO BYPASS(FROM GSC))
1
09
08| | —— LOOP CONTROL
—— LP ECO TO HP/P FWP
07 . TT 1001
‘ ——  LPECO BYP CV(GSC)

06

05

R(1)

04

0.3

02

01

0 100000 200000 300000 400000 500000
TIME(hour)

Al 3.53 nemunliumiuindeisvasguasulvisa LP ECO Bypass (from GSC)

ar



LOOP CONTROL (LP ECO BYPASS(FROM GSC))

08

08

07

06

F(t)

05

04

03

LOOP CONTROL

—— LPECOTO HPP FWP
TT 1001

—— LPECO BYP CV(GSC)

02

0.1

0 100000 200000 300000 400000 500000
TIME (hour)

awil 3,54 naluurliuminlindsfieussguaeulysa LP ECO Bypass (from GSO)

3.15 Q'Uﬂ‘a‘lﬂ‘vriaﬁ 14 ATMOS Blowoff Tank Level Control

ATMOS. Blowoff Tank Outlet Control Valve iflndaifidszuretihnn ATMOS Blowoff
Tank songssutiiig dmsiivauainosassiuitlu ATM Blowoff Tank 1 & winssfutising,
vieganingaudinnesy NdermuruUBNMeenilvasonIn ATM Blowoff Tank Iimsnges aunin

]
s 1

EEOMEEREVE RN

Y

= = 2/ 2 s A
%']ﬂWﬂ'ﬁﬂJ"lLLNUﬂ'!WﬂﬂﬁlﬂLLﬁ?ﬂ'ﬁJ’]iﬂLﬁUUL'ﬁULLNUﬂ’IW SAMA lmmmww 3.56
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ATM BLOWOFF
TANK LEVEL

< "LCQO2CLI0N >

™

== { o] s=152

K J’ & ATMOS BLOWOFF TANK OUT GV
dt SET VALUE
A
Y T/S\}\/\, MAN/AUTO CONTROL STATION

. 3 e
i e

} ATMOS BLOWOFF TANK QUT
cv
< MLCOD2AABO3 >

mwﬁ' 3.55 LHUNIW SAMA ’UENQ‘UFIE]‘UT,‘VHE} ATMOS Blowoff Tank Level Control

NNMTIATIZIUABUINTA ATMOS Blowoff Tank Level Control laeldinafla FTA anunsn

< 0 v a v v &
vy minlviguasulvsaifinminuaumanlaned

1) ATM BLOWOFF TANK LEVEL FAIL fe seuunsinseautinly ATM Blowoff Tank
AUAD

2) ATMOS BLOWOFF TANK OUT CV FAIL fiB szuusniunsgaying (Final Control

Element) ¥83 Atmosphere Blowoff Tank Outlet Control Valve auian

annsadeuliogluununin Fault Tree ladanmi 3.56

g3



LOOP CONTROL

ATMOS BLOWOFF
TANK OUT FAIL

/'”’Jmﬁ“”\
S OATM N
‘f BLOWOFF ATMOS BLOWOFF
|\ TANK LEVEL TANK QUT CV FAIL
\_ FAIL

i

AN 3.56 WHUAIW Fault Tree Guaqgﬂﬂauima ATMOS Blowoff Tank Level Control

= a A a ¢ A A A A
NN NN 3.56 @wnsaluinada FTA LWE]?LF]T]S‘DW‘I’J']NH’WL‘EJE}E]@L‘U\‘JUiJﬂﬂJ’U’O\‘!QUﬂ@UIWiﬁ

ATMOS Blowoff Tank Level Control [8id

‘F:-iTM BLOWOFF- = F amm EﬂM
TANK LT o

= d v = o i
AN 2-25 AAnEasmaIIe Nl el avasguAeulnsa ATMOS Blowoff Tank

L7 A 1 d s d
Level Control wa@nalaaaunisa 3-62 waranuiidotonansldnaunisa 3-63

F i sroworr =L =Ry By (3-62)
TANK B ¥ ch

R srowors =1+ SOt MRS (2-63)
TANK TANK

Fonr=3—R =]—¢hr (3-64)
LT LT

FATM =1+ R 1s g (¢ (3-65)
cv cr

= = i v
W9 F o momore 10 ANRNAUWMAIYVRIgUADULNTE ATMOS Blowoff Tank Level Control
TANK

=

! 1 EJ =
Romisasowag HE mm'mmL‘uamawmqﬂﬂaﬂma ATMOS Blowoff Tank Level Control

TANK

Foy P8 Aiauduwmaivesszuuinseauiiluy ATM Blowoff Tank
LT

R, A3 Adwdumadvesszuuinsgaulily ATM Blowoff Tank

LT

Fie A9 AMIANNGUMAIYRNTEUUMAIUANGAYIY (Final Control Element)

cv

284 ATMOS Blowoff Tank Qutlet Control Valve

Ry PR A1ANUNRARYRISEULMIATUANEAYNY (Final Control Element)
cv

299 ATMOS Blowoff Tank Outlet Control Valve
100



d o 1 ﬂl = L lﬂ‘ =
LmamaumimmmwanaLLaammlstLﬂjana‘umqﬂﬂaﬂma ATMOS Blowoff Tank Level
Control, szuunsinluguraulnsa uarszuusimuAugayne (Final Control Element) NV3lATIEH
o w v oA a4 i & od A
ieuansualudnyuzYINTIMLWILINAMNULTDRBTINUAILARAITIANAI BN D LA N YLD Y
wanesEEzIaINiNIuYeUNsiinwandunmi 357  uavuanwaludnuaizveinsviuiliy
(] A a4 u’j = 1 [ | J o L4
A llunedadunuAiansirAlii e fiouazunuueuLanlTTELIAIN S UTIRUN Ta]
v <
AananalunIng 3.58
IMMTUATIN sruuimsmuwmslunmsifivanuii@eioasinnsassuunisiavie
o v 1l o o dl 1 A (2
szuufmuRugehevesgUasulnsaiilifiszuudseaduvdn  Fanomnuimnnssuuiiduesd-
= 1 od oA & oA s & v
Usznauvesgunaulnsalmnuuiiedeminiuy amaxuitelsvesguasulnsasuiintumey lngseuy
a 3 a1 o A4 Al L) aw &
MdussAUszneuvesgUasulnsaflilsyuudiseaniaisenivinauiuy 1 out of 1 difeil
1. wuué‘]’amwuqmﬁ’mae ATMOS Blowoff Tank Outlet Control Valve (1&duiiu
=
dlwen)

2. szuvinsezauiily ATM Blowoff Tank (efuiiuduns)

LOOP CONTROL (ATMOS BLOWOFF TANK LEVEL CONTROL)

09

08

0.7 — LOOP CONTROL

= ATM BLOWOFF TANK
LT 1001

06
ATM BLOWOFF TANK CV

R(t)

05

04

0.3

02

0.1

0 100000 200000 300000 400000 500000
TIME(hour)

Al 3.57 newiuwaltiuranindedavesguneulnsa ATMOS Blowoff Tank Level Control
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LOOP CONTROL (ATMOS BLOWOFF TANK LEVEL CONTROL)

09

08

07

06

05

F(t)

04

03

— LOOP CONTROL
—  ATMBLOWOFF TANK

LT 1001
-— ATM BLOWOFF TANKCV

02

0 100000 200000 300000 400000 500000
TIME(hour)

At 3.58 psmunliupnalindefioveaguasulvsa ATMOS Blowoff Tank Level Control

3.16 Qﬂﬂauiwiﬁﬁ 15 ATMOS Blowoff Tank Cooling Water

ATMOS Blowoff Tank Cooling Water Control Valve fuandanlddmiuiiaissuitold
lunisangamgiitly ATM Blowoff Tank fisutdasdssuiniie Tnsiivaaliawmadingamniiily
ATM Blowoff Tank 1 #2 wingamgiriiialdsnimseainigadnnosy ndrasmusuuiinash

k4 i - 5’ Ial' (3
filvaidn ATM Blowoff Tank TWivsnzan unIgaunililu ATM blowoff tank yratnyndnanaev

Y Ll

PWINNANTUIRUNINADINNAD FILNTOLTBULEUAIW SAMA TaaanInd 3.59
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ATM BLOWOFFTANK
TEMPERATURE
= HLCQO2CT101

T
£
K j' dl ATMOS BLOWOFF TANK
at COOLING WATER OV SETVALUE
1ANAUTO CONTROL
STATION

AT OSBLOWOFF TANK
COQLING WATER CV

<=L O002A010 >
mwﬁ 3.59 HunIW SAMA ‘umqﬂﬂaiﬂma ATMOS Blowoff Tank Cooling Water

MNNFIATzigUABLLNTA ATMOS Blowoff Tank Cooling Water lngldivaila FTA @wnsa
ssyanumiviliguasulnsaiineauduman sl
1) ATM BLOWOFF TANK TEMPERATURE FAIL fia syuumsiagamaiivilu ATM
Blowoff Tank &ximan
2) ATMOS BLOWOFF TANK COOLING WATER CV FAIL fia seuusianaueugaiing
(Final Control Element) w89 Atmosphere Blowoff Tank Cooling Water
Control Valve auia

anunsaeuliogluwaunIn Fault Tree laganni 3.60
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LOOP CONTROL ATMOS
BLOWOFF TANK
COOLING WATER FAIL

ATM BLOWOFF TANK ATMOS BLOWOFF
TEMPERATURE FAIL TANK COOLING
WATER CV FAIL

AT 3.60 uNuA Fault Tree ‘uaa@ﬂﬂaﬂma ATMOS Blowoff Tank Cooling Water

PNNMA 3.60 @wnsaldwmaia FTA cﬁaﬁLﬂiwﬁmmﬂwL"ﬁaﬁaL%dﬂ%mmmmgﬂaau‘ima

ATMOS Blowoff Tank Cooling Water &l

FA TM BLOWOFF — FATM “ FATM coL
TANK COOLING T cv

VINANNITA 225 AMANUEUaIvIen i TeiorssgUasulnsa ATMOS Blowoff Tank

. Yo =J ' d a o =
Cooling Water uanglansdunsn 3-66 wazAnuuehananslinedunisn 3-67

FA v sLoworr =1— RATM R, ™ COL (3-66)
TANK COOLING T CK
RATM sroworr =1~ ATM BLOWOFF (3-67)
TANK COOLING TANK COOLING
=1 —1 o tmt
Fany 1R iy = (3-68)
Tr AN
e e — =5 fovt r
Finvea =1- Ry cop=1=¢ (3-69)

v cr

= <4 i &/
WO F powore PO AIRNANMAIVOIRUADUINTA ATMOS Blowoff Tank Cooling Water

TANK COOLING

R D) ﬂ'1mmﬁ’uﬁaﬁawmgmaﬂma ATMOS - Blowoff Tank Cooling

ATM BLOWOFF
TANK COOLING

Water

Fup A dnanudumvaivasssuumsingaumgiivnlu ATM Blowoff Tank
T

Ry, Ao dimnniideievesszuunisingumgiiilu ATM Blowoff Tank

T

Finseor AD AIAMUGLNAIVEISEUUIIAIUANERYINE (Final Control Element) 484
cv

ATMOS Blowoff Tank Cooling Water Control Valve

e 1 I Ao Qs 2 "
Rymycor AP AIMIUUITRNBDVRITETUUMIAIUANGANIE (Final Control Element)
cr

2839 ATMOS Blowoff Tank Cooling Water Control Valve
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dothaumsmmnindefiouarauliundeievesguaeulnia  ATMOS  Blowoff  Tank
Cooling Water, ssuunsinluguaeulnga wagszuuiaiuauanying (Final Control Element) 1
Annpiionanmaludnvurresnsmunliuaiuhidefofunuiuansdsinuiiieiouas
unUUBUIARISEEEIAIMSYuYetgUnsalfauandunnil - 361 uazuanssaludnwzvonsm
wnliunnuliidefiodaunuiuansisianubhindeiouazunuusunansszoznanisyaues
gunsaifuanslunwil 3.62

Pmengd  ssuuiimsmunmdlumsisaiuiideieasinnsansyuunisiavie
szuvimuauaaTevesguasulnsadilifiszuvdseadundn  Famnemnuiminszuuiduesd-
Usznouvesguaeulvsadinnundeiesnniu ammindeiisvesquaoulysasziiiutusay Taoszuy
fifuodusznouresguasulnsaiiliifissuudisemiagonivhaniug 1 out of 1 fdd

1 33UU§{’JmUﬂaJEjmﬁ’m‘uaa ATMOS Blowoff Tank Cooling Water Control Valve
(duivdded)

2. syuumsingungiiiali ATM Blowoff Tank (FuTUELma)

LOOP CONTROL {ATMOS BLOWOFF TANK COOLING WATER)

08

08

07 —— LOOP CONTROL

—— ATM BLOWOFF TANK
TT 1001

——  ATM BLOWOFF TANK

COOLING WATER CV

06

05

R(t)

04

03

02

0.1

0 100000 200000 300000 400000 500000
TIME(hour)

AWl 3.61 m’leLmTﬁmmmmL%ﬁa‘umqﬂﬂaﬂma ATMOS Blowoff Tank Cooling Water
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LOOP CONTROL (ATMOS BLOWOFF TANK COOLING WATER)

09

08

07

06

F(y

05

04

03

LOOP CONTROL
——  ATM BLOWOFF TANK
TT 1001
—— ATM BLOWOFF TANK
01 . COOLING WATER CV

02

0 100000 200000 300000 400000 500000
TIME(hour)

AWT 3.62 fmwLLu'JTﬁuﬂ’nu'LJﬂ:JL#'jaﬁammqﬁﬂmﬂma ATMOS Blowoff Tank Cooling Water

3.17 gunaaulnsafl 16 HP Feed Water to HP Economizer Flow

HP Feed Water to HP Economizer Flow Control Valve L"fjmﬂé’m’mﬂuLﬁ@’lﬁLLu'L%’i’lﬁms
Inaveninin HP Boiler Feed Pump aru GT Cooling Air Cooler ifisane waziisasanisivadi
wangay Tnendrdignauaumumaudunnadesdiiidiedly fuduiiidulaléhaeinisive
youhiitfismalugs GT Cooling Air Cooler Tunpanmznsifuiaios Tnsaaudunnaseuiind i
asainldnamsalinnedinaumues HP FW to HP ECO Flow CV 2 #3 (1002)

] a & Vs <
WINNATUINUATWADINUAT EUITOLTUULNUAIN SAMA 1®ﬂﬂﬂ’1W°ﬂ 3.63
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HP FW TO HP ECO FLOW HP FW TO HP ECO FLOW

CV DIFF PRESSUREA CV DIFF PRESSURE B
< TABSICPE21 > < “LABG1CPEZ2 -

HP ECO MODULATING VALVE DIFF PRESSURE

A - 5=03

MANAUTO CONTROL
STATION

HP FEEDWATER TQ HP ECO
FLOW Cv
< "LABBAATOR =

mwﬁl 3.63 LWUNIW SAMA ﬂﬂd@ﬂﬂﬂ‘lﬂﬂ‘ia HP Feed Water to HP Economizer Flow

MINNTATINGUABUINTA HP Feed Water to HP Economizer Flow lngldinaia FTA

ansaszyamivbigueeuinsaiinanudumadlésd
1) HP FW TO HP ECO FLOW CV. DIFF PRESSURE FAIL A S2UUnIsInAIAILs
WANFIUBY HP. Feed Water to HP Economizer Flow Control Valve
2) HP FW TO HP ECO FLOW CV FAIL A® suusiaiuAuaaving (Final control
element) Y89 HP Feed Water to HP Economizer Flow Control Valve duiuan

annsalisulvieglunaunin Fault Tree lanannwi 3.64
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LOOP CONTROL HP
FEEDWATER TO HP
ECO FLOW FAIL

FWTOHPECC
FLOW CV DIFF HP FEEDWATER TO HP
PRESSURE FAIL ECO FLOW CV FAIL

{ {1002)

mwﬁ 3.64 WHUNW Fault Tree maagﬂﬂau‘lma HP Feed Water to HP Economizer Flow

1NN 3.64 dansaldimaila FTA Welameiaranindeiie@wiinavosguasulnsa HP

o

Feed Water to HP Economizer Flow L@t

¥, HPFW=ECO — A, A UH, HPFIW—ECO
PT cy

P ' %) T
NNANNTTA 2-25 A uauvavieatulivnSetiovesguaaulvsa HP Feed Water to HP

5 v = oA A v =
Economizer Flow Lansl@@aaunish 3-70 uaranuindonsuaslasaadnisi 3-71

F;iPFWaECO =Ry RHPFW—)ECO (3-70)
BT CV
Reprw o eco=1 " Fyuprw Seco (3-71)
Fip=1-R,p =1=2R, +R,} =1-2e7""" 4 e (1002) (3-72)
PT PT
= e"{r'rf (3_73)

Frprw Seco = 1= RHPFW—)ECO il
cr cv

50 oy s RO AMNEUWaIYegURDUlnsa HP Feed Water to HP Economizer
Flow

Rypry5co D AAVNEUMEIYOIUABUINTA HP Feed Water to HP Economizer
Flow

F,, AD ANANINANMAITBISTUUNITINAUAULAIAIYEY HP Feed Water to

HP Economizer Flow Control Valve

I i o - o s 1
R,, Ao AANUILTeliBTaITTUUNTInAINAULASA19YEY HP Feed Water

to HP Economizer Flow Control Valve
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<4 1 -7 @ £ i
Fgﬁﬂ,,%mﬂa ANMMUANNAIVOITEUUMIAIUANEANIY  (Final control element)

294 HP Feed Water to HP Economizer Flow Control Valve

Ry ico P ANANUNGDDDYBITEUUMIAIUANGANIY  (Final control element)

U89 HP Feed Water to HP Economizer Flow Control Valve

d: o 1 ﬂd = [ ¢=II =
Winhaunismnaniwensuavauliiiveovesguaeulnsa HP Feed Water to HP
Economizer Flow, seuunisintugumaulnsa uagseuusiniuanganie (Final Control Element) 1N
a L4 dl o v 1 d‘ dP' 5 = 1 1 dl <
ATV DWEAIHA LUSN YL VDINTIN WL LA UUIADA Y SN UAILERIDIAIAINNLLTD D B LAY
WNUUBULAMITTETLIAINIIIIULetaUnsalduandlunmi 3.65  wazuannaludnwnruoInsm
R o P T o
wnltuAuldu e efannunsianteninluliuidefonastnULa LLAAISLELIAINNSYINTUYD Y
¢ w =
gunsalasiandlunIng 3.66
a, ¢ = o oA oA a ) =
PINNTHATIEY  SEUUNAITMLUINITLUAITINNANU TR TR NINTUISTUUNITIANTD
s 8 alVL 1l o 11 [ = i a < I3
sruummualgavnevasgureulnsanliiseuudseaduven  Swneanuiwnssuuiiluese-
o 1ol - P-4 oA - o W
Usznauvesguraulnsalinmuiietoniniu mnuuLetevasguasulnsaasiiavumiy lngszuy
ﬁL‘TJuadﬁ‘ui:ﬁﬂaU‘uaaqﬂﬂauT:wsaﬁlﬁﬁiwuﬁﬁmﬁaﬁUn'iﬂﬁwmmmv 1 out of 1 %isl
1. ‘izuuﬁ’quu?jmﬁ'}wm HP Feed Water to HP Economizer Flow Control

Valve ({@univdtien)

LOOP CONTROL (HP FEEDWATER TO HP ECO FLOW)

—— LOOP CONTROL
———— HPFWTOHPECO
DIFF PT 1002

HPFW TO HPECO CV

0.8

08

0.7

06

05

R(1)

04

03

0.2

01

0 100000 200000 300000 400000 500000
TIME(hour)

M 3.65 nsmluwiltiuanuiidenevesguasulnga HP Feed Water to HP Economizer Flow
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LOOP CONTROL (HP FEEDWATER TO HP ECO FLOW)

08

08

07

06

05

F(t)

04

03

LOOP CONTROL

——— HPFW.TO HPECO
DIFF PT 1002

————— HPFWTOHPECOCV

02

01

0 100000 200000 300000 400000 500000
TIME(hour)

N 3.66 namluunliupndlivnveiiovesguaeulnsa HP Feed Water to HP Economizer Flow

3.18 Qﬂﬂau‘[maﬁ 17 HP/IP FWP A Minimum Flow

HP/IP FWP A Minimum Flow Control Valve Su’l‘ﬁﬁm%’umsmaﬁ'lﬁ HP Feed Water Pump
quinan LP Economizer aifusatosiuudiosnsnisivaveniiilmashudusiaiosningas
nslvaifmun ssdauswusuitunnuasilitiudems mnsnsnisinaveaisnnnidnsnis
Ivaitriivun agiiliiAnnszuaiu (Overcurrent) suvilifusinosuasuia Ssosvimsaunusng
nsluwar1u HP/IP FWP A Minimum Flow Control Valve

YR FUKUANEDIAUET AssaiTBuusunIn SAMA TiFsnwil 3.67
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HPFIP FW PUM PA HP HP/IP FW PLM PHP DSCH HEADER

DSCH WATER FLOW TE PERA TURE (TO HP ECO)
« *LABSICF101 > < MLABSICTEON >
@
[

+

K I HRYIP PW PLMP A MINIM LM
FLCW OV SETVALUE

<T; :‘; MANAUTO CONTROL
STATION
[o]

i HPFIP FW PUM PA RAINIKE UM
FLOW CV

< “'LABIMAATOL »

AW 3.67 UNUNW SAMA uasaURoulNTa HR/IP FWP A Minimurn Flow

NMTIATIEigUABuYIa HPAP FWP A Minimum Flow lneldinadln FTA @iunsaszy
awvniviiguaeulnsaifnaudunaas ¢

1) HPAP FW PUMP A HP DSCH WATER FLOW FAIL A9 52UUIR8RIINITINAUDY
HP/IP Feed Water Pump A Discharge Water auiva

2) HP/P FW PUMP HP DSCH HEADER TEMPERATURE FAIL (TO HP ECO) fa
‘ixuu‘ﬁ'ﬂqquﬁ‘uad HP/IP_Feed Water Pump HP Discharge Header (to HP
Fconomizer) AL

3) HP/IP FW PUMP A MINIMUM FLOW CV FAIL fio szuumiurugaving (Final
control element) ¥89 HP/IP Feed Water Pump A Minimum Flow Control
Valve

anunsnlsulvioglunnunin Fault Tree ladannd 3.68
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LOOP CONTROL HP/IP
FW PUMP A MINIMUM

FLOW FAIL
il HP/IP FW PUMP A HP/IP FW PUMP HP DSCH
s Vb MINIMUM FLOW CV HEADER TEMPERATURE
FLOW FAIL / FAIL FAIL (TO HP ECO)

AW 3.68 LU Fault Tree Y83gUnoUlNTA HP/IP FWP A Minimum Flow

MNMA 3.68 ansaltivalin FTA ielnsgiauditaiotalSinanesguasulvsa

HP/IP FWP A Minifnurmn Flow aiai
F o <h

MIN FWP4 UFM.WFLOWA o FHPDSCH
FLOW 4 T cv T

d’ i 2/ =] [ r-‘j <
NNANATN 2-25 mmmaummmaﬂ'nu"l,mmwaﬂmaagﬂﬂauiwsa HP/IP  FWP A

— voas < T % as Py
Minimum Flow LLﬁﬁQlﬂﬂﬂﬁﬂJﬂﬁi‘V] 3-714 LLag'FI'J'WSJUWL"UaﬂaLLﬁﬂ\‘llﬂﬂQ'ﬁMﬂ’li‘lﬁ 3-75

By v = 1B i R rrowaRappscu (3-74)
FLOW A FT, WCv T

RMIN =1=Ly (3-75)
FLOW A FLOW A

F,c’t:fr{NF.’_OWA =1= RM:;NFLOWA =]— ¢! (3-76)

Fyppscit = 1= Ruppserr =1 —e ! (3-77)
T T

Frypg=1—Rpyp, =1- " (3-78)
FT FT

Wo  F, fo dewdiimasvesguasulnsa HR/AP FWP A Minimum Flow

FLOW A

1 o4 A § i
R D mmmmLmanamaqquﬂaﬂma HP/IP FWP A Minimum Flow
FLOW A

4 @ o =
FHWPDSCH AB ANPIUANUAIVBITEUUNITINGUNNUUYDY HP/IP Feed Water Pump

HP Discharge Header (to HP Economizer)

R

P lj 1 o e a =
pposc AD ATANULYDDDUVDITEUUNTINQUNAUUBY HP/IP Feed Water Pump

HP Discharge Header (to HP Economizer)
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Fopp, P8 ANAMNENMAIZ0IIEUUNITIRSRTINSINAVDY HP/IP Feed Water
FT

Pump A HP Discharge Water

=

Rpyp,  AD A1IAMUUTDDOUBITEUUNMTIAGNTINTINAUDY HP/IP Feed Water
FT

Pump A HP Discharge Water
3

v FLOV 4 A AAIIUANMRIVRITEUUAIAIUANEANIY (Final control element)
V

299 HP/IP FWP A Minimum Flow Control Valve

=

Ryun row 4 A2 AANNUNTBODUBITEUUMIAIUANGANIY (Final control element)

cv
Uy HP/IP FWP A Minimum Flow Control Valve

A o o4 A R | —
iiothauninudidenouasaulivnyeiiovesgueeulnsa  HP/IP. FWP A Minimum
Flow, szuunisinluguaeulnsa uazsguuminiuauaaig (Final Control Element) iniAsiziiie
) ] o4 = o = i [
uansaluanvaugrenTLwIlinanmidislisdeununadasfisinamindololazunuuouldns
o ¢ o = s 2 1
seozhmMsinuvesgUnsalstandunmi 3,69 uasuanwnaludnuazvensinuuliuauly
ungeiofaununiuansivinauliindatioazunuueunantszsziainsyinuuesaunsaifuan
-
Tunmin 3.70
=3 '3 :] n: 1 el < a s =)
PMMTAATIEA  F2UUNAITV LI NIUNISIRN AT RARYE RSN UUNIS TAnS 0
o E% M o1a o [ o = ! o < g
ssuuimuRNgavnevesguneulnsanlifissuudiseatundn - Fmnganuimnszuuiiluosd-
a T & T & & w
Uszneuvesgumreulnsaimnuinieiioinniy anutisefiavesquaeulnsassiiuduiie Taosyuu
A (3 1=l o = =l f o o 3
fdussdusznauvosguaeulnsaiiifiszuudisesdadeninihemuuy 1 out of 1 il
1. ssUURIAIUANAATIEYEY HP/IP FWP A Minimum Flow Control Valve (iduiiu
= =l
GISTR)
2. 52UUNSIAORSINTIVavee HP/IP Feed Water Pump A HP Discharge Water
(Funvdua)

3. sTUUMTIngUVNNved HP/IP Feed Water Purp HP Discharge Header (to HP

s
= o a

Economizer) (\dUNUALIU)
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LOOP CONTROL (HP/IP FW PUMP A MINIMUM FLOW)

05 " —— LOOP CONTROL

s ——— HP/IP FWP A FT 1001
' ~—— HP/IP MIN FLOWA CV
08| | —— HP/P HEADER TT 1001

07

06

05

R(Y)

04

03

02

01

0 100000 200000 300000 400000 500000
TIME(hour)

Al 3.69 nsmunliiup i eRiovasgunevlnsa HP/IP FWR A Minimum Flow

LOOP CONTROL (HP/IP FW PUMP A MINIMUM FLOW)

ooy .
09
0.8
07
06
£ o5
04
03

02 —— LOOP CONTROL
; —— HP/IP FWP AFT 1001

. —— HPIIP MIN FLOW A GV

——  HP/IP HEADER TT 1001
0

0 100000 200000 300000 400000 500000
TIME(hour)

AW 3.70 ﬂ'i'lwLLmIﬁm’JmhjmL%aﬁa‘umqﬂﬁaﬂma HP/IP FWP A Minimum Flow
3.19 guaeulnsadl 18 HP/IP FWP B Minimum Flow
HP/IP FWP B Minimum Flow Control Valve 1 @ wsutnewiathil HP Feed Water

. = o Y o w o 1 Y 1
Pump guan91n LP Economizer wellusdesiuliudlosasrnsivavenifinaiuduiaiosnin
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gnsnsiviadinvun  anfausaiusuiitumnnuasylududemne WINBNTINTIMAVDIUININAT
onssivanimun  asvilfiAnnseuaiiy (Overcurrent) awvilvuewesvastus Sedaswinnis
AIUANEATINSIVAHIY HP/IP FWP B Minimum Flow Control Valve

MWINNIITULHUNIWADINUET ENUTOTEURNUNTIN SAMA TEFanTwi 3.71

HPIP FW PUM P B HP HP/IP FW PUN P HP DSCH HEADER
DSCHWATER FLOW TBM PERATURE (TQ HP ECO)
< TLABYICF102 <" LABRICTO0 &
FT
[ick

A $=155

d/
K J' HRIP FW PLMP B MINMUM
FLOW CV SETVALLE

MANAUTO CONTROL
STATION

HPF/IP FAW PUMP B b4 I NIRE UM

FLOW Cv
< *LABSIRATOZ 5

AW 3,71 UNUAIH SAMA vasgunaulvsa HP/IP FWP B Minimum Flow

nNMsAsIiguaoulnsa HP/IP FWP B Minimum Flow Taeldimaila FTA GRREREERY
agiviliguaeulnsafinauduinanldded
1) HP/IP FW PUMP B HP DSCH WATER FLOW FAIL Ae seuun1sindnsinisiva
03 HP/IP Feed Water Pump B HP Discharge Water auwan
2) HP/IP FW PUMP HP DSCH HEADER TEMPERATURE FAIL (TO HP ECO) fim S¥uU
n15ingaumalves HP/IP Feed Water Pump HP Discharee Header (to HP

Economizer) autuan

B



3) HP/IP FW PUMP B MINIMUM FLOW CV FAIL @9 ‘iwuﬁ’m’mﬂuqrﬂﬁ’l&i (Final
control element) 983 HP/IP Feed Water Pump B Minimum Flow Control
Valve auiad

anunsalieulioglunnunin Fault Tree lananwil 3.72

LOOP CONTROL HP/IP
FW PUMP B MINIMUM

FLOW FAIL
P W 4N
Y v ol HP/IP FW PUMP B HP/IP FW PUMP HP DSCH
( DSCH WATER MINIMUM FLOW CV HEADER TEMPERATURE
\_FLOW FAIL FAIL FAIL (TO HP ECO)

mwﬁ' 3.72 WU Fault Tree ‘uaqqﬂmau‘lwsa HP/IP FWP B Minimum Flow

- v a A a o dad kil Lo a
MNAWA - 3.72 annsaldinada FTA Wedesigiauiidededinuvesguaoulnsa
HP/IP FWP B Minimum Flow lagail

Fouw =5 Fwps Eww rLow s F, HPDSCH
FLOW B FT cr T

= 1 v = (T g
NNAUMIN 2-25 AanUaaIvEelliundetievesguraulnsa HP/IP. FWP B Minimum

v e d 1 4 L7 ﬂ.
Flow wanala@eaunisi 3-79 wazaruul@adouandlanaunisi 3-80

Frm N5 1 =Reyp o By ivemon 5 8% ssew (3-79)
FLOW B FT > CV 7

Ry =1sFyy (3-80)
FLOW B FLOW B

il

Fumrrows = 1= Ry riompe o= r (3-81)
cr cr

Frypp =1=Rpppp =1- ¢! (3-82)

T FT

We  F, A9 Aenuaumaivesguasulvsa HP/IP FWP B Minimum Flow

FLOW B
R,y Ao Amenudwietevesguaeulnga HP/IP FWP B Minimum Flow
FLOW B
Frppp A8 AIANANMEIVEIIZUUNTINENTINTIAA HP/IP Feed Water Pump

FT
B HP Discharge Water
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= i oA v W
Reypp A9 ANANUNTBDRVOSEUUNISIABATINSIME  HP/IP  Feed Water
FT

Pump B HP Discharge Water

= ! 19 o L4 .
Fyuvmow s A2 AIAUANIMEIY0INAIUANAANIE  (Final Control Element) w99
v

HP/IP FWP B Minimum Flow Control Valve

Ry rrow s A ANPUANMAINBIFIAIUANEAYNG (Final Control Element) vad
cyv

HP/IP FWP B Minimum Flow Control Valve

LﬁaﬁwammimmmﬁaﬁauammﬂﬂﬁnL‘?‘jaﬁaﬂuaaqmaﬂma HP/IP FWP B Minimum
Flow, szuumsinluguaoulnas wasszuufmunugaie (Final Control Element) uniinsngsiiite
wansraludnuazvesnsmwu et b et sy suansi i oRe LaT LN ULE LA
srpzmMshuvesgUnsaliuandun il 3.73 uariansaludnuarvesns muualtin el
‘LhL%aﬁa%"aLmuﬁg\iLLamﬁaf’hmmlaJmLﬂdjaﬁauaumuuauuamaxaznmm‘iﬁwmuwa@qﬂmtﬁm"mam
Tunwil 3.74
MINTRATIER sruufirasnsuamslunisiisansindeiessinsanseuunisiavte
ssuuimuauanisvesguasulnsalifszuudisentundn - Fwsneanuiminseuuiidued-
Ui:ﬁnawmqﬂﬂauiwsaﬁmmﬁu%aﬁaum%u mﬁmhL’?faﬁa‘uaaqﬂﬂauima%Lﬁuﬁuﬁaﬂ Tnaszuu
ﬁL‘fJua@ﬁﬂ'ﬁzna*u*uaaQﬂﬂauimaﬁhiﬁﬁxuuﬁﬁaw‘%aﬁaﬂdnﬁmmmu 1 out of 1 iigfeil
1. S¥yuAIMUANEAYINETas HP/IP FWP B Minimum Flow Control Valve (1ufiu
Aen)
2. STUUMTINBATINGLNGYEY HP/IP Feed Water Pump B HP Discharce Water
(IHuAvELA)
3. SEUUNTINgUNIIeY HP/IP Feed Water Pump HP Discharge Header (to HP

Economizer) (VUNUALILIY)
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LOOP CONTROL HP/IP FW PUMP B MINIMUM FLOW

1
09
08
07 —— LOOP CONTROL
—— HPIPFWP BFT 1001
o —— HPIP MIN FLOW B CV
—— HPAP HEADER TT 1001
g os
04
03
02
01
0
0 100000 200000 300000 400000 500000
TIME (hour)

AN 3.73 ﬂiﬂwLLu’ﬂﬁummﬂw‘t‘f‘aﬁawaaqﬂﬂau‘lma HP/IP FWP B Minimum Flow

LOOP CONTROL (HP/IP FW PUMP B MINIMUM FLOW)

1
0.9
0.8
07
06
E o5
04
03
02 —— LOOP CONTROL
—— HPIPFWPBFT 1001
» —— HPIIP MIN FLOW BCV
—— HP/IP HEADER TT 1001
0

0 100000 200000 300000 400000 500000
TIME(hour)

Al 3.74 ﬂiwwLLu'J'iﬁumm‘lﬂﬂ’]Lﬁaﬁawaqgﬂﬂmﬂma HP/IP FWP B Minimum Flow
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P
3.20 Qﬂﬂauiwsaw 19 HP Turbine Bypass Spray Water
HP Turbine Bypass Spray Water Control Valve 2¥n91ulusing Bypass Operation (115
g =.i.q o = 1 L2 d: al ‘n} a!tu 14 - g ar ch
vgwaloinndanuduiuaianesy) Wormuaugumaiileurninldannsainnesingamgiiv

HP Turbine Bypass Outlet Steam lilviAuAsnwosyi

- a v =l 2 s a
WINWATUNUNINEDTNUAD AWITOTBU WA SAMALRRS n1wi 3.75

HP TURBINE BYPASS QUTLET HP TURBINE BYPASS OUTLET
STEAN TEMPERATUREA STEAM TEMPERATURE B
<« "MANOZCTOO0! :» < "HANOZCTO0Z
l SEL-SSZ e
Lo """ I” HPTURBINE BYPASS OUTLET STEAM
TEMPERATURE
+
— SG | 5=30
d
K f HP TURBINE BYPASS SPRAY
ot E BYPASS SPRA,

WATER Cv SETVALLE

MANAUTO CONTROL STATION

HP TURBINE BYPASS SPRAY WATER CV
<« "MANI1AATO2 -

Al 3.75 UNUNTIN SAMA ‘Uaegﬂﬂaﬂma HP Turbine Bypass Spray Water

MNMsATigUABUlnTa HP Turbine Bypass Spray Water Ingldinafla FTA anunsaswy
a'»ms}ﬁﬁﬂﬁgﬂﬂauimmﬁmmma"umaﬂﬁﬁaﬁ
1) HP TURBINE BYPASS OUTLET STEAM TEMP FAIL Ao szuunisingumgiives
HP Turbine Bypass Outlet Steam auL1a?
2) HP TURBINE BYPASS SPRAY WATER CV FAIL flo szuusmuauaaiie (Final
Control Element) 984 HP Turbine Bypass Spray Water Control Valve auivan

= v v =~
ﬂ']ﬁJ'ﬁﬂL‘UEJUIVT?JQTULLNUﬂ'IW Fault Tree Iﬂﬂﬁﬂ']WVI 376

i 7



LOOP CONTROL HP
TURBINE BYPASS
SPRAY WATER CV FAIL

HP TURBINE BYPASS

HP TURBINE BYPASS
OUTLET STEAM TEMP
FAIL (1002) SPRAY WATER CV FAIL

AW 3.76 wHuA N Fault Tree ‘um&uiﬂﬂauima HP Turbine Bypass Spray Water

o v = 4 o i | o a =
VNN 3.76 ansnsaldineila FTA Wedlamesiananiniiofeiauvesguaenlnsa Hp
Turbine Bypass Spray Water la¢ad
FH

PTURBINE —4'HpRYp UFHPTBBYP
BYPSPRAY T SPRAY CV

1INAUNSA 2-25 AANdmaIvesgUasulnsa HP Turbine Bypass Spray Water uanale
PANNITN 3-83

Fprugive =1— Rip oy Risp oy (3-83)
BYPSPRAY s SPRAY CV

RHPTURB.’NE =168, HPTURBINE (3-84)
BYPSPRAY BYPSPRAY

Bppyp 1= Rypprn=1 — 2R+ Rrr2 =1=2¢7" 4 o7t (leo2) (3-85)
T rr

A1

Frprpgyp =1 T S\ (3-86)

SPRAY C¥ SPRAY CV

- 4 | 7 .
W9 Fprupee A8 ANRENIWAIBIGUABUINTA HP Turbine Bypass Spray Water
BYPSPRAY

= U 1 & -
Ryprvrsme P9 ﬂ’lmmmL“Uaﬁa"umg‘l_lﬁauima HP Turbine Bypass Spray Water
BYPSPRAY

F%PBYP Ao ﬂ'ﬁmmé’umawaqsxmmﬁmqmmﬁwaq HP Turbine Bypass Outlet

Steam

< I 1 A o a .
R;,'}{,BYP AR ATAITHUYRNDTDITEUUNTINQUNNNYRY  HP  Turbine Bypass

Qutlet Steam
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Fprs pyp A ANAMNAUVEIUDITZUUAIMUANEANIY (Final Control Element)

SPRAY CV
Y84 HP Turbine Bypass Spray Water Control Valve

Riprsgye AB ANAMMUNABNDYOITEUUMAIUANAAYINY (Final Control Element)
SPRAYCV

U89 HP Turbine Bypass Spray Water Control Valve

LﬁaﬁﬂaumsmmmL%aﬁaLLazﬂaﬂulajﬁwL%aﬁamaagﬂﬂauiwsa HP Turbine Bypass Spray
Water, szuumsinlugueeulnsa wayszuusaniunugaring (Final Control Element) snitasnzsiite
uanaaludnyuzveansmuwltuaudetiodunuiuanisdmniidofiouazunuusunans
szeznaMnuvesgUnsaifandun il 377 uasuanssaludnenzvesns v uall
u'u%aﬁa%aLLnuﬁaLLaﬂ&ﬁqmmmmmL%'aﬁaLgasl,muuauuamisazL’Jmmsﬁﬂmuﬂuaqqﬂﬂitﬁé‘]’mam
Tunwil 3.78

MNMTAATER srvitmsiuanddumsiisanaindeiisnyinnsansyuunisiavie
szuummuaugevnevesqueeulysalifissuudseadundn  Samnemauiminszuuiidued-

= s | = o - - W
U'ﬁ'zﬂ@U‘UaQQﬂﬂaUIV]'saﬁJﬂ?']uu']L‘Uaﬂalﬂﬂ‘ﬂu ﬂ']']l]u']L‘ﬁ@ﬂa‘U@QQUﬂ'QUImsa'ﬂﬂLWM“UUW’JEJ ICﬂEJ'iS‘U‘U

=

fluesdusenevuasguroulnsanlifiszuudisemioiuniniruiuy 1 out of 1 Jdal
i 'i:,'UUﬁ?mUF}iJE'jﬁlﬁ’lﬂmm HP Turbine Bypass Spray Water Control Valve (1du

T (K1)

LOOP CONTROL (HP TURBINE BYPASS SPRAY WATER)

09

08 ~——— LOOP CONTRL
HPTB BYP OUTLET TT 1002

HPTB BYP SPRAY CV

07

06

05

R(t)

04

03

02

01

0 100000 200000 300000 400000 500000
TIME(hour)

i 3.77 ﬂiwwLLuﬂﬁmmmmﬁaﬁamaaqﬂﬂau‘lma HP Turbine Bypass Spray Water
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LOOP CONTROL (HP TURBINE BYPASS SPRAY WATER)

09

08

07

06

05

FiY

04

03

LOOP CONTROL
HPTB BYP OUTLET TT 1002
——— HPTB BYP SPRAY CV

02

01

0 100000 200000 300000 400000 500000
TIME(hour)

AW 3.78 ﬂi”l'/‘lLLuﬂﬁ'uﬂ’ﬂu\lﬂﬁ’lL%@ﬁ@‘ﬂadgﬂﬂauiwia HP Turbine Bypass Spray Water

3.21 Qﬂﬂaﬂwmﬁ 20 HP Turbine Bypass

HP Turbine Bypass Valve vhmiiilunisungmdlanannusugsfimnusuiiudidnnessias
g Cold Reheat Fuagiinsuatinmosingnmail HP SH Outlet Steam 2 62 (1002) dwiu Ay
“tla\‘l‘lammmﬁuqxiﬁaaﬂmﬂ HP Superheaters

PINAITUEUNINADINUAD ANNISOLTHULNUNIN SAMA TAsenIng 3.79

122



HP SH OQUTLET STEAM  HP SH OUTLET STEAM
PRESSUREA PRESSURE B
< ™ BA3ZCP1E] « "LBA32CP152

HP SH OUTLET STEAM PRESSURE

¥~ Y eT11 GENERATOR
Nl POWER QUTPUT

a4 HP TURBINE BYPASS
K I VALVE SETVALUE

I
I
]
]
.

+ /=~ HPIPTBY BACK-UP MODE

T\@ MANAUTG CONTROL STATION

| | HP TURBINE BYPASSVALYE
< "MANDIAABOT

AT 3.79 UEUAM SAMA Yo3guneulnga HP Turbine Bypass

NNMFAATIgigUApUlusa HP Turbine Bypass Tagldinaila FTA anunsoszyaumgivihls
QUﬂauImaLﬁﬂmmﬁummlﬁﬁ’qﬁ
1) HP SH OUTLET STEAM PRESSURE FAIL A8 seuuUMTIAANAUYEY HP SH
Outlet Steam AuIvia?
2) HP TURBINE BYPASS VALVE FAIL Ao szuwumimiunuaaving (Final Control
Element) ¥4 HP Turbine Bypass Valve auivian

b 2 o A
anansadeulviagluununin Fault Tree lgnannit 3.42
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LOOP CONTROL
HP TURBINE BYPASS
VALVE FAIL

HP SH QUTLET STEAM
PRESSURE FAI HP TURBINE BYPASS
- VALVE FAIL
(1002)

AN 3.80 ununan Fault Tree mmqﬂﬂauima HP Turbine Bypass

=l - o a L3 1 al = =
INANNA 3.80 @1unsalewaiia FTA LWEJ’JLﬂi']ﬁﬂﬂ'&'ﬂ]ﬂ']ﬁj@ﬁ@L‘UﬁﬂiﬂJ']m‘UENQﬂﬂ@UIﬂia HP

s

Turbine Bypass lanail

FHPTURBINE =FHPSH J FHFTBBYP
BYP PT A

P~ 1 o = [ . s
NNANNSA 2-25 A sliideiavesgureulvisa HP Turbine Bypass uansle

s 4 1 d i et |
PRELNITN 3-87 WazANuUTeholanalanaaunisi 3-88

Fyprvrsme =1~ Rypsy Ruprapyp (3-87)
BYP e cw

RHPTURB!NE = hursiNe (3-88)
BYP BYP

FHPSH =1 ~Rypsy =1 = 2RPT H RPT2 =124 g (loo2) (3-89)
PT PT

=Acpt

Fupragye. = 1= Ryprppyp =1—¢ (3-90)

oy cv

WO Fpppane A9 ANAMUSIMaIv8gURoUlNA HP Turbine Bypass
BYP

Rupromsme 10 AAMUNIDI0vD9gUABULNSA HP Turbine Bypass
BYP

Fupgy A9 AIAMUALIMAIT0952UUNTTINANAUYBS HP SH Outlet Steam
PT

(= 1 1 di o o/
Rpgy  AB AIAIINUILTRERVRI5EUUNMTINAMUAUYES HP SH Outlet Steam
Pr

Fyprapyp AB ANPINUANMAITEUUAIAIUANGAYINE (Final Control Element) vo4 HP
CcV

Turbine Bypass Valve
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1 1 A & s e
Riiiizes AD mmmmwaaasswmmmmqmﬁwEJ (Final Control Element) w84
v

HP Turbine Bypass Valve

o e oA oA L oA .
Luamam'ﬁmmuwﬁaaaLLazﬂ’Jm‘LumL‘Uaaa‘naaqﬂﬂauima HP Turbine Bypass, ¥UU
[ @ v ) a & A
myinluguasulnsa uarszuumAIuANgavine (Final Control Element) sniasiziitivauananaly
9 v . ; & J oA A
anuyzraInTIMULLITINAMLU T AR TIUNUAILEAITIAIANNU YD DUAZUNULBULAAITLEZLIAN
° & < o v oA a4
maheuvesgunsalfuandunng 3.81 wazuanwaludnuazassnsnunliuanulidiveiod
wnuAskanatiaatmuliu e iiowazunuusukanssEazIa N TYIuYesRUnsaldsianslun i
3.82
a ¢ < - oA a LY
NNMIUATR - FzuuimTmn v lumMsine R sisunsEuUNN S Inuie
sruuiimuAugaevesguaeulusaiibilsvuudrseuluvan  Famnsmdwnnszuuiiluesd-
<l ! ] dv [T | P Y
Usznauvesgureuinsainnui@eiionintu anuunvetovesguroulnsassiiuliuniy lngszuy
2 ¢ v o & el 1o v &
niuesrusznavresgureulvsanlifisvuudrseawmiaiiundvinnuiuy 1 out of 1 SRl

1. S¥uUfAIUANAAYNEYRY HP Turbine Bypass Valve (iduiiudide)

LOOP CONTROL (HP TURBINE BYPASS)

08

0.8

o7

06

05

R(t)

— LOOP CONTROL
—— HPSH QUTLET PT 1002

04 —— HPTBBYPCV

0.3

02

TIME(hour) * 1e+005

= B oA oA .
i 3.81 nemluunliuauyndeiovesguasulnsa HP Turbine Bypass
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LOOP CONTROL (HP TURBINE BYPASS_

09

08

07

06

05

04

0.3

—— LOOP CONTROL
-~—— HPSHOUTLET PT 1002
~———  HPTBBYP CV

0.2

0.1

0 100000 200000 300000 400000 500000

= 1Y) 11 A A .
A 3.82 niwnlunanuliyveiievasguaeulnsa HP Turbine Bypass

3.22 gﬂﬂauiﬂsaﬁ 21 IP Turbine Bypass Spray Water

IP Turbine Bypass Spray Water Control Valve azv191ulutaa Bypass Operation (113
nendlothiifimuiuiunirdanesy) Wemuaugumgilodhilldanvsuaiinnes Tagumai
994 IP Turbine Bypass Outlet Steam lalliAuAdnnosm

- a v - v a
PINWITTEULHUNIWEDINLAD STV ULHUNIN SAMA 15]5]*317'1?”/) 383
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IP TURBINE BYPASS STEAI IP TURBINE BYPASS STEAM

TH4PERA TURE A TH4PERATURE B
< *MARD2CTDO1 1+ <" MARDZCTOO02 >
sl serssa Je
L T i ruRenE BYmass sTeAM
TEMPERATURE
+
- sSG| s=180
] d
K I at 1P TURBINE BYFASS SPRAY

WATER CV SETVALUE

<T><A> MANAUTO CONTROLSTATION

IP TURBINE BYPASS SPRAY WATER CV
< "MAR1TRATO1 >

AT 3.83 LNUAIN SAMA Ya3guABulnga IP Turbine Bypass Spray Water

%’mﬂ’lﬁm‘i’lzﬁgﬂﬂaﬂma IP_ Turbine Bypass Spray Water lagldinatia FTA GEFREIREAY
mmqﬁﬁﬂﬁqﬂﬂaﬂmaLﬁmmwé’umaﬂﬁﬁﬂ‘ﬁ
1) IP TURBINE BYPASS STEAM TEMP FAIL @8 sEuuMsInguugiives IP Turbine
Bypass Stearn aulyan
2) IP TURBINE BYPASS SPRAY WATER CV FAIL f® isuuﬁumuguqmﬁw (Final
Control Element) %84 IP Turbine Bypass Spray Water Control Valve auivad

aunsadguliogluununn Fault Tree laRsnwil 3.84
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LOOP CONTROL
IP TURBINE BYPASS
SPRAY WATER CV FAIL

IP TURBINE BYPASS
STEAM TEMP FAIL
(1002)

IP TURBINE BYPASS
SPRAY WATER CV FAIL

AT 3.84 UWUATW Fault Tree maaqﬂﬂaiﬂma IP Turbine Bypass Spray Water

< Y a = ¢ 1 d & e -
NAMNTA 3.84 dansaltivatia FTA memﬂwmmmL‘uaaaLmﬂﬁmm"umgmaﬂma IP

Turbine Bypass Spray Water leisail
Fi = et AL

IPTURBINE IPBYP IPTBBYP
BYPSPRAY 8 SPRAY CV

pu| ' ) VoA =
MNEUN1IA 2:25 ApsaNmaIvserwlididetevesquaeulusa IP Turbine Bypass

a o o v oo P
Spray Water uanslansaunisi 3-91 uazanuiiiafouanilansdinisi 3-92

Frprureme =1= RipgypRipraaye (3-91)
BYPSPRAY TT  SPRAYCV

Ry rurenve = V= Eiprurpne (3-92)
BYPSPRAY BYPSPRAY

Epprp=1=Rppp =1=2R +R_* =1-2e7 7" 1o (1002) (3-93)
T T

— Ayl

Frpragre =15 Rprppyp =18 3 (3-94)

SPRAYCV SPRAY CV

e Fppee A9 ANANNGMMAYRI5UABUINGA IP Turbine Bypass Spray Water

BYPSPRAY

Riprumsne P9 ANANUNTRABYRIgUADUINTA IP Turbine Bypass Spray Water
BYPSPRAY

Frppp A2 AMANANMAIVEITEUUNTINQUNYEVEA P Turbine Bypass Steam
Yorl

! ' dll I o = .
Rippyp  AB AIANNUNTDADUDITETUUNITINGUNNUUDA IP Turbine Bypass Steam
Frpayy AB AIAIUGUMAIVDITEUUMIAIUANGAYINE  (Final Control Element)
SPRAY CV

Y94 IP Turbine Bypass Spray Water Control Valve
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= | [ A o« s 17 5
R A ANANUNYDADVDITEUUAIAIUANEANIE  (Final Control Element)

IPTB BYP
SPRAY CV

94 IP Turbine Bypass Spray Water Control Valve

o o o A | | X
diethaunisanuiiwetiewazanuliniefievesguereulvsa IP Turbine Bypass Spray
o LY g = ¢
Water, s5Uun15inluguaulnga wagszuuminiuAuanving (Final Control Element) 1nilAsngiiite
a 1 A =l :} n’:: =t 1 1 é
WARINALUAN B UBINTIMLUILEINAINUL TR DD TN UALAAIAIAIANNUINTB DB LA TN UUB LLARS
o g a = o 2/ ]
sruzhaINuveRUnaiiuandunwi 3.85 uasuanwwaludnuazven kIl
UnPafofaunuiuansisrninulinuidefionasunuuauLanIsyezIaIN19v9uL0QUN SlRILEAS
-
lunwi 3.86
= ¢ < = ] = 9
PNNMFAATIEN - seuuiiasmiwuntlun st e fieteRnsanssuunsianie
sruufnuaugavnguesguareulnsailifissuvdseadunan  Jemneaudwnnsyuuiiduesd-
al oA A & o & & v
Usznauresguasulvsalnuidwenenindu amnuuiedorssguasulnsavziiuliuimey lagssuu
d ¢ P ) o N aw &
nluesrvsznavvesguasulnsanlifissuudsewioundvinanuiuy 1 out of 1 Haedl

1. SyUUFIAUANAAYTNEYDY IP Turbine Bypass Spray Water Control Valve (i

=f o o=l
NUaLY?)

LOOP CONTROL (IP TURBINE BYPASS SPRAY WATER)

09

08

07

LOOP CONTROL
——— IPTBBYP TT 1002
IPTB BYP SPRAY CV

06

05

R(1)

04

03

02

01

0 100000 200000 300000 400000 500000
TIME(hour)

Al 3.85 ﬂﬂwLLuﬂﬁmmmmL%aﬁamaaqﬂﬂaﬂwia IP Turbine Bypass Spray Water
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LOOP CONTROL (IP TURBINE BYPASS SPRAY WATER)

08

08

07

06

05

Fiy

04

03

LOOP CONTROL
IPTBBYP TT 1002
1PTB BYP SPRAY CV

02

01

0 100000 200000 300000 400000 500000
TIME(hour)

Al 3.86 rmwLLu'ﬂﬁuﬂﬂﬁLﬁﬁ’n‘ﬁaﬁamaqqﬂﬂaﬂma IP Turbine Bypass Spray Water

3.23 Qﬂﬂau'[wia‘ﬁ 22 IP Turbine Bypass

IP Turbine Bypass wtifilunsunewidlense i unaniinusuiuddanesviag
Condenser Litemunduudlumudoulive Jsoviiniualinmesinausuves HRH Steam
Outlet 2 /1 (1002) dwiduiamnusulunaisfieanain Reheaters

MR TUILHUNINADINULEY ANNTOTBULNUAIN SAMA laRanind 3.87
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HRH STEAM OUTLET HRH STEAM OUTLET
PRESSUREA PRESSURE B
< v BBC2CP1E1 » < " BBO2CP152 >

SEL-S82

HRH STEAM OUTLET PRESSURE

¥\ GTACTUALLOAD

L, (LAG)

p 1P TURBINE BYPASS
K _[ VALYE SETVALUE

— =~ = HP/P TAV BACK-UP MODE

T>® MANAUTO CONTROL STATION

IP TURBINE BYPASSVALVE
< *"MARDIAADDY o

AN 3.87 UNUA SAMA 283gUAUINga IP Turbine Bypass
MNMFAAs1eigUAsUInsa IP Turbine Bypass Ineldmatia FTA anunsaszyanmgivinligy
aoulnsafinAdumaldai
1) HRH STEAM OUTLET PRESSURE FAIL @8 S2UUMFIAAMNAUTEY HRH Steam
Outlet AuLyan
2) IP TURBINEBYPASS VALVE FAIL fis szuudaniuaugavine (Final Control
Element) 484 IP Turbine Bypass Valve auinal

annsnpuliogluununn Fault Tree ladanini 3.88
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LOOP CONTROL
IP TURBINE BYPASS
VALVE FAIL

HRH STEAM OQUTLET

PRESSURE FAIL
(1002)

IP TURBINE BYPASS
VALVE FAIL

AW 3,88 UnUAIN Fault Tree Y94gUnpUlNTa IP Turbine Bypass

1NN 3.88 annsalivaia FTA ieinsisinunideieliinuvosquaeuinsa P

[
U =

Turbine Bypass lagsil

E’PTURBINE =F e FfPTB BYP
BYP PT cr

MNANNsA 225 Amnudumvmniensialiundotiovesquneulnsa P Turbine Bypass

L7 d 1 d' - s si'
UAASLARIANNITA 3-95 warAINNUNTeR o LAl S IaNNST 3-96

EPTURBM’E =V Rypy Riprspyp (3-95)
BYP PT  CV

Ripromae =1- Eprurme (3-96)
BYP BYP

Eopn =V=Rypy =1= 2R, + R =1=2e 4" 4 6741 (1002) (3-97)
PT PT

-A .
Frorsppr = 1= Ryprppp =1—€ (3-98)
cv cr

WD Fpppeye A9 AIANALIAIVENGUABUINTA [P Turbine Bypass

BYP

A i | A
R Ao AIAUeioussgUmaulnga IP Turbine Bypass

IPTURBINE
BYP

=

Fipy A9 AIMINANMAITDIIZUUNITINANAUYBY HRH Steam Outlet
PT.

i I o A o @t
Rypy  PD AIAMUUNTONDVBITLUUNTIAAIINAUYOS HRH Steam Outlet
PT

Fpmspye D AMPMEIMAMBITEUUAIATUANAAYNY (Final Control Element)
cv

U094 IP Turbine Bypass Valve
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1 1 EJ U .
Riprpaye A8 ANAMNTRHRYEITTULMAIUANEAYINY (Final Control Element)
(]

Y94 IP Turbine Bypass Valve

= o 1 o A R -] "
dimhaunsanuiiweisuaranuliinvetevesguasulvsa IP Turbine Bypass, 58UUNS
L U - = L3 d‘
Tnlugureulnsa wazszuUmmUANanYine (Final Control Element) anAsIEviiveuaning iy
@ v v oA o o o = oA A
anwazrINIILIlNALY LB TN UALERIDRIANNL LR B AL LN UUDLULERAISYELLIAN
o ‘o o o v T
msvhuresgunsalfuanslunmi 3.89 uasuanwmaludnvuzvsanimuuiliuanuliunteiod
wnusawansfeArnaliu T louaTuNULBNLARITEEEIAINT YN UYBIgUN SlRuandlun
3.90
a < - T a o A
PMMIBATIN - sruvirsmkumnilunmaitanulweiessiansuisyuun1siavie
e v d‘ 1= o o Ef! ! A L3
syuuMmmuauangvesgUaeuinsaiilifiszuudisondundn  Fwweanudminsyuuiiuee-
= oA & s | o &
Usznauvesguaauinsainnudneiienndu auinteioraguaoulnsasziinliume lagsyuy
< I3 v e o A o o ~ 8 oo &
duesrusznevvesguasulnsanlifiszuudisawioieniniauiuy 1 out of 1 fifsil

1. SEUURIAIUANAAYIETBY IP Turbine Bypass Valve (Wuiiudiden)

LOOP CONTROL (IP TURBINE BYPASS)

098

08 — LOOP CONTROL
—— HRH QUTLET PT 1002

—— IPTB BYP CV

07

06

05

R{1)

04

03

02

0 100000 200000 300000 400000 500000
TIME(hour)

P=| v o - .
AR 3.89 Nkl eievesquasulnga IP Turbine Bypass
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LOOP CONTROL (IP TURBINE BYPASS)

09

08

0.7

06

05

F(t)

04

03

—— LOOP CONTROL
~—— HRHOUTLET PT 1002

02
—— IPTBBYPCV

0.1

0 100000 200000 300000 400000 500000
TIME(hour)

] v g A i e ’
WA 3.90 nenldualidungenevesqueeulnsa IP Turbine Bypass

3.24 gueaulnsadl 23 LP Turbine Bypass

LP Turbine Bypass Valve vhuihitlunsuewidlonsaudumiinnusiugdaiiianngi
fvualug Condenser tiamuiiuwdnirluvmudouldradansiinsuaiinesinrusiuues LP SH
outlet steam 2 6 (1002) dwsuinAnuFsrfiasnain Reheaters

- =Y v = s al
WINAMTUMAUNIMNADINREY ANLISOLTEULHUNTI SAMA Tasianing 3.91
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LP SHOUTLET STEAM  LP SH OUTLET STEAM
PRESSUREA PRESSURE B
« "LBA12CP101 = < "LBA12CP102 =

LP SH QUTLET STEAM PRESSURE

o ]
: A i B F qSYACe'U‘\LL'.’,‘AD

- i fx ,\i'
LP TURBINE BYPASS \\/ [&._A (LAG)

d
K I VALVE SETVALUE

b e PP TBV BACK-UP MODE

LP TUREBINE BYPASS VALVE
<HMAPGIAAGDT

AT 3.91 UHLATM SAMA Ya3guPoulnga LP Turbine Bypass
MNNNITIATIEviguaaulnsa LP Turbine Bypass Tnglfinaila FTA annsnszuanmniivili
qursulnsainmudumea e
1) LP SH OUTLET STEAM PRESSURE FAIL Ag f¥uun1sinauey LP SH Outlet
Steam QL7
2) LP TURBINE BYPASS VALVE FAIL fie szuusfmunugaiing (Final Control
Element) 484 LP Turbine Bypass Valve auiua’

- v 2 e 4
annsalpulvegluununm Fault Tree lidinma 3.92
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LOOP CONTROL
LP TURBINE BYPASS
VALVE FAIL

M
LP SH OUTLET STEA LP TURBINE BYPASS
PRESSURE FAIL VALVE FAIL
(1002)

Al 3.92 WHUNTN Fault Tree maa@jﬂﬂ@u‘ima LP Turbine Bypass

INNNN 3.92 aunsalawmaiia FTA LﬁaﬁmswﬁmmmﬁaﬁaL%aﬂ’%mm"uaqqﬂﬂauima LP

s

Turbine Bypass Uil

Fopruremie = FLPSH Y F:!.P TBBYP
BYP PT v

A 1 % 1 1 A
NNEUNTN 2-25 AAnaaNmaImTen i uYeievesguasulnsa LP Turbine Bypass

waRIlARIEUNISN 3-99 tasANLUNERDLAAS LARIANNITT 3-100

Fprurame =1= R psu Ry prapyp (3-99)
BYP PT CK

R, promame = 1= pripmme (3-100)
BYP BYP

FLPSH Sl~ R psyr = R 2Ry + RPTZ =127 e 20 (loo2) (3-101)
PT PT

_/ll'V
Fiprpae = 1= Riprgpyp =1—2 I (3-102)

cv cv

=y

.-_q' U 3 .
o FL?TURBM A AIANANMEIVBIRUADUINTA LP Turbine Bypass
BYP

= | [ o a :
Ry pruree 7@ AIANNUNTRTRYRIQUABUINTA LP Turbine Bypass

BYP
=

Fog P9 AIAUANMAIVBITTUUNITIAAILAUYDY LP SH Outlet Steam
PT
=1

R g AD AIAMNUILTDADYDITEUUNTIAAINAUYUDY LP SH Outlet Steam

T

Fprppye 9 AIMNGNMAIVDITEUUAIAIUANGAYNE (Final Control Element)
cv

U84 LP Turbine Bypass Valve
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R, praaye PD AIAMNULYDTDYDI5EUUAIAIUANEANIY (Final Control Element)
G

a4 LP Turbine Bypass Valve

d‘ -] 1 dl' = [ d‘ ] ¥
Wiothaum e weiouazanuliiyedovasguasulnsa LP Turbine Bypass, s¥UU
nsinluguaeulvsa wagsruudniuauannie (Final Control Element) wnitAszitiauananalu

/s ! d l:" 5 = 1 1 A =
ANz NI LLAMNLTD T 8 BN UAILARIDIAIAN LT DN DULAZ LA ULD ULARITEHELIAN

& =

[ € = [ £ oo
n1sviruvesgunsaifnandduning 3.93 uazuanmaludnuazvesnsmuuiliuaubiieiad
wnuAanterm i eliouarunuuBukAMSEBEAIN YUY UNSalfaLandlun
3.94

a ¢ = = T | a )
NMTIATIA - Fruunasmuum i umMsita e lesen T sEuUNTInnie
@ Ed M 1 o = [ = ' o 3
sruuimuagavevesgUmeulnsanlifisyuudseatundn  Fwnnearudwinszuuiiluesd-

= oA = oA a & v
‘USxﬂ@U“UaﬂQUﬂauI‘Vl‘imJﬂﬂuuqL‘ijE]aEllJ’lﬂ‘U'u FW’J’]&J‘U”IL“Uaﬁaﬂladgﬂﬂau‘[,%'iaﬂxLW&J‘U‘L!@?EJ IFIEJSE‘U‘U

e

[

- ¢ 1=l o A e i\ 8 =i
V!L{j‘ua@ﬂﬂﬁgﬂE]U‘U@QQUﬂ@UIVI'iﬂmﬂJﬂJ?ﬁUUﬁ']'i@\ﬂVi'iﬂL'iElﬂ'T]W'N']ULLUU 1 out of 1 HUFYU

1. SrUUMIAUANAAYINEYBY LP Turbine Bypass Valve (fuitudiden)

LOOP CONTROL (LP TURBINE BYPASS)

08

—— LOOP CONTROL
—— LPSH OUTLET PT 1002
—— LPTBBYPCV

08

07

06

05

R(1)

04

03

02

01

0 100000 200000 300000 400000 500000
TIME(hour)

d v 1 Ei = o
A 3.93 nsmluunlifuauiiieiievesguaaulnga LP Turbine Bypass
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LOOP CONTROL (LP TURBINE BYPASS)

09

08

0.7

06
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Safety Related Parameters
The following variables and interfaces can be used as part of a Safety instrumented Function:
Variables: Pressure;
Interfaces: 4 to 20 mA analog current. Use in absolute, pavge, or differential presure
measurement applications as indicted by the model code.
Safety Response Time 750 ms maximum (with Damping set to 0 s}
Measurement Updates Every 50 ms.

Fail Low: In rare cases, certain extreme conditions such as memory filures are signaled within the
Fail Low range independent of the configured sesting for the failsafe strategry. For example, 2

processor failure may result in 2 3.8 mA output.

To ensure safe faelt monitoring, the DCS must be capable of recognizing both the Fail
High and Fail Low conditions as malfunction indicators.

— NOTE

1. The HART interface and/or the local interface (if present) may beused to examine
data, but are not 1o be used as a safety critical means of communication.

2. The write protect jumnper must bein the Protece position during normal operation
2 detailed in the configuration and eperation section.

3. The user can verify that the transmétter is operating in the secured (SIL) mode
wsing a HART Communicator as follows

«From the Top Level Online menn, select Device Setap and then

Diagmostic Info.
«Verify that the SIL Mode item indicates OK: Required # Active.

Reliability Data
These data are valid with the following requirements:

¢ The logic solver (user SIF) must detect both out of range cusrents, both over and
under, and must act wpan their detection to bring the sysem o 2 safe state.

# The system operates in 2 bow demand mode. (The frequency of demands for
operation made on the system is no greater than one per year and no preater than
twice the proof wst frequency:)

Failure Data According to MEC 61508
Table 1. Friture Daw According so IEC61508

Dovica 1 A,
VA Saros Prossum Tmnsmiller 3680 FIT |2150 FIT

SFF
FIT  |p006%

| P |
11680 FIT

356
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