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Alternative or

Term

ﬁ:_—'éé:

Acronym =
ACC Air-Cooled Condensers Eemary ot
APC Acid Phosphate Corrosion (7N
AVT All Volatile Treatment Rl /NP AR TS
AVT(LO) | All Volatile Treatment(Low Oxygen) ER TV ANFE MY AL v
AVT(O) All Volatile Treatment(Oxidizing conditions) P b TR R P ) T AR Y
AVT(R) All Volatile Treatment(Reducing conditions) ERT VR NSRS B AP S
CACE Conductivity After Cation Exchange, Cation Conductivity | B8 5/mE R
CB Conventional Boiler HHEIEERAT
cc Combined Cycle I RAURY AT (EEFEE
CCp Combined Cycle Plant AN R ATV T TR
CPP Condensate Polishing Plant (=W ThR i
CPT Congruent Phosphate Treatment Iy — NMIVERYE
CT Caustic Treatment TV IV ALERYE
CWT Combined Water Treatment A 7K ALBR
DO Dissolved Oxygen AR
ECO Economizer i PR A5
EMF Electric Magnetic Filter BT AV
EPMA Electric Probe Micro Analyzer X fp~=Arar FI 4% —
EPT Equilibrium Phosphate Treatment Y P bR AL v
FAC Flow Accelerated Corrosion PRAVINE 5 &
Fe20;3 Hematite NYHAR




Fe;04 Magnetite ~ T ALAR
FeOOH | Goethite VN7 S
GTCC Gas Turbine Combined Cycle HAS—E AL AR A7)V
HRSG Heat Recovery Steam Generator PEENEIN AR AZ
H-type Hydrogen-type H-OH %!
IPHA Iso Propyl Hydroxyl Amine AV 7B LR EFX I LTI
NaFeO> | sodium ferrite PRNIFNZESZ I
NaFePOs | Maricite ~UHAh
NWT Neutral Water Treatment BV P UBE TS
NH;3; Ammonia ToEET
N2Hy Hydrazine ERIVV
Na/PO4 Sodium per Phosphate molar ratio /?;%gi;ftﬁﬁﬁéf e
ORP Oxidation/Reduction Potential e b oL
oT Oxygenated Treatment e S8 AL P
pH Potential Hydrogen (concentration of hydrogen ions) IKFBAA L PRE
PT Phosphate Treatment U PRt LR YE
RH Re-heater AR
SH Super Heater 10 B s
SC Specific Conductivity BRrEF ()
SUS Stainless Steel AT L A
usc Ultra Super Critical 8 % i AU
UDC Under Deposited Corrosion HEFE) T &
WwW Waterwall tube TKBERE




1.1 HAROER

HERFE 1A 1L U BARD K S FEFEHAMIE, 1950 AT 5 OFE ST E O KIE 7 {f
O ERFMEBROEN S, RAREFXDa Xy a7 VRA Z(CB)DEIRETE - K
KRS, 1959 4 1 AIITHERSER A Z 23, 1967 FFITITBERAER A T3,
S HIZ, 1974 49 HIZIX 100 J7 kW DRA T3ERT 5728, BRE LWREREZZT
T& . A T O@EREE « REEGICHEY, @RAKESORERS L O &4 m<OK
HARHIA D HERE S S IR 2 S B SOUR BN P (SR LT D 7o oh, AKALER 72 b NSRS
VeV EAR ORRET - St LU BN O - B ICER Y flA T 7=

Z D%, VRIFEETIE, 1989 4F 6 HITEBABEFERA Z20@EB L, %< O x it
JE7 T "B ASNT. e, HAZ—E LV LARY — U Zfihtbilzar g
Y RARIZEZ2HESL, 1984 F 12 IO TOREED ANV R A I VT T
NCCP)ER L, LB, Z2<DO7 7 FREASNTE T,

—J7, KEOME N DI, BERERS XL ERET 72 hORA 7EED B,
A — VAERGEE O REOHTREICHLT 20BN E L. £z, B FI Vv
(NoH)E N AL © B 7= 72 AKALE DB R 36 L OV CCP U381 2 iU IR g B (FAC)H]
RSO B L 725 T 5. 12

1.2 KAFRBTSV FOBE

1.2.1 KhEEBEDE]

KIPEEIL, FESOREOMAERICEY, REE - WRNIBE - TAZ—E %
e AN, R A 7 FEEIZKRB S ND. FEEN 2L COFEEMNKNREETAD
FEAENE, RIEELE A YA 7 W(CCYPEETHD.

RIBEEIT, FEIRIAE LTKEMWD S DOT, BB ZRA 7N THREESE TEilLm
JEOERENED, TORK[DIEES) TARY — By - BEKEZ RIS CTENEBAES
HHREHNTH D, 2L, HEEIREK (600°CLLT) TORMT L X —OF| HHE
Thb.—J, CCHEEIX, HAZ—E L EPEEINR A 7 (HRSG)Z MG HE T T A



H—Era g R A 7 W(GTCO)D Z LT, REET AD SR A T AX —E T
FIAL, SHIEHAZ—EUNLHREN D ERT A TEREED KK[ Y — B v Z[Elis
SHETENZRVHT R THD. BR/ENZ &, HOAMTORRE T/ E
WZ L, EEMEILRFRAEN LR ERFETHD.

HEREE ) D K I ERRAR IS F 1T D GTCC (58 2FIE 1%, 1988, 2010 2B WNT, K
T EH MR BRI LT, 4% 5 30%IZHIML TH Y, 512 2020 421 50%
R HEIETod D, Fig. 1-1 12779 K 912, GTCC 1X, BGhEN 50~60%LL & CB &
B OB x B REETEARA 7 DK 46% & He~T, 156 K4 ML E&EL, BEEIEHT
DD COFEERMENTZD, 5% KNBEEOEL LTNESIT DD

—J7, BEKIBEEIINRE SN D LM AREBE L T2 2 ERATREZR CB b, 5
SPEHELN—2An— FERE L THESTONLDHL LT, EFRHAREISRE LT
bIEH SN TN D,

1.2.2 RAFEBTS Y FOERK
KIFEET T > b DY AT AE Fig 1-2 1R X O ICROBEG TR S, BV
A T R NE TR A IRE L@ AR MER S 5.

OfFEk# (BREX —E U6 OHFREK A B - 15K S 2H88)

OIRFEFGAKMEGE (RE 4 — B 7&K E — K LT, EAKREIET 2 2 HLER)

Olixdr (TEX—EUrNbAKE —Eik L T, MAKRZEEMEL, fBAKFOBEAF
BESBRCIRIE T A 72 & 2 4y B bR 54 Dk ER)

@O EFRKMNEGE (REX —E VP bARRE i LT, fKEZINET 2 2 HLER)

Offifker HEH AT XV KK EZ TET %)

G KIFARFEE
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oK ER ARG ST Em B KIS, IRER KIS , BLER, mEMAAINEE, Fik
AR TIRAICHIR S 4L, KPR, WA CIAERZRR, A ISWBPGER L2 #
—bE AR IND. X — B U & @il L ARUTE KRS THEI S LIS, TEEREH S
5.
ARRXBEMTHDHRA T ORRIZNE, RELBIFT Fig. 1-3 [TRT RT7 L0 L
Fig. I-4 \ORTERMO S0 H Y, AiE 1% 6~19Mpa OHLEFAIE, %% 1% 18Mpa LI ED
G =D BB A BRRE D OEK[EMECHEA S TWD. KT L8R A Z121%, Fig
13@ITRT E 91T, ABENTRAE LIEARICL > TELLXUKIEARY & MBS L7
W R T LD DEKENDRA FKEDBEDET I D ARBERA L, Fig 1-3 (D)ITR
TEOIE, FTLDNLDOBKEIIRA FRERA 7 2RET LREEERT S & 5. BiE
1% 250W K O/NE B CB 38 X OHEEARIN AR 1 7 (HRSG)IZ, % (1X 350W DA E CB
WHIND.Y FEETIE, BARIERE KT AR A 71X, WHTADRET 1~3 &
B (45 220MW) 6 X O BBk D@ ERM 2 b < HRSG T, FRHITEERAIR A Z 13, st
KIVFEET 2~4 5% (5% 375MW) 72 ETEEH L T\ 5.
Bt A Z T, fEESE (17MPa LUT) 13 200MW i D/~ B CB 35 X U HRSG
2, HEERSEQ25MPa)lE 500~1000MW O K% & CB 12, Bx LT (25MPa DL )i
700MW LA EOFH#L CB I ST\ 5. HE S TiE, BiRA A 713, B+ o CB
TG U 1X 72 <, ME— BB HRSG Z Lov7ewy, —07, @BERAUEIEZE R K )58
AT 1~5 5t (GFF4100MW) 72 EZENBEIL TR Y, JIBCKIREET 1 -2 58 (%
700MW) (2 H AR O 4 A LA L T D
1973 5L 1978 4ED 2 EIT O DA AV a v 7 #F8%IC, i VX —DH
FHEBTRNLF—=DRD O, KNFEICB T D@ REBHEESI LD L DIy, 7
KGO @ EEIRIEEA T
— 77, BB OE CC FEEDY 1984 I HALTE ) HHTIR K ) FEEFT T, 1987 421U A
ik FIFERT 4 BRIITEASHTOLIL, BFME - COPEHEOHIR - BRMOEE
FEEXHNED T, FEEF RO FFICHEHE L.

1.2.3 "M SRAMEDME
KIVFEEHRA ZHEMBHIE L TIE, 1Cr-1/3Mo #i7¢ & DIREEH#lITHAT Tl
BAZE S, MR AR A Z 1= STz KEEEIZ OV T S 0.2C /L R ERH]



ENTe. T D%, KNIFET T bOGESIRIII > TREAGFOCHEGCER T 28
M, LOBEOEWVHEIRLIEL D720, L0 EHEBREOENT =71 M, BX
OER 7 U —TREOBIRMND, A—AT A NRAT VL ASERMER S D X H I
72572 1968 4RI, EEMOBEG RIERA 7 & LTS kI RER 3 S0 R S,
Hi AR & L Crbiak /% (STB510) A8 &7z,

774 FRAA T HSEMICEE LTI, KA4H(STBA24)X° Cr-Mo #l (STBA26)
MB, BEILHE ORI L > T, SiRmEDm LA L TE . b, JEE
7T v b OFEKGEMIL, 538~566 COMREN—HITh o 7203, ZEK G % @i d Tk
TRV T T hoREm EBK S, 1980 FRICIE, =FT (Nb) o F
U LV)D LD I AV OT R A BN L, BRI A b S S g B 9Cr STH S
TO1(STBA28)Z3BH¥E S 7z, 2D T91 DFAFIZ L Y 7 = T A MO SRR ZE L < 7]
EL, RlCRBHSICHERShD L OIZoTE .

F—=ATF A FRABA T HIEMICBE L CIE, 18Cr-8Ni #f(SUS304HTB))» & A 427t
RO « BIHIZ L - T, SIRTHEHAT L2200 MEORENZKY, Mtz
SR D702 O EN/2 S TE 7. 1989 121X 31MPa, FEASIRE 566°C/— B

FEET | SHEER L, AREMFO—BOEE - mERICtEY, BEARE - BEGE O
L ES RN D M S &, MKZRERERRE O BEENER Shd Kok o7,
TR, RESRMEA S 3L C\V /- SUS304HTB £<°,  SUS321HTB $lc > T, AN
EZY =y MINEARE L, NERRZMRLIZT 5 Z &1 KD IKEKER LA 7 — VAR 3
il L7 SUS321HTB <>, FEMZ Db DA Mk & L7 SUS347THTB i3 FE A Sz,
R KIRIEOBEIIEE R SN TG, RA T - B IS Db
k% Table 1-11Z, A48 DL E Table -2\ 2 NFHURT. 2 KA T K58
R TR T 5 &, Hiian, KBEE, WBAGE LOHARICTTOND. 205 b,
IRESIEC L > TR 2 R L O T o L AFIE N EETRES N, #HEATW?

1.2.4 #KNEBOLEN

KNFEET T FOXEIRIT, RFEW - RS EOBZMEIAER S TEY,
iR E EOBUKPIZBIT D ERIZE D AT — VAERNEERBETH L. 2D b~
R A B (Fes04) &~ H A M(FeQ)IINMBRETH Y, KIENTH AT D LR ZH



T 2RNRDD. 7T b ERE LZE - REHNEIRT D 72DI1E, AR R
DFRZFDRICTD2HERH Y, NMEHEEZREICH IR S E T REZ1TR-> T
W5,

Fig. 1-5 |Z Pourbaix 23 Ek L 728k pH-BNLX AR L7z, Y ONHO@FBLDY (a), (b)T
ALERIE, ZRZEnob P PERICHYE T 5 . 2o\ T, So5a, KE k7
TX 5 ML, BRI AEERIZ/S. 22 C, SROBWMMINL, 81T ) — REfE
T HREO BN RO, @, @TERIN, B Y — NG Efd(@) £72130b) TR 2 5
ETDHEZDORICORREN NI NG DOENMDZEE RS . T bbb, Fig 1-5 OAP IZH
B EOMEEE LT, MBI REITRLEKRD 3 ORH 5 .

(1) BALE T CARBMERICRFFT 5. (2) BALZ B OB IC R 5.
(3) pH % RiF TR R EF T 5.

ZDH b, Fe;04 DAMEREIE TRIAT 5121, B)D pH 27 /8 VHEICEEEL, (b)
ZED Y —=RRISHEZ E72 WL D12, TEDLRETHBHREZIRE L COKMBRE & 2otk
FIAKIC L, BALA —0.5V BEICRRE T 20ENH L. £72, FerOs DAMBHERIEIZ DU

TiE, QDEMZE DT, BV — R E L TO)DKISEIE Z 5 X 5 ICEFREFE(DO)
FE % & DB < HEFF L, KRB A2 M bR, J720b B a(—021405)v fREE
(CPRFFT D 2 & T, FeOs DAERRBEIRICRET 5 Z LA TE 5.8, A, B, CDORIL,
TR EERIE(AVT) , HERLERENWT), A KLERE(CWT) D % 3% E L E (2 FH
BT 5. 2D XD ITKIBREE 28 ot TR M &, B b PEFRDH ISR E L, ZE7R Fes04 X°
Fe:Os D ANMBRER R & ARl - PRFFT 2 51k & U C, ) e KBRBEICER E L 7oA KL B3 4
mEpn. Y

1.2.5 #KNBEOME LERE
KNFEET T > - OFFALEIT, AARTIESRE (JIS B8223 [ 1 T Ofa/Kis LR A
TKOKE]) THRA T OFemfEHENT U TR E O KEFEEED R T 5T
% KEIEAEMEL, B - REENE < 72 51 LB R T O OBEREH SN B
272 D7D, T D A — % F/RICT 2 K9 IkKB L ORA 7 KOKEIT X
DEELS BT 2 L OICRESNTWD. KNFEEIZBIT DH6K « RA T KA T %
Table 1-3 \ZRT . AIHD R DBIDRA ZKTIE, 747V RERECT) - U Bl



BEEREF CTH o720, K7 AHOKKE KBTI CIX, BERo &2 T
DAEFMEYEAFLEAVTR) DB SN TE 2 FETREE, [AVIR)] 12T ‘BRI
M O ODIREK” & LT, MARELRZRITNIETREZRNENWIMEERD ST2T2D, 7
7 MR E U THIAIC AR T DRSS 2 RET 2 & L HIT, SOITHmREAIL L
Tk RT VU NH)EFEA L.

RNT, REELB LORKIKEOREGEDIZD, RT7LRA TZ0bEitRA 7
DA SN BRI, Wik D~ 73 Z A b 2 r —VAERICEKRT 2R A 7 EFED EFED
R EEEZ G N T ERNE U, ZTNERIT 5729, 20~200 1 g/lL DFEEFRZEAT
HEEFFROT) Z FEA L, BUEICE > TWAH 710 =72 L, EBEEIEDIE & A SR
—AB— FARBEERA THFEIZRBNT, NUF RO~ Z A b AT —)VITER LR
A TEREAZVRED LA, S BITIFFAIRE 0BRGN 57— ADMhENITB N
THRENTWD 720, FRKRZEHI XOXRO DB HFENIEZ R L. 2 DY
K — 2 — VR, PEENICBWTL, ERR N7 7 VICEES T RNE DO,
RA TEBEA B AREN ERT 5 F AR L T D720, THREXIHRE LT, BUE
b AkE L CRFZEICE D LA TV D 1D

—7J7, GTCC T, BAE, FAVINERJE & FAC)N R 2 BEFREDO —> L 7g > T
.20, e mEWSRARLES (RED 0.5 MPa 725 &ED 16MPa) OHEEL
AR A Z (HRSG)DHERL &, B ET)RAFEDFEK « A T KBS EHE T2 1T FN R S 4
TWLHZEITERLTWD. flE LT, Rt KEEH%Z Figl-6(a).(b)\Z, KELHEZ
Tablel4\Z, FvEivrd >

FAC T8 % 5.2 DI & LTIE, KEIKEA A4 REPH) « I87EH#(DO) - S
o LR L& BICHREERBA) 1-1E (K 150C THNEERE—2) - MK (Cr
DEFLROEME & HITWMPHE D EA) - il GREHOBIN E & b ITHAEE A L
) REED (FUE - L) S U TR E DS ] ERET LD, AR
LARIERA T RMMOBLE L FAC (2 K 2 JRERIE & 0 508 2 52 TRAN 72 Bl DR B 0T A
ZHI-HTHAEND D, FAC ITMEKE(PWR) KRG HIKRITE TEREE OIS
ALPE[AVT(R)] Z B-H L 72 E N7 ) BT O R FH LR, A EICB W T HIER S
HZELrol.

T4, HRSG BXOa v _r v g iAo 7 (CB)DEBESENBE S, BRI
T =2 RN T TR A G FEOTEIRRER 2 & FAC IZBT 215 - AN ER S



DO 5. W E T, BCRUERMEYELBE[AVTO)]23EH #8ED T 5 HRSG (Z
AVT(O) &£ L7=358121%, FAC Ol 721 Tl <, Sk A r—1 7k
DA K L EARE R OB BeAR A 7 REOHM O T A VIER~ORMEE LTHH
HThHnH.

Fio, BiEERAE L THEATD NoHy 1, EDBAMEDRTER SN, @2 ELEe
PRTR i (FRE(LEWE OBREE~OYEH B OHIR S K OVE B O S E OMRHEICBT 5 ik
) 2k, ERNICBWT, INETURICEE2EERROOND L)1/ 72. D

1.3 BRERA SELVHRREIAA 5 DESEH

1.3.1 BERERASOBERUEMEVBICE TS EEEHME~DES

BIAIR A T OHPEMIZONWT, HNEICAE Uiz A7 — VRl OE T BEME 5%
Fig. 1-71Z, Wil O%546 % Fig. 1-8(a), (DI NE IR Wb DR A 7 — L 3@ 4%
TEDLD, ZOTZDBEERIIN LA L THRA ZEED LA LTZY, KR TDA
~Z (12Cr ) ITHHE LIZBAITE, ToRT U A ViEERALES &R 4. R
A TR LU, KIFADRKEN DS HIRMEZ i L2 5 058 121381 F{¥ik
WNBE LD, THEEROEME EMEHRA 2 — LOILEOHIT & 70 5.
F 70, MARR Y TORBBRA LIZBAITITT A Y L 7 a—5THISARETH 5 23,
BRI KX D IREHERD LT 2. PR A T — VDL A Fig. 1-9 (RS AT
— VORI E, KEEE DN A 7 —L N @S E2 A L TR Y, SMVEOH Kk
FITWRRE R T, WEITHRR~Y T RZ A M ATr—)v (IRAT—) ~ET 5 &
ExbHITW5D.

WA T EEOZE & Fig. 1-10 R EM A% S 6 - H TI5MPa EH-42 XL 9
AT I N N oV

1.3.2 HRRERAA SOEBEHXMEYELEICE T 5RBMEANDESE

1.3.2.1 RnmREEER

BRHFEEHBA ZITB W TE, 10MPa KD AR A 7 TD AVT(R)DIEGEFRER A3 72
Notzl=®, pH @< Lol Z Enh, 1100°CHROM Bk 1) 4 55345



CRWTHEREE G 2L, Fig IR TRERBGRDAZ T LU 4 — X FET
FAC 234 L7z, fi< 1800 CHRIZEBWT Y, Fig. 1-12 TR TH/KGEERE P DI <
7 10 MPa LA EOIRERIREEER A o 7 HHERE CHNARE <Y, BEEREDE
B EMEE SEAURAE L REIE A L P E— VO R B LT

{11

1.3.2.2 FAENHFORT—Y) 25
1300°CHl DHFE D & I EAG K BTG 2B T, Fig. 1-13 1277 T Fes0s D A/ — 1
VIR BEELEHDO N T T ANEE L.

1.3.2.3 WA FT7ORREETILHIEBE

Fe + 2NaOH — NaFeO, + 2H cereeeeeieeens (1)

3 NaFeO; + 4H,0 — 6 NaOH + Fe3sO4 + 2H  coeeeveeeeeeees 2)

(RIS L o TAERR LTz NaFeO, 1E, HA TKOESR) - (51708 L5701
IV BEEOEKTND H5E8121F, Q)R X 91Tk RIC X v 7D NaOH % /&
R % Z IS Ko THERENEITT 5. 3268, 1600°CHROHFT4 K T) 8 558512 %
WT, NA RT U MAIRPBEIN TS, 2, EROKARICH BT L
B, HAKBENMETTHZ Ik Y VBT ) U AORMEN BT 585
Thod. pHBEIOY VA 4V REZ ER ST DIRNE, Fig 1-14 1277,

F72, 1300CHEOBED 2=y hTIET LI VERICLVEERT 2D L~L
B (N%% ¢ 139.8mm » WJE 9.5mm) 7% 2mm QWKW Z R L, Fig 1-15 12577
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Figurel-1 Change of the thermal efficiency
in the thermal power plant of Chubu Electric Power co., Inc.
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Figurel-2 Schematic flow diagram of fossil power plant
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Fig.1-3 Schematic flow diagram of drum boiler
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Fig.1-4 Schematic flow diagram of once-through boiler
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Fig.1-5 Potential-pH diagram for the system Fe-H>O at 298K
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Table 1-1Chemical composition for Carbon Steel referred to JIS G 3461:2005
(Unit:%)
C Si Mn P S
STB340(STB35) | 0.18> 035> 030~0.60 0.35>  0.35>
STB410(STB42) | 0.32> 0.35> 1 0.30~0.80  0.35> 0.35>
STB510(STB52) 025>  0.35>  1.00~1.50 0.35>  0.35>

Table 1-2 Chemical composition for Low Alloy Steel referred to JIS G 3462:2009

(Unit:%)
C Si Mn P S Cr Mo others
' STBA10  0.10> 0'28;0 0.80> | 0.025> 0-“53;) 1'0(1’20 Cu : 0.25~0.35
STBA12 0'18;0 0'1820 0'38;0 0.035> | 0.035> = — 0'48;5
stBalz | 0 00 00T Loosss | oosss | - O
steazo | 0 OO0 Toosss | o0ass | 00T O
sostBA2L 07 0sos 00T 00sss | oosss | P07 020
STBA22 | 0.15> | 0.50> 0'3820 0.035> | 0.035> 0'8?55 0'4(5);5
stBAZY | 015> | MG | Mg | oo | oae- | L1 PATS
STBA24 | 0.15> | 0.50> 0'3820 0.030> | 0.030> 1'9(2);0 0'8??3
STBA2S | 015> 050> | o0 0030> 003> | U0 O
L Y B P K BT e R R
sTBAZT | 008> | 050> | V00, ooss | oass | Pgoy | M,
V : 0.18~0.25,
sestoaz | OO O P | 0020 | 0oa0m | BT OEC §?6.85006:0().61706,
Al : 0.04>
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Table 1-3 Division of Feed water and the boiler water for conventional Boiler

Water control Agents JISB
Type of Water Treatment Application to Boiler Type
Feedwater | Boiler Water 8223
NaOH,
Caustic Treatment (CT) NH3, NoH4 1966
Na3PO4
LP, IP Drum Boiler
Phosphate Treatment
NH3, N2H4 Na3PO4
Phosphate (PT)
Treatment Coordinated 1966
HPOy4,
(PT) Phosphate Treatment | NH3, N>H4 Na:HPO, Drum Boiler
Na3PO4
(CPT)
All Volatile Treatment i
NH;, NoHa HP Drum B01le-r 1966
(AVT) Once through Boiler
o ted Neutral Water o
WERAET | Treatment(NWT) ’ Drum Boiler
Treatment Once th 1 Boil 1989
. nce through Boiler
(OT) Combined Water NH;, O,
Treatment (CWT)
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LP Eco |
| LPEva ®
AVT
O2® «— O (©)
m Chemical Return
P
u Valve
LP CP
P
HP BFP GS Condenser
< 73
) 2
HP Eco '
S/T
HP Drum
HP Eva No1 PT Condenserlt—
— QB
DoD LP BFP
| HP Eva No2 S © @
HP CP ON-LINE MONITOR
® OpH
Superheated @Conductivity
®Action Conductivity
INJECTION for .
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< © : Hydrazine <= O : Ammonia ® ®DO
<=  : Tri-Sodium Phosphate ®Seawater Detector

Figure 1-6(a) Applicable to two-pressure combined cycle/HRSG drum units, no copper alloys,
not independently fed low pressure (LP) and high pressure (HP) circuits,
no condensate polisher, with reducing agent added to the cycle,
and cooled by seawater.
The drum pressures are considered to be LP 0.5 MPa and HP 7.8 MPa. For PT,
only tri-sodium phosphate additions are made to the HRSG circuit.
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Figure 1-6(b) Applicable to multi-pressure combined cycle/HRSG drum units, no copper alloys,
independently fed low pressure (LP), intermediate pressure (IP)
and high pressure (HP) circuits, no condensate polisher,
with or without reducing agent added to the cycle, and cooled by seawater.
The drum pressures on this base case are considered to be
LP 0.5 MPa, IP 2.4 MPa, and HP 10 MPa. For PT, di- and tri-sodium phosphate
additions are made to the HRSG circuit.
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Table 1-4 Standard value of water quality for combined cycle/HRSGs in condensate water,
feedwater, boiler water and steam at GT temperature of 1100 and 1300 C grade.

Criterion of Condensate Water / Feed Water

Sample Item Unit | 1100°C Class < | 1300°C Class <
LPBFP CcC MS/cm <AO0.3 AN0.3<
Outlet DO mg/L <0.007 0.007<
cw
FW LP-Eco pH - 9.3~9.5 9.3~9.5
Inlet. Fe mg/L (<0.050) (20<)
Cu mg/L (<0.010) (10<)
Criterion of Boiler Water
Sample Item Unit 1100°C Class < | 1300°C Class <
pH - 9.4~9.6 10.0~10.5
PO4 mg/L 0.6~2.0 5~25
Conductivity | uS/cm - 150<
LP Drum
Fe mg/L - (0.050<)
Cu mg/L - no copper
Silica mg/L - 50<
pH - - 10.0~10.5
PO4 mg/L - 5~25
sw | 1P Drum Conductivity | pS/cm - 150 LL'F
Fe mg/L - (0.050<)
Cu mg/L - no copper
Silica mg/L - 20<
pH - 10.2~10.7 9.5~9.8
PO4 mg/L 13~32 2~5
Conductivity | uS/cm 210< 60<
HP Drum
Fe mg/L (<0.200) (50<)
Cu mg/L (<0.020) no copper
Silica mg/L <2.0 0.3<

) : target value
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AVT(R) oT

Figure 1-7 SEM photomicrograph inside boiler tubes(surface)

AVT(R) oT

Figure 1-8(a) SEM photomicrograph inside boiler tubes(cross section)

surface

: :1 scale j

\

metal !

~ flow = flow
AVT(R) oT

Figure 1-8(b) SEM photomicrographs inside boiler tubes(cross section)
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Figure 1-9 Assumed model of rippled scale groth mechanism
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Figure 1-10 Change in boiler differential pressure
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Appearance of stub No.49 ExpanS|on of stub No. 49

5; \ Qﬂ;ﬁ)f\?t\&n | Eﬁ?\d*

After Acid Cleanl g After Acid Cleaning

Figure 1-11 Two phase FAC occurred at stub tubes in the low pressure vaporizer
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Operating | Measuring Radial Direction

Period (hrs.) Point 1 2 13|14 |5 |6 |78
13 125 |31 |33 |36 |34 |27 |16
36 135|139 |38 (40 (43 |44 |22
51 140 |43 |43 |43 |43 |48 | 3.2
32 |39 |44 |45 (48 |48 |42 | 36
3.7 |42 |44 |48 (49 |50 |44 | 37
42 |46 |45 149 |51 50|46 4.0
14 |11 117 129 |30 30|25 1.0
1.3 |15 26 | 35|37 |39 |30 |12
12 |23 |30 |41 |39 |40 |33 |17
11 (16 |27 |33 |33 |26 |21 |11
14 |24 |35 |38 |37 |32 |28 |13
19129 |38 40|39 |34 |32 |17

| Minimum value at each Unit | | | Under TSR(3.5mm) Initial thichness:6mm

Unit

4-2 | 62785

4-4 | 58125

4-5 | 59524

4-6 | 58614

O|@> 0> 0wm> 0 W >

m 25mm 25mm 25mm Pipe is made of STPT370S/40

,,,,,,,,,,,,,,,,,,,,,,,,,,,,, () 114.3mm 7

|
=

A C

Figure 1-12 The thickness of the pipes at the outlet of economizer circulation pump
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Unit trip was occurred at start-up because of low feed water.

(%) _
S T R
[
[ ]
ul®

2008 2009 2010

Figure 1-13 The change of the divergence at the high-pressure flow quantity control valve

Upper Range

MW:0-450

R gisismas W

| Temp:0-350 |

Temp:0-350 |
pH:7-9

Figure 1-14 Hyde out phenomenon of the high pressure boiler water
for combined cycle plants at GT temperature of 1500 C grade
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Figurel-15 The situation of alkali corrosion at the HP-drum level reduced pipe
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RE{bZ X D12, KFEA A EREPH)S.S, 9.0, 9.5 B L OVELFEE#(D0)S0, 100, 150
DG TREHERRRZ T 5 & L bIT, Hdtt T 3 FM o R ATV,
BEaR~ DR BE et LT,

BAKIZ, %Ik 5 RAFefERA2 B E %, Table 2-1 1273 X512, 132=v hZ
OT Z KRR LT\ 5. OT DI Y72 - Tik, KEMZRRERES L OB~ D g
MK DR E T T v Ml E LT

2.4 BRAASI~OBRFLEEDOHRBRER
2.4.1 KEDOKR
, HEgR - Bl O R MEIC FeO3 RIER AL SV D Z & 1T K 0 Bk EE H A3
Qb,ﬂ&&iK%Tiiﬁ,%*¢®ﬁ%§ﬁﬁ?bkﬂik,m{DO®%%@
BT DHRKPOEKIRE & Fig. 2-4 (™ KK 7 H O OBRES ML Z
YEEHDLN, BIEFARAITH LD OT OENELNT, pHE FiF7zZ &I
EVEROEHPEM L Tclod & Z 2 biLd . Lo L, EARNEEEORTE Al X
OB ChrE S, UBROSREIIET L TV KEEHIZR T 2 RS
é%%ﬁ%mib,ﬁmy&omewm@mu%ﬁbh%m¢@%%§ﬁ%m¢
DOERPRFEN OT Ji FH% DO A &7 — VARGEEE X Fig. 2-5, 6 12" T X 512, AVT(R)DHKI
ST LTz,
FIEEIS, BHDORA T — VEZIZHOWNWTY, Fig 2-7IZRT K21, 2701006 10
43D 1T RIEITARR L7,
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2.4.2 KA SEEZFDIKR

OT DALY, F/AKHEIREDIKT - JEREZALEIC KV s~ Df A 7 —L
DT 5L EHIT, TURA ZROEEMN, X ORKAR S ZIRE)OEE N2 BNH]
ENTe. Fio, A TEBEOMBEARr — V& LEWEDT DDA 5T, Fig. 1-10
IRT L9, A=V OERMEPMEI S 72 2 2 k0, RA T ZEE OB INA ]
STz,

AVT(R)B LV OT ICH1T HEE KT OB T BMETE & X#EYT O/ % — 2 % Fig.
2-8, 229 IZENEIURT . OT (1T & U IRFERUEAS Fes04 7 & Fe 03 ~ER{L S 41, Bl K ifi
DRI 72 o Tc T L EIZ X0 FRRIREUN D LTc7z o, A TZZ2EEMEB L7 b D &
b5,

7o, TURA TICBNT Y, BERKINBAGROZEENRRA 7 7 & RIS
DR E IR oTo. 2 U, Fig 2-10, 111273 £ 918, mERAKINEERNE OB R E I
B DA —ATEREDOWADE L Fes04 705 Fe0; ~DEEZE(KIZCL 2 b D EE
bId, ZORRE, \ERKMBAIGROMERE (KIIREZE) X, Fig 22121273 X 51
gE L7z,

2.4.3 BRIZLITESGRR

MBENRKEEZEZ OND, HHiFFDOAT 74 MNEGHORE, kRN Te—% 1L
@ BN 1 LAy FOWFEN, Fg. 2-13 (RTINS, BRI ICHER S
TWD 2, BURCIERIFEOEIIC L D XIE L TR Y, IR & 28T H TV
RV ZDOXERE LT, Fg 2214 RTINS, =y FNVIEEMRA vF (=B Xy
X) OPEEMEEL TS (2.5.3 M) .

2.5 BERHRASIAOBRLEEOBEAICERT 2EEF L3R

BHEZRR LR A THERRE DO HE A7 —VIS Fes04 705 Fe03 ~LTW5 & & big,
BRI AR - EIREAER & 7o TWD 2 ERMER SN — 5T, BERITER
THRDE D RREAFERNAE LI, TOMEE2FE L 7.2
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2.5.1 BRARASOYAINLY VTSI URER

AVT(R)H OT ~EH L7=WIHNC, BFEMIC AT —//VICEY A F T 8i-oHfH &
W o T R A DS R AR HIZIAE U, — RIS KE DB T 5 2 L2 & 0, 72 FeOs
KO ERET D, " A7V 7 VT T ABG” L) —imEOBIRNBRAE L
o, ZORME, EARBIEIEE CREFMRETH 270, FRICRIRIZER L Tz,

2.5.2 BRARASDRATSA MHOEIRER

OT H AL, Fig. 2-15,2-16 \ZR" T X912, MEERAT 74 M ORRE R ORME
NEAEL L=, 2, A7 74 b2 DO ) 50pg/L LA LT, HAFH(Cr-W-Co) D JH
P BRI E SN, Moe—Ya UHEMEFT 52 LIcEE LTV A.

SUS RZMEHIAT T A MMIZH~, DO BEWGEICB W T HIREEITD Wz D,
MBEZAT T4 MG SUS RMEHIZER T 572 L LT LTz,

F72, SH AT V—ffiftEE2 AT 74 b HT AT Xy MBIV SX-717 ~DZ%
BAMGTL, MZHE k1 SHICCTEA LS, MMEE LR THo 72720,
LAl 722 T VT A v MAEERA LT

oI, kT 12 BB LUK | SHETO OT M K54 7 1 X
A — WA E R RHGERBR OB R, Wb CchH Y, EHHER (30 JHHH
THHE) CORBHEH R THEM LMER L, OT B TH D & OFERICED,
OT /A LT

2.5.3 BRARAZOHAKRLTDI OLA Y T35

RA TR T ORERR L 9 BERIE, RiEEZ 7 0 LA X352 L0
Zm EEE, L dBEENOHEARZR#ET 2N TEHE LS TWS.OT 7
F Y RTIE, Ay FRREHICEWTEREICL2BEBENESND LIS, Ly )
B AN B KR P2 D728, BWHIZA v T DRHIBEST 5 Z & SEH S0 LR & 7
STWe. £, Y=V DlDOMAEMED, A v R REZFHERLOTVWEEL 2o
TW5.

HEELT, O/ A yX+ =B AyvX(WEEMR=v T LA VFX) QF TV
Avx QHILAYF Dh=BrAvx ZEPRRTFINTN, HiE EFRE O EN
RN LD, EHEREICZ B AOFA Y FITTRIST S L & L.
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2.5.4 BERARASODEEE—F FLUSAVDHEELR

OT BAIZHEW, R —F L REOERIEN LR L, ZHUTtE- THIRESA
HORRERIRE D LA 2HRREELTVD

UL, LR 3 BRI LD, SR D EMEIRAME T L, ARSI
FTLHEDIE, RREP LA LTS EEZLND.

O KA T#K pH % AVIRWIHE L TR BRET H720, KEe—% KL 3R
Heo pH MR N2 2 &

@ Ny PREICL o THAEN TS Y, KFEE—4% FL U RHEO DO EEIT
WFIEEAE LA LN &

@ KEE—% FLURMITHREIC 2 DI EIREMEL 25720, () OVEfRE
FEICKRELRY, BIZv IR P A AT —ABREH LT OERMEL D2 L

2.5.5 ERRASDBEH I 4ILIDEEY

FERIEANICHE, BAE COEIA KN, Fig 2-17 1R T X 2 ICBEm 2R L
7.2, Fig. 2-18~20 12733 K 918, RIBEBN/hE L, FHEMERO A % K ER L8k
(FEOOH)2X OT IZ X WL, AF— o — ) WIROFIEHZ HWTE T 1 V2 OB
HMETRATD LT, FHRHAEROMYELEN LA U, HAER ORI 23 EiE S
NHEHEEZEZ LN, BEM TH D SUS 7 — /L O PEHE T3S L.

2.6 2—EUMEAOEEMEMETHYOF LT

OT 77 v M, AA ZAKITHEICEMEICHERFISATWD. L, BREX—E
DR TIE, MEO MY TH RIS RR E 45 SR ZTER LY
/D LEB-TC, SR FRNEFE L ZERSE T ToRREEKL, ¥—F

UMEHC RIFTREZ TR L TR 2 8%, OTOKEFEH EFRERERZ L THD.
F— N7 =T RRBIRIT Y — B ORI ENCIERR L 7o B 24 A L, OT
BN FREE LB K 20 U, WA S O Rk A 32l L 7. € OfE R, Fig.
221 \RT DI, KEFO Cr RV EHE ETHEMEICENL TR, £0 Cr
JEREOMICITHBEIMLFED 52 0T KE LM T ISR T 2 MERMY ORERK
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MBI ~OREIT Fig. 2-22 12773 X 918, 42 SO~ >Na* >Cl- DOJIE T &2,
RELRDEMIZHY, 7L —FHED bu =2 ~DRENHETH T,

7 L— FMIZ, DO REICEBREREEIITNIWVD, v—2I%, BHAXH L5

FIZIZ DO REDHME & HITFEMERE 20, BMEAENGE CTHLEEN AT
LEEMIZH D

AVIR)B LV OT IZBIT L7 —E U M~DRBIONT, EHABRFICEIT 55
JE - B - ARES — - OMBUSRRE DGR %L, Fig. 2-23~28 \Zn"d .72, KEX
—EUPEFREICE T 5 SCC MBRFE ROFHE S B, DO IZ& D ¥ —Er ~DEE
IMIRNT & B ffggs L7z, 1071

1 REERAEDHEL
2.7.1 Ritkss

OT BAAA S W I 1T D s~ M@, W TPA) & L TU s, Fig. 2- 29,

30 1R T RO, RAMTFICBW TS PO DO BNERE LAT 2B M AEL
7o, T, BAREICE O TR S BRI RN LI - WL, Afr
B TICAE D RREDRZIE L IEBIC X0, KANCHEfET 2720 Th 5.

—J5, XU R E R 35 &, DO AR - HEH & 5729, pH DKUY AVT(R)
ERIGMEL 72D, BOWHMNE SN THIREN EAT5.

ZOXS R LEEEL, N MpEER TP &L, DO EFEHZIE TR &9
% KRB A e L7z,

Ik, XU hRORMBREL LT, SiRGAD DO REFZDT — KNy 712X
% H B )7 A ffeNn Lz,

2.7.2 BKBIEEE

OT #H== v FClE, HABHERECPP)RLETHD.Z DA 4L MG %
Fig. 2-31 |23 HAL S NHBIEOK D & 2 H BT NH B A~ EMEA 40 %
Y BRSBEDDEN.Z T, 8% OT 77 b CIL 4 EHAE KEZ LTS . L L,
HANI NH IR 1A 7 BT OTKEDDIRN.Z DI, A A 52 HisthE
DFERBIEINT %
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ZIT, WEaR N EYKEERHINT 5729, NHy BEKOBEMIZE D b0
%%%%%Té:&%ﬁﬁtmwvw7%®pﬂﬁﬁﬁ%ﬂg}ﬂﬁ%ﬁﬁ,%@
FEAIRREHC L 0 NH BT HBIEMRRICRIEN N2 LN bho oo, 4 B 18
Z NH KT 2 O EKiETh 5 & OfimicE -7

2.7.3 iCE) - FiLEF

OT BASAE A 1413 FeOs IRERED RN L EFORERIC LY, 7V —27 v 7k
RE X AVT(RWZ EL BN~ 2 ME A 2R U7z, Z ORI, R R IEO 7 el L OR
AT TVRATDOTIRDT v L AL T - BEORE LS V—2T v
DHEDYERIZ LY, Fig 2-33 1233 X018, kKD bEMAREL kol
F2, NoHs BEAOERHRBRZIT 72728, HEA - TEACBERZITR OGN0
ST UL, E RV UITRIGME TH Y, Ak LT FeaOs RFERIEZ N E S+
HZl, BBAMEDERNDT D, NoHy BEAZIRMT 52 & L LTz,

X 51T, WHEHEIEDSS)H L O KE (L(WSSHIZEBWTIE, OT @ FiEEhE LR
EATH- 720, AKEm CIEMED RN L xR LY

2.8 BERAAFHEREDLFERS
OT IZBIT 5 A7 —/vE « RS ORIFNECOIERIZ LD A — V&R THl, BXIO
BVRIERAEIC K DAL O E I OWT, OT BABEE N SHMFNIETF L=,
Fe:05 A7 —/L D7 « lREN 0 TROVEOBEBICL Y, BEO @b e i
HEDOMENAZITN T B R D> T 2 DRI O AVIR)B L OT IZBIF 5 A7 — /LD
PR R LA R E S ME A Table 2-2 (2, OT JEHREFRE OBIIMNILE 9 A7 — )Lt
JES « lREHEOHER % Table 2-3 12, EERFRICHT DA —NVEEZ 7T 7{LL
7% Fig. 2-34 \ZR LT2. 207, OT HA= = hOHINE OT HHHRRFH 0O #4124 Hs
¥ 2, KO @B E R UE DL 22 Tz

2.8.1 REBAEO®E
2.8.1.1 HEAZX
REBIEE ORI L B H A, Fig 2-35 L Fig. 2-36 12, T FR1.
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HIERMEZ R 27201, F 2 — T ISEE O I 7 ik (L&, BVEXT 1 X,
TAE) BLOVEEE T BAETIE, MES) MR Lz BYRESR 2 EMEICRET
LI, FRIRE (UEME) , £ (RIEED, REE) , fitEs X OB R SE
OffEt 2 G L. B DIREZR( A SET2%6, F = — 7 OFMmIE OIS N iR
DIREEREFEZNE LIz, SbI, MEEZE LS EGE, T2 —7 O TticH
T DR L 25 2 E LTz

2.8.1.2 ERERERBRAODRAT—ILABERRAE

BURE R L OB Z BT 572012, Table 2-4 \Z"T L 912, A7 — A5 R
DA (R —viE - JB3%E) %M L. ERARERBRA & LTE, OT &A1 7
NORE LT a—7 %A,

FERIKEM Oy — V& LIRS OREIEE LTE, BB A Wi & PrE O ~HEIS
Bt L7z A bROTZ. iz, A7 — VEIFEMIEICLY, A7—1VDOREIX
TR RIIE ST D IA LA EE R, BB T A — L ORI A BLEE LR HIE
L7c. BT, A7 —VOHBED D WIFEIN LB LT,

A=V DRI, IR o — RO B L OE R~ A 7T T4 %
— (EPMA) 2LV, AT —HfoxREosfid, BinoEfR~A27e7 74 % —

(EPMA) 2k B~y ZIckvifiE L.

A=)V HID FesO4 & Fer 05 DAL, X MREIHTEIC L 0 FE L7z

2.8.1.3 Ry—)LBZEZZDAE

FHEAERE R LD A — A BMRERONE L, FRZHE L@ mET
TAT — VDA EDIRRE TR R &R 7=, Table 2-5 (239 X 912, ii#(3.0,5.0)
B L OVRAEA OIEE(200,225,250,275,300°C) % —E & L, {FiREL 5 KM LS
T, EAMEIREE 3 A, EWNEIRE 1A (7 0 CEIEERS) 3 KOV AR 2 &
L7z ZOWERR LY A — LV OBREREZ RO T,

2.8.1.4 {LERBAEERHDHIE
A= VEMRIER EBEAT, TREEE, A7 — VIR OIS K S AHE & AT
L, OT == MUY FhE R O Y E L EDO R 21T > 72,
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2.8.2 HEREER
2.8.2.1 EEEREHBRADORT—IILAFERKRAE

EM L7eTF = —7 ONMBUIRIL & Fig. 2-37 12”7

A=A OF 2—T% Y o 7RIZEIO L, 27— ATONmEUS & UIH] - bFEE
L7k, JFBERL KAFRNC 3 E LT R 7 — k2 BEse & U7, 3B i ok i
DREF % Fig. 2-38 1R LTz, FIZHE K0 1 SR T, Byl T, JrBEml/
FRTRE REWHELS, BIKADR T — ARl I .

WA — VTR BT A — VD& RS 2, kS 7T X~ (ICP) 33t4y
Fric L ot Uiz, 7z, ARG & S0y 59 & A — VIRIRFR B DI EH 8RIAIC K
Dot LT, ZORER, MEHE _kJ)1 SR TIE Fe 28 96.5~98.7%& £IKTH Y, fft
(2, #E®D Cu, Ni, Zn, Ca, Mn, Cr 5 Sz AR 31E 0.3~0.7%, U W
1L 02~03%ThH->7-.

BRI R X O R RIFBER A & — L O WO EPMA R /0TS e K OWiR #
o — VW O EPMA (2 & % Y408 BTG R D — Bl & Fig. 2-39 \TR¥. £/, A7 —
NIZER END TREOGARNEHLNZT D720, EPMA~ vy B 77 F 7 A F—
IR A — IV WiH CORFRELE N T —~ v BT LTCHRE L RO—Fl% Fig.
2-40 TR L7z E OFER, £ TORET, A7 —/LHIZ Fe & O A & iz £72, 014,
27— ORI TS 27 Th - 72 JFEERITIE, Cr, Mo, Si MARMEERAHTIC
JERITHRAE L Tz, T, Fa—T7RENPLERRLIZA T —/VHERICH LT, X
MREIPTEERIC X 5T, Fe,O3 & FesO4 DFALLLTZ, M{LHH (ZnO) % NERIEHE L
LER(LE Lic. ZORER, Fig 2- 41 13T KO ITMEE k)1 1 5HETIE, HBER
8:92, KII10:90 TH o7z,

2.8.2.2 EHEARERBRICLEIRT—ILBGREEDAIE

OT 2= "M BHRE LIZLLTOTF 2 —T 0D, BVREER R Z RUE L CREZ I
e L7omii s @E T TAT — L OFEDRIETHIE L7z A7 — /VEMRE R & AR
DR % Fig. 2-42 1273 ZORER, FHEITHNEE COYHERERIE, 1.12 W/(m -
K)yToh o7,
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2.8.3 HERHEROBR
2.8.3.1 R — LEMEER
BRI, T SNERET—21%, REDIETEVVETH 7.

B AOTAER < BEEHOREK < NEBERE® < AEEREQ, ©, ®)

SRR D, @, OITFBRIAT L OESXUF DB D ABDJE J7 A TR T h L —2
THETTHDEN, ERICITZNENRRDBEL R L, ZHUL, #ik L7k
DIRA, BVEXTHLDIAL IR S DEY, 3 X USEEQ TONBEEVE X @O ETEN & %
TeHEEZOLND.

O~@DIRET —Z1%, BB L TRITERRMIC EF L7z

2.8.3.2 eFHEEERBHOHIE
DA — VEMRERDOWE & fRHT

A —VEMAER L FAKIRE, BAm (BUiR) BIOA T — 1 HRIRE L o
AR A ELE LT

A — VEMAE R TRBR O WERIEEE 2% L, 0.6~3.0 W/(m - K)DFEIFHIZH Y,
ZDOFEIEIE, 1.40~1.64 (FEHERZE 0.48~0.60) T 7=, A7 — VEMRERT,
200°C~300°C DIREFIFH T, KE B LN EEBEZBND. A7 — LVEYRER L
A — V1 Fe,O03 A E DRI OV TIE, FeOs A 15%F Tl RE <AL
ROD, BB EWK 17%IC BN TR /T 2N 2 D,

BT OT TOAR T —VERER %, HERD AVT(R) & Hig$ 5. AVT(R)
EH T TORA T A — LOBRERIZIBWNT, (LRUEEREE 0¥E o B2l &
L Tl%, 1.2Kcal/mh’C (1.4 W/(m * K)) ~1.8Kcal/mh’C (2.1 W/(m * K)) MRS
FEM ST E 7. OT B F COMFUFFEMOHERLLEDT, R T7F2—7%
B L CATZ —VOBMGERZRIE LR, siko &R0, RIERED 200°CH
5 300°C O TITHEEM D A7 — VEYRERITFEXHMET 1.4 W/(m - K) (1.2
Kcal/mh*C)~1.6 W/(m * K) (1.3 Kcal/mh®C)DHEIFHNTH D Z &N gnolz. ZDOfE
1%, AVTRIEMH FTORA T A7 — VOBMRER L g7 5 & FRIZIZIERZE T,
FIRIFET/NSVETH - 7.
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@OT R A Z1ZI1TF DA PP F i R o0 & FE O Rt

A = VMRS Z AV T, OT A LU FE e ] o) & S O MGt 217
ST BHADHHTRER DG, OT RA T OHEAT — VB I ZRDT-.

POEM DRl — VAT 35 B L GERRER & OBIRD S O R — VAR R 3.6 X
10*mg/cm’Hr TH Y, AVT(R)DHE D 2.25X10°mg/em’Hr L VK 1/6 LWV H/hE
VMETH D Z Enginoi.

—J, BB LT OT BMH FTORA 7 A7 — VOERERIL 1.4 W/(m + K)(1.2
Kcal/mh’C)~1.75 W/(m * K)(1.5 Kcal/mhC)D#iH TH 25 = LV HBH L7-. Z OfiElx
AVTR) ERIEFSETH D Z E N o T= FR AT — VSR E L CTAVTR)EH
ff S7Tmg/em* Z8HH T2 &, FHEAT —VEZIFH100um & 72 o7,

EHIT, D OT == b ~Oii i 2 BB A 7oA 00 SR 0 ) 7 FL
A LT OT EHDORA T A7 — VR EIIHIMA & B 2 5TV DA,
L ZeMoERAREZRRE L2546, 20 FRIC 1 EHRET 2 2 L o3 LR
L.7272 0, Ry Z—IRA 7 — /I X DA EREGORRN G, 10 12 1 ERER
TR FERT S5 L b REEBE LRITHIE RS0,

2.8.4 RASEREZE~DLZRFDERSG

2003412 A, HBE/ITHIOTOT 77> b CNZH kKI5 ENT 1 5H) o1t
PR A FEhE LTz

OT DALZEVEHIE, RO AVIR)EFOWHFHML TH L 7 =k (1.5%) &7V =
— VI (1.5%) 1 X 0 5 U7=._Table 2-6 |2 D TF%, Fig. 2-43 2% DFikEZh
ThorT.

LRV ORER, Fig. 2-44 (3T E BV E AT —/MIZERICERETE, @RI 00
X DEREIT R T

T, BV TREOWRHNERA 4 R, Fig 2-45 17T L3819 8,100mg/L £ Tk
L, TO®EE LD, A [AVT(R)IEMH R O HERA 4 R E (5,400mg/L) &
HAREWBRETH- 2. ZORNIE, A7r—AfEBEOEWNCEILILDOEEZOND.
F7z, BRUARRNE, ATE[AVIR)DGE] DK 5 RFRIT R LAY 9 F 2 Z L7z, Th
X, OT OfFFEART—NEREIE, AVIR)E A 7 — VT HABUEE Th 0, BRTEEHRA
A= VNICIRIB LIS WZ ERFRKREEZEZ BNS.
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2.9 ERRASOANBRUEELZERADOHR
BARA 712 OT Zid Hl L7258 O AR « R RIRHRIC DWW TRREE L 72,

2.9.1 EffTRIEE(E
N K1 ERT 1 SRR T D HMNHFHMEIZLL TO 80 TH 5.
72¥, KERE LMD 13 2=y MIOWTHLEETH 5.

O « AT OSBRI

PRIREE IXR R IEA LB O RAICRBN T, 1/3~1/2 BEIK T L. £, SRiRE
IZAVTI(R) & FIRRE TH -7
@FRA T EE

RA T EEDHRIL AVT(R) & e, 1.5MPa LL_EO KIEZRBD 23580 B, ikt
HEIAIRF OfE & R e~ 72
@BERRD A — )1

B DA — VAERGRE X, AVIRNZHER1B~I2FBREKTT L Ebig, £
DOFGRITER DB SH, T L leodz. £z, ¥ —E U RIK - FAKINEK - BFP %
DA —)VEIE, AVTRIZ A~ LTz,
OO/ - B

(CERT DRI L DB R - BRETRD NN o7 28, AT IA |

AR ECRONTZEER - BRI, OTOHEHAZEET S L) eEERMETE X
IRBIRMo T
ORA Z T veiH R

NA T ETER LOERBE A — VORI, LFEEFERIT AVIR)D 1.5~
AL, 10~15 LI E L RIEICER TE 2.
@Fa KR 7 DIRE)

A —AFEED AVTR)DHK 1/5 12 L TR Y, BHRARIEBIZE R A 77—
HRONRNZ LG, IRENCKT DA RXIR L o7z,
DRA T KK 7 DB 5%

RA T FEEOARIHIS & O BFP BIHRRANEER D A 7 — A K0, 6K v 78 )
DI AVT(RICH AT, £ 1/3 & RIBICHIJK T X 7-.
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2.9.2 #EFHIETE
OT EHIZ XY, WITRTEMOHEN TE, KigRfEtEom EAKNT:.
DAVT(R)EN ) D HI Pk
@@ AR AR MERE R I 2 D HIITR
@R A F ATV T OHI
@ EH R THIORAE T AE 5 ARFRER K E O HIH
ORI FRHE 5 D H
©18 7K it 3225 7 A 3 2 D B
DA — VEREVEZEE DI

2.10 #£8

OT X AVT(R)IZHERTHAK T OSKIEEEITH 12~13 FREIIK T L, RA 7 /KEBEE
DA =NV AERGREETK) 12~13 BT L7z, 295 LT, A T ~DOHOIRAE
DRI, AT =/ Ot - AIZ L Y, RA 7B LR ERAMEGR D ZEEIT,
(b Beve Ehitg & A5, TN FE TR T LTEY, A1 FF0ei RO KiE
IRIEAFIRE L 725 & & b1, ARRBRERKR L 7B OE K HE L RSz,

F72, FERIYZ: OT OARA FALFWEHEREDEF L L TO R — LV OBYRESR
I, AVT(R)® 1.2Kcal/mh’C (1.4 W/(m + K)) ~1.8Kcal/mh’C (2.1 W/(m - K)) & b
LT, 1.4W/(m + K) (1.2 Kcal/mh"C)~1.6 W/(m * K) (1.3 Kcal/mh"C)D#iPHNTH 5
ZEND, RA TALFEEEHE R XL 2R A2 E O TH 40mg/em? & AVT(R) & [F]
& w7,

EBIZ, MEE KNFEI 1 ST, OTERARA 7 & LT UbEkE % 5%
i U7z, pEk & RfROBRIF R TH D 7 = Ui (1.5%) &7V a—n@ (1.5%)
&V, A= IERICRETE, BRIRIEFICE BRI L, B
Vet TREIZ AVTI(R) & SERERFZ S 5 L W) Bie A A NG o .

HZEE k)1 BARIZ 1990 FEIZ ML L7z OT 1%, 2012 4F 7 ARRRICEBWT, 11
EWIELE, 53 2=y MIBWTE_IN TS, AVTR))S OT ~DHI Y # 2 #% D
EAFERIIRG TH Y, FKBRREORR, A7 — VAERGEER K ORA T ZEOH
H 23 HE SN TWD.
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Scale layer containing iron dissolved Flow —>

from metal = epitaxial layer

@ Erosion region
due to fiuid force

Crystal growth region due to
Fe2+ deposition and chemical

ﬂ Re-bonding of separated
o % Fea04 particles

iel?;:ating ° Formation due to secondary
d Erosi% growth from Fe2+
Fe2+
. dffusion ~/ Rough crystal of FesOs

U 1 Original metal surface
OH- dffusion Scale Layer of
oxidation of metal

crystal itself

Fine crystal of FeaO4
= same size as original metal crystal

= topotaxial layer

Present metal surface

Metal

Fine crystal of Fe203

Rough crystal of Fe304

(0OT) Cross section (AVT)

<«—> 50 pm <«<—> 5 um

Figure 2-2  SEM photomicrograph inside boiler tubes
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Table 2-1 Process of introducing OT for each plant

1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004
Chita-4 Installation | Major Major
inspection inspection
700MW @ . H
Chita-5 Installation | Major Major
inspection inspection
700MW J || i
Chita-6 Installation Major Major
inspection inspection
700MW @ ||
Atsumi-3 Installation Major
inspection
700MW @ |
Atsumi-4 Installation | Major Major
inspection inspection
700MW @ || |
Chita Second-1 Full-scale Major
installation | inspection
700MW @ ||
Chita Second-2 | Installation | Major
inspection
700MW @ ||
Kawagoe-1 Installation
700MW @ |
Kawagoe-2 Installation Major
inspection
700MW @ u u
Hekinan-1 Installation Major
inspection
700MW @
Hekinan-2 Installation Major
inspection
700MW @ |
Hekinan-3 Installation Major
inspection
700MW @
Hekinan-4 Test-run Major
inspection
1000MW @ l
Hekinan-5 Test-run
1000MW @ i

@. B: Introduction verification test period
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Fe(.ug/ﬂ) ! (8'8) . (explanatory notes)

S - 1 O—0 CWT
V] CERR S, Yo, 1) (TN N RS N SR T RN . AN | S
3
2 N i e
i
£ O2 Injection Oz Injection
0 — AN W :
CP EMF CBP DEA ECO MS
outlet outlet outlet outlet inlet
CP : Condensate Pump DEA : Dearator
EMF : Electric Magnetic Filter ECO : Economizer
CBP : Condensate Booster Pump MS : Main Steam

Figure 2-3 Iron concentration in each point operated by AVY and OT

Fe(ug/t) (explanatory notes) -‘
15 T P ............‘......A......%“....,..‘..<....‘.,<.....§,‘....‘. : ........... O—-—o DO 50,"-12/ E
: ': : -4 D010 #
10... asnssnn
5 e

pH8.0 8.5 9.0 8.0 8.5 9.0
Condensate pomp Economizer inlet

Figure 2-4 Iron concentration in each pH condition
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Generating Speed
(mg/cm? - 1000 h )

(explanatory notes)
C_— AVT(11,871h)
OT-1(10.505h)

swems  OT-2(20,286h)

vaporizer

ITTES
0 g =
T s )
b
upper part  lower part  heating side furnace side heating side furnace side upper part  lower part
- ) water wall water wall
conomizer .

( front part) (side part)

Figure 2-5 Scale generation rate in each point of plant operated by AVT and OT
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Figure 2-6 Changes of adhering amount, thickness and generating speed
of boiler tube scale operated by AVT and OT
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50

Quantity of scale adhesion and thickness | C—3 AVT
OT/AVT(%) m O7
S T S, T (e ST W
Redifica BEP Drain
Main BFP ec“_"‘a“o“ BFP Control
turbine | turbine pipe Inl.et rotor valve
of HPHTR | strainer
of HP HTR

Figure 2-7 Quantity and thickness of adhered scale operated by AVT and OT
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AVT

Figure 2-8 SEM photomicrographs of the surface of pipes operated by AVT and OT

AVT
16.0 : Ed,D 30.0 40.0 50.0 60.0 70.0
oT
10.0 20.0 30.0 40.0 50.0 60.0 70.0
Fe304 MAGNETITE SYN
19-629
T T L T T T T l 1*4[ T T J‘rgL T L . ) 1
10.0 20.0 30.0 40.0 50.0 60.0 70.0
Fe203 HEMATITE
24-72
R e R AN
10.0 20.0 30.0 40.0 50.0 60.0 70.0

Figure 2-9X-ray diffraction patterns of pipes operated by AVT and OT
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AVT

OT-1

- 0T-2

Figure 2-10 Photographs of the adhering scale of high pressure heater operated by AVT and OT
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oT

(CWT)

Figure 2-11 Photographs of the adhering scale in the flow control pipe
of high pressure heater operated by AVT and OT

AT(C)= OT — AVT
_+_ l '0 FEeas s sameeEassEAsIRIAEeRAN LS SEeN eSSBS a e B Al L AR
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enhancement

/r 0 [

\L #3 82 #1 K3 82 ¢l
OT-1 OT-2

) | e s o PR R R S Sl R

drop

Figure 2-12 Temperature dependent terminal resistance in high pressure heater
operated by AVT and OT (performance enhancement and degradation)
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B 41 liner ring U #1 stage peace vl center stage peace - balance sleeve
e - \‘3’ J|
0.35 ¢ .
=
03}
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Quantity 0.2 |

of abrasion .15
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AVT oT-1 OT-2

Figure 2-13 The damage of the chromic plating of the feed pump

| Cr plating |
' ' X 50
Cr plating
f : electroless
Cr plating & Cr plating nickel plating
i )
X200

X200

Figure 2-14 The damage of the chromic plating of the feed pump
and countermeasure by electroless nickel plating under Chrome plating
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Choice corrosion with oxygen

02
1NN

3 - Cr-W Eutectic carbide  Co-Cr-W columnar crystal
The damage situation Erosion by the high speed

Eutectic carbide
columnar

| The damage caused by erosion and corrosion

L . . The mechanism of damage
Cross section micro organization

of the damage department

Figure 2-15 The damage of the Stellite in the superheater spray control valve
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metal sheet at AVT metal sheet at OT

soft sheet at OT-1

Plug

Seat

Cage

stem

plug

overheat prevention valve of boiler feedwater pump

soft sheet at OT-2

s

Plug

Seat

Cage

stem

plug

Seat ring of drain level control valve of high pressure heater

Figure 2-16 The damage of the Stellite in the superheater spray control valve
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driving days
until the next
reproduction
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driving days

Figure 2-17 Driving days until reproduction after the oxygenated treatment
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X-ray strength of CP outlet

100

90 |-
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Figure 2-18 Removal rate of iron versus pH of water supply
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Figure 2-19 Particle diameters versus removal rate of iron at normal driving
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Figure 2-20 Particle diameters versus removal rate of iron at start-up
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1 mg/L SO+

1 mg/L SO4?

A Double sheet (with no stress)
@ Double U-bend (with stress)
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Figure2-21 Relation between corrosion rate and Cr content

25
i * . Time correction
Single Ubend test { 0O 3.5NiCrMoV steel
& A 12Cr steel °
% 2 Double Ubend t t{é 3.5NiCrMoV steel
f=2 ouble Zbend 1es A 12Cr steel
£
c 15 Q
3 [Mean value] .
IS
®©
c 1 o
ko)
s
o
3 0.5 8
A ﬁf*
: _ n

15 30
(2000h)  (2000h)

60
(3000h)

Dissolved oxygen concentration [ig/L]

Figure 2-22 Relation between of dissolved oxygen concentration
and corrosion amount (with stress)
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OT-10000hr OT-20000hr

whole
appearance

three steps
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Figure 2-23 The situation of corrosion and the erosion of the high pressure turbine(blade)

OT-10000hr OT-20000hr

whole
appearance

five steps
of exits side

seven steps
of exits side

Figure 2-24 The situation of corrosion and the erosion of the high pressure turbine(nozzle)
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OT-10000hr OT-20000hr

whole
appearance

':‘ 1“‘“' i "l Hlml }._

nine steps
of entrance
side

eleven steps
of entrance
side

Figure 2-25 The situation of corrosion and the erosion of the intermediate pressure turbine(blade)

AVT OT-10000hr OT-20000hr

eight steps
of exits side

ten steps

of exits side
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of exits side

Figure 2-26 The situation of corrosion and the erosion of the intermediate pressure turbine(nozzle)
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AVT OT-10000hr OT-20000hr

whole
appearance
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of entrance
side
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of entrance
side

Figure 2-27 The situation of corrosion and the erosion of the low pressure turbine(blade)

AVT OT-10000hr OT-20000hr

thirteen
steps of
exits side

sixteen
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exits side

Eighteen
steps of
exits side

Figure 2-28 The situation of corrosion and the erosion of the low pressure turbine(nozzle)
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Figure 2-29 The structure and system of deaerator
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Figure 2-30 Phenomenon of the sudden rise of oxygen concentration

in the deaerator outlet and the economizer inlet
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[lon exchange reaction formu

NaCl

NH.OH

la of H type water collection (Ex.)]

H,0

[Advantages]

Both corrosive ionand ammonia
are removed and high purity of
treated water is obtained.

[Disadvantages]
Small water collected volume.

Upon completion of H type water collection, the
process is changed to NH4 type water collection.

[lon exchange reaction formula of NH4 type water collection (Ex.)]

NaCl

NHOH —

equilibrium
NH.OH

+ (Na)

(cn

—

[Advantages]

Since ammonia is not removed,
large water collected volume
results.

[Disadvantages]

Because there is leak of corrosive
ions, the purity of treated water
becomes inferior.

Figure 2-31 Water collecting system and features of condensate demineralizer

a5

2.1

Leal amount of Na* [ppb as Na]

0.0

0.02

e R-NH,4 +Na*‘—_~_ R-Na2 +NH,”
(R-Ne) _ENH“)
K=fR-NH.J) T N2 )

0.77

0.01 ‘0.02 0.05 iy 0.2 0.5

R—Na

X 100 (%)
All Cationic resin

Figure 2-32 Water collecting system and features of condensate demineralizer
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waterreatment | stopping g ‘ The time required of the clean up(hr) ﬂ
in nomal operation | period(hr) ydrazine -10 -8 -6 -4 -2 0
Y I Ny Y Y ) B
AVT(R) 24.5 injection | [l n |
Dearator Pre-boiler Boiler
oT 31.0 injection L] |
Condensate circulation | Dearator Pre-boiler / Boiler
oT 29.0 no injection
Dearator circulation Pre-boiler / Boiler

Figure 2-33 Required periods for clean- up at stop and start process

Specific Gravity and Thermal Conductivity of Scale

of AVT and OT
Specific aravit Thermal Chemical cleaning
P of scgle Y conductivity of | criterion value
scale (upper limit value)
AVT |[4,187kg/m® |1.74 wim-x)| 450 g/m?
OT |4271kg/m®| 0.86 wim-x)| 230 g/m?
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Table 2-3 Amount, thickness of adhering scale and growth rate during AVT and OT

Operating Amount of | Thickness of Growth
Water hours after adhering adhering rate during
treatment chemical scale scale period
treatment (h) (g/m?) (um) (9/mZ-10°h)
AVT 11,871 199 Average 60 16.8
Chita
Seel 10,670 103 Average 30 9.7
No. 1 26,470 129 Average 23 16
Plant 36,445 174 Average 20 4.5
52,349 178 Average 51 0.3
oT 66,777 150 Average 62 1.9
93,682 222 Average 70 2.7
%rae_rpical cleaning criterion Chemical cleaning
& \ \
= 250 1 ¥ Y
— :
(2] ] -
= 200 ;
5 :
O 150 ; =
(S : C
< 00
Q 1
S 50
7p
0 +— ' ' ' ' ' ' ' j -
0 20,000 40,000 60,000 80,000 100,000
Running time(h) 93, 682h

Figure 2-34 Scale amount to running time during OT
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lon exchange

Cooler

Cooler

Ar 0,/ Ar

Electric
Furnece

Heat exchanger

Iﬁz| ]

Autoclave

Autoclave e
HP/HT pomp

Figure 2-35 Testing apprautus to determine the criterion of chemical cleaning

Figure 2-36 the photograph of testing apparatus
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Table 2-4 Contents of the scale adhesion situation investigation

investigation item quantity of scale adhesion scale thickness
investigation The weight method )
_ _ cross sectional SEM
method by the electric deliverance scale
. o the upper stream/the down stream the upper stream/the down stream
investigation

point and number

the waterwall side/the furnace side
4 pieces

the waterwall side/the furnace side
4 pieces/point

scale composition

element distribution

cross sectional EPMA

cross sectional EPMA mapping

the upper stream the upper stream
the waterwall side/the furnace side the waterwall side/the furnace side
2 pieces 2 pieces
the FexOs relative ratio the FexOzdetection point

powdered X-ray

Raman spectroscopy

the upper stream
the waterwall side/the furnace side
2 pieces

the upper stream
the waterwall side/the furnace side
2 pieces/point

Table 2-5 The measurement of the scale thermal conductivity

by the actual machine evaporation pipe specimen

item condition condition after the change
velocity(m/s) 3.0, 5.0 5.0 (3.0is adopted only a sample)
fluid inlet temperature(°C) | 200, 250, 300 200, 225, 250, 275, 300
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Testing tube
250

No.03
2 — No.04
L5 o4,
i)
No.03
No.04

9iMI1 2B 45678 950112345678 0fl12345067809(E012346567

250
Testing tube

Figure 2-37 Photograph of tubes cut out from the boiler
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Water Wall tube Before test i I
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Water Wall tube After cleaning

Figure 2-38 Photographs of water wall tube before and after cleaning
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Figure 2-39 SEM microscopes of cross section and scale composition by EPMA
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Figure 2-40 EPMA mapping of internal scale of cross section
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Integral calculus strength of XRD(No standardization)

3.5
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Figure 2-41 Relations between content and diffraction line strength of Fe:03 and Fe3;0Oq

in the X-ray diffraction examination of the mixture of Fe>03, Fe304 and ZnO
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Thermal conductivity of the scale(w/(m-K))
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Fluid temperature(°C)

Figure 2-42 Thermal conductivity of scales with various fluid temperatures
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Preheating

@

LAcid Cleaning

Water Rinsing 1

Rust Prevention

Water Rinsing 2

Figure 2-43 Chemical cleaning process

Table 2-6 Chemical cleaning process and method

Chemical Endpoint
Process FUIpOsE Asiod specifications judgment
Rehearsal of acid Steam isinjected and dreulates Steam heats the system
¢leaning pracess and the system, to heatthe cleaned tolargst tem peratire.

1 Preheating

prevention of
complications

gsysiem to the acid cleaning
lemperature,

Cleaned system isfree
from any abnermalilies.

A chemicalis injecled by
allowing itto circulate through the

sCitrie aed: 1,5'%

The aluted iren ion

2 Acid Scaeinboliertubeis | cleaned system. «Glycolicacid: 15% | concemiralion is constant.
S dissolved andremeved | Thetlemperature ishestedto I
cleanmg by acid. 80 - 5° C and the chemical is =Commosion inhibitor Sl.l'fal'il' scale of sample
cireulated until a constant iron fon | *Reducing agent tubesisremoved.
concentrationis achieved.
3 Water Residual acidclearing | Waterisinjected and the system pHS or higher
S chemical and exfoliated | isrinsed atthe same time as Hydrazine: 20 mg/L Total iron concentration
rinsing 1 scale are discharged. hydrazine Is Injected. is 100 mgiL orlower.
The cleaning | quid
Rust fornation on After hydrazineis injecied, the temperatureis 80 Cor
4 Rust boiler tube inner chemical is ¢ireulated for 2Zhours Hydrazine: 500 mgiL higher,
prevention surface causedbyacid | withthetemperature kept y ' Circulationtreatment is
cleaning is prevented, between 8390 C camied our, for 2 hours,
pH2 or higher
Rusl presemvatine L
5 Water solutionis discharged | "Wielvdrzineismiected. . L | Tubidity: 10degreesor
I'il'ISil'lg 2 to improve boiler water ;Jmerlr] on "insingis camie ydrazine: 20 my lower

quality.
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Before Cleaning After Cleaning

Figure 2-44 Photographs of water wall tube before and after cleaning

10000

—4—0T (Recent)
8000 — —g=AVT (Previous)

Eluted iron concentration (mg/L)
I
o
o
o

Time (h)

Figure 2-45 Changes of eluted iron ion concentration at the time of chemical cleaning
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3.5 HREURASICIFIERSDUIZRHEITUETREHEZDRAR
3.5.1 BRKDaA=v MEEESE
JIEK T 3+ 4 5 RINOURE EGEH % Table 3-5 12777
WK (72 RERHI AN 455 1L CEZE 2R FF T 2856 L iREIAEI L T 6 72 BER LA O Ik
THIUE, NoHa lFEH L. —J7, MlmAEAI CEEME ST 256 Ay M ¥
7 Th, 1HEE BT 558120, IREUSECT 20-200mg/L Db K7 P2 &k
ALTWS.

3.5.2 BEBFRFORHELLUVE FTOURBREDRE

eS8 RS e 24 FHHIC DWW T, BBRE RN R OMER ATV S I OWE D3
FARMERRICE 2, NoH UREER| & L ComREEZ R L2, 209 b, EHEEN D
D, Mo, AEBABER LIS Wn— Y 7r Lt FaxinT I (IPHA)Z &S
U7 3RAE UCRE Lz, ZORER%, Table 3-6 |Z/”7.

F72, RA ZEERRFEC IPHA Z IR L7256, SiREERGETH LD, Bonfiis
2L EmD, AP OVWTHEB LOEREITo7. T ORE, FEARYIT
TENTYTIREALT IV, NHs ThoT2D, BRRETE22MEE LT, bdn
(CHERR SR S Tz

—J5, NHs, =V VT B Y 7 ANasPO)ZITMEE R 2 RITFE O L7223, pH
ETNAVIHEFTHZLICEY, REAE L TORDBDDLZ LR, MHATWD
ZD®, NoHa DD RA THKIEHRI & LT NHs, NasPOs TORE %, Tuble 3-7
(SRR T TR B A FEM L7

3.5.3 EFSPUREBREDHRAZ

FRBR T I LR B I(STB410) 2 U7z, £ 7=, FFfiriEE, #ABRah - 72 K - 1 3@
M1 7H-37rHICBT88B8LO0OEEER L NTKESHT (pH - EXURE
5« SRANPESE) % Table 3-8 |2/ &L 330 Eig L7-.

3.5.4 EFSPURBREEDHARBRER
RFW 2R M X D BEE % Fig 3-3 IZRT.
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INHORERNG, NoHs ZHEHTE R 2o 5ATH, 1 » AU EORE T
100mg/L LA L, 1 4 H R Tl% 50mg/L O NH3 2 E TR FRETH D Z - T-.

6 #
3.6.1 BEBAEUNA A S DKUNE
HEEEIL AR A 5 (HRSG)DKMF L LT FT YV (NoHy) ZTEA LR VWEIS S
WF[AVT(LO)]IE, B~ DB RE LR EAMLTE D 2 &N o o723, Eokl
R [AVT(R)] % BRI DRI Haieh o7z, Y 2k, MikmElz LT
WD HARIZEBWTIE, EAKBROBEIRNE =D, K« RKPICEFREFEDO)N
FEAERHENRNTZDEBZZOND. TNEEIET HI21E, DO BEED 10pg/L 2
D77 v M EITEBAICMEORIEZIEAL, ZOROFEL RS H0LE
W5, Tebb, AVT(0)DEAl Z F4H 9 2 720121, 1H/KE O A= I 2 B 3
LZ2EICEY, BHIZERTLZEBHRERTH LN, BEERTICEDLT T M)
LOEALIZHT D 5Hl (FAC « 27—V U 72 X DT 72 138% 8K 2
W, BADRAY v RRELAR. LT3 > T, AVT(LO)E M, NoHy DFEM AME
SO (FEREOHI) ZE7-5HME LT, FEEREHDRESHMsns.

i

3.6.2 EFSOUEEALLGVRERE

Fike RV N H) Z A TE R o756 TH, 17 AU EORE TIX 100mg/L
Pk, 17 ARG TIES0mgL D7 =7 (NH:)REICL Y, RE XD ZLNTE 5.
BUTO @R NoHy IZ K DPRE DSEITIE, BEIRHC R T n—2 NEE e § 5720, Bk
FINELS 2D LW ) RENRH -T2 NHs I L AREITEEIRFM O FE5T562 &

o7,
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1) "Law concerning the promotion of improved management and emission into the environment
of specific chemical substances, etc." Law No. 86-0/(1999) is established by the
Environment Agency of Japan.

2) "The Act on Confirmation, etc. of Release Amounts of Specific Chemical Substances in the
Environment and Promotion of Improvements to the Management Thereof etc." was
established by the Ministry of International Trade and Industry, (1999)

3) Itou, Y., Technical Meeting of Cycle Chemistry in Power Plants, (2010), the Electrochemical
Society of Japan (Naha, Okinawa, Japan), 28th October, (2010)

4) Miyajima, M., Yoshida, M., Tsubakizaki, S., and Takaku. H., Results and Future Prospects
Concerning Water Treatments for HRSGs at CEPCO, PowerPlant Chemistry, 13 (9), (2011),
pp-532-541

5) Asada, T., Suzuki, T., Yotsumoto, A., Isooka, T. and Fukushima, S., Proceedings of The
Thermal and Nuclear Power Generation Convention, (2010), pp.47-54

6) Dooley, R.B., Flow Accelerated Corrosion in Fossil and Combined Cycle/HRSG Plants,
PowerPlant Chemistry, 10(2), (2008), pp.68-89
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Table 3-1 Water quality analysis items

pH EC cC DO T-Fe
LP feed water pump outlet O
LP Economizer inlet O O O O
IP Economizer inlet U
LP Drum water O O O
IP Drum water O O (|
HP Drum water O O O

O :on-line monitoring, [1:off-line monitoring

Table 3-2 Results of Water quality test (T-Fe behavior monitoring)

(Unit:pg/L)
Unit 3-7
Dat Measuring Point LP-Eco IP-Eco LP Drum | IP Drum | HP Drum
ate inlet inlet water water water
Water Standard value
No. | Treatment <20 <20 (< 500) (< 160) (< 50)
| (Reference value) —
O | AVT(R) 2007.06.05 <3 <3 105 27 <3
2007.06.12 AVT(LO) Start
® AVT(LO) 2007.08.07 <3 <3 152 19 <3
® AVT(LO) 2007.10.05 <3 <3 93 10 <3
@ AVT(LO) 2007.12.04 <3 <3 320 79 <3
® AVT(LO) 2008.02.05 <3 <3 351 132 <3
® AVT(LO) 2008.04.08 <3 <3 82 39 <3
pH value at each point 19.45] 11031 | 71021 19.6]
Unit 4-4
Date Measuring Point LP-Eco IP-Eco LP Drum | IPDrum | HP Drum
inlet inlet water water water
No. Water Standard value
Treatment <20 <20 (< 500) (< 160) (< 50)
| (Reference value) —
) AVT (R) 2007.07.24 <3 4 67 7 <3
2007.07.31 AVT(LO) Start
@ | AVT(LO) 2007.10.05 <3 7 13 10 <3
@ | AVT(LO) 2007.12.04 <3 5 11 <3 <3
@ AVT(LO) 2008.02.05 <3 5 14 4 <3
® | AVT(LO) 2008.04.08 <3 4 11 <3 <3

80




Table 3-3 The comparison of the feed water quality caused by no hydrazine injection
and the pH adjustment at the unit 4-5

Measurement Unit AVT(R) AVT(LO) AVT(LO) AVT(LO)
Item (pH9.4) (pH9.4) (pH9.6) (pH9.8)
DO pg/L 1.7 1.7~1.8 1.5~1.6 1.8
Fe pg/L <2 <2 <2 <2
Conductivity puS/cm 0.079 0.078~0.088 0.086 0.078
LP Drum IP Drum HP Drum

Figure 3-1 The aspects of each (LP, IP, and HP) drum by periodic inspection
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Unit 3-7 AVT(R) AVT(LO)
LP Drum
+ there is no indication of corrosion (pitting, cracking, etc.)
+ red color part increases in AVT(LO) operation
J |
IP Drum
* there is no indication of corrosion (pitting, cracking, efc.)
* red color part increases in AVT(LO) operation
o .
HP Drum

+ there is no indication of corros

ion (pitting, cracking, etc.)

LP Economizer
circulation pump

+ red color part decreases in AVT(LO) operation

IP feed pump

- almost no difference finds in red

+ there is no indication of corrosion (pitting, cracking, etc.)

color part between two treatments

HP feed pump

+ there is no indication of corrosion (pitting, cracking, etc.)
+ almost no difference finds in red

color part between two treatments

Figure 3-2 Aspects of equipment inspection before or after applying of AVT(LO)
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Table 3-4 Percentage of magnetite in the iron oxide scale analyzed by XRD peak strength ratio
[peak of magnetite (20=30°) compared to that of hematite(20=33°) |

(unit: %)
Unit Drum LP IP HP
3-4 unit (AVT-R) 40 30 95<
3-6 unit (AVT-R) 55 40 100
3-7unit (AVT-LO) 40 30 60
4-4 unit (AVT-LO) 60 25 100

Table 3-5 Lay-up procedure in K P/S

Lay-up condition of equipment

" . Hydrazine
Condition Duration concentration Condensate water HRSG
/Feed water
72h below pH 9.5, Water quality at shut-drum
(vacuum keeping) - de-oxidation (Hot-Banking shut down)
(Ammonia) Ammonia transfer to vapor side
by decreasing pressure.
72h below _ PH of Drum water keeps by
Hot-Banking (vacuum breaking) pH9.5, sodium phosphate.
shut down more than 72h, oxy(g:rr:];eg[:i;a)tlon The steam side of
less than a week — Drums, inside
(vacuum breaking) superheater and

more than a week

re-heater pipes are
sealed by N, gas

(vacuum breaking) | °0-200PPM 50-200(Target 200ppm) | "55 "0 04 MPa).
pH9.5,
72h below B oxygen saturation Blow-down, dry out,
(vacuum keeping) (Ammonia) periodic inspection
quick cooling 72h below ] )
shutdown | (vacuum breaking) 20-50ppm 20-50 (Target 50ppm)
more than 72h 50-200ppm 50-200 (Target 200ppm)

(vacuum breaking)
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Table 3-6 Safety and law rule of the chemical material

Chemical Agent de-oxygen| Carcinogenicity| PRTR| experience others evaluation
IPHA O - - O O
L-Ascolic Acid O — — O Calboxylic Acid A
1,2,3-Trihydroxybenzene O - - - A
Tannin O — — — A
1,4-Dihydroxybenzene O X
Hydrazine O O using Now —

Table 3-7 Type and concentration of corrosion inhibitor under lay-up condition (laboratory test)

Corrosion Inhibitor DO Temperature Basis for test condition
Runo | Ammonia | 1.5ppm Water quality of normal operation
Hydrazine | 0.02ppm (concentration corresponding to pH:9.5)
Run 1 20ppm
Run 2-1 | Hydrazine Experiences in Kawagoe thermal power
200ppm plant
Run 2-2
Run 3-1 100ppm Room Concentration corresponding to pH:
Run 3-2 saturated 10.5
Ammonia temperature
Run 4 S0ppm Consideration of lower limit of concentration
Run 5 20ppm in Run 3
Upper limit of PO4 concentration in HP
Run 6 5ppm Drum water, Lower Ilimit of PO4
Sodium concentration in IP Drum water
phosphate
Reference to Run 3
Run 7 40ppm

(Concentration corresponding to pH:10.5)
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Table 3-8 Evaluation method

Evaluation method

Analysis Items

Observation

Before test, 72hr,a week, a month, three months later

Water analysis

pH, Electric conductivity, Ammonia, Hydrazine,
Phosphate ion (Before and after test)

Weight loss by corrosion

Before and after test

Photographs
after the tests

a month

three months

Surface
appearances
after the tests

a month

hydrazine = 200 mg/L

ammonia = 100 mg/L

|}
three months ' l ‘

ammonia = 1.5mg/L
hydrazine = 0.02 mg/L

Photographs

after the tests a month
Surface
appearances a month

after the tests

hydrazine = 20 mg/L

ammonia = 50 mg/L

Figure 3-3 Surface appearances after the immersion corrosion tests
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F4F HREUURA S~DEEEER MY ENEBEDFSE

4.1 #%E

AN 2 KA T VTT 2 M(CCP)DFEENEIR A 7 (HRSG)IZ 3517 2 /K ALER | Z
K92 RE & LTS Ciim S LT Dt du s & & (FAC)IZ DV T, HRSG T
b FHBE O @ OEAT (BRFEEH - STB410) &, gD 7= Cr BRI STV 2 8k (IR
G4dl : STBA24) ZHWT, KFEAF U IREQH) « WHFBEFEDO)RENRT A= L L
7= B FEInE P AR 1A 1 K 2 SEREIF 28 2 80t L 7. 2 OFE SR, DO IR O#INIE pH @ L5 &
Rk 7 FAC I RN 5D 2 L MR L. D % 2 C, FAC IZ X B IRA R B L O
A=V v T EEPILIC SR O B 2 AR R B AL BRE[AVT(0)] 2 7 2 12
BT= 0, A RO - JE ARSI SOV TR EMR R 2 920 L 7. DO J2 £ A3 HRSG
MBI DB R« 27—V U 252 DB HOWTHE LT RBRE RIS &, 4
K+ HRSG K DKEREHELZRET H & & HIT, il ~D2k X OMmFE AT E OHI
WDV TRRF L7z, ?

4.2 HERERARA ST SBIEEERENELELIOFAKEOI T+

AARTIL, MKGHZEHA L TWAEOBEE THEKGOMNENMIN D, B KT
Y (NoH))DEANZAE IR L CHIRFIRR(DO)YE D /KEIZIE & A EZE L. HIZRN A
HEDOH D NoHs ZEHA L7sne o a7 M TR, avy XA U RS 70T 5
F(CCP)THA L TV D FAC A — Y 7 ORI Z fRIR$ 5 729012, TR I & D
ek 21 E AT 5 AVT(O) 32N & B 2 7. B L % W2 7 RRBR ¢, DO @ L5
& & BITIRFM(STB24) D B EJHVD \EAINGI 4, £ O&H/NMET DO 28 100pg/L DEFIZ
DO<5ug/L DGEDHKI 6 F L 7eodz. D Fie, OHE T, FAC & A7 —U > 7o
72912 DO5Sug/L FIRE L, PEBARIIAR A Z (HRSG)K DML (K Z L TOARM D)
BRI AAYF - X7 T4 NE~OEELZHZE LT DO 20pg/L & ERE LT
AVT(O) DEHNELTHDL Z L &S L.
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4.3 HERRBUARA JITHEITAEBRAES L UHRER
4.3.1 [EEERHBREEDRE

FAC (Z}1E9 pH - DO » MR OFIRSE 0 5B 0D 72 00 12 B FI M i sl & FH
724 BUE, Z OfBRIEIZ ISO TC 156/WG14 (2B W THEE &40 JF & ISO/DTR
16203 (WA DJE £ - R AR IEOEIUKIT DI A 74 ) OF M & 72> T
W5,

B IR SR BR A O R & Fig 4-112, £ D5 H % Fig 4-2, iBRiEOME&X % Fig.
4-3 |7

4.3.2 ABREEDHE & BIERE

RUE U 72 B MM s B 1 T, AR 16mm DT 4 A 7 RORERF A, 0.4mm
DR & T THA 1.émm O/ Z)VOMIAICFHET 5. / X/ billok 2 A
T TR S (TR B L OWF ISR ERTHEG Q) OB R RS E ki
T&E5.ET, AR TIX, A6 7Bk 23eliR b & i 2 SO ikiciii, 8z
72 D O ATEAVBTR R S N3 25 7280, PRIV BB IOE L T L WELL AT 5.
ZOEDIRWTIX, &Y 7 4 A TP TRAET DWALDOIM LWELILZ X 5 EEREDRT
CiE L CWnd &SN TS —JF, Wi CIEiE2) 500mL/min(4.1 m/s)EL EDK
MEDLGE, / A)VE FICEE@EARET L0, Tn—yar-aa—y g of
KIETHLBHREREZFTIMTE L L ENTNDS. O

4.3.3 HEREH

R IIZEAS 16mm, JEE dmm OF ¢ A 7 RD STB410 35 LU STBA24 % =
U —400 K\ & 0 BFEE L CHEH U7, Tuble 4-1 2458 B O LS/ 2 /- 3. AKALER S
i, R EOEEEAVT(R)]F L OHRLEIEOT)O R A Z#/KD pH & LT 9.0
BELV9S5 ZERH L. A, DO IZ K552 R RHE T 5 72, Sug/L Rifi A
5 100ug/L O T 5 K250 E Lz, 72, T4 FAC XK & L T pH ALEE A B A
ERTWVDEZ END, P pHI.8 O AVT(R)IZ L kB & 17T - 7. iBRIFR X, Ikl 5o
IR BT 20 I 2Rl L7z & 2 A THEBRAHENZFE—E L RoT L WO
LR BET, KBERENMKL T 40 B & L. ® RBUKIRIZ, FAC Ot FHE L%
FRTWVEERTWD 150C E L, RBKD 7 X VFEHIT, ik CHEIC L D8R
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ZAHET 572912 5m/s & L7z, 72, FEHET OT 28 (MBEOEAZEG) T2
BAI, AVT IZ X W R EZ B STV D Z &5, AVT(R)E LY AVT(O) DRI
SUEE 22 240 REfETHE U 72 3RBR A I DT b EER 21T o 7o, BB OB S OKE)
(ZDOWTIE, FEDRAMEDENDH H NoHa 2 H L 72\ OT (pH9.0, DO 100pg/L)35 &
N AVT(O) (pH9.5, DO 10pg/L) & L7z, 3Bk T O RiALEE RS L OVKALEE OKE S:1F) % Table
42 \ORTLRHI G & LTI, RBRETR O ERE (KBERE) BIORmH S 2
BN XHRET & Lz

4.3.4 HABHREEER

4.3.4.1 MTREDOIE

BT O R OIMBLE Fig. 4-4 1237 EROSGH A ITH RIS B —F R OWA
MR, W T R D HITIA A3EEE S AT AT TR O L WELNIC XK S
JBRERPBAELDZEMND, AV 7 4 AN THRAET HMNOM L WELNIC X DA
BHLTWDEEZD., —HiRTIE, / AVEFIEEMIEZAZBEENRELDLZ En
b, BEEEEZHBEL T\ EERD.

4.3.4.2 KIRAFVREODEZE

DO<5ug/L (281 % STB410 & STBA24 O EEJDIZMIET pH OFE%E Fig. 4-5
27797, STB410 35 L OV STBA24 DWW, pH @ E5-& & &I HE & O il )3 i
P ENT-. STB410 TlX pH % 9.0 205 9.8 £ T EIF 5 & HEAD BN 60% 12 F Tl
il S A7, ZHUIAKH ORI A A DIREN EH L, SROBHER BT 5720
EBZ DD, ZORERIT, ZZEFE THENBAT L7 High pH -AVT O RIEEMREIC IS 1T
HpHIZE B2 (pH & FAC & DRfR « 7 REEBRAER & LT TRFEHOWAEE X
pH O F5-& L Zhb U, pH 2% 9.5 LL E TR+ 2@ mngoni. | 9L —
L7, £7-, STBA24 TiIpH % 9.0 5 9.5 £ T LT 5 L HEPRAD B 50%I12F
TNl S A7z, & 512, STBA24 (X STB410 12 L~ TERER i O F &) 73 32~20%12,
JERTE S ITmK 10%LL FICE TR Lz, Zhid, STBA24 OEHEIZIEK Sl Cr
DRI FAC DEATZIIHIT 2720 L BEZ Hivs.

4.3.4.3 BEERROEE
pH9.0 IZ351F % STB410 @ DO & EHEJH/D & & D% Fig. 4-6 1Z779. DO @ 5.
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&L HICHEERD BESIE S, Z Of/NE DO 28 100pg/L DR, & DT DO<Sug/L
BEDK 6 Bl lao7z. LI -> T, pHI.0 IZEBWT DOSug/L M HERFE UL

100pg/L ~EH-S825 2 L%, Fig. 4-97°6 pH9.0 225 98 F TpH & LA S HEH Z &
457208 (EERD EEH 60%ICI) BNELND Z LNy,

4.3.4.4 RERAEDFHE

Fig. 4-7 1 3)EWE, Fig. 4-8 1ZWMCI 1T 5 pHI.0, DO<Sug/L @ STB410 ki /&
BRI OB E, REMIFHIL VR OERF I OWTHIE LR THS.
NEGFR DS E TR A TR 58 2mm OB & Z AR KFEIERENBIZ ST
TR & IZARTFFE & R OREREEE & W T OB RIC O W TRF L TETRY, =
DFERITAKIRDELALDREIZ LD FAC LB 2 H5. ' Fig 4-9 D DOSpg/L KT B
KIBEIEE1X6.5um TH Y, Fig. 4-10 © DO100ug/L @ 2.8um DFJ 2.3 fi5 & 72 - 72. FAC
DIEITIE Fe,0, DIEFRIC L VT T 2 L EZ DTS T2, T OREBRSEM: T Cldm
FIZ L 2T o-Fe0 DRI TR S D Z L2 D, FAC il sz b D& E X 5
no.

Fig. 4-6 \Z8\\C, JIEWE « ¥t & &, DO 20pg/L ([ZHE &R B (ERIES LIRER)
MER E 2> TN D XBREIHTIZ K DT 237720y, ARSI R 2 F O 72 BR R R
AR ORBRRF 2% 40 Fef] & BT, b ORIFTTREN G REETH - 72
(Fe,0, SMTIX, o-Fe03 BTN TILH D030 ) - ZOREFRIL, BEERED
PRIEAS N (5.0m/s) 7o DITERBICERML R IER IR S d e — 2 3  OFER YR
TELZEN—REZZ NS, Z ORMMEFRIE T, DO IREE 20ug/L (21T 2 A
ﬁﬁﬁﬂ@ﬁﬁmmmﬁﬂﬁHQWmf%okJﬁiKEE%@D@O@E%%m
AT D NI EE 2N T EARATA T 5 2 & 2 E LT 223, BFE TR
BRIGEIWCH X TH#EN 0,18mm/s & 3 H4 D 1 LLF T, WAKEE

DO20ug/L(pH9.0,150°C)DGAIZ 0.03mm/4=[2.7~4.4mm/ 4 ; J& A3 (mm/F)=2 R
1 & (mm)/40(h)aXBRIER) x24(h/ H)x365( H /42) THH] & BRI U 7223, I Al
FE1E 90~150 53D 1 LA FTH Y, FAC (R & OREFTRE /e N ENRE B2 I A4 /1 L 7= S ifi{k
FHIR) R CORBGENT — 2R3 B o b0 EEZ DLW Fi2, AR5
%TB5%&HL®M$&A®£%®%5%Eﬁ%ﬁ2%%Kﬁwf,%%@%&
AL VAP OBIREDOHAD B L OEERANET LW L 2R L TWD 2
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EEREL TS ek, DO50~100pg/L OHFAICIE, Te—Yar - an—Y
3 NS K DB EDORIE 2 MiE T 5 - DI BE Oy RBEMMEE STV D
TeOIBEPIHIEND EbER bR,

4.3.4.5 RINEOFEE

WA, BB ORI %2 AVT(R)EB L OV AVT(0) & L7=HE O EERD &% Fig 4-11
(ZRT. TR TORBREM T, AVT(O)RTALEEDY AVT(R) D4 L 0 & EEJED &340
HlENDFERE o7~ BEBERSIZOWVWTYH, AVTR)B LW AVT(O)SM T, £h2
AU, 9.5um B LN 4.0um & 720, AVT(O)RTLIRIC L DR BIESIL AVT(R) DL AT
AT 42%\ZIiY LTz, Fig. 4-1212 AVT(R)3 X T AVT(O)AITALER % Jifi L 72388k i o> X
[T DFE R A R T AVTR)ATLEEOFER 1A Fe,0, HAH TH o7 DIZxt L, AVT(O)
AL Tl a-FeO3 FH728 Fe,O,fH L U B TH v, WHERBRA O5A &RV, &
ELHM vy — 7 Thot. Z OB /SH — TR E M3 2 B e R Bl
BICBWTIZEAE BN R N2 o7, ZTRETREBRL7ZZ0T & 13720, 10pg/L
FRED DO OEfFETH, FERSFHIZ~~ XA NEBEATER S5 T2 FAC 23] &
N5 EBZHND. FAC A Fe,0, DIRFRIZ & » THEITT 5 Z & v, AVT(R)FIALEE T
I%, DO 231FFE 0 T, Fe,0,7% a-Fe,O3 ~RL S 41720 72, AVT(R)FTLEE ClIEH &
BOBLOBRERESZRELIEEBZLND.

4.4 HEEREULRA JITHE T BB IARBLEHRO LR

441 BEHRARIUNE

FESE ) DT X TOEGMAA 7 TEHRH S, BAD 60%LL E TR I TWD.
FH AL, EEBRER SO OEEREZN LHBRERIC LV IEASRD.

4.4.2 EHEFREE
Fest I A1%, JEJIE B AE (PSA; Pressure Swing Adsorption oxygen outbreak) 4|2
XV, ERPOMSREERE BRI S 5.

DIFEHERRIZ L DY AT L~DHEFEDFEN

QT B— - IR T TR AKEEN
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D 2RI DBEFIFENTIEN B 5. IFRUFAERE & L CIXBER IG5 & 7
BN, EEN ABRRHEOEBA 2% W2 Enn, BHAD K I EFT COEHE
B, AIEDBLE 10%, BED 20%REE > TND.

4.4.3 HEZROEBIAL

BEA7 O FHE7 5 2 BRI FEAS KR Y 7 D ANCIEAT B HETH Y, Al 431
KT, BIHBRBOHEL Y BEHTHIEDOAY v M RBD. L, KB
CEMUHEIC X A WBEVILT B, 7 A5 — R ES OBR B A E S
BUER B 5.

4.5 HERRBUARA JITHE T HBFTARBEHROBEE

T4V T 4 AZT 4 (F)%, 441 BERA L NEL 443 FHEEQOEBEEANE
& THi L7z, Table 4-3 \ZWkA R YA L RHEZEKIENIED L %, Fig. 4-13 ([ZF1H4E%E
SIEAGRM O X 27~ 3. )18k T) 3 - 4 5RFI0 FS OfER, EXEHR & FHRIERD =2 2
MEfRE, HEROEMNZEZD T, BREDIXMPEIED 450D 1 LiaoT.

4.6 HEEUNARA FI2H 1T HERIEEER Y E NI L DER G

HERE A FTENAD T T v M SN EEOKED T A —2 DR %
Table 4-4 12753 No.2 13 H A HRSG[#7K1X AVT(R), HRSG KiZ=> 7 —=> K
VR ALER(CPT)] ChEIA < #H STV 5. No.3 DA, NoHs #iEATH 52, No.2
R CRDUC 72 5. BARTIE, T8, NoHy S [ERFAZ | S 25BN AM LT WE )
ThhHZ eNmEInNios, HEHENZ/KEI T, BT AVI(LO) A HERE S i
7. No.8 TI, MMEDBEFE DMEIEF/KAR o 7 HIZEA SIS, 5~20pg/L @ DO JRED
B AVI(0) & LT D 23, BIRFRIZ IS TR R~ O F5 I 7 0.

FAERVE R S DR A T HKOBE O el % Fig. 4-14 12, AVT(LO) & AVT(0)D
KEFUED i % Table 4-5 (27~
DO 2 DOHINIC £ 0 FA/KDOBESMEERE, 0.3 705 0.2uS/cm IZIE FSHETW5D.



4.7 HEBIRARA JITHITEMEBRRICKL DEBME~DEZETME L R

DO #RED Tug/L LLF T, SthOBURER TRIBIIREA L Ty, 7~20ug/L
CHENTH, EERKELEED 8opg/L L FTH D Z Linh, Ml TIEBURMAER TR
BRNWEEZOND. £z, BRHIRREME~DREL 2O HRIL, AVT(0)R IR %
CEERETT 2 2 L TRISATREE B2 5.

—7, UHOBERAA T ~OmEFLIEHEATHONZMEN S, DO JRENR 20~
200ug/L DIFAITIE, Table 4-6 DRIRNMLIE L EZ D,

4.8 BEREUARA JICHITDRNIMRERIZEH 5 SRS D&Et
AVT(O)DJEMIZ&H 7=V, CCP @ HRSG (2T, FAC NFA Lod U AT
(110°C~150°C) ITFHEOFRME Mz, 7T > b ORI EIEATNL 2 B35 RO JARES

LA TRE LTz,

ORJE ke L& FEES (1450)
wEFEE S (145C)

3

@EE— KR ANETEEE (143C)
‘F
&

72, BB T, RAEE HOCUEORDEALICOWT, Ak (REHE) 235
el

I (4 74 A - 70— ) ZVFR, KBRS « W17 T,

TOVARTR, T E—ATif, V¥=—% i)

MFEARE (R, LPa—H, TE—R)
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4.9 #85

W EE ) DOBEEARI AR A 7 (HRSG) D /KALERIE, Table 4-6 |2 /7T L0, BB X
OMEJE (LP) D — 3 CHEAE M E BEE[AVT(R) 2 8 L TV A USME Y o ER b LB
(PT[z o 7 —xr MLE(CPT) 2 BT 2B L TS LPIZOWTIET U E=T O
WRSTBLER KA A P BE (pH) DARFFICIR G 3 0 5 728D, TV INE LS £ (FAC)H ]
OBUEN G, FALREREY T FEAVT(O) O HIZ DWW TRETT 2 2 L & L2 F
72, BIRES COREIXR N DD, AVTO)NEI~Y 7 RE A NORAr—U T iED s
5%, BIEMHPNIEITDE A RT U - TAnVGR - BiE) VBEERSD ) Vi)
U D AR T D MBS LT H AR XIR AN I RE 72 72 8, HRSG ~FEIRIY I &

(5~20ug/L) DOEEFEAIFENT DKL AVT(0)% B L 7.

JIBEKT) 3+ 4 BRIVEDKEAKLIZHA P O v K7 2 2 (NoHa) SR AR B AL
HIEAVT(LO)IE, REFEER (DO)RE (bug/L Kii) IZL VST HLd. & 51T,
FAC B L OR 7 — Y v VEOEEZIEIT 5121%, #HK%E AVT(0)(DO:5-20pg/L) &9
HOWNRNEZZ D . FET-, KA FKIZH AVT(0) (r—RIZE->TIL OT) 3@ H 71,
HRSG (FRIZmERM) DA BT 0 FERGEOT VA Y G RIZEE L7 MEE i+ 5
FHELLTHARERD EEZXD.

AVT(O)iE DB, BRFZ O A LI L $ 525, EAR E L THRRLEEOT) TEi
DIEFRAR NV FHEZ R E FIOIUE, BRAIEEN 4 550 1IIKRTE 5 2 Lz b
DT LTz,

AVT(O)DHENMEEAOINZ T HLEBITER OB LT 5728, HRSG THEFHEED
WA T F 2 —7 HRFEH(STB410) & (KA EHH(STBA24)~D FAC IZ % IEF pH - DO
72 & DR A R ENE T RRER A IS &0 B U 7=, AFEERER T 054, DO B LW pH & L5
WD L, HEWAD RRIRES DM L7, 72, pHI.0 I2351F % DO<Sug/L 75 100pg/L
~O _EFIE, DO<Sug/L 12815 pHI.0 725 9.8 £ TO LEFICAH YT DiEH (EEHD
2K 60%ICHIH]) L72r o7z . & 51T, DOSpug/L Ti, STBA24 O E & I% STB410
D550 1 LA I L2 £72, AVIRIZHEH T 5 NoHa 13 FAC OE[FE & £ Tl z
72D, NoHa HEJE A AVT (Z1E FAC #IfIZh R B 0, & HIT 10pg/L FREE DR AL
7925 AVT(R) &V & FAC PIHIZNRN 2 (FRRES £ 5 2 L LN E Ao o Tz,
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Fig. 4-1 Outline of Jet-In-Slit testing apparatus for FAC.
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I

Fig. 4-2 The photograph of Jet-In-Slit testing apparatus for FAC
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Fig. 4-3 Test sections and FAC damage of specimens.

Ordinary flow Reverse flow

Fig. 4-4 Specimen surfaces after a 40 hr FAC test at pH 9.0 and DO = 0 ug kg™ at 150 C.



Table 4-1 Specimens Material and Composition(Mass %)

Material C Si Mn P S Cr Mo
Carbon Steel STB410 0.30
(same as SA 178C) <0.32 | <0.35 ~0.80 <0.035 | <0.035 - -
Low Alloy Steel STBA24 0.30 1.90 0.87
(same as SA213722) | <019 | <050 | " 60 | <0030 <0.030 | * 560 ~1.13
Table 4-2 The testing condition of specimens pretreatment and water treatment.
Material  pH
Low Alloy Steel
Pre-treatment Trg?:r?;nt [ D(k) ] Carbonsitfla%gTBM 2 STBA24
Hg* K9 ( ) (SA213 T22)
pH9.0 | pH95 | pH9.8 | pH9.0 | pH 9.5
AVT(R) =0 O O O O O
AVT(O) 10 O O
Non treatment 20 O O
oT 50 O O
100 O
AVT(R) treatment AVT(O) 10 ©
240 hr, pH 9.5, 150 °C oT 100 O
AVT(O) treatment AVT(O) 10 O
240 hr, pH 9.5, 150 °C oT 100 o
Pre-film treatment AVT(O) 10 O
24 hr, pH12.0, 150 C oT 100 O

(Owere conducted)
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Figure 4-5 Effect of pH on the mass loss for carbon steel and low alloy steel specimens.
Temperature, 150 C ; duration of test, 40hr.

O Ordinary flow

tn

/\ Reverse flow

Mass Loss [mq]
o
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Figure 4-6 Effect of DO on the mass loss for carbon steel specimens.
Temperature, 150 T, duration of test, 40hr.
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Figure 4-7 Cross section of the carbon steel specimen after 40 hr FAC test at 150 C.
(Ordinary flow, pH9.0, DO = 0 ug-kg')
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Figure 4-8 Cross section of the carbon steel specimen after 40 hr FAC test at 150 C.
(Reverse flow, pH9.0, DO = 0 ug -kg'')
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Figure 4-9 Cross section of the carbon steel specimen after 40 hr FAC test at 150 C.
(Ordinary flow, pH9.0, DO = 100 ug -kg')
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Figure 4-10 Cross section of the carbon steel specimen after 40 hr FAC test at 150 T.
(Reverse flow, pH9.0, DO = 100 ug -kg”')

99



20

pH 9.0, DO 100 pg-kg™, Ordinary flow
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Mass Loss [mg]
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Pre-treatment

Figure 4-11 Effect of pre-treatment, AVI(R), AVT(O) and Pre-film, on the mass loss
for carbon steel specimens. Temperature, 150 C ; duration of test, 40hr.
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Figure 4-12 X-Ray diffraction pattern of the specimens operated with AVT(0) at 150 C and 240 hr
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Table 4-3 Comparison between oxygen cylinder method and instrumentation air infusion method

No 17 H oxygen cylinder method instrumentation air infusion method
- An oxygen gas cylinder rack
Facilities ygendg , y . :
1 o a pressure adjustment rack flow quantity adjustment rack
constitution ] ]
flow quantity adjustment rack
2 and supplier oxygen cylinder instrumentation air
3 | reducing valve use nonuse
4 flow control auto control manual
5 injection point | low pressure feedwater pump outlet | low pressure feedwater pump inlet
Table 4-4 Water treatment selection and water quality
Water treatment Water quality
(Feed water)
No. Note
Feed water Boiler water pH DO
1 AVT(R) AVT(R) 9.3-9.6 | <7(0-2) | Overseas power plant
2 AVT(R) PT 9.3-9.6 | <7(0-2) | Alot of results in Japan
3 AVT(O)L PT 9.3-9.6 | <7(0-2) | permanent introduction begins in CEPCO
4 AVT(R) PT(L) 9.3-9.6 | <7(0-2) | permanent introduction begins in D-electric company
5 AVT(O)L PT(L) 9.3-9.6 | <7(0-2) | Proving Tests in D-electric company
6 | High-AVT(R) | High-AVT(R) >9.8 <7(0-2) | Overseas power plant
7 High-AVT(O)L | High-AVT(O)L >9.8 <7(0-2) | permanent introduction begins in B-electric company
8 AVT(O)H AVT(O)H 9.3-9.6 <20 research target
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HP SH IP SH LP SH

 Conductivity || - Conductivity  Conductivity -Dissolved oxygen analyzer(change warning value)
— - Conductivity meter

C o D C .pomml> ( eoun )
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e
*Conductivity meter *Conductivity meter - Conductivity meter 7 Condenser
*pH meter *pH meter -pH meter LP feed pump
X | -Silica meter X || -Silica meter - Silica meter
Continuous analyzer (actual) [2.45M | 60°C |
-Dissolved oxygen analyzer(change warning value) Ammonia pump
- Conductivity meter é[><]—l<]—[><]—(<—>—[><]— Ammonia
*pH meter
HP Economizer IP LP .
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Grand steam /
12.45M | 80°C |
v

Flow control Rack

aX oo |
| "6 |
D\ [ A |
N i —ML@-@——M-@—M D
Economizer circulation : Flow control :
R S !
©
IP feed pump S
S 12.45M | 50°C |
©
TR 02 injection nozzle
HP feed pump \
Boss To other HRSG
LP feed pum
|— / outlet pipe
| Trrs A
Remarks
—_— Additi I
E j dditional area y M\Flow direction

Point-A detailed drawing

Figure 4-13 Example of additional equipment for oxygen injection
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The soft watér removed a hlardness ingrecliiention
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Water '
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is necessary

HIGH lon exchanged water (high purity) -
pH

Figure 4-14 Taxonomy of the boiler water processing method(image)

Table 4-5 Water treatment selection and water quality

: . . : . Water quality
Measuring point Measuring items unit AVT(LO) AVT(O)
Electric | s/em 0.3 0.2
LP feed water conductivity
pump outlet
DO mg/L 0.007 0.005-0.0020
~EY pH - 9.3-9.5 -
water
LP Economizer Electric
inlet conductivity? uSiem 5.5-8.5 <
T-Fe mg/L 0.020 0.010
Electric
e pS/cm 0.3 0.2
LP steam conductivity
SiO2 mg/L 0.02 —
Electric
conductivity** e v 02
steam IP steam
SiO2 mg/L 0.02 —
Electric
L S/cm 0.3 0.2
t t *1 “
HP steam conductivity
Si0; mg/L 0.02 —

*1 :after cation exchange, *? :specific
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Table 4-6 Changes from actual water quality

Actual DO (ko) Note
equipment cor?dl'Jt?on () :normal
It <7 7-20 20-200 operation
HP feed pump | Cr plating Ceramic sealing of minute crack balallrr?cf)ee!(la;eve
IP feed pump Cr plating Ceramic sealing of minute crack bale;Tc?ee!Ieereve
: Econlomlzer Tunggten Silicon Carbide mechanical seal
circulation pump | Carbide measures
actual unnecessa
HP drum level Stellite Y differential pressure
Reducing valve 3.71(9.58)MPa
IP drum level . a0 o differential pressure
Reduging valve Stellite ULTIMET (Ni 9%, Mo 5%,Co base) 0.62(2.79)MPa
LP drum level Stellite differential pressure

Reducing valve

0.14(0.36)MPa
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%58 RELSRORE

RETIE, BNROKNEET 7 FOTFERTHDEAA 78 X OHER A A Z
(HRSG) Z LT D8k DJFRA~DRIR L LT, Hii-/2AhA ZHAMEZB% - AL
TR ZRIE L, WRWTKIPFEET T MEK « A TR DA% OFREZ R 2

51 AMRDOEE

KNFEET T v NTIE, WERIT, K - RA ZKT OETFERSEDO)M 2R+ 5
TR E D=0, MEEREAIE LT RZ YUMo H)EZRIML, #) DO R4 5 KA
BRI MY AVERYE[AVT(R) Y 2308 A S v C & 72,

EiARA Z 2B AUEROHIER 72 DO O &I AT, 20~200pg/L O#E DR
FEEANL T, RABIE O OREIZ~~ X A b (Fer03) D18 DD 72 REhHE R
2 TR 5 BR R ALER (0T 2 B % L ALKz L 7=

%72, HRSG T, HKZEDOHMBAINZIZ LV, DO XIF LA ELBRETE TNDHED,
~ 7 A A M(Fe;04) DARBNRER I 2 $fipF DRI L TR ZIMHI T L& %, &
Bi « LAFEAIZEE L7c NoHy Z2 08 H U7 WEER M ALERVE[AVT(LO) |46 L UM Ik - £R
BHEOBRE LIEMARITAE) L.

S BT, HRSG DFGK « ARA T IKIZ NoHy ZHEVEAN & F 57217 T2 <, 5~20ug/L D
BEOWMFZIEAL T, S OREIZ Fe,03 DR OB R RBIER KA BT 5 2 &

, ARERFIC BT 2N E A (FAC) & BERKICBIT D Ay —Y 7 LT
VT Y B M 2 WAL R S AL B EE[AVT(0)] 2 B S L 7=

5.1.1 ERERA S~DHINEHL/KEDHFSRE - RRAL

BIARA 7 OFEENROM Ea At LTAKSM O T - ZEEEROBR (B
REZEERAA 7)) Oleth, A7 —NAPEICERT 281 7 2FE0 EREORE
BALE L L7c. Z ORI Z fRRT 2720, fIZJeBRIT T OT O FRICIR Y fLA T2 S
R 2 SR HIZH KT ERT 1 SRRV T, BRSRLEL o SE ML IE & FE ki L T-.
ZORER, BA T FEE LR O « RA T HKA 7 (BFP)YE S OE - A 71k
Vet b DB RAF R BER PG O D & & b, #M~DE R - REICHT 5 HE
LFFICHENRBO DRV Ens, FEA~OBEHANTRE L Mz, 2oL 572
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BAFR kbR 2B E 2, WMEH k)1 BHAREIVIZ, 14 % - 10,400MW (Z OT %3
ALT.

F 72, [R 72 OT DR A ZHIERMEDOEFZ L L TR — /L OERZERIL, [AVT(R)]
? 1.2Kcal/mh°C(1.4 W/(m * K))~1.8Kcal/mh°C(2.1 W/(m * K)) & Fb# L C, 1.4W/(m -
K)(1.2 Kcal/mh°C)~1.6 W/(m * K)(1.3 Kcal/mh’C)D#iFANTH 5 Z &b, BeRE
G T, LR edHE LT 40mg/cm® & AVT(R) & [F148 & fil i) 7-.

B\, FEE KSIEEI 1 SHIE, OTEA T 7> h & LTSETHID T
Vet Fihn L7 3, 1k & RBROTEFEL CTH L7 = v (1.5%) &7V a—u
2 (1.5%) 128V, 27— VIR RICRETE, BWEREHFICLDERITR)N-T.
UL, Beledf TRAI[AVTIR)] & R 22325 &0 O Fio i s i,

5.1.2 HERRUURASADIEE - T2EAICRELIKLIEES SMEE S EZDRRE

HARD L NA 2V YA 7 V7T 2 F(CCP)D HRSG TlX, HAKZRDOVEREN B /=
0, NoHs DIEAZAFIE L Th, ETRUEREIEY ELFEAVT(R) 15 O /K HL 1 A il 2
T&E 5. NoHy DFED AT T 5 0 & BIRIGIZ L 0, NoHa 248 1 U 72V oKL 2
B L, JIBKT) 34 BRFNZEBWT, NoHs DIEAZEIEL, 72 FE=7(NH;)T
pH FAEE T2 NoH, SE7E AR B ALEE [AVT(LO) ] O FEAEakER & H A T T Sk
L7z, ZDOfER, WFEMEFE - 282 EOKEIX, AVTR)TH AVT(LO)TH &L <,
7o, WO R RICBWTHRFIIR NPT 2O DRI RFEREZ B E
Z, 4345 24 3/650 ¥ T v ) IZ AVI(LOYD A EEZED T\, £7-, =
Ry 3 F VIR A Z(CB) L [AEEIC HRSG THhIEIE « fREIHE, NoHg i KIRE &2 %
fi LTV, BNHa &2 BEEL, T RRBRA N L7z, 2 0RE, 17 AU EORE
TIX NH; B2 100mg/L, 1 4 H &M CTld 50mg/L L ETHIUEFRAIRETH D Z &

ol

5.1.3 HFREUNARA S~DELRIER MY E LR E DR

NA T F 2 —7 HRFBH(STB410) & KA BHI(STBA24)IZ-2W T, FAC 12 &IX T pH,
DO % D28 PR IVE R aABRTEIC & - CTEE L 7=. STB410 O%4, DO 13X pH & [Flkk
I, ZOED AL EBICEBERDEN NSNS Z LA LN L. £, pHI.0
BT 5 DOSpug/L 725 100pg/L ~O _EF1X, DOSpug/L (23815 % pHI.0 v 5 9.8 £

TOEFITHET /R (EEREBDEEK 60%ICHH]) &ao7-.
HRSG (2817 2 KAIITER T 28 & L TR TR ST b FAC ~Oxf
Jii& LC, HRSG |ZHEMEIICHE (5~20pg/L) DERFE 21 A3 5 BbRE R e

106



JLEE[AVT(O) Z BT 5 & & BiZ, BRI Z AR 06 Tlde < FHEEZERn 617
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B TATE T2V

5.2.2 BEEERAA S
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