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Foreword

The guidelines were developed according to the discussions of the Water Chemistry Guideline Working Group for
Pressurized Water Reactors, the Water Chemistry Committee, the System Safety Committee, and the Standards
Committee organized by the Atomic Energy Society of Japan (AESJ). These guidelines stipulate the methodology of
pressurized water reactor (PWR) secondary coolant control (also known as water chemistry control). Through the
practice of these guidelines, we expect to maintain and improve the reliability of PWR secondary systems and secure
the safety of workers at PWRs.

In the PWR secondary coolant system, the structural materials are immersed in the secondary water as a coolant
under a high-temperature and high-pressure environment. Generally, corrosion occurs at the interface of water and
structural materials and is accelerated under a high-temperature and high-pressure environment; the integrity of
structural materials is affected by the water quality. Especially, if an inappropriate water quality management is
conducted for a long time, stress corrosion cracking (SCC) is propagated through the wall thickness of steam
generator (SG) tube, and coolant leakage may be occurred from the primary to secondary side in SG. When the
primary to secondary leakage occurs, the radioactive species as well as chemical species in the secondary coolant
may be leaked to the out of station. In addition, the wall thinning of the secondary coolant pipe caused by
flow-accelerated corrosion(FAC) is an important issue from the viewpoint of safety for the plant wokers, because the
wall thinning will cause the steam leakage from the secondary system the outside of the station

To ensure the secondary system safety, assurance of secondary system component material integrity, especially SG
tubing integrity to prevent the radioactive contamination from the primary to secondary leakage, and maintain heat
removal function from primary system, may be related strongly to “confining sources of radiation risks” and
“protecting people and the environment from radiation” in the nuclear safety principle rule. Pipe wall thinning
control is related to the labor safety principle rule. Both of the rules are important to operate PWR from the
viewpoint of safety and reliability. Therefore, to ensure the nuclear safety, secondary system component material
integrity is continuously needed using the appropriate water chemistry control techniques.

However, changes in water chemistry as the material corrosion control technique should be done to maintain the
several kinds of secondary system component materials integrities which have different corrosion mechanism. Thus,
the various issues must be solved harmoniously by understanding the plant system comprehensively.

Japanese utilities have created a water chemistry control methodology independently and implemented it for more
than 40 years. This methodology was based on the state-of-the-art scientific understanding and technical background
such as PWR field experience. Based on the lessons learned from the 2011 Fukushima Daiichi nuclear power plant
accident, the AESJ has systemized the above fundamental principles and aimed to achieve, maintain, and improve
the nuclear safety. From the viewpoint of fundamental principles for nuclear safety, PWR secondary water chemistry
guidelines shall be established independently to improve the safety of PWR. It is also required socially that not just
Japanese utilities, but experts from different fields of industry and academia transcend their sectional interests and
gather in a public forum to discuss the concept of water chemistry management. Establishing water chemistry
guidelines as a standard of the AESJ based on the principles of fairness, justice and openness will show the society's
efforts to improve safety after the accident.

The technical basis listed in the guidelines will contribute to the creation of more human resources for developing

water chemistry experts and academic researchers, including those of the next generation.
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After the guidelines have been established, they will be reviewed every five years, and the necessity of revision
will be discussed at all times. The feedback from field experiences and case studies based on the state-of-the-art
scientific understanding and the latest PWR operation technology all over the world will be incorporated into the
guideline, and then the guidelines will be updated in order to appropriately apply new observations related to safety
improvements to plant operation management. These activities will contribute to ensured and improved sustainably
of PWRs safety and reliability.
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Disclaimer

This standard was developed and approved by the Standards Committee of AESJ in accordance with the Standards
Committee Rules, which assure fairness, impartiality, and transparency in the process of deliberating on a standard.
The Committee is composed of individuals who are competent or interested in the subject and elected, keeping the
balance of organizations they belong in the subject, with their professional affiliations well-balanced as specified in
the Rules. Furthermore, the standard proposed by the Committee was made available for public review and comment,
providing an opportunity for additional input from industry, academia, regulatory agencies and the public-at-large.

AESJ accepts responsibility for interpreting this standard, but no responsibility is assumed for any detriment
caused by the actions based on this standard during construction, operation, or decommissioning of facilities. AESJ
does not endorse or approve any item, construction, device or activity based on this standard.

AES] does not take any position with respect to the validity of any patent rights or copyrights claimed in relation
to any items mentioned in this document, nor assume any liability for the infringement of patent rights or copyrights
as a result of using this standard. The risk of infringement of such rights shall be assumed entirely by the users.

The Committee acknowledges with appreciation the participation by regulatory agency representatives and
industry-affiliated representatives, whose contribution is not to be interpreted that the government or industry has
endorsed this standard.
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No part of this document may be reproduced in any form, without the prior written permission of the AESJ.
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Secondary Water Chemistry Guidelines for Pressurized Water Reactors : 20XX
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JERGAINENGR, iR, FaKAR 7, @BIERAMER e & MO b & ik SEYREL— 7,
3.7
EERE— F (Operation Mode)
TR R, CYCREENR, TUCRIEIRR, TRRE IR AZE T PWR KGR OEEKEE,
3.8
ZR%REREERR (Power Operation)
FEMISNG, HEME I ZET ST 28EL AT 5 E TOHIRM,
3.9
Z R A B BF (Start up)
QIR A~DIKIE Y BltE) BB H] £ T ORI,
3.10
ZR% & LLFF (Shut down)
RN DR E IO T DI IE T SE DBEZ 150 TH b REBREBH OIEGLF 4 IZ L 0 78
RIEERRT L DDA L 72 5 F TOHIM,

311
ZR%Z &1L (Outage)
RIBAMRZ L DDA L R oTc ik, R AEET 52 OICRK[IE AR~ DOKIED 2GS 5 %
ToOWE (7 V=07 v 7bETe),
3.12

% B/K1E% (Improved water chemistry)
BITE D RALFE B 7 15 & ol U C R 7 DS R R 2 i & L7oKE & B 7 ik,
3.13
ZRAR#K (Secondary coolant water)
TR E RN D KL O,
3.14
AR R EBRB/AK (Steam Generator blowdown water)
RRF AN O —KMNZ BT D K,
3.15
#i7K (Feed water)
TIRARDOBK U D, RERAERE TITET DK,
FY ORKBNRNT T ME, BREUET & CTRARCTUR L5,
3.16



3
SO0XX:20XX

2K (Condensate water)
TWRFROEKEE Y bz VB BRMAD E TITBET DK,
3.17
& - KL > (Exhaust, heater drain)
Wy oBEg NLv o, IREHK RL Yy, mE#lR Fr o Eok,
3.18
ZRFR4H# K (Secondary make up water)
WA ST 72 £ B I AMLERRE A 12 L » THEE S H, ZWRRMIKRZ > 7 12Hifs S v b K,
3.19
Z—R& MK A >4 K (Secondary make up water storage tank water)
TIRFASDHFEK B ORI HR ARG K DK & 72 5K,
3.20
9 1) —>F v 7 (Secondary System clean up)
7T v MEENZENT - T, EHIMRE THERHIEA L2 AR O TR ISR AE L SO E & RE
THIEEZHWE LT RRE T T v 73562k,
3.21
4 L E R#B (Crevice region)
LA BB EE LB SRR, ROVER EHEREA T v ¥ 2L OB OkEH W,
FE? AT oV, KTROBETERS ETHEBRICH ORI TH 5,

4 PWR ZRFRKILFEEE
4.1 PWR ZXFRKILEEEDORENE

JA I REOHERIZIANT, PWR TiX, MEEMEORBEMHERZ BN L LT, ZRARFKOEEITHON
TWb, Fio, BaOMREMERICER LIZEE LT T 5,

INBEERT DO, SAMEFEFROEBICIT FROEIER, HIHEE L OZKIER 2T 0 TF
HLTWD (RER 2.3 2H),

¥, BHEMZEMWN EAX D720, Z OfREHIERTH KL OHEIN 2 B iATe~< PDCA %A 7 V&%
BL, REOSLINGHBORELEZITS (B3 ZH),
42 EHEIEH, HEERRUZHIER
421 EHEIEH
4211 —HRBIHE

BTHIEB L, #HEMOREEEZRZIZBZNOS D ENRHLNIRS> TWDHIKEEHETHD, RESN
72T 7 ay b yUZHR LCIRR RN (LR, ZTha “T7 73 a Loyl ®:s” Loy, e
BMICATT L% “T 7 ar b binblliEd 5" L)) LELGAITE L~ 2L IE TR E
ZEMT 5,
4212 FTHavLR)L

COEETIE, T a Lo E RO X HITKAIT S,
a) 773 bRV 1 77U FREOBREMERROBLEN D RYIMICEDORBICR D Z L Z2lET 5
i,
by Z22avlR)L2 772 Mkl O/EMEREROBLND O BGE 2 [IE 23 ER S L5 i,
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) FUarLRIL3 TT L MR OEEETERR OB BFFE T E RUME,
4213 FTHOLaAVULRVICELBEADEE

KBTI a bV ESTEGAEOEEITIRO LB &35, 72770, 77 ¥a bl ZE TR EE
THERE— FOBITZ M- T-8581E, BiZT— FOBIT LRI D BITHR OEIRE— NIZBIT 5 KEE
HeEEToZ LT 5,
Q) PO23VURVILICES-BADIEE HHELFEMT 572 EECHICFRZHE L, JRIK DT %2
Ry, T arb~UL L nbEETHHIELZ# LS, 1 HE VUNICEE L2WEAIE, EHfor 2T
LEHENE~ DR EZ TS 5,

FEY TV a L E S T LEEE TOFARE (LLF, “TFARM Lvo,) 1 HEoE

ZFZHONTIE, HEEA ZSH,

b) PV a3V LR 2ICESZEDHE HIEL FEMT 572 Ed0NICHL AN L, iR D% %
RIx, T a2 B EET HHEEZ#E L S, 24 B 2LINICEIE LARAWEAE, VAT AMEHE
PE~OFBELZFM L, HEICS U THAR FHFE 2B 5,

XD IR 24 BRI OE 2 HIcoWTIE, HBEA 2SR,
) 7V aVULRLIICESBADHE FHIELFET 578 EHCNICER AN L, KK %
A, 77 a UL 3InGEIETLAHEEEZH D, EONCEE LRWES, WA T XL 7 b
FIEOHE AL D,

mE, HABTIZED T 7o a b 3nbEiEd 5 LS 25613, FHEIC & 2 B8 2 iR
L7z E T 7 v MEIRREZ HERFTX 5,
4214 HEREDHTE

T a bV OREICMAT, K0 BV FER AL ER T 2 72 DIHERT 2 2 & DM E LW i
& LTS U CHESHEAZ R ET D, HRELZZER CTERWEAE, LEICG U CTHEEZ Eiid 57
EHRQETMT D & & bITxHE T A RFT S,
4215 HRIEHEE

BHEEOT 722y Lo ZE S TV E ) MR OHESHEZ K L TV D008 ) MhEiERT 57
WIZ, FHIEA ZEICEOEBEE A F 2 Tl U2 CHET D,
422 H#IEE
4221 —HREIR

FIEITE H X, RSN I X0 EUNOKEFIE 2 FEi T X EKEHEE TH Y, HEIDE U CHIEE 2
BRE L CHE A OEMEETRT D L) IOKESEREZIT,
4222 HIHEDRE

7T FERE ORI OBLE NS, ARSI X VR ST REEE L THEITE U Tl
EEHET D,
4223 BIEHEE

FIEIEE OFIEEZ L L T 0 E ) D EHERT 572012, HIfHEE 2L IcZ0EEEA R F 2 Tl
G724 CRIET 5,
423 EEIEH
4231 —HREIB
MCFEEOREAIET 2720, MEMEOBRLEOBKEZENE L TRET IHATHY, H#EiE
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EEFRFZHEBICOWTIZDOEEZERT S ZENLEEND,
4232 HREDHTE

THIAH ERARIS, L0 BWKLEEE A ZERT D7 DICHERFT 5 Z & E LW & L TG
UCHERE 23R ET 5, HEREZ ER T AAWVEAIE, KVEIDE U CHEEZ ET 578 E 5270
% L L HIxhG T 2 RET 5,
4233 HBIEHEE

PWIEE OHESEZ R L TWD N E D 2R T 572012, £z, HmaiiEd 572012, Z2WEH
Tl EOBEEEZRE 2 CHEYIZRMEE CRIET b,
43 EHE, FERUZEHANR
431 —REIE

TH, HIEEORKIEE E LCERET A/KEHERIE, &4 OERET— NRUOSRHEIZKA L TRET 5,
432 EIEE—F

ZOFEHTIE, PWR ZRRICE T 2iERE— RERO X HITKAIT 5,
¥, “IRREERE— N & — kA7 PWR OEEEE L OREMEICOW T, HERE B Tl %,
a) —RREEEGR
b) Z—RREBIEF
) ZRREIERF
d ZRRF\LH
433 EE FlEHRULEHRHEK

ZOfRETIE, WIORTREOKEEE 2 2 EHIER, HIEEE UIZEEE & LORET 5, v
ZV T EFOFNCHONTIE, MBREC THIT 5,
a) WIARLERJ/AK
b) AR THOK
c) HUKBHEEEHOK
d) BEHKNEAREHOK
e) ZRFRMHK
f) ZRHR$IKE DK

g) Z—XFRHEK
4.4 FToavLR), FEME HERERCREHEE
441 —HREE

ZORETCTHET ZEEEH, SIEEE X ORKIER L& x OREMBITKIRT LB T 5,
ek, EHIHHE, HEHEEKOZWEAOSEOBZZ HIZOWTIIMBED, 77 v a oL, HisE
EREOHEEDEZ 2 FIZOWTIIMBEE, MEHEDRTEDEZ FIcOoOWTIIHBEFICL S,
442 ZRFREEELE
4421 FHREIRLEBRIB/AK
TRCRIBEIEIRFORGHAER (LT SG) BMAKICBITAZEHIEA DT 7 v a v Loyl HERMERE O
HEMHE AR 1IZ, ZWHEE OHELHE X CVESEZ 3R 2 1217,
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£ 1-—RREELEELGRKF—SC BAKICEFTI2EBERED77 a3 v LR\, HEERVAIEHEE
HH T va vy LL - "
E T A
44 B 1 2 3 -
pH .
— — <8 — — 1=/
(at 25°C%)
FhrU L ng/L >5 >50 >300 <1 1[E/p Y
e A A ng/L >10 >100 >2 000 <2 1E/p D
fiileA A4 ng/L >10 >100 — <2 NEVIERY
FEY OWERIC25CITHE LS T 5,

D KB AR

RE STV DAL, il

LA HELE T 5,

£ 2—ZRFZEEEER—SC BAKICH T H2HIER O#HRER VRIEHRE
An HeSEfE T E A
Eaxin HLAT
HRE Bg/cm® — 1A
EY SG T u—F UL KE=FIC X HEGHAE &2 EfiT 5,

4422 BEKKMEIFZEHAOK

TR R ERRE O | EAA K INEER O KICB T AEHEIEE OT 7 v a v Loyl HESEE K OV ESEEE
2% 312, HETEE OHIEEE NEHE 2R 412, ZEEE OHESEE ORIEHEZ RS 17T,
RI-ZRFZABEEGR -—FERKNAFHOKICEFIEEEBOT7 2 a v LR,
HERER CAIEHEE
HH T va L e -
L HE B
4T B 1 2 3 e ~
vt RSTv ng/L <50 — — — 1A
Ve ES pg/L — >5 — — NERER
X ug/L >1 — — — 1[5/
1 pg/L >10 — — — 1[=1/A
FEY O OKEEARFEHNC L DMmE 2 HER Y 5, AR A RET 2 RMIIBIEIARKE LTS LUy,

O R EHC SRR A LTS 7T v M .,
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R 4— ZRFZBEREGRR — B EHRKMEREOKICE 1T 5 FIEHIE B O flEHER CRIEHE

AH AR I 7
|1 T A
4 HAAT
BRIV ng/L A NP N EVIE Y
H
P . S5 R
(at 25°CY)
FEY TI2 R T L ORME, RIS L VA&t ERET B,
O OKEEARFERIC L D E 2 RS S, FHERARRET A RMIIMRMA LK E LTH LW,
O WERIC 25CICHE L T 5,

RS- RABREER — 5 EHQKMEARFEOKICSE TS 2HEB O#ZER TAEHE

HH B .
Py o HELEAE T E B
7N M‘
pH FREEHA mg/L I RTED W
BRAGE R mS/m A A N 1[E/fF 9
78 ng/L =5" 1 [Al/38

EY TI0 b D EORMRN, R LY @R ERET D,
O FT LN L DR, W, KLEIRIEIC Lo TR ORI MEE BET D,
O NEEARFEHC X DMEHE A M T 5, HEERIET S RMITIMABRANKE LT
B LV,

4423 MAKKRUTHOK
TR E G OB ACK L THAKICB T 2 HEIEH 0T 7 v 3 v Loy, R R ORE L & R
612, PWIE H OHELHE K CWEIIE AR 7107

RO—ZRFEEEGEH —HKRTHOKIZEFTSEEEEDNT I Y ar bR, HRERVAERE

IHH T a b W e
AN BN 1 2 3
B F A BRAGER D mS/m | >0.03 | >0.05 - - B A PR AR )
FRUDTLD Hg/L >10 >20 — — g

E Y RIEKBELLNOF B TEMREITI Z L,
O OKEEEMFHRRST, SRR IS L DRk IR IEREE, EKER Y b U o VRIS E 7 & O BEUKE
Batds, SUIFOIIC L 28R 21T 5,

R T—RRZBERERR KR THOKIZE T SRR B OHERER R EHE

s HELEAH I A
THE & #E
2% B >
Y EE ng/L - 1[E/R
FEY EAKE, IRERAINEE 22 & B2 TR 2 LTV D 75 v R TI,
AR TR D T2 O HEREAE O R E 2 WG 5,
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4424 ZRFZRPIKE DK
TR LR O T RGRHIK Z 7 KIS T D 2 WrE B OHESE K OV ESEE A &’ 8 1ITRT,

R 8- RRBEEGR-ZRFRMKE U KIZE TS EHEE O#HRER CREHE

s HELEE T E A
4 TR XA
RS R mS/m =01 1[EI/A
TR DL ug/L =<5 NEIT
HeA A+ ug/L =10 1 [\l/H
kg A A4 ug/L <10 11[8l/H

4425 EAKIREESMEEOK
TR EIRR O KB O KB AEHIEAOT 7 g v LaL, HEREE K ONAIE SEE &
£ 912, ZWHEHAE OHELHE K O EHE 2K 10 (277,

RO-ZRZEEBEGH-EKRERBHOKICBFTA2EREEDT7 Va3 LR, #RERUVHIEEE

HH T VAL - .

o HELEAE | AESEEE
B2 X (A 1 2 3

BRI ER mS/m | >0.01 | — — — 1[E/H
EY O OKEEHEERIC X D HE 2 HEE T 5,

£ 10— —RFBHEGF-SKBIERKEHOKICE T2 2HEE OHEZER CRIEEE

An HEDEH T AR
AR HAAT
FRU YL ng/L <0.06 =
WAL A A ng/L <0.15 =
s A A ng/L <0.15 N
FE Y KB R 0 KBRS R B, ULl EEEREC SG R NIRRT
FENRKRE L LG EICHERT 5,

443 ZRZREENE
4431 SGHB/AK
TUCRIEENRED SG #RNKIZE T A2 WITE H OHESHE X OV EHHE 2 &/ 11 (TR T,
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R 11— ZRREBFF—SC BAKICH 1T HLTHEE OHEZER VRIERE

s HELEAE TR 7 A
By XA
B F A ERAREE mS/m <0.2 1[m®
FhU T A ng/L <50 109
HAe A A png/L <100 109
& ng/L <100 1[E?
FEY RS EM AR, BEEESIRNCHERE AR L5 2 & 2R b,

4432 BEHKNERFHOK
TR BN O @& EAS AONEES Y O KIZ 31T D 2 WrE B OHELEE K ONAIE S A 5]’ 12 1R,

xR 12— RRAEEF-SEHKNBRBHOKICE T S5LHER OHRERTAEHE

Gl HE LA A TE AE
TEE I ESE R
4 Fi B -
H
po TG hTE N
(at 25°C?)
BREER mS/m A Nl =
BRIV Hg/L =50 TN
WAYER T ES ng/L <5 1[m
FY MIERIC25CICHRE L-fEE T 5,
B S5 N DL DR, BHRERIC X 0 EU RSt ERET D,
9 pH, BRAGEE, b FIPIIF T MG LT, EEMHR, RETs2en
VETHHT-ORTEHEEEZETEE LTS,
DR RS AR R, FEERIAIRTICHERME AR LTV D D L AR D,

4433 fEAKR>ITHOK
TIRFRIEBEEFOE KR T H A KO ZKIE H OHESE K OV ESEE A2 & 13 1R T,

£ 13— RREEBRF—EKR Y THOKICE T2 ZHEE OHZER VAIEHRE

A HELEAE T

AR BANE
B F A BRI ER Y mS/m <0.03 1[m"
FRY LD Hg/L <10 1 [a®

FEY RIKRE S LR TEREZITY 2 &,
O JFRAAE RIS EIM FR S, BRI HER AR LT D 2 L AR
%, Fio, KEBEHGEIC K 2HRE L HES 2,

444 ZREREILE
4441 BEHKNEFHOK

ZRFAST IR O S AR AN B D KIZ 381 5 2 WrE B OHESEE K OV ESE 2 & 14 (TR,
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£ 14— RAFLFE—BEHRKNBBHOKICE T S2HER OHRERTAEHEE

HH e 7 e

AT B
BRIREE mS/m EE AN i
LRIV Hg/L =50 =

FEY O MERIC 25CICHRE Ll 5,
B S5 L DR, RHAERIC L VYR SR ET D,
9 pH, BREER, v RIDIFT MHATS LT, HEHER,
LEBMBETHLHIORTEHELBEHEE LTS,

T D

4442 WAR>THOK
TR IO KA 7 O KIC I T 2 W H OHESE R OIS & 3 15 (TR,

R 15— ZREZFLFR—EKRL THOKIZE T2 2EHEE OHZER VRIEHRE

A HEAEAE T

AR AL
B F A BRI ER Y mS/m <0.03 1[m"
FRY LD Hg/L <10 1 [a®

7=

EY RIKRELOPOHBTEMREITY Z L,
O OKEEERFHRIC X D ERE 2 R D,

445 ZRXRFZELED
4451 SGBRK

TUGRE LT O SG ZRANKICIT B2 W IE B O HELEE K ONHEHEE 12OV T,
7O AR 1612, b R BEMEAR 17 ISR,

ERTVUVROT =
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RI—RRFLEF-—EFSDY, FUOEZTHRARKRD SGERKICEFTIZHEBDOHREERY

e SEE
An HELEfE T 7 AE
AR B
pH — =10 PR T iR Y
ERSOv mg/L 20~500” BRI TR E
FRU L ug/L — PRE B
AL A A 9 ug/L — TR HA R
Wil A A 9 ng/L PREBRIEF

SRR SG WM ARG LT ABICHEMT 5, 77, REFED SG AT EH L —
N (EE) &35,
E Y RAEEUMETR TH 1~2 BRI O TR O, 18 FEEN/NSVIBAIE, Z0%N
TR UHERT 5,
O FUE=T RO BT YR, RS RIS O TR S T
FEAZRE L, SG YRMIMRE K & HEAE RN & 3 5,
O TRGRMIKE 7 IBRRET D EAIE, CRGRMIKE v OWEREIT D,

RIUT—ZRZAEBLEHP—E F5 OV HEMIFD SCR/AKICH TS BHER O#MZER VAEHE

s HELEAE T
AR =X (VA
BRIV mg/L 50~500% (REEREE T Y
F R L ng/L - TR RS
kA A ug/L — REEAET
Wil A A 9 ng/L PREBREF

FRR SC “KMARALRE LT OBRCEN T D, £z, RERFO SG XUARENITER L —
v (EE) &35,
E P BRI VUHMIEO b KT U HELE, R E RIS S W TR I TR
FEARGE L, SG ZIRMMRAE KIREE 2 HERMERFHN & T2,
O REEMETE T % 1~2 BRI OE MER O, K FRENS NS WRAE, ok
IR CHERE S %,
O TWRAHK Y 7 DAk T D HEE, TIRRMUK Y v 7 ORERELT I,

4452 ZRERMK
7V =27y TREO TRRMAKITIS T B, SR E OHELE R CRIEHE R 18 (TR7, kb, B
BANE T V=27 TR BBE T SC AR & 72 %, mERACMEG H DK, U RgR K L35,
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R 18—V V=T v TROBEKRKMEIEH OKXITRIBBJAKICE 1T H2HEE OHEER VRIE

HE
s HEE B e
AR HAL
B F A BRAGER mS/m <0.03 1[m®
)i mg/L <1 109
% png/L <100 1[E?
AT ng/L <50 109
F LU YA ng/L <05 1[a]?
HAA A ng/L <05 1@
i ng/L <1 1[a]?
FEY O 1ENE, 2V —r Ty THERCA R E 1EMIET D Z AR L, SGKIEY BIAARTIC
HEGEE 23 e LT D 2 & AT 5,

4453 ZRZRFIKE DK
TWRFRE IO TURGRMIK X 7 KIZI T DR WiTE H O HEREAE K& ORI EAEE A R 19 1R,

RIV9-ZRFRFLEP—ZRRPKE 27 KIZE T HBEEE OHEEER SRIEHE

A HELE S
£ AL
ERURER mS/m <01 L[/
TR UL ne/L _ i
A A F ng/L B i
WA A ne/L _ -
FEY SGRERE, IR T V2T THRIARHCHER T D,

446 BEHRE— FITEKLSEVRE
4.4.6.1 HIQKOEEEHOK

WG EH O KRBT 2EHEBRDOT 72 3 v Ly, HEREEOMIESEE LR 20 12, 2Z2WHEA
DHEGHE K OV EBEE 2 5 21 12”7,

R 20— WKL EREHOKOEERBIZETSTI v a v LR, HEERTREHE

HHE T ayLaUL —_ -
44 war |1 2 3 R
Bk I
HRIRE R mS/m | >0.02 | — — — KO
1E/p A

FED RS KL EE A 5,
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R 21— HHEKLEZEH OKOBEREEB ISE 1T 5 HEER CHIEHRE

A HESHE B 7E A
T E & #E
4% HLA >
U ug/L <20 =

Y GRS OERSR L, T5ALORREOMERE B L LCERIT 5 2kE
BHORE%, 7T M, RIS U T I P EICHEARET L2 &0
WY THL-ORTEHEZBEEE LTV,

5 mEEHE
51 —f¢3E1E

4.4 TR UETEH 2 @UNEHE UL W 5 720120, SBRHK O e o 7 ) v 7 FER O R E
BIRTOMERH D, o, T ;@ﬁ%mnm 57 — X ZOIC ek, FHm, RFTHZLICEoT
PWR IZH T B AKLFEEFRO SME AR TE 5, PWR ICBIT A KEIER DY 7Y v 7 hiE, S kR
O KET — &@@@ﬁ&%&_rﬁ

¥, R HFREFTTIE, JEAC 4111 2009 |2 SN CRERANEEI 2 £ LT Y, K LFERRICE
WTh, BRI IS LR > TRERIEEBIZ £ L T\Wb, Z 2 T3 2 MEE#HIL JEAC
4111-2009 |[ZFE# SN D MERAEEBEID 5 6, AKEFEHILR D BERNFIEZHT T 25D TH S,
52 YoYU T Ak

TIRFBIAK ORI, K, K, SG, B —X RL U ELRME b=, HiE ot
PEDBLE DG, JRAIE U THABUBHRINZE > O 3R IS A B L, ¥ —E VBN EO—inic sk
B &z, FEPREHRIGHE TR A BRI 2,
—ﬁ‘@mﬁ%ﬂﬁ%i@ﬁmﬁﬁﬁ DA, WEHRREE N ORI > Hriift &, 50
ﬁﬂ%ﬁmﬁﬂiﬁﬁkmmh DLEENBDOEND r— X#%DSGm@E%%mkﬁé%F%mm
O L, SRS %ﬁ%#ﬁ’%%?ézgﬂ%éﬁ”‘ X, BUGAEHR B i DR & 2 it 5.

#/7)/9 TREL, BUBHREELE N O m%%@ﬁﬁmm_ﬁéﬁ , REPKIFR A E B E
meb‘iﬂ%&mbﬁwﬁﬁi‘iﬂ&ﬁ W_&ﬁfﬁéﬁﬂmﬁﬂﬁtﬁﬁbfy%%K@W?éo

¥, KEERFHE~EARKL TV 7LD 55, pHit 2R EORMEIT/LFERZHEHL TWDH Ol
ﬁ%“%ﬁTéo

TN T HEO Gl HRE G IR T D,
53 Ak

FIEH OSHICIE, EARICIZZNZN S 72 E ORI E SN HiEE W5, S ko
B &= MRE H ICREHT 5,
54 KET—4EHE
5.4.1 EoEk

KEF—ZDOEMROERZEZEB L, KEOTZL->TELNET—21%, HIRAR, REGGRHKE &b
Y, DO RS T D
5.4.2 FEd

KEHHINZ Lo TR ONTZIEMD S, KEAZEZMSEH, P OMMICHERT 5720, KET—20
ﬁﬁ_%b,%ELT%<:&ﬁ%iLw$@%&_mfomg%w&@ﬁMﬁ&®m%mE%|_ﬁﬁ
T5,
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5.4.21 BIEEDE SRR

KESHIZEEL, ROFHEEZEE L CEBTHZ LI2LY, WEMOIESHAHRT D,
a) BIEMBOEE WEICHWDHEMKIHT, WEMOEYSYERMA O D, EHIHEE, W7 RT,
FHHEEAT D,

b) REMELLEDER NI 2EEYE, EEREOREICO WX, KA, EE (HE) S
W, IS Mk AEEHT 5,
) DWBEMAEEDER HirERT 28 7 ARRRERE, IRER 2 ZlconTiL, JFHIL IS Bl it a
AR 2,
d AEROANBHELME NELEETIHEEONEZHET S L L LIC, WEZHERTL-OO
BE, IHEITH,
5422 BIEEDZR S 4T

KELEERE, HIEMOZYEMEICONT, REEER S OGBS, BEKEER, Bh#ERFEDK
B L OB Z TV, AKERE T 5 HBEIT .

543 &%

F— B ORAFHIRNC OV TIE, HEL LIS ET 5,
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MERE A

(&%)
Fo2arUbRLICESTHLEET SFETOHBTRHEDEZ S
X
SO, AKICBIET S FHEHEAT 5 b0THY, BEO TR,

Al 723 bRLVLIIZESTHLERTHFETCOHEHMOERA

T Tarybo ULl OREMIE, TOMICELZEICL o THEHLIZVAT MEHEMEICEEZ 52500
TRV, BHMOVAT AMEEMEEZEBE LGS, THICELRWVECTEERT L ZENFELY, T2
arvLbOLLICELFEROH L, RO SUTEEN Z2KEEICER L, #00Sh o B S ICEET 5
ZEMFRER DO L H LD, TNLSMNS, BEEETICRMEZELT 7 v a v L LIZE S IRER R E
TUHLIERT A VNV TETOEMIIESGAELEZ LN, ZOEHTIE, 77var L 1IicE-S
ToARBEDS 1 HABILL BESE L7238, Z DB DY 2T METME~DOEE L EZE LN O EET 20808 H 5
LOLLT, 773 ary UL LIZE-> T LEEE TOFARMEZ LB E ED, o licko 7
Jav bV I EST I EEHRLTOLT 7y a bbbl 20 L Z & 2R3 5 £ oMM
N 1EMAEEZ 5561, £ OREINEELI PG L2550 77 0 SOV AT MEBME~DRELFY
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Figure 2 (a) Depth of SCC vs. time for Alloy 600MA in AVT water at 320°C for various
concentrations of PbO. From Wright and Mirzai.® [A] Wright and Mirzai,® |B]
Castano-Marin et al.,” [C) and Takamatsu et al.¥ (b) Time of intersection at
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BN S 72 5B ORISR 20 1R 1), Zh kv, 7 L EREEREICH LT A U
G RREDENET RNV T AROAY T ATH Y, BRI ﬁ@wk%mm VXHRERA A
ThHhHIENRD,

B, AR — FOZYMEOREEE, 7 L EAE pHac it HfE R A LD 7 LEAT=4 Y
VIR U AR pHagee DFER E X T D Z LI L 5> TTHo TV 5, fRERE 21 (2HH 5
a—REZLERE=HZ Y L IRBEERICESL 7 L R pHgooucéﬂ?fﬂﬁf’r\*%%ﬂtt LTRT @),

%i#ﬁ:ﬁwm%%%bfﬁm,:@:&i 7 LB AR o — R EE 7 L e 2 E
P LR 2 EmUICHR TE TS 2L 2/RLTERY, EHSG 7 L EAMEREZ ¥ A A

IR L TV 2 EMATRETH B,
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10
9 %
8 s
T 7 [ —>— Na
— K
s | )| = Co
g 6 —o— Mg
o e ! —o=Cl
O 5 e —— 50,
TN ——F
N —— §i0,
4 \\ g
3 “‘T\U
2
0.001 0.01 0.1 1 10 100
SG Concentration (ppb)

RHE 20— ERMYIMY L E R pHaorol  RIZT HE

12

10

w
|

Crevice Monitor pH

0 | | | | |
0 2 4 6 8 10 12

fRSE 21— BEHEO—F&EHY LEREZ S BHER pHaooc D LR
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s EMHORBREMEICHT ZKIEZOKE

TRCRBEERIT IR FE e © ORI B, BASHEHBEVE [ B AU T D SRR B AL
ENTWD, HEEME O BRSO 7D, N OERME O &2 BRI 5 Z &
DULETHY, ZOFERIEN SG OEMEEMEMRIC SN D,

SRR B O EROTE HINHNC SV TIXAREE 22PN RT L B0, RRFIKD pH s & Hi
TE S HEFFT D Z E WA TH DD, SR EHE pHsc 235 < 72 D1 Z EIRHEN % < 72 D\ %
IRT T2, BRMELE SR BN ITFET AT T FTIE, WAL DR Em /NS < 955 1E
72 PHose ZIBIRT 2 Z L NEHETH 5, kL O OFE HINHIE N KRR~ D A r — LA 35
IHNZ T D AR 725 2 5 &2 RIS T,

pH (25C)
90 91 92 93 9.4
20}
B Fe (HPE — %M 5
g 13 &
£ 3z
g —12 T3
2 b cu gk 7o) ro e
[ g0,
. NI (HPE -4 $0)
i L D ) SN N
O | 1 % |0 0
> 3 4 5 6 7

fWAKEREEE (US/em-25C)
FRSIE 22—#K pHoso (BRInEE) & R#iE, ARV =v 7 ILOEE)

8.1 #R & M

TR D DO ERPFIRHA I =X L E LT FAC BRHIT oD, “IKRHENTORHET
v OREEM % fRERE 23 12T,

AN O IR FEIR Tl B R 2 DR L728kA 4 F (Fe™, Fe(OH),) MM~ 7 %
44 & (Fes04) ICIEREZEALT B,

PR BRI Tl MOBHR I OFRLEE A 7 — ) RO EA Ao ndMafnd b2 & L7,
I HIZ Fes O f M ETHZ L L7 D,

—J7, BUCEEREE T, A A RRTAUC XV E#ERIICER D K B, FesO4DiE uisfiE 3
T (EOFRTEMHEITRA I ET D) THIE LR, KIRHEEALIC R L TR INE SRS,
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Fes04

m BRI
Cs
P vt
&
Chbulk
—> 5 e
A A
% TR ]
M-O (OF]

f2SHE 23— FAC ETILOHEBZHE

FERED FAC 354 L TV D PEHR I T H Lum LA T OO 72 Fes0 48 D AR D R
NTWD ZEmb, BMMNOO8A F o DU, B L7281 4026 D Fes0,DER &, Fes04
DIETCEEAERE L TAEL, Lum BLUF O FesO BN IR Im L TAT X LTIRBIZ S
v, —EOEVEETHENETL DI bDEEZ NS,

FAC I ENAfE LT-A A OBERN O L » THREIND £ 525 &, RISHEEITR(2)
ThHz2 b D,

M=K(Cs—Chpui) """ (2)
T
m : FAC 3£ ¥
Cs : FesO4 DA BRELSA: T T D FaFnvAfif e
Couk : KRB TOEEA F U PRE —MRITIL Cs> Cpuk T Cou=0 LTl TE

k : WEBEHRE(=D/6)
D : BERRANER A A4 L DY
0 BHRES
Fiz, G CTOMEBERE S L TQ@) R IREE N TV D,
k=0.0296u( v /D)—2/3 + Re®%----+(3)
ZZT
Re : ud/v
u P
v BRREELRE (=W o)
D : R EK
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Mo REERRE
o
FAC MA@ CIRIE SN DA, 2 DML FRROE T XY IRE S,
k=f (JidL, TREE/RE) «ovvee @)
Cs=f (pPHusc, M, RSN HMILIAE, M, WERFRERY) - )

ZIZTC, ERR@XTHRNOFEEZMEIERD BEA 42 2GR L B2 S DA EHE X
5L, FOEIIMBIRE S OB OWE (FOG) HEICHFET D2 LRy, Rl L L oF
HIBEIER T ENTET OERMIR T H LIG D 2T FesO, DIRIRE DORBS L 705, Fes0, DIRREIZ DU
T, ZIRFRFHEAN DR —RFIIRE L TE 256, @-4)X P OIRE, MEL, BRI
— &7, FAC BT pHysc DR E 72 5,

FAC & pHosc, BB Cr &A%, R K OVEIE & OBIR A SR 24~ EHE 27 (2=
T (27)(28)0

TR, FAC HEEIT MR D pHose D EF L OB OSE T K » TRIBIIRR S 7, i
O X > TES D Z &, £72, 150~180°CHHL TR LMD Z LA RLTWVD,

ZDOZEND, ZIKRESRD D OFEOERM 2K L, SC ~DERFFHAZ AT H7-0I1TiE, =
USRI D pH s & T8 57 72 BRIE TS R 0N R C X 2 HPAICHERF T2 Z ENEHEETH Y, 7z,
RBRIE DY FAC M DI K & 72 % 150~180°CHIir & 72 5 R/fE, XI%, BBHR I O FitE  H < 72
DENL, BN 0 B ES, HhRGRHZR SITIM B O Cr & F R E RO IERA LM, A7
L A 77 & OFREHINHIMENZ VD 2 E N Rh R & 722 D,

—J7, FAC HE IR HISFRERIE O B4 RHE 28 1R+ @, Zhkv, FACHEIX
AT FRIBE B IN, WHBRERENRL 22 LT 5, L, REMIERICIEME D
NS I DERERE) T D~~~ Z A N (Fe,0:) N ERR S NEEREBRIE L 72572 Th D, FAC
PHZ AL LT, REOBRGFIREREZEEICHDD ZEI3AE D0, SCIEEVEH M
LR OBLED BT LR AR O EIIBGIE T R&ETH Y, EERFICHMLETH D,

AR & FY, “RREE, RO FAC S pH, IAFRRRIRE, M Cr & AR, HEE,
FOVRIEIZ &> TELT 5203, R, ROFEIT 77 v MERE EAE C&E 9, MET Craa%
HIIMBHSGERIS & 72D, 20T, FAC il x4 5 Kb B 2 B O%fIS & LT,
pH # LR SH D 2 &, BFBAREAEYHEICERT L 28 H2 L DD, WirmFERE
FEOBINE, SG mEVEMEHERIEMMRE OB D, SG ~DOEEF I O 72 & ORRLH
DFFLIABLPIENEETH Y, EEICHST LI ENLETH DL, ZDH, 277 ML
THELIZHEANTE, A7 TFETpH O EH GEIE/RFE TOER) L7225,

AFEEHIHE S T, RFAMERA R, RIS U C, MA@ pHICHERFT5 2 &1 XY, FAC
WEZRT 2 Z EBNARETH Y, AR S SRS SE BRI BUS B RS BRI 2 B
¥ (2016 #=ik) (JSME E CA1-2016) (28 Th, FACIZRHT 55 EEE 11 “232 K{bF#
K7D N SN TEY, KD pH 2 92 (1805 10 TN ETICED HEM L, ik
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M OFER, AR 50% BT L FFRTE#E SN TN D

L2 L7203 &, F8 8 R 5% i Bl ks Mmeﬁ%ﬁ%ﬁﬁ Bc i ek P 78 BRI B 5 B el
¥ (2016 i) (JSME S NG1-2016) @ A #HI| A-1000 HFJIZREH#E LC, [f#ii A-1000 HM]
(R SWEIC X HEERAE ) 2BV TE, DRI X 2R ERNFROEHFIEL LT

JESHEIZ L 2EEOMIZ, MEEE R EORFER, pHFE K OMBEENL EONKEE
HAH DA, BUIK, PWR TILESHIEIC L 2E B2 LR E A FREZEI L TWD 2 L
O, ABETIHESREICLD2EHOFELHET 5,7 LH 0, BURO H AR S I2IX
KEEHIZ L DREEMZRITE EN TV,

KEEE DA FE B IEDSNT T T o MEELZAITH T &I XY, FAC (T & 2 BELAE I8 A FE 23
EhsZ enn, 5%, FEFITKMEFEBRO S ELE EE L7om pH ABEH 77 o M
E DA EARINERR T — 2 2 &L, REEMICE S FAC Ml ROERELZIT> T Z
EMEEND,

Z DX D AR EE BSGEC K B FACHIHI T — ZIC S & AAFF AR EITIS UTA
o7 7 v v Lo, HIEE, HERHEO BB L Z1T 5 & & HIT, HABMYS LR E
RASHE, TEHRIEA 1TV, B ABBA SR TED b TV D EUVE AR AL, I OB
BRI, BUEAEEORELICER ez ticky, kv —-Eorsettn ks i,

1000
S— 1/2Mo
500 ~~_ (A161Grade T1)
P =580 psi
T=356

100{— V=128 ft/sec
£ ol 0=5ua/kg ] 1Cr-1/2Mo
E (A213 Grade
S ST T 722)
< ey
g 10+ \
T \
= S \i
g \
= Carbon steel :
W P ambient i
5 ' T=167F |
E L V=5.251t/sec !
2 %% 0,220 ugrkg \!
5 \
@ 1
[ }
W \ \

0.1

1 | | 1
6 i 8 9 10 11
pH

RS 24— RRMBEESSM FAC EE & pHaoo DEIRO—HI
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1 - T T .|
- AVT:05ppmNH;, pHusc: 92 g5 3sms |
Carbon steel (0.02% Cr) NoHy - 0 ppm
DO, : <5ppb
Test duration: 100 h
=
01| .
NE F ]
L
o
E
i) 3 o _
g
O 0.01 _
< | O ]
w
0.001 1 :
50 100 150 200 250

Temp. (°C)

fREE 25— RFRMD FAC EE L REDOEERO—HI

0.1¢ T 7
AVT:05ppmNH; Rs:
PHoeee: 9.2 35m/s at 150°C
25C: =~ 32 m/s at 230 & 250°C
NoH, - 0 ppm
G DO, : <5ppb
—_ Test duration : 100 h excepf]
£ for LAS at 150°C (500 h)
o 0.01 G-
£ NS
o o
=)
E
g
@ i
Q 0.001- ™ =
. [
E . o 7
0150C O
0230°C
m250°C
0.0001 —
0.01 0.1 1 10

Cr (wt%)

fRBIR 26— FAC EE LM BT Cr 2R EDERDO—HI
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m

Alena-wear rale. ug

FAC rate (ma/cm®/h)

Rotating speed (m/s)

1 T T
150°C  AVT :0.5 ppm NH,

PHage: 92 MaHy - O ppm

S 55!*"

Carbon steel (002% Cr)  7oar 4 fons o
T T
0.1 - - 4.1
; -::__.--' . 8
0.01
0.001 . .
20 25 30 35 40 45 50

fRERE 27— RFRMD FAC EE & REDEFRD—HI

i 5 EDES & & 8 I I & 5 a5 )

Mo (AIBT Grade T? OpHZSDC 27

[FERS11]
(fRSE5M)
OIS : 75°C
OpHase & 7

pee

OFi# : 1.6 m/s

fe 122 OIRE : 120C

OVEfFlEs - 0~500 1 g/L

(0.5%Mo 4 + 1Cr-0.5Mo §ffl)

—_— O¥EfFliss: © 0~500pg/L

T i O¥iiE : 35m/s

fREIE 26— RFRMD FAC ZECRIZTEFRFRRECHR
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8.2 SHDEHANF

ANRD &0, ZIERMOEKRIRGEE, FKINEGRE K ONE 2 BEINBAGRE 121E, 16k 6
REVERE EDBLE NS, TV T I RE, Fard =y ViER EORMEINMER ST
7o SHRMERN O O OTE T IIREERE 22 12T B0, pHuye S EAT 2 &I A2~ L,
BB DIAFD G L 2 D720, RMASDOBBEOFHALZB ST HZ ENEETHDH, 20D
7o, HRMEL ORI 2SI IET 272 0121%, RH pH Z WU 2fICE BT 5 L &b, &
MR DIAENTC R EZRET D, UTER SN E RO LBRE T DD, E KTV
Vi EOBERER, BITAIOREZHIEICHERFT 52 ENEETH D,

—J7, ko LBV, KRFHML EERMEID FAC Z40H 5 720 121E, BHD pHose & 9.8~10
&Ei@iﬁéﬁé’k#ﬁ%?%étb,ﬁm@%%ﬁﬂ%%ﬁm6%5/,XT/vxm%
B2 Z &t #HEshTng

8.3 HAMENEHE

TARRRFEIIBITAEEIL, BYAKERE FTOBEAETHY, A7 —bv L offi HARKIEE
TBITABEHLIE, SCC, BaREKONFAC Thb, SCC LEAFEOITERIT, AP

BENDEAA A, WA A 72 EORFMMH 2 — B M OB R & DB K IZEAE,
%%fa:&mxa%w&%i%&1%m:m@%ﬁﬁ%mﬁ&&~ey@%%%ﬁ#6@6
KIANDEFHETHRAET H 2 L Z0,

RBE 29 |2, RREN L EBRILY, HEORJBDREOMGELRT @, kv, PWR
TIRFRDAERENMTH D 5.4~5.9MPa B DJE S RMF T TlE, ZAKMA~O AW D 3B ITIEH
N ESNWZ D, SCaNARHMPIRE 2 WUNEHT 52 212XV, #— B A B
BYECEEIT VWb D EEZ TN,
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220 193166 6.9 2.8
T LI I | 1

FERE GEIPRE KA 7 KPIRE)

108 \ T v‘: e ) .
A \%\‘9+%% \_\‘
A UL,

o7 | L1 |
220 200 180 120 B0 8040 30 20 1C

FZ LIES (ata)

2 4 ] 10 20 40 60 100

1 IKEE/EAEE

fRELE 29— KA SKPOEREILY, BEEORERSIEE

9 RTF—IL{FEMHFIZH T BKILZEDEE

PWR R THA LIS (A A4, SkERb) 13, SGCHmNKUORERMOMKRE (F 21348
KA T) B L, 77 MERBICEEZ KITT,

7T v NRMZEEESEOBLEN D, YGRS D OFROE M 2 M L, SG &N, &E
RIEAND A — AL Z T 5 Z E DK EFORERE2BEEO—D2 L2 5,

A=V O« BRRCITIRBNSRAT, IR, BB, BKOLBRFE OKLEA], pH) 73
BTG TR TH Y, EMER TR OWAT I Ly, TRICBERG O TW D E KL
OSSR DO—fl 2 £ LD D,

9.1 ZRRIZBT IR T—ILAEFE

a) SG ZRBIRTr—IItE 77 v MEBHHORMIZIE, RHA CER S L2 AR
B (L& L CEEREY) 23 SG ~FFbidEh, SG “RMIZRN CTIREVE R Clc A r— L & LT
L, BEVEITAE LTIZGE, BEAEOBRIIE 0D, A7 — L OpE L & HITREPERR DK T
(DR 5, FTz, BECHUE LFHMROE /IAE LTce, BEC &I ZE L SG KALIRE) D
HWEV AT @D D,

SG DIRAEM IR MERE R R T 23T A—& L LT, SGIHIURENRH Y, ENET T MC
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B 5 SG IHIRKOHER &, A — AT 352568 0 BIfR 2 fREE 30 14 O,

77 v MEEEYW OB B W TE, HIVREBIHME TMEM &2~ 7, 24U, FEiE 2R SG BV

RENHERA T — BT 2 2 LI X0, BAREREITIENT 5 2 LI X0 SR TER S
N, EEWERRIIINT 5720 CTh 5, ZOREEKEOEHICENAr— A BRRET S L, X
= FBICH W I ERAT— BB S, B 2 EEOEINT X > TEEVE OREMRHT & 7o
D, SGARBMERRITAN T L, 1GAVREITHEIME M 2 7=,
b) ZXRZAMER SG LN KA TIE, —BlE LT, KRS T ~DRr — ARG REET
NBD, KB T DA T ~D R — AT B IENRBRE 31 1079 &L 9 7Ry T EREN Sy o1
IMFENELD @), R FRBRKEIIERREON LWEEH Y, TORMET T ho%k
BRI IS 2,

7%, FREE 3113 2 BHEMTH DN, TIRFROKMEETIEILE 14 A 7 L) AVT,
A5 A 7 ADE pH A TH Y, & pH AHLE I X 2 KESGED R (F KR o 7 BRE) K &
DN DD HIL TN D,

KRR TN TIE, SERKINESEEE NSO A7 — VA FICL DA EED E5A.,
Fa KW BRSO X — VA IC K DR EFHE RS, SR T2 b L —FEE ERREDE
GBI TND,
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2.00

1.75

1.50

1.00

0.75

0.50

0.25

SG fouling factor (x10™ ft?-h-°F/Btu)

0.00

-0.25

10

12 14 16 18 20

Operation time (><104 h)

2

3

4 5

Adhesion behavior of scales

i

B

.

Structure of scales

coarse layer

coarse layer and dense layer
( growing dense layer)

Heat-transfer performance

<

Max.

SG tube fouling factor

N

Min.

il
“

higher.

Larger surface area with scale adhesion to the
SG tubes makes heat transfer performance

Heat transfer resistance with dense layer growth
makes heat transfer performance impaired. (Rf
growth)

fEEEE 30—EMA PWR IZ8115 SGBENFRBOBEMEBE & R — L{FEZEEOHTE
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50 |
. - | ¢ 14Cy
s . | @ 15Cy
= 40
o
L
5
3 30
N
20 L

0 50 100 150 200
days from plant start-up(days)

fRELE 31—#8KAR Y TEREFR T EIEMESH D—H5I

92 ZRBRRT—NWABAHD=X LA
921 RF—IRA/FEAN=X L

TWRITEBIT DA A E RS, WREISRME, B RE, pH, B RT UV URERENE
MK DB S TeFRTHY, FLOMREOTHNEHETH D,

SRR b DRRR R E A~ DO AL, WFH ORI S50 J) (driving force) 2MEWNTWDH 2 & %
RLTEY, SGIEEVE~D A — VA E A T = XA LNZONTIE, EBRE TR %2 30E L T
BV, SC UMK BIAENT, & DWITEKER b DR ITTIEMIC L 0 G SN D8 A A Dt
H, AW I L DA — AAEREERTH O, (AEEEIFERE & LTHind 5 & & %
bIb, £, & RTVUVIREORINNE A — AL EHE S EIIN 2 EBRGE R /G5 TR
v, AL, Bd U728 (FesO4) DEITTIEMIC K 281 A OMFEREE L TnD Z &
ERBELTNDHDEEZHILD,

LD “ YRR~ D A 7 — AT EIZ DN T b, FARRICEBOR 03 A E > THEL TV D H D
EBZ DI, ZUCRIERRA~D A — VAHEI & LT, SRHEh B OSKIEIRD  b 2R TH
HHDEZEZTND,

9.2.2 R#fEh 5 O

RITHE C UGREE SR~ D A — LA BN KE U, SRR D> B O SREFG IR B 10 T d
D2 BN RGBT D AVT S FCORFEAEFERARE T O3 %2 fRBRE 32 1R
R

ZOREFIT IR, AVT BRI T CEROBAEENSZ VAR, &Ly —v R, KEY—¢F
VHER, IRJERR 7R EOKIR AT £ 72 D RFETO FACIC X D RARNE L, ZIRABEROHK
FAERED 0%, EZ D TEY, ZILRMNODOBIEEZMHETHZENEETHL Z &N
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VOYIEVI

R AR ORIICBIT DEFEEIL,  AVT TpHREARIE L THWLWTWS T V=T RN 4%
BRBE P CORIEMEN R E <, KUK _ARERE TIIEK T OKE (XA M) FOT =T D%
Bl S <, ZHUZ K- THE, e mKBEToO pH MET L, SkoEHMEES D Z LT
R LTS,

DD, [RIEARMORFOKE (XA L) O pH ERZHNE LT, FHEEOT v E=
TIREZ @D, [IR ARORMD T =T REZ NS 5 m pH LB (67K pHas9.8 L
B), 50E, YERET COXKBOEMNT =T LTS, A7 I EEHY
TR T X B OB AHEE ST B

a7 2 ERIBE AR

. N
AR
bW, ki ﬁ;’; SGAD
4Ckg/Cyc. im I 5AHE
e = e ®
250kg/Cye.

/

JfiekE
200kg/Cye,

fEBE 32— RARBS o DHREEREHKRO—H

FiE~OftE
250kg/Cye.

9.3 Rr—IL{FE B INHI* R

SG Z LU &7 25 "Rt~ D A — A B ITER T 5 REARADFREM 2B IET 572
HOFEE LT, RENOOEIEHEIN L, SG ~DEFF AR & KL FE O, Mk
FICEVIERT 2 HIEL, AT vV Ty s, @IEKESHO XM E LAy — LV EBRET
D IERH D,

9.3.1 R —IL{FEIME

a) $AKEER SGC _KMZIZUD ET D, “RRMERRA~D Ry — L5 2 Wl 5 7291213,
RFRERRA B O ORI Z G T2 Z ENEETHY, ZOEDITIE, BORERZFRE L
W) 72 BRFEAENEI R 2 T LB B D,

U, #/KEKERZ B E LI KES®RETEE LT, & pH QB LY, T 2 0o A
ZHEDTEY, FRICENENOKLIEFIEDORME E L DD,

1) EpHAE & pH AL, TUoE=TFEAREZHMTHI LICLY, K pHxc% 9.8 L1 1
ICEHT 52 LT, RIECHRORKE, BEARORRKE b pH 2 EF S8, RSO
PEHEMHIL LS £ 7200 TH D, RBE 24 128 Lz, $RMEND pH & FAC HE DO RER
D5, pHose23 9.6 LLEE 722 L FAC N RIBIZIMHI &N D Z L 2R L TEY, %A TpH MK
IR BB BEMEEE F LY (MS RL2) @ pHpse & 9.6 LLEIC EF-SE 5729, #/K pHosc
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98 LI EIZERELTWA,
77, ERSPWR IZET 55 pH LLELE 5245 2 B3R 33 [+ O, Zhic ki, #HAko

PHosc % 9.8 DL EICEBET 5 Z & T, F/KDOEIREZ 1ug/L(ppb)LL FREEEICHERF 5 Z L3 TX
HEMEINTWS,

10

O @ ® Actual cases

™ Tomari unit 3 | |

Iron Concentration (ppb)
(o]

Operation time (years)

fREE B—ENN TS v bE pH B EH THRKEKRERR

RAAERA EL N & OBIEHUERIL D T2 D121F, ZIRFBHAKD pH 2@ < T5 2 ENLEE LUV,
TR B O — IR B 2 L CO D ERNER T T v b ~OEHICHTZ - T, #8
KD pHpse 7 92 B KE L ERH- &5 Z LI, KiERikfikEZmaE> 2 & b, 72, & pH
SLERGAF R CIE, #AAKT U BE=TIREN, AVT OF) 10~20 {5 (pH25¢:9.2=0.5mg/L, pHasc
:9.8=5mg/L, pHysc:10=13mg/L) LA k& 72D Z Linn, HAKBMEZRE~DOT =T RAENK
MR HEIN U, KRR RE A & LT S GEANMEE 220, KR e 8 KB B R R
HIXHE DI O DYLEVBME L 72 D,

—745, SG 7 u—& 7 AIEIRIEAEL UK B E CH L LTV 223, KB & /3
ANRZEP & LTers, ZIRRHAKP AR 2T 272, SG 7 r—& 0 il (Bhik
BORIIERR I~ DREIGRHTIERR, XIZHHECERE O E) ORENLEL 2D,

2) RE7IVRE (U7 I VLI, pHIRERIZ T U E=7 10 6 KRS TORIKSY
FRAVNSWT I UEEZEA L, BIRAICRIR RO RHICE T 5 I A b (EENEKREARE)
pH % 5 &, KR ARG D O#FAE (EICFAC) 2T Z L2 HBE L FET
D,

REBET I Y, RANAAETEA T + U O EHE A NG S, H(KOEEEZ AVT
DR 12 FEHE F TIEIATHE & W5 Sz, [ENPWR 77 > h~OiliFIC & 7= > TRt & Fi L
ToRER, AT+ U SR OMBENR /NS S BARORMTT »E=7 L[FA%ED pH iR+ 2

2 36
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7o DIZIX 7~10mg/L DEIREICT H Z ENMETH Y, EAKDIEZRH 2 EIEKEH 2 TE 720
&, Fo, ®BIREEMNDNS S BGTESEOAKBWEIRE, XM O)EAL, Kt -
R T pHIK FIC K BIRES — BV HBH (54 A2 #) O SCC A KT % 7T HE
MRHHZ e, ENPWR ~O®MAITRZEONT,

—J5, KE® EPRI (Electric Power Research Institute) 2350 L7207 I DA J—=0 7
2L, ETADKETZ > b ~O@EHANHEES N, HKOBKIREZ 1~2 1 g/l F TIERHETTRE
L EOWEEZ, ENPWR ~OEHMERE A FEM S 4, 1997 FEn6EN 17 77~ b T H
DR S LT,

F7z, pH AN ETA ZEH Lc@m pH QU S —o 77 v T Sh, @7 v E=T 4
B L [AERICAR K OSKIREE 1pg/ll N TE 5 &t Sz,

723, ETA X COD (Chemical Oxygen Demand:{b“FiUEE Zok i) ~D HBLH) 50~70% & K
&<, ETARBOERNC &H72 0, KRB B A PR O PR BERRAR O E BN L 72 D,

b) ZDHDKMESE A7 — A fEMHEZ B E Lz, RGO FAC #iflxik & LT,
EINA CTRRETDED H AL TV D KRLBELFIEICOWT, #EA TRRIR T, 2L b AKMEFEIC S
WX, A%l ERiE FERT T MEHFER, PRI O Z1TV, EN PWR ~0i ]
PEIZOWTHRHNZED TV ZEREETH D,
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TRFEHBAKICERRT I ((BFERIT TSR 20N, #as, BlE R iaICBUKMERRIR 2 Bk
L, “RAEROBEAMEIZ B L Lzt s @

FFA 1k @7 R%-(NH-R*),-NH,
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BAMYFEAMSE 20 E LT 5, PWR TiE, AREVA {7 Z o MIREBREH 21TV, T
IRF D BIBUSRAE R O, BRI DI o AKMEZ R L, BIENTER STV o b 0 Ll ST
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R TE O EAOBRFAED SN TN 5,

2) BFRIFEAN IKRIEERO FAC FIHIRR RGO —8 & LT, 3 2 BRIV T, AVT (pHosc

9.3) KUY pH (pHasc 9.8) MLFRGA: T TOD FAC Ml 2 MR IR E OMF A Thivic, &
HERBRI O JE0E &, RO TR R S 0 K B 4 AR B 34 (oS @7,
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RRELTDH LT, FACHITICHIRN DD Z L 2T — 2N Rbhi,
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{LAIERA B RR & SIS R O MR L, WHFREY 7 > O ZERL SR EHER 72 > h~D
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— AV OEREE L TL, BFRICHE AT — VAR S S 200G &, ERICEEY = v FK
R OMERA T =V EWERNCRET 2 FERFT 6N D, AETIEZEN PWR IZEH 0TV
B A — VR EHM O EIZ SN Tk D,
a) BE=E¥EHE  LFUEF T OV TIX EPRI & HDMT 1970 4EfH 00 5 1980 4EARIZ ) CTHFZE &
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(Pressure Pulse Cleaning) -

EIN PWR (T3 TIE, 1990 41236 1 58 M OVKRER 1 758812 T SG #7P9 T 6 2 58 4 B Peidr
LEEBENDD, AT v Ty 7 L il LT RIFZRBREZ R MR S, HERA B~
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7235, SG IRBUKALOBAREIZ &5 BEC /XPAZEDMERIE, fRERE 37 ("3, BEC /XPAZEN
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Sy Al O FIECKE EPRI 0 b &, 2009 405 KE T T 2 N TR EED B S 4L, L
TO42OFEOEHAPKREF SN TS, BURTIX, W oFES il 72 LBLGAF1IMEE S
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- FHEEH (On-line) : 7K H D PAA YR B K 10pg/L "CHflfis e E A
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10.2 KEERETRR
KEBERFHROREICEE L TX, 77 v MEIEPOKE RN A @i, B, »ofiEIc R
THIELAREME L, BHEE ZLISHEU R, FaRERET LI ENEETH D,

7E, KEBEHEHERORE R, SREMEISROMGHIEE L TIE, ZofHo TRE L7oKEHEA,
TIvaryb XN EEtEEL, TROEBENRET D,
1021 ZRBAANDOTHYFFAM L & LR
a) T RU DA kA Ay, WA A7 E A F AR
b) #F 4 v BRAmER
c) EAFIEF

IR LIoA A U MERMIZ DN TR, TEEA A7 a~ N7 T 7 g A A v B & OKRE
JE DRI FIRE/ SR ORB O A E B Z N LED, 7T v NEMAND DTSR, koA T
AMVEZEBR LURELZTOLERH D,
1022 KAMERLKDIAETE (R HERIDE)
a) pH
b) &SR
¢) BiEeEHA (v FTVv) B
10.2.3 KEERHHBOBRERM L HERSF

FROBZFICESE, KEHGHGFHRORERM L, REREO —F 2 BT 3 (TR T, &XiE
DEZ S OMEILTROLEBY TH 5.
a) KUHEE B OFENERZ B L LT, HKICpHE, BRIEERHLNE FT VU ERE
T 5, SXERFITKLBEIELFEASD TROMTAAD E LTH LIV, F£72, pHFEARE &
BRACERII B 2HERH Y, pH A OFENEH 2 BRI EERHCEATLIZEELTH
F <, ERBEARCTHIEM L U THREA D ICERBERFARET L5005 D,

b) SG FEEA B (FITRAEM) OERMHIEMRZ B9 E LT, SG 2NKIC pH Ft Ok E % B JET
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¢) SG ~DO MM FHAE SR Z BAYE LT SG#WNKICA F o v~ 7T 7, HDHWIAFE
WEFOREEZET D,
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AT T A BRIREEH R ET D,
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DNTHEET D,

e) R SC ~DEFFHAEM A B L LT, BARK (EAR 7HO I AaEA L)
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SRR OO i AR AN BAGR K B BT 2 S e BE A

fill e OVEE B OO i JEAG K INBAER I Ok & R O U REHESHEIE, “7' T v T L st/ E 2 5%
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PEFERE BHICERSEDL ZEHNE LT, 27V =27 v 70 b EFRE E Tlx SG ~Dff
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