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With increase in the operation years of BWRs (Boiling Water Reactors) degradation phenomena of the structural
materials have often been observed in the primary coolant systems. Especially the IGSCC (Intergranular Stress
Corrosion Cracking) of the stainless steel or nickel base alloys sometimes leads to the damage of the boundary of the
primary system and is regarded important as one of the material degradation mode of the aged plants. Therefore
significant attention has been paid to its countermeasures from the beginning of the BWR commercial operation.

It is well known that the IGSCC occurs when the three factors as material, stress and environment (water
chemistry) simultaneously exist. Those factors are the SCC susceptible materials, the high tensile stress as weld
residual stress and the water chemistry environment containing the impurities as chloride ions or the oxidant species
as oxygen and hydrogen peroxide. From the past the material improvement and the stress improvement have mainly
been adopted as countermeasures. Furthermore the necessity of the water chemistry improvement has also been
strongly recognized recently and a wide variety of the countermeasures has been adopted.

Hydrogen water chemistry is a technology to suppress the initiation or enhancement of IGSCC by adding small
amount of hydrogen into the feedwater system of a BWR and thus reducing the oxidant species concentrations which
are generated by the water radiolysis in the core region. It has been implemented to the overseas reactors since 1980s
and then has been introduced to this couniry. In order to evaluate its effectiveness properly, it is necessary to
quantitatively evaluate the oxidant species concentrations represented by oxygen and hydrogen peroxide and to
evaluate the effect on the material corrosion. In these days the applicability of ECP (Electrochemical Corrosion
Potential) has been proposed as a more direct indicator to evaluate the initiation or enhancement of IGSCC and a
method to predict ECP from the oxidant species concentrations has been adopted.

This standard is to present the method to predict the corrosion environment in order to evaluate the initiation or
enhancement of IGSCC when hydrogen water chemistry is applied to BWR plants. The design curve for the SCC
crack growth rate against ECP has already been presented in the Codes for Nuclear Power Generation Facilities :
Rules on Fitness-for-Service for Nuclear Power Plants by the Japan Society of Mechanical Engineers, and it has been
possible to predict the crack growth rate depending on ECP values. Therefore in order to take advantage of its use, it
is inevitable to predict ECP based on the corrosion environment evaluation. This standard presents the evaluation
procedure for the oxidant species concentrations in the BWR primary system and the evaluation procedure for the
ECP of the primary system components, and then presents the procedure of the verification and validation process.
By applying these procedures to actual BWR plants it becomes enable to quantitatively evaluate the effectiveness of
hydrogen water chemistry against IGSCC which is one of the degradation mode of the BWR primary system

structural materials.
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Disclaimer

This standard was developed and approved by the Standards Committee of AES] in accordance with the Standard
Committee Rules, which assure fairness, impartiality and transparency in the process of deliberating on a standard.
The Committee was composed of individuals who were competent or interested in the subject and elected, keeping
the balance of organizations they belong as specified in the Rules, although any interested person was provided the
opportunity to participate in the deliberation. 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 dose not accept responsibility for detriment caused
by any actions based on this standard during construction, operation or decommissioning of facilities. AESJ dose not
endorse or approve any item, construction, device or activity based on this standard. In addition, AESJ dose not take
any position with respect to the validity of any patent right or copyright claimed in relation to any items mentioned in
this document, nor assume any liability for the infringement of patent right or copyright resulting from the use of this
standard. The risk of infringement of such rights is entirely the users” responsibility.

Participation by regulatory agency representative(s), and by industry-affiliated representative(s) or person(s}, is

not o be interpreted that government or industry has endorsed this standard.
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3.8
BHRVAT A

NS L A2 B BWR — IR HIRDOHEER T OFTE,
3.9
RRHTSEE T

BWR R &SHFZOFMERIT L, FER, WERMEZEEL LU EE7 b Lz b 0,
HE CoOEEDS LI U AT TR YE S BWR —REHFR VAT ATEFFRLOBKRELE
BN, RFFLESMECTRT V- A, SKSHER, BRES, Fvrie, Y=y bR
Y, BIEREE, Y=y bR XGRS TR S, SmEKEERLD
HWERROMERARN S, (LERISDEEIT 5,
3.10
HEO— FOERSOBEEE (verification)
HEa— FELTHEARPELL 2a—F 4 ZFERTND L E, ARl TELLMRARRESRE
‘DI LRI L, R EEFNRE OREE LMA TRME L, EMES 2B 28dE,
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3.11
HEO— FOREEOFEE (validation)
BONFERARAEUISHESFELLERTETCWAZ L, HARMIE, BVLERROELSE
LAE L, SHEMENENEE COBRE—BTHMEFTML, ZUEEHBTTRIE
3.12
Verifieation and Validation 3% (V&V &)
S m— ROIEMES OMIE (verification) & F =— FOR YO (validation) & HHETITY,
Hiio— FEEA LS ORE L ZOMAORMEETREI DT R ER,

4 JRFEEALEMARFEATE
41 BWR—IHHIRA~DKFEZTA

KFEE AL BWR AR LIMAOKELZEAL, FROKOSRS R TRAET BB LSRR
BRI S W T IGSCC DI Wit & BLHEM B INHIT A EHICH B A, WS TIE 1980 FA HEAMEAR S
NTHY, EREICLEAIN TS,

B, JSME S NA1-2012 Tl ECP 255 Ui SCC & B BEEREN/RE SN TR Y, ECP OEIZEL
TEEEEEE 2T 2 Z ENTRETH D,

K AOTRETENTI L, SCC & BhEEEATRREFEAT 2z, BWR —RBHRNIZE
35, BESE - BEEEKIIT R S D B LSRR R 2 E A TR L, MR R~ ORRELET S
RSB, T OEilE, KFEEAE BWR 7T MOEM LZ4E, IGSCC mRed it & ZHERZ 7N
FAICY D, BRBETMOFERBETTILOTHLA, FMEZENL T, BWR —RGHFITKE
EAFEELBAO, BREEEZITRL T ZEPREETH D,

42 SHMKEZARE
421 —#ER

DS EED V&Y THMEEIT S =ik, MiNET 7 v MO 5 RBEABREHRT D 2
LRMEL D, Oblr, EMAREARELITY, EATHKFEREELT, —REHKFD 0,
Hy, HaO, 77 & OEZARA I E 240832 & L bz, FERE TOBREMENET D, EHARE
AT TR, AT AR R BRI I E RIS T, BRI RIRE IR ST, FAKFHRE
ATECONRERBRER CEREN ZMET D, RBEARZE(LS LSS, DRESDIREROE
BTN R SRR AR T, —EMREET B D LAV, EHRREARETE, 47
REEB~FEEEELE N TWAZ L 2RI EBFRETH D,

422 FAERBRUEBERHE

BWR 12331} 5 KEE AR B KBEEABERICOWTIE, EAEEAMECRBN UL, 77 boff
WHREL O OEA L BE L LA~ Th A SBETRVD, HAIIEAR TOEAMIEIZ >V TR —
LA T LAEE LV, KBFEARONEZEMRIATS 2 ESMET, EALER L HKUIHERRTOE
AMEBROMIZE, BEAROZ 47 ROEAREHIET 5 b oBFH & HRGHEF2RIT D & & bICH
BEHC Lo TEARZPEGERT A LRSNETHD, T, WRKRTOKRBELIRET LD, MK
RO — ZHBRSIEIC R Y, FRFEAY O TOXRRIRETROZDBREERLEOEELLRAL 2D,
KBEOBRBVNEL, ABBBROBLEOBA» L LRETD I ERFETHLN, BENHEZ DV TH IR
DB ET B,
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4.2.3  FITEEAN

KTREAMRIE, (KR, BRERMOY T 7T A R TORRBA IR (O, H0, Hy)
R EEAET B, 0, & H @2 TlE, BEROA VT4 VUER CHERET D, BEEROAERDR
WRAIZIE, AEORDITERT A,

EEEAAEE, BTEFR L FLY, FREHEELR 2RV, HERER Y FHE IRV AR I A
L, Gk ASEEOME e LCRIE L, ASEEAL S BREMOHRMEEANICITET S,
424 KFEZFANRE—

KBEASY —E AT v TERFER L+ 5, KBEASDRICEMFEENNEET D, ZOREEL
i, EAR, 7T FOMERRERE (X UTHREH OB BRI mET D) ZhT o TR S,
T OFD, KREADROBRIZ Y oTHE, BAREAT v EIZE L, —ENEART, BRELS
— M T A D L REER LTS, BEARPEZ D LBANELELD,

5 BB MEFIE
51 BKEBEFMEHERV IOt OB
51.1 REREaTmEE

© oY, KIEEAE BWR 75 FCHA LA OB AR FEERRTTILOTH D, Eﬂi
2, B AHSREE AN U BT A R ER AR TR ECP 1T Uiz SCC & Bt RSB R 2 HLE
RTHY, ECP OIS U T & BERME 254 2 - LN TH D, Thabb, 7J<;k{32)\ﬂ#§uillﬁﬂ‘
AOWPEEVECP BWEDLATHY, ZOMICEET A0ENTRFEADEDNE D P I & &
i, LicioC, HEEHRmOIEM O »In B ERIEEMICIE X AR EARD ECP 7Tl D Z &0
HMETE D,

ZhEy, BRSSO EmEE LT, if‘BWR—&%%%@W%WﬂﬁT:ﬁﬁémwﬁ
ASRAE B O A BE % AT IR L, #iC, Wik 8T A —F B/ LT ECP A5 Z LI
Ao E1 2 BWR —RGEIRTFIHREKEZOFLEFEDO 7 v —2RT,

EFIR/ 5A—5 (AR FE)
(e, BIHEE. FAHET L —IR DR E)
T

~

|
!
!
|
|
|
[ REBARESERENT | |
|
|
!
I

3
ey B T
mﬁﬁu(}:cp)?rﬁ: E e
I Iﬁﬁ%u(mp) > J

@r@
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512 BHHESOEXDOHBEREL

BWR —RAHAROEABRETMEIT 5101, REL 2 BRI TERTOIHENRH L, TRb5
SUF ) VR T— FIZ X BROBSBSROF MR CIEREN (ECP) iz — ML 3MEERE
R DD 2 BRTh S,

SGIZSESE T, BWR —RAHRICOWTOFRBHER OB RAMHREZTI L PLETH D,
HENE AT, —RAHZRZHEBE A IR LZL S ITHBRCSEIL, SRBERTORE, #Hil, fhE
MOSEHEHRUEEORA FE (UG 7V F 1) 2RHTBL, i<l ) cidiiiri
TP EO K E RFITTIE, MR AT S I EAREITRLED, HEMLY, 2, 3RFTOHIE
B, FROBEe Y — v ERDTES I EREE LV, HERRRRLSMICOWTHE, BFFETOH
F143F5, BEET RS, v RESA LR D L L LI, FOIMET, BERICE, FOREEONEER,
FELRENROF T <8, EMECTEHS L AR TORERGRERSHEERILT D, Zhbid7
CA N CAHBOBRBERANT-F LB LOTHD,

S UF U LR T— RO, FICELOEEREIC B W TIREIN TH 3R PHERARIC L - TY
DB ORI IRAERMEE L, 2o, FRE6M BWR —REHBRPNEMBEIRT I LILE-T, &6
SR - TS REASER L, PRSI TOMMRAIIC & DB R OB LR ORENR LD & D
B BRI D,

wAT, BREA (ECP) MATTIE, 724V VAT Lo TH bk - BT LA g A TR
BT, MEEHEERTOBARR (77— KEREH Y- FRIE) BEOL 3 IETT50hEFEL, M
HORISNE D S D & TOREEMN RAEL) 2T 5, So%s, 7/ — KRG, B Y— FRE
Ly, EkmOEEA BRI EET D T e AREHIT R AN H Y, WHBITRADE LI
HoTRUED Z EiTh Dz, AL KEOHE, R, #EIHMOKISUEEETT D.

AF G2 U, MO R RAILEL (O HiOs M), MEERWOT / — 1« 0 Y — Noriksis,
2OV 7 AR OFE, M ORDEMMERE, 2 EPHEIRD,

Fiz, HA%REL LTI, BWR —REOHFZAOLEEOERMICIIT 54 EO ECP DiERifRbhDd,

T OIEEEORIT RIS, T U4 U VREHEF A, BTN (ECP) R T A R ilsaicE M9
BIEIE T, BWR —RGEIFZPO ECP HA & FHMIT 5 = A REL 42V, Z o ECP FfifE iz k-3
&, BWR —RGHZHEMEO 1IGSCC ORAR & Bl BEMEFHET 2 Z L WFHES R D,

52 #HEHEI—FOERRURE, HHORT
520 SUAY L REEO— FOHE

ARICHIHRBBH S N5 &, EWNMOMICOMAERY THD, ey, OH, H, Hy H0; HO, 4 EF4E
fEILB, KOBHMSRARDOBER, ThdOWEORAMIAF Kz O4AFE (G ) <,
FE ORISOFISHEERY & OREBIEE T A—F LRIGRIER, RO, K ERR2HDEEIIR
WRATEESEL, HHCk-TRDLNS,

TSRS A A A DR EE O RRSE R A R B EH RIS AV B B R IR,
[FARRIZ I » ToOEAIER]

BC/B1 = (Umi“Cf" CU U A gy et 't}
[k ORISR GRS TICE R 5 A THRTE]
o= G{T Py Gi“ pon +zmnkimncmcn o Ok Cs + VJ(]—-Vf)(E*|C3| —g()) e @
(a) (b) (©) (d)
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(a) EFEANTE

(b) AR OIS X D AERTH

(c) MM ORIGIZ X B HEE

(d) K[iEMOBITR

T, G AYRRERC | ORE (molim®) [EA4TE ¢ in, A ; out, HiH1]

GY,G": G (molJ) (1A% :y, yilk;n, FHEF]
Ko @ ZEFEAE n & AERAORIGER (m¥/mol/s)
PYP s AR —IRILER (JmYs) [EAE g,y B, T
g » BATEHARBAIERAN TOLSERIE, KBTI (mol/m’/s)
¢ BER (s)
Uy @ Fid& (m¥s) [LAFE :in, FA ; out, FH]
Ve R4 RS (-)
e, & [IEMOHEBITHRE (15)

BWR DIF AR ORUR AR S AR EE 2 5T 2o, HHM UHRE Ui (Zo—s3
2) Ao TEFREST 5, AMCHER, G, BUGHEEN, RUSHEER, SEBIT, 7772
— & R RO BNz oV T L, HEBE B THLI T A,

522 BABMNHHE I FOBE

BB e — FCROBERET VL, BREEBAOWMEOEL-I3ET ) — MEREBE LB Y — FEH
BEREL RABMNABAERM L LTEHT 25 EMOMS, BABMZFET 2R THRTY /—FK
HEhY— FEGEE—ELECELS LEZLRADT, BEEEFAWCHITIZILBTES,

EAEN 2 — FOEARITUTO LS ILRENS,

[HoAz]
1a(@) + Iele) = 0
H, OELEUS Q, OB TLIAS
&5 O bR H,0, O3B TR

Rl fal o - TERTEAL
Ig) : T/ — REHERE, BN ¢ ©LEOBEFT S H, OEBRER ETORLRIE
B UERBROBLEICEE S EREE ORI E 35,
Ic(g) : 7V — FBHEEE, BN e DL EDEFETS 0 BT
H,0, DEHEF - C ORI D WS AR L T 5,

IO EOEERIEREEN OAMICECENABHTamEFENMEKEDD, HEEATOER
FIGOHEITIZ & b o TT / — FERBEROH Y — FEHRBENE CAN, BB ¢ 0L EIZE I(p)
B I{p)OFNEROMRHENE L, FERM LR BT, RhvT EBER & i 5 BHEEORS
0 &5,

LEOEAREAVCHEREN ¢ 2REMCERTIE, 5A0NEKEATOBEBLBHRTE D,
Tk, Hy OB, 0,0BIRER, HWUNT Ha0, OIBFTRIGIC AL D 4 O BIENE OB LI L
TOBEEISEENTEAbND,

f=zF(:’ffC5—kg,Cs’) ................................................................................................ (3)
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HWCIZ#EF 42
soxxeox;
iz, i s
F: 77 75—E#
7 RSB 5 5 &
G, BUST B{bEM R MmEE
G, MR oS m i BE
ke : TE RO GO BTSSR ERE
ky + HOFE ORISR OERALS BUGREE R
EEGLIE, FnFhkod @), RETHELLRD,
kafoexp(a(qo—Eg)z?/Rn .......................................................................................... 4)
b ke °exp(-(1-a)(ga~Eg)zF/RT) ................................................................................. 5

halliall Nt ¢ @ BN
Eo @ RIEEARTEAL
o TR
T ffsah iR AL
R: HAEH

S DFEISTIOX D RBALCK L THEEICRSEESET 2 2 e85 TR Y, WIEKFTO
T = RROH Y — FOERES LRI bO &L LTHRD.

& n A THEIEIT AR R RS BE, BEEBETOEROREMRE (FA) LT ILERS L,
ARG AN FRE COBMREAOERE L A7 5 b ORI K AUHRERE L L bR2IThiTiR bR
Wk FAWTERERE G 2HHT 3, ANCLEREERRUFTROMMFICSWTE, KHEE C
THAT S,

523 STV LAMRETEBAERRATERS LT

AT 3 SRALIZ BT, ROFEA AR FIMCPE > CRRBMAZIMY B,

2) BHFOETORRL HHRR B> TOME, #E, BERVHEIK AV T 1+ O FF) o7,
Hirwig, TR L AT RN —RERS A Y, T U4 Y VAATICSERT —F BIET 5.
b) STHYUAMRE LR a0F—-FEANLLT, FUF) YRR~ FERAWTHHERIZR ST
OFFRMERIFRSRAERY (02 H0, H) MEZERET L,

O MABLEF LI DOBREMICHES T AMMBROMERY (0 H0, H) RE, &BROBMK
IS, RO, FhgeE A E LT, FEMOBREMEERET D,

d) SE@EE 5 UAY VR a— FLUBRECH o — FORAMIT ORI VT, HERE D
iz BARANICR T,

53 HEO—FOERSORI

HElo— Foo— FE LCOERIORIE (verification) Tik, 22— FOEREZTEABIELS S B
TS MEENTHWANE W) ARHETELOTH S, BREMZHEL TOEAREEZRDDLTDHO 2
MO o— FICoWT, RIEFEREFRREZD, TEOT A VRET N (T T4 ) 25"
— 1) EREBOBEAENEFN (BREMEF=—1F) L&HTT, a— F& LTRSS ORI
T
531 STFYSREFIN (FOAULARREI—F)

TR ARG E>T, TU4) VAR Koz ke LTOERSDRIEEFT S,
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2) BERELEEASVAORE EASFBRUIIERBOMLFRAMTH D, K (H0) ZHEHHL
LT, MO BRNEIZ L > T, H & 0 LDHEAFIIN, H & O 0EABE LY TR SN DT,
A Fyv, SUBAEBERT B, ZOBE, HERSLTARATETLTOEKRMICO>VWTH L O, TH
PROBEFOBTINE, STROERE 21 LoTWR I LBMSKTHD, T, RATEREFOHED
P, EAOER AT VALRESRD, “okd, RUEHROR | IIHERELEH 720
MR LT3, BHNDORMENL1 BERATHEZ LOERE L TEELT D,

b) TRTCOEMEEZTOAVFI—IEHICEBa— FELTOERSORE IMBOMHTTEN
PR CHREET 2 1T E 20T, boh LR bNENVFv— 7RO ANEEZHNT,
WRSLI o AR B, HERS LT AR L ERBIRE, G, REER, RIEAR— LRV
B BT T ORI AT D2 12 FIE S N B A TARIE = — K> V&V FikEg Lt
EBHETALI L, 15%11'*%031\/%?—&F%‘E@ﬁ?ﬁ:B@iﬁ:ﬁﬂérﬁiﬁo%um‘caZa EOMEREL-TE
gD,

532 BRBHAETI (BEEMHHEI—F)

AR = — FIRHTRO 230 L A RETEE R TRETH A DT, FFiz— FORNFRER UE
%%mwtﬂﬁmammfé LeREBIca—FE LTOEHRS ORIV TIETH D, VEV FiEaidili L

rinr R B S o L, WA CHERT 2 B AV CEMEIRIRE % 3 /7 4 AEXTHEL, MEO
TEREAIES0mY LR TH D 2 L OTERE L > TEH &1 5,

54 HEQ—FORUEORER

HP o — ROE X HEROSZWMEOREE (validation) T, =— FOERMMEE RS, EROTF L
DM, TS EREOT YL a0 I RARN ARSI SR D, FHZ, FIB0Z AU AR
Fio— FOSYMETERC BT, ANE LTRWAREROEREST, FEsT, BA R O HR
F RPN YRR TS v M o — FIC L BRI REE AW IRLAL 2D, TATOR
Pio— RO V&V 2T 5 2 EREEOLE CHRB A, 22 T2 20§ =— FITREME LIC V&V 7F
% EmS 50, AHEORLE L ED IR HHRO RS ZT 2,

541 SUFYSREFNL (SCFYRAHEI—F)
54.1.0 HEO— FIcBESh- Gl REERZBAVTORYFT—IHFICL 50— FORSERE

PR, BB R —BIRELOFEEANT—F, HABEIHERE E CRRshiZeBYTH
%, SRR OR L F w7 BEOMN S OTEHER 7 7 7 5 5 LAN (+400%, -80%) THd Z & OHER%E
Lo TEELET 5,

5412 BT Y b TRAECE IO E=ROEREE

FOFESA, RS, HROSEICORAM, B kX —RINER L0 T MEERE
PR, ZhERWTERTOEREMICEST A IRERSMRAERY (02 H0 Ha) OREZFRHL,
MRS R b i 5, TR O, HEBHE RSB Tha, HIEROFv—7
BEOMRD B OTEHEN 7 7 2 F 2 DA (+100%, -50%) ThHHI EOFERE > TEHR LT D,

542 BEEMETI (BEBUFHHEI~—F)

O, H,0, M40 3 5 % B A OBREM ISV TRy Fv— 7 BEOMR L FHRES T 5, ik
P i MBREEICRRShE LB ThD, HERROR L F v — 7 BEOHRM & OREESE20mV LAPY
ThaEZEDMRELTEEL TS,

543 STHULRETIL (SSHUSRAHEI—F) EHERABHREFIL (MEBHHEI—F) 284
bt -BaEE

IR 1)-2-26
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FOTESAR, BEST, BREWE, BHBTRIVE—RREREOT T MEEREETRD, IhE
FNTEETO 0y, HyO0p H MEZFIL, ZOREEAVCHEABMZHALT, BREMONER
B A, HEFEEL P, WBBE GRS LB Thh, RO F+— 7 FBEOH
235 O TEHEANES0mY LN TH D I L OMERE b TER LT D,

55 BH¥Ho—FORE~OHEALE

a) 75V FORBREOOOREMEHED— FOBROBE REYFIZOWTE, —E V&V FHRI
B LI bOFMOES L CEER T L2 LT 5, 2L, ZOREMICY TR, FaTCEFHEb
ST 5y MeRIT DEMAREARELE DT — & CHEOR SRR T I L 2R LT D,

b) BEBENESREAREECERT AR SERERBICRVIEE NG 7 PBRED T, D
<kl 543 KEMLEMRS SV MOENEEZRVWEBETMGcB N CERT 2 Z L THAZTET
B,

5.6 MRTFIRORLHEHE

a) MRIFEREBMREE CL Y 2 —L, FIHOZUMEEHRT D RNV Ea—, ZRFEFHMOVE2—, &
AUl kS PHIEHBEOEMED L E o =), £, TORIEE, peerreview DOV Y ¥y — RN
T, B LEa—%Z0 T, BiliEhs 2 L AFEROMERELTL,

b) fFATEIEOSZ S EMEL, LT peer review {233 < U —F AR S I BEIC OV TS, ER
O 24T 5 BA1E, FREMOEMC LS V&V EHB T2 LRTESD,

L EHLT LB RSO EREHI O EAFIR M L2t i, Z0ET a2 EORMHICNT
IHH RS E R D,

6 WMEFOER

BRSO ERIMFELDWTH, BEFEAT A—F L&) V&V FRE1TY, EOEEEHIZ2NT
i%, peer review {5t ™ DA I ABT B D L LD, BRI SIC oW T O BB B T
MzonTlE, Sy atR, FHiiERAMRERL LTELD, HEZENLOMHLTMEMEZTZ
LR LTS,

7 F-20ORE
EREERREUTONERRETAIET—F 20T, HERTESREBTARY, WIECRE, H
L, BEFE,IEOMBLEMEMEZITHZ L2 FELET D,

8 SRERE

EAREOERTHMES EZ O b OORMIAEIED vav FMmiz <R, APIFECMmIShEE=
— R B EEREOERIMOTAN, ERICETNESE ST 2EANCLEET DS, Z0L), &
BHREETIE, JEAC 4111-2009 {233y € Bl S B AR AETR T & M T 5 .

23530
(1) Uchida S, Takagi J, Wada Y, Yamamoto S. “Verification and Validation Procedures of Calculation Codes for

Determining Corrosive Conditions in BWR Primary Cooling System Based on Water Radiolysis and Mixed
Potential Models”, I, Nucl. Sci. Technol., to be submitted (2013).
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FX

OB, AKCEETAFRERATILOTHY, HEO—HHTILARY,

Al FRATREARGL

AR BWR —RAHROBEFHFEHBRA, BERFR, RTPHEREIHARETD FHD
DE LR BHARBEAR L SERBEORMDREZMTT 201, B AL IWFRTKERZEAT HIE"
AR R ORI R FEAMC L > TERER R TER & 23 AELKICETZOOTRFRARE TORMIC
ST OFE), (EFRERECEHE LN SEE L5,

FTEILLS
. b VERED =
= A
Eres izl Rebh o7 A

1
BiEEEBM 2

BN ES s A1k 3 Hkee

BEFFAR sEey EER

B A1~BWR —J0RHIFR & KFEAORE

A2 SRR

B A2, EAMEENEERT S L CHEEE 2AEFTICBN S, T U4 R (ROBSEHRAE) &
7 YOI R RIS E TR, BEREELE L E Ui, BRI R OY v RO B R R A 5
&, OISO LWRTFFFELE L, KFEANC L BHEUHRSRAERDROIEZER IR L2 T,
FsdE, Bk R OB OME RS A R EOERICHSORE RS U =i, HOETE
R LI U iR A B 00 5 b, 0 ARRS Th A%, KRNI b EIICBITT D LT LI AR E
M L EE LG & 2D,
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HZJOZ l
Kk I [E87 L7 4] [BE{LKR 05 ]
72H102—>2H,_O+02J

2H,0 —*H,+ H,0,

[HFoonz]| [BEERE|
2H,+ 0, —+2H,0

H2+ H202 —+2 HzD

| RERANERBEERO - OFRES LT Y |

A2—BWR —JUAHIRIZ &1 B MR
S OF ) L ARENT R, ERENCITAR S o, T S 2B A IDERMICRT L s, FEAHEER,
G —E DRI L LTHRY, HBoRe/E s LT BWR —RGBHFZREZET b LTS
2 IR TR AR DM TR O MG TE T AL L, B~ O Fi B ECERIE,  BIRFTEN T
FoTkdTEL, T, FLHO LS RYBEMARRELRWHEATYH, FurivohEoLad, AN

ECHEHBROMBRNRE S R EDEHOWBINT TETMMET ZHERZH DL 20D, HEML
¥, FEMENTIC X D HNORM Y — &R, AR ~OFRRFEZRD TR ZENEELY,

[meses Bl 12
Fral | Yvk

PR wy7
PLR HO
FH#7" Uth

AR
h 7

TE7LTA BERA

A3—BWR —RAHRICETE5 AU SRHEOETFILORFRE

B3 Xk

(1) S. Uchida, J. Takagi, Y. Wada, S. Yamamoto. “Verification and Validation Procedures of Calculation Codes for

Determining Corrosive Conditions in BWR Primary Cooling System Based on Water Radiolysis and Mixed
Potential Models”, J. Nucl. Sci. Technol., to be submitted (2013).
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HiEE B
(B%)
S5OFYVRAHEa—FK
F3xX

Z OMBREL, ARECBIET AR ERRT DL OTHY, REO—ETIARY,

B.1 T OEFF

S UF Y AR — FI3, S COBSTRY R ERID O LR & BSR4 R R O LS FUR L BT
FRITID o CORMERASERBOFRA, HERCRERTEZHATILOTH S,

BB R R OB ORIFELER D ZFHIIZAV 3 AR R TIZF T,

BB = (Ug "M — U, DB CPM) F gy +ooveersrsesrs s sttt (B.1)
Qi = GiYP? -+ Gi"P“ +2mnklmncmcn —_ Cixsklscs + Vr/(l — Vf)(g*lcg]_elcl) .............................. (B.Z)
iz, C: SRA R 1 0¥ (mol/m®) [LfTE « in, HEA ; out, HiEH]

G, G Gl (mol/)y [LAtE @y, vl n, BPHET]

Ko s 2EREFEm &R n iz X 0 I BEMT B & & ORISHETELL (m’/mol/s)
ki s 1 & s BERIGLTIREREND & & DFUSHERS (mYmol/s)

PLP AR RS (AR —IRINER)  (MmYs) [EfFE vy #yn, P
F1

qi : BT EHRREIH D BULIEIIP T O RES, |IERITH (mol/m's)

1 I (s)

Up: W5t (n¥s) [L4FE in, #A ; out, FEMH]

Voo A FE ()

g%, & S OB RBITEE (m's)

2) GIE G IR~ & F e SR R L —100eV 7z Y DAERMEE L L TERS D, —iRiZ,
HICHIRBBH END &, KIZHML, e, H, OH, H; H;0, HO, R EMREMA D, KROBIFIRD R
DAF—HER B-1 IZFT,

H
P
Az Gox
BEEIA s —n  HaO* HoOt kg™
(10-165)
‘H+0H (H;+0) HoO 0 A4 3 QA ER
(10~ 145) ' “OH + HO"
(10-13s} Ak
30 %)
(10-12) AHy—FH (Rr5—) el (AAIEF)
emp HsOF, < H, - OH, (Hy} /4 =% v VR
Yo, AR-BUE
(107s] em Ha0*, *H, -OH, Hp Hy0p, (HO2)/ 754 =V~

7300 2 il — S
B-1 KOBUEHBRIEORF— LD

RA{T1)2-30
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DA BB OIZITLIT O 235 R LB/ T » APKILT D,
7 ANT AR
G(-H,0)=2G (H)+G (H)+G (e,0)—G (HO,)
ﬂZG (H202)+G (OH)+2(}' (HOZ) ......................................................... (333)
CEC RADAVES: ¥
G (H+)ﬂG (enq-) .......................................................................................... (B.4)
Aol 78 G(x) : aIRAERA x © G fE

G IR OFE, BERVICL o TEAT I EBMbN TV, FAKEFMNLZDIZE, Rl

TOPETF Lz T 5 GEEAVRLERSH D, HELONO GHEDE vy FRAMShTEY, £ B.1
AR G EZFIRT 5,

% B.—BWR & TO G A

P H i Pt

A B C D A B C D

Gy 3.50 361 | 341 | 341 060 | 001 | 068 | 068
H 0.90 1.04 0.87 0.87 050 | 021 0.52 0.52
H 3.50 448 | 341 | 341 060 | 015 | 068 0.68
H, 0.60 0.54 0.60 0.60 1.50 1.33 1.52 1.52
H.O, 0.55 0.29 0.31 0.31 .14 | 097 1.22 1.22
HO, 0.00 0.00 0.00 0.00 0.04 | 000 | 000 0.00
OH 4.50 5.14 486 4.86 170 | 095 1.80 1.80
OH’ 0.00 0.86 0.00 0.00 0.00 | 014 0.00 0.00

A~D FEEEHHE

by R & RGEEEY T F—REHNKF T, KOBRRSMERBIIAELICRET S, 40 BED
FRIERE X bh TG, RIGEEEHRREREET 2D, 7VF) Y AT ATHN LR SRIGHE
EEEE, W RARGETESN-LOERAVALERDH D, MIRTOT—FB2VERE, BRT
DR EHE S L B IAF - b HE L THWA Z LS TE 5,

% B2 101, FROFSEEERE B Lo RAAF-OMl%E, & B3 I1TIX BWR & TOREEER
By MEONT 4 >OBBTARI LT3 b0t L TR,

HAT1)-2-31
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% B2—EROHGEEER L BRI RLF—OPIO
Activation
. Rate Constant Energy.
Number . Reaction at 25°C* {kcal/mol} Reference

1 e+ H;0 > H + OH™ 1.6 %o 3 26
2 e+ HY—=H 24 x10¢ 3 26
3 e, +OH—~OH" 24 x10% 3 26
4 ery + H;0, = OH + OH™ 1.3 %10t 3 26
H H+H-H, 1.6 x10" 3 26
6 e+ HO;—+HOZ 20 x 10 3 26
7 e+ 03— OF 1.9 x10® 3 26
8 285+ 2K, 0~ H,; + 20H" 1.64 % 10° 3 36
9 20H -+ H,0, 50 x1¢? 3 26-
10 HO; 4+ OH— 0, + H,0. 1.2 xio® 3 26
I 07 + OH~0, + OH" 12 xIo® 3 26
2 H 4+ OH~ = g5+ H,0 20 x10° 3 26
I3 H + ¢+ H,0 = Hy + OH™ ] 45 x10° 3 26
14 HO3 + e+ Hy0~OH + 20H" 6.3 x107 3 26
15 H* + OH" - H,0 1.4378 x 10" 3 26
{” 16 H 4+ OH-H,0 20 %109 3 26
17 H;+OH—H + H;0 34 x107 4.6 35
18 H,0, + OH -+ HO; + H,O 27 . %17 3.4 36
19 H + H,0,—+ OH + H,0 9.0 %107 4.5 26
20 H +.0,—HO; LY, x10¥ 3 26
21 - HOy=H* + 07 80 x10 3 26
2 03 + HO, =+ HOz + 0, 1.5 x107 4.5 26
23 HO; + HO,— 03 + H0; 27 XI10¢ 4.5 26
24 205 + 2H30 —.0; + H;0p + 20H" 56 %10 4.5 26
25 H+HO,— H0; 20 x10% 3 26
26 H+ 07 +~HO3z 20 x10% 3 26
27 Of + ¢ + H20;~+ HOz + OH~ 18 x10t 4.5 26
28 H,0; + OH- -+ HOj + H,0 50 x108 4.5 .36
29 H,O0~H* + OH~ b b 33
30 O7 + B*—HO; 50 x10° 3 26
31 HO7 + H:0-+H,0, + OH" 1.022 x 104 3 26
32 H,0,-20H 1953 % 1073 5.5 34
33 20-0, 22 w1ow@ 3 27
34 HO; + 0—+0,+ 0H 20 x10% 3 27
35 OH+0~H+0,; 1.0 16.8 27
36 H,0 + O—20H 19 xtp? " 9.8 27
37 OH + O - HO, 20 xlok 3 27
38 H;+O-H+O0H 48 x10? 8.3 27
ag H,0; + 0 - HO; + OH 1.3 %100 4.2 . 27
40 H +0-0H 20 x10® 3 27

BfTD2-82

*Units depend on the order of reaction, Le., fxmol~'+s~! for second order reaction.
. ®Calculated from the reverse reaction rate constant ks by equation kyg = Koks/(3:0).
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HWCHRHER 58
BT B
HIDH b SPULS
¢+HO H+OH
e +H H
¢ +OH OH
e +H,0, OH+OH
H+H H,
¢ + HO, HO,
¢+0, o,
2¢ +2H,0 H, +20H
20H H0,

OH +H e +H0

e +HHHH,0 Ol +H,
€+HO,+H,0  OH+20H
H+OH H,0

Ol + I—!Z H+1H0
H+0, HO,
H+HO, H,0,
H+0, HO,
e+0,+H,0 HO, +OH
H+H,0' OH+HO
OH+ 1,0, H,0 + HO,
QH + I-EOz H,0+0,
OH+H,0, HO,+ H,0
2HO, H,0,+0,
HO, o, +H’
HO,+0, 0, +HO,
H +OH HO

0, +OH OH +0,
20, +2H.0 0,+H,0,+20H
2H,0, 2H,0+0,
H,0, H +HO,
HO, + OH HO, + OH

15
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3% B3—BWR SH#TORIGEEE#E v FOLEER
FS R Rk

A
2.90%10°
2.60%10"
2.90%10"
2.40x10"
9.00x10"
3.00x10"
2.60%10"
1.75%10°
2.50x10"
7.00%10"
4.82¢10
5.35%10"
230%10"
1.40x10"
1.50%10"
3.00x10™"
3.00x10"
35710’
2.00x10°
42010
1.00x10"
£.00%10"
5.00x10"
3.90x10°
5.00%10°
1.90%10"
290x10"
1.27%10°

EFHEEE
B c

L71%10°  1.90x10°
350%10"  2.54xt0"
2.13x10"  3.17%00"
t3ox10” 1.38x10"
g.50x10"  1.06%10"
213x10" 2.38x10"
260x10"  2.01x10"
228x100 17410’
17010 476x10"
696x10°  6.88x10"
551x10°  4.76x10°
770 6.67%10°
550x10"  2.12%10'
9.56x10°  127x10°
8.60x10°  201%10"
2.13x10"  2.11x10"
213x10"  2.11x10"
936x100  1.13x10°
206510 3.07%10°
349x10°  3.91x10°
8.60x10°  1.27x10"
627%100  172x10"
620%10°  920x10"
2.74x10°  8.46x10°
500x10°  5.16x10°
154x107  1.48%10"
860x10"  127x10"

1.93%10°

207x10"

D
1.69x10°
I}
411%10
13
3.17x10
1.48x10"
1.06x10"
2.12x10"
5.60x10"
1.73%10"
2.00x10"
212%10°
476%10
6.66x10"
2.12x10"
o
1.27%10
1.07%10"
2.12x10"
2.12x10"
6.19x10"
L12x10"
391x10"
i0
§.27%10
3.44x10°
3.55%10°
6.96%10°
3
5.16%10
1.52x10"
2.72x10"
1.93x10°

3.34x10"
7.93x10"

P A
A B c D

1.00x10°

6.10%10°

246x10°  1.10x10°

214x10°  409x10°  1.08x10°  1.08x10°

770¢10"  533x10"  s20x10"  s29x10"

140x10" 157a0" 181x10t 132x10"

2.12x10"

BATRRASKEIC kB. ZREUEHE, 1-mol’-s”

Fid1)2-33
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o) HEMOBEEBTRE AR TAERT HKECEER O FRESDE, RHEPLEEICH
oz tdmbhTnd, “hbORIEBTREIC>VNTIRAY Y AV ET D, KB
TOH ARSOESH~OBTRICEFT B~V ) — ), EHEER SEARONY FT v 2, iR
TICESWERERT S, HRGOEEO- 2T o AOIEICE L, [SIEBGREE, HBTol 5
EDA,
8*1 SIRTT vt (B.S)
Aol &40 HaFnk s b B~ O EOH & BTHE(mYs)
m T HEARR
H: o~ U —5E3 (mol/ m’ - atm)
R: HAEE (atm - m’ /mol » K)
T EE K)
23, FLRHIECHS BWR 772 MaiBwWTid, BEAZA~V)—HRYTHEL RN EBT
Hahd, ZOBRSRSHIEBTRECH LT, EMahiiE (BH, KE BEEAKE) LXoT, &
S UCHIEEART 9.

B.2 BEE

TENT B OREETTIC LS, PAROFh 2 WIRRESE, L0 A= 05 DTS 5 2 L
LoT, FBBERET D, JOLEXEMBEORKRE S ERET D, HRFEORHFETIZRY B2w
LAY D, FESTEE, WM, BREERSAN, BT R EORHEE VS,

B B2 21X, BWR I o hMIBIT 57—t ADRS T H 2R, FHMUOBERAELTO LY Thd,

) MS (LR

. Iﬂﬁ(i{ﬁk)

h 4
e

/U

a) RFIPINE b) FEREE
E B2—BWR S5 B3 78— AORSTFHEG)

1) FELFv oI BIENED AL BHR - RKBORME~OBITHED D,

2) ERAARA FrrFANoFih, va—F oy RAOTELbED, SEEREELTVRY,
3) PREAEE FOIORBHEREE 2 T Y FREEL OB, BMEIEREE LTV RL,

4 EFBFLFL FOHARLY 2T Y Fay FETOBS, Z2TF v RAHARE A ARHNA

#1234
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6}

7)
8)

9

10)

11)

)
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KPREEND,

BB 2Ty Py FEHRMEORF B3 TE,

EROLTTLFL HBKkEATF—=LEwAL—-FHOKEDERANL Y2 T U Ky FERET,
BRdd, JK3E, BEMEAKTEZR K OREITAR R F— LS b—H HOJE & FhEhofiititic X
STHEZNA,

EBAYY AT T U P~y FEMH LY 2y bARYFAQAETOI 2T 0 FAOHS,
FT#AIAT Py bRV EEMSBERBERIAACDETOMS, T IEBERENEL, HTERRH
LEVOT, BHE, BEEKREKEOFHESOEERRA o M eled, REBTHSY 7 b i
FRBRZE CELTREFTLHIOT, FoLobhbOREsZFE L TREFRIC 3 HBEITH, A2
NIRRT RRS L 32388, REFEIRRI D ETD,

BREBSA Y ForhaeHodrdYzy MRV ADET, Z 2 CERENMEW-D, @E{kk
FOMSRIL YD 2 B RRIEREL 25

Trxw bRy T Py PRIV AROERSBERZ LY Y o RUBBERAMORE RS
b M) ERWTCESET B,

TFHILFL Py bRCFHAPBELARET, TH7 LT AHOBELZFLOADREL TS,
Wb B RT-R R

Hpdr  RITRIE S SoACHSIER, EARKEE, FRELE, M OF <88, PEFR) M
BEEANT D, NHEOHEFE B4 HHE B6 [ZRT,

)

F BA—FDEKIT—2 OH

F—4& 784MWe  1100MWe
(1 FLADZZ A — (keal/kg) 290.2 293
2) A7 (RLEED) (MWE 2381 3292
)] Fy R NEE (mm)

- BIE 3658 3708

ELEE 4173 4173
@ I L ik (tonfh) 33300 48300
(5) JELFRE (%)

S s 88 88.5

s A A (T RSN 10.7 10.3

s Ug—F—ay 1.3 1.2
(6) TSRS (om® LS FA¥Dn)

- F-p R 101.14 101.14

< R RRAAF A RN 42,64 39.93

cF—F—my R 2.86 2.86
) AV A% 548 764

#1235



WATREBD-2 HWCIRHEEERS

HWCHRHE R
18
SOXX:20XX

% BS—IFNFEDH

(5)

B Bifir 784MWe | 1100MWe
RN INY S AV I N m:s’ 0.79 0.74
Nt | Pl e i m-s’” 2.07 1.90
TS 7 m-s’ 0.89 0.64
LA BRI TR m-s’! 11.11 12.14
Vxy MR H DS m-s! 4.16 4.83
THERT L AL m-s’! 2.39 2.54
AR 23 S R m-s’ 0.308 0.34
I3 A m-s™ 0.03 0.02
LER b AR m-s™ 1.69 1.75
AT —FHIE mes™ 5.00 5.00
RS T LT LES m 3.58 4.04
Ly TR 221 1.55
T#E RS 5.74 5.80
AL B 8 41.9 36.26
Vxy bRrIHOEE m 5.74 5.80
FH7F L FLEs m 7.30 7.30
Pl AR S m 3.66 3.71
LT LrAES 200 2.07

ft1)-2-36
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BWR #47
4R 7
PR Ak
SERY S
EFERRPE
a T FAME
Rx A Fifk

$F AR b SR i
P LAt At
TR B R
AR BT
AR

&0 L P A IRER
ERE L AL g2
el

-
v
&g R EE
BE

-
T i

il B 2

BWR #1417
BFIFE 73
PR R G E 5
T 1 e
EAERAE
i T FAME
A Wik
WA LR
L
R R R
rak A
ARALHER

&0 v dr - HETE R
S AL ER
.«%%’.A

o bk

H e
ik
&gt

hiF

H i

(MWt)

(KW/L)
{em)

{cm)

(10°kg)
(kg/sec)
(kg/sec)
{kg/sec)
{(kg/sec)
(kg/sec)

(sec)

(10° R/h)
(10° R/h)
(10° /M)

(10° R/h)
(10° R/h)
(10° R/h)

(MW

(KW/L)
{cm)

{em)

(10° kg)
(kg/sec)
(kg/sec)
(kg/sec)
{kgfsec)
{kgfsec)

(sec)

(10° R/h)
(16° R/)
(16° R/k)

(10° R/B)
(10° /)
(10° R/h)

% B.6— B AN DT OEEFHET OO

Dresden-2 B(]:ggi}:_s
3 4
2527 3293
724 765
41,10 50.78
637.54 637.54
525.78 525.78
262.00 268.70
81.7 16.8
12348 12915
4309 4309
1225 1680
1230 1686
5.10 5.22
1208 1493
1006 1243
202 250
7.00 12.90
0.35 (.99
6,65 11.90

Nuclenor Mill-stone
3 3
1380 2005
400 580
40.64 40.50
477.52 568.96
383.54 467.36
147.00 206.00
16.8 217
6048 8694
4100 4309
1796 1004
1801 1007
3.58 421
1195 1191
995 991
200 199
23.00 13.40
2.51 0.89
20.50 12,50

w{51)2-37

Pilgrim

3

1996
580
40.20
568.96
467.36
205.70
13.9
8694
4309
1002
1006
4.63

1182
984
198

11.80
0.81
11.00

Ninc Mile
Paint-1

2

1842

532

40.78

541.02

454.66

220.00

18.8

8505

8505

919

923

2.10

1199
998
201

9.98
0.61
9.37

Fitz-Patrick

4
2436
560
51.20
553.72
452.12
214.50
12.6
9702
4309
1316
[319
4.35

1505
1253
252

21.70
1.86
19.80

Hope Creek

4

3293
764
50.70
637.54
525.78
293.00
16.8
12600
4309
1779
1784
5.04

1491
1241
249

13.40
1.03
12,40

19
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Hatch-1 E:ﬂ?f
4 4
2436 1653
560 368
51.20 51.00
55372 464.82
452.12 368.30
201.00 145.60
12.6 8.8
9702 6174
4309 2583
1260 860
1319 862
428 5.26
1505 1499
1253 1248
252 251
2.17 29.40
4.86 2.76
19.80 26.60
Kuosheng
6
2894
624
52.40
553.72
469.90
204.00
15.6
10646
4100
1566
1569
1541
1283
258
24.90
2.88
22.00
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b) EEEEEHROBE REEEEHLEMzFIAF—0Ey FERET D,
RiGm= 27 2 (HREFAD, BWAT 2 (BREFED 2T 5.
¢ HUTHEPHFOGHEOERRE GEDYANT /R, BTV ALTERT D,

= AN A
G(-H,0)=2G (Hy)+ G (H)+G (e49)— G (HO)
=ZG (Hzoz)—i—G (OH)+QG (HOg) .................................................................. (8.6)
BT AR
G (H"’) — G(eﬂq') ...................................................................................................... (B’j)

sz, G(x) : SYRAERAD x D G iE
d) AV—BROHRE BERBEUKEO~V) —BEHERET D,
¢) HEE HHREETL, FABREFESMENETD 2 L E2HET D,

BEH

(1) ITREABMRE, RFA%EEE BERAA, A—-hik (201142 H)

(2) S. Uchida, J. Takagi, Y. Wada, S. Yamamoto. “Verification and Validation Procedures of Calculation Codes for
Determining Corrosive Conditions in BWR Primary Cooling System Based on Water Radiolysis and Mixed
Potential Models™, J. Nucl. Sci. Technol., to be submitted (2013).

(3) Ibe E, Uchida § “A Water Radiolysis Model in a Circulating Flow System with a Boiling Region and Its
Application to Hydrogen Alternate water Chemistry of Boiling Water Reactors”, Nucl. Sci. Eng. 1985 90;
140-157.

(4) BARBEFHEELE, BFFEKIESEA Y KT v, awtit (20004128)

(5) Lin C.C “Decomposition of hydrogen peroxide in BWR coolant circuit” Proc, Water Chemistry of Nuclear
Reactor Systems 6 BNES, London, 1992 85-88

(6) “Prediction of Electrochemical Potentials in BWR Primary Systems ” EPRI TR-102766 Vol.1  (1993)
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W& N2 HWCHEHEE¥ES

HWCHE # [ %
soxx:zm?;l
MiEE C
(B%E)
BEEMHEDI—F
X

ZOMBREE, ARCEETIHFRERHTLILOTHY, HEO—HTITR,

Cl ZWEREELBREMOHEM

ISAEREEIN (SCC) DOIBABEIRTF & LT, BARENM (ECP) 25 SCC OFA - HERICEERREIZ R
FLTWBZERIRETIEbhroTWS, BACI, BEC2 RUE C3 12, SUS300 Rém=yriad
125U T ECP & SCC O BFE % R4, A O DU T ECP ASE V4 T SCC DA - HERAEHEX
5 =1, BECP fiﬁﬁiﬁﬂ‘ilﬂ%k LCHE—, BEzPIFENTOZEOEFRAEN R ENTND, £D7D,
FERIRBEAEMT 57251013 ECP #E< 45 Z & & L biT, FNO ECP ZEUNCFHE, #4252
EMARRIRTH D, %@f_ma_ai, ECP & Iz L DHIE & EF & AW AV b D,

B (b) EEEE
(a)%iﬁﬂ‘h_i — 'ﬁﬁ&m'ﬁ' g
0.1+ . 762 a
gl v & 107 sus304 %
i A . = INW(
=ik A i (INW(
= -0.2 A" e # 10_7 > }
'@ . _......;‘.....t.'... E ﬂ!$
~  -03F Va Y| mhmamn | .
iz 7 % | 750k 2 g
(Vvs SHE)-0.4| ® @ TAT V2 E 10 ]
-0.51 V| V(2499 F9S | (mm/s)
o6l Y ., lalalyyima 4= N
1 10 100 10 56=04-020 0204
ATFERIRE (ppb) fE BB (V vs SHE)

E C.1—SCC B2 R U EZERERE & ECP OBEFED: @)

_ L sk ERH
32r 1ot g 304 Kikuchi,1997
304
4 @ 3 m(}?{;ﬁ“ﬁ*
316N
fEl 50l %10_7- I AL L (50%)
# & @ 304L | Andresen)
R B ©3ieL ] 2001
£ B
= = ol
é 031 10 [ae-PLEDGEIZ 2
mm/s | b O EEHTE
mm
0.03L 1079

Wﬁ'gﬁb_ (Vs SHE)
B C.2—300 % SUS O ERHEREE D ECP {RFIES-O

#f1)-2-39
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BV ECPO fEi
MO | (-250<ECP<-50mV vs SHE)

ST e
« Alley 12 IWT ()
€ Aoy 162 IIWS(3)
© Xl DNCF-AIKWE
& Alley BNCE-LIWGT)
© Alley BNCF-LIIWCD)
1 MesbiGad alla 102 XN
& Nvgied oiber 183 1VE {1}
@ Modifud atiez DNCF-1INWE
¢ Madifiad alle; DNCF-113MG (1

ST EIEE (m/s)

LE-11

et et
£ Awy PNCF-IWT
© Alloy (K2 IWT } Refd

1 T {
i i | i
i ] L
I I .

1E-12
-530 -4C0 -300 200 100 O 100 200 300

BAEETM(mV vs SHE)

HCI—BowXrIEasEnEsEREED ECP EFHEO

C2 BREHEHHK

S R BALARMT TIE, KOBER I IRE T VORI R E AR & L, BREGEN OMSIZ W T RER
(ECP) OFHEZITY (B CA4ZM) MEDNERT L LE, HERONTIIKRFERCGRAT L 2ORLRIG
(7 /— FR&) ko TERT BT /— FEH, WOCE# R UEMEKFEORTRIE (Y — FKEIER)
THRTZH Y — FERPER T D, BEEMOMS T, ERMICERNETLTHWHIRETIE, L
b Y— FERET /— FERI#E->T, EREFHAY THERIZ OV TEHERREMAHKII LTV D,

|
(mmee | (ssmspwmmr ]
T ¥ 7ok e |
T, IR it | 1 BEHET |
| I-———!————
A
[ svaveastsa—r |
v
B AR AL
WIS T
, v
([ mammaEo—-F |

J& AL AR

E C.4—- BRBREFMO A

7

LT, BEEMETAOREASRIILLTTH 2 N5,
[FEAK]
Ia(9) + Ie(p) = 0
oz, g BEEEN,
Iap) : &7 ) — FEHREE, BN o DL XOBRTTHREOEEKE L TORELR

AT 1)-240
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JIER U EROBLERICHE Y BREEORMLE 75,
I(p) : &2h YV — FER, BN p DL & OBRTETHERE, RUGBBKROEERE
ETOBRERERCH D BREEORINE T 5,
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