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Cr-51 27.70d 0.32 10 40.72 19.39
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Mn-56 2.58h 0.847 98.9 3.09 14.55
Co-58 70.86 d 0.811 99 1.61 7.59
Co-60 527a 1.173 100 3.58 34.10
1.332 100 3.58
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) Co-60 JAf [F[ ‘B~ (deposition rate coefficient )
C : —rﬂﬁﬂ'?ﬁ‘ [l Co-60 JE
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oo TR TR e 3 Sia T 3. ¥
1. I'J{*2=15 %k (chemical decontamination ) Vi DAy iA i &l >
Iga-<pEE (Zn injection ) ~ A 7<1= %l}iﬁ‘[] (Low Fe/High Ni Control ) ~ Z [ 1#954 % 7Fl
(electrical ﬁ‘/ mechanical polishing ) ~ f@TJm'F'“ (air oxidation treatment ) =)y ¥ [y FH

ok

PR iﬁ‘ﬁ# (low cobalt material ) ~ % ~<3= ,%PLTHJ (Low Fe/High Ni Control ) ~ 1[I
RWCU FL' B Co-60 1B o

Deposition o Deposition X 60Co Conc. (C)
Amount () Rate Coeff. (&)

HOP(*1) method

(Hitachi Hyper Valve)

*1)Hydrazine Oxalic Acid, -Alkaline Prefilming
Potassium Permanganate -Air Oxidation Trez&ment
-H,0, Preconditioning
-RHR Low Temp. Operation

-Fe/Ni Ratio Control
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Fe Control NiO NiFe, 0,
U™ sCo ~3Bg/ml (FeNi>2)  CoO CoFe,0,
Co ~0.03 ppb
Ni ~0.07 ppb
F F F
Sesiinne &0, &0, &0,
Fe,Co
Dissolve
*Co ~7.5Bg/ml Low Fe NiO NiO
Co & (o ~0.1ppb (Fe/Ni<2) CoO CoO
i NiFe,0
Ni ~4 ppb el
i CoFe,0,
Fe ~0.1 ppb Fe,0,

o Fe,0,(Non Dissalvable Oxides)
@ CaFe,0,/“CaoFe,0,, NiFe,0,/ *NiFe, 0, (Low Dissolvahle Ferrite Oxides)
Co0/®Co0, NiO/N10 (Dissolvable Oxides)
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Co Dissolution Rate (g/m?/h)
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pH (285°C) (-)
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(2)Ni (Co) xFe,_,0,
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[j! 3.4 Co & NWC ZRUf ™ T afisfiz oAl o Ni RS SY4

BIgp > T A% (Normal water Chemistry, NWC) ™ > Co @12 T i+
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[j' 3.5 Co i NWC U™ BREMA T A Fe I8 B3
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(2)Ni (Co) xFe,_,0,
(3)Fe,Cr,_,0,4

Base Metal

[fi' 3.6 Co - HWC U™ P aisA A Cr 5% S5

R ol T W] N e S B e SY12F1, 3 27 |1



UHREPR R 5 CHWC) > U 1 [P AR > 79 Co &7 55
SF 1 RITOREPIE | CoFe0, 51 CoCry0y » fiy i EIWA R A H - 3 HWC
PRI L A NWC el -

3.2. Simple is Beauty — 7<¥T F@%@%}}

FUR ™ T ST PRI 15 7 ST ) mﬁﬁéﬁ%%?F o
e F fii§% 4] (Intergranular stress corrosion cracking, IGSCC) Fl AvEE Y H ’
FF%W+ﬁg*ﬁi

F"{Eﬁ PR SR AR R f‘l FEIEES S Jripg-fs (=2 (Hydrogen chemistry ) »
B -f+i= & (Zine injection ) ~ {1 £ gJ< {*5F (Noble metal chemistry ) ~ % ~<I= %iﬂﬁjﬂ (Low
Fe/High Ni Control ) &> H]I }_E%ﬁ‘/ﬁqé F< FEIY = Fjéﬁl o

SR o TR RIS | RL BT o PP [ 7
PR SCC TR, + (AL R R i
IR U 3122 R FL& B [~ S HERT | I iR

SCC B » SRS AINITEYEL - /8P 73 T TR -

(0: Design Base
4 Partial Application or Retrofit

* :|n Consideration ;
— :No Application Crud g;rféatmn
_| remaoval
—I Impurity removal
- ;C: ) _-I Low Cobalt Matarial T_E
Radiation BHoOn
Dose Rate _[ Water Control I_E Liltra Low Fe Control
Level —
Reduction —1 Suriace Treatment .' s
ACP L Iing.
| Removal 1 Mechanical Decon, |_|:_Eumﬂ“ ol Core Comoanenis
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Opimal — Chemical Decon |—E_&&|ﬂm —
Shielding 1 Drywell
- i
— | Improvement of mp
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Syslems
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ﬁf’E‘\'f (deposition rate coefficient)* 6= k/~t °2 Eﬁf’ﬁf Heps FJII B ) ﬂﬁjﬂ (Low Fe
Control ) ¥{#* Co-60 w 1 %ﬁ%ﬁﬁ‘%pl?nﬁﬁifﬂﬂﬁfﬁ\[ Tk (RS — Jﬂ&]i%/ﬁq%iﬂﬁju (Low
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Fe JE£ 3 {4 0.1 ppb | 2 o (NIF=RWCU (i ArEEEST (= (piping passivation ) =15Y £} $[BEF§F
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3.2.3. HyEES [~FCE

P L e R AT Jm&mﬁﬁ; Exaiet e S ﬁ%ﬂﬂ?“/wﬁ}@
HU AT /mﬁfﬁ@iw CUPRIF]IE 0 F SR PR e [l BWR il
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Start of Plant Operation

=

= Oxide Film Thickness Oxide Film Thickness
E -E L Pre-films /,\/
. = T /1
= 2 I
22 .
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== Vit
FEERN AN
= = i Radio Activity Radio Activity
v o | Deposition Amount Deposition Amount
O L=

Time Time
Ordinary Operation Effect of Prefilming

[ 3.0 RASS [~ TR RO 18 DI [ P

> GE Company (1997), Plant Working Fluids Requirements, 3113-0A23-1100.
© AUy AR [~ NS IR P 38— 1 BOC AR Rl 159 < M- 1~ 2 BT )RS
1.67 ppb ~ 1.60 ppb ; %~ -1 ~ 2 BEES{[|£ 0.98 ppb ~ 1.35 ppb ©
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% 3.

TS

: L EPRI 2000 EPRI 1986 Rl E
CEIE! Operating Target Design Limit ~ Fuel Warranty ‘ ‘ o
Action Level I ~ Action Level I T
RW <200 °F
Total Fe <10.0 20.0 - - -
Total Cu <0.5 1.0 - - -
All Other Metal <45 9.0 - - -
RW = 200 °F
Total Fe <25 20.0 - - -
Total Cu <0.25 1.0 - - -
All Other Metal <0.25 9.0 - - -
FW @ Power Operation
Total Fe <0.25 1.0 0.5 5.07 5.0 1.40
Total Cu <0.005 0.01 0.02 0.2 0.5
Total Zn - - 0.5 - -
All Other Metal <0.05 0.1 - - -

" EPRI-2000 $p4° [Fe] HE§f: Action Level 1 {56 5.0 ppb Hiifl - (HHFE FNEH S I4FSiEH 7 1.0 + 0.5 ppb -

SR U -

(EF 1 Pl o LU (751 0.1 ppb ot (S
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Q17 1986 #45[Y EPRIBWR “f*{“ 5454 jtf%@gir%fiﬂ P o R RSSO (R
TR 304 SRR NWCT ™ > Co-60 Yok (i b o sEI 240 1/3 8 > I 3.10

o (LIRS B R SH IGSCC g8 » = H A5 B 81 304 1 Gkt -

E'Ri7F! 4 Hitachi == Toshiba 't J?Ff«q%“gﬁr]ﬁzgl P i EFIH T [f' i JFTE%%{- [ s A
TrER S 'E‘T)r Z/Dj\ :
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ﬁ%‘]' 3.10 & [*RCEF £ T S A1 Co-60 1A 3 |?‘}

¥ Electric Power Research Institute (1986), BWR Normal Water Chemistry Guidelines: 1986 Revision, EPRI
NP-4946-SR.% f[14[*] C. C. Lin (1986), BWR Cobalt Deposition Studies, EPRI NP-4236 ﬁ#}f, o
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3.3. Hitachi T l:[ (i A& [k e

Hitachi ’* FilRfgE o gyBass (= AL p 1T iﬁ#ﬁ B FORRYESST [~ 05 o S - iﬁ;fﬁ;e‘,
&Wﬂﬁﬁaa&t W%W% ﬁiﬁ Hi J%ﬁﬂﬂﬁ[izﬁiﬁ’ £ ”ﬁﬁ"ﬁ}%ﬁlﬁﬁil}hﬁﬁﬁé@
R IR PR S RS > 91 Co-60 70 « [l 3.11 3T IS e ™
Sl Co-60 YFAR[IFSRI « SR [ T SR, - HUﬁCmmww%ﬁ@ﬂ%
CEIY 1/4 © 73 Hitachi * E'l“Jé‘F;%‘lﬁiﬁf. AN > T R B A 5 13
RR A B

iyt
—
— -

—_ : pHAS. 5, DO=200 ppb
s —— & w

Coyy(ii&E ( u g/em?)

0 500 1000
B i (h)

[ 3.11 RIS [ 1K1 B Co-60 YIARFIN S

I > Hitachi pJFh AL (o L S £ [ P 5‘:’7}&' EINE Y- ’|SJE}EJE(?'>I\§CIEU%L
BURLF 05 o % BWR Tl FREi [0 P4~ RRTRSBURN AR - 5 ) s [~ it T
@?ﬂ*ﬁ?%’?{éﬁﬁ Bk o

FUE Hitachi A5 © #r! gﬂ’rﬂ 't Nuclear heatup F FIV test [FTF 8145 ; 7| F‘-f i
T BRYS % FT‘EIW%“ O nif‘ﬁ%ﬂn P ST RIP SEER e PR LSl R B S o Pk
AL o 2 ﬁﬁ?ﬁ RWCU #3301 H-form M1 Na-form M1 AT }{@]’i{g?ﬁ%
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7% pH 8 — 8.5 ; iﬁg@%@ HIJE1 100 ppb (Heatup [EFEE(75 ) £[ 500-800 ppb (FIV test
R ) -

3.3.1. Nuclear Heatup FEFS s [~ g

q%ﬂ' 3.12 Bf5. Nuclear Heatup [FFE H1%5 RWCU &7 (™ 5 F ] ATREGAH - =2 RWCU I—ﬁ i
EEL -~ A2 > [ LRLEP! Filter Demineralizer iV A ,EHE"V 7 Na-form ﬁﬂﬁ ' B F irﬁaﬁ‘iﬁﬁ H-form
BT 10 T pH i

e e
«— 1 Dgc
AN I—&r —
Ly
| |
5 =p |
N — e
=B R
X e

ﬁ%\l 3.12 Nuclear Heatup [EES 81555 [~ R A

Hohg Xt [sl[ AR = 280 °C ~ 3@@5& 100 ppb I'] F ~ pH;cZLﬁEU:} 8 - 8.5 V[H]
ks Eﬂj F‘J’ﬁé} 380 | Eﬂj (17 =) '] F£gdr i “El‘r*ﬁii/[l[ﬁ[ 3.13 Fa. o I') % Fi- Heatup
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PR 10 F1 o Tt e (IR ] Pmrapeg R e

1980 _[olokihefisfaRskel helsbob bebshelsbolrlabsbal 1z [s1e s s o Te o Tolk
RPV  T0F
Pressurey| r
(kg/em’) ol
[ ]
8.5 hecaooan
8.0
pH 1.5
(at 25°C)7-0
B.5
RW 1ok
Conduc —g|.
tivity el
(u §fem) 4
2
m- -
Ma Conc.sal O :Outlet of RWCLU F/D
(ppb as Ma) 40 .]nIEt ﬂf RWGLI FD
20~
0O, :
w .’DI:I IW- e e
RWCU -2
F/D |(B) — . -—

RWCU A/D(A) : Na adsorbed cation resin was precoated

[fi' 3.13  Nuclear Heatup EEE H S “'“‘Fi‘fiElH?%i

3.3.2. FIV test fEE 84kgss [~ 52

b= e “l“ﬁzﬁ:' FOEER RS RLTE 215 FIV test JETFS o [PR) RIP P Agneifh) &
& Mk F U] GE HE] 9 FIViest (E1FRLES 813 160 °C o [HE0 [ R p Bkt
RL200=220°7°C > PRy iyl o (314 - [ 315 ST FIV test R triisser (1
SRR

FIV test TR #0555 (= 114 38 1] 200 — 220 °C ~ 7&K Sui¥ 500 ppb I'] =~ pH {7
R 8.0 - 8.5 ] = J)% 5 80 | [ o [IF A R FIV test 2 o [V » PRIP=sfhe
Pre-OP test E\JJ‘ F e ﬁ] [l e

° GE Company (2002), Nuclear Islands System Preoperational Test Specification, 31113-0A93-1001.
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pH increased to 8.5 by
passing the reactor water through

Ma-Type cation resin
IIIIIIIIIIIIIMI.

pH decreazed to
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reactor water
through H-type
cation resin

i/

[f 3.14 FIV test e B E g [ R TR A

DATE(2004) Mo /14 | Mo /15 | Mow /16 | Maw 17 |Nn-v..-‘IB | Maw /19 | Mov./20 | Mow/21 | Mav./22
- = purifizatian At — s ool o
Alkaline prefilming prosess oA o] oH controll pariod pariod
b ]
2EC
H tampearatura =
pq s T oy - PH
i o
Reactor Water 8 150 - “" ;ru-u-""""\- i,
conditions #
7 100 . £ ‘F,—"’.—‘-: R
¢ D it Alkaline prefilming -
& &80 _— B .
e S period:87 hours
(%) 100 ¥ procoated W pracoated
Ma—type cation  Matype cation  resin
FESRIN
flow ratio of  g¢
(A) loop
= ———=
Rwoy  |flow rate of (A) loap T7e/h 88c/h GBS 77u/h 88i/h 3Be/h BSt/h BO/h 38U FTeh
systrem (%} 100 W ormcoated
aperation H-typa cation reain
. W pracoated
ﬂ(;?lratlo of 50 H-typa cation resin
oop
] D D D
— - = = > —_— = =
flow rate of {B) loop 7Th agrsh agsh astsh a8uh Fitdh
Water How rate of nauhm h”;?ﬂlfll

bypass line

qal,l 3.15 FIV test [ R g hgés | %EJ%;E A

Otsh

39t'h
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i/[l[ﬁj Nuclear heatup [FrF&&eT [~ A~ £ - Phfied (11 Na-£% H—f{]ﬂﬁﬁﬁﬁfﬁ?ﬁ AR
CST JRH VAT I8 T ST 3 dump % R 757 <

3.3.3. Hitachi 2 il #yRE44 [~ 46 HafEf %

PRE] | R [AEI RO RIT R T R o  FIV test RS 9518 ka6 80
5 ﬁﬁ*ﬁiﬁﬁﬁ* ° RUEIfel L » 'i[*ﬁﬂjﬁ'%‘ PR SSRAEE - TR R
T2 RS ST e 1 AR IR EER ﬁEF‘

P+ U Na- BTG (2 8 NH, "2 = SO SEEE IR 3.16 B EH BT
"o it (Inconel (2 ) FF Fﬁl QIR S DER 72 asi Sl ACDRE 1 Wl
7+ Nuclear Heatup [FFE 81k

BT 4 R R R R TJJZJF”F"Nuclear Heatup T #04% | i =12547 FIV
test TR HbG > B84 R d5 10 - ﬁ%[’ﬁj FIV [EFEdr¥s o

l'|:|f.--',|"r.lir;n —

|'LI controll ]
=20

= .0. 504 oCl eNH4
S 1o ® a4 NO3 xNO2 ok
+

= 10

=

&0

=

=0
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T YR <l AT [ P < [ 307 S SEM By FTRES (i
%m?amwﬁmHiE@ww&ﬁwﬁw-éﬁﬂﬁ“ﬁ?$ﬁﬁﬂﬁJF LA
RO« )30 [ SRS S RLEMERE > T RS (o P
BB PR -

[ 3.07 & RURI I PR R T R

[fil 3.18 53 PIRIPHBRERT T GRS Iy v ”rff ISR AE A > SRAT] % Py
PORGRERET (PP > &5 A T i E‘?“'f‘ SO%E@FZ@%@ el D
10-30% T ESH R REROTA 1 S RWCU il AR Y 4 el = F‘ , ﬁmﬁ_ P[] e

(AR 318 i) A HIFE 567 [ 5L i )RR LR ORI b8 567 [ I i
ul% 10 o RS £\Z§P4 [ > PR RS FOE R Jf]ﬁ;ﬁan BEH o

[l 3.19 AR ARG ARG RS S [ R b ORI ORI EL 1 F
(4 K-5 B#EES(BWR-5)~G {“% K-6 5fF5%( Toshiba 5] ABWR )~H (%3 K-7 %85 ( Hitachi
& ABWR) [ 1F* Toshiba ”&ﬁ le K-6 Eﬁ R E'J[’S@/ﬁ,ﬁi@ﬁ [“F o s PPt 35EoE » B %
Toshiba Y5 xgFEset 5 15 (ERRABOIIT - 667 [l B fr 1) [R2 [5 2-4 (REVIRSPRIED - 55

[l

' Takashi Honda et al. (1987), “Deposition of radioactive ions on boiling water reactor component materials,
“ Corrosion, 43, 179.
" G. Romeo (1983), “Oxidation and radiation buildup on stainless steel components of boiling water reactors,
Nuclear Technology, 63, 110.
2 Takashi Honda et al. (1990), “An alkaline prefilming process for the primary piping in a new Japanese boiling
water reactor, “ Nuclear Technology, 89, 365.
" Takashi Honda et al. (1987), “ Suppression of radiation buildup on stainless in a boiling water reactor,
“ Corrosion, 43, 564.
M =2 Under vessel A 65 mm 9| J‘Fﬁfﬂé‘,[ S H[TP316L 5 — & [Eﬂff”?ﬂ F‘mﬁf % A333 GR6 ;
[EHB_JFE"H El MEFIHRE] A106 GRB - i P FIES BiRER AT o
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Deposition Rate coeff. (em/h)

® Fe/control

* ap
— fitting

Dose Rate (mSv/h)
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Deposition Rate coeff. (cm/h)

® Fe/ control
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5 10
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318 & (R ¥ $5E (S A
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E

Fe-58
Mn- 54
Co-58

.Jhllmlirne Prefilming

/

f
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G H

A 3.19 &7 [~ RE M pifeE 5 RWCU kg Bl 5 2-4
F £3 K-5 BB (BWR-5) 5 G ~ H 53 [f/£5 K-6 ~ K-7 B (ABWR)
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336, 4 BCHSHEFME I

% 3.3 Pk Gk BWR-5(K-5 F8%)"” ~ ABWR(K-7 $FES == % Hpfiu A (S & B Bl
R (R %%ﬁﬁ%rzf RWCU EiAHEN D 40-50% « [fif) = HfdsT 3
F RWCU i A 57 EoR( Bl EG 139.2 man-mSy e ]E%*%FFTE‘?,” (= B fOETR AL -
HIIF* ¥ "3~ 70 man-mSv Elfm' £l o

#.3.3 5% BWR ~ ABWR =% R [ Jf Bl =it ( * -2 7))

- BWR-5 ABWR L/
wiEpH (EOC#1)  (EOC#1)  (EOC#13-15)
Drywell 113.2 44.9 700.9

Drywell ISI 12.6 1.7 396.5

Valve Inspection 31.5 4.1 46.8

Recirc. Pump Related 10.2 0.5 133.0

Sump Related 27.1 12.3 -

CRD Related 12.6 - 49.8

RIP Inspection - 18.7 -

Others 19.2 7.6 74.8
Reactor Building 134.7 82.2 213.2

RWCU Related 46.6 27.7 139.2

Well Decon. 28.3 21.2 18.6

RHR Related 15.4 11.7 55.4

Others 44 .4 21.6 -
Turbine Building 6.7 6.7 188.5

Misc. Inspection 6.5 6.5 59.0

Others 0.2 0.2 129.5
TOTAL 254.6 133.8 1102.6

K-S BRI L 1 IR S R o R S (SRR -

'® N. Suzuki et al. (1999), “An ABWR water chemistry control design concept for low radiation exposure and
the operating experience at the first ABWR,” Hitachi internal document.

"7 H. Masui (1998), “ALARL program in the new generation of advanced BWRs,” TEPO internal document.

'8 K. Ohsumi et al. (1989), “Improved water chemistry control of radiation reduction for the latest BWR and
proceeding BWR, “ in: Proc. International Workshop on New Developments in Occupational Dose Control
and ALARA Implementation at Nuclear Power Plants and Similar Facilities, Brookhaven National Lab., New
York.
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3.4. Toshiba Fh, SET (M e
3.4.1. Toshiba il HHj= &&= 15

Toshiba ~* T fi E"’ﬁﬁh (= Fa | HEFR B )= ﬁiﬁrﬂ i1 AR F;,’Q\rStartup WF] EFJSFE*JHIJ ;{_J
F JN1 ({E[‘/Zn Fe~Cr~Mn~Cu-~Pd-Pt-Al-~Mo- V;{‘/W) EOESE el i (F[&—n
PP B TR ) (AR T D - [T
AT T[S O SR P Co fugEe” -

45 » Toshiba SEFUEHY 11 DN 7 S0 ST 107 T - B
OSSR %JEFJF%&FEI'“ LA o ) SR ISERET S = R K-6 BRESHETET (SR
[’Eéﬁ%«ﬂﬁﬁ' FIrY 35 T HEF VRN T = o [P 38155 Toshiba 7 Kb il 5 9FES (H-5)

oo o 120
(i e ERE e
3.4.2. RS (T

NS

RS K-6 SRESES [~ K iRk > Toshiba 21 H-5 SFESFUES [“AH - [~ ERR A - H[] 55K
A PR SR = ’fLHr’%:EF 225 Fl (Post welding Heat Treatment, PHT ) =27 E*E‘ﬁ‘%f‘ (== fHk
By o AUBCASME 1 » S8 B SAIRT 30 om 2 Tkl | 425 °C~ =) 30 57 &#fY PHT
FirI"] Toshiba M@%|E%*F'Jfﬂﬁ( Oven ) IRy S5 iv RWCU ﬁéaﬁ*ﬁ*ﬁﬂﬁfﬁ‘ H,if‘FIHI )

PIRHIPPESEE ~ ERRRIE 2 P RO IR - - SR80 (22 PHT g -

xﬁﬁ'ffl SRR TR Flr,,nﬁizﬂﬁ’??%ﬁ“##w‘f 2T (=R > [ = FUfel Oven $w » &5
GufE T U RWCU 3% » FURI40 [T Iﬁlﬁi%ﬁﬁﬂwzi% St < T 53 PHT
FIFTEE) I PR IE R o EPpE SRR RS (R =
FORRIZEE - I it ’ﬁ“f:ﬁ% YT L S S RO R R [~ $5BU o Lo Toshiba
ﬁ“l"“%ﬁf 1 2 [ SRR LR R - 19 (N E R R REE R
G o W RRTR A Rl DR ORI R 05 (E SRR T (R R R Y

N2V S @(1996), B g7 T b O 2 IE S T 8-220293.
% Toshiba Co. (2005), Experiences with water chemistry of Toshiba’s ABWR, Toshiba internal document.
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