








3. ,Gf* 
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(-1 BWR ~ J C ~ . I : ~ E ~ X +  : 

1. El $EFfiW(JAPC)&q%EZ%SCrolrai)-2 %N& 30 F-7JC~kPWEEBB : 

Paper 1 : Water Chemistry Evaluation during 30 years of Operational Experience at Tokai-Daini 

NPP(BWR)) 

El * JAPC ZAf i4B-T;  Hm/a\GR%B@$H 5354% Tokai-2(BWR)$U 

Tsuruga-2(PWR) &&J\/i4 , iE@BAER%%E , 3tBf$SZ&29@7kik9Z$835@ 

&fi3&%329SE$3%R&?%&ZFrJBaE% , i H $ 3 B % q R F H 6 ' 9 2 9 S Z % $ 3 , %  

E%Z%iHZ@B7kik9kmWE%B$fiB5B , 'rE?@+q%5B%E!&7k%@ik * %?% 

@JE$UABBUEW+rniE % RH%%&~+~'~S%%~F%%E fiG%@M$46'9#%k&S 
i%W%+HF%k%$fiEfii , LWt*E paper1 Z-SE#Jt2@ ,3F%iB+*/i4W3 
B ~ 3 B & S P % E H e Z $ @ k h 9 % f i i  LlE3?REP$%l%HW7kik9%R *2%3 

Tokai-2(BWR)S@ 30 q R 7 k i k 9 E $ 3 2 9 S E E E $ 3 , %  +fiGEiiB , ~EES6'9@%k& 
$am:- - - @ m g ~ ~ i ; : ~ i ~ - t t ~  . mlttmzm~ : 

(1) - rn 
Tokai-2 % BWR-5 %@if$ 1978 q 11 f l  E $ $  . B 2008 qB!M3 30 El% @Z$HgEH% 

iS 74% GFAh9I%R$$&@EW 5% , *S@7kE@%E3m * *@7kB@%&EEE 

Deep bed only %Sf$U&- - I @ $ B R  ~3&%q~&9f&@7k%@-%PiW(l)~fc3%~+@ 
E - ( 2 ) l % f f l F ~ @ % 6 ' 9 ~ B ~  - (3)BB3&$kk$W29@ CJE&Z(4)$M ARCS h9$$$kk 

"8*Pig7Jc $%~H29S'r2@flFZFrJ@MEi&6'9647k Fe ?RE 0.09ppb (2009 q )  $BEE&* 7;1 

&@-%Pi(CFD)h9%% , HB@f$@- , I@iW%R$?k$!I 0.9-1.5 ppb , +F%i@?+9B 

Tokai-2 % 1985 qR'fc3 $?FEAWBUEkR& 9.3man-Svlyear Hl t t@ZCJ7kik3h929 

$$%h%%f!$i&?&%B(E 4% a t%Zf&&/J\li$ 4 man-Svlcycle Fi2Tq%h9j%%$!IG 1.6 

man-Svlyear &l%G El *@$B%h9+ B~'1iilE 

W%&ES@ TSU~~~~-~(BWR)(E:B?G)~$R'~C%Z$~B~~$?F,%F~J~~~&%~ 30ppb $9% 

f? 300-400 kglcycle &%AF$EQL\ 8% 5 q(3 .5  G & Z $ @ q  EFPY)BifW@Ee@(PLR)% 

3 m S v h  AEBUER 6-9 man-Svlyear a $$%A@i&lQ7k@Z 3ppb W PLR E@g'JEi@E .~ 

0.6 mSvlhr , @$Zh9AEgrJE$$1977 qEE6'9 20 man-Svlyear )!$iEE 2-3 man-Svlyear 

?$kiXBS@i$?F,% E%~EE&%H~UEW~@SM]i&6~7k@$~~?RE , %ti&Ai9@ 

I L \ ~ ~ B M C R ~ ) ,  %zg~m~kr;il(i)q~rf:i~7~c+g~ C I X ~ ,  Z ~ S N ~ Z ~ Y K ~ B ; ~  CRUD 

W@R$&% iZ Tsuruga-1 EGfiu@F$iB7JciBjE#. % Deep bed only %@ (2)E%'J6q7k% 

$%+ crud 6'9ZLk 'rFN~ziYB@-%Pi~Ll$ZA%% ltt?A3F%@B 
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(2)%TB6d7kE@kfrEK5E@%,@%B'J Hematite film fi~&lB7JcP&@f *U$#&bU% 

% -  I 

3 ! E I R D - S t o r a g e  condition) SSfkfJUA 

equipment drain collector tank WBS . L'AEB%E~~?M~'~E~@Y~~SFEF?%~J~ ' 

(4)fJUh.E7K@4k%$fE(RWCU)SBfBS fE l % % A E  2% - 
( 5 ) W T R @ f : d U 7 k + @ @ E t a Z & ~  . !$B%UX@fiWfJUE3Q'JflR$X%$fE &f%HFJ 

*i~&%$f(ioskinetic probe)%U~g&%$Z%L%Rsfl& Co Z%Kl'I%R - 

Table 5 Targ- 

2.4 a",BEOU% W& . %I@@ 

%9t-Z@S!E$2 BUG%4k$I.!+%S$U%%B9aB@%U(QC)+E , fEf%R% - I%@ % 

BkE%A!Z - ~ S @ l % E R & Z B U B 9 E H  - B%@S%Z~%E%U - Z@Z$%E@ 
ffl%MfS&E8fTE@]+%%a%# %f&B hot drain off treatment f&E&R@ EB 
%Z RUB%3EZ3B@$U3Zf8ffl$%7kjg3@@Z$2&@@ - %EB@E2fiZ , BUR 
H$Q7k%EfTS!&L%SW7,!3% fiEEESBfl3 RdCE7k%UB47k%$%E%EHR@ 
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.:lo0 illai~ . Reud)~  (<1111Sv/y) 

<100111Remdx (<lmSv/lx) 

<lppt 
20--30ppl, 

Auil~11 occ~~patioiial 
dose 

PLR dose rate 

2.2 %$%%US%B98ZfZ2% 

Feedwater 
c.. 

Co 
DO 



[Origi~~al design] U'ater 

* Convex-Shape Baffle Plate. 
* Resill bed Sluface is 1101 flat. 
* Splhlkle plate did not cloak 

whole resui bed. 

[Iuyrovsd derlgn] 
P 

* Change the Bat't7e Plate to 
Concave- Shape. 

* Syriakle Plate X-N; reshaped 
to cloak %,hole OD. 

* Added holes to Baffle Plate. 
* Resin flow decreased. 
* However, buuipy resin bed . . 

' b  sl~rface is not flat. 

Fig. 3 Modification of the h e r  Sh~ichue of tlie 
Condensate Demineralizer 

lBH$d7kRZf$%$3m%-R%MB%g stellite +@7k+ Co b9$%$2i3Z 
HkE@%$F@Z colmonoy @E Co $E$Efitfi@$+E$?j?$E@ 



(2)PLR B@BlJBfA? CY-1 $9 0.3mSvhr Z&#BFf CY-11 651 0.7mSvh ARBfS&R$ 
kg BfikRZf!$i&$47kF@@ $3 1985 @i2H-E%$$B!lS3(& model %@zk!7 

$$kk - B%? - B?%@7%s%h$1f!Z%hb9 #%*UT% PLR %%@fg$E 1 m S v h  

ZT 

Table 6 New Target Values 

s-pggjr3xE " " zk% CD 65I crud @K?*$E 90%CAk FJB$$#f$k3&Q$fib9 

7kiW €l t% 

Item 
Feedwater Fe 

%??@%%%flE@Wf Cmd %B%6BiE%if l (ze ta  potential) H crud $BEE$ FeiO3, 

Target Value 
< 

P H  7 B E  B E $  Elfit cmd jr2F2~@W$G%% 

TWBlsZk tic, 

EWBEHzikm%ikETqB&s iM 

%fiEBEB% Efi@@DU3J crud m@W$ - 
ZE T!!kai-2 R CY-6 E&WBlsfS Yi cmd fi% 

E .. - 5 5 :pi .o 2" \,*,.fa ,2",2, K ? 3 @ G Z & $ 9 @ B  iBHm%BE%ik CRrm 

E 
%@Wfi%RBS29F%#@l5$$9 %2F% A >  a Q 

@BB " HItt%BEH$fi%E65IrnBls -20 

-.a V' 
(l)i2H/J\TB#GWBE(CY-7(1985 @ ) E  UI catian~rm 

CY-15(1996 @)) -m to m io 4 it* 

yH (at 35%) EBkFh3 cmd @Nf,R@ 8U@GH 
BlsEMb9SfiE , R!I@WDU@N$B~~E 

Fig. 7 i. Potential of CRUD and Resin in Water 

b9A/l\A$Ts/l\R 10 um PU%H/J\XW';fls ~h%~l\HBEZBs'lb93?li:4 , WE. crud %B 

Bs'lK$b9%B S;fftUTBFfr% %-3iEXTfikk~J\ E%BHBE%fSE@(150pm)(3  : 

%%$Ed%mQQ underdrain)WR rf L;I%@HB%!A'EJL\ %&~@%!l6%/8E#Ffr@DUb9 

Feedw-ater Co 

=H/1\%#G@fl%4 crud @kB@E CY-11 i@2@EE 90%L;Ik mj Fw Z crud 

RE 0.5ppb L;IT BBlt t?&fi%,@E ?it CY-7 E CY-11 2R%Y2%9? a 
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Comparison of Particle Size with CRUD and Resin 

A Powder Resin CRUD 

(~)Z~FF!&@%%B#WE High CRUD Removing Resin(CY-16(1997 %)) 

@ R k E H W # ~ E W ~ ( c r o s s - l ~  Ei%BE@BHlEWIJ% 6% $E 

CY-16 B-EH_t& S crud %BI;Ff($m@#E 90%LXk $3%7k s07NWfiuE 
25ppb7@&B#lE~~%%Z%@@@(po1y-styrene sulfonate)Bfift&?%~ Hltt;;& Ccy-16 

BPVT%EH 
(3)fiU~@~~~!~~&%@(U1traso~ Resin C l a n g  System URC) 

ISM URC B$U#%%E&%%B%ZBTA mjHIL.$X%BR#F7kB%%$Ts@ 
X%~%%BB Hlk 1990 %@Z@R LJRC 

(8CRUD %R%%%SR$: 

L3 Tokai-2 i@%E-H~EP&S@%~HERE@M LXR7ZF$HREB%k~U 

fiU%#&&BaZfiM%WZH1EG&@RBE FAC - iEi@&@7J<$Bm@EB 

m P P ~  t t ~ ~ m t m ~  BWR BE~E mlttausa cmd % ~ % + ~ > 9 0 %  '" FU~REZ A 
@&%7/fc%W&# condensate filter(CFD)$tll& crud ,%PA Tokai-2 $FJIEilZ!?B crud 

?%@K CFD EffiUe 
i 

E-@M&$g7k@%UB@8EB&%HR2@ %&ITS : 

Table 7 Metal Impurities in Feed water 
& Reactor water 

Fe 
Co 

*: Iron input into Reactor 10 - 40kglcycle 

Feed water 
max. 1.5 ppb * 

l ppt 

Reactor water 
Sppb 

30 - 70ppt 



BEE%%H/J\REHBENB@?E%*%G&f37hikFRB 32EfEE@@ 
H(% CY-7 3 CY-ll)*%% crud %%?&$;@#3 90%PAk&E!7JcE@B@E O.5ppb 

HTe 

; I ; ~ k ~ @ t F J % % R ~ %  PLR @B!BF@ CY-11 M 0.7mSvh @EHf&%# 
R& 0.5mSvh BW32tFJ%h&m&@WtFJE4&E%%W KJ#J$!l%4kN@H 
BWmMBES* * fi#R PLR B%flBZf9l4& 

(5)& CD S!k%$%%S 3 ?&k%#flE&%#(3 Stage Resin Collector) 

E k t f i H ~ % ~ ~ % I % l ? ? ~ ~ %  %&+ N~+%BRB. 3% 1990 $ RFO-10 BUS 3 

Stage Resin Collector 4!€%BE@FqBdB;I;%%M&BGHflE @%M Na+ < 
lppb * mM7k PH 7.2-7.5 B3 7.0 - 

3.4 %&El@ 16 (1997 $)!Ti+ 
j.!; 

(1) SCC BB - 
b% 1974 $%Zd BWR W@%B%iga%E(304SS)%% Stress corrosion cracking(SCC) 

H?t? ~i?l%f@% BWR @!~L\Fl$@II8U core shroud %@I@@%% SCC Nltt; Tokai-2 

M&@B&% fia?!D SHT . IHSI . WJP CAB3k SCC Bf$$3% in-core monitor housing 32 
% IGSCC f i  1999 % 73% 1997 %~%$$$E! HWC 

(2) SAP @tFJ SCC B% 

: $ G  C @ mIk& 2002 % RFO-19 M46 
HWC during startup@SHWC)$Ei% * %$!J7;MH% . i!$?2&$GEI$Jm@&@%@p 

f 8@%4@-% HW~&~3%%%%Phfi DSHwc.  



(3)Ggf BJSm9JI&@m7Jc CRUD #@ii 

%T'E4fr@ CD crud @RjrP%$U%R@@flZ%a4W7Jc ~ 0 4 =  2007 % CY-23 

EEHEW ARCS(advanced resin cleaning system)@ crud %R%$$J3@E%%!F€L Fw Fe 

< lppb 2009 %EWi<O.Sppb E%&%fJt!% CFD &%%g@%@?7rfc%7 

Outline of ARCS 

added on to resin 

i 
I 

Reference : Resin particle 
average size 750 ,~  m 

Spray Water - 

4. MWES 
JAPC Z i Z h ~ ~ ~ ~ ~ ~ %  Tokai-2 EF&$irn$@# 5% HEERRdHEJE 18 @lBz 

WE 8%iE@%7kft%%Jm@8% 

4.1 @W#%@E 
& 2010 % CY-25 online NMCA SCC b7% iiii.&diE@f%& 2010 %$irn 

%EW 5%@NW& HWC E%TEB NMCA &%@ FFiHE@7fC+BM7JcBW%&& 
$323 %U NMCA 22 HWC ZWL%EMl%;*t%B k%BG$irn~~#'&Wm7k%23@'ht!g;f 
FAC 2%%3 

4.2 CRUD ~UBHBJS2mlE 



B5k%BH NMCA Z&7ktP%R%EB%1k%Z2B%gR% E@a# crud iWRf!k 
%#%%L~Z&$E crud WBBmBE@Hfi!JB$mWB? FfiCAElf"lEB 2009 $@ RFO-24 

mmau#@zo)%BI$ - ti?%&sm%aB@&BlB&%# 

4.3 ECP 

7k1kg@@%flEE@Jk%E9247k+BS%MB@ 4B@+E@ * EBRB7kQ9 
B % ~ % ~ W # $ s . ~ @ @ & E & ~ ~  ECP @S8!j . @ i E W F % ~ ~ @ ~ % ~ U  PLR @l&%U 
lower plenum %$?$ RCP B@l%RE%!j SCC 

4.4 %$@&%53ZB%%S7k1k%&BBE 

~WEHZBf!k. GWH@RB - mHB!S$P@ZkH@ Bfi%;Ifc4k%@Bk 
%E&Y!l%?? ~REB%%SS%BB1k7k4k3 R?% %E!~EEWJSE#%U&~~E 

%2@ 

Tokai-2 %€I&%- - =ae4m&k * #  92: 

A. Tokai-2 %@&@- % I@#i%li7kR@=E Deep bed only !%%St @71< Fe ZR%% 
9.5ppb &$fiEl@!% @.E&a;@#mR Fe %%$W%&?!f @J7k Fe : 0.09ppb * %%@ 
-. =@%B#Em+B2-m ZE+#BfiETB qh'EEa$UT : 

(1). Tokai-2 $E2?#_t'%BB#R@mR@@BB 108 mlhr fi%-%&%120 m/hr &?I 

@hl]*%l 

( 2 ) . B 8 3 ~ - ~ ~ 3 5  780um @#IS . fi$S?3?,IfifiE$l6mesh(l l80um)E 40mesh(425um)@5l 

fifiZ@FlEA/J\ - 
(~).B&E&?~@~@H#!E % 5 E 6 @l%l#2E&% QB#@I:2!CW% @HWd 

BEi?J@i% crud &%K%$>90% m&?- - =@R?%%HTB&%s ' ~k@% 
!~H@F~~@B& 14 a -18  H%E@ a 

(4). HBiE@H@%@ ARCS E%i$@lS?&%?7& #6 400 XB!k-a , R7k&%<O.lppb 

Z%j3%Rl Tokai-2 @A&T$7 . ti?Qrtt&?I@ET;jl Tokai q?Zl &ZBM ARCS 

rnrn%Z+%@ %a 2010 BE%%@ * 

9 ARCS j?&Lk~@%$U@%@@IE~#!% d3~%$@%i@kB?i! 113 ?3$uf&@%% 

i%@! iiij@7.k%~'F@B~yd.L@&% I/3 %@##%$U CRUD !?!ui@g%%@i@ * 

B. Tokai-2 %@E?Ek%#T@j3$i, * R~%@l7.k@%~ k% CPD iW%%@i&A6 15ppb * 

Tk%47k@SB&QG 27ppb i&7% EPRI %J?&%@@ > 30ppb %%- . S@HuE.ff: CPD % 
B B j % S  ' Qltt3EBSBtlBB%HS&%li7kR6~&@% fli$%S& 40 E 60ppb + ti? 



2@%%I&fiR'fis2@2532-in %~kBSMftir]bt%BH Eiz6:~k 
@i2@i%7fc Ni/Fe .kt * @J7k Fe : O.OS)ppb ,9$3&%2 1/10 H RWCU %S%Ba;IfcBi%J 
2% * Elk Co &~%k&i%B@$ . ffii@-- - 1% RWCU B#k&,9@ 1.3%R 1.0% 

%Xk&rnF+U 

D. Tokai-2 Sk%B9& 131= 6.48E-7 uCi/ml @I& @EL@mJA%m%@%@# Wf%%f 

@@%%%% %W@S?ME Zlf&C&@7hfk@M%i%JRR . HH7k Fe : 0.09ppb 

BIE RFA crud EJkRlL\&BfE9 HkM%mHBm@B9iartW'Y a 



2. El$9%%BfiEl%M2BB(Hamaoka)~ 5 %BlSH 30 %~HB1BfR1#E&Bm : 

(Paper 5 : History of Measures Taken to Reduce Radiation Exposure at Hamaoka Nuclear Power 

Station) 

*XH *%!?f8!~%$%65% BWR f%$H@W%ZBfi4 B 3 7 - E 7 k 4 k 9 Z $ %  

E&D@BB9SZ3$ hY 1976 %-!E@(#l)E@CAR 3+EP2 ,@@3Z$%%65gB@ 

$H #5 % ABWR #1 $U#2 E3%@13i?+$2009 $ 1 f l  i%fH 2008 %B9AftbE@ %7R 
e E! *$tFjf28EZ@B9%ftbE$Hrn$2% @$HSfiZ%%@Il3B9$9@3A eRX!$@ 
k%@ %6#3 . #4 - #5 %ZgB@$Hfi@JHB@q 2008 %WrJ#fZ&#6 @Z2@:74 

D B 3 &  30 % , % ~ E % P E I L \ ~ Z B $ U $ ~ @ $ ~ H B ~ E B B & ( S C C )  7k4k93mZZ 
~z2%%%HfiU%7k4k9(HWC)jf:U~S&~ir%ifi~(N~C~) fiB7#J$!&AEFh92%8.fBl 

k k 6 ( 1 6 @ ( c o n d e n s a t e  demineralizers CD) 

f i  . %h@~%~&~ft@fl~R@#(powdered resin precoated type condensate filter 

demineralizers CFDs) (2)finEcP~@$~&iE~(hollow fiber filters HFF)$UBB&R@% 

(pleated filter) (3)fin@(DZO) @% B&Z@#%,@gfT@$HZ2g C A g s 2 @ & & 2 $ 3 A  

4k !E?S%HB& 

LQX 
1 

2 

3 

4 

%4$ 
1977 

1981 

1987 

1993 

z#a4&AEBgg27k4k%z25%8& 
lB Ji3 

%:@7k%$% 

3% 
&%?3 CD 

!?f#$fi~ CFD 

$g7k NiFe 

Lt2@%!l 

%H HFF % 

B E  

30 $%&!lB$$%B8~UT~%Y : 

SJ 

#l i%@EllM$g&% ~F&%7Jc$~$~7Jc~,%E~~@. fine passive 

film L ~ ~ ~ % ~ T , ~ ~ ~ $ ~ ~  

a#1-RFO-4 $U#2-RFO-3 fin% CFD RE3fi%k% crud @$47k Fe j$ 

15-20ppb R 3  2-4ppb 

%#% NiFeSO.5 Fe j B B G R  Ni W!@KHki%EQ9 NiFe ferrite 

%@HT@$3&7 KI CoGRfen i t e  c P t b T @ R & f i R 4 & e B B ! l E o  

1987 $#3 H CFD 50%%22$U@ condensate booster pump(CBP)gU 

S Fe $%77m@fj&%E%rJ NiFe=0.2 . $g% CY-17kq  Co-60 % 

> RFO-1 S @ E E ( P L R ) S B f l @ &  , %0.4mSvlh 

{El 1993 % #4 %E2 , iZ! RFO-1 W@EESl!l% 1.6 mSvlh Lt#3 

%&4!go 

H NiFe Ltfj&TE@EX h-RX!$H 

#4 $U#5 %H ~?Z?@$f&Hollow Fiber Filter)BlE# , T H  CFD Fw 

2 Fe k @ # l  09 2ppb , YI'R3 0.lppb filter @ 8 E!%E@-X 





B$$B%AfiWfiR Shimane -&%@IP;&&BI]BZ% 

9 

10 

(poster 217 : Approach of the Shimane Nuclear Power Station to reduce radiation exposure) 

Shimane -%%S NWC S%TW@@B%(PLR)BUB-E#%&@i&W O.5mSvh 

CY-20 @& HWC Z&S@@B%B!B-kR * RFO-22 %3 shroud E@lF%R$3&64k 
SRE: EEBW NWC HMWE@BW& RFO-23 - 

@@B%2 
4 
(iE?Vbk% 

ESBEH 
%fsF%@% 
Z@RE ? 

%71<cPET 
T&%!@E 
flu 

&%ft-E RFO-27 @ PLR E%SHMSB 1.4 rnSvh(B 3 @) SEQ%tJU&&B4& ECP 

%ikSR&%iG mPWa Co-60 ft!Itk%S 33UT;HF;fi 
200 

S # 4  Ei%&f RWCU( 0 CUW)@mB% %H%%%lk@E 
(Atmospheric Oxidation Process of Carbon Steel Piping)& 42S°C@% 

2hr HZl?%$ijkK%!?. hematite S4kR Rffifjlt Co-58 l% Co-60 % g o  

#5 WIJS@Hamq%%K&Et%B RWCU Bh3-k ' & RFO-3 

2 RWCU @ja$% 3mSvh b@#4-RFO-3 @J 8 mSvh %$3. 

1990 @1 Q~JcR%4kmB+%FMt9 BH3nl; : 
(l)E&%HlES&@ Naf%% 

( 2 ) Q W H l l F & j k  . zkCp TOC(po1ystyrene sulfonate)RW 

EESWM Na'B S O 2 ~ H @ m 7 J c q  fi?!Zk&H%SSmE 
& NazSO, am@@ 
/?3'1tt;%$G on-line IC(S/J\$E@Z 30min) LZR~43E@.!!!&7Jc7Jc53 @ 

?&! 5 B~W!lM%% &W%% WAN0 2 PI data 

0 
-05 -04 -03 -02 -01 0 01 02 

ECP (V M SHE1 

Fig1 Relationship between corrosion potential aud 
Co-60 deposition amount 
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RkE@#E RFO-27 %=R4k%K?E @H%&EtfiS Hitachi- HOP9Hydrazine. Oxalic 

acid and Potassium pemanganate)4k%D.E$ZB(3Efi% 2007 +%M7k4k!&$fWtU2 
paper 33(.225-230) W@??kffB@B Hi-F Coat (Hitachi Femte Coat Fe(HC00)z (iron formate) . 
HlOz and ~ z ~ 4 I k 9 % 7 % ) 8 E  srS~+t:%W%B%%W@%SE%R~mi~~MW 
magnetite %4M R?2a NWC BGITWiK3EWEflfiX IttEE%Sjl;U Co %BWEE@ & 

F + B S I ~ R ~ B ~ ~ R  ( R E R ~ E  co IRA) B I ~ ~ E ~ E  co m m w  K J H I ~ ~ ~ S ~ B  

$E CY-28 BB%$m#FjI:&@% 50 X * ;& NWC W T ; ( N W C  pre-oxidation)H@a 

Hi-F Coat film * RE$& NWC 2TttE HWC #7kP& Co @T@l#AS4k!%m' 

GE& RFO-28 & PLR BJB%% 0.5 mSv/h Btt RFO RDEEElE 113 ' %&DTH ' 
R ~ E ~ ~ ~ K ~ ~ W B E Y S ~ ~ E ~ L ~  m s - m m m m ~ n w m m z -  

Fig.2 PLRpipine dose rate 



(=I m -3@J*k 

1. EPRI X P\NR -?J!tBJ*k&iGl~M 

(Poster 30 : An EPRI Perspective and Overview of PWR Primary Chemstry Optimization) 

EPRI ?3Yk?XBR PWR -%Nkik%#ES I&ki6IZ%&@%E(A)RCS fin@ XlMI(B) 

W# RCS B% UPdEH#MfiU@J@$@#~EHfg3-Z@ 

(1)EPRI E@~.~~~$E@ZBU@BBJBM~&&~F~~ >%l[r$iE--%flJ 60OTT $%& PWSCC @@& 
p3.B HRZ 15 ~fiU@E~$B~SRH~S~&R;I;%rJBfi%~ IsX$f&fBLb;hU% 
EG AOA fi HWrJ%F%%mU@qfiEB#NWfiU&R& * &fiEl&Z@RH3Bl-B 
65#&EsE Hh$FHHE%EEfiEl3W& @zBE&z%Fan@ 

(2)@# RCS @@,H8$$600 ~&R@$$& PWSCC Crack Growth Rates(CGRs) : 

EPRI &B%E$-%flI&+W%&#E&$sA-$sA%ik%(Ni to Ni oxlde)&F%S$ 

&&&%&%& * E W S  ECP lfZR CGR %J!@E@%Z$GM * CGR %%& 

Ni to Ni oxlde @&SE(transitlon potenha1)ZB RCS B@?&@UBE%H 4-17 cckg 

T%@A& CGR 

R&S$%K& 35cckg @BijE!l80 cclkg ErJ;BBISE: 325"C@JlE%1YT@EWN EN82H 

Bfi PWSCC FJ@E 2 E 3 18 EBMfiU@a&@ CGR peak i&l!J'lmIr$ B&@&RB 
$$H alioys 82 Xl 182 ;hUf;B CGR RJB1& 16 B m% 600 &kmS Ek@i&ze% 
lug 3 p 

Figure 7 -Relative Crack Growth Rate as a 
Function of Hydrogen h on cent ration' 
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HE.fEfi PWR %%FQ@% 34 cctkg BlkP&Y& 35 c c k  E8BRBBW.E 
45 -50  -60  .70 * /a 80 cc/kg 2@%@%8ul;H * E+B%B27;%%frS1QB@%%B 
R%amB#mMBu BYE#%%rnBB 

7- 

[mas-.P .*lo m- mmml 

Figure 8 - Factor of Improvement in Alloy 824 82 
' 

Clack Growth Rates for Changes from 35 cc/kg 
~ y d r o ~ e n '  

Table 3 - EPRI Elevated Hydrogen Program 
Schedule 

I =  I Hydrogen-Zinc / 2007-2009 I 

Program 
FRP 

1.  Dependent on results of Safety Assessment 

Activity 
Autoclave Testing 
In Reactor Testing 

Start-End 
2008-201 1 
2010'-2014 



Izem (% AREVA Z3~k%E%Z%%) 

@ H B E  % %  , Irfj~kfiU@f% AOA 

' E?AiP;X%FfiU@ iHg%r;il AREVA /i;d~%ik%%% Bemhard Stellwag %%% 

3 ~@~~~*RTSBF7FEB7kikFZ@t8& ~J!J+TPL-F%%&~~%@~$$% : 

(1) @M FWR -?kflBB pH Z ~ ~ ~ @ " m c l @ ~  (8 paper 31) 

@$ElG$ Z Q ~ I @ ~ E E , @ ~ J ~ ~ ~ ~ ? W E + Z ~  I VGB Guidelines * $~%ff'lFfii%H%a EPRI 

+"8 IFR S+m'&%$+m% Z$$+QgE7k@?EE2K$4@2BR%IIG 0.2ppm<Li< 
\= z 2.0ppm . tt%kffl@ZEbg 3.5ppm LPRBxE& iS HktE$HBB(BOC)@Qq;688@ 

@ @ + ~ L J ~ ~ ~ ~ F ! I B ~ ~ I I  . RREB 1300-1400ppm ~27; ~ i ~ ~ ~ a i i ~ ~ ~ ~ ~ r l ~ ~ r n r l  
mj;t;@ja@E7k pH i&3Liij33 g++TZl@E@i%H&%ga@(enrichd boric acid . 
EBA) . g  B-10 %g% 30%, H l L t q k @ % i &  BOC @ l ~ $ ~ ~ @ ~ ~ ~  700-900ppm 

@I EBA . E p F l >  O@ BOC $9 PH {@h~CAj$%&-fl~ 6.9 $?&E 7.0 I% 7.1 %$$%?&8%u 

#lPi&G%f@B BF7F%,%$BM@B83UT% 



%%r;il Stellwag %9%% 

"C (TreD%B@Ei+ ~~~F%H-%~~UB~JC~T@BE(T~V~)~~R~+ X@%83 
1 -Z&@XIXFR?mSb9 T f 5 Z @ H @ A t t M i  300°C * 8 ~ r J ~ H %  
#H$IXbL@ ; =B@XF%Wm 300°CW&& 3UBH 3OO0C W&&W!%i+ RUT 
@!%-XIFlO@rf:1E%1C%tSP% PH IEkE Tavg @I PH IE 33ZlSPUT : 

Cold Leg ?%%a Hot Leg =. (292°C) 3 0 0 " C O  31O'CCTavg) (327°C) 
i 
: LXB~RE-~NJWTQ~HBZ 3 0 9 . 5 ~ ~ ~  . m j ~ ~  EPRI $ 8 ~  I C P ~  310 g r n t ~ ~  

~%~~ ' B!l-%@J@~JCCPW&%EME%PWf #! PH @@TR %3ULM$H;iP: 
300"C&C&%BS5FE&09 PH fI3 35% 3 l O 0 C E . $ l t  PH @ 

B?!UTk%%Ei~ 300°C t S R  84BH Tavg XIBE%!IH~&?U 

b 
3. PWR --&#l!Im (3 paper 31 . poster 21) . 

n 
$E%X%$8~@2@$3!i PWR S@hU@(DZA depleted zinc acetate)%SHJf 

#W&WAR -j3U@%2% 31 nr Survey of Zinc'Injection Experience at Siemens PWRs : 

Differences and Common Characteristics~ ZEkI AREVA fi4WR{k%Z$Z Bemhard 

Stellwag %%%2$? $I%$E%m 21 %'Application of Zinc Injection to Reduce Radiation 

Sources at Takahama unit 4 J 

4% 1994 $%El Farley SR%%-@W@hU@W%@N% E95?!8BERB3 
60 43%%%(23% of all PWRs)ilt!@ $@&%%$k'$i% * LX I3 &Ug+ Takahama(i%%)-4 

B$BfiU@ 5ppb @%-~BSgjkBt4~#H1+B@BHBf RPG-%E-55%i%frPW 

2 1 



fi&&?!IlB9fiP¶f $iIGbB~B&5%H 5ppb %Pi? ia &ha@$?% 7-10 %$2?4Bl+B 
2 %  50% Siemens %@$m Co-60 %f%i%%& RCS 

s i i k ~ m ~  twi~ zn a i ~  antqPi?E CO-60 ~ 9 ~ z s g  s w m r n ~ ~ ~ e r g  
mZ@%fiE@G%-X@flEPM4ah~@ RU6fi?4E@$E%B!lS @% 6 ZA4%@$E&f 

!$!lS&?%6~~@%#@09 114 BhU%%,@i%%i'%!Z!KTBEi%%%% 

k&E* H *$nEHasPA@4$B!l3tm4&% i3tE , fi3FEE%?BERF5k-a!lu 
PWSCC 

.- 

4. PWR -&@J#&k1kS (E AREVA 2%%%!k%&%%%) 

%%%%?d6M-3@u!$#%7k!k% i&@S%h EPRI 7kik9fES 1 2007 %K+%E 
@l$BB%S-@B3B@5kZ * R*gKi!i$g@%%2? 12 3 16 IJ\B$~QST'E@BS'~ 4H 

S%fiJ%m EPRI $S'G l+R~$+B&O9&%4E@% Stellwag %CkZSf? , @&S-&EH8@ 

B t?JZ%@ 3Ni~Fe3-x04+ 4H2 + 3Ni + (3-x)Fe304+ 4H20 B9EERE5@89iEfi#B$ . lHl& 

@$fim@f%%%% 300°C @7k?%@2T ~E~k~EL?ZSfiEl73%~4&. &ktfZET 
B m- k&EEB3F%#@lgO9 4HS%%%Bd , ~ ~ ~ + % B ? E F ~ $ ~ E ~ , $ ~ M R B E ? E  LX&% 

E@r%BE%@@Bs'lR@ij'&l+@fl$B~¶ ? B!I Stellwag ~ + f i M # @ % E E  - 
I l24JktHFE 7 &7&B9{fpkZ3y%l G+%@fi&%@[*3RFg$2BQ 

@@ j R ? g H  EDF fiEF2l~@@l$~R$,~ 

5. El *%@€$& To~~~~-~PWR)~&-~IU~%WBWU#BB 
(Paper32 : Zinc injection during hot functional test in Tomari unit 3) 

~&@%5 BWR $? PWR BU@(DZA)~~%%%@Z$$$EB 5 % 3 2 9 S H &  

@hUO9EBB!lE$UAESBB!l3 - B $-%%@ Tomari-3(PWR)BBE 2009 % 12 H Ej 
$8 , E!&Sg@B@%-.WH m % ~ R F @ J ~ ( H o t  Functional test . HFT)B@B%fiU@ , H 

%~@?%~G&(CO)~*?%E%%~~E~B~FBEPH@~T , %%EB- ZnCr204 G& 
?EEZr@@m@S4kR Eg4%WA% * Sf$UTEIlk@ 

B Tomari-3 %3E@ZiE@+%fia 5ppb B9@%%% !E%T@Z $%!%%3@R@ 
&j.f"fl" " 

H Em&%%@ 



111. C.2 Injection from HFT. 

Injection from 
Commercial operat ion 

Oxide layer 

Injection from t e s t  run 

Fig.3.3 Mechuistn in case of Injection from HFT 

W-mCABWR) B3ariST : 

%M%F'3ZF&&ESt~% RWCU ?&%R&@i%q 14 K & F i m W 6 4 3 R  
@(nV)2fi&B%@~~fiiZ&B&&HikBB(Alkdine prefilmng) i%%%TKlT% 
%@fBArnS!J i ~ 3 s $ a A % E m R * % ~ H * ~ 3 E & E @ @ 2 %  73% 

I Tomari-3(PWR) I %P'il@(ABWR).Z RWCU %jk ( 
hU#%im@ BE3 

&Z@@%%i% HFT FN(@@& HFT 2%) 
%ha% DZA E&B%JFd 3-7ppb $% 

EW&R@ S P P ~  

R$%2$$7.k T=300"C fsE 180-220°C . pH : 8.0-8.5 , 

DH2 : 30cckg . Li : O.5ppm @%: 400-800 ppb 

lF%@Fd $9 1.5 H $9 1GiJ /J\@ 



1. PWR ZR@MB%1kS%MW : 

(Paper 7 : F model SG Sludge Removal of TSP Quatrefoil Blockage) 

Bi&Th@g@E 93% @f$r[Eas SG kH%?%&m ( TSP Tube Support Plate 2P4 

Sf$ ( Quatrefoil ) $%TLE@%%B 

$3 ASCA ~k%%@&l?%Zggf8 Yt %-X% 17 X A j F f 7 k l f i f  6 7 % E E  61.5% Ilij 

#? Eddy Current Test %$ TSP D%R$$%R'lBR$&iE! 40%-60%@9%g , €ElIkki%-;%?? 

% 18 &A@S%f? ASCA B& , 2 f % 7 k l f ~ S 2 2 S F $ E  60.3% 

@%%%I 
~ ~ % ~ % #  

7kf5 H $% 
I 

2. PWR =R@J FAC RE$&$% : 

El* JAPC S1;1fiq Tsuruga-2 FAC 27kdk%Zg%EB (Paper 16 : Effect of Water 

Chemistry Improvement on Flow Accelerated Corrosion in Lght-Water Nuclear Reactor) 

Tsuruga-2 S , @ ~ T Z k B 1 3 ! ~ r J @ M  FAC j@3kBdjE%$E% SG !%%@I& f$2005 

+2@#3P9 Low-AVT Chemstry Fw pH 9.3(1&+%B1k@) Zl?@% High-AVT Chemistry 

Fw PH 9.8i0.2 @ Si SG ~@@9S@$&kt%&@&!%$1/4 SG %?$%&%~%%'r% 

%?E@RE 
%%@a@# 
7k!GZ$% 

+ ~ z t =  rn es. 

EDTA 1.5%+1.5%($3@&) 

?&E 80°C +24 /I\€% 
%-a 62%%B%?%E@$??j 

%I& 52%$+% TSP 7 

EDTA : 1.8%+ 1.35%(#@&) 

?&E 80°C + 32 /I\€% 
%-a 65%4B%@% 

%I2 49.5%W& TSP 7 

About 450kg / every SG 

% 65.5+F!J 66.8kgIcm2 

f$67%+61.5%+60.3% 

3 3 SG / 2outage(PBS)  

%33 42%&W TSP 6 

About Y00kg / every SG 

$$ 67.8 +$!I 68.7kgIcm2 

$$@ 69%+++ ,Ki 62% 

1 3 SG / loutage(* B % )  



a*%f!% BWR fid7k@#E&B't:k'1EERBdPJ%93fl%%@%II'@iE~h~~ 

$fhZiE% PWR %%I FAC FJTS;B AVT Bl&@%S(2ppb)@%&tiS%B&U * HlLtBY: PWR 
- - -&flu@ Oxygenated water chemistry(OWC)R~&rJ FAC B%I%@MS Tsuruga-2 @,@ 

@@FufBE@R% Efia 2005 W&WH@BU NH3 E 4ppm %Bi% PH E 9.8 EBA 
SG ~ElB%E%$?8F$E 114 %@%$%%@ Crevive E % ~ T % @ F ~ $ 2 ~ % $  @ 

f3 SG ES8S IGNSCC i33fl%@ 

@ JAPC BET Tsuruga-2@WR)$L! Tokai-2(BWR)@mm@@%(T%)%%%kt%Eil 

L2%31> 8 PWR @El FAC %Ek$Ba7WiAR BWR @ H;ff:BB(200°C &$)%?%!I S 
@B%& S2UTM 5 

Table 1 Flow dynamics and water cheruist~~ in condensate 
water and feedwater line, in Tsuruga-2 (PWR) and 
T&-2 (BWR) 

svstsm Temp(%) 
Figure 5 Wall thimhg rate of CS piping observed in PWR 

and BN'R 
. . 



RP@BB Bgh-AVT ~ ~ ! I % % ~ A S B & Z S E $ % E &  FAC g@Bflk%e Kl$E@g 

~ ~ l & B E @  mass transfer coefficient(MTC) Fe %F$&&%$E%~kl%$k 
;f;@~~&f&%l~(saturated layer) 34UT 4-b l@'%%l 

I 4-a. Low MTC region (AVT) I 4-b. High MTC region (AVT) I I Is. High MTC =@on (OWC) I 

Figure 4 Estimated FAC model of CS under various MTC 

film(Fe304) f!&B%@,lk%%!%T&%&%~ Hematite film @ez03)$&fM %%ll: 4-c 

#J%@&@%%fcU7% f%$$!U%%i% 0-0.3ppb R? ECP ,@@,Z$E-0.5V 

@8U%g 0.5ppb @ 5: ECP v g%%f@fi~Frl2ppb @ WIJ ECP @z&-O.lV 9 FAC 

rate BI&&BB*~ ,?$%?I? 2ppb @ FAC rate @%q--W * Zf& FAC rate WIJ4%%@B 
?E - @%k%?F83?Z? 2ppb &%%i%EJ@%lkR&%@f$ Fe30429@i% Fe203 

1 I I l l 1 1 1 ,  1 , 1 1 1 , , 1 ,  1 I 1 1 1 1 1 1 1  I I 1 1 1 1 1 1  

0 ECP (Loop Test) 

H ECP (Dernmrhnhon Test at T m r q - 2  ) 

0 0.1 1 10 100 
DO (ppb) 

Figue 7 Behav~ors of ECP and FAC rate as a function 
of DO concentmt~on 



@r1%3S@BS~j4:AWki3G1&R~7JCBa%#Z&@ Deaerator mT?E $!lTEB 
$I&B@E%Z#8Ellma% ~ $ i & A S H ~ ~ ~ ; I f c f i a R # ~ a E  Sppb %BE2 $3 
5!8%2&!I2ppb RZ!@% FAC 

Figure 9 Schematic d i a p n  of the facilities for oxygen 
injection examination 

I 
t 

&%+ 

l.?E%H High-AVT ikq& mass transfer coefficient(MTC)&Pf&Rm@ FAC %F 

%p4Ea lP BB MTC 0.7mm/s @RIJ%& 

2.$& MTC RP8RBaH Magnetite film 63 Fe %F-#k!k!$ . E@E%@BH93L 

3 . B B  FAC @l&@mS$BE@ BB;$Blk$~fl~BRBa-B 

4.gAVT 2 7 ; @ @ % i E  2ppb IRfl%Pi%fl FAC ril@? ECP @i%3i-O.lV 

5 . S  Tsuruga-2 PWR E%iHIJ OWC L%&&@@H%%B%Bs&j%HEi%fl FAC HI!k)5f 

@7k%R$Udq7Jc%%%9EUSmRS mW&G~~&~%WIJGIB#tE%fiaHZBBS 
%8:% SG 

mX& 2010 Tsuruga-2 %%@@H 2010 %%#BHSW&k%% ~%t!Z@$!$ 
l?S%%q& Kgh-AVT 27; % i k ~ $ ~ ~ ~ ~ ~ ~ @ ( C u ) i $ ~ ~ @ m % % 8 i & ~ &  

(PI) WrnBrft!rn : 
1. E l * ~ % ~ B & ~ S R ~  J2W-B- 

(paper 28 : small scale decontamination test of waste using Formic acid) 

&B$HEF$E%%@Z3& @ @ i & m w E R m E % @ + B E B B s m  %Krfi@ 







(-) , $2E! * JAPC ZAG7 Tokai-2 Z E % T Z 9 S & E 7 k R @ # P d F @ h g B (  c r u d ) @ R B S  

%U%T@E@BHg%#~1&&7k ~ 0 4 ~  , fiB 2007 FEf$H%&B?5@HH2&&%R 
(ARCS advanced resin cleaning system)@ 6 q 7 k B E T g < 0 . 5 p p b  ,2009 F$$$S% 0.09ppb 

E%EJa~W&7k&jE%Pi(cm)&7Jc@T , ARCS ~-biij@%@BZ@ CFD gU%AI@?d 

@$HE@@A BK%~%IE@~?J~~@?@J%%J&@ 1.5ppb , D.tkE&%%H ARCS % 

(1) , H* BWR !&%(?% Tokai-2 E@Zf&%%%@ Shimane)WE%pg$P?$%%%%gF%iBq8 

%- * I@B% , *%*%rnR%E% BB$HE@PBg2&$Hj%Ffis9mEEA 

(3% * Shimane EEgE HWC f%B@EE@BUEla@ 3 1s . Bltt%M$fiEl Hitachi- HOP 

ikG9REE47 BE%B#TY Hi-F Coat 42% ~Gik~E&q3@BWE@SH%&Bm 
a & m & i k ~  ik%%BU&q%i@ikfi@LxiE*~%%N lttY&%%&4F@HS9 * Fi 

(m) - zq% BWR %U PWR 7kik9%@%Ugfi?$BZG9gE+%B?2 , PWR l%@!l%TZ9Sh% 

% ~ ~ D % E ~ @ A C ) B D ~ B ~ ~ ~  BWR i$Sgli JAPC ZAG7 Tsuruga-2 Z E $ S % W ? R  

& 7 %  2 f FAC 
- B ,  %3E&6q7k@S% 0.1-0.5ppb B ~IJ~LAB~E~.#$R@%~:%B$%~~~A~%~~~DE 

iggGi&Ba7E 7 @ ~ * G q ~ - $ @ ~ ~ g g ~ z g ~ @ g & ~ $  - 
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