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Disclaimer 

qÜÉ=áåÑçêã~íáçå=éêÉëÉåíÉÇ=áå=íÜáë=êÉéçêí=Ü~ë=ÄÉÉå=ÅçãéáäÉÇ=~åÇ=~å~äóëÉÇ=Äó=

^Çî~åÅÉÇ=kìÅäÉ~ê=qÉÅÜåçäçÖó=fåíÉêå~íáçå~ä=bìêçéÉ=^_=EANT=fåíÉêå~íáçå~ä∆F=

~åÇ=áíë=ëìÄÅçåíê~ÅíçêëK=ANT=fåíÉêå~íáçå~ä=Ü~ë=ÉñÉêÅáëÉÇ=ÇìÉ=ÇáäáÖÉåÅÉ=áå=íÜáë=ïçêâI=

Äìí=ÇçÉë=åçí=ï~êê~åí=íÜÉ=~ÅÅìê~Åó=çê=ÅçãéäÉíÉåÉëë=çÑ=íÜÉ=áåÑçêã~íáçåK=

ANT=fåíÉêå~íáçå~ä=ÇçÉë=åçí=~ëëìãÉ=~åó=êÉëéçåëáÄáäáíó=Ñçê=~åó=ÅçåëÉèìÉåÅÉë=

~ë=~=êÉëìäí=çÑ=íÜÉ=ìëÉ=çÑ=íÜÉ=áåÑçêã~íáçå=Ñçê=~åó=é~êíóI=ÉñÅÉéí=~=ï~êê~åíó=

Ñçê=êÉ~ëçå~ÄäÉ=íÉÅÜåáÅ~ä=ëâáääI=ïÜáÅÜ=áë=äáãáíÉÇ=íç=íÜÉ=~ãçìåí=é~áÇ=Ñçê=íÜáë=

~ëëáÖåãÉåí=Äó=É~ÅÜ=LCC éêçÖê~ããÉ=ãÉãÄÉêK=
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Acronyms and explanations 

RJ^m= RJ^ãáåçéÉåí~åçä=

^b`i= ^íçãáÅ=båÉêÖó=çÑ=`~å~Ç~=

^âfd`= E^äâ~äáåÉF=fåíÉêÖê~åìä~ê=`çêêçëáçå=

^âp``= ^äâ~äáåÉ=Eçê=Å~ìëíáÅF=SCC=
^i^o^= ^ë=içï=^ë=oÉ~ëçå~Ääó=^ÅÜáÉî~ÄäÉ=

^j= ^åáçå=jÉãÄê~åÉ=

^kq= ^Çî~åÅÉÇ=kìÅäÉ~ê=qÉÅÜåçäçÖó=

^l^= ^ñá~ä=lÑÑëÉí=^åçã~äó=

^o= ^ååì~ä=oÉéçêí=

^pp``= SCC=áå=~äìãáåçÓëáäáÅ~íÉ=ëìêÑ~ÅÉ=ÅÜÉãáëíêó=

^pqj= ^ãÉêáÅ~å=pçÅáÉíó=Ñçê=qÉëíáåÖ=~åÇ=j~íÉêá~äë=

^qbj= ^å~äóíáÅ~ä=qê~åëãáëëáçå=bäÉÅíêçå=jáÅêçëÅçéÉ=

^sq= ^ää=sçä~íáäÉ=qêÉ~íãÉåí=

_Ct= _~ÄÅçÅâ=C=táäÅçñ=

_^q= _çêáÅ=^ÅáÇ=qêÉ~íãÉåí=

_aa= _çêçå=açéÉÇ=aá~ãçåÇ=

_jf= _çííçã=jçìåíÉÇ=fåëíêìãÉåí~íáçå=

_lm= _~ä~åÅÉ=çÑ=mä~åí=

_o^`= BWR=o~Çá~íáçå=^ëëÉëëãÉåí=~åÇ=`çåíêçä=

_to= _çáäáåÖ=t~íÉê=oÉ~Åíçê=

`^kar= `~å~Çá~å=aÉìíÉêáìã=rê~åáìã=

`b= `çãÄìëíáçå=båÖáåÉÉêáåÖ=

`do= `ê~Åâ=dêçïíÜ=o~íÉ=

`fmp= `êìÇ=fåÇìÅÉÇ=mçïÉê=pÜáÑíë=

`äp``= `ÜäçêáÇÉ=píêÉëë=`çêêçëáçå=`ê~ÅâáåÖ=

`j= `~íáçå=jÉãÄê~åÉ=

`la= `ÜÉãáÅ~ä=lñóÖÉå=aÉã~åÇ=

`ld= CANDU=lïåÉêë=dêçìé=

`mp= `çåÇÉåë~íÉ=mçäáëÜáåÖ=póëíÉã=

`oaj= `çåíêçä=oçÇ=aêáîÉ=jÉÅÜ~åáëã=

`ora= `Ü~äâ=oáîÉê=råáÇÉåíáÑáÉÇ=aÉéçëáíë=

`pq= `çåÇÉåë~íÉ=píçê~ÖÉ=q~åâ=

`q= `çãé~Åí=qÉåëáçå=

`ìp``= `çééÉê=^ÅáÇáÅ=SCC=
ae= aáëëçäîÉÇ=eóÇêçÖÉå=

aj^= aáãÉíÜóä~ãáåÉ==

atpq= aÉãáåÉê~äáëÉÇ=t~íÉê=píçê~ÖÉ=q~åâ=

awl= aÉéäÉíÉÇ=wáåÅ=lñáÇÉ=

b^`= båîáêçåãÉåí~ääó=^ëëáëíÉÇ=`ê~ÅâáåÖ=

b_^= båêáÅÜÉÇ=_çêáÅ=^ÅáÇ=

b`= bêçëáçå=`çêêçëáçå=

b`m= bäÉÅíêç=`ÜÉãáÅ~ä=mçíÉåíá~ä=

ba= bäÉÅíêçÇá~äóëáë=

ba_j= bäÉÅíêçÇá~äóëáë=ïáíÜ=_áéçä~ê=jÉãÄê~åÉë=

baf= bäÉÅíêçJaÉáçåáò~íáçå=

baq^= bíÜóäÉåÉ=aá~ãáåÉ=qÉíê~=^ÅáÇáÅ=^ÅáÇ=

bcmv= bèìáî~äÉåí=cìää=mçïÉê=vÉ~êë=

bjc= bäÉÅíêç=j~ÖåÉíáÅ=cáäíÉê=

bl`= båÇ=lÑ=`óÅäÉ=

bmof= bäÉÅíêáÅ=mçïÉê=oÉëÉ~êÅÜ=fåëíáíìíÉ=

bq^= bíÜ~åçä~ãáåÉ=

c^`= cäçï=^ÅÅÉäÉê~íÉÇ=`çêêçëáçå=

c^a= c~áäìêÉ=^ëëÉëëãÉåí=aá~Öê~ã=
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cab= cìää=aÉéíÜ=bñéäçëáîÉ=

cae= cìää=aÉéíÜ=eóÇê~ìäáÅ=

cao= cìää=aÉéíÜ=oçää=

clf= c~Åíçê=çÑ=fãéêçîÉãÉåí=

coba= cìÉä=oÉäá~Äáäáíó=a~í~=_~ëÉ=

com= cìÉä=oÉäá~Äáäáíó=mêçÖê~ã=

ct= cÉÉÇï~íÉê=

d`= dÉåÉê~ä=`çêêçëáçå=

db= dÉåÉê~ä=bäÉÅíêáÅ=

e^sq= eáÖÜ=^ää=sçä~íáäÉ=qêÉ~íãÉåí==

ee`= eóÇêçÖÉå=~åÇ=eóÇê~òáåÉ=`ÜÉãáëíêó=

em= eáÖÜ=mêÉëëìêÉ=

emr= eóÇêçÖÉå=éáÅâìé=

emrc= eóÇêçÖÉå=máÅâré=cê~Åíáçå=

emp``= eáÖÜ=mçíÉåíá~ä=p``=

et`= eóÇêçÖÉå=t~íÉê=`ÜÉãáëíêó=

fd^= fåíÉêÖê~åìä~ê=^íí~Åâ=

fd`= fåíÉêÖê~åìä~ê=`çêêçëáçå==

fdp``= fåíÉêÖê~åìä~ê=píêÉëë=`çêêçëáçå=`ê~ÅâáåÖ=

fkml= fåëíáíìíÉ=çÑ=kìÅäÉ~ê=mçïÉê=léÉê~íáçåë=

g^m`= g~é~å=^íçãáÅ=mçïÉê=`çãé~åó=

gkbp= g~é~å=kìÅäÉ~ê=båÉêÖó=p~ÑÉíó=lêÖ~åáò~íáçå=

hhm= hÉêåhê~ÑíïÉêâ=mÜáäáééëÄìêÖ=

hhj= hÉêåhê~ÑíïÉêâ=jΩÜäÉÄÉêÖ=

ho= háëë=oçää=

htr= hê~ÑítÉêâråáçå=

i``= ito=`ççä~åí=`ÜÉãáëíêó=

il`^= içëë=çÑ=`ççä~åí=^ÅÅáÇÉåí=

im= içï=mêÉëëìêÉ=

imp``= içï=mçíÉåíá~ä=SCC=
iJpfm= i~ëÉê=píêÉëë=fãéêçîÉãÉåí=mêçÅÉëë=

ito= iáÖÜí=t~íÉê=oÉ~Åíçê=

j^= jáää=^ååÉ~äÉÇ=

jef= jáíëìÄáëÜá=eÉ~îó=fåÇìëíêáÉë=

jlu= jáñÉÇ=lñáÇÉ=

jm^= jÉíÜçñóéêçéóä~ãáåÉ=

jo`= jçä~ê=o~íáç=`çåíêçä=

jpio= ã~áå=ëíÉ~ã=äáåÉ=ê~Çá~íáçå=

kab= kçå=aÉëíêìÅíáîÉ=bñ~ãáå~íáçå=

kd= kìÅäÉ~ê=dê~ÇÉ=

kj`= kçÄäÉ=jÉí~ä=`ÜÉãáëíêó=

kj`^= kçÄäÉ=jÉí~ä=`ÜÉãáÅ~ä=^ÇÇáíáçå=

kmm= kìÅäÉ~ê=mçïÉê=mä~åí=

kppp= kìÅäÉ~ê=píÉ~ã=pìééäó=póëíÉã=

kt`= kçêã~ä=t~íÉê=`ÜÉãáëíêó=

la= lìíÉê=aá~ãÉíÉê=

lbj= lêáÖáå~ä=bèìáéãÉåí=j~åìÑ~ÅíìêÉê=

lik`= lå=iáåÉ=kçÄÉä`ÜÉã=

lêp``= lêÖ~åáÅ=SCC=
lqpd= låÅÉ=qÜêçìÖÜ=píÉ~ã=dÉåÉê~íçê=

m^^= mçäó~ÅêóäáÅ=^ÅáÇ=

mÄp``= iÉ~Ç=fåÇìÅÉÇ=píêÉëë=`çêêçëáçå=`ê~ÅâáåÖ=

mao= m~êí=aÉéíÜ=oçää=

mto= mêÉëëìêáòÉÇ=t~íÉê=oÉ~Åíçê=

mtp``= mêáã~êó=t~íÉê=píêÉëë=`çêêçëáçå=`ê~ÅâáåÖ=

o`m= oÉ~Åíçê=`ççä~åí=mìãéë=
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o`p= oÉ~Åíçê=`ççä~åí=póëíÉã=

oc^= oçÄìëí=cìÉä=^ëëÉãÄäó=

ocl= oÉÑìÉääáåÖ=lìí~ÖÉ=

ocn= oÉèìÉëí=çÑ=nìçí~íáçå=

opd= oÉJÅáêÅìä~íáåÖ=píÉ~ã=dÉåÉê~íçê=

or_= oÉîÉêëÉÇ=rJ_ÉåÇ=

ot`r= oÉ~Åíçê=t~íÉê=`äÉ~åJré=

p``= píêÉëë=`çêêçëáçå=`ê~ÅâáåÖ=

pd= píÉ~ã=dÉåÉê~íçê=

pdld= píÉ~ã=dÉåÉê~íçê=lïåÉêë=dêçìé=

peb= pí~åÇ~êÇ=eóÇêçÖÉå=bäÉÅíêçÇÉ=

pkl`= pçìíÜÉêå=kìÅäÉ~ê=léÉê~íáåÖ=`çK=

pp= pí~áåäÉëë=píÉÉä=

ppoq= päçï=píê~áå=o~íÉ=qÉëí=

pqm= pçìíÜ=qÉñ~ë=mêçàÉÅí=

póJp``= oÉÇìÅÉÇ=pìäÑìê=SCC=
qbm`l= qçâóç=bäÉÅíêáÅ=mçïÉê=`çãé~åó=

qhp= `çåÇÉåë~íÉ=^åçÇÉ=`~íÜçÇÉ=

qjf= qÜêÉÉ=jáäÉ=fëä~åÇ=

q
m
= mêáã~êó=páÇÉ=qÉãéÉê~íìêÉ=

qo= qÉÅÜåáÅ~ä=oÉèìáêÉãÉåíë=

q
p
= pÉÅçåÇ~êó=páÇÉ=qÉãéÉê~íìêÉ=

qpm= qìÄÉ=pìééçêí=mä~íÉ=

qq= qÜÉêã~ääó=qêÉ~íÉÇ=

qqp= qçé=çÑ=qìÄÉ=pÜÉÉí=

qur= qÉñ~ë=ríáäáíáÉë=bäÉÅíêáÅ=`çK=

rc`= räíê~ëçåáÅ=cìÉä=`äÉ~åáåÖ=

rpko`= rp=kìÅäÉ~ê=oÉÖìä~íçêó=`çããáëëáçå=

rpm= räíê~ëçåáÅ=pÜçí=mÉÉåáåÖ=

sbdm= sçÖíäÉ=bäÉÅíêáÅ=dÉåÉê~íáåÖ=mä~åí=

s`q= sçäìãÉ=`çåíêçä=q~åâ=

sek= sáÅâÉêë=e~êÇåÉëë=kìãÄÉê=

ssbo= sçÇ~=sçÇ~=båÉêÖç=oÉ~Åíçê=Eoìëëá~å=íóéÉ=PWRF=
tgm= t~íÉê=gÉí=mÉÉåáåÖ=

wfo^q= wáêÅçåáìã=^ääçó=qÉÅÜåçäçÖó=

wqc= wÉêç=qçäÉê~åÅÉ=Ñçê=c~áäìêÉ=
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Unit conversion 

 TEMPERATURE    DISTANCE  
 °C + 273.15 = K     
 °C*1.8 +32 = °F  x (µm) x (mils)  
    0.6 0.02  

T(K) T(°C) T(°F)  1 0.04  
273 0 32  5 0.20  
289 16 61  10 0.39  
298 25 77  20 0.79  
373 100 212  25 0.98  
473 200 392  25.4 1.00  
573 300 572  100 3.94  
633 360 680     
673 400 752     
773 500 932     
783 510 950     
793 520 968     
823 550 1022  PRESSURE  
833 560 1040  bar MPa psi 
873 600 1112  1 0.1 14 
878 605 1121  10 1 142 
893 620 1148  70 7 995 
923 650 1202  70.4 7.04 1000 
973 700 1292  100 10 1421 

1023 750 1382  130 13 1847 
1053 780 1436  155 15.5 2203 
1073 800 1472  704 70.4 10000 
1136 863 1585  1000 100 14211 
1143 870 1598     
1173 900 1652     
1273 1000 1832     
1343 1070 1958     
1478 1204 2200     
    STRESS INTENSITY FACTOR 

MASS    MPa√m ksi√inch   
kg lbs    0.91 1   

0.454 1    1 1.10  
1 2.20      

 
Radioactivity 
1 Sv 
1 Ci 
1 Bq 

= 100 Rem 
= 3.7 x 1010 Bq = 37 GBq 
= 1 s-1 

 
=
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2 Secondary side steam generator tube problems (Rolf Riess) 2-1 
OKN fåíêçÇìÅíáçå= OJN 
OKNKN _~ÅâÖêçìåÇ= OJN 
OKNKO pd=ÇÉëáÖå=ÑÉ~íìêÉë= OJP 
OKNKP píÉ~ã=ÖÉåÉê~íçê=íìÄáåÖ=ã~íÉêá~äë= OJV 
OKO qÉãéÉê~íìêÉë=~åÇ=ÅçåÅÉåíê~íáçåë= OJNS 
OKP PWR=ëÉÅçåÇ~êó=ëáÇÉ=ÅÜÉãáëíêó= OJNT 
OKPKN mä~åí=ÅçåÅÉéíë= OJNT 
OKPKO léíáãáò~íáçåë= OJNV 
OKPKOKN ée=çéíáãáò~íáçå= OJOM 
OKPKOKO lñóÖÉå=Åçåíêçä= OJON 
OKPKOKP `çêêçëáçå=éêçÇìÅí=Åçåíêçä= OJOO 
OKPKOKQ fãéìêáíó=Åçåíêçä= OJOR 
OKPKOKR `ÜÉãáëíêó=ëìéÉêîáëáåÖ=çÑ=íÜÉ=ÅçåÅÉéí= OJOS 
OKPKP péÉÅáÑáÅ=Åçåíêçä=ãçÇÉë= OJOU 
OKPKPKN jçä~ê=ê~íáç=Åçåíêçä=(MRC)= OJOU 
OKPKPKO eáÇÉçìí=êÉíìêå=éêçÅÉëë= OJOU 
OKPKPKP eóÇê~òáåÉ=ÅÜÉãáëíêó= OJOU 
OKPKQ `çêêçëáçå=áåÜáÄáíçêë= OJOU 
OKPKQKN mÜçëéÜ~íÉ=íêÉ~íãÉåí= OJOU 
OKPKQKO _çêáÅ=~ÅáÇ=íêÉ~íãÉåí= OJPM 
OKPKQKP líÜÉê=áåÜáÄáíçêë= OJPN 
OKPKR píÉ~ã=ÖÉåÉê~íçê=ÅäÉ~åäáåÉëë= OJPN 
OKPKRKN iÉ~Ç= OJPO 
OKPKRKO `çééÉê= OJPO 
OKPKRKP päìÇÖÉ=ä~åÅáåÖ= OJPO 
OKPKRKQ `ÜÉãáÅ~ä=ÅäÉ~åáåÖ= OJPO 
OKPKRKR ^ééäáÅ~íáçå=çÑ=ÇáëéÉêë~åíë= OJPP 
OKPKS pìãã~êó= OJPQ 
OKQ aÉÖê~Ç~íáçå=çÑ=ëíÉ~ã=ÖÉåÉê~íçê=íìÄáåÖ=EmÉíÉê=cçêÇF= OJPQ 
OKQKN fåíêçÇìÅíáçå= OJPQ 
OKQKO mêÉÇáÅíáåÖ=Ç~ã~ÖÉ=áå=káJÄ~ëÉ=ëíÉ~ã=ÖÉåÉê~íçê=íìÄáåÖ=çå=íÜÉ=PWR=

ëÉÅçåÇ~êó=ëóëíÉã= OJPT 
OKQKP mêÉÇáÅí~Äáäáíó=Ä~ëÉÇ=çå=íÜÉ=ãÉÅÜ~åáëã=çÑ=Åê~ÅâáåÖ= OJQN 
OKQKQ mêÉÇáÅí~Äáäáíó=Ä~ëÉÇ=çå=ìåÇÉêëí~åÇáåÖ=çÑ=ÉÑÑÉÅí=çÑ=ëóëíÉã=áåíÉêÇÉéÉåÇÉåÅáÉë= OJQQ 
OKQKR `çåÅäìëáçåë= OJRQ 
3 Material degradation management (Peter Ford) 3-1 
PKN páíì~íáçå=~í=íÜÉ=ÅçåÅäìëáçå=çÑ=íÜÉ=LCCO=êÉéçêí= PJN 
PKO réÇ~íÉë=çå=ã~íÉêá~äë=ÇÉÖê~Ç~íáçå=fáëëìÉë= PJP 
PKOKN qÜÉ=ÉÑÑÉÅí=çÑ=ÅçäÇ=ïçêâ=çå=ëíêÉëë=Åçêêçëáçå=Åê~ÅâáåÖ=çÑ=ëíêìÅíìê~ä=ã~íÉêá~äë=

áå=BWRë=~åÇ=PWRë= PJP 
PKOKNKN dÉåÉêáÅ=~ëéÉÅíë= PJQ 
PKOKNKO pÉêîáÅÉ=~åÇ=ä~Äçê~íçêó=ÉñéÉêáÉåÅÉ= PJS 
PKOKNKP jÉÅÜ~åáëíáÅ=råÇÉêëí~åÇáåÖ= PJNT 
PKOKNKQ pìãã~êó=~åÇ=ÑìíìêÉ=ïçêâ= PJOO 
PKOKO qÜÉ=êçäÉ=çÑ=íÜÉ=ÉåîáêçåãÉåí=çå=Ñê~ÅíìêÉ=êÉëáëí~åÅÉ= PJOP 
PKOKP qÜÉ=ÉÑÑÉÅí=çÑ=ÇáëëçäîÉÇ=ÜóÇêçÖÉå=ÅçåÅÉåíê~íáçå=çå SCC=çÑ=åáÅâÉäJÄ~ëÉ=

~ääçóë=áå=PWR=éêáã~êó=ëóëíÉãëK= PJOV 
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PKOKPKN _~ÅâÖêçìåÇ= PJOV 
PKOKPKO bÑÑÉÅí=çÑ=ÇáëëçäîÉÇ=ÜóÇêçÖÉå=ÅçåíÉåí=çå=PWSCC=áåáíá~íáçå=~åÇ=

éêçé~Ö~íáçå=áå=åáÅâÉäJÄ~ëÉ=~ääçóë= PJPN 
PKOKPKP jÉÅÜ~åáëíáÅ=Ä~ëáë=Ñçê=ÇÉéÉåÇÉåÅó=çÑ=íÜÉ=Åê~Åâ=éêçé~Ö~íáçå=ê~íÉ=áå=åáÅâÉäJ

Ä~ëÉ=~ääçóë=çå=íÜÉ=ÇáëëçäîÉÇ=ÜóÇêçÖÉå=ÅçåÅÉåíê~íáçå=áå=PWR=éêáã~êó=

ÉåîáêçåãÉåíë= PJPS 
PKOKPKQ _ÉåÉÑáíëI=îáë=~=îáë=ëíêÉëë=Åçêêçëáçå=Åê~ÅâáåÖ=êÉëáëí~åÅÉI=çÑ=ÉáíÜÉê=áåÅêÉ~ëáåÖ=

çê=ÇÉÅêÉ~ëáåÖ=íÜÉ=ÇáëëçäîÉÇ=ÜóÇêçÖÉå=ÅçåíÉåí= PJPV 
PKOKPKR pìãã~êó=~åÇ=ÑìíìêÉ=ïçêâ= PJQO 
4 Electrochemical membrane methods in LWR cleanup systems 

(Wilfried Rühle) 4-1 
QKN fåíêçÇìÅíáçå= QJN 
QKO jÉãÄê~åÉ=íÉÅÜåáèìÉë=ìåÇÉê=ÅçåëáÇÉê~íáçå= QJN 
QKOKN jÉãÄê~åÉ=ÉäÉÅíêçäóëáë= QJN 
QKOKO bäÉÅíêçÇá~äóëáë=EEDF= QJO 
QKOKP qÉÅÜåáÅ~ä=ÇÉí~áäë=çÑ=ED=~åÇ=çíÜÉê=ãÉãÄê~åÉ=íÉÅÜåáèìÉë= QJP 
QKOKPKN fçå=ÉñÅÜ~åÖÉ=ãÉãÄê~åÉë= QJP 
QKOKPKO aÉëáÖå=çÑ=ÉäÉÅíêçÇá~äóëáë=éä~åíë= QJR 
QKOKPKP léÉê~íáçå=ãçÇÉë=çÑ=ÉäÉÅíêçÇá~äóëáë=éä~åíë= QJS 
QKOKPKQ bäÉÅíêçÇá~äóëáë=êÉîÉêë~ä= QJS 
QKOKQ bëëÉåíá~ä=é~ê~ãÉíÉêë=~åÇ=íÉêãë=Ñçê=íÜÉ=ÇÉëáÖå=çÑ=ÉäÉÅíêçÇá~äóëáë=áåëí~ää~íáçåë= QJT 
QKOKQKN cäçï=ê~íÉ=áå=íÜÉ=ÅÉääë= QJU 
QKOKQKO mêÉëëìêÉ=Çêçé=áå=íÜÉ=ëí~Åâ= QJU 
QKOKQKP iáãáíáåÖ=ÅìêêÉåí=ÇÉåëáíó= QJU 
QKOKQKQ bäÉÅíêáÅáíó=óáÉäÇ= QJV 
QKOKQKR aÉë~äáå~íáçå=çìíéìí= QJV 
QKOKQKS péÉÅáÑáÅ=ÉåÉêÖó=Åçåëìãéíáçå= QJV 
QKOKQKT bäÉÅíêáÅ=êÉëáëí~åÅÉ=Ñçê=ÅÉääë=~åÇ=ëí~Åâë= QJV 
QKOKR bäÉÅíêçÇá~äóëáë=ïáíÜ=Äáéçä~ê=ãÉãÄê~åÉë= QJNM 
QKOKS lñáÇ~íáçå=ÅÉääë=ïáíÜ=Äçêçå=ÇçéÉÇ=Çá~ãçåÇ=ÉäÉÅíêçÇÉë= QJNN 
QKP içåÖJíÉêã=êÉ~Åíáîáíó=Åçåíêçä=áå=PWRë= QJNN 
QKPKN bñéÉêáãÉåíë=ïáíÜ=ÉäÉÅíêçÇá~äóëáë= QJNO 
QKPKO bäÉÅíêçÇá~äóëáë=ïáíÜ=Äáéçä~ê=ãÉãÄê~åÉë= QJNO 
QKPKP bäÉÅíêçÇá~äóëáë=áå=ÅçãÄáå~íáçå=ïáíÜ=áçå=ÉñÅÜ~åÖÉ= QJNP 
QKPKQ pÉé~ê~íáçå=çÑ=íêáíáìã=Ñêçã=íÜÉ=Åççä~åí= QJNT 
QKPKR jÉãÄê~åÉ=ÉäÉÅíêçäóëáë= QJNU 
QKPKRKN oÉëìäíë=çÑ=ÉñéÉêáãÉåíë=ïáíÜ=ëóåíÜÉíáÅ=Åççä~åí= QJNV 
QKPKRKO fãéäÉãÉåí~íáçå=çÑ=íÜÉ=ãÉãÄê~åÉ=ÉäÉÅíêçäóëáë=áåíç=íÜÉ=ëóëíÉãë=çÑ=~=PWR= QJOM 
QKPKRKP pÉé~ê~íáçå=çÑ=

NPQ

`ëL
NPT

`ë=Ñêçã=íÜÉ=Åççä~åí=çÑ=~=PWR= QJOQ 
QKPKRKQ jÉãÄê~åÉ=íÉÅÜåáèìÉë=~í=íÜÉ=ëÉÅçåÇ~êó=ëáÇÉ=çÑ=PWRë= QJOQ 
QKPKRKR fãéäÉãÉåí~íáçå=çÑ=ãÉãÄê~åÉ=íÉÅÜåáèìÉë=áå=BWRë= QJOS 
QKPKRKS máäçí=çéÉê~íáçå=çÑ=~=ãÉãÄê~åÉ=ÉäÉÅíêçäóëáë=éä~åí=Ñçê=êçìíáåÉ=~ééäáÅ~íáçå=áå=

~=PWR= QJOS 
QKQ t~íÉê=íêÉ~íãÉåí=ïáíÜ=Äçêçå=ÇçéÉÇ=Çá~ãçåÇ=ÉäÉÅíêçÇÉë= QJPM 
QKQKN qÜÉçêÉíáÅ~ä=Ä~ÅâÖêçìåÇ= QJPM 
QKQKO bñéÉêáãÉåíë=áå=íÜÉ=éä~åí=ïáíÜ=~ããçåá~=ÇÉëíêìÅíáçå= QJPN 
QKQKOKN oÉ~Åíáçåë=~í=íÜÉ=Çá~ãçåÇ=ÉäÉÅíêçÇÉë= QJPO 
QKQKOKO oÉëìäíë= QJPP 
QKQKOKP lìíäççâ= QJPR 
QKR `~íáçå=ÅçåÇìÅíáîáíó=ïáíÜ=ãÉãÄê~åÉ=ÉäÉÅíêçäóëáë= QJPR 
QKRKN oÉëìäíë= QJPU 
QKRKO lìíäççâ= QJPV 
QKS pìãã~êó=~åÇ=çìíäççâ=~Äçìí=ìëÉ=çÑ=ãÉãÄê~åÉ=íÉÅÜåçäçÖáÉë=áå=NPPë= QJPV 
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5 Effect of water chemistry on fuel cladding 5-1 
RKN PWR=ï~íÉê=ÅÜÉãáëíêó=EoçäÑ=oáÉëëF= RJN 
RKNKN fåíêçÇìÅíáçå= RJN 
RKNKNKN `çåÅÉêåë=êÉÖ~êÇáåÖ=ÑìÉä=ÉäÉãÉåíë= RJN 
RKNKNKO eáÖÜÉê=ée=éêáã~êó=ï~íÉê=ÅÜÉãáëíêóX=äáíÜáìãL_Jëíê~íÉÖó= RJO 
RKNKNKP PWR=òáåÅ=áåàÉÅíáçå= RJP 
RKNKNKQ PWR=ÑìÉä=CRUD=~åÇ=AOA=Eçê=CIPSF= RJQ 
RKNKO kÉï=êÉëìäíë=áå=OMMSLOMMT= RJR 
RKNKOKN `ìêêÉåí=ÅçåÅÉêåë=êÉÖ~êÇáåÖ=ÑìÉä=ÉäÉãÉåíë= RJR 
RKNKOKO ^Çî~åÅÉë=áå=ÜáÖÜ=ée=éêáã~êó=ï~íÉê=ÅÜÉãáëíêó= RJS 
RKNKOKP ^å=ìéÇ~íÉ=çå=PWR=òáåÅ=áåàÉÅíáçå= RJNM 
RKNKOKQ ^Åíì~ä=PWR=ÑìÉä=CRUD=Ç~í~=~åÇ=AOA= RJNQ 
RKNKOKR eóÇêçÖÉå=Åçåíêçä=áå=PWR=éêáã~êó=Åççä~åí= RJNT 
RKNKP hÉó=êÉëìäíë=áå=OMMSLOMMT=Ñçê=PWRë= RJPQ 
RKNKQ `çåÅäìëáçåë=~åÇ=êÉÅçããÉåÇ~íáçåë= RJPQ 
RKO BWR=ï~íÉê=ÅÜÉãáëíêó=EoçäÑ=oáÉëëF= RJPR 
RKOKN fåíêçÇìÅíáçå= RJPR 
RKOKNKN eóÇêçÖÉå=ï~íÉê=ÅÜÉãáëíêó=~åÇ=åçÄäÉ=ãÉí~ä=ÅÜÉãáëíêó=E^äÑêÉÇ=píê~ëëÉêF= RJPS 
RKOKNKO wáåÅ=áåàÉÅíáçå=EoçäÑ=oáÉëëF= RJPT 
RKOKO kÉï=êÉëìäíë= RJPT 
RKOKOKN kçêã~ä=ï~íÉê=ÅÜÉãáëíêó=ENWCF= RJPT 
RKOKOKO eóÇêçÖÉå=ï~íÉê=ÅÜÉãáëíêó=~åÇ=~äíÉêå~íáîÉë= RJQM 
RKOKOKP wáåÅJáåàÉÅíáçå=ìéÇ~íÉ=Ñçê=BWRë= RJQQ 
RKOKP hÉó=êÉëìäíë=áå=OMMSLOMMT=Ñçê=BWRë= RJQQ 
6 References 6-1 
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1 Introduction (Peter Rudling) 

qÜÉ=çîÉê~ää=çÄàÉÅíáîÉ=çÑ=íÜÉ=LWR=`ççä~åí=`ÜÉãëáíêóI=LCC,=éêçÖê~ã=áë=íç=Éå~ÄäÉ=íÜÉ=LCCP=
jÉãÄÉê=íçW=

• d~áå=áåÅêÉ~ëÉÇ=ìåÇÉêëí~åÇáåÖ=çÑ=êÉ~Åíçê=ï~íÉê=ÅÜÉãáëíêó=êÉä~íÉÇ=íç=~=ëìÅÅÉëëÑìä=éä~åí=

çéÉê~íáçå=~åÇ=~=ÅçåíáåìÉÇ=áåíÉÖêáíó=çÑ=oÉ~Åíçê=`ççä~åí=póëíÉã=ERCSF=ã~íÉêá~äë=ïÜáäÉ=

âÉÉéáåÖ=ê~Çá~íáçå=ÉñéçëìêÉ=äçïK==

• ^ëëáëí=áå=íÜÉ=íê~áåáåÖ=~åÇ=ÉÇìÅ~íáçå=çÑ=~=åÉï=ÖÉåÉê~íáçå=çÑ=ÅÜÉãáëíêó=~åÇ=ã~íÉêá~äë=ÉñéÉêíëK=

• bëí~ÄäáëÜ=~=åÉï=áåÇÉéÉåÇÉåí=ãÉÉíáåÖ=éçáåí=Ñçê=ÉñéÉêíë=íç=Éå~ÄäÉ=ÑêÉÉ=~åÇ=ÅêáíáÅ~ä=ÇáëÅìëëáçåë=

~åÇ=ÉñéÉêáÉåÅÉ=ÉñÅÜ~åÖÉK=

qÜÉ=çÄàÉÅíáîÉ=áë=ãÉí=íÜêçìÖÜ=ÅêáíáÅ~ä=êÉîáÉï=~åÇ=Éî~äì~íáçå=çÑ=íÜÉ=ãçëí=êÉÅÉåí=Ç~í~=êÉä~íÉÇ=íç=

êÉ~Åíçê=ï~íÉê=ÅÜÉãáëíêóI=áÇÉåíáÑáÅ~íáçå=çÑ=íÜÉ=ãçëí=áãéçêí~åí=åÉï=áåÑçêã~íáçåI=~åÇ=ÇáëÅìëëáçå=çÑ=

áíë=ëáÖåáÑáÅ~åÅÉ=áå=êÉä~íáçå=íç=ï~íÉê=ÅÜÉãáëíêó=åçï=~åÇ=áå=íÜÉ=ÑìíìêÉK==

qÜÉ=Éî~äì~íáçåë=~êÉ=Ä~ëÉÇ=çå=íÜÉ=ä~êÖÉ=~ãçìåí=çÑ=åçåJéêçéêáÉí~êó=Ç~í~=éêÉëÉåíÉÇ=~í=íÉÅÜåáÅ~ä=

ãÉÉíáåÖë=~åÇ=éìÄäáëÜÉÇ=áå=íÜÉ=äáíÉê~íìêÉK=

qÜÉ=OMMSLMT=íÉÅÜåáÅ~ä=ãÉÉíáåÖë=ÅçîÉêÉÇ=áåÅäìÇÉW==

• `çåíêáÄìíáçå=çÑ=j~íÉêá~äë=fåîÉëíáÖ~íáçåë=íç=fãéêçîÉ=íÜÉ=p~ÑÉíó=~åÇ=mÉêÑçêã~åÅÉ=çÑ=LWRëI=
cçåíÉîê~ìÇ=SI=cê~åÅÉI=pÉéíÉãÄÉê=NUJOOI=OMMSK=

• fåíÉêå~íáçå~ä=`çåÑÉêÉåÅÉ=çå=t~íÉê=`ÜÉãáëíêó=çÑ=kìÅäÉ~ê=oÉ~Åíçê=póëíÉãëI=gÉàì=fëä~åÇI=

hçêÉ~I=lÅíçÄÉê=OPJOSI=OMMSK=

• e~äÇÉå=båä~êÖÉÇ=ãÉÉíáåÖI=j~êÅÜ=NNJNSI=OMMTK=

• g~ÜêÉëí~ÖìåÖ=hÉêåíÉÅÜåáâI=j~ó=OMMTK=

• bmof=OMMT=`çåÇÉåë~íÉ=mçäáëÜáåÖ=tçêâëÜçéI=gìåÉ=R=íç=TIOMMTX=m~äã=péêáåÖëK=

• qÜáêíÉÉåíÜ=fåíÉêå~íáçå~ä=`çåÑÉêÉåÅÉ=çå=båîáêçåãÉåí~ä=aÉÖê~Ç~íáçå=çÑ=j~íÉêá~äë=áå=kìÅäÉ~ê=

mçïÉê=póëíÉãë=J=t~íÉê=oÉ~ÅíçêëI=tÜáëíäÉêI=_êáíáëÜ=`çäìãÄá~I=^ìÖìëí=NVJOQI=OMMTK=

• TíÜ=fåíÉêå~íáçå~ä=`çåÑÉêÉåÅÉ=çå=sçÇ~=sçÇ~=båÉêÖç=oÉ~Åíçê=EVVERF=cìÉä=mÉêÑçêã~åÅÉI=

jçÇÉääáåÖ=~åÇ=bñéÉêáãÉåí~ä=pìééçêíI=^äÄÉå~=åÉ~ê=s~êå~I=_ìäÖ~êá~=NT=J=ON=pÉé=OMMTK=

• ^kp=LWR=cìÉä=mÉêÑçêã~åÅÉ=`çåÑÉêÉåÅÉI=p~å=cê~åÅáëÅçI=pÉéíK=PMJ=lÅíK=PI=OMMTK=

• m^qo^j=`çåÑÉêÉåÅÉI=lÅíçÄÉê=OMMTI=já~ãáI=cäçêáÇ~K=

qÜÉ=ÉñíÉåëáîÉI=Åçåíáåìçìë=Ñäçï=çÑ=àçìêå~ä=éìÄäáÅ~íáçåë=áë=ÄÉáåÖ=ãçåáíçêÉÇ=Äó=ëÉîÉê~ä=äáíÉê~íìêÉ=

ëÉ~êÅÜÉë=çÑ=ïçêäÇïáÇÉ=éìÄäáÅ~íáçåë=~åÇ=íÜÉ=áãéçêí~åí=é~éÉêë=~êÉ=ëìãã~êáëÉÇ=~åÇ=ÅêáíáÅ~ääó=

Éî~äì~íÉÇK=qÜáë=áåÅäìÇÉë=íÜÉ=ÑçääçïáåÖ=àçìêå~äëW=

• kìÅäÉ~ê=båÖáåÉÉêáåÖ=~åÇ=aÉëáÖå=

• hÉêåíÉÅÜåáâ=

• mçïÉê=mä~åí=`ÜÉãáëíêó==

• t~íÉê=`ÜÉãáëíêó=dìáÇÉäáåÉë=çÑ=sÉåÇçêë=EáÑ=éìÄäáëÜÉÇF=

• f^b^=açÅìãÉåíë=

qÜÉ=çéÉå=äáíÉê~íìêÉ=áåÑçêã~íáçå=Ü~îÉ=ÄÉÉå=ÅçääÉÅíÉÇ=íÜêçìÖÜçìí=íÜÉ=ä~ëí=ÅçìéäÉ=çÑ=óÉ~êë=~åÇ=íÜÉ=

ãçëí=êÉäÉî~åí=Ç~í~=~êÉ=ëÉäÉÅíÉÇ=Ñçê=íÜÉ=^ååì~ä=oÉéçêí=EARFK=qÜÉ=ä~êÖÉ=ÅçääÉÅíáîÉ=ÉñéÉêáÉåÅÉ=Ö~áåÉÇ=
Äó=íÜÉ=oÉéçêí=~ìíÜçêë=áå=é~ëí=~åÇ=ÅìêêÉåí=éêçàÉÅíë=áë=~å=áãéçêí~åí=Ñ~Åíçê=áå=ã~âáåÖ=íÜÉ=

Éî~äì~íáçåI=ÜÉåÅÉ=ÉåëìêáåÖ=íÜ~í=íÜÉ=éêÉëÉåíÉÇ=ÅçãéáäÉÇ=áåÑçêã~íáçå=áë=éìí=áå=éÉêëéÉÅíáîÉI=~åÇ=íÜ~í=

íÜÉ=ãçëí=áãéçêí~åí=áåÑçêã~íáçå=áë=ÉãéÜ~ëáòÉÇK=
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qÜÉ=ÑçääçïáåÖ=ÅìêêÉåíäó=áãéçêí~åí=áëëìÉë=~êÉ=ëéÉÅáÑáÅ~ääó=~ÇÇêÉëëÉÇ=áå=íÜáë=oÉéçêíW=

• pÉÅçåÇ~êó=ëáÇÉ=ëíÉ~ã=ÖÉåÉê~íçê=íìÄÉ=éêçÄäÉãë=

• j~íÉêá~ä=ÇÉÖê~Ç~íáçå=ã~å~ÖÉãÉåí=

• `äÉ~åìé=ëóëíÉã=

• cìÉäLÅÜÉãáëíêó=áåíÉê~Åíáçå=

qÜÉ=~ìíÜçêë=çÑ=íÜÉ=êÉéçêí=~êÉ=aêK=oçäÑ=oáÉëëI=aêK=mÉíÉê=cçêÇI=aêK=táäÑêáÉÇ=oüÜäÉK=
qÜÉ=ïçêâ=êÉéçêíÉÇ=ÜÉêÉáå=ïáää=ÄÉ=éêÉëÉåíÉÇ=áå=çåÉ=pÉãáå~ê=s~ääÉíí~I=j~äí~=çå=cÉÄêì~êó=ONJOOI=

OMMUK=qÜÉ=qÉêã=çÑ=LCC3=ëí~êíÉÇ=çå=cÉÄêì~êó=NI=OMMT=~åÇ=ÉåÇÉÇ=çå=g~åì~êó=PNI=OMMUK=

=
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2 Secondary side steam generator tube 
problems (Rolf Riess) 

2.1 Introduction 

2.1.1 Background 

qìÄÉë=Ñçê=rJíìÄÉ=ëíÉ~ã=ÖÉåÉê~íçêë=áå=åìÅäÉ~ê=éçïÉê=éä~åíë=ïáíÜ=mêÉëëìêáòÉÇ=t~íÉê=oÉ~Åíçêë=

EPWRF=~êÉ=Ñ~ÄêáÅ~íÉÇ=çìí=çÑ=fåÅçåÉä=SMM=jáää=^ååÉ~äÉÇ=EMAF=çê=qÜÉêã~ääó=qêÉ~íÉÇ=ETTFI=fåÅçäçó=
UMM=kìÅäÉ~ê=dê~ÇÉ=ENGFI=çê=fåÅçåÉä=SVM=TTK=låÅÉ=qÜêçìÖÜ=píÉ~ã=dÉåÉê~íçêë=EOTSGF=ìëÉ=^ääçó=

SMMKqÜÉ=ÅÜçáÅÉ=çÑ=íÜÉ=íìÄáåÖ=ã~íÉêá~ä=áë=~=ÅêìÅá~ä=Ñ~Åíçê=áå=ÉåëìêáåÖ=íêçìÄäÉJÑêÉÉ=píÉ~ã=dÉåÉê~íçê=

ESGF=çéÉê~íáçåK=qÜÉ=ÇÉëáÖå=~åÇ=çéÉê~íáåÖ=ãçÇÉë=ëÉäÉÅíÉÇ=Ñçê SGë=~åÇ=íÜÉáê=~ëëçÅá~íÉÇ=ï~íÉêLëíÉ~ã=
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Figure 2-1(a): Schematic view of (a) RSG (Westinghouse Model D3) and (b) OTSG showing typical features. The RSG design 
is typical of that of Westinghouse, its licensees, CE, and Siemens. The OTSG design is typical of the B&W SGs, 
Staehle & Gorman, 2002. 
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Figure 2-1(c): Siemens designed Steam Generator with Economizer showing typical regions of corrosion attack. 

2.1.2 SG design features 
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Figure 2-2: Geometries that produce heat transfer crevices involving tubing in steam generators: (a) top of the tube sheet; 
(b) sludge; (c) tube support, Staehle & Gorman, 2002. 

=

=

Figure 2-3: Geometries of tube supports: (a) Drilled hole typical of early Westinghouse designs; (b) egg crate typical of 
Siemens and CE; (c) broached trefoil typical of Babcock and Wilcox; (d) broached quatrefoil typical of later 
Westinghouse designs, Staehle & Gorman, 2002. 
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Figure 2-4: Tube sheet geometries. (a) Partially expanded. (b) Fully expanded. (c) Fully expanded with top “Kiss” roll, 
Staehle & Gorman, 2002. 

=

Figure 2-5: Evolution of tube support geometries and materials used by four Nuclear Steam Supply System (NSSS) vendors 
for steam generators. The geometries of tube supports are shown above the lines, and the materials of the tube 
supports are shown below. The arrows indicate approximately when manufacturing of the respective designs of 
tube supports started, Staehle & Gorman, 2002. 
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Figure 2-6: Three crevice geometries for producing corrosion: (a) Heat transfer crevice typical of those at tube supports, 
sludge piles, and top of tube sheet. (b) Heated surface where concentration occurs. (c) Non heat transfer 
crevice, Staehle & Gorman, 2002. 
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áåÅäìÇÉÇK=

• pìäéÜìê=áë=çÑíÉå=éêÉëÉåí=áåáíá~ääó=~ë=ëìäéÜ~íÉ=íÜ~í=Å~å=ÄÉ=êÉÇìÅÉÇ=Äó=ÜóÇê~òáåÉ=íç=éêçÇìÅÉ=

äçïÉê=î~äÉåÅÉ=ëéÉÅáÉëK=

• fåëáÇÉ=íÜÉ=ÜÉ~í=íê~åëÑÉê=ÅêÉîáÅÉë=íÜÉêÉ=~êÉ=ëÜ~êé=Öê~ÇáÉåíë=áå=ÉäÉÅíêçÅÜÉãáÅ~ä=éçíÉåíá~äI=

íÉãéÉê~íìêÉI=ÅçåÅÉåíê~íáçåI=~åÇ=ÑäìáÇ=ÇÉåëáíóK=
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aÉéçëáíë=áå=ÜÉ~í=íê~åëÑÉê=ÅêÉîáÅÉë=~ÅÅìãìä~íÉ=ïáíÜ=íáãÉ=~äíÜçìÖÜ=ÇÉéçëáíë=~í=íÜÉ=íçé=çÑ=íÜÉ=íìÄÉ=

ëÜÉÉí=~êÉ=çÑíÉå=êÉãçîÉÇ=~í=çìí~ÖÉë=Äó=ëäìÇÖÉ=ä~åÅáåÖ=~åÇ=çÅÅ~ëáçå~ääó=Äó=ÅÜÉãáÅ~ä=ÅäÉ~åáåÖK=

^=íóéáÅ~ä=ÜÉ~í=íê~åëÑÉê=ÅêÉîáÅÉ=áë=ëÜçïå=áå=cáÖìêÉ=OJTK=

=

Figure 2-7: Schematic view of heat transfer crevice at a tube support. (a) Geometry. (b) Chemicals that accumulate and 
transform. (c) Types of gradients inside the heat transfer crevice, Staehle & Gorman, 2002. 

qÜÉ=ÜÉ~í=íê~åëÑÉê=ÅêÉîáÅÉ=~ë=ëÜçïå=áå=cáÖìêÉ=OJT=Å~å=ÖÉåÉê~íÉ=~=î~êáÉíó=çÑ=ÉåîáêçåãÉåíë=ÇÉéÉåÇáåÖ=

çå=íÜÉ=áãéìêáíáÉë=ÉåíÉêáåÖ=íÜÉ=ëíÉ~ã=ÖÉåÉê~íçê=ïáíÜ=íÜÉ=ÑÉÉÇ=ï~íÉêK=qÜÉ=êáëâ=Ñçê=ÖÉåÉê~íáåÖ=~å=

~ÖÖêÉëëáîÉ=ÉåîáêçåãÉåí=áå=ÜÉ~í=íê~åëÑÉê=ÅêÉîáÅÉë=áë=ÇÉÑáåáíÉäó=ÜáÖÜÉê=áå=ÇêáääÉÇ=ëìééçêí=ëíêìÅíìêÉë=

Åçãé~êÉÇ=íç=ëíêìÅíìêÉë=ïáíÜ=~=äáåÉ=Åçåí~Åí=ÄÉíïÉÉå=ÜÉ~í=íê~åëÑÉê=íìÄÉ=~åÇ=ëìééçêí=ëíêìÅíìêÉK=

bñ~ãéäÉë=Ñçê=äáåÉ=Åçåí~Åí=ÖÉçãÉíêáÉë=~êÉ=ëÜçïå=áå=cáÖìêÉ=OJU=~åÇ=cáÖìêÉ=OJVK=
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Figure 2-8: Schematic view of accumulation of deposits at line contact crevices associated with (a) broached holes and (b) 
egg crates. Example (c) of different temperatures (d) at open area and at deposit filled contact area, Staehle & 
Gorman, 2002. 

=

Figure 2-9: Design Features to avoid Tube Denting, Intergranular Attack (IGA), Intergranular Stress Corrosion Cracking 
(IGSCC) and Fretting, Riess & Odar, 1991. 
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råáèìÉ=ÑÉ~íìêÉë=çÑ=íÜÉ=páÉãÉåë=ëíÉ~ã=ÖÉåÉê~íçê=ÇÉëáÖå=~êÉ=íÜÉ=ÅçêêìÖ~íÉÇ=ëíêáéë=ìëÉÇ=~ë=rJÄÉåÇ=

ëìééçêíK=oÉÖ~êÇáåÖ=íÜÉ=ëé~ÅÉê=ÖêáÇëI=íÜÉëÉ=ÖêáÇë=~êÉ=êìååáåÖ=~í=~=ÇáÑÑÉêÉåí=äÉîÉä=~ë=ëÜçïå=áå=

cáÖìêÉ=OJVK=qÜÉ=çéÉê~íáåÖ=ÉñéÉêáÉåÅÉ=Ü~ë=ëÜçïå=íÜ~í=íÜÉëÉ=ëíêìÅíìêÉë=~êÉ=ÖáîáåÖ=ÉåçìÖÜ=ëíêìÅíìê~ä=

ëí~Äáäáíó=íç=íÜÉ=íìÄÉ=ÄìåÇäÉ=~åÇ=çå=íÜÉ=çíÜÉê=Ü~åÇ=íÜÉëÉ=ÇÉëáÖåÉÇ=ÉäÉãÉåíë=~êÉ=åçí=éêçåÉ=íç=

ÅçåÅÉåíê~íáçå=çÑ=áãéìêáíáÉëK=qÜÉ=ïçêëí=Å~ëÉ=Ñçê=~=ëÉåëáíáîÉ=ÇÉëáÖå=ÉäÉãÉåí=~êÉ=íÜÉ=ÇêáääÉÇ=ÜçäÉëK==

2.1.3 Steam generator tubing materials 

oÉÖ~êÇáåÖ=íÜÉ=ëíÉ~ã=ÖÉåÉê~íçê=íìÄÉ=ÇÉÖê~Ç~íáçå=éêçÄäÉãëI=íÜÉ=ÑçääçïáåÖ=ÅÜêçåçäçÖó=Å~å=ÄÉ=ÖáîÉåK=

^ìëíÉåáíáÅ=ëí~áåäÉëë=ëíÉÉä=ï~ë=ìëÉÇ=áåáíá~ääó=Ñçê=íìÄáåÖ=áå=ëÉîÉê~ä=É~êäó=PWRë=ÄìíI=~ë=~=êÉëìäí=çÑ=
Åçêêçëáçå=éêçÄäÉãë=ïáíÜ=íÜáë=ã~íÉêá~ä=EëìÅÜ=~ë=Å~ìëíáÅ=~åÇ=ÅÜäçêáÇÉ=áåÇìÅÉÇ=ëíêÉëë=Åçêêçëáçå=

Åê~ÅâáåÖF=^ääçó=SMM=ï~ë=ÅÜçëÉåK=qÜáë=ï~ë=~äëç=ëíáãìä~íÉÇ=Äó=~=ÇÉÅáëáçå=çÑ=íÜÉ=k~î~ä=oÉ~Åíçêë=áå=

íÜÉ=rp=íç=ìëÉ=^ääçó=SMM=áå=íÜÉ=MA=Ñçêã=áåëíÉ~Ç=çÑ=~ìëíÉåáíáÅ=ëí~áåäÉëë=ëíÉÉäK==

q~ÄäÉ=OJNI=éêÉé~êÉÇ=Äó=pí~ÉÜäÉ=C=dçêã~åI=OMMOI=ëìãã~êáòÉë=íÜáë=ÇÉîÉäçéãÉåí=~åÇ=êÉÑäÉÅíë=

~äëç=íÜÉ=ÅÜêçåçäçÖó=ïÜáÅÜ=äÉÇ=íç=íÜÉ=ÇÉîÉäçéãÉåí=çÑ=^ääçó=UMM=~åÇ=^ääçó=SVM=TT=EqÜÉêã~ääó=

qêÉ~íÉÇFK=qÜÉ=ë~ãÉ==áåÇáÅ~íÉë=íÜ~í=íÜÉ=dÉêã~å=lêáÖáå~ä=bèìáéãÉåí=j~åìÑ~ÅíìêÉê=EOEMF=ÇÉÅáÇÉÇ=

~äêÉ~Çó=áå=íÜÉ=NVSMë=íç=ëïáíÅÜ=íç=~=ãçÇáÑáÉÇ=^ääçó=UMM=NGI=ÑçääçïÉÇ=Äó=áíë=Ñáêëí=~ééäáÅ~íáçå=áå=

NVTOK=qÜÉ=Ä~ëáë=Ñçê=íÜáë=ÇÉÅáëáçå=ï~ë=çå=çåÉ=Ü~åÇ=íÜÉ=SCC=ÑáåÇáåÖë=çÑ=`çêáçì=ïáíÜ=^ääçó=SMM=~åÇ=
íÜÉ=É~êäó=ÉñéÉêáÉåÅÉ=áå=ä~êÖÉ=PWRë=ïÜÉêÉ=åìãÉêçìë=Åçêêçëáçå=éêçÄäÉãë=çÅÅìêêÉÇK=qÜÉ=ãçëí=

áãéçêí~åí=Çá~Öê~ã=çÑ=íÜçëÉ=Ç~óë=áë=ëÜçïå=áå=cáÖìêÉ=OJNMK=qÜÉ=OEMë=áå=cê~åÅÉ=~åÇ=g~é~å=ïÉêÉ=

iáÅÉåëÉÉë=çÑ=tÉëíáåÖÜçìëÉ=~åÇ=íÜÉó=ëíêáÅíäó=ÑçääçïÉÇ=íÜÉ=rp=ÇÉÅáëáçå=êÉÖ~êÇáåÖ=íÜÉ SGJqìÄáåÖ=

pÉäÉÅíáçåK==

=

Figure 2-10: Stress Corrosion Cracking of austenitic alloys in 660 °F (350 °C) Water with 1000 ppm Chloride, (Debray & 
Stieding, 1972.) as a function of the alloys nickel content. 
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Table 2-1: PWR Steam Generator Design Evolution 

Mode/lead plant 
(first commercial 

operation) 

Typical  
design TH 

(°C) 

Hot leg 
heat flux 
Btu/hr/ft2 

Recirculating 
or 

once through 

Tube 
orientation 

Tube 
material* 

Support 
type 

Support  
material 

Tube sheet 
expansion** 

Flow distribution 
baffle (Y/N) 

Preheater 
(Y/N) 

Government laboratory designs 

Shippingport (1957) 283 29.000 Recirculating Horizontal SS then 600 MA Hour-glass 
drilled holes 

Carbon steel PDR Not applicable N 

N reactor (1965) 279 67.000 Recirculating Horizontal SS then 600 MA Drilled holes Carbon steel PDR Not applicable N 

Westinghouse and licensees designs 

Early SS designs (1961) 288-302 39.000 Recirculating Vertical 304 SS Drilled holes Carbon steel PDR N N 

Early 600 MA designs 
(1968) 

310-318 43.000 Recirculating Vertical 600 MA Drilled holes Carbon steel PDR N N 

Intermediate 600 MA 
designs (1977) 

317-322 44.000 Recirculating Vertical 600 MA Drilled holes Carbon steel FDE, FDR or 
FDR-KR 

N N 

Later 600 MA designs 
(1981) 

323-324 48.000 Recirculating Vertical 600 MA Drilled holes Carbon steel FDE, FDR or 
FDR-KR1 

Y N 

Preheater 600 MA 
designs (1983) 

326-330 49.000 Recirculating Vertical 600 MA Drilled holes Carbon steel FDE, FDR or 
FDR-KR 

Y Y 

Model F type (1983) 326 53.000 Recirculating Vertical 600 TT Broached holes 405 SS FDH or FDR-KR1 Y N 

Preheater 600 TT 
designs (1986) 

326 49.000 Recirculating Vertical 600 TT Broached holes 405 SS FDH or FDR-KR Y N 

Latest replacement 
designs (1988) 

See note 44.000 Recirculating Vertical 690 TT Broached holes 405 SS FDH or FDR-KR1 Y Y 
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Table 2-1: PWR Steam Generator Design Evolution, cont’d 

Mode/lead plant 
(first commercial 

operation) 

Typical  
design TH 

(°C) 

Hot leg 
heat flux 
Btu/hr/ft2 

Recirculating 
or 

once through 

Tube 
orientation 

Tube 
material* 

Support 
type 

Support  
material 

Tube sheet 
expansion** 

Flow distribution 
baffle (Y/N) 

Preheater 
(Y/N) 

CE and licensee designs 

First design (1971) 315 50.000 Recirculating Vertical 600 MA Drilled holes Carbon steel FDE N N 

Intermediat designs 
(1973) 

313 51.000 Recirculating Vertical 600 MA Eggcrates & 
drilled holes 

Carbon steel FDE N N 

Later designs (1983) 321 56.000 Recirculating Vertical 600 MA Eggcrates Carbon steel FDE N N 

Ekonomizer model 
(1986) 

327 52.000 Recirculating Vertical 600 MA Eggcrates 409 SS FDE Y Y 

Latest Korean model 322 47.000 Recirculating Vertical 690 TT Eggcrates 409 SS FDE Y Y 

B&W designs 

Prototype plant design 
(1963) 

271 - Recirculating Horizontal 304 SS - - - Not applicable N 

One-through design 
(1973 and later) 

317-320 33.000 Once-through Vertical 600 MA + 
sensitized 

Broached holes Carbon steel PDR N N 

Replacement RSGs 
(1992 and later) 

See note2 50.000 Recirculating Vertical 690 TT Lattice bar 410 SS FDH Y N 
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Table 2-1: PWR Steam Generator Design Evolution, cont’d 

Mode/lead plant 
(first commercial 

operation) 

Typical  
design TH 

(°C) 

Hot leg 
heat flux 
Btu/hr/ft2 

Recirculating 
or 

once through 

Tube 
orientation 

Tube 
material* 

Support 
type 

Support  
material 

Tube sheet 
expansion** 

Flow distribution 
baffle (Y/N) 

Preheater 
(Y/N) 

Siemens 

Lead plant design (1969) 312 61.000 Recirculating Vertical 600 MA Lattice bar SS Rolled at top, mid 
and bottom 

N N 

Second generation 
design (1972) 

314-319 68.000 Recirculating Vertical 800 NG Lattice bar SS Rolled at top and 
bottom 

N N 

Preheater design 
(~1983) 

329 57.000 Recirculating Vertical 800 NG Lattice bar SS Rolled at top and 
bottom 

Y Y 

Replacement design 
(1989) 

See note1 51.000 Recirculating Vertical 800 NG or 690 
TT 

Lattice bar SS FDH with roll at 
top and bottom 

- N 

 

* MA = Mill annealed, TT = Thermal treated, NG = Nuclear grade 
** PDR = Part depth roll, FDR = Full depth roll, KR = Kiss roll, FDE = Full depth explosive, FDH = full depth hydraulic 
 

Notes: 
1 Variety of full depth tube sheet expansion designs used in Japan 
2 TH of replacement SGs is usually lower than that of original SGs 
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qÜÉ=ÇÉîÉäçéãÉåí=çÑ=^ääçó=SVM=TT=ëí~êíÉÇ=áå=íÜÉ=ãáÇ=TMë=~ÑíÉê=íÜÉ=çÅÅìêêÉåÅÉ=çÑ=ëÉîÉê~ä=ëÉîÉêÉ=

éêçÄäÉãë=ïáíÜ=^ääçó=SMM=MAI=ëìÅÜ=~ëW=

• IGALSCC=áå=íÜÉ=ëäìÇÖÉ=éáäÉ=êÉÖáçå=
• mÜçëéÜ~íÉ=ï~ëí~ÖÉ=

• SCC=áå=ÇÉÉé=íìÄÉ=ëÜÉÉí=ÅêÉîáÅÉë=
• aÉåíáåÖ=

qÜÉ=Ñáêëí=ãçÇáÑáÅ~íáçå=íç=^ääçó=SMM=ï~ë=~=ÜÉ~í=íêÉ~íãÉåí=~í=TMQ=ø`=Ñçê=~Äçìí=NR=Üçìêë=äÉ~ÇáåÖ=íç=

^ääçó=SMM=TTK=eçïÉîÉêI=íÜÉ=áãéêçîÉãÉåíë=ïÉêÉ=åçí=ä~êÖÉ=ÉåçìÖÜ=~åÇ=SCC=êÉã~áåÉÇ=~=ã~íÉêá~ä=

áëëìÉK=^ë=~=ÅçåëÉèìÉåÅÉI=~=åÉï=ã~íÉêá~ä=ï~ë=ÇÉîÉäçéÉÇ=Äó=fåíÉêå~íáçå~ä=káÅâÉäI=áKÉK=^ääçó=SVM=TTK=
qÜáë=ã~íÉêá~ä=ï~ë=èì~äáÑáÉÇ=áå=íÜÉ=ä~Ä=~åÇ=íÜÉå=ìëÉÇ=Ñêçã=íÜÉ=ãáÇ=UMë=çåï~êÇë=~åÇ=áí=áë=åçï~Ç~óë=

íÜÉ=Ñ~îçìêáíÉ=ã~íÉêá~ä=Ñçê=~ää=åÉï=tÉëíáåÖÜçìëÉ=éä~åíë=~åÇ=íÜÉ=éä~åíë=çÑ=éêÉîáçìë=tÉëíáåÖÜçìëÉ=

iáÅÉåëÉÉë=EpáÉãÉåë=~åÇ=jáíëìÄáëÜá=eÉ~îó=fåÇìëíêáÉë=EMHIFFK=qÜÉ=ÉñÅÉéíáçå=ïáíÜ=êÉëéÉÅí=íç=íÜáë=
Å~ëÉ=áë=páÉãÉåë=~ë=~=ÑçêãÉê=tÉëíáåÖÜçìëÉ=iáÅÉåëÉÉ=Eåçï=^obs^FK=

qÜÉ=ëí~íìë=êÉÖ~êÇáåÖ=íÜÉ=ìëÉ=çÑ=^ääçó=SVM=TT=Ü~ë=ÄÉÉå=ÇÉëÅêáÄÉÇ=Äó=kçêÇã~ååI=OMMQ=~åÇ=áí=áë=

ëÜçïå=áå=q~ÄäÉ=OJOK=

Table 2-2: Ratio of Units with 690 TT/ 600 MA, Nordmann, 2004. 

Units with USA France Japan Belgium Sweden, 
United Kingdom 

China, Korea 

690 TT (a) 21 18 15 7 5 

600 MA (b) 34 13 0 3 4 

R = a/b 0.62 1.4 - 2.3 1.2 

qÜÉ=åìãÄÉê=çÑ=ìåáíë=ïáíÜ=SVM=TT=áë=~äêÉ~Çó=ÖêÉ~íÉê=íÜ~å=ïáíÜ=SMM=MAK=^ÅÅçêÇáåÖ=íç=kçêÇã~åå=

íÜÉêÉ=ëÜçìäÇ=ÄÉ=~äãçëí=åç=ëíÉ~ã=ÖÉåÉê~íçê=áå=NM=óÉ~êë=ïáíÜ=SMM=MA=
qÜÉ=ëí~íìë=êÉÖ~êÇáåÖ=íÜÉ=ìëÉ=çÑ=^ääçó=UMM=NG=áë=íÜ~í=~ää=dÉêã~å=PWRë=~åÇ=ëçãÉ=PWRë=áå=

çíÜÉê=bìêçéÉ~å=ÅçìåíêáÉë=~åÇ=`~å~Ç~=~êÉ=ìëáåÖ=íÜáë=ã~íÉêá~ä==

^ë=Å~å=ÄÉ=ëÉÉå=Ñêçã=íÜÉ=q~ÄäÉ=OJNI=íÜÉ=ëìÅÅÉëëÑìä=çéÉê~íáåÖ=ÉñéÉêáÉåÅÉ=ïáíÜ=ÄçíÜ=ÅìêêÉåíäó=

ìëÉÇ=ã~íÉêá~äë=áëW=

• PP=óÉ~êë=ïáíÜ=^ääçó=UMM=

• NR=óÉ~êë=ïáíÜ=^ääçó=SVMK=

`çåëáÇÉêáåÖ=íÜ~í=ÄçíÜ=ã~íÉêá~äë=~êÉ=ëìëÅÉéíáÄäÉ=íç=Åçêêçëáçå=ìåÇÉê=ëçãÉ=ÉåîáêçåãÉåí~ä=

ÅçåÇáíáçåëI=íÜÉ=éçëáíáîÉ=éä~åí=çéÉê~íáåÖ=ÉñéÉêáÉåÅÉ=ëÜçìäÇ=ÄÉ=çÑ=ÖêÉ~í=î~äìÉ=Ñçê=íÜÉ=ëÉäÉÅíáçå=çÑ=çåÉ=

çÑ=íÜÉëÉ=ã~íÉêá~äëK=

_çíÜ=ã~íÉêá~äë=Å~å=ÄÉ=ÅÜ~ê~ÅíÉêáòÉÇ=çå=íÜÉ=cÉJ`êJká=íÉêå~êó=Çá~Öê~ã=çÑ=mìÖÜ=C=káëÄÉíI=NVRMI=

Ñçê=QMM=ø`K=få=~ÇÇáíáçåI=íÜÉ=Åçãéçëáíáçå=çÑ=çíÜÉê=ã~íÉêá~äëI=ïÜáÅÜ=~êÉ=áãéçêí~åí=Ñçê=ëíÉ~ã=

ÖÉåÉê~íçê=éÉêÑçêã~åÅÉ=äáâÉ=ëìééçêí=ëíêìÅíìêÉ=ã~íÉêá~äë=çå=íÜÉ SGJëÉÅçåÇ~êó=ëáÇÉ=çê=oÉ~Åíçê=

`ççä~åí=póëíÉã=ERCSF=ã~íÉêá~äëI=Å~å=~äëç=ÄÉ=í~âÉå=Ñêçã=íÜáë=îáÉïÖê~éÜ=EëÉÉ=cáÖìêÉ=OJNNFK=
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Figure 2-11: Fe-Cr-Ni-diagram for 400°C, Pugh & Nisbet, 1950. 

qÜÉ=ÇÉí~áäÉÇ=ÅÜÉãáÅ~ä=Åçãéçëáíáçå=çÑ=^ääçó=SVM=TT=~åÇ=^ääçó=UMM=NG=Å~å=ÄÉ=í~âÉå=Ñêçã=

píÉääï~Ö=Éí=~äKI=NVUSI=~ë=áí=áë=ëÜçïå=áå=q~ÄäÉ=OJPK=

Table 2-3: Chemical Composition of the Alloys 690 TT, 800 NG and 600, Stellwag et al., 1986. 

Element Alloy 690TT Alloy 800 NG Alloy 600 

C 0.01-0.04 0.03 0.01-0.05 

Mn 0.50 0.4-1.0 1.00 

P 0.025 0.020 0.025 

S 0.015 0.015 0.015 

Si 0.50 0.3-0.7 0.50 

Cr 28-31 20-23 14-17 

Ni Bal.(>58) 32-35 Bal.(>72) 

Mo - - - 

Fe 7-11 Bal. 6-10 

Cu 0.50 0.75 0.50 

Co 0.10 0.10 0.10 

Al 0.50 0.15-0.45 0.50 

Ti 0.50 0.60 0.50 

Other - Ti/C ≥12 ; Ti/(C+N)≥8 N≥0.03 - 
=
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Figure 2-12: Worldwide Causes of Steam Generator Tube Repair, Jones, 2004. 
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2.2 Temperatures and concentrations 
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Figure 2-13: (a) Number of indications at successive tube support locations for three plants using Alloy 600 MA after about 12 
to 15 years service. From Takamatsu et al., 1996. (b) Percentage of tubes with eddy current indications vs. 
1000/T at successive tube supports for various Model D and Model 51 SGs. Activation energies shown. From 
Baum, 1999. 
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Figure 2-14: Estimated concentration of species in simulated SG crevices vs. concentration in the bulk water. Various 
concentration factors are shown. From Takamatsu et al., 1992. 

2.3 PWR secondary side chemistry 

2.3.1 Plant concepts 
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Figure 2-15: Secondary Side concept of a typical US PWR. 
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Figure 2-16: Simplified diagram of a Steam Water Cycle in Siemens designed PWRs- 
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Ñáå~ä=ÑÉÉÇ=ï~íÉê=ïáää=ëÅ~îÉåÖÉ=íÜÉ=êÉã~áåáåÖ=çñóÖÉå=íÜ~í=é~ëëÉë=íÜÉ=çñóÖÉå=êÉãçî~ä=ëóëíÉã=áå=íÜÉ=

ÑÉÉÇ=ï~íÉê=í~åâK=qÜáë=éÜóëáÅ~ä=l
O=
J=êÉãçî~ä=ëóëíÉã=~äçåÉ=âÉÉéë=íÜÉ=l

O
JäÉîÉä=ïáíÜáå=íÜÉ=

ëéÉÅáÑáÅ~íáçå=äáãáíë=çÑ=YR=ééÄK=

qÜÉ=ÅçåÅÉéí=çÑ=ìëáåÖ=ÜáÖÜ=áåíÉÖêáíó=ÅçåÇÉåëÉêë=~ääçïë=íÜÉ=çéÉê~íáçå=çÑ=íÜÉ=éä~åí=ïáíÜçìí=CPSK=
eçïÉîÉêI=ëÜçìäÇ=~=äÉ~â=çÅÅìê=áå=íÜÉ=ÅçåÇÉåëÉê=~êÉ~I=áí=ãìëí=ÄÉ=áããÉÇá~íÉäó=áÇÉåíáÑáÉÇ=~åÇ=

éäìÖÖÉÇK==

2.3.2 Optimizations 

få=ãçëí=Å~ëÉëI=íÜÉ=éä~åí=ÅçåÅÉéí=áë=ëíêçåÖäó=áåÑäìÉåÅÉÇ=Äó=íÜÉ=~êÅÜáíÉÅí=ÉåÖáåÉÉêI=ïÜç=Ü~ë=íç=ÇÉëáÖå=

íÜÉ=éä~åí=ïáíÜ=ÅçåëáÇÉê~íáçå=çÑ=íÜÉ=ÉÅçåçãáÅë=çÑ=ÅçåëíêìÅíáçåK=qÜÉ=ÅçåÅÉéíëI=ÇÉëÅêáÄÉÇ=áå=

pÉÅíáçå=OKN=~êÉ=íïç=ÉñíêÉãÉI=Äìí=íóéáÅ~äI=Éñ~ãéäÉëK=

tÜ~íÉîÉê=éä~åí=ÅçåÅÉéí=áë=~î~áä~ÄäÉ=Ñçê=íÜÉ=~Åíì~ä=çéÉê~íáçåI=íÜÉêÉ=~êÉ=íÜêÉÉ=é~ê~ãÉíÉêë=ïÜáÅÜ=

ëíêçåÖäó=áåÑäìÉåÅÉ=~ää=íÜÉ=Åçêêçëáçå=éÜÉåçãÉå~=áå=íÜÉ=ëíÉ~ã=ÖÉåÉê~íçêëK=qÜÉó=~êÉW=

• `çêêçëáçå=éêçÇìÅíë=

• fãéìêáíáÉë=

• lñóÖÉåK=

få=çêÇÉê=íç=ãáåáãáòÉ=íÜÉ=áåÖêÉëë=çÑ=íÜÉëÉ=ëéÉÅáÉë=íç=íÜÉ=ëíÉ~ã=ÖÉåÉê~íçêI=íÜÉ=ÑçääçïáåÖ=

çéíáãáò~íáçåë=ïÉêÉ=ÅçåëáÇÉêÉÇ=~åÇ=áãéäÉãÉåíÉÇ=ïÜÉêÉ=êÉèìáêÉÇW==

• `çåíêçääáåÖ=áêçå=íê~åëéçêí=ÉKÖK=Äó=éeJ=~åÇ=çñóÖÉåJ=çéíáãáò~íáçå==

• ^ÇàìëíáåÖ=ï~íÉê=ÅÜÉãáëíêó=áãéìêáíáÉë=Äó=~îçáÇáåÖ=íÜÉ=Ñçêã~íáçå=çÑ=~ÖÖêÉëëáîÉ=ÉåîáêçåãÉåíë=

áå=ÜÉ~íÉÇ=ÅêÉîáÅÉ=~êÉ~ë=Äó=^ë=içï=^ë=oÉ~ëçå~Ääó=^ÅÜáÉî~ÄäÉ=EALARAF=ÅÜÉãáëíêóI=jçä~ê=

o~íáç=`çåíêçä=EMRCF=~åÇ=ÉäÉî~íÉÇ=ÜóÇê~òáåÉ=
• jáåáãáòáåÖ=Åçêêçëáçå=~ÅÅÉäÉê~åíë=

• fåÜáÄáíçêë=Ñçê=Åçêêçëáçå=éêçÅÉëëÉë=äáâÉW=

− mÜçëéÜ~íÉ=ÅÜÉãáëíêó=

− _çêáÅ=^ÅáÇ=qêÉ~íãÉåí=

• oÉãçîáåÖ=áãéìêáíáÉë=Ñêçã=ëíÉ~ã=ÖÉåÉê~íçêë=Äó=ÅÜÉãáÅ~ä=ÅäÉ~åáåÖ=~åÇLçê=ëäìÇÖÉ=ä~åÅáåÖ=

• ^ÇÇáíáçå=çÑ=aáëéÉêë~åíë=
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PJNEPJQPF 

3 Material degradation management 
(Peter Ford) 

3.1 Situation at the conclusion of the LCC2 report 

bãéÜ~ëáë=ï~ë=éä~ÅÉÇ=áå=íÜÉ=LCCO=~ååì~ä=êÉéçêí=çå=íÜÉ=ãÉÅÜ~åáëãë=~åÇ=éÜÉåçãÉåçäçÖó=çÑ=íÜÉ=

î~êáçìë=ÉåîáêçåãÉåí~ääóJ~ëëáëíÉÇ=ã~íÉêá~äë=ÇÉÖê~Ç~íáçå=ãçÇÉëK=qÜáë=~ééêç~ÅÜ=ï~ë=ëìééäÉãÉåíÉÇ=

Äó=~=ëÉé~ê~íÉ=êÉéçêí=ÉåíáíäÉÇ=“båîáêçåãÉåí~ääóJ^ëëáëíÉÇ=aÉÖê~Ç~íáçå=çÑ=píêìÅíìê~ä=j~íÉêá~äë=áå=

t~íÉê=`ççäÉÇ=oÉ~ÅíçêëÒ=EcçêÇI=OMMSFI=ïÜáÅÜ=ï~ë=~áãÉÇ=ëéÉÅáÑáÅ~ääó=~í=éÉçéäÉ=ïÜç=ïÉêÉ=êÉä~íáîÉäó=

åÉï=íç=íÜÉ=ëìÄàÉÅíI=çê=åÉÉÇÉÇ=~=êÉãáåÇÉê=çÑI=Ñçê=áåëí~åÅÉI=íÜÉ=ã~íÉêá~äë=çÑ=ÅçåëíêìÅíáçåI=íÜÉ=Ä~ëáÅë=

çÑ=Åçêêçëáçå=ëÅáÉåÅÉI=~åÇ=íÜÉ=ãÉÅÜ~åáëãë=çÑ=íÜÉ=î~êáçìë=ãçÇÉë=çÑ=ÇÉÖê~Ç~íáçåI=áåÅäìÇáåÖ=íÜçëÉ=

EÉKÖK=ãáÅêçÄáçäçÖáÅ~ääóJáåÑäìÉåÅÉÇ=ÅçêêçëáçåF=íÜ~í=íÜÉó=ãáÖÜí=åçí=ÄÉ=ÅçåÅÉêåÉÇ=ïáíÜ=ÇìêáåÖ=íÜÉáê=

åçêã~ä=Ç~óK=

j~íÉêá~äë=ÇÉÖê~Ç~íáçå=áëëìÉë=Ü~îÉ=éêÉëÉåíÉÇ=ÉÅçåçãáÅ=~åÇLçê=ë~ÑÉíó=ÅçåÅÉêåë=íç=íÜÉ=ï~íÉêJ

ÅççäÉÇ=åìÅäÉ~ê=êÉ~Åíçê=áåÇìëíêó=Ñçê=ÇÉÅ~ÇÉëK=qÜÉ=ä~Åâ=çÑ=~ÇÉèì~íÉ=äáÑÉJéêÉÇáÅíáçå=Å~é~ÄáäáíáÉëI=

ÉëéÉÅá~ääó=Ñçê=ÉåîáêçåãÉåí~ääó=~ëëáëíÉÇ=Åê~ÅâáåÖI=Ü~ë=ÑçêÅÉÇ=íÜÉ=áåÇìëíêó=íç=ã~å~ÖÉ=íÜÉëÉ=

ëáíì~íáçåë=áå=~=êÉ~ÅíáîÉ=ã~ååÉêI=íÜÉêÉÄó=~ääçïáåÖ=çåäó=~=êÉä~íáîÉäó=ëÜçêí=íáãÉ=Ñçê=íÜÉ=éêáçêáíáò~íáçå=

çÑ=êÉëçìêÅÉëI=íÜÉ=ÇÉîÉäçéãÉåí=çÑ=ãáíáÖ~íáçå=~ÅíáçåëI=íÜÉ=ÇÉÑáåáíáçå=çÑ=áåëéÉÅíáçå=éêçÅÉÇìêÉëI=

ÉíÅKK^ë=ãÉåíáçåÉÇ=áå=pÉÅíáçå=OKQKN=íÜÉêÉ=Ü~ë=ÄÉÉå=~=ÅçåÅÉêíÉÇ=ãçîÉãÉåí=Äó=íÜÉ=rp=ìíáäáíáÉë=

EkìÅäÉ~ê=båÉêÖó=fåëíáíìíÉI=OMMPI=eáÅâäáåÖ=C=gçåÉëI=OMMRI=oáäÉóI=OMMSF=~åÇ=Äó=íÜÉ=USNRC=
EjìëÅ~ê~I=OMMTFI=íç=ãçîÉ=Ñêçã=~=êÉ~ÅíáîÉ=ãçÇÉ=çÑ=ã~å~ÖáåÖ=ã~íÉêá~äë=ÇÉÖê~Ç~íáçå=íç=~=éêç~ÅíáîÉ=

ãçÇÉK=få=çíÜÉê=ïçêÇëI=êÉëçìêÅÉ=éêáçêáíáò~íáçå=ÇÉÅáëáçåë=~åÇ=íÉÅÜåáÅ~ä=ÇÉîÉäçéãÉåíë=~êÉ=ã~ÇÉ=ïÉää=

ÄÉÑçêÉ=éçíÉåíá~ä=ÇÉÖê~Ç~íáçå=ãçÇÉë=éêÉëÉåí=~å=ÉÅçåçãáÅ=çê=ë~ÑÉíó=ÅçåÅÉêåK==

eçïÉîÉêI=íÜÉ=ÇÉîÉäçéãÉåí=çÑ=~=éêç~ÅíáîÉ=ã~å~ÖÉãÉåí=~ééêç~ÅÜ=êÉäáÉë=çå=éêÉÇáÅíáçåë=çÑ=ÑìíìêÉ=

ÇÉÖê~Ç~íáçåI=~åÇ=íÜ~í=êÉèìáêÉë=~=èì~åíáí~íáîÉ=ìåÇÉêëí~åÇáåÖ=çÑ=íÜÉ=ãÉÅÜ~åáëãë=çÑ=ÇÉÖê~Ç~íáçå=

íÜ~í=áë=áå=~ÖêÉÉãÉåí=ïáíÜ=é~ëí=éä~åí=~åÇ=ä~Äçê~íçêó=ÉñéÉêáÉåÅÉK=fí=áë=Ñçê=íÜáë=êÉ~ëçå=íÜ~í=íÜÉ=

ÇáëÅìëëáçåë=áå=íÜÉ=ANT=International êÉéçêíë=Ü~îÉ=ÉãéÜ~ëáòÉÇ=~=ãÉÅÜ~åáëãëJÄ~ëÉÇ=ìåÇÉêëí~åÇáåÖ=

çÑ=íÜÉ=ÇÉÖê~Ç~íáçå=ãçÇÉëK=

qÜÉ=éêç~ÅíáîÉ=ã~å~ÖÉãÉåí=ëíìÇáÉë=Äó=ÄçíÜ=íÜÉ=rp=ìíáäáíáÉë=~åÇ=íÜÉ=ko`=ïÉêÉ=ÅçåÇìÅíÉÇ=áå=

íïç=ëí~ÖÉëK=cáêëí=~å=assessment=éÜ~ëÉI=ïÜáÅÜ=áÇÉåíáÑáÉÇ=íÜÉ=future=~êÉ~ë=çÑ=ÅçåÅÉêåI=~åÇ=ëÉÅçåÇI=~=
management=éÜ~ëÉI=ïÜáÅÜ=áåîçäîÉÇ=éêáçêáíáò~íáçå=çÑ=íÜÉ=ÑìíìêÉ=ÇÉÖê~Ç~íáçå=áëëìÉë=~åÇ=íÜÉ=
ÇÉîÉäçéãÉåí=çÑ=~ééêçéêá~íÉ=ãáíáÖ~íáçå=~ÅíáçåëI=áåëéÉÅíáçå=éêçÅÉÇìêÉë=~åÇ=íÜÉ=áåÑçêã~íáçå=

êÉèìáêÉÇ=Ñçê=“êÉé~áê=çê=êÉéä~ÅÉãÉåíÒ=ÇÉÅáëáçåëK==

qÜÉ=ÑáåÇáåÖë=çÑ=íÜÉ=íïç=~ëëÉëëãÉåí=ëíìÇáÉë=ïÉêÉ=îÉêó=ëáãáä~êK=cçê=ÄêÉîáíóI=íÜÉ=ÇáëÅìëëáçåë=áå=íÜÉ=

LCCO=êÉéçêí=ÅÉåíÉêÉÇ=çå=íÜÉ=ÅçåÅäìëáçåë=çÑ=íÜÉ=USNRC=êÉéçêí=EjìëÅ~ê~I=OMMTF=ïÜáÅÜ=áÇÉåíáÑáÉÇ=

E~FI=ÉñáëíáåÖ=ã~íÉêá~äë=ÇÉÖê~Ç~íáçå=áëëìÉë=Ñçê=ëéÉÅáÑáÅ=BWR=~åÇ=PWR=éä~åí=ÅçãéçåÉåíë=íÜ~í=ïÉêÉ=

äáâÉäó=íç=ÅçåíáåìÉ=áå=íÜÉ=åÉ~ê=ÑìíìêÉ=ÇìÉ=íç=~=ä~Åâ=çÑ=âåçïäÉÇÖÉ=çÑ=íÜÉ=éÜÉåçãÉåçåI=çê=EÄFI=

ÅìêêÉåíäó=ìåáÇÉåíáÑáÉÇ=éÜÉåçãÉå~=íÜ~í=ïÉêÉ=äáâÉäó=íç=ÉãÉêÖÉ=~ë=áëëìÉë=áå=íÜÉ=äçåÖÉê=íÉêãK=få=

~ÇÇáíáçåI=ÇáëÅìëëáçå=áå=íÜÉ=LCCO=êÉéçêí=íçìÅÜÉÇ=ìéçå=ÖÉåÉêáÅ=éêçÄäÉãë=íÜ~í=Åìí=~Åêçëë=íÜÉëÉ=

ÅçãéçåÉåíJëéÉÅáÑáÅ=áëëìÉëX=~å=Éñ~ãéäÉ=çÑ=íÜáë=ïçìäÇ=ÄÉ=íÜÉ=ÉÑÑÉÅí=çÑ=ÅçäÇ=ïçêâ=ïÜáÅÜ=Å~å=Å~ìëÉ=

ÇÉÖê~Ç~íáçå=áå=~=ïáÇÉ=ê~åÖÉ=çÑ=åçêã~ääó=êÉëáëí~åí=~ääçóLÉåîáêçåãÉåí=ëóëíÉãëK==

qÜÉëÉ=éêÉäáãáå~êó=ÇáëÅìëëáçåë=áå=íÜÉ=LCCO=êÉéçêí=ïÉêÉ=íÜÉå=Éñé~åÇÉÇ=íç=ÅçîÉê=ëéÉÅáÑáÅ~ääó=
íïç=íçéáÅë=ÜáÖÜäáÖÜíÉÇ=áå=ÄçíÜ=íÜÉ=USNRC=~åÇ=ìíáäáíó=~ëëÉëëãÉåíë=íÜ~í=åÉÉÇÉÇ=ÅçåíáåìÉÇ=

~ííÉåíáçåK=
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PJOEPJQPF 

Stress corrosion cracking of irradiated stainless steels in BWRs.  

fí=ï~ë=ÅçåÅäìÇÉÇ=íÜ~í=íÜÉêÉ=ï~ë=~=ëçìåÇ=ãÉÅÜ~åáëãëJÄ~ëÉÇ=éêÉÇáÅíáçå=ãÉíÜçÇçäçÖó=íÜ~í=Ö~îÉ=

êÉ~ëçå~ÄäÉ=éêÉÇáÅíáçåë=çÑ=áêê~Çá~íáçåJ~ëëáëíÉÇ=ëíêÉëë=Åçêêçëáçå=Åê~ÅâáåÖ=çÄëÉêî~íáçåë=áå=íÜÉ=

ä~Äçê~íçêó=~åÇ=áå=íÜÉ=éä~åíK=qÜáë=ãÉíÜçÇçäçÖó=Ü~Ç=ÉîçäîÉÇ=Ñêçã=íÜ~í=ÇÉîÉäçéÉÇ=áå=íÜÉ=NVUMÛë=Ñçê=

ëíêÉëë=Åçêêçëáçå=Åê~ÅâáåÖ=çÑ=åçåJáêê~Çá~íÉÇ=ÅçãéçåÉåíëI=ëìÅÜ=~ë=ëí~áåäÉëë=ëíÉÉä=éáéáåÖI=Å~êÄçå=~åÇ=

äçï=~ääçó=ëíÉÉä=éáéÉë=~åÇ=éêÉëëìêÉ=îÉëëÉäëI=~åÇ=åáÅâÉäÓÄ~ëÉ=~ääçó=ë~ÑÉ=ÉåÇë=~åÇ=~ÅÅÉëë=ÜçäÉ=ÅçîÉêëK=

qÜÉ=ã~áå=äáãáí~íáçåë=íç=íÜÉ=ìëÉ=çÑ=íÜÉëÉ=ÇÉíÉêãáåáëíáÅI=ãÉÅÜ~åáëãëJÄ~ëÉÇ=ãçÇÉäë=Ñçê=éêÉÇáÅíáçå=çÑ=

Åê~ÅâáåÖ=áå=éä~åí=ÅçãéçåÉåíë=ïÉêÉ=éêáã~êáäó=êÉä~íÉÇ=íç=íÜÉ=ìåÅÉêí~áåíó=áå=ÇÉÑáåáåÖ=íÜÉ=~Åíì~ä=

ëóëíÉã=ÅçåÇáíáçåë=EÉKÖK=êÉëáÇì~ä=ëíêÉëë=éêçÑáäÉëI=ÇÉÖêÉÉë=çÑ=Öê~áå=ÄçìåÇ~êó=ëÉåëáíáò~íáçåI=ÉíÅKFK=

eçïÉîÉê=íÜáë=ãÉÅÜ~åáëíáÅ=âåçïäÉÇÖÉ=ÅÉêí~áåäó=Ö~îÉ=~=ëíêçåÖ=Ä~ëáë=Ñçê=áåíÉêéêÉíáåÖ=íÜÉ=Åê~ÅâáåÖ=

ÄÉÜ~îáçê=~ë=~=ÑìåÅíáçå=íÜÉ=áåíÉê~Åíáçåë=ÄÉíïÉÉå=íÜÉ=î~êáçìë=ã~íÉêá~äI=ÉåîáêçåãÉåí=~åÇ=ëíêÉëë=

é~ê~ãÉíÉêëI=~åÇ=Ö~îÉ=~=ÑìåÇ~ãÉåí~ä=ê~íáçå~äÉ=Ñçê=íÜÉ=èì~åíáÑáÅ~íáçå=çÑI=Ñçê=Éñ~ãéäÉI=ï~íÉê=

ÅÜÉãáëíêó=ÖìáÇÉäáåÉë=~åÇ=íÜÉ=~Ççéíáçå=çÑ=åçÄäÉ=ãÉí~ä=íÉÅÜåçäçÖó=íç=ãáíáÖ~íÉ=áêê~Çá~íáçåJ~ëëáëíÉÇ=

ëíêÉëë=Åçêêçëáçå=Åê~ÅâáåÖK=

Stress corrosion cracking of nickel-base alloys in PWR primary 
environments 

fåíÉêÖê~åìä~ê=ëíêÉëë=Åçêêçëáçå=Åê~ÅâáåÖ=çÑ=^ääçó=SMM=ï~ë=çÄëÉêîÉÇ=áå=PWR=éêáã~êó=ëáÇÉ=

ÉåîáêçåãÉåíë=áå=íÜÉ=laboratory áå=íÜÉ=NVRMë=~åÇ=ÚSMë=E_ä~åÅÜÉí=Éí=~äKI=NVTTF=~åÇ=ï~ë=áåáíá~ääó=
çÄëÉêîÉÇ=áå=íÜÉ=É~êäó=NVTMë=áå=êÉÅáêÅìä~íáåÖ=ëíÉ~ã=ÖÉåÉê~íçê=ERSGF=íìÄáåÖ=çå=íÜÉ=éêáã~êó=ëáÇÉ=

~ÑíÉêI=áå=ëçãÉ=Å~ëÉëI=ÉñíêÉãÉäó=ëÜçêí=çéÉê~íáçå~ä=íáãÉë=EÉKÖK=O=óÉ~êë=~í=lÄêáÖÜÉáãF=EpÅÜÉåâI=NVTSFK=

qÜÉ=Ñáêëí=çÄëÉêîÉÇ=Å~ëÉë=çÑ=Åê~ÅâáåÖ=äÉ~ÇáåÖ=íç=äÉ~â~ÖÉ=áå=íÜáÅâÉê=ëÉÅíáçå=ÅçãéçåÉåíë=çÅÅìêêÉÇ=áå=

NVUS=~í=~=éêÉëëìêáòÉê=áåëíêìãÉåí~íáçå=åçòòäÉ=áå=~=CE=éä~åí=Ep~å=låçÑêÉJPF=~ÑíÉê=NMIMMM=ÜçìêëK=

qÜÉ=Ñáêëí=áåÅáÇÉåÅÉ=çÑ=Åê~ÅâáåÖ=áå=íÜÉ=ëäáÖÜíäó=äçïÉê=íÉãéÉê~íìêÉ=îÉëëÉä=ÜÉ~Ç=éÉåÉíê~íáçåë=

~ëëçÅá~íÉÇ=ïáíÜ=íÜÉ=Åçåíêçä=êçÇ=ÇêáîÉ=ãÉÅÜ~åáëã=çÅÅìêêÉÇ=áå=cê~åÅÉ=~í=íÜÉ=_ìÖÉóJP=éä~åí=áå=NVUVK=

cìêíÜÉê=áåÅáÇÉåíë=EpÜ~Ü=Éí=~äKI=NVVQF=áå=cê~åÅÉ=E`Ü~ãéáÖåó=Éí=~äKI=OMMPFI=E`Ü~êíáÉê=Éí=~äKI=OMMPFI=

pïÉÇÉåI=_ÉäÖáìã=~åÇ=áå=íÜÉ=rp=EeáëÉêI=OMMPF=áåÇáÅ~íÉÇ=íÜ~í=Åê~ÅâáåÖ=çÑ=íÜÉ=éêÉëëìêÉ=îÉëëÉä=

éÉåÉíê~íáçåë=ï~ë=åçí=~å=áëçä~íÉÇ=çÄëÉêî~íáçåK=

få=ëéáíÉ=çÑ=íÜÉ=Ñ~Åí=íÜ~í=Åê~ÅâáåÖ=Ü~ë=ÄÉÉå=çÄëÉêîÉÇ=áå=ëçãÉ=åáÅâÉäJÄ~ëÉ=~ääçóë=áå=ÜáÖÜ=

íÉãéÉê~íìêÉ=PWR=éêáã~êó=ëáÇÉ=ÉåîáêçåãÉåíë=Ñçê=ãçêÉ=íÜ~å=PM=óÉ~êëI=íÜáë=éÜÉåçãÉåçå=Ü~ë=ÄÉÉå=

Ü~êÇ=íç=éêÉÇáÅí=~åÇ=íÜÉêÉÑçêÉ=ã~å~ÖÉK=qÜÉêÉ=~êÉ=~=åìãÄÉê=çÑ=êÉ~ëçåë=Ñçê=íÜáëI=áåÅäìÇáåÖ=~=ä~êÖÉ=

ÇáëíêáÄìíáçå=áå=Åê~ÅâáåÖ=Ç~í~=EÉKÖK=“áåáíá~íáçåÒ=íáãÉëI=Åê~Åâ=éêçé~Ö~íáçå=ê~íÉëFK=qÜáë=ÇáëíêáÄìíáçå=áë=

~ëëçÅá~íÉÇ=ïáíÜ=~=ÜáÖÜ=ëÉåëáíáîáíó=çÑ=íÜÉ=Åê~ÅâáåÖ=ëìëÅÉéíáÄáäáíó=íç=ëóëíÉã=é~ê~ãÉíÉêë=ëìÅÜ=~ë=ëíêÉëëI=

ã~íÉêá~ä=Åçãéçëáíáçå=~åÇ=ãáÅêçëíêìÅíìêÉI=íÉãéÉê~íìêÉ=~åÇ=ÜóÇêçÖÉå=ÑìÖ~ÅáíóK=få=ã~åó=Å~ëÉë=íÜÉëÉ=

é~ê~ãÉíÉêë=~êÉ=ÉáíÜÉê=åçí=âåçïå=çê=~êÉ=áå~ÇÉèì~íÉäó=ÅçåíêçääÉÇK=jçêÉçîÉê=íÜÉ=íáãÉ=Ñçê=Ñ~áäìêÉ=çÑ=

íÜáå=ï~ääÉÇ=ÅçãéçåÉåíëI=ëìÅÜ=~ë=íìÄÉëI=Å~å=ÄÉ=Ççãáå~íÉÇ=Äó=ëìêÑ~ÅÉ=Ç~ã~ÖÉ=éÜÉåçãÉå~=ëìÅÜ=~ë=

éáííáåÖI=IGAI=ÉíÅI=qÜÉëÉ=éÜÉåçãÉå~=~êÉ=ëíçÅÜ~ëíáÅ=áå=å~íìêÉ=~åÇI=íÜÉêÉÑçêÉI=~=ÇáëíêáÄìíáçå=çÑ=

Ñ~áäìêÉ=íáãÉë=áë=íç=ÄÉ=expectedI=êÉÖ~êÇäÉëë=çÑ=íÜÉ=~ÅÅìê~Åó=çÑ=ÇÉÑáåáíáçå=çÑ=íÜÉ=ëóëíÉãK==

få=~ÇÇáíáçåI=ìåäáâÉ=íÜÉ=ëáíì~íáçå=Ñçê=BWRë=ÜáÖÜäáÖÜíÉÇ=~ÄçîÉI=íÜÉêÉ=Ü~ë=åçí=ÄÉÉå=~=
ãÉÅÜ~åáëãëJÄ~ëÉÇ=äáÑÉ=éêÉÇáÅíáçå=Å~é~Äáäáíó=íÜ~í=Ü~ë=ÄÉÉå=èì~äáÑáÉÇ=îá~=Åçãé~êáëçå=ïáíÜ=íÜÉ=

ä~Äçê~íçêó=~åÇ=éä~åí=ÉñéÉêáÉåÅÉK=qÜìë=íÜÉêÉ=Ü~ë=ÄÉÉå=åç=Ä~ëáë=Ñçê=~å~äóòáåÖ=íÜÉ=ÅçãéäáÅ~íÉÇ=

áåíÉê~Åíáçåë=ÄÉíïÉÉå=íÜÉ=î~êáçìë=ã~íÉêá~äI=ÉåîáêçåãÉåí=~åÇ=ëíêÉëë=é~ê~ãÉíÉêëK=fí=áë=çåäó=êÉÅÉåíäó=

íÜ~í=íÜÉ=ÇÉîÉäçéãÉåí=çÑ=ëìÅÜ=~=ãÉÅÜ~åáëãëÓÄ~ëÉÇ=ìåÇÉêëí~åÇáåÖ=Ü~ë=ÄÉÉå=ëí~êíÉÇK=

qÜÉ=î~êáçìë=ëóëíÉã=é~ê~ãÉíÉê=áåíÉêÇÉéÉåÇÉåÅáÉë=ïÉêÉ=ÇáëÅìëëÉÇ=áå=íÜÉ=LCCO=êÉéçêíI=áåÅäìÇáåÖ=
íÜÉ=àìëíáÑáÅ~íáçå=çÑ=ãáíáÖ~íáçå=~Åíáçåë=~ëëçÅá~íÉÇ=ïáíÜ=E~F=íÜÉ=~Ççéíáçå=çÑ=^ääçó=SVM=TT=~ë=~=
êÉéä~ÅÉãÉåí=~ääçó=Ñçê=^ääçó=SMM=MA=~åÇI=EÄF=ãçÇáÑóáåÖ=íÜÉ=ëéÉÅáÑáÅ~íáçåë=Ñçê=íÜÉ=ÇáëëçäîÉÇ=

ÜóÇêçÖÉå=ÅçåíÉåí=áå=íÜÉ=Åççä~åíK=qÜáë=pÉÅíáçå=áå=íÜÉ=LCCO=êÉéçêí=ÅçåÅäìÇÉÇ=ïáíÜ=~=ÇáëÅìëëáçå=çÑ=
íÜÉ=ÉãéáêáÅ~ääóJÄ~ëÉÇ=äáÑÉ=éêÉÇáÅíáçå=~ééêç~ÅÜÉë=íÜ~í=Ü~îÉ=ÄÉÉå=ìëÉÇ=Ñçê=ã~å~ÖÉãÉåí=çÑ=Åê~ÅâáåÖ=

EÉKÖK=áåëéÉÅíáçåI=êÉé~áê=çê=êÉéä~ÅÉãÉåíF=áå=éä~åí=áå=bìêçéÉ=~åÇ=íÜÉ=rp^K=
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Future needs 

^í=íÜÉ=ÅçåÅäìëáçå=çÑ=íÜÉ=LCCO=êÉéçêí=áí=ï~ë=åçíÉÇ=íÜ~í=íÜÉêÉ=ÅçåíáåìÉÇ=íç=ÄÉ=åìãÉêçìë=ÅçåÅÉêåë=

~ëëçÅá~íÉÇ=ïáíÜ=ëíêÉëë=Åçêêçëáçå=Åê~ÅâáåÖ=çÑ=ëíêìÅíìê~ä=ã~íÉêá~äë=áå=LWR=ÅçãéçåÉåíëK=

mêáçêáíáò~íáçå=Ñçê=ÑìíìêÉ=ÇáëÅìëëáçå=áå=ANT=International=êÉéçêíë=ï~ë=ÖáîÉå=íç=íÜÉ=ÑçääçïáåÖ=íçéáÅë=
ÉáíÜÉê=ÄÉÅ~ìëÉ=íÜÉó=êÉéêÉëÉåíÉÇ=ÖÉåÉêáÅ=ÅçåÅÉêåë=íç=ÄçíÜ=BWRë=~åÇ=PWRëI=çê=ÄÉÅ~ìëÉ=íÜÉêÉ=ïÉêÉ=
ÅçåÅÉêåë=~Äçìí=íÜÉ=~ÇÉèì~Åó=çÑ=íÜÉ=äáÑÉ=éêÉÇáÅíáçå=Å~é~ÄáäáíáÉë=Ñçê=ëéÉÅáÑáÅ=éä~åí=ÅçãéçåÉåíë=E~åÇ=

ÜÉåÅÉ=íÜÉ=~ÇÉèì~Åó=çÑ=íÜÉ=ãáíáÖ~íáçå=~ÅíáçåëFX=

• píêÉëë=Åçêêçëáçå=Åê~ÅâáåÖ=çÑ=PWR=ëíÉ~ã=ÖÉåÉê~íçê=íìÄáåÖ=áå=ÄçíÜ=íÜÉ=éêáã~êó=~åÇ=ëÉÅçåÇ~êó=

ëóëíÉãëK=

• píêÉëë=Åçêêçëáçå=Åê~ÅâáåÖ=çÑ=ä~êÖÉ=ëÉÅíáçå=ÅçãéçåÉåíë=áå=íÜÉ=PWR=éêáã~êó=ëóëíÉã=

ã~åìÑ~ÅíìêÉÇ=ïáíÜ=åáÅâÉäJÄ~ëÉ=~ääçóëK==

• píêÉëë=Åçêêçëáçå=Åê~ÅâáåÖ=çÑ=~ìëíÉåáíáÅ=~ääçóë=~ëëçÅá~íÉÇ=ïáíÜ=ÑìÉä=~ëëÉãÄäáÉëK=

• bÑÑÉÅí=çÑ=ÅçäÇ=ïçêâ=çå=ëíêÉëë=Åçêêçëáçå=Åê~ÅâáåÖ=çÑ=ëíêìÅíìê~ä=ã~íÉêá~äë=áå=ÄçíÜ=BWRë=~åÇ=
PWRëK=

• bÑÑÉÅí=çÑ=íÜÉ=ÉåîáêçåãÉåí=çå=íÜÉ=Ñê~ÅíìêÉ=êÉëáëí~åÅÉ=çÑ=LWR=ëíêìÅíìê~ä=ã~íÉêá~äëK==

qÜÉëÉ=áëëìÉë=~êÉ=~ÇÇêÉëëÉÇ=áå=ÅìêêÉåí=OMMTLOMMU=ANT=International êÉéçêíëK=cçê=áåëí~åÅÉI=ëíêÉëë=
Åçêêçëáçå=Åê~ÅâáåÖ=çÑ=~ìëíÉåáíáÅ=~ääçóë=~ëëçÅá~íÉÇ=ïáíÜ=ÑìÉä=~ëëÉãÄäáÉë=áë=~ÇÇêÉëëÉÇ=áå=~=cìÉä=

j~íÉêá~ä=qÉÅÜåçäçÖó=oÉéçêíI=~åÇ=íÜÉ=áëëìÉ=çÑ=ëíêÉëë=Åçêêçëáçå=Åê~ÅâáåÖ=çÑ=åáÅâÉäJÄ~ëÉ=~ääçóë=áå=

PWR=ëÉÅçåÇ~êó=ÉåîáêçåãÉåíë=áë=ÅçîÉêÉÇ=áå=pÉÅíáçå=OKQ=çÑ=íÜáë=LCCP=^ååì~ä=oÉéçêíK=
få=pÉÅíáçå=P=çÑ=íÜÉ=LCCP=^ååì~ä=oÉéçêí=íÜÉ=ÑçääçïáåÖ=áëëìÉë=~êÉ=ÇáëÅìëëÉÇ=áå=íÜÉ=äáÖÜí=çÑ=åÉï=

áåÑçêã~íáçå=áå=OMMSLOMMTK=

• qÜÉ=ÉÑÑÉÅí=çÑ=ÅçäÇ=ïçêâ=çå=íÜÉ=ëíêÉëë=Åçêêçëáçå=Åê~ÅâáåÖ=ëìëÅÉéíáÄáäáíó=çÑ=íÜÉ=ã~íÉêá~äë=çÑ=

ÅçåëíêìÅíáçå=áå=PWRë=~åÇ=BWRëK=
• qÜÉ=êçäÉ=çÑ=íÜÉ=ÉåîáêçåãÉåí=çå=Ñê~ÅíìêÉ=êÉëáëí~åÅÉK=

• qÜÉ=ÉÑÑÉÅí=çÑ=ÜóÇêçÖÉå=ÑìÖ~Åáíó=çå=ëíêÉëë=Åçêêçëáçå=Åê~ÅâáåÖ=çÑ=åáÅâÉäJÄ~ëÉ=~ääçóë=áå=PWR=
éêáã~êó=ëóëíÉãëK=

3.2 Updates on materials degradation Iissues 

3.2.1 The effect of cold work on stress corrosion cracking of 
structural materials in BWRs and PWRs 

fí=Ü~ë=ÄÉÉå=êÉÅçÖåáòÉÇ=Ñçê=~=äçåÖ=íáãÉ=íÜ~í=ÅçäÇ=ïçêâ=ã~ó=éêçãçíÉ=íÜÉ=áåáíá~íáçå=~åÇ=éêçé~Ö~íáçå=

çÑ=ëíêÉëë=Åçêêçëáçå=Åê~Åâë=áå=ëíêìÅíìê~ä=~ääçóë=áå=BWRë=~åÇ=PWRëK=qÜáë=êÉÅçÖåáíáçå=ëí~êíÉÇ=ïáíÜ=
çÄëÉêî~íáçåë=áå=íÜÉ=NVSMë=çÑ=íÜÉ=ÉÑÑÉÅí=çÑ=“~ÄìëáîÉÒ=ÖêáåÇáåÖ=~ééäáÉÇ=íç=ïÉäÇë=áå=BWR=ëí~áåäÉëë=
ëíÉÉä=éáéáåÖI=~åÇ=çÑ=íÜÉ=ÉÑÑÉÅí=çÑ=ÅçäÇ=ïçêâ=çå=íÜÉ=Åê~ÅâáåÖ=çÑ=PWR=íìÄáåÖ=áå=íÜÉ=NVTMëK=jçêÉ=

êÉÅÉåíäóI=ëáãáä~ê=ÇÉäÉíÉêáçìë=ÉÑÑÉÅíë=Ü~îÉ=ÄÉÉå=åçíÉÇ=Ñçê=qóéÉ=PMQ=ëí~áåäÉëë=ëíÉÉä=BWR=ÅçêÉ=
ÅçãéçåÉåíë=íÜ~í=Ü~îÉ=ÄÉÉå=~ÄìëáîÉäó=ÖêçìåÇ=~åÇLçê=ÅçäÇ=ïçêâÉÇ=ÇìêáåÖ=Ñ~ÄêáÅ~íáçå=EjÉÇçÑÑI=

NVVSI=eçêå=Éí=~äKI=NVVTI=pìòìâá=Éí=~äKI=OMMQFK=få=íÜÉëÉ=ãçêÉ=êÉÅÉåí=Å~ëÉëI=ÜçïÉîÉêI=íÜÉ=

çÄëÉêî~íáçåë=Ü~îÉ=ÄÉÉå=ã~ÇÉ=çå=“êÉëáëí~åíÒ=iJÖê~ÇÉ=ëí~áåäÉëë=ëíÉÉäë=çéÉê~íáåÖ=ìåÇÉê=ëíêáÅí=ï~íÉê=

éìêáíó=ÖìáÇÉäáåÉëK=páãáä~êäó=Åê~ÅâáåÖ=çÑ=ëí~áåäÉëë=ëíÉÉäë=áå=PWR=éêáã~êó=ÅáêÅìáíë=Ü~ë=ÄÉÉå=çÄëÉêîÉÇ=

ìåÇÉê=ÉåîáêçåãÉåí~ä=ÅçåÇáíáçåë=ïÜÉêÉ=Åê~ÅâáåÖ=ïçìäÇ=åçí=åçêã~ääó=ÄÉ=ÉñéÉÅíÉÇ=~åÇI=~Ö~áåI=íÜáë=

Ü~ë=ÄÉÉå=~ííêáÄìíÉÇ=íç=ÅçäÇ=ïçêâ=ÉÑÑÉÅíëK=

fí=áë=~éé~êÉåíI=íÜÉêÉÑçêÉI=íÜ~í=íÜÉ=ÄÉåÉÑáÅá~ä=ÉÑÑÉÅíë=îáë=~=îáë=ÇÉîÉäçéáåÖ=ëíêÉëë=Åçêêçëáçå=Åê~ÅâáåÖ=

êÉëáëí~åÅÉ=Äó=ãçÇáÑóáåÖ=íÜÉ=~ääçó=Åçãéçëáíáçå=~åÇ=ãáÅêçëíêìÅíìêÉI=çê=ÅçåíêçääáåÖ=íÜÉ=ï~íÉê=

ÅÜÉãáëíêó=êÉÖáãÉI=ã~ó=ÄÉ=åÉÖ~íÉÇ=áÑ=íÜÉêÉ=áë=~=ëáÖåáÑáÅ~åí=ÇÉÖêÉÉ=çÑ=ëìêÑ~ÅÉ=çê=Äìäâ=ÅçäÇ=ïçêâ=áå=

íÜÉ=ëíêìÅíìêÉK=
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4 Electrochemical membrane methods in LWR 
cleanup systems (Wilfried Rühle) 

4.1 Introduction 

kçêã~ääó=ï~íÉê=íêÉ~íãÉåí=áå=kìÅäÉ~ê=mçïÉê=mä~åíë=Åçåëáëíë=çÑ=áçå=ÉñÅÜ~åÖÉI=Éî~éçê~íáçå=~åÇ=

ãÉÅÜ~åáÅ~ä=Ñáäíê~íáçå=íÉÅÜåáèìÉëK=qÜÉëÉ=íÉÅÜåçäçÖáÉë=~êÉ=ìëÉÇ=íç=Åçåíêçä=íÜÉ=ÅÜÉãáÅ~ä=ëÜáã=áå=

PWRë=~åÇ=íç=ÅäÉ~å=íÜÉ=Åççä~åí=áå=ÄçíÜ=äáÖÜí=ï~íÉê=êÉ~Åíçê=íóéÉë=Ñêçã=ÅÜÉãáÅ~ä=éçääìí~åíë=~åÇ=

ÉëéÉÅá~ääó=Ñêçã=ê~Çáç=åìÅäáÇÉëK=

^äíÜçìÖÜ=íÜÉëÉ=ï~íÉê=íêÉ~íãÉåí=ãÉíÜçÇë=ëÜçï=ÉñÅÉääÉåí=êÉëìäíëI=íÜÉêÉ=~êÉ=ëçãÉ=~êÉ~ë=Ñçê=

áãéêçîÉãÉåíK=qÜÉ=ÉèìáéãÉåí=áë=ëé~Åáçìë=~åÇ=ÅçåëÉèìÉåíäó=åÉÉÇ=ãìÅÜ=ä~êÖÉê=êççãëK=qÜáë=áë=

ÉëéÉÅá~ääó=êÉäÉî~åí=Ñçê=íÜÉ=Åçåíêçä=~êÉ~ë=ïÜáÅÜ=Ü~îÉ=íç=ÄÉ=ÅçåëíêìÅíÉÇ=~í=~=ÜáÖÜ=íÉÅÜåçäçÖáÅ~ä=äÉîÉä=

ÅçååÉÅíÉÇ=íç=ÜáÖÜ=ÅçëíëK=qÜÉ=ãçëí=áãéçêí~åí=Çáë~Çî~åí~ÖÉ=ìëáåÖ=íê~Çáíáçå~ä=ãÉíÜçÇë=áë=éêçÇìÅáåÖ=

~=ÄáÖ=~ãçìåí=çÑ=ÉñéÉåëáîÉ=ê~Çáç~ÅíáîÉ=ï~ëíÉK=pç=íÜÉêÉ=áë=~=åÉÉÇ=Ñçê=ëã~ää=~åÇ=ÉÑÑáÅáÉåí=ÉèìáéãÉåí=

ïÜáÅÜ=ÇçÉëåDí=éêçÇìÅÉ=ãìÅÜ=ê~Çáç~ÅíáîÉ=ï~ëíÉ=~åÇ=ÇçÉëåDí=êÉèìáêÉ=ÜáÖÜ=áåîÉëíãÉåí=ÅçëíëK=

oÉëìäíáåÖ=çÑ=íÜÉ=ÉñéÉêáÉåÅÉ=Ñêçã=íÜÉ=ÅÜÉãáÅ~ä=áåÇìëíêóI=ÉäÉÅíêçÅÜÉãáÅ~ä=ãÉãÄê~åÉ=íÉÅÜåáèìÉë=

ëÉÉãÉÇ=íç=ÄÉ=íÜÉ=ÄÉëí=ÅÜçáÅÉ=~ë=~äíÉêå~íáîÉëI=hìééáåÖÉê=Éí=~äKI=NVVRK=^äíÜçìÖÜ=íÜÉêÉ=áë=~å=çäÇ=

é~íÉåí=Ñêçã=NVTV=áå=íÜÉëÉ=ÑáÉäÇëI=dê~åíI=NVTV=áí=ä~ëíÉÇ=íáää=íÜÉ=ÉåÇ=çÑ=íÜÉ=åáåÉíáÉëI=ïÜÉå=

ÉñéÉêáãÉåíë=ïáíÜ=ÉäÉÅíêçÅÜÉãáÅ~ä=ãÉãÄê~åÉ=íÉÅÜåçäçÖáÉë=áå=ãçÇÉêå=kìÅäÉ~ê=mçïÉê=mä~åíë=ïáíÜ=

PWRë=~åÇ=BWRë=Ü~îÉ=ÄÉÉå=ëí~êíÉÇI=m~ìäI=NVVRK=
få=íÜÉëÉ=ÉñéÉêáãÉåíë=çåäó=ÉäÉÅíêçÅÜÉãáÅ~ä=ãÉãÄê~åÉ=íÉÅÜåáèìÉë=äáâÉ=“ãÉãÄê~åÉ=ÉäÉÅíêçäóëáëÒ=

~åÇ=“ÉäÉÅíêçÇá~äóëáëÒ=~åÇ=ëáãáä~ê=íÉÅÜåáèìÉë=ïÉêÉ=ìëÉÇ=~åÇ=çåäó=íÜçëÉ=~êÉ=ÅçåëáÇÉêÉÇ=áå=íÜáë=

é~éÉêK=^ää=çíÜÉê=ãÉãÄê~åÉ=íÉÅÜåáèìÉë=ìëÉÇ=áå=ÅÜÉãáÅ~ä=áåÇìëíêó=~åÇ=áå=ï~íÉê=éìêáÑáÅ~íáçåI=äáâÉ=

êÉîÉêëÉ=çëãçëáëI=ìäíê~=Ñáäíê~íáçåI=å~åç=Ñáäíê~íáçåI=ÇáÑÑìëáçå=Çá~äóëáë=ÉíÅK=ïÉêÉ=åçí=íÉëíÉÇ=~ë=íÜÉó=~êÉ=

~äêÉ~Çó=áãéäÉãÉåíÉÇ=áå=íÜÉ=åìÅäÉ~ê=éçïÉê=éä~åí=áåÇìëíêó=Ñçê=ÇáÑÑÉêÉåí=~êÉ~ë=çÑ=ï~íÉê=íêÉ~íãÉåíK=

eçïÉîÉêI=Ä~ëÉÇ=çå=KKP=ÉñéÉêáÉåÅÉ=áí=Å~å=ÄÉ=ÅçåÅäìÇÉÇI=íÜ~í=Ñçê=ê~Çáç~ÅíáîÉ=Åçåí~ãáå~íÉÇ=ï~ëíÉ=

ï~íÉê=íêÉ~íãÉåíI=íÜÉ=ÉäÉÅíêçÅÜÉãáÅ~ä=ãÉãÄê~åÉ=íÉÅÜåáèìÉë=~êÉ=íÜÉ=ãçëí=éêçãáëáåÖ=ãÉíÜçÇëK=

4.2 Membrane techniques under consideration 

^ë=ãÉåíáçåÉÇ=ÄÉÑçêÉI=íÜáë=é~éÉê=ÅçîÉêë=çåäó=ÉäÉÅíêçÅÜÉãáÅ~ä=ãÉãÄê~åÉ=íÉÅÜåáèìÉë=äáâÉ=ãÉãÄê~åÉ=

ÉäÉÅíêçäóëáëI=ÉäÉÅíêçÇá~äóëáëI=ÉäÉÅíêçÇá~äóëáë=ïáíÜ=Äáéçä~ê=ãÉãÄê~åÉëI=ÉäÉÅíêçÇá~äóëáë=ïáíÜ=áçå=

ÉñÅÜ~åÖÉêëI=~åÇ=çñáÇ~íáçå=ÅÉääë=ïáíÜ=Äçêçå=ÇçéÉÇ=ÉäÉÅíêçÇÉëK=

4.2.1 Membrane electrolysis 

jÉãÄê~åÉ=ÉäÉÅíêçäóëáë=EcáÖìêÉ=QJNF=áë=~=éêçÅÉëë=ïÜÉêÉÄó=ÄçíÜ=ÉäÉÅíêçÇÉ=êÉ~ÅíáçåëI=áKÉK=íÜÉ=Å~íÜçÇáÅ=
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Figure 4-1: Schematic chart of membrane electrolysis (by courtesy of FuMA-Tech, a member of BWT AG, 2007). 
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Figure 4-2: Schematic chart of electrodialysis (by courtesy of FuMA-Tech, a member of BWT AG, 2007). 
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5 Effect of water chemistry on fuel cladding 

5.1 PWR water chemistry (Rolf Riess) 

5.1.1 Introduction 
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Figure 5-1: Water Chemistry Changes in U.S. PWRs, Turnage, 2004. 
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Figure 5-2: Typical French Primary Water Chemistry, Bretelle et al., 2004. 
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