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56&"')17"813)&)'+,19'*6&')1:%9&"*'93"34&9&"*'0;0*&9<'*6#0')1:%9&"*'#0'%":1"*,188&)'3")'*6&',&0=1"0#>#8#*;',&0*0'7#*6'*6&'%0&,'*1'
&"0%,&'#*'#0'#"'8#"&'7#*6'*6&'3%*61,#?&)'/&,0#1"'1"'*6&'0;0*&9@'A1'=3,*'1+'*6#0')1:%9&"*'93;'>&',&=,1)%:&)'#"'3";'93""&,'1,'+1,9'>;'*6#,)'
=3,*#&0'7#*61%*'*6&'7,#**&"':1"0&"*'1+'B0C19'D18)#"40'EFG'H*)<''I':1=;,#46*'B0C19'D18)#"40'EFG'H*)<'.&4'A1'JKKJLKMNNJOLPK'

'

1. Introduction

R%,#"4'*6&')&0#4"'1+'*6&'W1&>&,4`0':1"*3#"9&"*'0*,%:*%,&0<'300%9=*#1"0'7&,&'93)&'*1'=,&)#:*'*6&'
+%*%,&'>&63/#1%,'1+'*6&'0*,%:*%,&0`'%0&+%8'8#+&@''S*'*6&'*#9&<'*6&0&'300%9=*#1"0'7&,&'%0&)'*1'=,&)#:*'
*6&'+%*%,&'0*,%:*%,38'9&:63"#:0'1+'*6&'0*,%:*%,&0'1/&,'*6&'+1,&0&&3>8&'8#+&*#9&@'

[6&' )&0#4"' 1+' *6&' :1"*3#"9&"*' 0*,%:*%,&0' 730' =&,+1,9&)' #"' 3::1,)3":&' 7#*6' *6&' G1"*3#"9&"*'
E*,%:*%,38'R&0#4"'.%8&0'jJOk'3")'&0*#93*&0'+1,'0*,%:*%,38'9&:63"#:0'=,&)#:*#1"'91)&80'7&,&'%0&)'
=&,'*6&':1)&0'3")'0*3")3,)0')&&9&)'3==8#:3>8&')%,#"4'*6&')&0#4"@''[6#0'#":8%)&)'*6&'=,&)#:*#1"'1+'
*6&':63"4&'#"'*6&':1":,&*&':,&&=<':1":,&*&'06,#"C34&'3")'*6&'8100'1+'*6&'*&"0#1"'+1,:&'#"'*6&'*&")1"0'
1/&,'*#9&<'76#:6'3,&'93*&,#38'=,1=&,*#&0'*63*'3++&:*'*6&'>&63/#1%,'1+'*6&'0*,%:*%,&0'1/&,'*#9&@''[6&'
=,&8#9#"3,;' )&0#4"' ,&=1,*' 730' :19=#8&)' #"' M^Oc<' 76#8&' *6&' :1"*3#"9&"*' 0*,%:*%,&0' 7&,&'
:199#00#1"&)'#"'M^db'3")'M^dN'+1,'!"#*'M'3")'!"#*'J',&0=&:*#/&8;@'''

[6&' *71' ,&#"+1,:&)' :1":,&*&' 3")' =10*Z*&"0#1"&)' :1"*3#"9&"*' 0*,%:*%,&0' 61%0&' *6&' ,&0=&:*#/&'
,&3:*1,0'1+'W1&>&,4'3")'3,&',&+&,,&)'*1'30'*6&',&3:*1,'>%#8)#"40'1,'*6&':1"*3#"9&"*'0*,%:*%,&0'XD.nY@''
[6&'0*,%:*%,&0'7&,&'+#**&)'7#*6'0&/&,38'1"8#"&'91"#*1,#"4'#"0*,%9&"*3*#1"'0&*0'76#:6':188&:*#/&8;'+1,9'
*6&'BS!'0;0*&9@''[6&'0;0*&9`0'91"#*1,#"4'&$%#=9&"*'#":8%)&0-'

!' ("/3,'7#,&0<'

!' 2&")%8%90<'

!' E*,3#"'43%4&0<'

!' [6&,91:1%=8&0<'3")'

!' R;"3919&*&,0@'

[6&'91"#*1,#"4'&$%#=9&"*'9&30%,&0'/3,#1%0'=3,39&*&,0'*6,1%461%*'*6&'8#+&*#9&'1+'*6&'0*,%:*%,&0<'
0=&:#+#:388;')%,#"4-'

!' G199#00#1"#"4<''

!' R%,#"4'("*&4,3*&)'H&3C'.3*&'[&0*#"4'X(H.[0Y'76#:6'1::%,0'MKZ;&3,8;<'3")'

!' A1,938'1=&,3*#1"'*6,1%46'#"Z0&,/#:&'*&0*#"4'3")'91"#*1,#"4@'

[6&0&')&/#:&0'3,&'%0&)'*1'91"#*1,'*6&'0*,%:*%,38'>&63/#1%,'1+'*6&':1"*3#"9&"*'0*,%:*%,&0'3")':3"'
3801'>&'%0&)'*1'/38#)3*&'*6&'300%9=*#1"0'93)&')%,#"4'*6&')&0#4"'1+'*6&':1"*3#"9&"*'0*,%:*%,&0@'

W1&>&,4'730'#"#*#388;'8#:&":&)'+1,'bK';&3,0'1=&,3*#1"38'=&,#1)@'W1&>&,4'!"#*'M'0%::&00+%88;'3:$%#,&)'
3'8#:&":&'+1,'81"4Z*&,9'1=&,3*#1"'XH[FY'*1'1=&,3*&'+1,'3"'3))#*#1"38'JK';&3,0'%"*#8'JM'o%8;'JKbb<'76#8&'
!"#*'J'8#:&":&'7#88'&V=#,&'1"'^'A1/&9>&,'JKJN@'@'

T1,' H[F<' W1&>&,4' :199#00#1"&)' 3' E3+&*;' S0=&:*0' 1+' H1"4Z[&,9' F=&,3*#1"' XESH[FY' 34&#"4'
93"34&9&"*' 300&009&"*' =,1U&:*' 76#:6' 3#9&)' *1' ,&/38#)3*&<' 391"40*' 1*6&,0<' *6&' :1"*3#"9&"*'
0*,%:*%,&0'+1,'H[F@'[6&'300&009&"*'01%46*'*1'/38#)3*&'*6&':1"*3#"9&"*'+1,'cK';&3,0'1+'1=&,3*#1"@'

[6&'[HSS'+1,'H[F':1"0#)&,&)'*6&'1,#4#"38')&0#4"<'*6&'91"#*1,#"4',&0%8*0'30'7&88'30'=,&)#:*#1"0'1+'
*6&'0*,%:*%,38'9&:63"#:0'1+'*6&':1"*3#"9&"*'0*,%:*%,&0'+1,'*6&'H[F'=&,#1)<'*1')&*&,9#"&'76&*6&,'*6&'
0*,%:*%,&0' 3,&' 0%#*3>8&' +1,' 1=&,3*#1"' +1,' *6&' +%88' JKZ;&3,' =&,#1)' 1+' H[F@' T%,*6&,91,&<' :,100'
,&/38#)3*#1"'730':1")%:*&)'%0#"4'0*,3#"')3*3'1>*3#"&)' +,19'P,)' (H.['XJKMNY' *1' +%,*6&,' ,&+#"&'3")'
#":,&30&':1"+#)&":&'#"'*6&'#"#*#38'[HSS':38:%83*#1"0@'.&0%8*0'+,19'93*&,#38'*&0*#"4'1+'#"Z0#*%':1":,&*&'
7&,&'%0&)'*1'+%,*6&,'0*,&"4*6&"'3")'0%==1,*'*6&'1,#4#"38'[HSS'300%9=*#1"0'3")':38:%83*#1"0@''
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56&"')17"813)&)'+,19'*6&')1:%9&"*'93"34&9&"*'0;0*&9<'*6#0')1:%9&"*'#0'%":1"*,188&)'3")'*6&',&0=1"0#>#8#*;',&0*0'7#*6'*6&'%0&,'*1'
&"0%,&'#*'#0'#"'8#"&'7#*6'*6&'3%*61,#?&)'/&,0#1"'1"'*6&'0;0*&9@'A1'=3,*'1+'*6#0')1:%9&"*'93;'>&',&=,1)%:&)'#"'3";'93""&,'1,'+1,9'>;'*6#,)'
=3,*#&0'7#*61%*'*6&'7,#**&"':1"0&"*'1+'B0C19'D18)#"40'EFG'H*)<''I':1=;,#46*'B0C19'D18)#"40'EFG'H*)<'.&4'A1'JKKJLKMNNJOLPK'

'

2. Supporting Clauses

2.1 Scope

[6&':1"*3#"9&"*'0*,%:*%,&0'X#":8%0#/&'1+'*6&'0*&&8'8#"&,Y'3,&'*6&'%8*#93*&'03+&*;'>3,,#&,'*1'=,&/&"*'*6&'
&0:3=&'1+',3)#13:*#/&'0%>0*3":&0'#"'*6&'&/&"*'1+'3'aH100'1+'G1183"*'S::#)&"*`'XHFGSY@'''

[6&'0:1=&'1+'*6#0',&=1,*'#0'9%8*#Z+18)'3")'3#90'*1'3:6#&/&'*6&'+18817#"4-'

XMY' 2,1/#)&'3"'1/&,/#&7'1+'*6&':1"*3#"9&"*'0*,%:*%,&0'3")'*6&#,'0*,%:*%,38')&0#4"'XG63=*&,'PY@'''

XJY' 2,1/#)&'3'0%993,;'1+',&8&/3"*')&0#4"'300%9=*#1"0'3")'=,&)#:*#1"0'%*#8#0&)'#"'*6&'1,#4#"38'
)&0#4"'1+'*6&':1"*3#"9&"*'0*,%:*%,&0'XG63=*&,'P@PY@'

XPY' 2,1/#)&'3'618#0*#:'1/&,/#&7'1+'*6&'1"Z8#"&'91"#*1,#"4'&$%#=9&"*'XBS!'E;0*&9Y'#"0*388&)'1"'
*6&':1"*3#"9&"*'0*,%:*%,&0'3")'*6&'1,#4#"38'300%9=*#1"0',&83*#"4'*1'*6&')&0#4"'XG63=*&,'bY@'

XbY' S)),&00' :&,*3#"' :199&"*0' >;' *6&' A3*#1"38' A%:8&3,' .&4%83*1,' XAA.Y' :1"*3#"&)' #"' jJNk'
X*6,1%461%*'*6&',&=1,*Y@'

XNY' 2&,+1,9' 3' ,&/#&7' 1+' *6&' 3/3#83>8&' BS!' ,&0%8*0' +1,' >1*6' *6&' MD.n' 3")' JD.n' 0*,%:*%,&0'
XG63=*&,0'N<'cY@'

!' .&Z=&,+1,9'*6&':1"*3#"9&"*'*&")1"'=,&0*,&00'[HSS'PKM'XG63=*&,'OY@'

!' 2&,+1,9':,100Z,&/38#)3*#1"'1+'[HSS'PKM'%0#"4'JKMN'(H.[')3*3'XG63=*&,'dY@'

!' 2&,+1,9',&+#"&9&"*'1+'*6&'[HSS'PKM':38:%83*#1"0'%0#"4'#"Z0#*%':1":,&*&'=,1=&,*#&0'
X:63=*&,'^Y@'

XcY' S"38;0&'061,*:19#"40'*63*'&V#0*'7#*6',&0=&:*'*1'*6&'1"8#"&'91"#*1,#"4'&$%#=9&"*'3")',&0%8*0@'

XOY' 2,1/#)&' ,&:199&")3*#1"0' +1,' *6&' 3"*#:#=3*&)' 91)#+#:3*#1"0' *1' *6&' 1"Z8#"&' 91"#*1,#"4'
&$%#=9&"*@'

2.2 Purpose

[6&',&=1,*')&91"0*,3*&0'*63*'*6&':1"*3#"9&"*'0*,%:*%,&0'3,&'03+&'+1,'*6&'=&,#1)'1+'H[F'XcK';&3,0'1+'
1=&,3*#1"Y'3")'#":8%)&0-'

!' S"' &/38%3*#1"' 1+' *6&' 1"8#"&' 91"#*1,#"4' &$%#=9&"*' )3*3<' #"0*,%9&"*' :38#>,3*#1"' 3")'
:19=3,#01"'1+')3*3'>&*7&&"'!"#*'M'3")'!"#*'J'3")'*6&'BRT'+8&&*`0'0*,3#"')3*3@

!' [6&',&0%8*0'1+'[HSS'PKM'>30&)'1"'*6&'9&*61)1814;'3==8#&)'#"',&+&,&":&'jMck@'''

!' [6&':,100Z/38#)3*#1"'1+'[HSS'PKM'%0#"4'0*,3#"')3*3'+,19'*6&'=,&/#1%0'(H.[0<'3")',&0%8*0'1+'
*&0*#"4')1"&'1"':1"*3#"9&"*':1":,&*&'039=8&0@

[6&'3))#*#1"38':,100Z/38#)3*#1"'%0#"4'*6&')3*3'9&30%,&)')%,#"4'*6&'(H.[0'3")'*6&',&0%8*0'1+'*&0*#"4'
)1"&'1"':1"*3#"9&"*':1":,&*&'039=8&0'0&,/&'*1')&91"0*,3*&<' *6,1%46' #")&=&")&"*'3"38;0#0'3")'
/&,#+#&)'3")'/38#)3*&)')3*3'#"=%*0<'*63*'*6&':1"*3#"9&"*'>%#8)#"40'3,&'03+&'+1,'cK';&3,0'1+'1=&,3*#1"'
7#*6'3)&$%3*&'03+&*;'93,4#"0'*63*'&"/&81=&'0=&:#+#&)'3::#)&"*':1")#*#1"0@'

2.3 Applicability

[6#0')1:%9&"*'#0'3==8#:3>8&'*1'*6&'W1&>&,4'A%:8&3,'217&,'E*3*#1"@'
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56&"')17"813)&)'+,19'*6&')1:%9&"*'93"34&9&"*'0;0*&9<'*6#0')1:%9&"*'#0'%":1"*,188&)'3")'*6&',&0=1"0#>#8#*;',&0*0'7#*6'*6&'%0&,'*1'
&"0%,&'#*'#0'#"'8#"&'7#*6'*6&'3%*61,#?&)'/&,0#1"'1"'*6&'0;0*&9@'A1'=3,*'1+'*6#0')1:%9&"*'93;'>&',&=,1)%:&)'#"'3";'93""&,'1,'+1,9'>;'*6#,)'
=3,*#&0'7#*61%*'*6&'7,#**&"':1"0&"*'1+'B0C19'D18)#"40'EFG'H*)<''I':1=;,#46*'B0C19'D18)#"40'EFG'H*)<'.&4'A1'JKKJLKMNNJOLPK'

'

2.4 Effective Date

[6#0')1:%9&"*'#0'&++&:*#/&'1":&'3%*61,#0&)@'

2.5 Normative/Informative References

23,*#&0' %0#"4' *6#0' )1:%9&"*' 06388' 3==8;' *6&' 910*' ,&:&"*' &)#*#1"' 1+' *6&' )1:%9&"*0' 8#0*&)' #"' *6&'
+18817#"4'=3,34,3=60@'

2.5.1 Normative

jMk' JbKZMJd^b^^P^-''W1&>&,4'ESH[F'E:1=#"4'3")'S4&#"4'_3"34&9&"*'B/38%3*#1"'Q%8C'51,C'
[&:6"#:38'.&$%#,&9&"*'E=&:#+#:3*#1"<'[.E<'S**3:69&"*'JM<'B0C19<'JKMO'

jJk' SE_B'E&:*#1"'n(<'E%>0&:*#1"' (5H-' '.&$%#,&9&"*0' +1,'G8300'GG'G1":,&*&'G19=1"&"*0'1+'
H#46*Z53*&,'G118&)'283"*0'

jPk' WS!ZKPK-''Q30#0'3")'E:1=&'+1,'H#:&":&'Q#")#"4'G#/#8'E%,/&#883":&0'3*'W1&>&,4'A%:8&3,'217&,'
E*3*#1"'

jbk' W1&>&,4'E3+&*;'S"38;0#0'.&=1,*-''((ZM@^'G(e(H'5F.WE'h'Q!(HR(AfE'

jNk' HMMJbZfAZH(EZKMK<'.&/@N-' 'HMMJb'ESH[F'2,1U&:*<'G19=,&6&"0#/&'H#0*'1+'W1&>&,4'[HSS0<'
ESH[F'G1"01,*#%9'HBEBR(ZT,393*19&<'JKJK'

jck' .GGZG5-''.%8&0'+1,'R&0#4"'3")'G1"0*,%:*#1"'1+'25.'A%:8&3,'G#/#8'51,C0'

jOk' EEfZbd-''(SBS'E3+&*;'E*3")3,)0'h'S4&#"4'_3"34&9&"*'3")'R&/&81=9&"*'1+'3'2,14,399&'
+1,'H1"4'[&,9'F=&,3*#1"'1+'A%:8&3,'217&,'283"*0<'(SBS<'JKMd@'

jdk' !E'A.G'.f'M@^K-''("0&,/#:&'("0=&:*#1"'1+'2,&0*,&00&)'G1":,&*&'G1"*3#"9&"*'E*,%:*%,&0'7#*6'
f,1%*&)'[&")1"0'

j^k' 5#&"3")<' Q@' ' 210*ZS00&009&"*' 1+' 2,&Z0*,&00&)' :1"*3#"9&"*' 0*,%:*%,&0' >;' B/38%3*#1"' 1+'
_1"#*1,&)'H1"4Z[&,9'R&+1,93*#1"'.&0%8*0<'JKMP@'

2.5.2 Informative

jMKk' JbKZMJdO^^dJN-''R19&'.&=3#,0'+1,'MLJ'D.n<'JKMO'

jMMk' PPMZcJP-''B"4#"&&,#"4'210#*#1"'1"'G1"*3#"9&"*'E*,%:*%,&0'+1,'H1"4Z*&,9'F=&,3*#1"<'JKJJ'

jMJk' Q,119+#&8)<'o@2@'G1,,10#1"'1+'E*&&8'#"'G1":,&*&Z!")&,0*3")#"4<'("/&0*#43*#1"'3")'.&=3#,<'J")'
&)@p'[3;81,'3")'T,3":#0-'H1")1"<'!W<'JKK'

jMPk' Q,17"+#&8)<'S@D@<'&*@'38@'G1"*,18'1+'E6,#"C34&'1+'G1":,&*&@'EBSFG'G199#**&&<'M^cN'

jMbk' GB'MdPcK-''o%0*#+#:3*#1"'+1,'3::&=*3":&':,#*&,#3'+1,'[1=14,3=6#:38'0%,/&;<'JKJJ'

jMNk' G&9&"*'q'G1":,&*&'("0*#*%*&@''T%8*1"`0':1":,&*&'*&:6"1814;@'(EQA'^OdZKZ^NdbOO^ZMZd<'JKK^'

jMck' RKJZS.eZKMZMdPZK^N'.&/@'G-'ESH[F'W1&>&,4'Z'[HSS'PKM'G1"*3#"9&"*'.&3"38;0#0<'JKJM'

jMOk' TD5SZD.[ZMbZKP^-' ' S"' TD5S' E=&:#38' E*%);-' 210*Z[&"0#1"#"4' [&")1"' f,1%*' G681,#)&'
[6,&0618)0'

jMdk' D%>8&,<'_@D@<'&*'38@''G19=,&6&"0#/&'R3*3>30&'+1,'G1":,&*&'G,&&='3")'E6,#"C34&-'S"38;0#0'
3")'.&:199&")3*#1"0'+1,'[&0*#"4'3")'.&:1,)#"4@'SG('_3*&,#38'o1%,"38<'JKMN'
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56&"')17"813)&)'+,19'*6&')1:%9&"*'93"34&9&"*'0;0*&9<'*6#0')1:%9&"*'#0'%":1"*,188&)'3")'*6&',&0=1"0#>#8#*;',&0*0'7#*6'*6&'%0&,'*1'
&"0%,&'#*'#0'#"'8#"&'7#*6'*6&'3%*61,#?&)'/&,0#1"'1"'*6&'0;0*&9@'A1'=3,*'1+'*6#0')1:%9&"*'93;'>&',&=,1)%:&)'#"'3";'93""&,'1,'+1,9'>;'*6#,)'
=3,*#&0'7#*61%*'*6&'7,#**&"':1"0&"*'1+'B0C19'D18)#"40'EFG'H*)<''I':1=;,#46*'B0C19'D18)#"40'EFG'H*)<'.&4'A1'JKKJLKMNNJOLPK'

'

jM^k' oAbMMZAEBZBEWQZ.ZNdPK<' .&/P-' ' G1"*3#"9&"*' Q%#8)#"40<' E%,+3:&' R&+&:*0' Z' A%9&,#:38'
S"38;0#0'.&=1,*'

jJKk' oAbJcZAEBZBEWQZb^dd-''R&*&,#1,3*#1"'1+'*6&'G1/&,'G1":,&*&'1+'G1"*3#"9&"*'Q%#8)#"40'

jJMk' oAbcNZAEBBEWQZ.ZNOKb-' ' H1"4' [&,9' .&=3#,' E*,3*&4#&0' +1,' *6&' G1"*3#"9&"*' Q%#8)#"40' Z'
BV=&,*'23"&8'.&=1,*'

jJJk' oAdbPZAEBZBEWQZHZdbcd-''S0&#09#:'e3%8*'Z'H&/&8'R&+1,93*#1"'E%,/&;<'JKJM'

jJPk' oAdbdZAEBZBEWQZHZdbbP-''MD.n'1"8#"&'91"#*1,#"4',&0%8*0'+1,'rM'

jJbk' oAdbdZAEBZBEWQZHZdNJb-''JD.n'1"8#"&'91"#*1,#"4',&0%8*0'+1,'rJ'

jJNk' CJ^KJMA'Z'W1&>&,4'A%:8&3,'217&,'E*3*#1"-'B"/#,1"9&"*388;'S00#0*&)'T3*#4%&'XBSTY'S"38;0#0'
_&*61)1814;'3")'E%>9#00#1"'1+' *6&'H#0*'1+'S"38;0&)'3")'.&3"38;0&)'[#9&'H#9#*&)'S4&#"4'
S"38;0&0'X[HSS0Y'+1,'*6&'2&,#1)'1+'H1"4Z[&,9'F=&,3*#1"'

jJck' WQSKKSMGKMKK^-''G1"*3#"9&"*'E*,%:*%,38'R&0#4"'.%8&0'

jJOk' WQSK^KcRKKMKb-''G1"*3#"9&"*-''E%993,;'1+'T#"38'.&0%8*0'1+'E*,&00'S"38;0#0'

jJdk' WQSK^SMGKMKMO-''[&:6"#:38'E=&:#+#:3*#1"'+1,'E*,3#"'f3%4&0'

jJ^k' WQSK^SMGKMKM^-''[&:6"#:38'E=&:#+#:3*#1"'+1,'[6&,91:1%=8&0'

jPKk' WQSK^SMGKJKKb-''[&:6"#:38'E=&:#+#:3*#1"'+1,'E*&&8'!0&)'#"'2,&0*,&00&)'G1":,&*&'

jPMk' WQSK^SMGKJKdc-''[&:6"#:38'E=&:#+#:3*#1"'H13)'G&880'

jPJk' WQSK^SMGKPKKd-''G1"*3#"9&"*'("0*,%9&"*3*#1"'

jPPk' WQSK^SMGKPKJN-''G1"*3#"9&"*'!M-''.&=1,*'1"'H13)'G&88'G3>8&0'("ZE&,/#:&'.&83V3*#1"'[&0*0'

jPbk' WQSMJKMSOKKM^-''[&:6"#:38'E=&:#+#:3*#1"'1+'*6&'2&")%8%90'

jPNk' WQSMJKMSOKKJK-''[&:6"#:38'E=&:#+#:3*#1"'1+'*6&'("/3,'5#,&0'

jPck' HMMJbZfAZ.2[ZKM^' .&/@' P-' e38#)#*;' 1+' WA2E'G1"*3#"9&"*' G#/#8' [HSS' PKM' ESH[F' [HSS'
S00&009&"*'.&=1,*@'

jPOk' oA^MPZAEBZBEWQZHZSKdK-'B/38%3*#1"'1+'W1&>&,4'A%:8&3,'217&,'E*3*#1"'XWA2EY'G1":,&*&'
G1"*3#"9&"*'!"#*'2,1=&,*#&0'Q30&)'1"'R,#88&)'G1,&0'

jPdk' oA^JJZAEBZBEWQZHZSMKc-'.&0%8*0'1+'21#001"`0'.3*#1'[&0*#"4'3*'!"#/&,0#*;'1+'2,&*1,#3'

jP^k' [.ZA22ZJbZKKM'.&/'M-'E3+&*;'B/38%3*#1"'.&=1,*ZW1&>&,4'H1"4'[&,9'F=&,3*#1"'

2.6 Definitions

Time Limited Ageing Analysis:  #0'3')&0#4"'>30#0'&/38%3*#1"':,&3*&)'*1'U%0*#+;'&$%#=9&"*'%0&3>#8#*;'
+1,'3'0=&:#+#:'=&,#1)'1,' 8#9#*@'[6#0'0*%);'%0&0'3"38;0#0'9&*61)0'3")' *&:6"#$%&0' *1'&0*3>8#06'03+&'
&"/&81=0'1,'&V*&"*'1+'%0&3>#8#*;@'(*'#0'/#&7&)'30'+%")39&"*38')1:%9&"*&)'&/38%3*#1"0'%0&)'30'#"=%*0'
1,'300%9=*#1"0'#"'=83"*'1=&,3*#1"'3")'=83"*'93"34&9&"*@'

Validated-' .&+&,0' *1' 0=&:#+#:' E*,%:*%,&0<' E;0*&90<' 3")' G19=1"&"*0' XEEG0Y' *63*' 63/&' >&&"'
0%>U&:*&)'*1'[#9&ZH#9#*&)'S4&#"4'S"38;0#0'X[HSSY'3")'63/&'>&&"')&91"0*,3*&)<'*6,1%46'*&:6"#:38'
&/38%3*#1"<' *1' ,&*3#"' 3)&$%3*&' )&0#4"' 03+&*;' 93,4#"0' >&;1")' *6&#,' 1,#4#"38' )&0#4"' 8#+&<' *6&,&>;'
0%==1,*#"4':1"*#"%&)'1=&,3*#1"'+1,'3')&+#"&)'&V*&")&)'=&,#1)@'[6&'&V*&")&)'=&,#1)')&+#"&)'#"'*6#0'
,&=1,*'#0'JK';&3,0@'
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&"0%,&'#*'#0'#"'8#"&'7#*6'*6&'3%*61,#?&)'/&,0#1"'1"'*6&'0;0*&9@'A1'=3,*'1+'*6#0')1:%9&"*'93;'>&',&=,1)%:&)'#"'3";'93""&,'1,'+1,9'>;'*6#,)'
=3,*#&0'7#*61%*'*6&'7,#**&"':1"0&"*'1+'B0C19'D18)#"40'EFG'H*)<''I':1=;,#46*'B0C19'D18)#"40'EFG'H*)<'.&4'A1'JKKJLKMNNJOLPK'

'

2.7 Abbreviations

Abbreviation Description 

EAU F"Z8#"&'91"#*1,#"4'&$%#=9&"*'1+'*6&'D.n'E*,%:*%,&0'

EPRI B"&,4;'3")'217&,'.&0&3,:6'("0*#*%*&''

HRX G1"*3#"9&"*'0*,%:*%,&0<'3801',&+&,,&)'*1'30'*6&',&3:*1,'>%#8)#"40'

IGALL ("*&,"3*#1"38'f&"&,#:'S4&#"4'H&001"0'H&3,"&)'

ILRT ("*&4,3*&)'H&3C'.3*&'[&0*'

KNPS W1&>&,4'A%:8&3,'217&,'E*3*#1"'

LOCA H100'1+'G1183"*'S::#)&"*'

LTO H1"4'[&,9'F=&,3*#1"'

NIL A%:8&3,'("0*3883*#1"'H#:&":&'

NNR A3*#1"38'A%:8&3,'.&4%83*1,'

SALTO E3+&*;'S0=&:*0'1+'H1"4Z[&,9'F=&,3*#1"'

SIT E*,%:*%,38'("*&4,#*;'[&0*'

TLAA [#9&ZH#9#*&)'S4&#"4'S"38;0#0'

GUTS f%3,3"*&&)'!8*#93*&'[&"0#8&'E*,&"4*6'

SSE E3+&'E6%*)17"'B3,*6$%3C&'

2.8 Symbols

Symbol Description 

' G,100ZE&:*#1"38'S,&3'1+'3'0#"48&'=10*Z*&"0#1"&)':3>8&'

' E*,&00'9&30%,&9&"*<' '

' R&8*3'h'A1*3*#1"'+1,'3':63"4&'#"'/38%&'

' E*,3#"'

' T1,:&'

' D&:*1'h'_&*,#:'2,&+#V')&"1*#"4'3'+3:*1,'1+'1"&'6%"),&)'XMKKY'

' A1*3*#1"'+1,'a("#*#38`''

' W#81'h'_&*,#:'2,&+#V')&"1*#"4'3'+3:*1,'1+'1"&'*61%03")'XM<KKKY'

' W#81Z)&C3ZA&7*1"0'

' _#88#'h'_&*,#:'2,&+#V')&"1*#"4'3'+3:*1,'1+'1"&'*61%03")*6'XK<KKMY'''

' _&*,&'h'_&*,#:'!"#*'1+'H&"4*6'

' A&7*1"'h'_&*,#:'!"#*'+1,'T1,:&'

' 230:38'h'_&*,#:'!"#*'+1,'E*,&00'

' E*,&00'

' A1*3*#1"'+1,'a[&"0#1"`''

' A1*3*#1"'+1,'a[#9&`'76&,&' '#0'3'"%9&,#:38'/38%&'&#*6&,'#"'61%,0'1,';&3,0''

' e18*'h'!"#*'1+'&8&:*,#:'=1*&"*#38'

2.9 Roles and Responsibilities

R&0#4"'B"4#"&&,#"4'#0',&0=1"0#>8&'+1,'*6&'[HSS0'1+'*6&'W1&>&,4'A%:8&3,'217&,'E*3*#1"@'
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56&"')17"813)&)'+,19'*6&')1:%9&"*'93"34&9&"*'0;0*&9<'*6#0')1:%9&"*'#0'%":1"*,188&)'3")'*6&',&0=1"0#>#8#*;',&0*0'7#*6'*6&'%0&,'*1'
&"0%,&'#*'#0'#"'8#"&'7#*6'*6&'3%*61,#?&)'/&,0#1"'1"'*6&'0;0*&9@'A1'=3,*'1+'*6#0')1:%9&"*'93;'>&',&=,1)%:&)'#"'3";'93""&,'1,'+1,9'>;'*6#,)'
=3,*#&0'7#*61%*'*6&'7,#**&"':1"0&"*'1+'B0C19'D18)#"40'EFG'H*)<''I':1=;,#46*'B0C19'D18)#"40'EFG'H*)<'.&4'A1'JKKJLKMNNJOLPK'

'

2.10 Process for Monitoring

ALS'

2.11 Related/Supporting Documents

ALS'  
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&"0%,&'#*'#0'#"'8#"&'7#*6'*6&'3%*61,#?&)'/&,0#1"'1"'*6&'0;0*&9@'A1'=3,*'1+'*6#0')1:%9&"*'93;'>&',&=,1)%:&)'#"'3";'93""&,'1,'+1,9'>;'*6#,)'
=3,*#&0'7#*61%*'*6&'7,#**&"':1"0&"*'1+'B0C19'D18)#"40'EFG'H*)<''I':1=;,#46*'B0C19'D18)#"40'EFG'H*)<'.&4'A1'JKKJLKMNNJOLPK'

'

3. Background and Description of the Component 

3.1 Design of Koeberg Containment Structures

[6&':1"*3#"9&"*'0*,%:*%,&0'=,1/#)&'0%==1,*'3")'=,1*&:*#1"'*1'*6&'=,#93,;'0;0*&9'3")'019&'3%V#8#3,;'
&$%#=9&"*'3")':19=1"&"*0@' (*'=,1/#)&0'06#&8)#"4' *1'=,1*&:*'=&,01""&8'3")' *6&'&"/#,1"9&"*' +,19'
#1"#?#"4',3)#3*#1"@'(*'3801'3:*0'30'*6&'*6#,)'>3,,#&,'>;'=,&/&"*#"4'*6&',&8&30&'1+',3)#13:*#/&'0%>0*3":&0'
#"*1'*6&'&"/#,1"9&"*'#"'*6&'%"8#C&8;'&/&"*'1+'3'"%:8&3,'3::#)&"*@'

[6&'>%#8)#"40'3,&' 81:3*&)'1"'*6&'"%:8&3,' #083")'7#*6'1*6&,'03+&*;Z,&83*&)'0*,%:*%,&0<' #":8%)#"4' *6&'
A%:8&3,'S%V#8#3,;'Q%#8)#"4'XASQY<'B8&:*,#:38'Q%#8)#"40'XDHnY<'T%&8'Q%#8)#"40'XDWSY'3")'*6&'SEf'[3"C'
.1190'X0&&'T#4%,&'M'3")'T#4%,&'JY@'''

'

Figure 1:  Plan view of the Nuclear Island

[6&'0*,%:*%,&0'7&,&')&0#4"&)'*1'61%0&'*6&'"%:8&3,',&3:*1,0'3")'3001:#3*&)'=83"*'&$%#=9&"*@''[6&'
)&0#4"',&$%#,&9&"*0'3,&'*1'7#*60*3")':1"/&"*#1"38'0*,%:*%,38'813)0<'3'aE3+&'E6%*)17"'B3,*6$%3C&`'
XEEBY' 3")' 3' H100' 1+' G1183"*' S::#)&"*' XHFGSY' 76#:6' 7#88' #")%:&' 3"' #"*&,"38' =,&00%,&' 1"' *6&'
0*,%:*%,&0'1+'bKK'C23@'
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&"0%,&'#*'#0'#"'8#"&'7#*6'*6&'3%*61,#?&)'/&,0#1"'1"'*6&'0;0*&9@'A1'=3,*'1+'*6#0')1:%9&"*'93;'>&',&=,1)%:&)'#"'3";'93""&,'1,'+1,9'>;'*6#,)'
=3,*#&0'7#*61%*'*6&'7,#**&"':1"0&"*'1+'B0C19'D18)#"40'EFG'H*)<''I':1=;,#46*'B0C19'D18)#"40'EFG'H*)<'.&4'A1'JKKJLKMNNJOLPK'

'

'

Figure 2:  Section of a Containment Structure

[6&':1"*3#"9&"*'0*,%:*%,&0':19=,#0&'1+')#++&,&"*'0&:*#1"0'3")':19=1"&"*0<'3")'*6&'+18817#"4'*&,90'
3,&')&+#"&)'3")'#88%0*,3*&)'#"'T#4%,&'P-'

' Cylindrical'Wall-' [6&'73880'1+'*6&':1"*3#"9&"*'0*,%:*%,&0''

' Dome-' ' ' ' [1,#0=6&,#:38',11+'1+'*6&':1"*3#"9&"*'0*,%:*%,&0''

' Gusset-' ' ' S'*6#:C&"&)'3,&3':1""&:*#"4'*6&':;8#"),#:38'7388'*1'*6&'!==&,'.3+*

' Ring'Beam-' ' S'*6#:C&"&)'3,&3'1+'*6&':1"*3#"9&"*'0*,%:*%,&0'+1,'*6&':1""&:*#1"'1+'*6&''
' ' ' ' ' ' )19&'3")'*6&':;8#"),#:38'7388'

' Upper'Raft-'' ' S':1":,&*&',3+*'+1,9#"4'*6&'+1%")3*#1"'1+'*6&':1"*3#"9&"*'0*,%:*%,&0@''
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56&"')17"813)&)'+,19'*6&')1:%9&"*'93"34&9&"*'0;0*&9<'*6#0')1:%9&"*'#0'%":1"*,188&)'3")'*6&',&0=1"0#>#8#*;',&0*0'7#*6'*6&'%0&,'*1'
&"0%,&'#*'#0'#"'8#"&'7#*6'*6&'3%*61,#?&)'/&,0#1"'1"'*6&'0;0*&9@'A1'=3,*'1+'*6#0')1:%9&"*'93;'>&',&=,1)%:&)'#"'3";'93""&,'1,'+1,9'>;'*6#,)'
=3,*#&0'7#*61%*'*6&'7,#**&"':1"0&"*'1+'B0C19'D18)#"40'EFG'H*)<''I':1=;,#46*'B0C19'D18)#"40'EFG'H*)<'.&4'A1'JKKJLKMNNJOLPK'

'

'

Figure 3:  Overview of Containment

[6&' )&0#4"' 1+' *6&' :1"*3#"9&"*' 0*,%:*%,&0' 730' >30&)' 1"' *6&' )&0#4"' 1+' ^KK' _5' 0&,#&0' T,&":6'
:1"*3#"9&"*0'3")'*6&'T,&":6'217&,'E*3*#1"<'[,#:30*#"<'30'*6&'W1&>&,4',&+&,&":&'0*3*#1"@''

[6&':1"*3#"9&"*'0*,%:*%,&0'3,&'+#**&)'7#*6'3'c99'0*&&8'8#"&,@'[6&'8&3C',&0#0*3":&'1+'*6&':1"*3#"9&"*'
#0' &"*#,&8;' )&=&")&"*' 1"' *6&' 0*&&8' 8#"&,' 3")' %")&,' "1' :#,:%90*3":&0' :3"' *6&' :1":,&*&' 06&88' >&'
:1"0#)&,&)'*1':1"*,#>%*&'#"'=3,*'1,'#"'7618&'*1'*6&'8&3C',&0#0*3":&'1+'*6&'0*,%:*%,&'jJck@'

3.2 Post-tensioned Tendons

W1&>&,4`0' :1"*3#"9&"*' >%#8)#"40' 3,&' =10*Z*&"0#1"&)s':1":,&*&' 0*,%:*%,&0@' [6&' =10*Z*&"0#1"#"4' #0'
=,1/#)&)'*6,1%46':3>8&'*&")1"0@'B9>&))&)'=10*Z*&"0#1"&)'*&")1"0'3,&'6#46'*&"0#8&'0*,&"4*6'0*&&8'
7#,&0'*63*'3,&'4,1%=&)'*14&*6&,'*1'+1,9'3'4,1%='1+':3>8&0'3")'3,&'&":810&)'#"'3'=,1*&:*#/&'0*&&8')%:*'
*63*'#0'=83:&)'#"0#)&':1":,&*&'3")'*6&"'*#46*&"&)'X*&"0#1"&)Y'3+*&,'*6&':1":,&*&'630'63,)&"&)@'[6&0&'
:3>8&0'#"*,1)%:&'3))#*#1"38':19=,&00#/&',&0#0*3":&'*1'*6&':1":,&*&'76#:6'6&8=0':1%"*&,3:*'*&"0#8&'
+1,:&0'*63*'93;':3%0&':,3:C#"4@[6&'*&")1"0':3"'>&')#/#)&)'#"*1'*6,&&'4,1%=0'7#*6')#0*#":*8;')#++&,&"*'
1,#&"*3*#1"0<'"39&8;-'

!' e&,*#:38'*&")1"0'#"'*6&':;8#"),#:38'=3,*'1+'G1"*3#"9&"*@''[6&'/&,*#:38'=10*Z*&"0#1"#"4'1+'*6&'
:;8#")&,'#0'93)&'%='1+'JMc'0*&&8'7#,&':3>8&0'76#:6'3,&',&:*#8#"&3,'381"4'*6&':;8#")&,'7388@''

!' D1,#?1"*38'*&")1"0'=83:&)'3,1%")'*6&':#,:%9+&,&":&'1+'*6&':;8#"),#:38'=3,*'1+':1"*3#"9&"*@''
[6&'61,#?1"*38'=10*Z*&"0#1"#"4'1+' *6&':;8#")&,' #0'93)&'%='1+'JNN' *6,&&Z$%3,*&,' *%,"'611=0'
7610&'3":61,34&'#0'&9>&))&)'#"'+1%,'/&,*#:38',#>0@''

'
s'E&/&,38'*&:6"#:38')1:%9&"*0',&+&,'*1'*6&'WA2E'*&"0#1"#"4':3>8&0'30'a=,&0*,&00&)`'1,'a=,&0*,&00#"4`':3>8&0@''[6#0'#0'*&:6"#:388;'"1*':1,,&:*'
3")'388'*&"0#1"#"4':3>8&0'7&,&'=10*Z*&"0#1"&)@'''
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56&"')17"813)&)'+,19'*6&')1:%9&"*'93"34&9&"*'0;0*&9<'*6#0')1:%9&"*'#0'%":1"*,188&)'3")'*6&',&0=1"0#>#8#*;',&0*0'7#*6'*6&'%0&,'*1'
&"0%,&'#*'#0'#"'8#"&'7#*6'*6&'3%*61,#?&)'/&,0#1"'1"'*6&'0;0*&9@'A1'=3,*'1+'*6#0')1:%9&"*'93;'>&',&=,1)%:&)'#"'3";'93""&,'1,'+1,9'>;'*6#,)'
=3,*#&0'7#*61%*'*6&'7,#**&"':1"0&"*'1+'B0C19'D18)#"40'EFG'H*)<''I':1=;,#46*'B0C19'D18)#"40'EFG'H*)<'.&4'A1'JKKJLKMNNJOLPK'

'

!' R19&'*&")1"0'=83:&)' #"'3'0=&:#38':1"+#4%,3*#1"'3:,100' *6&')19&@' '210*Z*&"0#1"#"4'1+' *6&'
)19&'#0')1"&'>;'McJ':3>8&0'4,1%=&)'#"*1'*6,&&'+39#8#&0'63/#"4'cKt'3"48&0'>&*7&&"'*6&9@''

[6&'83;1%*'1+'*6&'*&")1"0'1+'*6&':1"*3#"9&"*'0*,%:*%,&0'3,&'#88%0*,3*&)'#"'T#4%,&'b'76#8&'*6&'*6,&&'
+39#8#&0'1+'*6&')19&'*&")1"0'3,&'=,1/#)&)'#"'T#4%,&'N@'

Figure 4:  Layout of Containment Tendons and Reinforcement

Redacted - NNR Act 47, Section 51; PAIA 38(b) 
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56&"')17"813)&)'+,19'*6&')1:%9&"*'93"34&9&"*'0;0*&9<'*6#0')1:%9&"*'#0'%":1"*,188&)'3")'*6&',&0=1"0#>#8#*;',&0*0'7#*6'*6&'%0&,'*1'
&"0%,&'#*'#0'#"'8#"&'7#*6'*6&'3%*61,#?&)'/&,0#1"'1"'*6&'0;0*&9@'A1'=3,*'1+'*6#0')1:%9&"*'93;'>&',&=,1)%:&)'#"'3";'93""&,'1,'+1,9'>;'*6#,)'
=3,*#&0'7#*61%*'*6&'7,#**&"':1"0&"*'1+'B0C19'D18)#"40'EFG'H*)<''I':1=;,#46*'B0C19'D18)#"40'EFG'H*)<'.&4'A1'JKKJLKMNNJOLPK'

'

Figure 5:  Three Families of Dome Tendons

[6&'*&")1"0'&3:6':1"0#0*'1+'M^':3>8&0'3")'&3:6':3>8&':1"0#0*0'1+'O'0*&&8'7#,&'0*,3")0'1+'N'99'&3:6@'
[6&'*&")1"0'3,&'&":30&)'#"')%:*0'*63*'7&,&'4,1%*&)')%,#"4'*6&':1"0*,%:*#1"'3:*#/#*#&0'1+'W1&>&,4@'
S"'#88%0*,3*#1"'1+'*6&':,100Z0&:*#1"'1+'3'*&")1"'3")'388'#*0'3001:#3*&)':19=1"&"*0'#0'4#/&"'#"'T#4%,&'
c@'

' '

Figure 6:  Tendon Cross Section Schematic (L) and Photo (R)

Redacted - NNR Act 47, Section 51; PAIA 38(b) 
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&"0%,&'#*'#0'#"'8#"&'7#*6'*6&'3%*61,#?&)'/&,0#1"'1"'*6&'0;0*&9@'A1'=3,*'1+'*6#0')1:%9&"*'93;'>&',&=,1)%:&)'#"'3";'93""&,'1,'+1,9'>;'*6#,)'
=3,*#&0'7#*61%*'*6&'7,#**&"':1"0&"*'1+'B0C19'D18)#"40'EFG'H*)<''I':1=;,#46*'B0C19'D18)#"40'EFG'H*)<'.&4'A1'JKKJLKMNNJOLPK'

'

3.3 Design Requirements and Original Assumptions

[6&')&0#4"'3")'3"38;0#0'1+'*6&':1"*3#"9&"*'0*,%:*%,&0':1"0#)&,&)')#++&,&"*'aG8300#+#:3*#1"0`'1+'813)'
:30&0' jbk<' jJck@' '[6&0&':8300#+#:3*#1"0<' 3")'3"'&V*,3:*' 1+' *6&#,' )&0#4"' ,&$%#,&9&"*0<' 3,&'=,1/#)&)'
>&817-'''

3.3.1 Normal Operating Loads

[6&'813)0'3==8#:3>8&'*1'*6#0'813)':30&'3,&'XH13)'G30&'JY-'

!' )&3)'813)0<'

!' =,&0*,&00<'

!' *&9=&,3*%,&<'

!' 1=&,3*#"4'=,&00%,&<'

!' 1,)#"3,;':8#93*#:'813)0<'3")'

!' =3,30#*#:'>&")#"4')%&'*1'8#"&,'*18&,3":&0@'

[6&'+18817#"4',&$%#,&9&"*0'3==8;-'

3Y' *6&'9&9>,3"&'0*,&00&0'#"'3";':%,,&"*'7388'0&:*#1"'X3/&,34&'0*,&00'#"'*6&':1":,&*&'0&:*#1"'
1"8;<'&V:8%)#"4'*6&'8#"&,Y',&93#"':19=,&00#/&@'

>Y' *6&'388173>8&':19=,&00#/&'0*,&00'#"'3";':%,,&"*'0&:*#1"'#0'1"8;'&V:&&)&)'76&,&'*6&':3%0&'1+'
*6&'&V:&00'0*,&00'#0'3'*,3"0#&"*'*&9=&,3*%,&'4,3)#&"*'3")'=,1/#)&)'*6&'*1*38'0*,&00',&93#"0'
817&,'*63"'NN'g'1+'*6&'JdZ)3;':;8#")&,'0*,&"4*6@'

:Y' :1":,&*&'*&"0#8&'0*,&00&0'#"'3";':%,,&"*'0&:*#1"'3,&'1"8;'3)9#**&)'76&,&'*6&':3%0&'1+'0%:6'
0*,&00&0'#0'3'*,3"0#&"*'*&9=&,3*%,&'4,3)#&"*'3")'=,1/#)&)'*6&'&"*#,&'*&"0#8&'+1,:&'#0'*3C&"'>;'
>1")&)',&#"+1,:#"4'0*&&8'71,C#"4'3*'3'93V#9%9'1+'JLP'1+';#&8)'0*,&00@''

)Y' #"' 0=&:#38' ?1"&0<' #"' *6&' /#:#"#*;' 1+' =&"&*,3*#1"0' 3")' 3":61,34&0<' *6&' 388173>8&' :1":,&*&'
:19=,&00#/&'0*,&00'#0'cKg'1+'JdZ)3;':;8#")&,'0*,&"4*6@'

3.3.2 Exceptional Operating Loads

[6&'813)0'3==8#:3>8&'*1'*6#0'813)':30&'3,&-'

!' H13)'G30&'P-''2,&00%,&'[&0*'m'F,)#"3,;'G8#93*#:'H13)0<'3")'

!' H13)'G30&'b-''F,)#"3,;'B3,*6$%3C&@'

!' H13)'G30&'N-''H100'1+'G1183"*'S::#)&"*'XHFGSY<'

[6&'+18817#"4',&$%#,&9&"*0'3==8;-'

3Y' *6&'9&9>,3"&'0*,&00'#0':19=,&00#/&'#"'388':%,,&"*'0&:*#1"0'381"4'*6&'&"*#,&'0&:*#1"@''

>Y' *6&'388173>8&':19=,&00#/&'0*,&00'#"'3";':%,,&"*'0&:*#1"'#0'1"8;'&V:&&)&)'76&,&'*6&':3%0&'1+'
*6&'&V:&00'0*,&00'#0'3'*,3"0#&"*'*&9=&,3*%,&'4,3)#&"*'3")'=,1/#)&)'*6&'*1*38'0*,&00',&93#"0'
817&,'*63"'NNg'1+'*6&'JdZ)3;':;8#")&,'0*,&"4*6@'

:Y' :1":,&*&'*&"0#8&'0*,&00&0'#"'3";':%,,&"*'0&:*#1"'3,&'1"8;'3)9#**&)'76&,&'*6&':3%0&'1+'0%:6'
0*,&00&0'#0'3'*,3"0#&"*'*&9=&,3*%,&'4,3)#&"*'3")'=,1/#)&)'*6&'&"*#,&'*&"0#8&'+1,:&'#0'*3C&"'>;'
>1")&)',&#"+1,:#"4'0*&&8'71,C#"4'3*'93V#9%9'JLP';#&8)'0*,&00@'
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&"0%,&'#*'#0'#"'8#"&'7#*6'*6&'3%*61,#?&)'/&,0#1"'1"'*6&'0;0*&9@'A1'=3,*'1+'*6#0')1:%9&"*'93;'>&',&=,1)%:&)'#"'3";'93""&,'1,'+1,9'>;'*6#,)'
=3,*#&0'7#*61%*'*6&'7,#**&"':1"0&"*'1+'B0C19'D18)#"40'EFG'H*)<''I':1=;,#46*'B0C19'D18)#"40'EFG'H*)<'.&4'A1'JKKJLKMNNJOLPK'

'

3.3.3 Factored Loads (Ultimate Limit State Check)

[6&'813)0'3==8#:3>8&'*1'*6#0'813)':30&'3,&-'

!' H13)'G30&'c-''&V:&=*#1"38':8#93*#:'813)0<'

!' H13)'G30&'O-''&V:&=*#1"38'&3,*6$%3C&<'

!' H13)'G30&'d-'',%=*%,&'1+'0*&39'=#=&<'

!' H13)'G30&'^-''9#00#8&'813)<'

!' H13)'G30&'MK-''0#9%8*3"&1%0'1::%,,&":&'1+'HFGS'3")'&V:&=*#1"38'&3,*6$%3C&<'3")'

!' H13)'G30&'MM-''M@N'*#9&0'*6&')&0#4"'=,&00%,&@'

[6&'+18817#"4',&$%#,&9&"*0'3==8;-'

3Y' [6&':1":,&*&'0*,&00&0'3,&'8#9#*&)'*1-'

' ' _3V#9%9':19=,&00#1"-'K@d'1+'JdZ)3;':;8#")&,'0*,&"4*6'

' ' _3V#9%9'*&"0#1"-' K@d'1+':19=3,3>8&'*&"0#8&'0*,&"4*6'

NOTE 1:' 'S88'0*&&80'X=,&0*,&00#"4':3>8&0<' ,&#"+1,:&9&"*'>3,0'3")'*6&' 8#"&,uY'3,&'38817&)'*1',&0#0*'
+1,:&0@'

NOTE 2:' T1,' *6#0' ,&=1,*<' *6&' BV:&=*#1"38' F=&,3*#"4' H13)0`' 71,0*Z:30&' 3::#)&"*' XHFGSY' #0'
:1"0#)&,&)@''[6#0':30&'#0':1"0#)&,&)'*6&'910*':1"0&,/3*#/&'30'*6&':19=,&00#/&',&$%#,&9&"*'#0'"1*'
3',&$%#,&9&"*'+1,'*6&'!8*#93*&'H#9#*'E*3*&':1")#*#1"0<'

@'

NOTE 3: T%,*6&,'*1'AF[B'J<'*6&'W1&>&,4'E3+&*;'S"38;0#0'.&=1,*'XES.Y'jbk'E&:*#1"'((ZM@^@J@b@d'v[6&'
HFGS'#0':1"0#)&,&)'30'*6&'G1"*3#"9&"*'.&+&,&":&'S::#)&"*w@'

S"1*6&,':1"0#)&,3*#1"'#0' a8#"&,'*6,%0*`@'' ("'HFGS':1")#*#1"0'*6&'8#"&,'6&3*0'%='$%#:C8;'76&,&30'*6&'
:1":,&*&' ,&93#"0' :118' 81"4&,' #"'910*' 1+' *6&'7388' 0&:*#1"@' [6&' 8#"&,' :3""1*' &V*&")' >&:3%0&' #*' #0'
:1"+#"&)' >;' *6&' :1":,&*&' 7388@' [6&,&+1,&<' *6&' 8#"&,' 4&*0' :19=,&00#1"' 0*,&00&0' 76#:6' 3,&'
:1%"*&,>383":&)'>;'*&"0#8&'0*,&00&0'#"':1":,&*&<',&>3,0'3")'*&")1"0@'[6#0'&++&:*'#0':388&)'8#"&,'*6,%0*@'
D17&/&,<'*6&'&++&:*'#0'*#9&Z)&83;&)'*1'*6&'93V#9%9'HFGS'3#,'=,&00%,&'=&3C@'S0'*6&'93V#9%9'3#,'
=,&00%,&'#"'E*,%:*%,38'("*&4,#*;'[&0*'XE([Y'#0'6#46&,<'*6&'*&0*'#0')&:#0#/&'+1,'*6&'8#"&,@'

3.3.4 Post-tensioning of Tendons

R%,#"4'*6&')&0#4"'1+'*6&':1"*3#"9&"*'0*,%:*%,&0<'*6&'*&")1"0`'#"#*#38'*&"0#1"#"4'730':38:%83*&)<'3")'
*6&':3>8&0'7&,&'0%>0&$%&"*8;'*&"0#1"&)'30'=3,*'1+'*6&':1"0*,%:*#1"'3:*#/#*#&0@'

E&/&,38'%"#*0'1+'9&30%,&9&"*':3"'>&'%0&)'76&"',&+&,,#"4'*1'*6&'*&"0#1"#"4'#"'*6&'*&")1"0@''(*'#0'3801'
71,*6' "1*#"4' *63*' =10*' *&"0#1"&)' *&")1"0`' 0*,&00&0' 3,&' 4&"&,388;' &V=,&00&)' 30' 3' +,3:*#1"' 1+' #*0'
f%3,3"*&&)' !8*#93*&' [&"0#1"' E*,&00' Xf![EY<' %0%388;' ONZdNg' 1+' f![E@' ' [3>8&' M' =,1/#)&0' *6&'
)#++&,&"*'9&30%,&9&"*0'*63*'93;'>&'%0&)'76&"',&+&,,#"4'*1'*6&':3>8&'*&"0#1"<'30'7&88'30'*6&')&0#4"'
8#9#*0'1+'*6&0&'9&30%,&9&"*0@'

'

'

'
u'F"8;'#"':30&'1+'*6&'*71'81:38#0&)'813)':30&0'X,%=*%,&'1+'0*&39'=#=&'3")'9#00#8&'813)Y'+1,'*6&'!8*#93*&'H#9#*'E*3*&':1")#*#1"'Xx'P@P@PY'

Redacted - NNR Act 47, Section 51; PAIA 38(b) 



Containment Re-Analysis for Long-Term Operation !"#$%&'()&"*#+#&,-'' 331-691

.&/#0#1"-'' 4

234&-'' 25 of 147

'

CONTROLLED DISCLOSURE

56&"')17"813)&)'+,19'*6&')1:%9&"*'93"34&9&"*'0;0*&9<'*6#0')1:%9&"*'#0'%":1"*,188&)'3")'*6&',&0=1"0#>#8#*;',&0*0'7#*6'*6&'%0&,'*1'
&"0%,&'#*'#0'#"'8#"&'7#*6'*6&'3%*61,#?&)'/&,0#1"'1"'*6&'0;0*&9@'A1'=3,*'1+'*6#0')1:%9&"*'93;'>&',&=,1)%:&)'#"'3";'93""&,'1,'+1,9'>;'*6#,)'
=3,*#&0'7#*61%*'*6&'7,#**&"':1"0&"*'1+'B0C19'D18)#"40'EFG'H*)<''I':1=;,#46*'B0C19'D18)#"40'EFG'H*)<'.&4'A1'JKKJLKMNNJOLPK'

'

Table 1:  Tendon Post-Tension Design Limits for Vertical Tendons

Property
Original 
Design 
Unit

Modern 
Unit

Conversion
Failure 
Limit

Tensioning
Goal

Minimum 
per Original 
Analysis

E*,&00' 6'>3,' _23' 6'>3,'y'MK'_23'
M<dMb'
_23'

M<bdO'_23' M<JOb'_23'

T1,:&' C')3'A' CA' M'C')3'A'y'MK'CA' b<O^K'CA' P<^Jd'CA' P<PcN'CA'

.3*#1' *1'
!8*#93*&'
E*,&00'

f![E'
XgY'

f![E'
XgY'

Z' MKKg' dJg' OK@JP'g'

' ' ' '

'

' ' '

S=3,*'+,19'*6&',&$%#,&9&"*0'9&"*#1"&)'#"'x'P@P<'*6&')&0#4"'3")'3"38;0#0'1+'=10*Z*&"0#1"&)':1":,&*&'
0*,%:*%,&0'#0'3':19=8&V'*1=#:<'3")'0&/&,38'30=&:*0'#"+8%&":&'*6&'=&,+1,93":&'1+'*6&'=10*Z*&"0#1"#"4@''
[6&'*71'93U1,':1"0#)&,3*#1"0'76#:6'#9=3:*'*6&')&0#4"'1+'*6&'=10*Z*&"0#1"#"4'3,&-'

!' H100'1+'210*Z[&"0#1"#"4'3")'

!' R%,3>#8#*;'X,&+&,'*1'xMMY@'

3.3.5 Loss of Post-Tensioning

[6&,&'3,&'0&/&,38'+3:*1,0'*63*'7#88'#"+8%&":&'*6&'*&"0#1"'+1,:&'3==8#&)'*1'*6&':3>8&0<'3+*&,'*6&'#"#*#38'
*&"0#1"#"4'jJOk@''[6&0&'+3:*1,0'3,&-'

1. T,#:*#1"'H100&0<'

2. S":61,34&'E8#='1,'5&)4&'H100<'

3. B830*#:'R&+1,93*#1"'1+'*6&'G1":,&*&<'

4. G1":,&*&'E6,#"C34&'3")'G,&&=<'3")'

5. E*&&8'.&83V3*#1"@'

F+'*6&'+3:*1,0'*63*',&)%:&'*6&'+1,:&'#"'*6&'*&"0#1"&)':3>8&0<'J'+3:*1,0'3,&'*#9&Z)&=&")&"*<'#@&@<'0*&&8'
,&83V3*#1"' 1+' *6&' :3>8&0' 3")' 06,#"C34&' 3")' :,&&=' 1+' *6&' :1":,&*&@' [6&' ,&93#")&,' 1+' *6&' +3:*1,0'
,&+&,,&)'*1'3>1/&'3,&'"1*'*#9&')&=&")&"*@''

S8*61%46'06,#"C34&'3")':,&&='3,&'*71')#0*#":*'=,1=&,*#&0'1+':1":,&*&<'#*'#0'"1*'=100#>8&'*1'0&=3,3*&'
*6&'9&30%,&)'0*,3#"<'#@&@<'06,#"C34&'0*,3#"'3")':,&&='0*,3#"<'+,19'1"&'3"1*6&,@''[6&,&+1,&<'a06,#"C34&'
3")':,&&='0*,3#"`'3,&',&+&,,&)'*1'30'3'0#"48&'01%,:&'1+'0*,3#"'#"'4&"&,38'*&,90<'38*61%46<'30')&+#"&)'
>&817<'*6&;'3,&')#++&,&"*@'

'
z'e38%&0'=,&0&"*&)'30'=&,'*6&'1,#4#"38')&0#4"')1:%9&"*0'

Redacted - NNR Act 47, Section 51; PAIA 38(b) 



Containment Re-Analysis for Long-Term Operation !"#$%&'()&"*#+#&,-'' 331-691

.&/#0#1"-'' 4

234&-'' 26 of 147

'

CONTROLLED DISCLOSURE

56&"')17"813)&)'+,19'*6&')1:%9&"*'93"34&9&"*'0;0*&9<'*6#0')1:%9&"*'#0'%":1"*,188&)'3")'*6&',&0=1"0#>#8#*;',&0*0'7#*6'*6&'%0&,'*1'
&"0%,&'#*'#0'#"'8#"&'7#*6'*6&'3%*61,#?&)'/&,0#1"'1"'*6&'0;0*&9@'A1'=3,*'1+'*6#0')1:%9&"*'93;'>&',&=,1)%:&)'#"'3";'93""&,'1,'+1,9'>;'*6#,)'
=3,*#&0'7#*61%*'*6&'7,#**&"':1"0&"*'1+'B0C19'D18)#"40'EFG'H*)<''I':1=;,#46*'B0C19'D18)#"40'EFG'H*)<'.&4'A1'JKKJLKMNNJOLPK'

'

3.3.5.1 Shrinkage

G1":,&*&' &V=&,#&":&0' /18%9&' :63"4&0' #"' >1*6' *6&' +,&06' 3")' 63,)&"&)' 0*3*&0' *6,1%461%*' #*0'
&V#0*&":&@' _&30%,&)' 06,#"C34&' 1+' :1":,&*&' %")&,' ),;#"4' :1")#*#1"0' #":8%)&0' 3"' 3%*14&"1%0'
:19=1"&"*'3")'3'),;#"4':19=1"&"*@'[6&'3%*14&"1%0'06,#"C34&')&/&81=0'&3,8;'X#99&)#3*&8;'3+*&,'
0&**#"4Y' )%&' *1' #"*&,"38' :1"0%9=*#1"' 1+' 73*&,' #"' 6;),3*#1"' ,&3:*#1"0<' 3")' *6&' ,3*&' *6&"' ,&)%:&0'
,3=#)8;@' ("' "1,938Z0*,&"4*6' :1":,&*&' 76#:6' &V=&,#&":&0' 8#**8&' 3%*14&"1%0' 06,#"C34&<' *6&' *1*38'
9&30%,&)'06,#"C34&' #0'%0%388;' *3C&"' *1'>&' *6&'),;#"4'06,#"C34&@'E*,#:*8;<'),;#"4'06,#"C34&' #0' *6&'
3))#*#1"38'06,#"C34&':3%0&)'>;'91#0*%,&'8100'+,19'*6&':1":,&*&'jMNk@''

E6,#"C34&'1+':1":,&*&'630'3"'30;9=*1*#:' +1,9<'76&,&'910*'1+' *6&'06,#"C34&'1::%,0'3*' *6&' #"#*#38'
0&**#"4'*#9&'1+'*6&':1":,&*&<'3")'*6&':63"4&'#"'06,#"C34&',&)%:&0'7#*6'*#9&@''B++1,*0'#"'*6&'=30*'*1'
&0*#93*&'*6&'30;9=*1*#:'8#9#*'+1,'06,#"C34&'63/&'=,1/&"')#++#:%8*'3")':19=8&V<'7#*6'8#**8&')3*3'3/3#83>8&'
76#:6':3"'>&'%0&)'+1,'=,&)#:*#1"'91)&8':38#>,3*#1"@'A#"&*;'0#V'=&,:&"*'X^cgY'1+'388'83>1,3*1,;')3*3'*1'
&0*#93*&'*6&'30;9=*1*#:'8#9#*')1'"1*'&V:&&)'c';&3,0'#"')%,3*#1"'jMdk'+1,'&V39=8&@'''

E6,#"C34&'1::%,0' $%#:C8;' #"#*#388;' 3")' *6&,&3+*&,' 1::%,0'91,&' 08178;@'F"&' ,&+&,&":&' jMdk' jMKk' +1,'
&V39=8&'&0*#93*&0'*63*-'

Z' Mb'h'Pbg'1+'06,#"C34&'1::%,,&)'#"'J'7&&C0<'

Z' JK'h'NKg'1+'06,#"C34&'1::%,,&)'#"'b'7&&C0<'

Z' bK'h'dKg'1+'06,#"C34&'1::%,,&)'#"'P'91"*60<'3")'

Z' cc'h'dNg'1+'06,#"C34&'1::%,,&)'#"'M';&3,@'

E6,#"C34&'#0'617&/&,'#"+8%&":&)'>;'0&/&,38'#"*,#"0#:'+3:*1,0@''("*,#"0#:'+3:*1,0'76#:6'63/&'3'0#4"#+#:3"*'
&++&:*'#":8%)&'*6&'73*&,L:&9&"*'X7:Y',3*#1'1+':1":,&*&'9#V<')&4,&&'1+'6;),3*#1"<'34&'1+'=30*&<':&9&"*'
&V*&")&,0<' *&9=&,3*%,&<' 91#0*%,&' :1"*&"*' 3")' 344,&43*&' =,1=&,*#&0@' BV*,#"0#:' +3:*1,0' #":8%)&'
6%9#)#*;'3")'*&9=&,3*%,&<',3*&'3")'*#9&'1+'),;#"4<'3")'9&9>&,'0#?&'3")'4&19&*,;@''("'4&"&,38'*&,90<'
E6,#"C34&'X1+'76#:6'),;#"4'06,#"C34&'#0'*6&'93#"':19=1"&"*Y'#0'93#"8;')&=&")&"*'1"'&"/#,1"9&"*38'
+3:*1,0@'

E6,#"C34&'#0'"1*',&:1/&,3>8&'3")':3""1*'>&',&/&,0&)@'

210*Z*&"0#1"#"4'1::%,0'019&*#9&'3+*&,'*6&'+,&06':1":,&*&'630'0&*'3")'630'>&&"'0%>U&:*&)'*1'#"#*#38'
06,#"C34&@'[6&,&+1,&<'1"8;'*6&',&0#)%38'06,#"C34&<'#@&@<'*6&'06,#"C34&'*63*'1::%,0'3+*&,'*6&'*&")1"0'
63/&'>&&"'*&"0#1"&)<'7#88'#"+8%&":&'*6&'=10*Z*&"0#1"#"4'+1,:&@'

3.3.5.2 Creep

G,&&='#0')&+#"&)'30'*6&'*#9&Z)&=&")&"*'#":,&30&'#"'0*,3#"'1+'3'018#)'>1);'%")&,':1"0*3"*'1,':1"*,188&)'
0*,&00@' ("' *6&' :30&' 1+' *6&'G1"*3#"9&"*' E*,%:*%,&0<' *6&' :,&&=' 0*,3#"' 7#88' >&' :3%0&)' >;' *6&' =10*Z
*&"0#1"#"4'+1,:&0'#")%:&)'>;'*6&'*&")1"0'1"'*6&':1":,&*&<'30'7&88'30'*6&'0&8+Z7&#46*'1+'*6&':1":,&*&@''
S0'*6&'0&8+Z7&#46*'1+'*6&':1"*3#"9&"*'0*,%:*%,&0'#"'*6&':;8#"),#:38'73880'#0'6#46&,'3*'*6&'>30&'*63"<'+1,'
&V39=8&<'3*'*6&'3=&V'1+'*6&')19&<'*6&,&'93;'>&'3'8#"&3,':63"4&'#"':,&&='0*,3#"'1/&,'*6&'6&#46*'1+'
*6&'0*,%:*%,&'X76&,&30'06,#"C34&'#0'&V=&:*&)'*1'>&'%"#+1,9Y@'''

H#C&':1":,&*&'06,#"C34&<':,&&='630'3"'30;9=*1*#:' +1,9<'76&,&' *6&' :,&&=' #0' #"#*#3*&)'3*' *6&' #"#*#38'
813)#"4'1+'*6&':1":,&*&'X#"'*6&':30&'1+'&V*&,"38'813)0Y<'3")'*6&':63"4&'#"':,&&=',&)%:&0'7#*6'*#9&@'
[6&'*1*38'3::%9%83*&)':,&&='0*,3#"':3"'>&'0&/&,38' *#9&0' 83,4&,'*63"'*6&' #"#*#38'&830*#:'0*,3#"'%=1"'
813)#"4'jMNk@''

G,&&=' #0' #"+8%&":&)'>;' *6&' 039&' #"*,#"0#:' +3:*1,0'30' 06,#"C34&p'617&/&,<' #*' #0' 3801' #"+8%&":&)'>;'
3))#*#1"38'&V*,#"0#:'+3:*1,0'0%:6'30'*6&'8&/&8'1+'*6&'3==8#&)'0*,&00<')%,3*#1"'1+'*6&'813)<':%,#"4<'3")'
*6&'34&'3*'813)#"4@'G,&&='#0')&=&")&"*'1"'813)'3")'&"/#,1"9&"*38'+3:*1,0@'
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56&"')17"813)&)'+,19'*6&')1:%9&"*'93"34&9&"*'0;0*&9<'*6#0')1:%9&"*'#0'%":1"*,188&)'3")'*6&',&0=1"0#>#8#*;',&0*0'7#*6'*6&'%0&,'*1'
&"0%,&'#*'#0'#"'8#"&'7#*6'*6&'3%*61,#?&)'/&,0#1"'1"'*6&'0;0*&9@'A1'=3,*'1+'*6#0')1:%9&"*'93;'>&',&=,1)%:&)'#"'3";'93""&,'1,'+1,9'>;'*6#,)'
=3,*#&0'7#*61%*'*6&'7,#**&"':1"0&"*'1+'B0C19'D18)#"40'EFG'H*)<''I':1=;,#46*'B0C19'D18)#"40'EFG'H*)<'.&4'A1'JKKJLKMNNJOLPK'

'

[6&'93U1,#*;'1+':,&&='3801'1::%,0'#"'*6&'&3,8#&,'0*34&0'1+':1":,&*&@'S8*61%46'0&/&,38'#"*,#"0#:'+3:*1,0'
#"+8%&":&'*6&':,&&='1+':1":,&*&<'30'3"'&V39=8&'1+'*6&'*#9&')&=&")3"*'>&63/#1%,'1+':,&&=<'*6&'>&817'
#0'%0&)'*1'#88%0*,3*&'*6&'*#9&')&=&")&":;'1+':,&&=@'

G1"0#)&,#"4'3',&83*#/&'6%9#)#*;'1+'OKg'X76#:6'#0'3==8#:3>8&'*1'W1&>&,4Y'*6&':,&&='1+'*6&'&V39=8&'
=,&0&"*&)'#"',&+&,&":&'jMNk<'T#4%,&'d':3"'>&'&0*#93*&)'*1'>&-'

!' cKK'{9L9'3*'M';&3,p'

!' OdK'{9L9'3*'MK';&3,0p'3")'

!' dKK'{9L9'3*'PKZ;&3,0@'

'

Figure 7: Creep of Concrete from Reference [15]

ONg'1+'*6&'PKZ;&3,':,&&='630'*6%0')&/&81=&)'3*'MZ;&3,'3")'^O@Ng'1+'*6&':,&&='630')&/&81=&)'3*'
MKZ;&3,0'#"'*6&'3+1,&9&"*#1"&)'&V39=8&@'

3.3.5.3 Prediction of Shrinkage and Creep

R&0#4"' :1)&0' 0%:6' 30' QE' dMMK<' 76#:6' #0' #":1,=1,3*&)' #"' ESAE' MKMKKZM-JKKK<' %0&' 3' PKZ;&3,'
*#9&+,39&'*1'&0*#93*&'*6&'06,#"C34&'0*,3#"'3")':,&&='0*,3#"'+3:*1,0@'

[6&'1,#4#"38')&0#4"')1:%9&"*3*#1"'%0&)'+1,'W1&>&,4'3801',&+&,0'*1'3'PKZ;&3,'*#9&+,39&'+1,'06,#"C34&'
3")':,&&=<'38*61%46',&+&,&":&'#0'3801'93)&'*1'E6,#"C34&'3")'G,&&='3*'a#"+#"#*;`@'

[6&'>30#0'+1,'*6&'PKZ;&3,'*#9&+,39&'#0'"1*':8&3,'*6,1%46'*6&')&0#4"':1)&0'1,'0*3")3,)0<'38*61%46'#*'
#0'=10*%83*&)'*63*'*6&'PKZ;&3,'*#9&+,39&'#0'3':1"0&,/3*#/&'&0*#93*&'3*'76#:6'*#9&'3'0#4"#+#:3"*'=1,*#1"'
1+'3'0*,%:*%,&`0'#"*&")&)'0&,/#:&'8#+&'06,#"C34&'3")':,&&='0*,3#"'63/&'>&&"'3:6#&/&)@''[6&'06,#"C34&'
3")':,&&='0*,3#"'3,&'9%:6'91,&'0#4"#+#:3"*'#"'*6&'+#,0*'PK';&3,0<':19=3,&)'*1<'+1,'&V39=8&<'*6&'"&V*'
PK';&3,0@'
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56&"')17"813)&)'+,19'*6&')1:%9&"*'93"34&9&"*'0;0*&9<'*6#0')1:%9&"*'#0'%":1"*,188&)'3")'*6&',&0=1"0#>#8#*;',&0*0'7#*6'*6&'%0&,'*1'
&"0%,&'#*'#0'#"'8#"&'7#*6'*6&'3%*61,#?&)'/&,0#1"'1"'*6&'0;0*&9@'A1'=3,*'1+'*6#0')1:%9&"*'93;'>&',&=,1)%:&)'#"'3";'93""&,'1,'+1,9'>;'*6#,)'
=3,*#&0'7#*61%*'*6&'7,#**&"':1"0&"*'1+'B0C19'D18)#"40'EFG'H*)<''I':1=;,#46*'B0C19'D18)#"40'EFG'H*)<'.&4'A1'JKKJLKMNNJOLPK'

'

3.3.5.4 Age at Loading

E6,#"C34&'3")':,&&='3,&'>1*6'*#9&')&=&")&"*@'(*'#0'71,*6'"1*#"4'*6&':1"0*,%:*#1"'*#9&8#"&0'+1,'*6&'
*71' :1"*3#"9&"*' >%#8)#"40' X0&&' [3>8&' JY@' Q1*6'!"#*0' 7&,&' *&"0#1"&)' ,1%468;' 1"&' ;&3,' 3+*&,' *6&'
:1":,&*#"4'730':19=8&*&)@''[6#0'71%8)'9&3"'019&'06,#"C34&'71%8)'63/&'38,&3);')&/&81=&)'*1'3'
83,4&'&V*&"*'3")'*6&'83*&'34&'1+'*&"0#1"#"4'71%8)'3801'9#*#43*&'*6&'*1*38':,&&='*63*':1%8)')&/&81=@'
R#0*#":*#1"' #0' *6&,&+1,&' 019&*#9&0' ),37"' >&*7&&"' !"!#!$%& '()!"*$+,' 3")' ),'!-.$%& '()!"*$+,' X0&&'
T#4%,&'dY@''[6&':,&&=':1&++#:#&"*'#0'3801'#"+8%&":&)'>;'*6&'34&'1+'+#,0*'813)#"4'3")'*6&,&+1,&':,&&=':3"'
>&'9#*#43*&)'*1'019&'&V*&"*'>;')&83;#"4'*6&'+#,0*'813)#"4'34&@'

Table 2:  Containment Building Construction Timelines

Event

Unit 1 Unit 2

Date
Elapsed 
Months

Date
Elapsed 
Months

T#,0*'G1":,&*&'21%,' _3;'M^Od' Z' F:*1>&,'M^Od' Z'

G1":,&*&'=1%,'8&/&8'3*'
Q1**19'1+'.#"4'Q&39'

_3;'M^O^' MJ' o%8;'M^O^' ^'

[
6,
&3
)#
"4
'[
&"
)1
"0
'

D1,#?1"*38'
MP' _3,:6' M^dK' h'
^'S%4%0*'M^dK'

JJZJO'
J^' R&:&9>&,' M^dK'
h'J'_3,:6'M^dM'

JcZJ^'

e&,*#:38'
MK' S=,#8' M^dK' h'
MP'F:*1>&,'M^dK'

JPZJ^'
MO' R&:&9>&,' M^dK'
h'Jc'_3,:6'M^dM'

JcZJ^'

R19&'
JK' o%"&' M^dK' h'
Jd'S%4%0*'M^dK'

JNZJO'
c' T&>,%3,;' M^dM' h'
M'S=,#8'M^dM'

JdZPK'

f
,1
%*
#"
4'
1+
'[
&"
)1
"0
'

'

D1,#?1"*38'
c' _3;' M^dK' h'
JJ'S%4%0*'M^dK'

JbZJO'
JJ' o3"%3,;' M^dM' h'
J'S=,#8'M^dM'

JOZPK'

e&,*#:38'
JK' _3;' M^dK' h'
MM'E&=*&9>&,'M^dK'

JbZJd'
d' o3"%3,;' M^dM' h'
JO'_3,:6'M^dM'

JOZJ^'

R19&'
JP' o%8;' M^dK' h' ^'
E&=*&9>&,'M^dK'

JcZJd'
Jc'T&>,%3,;'M^dM'h'
MN'S=,#8'M^dM'

JdZPK'

'_&30%,#"4'1+'*6&'+1%,'
4,&30&)'*&")1"0''

Mb'F:*1>&,'M^dK'' J^' ALS' Z'

.&+&,&":&' R3*&' +1,'
E*,3#"' f3%4&' |&,1'
_&30%,&9&"*'

Md'E&=*&9>&,'M^dK'

b'T&>,%3,;'M^dM'

MO'A1/&9>&,'M^dM'

Jd'

PP'

bJ'

JM'S=,#8'M^dM' PK'

E([' R&:&9>&,'M^dM' bP' F:*1>&,'M^dJ' bd'

NOTE 1-'S*' *6&' *#9&'1+' *&"0#1"#"4'3")' *6&' +#,0*'9&30%,&9&"*'1+' *6&' *&"0#1"' #"' *6&' +1%,'4,&30&)'
*&")1"0'1"'!"#*'M<'*6&'3/&,34&'34&'1+'*6&':1":,&*&'730'M';&3,'3")'JNc')3;0'jPPk@'
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&"0%,&'#*'#0'#"'8#"&'7#*6'*6&'3%*61,#?&)'/&,0#1"'1"'*6&'0;0*&9@'A1'=3,*'1+'*6#0')1:%9&"*'93;'>&',&=,1)%:&)'#"'3";'93""&,'1,'+1,9'>;'*6#,)'
=3,*#&0'7#*61%*'*6&'7,#**&"':1"0&"*'1+'B0C19'D18)#"40'EFG'H*)<''I':1=;,#46*'B0C19'D18)#"40'EFG'H*)<'.&4'A1'JKKJLKMNNJOLPK'
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Note 2:''[6&',&+&,&":&')3*&'+1,'*6&'0*,3#"'43%4&'?&,1'9&30%,&9&"*0'7&,&')1"&'1"')#++&,&"*')3*&0'
+1,')#++&,&"*'0*,3#"'43%4&0@''[6&')3*&0'=,&0&"*&)'#"'*6&'*3>8&'3>1/&<',&=,&0&"*<'#"'1,)&,-'

!' !"#*'M'E*,3#"'f3%4&0'A10@'M'h'NO<'Md'E&=*&9>&,'M^dK'

!' !"#*'M'E*,3#"'f3%4&0'A10@'Nd'h'N^<'b'T&>,%3,;'M^dM'3")''

!' !"#*'M'E*,3#"'f3%4&0'A10@'cK'h'MKc'X388'43%4&0'#":8%)#"4'3")'3>1/&'JJ@d^'9Y<'MO'A1/&9>&,'
M^dM@'

Note 3:' ' [6&' 3/&,34&' *#9&' 76#:6' 83=0&)' >&*7&&"' *6&' 4,1%*#"4' 1+' *6&' /&,*#:38' *&")1"0' X=10*Z
*&"0#1"#"4':19=8&*&Y'3")'*6&'+#,0*'0*,3#"'9&30%,&9&"*'X?&,1'9&30%,&9&"*Y'7&,&'MbZMO'91"*60'+1,'
!"#*'M'3")'KZP'91"*60'+1,'!"#*'J@'

'

Figure 8:  Strain Development of Aged Concrete

3.3.5.5 Steel Relaxation

[6&'0*&&8',&83V3*#1"'1+'*6&':3>8&0'#0'3"1*6&,'*#9&Z)&=&")&"*'=3,39&*&,'*63*'#"+8%&":&0'*6&':3>8&`0'
81"4Z*&,9'=&,+1,93":&@' 'E*&&8' ,&83V3*#1"'1::%,0'30' *6&'93*&,#38' 08178;' )&+1,90'1,' ,&83V&0'%")&,'
:1"0*3"*'0*,&00<'0#9#83,'*1':,&&=@'

[6&'0*&&8',&83V3*#1"'#0'3801'30;9=*1*#:38'3")'#0'&V=&:*&)'*1'1::%,'93#"8;'#"'*6&'#"#*#38'=&,#1)0'1+'*6&'
0*,%:*%,&`0'8#+&<'76&,&3+*&,'*6&',3*&'1+'*6&'0*&&8',&83V3*#1"',&)%:&0@'
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&"0%,&'#*'#0'#"'8#"&'7#*6'*6&'3%*61,#?&)'/&,0#1"'1"'*6&'0;0*&9@'A1'=3,*'1+'*6#0')1:%9&"*'93;'>&',&=,1)%:&)'#"'3";'93""&,'1,'+1,9'>;'*6#,)'
=3,*#&0'7#*61%*'*6&'7,#**&"':1"0&"*'1+'B0C19'D18)#"40'EFG'H*)<''I':1=;,#46*'B0C19'D18)#"40'EFG'H*)<'.&4'A1'JKKJLKMNNJOLPK'
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3.4 Original Design Estimation

[6&'1,#4#"38' 0%993,;' 1+' *6&' +#"38' :1"*3#"9&"*' 3"38;0#0' ,&0%8*0' jJOk' =,1/#)&)' *6&' 0*,&00&0' #"' *6&'
/&,*#:38' :3>8&0x<':1"0#)&,#"4' *6&'/3,#1%0':3%0&0'1+' *&"0#1"' 8100&0<' #":8%)#"4' *6&' *&"0#1"')%,#"4'3'
HFGS'3+*&,'*6&'&0*#93*&)'8100'1+'*&"0#1"#"4'+,19'388':3%0&0@'[6&0&'0*,&00&0'3,&'0617"'#"'T#4%,&'^'
3")'*6&'039&'/38%&0'3,&':1"/&,*&)'*1'+1,:&'#"'T#4%,&'MK@'

'

Figure 9: Summary of Design Stress in Vertical Tendons

'
x'F"8;'*6&'e&,*#:38'G3>8&0'3,&'0617"@''.&+&,&":&'=,1/#)&0'*6&'D1,#?1"*38'G3>8&0`'0*,&00&0@'
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&"0%,&'#*'#0'#"'8#"&'7#*6'*6&'3%*61,#?&)'/&,0#1"'1"'*6&'0;0*&9@'A1'=3,*'1+'*6#0')1:%9&"*'93;'>&',&=,1)%:&)'#"'3";'93""&,'1,'+1,9'>;'*6#,)'
=3,*#&0'7#*61%*'*6&'7,#**&"':1"0&"*'1+'B0C19'D18)#"40'EFG'H*)<''I':1=;,#46*'B0C19'D18)#"40'EFG'H*)<'.&4'A1'JKKJLKMNNJOLPK'

'

'

Figure 10: Summary of Design Force in Vertical Tendons

'

[6&' ,&0%8*0' 1+' *6&' 61,#?1"*38' 3")' )19&' *&")1"0<' 76#:6' +188170' 0#9#83,' 9&*61)1814;' *1' *6&' 1"&'
=,&0&"*&)'3>1/&':3"'>&'+1%")'#"'S==&")#V'Q@''

4. Monitoring and Equipment Installed

[6&'91"#*1,#"4'1+'MLJ'D.n'+1,90'3"'#"*&4,38'=3,*'1+'*6&'W1&>&,4'G#/#8'_1"#*1,#"4'2,14,399&<'76#:6'
#0'3'0%,/&#883":&'=,14,39'3#9&)'3*'&"0%,#"4'81"4Z*&,9'0&,/#:&3>#8#*;'1+'388':#/#8'>%#8)#"40<'0*,%:*%,&0'
3")'#"+,30*,%:*%,&@''

WS!ZKPK'jMk'0*3*&0'*63*'v2&,#1)#:38'91"#*1,#"4'1+'*6&':1"*3#"9&"*'>%#8)#"4'#0':3,,#&)'1%*'*1'91"#*1,'
3")' *,&")' /3,#1%0' =3,39&*&,0' *63*' =,1/#)&' #"+1,93*#1"' ,&43,)#"4' ,&83*#/&' 91/&9&"*<' 8&/&8' 1+'
=,&0*,&00'3")'81:38'0*,3#"'#"'*6&':1"*3#"9&"*'>%#8)#"4'0*,%:*%,&w@''

(*'+%,*6&,'0*3*&0'*63*'v/0"!#0)!"+&01&#(,&-2"$303,#,)'4&!"5$)&6!),'4&7,"-.%.3'4&'#)$!"&+$.+,'&$"-&
#(,)3080.7%,'&'($%%&9,&8$))!,-&0.#&0"&$&:.$)#,)%2&9$'!'&;<&30"#(%2=&!"&$880)-$"8,&6!#(&>-?&7)$8#!8,@A'

[6&'91"#*1,#"4'1+' *6&' 0*,%:*%,&0' #0'=3,*' 1+' *6&' 8#:&":&Z>#")#"4'3:*#/#*#&0'1+'W1&>&,4'3")'06388' >&'
:1")%:*&)'#"'+%88':19=8#3":&'7#*6'*6&'A%:8&3,'("0*3883*#1"'H#:&":&'XA(HY'30'#00%&)'>;'*6&'AA.@''

E&/&,38')#++&,&"*'9&30%,&9&"*'&$%#=9&"*'7&,&'#"0*388&)'1"'*6&':1"*3#"9&"*'0*,%:*%,&0@'[6&'1,#4#"38'
&$%#=9&"*<'*6&#,'+%":*#1"'3")'0%==1,*#"4'#"+1,93*#1"'3,&'=,1/#)&)'#"'[3>8&'P'>&817-'
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&"0%,&'#*'#0'#"'8#"&'7#*6'*6&'3%*61,#?&)'/&,0#1"'1"'*6&'0;0*&9@'A1'=3,*'1+'*6#0')1:%9&"*'93;'>&',&=,1)%:&)'#"'3";'93""&,'1,'+1,9'>;'*6#,)'
=3,*#&0'7#*61%*'*6&'7,#**&"':1"0&"*'1+'B0C19'D18)#"40'EFG'H*)<''I':1=;,#46*'B0C19'D18)#"40'EFG'H*)<'.&4'A1'JKKJLKMNNJOLPK'

'

Table 3: Installed Monitoring Instrumentation on 1/2 HRX

Equipment Unit 1 Unit 2 Section Discussed

[1=19&*,#:'_3,C&,0' JJ' JJ' § 4.1

("/3,'5#,&0'XD1,#?1"*38Y' J' J' § 4.2

("/3,'5#,&0'Xe&,*#:38Y' b' b' § 4.3

2&")%8%90' b}P' b}P' § 4.4

R;"3919&*&,0' b' K' § 4.5

E
*,
3#
"'
f
3%
4&
0'

G;8#")&,' q'
R19&'

bc'

MKd'

Nc'

cJ' § 4.6
.3+*' 3")'
Q,3:C&*0'

cJ' c'

[6&,91:1%=8&0' cP' bM' § 4.7

S))#*#1"388;<'#"'4&"&,38'76&,&'*6&'B08$#!0"'1+'&$%#=9&"*'#0'%0&)<'*6&'+18817#"4'#0'71,*6'"1*#"4-'

!' [6&' G1"*3#"9&"*' Q%#8)#"40' 3,&' =,3:*#:388;' 0;99&*,#:38<' >%*' 1,#&"*3*&)' )#++&,&"*8;' 1"' *6&'
"%:8&3,'#083")<'

!' T1,'>1*6':1"*3#"9&"*'>%#8)#"40'*6&'>#1814#:38')11,'3")'43"*,;'0*,%:*%,&0'3,&'3*'a.#>'M`<'

!' [6&'3V#0'1+'*6&':1"*3#"9&"*'0*,%:*%,&0'#0'0#9#83,'1"'*6&'"%:8&3,'#083")<'

!' [6&'81:3*#1"'1+'&$%#=9&"*'1"'*6&':1"*3#"9&"*'0*,%:*%,&0'7#88'>&',&+&,,&)'*1':1"0#)&,#"4'*6&'
1,#&"*3*#1"<'3V#0'3")'6&#46*<'76&,&'3==8#:3>8&<'

!' [6&'83;1%*'3")'1,#&"*3*#1"'1+':1"*3#"9&"*'0*,%:*%,&0'3,&'#88%0*,3*&)'#"'T#4%,&'MM@'



Containment Re-Analysis for Long-Term Operation !"#$%&'()&"*#+#&,-'' 331-691

.&/#0#1"-'' 4

234&-'' 33 of 147

'

CONTROLLED DISCLOSURE

56&"')17"813)&)'+,19'*6&')1:%9&"*'93"34&9&"*'0;0*&9<'*6#0')1:%9&"*'#0'%":1"*,188&)'3")'*6&',&0=1"0#>#8#*;',&0*0'7#*6'*6&'%0&,'*1'
&"0%,&'#*'#0'#"'8#"&'7#*6'*6&'3%*61,#?&)'/&,0#1"'1"'*6&'0;0*&9@'A1'=3,*'1+'*6#0')1:%9&"*'93;'>&',&=,1)%:&)'#"'3";'93""&,'1,'+1,9'>;'*6#,)'
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'

'

Figure 11: Layout and Orientation of Containment Structures

(*' #0'71,*6'"1*#"4' *6&' 81:38'&"/#,1"9&"*38':1")#*#1"0'1+' *6&'0*,%:*%,&0'3,&')#++&,&"*<'30' *6&'!"#*'M'
0*,%:*%,&'#0'&V=10&)'*1'*6&'0%"'91,&'*63"'*6&'!"#*'J'0*,%:*%,&<'3")'/#:&'/&,03'+1,'*6&'=,&)19#"3"*'
7#")@'

NOTE: The original documents also provide the axis of the containment structures in 
gradians (100 gradians = 90 degrees).

4.1 Topometric Markers

S'"&*71,C'1+'>&":693,C'*63*'7&,&'#"0*388&)'#"*1'*6&'%")&,0#)&'1+'*6&'%==&,',3+*'%")&,'MLJ'D.n'388170'
+1,'*6&')&+1,93*#1"'3*'*6&'>30&'1+':1"*3#"9&"*'*1'>&')&*&,9#"&)@'.&+&,'*1'T#4%,&'MJ@'[6&'>&":693,C'
3801'388170'+1,'*6&'3>018%*&'0&**8&9&"*'*1'>&'9&30%,&)@'

'

'
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&"0%,&'#*'#0'#"'8#"&'7#*6'*6&'3%*61,#?&)'/&,0#1"'1"'*6&'0;0*&9@'A1'=3,*'1+'*6#0')1:%9&"*'93;'>&',&=,1)%:&)'#"'3";'93""&,'1,'+1,9'>;'*6#,)'
=3,*#&0'7#*61%*'*6&'7,#**&"':1"0&"*'1+'B0C19'D18)#"40'EFG'H*)<''I':1=;,#46*'B0C19'D18)#"40'EFG'H*)<'.&4'A1'JKKJLKMNNJOLPK'

'

'

Figure 12: Location of Benchmarks

4.1.1 Topographic Measurements

S0'=3,*'1+'*6&'(E('=,14,399&<'*6&'%==&,'3")'817&,',3+*0'3,&'0%,/&;&)'&/&,;'+#/&';&3,0'+1,')&+1,93*#1"'
3")'0&**8&9&"*<'7#*6'*6&'910*',&:&"*'0%,/&;':1")%:*&)'#"'JKJM'jJJk@''

4.1.2 Upper and Lower Raft Monitoring

[6&'NZ;&3,8;' 0%,/&;' +1:%0&0' 1"' *6&' 0&**8&9&"*'3")'91"#*1,#"4' 1+' *6&' %==&,' 3")' 817&,' ,3+*0' 3")'
,&=1,*0'*6&')#++&,&"*#38'91/&9&"*'>&*7&&"'*6&',&0=&:*#/&',3+*0@'''

T,19' *6&' *1=14,3=6#:'0%,/&;<' #*' #0'"1*&)' *63*'>1*6' *6&'%==&,'3")' *6&' 817&,' ,3+*0' 63/&'0&**8&)'1"'
3/&,34&<'30'+188170-'

!' ZK@KKMd99''H17&,'.3+*'

!' ZK@KKM^99'!==&,'.3+*'X!")&,"&3*6'!"#*'MY'

!' ZK@KKMP99'!==&,'.3+*'X!")&,"&3*6'!"#*'JY'

[6&'83*&0*',&0%8*'#0'0617"'#"'T#4%,&'MP'76&,&'*6&'JKMc',&0%8*0'3,&':19=3,&)'*1'JKJM@'

'
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'

Figure 13: Aseismic Vault – Relative height differences in millimetres, 2016-2021

(*'#0'"1*&)'*63*'*6&'&V*,&9&',&83*#/&'91/&9&"*'>&*7&&"'*6&'%==&,'3")'817&,',3+*'X#@&@<'*6&',&0#)%380Y'
3,&'mK@c99'3")' ZK@N99@' (*' #0':1":8%)&)' #"' *6&' *1=14,3=6#:'0%,/&;' ,&=1,*' *63*' *6&' v,&0#)%380' +388'
7#*6#"' *6&' =,&:#0#1"' ,3"4&' 1+' *6&' 0%,/&;@' [6&' 0&**8&9&"*' 730' 91,&' +%88;' 300&00&)' 3")' *,&3*&)'
0&=3,3*&8;'%")&,'[HSS'PKb<',&=1,*'HMMJbZfAZ.2[ZKbN@'

4.1.3 EdF Experience

[1')&*&,9#"&'*6&'0*3>#8#*;'1+'*6&'"%:8&3,'#083")<'B)T'3==8#&0'3'9&*61)1814;'76#:6'#0'>30&)'1"'*6&'
:1"0#0*&":;'>&*7&&"'*6&')&0#4"'6;=1*6&0#0'L':38:%83*#1"0'3")'*6&'9&30%,&)')3*3'3")'#"':30&0'1+'
)&/#3*#1"'*6&'0%,/&#883":&':,#*&,#3')&+#"&)'>;'BRT'3,&'30'+188170-'

E*,%:*%,&0'3,&':8300#+#&)'#"'P':3*&41,#&0'Xe*-'E&**8&9&"*',3*&'h'eQ-'.1*3*#1"38',3*&Y-'

!' f,1%='M-'E*3>#8#?&)'0*,%:*%,&'XT,&$%&":;'1+'#"0=&:*#1"'b'h'd';&3,0Y''

o' e*'~'K@c'99L;&3,'3")L1,'eQ'~'K@P'99LMK9L;&3,'

!' f,1%='J-'E*,%:*%,&'#"'*6&'=,1:&00'1+'>&#"4'0*3>#8#?&)'XT,&$%&":;'1+'#"0=&:*#1"'J'h'b';&3,0Y''

o' K@c'99L;&3,'~'e*'~'M@J'99L;&3,'3")L1,'K@P'99LMK9L;&3,'~'eQ'~'M'99LMK9L;&3,''

!' f,1%='P-'!"Z0*3>#8#?&)'0*,%:*%,&'XT,&$%&":;'1+'#"0=&:*#1"'M'h'J';&3,0Y'''

o' e*'�'M@J'99L;&3,'3")L1,'eQ'�'M'99LMK9L;&3,'
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56&"')17"813)&)'+,19'*6&')1:%9&"*'93"34&9&"*'0;0*&9<'*6#0')1:%9&"*'#0'%":1"*,188&)'3")'*6&',&0=1"0#>#8#*;',&0*0'7#*6'*6&'%0&,'*1'
&"0%,&'#*'#0'#"'8#"&'7#*6'*6&'3%*61,#?&)'/&,0#1"'1"'*6&'0;0*&9@'A1'=3,*'1+'*6#0')1:%9&"*'93;'>&',&=,1)%:&)'#"'3";'93""&,'1,'+1,9'>;'*6#,)'
=3,*#&0'7#*61%*'*6&'7,#**&"':1"0&"*'1+'B0C19'D18)#"40'EFG'H*)<''I':1=;,#46*'B0C19'D18)#"40'EFG'H*)<'.&4'A1'JKKJLKMNNJOLPK'

'

4.1.4 Koeberg Results

B0C19' )&*&,9#"&)' *6&' ,3*&' 1+' 0&**8&9&"*' *1' :19=3,&' *6&' ,&0%8*0' *1' *6&' B)T' 9&*61)1814;' 3")'
)&*&,9#"&)'*63*'*6&',3*&'1+'0&**8&9&"*'#0'7#*6#"'*6&'B)T'3::&=*3":&':,#*&,#3'+1,'f,1%='M-'E*3>#8#0&)'
0*,%:*%,&0' 76#:6' 0%==1,*0' *6&' 0%,/&;' #"*&,/38' 1+' NZ;&3,8;' 30' 7&88' 30' *6&' 3::&=*3":&' :,#*&,#3<'
:1"0#)&,#"4'3'/&,*#:38')#0=83:&9&"*',3*&'=&,';&3,@'

[6&' 93V#9%9' 3>018%*&' 0&**8&9&"*' +1,' *6&' %==&,' ,3+*' #0' O@M' 99' 3")' 1::%,0' %")&,"&3*6' %"#*' J'
:1"*3#"9&"*'>%#8)#"4'3")'93V#9%9'3>018%*&'0&**8&9&"*'1+'N@P'99'+1,'*6&'817&,',3+*@''[6&',&0%8*0'
3801'#")#:3*&'*6&'91/&9&"*'1+'*6&'"%:8&3,'#083")'630'=83*&3%&)'1%*@''[6&':%,,&"*'3>018%*&'0&**8&9&"*'
9&30%,&9&"*'#0'0*#88':1"0#0*&"*'7#*6')&0#4"'6;=1*6&0#0L:38:%83*#1"'1+'*6&'93V#9%9'0*3*#:'0&**8&9&"*'
+1,'*6&'"%:8&3,'#083")'#"',3"4&'1+'MK'99'�'M'99@'[6&'&V=&:*&)'0&**8&9&"*',3*&'+1,'*6&'"%:8&3,'#083")'
#0'K@MJ'99'L';&3,'jMbk@'

4.2 Invar Wires (Horizontal)

F,#4#"388;<'J'#"/3,'7#,&0'7&,&'#"0*388&)<'+1,'&3:6'0*,%:*%,&<'3*'*6&',3+*'8&/&8'1+'*6&'0*,%:*%,&0@'[6&'7#,&0'
7&,&'=83:&)'#"')%:*0'#"'*6&':1":,&*&'>30&'381"4'*6&')#39&*&,'1+'*6&'0*,%:*%,&<'1,*6141"388;@'''

[6&0&'7#,&0'7&,&'%0&)'*1'9&30%,&'*6&')&+1,93*#1"'1+'*6&'0*,%:*%,&0`')#39&*&,'3*'*6&'>30&p'617&/&,<'
*6&'&$%#=9&"*'730')#0:1"*#"%&)<'3")'*6&')%:*0':810&)@'[6&0&'=3,39&*&,0'3,&'"17'9&30%,&)'%")&,'
*6&'*1=14,3=6#:38'0%,/&;@'

4.3 Invar Wires (Vertical)

T1%,'XbY'0&*0'1+'("/3,'5#,&0'jPNk'3,&'#"0*388&)'1"'&3:6'!"#*@''[6&0&'("/3,'5#,&0'3,&'#"0*388&)'>&817'
*6&')!"+&9,$3'XT#4%,&'PY'3*'3'8&/&8'1+'mbN@PO9'3")'63"40'*1'*6&'ZP@OK9'8&/&8<'1"'&/&,;'$%3,*&,'*%,"@''
[6&'#"/3,'7#,&0'3,&'%0&)'*1'9&30%,&'*6&'/&,*#:38'91/&9&"*'1+'*6&'D.n'0*,%:*%,&0@'''

'

4.3.1 Koeberg Experience and Results

[6&' #"/3,' 7#,&0' 3*' W1&>&,4' 63/&' )&4,3)&)' 7#*6' *#9&' 3")' *6&' 9&30%,&9&"*0' 3")L1,' *6&'
)1:%9&"*3*#1"'1+'*6&'#"/3,'7#,&',&0%8*0'630'>&&"'=11,'#"'*6&'=30*@'[6&0&'#"/3,'7#,&0'7&,&',&+%,>#06&)'
3")'7#88'>&'91"#*1,&)'&/&,;'N';&3,0'#"'3::1,)3":&'7#*6'*6&'34&#"4'93"34&9&"*'=,14,399&@'[6&'
)&4,3)3*#1"'1+'*6&'#"/3,'7#,&0'8&)'*1'019&'#"/3,'7#,&0'>,&3C#"4'3")'*6&')3*%9'+1,'*6&'9&30%,&9&"*0'
7&,&'810*@'S0'0%:6<'81"4Z*&,9'91"#*1,#"4',&0%8*0'0#":&':199#00#1"#"4'3,&'"1*'3/3#83>8&'+1,'*6&'#"/3,'
7#,&0' 1,' "1*' %0&+%8@' E#":&' :#,:3' JKK^' *6&' 1"Z8#"&' 91"#*1,#"4' 630' >&&"' =&,+1,9&)' $%3,*&,8;' #"'
3::1,)3":&'7#*6'*6&'("ZE&,/#:&'("0=&:*#1"'X(E(Y'=,14,399&'jPk<'617&/&,'*6&',&0%8*0')1'"1*'=,1/#)&'
3'618#0*#:'1/&,/#&7'1+'*6&':1"*3#"9&"*'>&63/#1%,'0#":&':199#00#1"#"4@'

[6&',&0%8*0'3,&'*6&,&+1,&'"1*':1"0#)&,&)'30'=3,*'1+'*6#0',&=1,*@'

4.4 Pendulums (Plumblines)

[6&'2&")%8%90'jPbk'3,&'#"0*388&)'"&3,'*6&'/&,*#:38'("/3,'7#,&0@'[6&'2&")%8%90'3,&'#"0*388&)'#"'+1%,'
XbY' 4,1%=0' 1+' *6,&&' XPY<' 7#*6' &3:6' 4,1%=' #"0*388&)' 3' $%3,*&,' *%,"' +,19' *6&' =,&/#1%0@' B3:6' 4,1%='
:1"0#0*0'1+'P'8#"&0<'#"0*388&)'3*'+%88'6&#46*<'9#)73;'3")'3*'*6&'>1**19'1+'*6&'0*,%:*%,&0@'''
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56&"')17"813)&)'+,19'*6&')1:%9&"*'93"34&9&"*'0;0*&9<'*6#0')1:%9&"*'#0'%":1"*,188&)'3")'*6&',&0=1"0#>#8#*;',&0*0'7#*6'*6&'%0&,'*1'
&"0%,&'#*'#0'#"'8#"&'7#*6'*6&'3%*61,#?&)'/&,0#1"'1"'*6&'0;0*&9@'A1'=3,*'1+'*6#0')1:%9&"*'93;'>&',&=,1)%:&)'#"'3";'93""&,'1,'+1,9'>;'*6#,)'
=3,*#&0'7#*61%*'*6&'7,#**&"':1"0&"*'1+'B0C19'D18)#"40'EFG'H*)<''I':1=;,#46*'B0C19'D18)#"40'EFG'H*)<'.&4'A1'JKKJLKMNNJOLPK'

'

'

[6&'8&/&80',&+&,'*1'*6&'6&#46*'3*'76#:6'*6&'=&")%8%90'3,&':1""&:*&)<'76&,&-'

3'y'm'bJ9'

>'y'm'Jc9'

:'y'm'MK9**'

4.4.1 Koeberg Experience and Results

H#C&' *6&' #"/3,' 7#,&0<' *6&' =&")%8%90' 3*' W1&>&,4' 63/&' )&4,3)&)' 7#*6' *#9&' 3")' *6&' 8#+&*#9&'
9&30%,&9&"*0'3")L1,'*6&')1:%9&"*3*#1"'1+'*6&'=&")%8%9',&0%8*0'63)'>&&"'=11,'3")'*6&'81"4Z*&,9'
91"#*1,#"4',&0%8*0'0#":&':199#00#1"#"4' #0'"1*'3/3#83>8&'1,'"1*'%0&+%8@'[6&'=&")%8%90'63/&'0#":&'
>&&"',&+%,>#06&)<'3")')3*3'7#88'>&'%0&+%8'#"'91"#*1,#"4'*6&'0*,%:*%,&0'+1,'*6&'#"*&")&)'=&,#1)'1+'H[F@'
E#":&':#,:3'JKK^'*6&'1"Z8#"&'91"#*1,#"4'630'>&&"'=&,+1,9&)'$%3,*&,8;' #"'3::1,)3":&'7#*6'*6&'(E('
=,14,399&'jPk<'617&/&,'*6&',&0%8*0')1'"1*'=,1/#)&'3'618#0*#:'1/&,/#&7'1+'*6&':1"*3#"9&"*'>&63/#1%,'
0#":&':199#00#1"#"4@'[6&',&0%8*0'3,&'*6&,&+1,&'"1*':1"0#)&,&)'30'=3,*'1+'*6#0',&=1,*@'

.&+%,>#069&"*'1+'%"#*'M'3")'%"#*'J'("/3,'7#,&0'3")'2&")%8%90'730'0%::&00+%88;':19=8&*&)'#"'JKJb@'
A&7'>30&8#"&',&3)#"40'=10*',&+%,>#069&"*'630'0#":&'>&&"'&0*3>8#06&)@''

4.5 Dynamometers

[6&,&' 3,&' +1%,' XbY' %"Z4,1%*&)' /&,*#:38' *&")1"0' 1"' MD.n' *1' 38817' *6&' +1,:&' #"' *6&' :3>8&0' *1' *6&'
:1":,&*&'*1'>&'91"#*1,&)'X388'1*6&,'*&")1"0<' #"'388'1,#&"*3*#1"0'1"'!"#*'M'3")'!"#*'J'3,&'4,1%*&)Y@'
[6&0&':3>8&0'3,&'%0&)'*1'9&30%,&'*6&'*&"0#1"'+1,:&0'#"'*6&'+1%,'#")#/#)%38':3>8&0'76#:6'#0'019&*#9&0'
,&+&,,&)'*1'30'*6&'a,&83V3*#1"'*&0*0`<'30'#*'#0'&V=&:*&)'*63*'*6&'+1,:&'#"'*6&':3>8&0'7#88',&83V'X,&)%:&Y'
1/&,'*#9&@'

[6&',&0=&:*#/&':3>8&0'3,&'83>&88&)':3>8&0@'PN<'^K<'Mbb'3")'M^d<'30'#88%0*,3*&)'#"'T#4%,&'MM<'3")'*6&#,'
#"#*#38'+1,:&')&/&81=9&"*'#0'#88%0*,3*&)'#"'[3>8&'b@'B3:6':3>8&'#0'+#**&)'7#*6'*6,&&'XPY');"3919&*&,0'
7#*6'3':3=3:#*;'1+'MNK*'&3:6'jPMk@''

F=&,3*#1"38'&V=&,#&":&'630'0617"'*63*'*6&'&$%#=9&"*',&$%#,&0':38#>,3*#1"'*1'&"0%,&'*6&',&3)#"40'
3,&'"1*'&,,3*#:@'("'JKJP<',&:38#>,3*#1"'1+'*6&');"3919&*&,0'730':19=8&*&)@'[6&'9&30%,&9&"*0'*3C&"'
1"'0#*&'#"'X9eLeY'3,&'*6&"':1,,&83*&)')%,#"4'*6&':38#>,3*#1"'1+'*6&'&$%#=9&"*'*1'3'+1,:&'XCAY@'

[6&'91"#*1,#"4',&0%8*0'3,&')#0:%00&)'#"'91,&')&*3#8'#"'x'N'Z'R;"3919&*&,0@'

4.6 Strain Gauges

e#>,3*#"4' 7#,&' 0*,3#"' 43%4&0' X3801' 019&*#9&0' ,&+&,,&)' *1' 30' 3:1%0*#:' 0*,3#"' 43%4&0Y' 7&,&'
#":1,=1,3*&)' #"*1' *6&' :1":,&*&' 38817#"4' 81:38' 0*,3#"0' #"' *6&' :1":,&*&' *1' >&' 9&30%,&)' 3")' *6&"'
)&*&,9#"#"4'*6&':1,,&0=1")#"4'0*,&00&0@''[6&;'3,&'=10#*#1"&)'#"'/3,#1%0'81:3*#1"0'#"'*6&'73880'3")'
,3+*0'1+'*6&'0*,%:*%,&0<'=1#"*0'0&8&:*&)'*1'>&'#")#:3*#/&'1+'*6&'1/&,388'>&63/#1%,'1+'*6&'0*,%:*%,&@'

'
ss'F"8;'M'D.n'2:'XPY'#0'3*'m'^@J9'
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56&"')17"813)&)'+,19'*6&')1:%9&"*'93"34&9&"*'0;0*&9<'*6#0')1:%9&"*'#0'%":1"*,188&)'3")'*6&',&0=1"0#>#8#*;',&0*0'7#*6'*6&'%0&,'*1'
&"0%,&'#*'#0'#"'8#"&'7#*6'*6&'3%*61,#?&)'/&,0#1"'1"'*6&'0;0*&9@'A1'=3,*'1+'*6#0')1:%9&"*'93;'>&',&=,1)%:&)'#"'3";'93""&,'1,'+1,9'>;'*6#,)'
=3,*#&0'7#*61%*'*6&'7,#**&"':1"0&"*'1+'B0C19'D18)#"40'EFG'H*)<''I':1=;,#46*'B0C19'D18)#"40'EFG'H*)<'.&4'A1'JKKJLKMNNJOLPK'

'

S0' #88%0*,3*&)' #"' [3>8&' P<' *6&,&' #0' 3' "1*3>8&' )#++&,&":&' #"' *6&' "%9>&,' 1+' 43%4&0' #"0*388&)' 1"' *6&'
,&0=&:*#/&'0*,%:*%,&0@'[6&,&'3,&'JKg'91,&'43%4&0' #"' *6&'MD.n'7388'3")')19&'30':19=3,&)' *1'
JD.n' 3")' McNg'91,&' #"' *6&' ,3+*@' S' :19=8&*&' 8#0*' 1+' *6&' #"0*388&)' 0*,3#"' 43%4&0' #0' =,&0&"*&)' #"'
S==&")#V'S@'

(9=1,*3"*8;<'*6&'0*,3#"',&0%8*0':3"'>&':1,,&:*&)'+1,'*&9=&,3*%,&<'38*61%46'+1,'*6&'81"4Z*&,9'*,&")#"4'
*6&'0&301"38'&++&:*0'3,&'"&48&:*&)<'30'0&301"38'/3,#3*#1"0'7#88'0#9=8;':3":&8'1%*@'

T%,*6&,91,&<'3))#*#1"38'91)&,"'*&:6"1814;'e#>,3*#"4'5#,&'E*,3#"'f3%4&0'Xe5Ef0Y'7#*6'3%*193*#:'
)3*3'8144#"4':3=3>#8#*#&0'7&,&'#"0*388&)'1"'*6&'&V*&,"38'+3:3)&'1+'*6&':1"*3#"9&"*')19&0'3")'73880@'
("'3))#*#1"<'91)&,"'*&:6"1814;'1=*#:38'+#>,&0'3,&':%,,&"*8;'>&#"4'#"0*388&)'1"'*6&'&V*&,"38'+3:3)&'1+'
*6&')19&'3")'73880'1+'*6&':1"*3#"9&"*'>%#8)#"4@'[6&'#"0*3883*#1"'1+'*6&0&'91)&,"'*&:6"1814#&0'+1,90'
=3,*'1+' *6&'>,#)4#"4'0*,3*&4;'=,#1,' *1' *6&' #9=8&9&"*3*#1"'1+'3'91)#+#:3*#1"'3#9&)'3*' #9=,1/#"4' *6&'
$%38#*;'1+')3*3'1>*3#"&)' +,19' *6&'1"8#"&'91"#*1,#"4'0;0*&9@'G%,,&"*8;<'MK'91)&,"'e5Ef0'3")'b'
1=*#:38'+#>,&0'3,&'#"0*388&)'1"'&3:6':1"*3#"9&"*'>%#8)#"4@'

4.7 Thermocouples

[6&'*6&,91:1%=8&0'7&,&'&9>&))&)'381"40#)&'=3#,0'1+' *6&'1,#4#"38'0*,3#"'43%4&0'*1'9&30%,&' *6&'
:1":,&*&' *&9=&,3*&' 3*' *6&'919&"*' *6&' 0*,3#"' #0' 9&30%,&)<' *1' 38817' *6&' &++&:*0' 1+' *6&' :1":,&*&'
*&9=&,3*%,&'*1'>&'#":8%)&)'#"'*6&'0*,&00':38:%83*#1"0@''[6&,&'3,&'bJg'91,&'*6&,91:1%=8&0'1"'MD.n'
:19=3,&)'*1'JD.n@'

4.8 In-Service Inspections

[6&'91"#*1,#"4'1+'MLJ'D.n'#0':%,,&"*8;'=&,+1,9&)'>;'$%38#+#&)'=&,01""&8@'[6&'91"#*1,#"4',&3)#"40'
3,&'*3C&"'3")'*,3:C&)'1"'3')3*3>30&<'*6&"'3',&=1,*'#0':19=#8&)@'[6&'#"0=&:*#1"',&=1,*0'3,&'%0&)'*1'
%=)3*&'*6#0',&=1,*@'[6&'830*',&=1,*0'3,&'*6&'+18817#"4'+1,'%"#*'M'3")'J',&0=&:*#/&8;@'

!' jJPk'oAdbdZAEBZBEWQZHZdbbP-''MD.n'1"8#"&'91"#*1,#"4',&0%8*0'+1,'rM'XJKJMY<'3")'

!' jJbk'oAdbdZAEBZBEWQZHZdNJb-''JD.n'1"8#"&'91"#*1,#"4',&0%8*0'+1,'rJ'XJKJMY'

[6&0&',&=1,*0'617&/&,')1'"1*'=,1/#)&'3':19=3,#01"'>&*7&&"'*6&',&0=&:*#/&'0*,%:*%,&0@'

5. Dynamometers Analysis

5.1 Cable Force and Trending

[6&'a06,#"C34&'3")':,&&=`'1+'*6&':1":,&*&'3")'*6&'a,&83V3*#1"'1+'0*&&8`'30'9&"*#1"&)'3,&'>1*6'*#9&Z
)&=&")&"*'=3,39&*&,0'3")'*6&,&+1,&'7#88'1::%,'1/&,'*#9&@'T1,'*6&'1,#4#"38'3"38;0#0'jJOkuu<'*6&'%8*#93*&'
*#9&'+,39&'3*'76#:6'*6&'8100&0'7&,&'&0*#93*&)'#0'"1*':8&3,'3")',&+&,&":&'#0'93)&'*1'PK';&3,0@'[6&'
>30#0'+1,'*6&'PKZ;&3,'=&,#1)'#0'8#C&8;')%&'*1'*6&'06,#"C34&'3")':,&&=':1&++#:#&"*'=,&)#:*#1"'91)&80'#"'
:1)&0'3")'0*3")3,)0'X+1,'&V39=8&'ESAE'MKMKKY'76#:6'3,&'8#9#*&)'*1'3'PKZ;&3,'=&,#1)@'.&+&,&":&'
jPPk<'617&/&,<'=,&)#:*0'*6&'%8*#93*&'X1,'#"+#"#*&Y'06,#"C34&'3")':,&&='1+'*6&':1":,&*&'#"'3::1,)3":&'
7#*6'*6&'1,#4#"38')&0#4"',%8&0zz@'''

'
uu'[6#0'.&=1,*'730'S%*61,#?&)'1"'O'T&>,%3,;'M^dK'

zz'[6#0'.&=1,*'730'S%*61,#?&)'1"'JM'o%8;'M^dJ'
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56&"')17"813)&)'+,19'*6&')1:%9&"*'93"34&9&"*'0;0*&9<'*6#0')1:%9&"*'#0'%":1"*,188&)'3")'*6&',&0=1"0#>#8#*;',&0*0'7#*6'*6&'%0&,'*1'
&"0%,&'#*'#0'#"'8#"&'7#*6'*6&'3%*61,#?&)'/&,0#1"'1"'*6&'0;0*&9@'A1'=3,*'1+'*6#0')1:%9&"*'93;'>&',&=,1)%:&)'#"'3";'93""&,'1,'+1,9'>;'*6#,)'
=3,*#&0'7#*61%*'*6&'7,#**&"':1"0&"*'1+'B0C19'D18)#"40'EFG'H*)<''I':1=;,#46*'B0C19'D18)#"40'EFG'H*)<'.&4'A1'JKKJLKMNNJOLPK'

'
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Table 4:  Initial In-Service Relaxation Tests

Cable
Load 
Cell

14-10-1980

0 hours

(kN)

26-11-1980

1,000 hours

(kN)

25-02-1981

3,200 hours

(kN)

28-06-1982

15,000 hours

(kN)
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,7

7
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M<JJd@^K' 3
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9
4
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N
M<JMK@bK' 3

,6
4

5
.9

k
N

M<JKc@KN' 3
,6

3
2

.9
k

N

MNJ' M<JON@JK' M<Jbc@dK' M<JJc@PK' M<JJP@dO'

MNP' M<JbN@KK' M<JMd@bK' M<JK^@JK' M<JKJ@^O'

90

MNb' M<JP^@dK' 3
,7

5
7
.0

k
N

M<JMK@NK' 3
,6

6
8
.1

k
N

M<JKJ@KK' 3
,6

0
6
.3

k
N

M<M^N@dN' 3
,6

1
5
.4

k
N

MNN' M<JcJ@KK' M<JPb@^K' M<M^d@dK' M<JJK@O^'

MNc' M<JNN@JK' M<JJJ@OK' M<JKN@NK' M<M^d@OO'

144

MNO' M<M^c@PK' 3
,7

1
6
.7

k
N

M<MOO@PK' 3
,6

4
9
.9

k
N

M<MPd@OK' 3
,6

0
1
.4

k
N

M<Mb^@Kd' 3
,5

9
9
.4

k
N

MNd' M<JNM@NK' M<JJb@PK' M<JJM@JK' M<JMM@Jd'

MN^' M<Jcd@^K' M<Jbd@PK' M<JbM@NK' M<JP^@Kb'

198

McK' M<JKP@JK' 3
,7

2
1
.5

k
N

M<MOM@^K' 3
,6

2
0
.5

k
N

M<McO@PK' 3
,5

9
5
.7

k
N

M<Mcc@Pc' 3
,5

8
9
.9

k
N

McM' M<JbN@bK' M<JMM@dK' M<JKc@^K' M<JKb@bM'

McJ' M<JOJ@^K' M<JPc@dK' M<JJM@NK' M<JM^@K^'

Average Force (KN) 3,742.08 3,658.15 3,612.33 3,609.40

Average Relaxation 2.25 % 3.50 % 3.55 %

Relaxation Limit 3.4 % 4.0 %

A1*&-'[6&',&83V3*#1"'8#9#*0'3,&'30'0=&:#+#&)'+1,'*6&'0=&:#+#:'*#9&'1+'9&30%,&9&"*'30'=&,'*6&'1,#4#"38'
,&83V3*#1"'3"38;0#0'=&,',&+&,&":&'jPPk@'

[6&'#"#*#38'+1,:&0'9&30%,&)'#"'[3>8&'b<'3")'*6&'8#9#*0'1+'*6&'/3,#1%0'9&30%,#"4'%"#*0<'3,&'=81**&)@'
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Figure 14:  Cable Relaxation During First 15,000 Hours 

[6&'0*&&8',&83V3*#1"'"1*&)'#"'T#4%,&'Mb'#0')%&'*1'3':19>#"3*#1"'1+'*6&'#"0*3"*3"&1%0'3")'*#9&Z,&83*&)'
9&:63"#090'8#0*&)'#"'xP@P@N@''(*'#0'617&/&,'"1*'=100#>8&'*1')#++&,&"*#3*&':19=8&*&8;'>&*7&&"'*6&0&'
9&:63"#090'>;'1"8;':1"0#)&,#"4'*6&':3>8&'+1,:&@'

A1*7#*60*3")#"4<'*6&'>&63/#1%,'1+'*&"0#1"#"4'8100'1/&,'*#9&'#0':1"0#0*&"*'7#*6'&V=&:*3*#1"0<'76&,&'
*6&'93U1,#*;'1+'*6&'8100'#0'&V=&:*&)'3*'*6&'>&4#""#"4'1+'*6&'0*,%:*%,&`0'8#+&@''[6&':,&&='>&63/#1%,'1+'
*6&':1":,&*&'3")'*6&':,&&=',&83V3*#1"'1+'*6&'0*&&8'1::%,0'91,&'),393*#:388;' #"#*#388;p'617&/&,<' *6&'
,3*&'1+'8100',&)%:&0':1"0#0*&"*8;'1/&,'*#9&@'

[6&' 817&,' 8#9#*' #")#:3*&)' #"' T#4%,&' Mb' #0' *6&' 817&,' 8#9#*' +1,' *6&' +1,:&' 30' 300%9&)' #"' *6&' )&0#4"'
)1:%9&"*0'X,&+&,&":&'jJOkY'3")':1,,&0=1")0'*1'[3>8&'M@'

5.2 Individual Dynamometer Readings and Anticipated Error

[1'9&30%,&'*6&'*1*38'+1,:&'#"'&3:6'%"Z4,1%*&)':3>8&<'*6&',&0=&:*#/&':3>8&0`'*6,&&'XPY');"3919&*&,0'
3,&':1,,&83*&)'*1'+1,:&<'3")'*6&"'0%99&)'*1',&=,&0&"*'*6&'*1*38'+1,:&'#"'&3:6':3>8&@'

G#,:3'JKKN<'B0C19'3)3=*&)'*6&'*&0*#"4'=,1:&)%,&'*1'9&30%,&'&3:6');"3919&*&,'*7#:&@'[6&'+#"38'
9&30%,&9&"*' #0' 3/&,34&)' >&*7&&"' *6&' *71' ,&3)#"40@' [6&' =,&:#0#1"' 1+' *6&' 9&30%,&9&"*0' :3"'
*6&,&+1,&'>&')&*&,9#"&)'>;':19=3,#"4'*6&'3>018%*&')#++&,&":&'#"'*6&',&0=&:*#/&',&3)#"40'X,&+&,,&)'
*1'30'l9eLeY@'[6&0&')#++&,&":&0'#"',&3)#"40'3,&'0617"'#"'T#4%,&'MN@'
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Figure 15: Differences in Respective Dynamometer Readings

[6&,&'#0'"1')#0*#":*'*,&")'#"'*6&',&0=&:*#/&'l9eLe',&3)#"40@'[6&,&'93;'>&'019&'0%>U&:*#/#*;'#"'*6&'
9&30%,#"4'1+'*6&',&3)#"40<':1"0#)&,#"4'*6&',&3)#"40'*3C&"':#,:3'JKKc'3")'JKJJ@''

T%,*6&,'0*3*#0*#:38'3"38;0#0'1+'*6&')#++&,&":&0'#"',&3)#"40'Xl9eLe'/38%&0Y';#&8)0'*6&'+18817#"4',&0%8*0-'

Table 5: Statistical Analysis of ΔmV/V 

E*3*#0*#:38'23,39&*&,' 9eLe' CA'

_&3"' J@JJK' P@cK'

_&)#3"' M' M@cJ'

_1)&' M' M@cJ'

E*3")3,)'R&/#3*#1"' J@P^P' P@dd'

E39=8&'e3,#3":&' N@OJO' ^@J^'

_#"#9%9' K' K@KK'

_3V#9%9' MO' JO@NO'

G1%"*' ddd'

'

NOTE-'T1,:&'730':1,,&83*&)'*1'*6&');"3919&*&,'3/&,34&':38#>,3*#1"'

NOTE-' [6&' a:1%"*`' Xddd' ,&3)#"40Y' ,&=,&0&"*0' MOOc' *1*38' ,&3)#"40<' Ob' )#++&,&"*' $%3,*&,8;'
9&30%,&9&"*0'0=3""#"4'Md@N';&3,0'
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Figure 16: Histogram of ΔmV/V readings

[6&'0*3")3,)')&/#3*#1"'1+' *6&'+1,:&' #0'&V=&:*&)'*1'>&'M�'�'b'CA'+1,'&3:6'R;"3919&*&,'3")'*6&'
*6,&&Z0#493'/38%&'+1,'3':3>8&'XP�Y'#0'*6&,&+1,&'Pc'CA@''S00%9#"4'3':3>8&'+1,:&'1+'P<bKK'CA'#"'&3:6'
:3>8&<'*6&'&,,1,'X1,'=,&:#0#1"Y'#0'&0*#93*&)'*1'>&'M@KN^gxx<'76#:6'#0'>&817'*6&');"3919&*&,`0'1,#4#"38'
3::%,3:;'1+'Pg'jPPk@'

5.3 History

E#":&':199#00#1"#"4<'*6&');"3919&*&,0'63/&'>&&"'%0&)'*1'9&30%,&'*6&'+1,:&'#"'*6&',&0=&:*#/&'
813):&880' +1,' *6&' +1%,'4,&30&)' *&")1"0@'D17&/&,<' 30' :3"'>&'0&&"' #"'T#4%,&'MO'3")'Md<' *6&')3*3'
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1%*'1+'0=&:#+#:3*#1"'3")' #"'1*6&,' #"0*3":&0'*6&'7#,&'618)#"4' *6&' 813)':&880'>&#"4' +3%8*;',&0%8*#"4' #"'
43=0'#"'*6&')3*3@'
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=&,+1,9' *6&'9&30%,&9&"*0' 1+' *6&' );"3919&*&,0'730' %=4,3)&)' +,19'e#063;'2ZPNKK' *1'91)&,"'
e#063;'2ZP'0*,3#"'#")#:3*1,<'76#:6'630'3')3*3'8144#"4':3=3>#8#*;@'[6&');"3919&*&,0',&Z:38#>,3*#1"'
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Figure 17: Measurements of Each Load Cell

[6&'*6,&&',&0=&:*#/&'813):&880'1"'&3:6'4,&30&)'*&")1"'3,&':19>#"&)'*1'=,1/#)&'*6&'*1*38'+1,:&'30'
9&30%,&)'>;'*6&');"3919&*&,0<'30'0617"'#"'T#4%,&'Md-'

'

Figure 18:  Summation of Each Load Cell

[6&'+1,:&'#"'*6&':3>8&0'#0'617&/&,')#,&:*'9&30%,&9&"*0'1+'*6&'3:*%38'+1,:&'#"'*6&'*&")1"0'3")'*6&'
)3*%9'+1,'*6&'+1,:&':3""1*'>&'810*'X%"8&00'&V*&,"38'+3:*1,0'#"+8%&":&'*6&'*&")1"0Y@'[6&,&+1,&<'3'43='
#"' *6&' )3*3<' 1,' #00%&0' 7#*6' :38#>,3*#1"<' #0' "1*' 3' 81"4Z*&,9' :1":&,"<' 30' 1":&' *6&' 9&30%,&9&"*0'
:1"*#"%&<'1,'*6&':38#>,3*#1"'#0'3)),&00&)<'*6&'9&30%,&9&"*0'061%8)'343#"',&3)'*6&'3:*%38'+1,:&'#"'
*6&'*&")1"0@'
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Figure 19:  Normalized Tendon Forces

5.4 Trending of Tendon Forces

[6&'*,&")'1+'*6&':3>8&'+1,:&'#0':8&3,'+1,'*6&'=&,#1)'JKKd'h'JKJK'76&,&'*6&':38#>,3*#1"'1+'*6&'91"#*1,#"4'
1+'*6&'&$%#=9&"*'730'"1*')#0=%*&)@''
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'

Figure 20:  Linear Regression of Calibrated Tendon Forces

[6&'1,#4#"38')&0#4"')1:%9&"*3*#1"'jPPk'93C&0'#*':8&3,'*63*'*6&'$5,)$+,'*&")1"'+1,:&'"&&)0'*1'>&'
:1"0#)&,&)<'617&/&,'+1,':19=8&*&"&00<'*6&'#")#/#)%38'*&")1"'+1,:&0'30'7&88'30'*6&'3/&,34&'*&")1"'
+1,:&',&4,&00#1"'3,&'=,&0&"*&)'>&817@'

56&"':1"0#)&,#"4'*6&'8#"&3,',&4,&00#1"'1+'*6&'*71'0&*0'1+')3*3'3")'&V*,3=183*&)'*1'cKZ;&3,'1=&,3*#1"<'
#@&@<'JKbb'*6&'+18817#"4',&0%8*0'3,&'1>*3#"&)-'

Table 6:  Extrapolated 60-Year Tendon Force Estimates

Cable
Slope

[kN/day]
40-Year 

[kN]

60-Year 
Extrapolated

[kN]

G3>8&'PN' ZK@KKM^' P<NNd' P<Nbb'

G3>8&'^K' ZK@KKKN' P<NNP' P<NNK'

G3>8&'Mbb' ZK@KKKd' P<bNO' P<bNM'

G3>8&'M^d' ZK@KKJM' P<bPJ' P<bMc'

Average -0.0013 3,500 3,491

Note:' [6&'0*3,*')3*&'#0'Mb'F:*1>&,'M^dK<'*6&')3;'1+'*6&'+#,0*'9&30%,&9&"*Y'

T#4%,&'MK':3"'*6&"'>&':19=3,&)'*1'*6&',&0%8*0'#"'[3>8&'c'*1'#88%0*,3*&'*6&'&V=&:*&)'X)&0#4"Y'*&"0#1"'
+1,:&0' &V=&:*&)' #"' *6&' *&")1"0<' /&,0%0' *6&'9&30%,&9&"*0' *1' )3*&' 3")' *6&' 8#"&3,8;' &V*,3=183*&)'
=,&)#:*#1"'>30&)'1"'*6&':38#>,3*&)'=&,#1)'+,19'JKKd'*1'JKJK@'[6#0'#0'=,&0&"*&)'#"'T#4%,&'JM@'

(*':3"'>&'0&&"'*63*'*6&'&V*,3=183*&)'cKZ;&3,'*&")1"'+1,:&'1+'P<b^M'CA'XM<PJJ'_23Y'#0'0*#88'&V=&:*&)'
*1'>&'3>1/&'*6&'1,#4#"38':38:%83*&)'9#"#9%9'*&"0#1"'+1,:&'1+'P<PcN'CA'XM<JOb'_23Y'jJOk@'
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'

Figure 21: Design Prediction of Tension Forces and the Measured and Estimated Results

[6&'3>1/&',&0%8*0'#")#:3*&-'

MY' [6&' 9&30%,&)' 3/&,34&' *&"0#1"' #"' *6&' *&")1"' 3+*&,' PK' ;&3,0' X3,510 kN<' 30' 9&30%,&)' 1"'
KOLKNLJKMNY'#0'6#46&,'*63"'&V=&:*&)'#"'*&,90'1+'*6&'1,#4#"38')&0#4"'3+*&,'PK';&3,0'>30&)'1"'3'
d@^'g',&83V3*#1"'XP<bK^'CAY'jPPk@'

JY' [6&'3))#*#1"38'8100'1+'*&"0#1"')%,#"4'H[F'#0'"1*'&V=&:*&)'*1'>&'0#4"#+#:3"*'3")'7#88'"1*':6388&"4&'
*6&'1,#4#"38'&0*#93*&@'

PY' Q30&)'1"'*6&'9&30%,&)'3")'=,&)#:*&)'*&"0#1"'#"'*6&'*&")1"0'30'"1*&)'3>1/&<'*6&,&'#0'0%++#:#&"*'
93,4#"' +1,' *6&' =&,#1)' 1+' H[F' >&+1,&' *6&' 9#"#9%9' )&0#4"' *&"0#1"' 1+' P<PcN' CA' #0' ,&3:6&)'
:19=3,&)'*1'3'cKZ;&3,'&V*,3=183*&)'*&")1"'+1,:&'1+'P<b^M'CA@'

6. Strain Monitoring

[6&'0*,3#"',&0%8*0'3,&'#"/&0*#43*&)'*1')&*&,9#"&'*6&')&/&81=9&"*'1+'91/&9&"*'1"'*6&':1"*3#"9&"*'
0*,%:*%,&0@''(*'#0':1991"'=,3:*#:&'*1':1"0#)&,'0*,3#"'43%4&0'3>1/&'*6&'mJK9'8&/&8<'>&:3%0&'3*'*6#0'
6&#46*'*6&'&++&:*'1+'*6&',3+*'#0':1"0#)&,&)'"&48#4#>8&@'''

T%,*6&,91,&<' *6&')3*3' +1,' *6&' 0*,3#"' #0' )#0:%00&)' #"' a61%,0`' 3+*&,' :199#00#1"#"4' +1,' &30&'1+' )3*3'
=,1:&00#"4@'[6&'?&,1'61%,'#0'1"'1980/09/18@'
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6.1 Containment Structures Cylindrical Walls Vertical Strain

[6&',37'/&,*#:38'0*,3#"')3*3'+1,'*6&'mJJ@d^9'8&/&8'43%4&0'3,&'=,&0&"*&)'>&817'#"'T#4%,&'JJ'+1,'>1*6'
!"#*'M'3")'!"#*'J@''T1,'!"#*'J<'3'0*,3#"'43%4&':3"'>&'0&&"'*1'>&'3"'1%*8#&,'X:#,:8&)'#"'T#4%,&'JJY'76#:6'
0C&70' *6&')3*3'76&"' #"0=&:*#"4' *6&' aU%9=`' #"' *6&'3/&,34&'1+' *6&'0*,3#"@' '[6#0'0*,3#"'43%4&' X!"#*'
J<'A1@'MKY'#0'81:3*&)'3*'mJJ@d^9'1"'f,3)&'MMK@''[6&'0*,3#"'43%4&'#0'617&/&,'=3#,&)'7#*6'A1@MJ'3*'
*6&'039&'81:3*#1"'76#:6'+#*0'*6&')3*3'3")'#0'"1*'&V:8%)&)@'

'

Figure 22:  Raw Vertical Strain Data at +22.89m

5#*6'*6&'&V:8%0#1"'1+'0*,3#"'43%4&'!"#*'J<'A1@'MK<'*6&')3*3'3")'*6&'3/&,34&'0*,3#"'3,&',&=&3*&)'#"'
T#4%,&'JP@''(*'#0'0&&"'>;'#"0=&:*#1"'*63*'*6&'3/&,34&'1+'*6&')3*3'+188170'3"'&V=&:*&)'*,&")'3")'*63*'
*6&'&V:8%0#1"'1+' 0*,3#"'43%4&'!"#*' J<'A1@'MK' #0' U%0*#+#&)@'Q&0#)&0' *6&' #"0*3"*3"&1%0'=&3C0'76#:6'
,&=,&0&"*'(H.[0<'#*'#0'"1*&)'*63*'*6&'1*6&,'=&3C0'X)&/#3*#1"0'+,19'*6&'3/&,34&'*,&")Y')1'"1*',&=,&0&"*'
0*,%:*%,38'3"1938#&0'>&:3%0&'*6&'#":,&30&0L)&:,&30&0',&*%,"'*1'*6&'&V=&:*&)'3/&,34&'*,&")@'
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Figure 23: Vertical Strain Data at +22.89m

6.1.1 Linear Estimation of Linear Portion of Data

(*'#0'300%9&)'*63*'*6&'&V=&:*&)'&V=1"&"*#38'0*,3#"')&/&81=9&"*'630'38,&3);'1::%,,&)'3")'*63*'*6&'
,&93#")&,'1+'*6&'0*,3#"')&/&81=9&"*'*63*'7#88'1::%,':3"'>&',&=,&0&"*&)'>;'3'8#"&3,',&4,&00#1"@'[6#0'
730')1"&'+,19':#,:3'JKK^'1"73,)'XJNK'KKK'61%,0Y<'3")'*6&'8#"&3,'*,&")'3")'&V*,3=183*#1"'*1'JKbb'
XNJN'cKK'61%,0Y'#0'=,&0&"*&)'#"'T#4%,&'Jb@''JKK^'730'0&8&:*&)'30'*6&'>&4#""#"4'93,C'+1,'*6&'8#"&3,'
&V*,3=183*#1"' 30' #*' #0' *6&' &")' 1+' *6&' PKZ;&3,' =&,#1)' 1+' *6&' =%>8#06&)' 0*,3#"' =,&)#:*#1"0' 3")' >;'
#"0=&:*#1"<'*6&'0*3,*'1+'*6&'8#"&3,'0*,3#"')&/&81=9&"*@''

'

Figure 24: Linear Extrapolation of the Vertical Strain Development
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'

6.1.2 Exponential Regression of all Data

(*'#0'%")&,0*11)'*63*'*6&':19=8&*&'*,&")'#0'&V=1"&"*#38'+1,'*6&'8#+&*#9&'1+'*6&'0*,3#"')&/&81=9&"*<'3"'
&V=1"&"*#38',&4,&00#1"':3"'>&'=&,+1,9&)'1"'*6&'0*,3#"')3*3'*1',&=8#:3*&'*6&'&"*#,&',3"4&'1+'*6&')3*3'
X"1*'1"8;'*6&'830*'8#"&3,'=1,*#1"Y@''[6&',&0%8*0'3,&'=,&0&"*&)'>&817-'

'

Figure 25: Exponential Extrapolation of the Vertical Strain Development

6.1.3 Addition of 20% Factor 

S'0#9=8#+#&)'3==,13:6'93;'>&'*1'0#9=8;':1"0#)&,'*6&'3/&,34&'0*,3#"'3*'bK';&3,0'3")'3))'3'+3:*1,'1+'
JKg'*1'*6&'3/&,34&'0*,3#"'*1'=,&)#:*'*6&'0*,3#"'3*'cK';&3,0@''[6&'>30#0'+1,'*6&'JKg'#0'3':1"0&,/3*#/&'
&0*#93*#1"'1+'*6&'0*,3#"'*63*'93;'+%,*6&,')&/&81='1/&,'*6&'"&V*'JK';&3,0@'[6#0'730'3801'=&,+1,9&)'
:1"0#)&,#"4'*6&'83*&0*'9&30%,&9&"*0`'3/&,34&'3")'=,1U&:*#"4'*6&'cKZ;&3,'0*,3#"'>;'#":8%)#"4'3'JKg'
+3:*1,'*1'*&0*'*6&'0%#*3>#8#*;'1+'*6&'0#9=8#+#&)'9&*61)@''[6&',&0%8*'#0'=,&0&"*&)'>&817<'3")':8&3,8;'06170'
91,&':1"0&,/3*#/&'=,&)#:*&)'0*,3#"@'

'
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Figure 26: 20% Extrapolation of the Vertical Strain Development

6.1.4 Summary of Vertical Strain Extrapolations

[6&':19>#"&)',&0%8*0'1+'388'*6,&&'9&*61)0')&0:,#>&)'3>1/&'#0')&=#:*&)'>&817'#"'T#4%,&'JO'3")'*6&'
"%9&,#:38'/38%&0'+1,'*6&')#++&,&"*'3"38;0#0'#0'0%993,#?&)'#"'[3>8&'O@'

Table 7: Extrapolation of Vertical Strain Development

Method
Unit 1 (µm/m) Unit 2 (µm/m)

40-year 60-year 40-year 60-year

H#"&3,'' ZJcb@PM' ZPMK@OO' ZbKJ@J^' Zbbd@OJ'

BV=1"&"*#38'' ZJcc@^^' ZJ^^@OO' ZbMc@^K' ZbcP@Pc'

JKg'T3:*1,' ZJcb@Mb' ZPMc@^O' ZbKJ@J^' ZbdJ@ON'

A1*&-'R3*3'#"'*6&'4,&&"'6#468#46*&)':&880'3,&'%0&)'30'#"=%*'*1'*6&'[HSS@'

[6&')#++&,&"*'&V*,3=183*#1"'9&*61)0'=,1/#)&'411)':1,,&83*#1"<'38*61%46'*6&'&V=1"&"*#38'&V*,3=183*#1"'
#0' *6&' =,&+&,,&)'9&*61)' +1,' &V*,3=183*#1"' 30' #*' #0' *6&' &V=&:*&)' >&63/#1%,' 1+' *6&' *#9&Z)&=&")&"*'
=3,39&*&,0'3")':1"0#)&,0'*6&')3*3'618#0*#:388;@''

'



Containment Re-Analysis for Long-Term Operation !"#$%&'()&"*#+#&,-'' 331-691

.&/#0#1"-'' 4

234&-'' 51 of 147

'

CONTROLLED DISCLOSURE

56&"')17"813)&)'+,19'*6&')1:%9&"*'93"34&9&"*'0;0*&9<'*6#0')1:%9&"*'#0'%":1"*,188&)'3")'*6&',&0=1"0#>#8#*;',&0*0'7#*6'*6&'%0&,'*1'
&"0%,&'#*'#0'#"'8#"&'7#*6'*6&'3%*61,#?&)'/&,0#1"'1"'*6&'0;0*&9@'A1'=3,*'1+'*6#0')1:%9&"*'93;'>&',&=,1)%:&)'#"'3";'93""&,'1,'+1,9'>;'*6#,)'
=3,*#&0'7#*61%*'*6&'7,#**&"':1"0&"*'1+'B0C19'D18)#"40'EFG'H*)<''I':1=;,#46*'B0C19'D18)#"40'EFG'H*)<'.&4'A1'JKKJLKMNNJOLPK'

'

'

Figure 27: Combined Extrapolation Methods of the Vertical Strain Development 

6.2 Containment Structures Cylindrical Walls Horizontal Strain

E#9#83,8;'*1'*6&'/&,*#:38'0*,3#"<'*6&'61,#?1"*38'0*,3#"')&/&81=9&"*'#0':1"0#)&,&)'>;'#"/&0*#43*#"4'*6&'
)#++&,&"*'&V*,3=183*#1"'9&*61)0@''T1,'*6&'61,#?1"*38'0*,3#"')&/&81=9&"*<'617&/&,<'"1'0*,3#"'43%4&0'
3,&'&V:8%)&)@'A1'0*,%:*%,38'3"1938#&0':3"'>&'#)&"*#+#&)'+,19'*6&'*,&")0@'
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6.2.1 Linear Estimation of Linear Portion of Data

'

Figure 28: Linear Extrapolation of the Horizontal Strain Development

6.2.2 Exponential Regression of all Data

'

Figure 29: Exponential Extrapolation of the Horizontal Strain Development
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6.2.3 Addition of 20% Factor 

'

Figure 30: 20% Extrapolation of the Horizontal Strain Development

6.2.4 Summary of Horizontal Strain Extrapolations

[6&'&V*,3=183*&)'61,#?1"*38'0*,3#"'#0'0%993,#?&)'>&817'#"'[3>8&'d'3")'T#4%,&'PM-'

Table 8: Extrapolation of Horizontal Strain Development

Method
Unit 1 (µm/m) Unit 2 (µm/m)

bKZ;&3,' cKZ;&3,' bKZ;&3,' cKZ;&3,'

H#"&3,'' ZPbP@cO' ZPNb@c^' ZNMP@MK' ZNdK@K^'

BV=1"&"*#38'' ZPNb@bO' ZbKP@OP' ZNJc@JK' ZN^b@KO'

JKg'T3:*1,' ZPbP@cO' ZbMJ@bM' ZNMP@MK' ZcMN@OJ'

A1*&-'R3*3'#"'*6&'4,&&"'6#468#46*&)':&880'3,&'%0&)'30'#"=%*'*1'*6&'[HSS@'

[6&' 618#0*#:' &V=1"&"*#38' &V*,3=183*#1"' #0' =,&+&,,&)' +1,' *6&' =,&)#:*#1"' 1+' 0*,3#"' )&/&81=9&"*' 3*' cK'
;&3,0<'3")'#*'#0'*6&'&V=&:*&)'>&63/#1%,'1+'*6&'*#9&Z)&=&")&"*'=3,39&*&,0@'

'
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Figure 31: Combined Extrapolation Methods of the Horizontal Strain Development

6.3 Dome Strain

[6&'0*,3#"'9&30%,&9&"*0'+1,'*6&')19&0'&V6#>#*'019&'/3,#3>#8#*;':19=3,&)'*1'*6&'91,&':1"0#0*&"*'
,&3)#"40' 1>0&,/&)' #"' *6&' /&,*#:38' 3")' 61,#?1"*38' 0*,3#"'9&30%,&9&"*0' 1"' *6&'73880@' [6&' )3*3' #0'
0=3,0&'7#*6' "%9&,1%0' 43=0' 3")' 1%*8#&,0@' [6&,&+1,&<' *6&' 0*,3#"' 43%4&' ,&0%8*0' "&&)' *1' >&' :810&8;'
:1"0#)&,&)'3")'0:,%*#"#?&)@''

!"#*'J'630'"1'9&3"#"4+%8',&3)#"40'*63*':3"'>&':19=3,&)'7#*6'*6&'!"#*'M'0*,3#"@'A1*&'*6&'+#4%,&'>&817'
XT#4%,&'PJY' +1,' *6&'d'0*,3#"'43%4&0'1"' *6&')19&0' Xb'=&,'!"#*Y@'[6&'!"#*' J')3*3' #0' 8#9#*&)'3")' #0'
)#0,&43,)&)'+1,'*6&',&93#")&,'1+'*6&',&=1,*@'
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Figure 32: All dome strain gauge data at +56.00m level

G1"0#)&,#"4'*6&'!"#*'M')3*3'#")#/#)%388;'+1,'&3:6'0*,3#"'43%4&'*6&'+18817#"4':1":8%0#1"0'3,&'),37"'
X,&+&,'*1'T#4%,&'PP'h'T#4%,&'Pc'>&817Y-'

E*,3#"'f3%4&'MKP'3")'E*,3#"'f3%4&'MKb')1'"1*'63/&'0%++#:#&"*')3*3'*1':1"0#)&,'%03>8&'3")'*6&,&+1,&'
7#88'>&'&V:8%)&)'+,19'*6&'3"38;0#0@'

'

Figure 33: Strain Data for Unit 1 Gauge 103



Containment Re-Analysis for Long-Term Operation !"#$%&'()&"*#+#&,-'' 331-691

.&/#0#1"-'' 4

234&-'' 56 of 147

'

CONTROLLED DISCLOSURE

56&"')17"813)&)'+,19'*6&')1:%9&"*'93"34&9&"*'0;0*&9<'*6#0')1:%9&"*'#0'%":1"*,188&)'3")'*6&',&0=1"0#>#8#*;',&0*0'7#*6'*6&'%0&,'*1'
&"0%,&'#*'#0'#"'8#"&'7#*6'*6&'3%*61,#?&)'/&,0#1"'1"'*6&'0;0*&9@'A1'=3,*'1+'*6#0')1:%9&"*'93;'>&',&=,1)%:&)'#"'3";'93""&,'1,'+1,9'>;'*6#,)'
=3,*#&0'7#*61%*'*6&'7,#**&"':1"0&"*'1+'B0C19'D18)#"40'EFG'H*)<''I':1=;,#46*'B0C19'D18)#"40'EFG'H*)<'.&4'A1'JKKJLKMNNJOLPK'

'

'

Figure 34: Strain Data for Unit 1 Gauge 104

E*,3#"'f3%4&'MKN'630'"1')3*3'=,#1,'*1'JKMN'3/3#83>8&@''[6&'3/3#83>8&')3*3'X+,19'JKMN'1"73,)Y')1&0'
617&/&,'0&&9'=83%0#>8&'3")'93;'>&'%0&)'+1,'3'8#"&3,'&V*,3=183*#1"'*1'cK';&3,0@''S8*&,"3*#/&8;<'3'?&,1'
/38%&'93;'>&'*3C&"'3*'*6&'1,#4#"'3")'3"'&V=1"&"*#38',&4,&00#1"'93;'>&'=&,+1,9&)@'
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Figure 35: Strain Data for Unit 1 Gauge 105

E*,3#"'f3%4&'MKc'630'*6&'910*'391%"*'1+')3*3@''[6&')3*3'#":8%)&0'019&'(H.[')3*3'3")'1%*8#&,0'30'
#")#:3*&)'#"'T#4%,&'Pc@''S))#*#1"388;<'#*'#0'"1*&)'*63*'*71'aU%9=0`'3,&'0&&"'#"'*6&')3*3@'[6&'!"#*'M')19&'
730'#"0=&:*&)<'3")'"1'0#4"#+#:3"*')&839#"3*#1"'1,'81:38')&4,3)3*#1"'730'#)&"*#+#&)'3*'*6&'3=&V'XmNc9'
8&/&8Y'*6&,&+1,&'*6&'U%9=0':3""1*'>&')%&'*1')&4,3)3*#1"@''
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Figure 36:  Strain Data for Unit 1 Gauge 106

[1'#"/&0*#43*&'*6&'=100#>8&':3%0&'1+'*6&'U%9=0<'*6&'+18817#"4'730':1"0#)&,&)-'

M@' G63"4&'#"'0*,3#"')%&'*1'3V#38'0*,&00':63"4&0<'3")'

J@' G63"4&'#"'0*,3#"')%&'*1'>&")#"4'919&"*0@'

T1,'*6&'U%9=0'*1',&=,&0&"*':63"4&0'#"'3V#38'0*,&00&0')%&'*1<'+1,'&V39=8&<'3',&8&30&'#"'*&")1"'+1,:&'
+,19'3':3>8&'0"3==#"4<'*6&')19&'0&:*#1"'71%8)'0&&'3':63"4&'#"')#,&:*'3V#38'0*,&00@''[6#0'0*,&00'71%8)'
,&)%:&'*6&'0*,3#"'3")':3%0&'3'U%9='#"'*6&'1==10#*&')#,&:*#1"'*1'763*'#0'0&&"'X#"'3'0#9#83,'93""&,'*1'
617'*6&'(H.[')&:,&30&0'*6&'0*,3#"Y@''[6&,&+1,&<'*6&'U%9=':3""1*'>&')%&'*1'3',&)%:*#1"'#"')#,&:*'3V#38'
0*,&00@'

[1'#"/&0*#43*&'*6&':63"4&'#"'0*,3#"')%&'*1'>&")#"4'919&"*0<'3'0#9=8&'JR'3"38;0#0'730'=&,+1,9&)'
*1')&*&,9#"&'*6&'=100#>8&':63"4&0'#"'0*,3#"')%&'*1'3':63"4&'#"'*6&'#")%:&)')#0*,#>%*&)'813)'3==8#&)'
>;'*6&'*&")1"'3:,100'*6&')19&@''[6&'>&")#"4'919&"*')#34,39'+1,'*6&'3"38;0#0'#0'0617"'#"'T#4%,&'
Pd@'

'

Figure 37:  Location of Dome Strain Gauges



Containment Re-Analysis for Long-Term Operation !"#$%&'()&"*#+#&,-'' 331-691

.&/#0#1"-'' 4

234&-'' 58 of 147

'

CONTROLLED DISCLOSURE

56&"')17"813)&)'+,19'*6&')1:%9&"*'93"34&9&"*'0;0*&9<'*6#0')1:%9&"*'#0'%":1"*,188&)'3")'*6&',&0=1"0#>#8#*;',&0*0'7#*6'*6&'%0&,'*1'
&"0%,&'#*'#0'#"'8#"&'7#*6'*6&'3%*61,#?&)'/&,0#1"'1"'*6&'0;0*&9@'A1'=3,*'1+'*6#0')1:%9&"*'93;'>&',&=,1)%:&)'#"'3";'93""&,'1,'+1,9'>;'*6#,)'
=3,*#&0'7#*61%*'*6&'7,#**&"':1"0&"*'1+'B0C19'D18)#"40'EFG'H*)<''I':1=;,#46*'B0C19'D18)#"40'EFG'H*)<'.&4'A1'JKKJLKMNNJOLPK'

'

[6&')19&'630'*71'81:3*#1"0'76&,&'*6&'0*,3#"'43%4&0'7&,&'=83:&)',&+&,,&)'*1'30'J1*'3")'J2*@'[6&'
J1*'XE*,3#"'f3%4&0'MKP'q'MKbY'3,&'81:3*&)'3*'*6&'817&,'0&:*#1"'1+'*6&')19&'76#8&'J2*'XE*,3#"'f3%4&0'
MKN'q'MKcY'3,&'81:3*&)'#"'*6&'%==&,'=1,*#1"@''[6#0'#0'#88%0*,3*&)'#"'T#4%,&'PO@'

S'%"#*')#0*,#>%*&)'813)'71%8)'#")%:&'3'919&"*'+3:*1,'1+'-0.286 3")'3',&)%:&)')#0*,#>%*&)'+1,:&'7#88'
&V=&,#&":&'3'=,1=1,*#1"38' ,&)%:*#1"' #"'919&"*' +3:*1,<' #@&@<'3'JKg',&)%:*#1"' #"' 813)';#&8)0'3'JKg'
,&)%:*#1"'#"'919&"*'+3:*1,@'

[6&'>&")#"4'919&"*')#34,39' #")#:3*&0' 0344#"4' #"' *6&')19&'76#:6' #9=8#&0' :19=,&00#1"'1"' *6&'
%==&,'+3:&'1+'*6&')19&@'''

'

Figure 38: Bending Moment in the dome due to a unit load

S::1,)#"48;<'3' ,&)%:&)' #")%:&)')#0*,#>%*&)' +1,:&' X+1,'&V39=8&<')%&' *1'3' ,%=*%,&)' *&")1"Y'1"' *6&'
)19&'71%8)',&8#&/&':19=,&00#1"'0*,&00'3*'*6&'%==&,'0&:*#1"'1+'*6&')19&'3")'#")#:3*&'3',&)%:*#1"'#"'
0*,3#"<'#@&@<'3"'%=73,)'91/&9&"*'1+'*6&'0*,3#"')3*3'X3")'"1*'3')17"73,)'vU%9=w'30'0&&"'#"'T#4%,&'
PcY@'

[6&' 1,#4#"' 1+' *6&0&' U%9=0' #"' *6&' )3*3' #0' *6&,&+1,&' =10*%83*&)' *1' >&' )%&' *1' +3%8*;' 0*,3#"' 43%4&0@'
S::1,)#"48;<'*6&'0*,3#"'43%4&'9&30%,&9&"*0'+1,'E*,3#"'f3%4&'MKc' #0' #4"1,&)'+,19':#,:3'JKKd<'1,'
+,19'*6&'+#,0*'U%9='1"73,)@'[6&',&93#"#"4')3*3'%0&)'*1',&=,&0&"*'*6&')19&0'3,&'=,&0&"*&)'#"'T#4%,&'
P^@'A1'0*,%:*%,38'3"1938#&0':3"'>&'#)&"*#+#&)'+,19'*6&'*,&")0@'
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Figure 39:  Cleaned Data for the Dome 

S"'38*&,"3*#/&'1=*#1"'#0'3801':1"0#)&,&)'76&,&'*6&'9&30%,&9&"*0'7&,&'3)U%0*&)'>;'*6&'3/&,34&'1+'
*6&'+#,0*'+#/&',&3)#"40'3+*&,'*6&'U%9='1::%,,&)@''[6&')3*3'+1,'*6&'!"#*'M')19&<'3)U%0*&)'+1,'*6&'aU%9=0`<'
3,&'#88%0*,3*&)'#"'T#4%,&'bK@'

'

Figure 40:  Cleaned and Adjusted Data for the Dome
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6.3.1 Linear Estimation if Linear Portion of Data

T,19'*6&',&93#"#"4')3*3<' *6&' 8#"&3,'&V*,3=183*#1"':1%8)'>&'=&,+1,9&)@''A1*&' *63*<':1"0&,/3*#/&8;<'
1"8;'*6&'0*,3#"')3*3'1+'f3%4&'A1@'MKN'#0'&V*,3=183*&)'*1'cK';&3,0@'

'

Figure 41: Linear Extrapolation of the Dome Strain Development

6.3.2 Addition of 20% Factor 

E#9#83,8;<'*1'*6&'8#"&3,'&V*,3=183*#1"<'*6&'bKZ;&3,'3/&,34&'1+'f3%4&'A1@'MKN'730'%0&)'*1')&*&,9#"&'
*6&'&0*#93*&)'0*,3#"'3*'cK';&3,0'>;'3))#"4'3"'&0*#93*#1"'+3:*1,'1+'3"'3))#*#1"38'JKg@'
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Figure 42: 20% Extrapolation of the Dome Strain Development

6.3.3 Exponential Regression of Cleaned Dome Data

S88'*6&'3/3#83>8&')3*3':1%8)'617&/&,'>&'%0&)'*1')&/&81='3"'&V=1"&"*#38',&4,&00#1"'1+'*6&')3*3-'

'

Figure 43: Exponential Extrapolation of the Horizontal Strain Development
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6.3.4 Summary of Dome Strain Extrapolations

'

Figure 44:  Combined Extrapolation Methods of the Horizontal Strain Development

[6&')#++&,&":&0'#"'*6&')#++&,&"*'&V*,3=183*#1"'9&*61)0'3,&'0617"'#"'[3>8&'^@'[6&'!"#*'M'0*,3#"'/38%&0'
+1,'*6&')19&'7&,&':1"0#)&,&)'"1"Z:1"0&,/3*#/&'3")'7&,&'*6&,&+1,&'"1*'%0&)'30'#"=%*'*1'*6&'[HSS'
3"38;0#0'X0&&'x'c@b@JY@'

Table 9:  Extrapolation of Dome Strain Development

Method
Unit 1 (µm/m)

40-year 60-year

H#"&3,'' ZPcP@bN' ZbNd@JN'

JKg'T3:*1,' ZPcP@bN' ZbPc@Mb'

BV=1"&"*#38' (4"1,#"4'
ao%9=0`'

ZPJd@O^' ZPc^@Jc'

BV=1"&"*#38' S)U%0*&)'
+1,'ao%9=0`'

ZPKJ@OK' ZPP^@JM'
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&"0%,&'#*'#0'#"'8#"&'7#*6'*6&'3%*61,#?&)'/&,0#1"'1"'*6&'0;0*&9@'A1'=3,*'1+'*6#0')1:%9&"*'93;'>&',&=,1)%:&)'#"'3";'93""&,'1,'+1,9'>;'*6#,)'
=3,*#&0'7#*61%*'*6&'7,#**&"':1"0&"*'1+'B0C19'D18)#"40'EFG'H*)<''I':1=;,#46*'B0C19'D18)#"40'EFG'H*)<'.&4'A1'JKKJLKMNNJOLPK'

'

6.4 Summary of All Strain Data

6.4.1 Summary of Extrapolation Results

S'0%993,;'1+'*6&'0*,3#"')3*3':1"0#)&,#"4'*6&'%0&'1+'*6&'&V=1"&"*#38'=,&)#:*#1"'91)&80'3,&'=,1/#)&)'
#"' [3>8&' MK<' 3")' +1,' :19=3,#01"<' *6&' =,&)#:*&)' 0*,3#"' :38:%83*&)' +,19' *6&' 300%9&)' 8100&0' 30'
)1:%9&"*&)'#"'x'b@J@M'1+',&+&,&":&'jJOk'#0'3801'=,1/#)&)@''

T%,*6&,91,&<'+1,'388'*6,&&'0&:*#1"0'1+'*6&'G1"*3#"9&"*'X/&,*#:38'3")'61,#?1"*38'7388'0&:*#1"'3")'*6&'
)19&Y<' *6&' &V=1"&"*#38' &V*,3=183*#1"' 730' :1"0#)&,&)' *6&' 910*' 3==8#:3>8&' 30' #*' :1"0#)&,0' *6&'
3/3#83>8&')3*3'618#0*#:388;'3")'"1*'1"8;'830*'=3,*'1+'*6&')3*3@'T1,'*6&')19&<'*6&')3*3'3)U%0*&)'+1,'*6&'
U%9=0' #0' *3C&"' 30' *6&' >&0*' &0*#93*&' +1,' *6&' 0*,3#"' )&/&81=9&"*' 1+' *6&' )19&@' ' A1*&' *63*' #"' *6&'
0%::&&)#"4'x'O'X[HSS'0&:*#1"Y'*6&'71,0*':30&'#0'3801':1"0#)&,&)'+1,',&+&,&":&@'S)U%0*9&"*0'3,&'3801'
93)&'*1':1"0#)&,'!"#*'J@'

Table 10:  Summary of All Strain Data

Parameter Unit 1 Unit 2
% Difference 

between Units

bKZ;&3,' R&0#4"'
2,&)#:*#1"'
E*,3#"'j{9L9k'

e&,*#:38' ZOd@KK' -

D1,#?1"*38' ZMMd@cO' -

R19&' ZMNO@KK' -

E*,3#"' 3*' bK'
;&3,0'j{9L9k'

e&,*#:38' ZJcc@^^' ZbMc@^K' 43.8 %

D1,#?1"*38' ZPNb@bO' ZNJc@JK' 39.0 %

R19&' ZPKJ@OK' ZbNb@Kcsss' 40%

E*,3#"' 3*' cK'
;&3,0'j{9L9k'

e&,*#:38' ZJ^^@OO' ZbcP@Pc' 42.9 %

D1,#?1"*38' ZbKP@OP' ZN^b@KO' 38.2 %

R19&' ZPP^@JM' ZNKd@OMsss' 40%

Note-'R3*3'#"'*6&'4,&&"'6#468#46*&)':&880<'#@&@<'!"#*'J'0*,3#"')3*3<'3,&'%0&)'30'#"=%*'*1'*6&'[HSS@'

[6&'bKZ;&3,'=,&)#:*&)'0*,3#"'/38%&0'=,1/#)&)'#"'[3>8&'MK'#0':38:%83*&)'+,19',&+&,&":&'jJOk@'(*'#0'"1*&)'
*63*'*6&'/&,*#:38'0*,3#"'9&30%,&)'3*'bK';&3,0'1+'Z266.99 µm/m (Unit 1) and -416.9 µm/m (Unit 2)'#0'
6#46&,'X#@&@<'91,&'"&43*#/&Y'*63"'*6&'0*,3#"'=,&)#:*#1"0@'

'
sss'e38%&0':38:%83*&)'+1,'3'bKg')#++&,&":&'*1'!"#*'M'
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&"0%,&'#*'#0'#"'8#"&'7#*6'*6&'3%*61,#?&)'/&,0#1"'1"'*6&'0;0*&9@'A1'=3,*'1+'*6#0')1:%9&"*'93;'>&',&=,1)%:&)'#"'3";'93""&,'1,'+1,9'>;'*6#,)'
=3,*#&0'7#*61%*'*6&'7,#**&"':1"0&"*'1+'B0C19'D18)#"40'EFG'H*)<''I':1=;,#46*'B0C19'D18)#"40'EFG'H*)<'.&4'A1'JKKJLKMNNJOLPK'

'

6.4.2 Adjustment for Unit 2 Dome

S0')#0:%00&)'#"'x'P@P@N@b'h'S4&'3*'H13)#"4'X[3>8&'JY'*6&'9&30%,&9&"*'1+'*6&'0*,3#"')&/&81=9&"*'#"'
!"#*'J':199&":&)'061,*8;'3+*&,'*6&'*&")1"0'7&,&'*&"0#1"&)'76#8&'*6&,&'730'3')&83;'#"'*6&'#"#*#38'
9&30%,&9&"*0'1"'!"#*'M@'[6#0')&83;'#"'*6&'9&30%,&9&"*0'+1,'!"#*'M'#0'910*'8#C&8;'*6&',&301"'+1,'*6&'
)#++&,&":&'#"'*6&'0*,3#"')&/&81=9&"*'+1,'!"#*'M'3")'!"#*'J'0&&"'*6,1%461%*'*6&',&=1,*'3")<'*6&'0*,3#"'
)&/&81=9&"*' +1,'!"#*'M'71%8)'>&':810&,' *1' *63*'1+'!"#*'J' #+' *6&' ,&3)#"40'7&,&')1"&':810&,' *1' *6&'
*&"0#1"#"4')3*&@'

S::1,)#"48;<'*6&'!"#*'M')3*3':3""1*'>&')&&9&)',&=,&0&"*3*#/&'1+'>1*6')19&0'7#*61%*'3)U%0*9&"*@''
G1"0#)&,#"4'*6&')#++&,&":&0'#"',&0=&:*#/&'0*,3#"'/38%&0'+1,'!"#*'M'3")'!"#*'J'#"'[3>8&'MK<'*6&'!"#*'J'
)19&'0*,3#"'730')&*&,9#"&)'>;'300%9#"4'3'bKg')#++&,&":&'#"'*6&')19&')3*3'1+'!"#*'M'3")'!"#*'J@'

' '
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&"0%,&'#*'#0'#"'8#"&'7#*6'*6&'3%*61,#?&)'/&,0#1"'1"'*6&'0;0*&9@'A1'=3,*'1+'*6#0')1:%9&"*'93;'>&',&=,1)%:&)'#"'3";'93""&,'1,'+1,9'>;'*6#,)'
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'

7. Time-Limited Ageing Analysis

7.1 Six Criteria for Time-Limited Ageing Analysis

(*'#0',&$%#,&)'*1'+%8+#8'*6&'0#V':,#*&,#3'+1,'[HSS'3::1,)#"4'*1'*6&'03+&*;'0*3")3,)0'#"'(SBS'E=&:#+#:'E3+&*;'
f%#)&'A1@EEfZbd'jMk<':63=*&,'N@cb<'XMY'*1'XcY@'[6&'0#V':,#*&,#3'3,&')#0:%00&)'#")#/#)%388;'>&817-'

1. Time limited ageing analyses should involve SSCs within the scope of ageing 

management. Scope setting is described in paragraphs 5.14–5.21 and illustrated in Fig. 3.

[HSS' PKM' :1"0#)&,0' *6&' :1":,&*&' :1"*3#"9&"*' 0*,%:*%,&@' [6&' :%,,&"*' [HSS' PKM' #"/18/&0' *6&'
=,&0*,&00' 1+' *6&' %"#*' M' 3")' %"#*' J' :1"*3#"9&"*' 0*,%:*%,&0' *63*' 3,&' 7#*6#"' *6&' 0:1=&' 1+' 34#"4'
93"34&9&"*'+1,'H[F'3*'W1&>&,4@'

2. Time limited ageing analyses should consider ageing effects. Ageing effects include, but 

are not limited to: loss of material, changes in dimension, changes in material properties, 

loss of toughness, loss of pre-stress, settlement, cracking, and loss of dielectric 

properties.

[6&' 34&#"4' &++&:*0' :1"0#)&,&)' #"' *6&' [HSS' +1,' *6&' 0*,%:*%,38' 34&#"4' 3,&' *6&' *#9&Z)&=&")&"*'
=3,39&*&,0'#@&@<'XMY':1":,&*&':,&&='3")'06,#"C34&'XGmEY'3")'XJY'*6&'=,&0*,&00#"4'0*&&8',&83V3*#1"@''

[6&')&839#"3*#1"'1+'*6&':1"*3#"9&"*'7388'0%,+3:&0'#0')#0:%00&)'#"')&=*6'#"'x'MM@M'1+'*6#0',&=1,*@'(*'#0'
)#0:%00&)'*63*')&839#"3*#1"')1&0'"1*'63/&'3')&*,#9&"*38'#9=3:*'1"'*6&'#"*&4,#*;'1+'*6&':1"*3#"9&"*'
0*,%:*%,&0'3")'B0C19'#0'3:*#/&8;'=%,0%#"4'9#*#43*#1"'9&30%,&0'*1'&"63":&'*6&#,'81"4Z*&,9')%,3>#8#*;@''

3. Time limited ageing analyses should involve time limited assumptions defined by the 

current operating term. The specified operating term should be explicit in the analysis. 

Simple assertion that a component is designed for a particular service life or for the 

lifetime of the plant is not sufficient. Any such assertion should be supported by 

calculations or other analyses that explicitly include a time limit or a time based 

assumption.

[6&'*#9&'8#9#*&)'300%9=*#1"')&+#"&)'>;'*6&':%,,&"*'1=&,3*#1"38'*&,9'#0'*6&'0*,%:*%,38'#"*&4,#*;'1+'*6&'
:1"*3#"9&"*' 0*,%:*%,&' 3*' *6&' &")' 1+' *6&' #"#*#38' =83""&)' 8#+&*#9&' 1+' bK' ;&3,0' :1"0#)&,#"4' HFGS'
:1")#*#1"0@'[6&'=83""&)'8#+&*#9&'#":8%)#"4'H[F'#0'3'*1*38'1+'cK';&3,0'3+*&,':199#00#1"#"4@'[6&'H[F'
*&,9'#0'0=&:#+#&)'#"'*6&'[HSS'3"38;0#0'3")'*6&':38:%83*#1"0'+1,'*6&':1"*3#"9&"*'0*,%:*%,38'#"*&4,#*;'
)%8;':1"0#)&,0'*6&'+%88'cKZ;&3,'=&,#1)@'

4. Time limited ageing analysis should have been determined to be relevant by the operating 

organization in making a safety determination as required by national regulations. 

Relevancy is a determination that the operating organization makes on the basis of a

review of the information available. A calculation or analysis is relevant if it can be shown 

to have a direct bearing on the action taken as a result of the analysis performed. Analyses 

are also relevant if they provide the basis for the safety determination for the plant when, 

in the absence of the analyses, the operating organization might have reached a different 

safety conclusion or taken a different safety action.
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&"0%,&'#*'#0'#"'8#"&'7#*6'*6&'3%*61,#?&)'/&,0#1"'1"'*6&'0;0*&9@'A1'=3,*'1+'*6#0')1:%9&"*'93;'>&',&=,1)%:&)'#"'3";'93""&,'1,'+1,9'>;'*6#,)'
=3,*#&0'7#*61%*'*6&'7,#**&"':1"0&"*'1+'B0C19'D18)#"40'EFG'H*)<''I':1=;,#46*'B0C19'D18)#"40'EFG'H*)<'.&4'A1'JKKJLKMNNJOLPK'

'

[6&',&8&/3":;'1+'*6&'[HSS'PKM'#0':1"+#,9&)'>;'%0#"4'*6&'3/3#83>8&'3")'6#0*1,#:'91"#*1,#"4')3*3'1+'
*6&' :1"*3#"9&"*' 0*,%:*%,&0' 3")' >;' &V*,3=183*#"4' *6&' 91"#*1,#"4' )3*3' *1' =,&)#:*' *6&' +%*%,&'
)&/&81=9&"*'1+'*6&'0*,3#"@'[6&'91"#*1,#"4')3*3'&"3>8&'3'03+&*;')&*&,9#"3*#1"',&43,)#"4'*6&'0*,%:*%,38'
#"*&4,#*;'3*'*6&'&")'1+'H[F'#"'HFGS':1")#*#1"@'[6&'03+&*;')&*&,9#"3*#1"'#0'>30&)'1"'&/38%3*#1"'1+'
91"#*1,#"4')3*3<'*6&':1"*3#"9&"*'34&#"4'3"38;0#0'>30&)'1"'*6&0&')3*3'#":8%)#"4'=,&)#:*#1"'*1'H[F'
3")'*6&'+%8+#89&"*'1+'*6&')&0#4"':,#*&,#3')&+#"&)'#"'*6&'1,#4#"38')&0#4"'#"'3::1,)3":&'7#*6'*6&'"3*#1"38'
,&4%83*#1"0@' [6&' 1%*:19&' 1+' *6&' 34&#"4' 3"38;0#0<' ,&0%8*0' #"' 3' 03+&*;' :1":8%0#1"' ,&43,)#"4' *6&'
:1"*3#"9&"*'0*,%:*%,38'>&63/#1%,@'

5. Time limited ageing analyses should involve conclusions or provide the basis for 

conclusions relating to the capability of SSCs to perform their intended functions.

[6&'[HSS'PKM':1"0*#*%*&0'*6&'/&,#+#:3*#1"'*63*'*6&'8100'1+':1"*3#"9&"*':1":,&*&'=,&0*,&00',&93#"0'
7#*6#"'*6&')&0#4"'8#9#*0<'#":8%)#"4'%")&,'HFGS':1")#*#1"0'+1,'*6&'+%88'cKZ;&3,'=&,#1)@'F"'*6#0'>30#0<'#*'
:3"'>&':1":8%)&)'*63*':1"*3#"9&"*'0*,%:*%,38'#"*&4,#*;'7#88'>&'&"0%,&)@'

6. Time limited ageing analyses should be contained or incorporated by reference in the 

current licensing basis. The current licensing basis includes the technical specifications 

and the design basis information, or the commitments of the operating organization 

documented in the plant specific documents contained or incorporated by reference in the 

current licensing basis, including, but not limited to: safety analysis reports, regulatory 

safety evaluation reports, the fire protection plan or hazard analysis, correspondence with 

the regulatory body, the documentation of the management system, and topical reports 

included as references in the safety analysis reports. If a code of record is in the safety 

analysis report for a particular group of structures or components, the reference material 

should include all the calculations called for by that code of record for those structures or 

components.

[6&' :%,,&"*' [HSS' )&91"0*,3*&0' *63*' *6&' :19=,&00#/&' ,&$%#,&9&"*<' #@&@<' *63*' *6&' :1"*3#"9&"*'
:1":,&*&'061%8)',&93#"'#"':19=,&00#1"'%")&,':1"*3#"9&"*')&0#4"'>30#0':1")#*#1"0'3+*&,':1"0#)&,#"4'
*6&'*#9&',&83*&)'8100'1+'*&")1"'=,&0*,&00',&93#"0'/38#)'+1,'*6&'=&,#1)'1+'H[F'X#@&@'3+*&,'cK';&3,0Y@''
[6&'3"38;0#0'#":8%)&0'06,#"C34&'3")':,&&='1+'*6&':1":,&*&<'0*&&8',&83V3*#1"'1+'*6&'*&")1"0<'3")'8100'
1+'=10**&"0#1"#"4'+1,:&0@'[6&'[HSS'PKM'vG1":,&*&'G1"*3#"9&"*'[&")1"'2,&ZE*,&00w'#0',&+&,&":&)'
#"' *6&' ("#*#38' H#0*' 1+' [#9&' H#9#*&)' S4&#"4' S"38;0#0' jJOk<' :63=*&,' b@M@P@' [6&' >%8C' 71,C' 1+' 34&#"4'
93"34&9&"*'&/38%3*#1"'#0')&0:,#>&)'#"'*6&'[&:6"#:38'.&$%#,&9&"*'E=&:#+#:3*#1"'X[.EY'jMk'3")'91,&'
:19=,&6&"0#/&'#"'*6&'ESH[F'S4&#"4'_3"34&9&"*'S00&009&"*'.&=1,*'X("*&,#9Y'jNk@'[6&'[HSS'PKM'
#0' >30&)' 1"' *6&' E3+&*;' S"38;0#0' .&=1,*' XES.Y<' =3,*' ((<' :63=*&,' b@J@J' G1"*3#"9&"*' [&0*0' 3")'
("0=&:*#1"0'jbk@'Q30&)'1"'*6#0<'#*'#0',&$%#,&)'*1'93"34&'*6&'8100'#"'=,&Z0*,&00#"4'+1,:&'#"'*6&'*&")1"0'
)%,#"4'*6&'H[F@'[6&'2,&Z0*,&00'934"#*%)&'9%0*'>&'6#46&,'*63"'*6&',&4%83*1,;'8#9#*'1,':,#*&,#1"')%,#"4'
*6&'H[F@'

7.2 TLAA Methodology

S'[#9&'H#9#*&)'S4&#"4'S"38;0#0'X[HSSY':3"'>&'=&,+1,9&)'>;':1"0#)&,#"4'*6&'&0*#93*&)':1":,&*&'
0*,3#"'#"'*6&')#++&,&"*'0&:*#1"0'1+'*6&':1"*3#"9&"*'0*,%:*%,&0'30')&*&,9#"&)'#"'*6&'=,&:&)#"4'0&:*#1"0'
1+'*6#0',&=1,*@'
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&"0%,&'#*'#0'#"'8#"&'7#*6'*6&'3%*61,#?&)'/&,0#1"'1"'*6&'0;0*&9@'A1'=3,*'1+'*6#0')1:%9&"*'93;'>&',&=,1)%:&)'#"'3";'93""&,'1,'+1,9'>;'*6#,)'
=3,*#&0'7#*61%*'*6&'7,#**&"':1"0&"*'1+'B0C19'D18)#"40'EFG'H*)<''I':1=;,#46*'B0C19'D18)#"40'EFG'H*)<'.&4'A1'JKKJLKMNNJOLPK'
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[6&'*#9&'8#9#*&)'300%9=*#1"')&+#"&)'>;'*6&':%,,&"*'1=&,3*#"4'*&,9'#0'*6&'0*,%:*%,38'#"*&4,#*;'1+'*6&'
:1"*3#"9&"*'0*,%:*%,&'%")&,'HFGS':1")#*#1"0'3*'*6&'&")'1+'*6&'#"#*#38'=83""&)'bKZ;&3,'8#+&*#9&@'("'*6&'
:%,,&"*':30&<'#*'#0',&$%#,&)'*63*'*6&'9&3"':1":,&*&'0*,&00&0'#"'*6&'7388'9%0*',&93#"'#"':19=,&00#1"'
%")&,'HFGS':1")#*#1"0'76&"':1"0#)&,#"4'*6&'*#9&')&=&")&"*'8100'1+'*&")1"'=,&Z0*,&00'1/&,'*6&'+%88'
=&,#1)'1+'H[F@'[6&'=83""&)'3))#*#1"38'8#+&*#9&'#"'H[F'#0'JK';&3,0<'#@&@'3'*1*38'1+'cK';&3,0'3+*&,'*6&'
&")'1+':1"0*,%:*#1"@'[HSSZPKM'730'=&,+1,9&)'=,&/#1%08;<'3")'*6#0',&=1,*',&Z=&,+1,90'*63*'[HSS'3")'
&V=3")0'1"'*6&'71,C')1"&'=,&/#1%08;'#"',&+&,&":&'jMck@'

[6&' [HSS' #0' =&,+1,9&)' 1"' *6&' =,#":#=8&' 1+' >#Z3V#38' &$%#8#>,#%9' >;' :1"0#)&,#"4' *6&' 0*,%:*%,38'
9&:63"#:0'*1'>383":&'*6&'+1,:&0'#"'*6&'0*,%:*%,&@''S::1,)#"48;<'*6&':38:%83*#1"0'3==8#&)'#"'*6&'[HSS'
:1"0#)&,0'*6&'0*,3#"<'*&")1"'+1,:&0<'0*,&00'#"'*6&':1":,&*&<'8#"&,'3")',&#"+1,:&9&"*'3")'*6&'93*&,#38'
=,1=&,*#&0'1+'388'*6&':19=1"&"*0@'

Q#Z3V#38'&$%#8#>,#%9':38:%83*#1"0'3,&'=&,+1,9&)'*6,1%46'3"'#*&,3*#/&'9&*61)'>;'&"0%,#"4'*6&'>#Z3V#38'
+1,:&0'>383":&'*1'=,&Z)&*&,9#"&)'*3,4&*'/38%&0@''[6#0'9&*61)1814;'#0'0617"'/#0%388;'#"'T#4%,&'bN'
3")'#0'>30&)'1"',&+&,&":&'jMck@'

'

'

Figure 45:  Iteration Process to Balance Bi-Axial Forces

[6&'3"38;0#0'3")':38:%83*#1"0'+,19',&+&,&":&'jMck'730',&=,1)%:&)'#"'_#:,101+*'BV:&8'*1'>&'3>8&'*1'
=&,+1,9'*6&'[HSS'3")'3'0&"0#*#/#*;'0*%);'1+' *6&',&0%8*0@'[6&':38:%83*#1"0'7&,&',&=&3*&)'+1,'*6,&&'
)#++&,&"*'0:&"3,#10<'"39&8;-'

XMY'!0#"4'*6&'=,&)#:*&)':1":,&*&'0*,3#"'3*'bK';&3,0p'

XJY'!0#"4'*6&'9&30%,&)':1":,&*&'0*,3#"'3*'bK';&3,0p'3")'

XPY'!0#"4'*6&'9&30%,&)':1":,&*&'0*,3#"'&V*,3=183*&)'*1'cK';&3,0@''

Note - 1:  T1,'*6&'9&30%,&)':1":,&*&'0*,3#"'&V*,3=183*&)'*1'cK';&3,0'*6&'&V=1"&"*#38'=,&)#:*&)'
:1":,&*&'0*,3#"'730'%0&)'#"'*6&'3"38;0#0'+1,'&3:6':30&@'''

Note - 2:  [6&'!"#*'J'0*,3#"'/38%&0'7&,&'3==8#&)' #"' *6&'3"38;0#0'30' *6#0' #0'*6&'>&0*Z&0*#93*&'
0*,3#"'30'0%993,#?&)'#"'[3>8&'MK@'''
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&"0%,&'#*'#0'#"'8#"&'7#*6'*6&'3%*61,#?&)'/&,0#1"'1"'*6&'0;0*&9@'A1'=3,*'1+'*6#0')1:%9&"*'93;'>&',&=,1)%:&)'#"'3";'93""&,'1,'+1,9'>;'*6#,)'
=3,*#&0'7#*61%*'*6&'7,#**&"':1"0&"*'1+'B0C19'D18)#"40'EFG'H*)<''I':1=;,#46*'B0C19'D18)#"40'EFG'H*)<'.&4'A1'JKKJLKMNNJOLPK'

'

Note - 3:  [6&'3"38;0&0'#"'x'O@N'G;8#"),#:38'5388'S"38;0#0'3")'x'O@c'R19&'S"38;0#0':1"0#)&,0'
*6&'>&0*Z&0*#93*&'0*,3#"<'617&/&,' *6&'3"38;0#0' #0'&V=3")&)' #"'x'O@O'.&0%8*0')#0:%00#1"' *1'
3801':1"0#)&,'*6&'!"#*'M'3")'*6&'3/&,34&'0*,3#"'>&*7&&"'*6&'!"#*0@'

7.3 Material properties

T1,'*6&'[HSS'3"38;0#0<'*6&'93*&,#38'=,1=&,*#&0'3,&'%0&)'+1,'*6&'>#Z3V#38'&$%#8#>,#%9'3"38;0#0@''[6&'
93*&,#38'=,1=&,*#&0'%0&)'+1,'*6&'3"38;0#0'3,&'jJOk-'

Table 11:  Material Properties Used in the TLAA

Material
Young’s 
Modulus
[GPa]

Poisson’s 
ratio

AHotrizontal

[mm²/m]
AVertical

[mm²/m]
Dome
[mm²/m]

G1":,&*&' MN' K@J' ^KK<KKK' ^KK<KKK' dKK<KKK'

H#"&,' JMK' K@Jd' O<KKK' c<dKK' ^<KKK'

.&#"+1,:&9&"*' JKK' ALS' M<cMK' J<O^K' O<KcK'

[&")1"0' M^K' ALS' ^<^KK' b<^MK' c<dPK'

NOTE:' [6&' :1":,&*&' i1%"4`0' 91)%8%0' XB_1)Y' #0' :1"0#)&,&)' 3' *#9&' )&=&")3"*' =3,39&*&,' 3")'
,&)%:&0'7#*6'*#9&@''[6&'1,#4#"38')&0#4"')1:%9&"*0'%0&)'MN'f23'30'*6&'81"4Z*&,9'B_1)@''MN'f23'#0'
:1"0&,/3*#/&'3")'&0*#93*#"4'*6&'81"4Z*&,9'B91)'%0#"4'91)&,"':1)&0'0%:6'30'*6&'T,&":6'.GGZG5'
:1)&<' *6&'B91)'+1,' *6&':1":,&*&'93;'>&' #"' *6&' ,&4#1"'1+'M^'f23@'.&43,)8&00<' *6&'1,#4#"38')&0#4"'
/38%&0'1+'MN'f23'#0'%0&)'#"'*6&'3"38;0#0@'

S' ,&+#"&9&"*' 1+' *6&' :1":,&*&'_3*&,#38' =,1=&,*#&0' 3")' #*0' #9=3:*' 1"' *6&' 1%*:19&' 1+' *6&' [HSS' #0'
&V=81,&)'#"'x^@'S'6#46&,'i1%"4`0'_1)%8%0'3")'21#001"`0',3*#1'730':1"+#,9&)@'

7.4 Assumptions

[6&'+18817#"4'#0'300%9&)'+1,'*6&'[HSS-'

M@' [6&'=10*'*&"0#1"#"4'*&")1"0'3,&'"1*'3++&:*&)'>;':1,,10#1"'1/&,'*6&'&/38%3*&)'JK';&3,0@'

J@' [6&'+%88':1":,&*&'0&:*#1"'#0'300%9&)<'3")'"1')&839#"3*#1"'#0':1"0#)&,&)')%,#"4'*6&'3"38;0#0@'''

P@' S00%9=*#1"0'7#*6',&0=&:*'*1'*6&'0*,3#"')&/&81=9&"*'=,&)#:*#1"0'3,&')#0:%00&)'3::1,)#"48;'#"'
*6&'>&817'0&:*#1"0@'

(9=1,*3"*8;<'21#"*'M'3>1/&' #0':6&:C&)' +1,'/38#)#*;' *6,1%461%*' *6&' 8#+&'1+' *6&'0*,%:*%,&' *6,1%46' *6&'
3==,1/&)'(E('=,14,399&'#":8%)#"4'*6&'1"8#"&'91"#*1,#"4'3")'*6&'MKZ;&3,8;'=&,+1,93":&'1+'*6&'(H.['
*&0*'X0&&'x'MJ@PY@'

21#"*'J'#0'/38#)3*&)'30'*6&'300%9=*#1"'#0':1"0&,/3*#/&@'S',&)%:&)':1":,&*&'0&:*#1"<':1%"*&,#"*%#*#/&8;<'
)#0*,#>%*&0'*6&':19=,&00#/&'0*,&00'1/&,'3'09388&,'0&:*#1"'1+'*6&':1":,&*&<'*6&,&+1,&'#":,&30#"4'*6&'
3V#38':19=,&00#/&'0*,&00'#"'*6&'0&:*#1"@'

F*6&,'9#*#43*#1"'&++1,*0'3,&'"1*',&$%#,&)'*1'/38#)3*&'*6&'[HSS<'3")'#+'*6&'300%9=*#1"0'3,&'#"/38#)3*&)'
*6,1%46'*6&'3==,1/&)'(E('=,14,399&<'*6&',&Z3"38;0#0'7#88',&$%#,&'*1'>&',&Z/#0#*&)@'
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&"0%,&'#*'#0'#"'8#"&'7#*6'*6&'3%*61,#?&)'/&,0#1"'1"'*6&'0;0*&9@'A1'=3,*'1+'*6#0')1:%9&"*'93;'>&',&=,1)%:&)'#"'3";'93""&,'1,'+1,9'>;'*6#,)'
=3,*#&0'7#*61%*'*6&'7,#**&"':1"0&"*'1+'B0C19'D18)#"40'EFG'H*)<''I':1=;,#46*'B0C19'D18)#"40'EFG'H*)<'.&4'A1'JKKJLKMNNJOLPK'

'

7.5 Cylindrical Wall Analysis

7.5.1 Cylindrical Wall – Predicted Strain at 40 years

'

[6&'*&")1"'0*,&00')%&'*1'#"#*#38'=,&0*,&00#"4'3,&':38:%83*&)'+,19'#"#*#38'*&")1"'0*,&00&0'
3+*&,'+,#:*#1"'3")'08#='8100&0'3")'3+*&,'&830*#:')&+1,93*#1"'1+'*6&':1":,&*&'30'=,1/#)&)'#"'
,&+&,&":&'jJOk<'x'b@M@J@'("'1,)&,'*1'4&*'*6&'0*,3#"0<'*6&'0*,&00&0':3"'>&')#/#)&)'>;'*6&'
i1%"4�0'_1)%8%0'1+'*6&'=,&0*,&00#"4'0*&&8@'

!' e&,*#:38'*&")1"'0*,3#"-'''''MbPM'_23LM^K<KKK'_23'y'K<KKONP'

!' D1,#?1"*38'*&")1"'0*,3#"-'MJNc'_23LM^K<KKK'_23'y'K<KKccM'

'

MalaleDT
Typewritten text
Redacted - PAIA Section 36 (1)(b); PAIA Section 37 (1)(a)
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&"0%,&'#*'#0'#"'8#"&'7#*6'*6&'3%*61,#?&)'/&,0#1"'1"'*6&'0;0*&9@'A1'=3,*'1+'*6#0')1:%9&"*'93;'>&',&=,1)%:&)'#"'3";'93""&,'1,'+1,9'>;'*6#,)'
=3,*#&0'7#*61%*'*6&'7,#**&"':1"0&"*'1+'B0C19'D18)#"40'EFG'H*)<''I':1=;,#46*'B0C19'D18)#"40'EFG'H*)<'.&4'A1'JKKJLKMNNJOLPK'

'

7.5.2 Cylindrical Wall – Measured Strain at 40 years

'

'

MalaleDT
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Redacted - PAIA Section 36 (1)(b); PAIA Section 37 (1)(a)
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&"0%,&'#*'#0'#"'8#"&'7#*6'*6&'3%*61,#?&)'/&,0#1"'1"'*6&'0;0*&9@'A1'=3,*'1+'*6#0')1:%9&"*'93;'>&',&=,1)%:&)'#"'3";'93""&,'1,'+1,9'>;'*6#,)'
=3,*#&0'7#*61%*'*6&'7,#**&"':1"0&"*'1+'B0C19'D18)#"40'EFG'H*)<''I':1=;,#46*'B0C19'D18)#"40'EFG'H*)<'.&4'A1'JKKJLKMNNJOLPK'

'

7.5.3 Cylindrical Wall – Extrapolated Strain at 60 Years

'

7.5.4 Summary of Cylindrical Wall Analysis

[6&'0%993,;'1+'*6&'*6,&&')#++&,&"*'3"38;0&0'=&,+1,9&)'1"'*6&':;8#"),#:38'73880'#0'=,1/#)&)'#"'[3>8&'
MJ<'>&817-'

MalaleDT
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&"0%,&'#*'#0'#"'8#"&'7#*6'*6&'3%*61,#?&)'/&,0#1"'1"'*6&'0;0*&9@'A1'=3,*'1+'*6#0')1:%9&"*'93;'>&',&=,1)%:&)'#"'3";'93""&,'1,'+1,9'>;'*6#,)'
=3,*#&0'7#*61%*'*6&'7,#**&"':1"0&"*'1+'B0C19'D18)#"40'EFG'H*)<''I':1=;,#46*'B0C19'D18)#"40'EFG'H*)<'.&4'A1'JKKJLKMNNJOLPK'

'

Table 12:  Summary of the Cylindrical Wall TLAA Results

'

[6&'3"38;0#0'=&,+1,9&)'1"'*6&':;8#"),#:38'7388'3,&'/38#)3*&)'>;':19=3,#"4'*6&',&0%8*0'1+'*6&'[HSS'
X76#:6'%0&0'0*,3#"')3*3'30'#"=%*'=3,39&*&,0Y'*1'*6&'&V*,3=183*#1"'1+'*6&'*&")1"'+1,:&'30')&*&,9#"&)'
#"' x' N@P' h' 76&,&' *6&' 3/&,34&' *&")1"' +1,:&' 730' &0*#93*&)' *1' >&' 3,500 kN' 3")' 3,491 kN' X1,'
M<PJN@P'_23'3")'M<JOd@O'_23Y'+1,'*6&'bKZ;&3,'3")'cKZ;&3,'=,&)#:*#1"0',&0=&:*#/&8;@''[6&'*&")1"'
+1,:&'#0'617&/&,'9&30%,&)'3")'=,&)#:*&)'3*'*6&'3":61,'6&3)'X76&,&'*6&');"3919&*&,0'3,&Y'3*'*6&'
mNc9@'

S0'#")#:3*&)'#"'[3>8&'MJ<'*6&'9&30%,&)'aB")'1+'H#+&`'/&,*#:38'*&")1"'0*,&00'#0'=,&)#:*&)'*1'>&'1,286.18'
_23'XbK';&3,0Y'3")'1,278.73'_23'XcK';&3,0Y<'76#:6'#0'7#*6#"'J@KOg'3")'P@PJg'1+'*6&'&0*#93*&)'
*&")1"' +1,:&0' +,19'E&:*#1"'N@b'1+' *6#0' ,&=1,*@' '[6&'=,&)#:*&)'/&,*#:38' *&")1"'+1,:&0'>30&)'1"' *6&'
3"38;0#0'3,&'617&/&,'>30&)'1"'3',&+&,&":&'6&#46*'1+'mJJ9@''

S8*61%46'*6&',&+&,&":&'6&#46*0'3,&'"1*'*6&'039&<'*6&'3"38;0#0'=,1/#)&0':1"+#)&":&'#"'*6&',&0%8*0'1+'
*6&'[HSS'9&*61)1814;<'30'*6&'*71')#++&,&"*'9&*61)0'3,&'0#9#83,<'3")'*6&':1,,&83*#1"'#"'*6&',&0%8*0'
U%0*#+#&0'+1,'*6&'%0&'1+'*6&');"3919&*&,0'*1'0%==1,*'*6&'0*,3#"'43%4&0@'''

S'+%,*6&,':1"0#)&,3*#1"'#0')1"&'>;':19=3,#"4'*6&'=&,:&"*34&'8100'1+'0*,&00'3")'+1,:&-'

For the stress calculated at 22m:

Q&4#""#"4'1+'8#+&'y'M<bPM'_23'

3*'bK';&3,0-'y'M<Jdc@Md'_23'

g'8100'y'XM<bPMZM<Jdc@MdYLMbPM'y'MK@MJg'

Force measured (even though at the top):

Z'Q&4#""#"4'y'P<ObJ'CA'

Z'B0*#93*&)'3*'bK';&3,0'y'P<NKK'CA'

g'8100'y'XP<ObJ'h'P<NKKYLP<ObJ'y'c@bOg'

X[6%0<'0*,&00'&0*#93*&'#0'*3C&"'30':1"0&,/3*#/&Y'



Containment Re-Analysis for Long-Term Operation !"#$%&'()&"*#+#&,-'' 331-691

.&/#0#1"-'' 4

234&-'' 73 of 147

'

CONTROLLED DISCLOSURE

56&"')17"813)&)'+,19'*6&')1:%9&"*'93"34&9&"*'0;0*&9<'*6#0')1:%9&"*'#0'%":1"*,188&)'3")'*6&',&0=1"0#>#8#*;',&0*0'7#*6'*6&'%0&,'*1'
&"0%,&'#*'#0'#"'8#"&'7#*6'*6&'3%*61,#?&)'/&,0#1"'1"'*6&'0;0*&9@'A1'=3,*'1+'*6#0')1:%9&"*'93;'>&',&=,1)%:&)'#"'3";'93""&,'1,'+1,9'>;'*6#,)'
=3,*#&0'7#*61%*'*6&'7,#**&"':1"0&"*'1+'B0C19'D18)#"40'EFG'H*)<''I':1=;,#46*'B0C19'D18)#"40'EFG'H*)<'.&4'A1'JKKJLKMNNJOLPK'

'

7.6 Dome Analysis

[6&'3"38;0#0'730',&=&3*&)'+1,'*6&')19&'0&:*#1"'1+'*6&':1"*3#"9&"*'0*,%:*%,&0@'(*'#0'"1*&)'*63*'*6&'
)19&'630'8#9#*&)'0*,3#"'43%4&0'3/3#83>8&'3")'*63*'1"8;'*6&'0*,3#"'43%4&0'3*'*6&'%==&,910*'=&3C'1+'
*6&':1"*3#"9&"*'0*,%:*%,&0'3,&':1"0#)&,&)'X76&,&'*6&')&3)'813)'#0':1"0#)&,&)'?&,1Y@'T%,*6&,91,&<'
#*'061%8)'>&'"1*&)'*63*'*6&')19&'#0':1"0#)&,&)'0;99&*,#:'3")'*6&'0*,3#"'#"'>1*6'*6&':#,:%9+&,&"*#38'
3")'*6&',3)#38')#,&:*#1"0'3,&':1"0#)&,&)'&$%38@'

S0'"1*&)'=,&/#1%08;<'*6&'3)U%0*&)'!"#*'M')3*3'730'%0&)'76&,&'*6&'0*,3#"'730'#":,&30&)'*1'>&'3'>&0*'
&0*#93*&'1+'*6&'3:*%38'0*,3#"@'

7.6.1 Dome – Predicted Strain at 40 Years

'

[6&'*&")1"'0*,&00')%&'*1'#"#*#38'=,&0*,&00#"4'3,&':38:%83*&)'+,19'#"#*#38'*&")1"'0*,&00&0'
3+*&,'+,#:*#1"'3")'08#='8100&0'3")'3+*&,'&830*#:')&+1,93*#1"'1+'*6&':1":,&*&'30'=,1/#)&)'#"'
,&+&,&":&'jJOk<'x'b@M@J@'("'1,)&,'*1'4&*'*6&'0*,3#"0<'*6&'0*,&00&0':3"'>&')#/#)&)'>;'*6&'
i1%"4�0'_1)%8%0'1+'*6&'=,&0*,&00#"4'0*&&8@'
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!' e&,*#:38'*&")1"'0*,3#"-' M<M^b'_23'LM^K<KKK'_23'y'K<KKcJd'

7.6.2 Dome – Measured Strain at 40 Years

'

'
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7.6.3 Dome – Extrapolated Strain at 60 Years

'

'

' '
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7.6.4 Summary of Dome Analysis

S'0%993,;'1+'*6&'+#"38<'*6,&&')#++&,&"*'3"38;0&0'=&,+1,9&)'30'=3,*'1+'*6&'[HSS'#0'=,1/#)&)'#"'[3>8&'
MP@''''

Table 13:  Summary of the Dome TLAA Results

'

[6&')3*3' #0'3801' ,&=,&0&"*&)' +1,' *6&' :1":,&*&'0*,&00' :,#*&,#3@' (*' #0' 0&&"' *63*'7#*6' *6&'3"38;0#0'30'
)#0:%00&)'3>1/&<'388'*6&':1":,&*&'0&:*#1"0'+388'#"'*6&')&0#4"':,#*&,#3'3*'cK';&3,0@'

'

Figure 46:  Graphical Summary of TLAA Results

[6&'3>1/&',&0%8*0' #")#:3*&'*63*'*6&':1"*3#"9&"*'0*,%:*%,&0'9&&*'*6&':19=,&00#/&',&$%#,&9&"*'+1,'
H[F@'
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&"0%,&'#*'#0'#"'8#"&'7#*6'*6&'3%*61,#?&)'/&,0#1"'1"'*6&'0;0*&9@'A1'=3,*'1+'*6#0')1:%9&"*'93;'>&',&=,1)%:&)'#"'3";'93""&,'1,'+1,9'>;'*6#,)'
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7.7 Results discussion

56&"':1"0#)&,#"4'*6&'0*,3#"',&0%8*0<'*6&'!"#*'M'3")'!"#*'J')3*3')#++&,'>;'�bKg'X[3>8&'MKY@'(*'#0'>&8#&/&)'
*63*'*6&')#++&,&":&'0*&90'+,19'*6&')&83;'#"'*6&'#"#*#38'91"#*1,#"4'1"0&*'+1,'*6&'!"#*'M'0*,%:*%,&@'

[6&':38:%83*#1"'1+'*6&'0*,3#"'#0'>30&)'1"'B$%3*#1"'M-'

'

Equation 1

' 56&,&-' '.&83*#/&'E*,3#"'#"'j{9L9k'

' ' 'G63,3:*&,#0*#:'G1&++#:#&"*'+1,'*6&'E*,3#"'f3%4&0'

' ' 'T,&$%&":;'_&30%,&9&"*0'#"'jD?k'

[6&' '9&30%,&9&"*'#0'*6&'>30&8#"&'9&30%,&9&"*'+1,'*6&'0*,3#"'9&30%,&9&"*0'*3C&"')#,&:*8;'3+*&,'
*&"0#1"#"4<'#@&@<'*6&'a?&,1Z61%,',&3)#"4`@'[3>8&'J'=,1/#)&0'*6&',&+&,&":&')3*&0'+1,'76&"'*6&'>30&8#"&'
,&3)#"40'7&,&'*3C&"@'T1,'*6&'!"#*'M'0*,3#"'43%4&0'3>1/&'*6&'mJJ@d^9'8&/&8<'76#:6'3,&'*6&'43%4&0'
:1"0#)&,&)'#"'*6#0',&=1,*<'*6&'a?&,1Z61%,',&3)#"4`'7&,&'*3C&"'Mb'91"*60'3+*&,'*6&'+#"38'*&"0#1"#"4'730'
)1"&@'56#8&'+1,'!"#*'J'*6&'9&30%,&9&"*0'7&,&'*3C&"')%,#"4'*6&'039&'91"*6@'[6#0')&83;'&V=&,#&":&)'
#"'!"#*'M'#0'8#C&8;'*6&':3%0&'1+'*6&')#++&,&":&0'#"'*6&'0*,3#"'43%4&'9&30%,&9&"*0@'

S::1,)#"48;<'*6&'!"#*'J')3*3'730'%0&)'30',&=,&0&"*3*#/&'+1,'>1*6'%"#*0@'[6&'=&,:&"*34&')#++&,&":&'
>&*7&&"'*6&',&0=&:*#/&',&0%8*0'+1,'*6&'%"#*0'730':38:%83*&)'*1'>&'3==,1V#93*&8;'bKg@'[6&,&+1,&<'*6&'
!"#*'J')19&'0*,3#"'#0'&0*#93*&)'>;'#":,&30#"4'*6&'%"#*'M')19&'0*,3#"'>;'3'=&,:&"*34&')#++&,&":&'1+'
bKg<' *1' >&' -456 µm/m' 3")' -521 µm/m' +1,' bK' 3")' cK' ;&3,0' ,&0=&:*#/&8;' 30' 3==8#&)' #"' *6&'
3+1,&9&"*#1"&)'3"38;0#0@'

[6&'3"38;0#0'730',&Z=&,+1,9&)'+1,'>1*6'!"#*0'3")'3',3"4&'1+'0*,3#"')3*3'/38%&0'7&,&'%0&)'*1'#")#:3*&'
*6&'%==&,'3")'817&,'8#9#*',3"4&'+1,'*6&')3*3'%0&)@'[6#0'#0'=,1/#)&)'#"'T#4%,&'bO@'

[6&'3"38;0#0'#":8%)&)'*6&'+18817#"4-'

!' B3:6'30=&:*'1+'*6&'[HSS<'"39&8;<'aD1,#?1"*38`<'ae&,*#:38`<'3")'aR19&`<'#0'=81**&)'>;'3',3"4&'
1+'/38%&0@'[6&',3"4&'#0'6#468#46*&)'7#*6'0#9#83,':181%,0'+1,'&3:6'30=&:*@'

!' [6&'!"#*'J'0*,3#"'/38%&0'+1,'bK'3")'cK';&3,0<'76#:6'#0'0#9#83,'*1'T#4%,&'bc@'("'&3:6':30&'*6#0'
#0'83>&88&)'7#*6'3"'3""1*3*#1"'v!"#*'Jw'"&V*'*1'*6&'8#"&@'

!' [6&'!"#*' M' 0*,3#"' /38%&0'bK'3")'cK';&3,0<' 30' #")#:3*&)' #"'[3>8&'MK@' ("'&3:6':30&' *6#0' #0'
83>&88&)'7#*6'3"'3""1*3*#1"'v!"#*'Mw'"&V*'*1'*6&'8#"&@'

!' [6&'3/&,34&'1+'!"#*'M'3")'!"#*'J'0*,3#"'/38%&0<'3""1*3*&)'>;'*6&')306&)'8#"&' #"0#)&'&3:6'
,3"4&@'

!' S"'3))#*#1"38',3"4&'#0'#")#:3*&)'+1,'&3:6'30=&:*'1+'*6&'[HSS<'76#:6'#0'3""1*3*&)'#"'*6&'8&4&")'
30'v51,0*ZG30&w@'[6&'71,0*Z:30&'/38%&0'3,&'=,&0&"*&)'#+' *6&'0*,3#"'/38%&0'7&,&'>30&)'1"'
*6&'=,&)#:*#1"'9&*61)'1+'0#9=8;'3))#"4'3"'3))#*#1"38'X"1"Z0:#&"*#+#:Y''JKg'*1'*6&'9&30%,&)'
0*,3#"'3*'bK';&3,0'=&,'[3>8&'O<'[3>8&'d'3")'[3>8&'̂ '+1,'*6&'/&,*#:38<'61,#?1"*38'3")')19&'0*,3#"'
,&0=&:*#/&8;@''

'
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Figure 47:  Graphical Summary of TLAA Results with Ranges for All Sections Analysed

T,19'*6&'3"38;0#0'*6&'+18817#"4':3"'>&':1":8%)&)-'

M@' [6&':;8#"),#:38'73880'1+'*6&':1"*3#"9&"*'0*,%:*%,&0'3,&'/38#)3*&)'+1,'3"'3))#*#1"38'JK';&3,0'
3")'>30&)'1"'*6&':%,,&"*'3"38;0#0'3")'*6&'0*,3#"')&/&81=9&"*p'"1')&0#4"'8#9#*0'3,&'&V:&&)&)'
X30'0617"'#"'T#4%,&'bcY@'

J@' [6&')19&0'1+'*6&':1"*3#"9&"*'0*,%:*%,&0'3,&'/38#)3*&)'+1,'3"'3))#*#1"38'JK';&3,0'>30&)'1"'
*6&' :%,,&"*' 3"38;0#0' 3")' *6&' 0*,3#"' )&/&81=9&"*@' 56&"' :1"0#)&,#"4' *6&' 3)U%0*9&"*' *63*'
"&&)&)'*1'>&'93)&'*1'3::1991)3*&'*6&'%":&,*3#"*#&0'+1,'!"#*'J<'*6&')&0#4"'93,4#"0'3,&'0*#88'
"1*'&V:&&)&)'X30'0617"'#"'T#4%,&'bcY@'

P@' (+' 91,&' :1"0&,/3*#/&' &0*#93*&0' 3,&' 3==8#&)' +1,' *6&' =%,=10&0' 1+' 3"38;0#0' 3")' *1' 300&00'
3/3#83>8&'93,4#"0<'*6&')&0#4"'8#9#*'#0'&V:&&)&)'Xby 0.18MPaY@'[6#0'#0'617&/&,'93,4#"38'3")'
"1*'3':1":&,"'+1,'*6&'03+&'1=&,3*#1"'1+'*6&'W1&>&,4':1"*3#"9&"*'0*,%:*%,&0@'

b@' [6&'$%38#*;'1+'*6&'3/3#83>8&')3*3'+1,'*6&':;8#"),#:38'7388'#0')&&9&)'0%++#:#&"*<'1"8;'M')&+&:*#/&'
0*,3#"'43%4&'730',&91/&)'+,19'*6&'3"38;0#0@'
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&"0%,&'#*'#0'#"'8#"&'7#*6'*6&'3%*61,#?&)'/&,0#1"'1"'*6&'0;0*&9@'A1'=3,*'1+'*6#0')1:%9&"*'93;'>&',&=,1)%:&)'#"'3";'93""&,'1,'+1,9'>;'*6#,)'
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N@' T1,' *6&')19&<' *6&')3*3'3/3#83>8&'730' 8#9#*&)'3")'"&&)&)'&"4#"&&,#"4' #"*&,=,&*3*#1"@'[6&'
3/3#83>8&')3*3'+1,'%"#*'M')19&'730'#":,&30&)'>;'3'bKg'*1',&=,&0&"*'*6&'!"#*'J')19&'3")'*6&'
:1":8%0#1"' #0' :1"0&,/3*#/&' 3")' >30&)' 1"' 01%")' &"4#"&&,#"4' #"*&,=,&*3*#1"' 1+' *6&' )3*3@'
A1*7#*60*3")#"4' *6&' 8#9#*&)' "%9>&,' 1+' 3/3#83>8&' 0*,3#"' 43%4&0' 1"' *6&' )19&<'
,&:199&")3*#1"0'3,&'93)&'7#*6',&0=&:*'*1'*6&'#"0*3883*#1"'1+'3))#*#1"38'0*,3#"'43%4&0'#"'x'
MJ@c'1+'*6#0',&=1,*@'[6&'3))#*#1"38'0*,3#"'43%4&0'3,&'617&/&,'"1*'"&&)&)'=,#1,'*1'H[F@'

8. TLAA with 3rd ILRT’s data

B0C19'630':1"0#)&,&)' *6&' ,&0%8*0'1+' *6&'=,&/#1%0' (H.[0' X=&,+1,9&)' #"'JKMN'1"'>1*6'%"#*0<' 3801'
,&+&,,&)'*1'30'*6&'P,)'(H.[0<'7#*6'*6&'+#,0*'>&#"4'=&,+1,9&)'3*':199#00#1"#"4'3")'*6&'0&:1")'#"'JKKN'
3")' JKKd' 1"' %"#*' M' 3")' %"#*' J' ,&0=&:*#/&8;Y' *1' :,100Z/38#)3*&' *6&' [HSS' :38:%83*#1"<' 0=&:#+#:388;'
:1"0#)&,#"4'*6&'&++&:*'1+'*6&'HFGS':1"*3#"9&"*'=,&00%,&@'[6&'91"#*1,#"4'1+'*6&'0*,%:*%,&0')%,#"4'
*6&' P,)' (H.[0' 7&,&' =&,+1,9&)' >;' BRT' &V=&,*0' %0#"4' 3%*193*#:' 91"#*1,#"4' &$%#=9&"*@' BRT'
9&30%,&)'*6&'#"/3,'7#,&0<'=&")%8%90'3")'0*,3#"'43%4&0'7#*6'411)'=,&:#0#1"'3")'*6&',&0%8*0'63/&'
>&&"'063,&)'7#*6'*6&'AA.@'

[6&',&0%8*0'7&,&'"1*'#":1,=1,3*&)'#"*1'*6&'[HSS'XxOY'"1,':1"0#)&,&)'+1,':,100'/38#)3*#"4'*6&'[HSS'
:38:%83*#1"0@'[6#0'#0'"17'=&,+1,9&)'>&817-'

BRT'3)/#0&)'B0C19'*1':3,&+%88;':1"0#)&,'76#:6'43%4&0'*1'%0&'#"'0#9=8#0*#:':38:%83*#1"0'3")'3/1#)'
%0#"4')3*3' +,19'43%4&0' *63*'93;'>&' #"+8%&":&)'>;' *6&'&$%#=9&"*'63*:6@'B0C19'730'3)/#0&)' *1'
0=&:#+#:388;'#"/&0*#43*&'*6&'>&63/#1%,'1+'43%4&0'I-1'3")'I-5'1+'!"#*'M'3")'43%4&0'I-2'3")'I-6'1+'!"#*'J'
30'*6&;'9#46*'>&'#"+8%&":&)'>;'*6&'63*:6')%,#"4'=,&00%,&'*&0*0<'3")L1,')&*&,9#"&'#+'*6&,&'3,&'1%*8#&,0'
#"'*6&')3*3'>;'#"0=&:*#1"@'[6&'81:3*#1"'1+'*6&'43%4&0'*63*'9#46*'>&'#"+8%&":&)'>;'*6&'&$%#=9&"*'63*:6'
#0'0617"'#"'T#4%,&'bd'3")'T#4%,&'b^'@'

BRT'3801')#0,&43,)0':8&3,'1%*8#&,0'+,19'*6&#,'3"38;0#0@'

(*' #0' 3801' :1"+#,9&)' *63*' #*' #0' :1991"'=,3:*#:&' +1,'BRT' *1' :1"0#)&,' *6&' a:1991"'=3,*0`' X#@&@<' *6&'
mJJ@d^9'43%4&0Y'1+'*6&':1"*3#"9&"*'0*,%:*%,&0'76&"':38#>,3*#"4'3"38;*#:38'91)&80@'
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Figure 48: Location of Unit 1 +22.89m Strain 
Gauges

8.1 Unit 1 3rd ILRT Data

G1"0#)&,'*6&'P,)'(H.[')3*3'+1,'*6&'mJJ@d^9'0*,3#"'43%4&0'>&817@'[6&'0*,3#"'#0'a3)U%0*&)`'*1'63/&'3'
:1991"'0*3,*' =1#"*' 1"8;<' 3")'"1' 1*6&,'93"#=%83*#1"' #0')1"&@'[6#0' #0' =%,&8;' *1' :1"0#)&,' *6&')3*3'
,&83*#/&'*1'3':1991"'#"#*#38'0*,3#"'*1'0&&'*6&'#9=3:*'1+'*6&'(H.[@'

T1,'*6&'/&,*#:38'43%4&0-'

�'I-5'43%4&':3"'>&'#4"1,&)'30'#*'#0'#"+8%&":&)'>;'*6&'63*:6<'3")'

�'I-6'q'I-7'#0'#4"1,&)'30'1%*8#&,0@'

T1,'*6&'61,#?1"*38'43%4&0<'388'*6&'43%4&0'3,&':1"0#)&,&)@'E&&'T#4%,&'NK'3")'T#4%,&'NM@'

Figure 49: Location of Unit 2 +22.89m Strain 
Gauges
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'

'

Figure 50: Unit 1 Adjusted Strain Data at +22.89m - Vertical

'

Figure 51: Unit 1 Adjusted Strain Data at +22.89m - Horizontal

8.2 Unit 2 3rd ILRT data

[6&'3)U%0*&)'!"#*'J'0*,3#"'#0'=,1/#)&)'>&817'+1,'*6&'P,)'(H.[@'''

T1,'*6&'/&,*#:38'43%4&0-'

�' I-6'43%4&':3"'>&'#4"1,&)'30'#*'#0'#"+8%&":&)'>;'*6&'63*:6@'

T1,'*6&'61,#?1"*38'43%4&0<'388'*6&'43%4&0'3,&':1"0#)&,&)@'E&&'T#4%,&'NJ'3")'T#4%,&'NP@'
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&"0%,&'#*'#0'#"'8#"&'7#*6'*6&'3%*61,#?&)'/&,0#1"'1"'*6&'0;0*&9@'A1'=3,*'1+'*6#0')1:%9&"*'93;'>&',&=,1)%:&)'#"'3";'93""&,'1,'+1,9'>;'*6#,)'
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'

'

Figure 52: Unit 2 Adjusted Strain Data at +22.89m - Vertical

'

Figure 53: Unit 2 Adjusted Strain Data at +22.89m – Horizontal

8.3 Average Strain Curves

[6&'3/&,34&'0*,3#"'1+'*6&',&0=&:*#/&'!"#*0'#0'=,&0&"*&)'#"'T#4%,&'Nb'3")'T#4%,&'NN'>&817<'7#*6'
*6&'1%*8#&,0',&91/&)'30')#0:%00&)'3>1/&-'
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&"0%,&'#*'#0'#"'8#"&'7#*6'*6&'3%*61,#?&)'/&,0#1"'1"'*6&'0;0*&9@'A1'=3,*'1+'*6#0')1:%9&"*'93;'>&',&=,1)%:&)'#"'3";'93""&,'1,'+1,9'>;'*6#,)'
=3,*#&0'7#*61%*'*6&'7,#**&"':1"0&"*'1+'B0C19'D18)#"40'EFG'H*)<''I':1=;,#46*'B0C19'D18)#"40'EFG'H*)<'.&4'A1'JKKJLKMNNJOLPK'

'

'

Figure 54: Unit 1: +22.89m 3rd ILRT Strains

'

Figure 55: Unit 2:  +22.89m 3rd ILRT Strains
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&"0%,&'#*'#0'#"'8#"&'7#*6'*6&'3%*61,#?&)'/&,0#1"'1"'*6&'0;0*&9@'A1'=3,*'1+'*6#0')1:%9&"*'93;'>&',&=,1)%:&)'#"'3";'93""&,'1,'+1,9'>;'*6#,)'
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[6&' 3/&,34&' 0*,3#"0' 1>*3#"&)' )%,#"4' *6&' =,&/#1%0' (H.[0' 7&,&' %0&)' *1' :38#>,3*&' *6&' [HSS'
:38:%83*#1"0<'30'0&/&,38'93*&,#38'=,1=&,*#&0'7&,&'300%9&)'>30&)'1"':1"0&,/3*#/&'&0*#93*&0@'[6&'
:38#>,3*#1"'1+'*6&'3"38;*#:38'91)&8'#0')1"&'*1',&)%:&'*6&'8&/&8'1+':1"0&,/3*#09'300%9&)')%,#"4'*6&'
[HSS':38:%83*#1"0'3")'*1'0617'*6&'03+&*;'93,4#"'3/3#83>8&@''[6&'3"38;*#:38'91)&8'#0':38#>,3*&)'>;'
%0#"4'*6&'0*,3#"'9&30%,&)')%,#"4'*6&'P,)'(H.[0'*1':38:%83*&'*6&'B_1)'+1,'&3:6'%"#*'3")'&3:6'0*,3#"'
)#,&:*#1"@'[6&',&0%8*'#0'0617"'>&817-'

Table 14: Calculated Concrete EMod from 3rd ILRTs – Walls

Unit Direction

Measured ε from 

3rd ILRTs

[µm/m]

Result of ε 

obtained during 

back-calculation

[µm/m]

% Diff
Emod

[GPa]

!M'
D1,#?1"*38' JPM@^K' JPM@NN' K@MNJg' JO@^'

e&,*#:38' OK@cN' OK@OK' K@Kc^g' PJ@cN'

!J'
D1,#?1"*38 JNJ@dK' JNJ@^M' K@KbNg' JN@J'

e&,*#:38' ^b@M^' ^b@Jd' K@K^Jg' JP@^'

[6&'1,#4#"38'E*,%:*%,38'("*&4,#*;'XE([Y',&=1,*'XWQSMJKcRKKMKJY':38:%83*&)'*6&'B_1)'1+'*6&':1":,&*&'
>30&)'1"'*6&'mJJ@d^9'0*,3#"'43%4&')3*3'3")'*6&'#"/3,'7#,&')3*3'3")'1>*3#"&)'*6&'+18817#"4',&0%8*0-'

Table 15: SIT Calculated Concrete EMod, 1982 – Walls

Unit Instrumentation
EMod

[GPa]

!"#*'M'
E*,3#"'f3%4&0' JJ@d'

("/3,'7#,&0' JP@c'

!"#*'J'
E*,3#"'f3%4&0' JK@O'

("/3,'7#,&0' Jb@J'

Q;':19=3,#01"<'*6&',&0%8*0'1>*3#"&)'#"'*6&'>3:CZ:38:%83*#1"'%0#"4'*6&'0*,3#"0'1+'*6&'P,)'(H.[0'3")'
*6&'1,#4#"38'E([0<':19=3,&'7&88'3")')&91"0*,3*&'*6&':1"0&,/3*#09'#"'%0#"4'bK'f23'+1,'*6&'B_1)'1+'
*6&':1":,&*&'#"'*6&'[HSS@'

8.4 Containment Domes 

R%,#"4'*6&'P,)'(H.[0<')3*3'730'1>*3#"&)'+,19'*71'0*,3#"'43%4&0'1"'&3:6')19&@''[6&,&+1,&<'3'0#9#83,'
&V&,:#0&'30'3>1/&'730'=&,+1,9&)'*1':38#>,3*&'*6&'[HSS':38:%83*#1"0'>30&)'1"'*6&'(H.['0*,3#"')3*3'

+1,'*6&')19&0@'E&&'T#4%,&'Nc'3")'T#4%,&'NO@'
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&"0%,&'#*'#0'#"'8#"&'7#*6'*6&'3%*61,#?&)'/&,0#1"'1"'*6&'0;0*&9@'A1'=3,*'1+'*6#0')1:%9&"*'93;'>&',&=,1)%:&)'#"'3";'93""&,'1,'+1,9'>;'*6#,)'
=3,*#&0'7#*61%*'*6&'7,#**&"':1"0&"*'1+'B0C19'D18)#"40'EFG'H*)<''I':1=;,#46*'B0C19'D18)#"40'EFG'H*)<'.&4'A1'JKKJLKMNNJOLPK'
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'

Figure 56: Unit 1 3rd ILRT Data – Strain and Pressure

'

Figure 57: Unit 2 3rd ILRT Data – Strain and Pressure
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&"0%,&'#*'#0'#"'8#"&'7#*6'*6&'3%*61,#?&)'/&,0#1"'1"'*6&'0;0*&9@'A1'=3,*'1+'*6#0')1:%9&"*'93;'>&',&=,1)%:&)'#"'3";'93""&,'1,'+1,9'>;'*6#,)'
=3,*#&0'7#*61%*'*6&'7,#**&"':1"0&"*'1+'B0C19'D18)#"40'EFG'H*)<''I':1=;,#46*'B0C19'D18)#"40'EFG'H*)<'.&4'A1'JKKJLKMNNJOLPK'

'

(*'#0':8&3,<'#"'T#4%,&'Nd'3")'T#4%,&'N^<'*63*'*6&')19&0'3,&'91,&'0%0:&=*#>8&'*1'*&9=&,3*%,&'
/3,#3*#1"0'76&"':19=3,#"4'*6&'0*,3#"'3")'*&9=&,3*%,&')3*3-'

'

Figure 58: Unit 1 3rd ILRT Data – Strain and Temperature

'

Figure 59: Unit 2 3rd ILRT Data – Strain and Temperature
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&"0%,&'#*'#0'#"'8#"&'7#*6'*6&'3%*61,#?&)'/&,0#1"'1"'*6&'0;0*&9@'A1'=3,*'1+'*6#0')1:%9&"*'93;'>&',&=,1)%:&)'#"'3";'93""&,'1,'+1,9'>;'*6#,)'
=3,*#&0'7#*61%*'*6&'7,#**&"':1"0&"*'1+'B0C19'D18)#"40'EFG'H*)<''I':1=;,#46*'B0C19'D18)#"40'EFG'H*)<'.&4'A1'JKKJLKMNNJOLPK'

'

[6&'3/&,34&'0*,3#"' #0'343#"':1"0#)&,&)'3*'=&3C'=,&00%,&')%,#"4' *6&' (H.[0@'[6#0' #0'3',&301"3>8&'
300%9=*#1"'30'*6&':;:8#:'>&63/#1%,'1+'*6&'*&9=&,3*%,&')#++&,&":&'#0'*6&"'"&43*&)@''

[6&'3/&,34&'0*,3#"0')%,#"4'=&3C'=,&00%,&'+1,'&3:6'%"#*<'30'7&88'30'*6&':38:%83*&)'B_1)'#0'=,1/#)&)'#"'
[3>8&'Mc'>&817-'

Table 16: Calculated Concrete EMod from 3rd ILRTs – Domes

Unit
Average ε

[µm/m]

Result ε

[µm/m]
% Diff

Emod

[GPa]

!"#*'M' MOM@d^' MOM@dP' K@KPNg' JJ@c'

!"#*'J' MJP@dM' MJP@^J' K@Kd^g' PP@b'

'

[6&' B_1)' /38%&0' 1+' *6&' :1":,&*&' 30' :38:%83*&)' #"' [3>8&' ' 3")' [3>8&' Mc' :3"' >&' %0&)' *1' 91,&'
3::%,3*&8;'=&,+1,9'*6&'[HSS'+18817#"4'*6&':38#>,3*#1"'%0#"4'*6&')3*3'+,19'*6&'P,)'(H.[0@'[6&'[HSS'

:38:%83*#1"0':3"'>&',&Z=&,+1,9&)'+1,'*6&')19&'%0#"4'*6&'910*':1"0&,/3*#/&',&0%8*'+,19'[3>8&'Mc<'
#@&@<'PP@b'f23'X+1,'!"#*'JY@''[6#0'#0<'617&/&,<'1"8;'3==8#:3>8&'*1'*6&'HFGS'=,&00%,&'3")'"1*'*6&'B_1)'
3001:#3*&)'7#*6' 81"4Z*&,9' 813)0<' #":8%)#"4' *6&'=,&0*,&00<'06,#"C34&'3")':,&&=' 813)0@' ' ("'xO<' #*' #0'
9&"*#1"&)'*63*'3':38:%83*&)'B_1)'+1,'*6&':1":,&*&':3"'>&':38:%83*&)'*1'>&'M^'f23<':19=3,&)'*1'*6&'
MN'f23':1"0&,/3*#/&8;'%0&)'#"'*6&'[HSS@'''

Q;' ,&=&,+1,9#"4' *6&' [HSS' 7#*6' *6&' 3+1,&9&"*#1"&)' B_1)' /38%&0<' *6&' ,&0%8*3"*' 0*,&00' #0''

ZK@cc'_23'3")'ZK@Pd'_23'3*'bK'3")'cK';&3,0',&0=&:*#/&8;'30'0617"'#"'[3>8&'MO'3")'[3>8&'Md'@'
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'

Table 17: Dome - Measured Strain at 40 years

'

Redacted - PAIA section 36(1)(b); PAIA section 37(1)(a)



Containment Re-Analysis for Long-Term Operation !"#$%&'()&"*#+#&,-'' 331-691

.&/#0#1"-'' 4

234&-'' 89 of 147

'

CONTROLLED DISCLOSURE

56&"')17"813)&)'+,19'*6&')1:%9&"*'93"34&9&"*'0;0*&9<'*6#0')1:%9&"*'#0'%":1"*,188&)'3")'*6&',&0=1"0#>#8#*;',&0*0'7#*6'*6&'%0&,'*1'
&"0%,&'#*'#0'#"'8#"&'7#*6'*6&'3%*61,#?&)'/&,0#1"'1"'*6&'0;0*&9@'A1'=3,*'1+'*6#0')1:%9&"*'93;'>&',&=,1)%:&)'#"'3";'93""&,'1,'+1,9'>;'*6#,)'
=3,*#&0'7#*61%*'*6&'7,#**&"':1"0&"*'1+'B0C19'D18)#"40'EFG'H*)<''I':1=;,#46*'B0C19'D18)#"40'EFG'H*)<'.&4'A1'JKKJLKMNNJOLPK'

'

Table 18: Dome - Extrapolated Strain at 60 Years

'

'

[6&'[HSS'3")'*6&'3001:#3*&)'03+&*;'93,4#"0'#"'*6&'!"#*'J')19&`0'[HSS'7#*6'3',&+#"&)'&0*#93*&'1+'

*6&':1":,&*&`0'B_1)'#0'=,&0&"*&)'4,3=6#:388;'#"'T#4%,&'cK@'

[6&'3>1/&':38:%83*#1"0'0617'*63*'*6&'300%9=*#1"0'93)&'#"'xO'7&,&':1"0&,/3*#/&'3")<'38*61%46'#*'
#")#:3*&)'*63*'>1*6'!"#*0'3,&'$%38#+#&)'+1,'3"'3))#*#1"38'JK';&3,0'1+'1=&,3*#1"<'*6&'93,4#"'#")#:3*&)'
)%,#"4'*6&'3"38;0#0'730')&&9&)'09388@'5#*6'*6&',&+#"&)'B_1)'/38%&0<'*6&'3"38;0#0'#")#:3*&0'*63*'*6&,&'
#0'0%++#:#&"*'03+&*;'93,4#"'3")'*63*'*6&':1":,&*&')1&0'"1*'41'#"*1'3";'*&"0#1"')%,#"4'3'HFGS'=,&00%,&'
%='*1'X3")'>&;1")Y'cK';&3,0'1+'1=&,3*#1"@'

Redacted - PAIA section 36(1)(b); PAIA section 37(1)(a)
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'

Figure 60: Unit 2 Dome TLAA Safety Margin

9. TLAA with In-Situ Concrete Material Properties

[6#0' 0&:*#1"'=,1/#)&0'3' ,&+#"&9&"*'1+' *6&'[HSS':38:%83*#1"0'=,&0&"*&)' #"'xO@' (*' #":1,=1,3*&0' *6&'
93*&,#38'=,1=&,*#&0'1>*3#"&)'+,19'*6&'*&0*#"4'1+':1":,&*&':1,&0'&V*,3:*&)'+,19'*6&'!"#*'M'3")'!"#*'J'
:1"*3#"9&"*'>%#8)#"40@'[6&'=%,=10&'1+'*6#0'&V&,:#0&'730'*1':1"+#,9'*6&'/38#)#*;'1+'93*&,#38'=,1=&,*#&0'
%0&)'#"'*6&'1,#4#"38'[HSS':38:%83*#1"0'3")':19=3,&'9&:63"#:38'=,1=&,*#&0'1+':1":,&*&'1+'%"#*'M'7#*6'
*63*'1+'%"#*'J<'3")'*1'#9=,1/&'*6&'1/&,388':1"+#)&":&'#"'*6&'[HSS'1%*:19&0'3")':1":8%0#1"0@''

T%,*6&,91,&<'*6#0'0&:*#1"':83,#+#&0'*6&':1":8%0#1"'3,,#/&)'3*'>;'*6&'AA.'*63*'*6&'[HSS'PKM'#0'+%88;'
/38#)3*&)'+1,'%"#*'M'+1,'*6&'=,1=10&)'JK';&3,0'3")'+1,'%"#*'J'+1,'d';&3,0'>30&)'1"'#"+1,93*#1"'1>*3#"&)'
+,19'T#4%,&'b'#"',&+&,&":&'jP^k<'3*'*6&'*#9&@'Q30&)'1"'*6&',&+#"&)'[HSS':38:%83*#1"0'=,&0&"*&)'#"'*6#0'
0&:*#1"'Xx^Y<'*6&')&0#4"'93,4#"0'+1,'>1*6':1"*3#"9&"*'>%#8)#"40'3,&')&91"0*,3*&)'*1'>&'3)&$%3*&'
+1,'03+&'1=&,3*#1"'+1,'3"'3))#*#1"38'JK';&3,0'3")'>&;1")@'

[6&'1,#4#"38':1":,&*&'=3,39&*&,0'7&,&':19=3,&)'7#*6'*6&'*&0*',&0%8*0<'3")'*6&'%=)3*&)':38:%83*#1"0'
)&91"0*,3*&'3"'#9=,1/&)'93,4#"'*1'*6&'1,#4#"38')&0#4"'300%9=*#1"0@'("'3))#*#1"<'*6&'93*&,#38'*&0*'
,&=1,*0'jPOk'3")'jPdk':1":8%)&'*63*'38*61%46'*6&':1":,&*&'#"'%"#*'J'630'3'817&,':19=,&00#/&'0*,&"4*6'
*63"'%"#*'M<'*6&'*71'%"#*0'63/&':19=3,3>8&'>&63/#1%,'#"'*&,90'1+'0*#++"&00<'21#001"`0',3*#1'3")'*&"0#8&'
0*,&"4*6@' [6#0' #9=,1/&0' *6&' 3::%,3:;' 1+' *6&'[HSS'3")' ,&#"+1,:&0' *63*' *6&' 1%*:19&0' #"' xO'7&,&'
:1"0&,/3*#/&@

9.1 Test Methodology

[6&' *&0*' =,14,39' #":8%)&)' 9&30%,&9&"*0' 1+' C&;' 9&:63"#:38' =,1=&,*#&0' 0%:6' 30' :19=,&00#/&'
0*,&"4*6<'0*3*#:'3")');"39#:'91)%8%0'1+'&830*#:#*;<'(")#,&:*'*&"0#8&'0*,&"4*6'3")'21#001"`0',3*#1@'T%88'
)&*3#80'1+'*6&'*&0*#"4'9&*61)1814;'3")',&0%8*0'3,&')1:%9&"*&)'#"'.&+&,&":&0'jPOk'3")'jPdk@''
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&"0%,&'#*'#0'#"'8#"&'7#*6'*6&'3%*61,#?&)'/&,0#1"'1"'*6&'0;0*&9@'A1'=3,*'1+'*6#0')1:%9&"*'93;'>&',&=,1)%:&)'#"'3";'93""&,'1,'+1,9'>;'*6#,)'
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'

S'*1*38'1+'JK':1,&'039=8&0'7&,&'1>*3#"&)'+,19'*6&':;8#"),#:38'73880'3")')19&0'1+'!"#*'M'3")'!"#*'J'
:1"*3#"9&"*'>%#8)#"40@'[6&':1,&0'7&,&'4,1%=&)' #"*1' +1%,':3*&41,#&0',&=,&0&"*#"4' *6&')19&0'3")'
73880'1+'!"#*'M'3")'!"#*'J<' ,&0=&:*#/&8;@'G1,&'&V*,3:*#1"' +,19'*6&':;8#"),#:38'73880'730'=&,+1,9&)'
61,#?1"*388;<' #@&@<' =&,=&")#:%83,' *1' *6&' )#,&:*#1"' 1+' :30*#"4<' 76#8&' 039=8&0' +,19' *6&' )19&0' 7&,&'
&V*,3:*&)'/&,*#:388;<'#@&@<'=3,388&8'*1'*6&':30*#"4')#,&:*#1"@''

f#/&"' *6&' )&"0&' ,&#"+1,:&9&"*' 3")' =,&0&":&' 1+' &9>&))&)' =10*Z*&"0#1"#"4' *&")1"0' #"' *6&'
:1"*3#"9&"*'0*,%:*%,&0<':1,&'039=8&0'7#*6')#9&"0#1"0'1+'dK'99'#"')#39&*&,'3")'MKK'99'#"'8&"4*6'
7&,&'&V*,3:*&)@'E#V'+,19'&3:6')19&'3")'+1%,'+,19'&3:6':;8#"),#:38'7388@'[6&0&'039=8&0'7&,&'%0&)'
+1,':19=,&00#/&'0*,&"4*6<'0*3*#:'3")');"39#:'91)%8%0'1+'&830*#:#*;'3")'(")#,&:*'*&"0#8&'0*,&"4*6'*&0*0@'
[6,&&'bN99'>;'MKK99':1,&'039=8&0'X1"&'+,19'%"#*'M'3")'*71'+,19'%"#*'JY'7&,&'%0&)'+1,'21#001"`0'
,3*#1'*&0*'X.&+&,'*1'*6&':63#"'1+':%0*1);',&:1,)'+1,':1":,&*&'039=8&0-'r2ZJcZMY@''

[6&' :19=,&00#1"' *&0*' 730' =&,+1,9&)' %0#"4' 81:38' E1%*6' S+,#:3"' 0*3")3,)' ESAE' NdcN'76#8&' *6&'
>383":&'1+'*6&'*&0*0'730'=&,+1,9&)'%0#"4'#"*&,"3*#1"38'S9&,#:3"':1)&'SE[_'Gbc^LGGbc^_@'ESAE'
NdcN',&:199&")0'MKK'99')#39&*&,':1,&'039=8&0'>%*'=&,9#*0'*6&'%0&'1+'039=8&0'7#*6')#39&*&,0'
&V:&&)#"4'cN'99' +1,':19=,&00#1"' *&0*<'=,1/#)&)' *6&' 8&"4*6Z*1Z)#39&*&,' ,3*#1'&V:&&)0'K@dN@'[6&'
:38:%83*&)'8&"4*6'*1')#39&*&,',3*#1'1+'/3,#1%0'039=8&0'1>*3#"&)'+1,':19=,&00#1"'*&0*'&V:&&)'*6&',3*#1'
1+'K@dN<'30',&$%#,&)'>;'ESAE'NdcN@'

T1,'*6&',&93#")&,'1+'*6&'*&0*0<'SE[_'Gbc^LGbc^_'730'3==8#&)'76#:6',&+&,0'*1'GbJLGbJ_'+1,'*6&'
)&*&,9#"3*#1"'1+'=,&+&,,&)'039=8&'0#?&@'GbJLbJ_'0*3*&0'v:1,&')#39&*&,0' 8&00'*63"'^b99'3,&'"1*'
=,16#>#*&)'3")'#+':1,&')#39&*&,'#0'8&00'*63"'^b99',&=1,*',&301"w@'T%,*6&,91,&<'GbJLGbJ',&$%#,&0'
039=8&0'+1,'0*3*#:'i1%"4`0'91)%8%0'3")'21#001"`0',3*#1'*&0*#"4'*1'63/&'8&"4*6'*1')#39&*&,',3*#1'1+'
M@N@' D17&/&,<' )%&' *1' &V:&00#/&' :1"4&0*#1"' 1+' 0*&&8' ,&#"+1,:&9&"*' #"' *6&' W1&>&,4' :1"*3#"9&"*'
0*,%:*%,&0' 3")' *6&' =,&0&":&' 1+' &9>&))&)' *&")1"0' 81:3*&)' 3*' 3==,1V#93*&8;' MMK99' 7#*6#"' *6&'
:1":,&*&'0&:*#1"<'*6&',&$%#,&9&"*'1+' 8&"4*6'*1')#39&*&,',3*#1'1+'M@N':1%8)'"1*'>&'3:6#&/&)'+1,'*6&'
0*3*#:' i1%"4`0' 91)%8%0' 039=8&0@' ' [6&' 0*&&8' ,&#"+1,:&9&"*' :1"4&0*#1"' 3")' &9>&))&)' *&")1"0'
:1"0*,3#"*0')1'"1*'38817'+1,'&30;':1,#"4'1+'3'MKK99')#39&*&,':1,&'76#:6'7#88',&$%#,&'*1':1,&'*1')&=*60'
1+'MdK'99'*1'JKK'99')&&='*1'4&*'3'+#"38'8&"4*6'1+'MNK'99'76#:6'7#88'#"'*%,"'03*#0+;'*6&'HLR',3*#1'1+'
M@N@''

.&:14"#?#"4'*6#0'8#9#*3*#1"<'*6&'3==8#:3*#1"'1+':1,,&:*#1"'+3:*1,0'*1'*6&':1,&'039=8&'8&"4*60'730'
&/38%3*&)'#"'3::1,)3":&'7#*6'SE[_'Gbc^LGbc^_@'56#8&'*6&0&':1,,&:*#1"'+3:*1,0'7&,&'3==8#&)<'#*'
730'1>0&,/&)'*63*'*6&#,'#"+8%&":&'93,4#"388;',&)%:&)'*6&'/3,#3>#8#*;'1+'*6&',&0%8*0'>%*')#)'"1*'38*&,'
*6&'1/&,388'*,&")0'#"'*6&'9&30%,&)'0*3*#:'91)%8%0'/38%&0@'(*'730'*6&,&+1,&':1":8%)&)'*63*'*6&'
#9=3:*'1+'*6&':1,,&:*#1"'+3:*1,0'#0'"&48#4#>8&'3")'*63*'*6&'9&30%,&)'/38%&0<'30'1>*3#"&)<',&93#"'
/38#)'3")',&=,&0&"*3*#/&'1+'*6&'93*&,#38'=,1=&,*#&0@'
'
[6&'039=8&0'%0&)'+1,')&*&,9#"3*#1"'1+'21#001"`0',3*#1'7&,&':1,&)'3*'3'83*&,'0*34&'3+*&,'#"#*#38'039=8&0'
#)&"*#+#&)'+1,'*6#0'*&0*'7&,&'+1%")'*1'63/&'3"1938#&0@'[6&'039=8&0'%0&)'+1,'*6#0'*&0*'7&,&'09388'#"'
)#39&*&,'0#?&'XbN99')#39&*&,'3")'̂ K99'#"'8&"4*6Y':19=3,&)'*1'*6&'039=8&0'%0&)'+1,'0*3*#:'i1%"4`0'
91)%8%0'1+'&830*#:#*;@'D17&/&,<'*6&'039=8&0':19=8#&)'7#*6'*6&')#9&"0#1"38',&$%#,&9&"*0'30'7&88'30'
*6&':,#*&,#3'1+'8&"4*6'*1')#39&*&,',3*#1'1+'M@N@'[6&')#39&*&,'1+'bN99'+1,'*6&'21#001"`0',3*#1"'039=8&0'
#0'38817&)'30'=&,'*6&'=,1/#0#1"0' #"':83%0&0' #"'O@M@M'3")'O@M@J'1+'SE[_'Gbc^LGbc^@'G83%0&'O@M@M'
0*3*&0':1,&'0=&:#9&"0'06388'>&'3*'8&30*'^b99'1,'3*'8&30*'*71'*#9&0'*6&'"19#"38'93V#9%9'0#?&'1+'*6&'
:13,0&'344,&43*&<'76#:6&/&,'#0'83,4&,@'("'*6#0':30&<'30'=&,'*6&'1,#4#"38':1"0*,%:*#1"'#"+1,93*#1"<'*6&'
"19#"38'93V#9%9'0#?&'1+':13,0&'344,&43*&'#0'M^99'76#:6'&$%3*&0'*1'Pc99'76&"'9%8*#=8#&)'>;'J'
30',&$%#,&)'>;' *6#0':83%0&@'D17&/&,<' *6&' 83,4&,'/38%&'>&*7&&"'^b99'3")'Pc99'#0'^b99'76#:6'
93C&0':83%0&'O@M@J'91,&'0%#*3>8&'+1,'1%,'0:&"3,#1@'G83%0&'O@M@J'0#9=8;'0*3*&0'v:1,&')#39&*&,0'1+'
8&00'*63"'̂ b99'3,&'"1*'=,16#>#*&)<'#+'%0&)'=,1/#)&'3',&301"w@'[6&',&301"'#0'30'0*3*&)'#"'*6&'=,&:&)#"4'
=3,34,3=6@'(*'#0'1"'*6#0'>30#0'*63*':1,&'039=8&0'%0&)'+1,'21#001"',3*#1'*&0*0'9&&*'388'*6&',&$%#,&9&"*0'
=,&0:,#>&)'#"'SE[_'Gbc^LGbc^_'3")'GbJLbJ_',&0=&:*#/&8;@'
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&"0%,&'#*'#0'#"'8#"&'7#*6'*6&'3%*61,#?&)'/&,0#1"'1"'*6&'0;0*&9@'A1'=3,*'1+'*6#0')1:%9&"*'93;'>&',&=,1)%:&)'#"'3";'93""&,'1,'+1,9'>;'*6#,)'
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[6&'*&0*'9&*61)'+1,':38:%83*#"4');"39#:'91)%8%0'1+'&830*#:#*;'+18817&)'*6&'S9&,#:3"'E*3")3,)'[&0*'
_&*61)' XSE[_Y'GN^OZJJ' +1,' !8*,301"#:' 2%80&' e&81:#*;' [6,1%46'G1":,&*&@' S0' "1*&)' #"' jPOk<' *6&'
);"39#:'91)%8%0'1+'&830*#:#*;'/38%&'1>*3#"&)'+,19'*6#0'9&*61)'#0'v$77%!8$9%,&#0&$'',''&#(,&."!10)3!#2&
$"-&),%$#!5,&:.$%!#2&01&80"8),#,4&#0&!"-!8$#,&#(,&7),',"8,&01&50!-'&$"-&8)$8*'4&$"-&#0&,5$%.$#,&#(,&
,11,8#!5,",''&01&8)$8*&),7$!)'@&C#&!'&$%'0&$77%!8$9%,&#0&!"-!8$#,&8($"+,'&!"&#(,&7)07,)#!,'&01&80"8),#,4&
$"-&!"&#(,&'.)5,2&01&'#).8#.),'4&#0&,'#!3$#,&#(,&',5,)!#2&01&-,#,)!0)$#!0"&0)&8)$8*!"+@&C1&.',-&#0&30"!#0)&
8($"+,'&!"&80"-!#!0"&05,)&#!3,4&#,'#&%08$#!0"'&$),&#0&9,&3$)*,-&0"&#(,&'#).8#.),&#0&,"'.),&#($#&#,'#'&
$),&),7,$#,-&$#&#(,&'$3,&70'!#!0"'w'T%,*6&,91,&<'vD(,&),'.%#'&09#$!",-&92&#(,&.',&01&#(!'&#,'#&3,#(0-&
$),&"0#&#0&9,&80"'!-,),-&$'&$&3,$"'&01&3,$'.)!"+&'#),"+#(&"0)&$'&$"&$-,:.$#,&#,'#&10)&,'#$9%!'(!"+&
8037%!$"8,&01&#(,&30-.%.'&01&,%$'#!8!#2&01&1!,%-&80"8),#,&6!#(&#($#&$''.3,-&!"&#(,&-,'!+"@w'

9.2 Results of In-situ Concrete Tests

G19=,&00#/&' 0*,&"4*6' ,&0%8*0' ,&/&38&)' *63*' !"#*' M' &V6#>#*0' 6#46&,' /38%&0' :19=3,&)' *1' !"#*' Jp'
617&/&,<'>1*6'%"#*0':1"+1,9'*1'*6&'&V=&:*&)'=&,+1,93":&':,#*&,#3'+1,'bK'_23':1":,&*&@'S))#*#1"388;<'
*6&'0*#++"&00'1+':1":,&*&'#"'*6&':;8#"),#:38'73880'730'1>0&,/&)'*1'>&'817&,'*63"'*63*'1+'*6&')19&0<';&*'
0*#88'7#*6#"'*6&'81"4Z*&,9'0*#++"&00'/38%&0'300%9&)@'[6&',&)%:&)'0*#++"&00'#"'*6&'7388'&8&9&"*0'#0'8#C&8;'
)%&'*1'*6&':1,#"4')#,&:*#1"',&83*#/&'*1'*6&'=,#":#=38'813)#"4'3V#0<'30'7&88'30'*6&'&++&:*0'1+'0%0*3#"&)'
81"4Z*&,9'813)0'#"*,1)%:&)'>;'=10*Z*&"0#1"#"4@''

T1,'>1*6'%"#*0'*6&'0*3*#:'91)%8%0'1+'&830*#:#*;'9&30%,&)'+1,'*6&')19&':1":,&*&'730':19=3,3>8&'*1'
763*'71%8)'>&'300%9&)'30'*6&'1,#4#"38':63,3:*&,#0*#:'BZ/38%&'+1,')&0#4"'=%,=10&0'#")#:3*#"4'*6&'0817'
,3*&'1+'34&#"4'1+'*6&'#"Z0#*%':1":,&*&@'T%,*6&,91,&<'*6&'21#001"`0',3*#1'1+'*6&':1":,&*&'+,19'!"#*'M'
3")'!"#*'J'#0'0#9#83,'3")'#"'*6&',&4#1"'1+'K@JP'*1'K@JN<'76#:6'#0'*;=#:38'+1,':1":,&*&@'F/&,388<'#*':3"'>&'
:1":8%)&)'*63*'*6&'9&:63"#:38'=,1=&,*#&0'1+':1":,&*&'+,19'>1*6'%"#*'M'3")'%"#*'J':1"*3#"9&"*'>%#8)#"4'
3,&':19=3,3>8&@'

[6&' ,&0%8*0'1>*3#"&)'+,19' *6&' #"Z0#*%':1,&'039=8&' *&0*#"4' #")#:3*&'9&:63"#:38'=,1=&,*#&0' *63*'3,&'
91,&'+3/1%,3>8&'*63"'*6&':1"0&,/3*#/&'300%9=*#1"0'#"#*#388;'3)1=*&)'#"'*6&'[HSS':38:%83*#1"0@'S88'
9&30%,&)'/38%&0',&93#"'7#*6#"'*6&'1,#4#"38')&0#4"'93,4#"0<'*6&,&>;'/38#)3*#"4'*6&'0*,%:*%,38'#"*&4,#*;'
3")'9&:63"#:38'=&,+1,93":&'1+'*6&':1"*3#"9&"*'>%#8)#"40'+1,':1"*#"%&)'81"4Z*&,9'1=&,3*#1"@'

9.3 Material Properties 

E#9#83,'*1'xO@P<'*6&'93*&,#38'=,1=&,*#&0'3,&'%0&)'+1,'*6&'>#Z3V#38'&$%#8#>,#%9'3"38;0#0@'[6&'93*&,#38'
=,1=&,*#&0'%0&)'+1,'*6&'3"38;0#0'#"'*6#0'0&:*#1"'3,&'jPOk'jPdk-'

'
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Table 19: In-situ Concrete Material Properties Used in TLAA

Material
Young’s Modulus
[GPa]

Poisson’s 
ratio

AHorizontal

[mm²/m]
AVertical

[mm²/m]
Dome
[mm²/m]

G1":,&*&'

' Walls Dome

K@JP' ^KK<KKK' ^KK<KKK' dKK<KKK'S
ta

ti
c

 

Jb' Jd@J'

D
y

n
a

m
ic

 

bK' bK'

H#"&,' JMK' K@Jd' O<KKK' c<dKK' ^<KKK'

.&#"+1,:&9&"*' JKK' ALS' M<cMK' J<O^K' O<KcK'

[&")1"0' M^K' ALS' ^<^KK' b<^MK' c<dPK'

[6&':1":,&*&'i1%"4`0'91)%8%0'XB_1)Y'#0':1"0#)&,&)'3'*#9&')&=&")3"*'=3,39&*&,'3")',&)%:&0'7#*6'
*#9&@''[6&'1,#4#"38')&0#4"')1:%9&"*0'%0&)'MN'f23'30'*6&'81"4Z*&,9'B_1)@''MN'f23'#0':1"0&,/3*#/&'
3")'&0*#93*#"4'*6&'81"4Z*&,9'B91)'%0#"4'91)&,"':1)&0'0%:6'30'*6&'T,&":6'.GGZG5':1)&<'*6&'B91)'
+1,'*6&':1":,&*&'93;'>&'#"'*6&',&4#1"'1+'M^'f23@'.&43,)8&00<'*6&'1,#4#"38')&0#4"'/38%&0'1+'MN'f23'
#0'%0&)'#"'*6&'3"38;0#0'#"'xO@N'3")'xO@c@''

("'*6#0'0&:*#1"<'*6&'[HSS'#0',&=&,+1,9&)'%0#"4'*6&'#"Z0#*%':1":,&*&'93*&,#38'=,1=&,*#&0@'H1"4Z*&,9'
0*3*#:'B_1)'1+'Jb'f23'+1,'*6&'73880'3")'Jd@J'f23'+1,'*6&')19&'3")'21#001"',3*#1'K@JP@'[6&'#"Z0#*%'
);"39#:'B_1)'730'3801')&*&,9#"&)'#"'*6&'*&0*0@'[6&'[HSS'#"'xO'%0&0'bK'f23'30'*6&');"39#:'B_1)@'
("'*6#0'0&:*#1"<'*6&'%0&'1+'*6&');"39#:'B_1)'1+'bK'f23'#0',&*3#"&)')%&'*1',&301"0'=,1/#)&)'#"'xd@M@''

9.4 Cylindrical Wall Analysis

[6&'300%9=*#1"0'#"'O@b',&93#"'/38#)'+1,'*6&'+18817#"4':38:%83*#1"0@'
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9.4.1 Cylindrical Wall – Predicted Strain at 40 years

'

Redacted - PAIA section 36(1)(b); PAIA section 37(1)(a)
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9.4.2 Cylindrical Wall – Measured Strain at 40 Years

'

'

'

Redacted - PAIA section 36(1)(b); PAIA section 37(1)(a)
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9.4.3 Cylindrical Wall – Extrapolated Strain at 60 Years

'

'

Redacted - PAIA section 36(1)(b); PAIA section 37(1)(a)
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Table 20: Summary of the walls TLAA results with in-situ material properties

'
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9.5 Dome Analysis

9.5.1 Dome – Predicted Strain at 40 Years

'

Redacted - PAIA section 36(1)(b); PAIA section 37(1)(a)
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9.5.2 Dome - Measured Strain at 40 Years

'

Redacted - PAIA section 36(1)(b); PAIA section 37(1)(a)
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9.5.3 Dome – Extrapolated Strain at 60Years

'

'

'

'

'

'

'

'

'

'

'

'

Redacted - PAIA section 36(1)(b); PAIA section 37(1)(a)
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Table 21: Summary of the dome TLAA results with in-situ material properties

'

9.6 Results discussion 

[6&',&0%8*0'1+'*6&'[HSS':19=3,#"4'*6&'#"#*#38':1":,&*&'93*&,#38'=,1=&,*#&0'7#*6'*6&'#"Z0#*%':1":,&*&'
=,1=&,*#&0'3,&'30'+188170-'

Table 22: Comparison of TLAA results

H1:3*#1"'q'[#9&' G19=,&00#1"' E*,&00' j_23k'
%0#"4'#"#*#38':1":,&*&'=,1=&,*#&0'

G19=,&00#1"' E*,&00' j_23k'
%0#"4' ' ' #"Z0#*%' :1":,&*&'
=,1=&,*#&0'

' D1,#?1"*38' e&,*#:38' D1,#?1"*38' e&,*#:38'

G;8#"),#:38'53880'X2Y''''bK';&3,0' ZP@dN' ZJ@Nc' Zb@PO' ZJ@^'

G;8#"),#:38'53880'X_Y''''bK';&3,0' ZJ@PN' ZM@bb' ZJ@Ob' ZM@OK'

G;8#"),#:38'53880'''''''''cK';&3,0' ZJ@MK' ZM@J^' ZJ@bO' ZM@NP'

R19&'X2Y''''''''''''''''''''bK';&3,0' ZM@OO' ZJ@NP'

R19&'X_Y'''''''''''''''''''bK';&3,0' ZK@PM' ZK@dc'

R19&''''''''''''''''''''''''''cK';&3,0' ZK@KN' ZK@NN'
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[6&'#"Z0#*%':1":,&*&'93*&,#38'=,1=&,*#&0'3,&'4,&3*&,'*63"'*6&'#"#*#38':1":,&*&'93*&,#38'=,1=&,*#&0'%0&)'
#"'x'O@P@'[6&' #"Z0#*%'/38%&0'0617'*63*'*6&'300%9=*#1"0'93)&')%,#"4'*6&'[HSS'7&,&':1"0&,/3*#/&'
3")<'38*61%46'#*' #")#:3*&)'*63*'>1*6'!"#*0'3,&'$%38#+#&)'+1,'3"'3))#*#1"38'JK';&3,0'1+'1=&,3*#1"<'*6&'
,&0%8*3"*'03+&*;'93,4#"')%,#"4' *6&'3"38;0#0'730' #"#*#388;')&&9&)'09388@'5#*6' *6&' ,&+#"&)'B_1)'3")'
21#001"',3*#1'/38%&0<'*6&'3"38;0#0':%,,&"*8;'#")#:3*&0'*63*'*6&,&'#0'4,&3*&,'93,4#"'3")':1"+#,90'*63*'
*6&':1":,&*&')1&0'"1*'41'#"*1'3";'*&"0#1"')%,#"4'3'HFGS'=,&00%,&'%='*1'X3")'>&;1")Y'cK';&3,0'1+'
1=&,3*#1"@''

T#4%,&'cM'06170'3'4,3=6#:38'0%993,;'1+'*6&'[HSS',&0%8*0'76&"'%0#"4'*6&'#"Z0#*%':1":,&*&'93*&,#38'
=,1=&,*#&0@'G19=3,&)'*1'T#4%,&'bc<'#*'#0'&/#)&"*'*63*'*6&'93,4#"'630'#":,&30&)'>&*7&&"'*6&'R19&'
0*,&00&0'3")'*6&'[&"0#1"ZG19=,&00#1"'[,3"0#*#1"@'

'

'

Figure 61: Graphical Summary of TLAA results using in-situ material properties

T%,*6&,91,&<'*6&'3"38;0#0'730',&Z=&,+1,9&)'+1,'>1*6'!"#*0'3")'3',3"4&'1+'0*,3#"')3*3'/38%&0'7&,&'
%0&)'*1'#")#:3*&'*6&'%==&,'3")'817&,'8#9#*',3"4&'+1,'*6&')3*3'%0&)@'[6#0'#0'=,1/#)&)'#"''T#4%,&'cJ@'[6&'
3"38;0#0'#0'0#9#83,'*1'*63*'76#:6'#0')&=#:*&)'#"'T#4%,&'bc@'

T,19'*6#0'3"38;0#0<'#*'#0':1":8%)&)'*63*'&/&"'7#*6'91,&':1"0&,/3*#/&'&0*#93*&0'3==8#&)'*1'3:6#&/&'3'
v51,0*ZG30&w<' *6&')&0#4"' 8#9#*' #0'"1*'&V:&&)&)@'[6&,&' #0'3'K@P'_23'93,4#"'>&*7&&"' *6&' v51,0*Z
G30&w'+1,'*6&')19&'3")'*6&'[&"0#1"ZG19=,&00#1"'[,3"0#*#1"'*6,&0618)@'
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Figure 62: Graphical Summary of TLAA Results for All Sections with in-situ Material 
Properties

9.6.1 TLAA with most conservative Emod value

[6&'[HSS'730',&=&,+1,9&)'%0#"4'*6&'910*':1"0&,/3*#/&'B91)'/38%&0'1>*3#"&)'+,19'*6&'93*&,#38'
=,1=&,*#&0'*&0*0'1+'JM@M'f23'+1,'*6&'73880'3")'JJ@c'f23'+1,'*6&')19&0@'[6#0'730')1"&'*1')&91"0*,3*&'
3")' &"0%,&' *63*' &/&"' 7#*6' *6&' 817&0*' 3")'910*' :1"0&,/3*#/&' 1+' *6&' #"Z0#*%' B91)' /38%&0<' *6&,&'
,&93#"0'0%++#:#&"*')&0#4"'93,4#"'>&*7&&"' *6&' a51,0*ZG30&`'3")'[&"0#1"ZG19=,&00#1"' *,3"0#*#1"@'
[6&'%0&'1+'*6&'910*':1"0&,/3*#/&'B91)'/38%&0'93,4#"388;')&:,&30&)'*6&')&0#4"'93,4#"<':19=3,&)'
*1'76&"'*6&'3/&,34&'B91)'730'%0&)@'[6&'4,3=6#:38'0%993,;'#"'T#4%,&'cJ'#0',&:,&3*&)'#"'T#4%,&'cP'
*1'0617'*6&'#9=3:*'1+'%0#"4'*6&'910*':1"0&,/3*#/&'B91)'/38%&0@'(*' #0'#9=1,*3"*'*1'"1*&'*63*'*6&,&'
,&93#"0'0%++#:#&"*'93,4#"<'&/&"'7#*6'*6&'a51,0*ZG30&`<'%='*1'3")'>&;1")'cK';&3,0@'[6&,&'#0'3'K@Mc'
_23' 93,4#"' >&*7&&"' *6&' v51,0*ZG30&w' +1,' *6&' )19&' 3")' *6&' [&"0#1"ZG19=,&00#1"' *,3"0#*#1"'
*6,&0618)@'
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Figure 63: Graphical Summary of TLAA results with most conservative Emod

("'0%993,;<'*6&'3==8#:3*#1"'1+'>1*6':1"0&,/3*#/&'3")'3/&,34&'#"Z0#*%'9&30%,&)'/38%&0'#"'*6&',&/#0&)'
[HSS'300&009&"*0',&93#"0':1"0#0*&"*'7#*6'*6&'1,#4#"38'[HSS':38:%83*#1"0'3")'300%9=*#1"0@'[6&'
,&0%8*0',&3++#,9'*6&'0*,%:*%,38'#"*&4,#*;'3")':1"+#,9'*63*'*6&':1"*3#"9&"*'>%#8)#"40'93#"*3#"'0%++#:#&"*'
)&0#4"'03+&*;'93,4#"0'*1'3::1991)3*&'3'+%,*6&,'JK';&3,0'1+'0&,/#:&'8#+&@'

10.EDF Delayed Strain

[1'+%,*6&,'0%==1,*'*6&'[HSS<'B0C19',&$%&0*&)'*63*'BRT'*1'=,1/#)&'B0C19'7#*6'*6&',3"4&'1+'*6&#,'
:1"*3#"9&"*' 0*,%:*%,&0`'91"#*1,#"4' )3*3' *63*' 3,&' 0#9#83,' *1' W1&>&,4' :1"*3#"9&"*' 0*,%:*%,&0@' [6&'
)&83;&)'0*,3#"')3*3'+,19'*6&'BRT'+8&&*'730'1/&,83;&)'7#*6'*6&')3*3'1+'W1&>&,4'30'=,&0&"*&)'#"'xO@''
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Figure 64: Eskom and EDF Fleet Horizontal Delayed Strain Data
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Figure 65: Eskom and EDF Fleet Vertical Delayed Strain Data
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Figure 66: Eskom and EDF Fleet Dome Delayed Strain Data

[6&')3*3'=,1/#)&0':1"+#)&":&'#"'*6&'W1&>&,4',&0%8*0'3")'#")#:3*&0'*63*'*6&'BRT'+8&&*'3")'W1&>&,4'
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11.Durability
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11.1 Delamination

11.1.1 Causes

E#":&':#,:3'JKKK'*6&',&#"+1,:&)':1":,&*&'0*,%:*%,&0'3*'W1&>&,4'63/&'0617"'0#4"0'1+')&4,3)3*#1"@''
S+*&,'0&/&,38'0*%)#&0'3")'#"/&0*#43*#1"0<'#*'730'#)&"*#+#&)'*63*':681,#)&'#")%:&)':1,,10#1"'#0'*6&':3%0&'
1+'*6&')&839#"3*#1"@''

G681,#)&'#"4,&00'3**3:C0'*6&'1%*&,910*'83;&,'1+',&#"+1,:&9&"*'3")':1,,1)&0'*6&'0*&&8@'[6&':1,,10#1"'
=,1)%:*'630'3'09388&,')&"0#*;':19=3,&)'*1'0*&&8'X#@&@<'3'4,&3*&,'/18%9&'+1,'3'0#9#83,'9300Y'76#:6'
#")%:&0' *&"0#1"' +1,:&0' 1"' *6&' :1":,&*&@' [6&' :1":,&*&<' 76#:6' #0' 7&3C' #"' *&"0#1"<' *6&"' +3#80' 3")'
)&839#"3*&0'+,19'*6&'#"Z0#*%':1":,&*&@'[6&')&839#"3*#1"':3"'#":,&30&'83*&,388;'3")'&/&"*%388;'93;'
0=388' X+388' 1++' *6&' 0*,%:*%,&Y@' S"' #88%0*,3*#1"' 1+' *6&' :,100' 0&:*#1"' 1+' *6&' :1"*3#"9&"*' 0*,%:*%,&0' #0'
=,1/#)&)'>&817'+1,'3'/#0%38':1"*&V*'1+'*6&')&839#"3*#1"'3")'*6&',&83*#/&'=10#*#1"'*1'*6&'&9>&))&)'
:19=1"&"*0-'

'

Figure 67:  Section of Containment Wall

A1*&' *6&' *71' 83;&,0' 1+' 61,#?1"38' =10*Z*&"0#1"#"4<'76&,&' *6&' 1%*&,' 83;&,' #0' :810&,' *1' *6&' &V*&,"38'
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[6&' :1"*3#"9&"*' 0*,%:*%,&0' 7&,&' 0%>0&$%&"*8;' :13*&)' X:#,:3' JKKKY' *1' =,&/&"*' +%,*6&,' :681,#)&'
#"4,&00p'617&/&,<'*6&':13*#"4'630'+3#8&)@'("'JKMN'3',&+%,>#069&"*'=,1U&:*'730'#"#*#3*&)'76#:6',&=3#,&)'
&3:6'3,&3'X1,'=3*:6Y'1+')&839#"3*#1"@'[6&0&'=3*:6',&=3#,0':1"0#)&,&)'388'*6&')&839#"3*#1"'#)&"*#+#&)'
3*'*6&'*#9&'3")',&=3#,&)'388'1+'#*@'[6&')&839#"3*#1"',&=3#,&)':#,:3'JKMO'#0'#")#:3*&)'#"'T#4%,&'cd'+1,'
!"#*' J<' 76#8&' !"#*' M' #0' #"' 3' 0#9#83,' :1")#*#1"@' [6&' )&839#"3*&)' 3,&3' :1"0*#*%*&)' MM@Nbg' 1+' *6&'
0*,%:*%,&`0'0%,+3:&@'T%88':1":,&*&',&=3#,0'1+'*6&')&839#"3*&)'3,&30'#0'=83""&)'+1,'$%3,*&,'b'1+'JKJN'
+18817&)'>;'#"0*3883*#1"'1+'(GG2'1"'*6&')19&0'3")'73880'1+'*6&':1"*3#"9&"*'0*,%:*%,&0@'(*'061%8)'>&'
"1*&)'*63*':1":,&*&',&=3#,0'3")'#9=8&9&"*3*#1"'1+'(GG2'3,&'34&#"4'93"34&9&"*'3:*#1"0'3#9&)'3*'
&"0%,#"4':1"*#"%&)')%,3>#8#*;'1+'*6&':1"*3#"9&"*'0*,%:*%,&0')%,#"4'*6&'=&,#1)'1+'H[F@'
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Figure 68:  Delamination on 2HRX circa 2017

11.1.2 Consequence

E&/&,38' #"/&0*#43*#1"0' 7&,&' =&,+1,9&)' *1' )&*&,9#"&' *6&' &++&:*' 1+' *6&' )&839#"3*#1"' 1"' *6&'
:1"*3#"9&"*' 0*,%:*%,&0@' [6&'910*' :19=,&6&"0#/&' 0*%);<' 76#:6' #":8%)&)' &3,*6$%3C&<' HFGS' 3")'
(H.[' 813)0<' :1":8%)&)' *63*' *6&' 0%,+3:&' )&839#"3*#1"' 630' 9#"#938' #9=3:*' 1"' *6&' 0*,%:*%,38'
=&,+1,93":&'1+'*6&':1"*3#"9&"*'0*,%:*%,&'3")'*63*'*6&'=&,+1,93":&'#0'83,4&8;'41/&,"&)'>;'*6&'=10*'
*&"0#1"#"4'+1,:&0'jM^k@'S"1*6&,'0*%);'76#:6'#"/&0*#43*&)'*6&'&++&:*'1+'*6&')&839#"3*#1"'jMKk':1":8%)&)'
*6&'039&<'38*61%46'*6#0'0*%);'93#"8;':1"0#)&,&)'HFGS':1")#*#1"0'3")'*6&'&++&:*'1+')&839#"3*#1"'1"'
*6&':19=,&00#/&'0*,&00'1+'*6&':1":,&*&<'30'7&88'30'*6&'&++&:*'1+'*6&'8100'1+'3'/&,*#:38'*&")1"@''

(*' 730' :1":8%)&)' #"' *6&' 0*%)#&0' *63*' *6&' *&")1"0' 3,&' *6&'93#"' :19=1"&"*0' 1+' *6&' :1"*3#"9&"*'
0*,%:*%,&0'3")'30'81"4'30'*6&'*&")1"0'3,&'=,1*&:*&)'3")'#"*&4,#*;'#0'&"0%,&)<'0%,+3:&')&839#"3*#1"'
7#88'"1*'3++&:*'*6&'03+&'=&,+1,93":&'1+'*6&':1"*3#"9&"*'0*,%:*%,&0@'

T,19'3'[HSS',&Z3"38;0#0'=&,0=&:*#/&<' *6&':38:%83*#1"0':3"'>&' ,&=&3*&)'7#*6'3' ,&)%:&)':1":,&*&'
0&:*#1"@'D17&/&,<'*63*'71%8)'>&':1%"*&,#"*%#*#/&<'>&:3%0&'*6&':19=,&00#/&'0*,&00'#"'*6&':1":,&*&'
#":,&30&0'7#*6'3')&:,&30#"4':,100'0&:*#1"'X#@&@<' *6&':1":,&*&'41&0'91,&' #"*1':19=,&00#1"Y'76#:6'
71,C0'#"'*6&'+3/1%,'1+'*6&':19=,&00#/&',&$%#,&9&"*'+1,'*6&'[HSS'+1,'*6&',&Z3"38;0#0'3")'*6&'0&:*#1"0'
3"38;0&)@'[6&,&+1,&<'*6&':38:%83*#1"0'3,&'"1*',&=&3*&)@'

[6&'&++&:*'1"'*6&',&)%:*#1"'1"'*6&':1":,&*&':,100Z0&:*#1"38'3,&3',&0%8*0'#"'3"'#":,&30&'#"'*6&':1":,&*&'
0*,&00'X#@&@<'91,&':19=,&00#/&Y'#0'"1*':1"0#)&,&)'3':1":&,"'30'*6&':1":,&*&':19=,&00#/&'0*,&"4*6'#0'
9%:6'6#46&,':19=3,&)'*1'*6&'*&"0#8&'0*,&"4*6@'''



Containment Re-Analysis for Long-Term Operation !"#$%&'()&"*#+#&,-'' 331-691

.&/#0#1"-'' 4

234&-'' 110 of 147

'

CONTROLLED DISCLOSURE

56&"')17"813)&)'+,19'*6&')1:%9&"*'93"34&9&"*'0;0*&9<'*6#0')1:%9&"*'#0'%":1"*,188&)'3")'*6&',&0=1"0#>#8#*;',&0*0'7#*6'*6&'%0&,'*1'
&"0%,&'#*'#0'#"'8#"&'7#*6'*6&'3%*61,#?&)'/&,0#1"'1"'*6&'0;0*&9@'A1'=3,*'1+'*6#0')1:%9&"*'93;'>&',&=,1)%:&)'#"'3";'93""&,'1,'+1,9'>;'*6#,)'
=3,*#&0'7#*61%*'*6&'7,#**&"':1"0&"*'1+'B0C19'D18)#"40'EFG'H*)<''I':1=;,#46*'B0C19'D18)#"40'EFG'H*)<'.&4'A1'JKKJLKMNNJOLPK'

'

(*' #0' +%,*6&,91,&' #9=1,*3"*' *1' "1*&' *63*' 1":&' *6&' :1":,&*&' 630' )&839#"3*&)<' :19=,&00#/&' 0*,&00'
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12.Further Considerations

S0':681,#)&'#"4,&00':1"*#"%1%0'*1'1::%,<')&839#"3*#1"'7#88'3801'>&'&V=&:*&)'*1':1"*#"%&@'G1,,10#1"'
1+'*6&'0*&&8',&#"+1,:&9&"*'#0':1"*#"%1%0'%"*#8'0%:6'*#9&'*63*'*6&':6&9#:38',&3:*#1"'#0'3,,&0*&)'&#*6&,'
*6,1%46':1":,&*&',&=3#,0'X76&,&'*6&')&839#"3*#1"'630'38,&3);'1::%,,&)Y'1,'*6&':1,,10#1"'#0'3,,&0*&)'
>;'019&'1*6&,'9&3"0'X0%:6'30':3*61)#:'=,1*&:*#1"<#@&@'(GG2Y@'[6#0'#00%&'#0'&V=&:*&)'*1'>&'3)),&00&)'
*6,1%46':1":,&*&',&=3#,0' #"'*6&'+1%,*6'$%3,*&,'1+'JKJN<'+18817&)'>;'*6&'3==8#:3*#1"'1+'3' 81"4Z*&,9<'
0%0*3#"3>8&':1,,10#1"'018%*#1"' #"' *6&'+1,9'1+' (GG2@'B0C19'630'38,&3);'3)/3":&)'*6&')&0#4"'3")'
0&:%,&)'+%")#"4'+1,'*6#0'#"#*#3*#/&@''

S'=3*:6',&=3#,':1"0#)&,0' *6&' 81:38'&++&:*0'1+' ,&=3#,&)'3,&3@' (*'630'>&&"'0&&"'*63*')&839#"3*#1"' #0'
8#C&8;'*1')&/&81='#99&)#3*&8;'3)U3:&"*'*1'*6&',&=3#,&)'=3*:6')%&'*1' !"8!7!,"#&$"0-,&0)&)!"+&$"0-,&
,11,8#&30'#88%0*,3*&)'#"'T#4%,&'c^@'[6&',#"4'3"1)&'&++&:*'#0'76&,&'*6&'=3*:6#"4'1+':1":,&*&':,&3*&0'3'
"&7' 3"1)#:' 3,&3<' 76#:6' #0' 91,&' 0%0:&=*#>8&' *1' :1,,10#1"@' 23*:6' ,&=3#,0' &++&:*#/&8;' 3)),&00' *6&'
#99&)#3*&'3,&3'1+':1":&,"<'76#8&'*6&'(GG2'&"0%,&0'81"4'*&,9')%,3>#8#*;'1+'*6&'&"*#,&'0*,%:*%,&@''

'

Figure 69:  The incipient anode or ring anode effect, where patching creates new anodic 
corrosion sites around the repair. Ref [12]

12.1 Condition of Tendon Ducts

R%,#"4'*6&'=3*:6',&=3#,'3:*#/#*#&0'1+'*6&',&#"+1,:&)':1":,&*&'1"'*6&':1"*3#"9&"*'0*,%:*%,&0<'0&/&,38'
*&")1"')%:*0'7&,&'&V=10&)'30'3',&0%8*'1+'*6&'#"*,%0#/&'"3*%,&'1+'*6&'71,C'*1'3")'*1'#"/&0*#43*&'*6&'
:1")#*#1"'1+'*6&'*&")1"')%:*0'jJKk@'
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&"0%,&'#*'#0'#"'8#"&'7#*6'*6&'3%*61,#?&)'/&,0#1"'1"'*6&'0;0*&9@'A1'=3,*'1+'*6#0')1:%9&"*'93;'>&',&=,1)%:&)'#"'3";'93""&,'1,'+1,9'>;'*6#,)'
=3,*#&0'7#*61%*'*6&'7,#**&"':1"0&"*'1+'B0C19'D18)#"40'EFG'H*)<''I':1=;,#46*'B0C19'D18)#"40'EFG'H*)<'.&4'A1'JKKJLKMNNJOLPK'
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[6&'*&")1"')%:*0'7&,&'910*8;'#"'3'411)':1")#*#1"'7#*6'"1'*1'/&,;'8#9#*&)'0%,+3:&':1,,10#1"'X76#:6'
730':1"0#)&,&)'*1'>&'*6&'1,#4#"38':1")#*#1"'76&"'*6&')%:*'730':30*'#"*1'*6&':1":,&*&'jJKkY'30'0617"'
#"'T#4%,&'OK@'

'

Figure 70: Exposed Tendon Duct

G30&0'1+':1,,10#1"'7&,&'#)&"*#+#&)'3")'#*'730':1":8%)&)')%,#"4'#"/&0*#43*#1"'jJKk'*63*'*6&':1,,1)&)'
=3,*'1+'*6#0'*&")1"')%:*'#0'81:3*&)'#"'3"'3,&3'76&,&'3'61,#?1"*38'3")'/&,*#:38':18)'U1#"*'#"'*6&':1":,&*&'
1::%,,&)'X"1*&'*6&':6#:C&"'7#,&'9&06'%0&)'#"'*6&':18)'U1#"*'1+'T#4%,&'OMY@''

'
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&"0%,&'#*'#0'#"'8#"&'7#*6'*6&'3%*61,#?&)'/&,0#1"'1"'*6&'0;0*&9@'A1'=3,*'1+'*6#0')1:%9&"*'93;'>&',&=,1)%:&)'#"'3";'93""&,'1,'+1,9'>;'*6#,)'
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Figure 71:  Corroded Duct (Cold Joint)

S'0#9#83,':30&'730'#)&"*#+#&)'76&,&'3':1"0*,%:*#1"'U1#"*'730'#)&"*#+#&)'h'0&&'T#4%,&'OJ@'

'

Figure 72: Corroded Duct (Construction Joint)

S+*&,'+%,*6&,'#"/&0*#43*#1"'3")':8&3"#"4'1+'*6&')%:*<'#*'730'1>0&,/&)'*63*'*6,1%46'7388':1,,10#1"'63)'
1::%,,&)'#"'09388'3,&30'1+')%:*<'&V=10#"4'*6&'4,1%*'#"0#)&'*6&')%:*@'S'039=8&'1+':1":,&*&')#,&:*8;'#"'
:1"*3:*'7#*6'*6&':1,,1)&)')%:*'730'*&0*&)'3")':681,#)&':1"*&"*'1+'K@PNg'730'9&30%,&)@'("':1"*,30*<'
*6&':681,#)&':1"*&"*'1+'*6&'4,1%*'#"0#)&'*6&')%:*'730'9&30%,&)'*1'>&'K@Kcg'jJKk@''T1,',&+&,&":&<'*6&'
*6,&0618)'+1,':1,,10#1"'#0'K@bg'3")'*6&'a:,#*#:38'*6,&0618)`'#0'K@dg'jMOk@'''

[6&')%,3>#8#*;'1+'*6&'*&")1"0'630'*6&,&+1,&'"1*'>&&"':6388&"4&)<'&/&"'*61%46'019&'#"/&0*#43*#1"0'
63/&' )#0:1/&,&)' :1,,1)&)' )%:*0@' T%,*6&,' #"/&0*#43*#1"' #"*1' *6&' )%,3>#8#*;' 1+' *6&' *&")1"0' >;' *6&'
,&0=1"0#>8&'&"4#"&&,')#)'"1*'6#468#46*'3";':1":&,"0<'3")'*6&' #)&"*#+#&)')%:*'730'=10*%83*&)'*1'>&'
:1,,1)&)')%&'*1'#*0'81:3*#1"<',&83*#/&'*1'3'=1,1%0':1"0*,%:*#1"'U1#"*@'

12.2 Dome Cracks

12.2.1 Identification

R%,#"4' *6&'(E(' ,1%*#"&':#/#8' #"0=&:*#1"0<':#,:%9+&,&"*#38')19&':,3:C#"4'Xv*6&')19&':,3:CwY'1"'>1*6'
!"#*'M'3")'J'730'#)&"*#+#&)'X:#,:3'JKMK'3")'JKMM',&0=&:*#/&8;Y@'[6&')19&':,3:C'#0'381"4'*6&'&"*#,&'
:#,:%9+&,&":&'1+'*6&')19&'X�'MMK9Y'3")'#0'81:3*&)'1"'�'MO@P9',3)#%0'+,19'*6&':1"*3#"9&"*':&"*,&<'
30'0617"'#"'T#4%,&'OP<'3'=61*1'1+'*6&':,3:C'#0'3801'0617"'#"'T#4%,&'Ob@'

'
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Figure 73:  Circumferential Dome Crack
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Figure 74:  Crack on Domes

12.2.2 Investigation

[6&' )19&' :,3:C' 730' #"/&0*#43*&)' 3")' 9&30%,&)' 76&"' #*' 730' #)&"*#+#&)@' [6&' 9&30%,&)' :,3:C'
*6#:C"&00'730'~K@P99'#"'7#)*6@'

B0C19'&"434&)'B)T',&43,)#"4'*6&')19&':,3:C0'3")')%,#"4'_3,:6'JKMb<'3'*&39'1+'B)T'&V=&,*0'
/#0#*&)'W1&>&,4'3")':1")%:*&)'3"'#"0=&:*#1"'X391"40*'1*6&,'3:*#/#*#&0Y'1+'*6&':1"*3#"9&"*')19&@''
[6&;':1"+#,9&)'*1'B0C19'*63*'*6&')19&':,3:C'630'3801'>&&"'#)&"*#+#&)'1"'1*6&,'0#9#83,':1"*3#"9&"*'
0*,%:*%,&0@'[6&'B)T'&V=&,*0' ,&:199&")&)'*63*' *6&':,3:C0'>&'0&38&)' *1'=,&/&"*':1,,10#1"'1+' *6&'
0*&&8'&8&9&"*0'#"0#)&'*6&':1":,&*&@'B0C19'*6&,&+1,&')&:#)&)'*63*'*6&':,3:C0'7#88'>&'0&38&)'30'=3,*'
1+'*6&':1"*3#"9&"*',&+%,>#069&"*'=,1U&:*'#"'JKMN@'
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2,#1,'*1'*6&':,3:C'0&38#"4<'>1*6':1"*3#"9&"*'>%#8)#"40'%")&,7&"*'(H.['*&0*#"4@'R%,#"4'*6&'*&0*#"4'3")'
*6&'&V*&,"38'91"#*1,#"4'1+'*6&':1"*3#"9&"*'0*,%:*%,&0<':,3:C'91"#*1,#"4')&/#:&0'7&,&'=83:&)'1/&,'
*6&')19&':,3:C0'*1'91"#*1,'*6&'>&63/#1%,'1+'*6&':,3:C0')%,#"4'*6&'(H.['=,&00%,#03*#1"@''[6&':,3:C'
91"#*1,#"4',&0%8*'#0'=81**&)')%,#"4'*6&'=,&00%,#?3*#1"'1+'*6&'(H.[<'3")'*6&',&0%8*'#0'=,&0&"*&)'#"'T#4%,&'
ON@''

'

Figure 75:  Crack Monitoring During ILRT 121

[6&',&0%8*'1+' *6&':,3:C'91"#*1,#"4' #")#:3*&)'*63*<'7#*6'3"' #":,&30&' #"' #"*&,"38'=,&00%,&<'*6&')19&'
:,3:C')#)'"1*'63/&'3':1,,&0=1")#"4'7#)&"#"4<':1"+#,9#"4'"1"Z0*,%:*%,38@'[6&':,3:C'91/&9&"*<'76#:6'
730'1>0&,/&)<':1,,&83*&0'#"/&,0&8;'=,1=1,*#1"38'*1'*&9=&,3*%,&'X3"'#":,&30&'#"'*&9=&,3*%,&'8&3)0'*1'
3')&:,&30&'#"':,3:C'7#)*6Y<'#")#:3*#"4'*63*'*6&':,3:C'#0'*&9=&,3*%,&',&83*&)@''''

12.2.3 Repair

S+*&,'*6&'(H.['*&0*0'3")'30'=3,*'1+'*6&'=3*:6',&=3#,'=,1U&:*<'*6&')19&':,3:C0'7&,&'0&38&)'1"'>1*6'
)19&'0*,%:*%,&0'#"'3::1,)3":&'7#*6'*6&':,3:C',&=3#,'0=&:#+#:3*#1"')&/&81=&)'+1,'*6&')19&'X,&+&,&":&'
jMKkY@''S'=61*1'1+'*6&':,3:C'=10*Z,&=3#,'#0'=,1/#)&)'#"'T#4%,&'Oc'Xo%"&'JKMdY@'
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Figure 76:  Repaired Crack

12.2.4 Condition Assessment

R%,#"4'F%*34&'MJc'1"'!"#*'M<'3"'#"0=&:*#1"'730'=&,+1,9&)'1"'*6&')19&'1+'*6&':1"*3#"9&"*'0*,%:*%,&'
XF:*1>&,'JKJPY@' '[6&',&=3#,'1+' *6&')19&':,3:C'630'=&,+1,9&)'7&88'7#*6'9#"1,')&4,3)3*#1"'1+' *6&'
:13*#"4<'30'#88%0*,3*&)'#"'T#4%,&'OO@'
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Figure 77: Condition Assessment of Repaired 1 HRX Dome Crack

[6&,&'#0'9#"1,')&839#"3*#1"<'76#:6'#0'3)U3:&"*'*1'*6&':,3:C'#"'019&'3,&30<'30'#")#:3*&)'#"'T#4%,&'Od@'
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Figure 78:  Delamination on Dome, adjacent to dome crack

[6&')&839#"3*#1"'3)U3:&"*'*1'*6&':,3:C'#0'910*'8#C&8;')%&'*1':681,#)&'#"4,&00'76#:6'1::%,,&)'"3*%,388;'
#"'*6&',&#"+1,:&)':1":,&*&'1,'*6,1%46'*6&':,3:C<'=,#1,'*1'*6&':,3:C'>&#"4'0&38&)@'.&43,)8&00<'*6#0'#0'
*1'>&'&V=&:*&)'3")'"1*'3':3%0&'+1,':1":&,"'3")'06388'>&',&=3#,&)'30'=3,*'1+'"1,938'93#"*&"3":&@'

12.3 Planned Test – Integrated Leak Rate Test

S0'=3,*' 1+' *6&'W1&>&,4' #"Z0&,/#:&' #"0=&:*#1"' =,14,399&<'B0C19'=&,+1,90' #"*&4,3*&)' H&3C'.3*&'
[&0*0'X(H.[Y'1"'*6&':1"*3#"9&"*'0*,%:*%,&0'&/&,;'MK';&3,0'X*6&'=,&/#1%0'730'=&,+1,9&)'#"'JKMNY@''
R%,#"4' *6&' (H.[<' *6&' #"*&,"38'=,&00%,&'1"' *6&':1"*3#"9&"*'0*,%:*%,&0' #0' #":,&30&)' *1'bKK'C23' *1'
9#9#:'HFGS':1")#*#1"0@'[6&'(H.['#0'>&#"4'=&,+1,9&)'#"'*6&':%,,&"*'1%*34&'XF%*34&'MJO<'#"'JKJNY'
3")'F%*34&'JJO'+1,'!"#*'J@'

[6&'=,#93,;'1>U&:*#/&'1+'*6&'(H.['#0'#"*&")&)'*1'#)&"*#+;'8&3C34&'+,19':1"*3#"9&"*'X/&,#+#:3*#1"'*63*'
*6&' 8&3CZ*#46*' 8#"&,' 3")' 3=&,*%,&0' ,&93#"' 7#*6#"' 3::&=*3>8&' 8&3C34&' ,3*&0<' >30&)' 1"' :1)&'
,&$%#,&9&"*0Y@'E&:1")8;<'#*'#"*&")0'*1'=83:&'*6&':1"*3#"9&"*'#"'3')&0#4"'>30#0'=,&00%,#0&)':1")#*#1"'
*1' /&,#+;' *6&' :1":,&*&' 0%==1,*' 0*,%:*%,&`' >&63/#1%,@' [6#0' 30=&:*' )1&0' "1*' 63/&' :8&3,' 3::&=*3":&'
:,#*&,#3'3")'#0')&=&")&"*'1"':19=3,#01"'1+',&83*#/&':1"*3#"9&"*'&V=3"0#1"'91/&9&"*'7#*6'=,&/#1%0'
*&0*0' 3")' (H.[0' 1+' *6&' BRT' +8&&*' *1' #")#:3*&' 1/&,388' 3::&=*3>8&' >&63/#1%,' X83,4&8;' >30&)' 1"'
B"4#"&&,#"4'U%)4&9&"*Y@'

12.4 Planned Modification – ICCP and Further Patch Repairs

("' JKMbZJKMN' B0C19' 3==1#"*&)' 3"' &V=&,*' =3"&8' jJMk' *1' #"/&0*#43*&' *6&' )&4,3)3*#1"' 1+' *6&'
:1"*3#"9&"*'0*,%:*%,&0'3")'*1'=,1=10&'3'018%*#1"'*1'=,181"4'*6&'%0&3>8&'8#+&'1+'*6&'0*,%:*%,&0@''[6&'
&V=&,*'=3"&8':1":8%)&)'*63*-'v[6&'1"8;'3/3#83>8&',&=3#,'9&*61)'#)&"*#+#&)'76#:6':3"'9&&*'*6&')&+#"&)'
=&,+1,93":&':,#*&,#3'+1,'*6&':1"*3#"9&"*'0*,%:*%,&0'#0':3*61)#:'=,1*&:*#1"'%0#"4'#9=,&00&)':%,,&"*@w'
S::1,)#"48;<'3'91)#+#:3*#1"'&"*#*8&)'(9=,&00&)'G%,,&"*'G3*61)#:'2,1*&:*#1"'E;0*&9'1"'!"#*'M'S")'
!"#*' J' G1"*3#"9&"*' Q%#8)#"40' 3*' W1&>&,4' A%:8&3,' 217&,' E*3*#1"' 730' #"#*#3*&)' *1' #"0*388' 3' )%8;'
)&0#4"&)'(9=,&00&)'G%,,&"*'G3*61)#:'2,1*&:*#1"'X(GG2Y'0;0*&9'1"'>1*6':1"*3#"9&"*'>%#8)#"40@'[6&'
(GG2'91)#+#:3*#1"'#0':%,,&"*8;'#"'*6&')&0#4"'=630&'3")'*6&')&*3#8&)')&0#4"'630'>&&"'0%>9#**&)'*1'
*6&'AA.'+1,'*6&#,'3::&=*3":&@''
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56&"')17"813)&)'+,19'*6&')1:%9&"*'93"34&9&"*'0;0*&9<'*6#0')1:%9&"*'#0'%":1"*,188&)'3")'*6&',&0=1"0#>#8#*;',&0*0'7#*6'*6&'%0&,'*1'
&"0%,&'#*'#0'#"'8#"&'7#*6'*6&'3%*61,#?&)'/&,0#1"'1"'*6&'0;0*&9@'A1'=3,*'1+'*6#0')1:%9&"*'93;'>&',&=,1)%:&)'#"'3";'93""&,'1,'+1,9'>;'*6#,)'
=3,*#&0'7#*61%*'*6&'7,#**&"':1"0&"*'1+'B0C19'D18)#"40'EFG'H*)<''I':1=;,#46*'B0C19'D18)#"40'EFG'H*)<'.&4'A1'JKKJLKMNNJOLPK'

'

[6&'+18817#"4'#9=1,*3"*'"1*&0'3,&'71,*6'6#468#46*#"4'7#*6',&0=&:*'*1'(GG2-''

M@' R&0#4"'3")' #9=8&9&"*3*#1"'1+' 3'G2'0;0*&9' +1,'0%:6' #9=1,*3"*'0*,%:*%,&0' 061%8)'1"8;'>&'
%")&,*3C&"'>;'#"*&,"3*#1"388;'$%38#+#&)':19=3"#&0@w''

J@' [6&'(GG2'91)#+#:3*#1"'#0'3':19=8&V'=,1U&:*'7#*6'"%9&,1%0'/3,#3>8&0'*63*'93;'#"+8%&":&'*6&'
=&,+1,93":&' 1+' *6&' (GG2' 1"' *6&' 0*,%:*%,&0<' 3")' *6&' &++&:*#/&"&00' 1+' *6&'91)#+#:3*#1"' *1'
=,&/&"*' +%,*6&,' ,&#"+1,:&9&"*' :1,,10#1"@'' T1,' &V39=8&<' 1"&' 0%:6' /3,#3>8&' #0' *6&' :1":,&*&'
,&0#0*#/#*;@''S'0*%);'=&,+1,9&)'30'=3,*'1+'*6&'(GG2'#"/&0*#43*#1"0'#")#:3*&)'*63*'*6&',&0#0*#/#*;'
1+'*6&':1":,&*&'/3,#&0'0#4"#+#:3"*8;'3:,100'*6&'0*,%:*%,&<')%&'*1'0&/&,38',&301"0<'#":8%)#"4'*6&'
)#++&,&":&'#"'*6&'34&'1+'*6&':1":,&*&'3")'*6&'34&'1+'*6&'=3*:6',&=3#,0'

P@' (GG2'#0':%,,&"*8;'&"/#034&)'*1'>&'#"0*388&)'7#*6'3'91,*3,'1/&,83;'1+'�PK99'*1'&":810&'*6&'
:3*61)&'X#"'*6#0':30&<'[#*3"#%9'9&06Y'1"'*6&':1"*3#"9&"*'0*,%:*%,&'0%,+3:&@''

P@' S"'("*&4,3*&)'H&3C'.3*&'[&0*'X(H.[Y'#0'0:6&)%8&)'+1,'*6&'=83""&)'1%*34&0'nJO'+1,'JKJN'1"'
!"#*'M'3")'JKJc'1"'!"#*'J@'[6#0'(H.[',&$%#,&0'*63*'*6&':1":,&*&'0%,+3:&'>&'#"0=&:*&)')%,#"4'
*6&'=,&00%,#03*#1"'*&0*0@''S::1,)#"48;<'*6&'(GG2'1"8;'>&'#"0*388&)'=10*'*6&'(H.[@''

b@' [6&'+#,0*'=630&'1+'*6&'(GG2'#"/18/&0',&=3#,#"4'*6&':%,,&"*')&839#"3*&)':1":,&*&'+18817&)'>;'
#"0*3883*#1"'1+'*6&'(GG2'0;0*&9@'''

(9=1,*3"*8;<' *6&' (GG2' 3")' =3*:6' ,&=3#,0' )1' "1*' #"+8%&":&' *6&' [HSS' 3")' )1&0' "1*' :63"4&' *6&'
:1":8%0#1"'1+'*6&',&Z3"38;0#0<'#+'*6&'300%9=*#1"0'8#0*&)'#"'x'O@b'618)0@''

'

12.5 Potential Negative Consequences of ICCP

(GG2'7#88'"1*'3)),&00'*6&'8100'1+'=,&Z0*,&00'+1,:&0'>%*'7#88'=,1*&:*'*6&'&9>&))&)'0*&&8':19=1"&"*0'
+,19':1,,10#1"')%,#"4'*6&'=&,#1)'1+'H[F@'(GG2'#0'"1*',&$%#,&)'30'=3,*'1+'*6&':1"*3#"9&"*',&Z3"38;0#0@'
[6&' ,&Z300&009&"*' #0' 617&/&,'>30&)'1"' *6&'300%9=*#1"' *63*' *6&':3>8&0')1'"1*')&4,3)&')%&' *1'
:1,,10#1"<'3")'#*'#0'300%9&)'*63*'*6&':3>8&0'7#88'"1*':1,,1)&@'

S'=1*&"*#38'"&43*#/&':1"0&$%&":&'1+'(GG2'#0'6;),14&"'&9>,#**8&9&"*'1+'*6&'=10*Z*&"0#1"#"4'*&")1"0@''
D;),14&"'&9>,#**8&9&"*'7#88'3)&$%3*&8;'>&'3)),&00&)'*6,1%46'3':19=&*&"*')&0#4"'76#:6':1"0#)&,0'
*6&'8#9#*0'1+'/18*34&'3==8#&)'*1'*6&':1"*3#"9&"*'0*,%:*%,&0'*1'&"0%,&'6;),14&"'&9>,#**8&9&"*'#0'"1*'3'
=100#>#8#*;@'[6#0'#0'3)),&00&)'*6,1%46'*6&')&0#4"'1+'*6&'(GG2@'(*'*6&,&+1,&'630'"1'#"+8%&":&'1"'*6&'
[HSS@'

(GG2'7#88'1"8;'3)),&00' *6&'=1*&"*#38'1+' :1,,10#1"'1+' *6&' *&")1"0'3")'3:*'30':1,,10#1"'=,1*&:*#1"<'
*6&,&+1,&'=,&/&"*#"4'*6&#,'=1*&"*#38')&4,3)3*#1"')%&'*1':681,#)&'#")%:&)':1,,10#1"@'

12.6 Planned Modification – Additional Monitoring Devices

[6&'#":,&30#"4'"%9>&,'1+'"1"Z+%":*#1"#"4'91"#*1,#"4')&/#:&0'#0'3':1":&,"@'(*'#0':8&3,'+,19'*6&'0*,3#"'
)3*3<'+1,'&V39=8&<'*63*'*6&'!"#*'J'R19&')1&0'"1*'63/&'0%++#:#&"*'91"#*1,#"4'&$%#=9&"*@'S::1,)#"48;<'
3' 91)#+#:3*#1"' X!=4,3)&L,&=83:&9&"*' 1+' *6&' R&+&:*#/&' G1"*3#"9&"*' _1"#*1,#"4' B$%#=9&"*Y' 730'
3==,1/&)' +1,' #"#*#3*#1"' >;' B0C19@' [6#0' 91)#+#:3*#1"' #0' =83""&)' +1,' #9=8&9&"*3*#1"' #"' nJ^' *1'
0%==8&9&"*'3")'&/&"*%388;'0%=&,0&)&'*6&':%,,&"*':1"*3#"9&"*'1"8#"&'91"#*1,#"4'&$%#=9&"*@'
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56&"')17"813)&)'+,19'*6&')1:%9&"*'93"34&9&"*'0;0*&9<'*6#0')1:%9&"*'#0'%":1"*,188&)'3")'*6&',&0=1"0#>#8#*;',&0*0'7#*6'*6&'%0&,'*1'
&"0%,&'#*'#0'#"'8#"&'7#*6'*6&'3%*61,#?&)'/&,0#1"'1"'*6&'0;0*&9@'A1'=3,*'1+'*6#0')1:%9&"*'93;'>&',&=,1)%:&)'#"'3";'93""&,'1,'+1,9'>;'*6#,)'
=3,*#&0'7#*61%*'*6&'7,#**&"':1"0&"*'1+'B0C19'D18)#"40'EFG'H*)<''I':1=;,#46*'B0C19'D18)#"40'EFG'H*)<'.&4'A1'JKKJLKMNNJOLPK'

'

S0'3"' #"*&,#9'>,#)4#"4'0*,3*&4;<'B0C19' #0':%,,&"*8;' #"0*388#"4'3))#*#1"38'91)&,"'1"8#"&'91"#*1,#"4'
&$%#=9&"*' #"'*6&'+1,9'1+'&V*&,"388;'91%"*&)'e#>,3*#"4'5#,&'E*,3#"'f3%4&0'Xe5Ef0Y'3")'F=*#:38'
T#>,&0'1"'*6&')19&0'3")'73880'1+'*6&':1"*3#"9&"*'>%#8)#"40'=,#1,'*1'nJO'(H.[0'1%*34&0<'#"'&++1,*0'*1'
0%==8&9&"*' *6&' &V#0*#"4' BS!' 0;0*&9' 3")' *1' #9=,1/&' *6&' $%38#*;' 1+' *6&' 91"#*1,#"4' )3*3@' [6&'
#"+1,93*#1"'1>*3#"&)'+,19'*6&'>,#)4#"4'0*,3*&4;'06388'>&'%0&)'30'3"' #"=%*')3*3' #"*1' *6&' +&30#>#8#*;'
0*%)#&0@'''

T%,*6&,91,&<'*6&'+18817#"4',&$%#,&9&"*0'3,&'=,&0:,#>&)'*1'3'91)#+#:3*#1"'X76#:6'#0':%,,&"*8;'#"'=,&Z
+&30#>#8#*;'0*34&Y'>;'*6&'.&0=1"0#>8&'B"4#"&&,-'

!' For each Dome' –' MK' 0*,3#"' 43%4&0' 06388' >&' #"0*388&)' 7#*6' 3001:#3*&)' *6&,91:1%=8&0' X#+'
,&$%#,&)'>;'*6&'*;=&'1+'0*,3#"'43%4&'#"0*388&)@'[6&'0*,3#"'43%4&0'06388'>&'=83:&)'1"'*6&'3V#0'
1+'*6&'#"/3,'7#,&'3")'=&")%8%9'0*3*#1"0<'9#)73;'>&*7&&"'*6&')19&'3=&V'3")':#,:%9+&,&":&@'
[6#0' 06388' 3::1%"*' +1,' +1%,' 81:3*#1"0' 7#*6' *71' 0*,3#"' 43%4&0' &3:6-' ,3)#38' 3")' *3"4&"*#38<'
3::1%"*#"4'+1,'&#46*'43%4&0@'[6&',&93#"#"4'*71'43%4&0'06388'>&'=83:&)'30':810&'30'=,3:*#:38'
*1'*6&')19&�0'3=&V@'

!' (*' #0' ,&:199&")&)' *63*':,3:C'91"#*1,#"4')&/#:&0'>&' #"0*388&)'3*' X9#"#9%9Y' +1%,' 81:3*#1"0'
3,1%")'*6&')19&':#,:%9+&,&"*#38':,3:C@'

!' For each cylindrical wall –'S"'3))#*#1"38' Jb' 0*,3#"'43%4&0'06388' >&' #"0*388&)'3:,100' *6&'
&V*&,"38' +3�3)&'1+' >1*6' :1"*3#"9&"*' 0*,%:*%,&0@' [71' 0*,3#"' 43%4&0'06388' >&' =83:&)'3*' MJ'
81:3*#1"0<':1,,&0=1")#"4'*1'*6&'3":61,'=1#"*0'1+'*6&'=&")%8%90-'81"4#*%)#"38'3")'*3"4&"*#38<'
,&0=&:*#/&8;@'

'

(*' #0'"1*&)'*63*',&*,1+#**#"4'91"#*1,#"4')&/#:&0'=10&':19=8&V':6388&"4&0<'3")'#*'9#46*'>&')#++#:%8*'*1'
9&30%,&' *6&'3:*%38'0*,3#"'1+' *6&'18)':1":,&*&<'30' #0' *6&' #"*&"*'1+'3))#"4'"&7'0*,3#"'43%4&0@' (*' #0'
#9=100#>8&'*1'9&30%,&'*6&':%,,&"*'0*,3#"'1+'*6&':1":,&*&'7#*6'"&7')&/#:&0<'3")'*6&'#"0*3883*#1"')3*&'
7#88'&00&"*#388;'>&'3'"&7')3*%9<'76#:6':3"'0%==8&9&"*'91"#*1,#"4'#"'*6&'+%*%,&@'

[6&,&+1,&<' *6&'+&30#>#8#*;'0*%);<'76#:6'7#88' +1,9'*6&'>30#0'1+' *6&'91)#+#:3*#1"',&+&,,&)' *1'&3,8#&,<' #0'
,&:199&")&)' *1' #"/&0*#43*&' *6&' =,3:*#:38#*;' 1+' #"0*388#"4' &V*&,"38' 91"#*1,#"4' )&/#:&0' 3")' *6&'
=100#>#8#*;'1+'%*#8#0#"4'"&7'*&:6"1814#&0'0%:6'30'+#>,&'1=*#:'0&"01,0@'

13.Conclusion

[6&'(SBS'ESH[F'=,1:&00',&$%#,&)'*6&',&/38#)3*#1"'1+'*6&':1"*3#"9&"*'0*,%:*%,&0'#"'3::1,)3":&'7#*6'
&0*3>8#06&)'0*3")3,)0'3")'=,#":#=8&0' *1')&91"0*,3*&' *63*' #*' #0'03+&' +1,':1"*#"%&)'1=&,3*#1"' +1,'3"'
3))#*#1"38' JK' ;&3,0@' [6&' ,&/38#)3*#1"' %0&)' *6&' &9>&))&)' 0*,3#"' 43%4&0' 3")' :1"+#,9&)' *63*' *6&'
:1"*3#"9&"*'>%#8)#"40'9&*'*6&'03+&*;':,#*&,#3'+1,'cK';&3,0'1+'1=&,3*#1"@'

S':19=3,#01"'7#*6'*6&'BRT'+8&&*'1+':1"*3#"9&"*'>%#8)#"40'0617&)'*63*'*6&'W1&>&,4'3")'*6&'BRT'
+8&&*'3,&':19=3,3>8&'>&63/&':1"0#0*&"*8;'1/&,'*#9&'3")'*6&,&'3,&'"1':1":&,"0'3>1%*'*6&'#"*&4,#*;'1+'
*6&'W1&>&,4':1"*3#"9&"*'>%#8)#"40@''

[1' +%,*6&,' 0%>0*3"*#3*&' *6&'300%9=*#1"0'3")' ,&+#"&' *6&':38:%83*#1"0<' :,100Z/38#)3*#1"'%0#"4' 0*,3#"'
/38%&0' 1>*3#"&)' +,19' *6&' P,)' (H.[' XJKMNY' 730' =&,+1,9&)@' [6&' ,&/38#)3*#1"' :1"+#,9&)' *6&' #"#*#38'
:1":8%0#1"' *63*' *6&' :1"*3#"9&"*' >%#8)#"40' 3,&' 03+&' +1,' 3"' 3))#*#1"38' JK' ;&3,0<' 3")' *6&' ,&0%8*0'
)&91"0*,3*&)' *63*' *6&' #"#*#38' 3"38;0#0' 730' :1"0&,/3*#/&<' 30' *6&' %=)3*&)' 3"38;0#0' 0617&)' 3"'
#":,&30&)')&0#4"'03+&*;'93,4#"'&V#0*0@'
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56&"')17"813)&)'+,19'*6&')1:%9&"*'93"34&9&"*'0;0*&9<'*6#0')1:%9&"*'#0'%":1"*,188&)'3")'*6&',&0=1"0#>#8#*;',&0*0'7#*6'*6&'%0&,'*1'
&"0%,&'#*'#0'#"'8#"&'7#*6'*6&'3%*61,#?&)'/&,0#1"'1"'*6&'0;0*&9@'A1'=3,*'1+'*6#0')1:%9&"*'93;'>&',&=,1)%:&)'#"'3";'93""&,'1,'+1,9'>;'*6#,)'
=3,*#&0'7#*61%*'*6&'7,#**&"':1"0&"*'1+'B0C19'D18)#"40'EFG'H*)<''I':1=;,#46*'B0C19'D18)#"40'EFG'H*)<'.&4'A1'JKKJLKMNNJOLPK'

'

("'3))#*#1"<'*1'+%,*6&,')&91"0*,3*&'*6&',1>%0*"&00'1+'*6&':38:%83*#1"0<'#"Z0#*%':1"*3#"9&"*':1":,&*&'
039=8&0'7&,&'*3C&"'*1')&*&,9#"&'*6&'93*&,#38'=,1=&,*#&0'%0&)'#"'*6&':38:%83*#1"0@'[6&',&0%8*0'1+'*6&'
#"Z0#*%' *&0*#"4' :1"+#,9&)' *63*' *6&' 1,#4#"38' 300%9&)' :1":,&*&' 93*&,#38' =,1=&,*;' /38%&0' 7&,&'
:1"0&,/3*#/&@'(*'3801':1"+#,9&)'*63*'*6&':1":,&*&'93*&,#38'=,1=&,*#&0'7&,&':1"0#0*&"*'>&*7&&"'!"#*'M'
3")'!"#*'J@'T%,*6&,91,&<'*6&'93*&,#38'*&0*',&0%8*0'7&,&'%0&)'*1',&+#"&'*6&',&/38#)3*#1"':38:%83*#1"0<'
76#:6',&0%8*&)'#"'3'6#46&,')&0#4"'03+&*;'93,4#"@'

[6&,&+1,&<'*6&',&Z3"38;0#0'/&,#+#&0'*63*'*6&':1"*3#"9&"*'0*,%:*%,&0'9&&*'*6&'03+&*;':,#*&,#3'3")'7#88'
,&93#"'#"':19=,&00#1"'+1,'*6&'+%88'=&,#1)'1+'H[F'#":8%)#"4')%,#"4'*6&'%"8#C&8;'&/&"*'1+'3'HFGS@'''

S"'#"Z0&,/#:&'#"0=&:*#1"<'93#"*&"3":&'3")'91"#*1,#"4'=,14,399&'+1,'*6&':1"*3#"9&"*'>%#8)#"40'#0'
#9=8&9&"*&)' *1' &"0%,&' *63*' *6&' :1"*3#"9&"*' >%#8)#"40' ,&93#"' #"' 411)' :1")#*#1"' 3")' =1*&"*#38'
)&*&,#1,3*#1"' #0' )&*&:*&)' +1,' ,&:1/&,;' 3:*#1"0' #"' 3' *#9&8;' 93""&,@' ' .&+%,>#069&"*' 1+' *6&' 1"8#"&'
:1"*3#"9&"*'91"#*1,#"4'0;0*&9'63/&'>&&"':19=8&*&)'#"'JKJP'3")'JKJb'*1'0%==1,*'*6&'91"#*1,#"4'
3")'#"0=&:*#1"'=,14,399&@'

.&=3#,0'*1'3)),&00':1":,&*&'0=388#"4':1"*#"%&'3")'#"0*3883*#1"'1+'*6&'(GG2'0;0*&9'30'*6&'81"4Z*&,9'
0%0*3#"3>8&' 34&#"4' 93"34&9&"*' 018%*#1"' +1,' *6&' :1"*3#"9&"*' 0*,%:*%,&0' 7#88' +18817' )%,#"4' *6&'
=83""&)'=&,#1)'1+'H[F@'S"'3)/3":&)'1"8#"&'91"#*1,#"4'0;0*&9<'#@&@<'1=*#:38'+#>,&'3")'/#>,3*#"4'7#,&'
0*,3#"'43%4&0'3,&':%,,&"*8;'>&#"4'#"0*388&)'1"'*6&':1"*3#"9&"*'>%#8)#"4'*1'&"63":&'*6&'91"#*1,#"4'
:3=3>#8#*;@'

' '
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56&"')17"813)&)'+,19'*6&')1:%9&"*'93"34&9&"*'0;0*&9<'*6#0')1:%9&"*'#0'%":1"*,188&)'3")'*6&',&0=1"0#>#8#*;',&0*0'7#*6'*6&'%0&,'*1'
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Appendix A – Full List of all Installed Strain Gauges
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M' A1@'M' D.' QP' Z^@bd' K'

M' A1@'J' D[' QP' Z^@bd' K'

M' A1@'P' D.' GP' ZO@N' K'

M' A1@'b' D[' GP' ZO@N' K'

M' A1@'N' D.' BP' ZN' K'

M' A1@'c' D[' BP' ZN' K'

M' A1@'O' e[' TP'B' Zb@JN' K'

M' A1@'d' D[' TP'B' Zb@JN' K'

M' A1@'^' e[' TO'B' Zb@JN' K'

M' A1@'MK' D[' TO'B' Zb@JN' K'

M' A1@'MM' e[' DP'(' ZK@JN' PKK'

M' A1@'MJ' D[' DP'(' ZK@JN' PKK'

M' A1@'MP' e[' DO'B' ZK@JN' PKK'

M' A1@'Mb' D[' DO'B' ZK@JN' PKK'

M' A1@'MN' D.' Qb' Z^@bd' MKK'

M' A1@'Mc' D[' Qb' Z^@bd' MKK'

M' A1@'MO' D.' Gb' ZO@N' MKK'

M' A1@'Md' D[' Gb' ZO@N' MKK'

M' A1@'M^' D.' Bb' ZN' MKK'

M' A1@'JK' D[' Bb' ZN' MKK'

M' A1@'JM' e[' Td'B' Zb@JN' MKK'

M' A1@'JJ' D[' Td'B' Zb@JN' MKK'
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M' A1@'JP' e[' Db'(' ZK@JN' MKK'

M' A1@'Jb' D[' Db'(' ZK@JN' MKK'

M' A1@'JN' e[' Dd'B' ZK@JN' MKK'

M' A1@'Jc' D[' Dd'B' ZK@JN' MKK'

M' A1@'JO' D.' QM' Z^@N' JKK'

M' A1@'Jd' D[' QM' Z^@N' JKK'

M' A1@'J^' D.' GM' ZO@N' JKK'

M' A1@'PK' D[' GM' ZO@N' JKK'

M' A1@'PM' D.' BM' ZN' JKK'

M' A1@'PJ' D[' BM' ZN' JKK'

M' A1@'PP' D.' QN' Z^@N' G&"*,&'

M' A1@'Pb' D[' QN' Z^@N' G&"*,&'

M' A1@'PN' D.' GN' ZO@N' G&"*,&'

M' A1@'Pc' D[' GN' ZO@N' G&"*,&'

M' A1@'PO' D.' BN' ZP@dN' G&"*,&'

M' A1@'Pd' D[' BN' ZP@dN' G&"*,&'

M' A1@'P^' e[' TM'B' Zb@JN' JKK'

M' A1@'bK' D[' TM'B' Zb@JN' JKK'

M' A1@'bM' e[' TN'B' Zb@JN' JKK'

M' A1@'bJ' D[' TN'B' Zb@JN' JKK'

M' A1@'bP' e[' DM'(' ZK@JN' JKK'

M' A1@'bb' D[' DM'(' ZK@JN' JKK'
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M' A1@'bN' e[' DN'B' ZK@JN' JKK'

M' A1@'bc' D[' DN'B' ZK@JN' JKK'

M' A1@'bO' D.' QJ' Z^@bd' PKK'

M' A1@'bd' D[' QJ' Z^@bd' PKK'

M' A1@'b^' D.' GJ' ZO@N' PKK'

M' A1@'NK' D[' GJ' ZO@N' PKK'

M' A1@'NM' D.' BJ' ZN' PKK'

M' A1@'NJ' D[' BJ' ZN' PKK'

M' A1@'NP' e[' TJ'B' Zb@JN' PKK'

M' A1@'Nb' D[' TJ'B' Zb@JN' PKK'

M' A1@'NN' e[' Tc'B' Zb@JN' PKK'

M' A1@'Nc' D[' Tc'B' Zb@JN' PKK'

M' A1@'NO' e[' DJ'(' ZK@JN' PKK'

M' A1@'Nd' D[' DJ'(' ZK@JN' PKK'

M' A1@'N^' e[' Dc'B' ZK@JN' JOK'

M' A1@'cK' D[' Dc'B' ZK@JN' JOK'

M' A1@'cM' D[' (P'(' JJ@d^' bM'

M' A1@'cJ' e[' (P'(' JJ@d^' bM'

M' A1@'cP' D[' (O'B' JJ@d^' bM'

M' A1@'cb' e[' (O'B' JJ@d^' bM'

M' A1@'cN' D[' (b'(' JJ@d^' MbM'
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M' A1@'cc' e[' (b'(' JJ@d^' MbM'

M' A1@'cO' D[' (d'B' JJ@d^' MbM'

M' A1@'cd' e[' (d'B' JJ@d^' MbM'

M' A1@'c^' D[' (M'(' JJ@d^' JbM'

M' A1@'OK' e[' (M'(' JJ@d^' JbM'

M' A1@'OM' D[' (N'B' JJ@d^' JbM'

M' A1@'OJ' e[' (N'B' JJ@d^' JbM'

M' A1@'OP' D[' (J'(' JJ@d^' PbM'

M' A1@'Ob' e[' (J'(' JJ@d^' PbM'

M' A1@'ON' D[' (c'B' JJ@d^' PbM'

M' A1@'Oc' e[' (c'B' JJ@d^' PbM'

M' A1@'OO' e[' ob' bN@c' JP^'

M' A1@'Od' D[' ob' bN@c' JP^'

M' A1@'O^' e[' oP' bN@c' JP^'

M' A1@'dK' D[' oP' bN@c' JP^'

M' A1@'dM' e[' oJ' bN@c' JOJ'

M' A1@'dJ' D[' oJ' bN@c' JOJ'

M' A1@'dP' e[' oM' bN@c' JOJ'

M' A1@'db' D[' oM' bN@c' JOJ'

M' A1@'dN' D[' Wb' bd@d' JP^'

M' A1@'dc' e[' WP' bO@d' JP^'
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M' A1@'dO' D[' WP' bO@d' JP^'

M' A1@'dd' D[' WJ' bd@d' JOJ'

M' A1@'d^' e[' WM' bO@d' JOJ'

M' A1@'^K' D[' WM' bO@d' JOJ'

M' A1@'^M' D.' AM' b^@d' JP^'

M' A1@'^J' D[' AM' b^@d' JP^'

M' A1@'^P' D.' Ab' b^@d' JOJ'

M' A1@'^b' D[' Ab' b^@d' JOJ'

M' A1@'^N' D.' AJ' NK' JP^'

M' A1@'^c' D[' AJ' NK' JP^'

M' A1@'^O' D.' AP' NK@O' JP^'

M' A1@'^d' D[' AP' NK@O' JP^'

M' A1@'^^' D.' AN' NK' JOJ'

M' A1@'MKK' D[' AN' NK' JOJ'

M' A1@'MKM' D.' Ac' NK@O' JOJ'

M' A1@'MKJ' D[' Ac' NK@O' JOJ'

M' A1@'MKP' D[' oMs' Nc@Nd' PbK'

M' A1@'MKb' D.' oMs' Nc@Nd' PbK'

M' A1@'MKN' D[' oJs' Nc@Nd' PbK'

M' A1@'MKc' D.' oJs' Nc@Nd' PbK'

J' A1@'M' D[' oM'B' Nc' PKK'
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J' A1@'J' D.' oM'B' Nc' PKK'

J' A1@'P' D[' oJ'(' Nc' PKK'

J' A1@'b' D.' oJ'(' Nc' PKK'

J' A1@'N' D[' (P' JJ@d^' MK'

J' A1@'c' e[' (P' JJ@d^' MK'

J' A1@'O' D[' (O' JJ@d^' MK'

J' A1@'d' e[' (O' JJ@d^' MK'

J' A1@'^' D[' (b' JJ@d^' MMK'

J' A1@'MK' e[' (b' JJ@d^' MMK'

J' A1@'MM' D[' (d' JJ@d^' MMK'

J' A1@'MJ' e[' (d' JJ@d^' MMK'

J' A1@'MP' D[' (M' JJ@d^' JK^'

J' A1@'Mb' e[' (M' JJ@d^' JK^'

J' A1@'MN' D[' (N' JJ@d^' JK^'

J' A1@'Mc' e[' (N' JJ@d^' JK^'

J' A1@'MO' D[' (J' JJ@d^' PMM'

J' A1@'Md' e[' (J' JJ@d^' PMM'

J' A1@'M^' D[' (c' JJ@d^' PMM'

J' A1@'JK' e[' (c' JJ@d^' PMM'

J' A1@'JM' e[' fN'B' MK@bN' JJK'

J' A1@'JJ' e[' fc'(' MK@bN' JJK'
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J' A1@'JP' e[' fO'B' MM@Kd' JJO'

J' A1@'Jb' D[' fO'B' MM@Kd' JJO'

J' A1@'JN' D[' fd'(' MM@Kd' JJO'

J' A1@'Jc' e[' fd'(' MM@Kd' JJO'

J' A1@'JO' D[' f^'B' MJ@^N' JJO'

J' A1@'Jd' e[' f^'B' MJ@^N' JJO'

J' A1@'J^'
D['

fMK'
(' MJ@^N' JJO'

J' A1@'PK'
e['

fMK'
(' MJ@^N' JJO'

J' A1@'PM' D[' fM'B' ^@Mb' JMN'

J' A1@'PJ' e[' fM'B' ^@Mb' JMN'

J' A1@'PP' D[' fJ'(' ^@Mb' JMN'

J' A1@'Pb' e[' fJ'(' ^@Mb' JMN'

J' A1@'PN' D[' fP'B' ^@Mb' JMK'

J' A1@'Pc' e[' fP'B' ^@Mb' JMK'

J' A1@'PO' D[' fb'(' ^@Mb' JMK'

J' A1@'Pd' e[' fb'(' ^@Mb' JMK'

J' A1@'P^' D[' RN'B' MJ@bN' POd'

J' A1@'bK' D[' Rc'(' MJ@bN' POd'

J' A1@'bM' D[' RO'B' P@KN' POO'

J' A1@'bJ' e[' RO'B' P@KN' POO'
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J' A1@'bP' D[' Rd'(' P@KN' POO'

J' A1@'bb' e[' Rd'(' P@KN' POO'

J' A1@'bN' D[' R^'B' b@JN' POO'

J' A1@'bc' e[' R^'B' b@JN' POO'

J' A1@'bO' D[' RMK'(' b@JN' POO'

J' A1@'bd' e[' RMK'(' b@JN' POO'

J' A1@'b^' D[' RM'B' M@MN' PdK'

J' A1@'NK' e[' RM'B' M@MN' PdK'

J' A1@'NM' D[' RJ'(' M@MN' PdK'

J' A1@'NJ' e[' RJ'(' M@MN' PdK'

J' A1@'NP' D[' RP'B' M@MN' Pd^'

J' A1@'Nb' e[' RP'B' M@MN' Pd^'

J' A1@'NN' D[' Rb'(' M@MN' Pd^'

J' A1@'Nc' e[' Rb'(' M@MN' Pd^'

J' A1@'NO' D.' QM' Z^@N' G&"*,&'

J' A1@'Nd' D[' QM' Z^@N' G&"*,&'

J' A1@'N^' D.' GM' ZO@N' G&"*,&'

J' A1@'cK' D[' GM' ZO@N' G&"*,&'

J' A1@'cM' D.' BM' Zb@JN' G&"*,&'

J' A1@'cJ' D[' BM' Zb@JN' G&"*,&'

'
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Appendix B – Containment On-line Monitoring (Invar and Pendulum Wires)

S0'3"'3==&")#V'*1'*6&'[HSS'*6&'G1"*3#"9&"*'F"Z8#"&'_1"#*1,#"4'1+'*6&'("/3,'3")'2&")%8%9'5#,&0'#0'
)#0:%00&)'#"'91,&')&*3#8<'3")'+1,':19=8&*&"&00'1+'*6&'[HSS<'3==&")&)'*1'*6&',&=1,*@'

B.1 Invar Wire Monitoring

B.1.1 Available Data

[6&'#"/3,'7#,&'91"#*1,#"4')3*3',&:199&":&)'#"'JKK^rJ<'38*61%46'+1%,'1+'*6&'&#46*'#"/3,'7#,&0')#)'"1*'
=,1/#)&',&3)#"40@''T,19'JKK^rP'*1'JKMMrJ<'0&/&"'1+'*6&'&#46*'#"/3,'7#,&0'7&,&'=,1)%:#"4',&3)#"40'
3+*&,'#"*&,/&"*#1"'X1"8;'(eb'1"'%"#*'J'=,1/#)&)':1%8)'"1*'>&',&3)Y'3")')%,#"4'JKMMrP'3")'rb'(eP'1"'
%"#*'M'3801'+3#8&)@''R%,#"4'JKMJrM'388'*6&')&/#:&0'7&,&',&#"0*3*&)'3")'7&,&'91"#*1,&)<'38*61%46'011"'
3+*&,'#"'JKMJrJ'(eM'1"'%"#*'M'3")'(eP'1"'%"#*'J'+3#8&)@''[6#0':1")#*#1"'=,&/3#8&)'%"*#8'JKMbrJ'76&"'388'
*6&' #"0*,%9&"*3*#1"'7&,&',&#"0*3*&)@'R%,#"4'JKMNrM'388' *6&'%"#*'M' #"0*,%9&"*3*#1"'7&,&',&+%,>#06&)'
3")' )%,#"4' JKMNrP' %"#*' J' 730' ,&+%,>#06&)@' ' [6&,&3+*&,<' *6&' #"/3,' 7#,&0' 63/&' :1"0#0*&"*8;' >&&"'
91"#*1,&)@'

(*' #0'#9=1,*3"*'*1'"1*&'*63*'*6&'#00%&'7#*6'*6&'#"/3,'7#,&0'#0'*6&'8100'1+'*6&')3*%9'1,',&+&,&":&'+,19'
:199#00#1"#"4@''[6&'a3::&=*3":&':,#*&,#3`'630'>&&"'3*'*6&')#0:,&*#1"'1+'*6&'.&0=1"0#>8&'B"4#"&&,'761'
630'"1*'6#468#46*&)')&/#3*#1"0@''S";':1":&,"0'7#*6',&0=&:*'*1'*6&'#"/3,'7#,&')3*3'630'>&&"'&#*6&,'*6&'
83:C'1+')3*3'=,#1,'*1'JKK^'1,':1%8)'>&'3**,#>%*&)'*1'81:38'+3#8%,&'1,')&4,3)3*#1"'1+'*6&'#"/3,'7#,&')&/#:&0<'
7#,&0<'>,3:C&*0<'2eG')%:*0<'&*:@'

[6&'3/3#83>8&<' ,37')3*3' X3*' *6&' *#9&'1+' :19=#8#"4' *6&' ,&0=1"0&Y' +,19' *6&' ("/3,'5#,&'91"#*1,#"4' #0'
=,1/#)&)'>&817'#"'T#4%,&'Q'M'+1,'#88%0*,3*#1"'X,&+&,'*1'*6&'1++#:#38'#"0=&:*#1"',&=1,*0'+1,'3':19=,&6&"0#/&'
0%993,;'1+'*6&',&0=&:*#/&'=&,#1)#:38',&3)#"40Y@''''
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Figure B 1: Available Invar Wire data from 2009Q2

[1'3"38;0&'*6&')3*3'618#0*#:388;<'*6&')3*3'93;'>&'3)U%0*&)'*1'*6&'3/&,34&'+1,'*6&'=&,#1)'76&,&',&3)#"40'
7&,&'3/3#83>8&@''B@4@<':1"0#)&,'(eXJY'%"#*'M@''T,19':#,:3'JKK^ZJKMb'*6&'3/&,34&'#0'�'cK99<'+1,'JKMb<'
3/&,34&' �' MJK' 3")' +,19' JKMN' 1"73,)' *6&' 3/&,34&' #0' �' dK@' ' T1,' &3:6' 1+' *6&0&' =&,#1)0<' *6&'
:1,,&0=1")#"4',&3)#"40'3,&',&)%:&)'>;'*6&'0=&:#+#:'3/&,34&@''[6&',&0%8*'#0'=,1/#)&)'>&817-'
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Figure B 2:  Adjusted Invar Wire Data
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B.1.2 Fibre Optic measurements

T,19'JKMNrP'*1'JKMOrP'B0C19<'#"'=3,*"&,06#='7#*6'B2.(<'#"0*388&)'3'+#>,&'1=*#:':3>8&'0;0*&9'1"'*6&'
JD.n' 0*,%:*%,&@' ' [6&' #"#*#38' #"*&"*' 1+' *6&' +#>,&' 1=*#:' 91"#*1,#"4' 0;0*&9' 730' *1' )&*&,9#"&' *6&'
&++&:*#/&"&00'1+'*6&'91"#*1,#"4')%,#"4'*6&'JD.n'(H.['76#:6'730'=&,+1,9&)'#"'A1/&9>&,'JKMN<'3")'
*6&'+#>,&'1=*#:':3>8&'730'#"0*388&)'3)U3:&"*'*1'*6&'#"/3,'7#,&'2b@'

[6&',&0%8*'1+'*6&'91"#*1,#"4',&0%8*0'+,19'*6&'+#>,&'1=*#:'9&30%,&9&"*0'+,19'#"0*3883*#1"'%"*#8'3+*&,'*6&'
(H.['#0'=,1/#)&)'>&817-'

'

Figure B 3:  Fibre Optic Results from 2HRX ILRT, 2015

S88'*6&')3*3'+,19'*6&'+#>,&'1=*#:':3"'>&'0617"<'3")':19=3,&)'*1'*6&'("/3,'5#,&'(eb<'30'0617"'#"'T#4%,&'
Q'P@''F"'*6&'+#4%,&'>&817<'0%99&,'3")'7#"*&,'=&3C0'3,&'#")#:3*&)'30'7&88'30'*#9&0'76&,&'*6&'+#>,&'
1=*#:'%"#*'730'"1*'9&30%,#"4'3";')3*3@''[6&'#"/3,'3")'+#>,&'1=*#:'#"0*,%9&"*3*#1"')1'"1*'063,&'3')3*%9<'
3")'*6&,&+1,&'*6&')3*3'#0'3)U%0*&)'/&,*#:388;<'>%*'"1*'93"#=%83*&)<'*1'0617'*6&':1,,&0=1")&":&'#"'*6&'
063=&'1+'*6&',&0=&:*#/&'#"0*,%9&"*3*#1"@'
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Figure B 4:  Fibre Optic and Unit 2 IV4 Data

[6&'T#>,&'F=*#:')3*3'3")'*6&'("/3,'5#,&')3*3':1,,&0=1")&)'7&88@''[6&'#":,&30&)'+,&$%&":;'1+'*6&'+#>,&'
1=*#:'9&30%,#"4')&/#:&'3801'=,1/#)&)'3'9%:6'>&**&,'1/&,/#&7'1+'*6&'>&63/#1%,'1+'*6&'0*,%:*%,&<'38>&#*'
3*' 3' 0#"48&' 3,&3@' ' T1,' &V39=8&<' *6&' )3;Z*1Z)3;' *&9=&,3*%,&' &++&:*0' 1+' 1"' *6&' 0*,%:*%,&' #0' :8&3,8;'
1>0&,/3>8&-'
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Figure B 5:  Fibre Optic and Temperature Readings

G63"4&0'#"'&81"43*#1"'1+'91,&'*63"'0.25 mm':3"'>&'1>0&,/&)'#"'T#4%,&'Q'N'#"'3'0#"48&')3;'76#:6'
:1,,&83*&0'/&,;'7&88'7#*6'*6&':63"4&'#"'*&9=&,3*%,&'9&30%,&9&"*0@'

T,19' T#4%,&' Q' b' *6&' )#++&,&":&' >&*7&&"' *6&' JKMc' Xo3"%3,;Y' 0%99&,' =&3C' 3")' *6&' JKMO' 7#"*&,'
9&30%,&9&"*'#0'�'6 mm@''

R%,#"4'*6&'7#"*&,'1+'JKMc<'*6&,&'730'3801'3"'#":,&30&'#"'38910*'1.5 mm'1/&,'3'061,*'=&,#1)@''[6#0'
#88%0*,3*&0'*6&'/3,#3>#8#*;'76#:6':3"'>&'&V=&:*&)'#"'*6&'9&30%,&9&"*0')%&'*1'&"/#,1"9&"*38'#"+8%&":&0<'
0=&:#+#:388;'7#*6'3'$%3,*&,8;'9&30%,&9&"*'+,&$%&":;@'

B.1.3 Analysis of Invar Wire Measurements

[6&'3)U%0*&)')3*3'X30')#0:%00&)'#"'x'E@F@F&S/3#83>8&'R3*3Y':3"'>&':1"0#)&,&)'1/&,*#9&'3")'3'8#"&3,'
,&4,&00#1"' 1+' *6&' )3*3' =&,+1,9&)' *1' )&/&81=' 81"4Z*&,9' &0*#93*&0' +1,' *6&' :63"4&' #"' *6&' /&,*#:38'
&81"43*#1"'1+'*6&':1"*3#"9&"*'0*,%:*%,&0@''[6#0'#0'=,1/#)&)'#"'T#4%,&'Q'c@'
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Figure B 6:  Linear Regression of All Invar Wire Readings

[6&'081=&'1+'*6&'8#"&3,',&4,&00#1"'8#"&0'/3,#&0'30'0%993,#?&)'>&817-'

Table B 1:  Linear Regression Analysis of Invar Wire Data

Instrument Unit 1 (mm/y) R² Unit 2 (mm/y) R²

(eM' ZK@MMc' K@KdP' ZK@K^M' K@KbM'

(eJ' K@KK^' K@KKM' ZK@MMd' K@KdN'

(eP' ZK@MKJ' K@KcO' ZK@MMJ' K@KN^'

(eb' ZK@MKM' K@KcJ' ZK@KOc' K@KPM'

Average -0.071 0.038 -0.094 0.059

(*':3"'>&'0&&"'+,19'[3>8&'Q'M'X>;'#"0=&:*#1"'1+'*6&':1&++#:#&"*'1+')&*&,9#"3*#1"<'.�Y'*63*'*6&')3*3')1&0'
"1*'63/&'3'411)'+#*'X.�'y'M'9&3"0'3'=&,+&:*'+#*'1+'*6&')3*3Y'*6#0'93;'>&'*1'3'83,4&'&V*&"*')%&'*1'*6&'
0&301"38'/3,#3*#1"'30'#)&"*#+#&)'#"'T#4%,&'Q'b'h'T#4%,&'Q'c@''S0'7#*6'*6&'*6&,91:1%=8&0<'*6&'0&301"38'
/3,#3*#1"':3":&80'1%*@'

.&43,)8&00<'*6&'081=&0'1+'*6&'8#"&3,',&4,&00#1"'8#"&0'93;'>&'%0&)'*1'&0*#93*&'*6&'81"4Z*&,9':63"4&'
#"'&81"43*#1"'1+'*6&':1"*3#"9&"*'0*,%:*%,&0@'

[6&'0*,3#"' #0'&0*#93*&)' +,19' *6&' ,&+&,&":&')3*&'1+'JKK^rJ'>30&)'1"'*6&' +1,9%83' +1,'0*,3#"')%&'*1'
:63"4&'#"'6&#46*<'#@&@-'
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56&,&-' 'G63"4&'#"'E*,3#"')%&'*1'3':63"4&'#"'H&"4*6'

' ' 'G63"4&'#"'H&"4*6'X("/3,'5#,&'.&3)#"40'>30&)'1"'*6&':63"4&'#"'081=&Y'

' ' 'F,#4#"38'H&"4*6'XS00%9&)'*1'>&'b^@KO9Y'

Table B 2:  Unit 1 Strain Estimates

Instrument
Slope

(mm/y)
Δε (2009-2023)

µm/m
Δε (2023-2044)

µm/m

(eM' ZK@MMc' ZPb@JN' -48.70

(eJ' K@KK^' J@OO' P@^b'

(eP' ZK@MKJ' ZPK@JP' ZbJ@^O'

(eb' ZK@MKM' ZJ^@O^' ZbJ@PN'

Average' -0.071' ZJM@KO' ZJ^@^c'

Table B 3:  Unit 2 Strain Estimates

Instrument
Slope

(mm/y)
Δε (2009-2023)

µm/m
Δε (2023-2044)

µm/m

(eM' ZK@K^M' ZJc@^M' ZPd@Jc'

(eJ' ZK@MMd' ZPN@K^' -49.89

&' ZK@MMJ' ZPP@JN' ZbO@Jd'

(eb' ZK@KOc' ZJJ@Nc' ZPJ@Kd'

Average' -0.071' ZJO@Od' ZP^@b^'

[6&' 93V#9%9' &0*#93*&)' 81"4Z*&,9' 3))#*#1"38' 0*,3#"' &V=&:*&)' 1"' *6&' :1"*3#"9&"*' 0*,%:*%,&0'
#0'Z49.89 µm/m@' '[6#0':63"4&'#"'0*,3#"':1,,&0=1")0'7&88' *1'*6&':63"4&'#"'0*,3#"'&V=&:*&)'+,19'*6&'
&V=1"&"*#388;'&V*,3=183*&)'0*,3#"'30'#")#:3*&)'#"'[3>8&'O'XZbMc@^K'{9L9'3*'bKZ;&3,0'3")'ZbcP@Pc'{9L9'
�'Δε = -46.46 µm/mY@'

(*':3"'*6&,&+1,&'>&':1":8%)&)'*63*'*6&'/&,*#:38'#"/3,'7#,&0'93;'>&'%0&)'+1,'*6&'/38#)3*#1"'1+'*6&'[HSS<'
38*61%46')%&'*1'*6&'%":&,*3#"*#&0',&43,)#"4'*6&'81"4Z*&,9'9&30%,&9&"*')3*3'+,19'M^dbZJKK^'*6&'%0&'
1+'*6&'#"/3,'7#,&')3*3'061%8)'>&'3==,13:6&)'7#*6':3%*#1"@'
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B.2 Pendulum Monitoring

[6&'=&")%8%9'91"#*1,#"4'#0'0#9=8&,'*63"'*6&'#"/3,'7#,&'9&30%,&9&"*0'#"'*6&':30&'1+'>,&3C34&'1+'3'
7#,&<'30'81"4'30'*6&':1""&:*#1"'=1#"*',&93#"0'%":63"4&)@''G1"0#)&,#"4'*63*'*6&'=&")%8%90'63"4'3")'
*6&'61,#?1"*38':11,)#"3*&0'1+'>1**19'1+'*6&'=&")%8%9'#0'9&30%,&)<'3")'"1*'*6&'/&,*#:38<'*6&'8&"4*6'1+'
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Figure B 7:  Pendulum Cartesian Results, Unit 1 P1 & P2
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Figure B 8:  Pendulum Cartesian Results, Unit 1 P3 & P4
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Figure B 9: Pendulum Cartesian Results, Unit 2 P1 & P2



Containment Re-Analysis for Long-Term Operation Unique Identifier: 331-691

Revision: 4

234&-'' 138 of 147

'

CONTROLLED DISCLOSURE

56&"')17"813)&)'+,19'*6&')1:%9&"*'93"34&9&"*'0;0*&9<'*6#0')1:%9&"*'#0'%":1"*,188&)'3")'*6&',&0=1"0#>#8#*;',&0*0'7#*6'*6&'
%0&,'*1'&"0%,&'#*'#0'#"'8#"&'7#*6'*6&'3%*61,#?&)'/&,0#1"'1"'*6&'0;0*&9@'A1'=3,*'1+'*6#0')1:%9&"*'93;'>&',&=,1)%:&)'#"'3";'93""&,'
1,'+1,9'>;'*6#,)'=3,*#&0'7#*61%*'*6&'7,#**&"':1"0&"*'1+'B0C19'D18)#"40'EFG'H*)<''I':1=;,#46*'B0C19'D18)#"40'EFG'H*)<'.&4'A1'
JKKJLKMNNJOLPK'

'

' '

Figure B 10:  Pendulum Cartesian Results, Unit 2 P3 & P4
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Figure B 11:  All Pendulum Cartesian Results with Outliers
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Figure B 12:  Pendulum Polar Results, Unit 1 P1 & P2



Containment Re-Analysis for Long-Term Operation Unique Identifier: 331-691

Revision: 4

234&-'' 141 of 147

'

CONTROLLED DISCLOSURE

56&"')17"813)&)'+,19'*6&')1:%9&"*'93"34&9&"*'0;0*&9<'*6#0')1:%9&"*'#0'%":1"*,188&)'3")'*6&',&0=1"0#>#8#*;',&0*0'7#*6'*6&'
%0&,'*1'&"0%,&'#*'#0'#"'8#"&'7#*6'*6&'3%*61,#?&)'/&,0#1"'1"'*6&'0;0*&9@'A1'=3,*'1+'*6#0')1:%9&"*'93;'>&',&=,1)%:&)'#"'3";'93""&,'
1,'+1,9'>;'*6#,)'=3,*#&0'7#*61%*'*6&'7,#**&"':1"0&"*'1+'B0C19'D18)#"40'EFG'H*)<''I':1=;,#46*'B0C19'D18)#"40'EFG'H*)<'.&4'A1'
JKKJLKMNNJOLPK'

'

' '

Figure B 13:  Pendulum Polar Results, Unit 1 P3 & P4
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Figure B 14:  Pendulum Polar Results, Unit 2 P1 & P2
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Figure B 15:  Pendulum Polar Results, Unit 2 P3 & P4
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