
.

.

3
6

.,,o.Q.'.,.-
?"# :1. , h ',. , | *

*

. ., 9 ) ' . ' . - .."%* U ' t ..
.yp . ,,' ,.se, 9, .. :a,.,..

* h .,s .n. : .. t * - . .
...,....s./.t . . ,.,s. . . . : r,

in.'* .., 4 ,. .., , , |ng ,

s.
'' ;. v, ,. 3 , , :.g4..,.,g.,y . . .r .ss;:...;

.

-*#

, i , . $. . .. e $., .;y' ,..,:.s;:,.~ ;8, .;y q' g. .

,s

, ' , : ..s " .

., . . - -

. . '; , ,< x,.,,m.'
i {. ,,d. , : f **f*|, ., y s .k. u.'' .?,<.. .. 8

m : . . , ,,..

*-D. , % :. '|' , .
.

* , ? ** * a
*,;. ; ..

e.,'.s)

. c, . ', . . ; ,.9;s. .g.b;s
-

/ ':% % :.:' ,'r#
;','. . .) '. %; s'.- .' .

.

. %.:: .:>:51,: 1 H +.e . '.* . . , | |. .a%.h'| .'cr * . . ' ,, . . .' '. .
,

t
.

. - y $ . .~ ;, f W ', .*,,,e.<.. :. hs ' 4: - >,:t ''' : A A..
,
..v- ',

* :.i . .

..:..

g. . . .-a,f.:~g,:k ; -' ., .,
- s,

' . s, .. ;
,y' y . z, < ,1..:. ~; } ,

e s . , , -
- .:

. .

.t%.ia +?:...#v.1 :

,f . .
. , . ..ss. ,ya. .:c . . ,,

.'
'

*[. -| f fiY,'' f f '. '.b ' . ,, ! :$:' * 'n.'.,* |.:. 5. ' ' .'!, |:'" . i':

V .,}-|b ' .42.:.;f
~

' y}:i. pfj:'j .'. o;; W,**
* *

,

| . *

. ~ . ..e *< ,. . .,,|*h :,"m.''s,: * .*;v....,g n"c,'"s 4 | t.J;'.,, i

..,

.|}: .r::

. ;4. , fi.', ''. 'h
.

'

%. . e:% p%c.< >
*

. ,. ,: ' - G - y. : ', ' ''. . ..yv . g: . y@. tm" y.. . .. * :. i ::: 'g, , r. ' ,y w'
c

*q/ .; ?
'

t:

- , j ,,p ': .
.. . . . , fo

k u .

C

*

, . (' - *n f ',':,L., ' ,' _'| . 0. - |p ..,~.f' '| |,,. 3 j-f }'r^'{1
:

*0 (hQ.|Y),L s ,. {1. 5:; . .~,y;

., , ;.,. .;' n . . ..,s.
!Y.q|R. ,. f.''..s ' ,sQ.t .f. j:.'j[., '| 4 |,'{: ~.$...:. .*: .,~~b '. .a. p ' .f . %.. . "

*p ;p. _ ,

. ( d'.g)|b.W h., Ig. . . , : . * *!.p ;,':$ -

. ., . .y .' hT, a' /: .}, , :..,*>
>,. . , :,

:' *;;, . '.}'- : ., ,

s .
.

,-.,,g,,.
.

,

.* p ,
' y %. ,p , ?.,.;. . . . .^,c..

- '
.

. ,-

, * :.. ,, ; '.. : %. j .(*;.,g.4 '. < t.........>;.'
. . , , , , , 4

. ..,.,-s..,.
-

.*, ., ,. t n
.. gl,.,... ., ,:64 0*/ ' %

,

f+9 , , . , , * . .. . ;

4 . , a , %; t ,< ',;. s .-
.

s , ;., s,.;. .,
::: ., , . . .1, .. . e - .+ 'sh,

^ .v, W. 3 < s
' p.',, ;., ..'*..y . . 4~... &.' .

" . . +*;
,n . ': . 1 n*: . > .. :':. .: .. |;;

*<-- . ' . '', . . . .z.

s ,. ;... ; s*.. , < , 4 e .%. . ;' ; , e G. a. .| v .h.*:.:.
|4. .. . es. f . ,,'.. p;.' , v. ,; ~.ly'!> q . , '.c-. W,wi. T :'. 99. : . .: '.*.:'.*...V,a..w y'. ? ; ..,. . s

:. . *. . :, ec

.t , e' ;..'..~;.,.
: ~ 6 '.|... . , : . .:.,, . . . . e, t.; V ! .. . n. .. g ': ., .' .s . .v. :

n .
..

e. . ; .. -.. ' . :q . '.s, , . . ; ||: 1.
.

.s.,.-. c' : ~ *. . . ' - ,;.s.

. . . . .

. .: , r. ~. .. ? r, r$ d' . .s'I
. . .,. , . ^

-
. ., . a

*' ..# ** . - 7 *
:.. . ( ? a; * ! 4. . . * .. . , " . . p. q,,, . -

*
, , . . . i .m. . .' : :.; .z-{ p ' ;'4.: a s.4

r-
. . 4 ,- -

; J ..e. ,
7.

,-. > 4 y:. . .' . !;, :. .*. . . ' . . . .h. .:.* v.,:. ,,y .. ..*..,f._',e.,*
..

s

' . , . ',r; .", :,y/ . _, .,4' *4 )y* . ' ..;. ..o , Q "g ..'.r,''.'.I.*9''.'',a~.'8
- 'i.''s..'''.*5

- . ,1. .
' ' >

*q'-|g ,.p . *; .* ny, , ri'> ,'.y,. ;. . . %. .|'t
-

. , q |,' y :4. p .,,y..'h-: 'h.i< : , , _ .

-

.,.g., t.., *

n. .:. . . . : ,; . ..',.?..a'. . u
,.<t,* e. . . ,

. ; }
. , . ,.. . . . . ,

- . , , . . 2: , .r; , ' <J. ,. .f :. . e. r * r.,a
- ,,! .;.+... .j-.. ;- ,. ' e.g. ,,, . >. . .; ~ y ;.g t ;

.: ....r

'f :,.,(,,f . . .
.,

; : 1*f.iy'' .
.,..,};f.: .,n {:...*,,_s,..*

.. .- k;; , .** { ,, ,M.~ v,.
.J, . .', ;:,1 .r

4..t. ),'.. . ; .. ': k
.

. e
7. . 7. :. .q., ,<[ .

:

, , y r.*-

.:t-Q)yo, ;,v.', ;
. .< *.. 3 . s. .

.

,n . 7 - > # , y - .. ' , . 'n

',% o. : . b: .
. ,. , , . ; , ' j *, .; . *

. , . | . :. "5 .'.\. ' ^.. . -: ', .: . ..*- ."

| s. ; ;-* 4 %, , ,. :o; . ' a r ::. ; ..- ; .n.. . .s

.V 'Y; ..;,, , ' :. e,.,i.c6 ;. < |; ; ..a :. < ...: . ,~ . . . * , . . : , . .

* . & .e i;i. : '.[A ".::.*s ;. Nn:.. !.,, i't., . . ' . ,.:3 :. ., . n ;.4 '.y a .. : '.i: . p %:. 0,,, .: .y.
. .y s. .- ..p ..; . . ? ,;.

w, c. .: : :: ' ' .';- * ~.:.-,.:

y :L'n. . (.: r,r:.
'

;c ^f,, .|:
~,; '.%.,. '. ;;:. a.. .

~1. *~ :, q iz.( ..~ v yw||,. . .: ,v ; ; . . ; 1<: .- ." . :; .

_ . : *s.s . . ., . :s. .@. , ,, 4 '.:. ? ...: n ., '
,

. .v,c ' .2 ,, , : < n
. . : . ..... : e. v:'. ( s , .; . .. s . ,. . 4: ... . ,. 3* ' "x., . 'O.p :' .'..,+ p.y' . . %. ::;. i.:

. . .;- :'
'.: m. .r . . .m-

*
- :.... .".,..,c:.'.:..

.

....,.s
.

.

:
'

' :
. .i ~ . , . . , . ,

.4
: .. ,. . .m ds. , : . ~ . . .

;.. 't. . . . . .x . . .n.
,

'.,' . .- *y . Y ? - '. | *. . ?.'. .|. . . - | -

.
..

'

:..
' ' '

.

'

- : ,'
' ' ' - .'

-* * ' . ' .' 's'. .; |; . .

..g.. .' s. ."' ss. ', ^1'
- .

=:, ' i '. . , :
. . .. .. \ . a..:. * >.; . ' : . . . . n::'. ;..~ ' c' '. . . .

. :| . . . . :; * }. . . :i .:4,*' '. ', ' ;;; . 4' '.|S '; .*, ; o _,z~',; , e! '; ..
, .s. <.n: .

' ' '
.

., ; .

' ), .. ' $; ':^. . .
. y ',: , . b: .i'.;f

.

, ' ' L,: s* { 'I
_

,:
'

s ' ..h |J. -. . .. 9 y .T . , y. : = | "|,;' '% "-2.,
i; - { . Y.7), . .;), f ..,'''' .| ., k};),',; : "\

. ..
..

..q|',',. ,f-Q:.h,|,.'',o [e*.' . O jy . '
.

', . A .| _ , . Q' , ',':]' : j,d. ..|,j ,; " ,;,'g* \.h; ?|. .t ~. ;A.. , |:f ** * j:.;,', ;.} f' ,.h
~a :. . ,.',U.'

$,
.

4,: ., . : ., ,; ..p . , , . . . . ' .. . ' ,* .,':3,.;', ..|' ' .;. ~ . . . . ',.|.-
*.-

u ,i ,. . .;;,...
_<, .

i .w .. : . . .

4:.

m ,' . <3. g.'.? ' ,y::I 'h' ,'f ..;'% :, . . .
_ . . . .., . * , , , . ,,,,,,.,y;.

,;t ' :. ' Y,'';+;;q(''c..*;?.;1 :
.s. . . us. ' ' . ' . ' ' e * *p . .

- .
s

. ..m
"

. .. .

.' ':d * ? ? N '' . N. ; ', . |. ;; '|, '|$.,'d * Y p''... '*
- s-

.''.

.' J., . , -1;c .3 . y ,;.,.,,.g ..?. .. ,
A..,*,1'b *.;:|,'.*. ,*'',, *I . **,N. | ' ~ ' , |h :. a |, 'g g 4, .' , ;a h , ;. . ' y

*

Q .: *y.,
,. P,. . ' , :'. '.~o

: 's W : ;g'r;. } !*;; m::? .y . ,, ; '.:
+: .,*~% %..

- ..
'.

-
. c.. cys >~

:~ ;.sf. . :. . . . . . .
.. . 9

' A.(*}. :!'sv.; 7 ;!.Qf;;j.] is,:|?.* ",".;.|. !: ._. p ;.,,s,' : p .?i[; ,*}|,''. ': ': . .
.

''
, , . . , , . < , . .,. .

. .' , ,.fI | $,| . ,f ',.
.,. , , . ,

," ; . .:|t ; ';' .: , ' :,.. . # '|| ; ;. .
j' . :* *

,

'

-
,

' I *# ; . ,.,!,.
'

E. .. ..
' ' ' ' . k. ,''I.

'

n'. <* , , .[ e' ' . , './ ', g, , ' . , ) . w, . .e[ $.g u..n. ., ;.. :.p;. 2 u _ . y %.....v . .; *4.,:

** * ,a
*

.
a

.

*#
,':- 8 , .p

. , p,
.

- - ;;, 9, o ;, m :. . .
'..s .) *

;;;y y m' ...... .'~. .>.q;,w:
,, .,

;. ...; ;::
, . ; /:.3....;. .y;,(4*f' n .S. * q: .:. ..:.;. y. ..y. q: .i..'s3. ?-p'. " ,, .j,, ' hiM ', 'Q ';' , * s*i

z, s. .~. ',; : ,,, . ,:..s
..A ;-

y <| ' . s
* " N' ', d',,,[ ; [,'[,h. . p

,

S* c.:A ... ,. e '

s . t " :g
; .a

: ht .. . . . .
. L:(+s*7f

:,$ , :: r.,(j [ , 1, ,'t ':: . . * . **:,, . . . * :f , ,( '[ .

- '
9 %:

'

.''I*,;' ':''[. 4. '.[ $ i*y''.* ,',,.,"#. ''.g.':',*.. ");l, sh ' '.~. ' T'
. .* n.e.-.

,,
h'

, ';<
,. . / . F.O r.g,' "; '.J e. '. ' '. . ef ,e q j,,,.* ;. , ,,vi;/. ,,j., gj | . :f+. 3 f.q :,',"q. : . * ; j, c. :*. . , y 4 ];|;.1, .;. ..". .[. . ' N * ' .} '.4 ,. 9 *. <"'

, , . , ,
.

.

.Y '
' , . : :. ::. '\ I. - .|'.,.*b,,..." . ., .. : :.,' _ . ,

, . . . .
. . .

. . . . ' '3 ;' .|'..'....,y : 1,},r .W:1 " . .. . . '.. . ,. :, . < - .. y .,;.->

. .
' ? ' W ,, T. . .

|k".,k. '|.0 . .. .|. .
' , '

s - " . ' .' . ., :
..

- : ; .

' \';'.]:05.' ~ :fh . - ,:' ;::y;;'f.'.,:...f:::,y;|'',.h|{i;y'. y."
'' ', ,

._n ,; j :. * % . h;t.* ;,y |{ !:- ), N. ,||"'.|;|:f'.h. :'~e u|. <':
.

'

~

. .:) #':)'V:,);i;x .,f;k p , . : : s p .: Nf.w. n. ,% . '... ss:'.r '
. .

- :- . -
.

3'

* p,f. ,s'. s. ; %|".% . * |4 .';;, . ., b :w . ~ . ' .g:. g ;". c . ...( .:m y .v

1, . ,% : . : .',;. s.? .::Y; * ?~ ., ,.; :.. @ i r"..
.

.s

; :;.&y';? .M 'C'.;.d.; :f9 J.N:;?. ::? ',;.h,/e.s; ' , . - . 4,. u-:.; . .;'O. .' ' . * . |:. : -. n.- . ' . . .fr i% '. '::. o..
*

. ,:.
- |

^

.,%.*'.''.,4' M. ;,Q.; "*.m/ .;4C:g:. . , p ::
' - rr'

,-
;, ;t u.. *; . .r . .: ~ ;;y *

,. ~ , .
'. . ~ , - N . ;' , ..:. e : : . , : . p. ,'; .. .|..

|. ,'4;. :;(:. i.yy *. a *
a ... & ,, :y.) 6|t .-

. . p ; *:',:1;. , .,.; :| * 4,, ,.

.. n.
. . . .

;,.a,yy." . . ..|tr [.'"
|

s . .- .o. M. . ' o . ..g.g . . i ; . 4< .
*L.

Y . @ = .ri ;.:, . t=:- . - :

6: b;; 7:. . ' ;;q:,f .?.f.* :,.; ?v'.|j;, '
i ' q:.::. .- '. e

V f f~; V ? . . .,::'' n,.., . '

.L :: J.: ; .g
' . .:. . ,

. s 9 . . y:. , .e c. .[;. 'q;;:' .7:.,| = ., . . , s;y : . . ? : ' . ^;, .
.'d %a ;|, ,n. . ; , c , ; : . . : ..y, Q, ': 'y : : |; gJ.p i..' ,:|

Ni' . .: .. ! ', : . . |: .:
.

,4, c u ;i. t.1, . . . ~,..;g : * :, ..*
.: . . '.. .,. ' * , ; , . ; . , :. . . w. . :.~.v. , ,e;.:

. < s

..;. , . ' .h , w ;.>. ,. . <y;s . :-. ..k:.
...i

.: . . . . s v'. .,.s.-.

:;M Q. . , : L u
:

.,,.,,.yp,..,y. , ti: . . , ,.. . . . .. .

: - . . . . .. 't .; ..V-

, ' ' , -; :, Y . ', * . ,,
,

,. v. ;,s: .

'

. ' .;..' ;;; . , L ' . .' f< ::.. .i
*.,m, . ," j f,;,;<q , , , . ^. . . , ;* . . . . . . ' ;;< .:.H . t :, . .: - "ir, ,: :' . .'; .,

, . L f. * c;*||. : .... .: ':n r.:<. . .'L
.

> :3.; .' . . .: ; : . . . .

,|
' 'p

.:=: | , : . ;y. .;; . * ; - : ,
; '' ' . )r .. . . ; ,;M a. p fy.- ' "!: A - *

:
'* .c.' .:

,

.v. ;. .. '; ::%,; :'.,7 . ..'d., ' , p:.;.;N'';).y . .; (.,ci. . .. .. '[. *<. ;,. ' :;\ . ' :. ^ ;
x. ;; n.

.. e. a. . .:. y . y . . . . ; ,,
.,'.';. J -

,

| . ; , .'' "y ..R. . . .? ,,ya.a :s''j s .1.%:.: *.'A..,'.t.,. ::' y. ~.. ?. v t.. .'. . ' . - .: ,% . ,.:.| . ; ~' t. , ' a, j'' ...y.* T. : .. t
'' ''- .':. . . . . . . ' ;w., . ,.t

.

.y j - *;

|y::b.',V:.3f; 1 !:., .* y 'y':.' : ::. " , .. d,..b|'.:
: - .~- e ,

: . ' ' : .: :: ; " -; ,"::; ; ;,
_ '

4 '.:~..e:s
.

, L.
.

.. :| |,,;;,'. :: . .f i. . ' y;;'.: ' : ". .::'. ...
.

..

,

.

: |J. -a '.N, :R. ,;:' . ~::.-:1.p'6 $ Q )5Q.I.Q.;; .'. ,.: y ; d. i .' b;. ..' ^ ' ' . '. '. ,' *;d. :; .. 'y. ,s.;;"..h ; .:(. 9 -|,'8. #[W, [g ,' ;': :
:yc|;jr_ y; . , - - ,

.- ~ 4 '3
,

. . .- .-. .[.
..=1

,

. ;
: , .#. .": . . . ):) > .

' '
, . .

'i . .pf.'. 'N.,
.g '' :c :>.2 .'.'.h. ;.:[:F : (f, ..I.: '.

#

' -
.

. ; . ; .. :.
.? &: .c.

.

-

s e- . :y ' . x.;).. ' . '. r..Y' % , .f''|, .h!, .p: f..$);;.%,y;. ''. A,:I.{w). 3.. <, |i, :.'e$s '
:a ~ .' . n . . . ,

.
. :..;:. '? .'c a :. . 3-[;+;r ' y;#I,/, S . s ;;:> :. :. .::r"'|heU|s .

L ~ ~ c . J. =; u o -

. ,. ; . ;. . d'|,, . e; . ;;

, H; R*

y ~.' ''* : '
.- .: - ,.'',y':",''y..'.jn?*,,. ;;gi. ', |,';':
. ' . . - ., -

N
*; ys' - . : . .'9l u. .

.

. ..z. , ,, ,Q N .? . " , .. : p ,.,.a . _ ' fi% | ;, .', ' , " <'y Q ;n..W..q . ,
.

, . ... . ..
s; y ,;* [r, .;;;.,'; f, tcy .;''. .. ,; . .

. :y '? .,|n l.: ', ., 4.::t '.y # :

\ ., s ' ' ,. ' .W. ,;;.,. ? _ ,. _
v' ,

,
.; ; " . . , :: ''|y s .s , . . v

. ;a . . .. ... . . . , .... . . L.. t ;, . :..,$;, .m, n t
.;t y. . .: : :. ' w :. t : r..,.:..a :O %. :. .. m., . .. e . :r ~. . ':..

[ .n ". ..:: : O ';;n .:.: :i,a,,:: ; g. ?, ~_ p: c',p.. 'g|W,y: .,||* : :., . a .., . . e .' 7:. .y:x. . .:m,. :; >::;:ge.;m. ,o.W "; .f..:. ,7 '.:~g:*.,f ,f)i: 'y j{,.';*;,y : '.;_;. l

; -

.

. . . ,a .~

; .}9.y;* Q';,',!I:.; .h 2m,: " Qn., :i 4 i:|:
.. . . .

.

. .. .a . . ..
,., -: ' , %;;};y 4

,
?.:'. Ay,,, /.3. "|y,: .;:.

.

. C.,' .Q:. f." t p Af'-Q..t.3|::n . . , .r,.y.:: .f: @ := :.:;

. 4: v . .f(." a, . . ..?.: ||; ^;:. :y ,.',u. ...

:
, . .,. r. .c.: p! L. . . ..

-

.

.,n. . g 1.. x..,;:.' y ::;. ' , . ' , . .i > ::. . . . , . .. :::
.. . ,x .

... .. , , , y .. . ... . r . . .

m.' ux n-' .

M.W.M
'

M,v.7ps:, Aed.m* m@sym q , 3n %w $ $i' #e.1 i ,4. M @k w$Ek swm ,;s & n -

gn@m ay pp4. e.

,
m. ,..,

. n 9 g r

Uh I ;h

I. w&mug g&.n&pgp unu.
a:w%;&&m%Q,eQJTQ)Mf.x;%qp;ADM$:w:ph.?, A$.m.gt:ne en%e@x:y.w,:-

m Qy L W nMW:wsp
qw,w..h.. .e..e a..:w4@~y .w m4 s.ma ad:

W W :$ m"-. p.t.:!.sv.M W r:'.C':n 4 A d: m g.Q. A y:f. .y: p gQ%pp,14. J9G94<W %M.S.n - L P N /? k-..

Nbh kbkh hbhbbh;;pyM&Mf; -
gg4&

.
2

hh 1 hb h

h h hk.$ 4:w omas a m z e
SWEREWhMy$$L, _ n n M M M M. $s6

$ '



- - _ _ - _ - _ _ - _ _ _ - _ - - - - - - - - - - - - - - - - - - - . - - - -

.

Westinghouse Non-Proprietary Class 3

..

.

. .

. WC AP-14756
. k k'Ikh k. 4 $ 4' g Revisio6 0 ,

. .

Aging Management
EvaluationLfor

,

Pressurized-
Water Reactor

'

Containment .

Structure
.

.

4

W e s t.in g h o u s e E n e r g y Systems [

L :w w ;
~

~

_



- . - - .. . . . - . .__ .

J

:

,

WCAP-14756,

'

Westinghouse Non-Proprietary Class 3

AGING MANAGEMENT EVALUATION
FOR

PRESSURIZED WATER REACTOR CONTAINMENT STRUCTURE

'December 1996

i

i

Westinghouse:
R. F. Condrac
W. S. LaPay &

Gilbert Commonwealth:
Dale Krause
Eric Blocher

Funded by:

Westinghouse Owners Group (WOG)
Life Cycle Management / License Renewal (LCM /LR) Program

and
Electric Power Research Institute i

I
i

Approved: '

M. P. Osborne, Westinghouse Program Manager
WOG LCM /LR Program

i
'

Prepared by Westinghouse Electric Corporation for use by Members of the
Westinghouse Owners Group. Work performed in Shop Order MUHP-6120 under
direction of the WOG LCM /LR Program Core Group

i

WESTINGHOUSE ELECTRIC CORPORATION
Energy Systems Business Unit

P.O. Box 355
Pittsburgh, Pennsylvania 15230-0355

01996 WESTINGHOUSE ELECTRIC CORPORATION
All Rights Reserved

|
m:\2656w wpf:1b-121096 |

|



-. .. . -. .. .- __ .

J

ACKNOWLEDGEMENTS

The authors would like to acknowledge the efforts and support of the Westinghouse Owners
Group (WOG) Ad Hoc Technical Group Chairman for this report, Mr. Don Eggett of
Commonwealth Edison, and Greg Robison of Duke Power.

The authors would a!so like to thank the other members of the WOG Life Cycle Management /
License Renewal (LCM /LR) Program Core Group, and especially the Group Chairman,
Mr. Roger Newton of Wisconsin Electric, for their direction and support during the preparation
of this report.

Finally, the authors would like to thank those individuals from the WOG utilities and the

Sandia National Laboratory who performed the technical reviews of this report throughout its
development. The information and technical comments from L. J. Branstetter and

J. T. Nakos, SNL; D. V. Ramsey and M. J. Ferlisi, Duke Power; J. A. Reininger, AEP;
Dan Zebrowski, RGE; Jeff Gehlhar, NSP; and A. L. Reimer, WEPCO; and Robert E. Nickell of
Applied Science & Technology; as well as the assistance provided by Gilbert / Commonwealth
and the Yankee Atomic, are gratefully acknowledged.

The special contributions of Charlie Meyer, Mike Canton, Frank Peduzzi, Narendra Prasad,
;

Charlie Kim, Gene Kubansik, and Bob Funkhouser, all of Westinghouse Electric Corporation,
Energy Systems Business Unit, are also gratefully acknowledged. Thanks are also due to
Gordon Vytlacil of Westinghouse Electric Corporation, Energy Systems Business Una, and

Leslie McSwain and June Crevar for their coordination and for their editorial assistance.

|
'

|

j
,

|
i

|

i

s

i

|

Containment, Rev. O December 1996 I
m:\2666wwpt.1t>112796 i



_ ____ ___ _ _ . _ _ _ . - _ _ . . _ _ __ _. __ _ _

l

DISCLAIMER OF RESPONSIBILITY

This report was prepared by the WOG LCM /LR Working Group as an account of work
sponsored by the WOG. Neither members of the WOG, Westinghouse Electric Corporation,
nor any person acting on their behalf:

Makes any warranty, express or implied, with respect to the use of any information,.

apparatus, method, or process disclosed in this report or use thereof may not infringe
privately owned rights, or

;

Assumes any liabilities with respect to the use of, or for damages resulting from the.

use of, any information, apparatus, method, or process disclosed in this report
;

'

;

?

i

.

,
,

|
,

,

Containment, Rev. 0
,,

December 1996
mM656uruptW111596 ll

__ _ _ _ _ _ . . . _ _ _ _ . _ . _ _ _ _ _ _ . _ _ _ _ _



. - - . _ - . _- _ - -

EXECUTIVE SUMMARY

This report evaluates aging of the pressurized water reactor (PWR) containment structure to

| ensure that intended functions will be maintained during an extended period of operation. The
| PWR containment structure performs the intended functions of:

Ensuring the integrity of the reactor coolant pressure boundary (RCPB).

Ensuring the capability to contain a shut down of the reactor and maintain it in a safe.

shutdown condition

Ensuring the capability to prevent or mitigate the consequences of accidents that could| .

! result in potential offsite exposure comparable to the 10 CFR 100 guidelines

Ensuring compliance with the U.S. NRC's regulations for environmental qui.fification.

(10 CFR 50.49)

PWR containment structures are subject to an aging management review because they

| maintain intended functions, are passive, and are long-lived. This aging management review
| identifies mechanisms that cause aging effects and presents options that manage these
I effects to ensure that the intended functions are maintained.

| The scope of this report includes domestic, commercial nuclear power plants with

| Westinghouse nuclear steam supply systems (NSSSs). For the PWR containment structure,
| the scope is limited to maintaining the structural integrity of the containment structure and

| penetrations, including protection of internal systems and structures as well as the extemal
I environment. This evaluation was performed in support of the WOG LCM /LR program.

Effects from all design limits, time-limited aging analyses (TLAAs), aging, and industry issues
have been evaluated. Options to manage aging effects that degrade intended functions are
provided. For the PWR containment structure, the following require aging management
programs:

Freeze-thaw of concrete
|

.

Aggressive chemical attack on concrete' .

Corrosion in reinforcing steel.

Corrosion of steel liners, steel containment shells, and penetrations.

Degradation in containment post-tensioning systems*

Mechanical wear and/or loss of pressure retention of airlocks and hatches.

Embrittlement of gaskets.

Stress corrosion cracking of penetrations and bellows.

Coating degradation.

Fatigue of penetrations and bellows.
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Penetrations associated with high temperature may require action by the utility to perform a
,

fatigue analysis, per TLAA requirements, to show that an existing analysis remains valid, or
can be projected, to the extended period of operation.

Options to manage aging are part of current industry practice based on the 1992 Code
Edition, and Addenda, of ASME Section XI, Subsections IWE and IWL. The effectiveness

of these programs during an extended period of operation is justified since they are in
compliance with 10 CFR 50.55a and NRC Regulatory Guides.

:
,

in conclusion, this evaluation has shown that the PWR containment structure intended

functions will be maintained by these aging management options (when implemented) during <

an extended period of operation. In addition, the system intended functions cupported by the
PWR containment will also be maintained.
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l

ACRONYMS (Continued)

NA Not applicable

| NDE/NDT Non-destructive examination /non-destructive testing
| NEl Nuclear Energy Institute

NIST National Institute of Standards and Technology|

NMR Nuclear magnetic resonance '

NPRDS Nuclear plant reliability data system
NPT Registered ASME symbol for a qualified manufacturer or fabricator of nuclear

parts or components
! NR Not required

| NRC Nuclear Regulatory Commission '

NSSS Nuclear steam supply system
NUMARC Nuclear Management and Resources Council; now part of NEl, the

Nuclear Energy Institute
NUREG Nuclear regulatory guideline
OD' Outside diameter
ORNL Oak Ridge National Lab
PVC Poly vinyl chloride
PWR Pressurized water reactor
RCPB Reactor coolant pressure boundary<

RCS Reactor coolant system
RHR Residual heat removal
SAG Structural aging program
SAT Structural acceptance test
SC Structure or component
SCC Stress corrosion cracking
SCV Steel containment vessel
SI Safety injection
SS Stainless steel
SSC Systems, structures, and components
TGSCC Transgranular stress corrosion cracking
TLAA Time-limited aging analysis
UBC Uniform building code
UFSAR Updated final safety analysis report
USASI United States of American Standards institute
UTS Ultimate tensile strength

| WOG Westinghouse Owners Group
XLPE Cross-linked polyethylene

i
i
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ACRONYMS-

AAR Alkali aggregate reaction
ACl - American Concrete Institute-

:AEC Atomic Energy Commission
AISC American institute of Steel Construction
ANS American Nuclear Society
ANSI American National Standards Institute
ARD Age-related degradation - ,

ARDM Age-related degradation mechanism |
ASA American Standards Association

'

ASME American Society of Mechanical Engineers
ASR Alkali-silica reaction *

ASTM American Society for Testing and Materials
'AWS American Welding Society

CLB Current licensing basis
.

CS Carbon steel |
CTL Construction Technology Laboratories
DBA Design basis accident
DOE Department of Energy
EPR Ethylene propylene rubber
EPRI Electrical Power Research Institute
EQ Environmental qualification or equipment qualification

iFEA Finite element method
FSAR Final safety analysis report
GTR Generic Technical Report '

GWL Groundwater level
*

HVAC Heating, ventilation, and air conditioning
lAEA international Atomic Energy Agency
ID inner Diameter <

IEEE Institute of Electrical and Electronics Engineers
ILRT Integrated leak rate test
IR Insulation resistance
ISI Inservice inspection
LCM /LR Life Cycle Management / License Renewal
LER Licensee event report
LOCA Loss-of-coolant accident
LWR Light water reactor
MIC Microbiologically induced corrosion

'

!

' Containment, Rev. O December 1996,

msomr.non-iime x1

, -



- .- .. - . . . . . . . _- . .- _ . - - . ~ . . _ - . _ - . . . - . .-

t

DEFINITIONS

Aging Management Review
.

Identification and evaluation of aging effects to determine which aging effects require
'

management during an extended period of operation. -

Current Licensing Basis (CLB)

The set of U.S. NRC requirements applicable to a specific plant and a licensee's written
commitment for ensuring compliance with and operation within applicable U.S. NRC ,

requirements and the plant-specific design basis (including all modifications and

additions to such commitments over the life of the license) that are docketed and in
effect.

Nuclear Power Plant

Nuclear power facility of a type described in 10 CFR 50.21(b) or 50.22.

Time-Limited Aging Analyses (TLAAs)

Licensee calculations and analyses that: |
l
;

1. Involve systems; structures, and components within the scope of license renewal, .
as delineated in 6 54.4(a);

|

2. Consider the effects of aging;

3. Involve time-limited assumptions defined by '.he current operating term, for
; example,40 years; ;

4. Were determined to be relevant by the licensee in making a safety determination- !

q

|

S. Involve conclusions or provide the basis for conclusions related to the capability of
the system, structure, and component to perform its intended functions, as
defineated in 54.4(b); and

|
6. Are contained or incorporated by reference in the CLE.

,

e

Containment, Rev. 0
,,,

December 1996
msesew=pttn 111ses xlil

. _ .



. - _. - . - . ..

i

regulations for fire protection (10 CFR 50.48), environmental qualification
! (10 CFR 50.49), pressurized thermal shock (10 CFR 50.61), anticipated transients
! without scram (10 CFR 50.62), and station blackout (10 CFR 50.63).
;

| An intended function is the basis for including an SSC within the scope of license renewal as
defined above.

|

' The evaluation continues by determining if the SC is subject to an aging management review.
|

| An SC is subject to an aging management review if the SC:

lSupports or performs an intended function of a system or structure within the scope of j
.

Part 54

Performs an intended function in a passive manner.

Is long-lived.

The PWR containment structure parts or subcomponents within the scope of the rule and
subject to an aging management review are identified in Section 2.0. Section 2.0 also

identifies mechanisms that cause aging effects and identifies TLAAs. The aging management
review (Section 3.0) describes age-related degradation mechanisms to identify resulting aging
effects. Aging effects and TLAAs are then evaluated to determine degradation of intended
functions. Options managing the effects of aging and TLAAs that degrade intended functions

J
are provided in Section 4.0. ;

i

Demonstration that these programs adequately manage aging effects to maintain intended

functions, consistent with the CLB, for an extended period of operation is provided partially by
this report and is completed by the plant-specific LR application. This report provides the
generic technical basis supporting a part of the demonstration. The technical basis explains
how the programs manage aging effects and why the programs will remain effective during an
extended period of operation. The aging management options provided in this evaluation are
to be developed into programs by utilities applying for a renewed license. Plant-specific
implementation of these programs, as documented in the LR application, completes the
demonstration process.

In February 1996, Oak Ridge National Laboratory issued a report [Ref.1) that was prepared
as part of a program "to assist the U.S. NRC in their assessment of the effects of corrosion on
the structural capacity and leaktight integrity of metal containment vessels and steel liners of
reinforced concrete structures in nuclear power plants." The report was reviewed, and this
generic technical report (GTR) is consistent with the assessment methodology given.

t

|
|
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1.0 INTRODUCTION

The objectives of this report are to: l

identify and evaluate aging effects that degrade component functions that support=

system or structure intended functions

identify and evaluate time-limited aging analyses (TLAAs)=

Provide options, in terms of activities and program attributes, to manage these aging=

effects, and if necessary address TLAAs f

System-level intended functions will be maintained by maintaining structure or component
(SC) functions that support system intended functions. Hereafter, those SC functions that
support system intended functions will be referred to as SC intended functions.

Aging management options identified in this report, when implemented, will ensure that the
containment structure intended functions are maintained during an extended period of
operation.

This evaluation starts by identifying why the system, structure, or component (SSC) is within
the scope of the license renewal rule. An SSC is within the scope of the rule if it supports an
intended function. SCCs within the scope of the rule are:

1. The safety-related systems, structures, and components that are relied on to remain
functional during and following design-basis events (10 CFR 50.49 (b)(1)) to ensure the
following functions:

a. The integrity of the reactor coolant pressure boundary,

b. The capability to shut down the reactor and maintain it in a safe shutdown
condition, or

c. The capability to prevent or mitigate the consequences of accidents that could
result in potential offsite exposure comparable to the 10 CFR Part 100
guidelines.

2. All nonsafety-related systems, structures, and components whose failure could prevent
any of the functions identified in paragraph 1 a, b, or c above.

3. All systems, structures, and components relied on in safety analyses or plant
evaluations to perform a function that demonstrates compliance with the U.S. NRC's

Containment, Rev. O December 1996
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TABLE 1-1
COMMERCIAL WESTINGHOUSE NUCLEAR POWER

PLANTS IN THE UNITED STATES

Plant Name Net MWe Commercial Operation Date

Robinson 2 683 3&1

Shearon Harris 860 5/81
- ,

Braidwood 1 & 2 1120 7/88 & 10/88

Byron 1 & 2 1105 9/85 & 8/87
|Zion 1 & 2 1040 12/73 & 9N4

Haddam Neck 590 1/68

Indian Point 2 970 BN4 I

Indian Point 3 965 8/76

Catawba 1 & 2 1129 6/85 & 8/86

McGuire 1 & 2 1129 12/81 & 3/84

Beaver Valley 1 & 2 810 & 830 1N6 & 11/87

Turkey Point 1 & 2 666 12N2 & 9N3

South Texas Project 1 & 2 1250 8/88 & 6/89

Donald C. Cook 1 & 2 1020 & 1060 8/75 & 7/78

Seabrook 1150 7/90

Millstone 3 1146 4/86

Prairie Island 1 & 2 503 & 500 12/73 & 12N4
|;

Diablo Canyon 1 & 2 1073 & 1087 5/85 & 3/86 1

jSalem 1 & 2 1106 6/77 & 7/81

R.E. Ginna 470 7&O
i

Virgil C. Summer 885 1/84

| Joseph M. Farley 1 & 2 814 & 824 12/77 & 7/81 !

Alvin W. Vogtle 1 & 2 1100 & 1097 6/87 & 5/89

Sequoyah 1 & 2 1148 7/81 & 6/82

Watts Bar 1 & 2 1177 1996

Comanche Peak 1 & 2 1150 8/90 & 7/93
j

Callaway 1125 4/85

North Anna 1 & 2 911 & 909 6/78 & 12/80
]

Surry 1 & 2 781 12N2 & 5/73

Point Beach 1 & 2 485 12/70 & 10/72

i Kewaunee 503 6/74

Wolf Creek 1135 9/85

Containment, Rev. O December 1996
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The aging management programs identified to address the significant aging effects associated
with the centainment structures hate attributes that are in conformance with U.S. NRC ;

. SECY-96-080, April 16,1996 [Ref. 2). The attributes reference the 1992 ASME Code Section XI J
with the 1992 Addenda of Subsection IWE, " Requirements for Class MC and Metallic Liners of |
Class CC Components of Light-Water Cooled Power Plants," and Subsection IWL, ,

" Requirements for C' ass CC Concrete Components of Light-Water Cooled Power Plants."
;

The specified modifications and clarifications given in SECY-96-080 to amend 10 CFR 50.55a
are recommended for incorporation into a utility's license renewal plan that addresses |
containment structures. The four modifications to the final rule of 10 CFR 50.55a are:

;

Expansion of the evaluation of inaccessible areas of concrete containments to include I.

metal containments and the liners of concrete containments J

J

Permission of altemative lighting and resolution requirements for remote visual=

inspection of the containment

Examination of pressure-reta!ning welds and pressure-retaining dissimilar metal welds !.

are optional {
t
t

An attemative sampling plan has been added |
.

i

The clarification to the rule that more clearly defines the frequency of Subsection IWE general ;

visual examination is also recommended for inclusion in the aging management programs. f

1.1 APPLICABILITY ;

!

This evaluation is generically applicable to domestic commercial nuclear power plants with the i

Westinghouse nuclear steam supply system (NSSS), as listed in Table 1-1. Preparation of the j

report included establishment of boundaries by Westinghouse Electric Corporation as well as ;

utility reviewer confirmation of these boundaries to a practical extent. Use of this report, as [

referenced by a license renewal application, should include a verification of all the bounding |
information against plant-specific data. This verification will identify that the report is
applicable to the plant or what plant-specific data are not covered by this report and will be
evaluated as part of the license renewal application. |

t
i

1.2 STRUCTURE / COMPONENT SCOPE
!

!

The evaluation of the PWR containment structure includes the containment subcomponents
that are addressed in the scope of this evaluation and listed in Table 1-2. The shield building
is also included in the scope of the aging management evaluation reported within this report. f

it is noted that the Westinghouse ice condenser system is excluded. The boundaries of the
containment generic technical report (GTR), include the entire mechanical penetration

Containment, Rev. O December 1996
naaese w a m see 1-3

-- - - - . - _ - _ _ _A- nr um m - -'m, e * - - - - ~ - -



- . . _ - . . -. - - . - .. - . - .. . . . . . . _ . - . - . _ . . . - . . . _ . - . .

i
'

!
1 ,

The scope includes entire personnel airlocks. Airlock components such as equalizing valves,
handwheel shaft seals, and door seals are included. Electrical penetrations of the airlock
bulkheads are not included.

Equipment hatch designs are basically the same for both concrete and steel containments.
The scope of this evaluation includes the entire hatch including the flexible seals between the- !

hatch barrel flange and the head flange.

The scope also includes all parts of the fuel transfer tube that serve as part of the
containment system such as the blind flange with double seals, the closure detail between the

| containment liner (or steel containment) and the transfar tube, and the transfer tube itself. In

| addition, the gate valve at the outboard end of the transfer tube is included. The bellows
assembly connections between the stainless steel canal liners and the transfer tube are not
included in the scope.

|

The use of the term PWR containment within this report includes all of the scope as defined

( above.

I

>

|

|

!

.

I

|

|
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,

! assembly, exclusive of the process piping within the penetration. The welds to the process

| pipe are included in this scope. Flued heads are included in the scope. Piping insulation is
not included in the scope although in some cases the piping insulation also serves to maintain
the temperature of the concrete adjacent to the penetration sleeve within permissible limits.

For the high-temperature steel containment piping mechanical penetrations, the scope of this

|- evaluation includes allitems that perform a containment function except for the process pipe.
This includes the containment vessel nozzle, the bellows assembly, and the multiple flue
head.

For the smaller piping and cold lines, the scope of this evaluation includes the closure weld of
the steel containment to the process pipe. The process pipe is not included. Where bellows

| assemblies are used for smaller piping and cold lines, the included scope is the same as for j
the high-temperature lines described previously. '

I

The nozzle that is welded into the steel containment plate and the steel header plate for the
,

| electrical terminals are included in the scope. The wiring, sealing compound, fixtures to hold

! the sealing compound, and seal welds, which connect the fixtures to the header plate, are not
included in the scope of this evaluation.

Electrical penetrations of the containment shell are included in the scope of the report. !

( Electrical penetrations have assemblies that consist of both metallic and nonmetallic
! subcomponents. The scope of this evaluation includes all metallic components of the

| electrical penetration that are part of the containment pressure boundary. Seal materials such
'

as epoxy and silicone rubber are not included in this evaluation but are included in reports

| that address the environmental qualification of these types of materials. Nonmetallic
,

| assemblies are not included in the scope since they are replaced as needed as defined by the
'

( leak detection tests.

! TABLE 1-2
SCOPE OF CONTAINMENT SUBCOMPONENTS ADDRESSED IN REPORT

|
! Shell and dome of containment and shield building
I Structure mat (foundation) of containment and shield building

Structural connections

Concrete reinforcing. tendons, etc.

Steel liner

Embedments

Electrical penetrations including connectors

Penetrations for gas and fluid systems that include isolation valves

Fuel transfer tube
,

Equipment and personnel hatches that include seals

i
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redrawn for recirculation by the safety injection (SI) and residual heat removal (RHR) pumps
|

during the recirculation phase.
|

The configurations and materials of the containments vary depending on the design (e.g.,
steel containment, concrete containment, ice condenser containment). This section addresses

| the similarities and differences of the various containment designs as well as providing
information related to:

'Containment function.

'Containment description / configuration.

Materials of construction.

Engineering and design data.

Codes, standards, and regulatory requirements
|

.

Industry issues and maintenance requirements l.

The containment boundary consists of the interior and exterior surface of the reinforced :

concrete containment shell, including the basemat, or the interior surface of the steel
containment and the exterior surface of the shield building, including the common basemat.
The shield building is considered part of the containment boundary for plants with a steel
containment since it aids in the performance of intended functions. The boundary includes all
penetration assemblies in the containment shell, such as mechanical and electrical
penetrations, and the equipment hatch.

2.2 PARTS OR SUBCOMPONENTS SUBJECT TO AN AGING MANAGEMENT REVIEW !
l
lThe PWR containment structure performs the following: i

Protect the environment, plant personnel, and equipment from unacceptable radiation.

exposure and release during normal operating or accident conditions and minimize the
consequences of an accident

Provide structural support for interior structures and systems, and protect them from.

external loadings (e.g., wind, hurricane, tomado, etc.)

Provide for transfer of electricity, fuel, gas, and fluids through the containment barrier.

for use during normal operation

Provide for transfer of personnel and equipment.

Provide for emergency access.

Provide a containment venting function.

Containment, Rev. O December 1996
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2.0 IDENTIFICATION OF TIME-LIMITED AGING ANALYSES AND AGING EFFECTS

This section identifies the time-limited aging analyses (TLAAs) and aging effects related to the
PWR containment. First, the PWR containment is described in general terms. This
description includes the boundary of the PWR containment covered in this report. Next, the
reason why the PWR containment is within the scope of the license renewal rule is provided.
This reason identifies the intended functions. maintained by the PWR containment. The parts
of the PWR containment that are subject to an aging management review are then identified

and described in detail. These detailed descriptions identify related TLAAs and age-related
degradation mechanisms. Finally, aging effects resulting from age-related degradation
mechanisms are identified.

2.1 GENERAL DESCRIPTION AND BOUNDARY
I

PWR containments for plants included in this study share commonality of function, yet differ in
the details of their design. Fundamentally, PWR containments mairitain structuralintegrity,
and their structures and penetrations perform the intended functions identified in this section.

The nuclear power plant design incorporates multiple barriers between the prime
radioactivities and the public to provide protection from unacceptable radiation exposure.
These barriers consist of:;

The fuel element cladding, which encapsulates the fuel material and the fission*

products

The reactor coolant system (RCS) boundary, which contains any leakage from the fuel.

elements

A containment structure, which encloses a major portion, if not all, of the RCS.

The containment building serves as the last engineered barrier to the release of radioactivity
from the containment atmosphere to the environment. Therefore, the containment design and
construction details have a significant effect on the safety of a nuclear power plant.

|

The containment building limits accident peak temperatures and pressures and contains the
energy of a loss-of-coolant accident (LOCA) or pipe break accident. The reactor containments

| fall into one of two general function categories: dry or vapor suppression. Dry containments
rely on volume and physical strength to contain the energy released by an LOCA. Vapor
suppression containments use ice to condense or suppress the effects of energy contained in

,

the steam or vapor released by an accident. Also, the lower portions of the containment act
as a sump for the collection of liquids spilled during an accident, from which liquid may be

,
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l I
1

1

I

The PWR containment structures, parts, or components perform intended functions in a
passive manner and are long-lived; therefore, they are subject to an aging management
review.

2.2.1 Structural Functions

| The containment structure encloses and protects the major portion of a PWR nuclear steam
supply system (NSSS) and serves as the last engineered barrier to the release of
radioactivity. During the operating life of the plant, the containment structure. i

)
Limits the leakage rate of contaminants resulting from any LOCA and other postulated.

accidents

|

| Provides continued radiation shielding during normal plant operation and during.

| accident conditions
!

Protects the reactor vessel and other safety-related systems, equipment, and|
*

| components against resulting loads from all postulated extemal environmental
I conditions and missiles

2.2.2 Penetration Functions

| All penetrations through the containment pressure boundary are components of the
l containment system and are designed to limit leakage of radioactive materials from the

containment interior to the outside environment in the event of an accident.

!

| In addition to the containment function performed by all penetrations, each penetration

| performs service-related functions depending on the particular type of penetration.

j Penetrations may also serve as support points for systems such as piping passing through the
! penetration.

| The following describes the specific functions of various types of containment penetrations.
1

2.2.2.1 Mechanical Penetrations

Mechanical penetrations provide passage for process piping to transmit liquids or gases
across the containment pressure boundary. Mechanical penetrations in some plants are also
designed to limit radiation streaming to areas that require personnel access.

.
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|

Consistent with the above, the PWR containment performs the intended functions of:

Ensuring the integrity of the reactor coolant pressure boundary")*-

Ensuring the capability to shut down the reactor and maintain it in a safe") shutdown*

condition
,

|

Ensuring the capability to prevent or mitigate the consequences of accidents that could*

result in potential offsite exposure comparable to the 10 CFR 100 guidelines )
l
1

Ensuring compliance with the U.S. NRC regulations for environmental qualification* '

(10 CFR 50.49)
>

The functions of the structures, penetrations, and hatches are discussed in more detail in the'

following subsections.

.The parts or subcomponents that specifically suppori these intended functions are listed in
Table 21 and described in Section 2.3. Note that all of the parts listed are subject to an
aging management review.

TABLE 2-1
SUMMARY OF PARTS OR SUBCOMPONENTS REQUIRING

AGING MANAGEMENT REVIEW

Aging Management Review I
Part or Subcomponent Required? '

Shell and dome Yes

Structural mat (foundation) Yes |

Structural connections Yes

Concrete reinforcing, tendons, etc. Yes

Steel liner Yes
,

|
Embedments Yes

Electrical penetrations including connectors Yes
"

Penetrations for gas and fluid systems that include isolation Yes
valves

Fuel transfer tube Yes

Equipment and personnel hatches that include sats Yes

"%is intended function is included as a result of the structural support provided by containment.
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2.3 DESCRIPTIONS

'

The configurations of the PWR containment vary from plant to plant even though they provide
the same primary functions. The PWR containment design configurations for the commercial
Westinghouse PWR plants within the United States are given in Table 2-2. The designs are
grouped into basic configurations, defined as Type 1 through Type 3, with subgroup variations
a through c, as applicable. The three configuration types and variations are:

1. Steel Containment with Re|nforced Concrete Shield Building
a. With ice condenser
b. No ice condenser

2. Steel-Lined Reinforced Concrete
a. Reactor building is atmospheric
b. Reactor building is sub-atmospheric
c. Reactor building is sub-atmospheric with ice condenser

3. Steel-Lined Reinforced Concrete with Post-Tensioning
a. Three directional post-tensioning
b. Vertical post-tensioning only

The basic configurations are described in Subsection 2.3.1 and summarized for the plants
within the scope of this aging evaluation in Table 2 3.

2.3.1 Configuration Description

2.3.1.1 Steel Containment with Reinforced Concrete Shield Sullding - Type la and 1b

The containment function is performed by a steel containment vessel in combination with a
separate reinforced concrete shield building that surrounds the steel containment. The shield
building has a vertical right cylindrical wall capped with a shallow hemispherical dome and is
supported by a flat circular basemat. The containment vessel is a low-leakage, free-standing
steel structure consisting of a cylindrical wall, a hemispherical dome, and a bottom liner plate

i enclosed in concrete. The vessel is typically anchored to the shield building foundation via
anchor bolts welded around the circumference of the cylinder base. The steel containment
and the shield building are separated by an annular air space. The airspace and containment,
through the vacuum relief system, or just the airspace may be maintained at sub-atmospheric

y pressure to prevent leakage.
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|

2.2.2.2 Electrical Penetrations

Electrical penetrations provide passage for electrical and instrumentation conductors across
the containment pressure boundary while maintaining a leak-tight seal.

2.2.2.3 Personnel Airlocks

Personnel airlocks provide safe and reliable passage of personnel and small equipment
across the containment pressure boundary during plant operation without compromising the
containment system. During plant shutdown, the interlocking system for the two airlock doors

can be deactivated, as permitted by technical specification limitaticas, to provide more ready
access to the containment.

2.2.2.4 Equipment Hatch

The equipment hatch provides the means for moving larger pieces of equipment and
structures across the containment pressure boundary. The equipment hatch is typically used
during plant shutdown; it most commonly consists of a single-dished hatch cover.,

2.2.2.5 Fuel Transfer Tube Penetration

The fuel transfer tube links the refueling canal in the reactor building with the fuel transfer
canal in the fuel handling building. The fuel transfer tube penetration serves as the

underwater pathway for moving the fuel assemblies into and out of the reactor building as part
of the refueling operations that occur during plant shutdown.

2.2.2.6 Spare Penetrations

During an outage, spare penetrations can readily be converted into additional permanent
mechanical or electrical penetrations. The spare penetration provides a cost-effective means
to provide an additional penetration without having to create a new opening through the
containment by destructive means.

2.2.2.7 Residual Heat Removal Penetrations

Residual heat removal (RHR) penetrations provide passage of the RHR piping across the
containment pressure boundary. The RHR system removes heat from the containment in the
event of an accident.
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TABLE 2-2 (Continued)
COMMERCIAL WESTINGHOUSE PLANT CONTAINMENT CONFIGURATIONS

Reinf.
Concrete Steel

Containment Post- Ice Shield Enclosure
Plant Name Type Liner Tensioning Condoneer Building Building j
Joseph M Farley Reinf. Steel Three direc. No No No i1&2 Concrete -,

Alvin W Vogtle 1 Reinf. Steel Three direc. No- No No
&2 Concrete

Sequoyah 1 & 2 Steel Cylinder None Not used No Yes No :

Watts Bar 1 & 2 Steel Cylinder None Not used Yes Yes No |

Comanche Peak 1 Reinf. Steel Not used No No No I

&2 Concrete

Callaway Reinf. Steel Three direc. No No No
Concrete

North Anna 1 & 2 Reinf. Steel") Not used No No No
Concrete

Surry 1 & 2 Reinf. Steel") Not used No No No !

Concrete
,

Point Beach 1 & 2 Reinf. Steel Three direc. No No No
'

Concrete

Kewaunee Steel Cylinder None Not used No Yes No

Wolf Creek Reinf. Steel Three direc. No No No
Concrete

!!als

(1) Reactor building is subatmospheric.

!

|

1

!

!
!
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TABLE 2-2
COMMERCIAL WESTINGHOUSE PLANT CONTAINMENT CONFIGURATIONS !

Reinf. I

Concrete Steel !
Containment Post- Ice Shield Enclosure f

Plant Nome Type Liner Tensioning Condenser Building Building

Robinson 2 Reinf. Steel Vertical No No No ,

Concrete 5

?

Shearon Harris Reinf. Steel Not used No No No L

Concrete j
Braidwood 1 & 2 Reinf. Steel Three direc. No No No

Concrete j
iByron 1 & 2 Reinf. Steel Three direc. No No No |Concrete
,

Zion 1 & 2 Reinf. Steel Three direc. No No No i
Concrete '

t

Haddam Neck Reinf. Steet Not used No No No
'

Concrete ;

indian Point 2 Reinf. Steel Not used No No No ,

Concrete ;

indian Point 3 Reinf. Steel Not used No No No
'

Concrete

Catawba 1 & 2 Steel Cylinder None Not used Yes Yes No :

McGuire 1 & 2 Steel Cylinder None Not used Yes Yes No

Beaver Valley 1 & 2 Reinf. Steelm Not used No No No
Concrete

Turkey Point 1 & 2 Reinf. Steel Three direc. No No No .

Concrete !.
,

South Texas 1 & 2 Reinf. Steel Three direc. No No No
Concrete j

Donald C. Cook 1 Reinf. Steel Not used Yes No No !&2 Concrete i

Seabrook Reinf. Steel Not used No No Yes ;
Concrete

Millstone 3 Reinf. Steelm Not used No No Yes
Concrete

Prairie Island 1 & 2 Steel Cylinder None Not used No Yes No

Diablo Canyon Reinf. Steel Not used No No No
1&2 Concrete

Salem 1 & 2 Reinf. Steel Not used No No No ;

Concrete

R.E. Ginna Reinf. Steel Vertical No No No
Concrete

Virgil C. Summer Reinf. Steel Three direc. No No No
Concrete

Containment, Rev. O December 1996
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TABLE 2-3 (Continued)
PRESSURIZED WATER REACTOR CONTAINMENT
STRUCTURE CONFIGURATION CLASSlFICATION

Dome
Wall Thickness Thickness Foundation Mat 1

Plant Name Containment Type (ft.)") (ft.)") Thickness (ft.) i

Surry 1 & 2 2b 4.5 2.5 10.0

Point Beach 1 & 2 3a 3.5 2.5 8.0 I

Kewaunee 1b 2.5 2.0 8.0 !

Wolf Creek 3a 4.0 3.0 10.0

Notes: |
!

(1) Wall and dome thickness refers to the thickness of the concrete portion of the primary containment |
or the shield building for the free-standing steel containment. '

i

!

!
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TABLE 2-3 '

PRESSURIZED WATER REACTOR CONTAINMENT !

STRUCTURE CONFIGURATION CLASSlFICATION

,

Dome
Wall Thicknees Thickness Foundation Met

Plant Name Containment Type (ft.T8 (ft.T8 Thicknees (ft.)

Robinson 2 3b 3.5 2.5 10.0

Shearon Harris 2a 4.5 2.5 12.0

fBradwood 1 & 2 3a 3.5 3.0 12.0

Byron 1 & 2 3a 3.5 3.0 12.0 ,

Zion 1 & 2 3a 3.5 2.75 9.0

Haddam Neck 2a 4.5 2.5 9.0

Indian Point 2 2a 4.5 3.5 9.0

indian Point 3 2a 4.5 3.5 9.0

Catawba 1 & 2 1a 3.0 2.25 6.0

McGuire 1 & 2 1a 3.0 2.25 6.0

Beaver Valley 1 & 2 2b 4.5 2.5 10.0

Turkey Point 1 & 2 3a 4.5 2.5 12.0

South Texas 1 & 2 3a 4.0 3.0 18.0

Donald C Cook 1 & 2 2c 3.5 2.5 to 3.5 10.0

Seabrook 2a 4.0 3.5 10.0

Millstone 3 2b 4.5 2.5 10.0

Prairie Island 1 & 2 1b 2.5 2.0 4.0

Diablo Canyon 1 & 2 2a 3.67 2.5 14.5

Salem 1 & 2 2a 4.5 3.5 16.0

R. E. Ginna 3b 3.5 2.5 2.0

Virgil C. Summer 3a 4.0 3.0 12.0

Joseph M Farley 1 & 2 3a 3.75 3.25 9.0

AMn W Vr pie 1 & 2 3a 3.75 3.75 10.5

Sequoyah 1 & 2 1a 3.0 2.0 9.0

Watts Bar 1 & 2 1a 3.0 2.0 9.0

Comanche Peak 1 & 2 2a 4.5 2.5 12.0

Callaway 3a 4.0 3.0 10.0

North Anna 1 & 2 2b 4.5 2.5 10.0

Containment, Rev. O December 1996
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I,

The containment may be of either Type 1a (vapor suppression, equipped with an ice !
condenser system) or Type 1b (dry suppression, without an ice condenser system). The ice j

condenser system resides inside the containment between the crane wall and steel shell. In
;

vapor suppression containments the crane wall separates the ice condenser compartment |
from the rest of the containment compartment and provides structural support for the polar |

!crane. Figure 2-1 provides a Type 1 containment cross-section with an ice condenser.
!
*Steel Containment

,
'

Typical dimensions for the steel containment vessel include a 115-foot diameter for the
cylindrical wall, a dome radius of 57.5 feet, and overall height of 171 feet. The bottom liner
plate is 1/4-inch thick, is anchored to the foundation slab, and is covered by a reinforced -

concrete floor slab with a nominal thickness of 2 feet that forms the containment floor. The
bottom liner plate functions as a leak-tight membrane and is not designed for structural
capabilities. The thickness of the dome and walls of the vessel may vary for various power

Iplants. The thickness of a cylinder wall or dome may be uniform or vary wit' height. The-

typical uniform thickness is 3/4 inch for the wall and 11/16 inch for the dome. The non- ;

uniform cylinder wall thickness typically varies from 1-3/8 inches at the bottom to 1/2 inch at
the spring line, where the dome and wall meet. The dome varies from a 7/16-inch thickness

,

at the spring line to 15/16 inch at the apex.

On the shell exterior the steel containment vessel has either circumferential and vertical
stiffeners or circumferential ring girders with vertical stringers. These stiffeners and girders i

are required to maintain stresses within the allowable limits. Penetrations are provided for
mechanical, electrical, and personnel egress and ingress. Local reinforcing around these
penetrations is provided for strengthening.

,

Shield Building

The shield building is made up of a cylindrical wall with a dome and foundation stab. Typical i
'

dimensions for the cylinder walls are a 127-foot diameter and a 3-foot thickness. The dome
thickness varies from plant to plant, with values ranging from 24 to 30 inches. The inner |
radius is consistently 87 feet. The containment basemat foundation consists of a thick, {
circular reinforced concrete slab with a diameter slightly greater than that for the cylindrical |
wall. The thickness ranges from 6 to 9 feet.

Vertical reinforcement steel continues from the cylindrical wall to the dome and extends into {
the foundation slab. In the wall, conventional steel reinforcing bars are applied throughout the ;
structure and placed in a horizontal and vertical pattern near each face. No special ;

reinforcement is provided near penetrations less than 12 inches in diameter, since these

i

Containment, Rev. O December 1996
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penetrations do not significantly disturb the reinforcing pattern. For penetrations larger than
12 inches, reinforcement steel is either terminated at the opening arid supplemental
reinforcing is added, or the reinforcement is continuous and is bent to curve around the

opening. Supplemental steel has equal or greater strength than the terminated reinforcement.

Dome reinforcement is arranged in a radial and circumferential pattern, where the radial bars
are continued from the vertical bars in the cylindrical wall. Additional reinforcement schemes
may be employed.

The slab reinforcement pattem consists of concentric circular bars combined with radial bars,
at the top and bottom face, arranged to permit uniform spacing of the vertical wall rebar that
extends into the mat.

2.3.1.2 Steel-Lined Reinforced Concrete - Type 2a,2b, and 2c

PWR containment function is provided by a steel-lined reinforced concrete structure. The
structure has a vertical cylindrical wall capped with a hemispherical dome and is supported on
a flat basemat that is founded in bedrock. The structure may be designed to operate under
sub-atmospheric conditions to limit leakage. A typical cross-section of a Type 2 containment
is shown in Figure 2-2.

|

IThe cylindrical wall thickness ranges from 4 to 4-1/2 feet, has a 140-foot inside diameter (ID),
and is 131 feet from the mat to the spring line. Reinforcement consists of horizontal bars
located near both the inner and outer faces of the wall and rows of vertical bars placed near
each wall face supplemented by inclined steel bars.

The dome has an inside radius of 70 feet and is 2-1/2 to 3-1/2 feet thick. The internal height
from the basemat to the center of the dome varies from 201 to 219 feet. The inside radius of
the dome is equal to the inside radius of the cylinder so that the discontinuity due to the
change in thickness at the springline is on the outside. Reinforcement consists of meridionally
placed reinforcement, extending from the vertical bars of the cylindrical wall, and horizontal
hoop bars, both placed in each layer of reinforcement.

The basemat foundation diameter varies from 153 to 158 feet, and the thickness ranges from
6 to 10 feet. The bottom reinforcement is a rectangular grid pattem while the top
reinforcement consists of concentric circular bars combined with radial bars that are arranged
to permit a uniform spacing of vertical wall rebar that extends into the mat.

Containment, Rev. O De : ember 1996
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Steel Liner

The steel liner is made up of a vertical cylindrical portion closed at the top by a hemispherical
dome and attached at the bottom by a mat liner completely enclosing the containment with a
steel liner. The wall liner plate is 3/8-inch thick, the dome liner plate is 1/2-inch thick, and the
mat liner is 1/4-inch thick. The liner plate is a continuously welded steel membrane supported
by and anchored to the inside of the containment at sufficient intervals so that the overall

deformation of the liner is the same as the concrete structure under all loading conditions.
The liner functions as a leaktight membrane under conditions encountered throughout the
operating life of the plant. The liner is designed to resist all direct loads and to accommodate

deformation of the concrete containment structure without compromising the leaktight integrity.
The liner pressure boundary includes embedments, insert plates, and penetrations. Leak
chase channels are installed over penetration to liner seams and over knuckle plate to liner
seams to ensure a controlled release.

The 1/4-inch thick steel basemat liner plate is anchored to the foundation slab. Two methods
are employed to anchor the liner to the basemat: either the liner is welded to a ring plate that
is anchored in the base slab and then welded to the skirt ring of the wall liner; or the liner
plate is directly anchored with embedded stiffeners and anchors. A reinforced 2-foot thick

concrete slab (fill mat) is poured over the liner plate and may or may not be anchored through
the floor liner to the basemat. The fill mat stiffens the liner against sub-atmospheric pressure
and protects it from high temperatures associated with accident conditions.

2.3.1.3 Steel-Lined Reinforced Concrete, with Post-Tensioning - Types 3a and 3b

This containment type is similar to the steel-lined reinforced concrete containment except that
post-tensioned tendons are used with conventional steel reinforcement in the concrete

cylindrical wall and dome. Three directional post-tensioning or vertical post-tensioning is
found. The concrete foundation is a conventionally reinforced mat. Figure 2-3 provides a
cross-sectional view of a Type 3 containment.

Three Directional - Type 3a

The cylindrical portion of the containment concrete is prestressed by a post-tensioning system
composed of horizontal and vertical tendons. The horizontal tendons are either placed in
three 240-degree segments using three vertical buttresses spaced 120 degrees apart (the
three-buttress configuration; see Figure 2-4), or in six 120-degree segments using six vertical
buttresses spaced 60 degrees apart (the six-buttress configuration). The three-way dome
tendons are anchored at the side of the ring girder. The buttresses act as a support for the
anchorages. The dome has a three-way, criss-cross tendon pattem in which groups of
tendons intersect at 120 degrees. A continuous access gallery is provided beneath the base
slab for installation and inspection of the vertical tendons.

Containment, Rev. O December 1996
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The tendons are installed in metal sheaths that form ducts through the concrete between
anchorage points. Sheaths are provided with vents and drains to permit the release of
trapped air during greasing and accumulated water prior to greasing. The vents and drains
are sealed in the greasing operation. The sheathing filler material, grease, used for

|

permanent corrosion protection is a modified, refined petroleum oil base product. The I

material is pumped into the sheathing after tendon preloading.

I

The vertical tendons are anchored at the top of the ring girder at the dome periphery and at I
the bottom of the foundation slab. The hoop tendons are anchored at only two buttresses.
The three-buttress configuration has tendons spanning an arc of 240 degrees, bypassing an

,

intermediate buttress, while the tendon for the six-buttress configuration spans an arc of i
120 degrees, also bypassing an intermediate buttress. Horizontal and vertical tendons are I

continuous and are bent to curve around major penetrations.

Vertical - Type 3b |
|

I
The cylinder walls are concrete reinforced circumferentially and post-tensioned prestressed

,

vertically. Reinforcement includes hoop reinforcing steel and vertical tendons post-tensioned |

to a value sufficient to ensure there will be no tensile stresses in the concrete due to
'

membrane forces when design load combinations are applied. The tendons are composed of
a number of high-strength steel bars or steel wire. '

The prestressing system for post-tensioning the containment structure for the vertical direction
consists of a number of tendons placed at intervals around the periphery of the containment at
the cylinder wall centerline. Each tendon is sheathed with 6-inch galvanized steel pipe or
some type of galvanized corrugated steel tubing or conduit. Ducts or ends are capped or
sealed at the lower end or at both ends. Corrosion protection of post-tensioned steel tendons
is provided by filling the ducts or, sheaths housing the tendons with portland cement grout or
microcrystalline petrolatum containing organic-based corrosion inhibitors. Use of non-grouted,
post-tensioned steel tendons is prevalent in U.S. nuclear plant construction with grouted
tendons applied only at one commercial Westinghouse plant, H. B. Robinson Unit 2. A tendon |
may consist of a number of 1/4-inch or 1/2-inch diameter steel wires or a single round steel
bar. The tendons are anchored to a bearing plate. Round steel bar tendons are anchored to
the bearing plate using a grip nut, while a buttonhead anchorage system is applied for the
wire tendons. A grip nut is a modified positive action wedge anchor with the adjustment
capability of a threaded anchor. The buttonhead anchorage system positive anchorage and
performs well when subjected to seismic loading. Button heads are formed on the wire by
cold upsetting and bear upon a perforated steel anchor head.
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2.3.1.4 Foundations

PWR containment foundations typically consist of a reinforced concrete mat that is supported
on rock, soil, or on a deep foundation such as piles. Pile foundations have been used for
relatively few PWR containments and should be addressed in the license renewal applications
for those individual plants.

2.3.1.5 Leak Chase or Weld Channel System

i

The leak chase or weld channel system consists of a network of steel channels welded in

place over weld seams on the steel liner or steel containment vessel. The system of channels
can be pressurized to the design pressure for testing the leaktightness of the steel liner or
steel containment welds, or for containment leak rate testing. A zoning system may be
employed where sections of channels are separated by welded dams, permitting the tracing or
location of the source of leakage. The channels may be applied on the steel liner, including
mat, wall liner, dome, and penetrations and are provided with fittings that permit the f
repressurization of the system. Other plants may have the channels applied only on the base
liner, which is covered with a 2-foot thick concrete pour forming the containment floor slab.
The channels may or may not be accessible after construction, depending on the plant design;
therefore, use is abandoned except for local leak tests near penetrations. Figures 2-5A and
2-5B show a cross-section of the leak chase components.

The channels are subject to the same aging degradation mechanisms as the steel liner or
containment, mainly corrosion.

.

2.3.1.6 Penetrations

Mechanical

Typical mechanical piping penetrations through concrete containments are shown in
Figures 2-6 and 2-7. Figure 2-6 shows single-barrier piping penetrations with a single closure
between the process pipe and the containment liner. Single-barrier designs are typical of
later-generation containment penetrations. Figure 2-7 shows the earlier double-barrier
penetration designs. Double-barrier designs provide a permanent captive air space between
the process pipe and sleeve for local leak testing of the penetration assembly.

Mechanical penetrations in concrete containments provide a support point for the piping
system. The robust cylindrical wall of concrete containments typically serves as an anchor
point for hypothetical pipe rupture loadings from high energy lines such as main steam and
feedwater.
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Various systems are used to classify the piping penetrations for design purposes. In general,
the classification is based on whether thermal movement of the process line is expected. The
piping penetrations are typically classified into high or moderate temperature service. A third
type of penetration is a multiple pipe penetration, where more than one line passes through
the penetration. Multiple penetrations include small-diameter tubes for sampling lines. Socket ,

weld couplings may be welded into the penetration header plate to mate with the seamless
tubing.

,

The mechanical penetrations, or piping penetrations, are provided for fluid carrying pipes and -
for air purge ventilating piping. In certain steel containment designs, vacuum breaker
penetrations are provided through the steel containment and into the annulus between the
containment and the shield building.

For steel containments, process lines traverse the boundary between the inner steel '
containment and the outer shield building by means of penetration assemblies consisting of
several components, as shown in Figures 2-8,2-9, and 2-10. Suitable details are provided to
accommodate piping thermal movement. Similarly, for high temperature double-barrier ;

penetrations, as shown in Figure 2-7 for concrete containments, one of the barriers consists of
a bellows to permit unrestrained thermal growth of the pipe. The stainless steel bellows
assemblies are two-ply construction and designed for a conservative number of movement

,

cycles, such as a greater than expected number of heatup-cooldown cycles for an 80-year
design life.

,

Typical mechanical piping penetrations through steel containments are shown in Figures 2-8 i

and 2-9. The closure between the steel containment and process pipe is provided by either a |
bellows assembly detail as shown in Figure 2-8 or by a direct welding of the piping to the
steel containment as shown in Figure 2-9.

High-temperature penetrations such as the main steam and feedwater typically use the
bellows detail because it permits relative movement between the piping and the steel
containment so that relatively high support loads from large bore lines are taken by the
support at the more robust concrete shield building wall rather than by the steel containment.
The bellows closure provides the necessary pressure seal but does not physically support the
pipe. This arrangement permits differential seismic a~! thermal movements between the steel

containment, concrete shield building, and containment interior structures without impacting
the containment function.

!
:
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Penetration closures for smaller lines and cold lines may be provided by direct welding of the
pipe to the steel containment as shown in Figure 2-9. This detail provides both pressure ;

sealing and physical support. In this case, a bellows assembly is provided at the concrete
shield building to accommodate the differential building movements. Bellows assemblies may
also be used for the closure to the steel containment for the cold and smaller lines. However,
the direct welding detail shown in Figure 2-9 is typically provided, where feasible, because the
rigid-plate-to-pipe weld provides a more reliable seal at the primary containment boundary [
than bellows details. )

Mechanical (piping) penetrations for concrete containments may be classified according to ;

arrangement as follows:

Single-Barrier Penetrations.

i*

Single-barrier penetrations are shown in Figure 2-6. This arrangement provides a single '

" rigid' closure between the containment liner and the process pipe. The closure may |
consist of a flued head forging, a standard pipe cap, or a plate with a segment of sleeve
pipe-

Double-Barrier Penetrations.
;

The arrangement of double-barrier piping penetrations for concrete containments is shown
l in Figure 2-7. Two typical arrangements are used depending on the design temperature

for the process pipe.
.

Electrical

An electrical penetration through a concrete containment is shown in Figure 2-11.

Electrical-type penetrations through steel containments are shown in Figures 2-12 and 2-13.

The scope of this evaluation includes the metallic components of the typical electrical
penetration that are part of the containment pressure boundary. A typical cable feed-through
module is shown in Figures 2-12 and 2-13. There are generally four types of electrical cable
penetrations required in the containment depending on the type of cable involved:

Medium voltage power,4160 V or 6.9 kV I.

Low voltage power, control and instrumentation, 600 V and lower.

Thermocouple leads.

Special instrumentation coaxial and triaxial circuits*

. .
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Typically, medium and low voltage electrical penetrations consist of carbon steel pipe
canisters with stainless steel header plates bolted to one or both of the ends. Identical,
hermetically sealed ceramic multi-pin connectors are mechanically connected to the header
plate (s) for all conductors rated less than 600 volts. High voltage conductors use single- '

conductor, hermetically sealed ceramic bushings, also mechanically connected to both header ;

plates. A flange on each canister is welded to the penetration sleeve. The electrical
penetration assembly permits pressure and leakage tests to be performed at the shop and -
after installation in the containment. A tap, convenient to the exterior of the containment, is
provided for pressurizing the canister. The terminations of the conductors to the connectors

inside the canisters are potted to protect against moisture. A plug is provided to permit
purging with dry nitrogen.

Fuel Transfer Tube

Penetration of the reactor building by any means compromises the containment and requires
measures to be taken to ensure closure during an accident or unexpected leaks. The fuel
transfer tube penetrates the reactor building and links the refueling canal in the reactor

| building with the fuel transfer canal in the fuel handling building. Therefore, the design of the

| fuel transfer tube and its penetration of the reactor building must ensure that a breach of the
i building is not possible under the spectrum of accident and loading conditions.

A fuel transfer tube penetration arrangement through a concrete containment is shown in

| Figure 2-14. As shown in the figure, the closure between the transfer tube and the sleeve that

! is welded integrally into the containment liner typically consists of a circular plate shop-welded
to the tube and a short segment of pipe to mate with the sleeve. All welds in the closure
between the tube and liner are full-penetration welds except for the flange adaptor ring welded
to the end of the tube. The blind flange adaptor ring is connected to the transfer tube pipe by
two separate continuous partial penetration welds. For older vintage plants, the bimetallic

! transition weld between the stainless transfer tube and the carbon steel plate or pipe segment
was shop-welded for better control of quality. For later plants, with improved welding
materials and techniques, the transition weld was made in either the shop or field. For
double-barrier designs, a welded canopy is placed over the connecting hardware between the
tube and liner.

|
A fuel transfer tube penetration arrangement through a eteel containment is shown in !

Figure 2-15. The closure between the tube and steel containment in most cases is basically
the same as for the concrete containment: a rigid connection to a sleeve shop-welded into
the steel containment. In some designs, the closure to the steel containment vessel may
consist of a flexible bellows assembly.
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During normal operation, the fuel transfer tube penetration is closed and serves as part of the
containment pressure boundary. The closure at the pressure boundary end inside
containment typically consists of a blind flange with double seals. The closure on the fuel
handling building end outside the containment generally consists of a gate valve supported
from the end of the transfer tube.

The fuel transfer tube also provides support for the transfer mechanisms and the fuel

assemblies against natural hazards, such as earthquakes, that are postulated to occur during
transfer operations.

Residual Heat Removal

A residual heat removal (RHR) penetration is shown in Figure 2-16. The blind flange shown
at the end inside containment is used for periodic local leak testing of the penetration. The
blind flange is removed during normal plant operation. The containment system boundary
extends out to and includes the chamber surrounding the isolation valve. The boundary is at
the connection of the penetration sleeve to the chamber surrounding the isolation valve and at
the weld of the RHR piping within the penetration to the isolation valve.

Spare Penetrations

Spare penetrations generally consist of a sleeve with welded end cap closures. A spare
penetration through a concrete containment is shown in Figure 2-17. The arrangement and
details are basically the same for steel containments except that the sleeve is welded to the
steel containment plate rather than to the concrete containment liner. For some plants, spare
penetrations that are used only during outages may incorporate bolted blind flanges with
flexible seals for ease of removal and replacement.

2.3.1.7 Personnel Airlocks

Typically, two access airlocks are provided at two different floor levels of the containment for
normal and emergency ingress and egress.

A typical personnel airlock through a concrete containment is shown in Figure 2-18. The
airlock consists of a cylindrical barrel section with leaktight doors at each end. The airlock is
supported by the concrete containment wall. Airlocks through steel containments are basically
the same with the exception that they may be supported by the concrete shield building rather
than the steel containment. The leaktight closure between the steel containment and the
airlock barrel is by a flexible connection such as a bellows assembly.
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| 2.3.1.8 Equipment Hatch

An equipment hatch arrangement is shown in Figure 2-19. Supplementary equipment such as
a monorail and hoist system are usually associated with the equipment hatch to permit
efficient usage of the large opening. In later-generation plants, the hatch diameter is typically
sized to permit removal and replacement of a steam generator. In the older plants, the
diameter is adequate to support most maintenance activities but does not permit passage of
an intact steam generator,

in some cases, a smaller diameter emergency access personnel airlock is incorporated into
the equipment hatch head, providing a dual function design.

2.3.1.9 Access Airlocks

Generally, two airlocks are provided into the containment for personnel ingress and egress.
For some containments, two different size airlocks are used. The larger airlock is typically
used as the primary access and the smaller airlock for emergency access. In some
containments, one of the personnel airlocks penetrates the dished cover of the equipment
hatch.

Personnel airlocks typically consist of a double door, welded steel assembly as shown in
Figure 2-18. The airbcks are designed to withstand all containment design conditions with
either or both doors closed and locked. The doors open toward the center of the containment
and are thus sealed under containment pressure. The airlock may be pressurized to
demonstrate leaktightness without pressurizing the containment. Each airlock is pneumatically
tested in the shop for pressure and leakage. Quick-acting equalizing valves connect the
personnel lock with the interior and exterior of the containment vessel for the purpose of
equalizing pressure in the two systems when entering or leaving the containment.

The two personnel airlock doors are interlocked to prevent both being opened simultaneously
and to ensure that containment is always maintained by one door being completely closed
before the other door can be opened. The interlocking system has the capability to be
bypassed allowing the doors to be left open during plant cold shutdown. In most cases
operation of the lock is manual, without power assist.

Each airlock door is provided with flexible seals. The arrangement and type of seals varies.
In most cases, double gasket seals that have provisions for local leakage testing between the ;

seals or inflatable seals are provided. '

!
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2.4 ENGINEERING AND DESIGN DATA
.

; Engineering and design data important to the aging evaluation of the PWR containment :

structure are presented. These include: codes and standards, materials, design pressures
and temperatures, and design loading.

.

*

2.4.1 Containment Structural Codes and Requirements
1

The applicable codes and requirements for the containment structure are a function of the

containment design and vintage. Basically, three codes are employed to define design
criteria, depending on the construction characteristics of the structure:

i

Concrete American Concrete Institute (ACl)-

Vessel - American Society of Mechanical Engineers (ASME)
Structural Steel American Institute of Steel Construction (AISC)

, -

Welding - American Welding Society (AWS) and ASME
,

Different code editions are used based on the plant vintage. Tables 2-4 to 2-6 provide a
summary of the applicable codes for each of the plants.

2.4.2 Penetrations
.

Table 2-7 lists the codes and standards applicable to the containment penetrations including
the airlocks, equipment hatch, fuel transfer tube, and mechanical and electrical penetrations.

2.4.3 Containment Structural Design Data

Various materials are used in the construction of the containment structure. They are defined j
in Tables 2-8 to 2-10. Materials are given for seven basic areas of the containment structure:

Airlock / hatch.

Liner plate.

Reinforcement steel.

Structural steel.

Pre-stress or post-tension tendons.

Tendon sheathing.

Penetration pipe sleeve.

!
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|
'

|

[p TABLE 2-4
CONTAINMENT DESIGN CODES

D!
[,a Plant Name ACI ASME Structural Code Welding

N? Robinson 2 318-63 Sect lil AISC 1963 AWS D1.1.76
<
'

Shearon Harris 359 Sect til AISC 1969 NdS D1.1-75 :
o

318-1971 Div 1 & 2-1975

Braidwood 1 & 2 318-71,77,80 Sect 111 AISC 1969 AWS D1.1
Div 1 & 2-72 i

Byron 1 & 2 318-71,77,80 Sect til AISC 1969 AWS D1.1
Div 1 & 2-72

Zion 1 & 2 310-63 Sect Ill Div I-65 AISC 1963 ASME Sect IX
Sect Vill

Haddam Neck 318-63 ASME Followed AISC 1963 Not Available

Indian Point 2 318-63 Sect 111 Div 1 AISC 1963 ASME Sect Vill

$ Indian Point 3 318-63 Sect til Div 1 AISC 1963 Not Available

Catawba 1 & 2 318-71 Sect til Div 1-71 AISC 1963 Not Available

McGuire 1 & 2 318-63 Sect Ill Sub B-68 AISC 1969 Not Available

Beaver Valley 1 & 2 318-71 Sect 111 AISC 1969 AWS D1.1-72 -

Turkey Point 1 & 2 318-63 Sect til Sub B AISC 1963 Not Available
Sect Vill

,

,

'

South Texas 1 & 2 359 Sect lil Div 1 AISC 1969 AWS D1.1-75

Donald C. Cook 1 & 2 318-63 Sect 111-1968 AISC 1963 ASME Sect Vill j

?
a
@
a
e
8
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"O TABLE 2-5

f CONTAINMENT DESIGN CODES

i3
$$ Structural

| 'ca
Plant Name ACI ASME Code Weldingo

$ Seabrook 318-71 Sect til AISC 1965 ASME Sect 11 Part C
Div 1 & 2 - 75

Millstone 3 318-71 Sect 111 AISC 1969 AWS D1.1-72, 73, 79
Div 1 & 2 - 71

Prairie Island 1 & 2 318-63 Sect ||| AISC 1963 AWS D1.0
Div 1-77

Diablo Canyon 1 & 2 318-63 Sect 111 AISC 1969 AWS D1.0-66
Sect Vill-68

Salem 1 & 2 318-63 Sect 111-68 AISC 1969 Not Available

R. E. Ginna 318-63 Sect til & Vill AISC 1963 ASME Sect IX

Virgil C. Summer 318-71 Sect lli AISC 1969 AWS D1.1-72
Div 1 & 2

James M. Farley 1 & 2 318-63 Sect 111-68 AISC 1969 AWS D2.0

Alvin W. Vogtle 1 & 2 318-71 Sect ill Div 21977 AISC 1969 Not Available

Sequoyah 1 & 2 318-63 Sect lil AISC 1969 AWS D1.1-72
Sub B-1968

?
a

e
8
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!R TABLE 2-6
1$' CONTAINMENT DESIGN CODES
$8
1.a
gn Plant Name ACI ASME Structural Code Welding

$ Watts Bar 1 & 2 359 Sect III-Div 1 AISC 1969 AWS D1.1/2-74
318-71

Comanche Peak 1 & 2 359 Sect ill Div 1 & 2 AISC 1969 AWS D12.1-61

Callaway 318-71 Sect 111-74 AISC 1969 AWS D1.1-75

North Anna 1 & 2 349-80; 318-71 Sect 111 & Vill-69 AISC 1978 Not Available

Surry 1 & 2 318-63 Part IV-B Sect lil-68 AISC 1963 AWS D12.1

Point Beach 1 & 2 318-63 Sect lli & Vlil AISC 1963 ASME IX

Kewaunee 318-63 Sect lll Sub Sect B AISC 1963 ASME Sect IX

Wolf Creek 318-71 Sect til Div.1, Div. 2 AISC 1969 AWS Sect D1.1-75
349-80 1979

?
8

s
8
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|

|

TABLE 2-7
CONTAINMENT PENETRATIONS CODES AND STANDARDS

American Nuclear Society

ANS 7.60 - Proposed Standard for Leakage Testing of Containment Structures |
.

(July 14,1967) !

AEC Technical Safety Guide 7.5.1, " Reactor Containment Leakage Testing and Surveillance. '

Requirements" (December 15,1966)

American National Standards institute

ANSI N5.12 - Protective Coatings (Points) for the Nuclear Industry.

ANSI N6.2 - Safety Standard for Design, Fabrication, and Maintenance of Steel Containment.

Structures for Stationary Nuclear Power Reactors

ANSI N45.4 - Leakage Rate Testing of Containment Structure for Nuclear Reactors.

ANSI N101.2 - Protective Coatings (Paints) for Light Water Nuclear Reactor Containment.

Facilities

|

ANSI N101.4 - Quality Assurance for Protective Coatings to Nuclear Facilities.

| American Society of Mechanical Engineers

ASME Boiler and Pressure Vessel Code.

Section 11 - Material Specifications Parts A and C;

Section V - Non-Destructive Examination
Section Vill - Unfired Pressure Vessels
Section IX - Welding Qualifications

Section ||1 - Nuclear Vessels (Applicable to Code Class B for older plants).
Section lli - Nuclear Plant Components, Division 1 (Applicable to Class MC ;

Components) !
i

Section til - Nuclear Plant Components, Division 2 (Applicable to Concrete Reactor |
Vessels and Containments) |

:

|
1

.

,
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TABLE 2-7 (Continued)
CONTAINMENT PENETRATIONS CODES AND STANDARDS

Code of Federal Regulations, Title 10, Part 50

Appendix J Primary Reactor Containment Leakage Testing for Water Cooled Power Reactors.

)
USASI B31.1.0, Code for Pressure Piping j.

institute of Electrical and Electronics Engineers

IEEE 317 - Standards for Electrical Penetration Assemblies in Containment Structures for.

Nuclear Generating Stations

IEEE - Guide for Electrical Penetration Assemblies in Containment Structures for Stationary.

Nuclear Power Reactors

IEEE - Standard for Electrical Penetration Assemblies in Containment Structures for Nuclear.

Fueled Power Generation Stations (April 1971)

I
|

United States Nuclear Regulatory Commission

Regulatory Guide 1.19 - Nondestructive Examination of Primary Containment Liner Welds.

Regulatory Guide 1.57 - Design Limits and Loading Combinations for Metal Primary Reactor.

Containment System Components I

Regulatory Guide 1.63 - Electrical Penetration Assemblies in Containment Structures for.

Water-Cooled Nuclear Power Plants

Regulatory Guide 1.163 - Performance Based Containment Leak - Test Program.

.

Containment, Rev. O December 1996
=vese-i civiitsee 2-46



. _
._ _. _ _ _ - . _ _ _ _. .. _m _ _ _ . ___ . ._ _ _

8gg TABLE 2-8
E ?. CONTAINMENT MATERIALS
f U.
~3
k3
f$ Structural Penetration Pipo
3~ Plant Name Airlock / Hatch Liner Plate Reinf. Steel Steel Tendons-ASTM Tendon Sheathin9 Sleeve
I e

:< Robinson 2 A516 Gr 55 A442 Gr 60 A40; A432-65 A36 A322-64; A29 A53 A333 Gr 1
o A516 Gr 60

Shearon Harris SA516 Gr 70 A516 Gr 70 A615 Gr 60 A36 Not used Not used A333 Gr 6
SA155 Gr 1

Braidwood 1 & 2 A516 Gr 60 A516 Gr 60 A615 Gr 60 A36 A421 TP BA 22ga A53 Gr B A333 Gr 1 or 6
A516 Gr 60

Byron 1 & 2 A516 Gr 60 A516 Gr 60 A615 Gr 60 A36 A421 TP BA 22ga A53 Gr B A333 Gr 1 or 6
A516 Gr 60

Zion 1 & 2 SA333 Gr 1 A442 Gr 60 A615 Gr 60 A36 A421 24ga A366 A333 Gr 1

Haddam Neck A201 Gr A & B A442 Gr 60 A408 A36 Not used Not used A333 Gr 1

fp indian Pc"nt 2 A300 0 1 A442 A432 Gr 60 A36 Not used Not used A333 Gr 1
g A516 Gr 60 Gr 60-65 A408 A442 Gr B

Indian Point 3 A300 Cl 1; A201 A442 A432 Gr 60-65 A36 Not used Not used SA333 Cl 1
Gr B Gr 60-65 A201 Gr B

Catawba 1 & 2 SA516 Gr 60 SA516 Gr 60 A615 Gr 40 & 60-72 A36; SA306; Not used Not used SA333 Gr B
SA588 SA516 Gr 60

McGuire 1 & 2 Sect 111 Sub B-68 A615 Gr 40 & 60 A36 Not used Not used Not Available
SA516 Gr 60

Beaver Valley 1 & 2 SA537 Gr B SA537 Gr B A615 Gr 40,50,60 A36-67 Not used Not used SA537 Gr B

Turkey Point 1 & 2 A516 A36; A442 A615 Gr 40 & 60 A36 A421 Tp BA 24 ga - A333
A155 01

8

e
!!

|
t
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ag TABLE 2-9 j

a CONTAINMENT MATERIALS t
=
=r

I3
.

!

y@ Structural Tendon Penetration Pipe +

3~ Plant Name AirlocidHetch Stool Liner Reint. Steel Steet Tendono-ASTM Sheething Sleeve [
{3) :

'
$ South Texas 1 & 2 SA516 Gr70 SA285 Gr A SA615-72 - SA36 SA421-77-BA A529 SA333 Gr 6

h SA516 Gr 60 Gr 60 SA155 Gr KCF !

Donald C. Cook 1 & 2 A516 Gr70 A442 Gr 60 A36-67 Not used Not used A333 Gr 6
A615 Gr 40

,

Seabrook SA516 Gr 60 & 70 SA516 Gr 60 AE15 Gr 60 SA36 Not used Not used SA240 Type 304
,

Millstone 3 SA516 Gr 60 SA537 C1.1, SA516 Gr 40 A36 Not used Not used SA537 Gr B *

C1.2 SA516 Gr 60
SA333 Gr 6

Prairie Island 1 & 2 SA516 Gr 70 SA516 Gr 70 Not available Not Not used Not used SA333 Gr 6 ,

available
,

Diablo Canyon 1 & 2 A516 Gr 70 and A516 Gr 70 A615 Gr 40 or 60 A36 Not used Not used A106 Gr 6
A300 A516 Gr 70 t

h Salem 1 & 2 A-516 Gr 60 A442-66 A432-65 A36 Not used Not used A155 KC-70 *

,

I Gr 60 A615 Gr 40 Cl 1 ,;

f

R. E. Ginna A201-61T Gr B A442-60T A15-64 A36-63T A421-59T A53R A106 A201-61T Gr B.

A300-58 Gr60 A408-62T Tp BA A300-58 {

Virgil C. Sumrner SA516 Gr 70 SA-516 A615 Gr 70-72 A36 A421 A53-729 SA333 Gr 6 f
Gr 60 SA36 Type S Gr B SA155 Gr KCF 70 |

Joseph M. Farley 1 & 2 SA516 Gr 70 A285 Gr B A615 Gr 60 A36 A421-65 22g corrugated SA 333 Gr 6
Type BA tubing }

.

AMn W. Vogtle 1 & 2 SA516 Gr 70 A516 Gr 70 A615 Gr 60 A36 A416 A527SA 333 SA516 Gr 70 {
SA285 Gr 1 & 6 SA333 Gr 1 & 6

I

f
'

i

-

3 :

A i.g I

8 i

:
i ;

i

';
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.ag
a '' TABLE 2-10

- $- CONTAINMENT MATERIALS

h
Ia

* Structural Tendon Penetration
I Plant Name Airlock /Hetch Stoet Uner Reint. Steel Steel (ASTM) Tendons-ASTM Sheething Pipe Sleeve

O Sequoyah 1 & 2 A516 Gr 60 & A516 Gr 60 & A615-68 Gr 60 A36 Not used Not used A36

70 70"'

WATTS Bar A36 SA516 Gr A615-72 Gr 60 A36 Not used Not used Not avaHable

70"8

Comanche Peak 1 & 2 A516 Gr 70-74 SA537 A615-72 A36 Not used Not used A516 Gr 70-74

SA537 Cl 2-74 Cl 2-74

Callaway SA155 KCF70 SA285 Gr A A615-72 Gr 60 A36 A421 Tp BA A527 SA516 Gr 70
SA516 Gr 70

North Anna 1 & 2 Not availabie SA573 Gr B A615-68 A36 Not used Not used A333 Gr 3
SA516 Gr 60 Gr 40 & 60 A156 Gr 60

f Surry 1 & 2 SA442 Gr 60 SA442 A615Gr 40 A36 Not used Not used A442 Gr 60

e Gr60

Point Beach 1 & 2 A516 A442 A432 A36 A421 Tp BP Not used A333 Gr 1 or 6
Gr60' A15 A155 Gr KC 70

Class 1

Kewaunee Not available A516 Gr 70 A15 Gr 40 A36 Not used Not used SA333 Gr 6
A4M G M

,

A432 Gr 60

Wolf Creek SA155 KCF 70 SA285 Gr B A615 Gr 60 A36 A421 Type BA A527 SA333 Gr 6
SA516 Gr 70 A528

0
8
.
B
A
2
.
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Table 2-11 provides a summary of design temperatures and pressures for Westinghouse PWR .
containments. Design pressures and temperatures vary with respect to containment
configuration. The largest difference is seen between vapor suppression and dry suppression
containments. Vapor suppression relies on the use of an ice condenser system, and dry
suppression is based on volume and physical strength. Lower design temperatures and lower
design pressures are found in plants with ice condensers.

2.4.4 Access Airlock and Equipment Hatch Design Data

2.4.4.1 Access Airlocks

Personnel airlock design data are shown in Table 2-12. Airlock diameters (and door clear
openings) and barrel lengths vary depending on the intended usage. Later plants tended to
have larger airlocks suited for more fiexible movement of equipment and materials to support
operations and maintenance.

Generally, airlock floors are designed for a distributed live load such as 200 psf and a
concentrated wheel load such as 1000 pounds.

Airlocks are designed and fabricated in accordance with the ASME Boiler and Pressure
Vessel Code, Section Ill. In most cases, the airlocks are code-stamped in accordance with
the requirements for Code Class MC. For the earlier plants built prior to the ASME
incorporation of Subsection NE for Class MC, the portions of the airlocks not backed by
concrete typically conformed to ASME Section ||1 for Class B requirements, but were not code-
stamped.

Airlock design pressure and temperature are the same as used for the general containment
design. Containment design pressures and temperatures for each plant are shown in
Table 2-11. The plate material that comprises the airlock pressure vessel components is

~ carbon steel that complies with ASME material specifications, such as SA 516 for fine-grained
materials with ductile material properties suitable for low temperature use. Charpy impact
testing was performed on the materials at temperatures below service temperatures in
accordance with the ASME Code. Minimum service metal temperatures vary from plant to
plant, depending on location. Nil-ductility transition temperatures for the materials are typically
0 F, or lower.

Airlock component thicknesses are determined in accordance with the ASME Code
requirements and include corrosion allowance where applicable. I

J
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TABLE 2-11
WESTINGHOUSE CONTAINMENT DESIGN PRESSURE AND TEMPERATURE

(REFERENCE FSAR, SEE NOTES (1), (2), AND (3))

Plant Name Pressure (psig) Temperature (*F)

Robinson 2 42 263

Shearon Harris 45 Not available

Braidwood 1 & 2 50 280

Byron 1 & 2 50 280

Zion 1 & 2 47 271

Haddam Neck 40 271

Indian Point 2 47 271

Indian Point 3 47 271

Catawba 1 & 2 15 250

McGuire 1 & 2 15 190

Beaver Valley 1 & 2 45 280

Turkey Point 1 & 2 55 283

South Texas Project 1 & 2 57 286

Donald C. Cook 1 & 2 12 196/244W

Seabrook 52 271

Millstone 3 45 280

Prairie Island 1 & 2 46 268

Diablo Canyon 1 & 2 47 246

Salem 1 & 2 47 271

n. E. Ginna 43 286

Virgil C. Summer 57 283

Joseph M. Farley 1 & 2 54 220

Alvin W. Vogtle 1 & 2 60 270

Sequoyah 1 & 2 10.8 220

Watts Bar 1 & 2 13.5 250

Comanche Peak 1 & 2 50 280

*Containment, Rev. 0 December 1996
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TABLE 211 (Continued)
WESTINGHOUSE CONTAINMENT DESIGN PRESSURE AND TEMPERATURE

(REFERENCE FSAR, SEE NOTES (1), (2), AND (3))

Plant Name Pressure (psig) Temperature ('F)

Callaway 60 320

Nonh Anna 1 & 2 45 280

| Surry 1 & 2 45 268(est)

Point Beach 1 & 2 60 286

Kewaunee 46 268

Wolf Creek 60 320
i

Notes:
(1) Ambient containment temperature is 50'F to 120*F.

(2) Ambient containment pressure is 14.7 psia (0 psig) or less.

| (3) The containment relative humidity varies between 15 percent and 70 percent during normal
operation. During refueling or abnormal operational conditions, the relative humidity may reach
100 percent.

I
These values have been used in design unless thermal analyses, or tests are performed and
documented to justify the use of lower values.

i

|

|

i

|

1.

!
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TABLE 2-12
TYPICAL AIRLOCK DESIGN DATA

1

Barrel Barrel Door Size
Type Material Diameter Length WXL

Personnel Access SA516 Gr 60 9 to 12 feet 12 to 15 ft. W 3 to 5 feet ;

or 70 L 6.5 to
SA537 Class 1 8 feet i

Auxiliary or Emergency Same 5 feet 10 feet 2.5-foot
Access diameter i

|
|

2.4.4.2 Equipment Hatch |

The hatch design and fabrication conforms to the applicable ASME Code requirements in
effect for the particular vintage plant. The hatch may be ASME code-stamped for the later
vintage plants but is not stamped for the early plants. '

The hatch is fabricated using the same carbon steel materials as the airlocks. The hatch is
furnished with a double-gasketed flange and a bolted, dished head. Typically, the head is
convex inward toward the design pressure. The thickness of the head varies depending on
the diameter of the opening. For example, a 16-foot diameter hatch opening on one plant
requires a 1-1/4 inch thick head for a 57-psig design pressure. The barrel portion of the hatch
is typically much thicker than required, based on permissible stresses. In general, the
equipment hatch components are conservatively designed and include substantial design
margins. The space between the double gaskets on the hatch flange can be pressurized for

i

local leakage checking. The diameter ranges from 14 to 24 feet. The smaller diameter
hatches in the earlier plants were designed to accommodate the reactor vessel O-ring seal.
The larger diameter hatches provided in the later plants were sized for steam generator
replacement.

|

As for the airlock design, the design pressure and temperature for the equipment hatch is the i

same as for the containment design.

2.4.5 Electrical Penetrations |

Penetration assemblies for nuclear power plants, and specifically for Westinghouse
containments, were manufactured and supplied by four major vendors:

Westinghouse Electric Corporation*

|
Conax Corporation.

! D.G. O'Brien.

Bunker Ramo-
i

!
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Of these four, D.G. O'Brien and Bunker Ramo are no longer in business. Westinghouse and
Conax are the two vendors that currently supply penetration assemblies and provide the
necessary services for penetrations supplied by D.G. O'Brien or Bunker Ramo.

The penetration assemblies supplied oy the above vendors have been accepted by the
industry and the U.S. NRC for use in the containments, with one exception. During an EO
inspection, the U.S. NRC identified a deficiency in the Bunker Ramo low voltage penetration
qualification testing method. The deficiency is detailed in the Information Notice 88-29. The

notice states that the installation resistance (IR) measurements performed during the accident
simulation testing were not frequent enough to evaluate the impact of the IR values on the
accuracy of the connected instrument circuits.

2.4.6 Mechanical Penetrations

For the high-temperature penetrations, design features are provided to lirnit the temperature in
the concrete adjacent to the penetration (local area) to less than 200 F for normal operation,
350 F for short-term unusual conditions, and 650 F for jets due to postulated pipe rupture
conditions. Systems to provide the necessary cooling range from active forced air or water
cooling systems within the penetration sleeve to passive systems consisting of insulation and
cooling fins. In some designs, thermocouples are placed in the concrete local to the
penetration to monitor temperature in the concrete.

In general, piping penetration nozzles are designed and fabricated to conform to the ASME
Code requirements in effect when the plant was built. For older plants, ASME Code
Section Ill, Class B was used. For later plants, ASME Code Section 111, Division 1,

Subsection NE (Class MC) was used. Class MC penetration assemblies may be code- )
stamped with the NPT stamp for nuclear parts.

|

In concrete containments, penetrations and anchorages to the concrete shell are designed for
forces and moments resulting from operating conditions or postulated pipe rupture. External
guides, stops, or increased pipe wall thickness are provided to limit stresses on the

|
penetration and on the adjacent liner plate.

Penetration reinforcing plates and the welds of pipe sleeves to them are shop stress-relieved
as a unit in accordance with the ASME Code requirements to ensure a minimum of field
welding at the penetrations. Full-penetration butt welds are used to connect the sleeve and
the attachment hardware around the process piping. The closure between the sleeve and the
process piping consists of flue heads, plates, or drilled pipe caps. Construction materials for
mechanical penetrations are listed in Table 2-13.
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2.4.7 Fuel Transfer Tube Penetration

The fuel transfer tube is typically a 20-inch outside diameter (OD) stainless steel tube supplied
by Westinghouse. The length of the tube varies somewhat depending on the particular plant
configuration, but is typically about 15 plus feet long. Design parameters for the tube and
connections are as follows:

Code: The tube assembly is code-stamped as a Class 2 part in accordance with the.

ASME Boiler and Pressure Vessel Code, Section Ill, Division 1.

Material: Tube: ASME-SA-240, Type 304 (stainless steel,0.375-inch thick).

Blind Flange and Flange Adaptor Ring: ASME-SA-182, Type 304 (forged stainless steel,.

2 inches thick with a 27.5-inch diameter)

Attachment Assembly:.

Ring Plate: SA240, Grade 304
Pipe Segment: SA106, Grade B or SA516, Grade 70
Bellows: SA240, Type 304

2.5 TIME-LIMITED AGING ANALYSES

Time-limited aging analyses (TLAAs) are those licensee calculations that:

Involve the effects of aging*

1

Involve time-limited assumptions defined by the current operating term, for example j.

40 years 1

Involve systems, structures, and components within the scope of license renewal.

Involve conclusions or provide the basis for conclusions related to the capability of the-

system, structure, or component to perform its intended functions

Were determined to be relevant by the licensee in making a safety determination.

Are contained or incorporated by reference in the current licensing basis.

|
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TABLE 213
MECHANICAL PENETRATIONS

MATERIALS OF CONSTRUCTION

iPenetration Component ' Material i

Sleeve SA 333 Gr 1 and Gr 6
SA 155 Class 1 Gr 60 and Gr 70
SA 312 TP304 (stainless steel)

'

SA 106 Gr B l

Closure Plates SA 516 Gr 60 and Gr 70 !

SA 537 Class 1 )
,

i
Bellows SA 240 Type 304 (stainless steel) |

:

Socket Weld Couplings SA 182, Type F316
1 ,

1

Pipe Fittings SA 420 Gr 'VPL-6 I

|

Welding Material E 6010
'

E 7018

:

Process Pipe SA 106 Gr C

:

I
|

|

i
>

|

|
;

)
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i

; 1

1
,

TLAAs have been identified as part of the original design process for the PWR containment
and consist of the following:

Analytical prediction of time-dependent loss of prestress force loads in prestressing.

systems

For the concrete containment structure, number of fatigue cycles at penetration anchors,.

: and where appropriate, calculated cumulative fatigue usage factors

I i

Bellows number of fatigue cycles in mechanical penetrations, and where appropriate,.4

j calculated usage factors

) Number of fatigue cycles of mechanical penetrations, and where appropriate, calculated.

usage factors*

.

l

| These TLAAs are evaluated in Section 3.3.
'

'

2.6 GENERAL MAINTENANCE PRACTICES4

; i

| Current maintenance practice consists of periodic inspection and repair as required.
! Inspection and test requirements are defined in regulatory guides and Appendi.t J of !

10 CFR 50. Section XI of the ASME Code also provides requirements for inspection. A ;
,

description of required testing and insp'etions is provided, followed by a discussion of aging
mechanisms and mitigation practices. Reference 3 provides an overview of current inspection [

4 requirements for concrete structures in nuclear power plants. Further, Reference 1 contains a j
'

summary of current maintenance and repair practices to address aging and deterioration of
'

"

the structures within the scope of this GTR.

Figure 2-20 provides a flow chart summary of current inspection and repair guidelines.

I2.6.1 inspection Regulations
;

;

Current inspection requirements for containments are defined by: Appendix J to 10 CFR 50, >

NRC Regulatory Guide 1.35, NRC Regulatory Guide 1.90,10 CFR 50.55a, and NRC
'

Regulatory Guide 1.163.

Appendix J to 10 CFR 50 provides general inspection requirements for accessible exterior and
;

interior surfaces and leak test requirements for the overall structtre. Regulatory Guide 1.35
defines testing and visual inspection requirements for ungrouted post-tensioned tendons, and i

Regulatory Guide 1.90 provides testing and visual inspection requirements for grouted post-
tensioned tendons.
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; Figure 2 20 Intervice inspection and Repair Guidelines Flow Chart
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|

! NRC SECY-96-080 issues an amendment to 10 CFR 50.55a incorporating by reference the
'

1992 Edition of the ASME Boiler and Pressure Vessel Code, including the 1992 Addenda.
|

The incorporation includes Section XI, Subsection IWE, " Requirements for Class MC and
Metallic Liners of Class CC Components of Light-Water Cooled Power Plants," and
Subsection IWL, " Requirements for Class CC Concrete Components of Light-Water Cooled

| Power Plants." Additional modifications to the rule also address inaccessible areas, visual

| inspection methodology, pressure-retaining welds, inspection sampling plans, and redundant
| Inspections through application of both Subsections IWE and lWL. Recommendations for

tendon examinations provided in Regulatory Guide 1.35, but not addressed in
Subsection IWL, are also in the regulation.

;

!

j. Licensees are required to incorporate Subsections IWE and lWL, and the additional. rule

| changes, into their ISI program. ;

Three types of tests are required by Appendix J to 10 CFR 50 that supplement the Section XI
requirements and are designated as Type A, B, and C. The Type A test measures the
containment integrated leakage rate after the containment has been completed and at periodic
intervals. Type B tests are intended to detect local leaks and provide measurement of
leakage across pressure-containing or leakage-limiting boundaries for containment ;

penetrations. Type C tests measum containment isolation valve leakage rates. Section V.A
of Appendix J requires a general visual examination of accessible interior or exterior surfaces

of containment structures prior to Type A testing to detect structural degradation.

The testing frequency (until September 1995) for the Type A test, following the pre-operational
test, is three times during a 10-year operating period, at equal intervals. Type B tests, except
for the air lock, are conducted at each reactor shutdown but at intervals no greater than '

2 years. Air lock testing is conducted prior to fuel loading, at 6-month intervals thereafter with !

the containment at peak intemal pressure and after periods when the airlock was opened.
The above testing frequencies were changed with the development of a new regulatory guide
(1.163) [Ref. 4] by the U.S. NRC based on performance testing, allowing alternate testing
frequencies. These changes are discussed in Reference 1 and are given below [ Sections 2.5

and 2.5.2 of Ref.1]:

in September 1995, the U.S. NRC amended Appendix J (10 CFR 50) to provide a
performance-based option for leakage rate testing as an attemative to the existing,

| prescriptive requirements [Ref. 5]. The amendment is aimed at improving the focus of

j the body of regulations by eliminating prescriptive requirem(,nts that are marginal to ;

safety and by providing licensees greater flexibility for cost-effective implementation
i methods for regulatory safety objectives. Now that Appendix J has been amended,

| either Option A - Prescriptive Requirements or Option B - Performance-Based

| Requirements can be chosen by a licensee to meet the requirements of Appendix J.

'
;

:
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|
Now that Appendix J has been amended (Ref. 5), licensees may voluntarily comply with |
Option B requirements rather than continue using established leakage rate test i

schedules. Option B allows licensees with good integrated leak rate test performance t

history to reduce the Type A testing frequency from three tests in 10 years to one test in
10 years. For Type B and C tests, Option B allows licensees to reduce testing frequency
on a plant-specific basis bosed on the operating experience for each component and
establish controls to ensure continued performance during the extended testing interval.
The U.S. NRC position on performance-based containment leak testing is discussed in i

Regulatory Guide 1.163 [Ref. 4).
i

it is noted, and as discussed in SECY-96-080, that Appendix J, the final revision, does not
change the current containment visual inspection frequency requirements. The current

;

frequency of performing visual inspections three times in 10 years is maintained. This is '

consistent with Regulatory Guide 1.163, which accompanies the final revision to Appendix J,
and Subsection IWE and IWL. Note, however, that a longer interval of up to 10 years is
acceptable between Type A tests.

The scope of Regulatory Guide'1.35 encompasses testing of a random sample of post-
tensioned tendon assemblies for ungrouted tendons. Testing includes visual examinations, J

preload testing. and material tests. Visual inspection of containment concrete exterior
surfaces, iendon anchorage assembly hardware, bottom grease caps for vertical tendons, and ]
concrete surrounding tendon anchorages is required, Indications for concrete are spalling, j

'

cracking, and severe scaling, while grease caps are inspected for leakage, and hardware is
examined for cracking, corrosion, and deformation. Preloading is tested using a liftoff load
test, while tensile tests are performed on tendon wires and strands. The chemistry of filler
grease is also analyzed, and removal and replacement of grease is monitored.

Regulatory Guide 1.35.1 provides guidance on the determination of prestressing forces in the
steel tendons. ~ lts purpose is to clarify the U.S. NRC's position in Regulatory Guide 1.35 on
the construction of load tolerance bands for groups of tendons to enhance the small-sample
inspection program already in place per Regulatory Guide 1.35. The tendons are grouped by
time-dependent characteristics:

Time-dependent load losses caused by:

Concrete shrinkage.

Concrete creep.

Relaxation of prestressing steel-

Regulatory Guide 1.35.1 enumerates the factors associated with the time-dependent losses,
such as humidity and temperature, and details how to use these factors in developing
tolerance bands for the tendon groups.
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:

Initial load losses and environmental factors are also considered:

Initial Load Losses

,

Slip at anchorages*
,

Friction between tendon and tendon duct.

Elastic shortening of tendons.

Effects due to load sequencing.
,

2 |
Other i

Tendon failure due to corrosion or material deficiency.

Effects of temperature variation-

Regulatory Guide 1.35 recommends the comparison of actual prestress force measurements
with the predicted values for randomly selected tendons. Implementation of the guidelines of
Regulatory Guide 1.35.1 yields a better correlation between the predicted and actual values
on a group-by-group basis, Although the Regulatory Guide is mandatory only for plants with
construction permits / design approval dated after July 31,1990, its recommendations are good
practice for earlier piants. I

The scope of Regulatory Guide 1.90 covers testing of a random sample of post tensioned
tendon assemblies for grouted tendons. Testing includes visual examinations, preload testing
for ungrouted test tendons, and prestress level or deformation under pressure monitoring for
grouted tendons. Visual inspection of structural discontinuities and areas of heavy stress
concentrations is recommended, supplemented by pulse velocity testing when cracks are I

discovered. Preloading of ungrouted test tendons is tested using a liftoff load test. Prestress
monitoring for grouted tendons is accomplished through monitoring tensile strains in the wires
of a tendon, or strain gauges or stress or strain meters are applied at a section of the
structure.

1

In general, the test frequency for both Regulatory Guides 1.35 and 1.90 is 1,3, and 5 years !
I after the first structural integrity test, and then every 5 years thereafter.

Ucensees will be required to incorporate Section XI and Subsections IWE and IWL of the
1992 Edition of the ASME Code, including the 1992 Addenda, as well as other additional
modifications into their ISI program to comply with changes to 10 CFR 50.55a as described in
SECY-96-080.

Subsection IWE provides guidelines for the inservice inspection, repair, and replacement of
Class MC pressure-retaining components and their integral attachments as well as of metallic

shell and penetration liners of Class CC pressure-retaining components and their integral
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attachments. Subsection IWL provides guidelines for the inservice inspection and repair of
the reinforced concrete and the post-tensioning systems of Class CC components.

NRC SECY-93-328 [Ref. 6], which issued the proposed rule change to 10 CFR 50.55a,

introduced additional modifications to 10 CFR 50.55a to address U.S. NRC concerns related
to tendon examinations and inaccessible areas. The modifications maintained in SECY-96- |
080 are listed below. ;

)

Four recommendations for tendon examination included in Regulatory Guide 1.35, Rev 3, J
e

but not addressed in lWL are included in the amended rule. Regulatory Guide 1.35 i
requires the following:

Requires that grease caps that are accessible must be visually examined to detect-

grease leakage or grease cap deformation
Requires the preparation of an Engineering Evaluation Report when consecutive-

surveillance indicates a trend of prestress loss to below the minimum prestress
requirements ;

Requires an evaluation to be performed for instances of wire failure and slip of wires-

in anchorages
,

- Addresses sampled sheathing filler grease and reportable conditions

Visible evidence of concrete degradation, such as leaching and surface cracking, may be.

,

an indication of degradation in adjacent inaccessible areas. Therefore, an evaluation of '

the potential degradation of adjacent inaccessible areas should be performed. i

Four additional modifications to 10 CFR 50.55a, incorporated through SECY-96-080 in
response to public comments made on SECY-93-328, include:

Expansion of the evaluation of inaccessible areas of concrete containments to include.

metal containments and the liners of concrete containments.

Permission of altemative lighting and resolution requirements for remote visual inspection.

of the containment.

The maximum direct examination distance specified in Table IWA-2210-1 may be
extended and the minimum illumination requirements specified in Table IWA-2210-1 may
be decreased provided that the conditions or indications for which the visual examination
is performed can be detected at the chosen distance and illumination. |

|

Examination of pressure-retaining welds and pressure-retaining dissimilar metal welds.

are optional.

An attemative sampling plan has been added.-
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The utility should document the following in accordance with ASME, Section XI IWA-6000, for
'

each inaccessible area identified:

A description of the type and estimated extent of degradation and the conditions that led.

to the degradation

An evaluation of each area and the result of the evaluation.

A description of necessary corrective actions-

The above requirement is identical for the evaluation of suspect inaccessible areas identified
through visual inspection of concrete areas near tendon anchorage or through examination of
metal containments and the liners of concrete containments.

Provisions have been added to the amended rule, through SECY-96-080, to prevent duplicate
examinations required by both the periodic routine and expedited examination program
requirements. Further, the utility is allowed to use recently performed examinations of the
post-tensioning system to satisfy the requirements for the expedited examination of the
containment post-tensioning system.

2.6.2 ASME Code Section XIInspection

ASME Code inspection requirements are defined for both the concrete and the steel liner of

the concrete containment as well as for the shell of the steel rontainment. The following
describes current code requirements.

|

Concrete

| Subsection IWL of ASME Code Section XI can be applied for preservice examination,
inservice inspection, and inspection subsequent to repair or replacement for the reinforced
concrete of the concrete containment. Areas and components that are exempt include tendon
end anchorages that are inaccessible and portions of the concrete that are inaccessible where
inspection is obstructed by the liner, foundation material or backfill (below grade), or adjacent
structures or components.

The present inservice inspection schedule for concrete containments, concrete, and unbonded

post-tensioning systems is set for 1,3, and 5 years following the preservice structuralintegrity
test, and every 5 years thereafter.

All surfaces and tendon and anchorage areas, including those protected by coatings, except
as exempted as previously discussed, are visually examined for evidence of conditions
indicative of degradation, as defined in ACI 201.1. A VT-3C visual examination is conducted
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| for all accessible areas to determine the general structural condition through the Identification
) of suspect areas, where evidence of deterioration is found. Evidence of degradation includes

cracking, spalling, staining, wetness, and discoloration. Specifications for examination method
VT-3 are employed, i.e., those for minimum illumination, maximum direct examination

'

distance, and maximum procedure demonstration lower case character height. VT-1C visual
examinations are conducted for selected suspect areas. Examination specifications for
examination method VT-1 are employed.

\

Repairs or replacement, where warranted, is provided and re-inspection occurs prior to
acceptance of the corrective action.

Steel

Subsection IWE of ASME Code Section XI can be applied for preservice examination,
inservice inspection, and inspection subsequent to repair or replacement for the Class MC
pressure-retaining components and their integral attachments. Inspections are made prior to
leak rate testing. Embedded or inaccessible portions of the containment vessels, parts, and
appurtenances are exempt.

Parts to be inspected following ASME Section XI inservice inspection requirements are
categorized into accessible surface areas, welds, pressure-retaining botting, seals, and
moisture barriers for steel liners and steel containment. Welds are examined only as part of
the containment surface. Examination intervals are scheduled based on frequency and extent
of examination, where the frequency is uniform but the extent varies with the examination
category. Currently, the IWE Inspection Program A is defined where the first interval,
following any preservice examinations, must be conducted within the first 3 years of plant life,
the second within 10 years, the third within 23 years, and the fourth within 40 years. The
inspection period may be extended up to 1 year so that the inspection may be conducted
during plar,t outages. The program is required to be repeated for plant life extension, with a
10-year inspection interval. An alternative Inspection Program B is based on successive
10-year inspection intervals. I

I
!

Accessible surface areas of the steel containment vessel pressure-retaining boundary, except
those that are submerged or insulated, are subject to general visual examination. VT-3 visual
examination is applied for areas including those that are submerged and insulated. Paint or
coatings shall not be removed for visual inspection. Coated areas are examined for evidence |
of flaking, blistering, peeling, discoloration, and other signs of deterioration. Uncoated areas
are examined for evidence of cracking, discoloration, wear, pitting, excessive corrosion, arc
strikes, gouges, surface discontinuities, dents, and other signs of surface irregularities.

Containment penetration welds, as part of the surface, and pressure-retaining botting are

| visually inspected using the VT-1 examination method. A 25-percent random sample of welds
,

|

t
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is selected for examination, while all bolts are examined and torque- or tension-tested. A
surface examination is applied for a 50-percent random sample of dissimilar material welds.
VT-3 examinations are applied for seals, gaskets, and moisture barriers.

|

Areas or components with identified flaws, degradation, or repairs where the area or .|

component is found to be acceptable for continued service are subject to augmented
examination, VT-1 visual or volumetric examination. These areas or components no longer
require augmented examination when flaws, degradation, or repairs are found to be
unchanged after three consecutive inspections.

Leak rate testing is conducted in accordance with 10 CFR 50, Appendix J, as discussed in
Subsection 2.6.1. :

|

Tendons

Subsection IWL of ASME Code Section XI can also be applied for unbonded or nongrouted
post-tensioning systems, with guidelines similar to those for Regulatory Guide 1.35.

Inservice inspection intervals of unbonded post-tensioning systems are specified in the
concrete section above. The items 'o be inspected include the tendon, wire or strand,
anchorage hardware and surrounding concrete, the corrosion protection medium, and free
water. The tendon wire or strand is subjected to both visual and mechanical testing. A VT-1

|
visual examination should be performed on the tendon anchorheads, wedges, buttonheads, |
shims, and the concrete extending outward a distance of 2 feet from the edge of the bearing
plate. The chemistry and volume of the corrosion protection medium and free water are
monitored. The chemistry is monitored for levels of chlorides, nitrates, and sulfides as well as
pH, which may contribute to a corrosive environment. Documentation includes observations
of cracks in the concrete and tendon anchorage hardware along with broken strands and
damaged or missing hardware. All of the above ASME Section XI guidelines are similar to
those established in Regulatory Guide 1.35.

Examination of corrosion protection medium and free water is also performed with guidelines
similar to those found in Regulatory Guide 1.35.

Visual Examination

| Current visual examination categories are differentiated as follows:

VT-1 - Examinations are conducted at a maximum distance of 2 feet to detect surface flaws,
j cracks, wear, corrosion, or erosion.

k
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|

VT-2 - Examinations are conducted at a maximum distance of 6 feet to detect leakage from
,

pressure-retaining components without leakage collection systems during system pressure
tests. I

I
i

VT-3 - Examinations are conducted at a maximum distance of 4 feet to determine general

| mechanical and structural conditions such as settings, clearances, connection integrity, wear,
| corrosion, and erosion.

|

| VT-1C - This examination category has the same requirements as VT-1 but applies to I

concrete.

[ VT-3C - This examination category has the same requirements as VT-3 but applies to
concrete.

Remote visual examination may be applied instead of direct visual examinations following
recommendations of ASME IWA.

2.6.3 IAEA Maintenance and inspection History

The Intemational Atomic Energy Agency (IAEA) has conducted a survey to determine current
inspection, maintenance, and repair practices at domestic and foreign plants, entitled the IAEA
Survey of Nuclear Power Plant Owners / Operators on the Management of Aging of Concrete !
Containment Buildings. The inspection and testing scope of the survey is more detailed than
the requirements of ASME Section XI, querying respondents on nondestructive testing applied
for when indications are discovered and for repair preparations. Survey data for maintenance ;

and inspection history are summarized in Tables 7-1 and 7-2 of Section 7.1. |

2.6.4 Observed Degradation

This section provides summaries of observed degradation associated with the structures
within the scope of this report. Attention is given to degradation identified in the IAEA

,

surveys, U.S. NRC Information Notice 89-79 nuclear plant reliability data system (NPRDS) and I

licensee event reports (LERs), and leak rate testing. Reference 1 contains a summary of
containment pressure boundary component degradation occurrences at commercial nuclear
power plants in the United States. Also, given in Reference 7 are discussions pertaining to
the historical performance of electrical and mechanical penetrations. From the evaluation of
the general and specific failure for penetration systems, it has been found that in general, |

electrical and mechanical penetrations are reliable and experience a low failure rate. It is |
Inoted that:

Detection of electrical penetration assembly failures appears to occur mostly through leak.

| rate testing and monitoring of pressure instrumentation.
~

! 1
4
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Approximately one-fourth of all electrical-penetration-related failures noted were attributed*

to improper design, maintenance, or testing.

Degradation of mechanical penetrations has been identified primarily through leak rate*

and visual inspections.

For access penetrations, most of the instances of age related degradation are related to.

the degradation of gaskets and seals. In most cases, these components were '

refurbished or replaced. Natural aging of materials and mechanical damage has been
the primary causes of degradation.

IAEA Results

The IAEA survey limited response on degradation indicates that concrete cracking is common,
resulting mostly from shrinkage. Other probable causes include freeze-thaw and leak rate
tests. In most instances, the cracks were not significant enough to require repairs. Remedial
actions, when applied, consisted of protective recoating or polymer impregnation for renewed
insurance against moisture penetration. Table 7-3 summarizes the survey results on
observed degradation.

Steel liner corrosion damage was observed by one utility at the junction of the liner with the
2-foot thick fill mat forming the floor of the containment. Degradation resulted from exposure
to chemical attack and was corrected by protective recoating. Similar problems, as described
in U.S. NRC Information Notice 89-79, are discussed below.

Corrosion to containment penetrations was noted for the D.C. Cook plant. This consisted of ,

'

; light rust corrosion to the exterior surface as a result of the loss of protective coating. The
problem was corrected with the reapplication of the protective coating.

1

Other degradation was noted at the Cook plant consisting of voids / honey combing, staining, ;

pop-outs, and efflorescence. Voids were repaired with dry pack, and other degradations were i

not significant enough to require repair.
1

U.S. NRC Information Notice 89-79

|
Significant coating damage and base metal corrosion was observed on the outer surface of

' the steel conninment shell for the ice condenser equipped containments of McGuire 1 and 2
as well as Catawba 1 and 2. Damage was detected during visual examinations performed in |

'

conjunction with the 10 CFR 50 Appendix J integrated leak rate test. The containments,
similar for both plants and units, consist of a free-standing steel shell containment enclosed by
a concrete shield building. An approximately 6-foot wide annular space separates the steel
containment from the shield building. Degraded areas were discovered on the inside and

,
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outside surfaces of the steel shell. The damaged exterior areas for McGuire and Catawba
were found at the intersection of the shell wall with the concrete annulus floor, above and

below the floor. The below-floor corrosion resulted from the lack of a sealant at the interface
of the shell and annulus floor. The interior areas for McGuire Unit 1 were located at the floor |
level between the upper and lower containment compartments in the vicinity of the ice l
condenser, where cork is used to fill a 2-inch gap between the steel containment and the

concrete floor. The probable cause for the exterior corrosion was attack by condensed boric )
acid coolant leaking from instrument line compression fittings. The interior damages most i

likely resulted from attack by moisture contained in the cork and originating from the ice
condenser or condensation. !

Corrosive damage consisted of general coating failure and surface corrosion with localized
pitting. The shell thickness remained above the minimum thickness required by ASME Code,
Section Ill, for the area of the maximum reduction in material thickness.

This problem was resolved through remedial actions that included weld repair and recoating,
performance of more detailed inspections, and development of acceptance criteria for coatings
and sealant material. Cork material and failed coatings were removed, coatings were |
reapplied, and joint sealant materials were used to prevent water and acid from entering |

Joints.

Visual examination requirements of existing programs proved effective in identifying the
problem, and timely and effective repair by the utility resolved the problem.

NPRDS and LER Data

The nuclear plant reliability data system (NPRDS) and licensee event reports (LERs) provide
some information on the degradation experience of containment components. The LER data
include reports of air lock seal failures, electrical penetration seal degradations, and
containment isolation valve seating, packing, or seal failures. Each failure was detected
during local leak rate tests or by associated visual inspection, indicating the effectiveness of
current inspection programs. Other degradation experience includes breakdown of the seal
between the crane wall and the containment building, as noted at one plant, and corrosion to
the steel containment vessel due to standing water in the annulus area, similar to that
reported in U.S. NRC Information Notice 89-79. Corrective actions or repair methods are
noted along with other data for age-related containment degradation in Table 2-14.

| The NPRDS data contain a large number of entries related to degradation of hatches,
penetrations, and the fuel transfer canal. Only a representative sample is provided in
Table 2-15. The NPRDS General Report indicates a multitude of instances where seals and
mechanical components for the personnel airlock or hatch failed due to mechanical wear and
aging. The seal failures were detected with local leak rate tests or associated visual

| Containment, Rev. O December 1996
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|$-
a TABLE 2-14

1 AGE-RELATED DEGRADATION DATA FROM LICENSEE EVENT REPORTS

li!
za
{.g Plant Degradation Mechanism Component Discovety Method Repair Method

D. C. Cook 2 Unknown Divider Barrier Seal Seal Surveillance Seal Replaced
Test"3

Wolf Creek Mechanical Wear Air Lock Shaft Seal Air Lock Leak Rate Door Shaft Replaced
Test

Catawba 1 Corrosion (Standing Water Exterior of Steel Cont. Appendix J General SCV Repaired &
Boric Acid) Vessel (SCV) Visual inspection Recoated

McGuire 1 Corrosion (Environment Steel Cont. Vessel Appendix J General Repaired
Interaction) Visual Inspection

McGuire 1 Corrosion (Boric Acid Steel Cont. Vessel Appendix J General Repaired & Recoated
Deposits) Visual Inspection

@ Wolf Creek Unknown Cont. Isolation Valve Local Leak Rate Test Parts Replaced

Braidwood 2 Seal Degradation Cont. Purse Valve Local Leak Rate Test Seals Replaced

Trojan Normal Packing Cont. Spray & RHR Valve Local Leak Rate Test Packings Tightened
Degradation

North Anna 2 Seating Surface Isolation Check Valve Local Leak Rate Test Cleaned & Relapped
Degradation

D. C. Cook 2 Unknown Cont. Isolation Valve Leak Rate Testing Repaired & Retested

D. C. Cook 2 Misalignrnent Disk & Valve isolation Valve Leak Rate Testing Valve Replaced
Seat

?
8
3
k
e
8
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h$ TABLE 2-14 (Continued)
1E- AGE-RELATED DEGRADATION DATA FROM LICENSEE EVENT REPORTS
A3
iEj Plant Degradation Mechanism Component Discovery Method Repair Method

-< D. C. Cook 1 Seating Surface Isolation Valve Leak Rate Testing Repaired & Retested
Degradation

Kewaunee 1 Residue on Interior Cont. Isolation Valve Inservice Timing Test Valves Rebuilt
Surfaces

Kewaunee 1 Design / Mfg. Defect Cont. Isolation Valves Local Leak Rate Test Replace Gaskets &
Adjustment

Conn Yankee 1 Design Deficiency Cont. Isolation Valves Quarterly Surv. Test Lock in Closed
Position (Short-Term
Fix)

D. C. Cook 1 Seating Degradation Pressurization System Leak Rate Test Not Givento

g Valve

Notes:
(1) Seal between containment wall and crane wall.

.

:

a
3
5
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gg TABLE 2-15

=r AGE-RELATED DEGRADATION DATA FROM THE NUCLEAR PLANT RELIABILITY DATA SYSTEM
$8
1.a
gg Degradation Discovery Number of

p Component Part Mechanism Method Occurrences Repair

Door Seal Mechanical Wear Surveillance 1 Replaced

Hatch Seal Mechanical Wear Leak Rate Test 1 Replaced

Inner Door Mechanical Wear Containment Exit 1 Replaced
Containment Ring-Feeder Assembly
Equipment Hatch

Shaft Pin & Mounts Mechanical Wear Surveillance 1 Replaced

Wires & Fittings Seal Shrinkage Surveillance 1 Replaced

O-rings Mechanical Wear Leak Rate Test 1 Repisced

Cam Follower / Mechanical Wear Surveillance & Cont. 4 Replaced & Reworked

[ Bearings Entry Parts
a

Door Seals / Gaskets Mechanical Wear Surveillance, Leak 26 Replaced
Rate Test & Alarm

inner Door Clutch Mechanical Wear Surveillance 1 Adjusted

Outer Door Actuator Mechanicel Wear Containment Exit 1 Parts ReplacedContainment
Personnel Inner Door Mechanical Wear Surveillance 2 Repaired & Adjusted
Hatch Mechanism

inner & Outer Doors Mechanical Wear Containment Exit 1 Replaced
Not Functional

Drive Shaft Seal Mechanical Wear Leak Rate Test 3 Replaced

Outer Door Inter;xk Mechanical Wear Surveillance & 2 Replaced Cam Rollero
g Containment Exit & Pin

:
8
c>



_ _ _ _ _ _ _ _ _ _ _ _ _ - _ . - - _ _ _ _ _ _ _ - . _ _ _ _ . __ .__ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ - . _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _

,

3O

f$ TABLE 2-15 (Continued)
-$ AGE-RELATED DEGRADATION DATA FROM THE NUCLEAR PLANT RELIABILITY DATA SYSTEM
i3 -

-e
b ?-
g3 Degradation Discovery Number of

g Component Part Mechanism Method Occurrences Repair
|

Actuator Arm Roller Mechanical Wear Surveillance 1 Positioned &
Cam Tightened

Outer Door Shaft Mechanical Wear Surveillance 3 Replaced

Inner Door Seals & Mechanical Wear Leak Rate Test 1 Replaced
Shafts

inner Door Pall Mechanical Wear Surveillance 1 Straightened
Operating Arm

Door O-rings Mechanical Wear Surveillance, Leak 11 Replaced
Rate Test & Cont

rp Entry / Exit
N +

N
Containment Connecting Rod Mechanical Wear Surveillance 1 Replaced

Personnel Hatch Outer Door Bushings Mechanical Wear Leak Rate Test 1 Replaced
& Cams :

Rollers & Latching Mechanical Wear Leak Rate Test 1 Replaced
Blocks

Alignment Bar Mechanical Wear Surveillance 1 Tightened

Various Inner & Outer Mechanical Wear Surveillance 1 Replaced PartsGear
Door Parts Alignment

Outer Door Limit Mechanical Wear Surveillance 1 Adjusted
Switch

inner Door Control Mechanical Wear Containment Exit 1 Repositioned & [
Switch Tightened Switchg ,

5
2
8
m
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ga TABLE 2-15 (Continued) ,

-$- AGE-RELATED DEGRADATION DATA FROM THE NUCLEAR PLANT REUABILITY DATA SYSTEM

$$ i

1.a !

p r+;= - --. Discovery Number of |

y Component Part Mechanism Method Occurrences Repair !
'

Containment inner Door Drive Mecharucal Wear Survedlance 1 Replaced t

IPersonnel Actuator
Hatch |

Shaft Seal Assy. Bolts Mecharucal Wear Leak Rate Test 1 Tightened {

Inner Door Handwheel Mechanical Wear Containment Exit 1 Adjusted & Tightened |4

Parts
'

Outer Door Shaft Abnormal Wear Surveillance 1 Aligned & Tightened
Coupling

Outer Door Upper Mechanical Wear Surveillence 1 Replaced
Shaft Seals

h) ,

4 Outer Door Key & Mechanical Wear SurveiHance 1 Replaced [" Keyway !
I

Seal on Upper & Not Given Surveillance 1' Replaced |i

Lower Shaft & Door |
t

Clutch Assembly Mechanical Wear Containment Entry 1 Tighten Setscrews !
Slipping .

Inner Door Bearing Mechanical Wear Surveillance 1 Replaced
[

Inner & Outer Door Mechanical Wear Surveillance 1 Rebuilt
Ball Valves i

Containment Shaft Seals Mechanical Wear Surveillance 1 Replaced [
Auxiliary r

o Hatch Outer Door Shaft Mechanical Wear SurveiNance 1 Replaced
,

kk Various Hatch Parts Mechanical Wear Surveillance 1 Replaced
3 "

5, e

*:
,

I
*

i
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ao
h$ TABLE 2-15 (Continued)
1$- AGE-RELATED DEGRADATION DATA FROM THE NUCLEAR PLANT RELIABILITY DATA SYSTEM
i3
5.e
-

3
g3 Degradation Discovery Number of

-1|

y Component Part Mechanism Method Occurrences Repair

Containment Interlock Rod & Mechanical Wear Surveillance 1 Replaced
Auxiliary Bearings
Hatch

Valve Mechanical Wear Surveillance 1 Freed & Lubricated

Outer Door Handwheel Abnormal Surveillance 1 Replaced
Seal Wear / Age

Outer Door Seal Mechanical Wear Surveillance 1 Replaced

Door Seal Mechanical Wear Surveillance 1 Replaced

Containment Cam Fo!!ower Mechanical Wear Volume Test 1 Replaced
N Emergency Hatch
4 Door Outer Gasket Mechanical Wear Leak Rate Test 1 Replaced1

A

Inner Diameter Seal Mechanical Wear Leak Rate Test 1 Rep'sced

Outer Door Gaskets Mechanical Wear Surveillance 1 Replaced

Inner Door Cam Mechanical Wear Surveillance 1 Replaced
Followers

Interlock Parts Mechanical Wear Surveillance 1 Replacement &
Adjustment

O-rings Mechanical Wear Leak Rate Test 1 Replaced i

2 -

8 .

a,
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h$ TABLE 2-15 (Continued)
1$- AGE-RELATED DEGRADATION DATA FROM THE NUCLEAR PLANT RELIABILITY DATA SYSTEM
'!
?.a
gD Degradation Discovery Number of

y Component Part Mechanism Method Occurrences Repair

Lower Personnel Door Seal Mechanical Wear Surveillance & Leak 3 Replaced
Airlock Rate Test

Airlock Seal Mechanical Wear Leak Rate Test 2 Replaced

Outer Door Pin & Mechanical Wear Containment Exit 1 Replaced
Push Rod

Upper Personnel Check Valve Mechanical Wear Not Given 1 Replaced
Airlock

Airlock Seal Mechanical Wear Door Operation 1 Replaced

80-foot Airlock Door Outer Door Gasket Mechanical Wear Surveillance 1 Replaced
to

~

4, Guer Door Ball Valve Mechanical Wear Leak Rate Test 1 Rebuilt
u

Miter Gears & Spacer Mechanical Wear Attempted Exit @ 1 Replaced
100% Power

Outer Door Drive Mechanical Wear Attempted Entry @ 1 Replaced
Chain, Check Valve & 100% Power
Gasket

95-foot Airlock Door Outer Door Seal Mechanical Wear Alarms ! Replaced

Aux. Bldg. Airlock inner Door Seal Mechanical Wear Surveillance 1 Replaced
Door

Mechanical Seal Unknown Leak Rate Test 12 Resealed
Penetration

O
8 Electrical Penetration Assembly Module Seal Mechanical Wear Leak Rate Test 10 Replaced

,

8

1
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| ?. TABLE 2-15 (Continued)
rE- AGE-RELATED DEGRADATION DATA FROM THE NUCLEAR PLANT RELIABILITY DATA SYSTEM
A3
2I
[D Degradatiote Discovery Number of

,$ Component Part Mechanism Method Occurrences Repair

C Piping Penetration Sleeve Mechanical Wear Surveillance 2 Repaired

Bellows Support Plate Mechanical Wear Surveillance 1 Weld Repair

Bellows Mechanical Wear Surveillance 1 Repaired

Cont. Electrical O-rings & Modules Aging Leak Rate Test 2 Replaced
Penetration

Cont. Penetration Bellows Mechanical Wear Surveillance 1 Welded Hole

Fuel Transfer Canal Valve Mechanical Wear Prior to Fuel Reload 1 Parts Repaired &
Replaced

to

?
8

$
5
8
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|

inspection. Also a number of O-ring seal failures and bellows or bellows component failures
or damage were noted for penetrations. Repairs were made in all instances.

Existing inspection, maintenance, and repair programs are sufficient to preclude mechanical
wear from the list of significant age-related degradation mechanisms for plant life extension for
the subcomponents under consideration. These subcomponents are not considered to be
long-lived and passive, and damage is repaired on discovery.

Leak Rate Testing

The frequency of the Type A integrated leak rate test (ILRT) may result in unnecessary ;

degradation to the reinforced concrete containment. During the test, the containment is !

subjected to an internal pressure equal to the design pressure for the structure for most )
plants. (A few older plants use a test pressure below the design value.) This follows the

'

structural acceptance test (SAT), where the containment is required to withstand an internal
pressure 15 percent greater than the design pressure level, before plant operation. Repeated
openings may create a permanent seepage path for water, resulting in corrosive attack on
reinforcing steel or chemical attack on the concrete. Significant degradation could result only
from extensive exposure to water carrying aggressive chemical agents. Such exposure
occurs only below grade where exposure to groundwater is possible; however, extensive

'

cracking due to leak rate testing is not likely to occur in this location. Above-grade cracking in
the concrete is accessible for inspection and can be managed by current inspection and repair
programs. The U.S. NRC has amended Appendix J (10 CFR 50) to provide a performance-
based option for leak rate testing as an alternative to existing prescriptive requirements, which
reduces testing frequency on a plant-specific basis. As a result, leak rate testing does not
constitute a significant source of age-related degradation.

I
|:

SECY-96-080

Additional information is given in SECY-96-080 pertaining to inservice inspection deterioration
detection. Review of the table summarizing the occurrences of structural degradation reveals |

that about a third (11 of 28) of the occurrences are found for the WOG plants listed in

| Table 1-1. All occurrences associated with the WOG plants were detected by utility l
inspections.

|

Occurrences of corrosion in metal containments and liners of concrete containments reveal
that 13 of 29 occurrences were found at one of the plants listed in Table 1-1, and 4 of the 13 ;
occurrences, about 30 percent, were detected by NRC audits. The degradation was detected
by the audit before the loss of the intended function, and repairs or evaluation were performed
before the plant retumed to service. The frequency of CLB inspections should be based on I
the time required to detect the indications of degradation and evaluate or repair them before j
the loss of intended function, and all accessible areas of the interior and exterior containment

Containment, Rev. O December 1996
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structures should be inspected prior to the performance of Type A tests (10 CFR 50,
Appendix J). The damage would have been detected during the next scheduled utility
inspection of the accessible surface areas, where the degradation would have still been
discovered and repairs or evaluations made well before the loss of intended function. The
audit findings do not invalidate the effectiveness of the CLB inspection programs, but enhance
the effectiveness, ensuring that the inspections are thorough and meet CLB commitments. It
can be concluded that the current ongoing inspection programs used by utilities as part of
their current licensing basis (CLB) are effective in identifying degradation and deterioration.

'2.7 f.GING EFFECTS

From the industry issues and maintenance history, the mechanisms potentially causing
significant aging effects to the PWR containment have been identified. Table 2-16
suritmarizes age-related degradation mechanisms applicable to the PWR containment

components. Table 2-17 provides a summary of the aging mechanisms and aging effects
associated with each subcomponent. Also provided is a reference to the section where these
mechanisms and effects are evaluated in Section 3.0. Also given in this table is the reference
to the subsection where time-limited aging analyses (TLAAs) are evaluated when applicable
for a particular component. Table 2-18 lists the primary and secondary aging effects that are
applicable to the PWR containment subcomponents.

The aging effects for aging mechanisms attacking the concrete include cracking, scaling,
spalling, increased porosity, and permeability, in addition to loss of strength, both compressive
and tensile, and loss in modulus of elasticity. Secondary effects include loss of protective
covering and chemistry, i.e., lowering concrete pH and degrading protective oxide films on
reinforcing steel, resulting in the corrosion of the embedded steel. All effects are discussed in
Section 3.2.

The aging effects for corrosion of steel components include increase in volume through rust
by-products, cracking of the surrounding concrete, and reduction in cross-sectional area or
thickness. Elevated temperatures result in the reduction in strength and modulus of elasticity
for steel, while irradiation embrittlement results in the increase in yield strength, decrease in
the ultimate tensile ductility, and increase in the ductile-to-brittle transition temperature. A
secondary effect of elevated temperature is loss of bond strength between embedded steel
and concrete. Fatigue results in cracking in steel components and surrounding concrete.

Corrosion in post-tensioning systems results in aging effects including decrease in cross-
i sectional area, reduction in prestress force, breakage of wires or strands, and leakage of
I corrosion inhibiting grease. The effects of SCC are the cracking of steel components and
i reduction in prestress force.

Containment, Rev. O December 1996
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!
|

| Aging effects associated with aging mechanisms that affect penetrations include loss of
material, cracking of steel components, fatigue-induced cracking, and loss of seal or pressure
retention.

The effects of settlement, when significant, are loss of support clearance in piping or other|

systems interconnecting adjacent buildings, inducing additional stress.

Some of the mechanisms resulting in these effects can be classified as both natural aging
mechanisms and event-driven mechanisms, while other mechanisms are natural aging
mechanisms. Effects of the event-driven mechanisms may result from occurrence of an
event, such as leakage of piping systems, and also occur as a result of natural aging. These
include aggressive chemical attack of concrete, corrosion and coating degradation of the steel
liner or steel containment. All other mechanisms are considered to be natural aging
mechanisms.

|
.

|

|

|

|
i

1

|

|
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TABLE 2-16

{@g
AGE-RELATED DEGRADATION MECHANISMS

y APPLICABLE TO PRESSURIZED WATER REACTOR CONTAINMENT STRUCTURES
p-
IE

.< Material System Containment Component Degradation Mechanism
o

Concrete Reinforced' Prestressed Concrete Containments Chemical Attack
Concrete dome

.

Leaching
Concrete containment wall above grade Alkali-aggregate reactions
Concrete containment wall below grade Sulfate attack
Concrete basemat Bases and acids (aggressive chemicals)
Concrete containment wall below grade
(embedded steel) Physical Attack

'
Concrete basemat (embedded steel) Freeze / thaw cycling

Thermal exposure / thermal cycling ,

Free-Standing Steel Containments irradiation
'

Concrete basemat !nteraction with aluminumi

Concrete basemat (embedded steel) Microbial attack ;
' fp Corrosion of embedded steel

g Settlement

'

Mild Steel Reinforcement Reinforced / Prestressed Concrete Containments Corrosion
Dome reinforcing steel Elevated temperature
Containment wall reinforcing steel above grad 3 Irradiation
Containment wall reinforcing steel below grade Fatigue
Basemat reinforcing steel

Free-Standina Steel Containments '

Basemat reinforcing steel .

Prestressing/ Post-Tensioning Prestressed Concrete Containments Corrosion
Prestressing tendons Elevated temperature ,

Irradiation !

Fatigue t,

Loss of prestressing force

S
a :

g i
,

8 :

:
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TE TABLE 2-16 (Continued)
{j AGE-RELATED DEGRADATION MECHANISMS
(g APPLICABLE TO PRESSURIZED WATER REACTOR CONTAINMENT STRUCTURES

I =-
'

I?
< Material System Containment Component Degradation Mechanism
o

Liner / Free-Standing Reinforced / Prestressed Concrete Containments Corrosion
Steel Containment Containment liner interior surface Elevated temperature

Containment liner exterior surface above grade Irradiation
Containment liner exterior surface below grade Fatigue
Basemat liner interior surface Strain aging
Basemat liner exterior surface Settlement
Liner anchors above grade ;

Liner anchors below grade

Free-Standina Steel Containments
(Cyhndrical/ Spherical /ElHptical Bottom)
Embedded shell region -

Y
3 Common Components

Penetration sleeves
Penetration bellows '7
Personnel airlock '

Equipment hatches [

i
t

i

8 -

a :

k
e
8
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ao

i E. TABLE 2-17
SUMMARY OF CONTAINMENT AGING EVALUATIONSg

1.a
|2 Aging

~@ Material, System, Aging Effects Assessment - Aging TLAA Evaluation
mo or Component Aging Mechanism (See Table 2-18) Report Subsection Management Program (Section 3.3)

Concrete Freeze-Tha#8 1,2,3,4, A 3.2.1 AMP-5.1 and AMP-52 No

Leaching 2,B 3.22 NR No

Alkali Aggregate 1,5,B 32.3 NR No
Reaction

Neutron Irradiation 1.5,7 3.2.4 NR No
Embrittlement

Interaction with 7 3.2.5 NR No
Aluminum

to Concrete Thermal Aging 1,3,7 3.2.6 NR No
ao Embrittlement
to

Aggressive Chemical 1-5,7,8 3.2.7 AMP-5.3 and AMP-5.4"8 No
Attack

Bond Strength 8 32.8 NR No
Reduction - Direct
Current

Fatigue at Penetration 1.2 A B 3.2.9 AMP-5.5 Yes-
Anchors

Reinforcing Steel Corrosion 1,2,8-10,A,B 32.10 AMP-5.3 and AMP-5.4"' No

Elevated Temperature Not Significant 3.2.11 NR No

Irradiation 11 3.2.4, 3 2.12 NR No
(Embrittlement)

O
8 Fatigue 1,8,A 3.2.13 NR No
@
3
E,

8
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k,O
E. TABLE 2-17 (Continued)

{g SUMMARY OF CONTAINMENT AGING EVALUATIONS
-o
EN
-

IJ Aging
,< Material System Aging Effects Assessment - Aging TLAA Evaluation

mo or Component Aging Mechanism (See Table 2-18) Report Subsection Management Program (Section 3.3)

Liner Elevated Temperatures Not Significant 3 2.11* NR No

Irradiation 11 3.2.12" NR No

Fatigue 12 3.2.135 NR No

Corrosion 10 3 2.14 AMP-5.5 No

Coating Degradation A 32.15 AMP-5.5 No

Fatigue at Attachments 12 3.2.16 NR No
and Discontinuities

7 Post-Tensioning Corrosion (including 10,13-15,B 3 2.17 AMP-5.6 No

@ Systems Microbial) and Concrete
Degradation

Elevated Temperature 20 3 2.18 NR No

irradiation 11 3.2.4, 3.2.19 NR No

Prestress Force Losses B 32.20 AMP-5.6 Yes

Stress Corrosion 13,16.B 3.221 AMP-5.6 No
Cracking i

Steel Embedments Corrosion 1,4 3.2.22 NR No !

Electrical Penetrations Material Compatibility 10 32.23 NR No

Bellows TGSCC 16,17 3 2.24 AMP-5.5 No

k
8
a
T,

8
:
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f h. TABLE 2-17 (Continued)

{ SUMMARY OF CONTAINMENT AGING EVALUATIOFiS
,

s.a
|3 Aging

$ Material System Aging Effects Assessment - Aging Management TLAA Evaluation
o or Component Agir.g Mechanism (See Table 2-18) Report Subsection Program (Section 3.3)

Mechanical Bellows Fatigue 12.17 32.25 AMP-5.5 Yes
Penetrations

Fatigue 12,17 3 2.9. 3.2.26 AMP-5.5 Yes

Embrittlement of 17 32.27 AMP-5.5 No
Gaskets

Corrosion and SCC 10.16,17 3.228 AMP-5.5 No

Fuel Transfer Tube Mechanical Wear 10 3.2.29 AMP-5.5 No
Penetration *

Embrittlement of 17 3.2.30 AMP-5.5 No
|Gaskets

e
g Corrosion and SCC 10.16,17 3.228,3.2.31 AMP-5.5 No ,

Airlocks and Hatches * Mechanical Wear 10 3.2.32 AMP-5.5 No
,

Fatigue 12,17 3.2.16,32.33 NR No

Embrittlement of 17 3.2.27, 3.2.34 AMP-5.5 No
Gaskets

Loss of Pressure 17 [
Retention 3.2.35 AMP-5.5 No

Elevated Temperature Not Significant 3.2.36 NR No

Foundations Settlement 1.18 3.2.37 AMP-5.7 No

,

8
Pr !
e !

3
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,E. TABLE 2-17 (Continued)

{eg SUMMARY OF CONTAINMENT AGING EVALUATIONS ;
-

5.R

I@ Aging
.< Material System Aging Effects Assessment - Aging Management TLAA Evaluation
C or Component Aging Mechanism (See Table 2-18) Report Subsection Program (Section 3.3)

Free-Standing Steet . Strain Aging 19 3.2.38 NR No
Containment

Fatigue 12 3.2.39 AMP-5.5W Yes I

Corrosion 10 3.2.40 AMP-5.5") No
,

Notes:

1. For inaccessible below-grade structures
2. Management programs defined by-

NR = None required
AMP = Aging management program

3. Not signifcant aging effects as given in referenced sections
to 4. Applies only to penetration bellows, see also Subsection 3.2.25.
co 5. For fatigue, see mechanical penetration '

on 6. For corrosion, see mechanical penetration
7. The freeze-thaw aging management program is applicable only as indicated in Subsection 3.2.1 and is a plant-specific issue,

t
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TABLE 2-18,

AGING EFFECT LIST

AGING EFFECTS - PRIMARY

1. Cracking of the concrete

2. Increased porosity and/or permeability of the concrete

1
3. Scaling of the concrete surface

1

4. Spalling of the concrete surface

'5. Excessive expansion of the concrete (internal or overall)

6. Exudations and surface deposits

7. Decrease in tensile and compressive strength and/or modulus of elasticity

8. Loss of bond strength between reinforcement steel and the concrete

9. Increase in the volume of reinforcement or embedded steel resulting from the formation of rust by-
products, resulting in concrete cracking

10. Reduction in cross-sectional area or thickness, or loss of material

11. Decrease in ultimate tensile ductility, increase in ductile-to-brittle transition temperature,
increase in yield stress

|
12. Fatigue-induced cracking of component

13. Reduction in prestress force

14. Breakage of wires or strands

15. Leakage of corrosion inhibiting medium

16. Cracking of steel component

17. Loss of seat or pressure-retaining capability

18. Added stress induced by loss of supporting system clearances

19. Decrease in ductility

20. Decrease in tensile strength of steel

AGING EFFECTS - SECONDARY

A. Corrosion resulting from loss of protective concrete cover, coating, or protective concrete
chemistry

| B. Loss of strength
I
l

i

Containment, Rev. O December 1996
m um i .vD1H896 2-86
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3.0 TIME-LIMITED AGING ANALYSES AND AGING EFFECT EVALUATIONS
i

This section describes each of the significant age-related degradation mechanisms that affect
the PWR containment and evaluates how the effects caused by these mechanisms can

| potentially degrade the intended functions of the PWR containment. This section also
! evaluates time-limited aging analyses (Section 3.3). All aging effects and time-limited aging

analyses that require management during an extended period of operation are identified.

3.1 INDUSTRY ISSUES

Table 3-1 presents a summary of the industry aging issues and the status of NEl/U.S. NRC
agreements or positions relative to the significance or nonsignificance of the applicable age-
related degradation mechanisms (ARDMs) or ARDM/ component combination.

The causes of adverse aging effects in PWR containment structures are discussed and
evaluated in Section 3.2, and aging management is discussed in Section 4.0.

The following specific issues have been identified from the list of industry aging issues as
plausible and potentially significant age-related degradation mechanisms for the containment
structures:

Aggressive chemical attack (for below-grade concrete containment and basemat).

Corrosion in embedded steel /rebar (for below-grade concrete containment and basemat).

Corrosion of steel containment / steel liner (inaccessible)*

Corrosion in tendons.

Loss of prestress forces in post-tensioning systems.

Fatigue is potentially significant, but is manageable, as discussed in Sections 3.0 and 4.0.

!

The following issues are not significant if the containment concrete construction meets j

prescribed criteria as discussed in Table 3-1 and Section 3.2 (i.e., plant-specific issues only):

Freeze-thaw damage (only for applicable weathering conditions).

Alkali-aggregate reaction (only for reactive aggregates where reaction is driven by water.

infiltration resulting from other plausible ARDMs)
Settlement (plants founded on soft compressible soils).

Corrosion of embedded steet/rebar (cracking of concrete must be present).

|
|

|
!

Containment, Rev. O December 1996 ;
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IE TABLE 3-1(j SUMMARY OF PRESSURIZED WATER REACTOR CONTAINMENT STRUCTURES AGING
gg EVALUATION AND STATUS OF NEl/U.S. NRC AGREEMENTS
:-

k.
.< Aging Related
o Degradstion U.S. NRC NElfU.S. NRC

Mechenism Aging Effects Componente Materials Comment Number Criteria / Program Ai ^ or Positiony
i

General Age-related Concrete & Steel Concrete & steet Open issues G-7 The ARDMs are evaluated for Urwesolved issue (One-time
degradation effects Containment Components S-7 significance using the available inspection)

research & Industry data. If
acceptance crReria (includin0 a NElPosman
revtow of plant performance
Nstory to ensure that contra- Resolution of the effects of
dlctory evidence does not age 4etated degradation
exist) are sa6sf' K!, then the ARDMis based on theN
inspection for that rnechardsm/ reviem4 valuation of plant- ,

component combination is not specific features, includng
,

needed. appropr. ate current Ilcensing ,

' basis (CLB) documents /
Information. General
baseline inspections are not

'
warranted if the crMerla used

g in the evaluations are
validated.g
US. NRC PosWon a

A one-tima focused inspec-
tion of containment is pro-
posed to identify existing

,

degradation mechanisms (if
any) and to take necessary F

corrective actions so that the
containments tore able to take
the chaRenges during the
Scense renewat term.

I

O
8
.
B

k
s
8
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( ET TABLE 3-1 (Conthwed)
{[ SUMMARY OF PRESSURIZED WATER REACTOR CONTAINMENT STRUCTURES AGING
yg EVALUATION AND STATUS OF NEUU.S. NRC AGREEMENTS
-.
_

5@
.< Aging noiseed ur NRc
O Depeda60n Comment NEW.S. NRC

Mechanism Aging Effecte Cs . . . . . . . . . _ RAmeerlate Number Criterla4*ropam 4 _ .: or Poolglon

Freeze-thaw Scaling. cracking. Concrete Containmerns Concrete Open issue Freeze-thew is i-=;w..bre US. NAC Posman
& spanng Reinforced 1'restressed S-10 for concrete contamment

Concrete dome structures located in a geo- Freeze-thew damage of thepermeatWitty *

Concrete containment graphic region of negEgtWe concrete dome a se (S-10)
*

war above grade weathering conditions is potentia #y signdicant.
Concrete contamment (weethenng index <100 day -*

was below grade kuWyr);' and B located in
Concrete basemat severe (weathenng irdex*

Free-Standing Steel >500 day-inclVyr) or
Containment wfth Rat Bottom moderatt (100-500 day-
a en Ice Condenser truWyr) weathering cons-

Concrete basemat sons, the concrete mix design*

meets the air content &
water-to<ement ratio
requiremerits of ASTM C260'

g or equivalently, the ASME
Sect. tit. Division 2,'.

W paragraph CC 2231.7.1.8
Containment ingegnty moni-
toring program kuildes
periodic examination of
accessible concrete surfaces
in accordance with the
procedures of type A'
integrated leak rate test, or in
accordance with ASME
Sect. XI, Subsect. IWL, or as
part of the tendon sur.
vemence program (where
applicable) en accordance weh
Regulatory Guide 1.35.
Ag6ng effects that can Irmair
the function of the contain-
ment are assessed and
repaired as required under
the programs

O
8
O
9
5
,

8

___ _ _ _ _ - _ _ ___ _ _ _ _ . - _ - . =_ __ _ -__ - _ _.
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jE. TABLE 3-1 (Continued)
4g SUMMARY OF PRESSURIZED WATER REACTOR CONTAINMENT STRUCTURES AGING
y8 EVALUATION AND STATUS OF NEl/U.S. NRC AGREEMENTS
= ~ ~

$
$ Aging Roseted u.s. ImC

o gradetion Comment NEWU.S. NRC
c,

Mechanism Aging Effects Componente Meteriale Number Crtterlarrogram " , , . _ ^or Position

t.eaching of increase of Corcrete Containments Concrete Ckised Leeching of catclum hydroxide is Nonsegnificart
Calcium porosity & Flemforced/ Prestressed nonsignihcant for concrete con-

Concrete dome tainment structures not exposed toHydroxide permeability .

Concrete containment flowing water, and for structures.

war above grade that are enposed to flowing water
Concrete containment but are cmstructed using the.

war below grade guidance of ACI 2012R-77* to
Concrete basemat ensure dense, weR<:ured concrete

,

!
.

Free-Standing Steel with low permeabWty and
Containment with Flat controHed cracking through proper
Bottom & en Ice Condenser arrangement & distrtsution of ;

Concrete basemat reinforcement.
'

.

Aggressive inersese of Concrete Containments Concrete Closed in cases where containment con- Accessbie ex)ncrete surfaces
Chemical Attack porosity & fleinforced/ Prestressed crete is exposed to aggressive are periodica9y exammed in

Concrete containment groundweter (pH c5.5 chloride accordance with the pro-permeability .

? cracking & war below grade >500 ppm & sulfate St500 ppm). cedures of Type A' integrated
Concrete basemat periodicinspectenof accessible leek rate test or inA spaning .

Free-Standing Steel concrete surfaces as part of Type accordance with ASME
Containment with Flat A integrated leak rate test Section XI. S* sect. fWL'
Bottom & an Ice Condenser periormed under Appends J. to

Concrete basemat CFR 50' or in accordance with Management for the effects of.

ASME Sect. XI. Subsect. IWL'. agg'essive chemical attack of
exam. category L-A & guidelines concrete surfaces that are not
of ACI 201.1. periodicauy examined due to

ineaessbety requires further
The IR lound no generic programs plantgecific evaluation.
that effecEvely manage the effects
of aggressive chemical attack for
concrete basemats of free-
standing steel (flat bonom/lce
condenser) and
reinforcesprestressed concrete
coriainment structures and txrn-
ponents, and for reinforced /
prestressed concrew containment
wags below grade. Plant-specific
options include a phased

O amroach based ort

@ (t) evaluation of groundwater,
(2) inspection and testing of con-e

g crete; and (3) management of
groundwater.g

,

!! .

_ _ _ _ - _ - ___ _ . . - _ _ _ _ _ _ _ _ _ . .. . . .. - - - - - - - _ - _ _ _ _-
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R
e. TABLE 3-1 (Continued)

4j SUMMARY OF PRESSURIZED WATER REACTOR CONTAINMENT STRUCTURES AGING
EVALUATION AND STATUS OF NEl/U.S. NRC AGREEMENTSg*g ,

=-
i3m
< 4,ing nesseed uA unC.

o Degradotion Comment NElfUA MnC
Mechantom Aging Effects t ,_.7 Materlats Number CriterleProgram A,. _ . or Poeltion

Reaction with Expansion & Concrete Containments Cnncrete Open issue Reactions with aggregates Unresolved issue
Aggregates cracking Reinforced / Prestressed S 12 are nonsignificant for concrete

Concrete dome containment structures NET Pos#iort(Alkall- Aggre- *

gate Reactons) * Concrete containment aructed ehher from aggre-
war above grade gate taken imm geographc For concrete containment
Concrete containment regions other than those structures that meet the*

wan below grade known to yield aggregates criteria, reaction wth aggre-
Concrete basemat suspected of or known to gates is nonsignificant*

Free-Standing Steel cause alkan-aggregate reac- ARDfA.
Containment with Flat tions. " or from aggregate
Bottom & an Ice Condenser that was investigated, tested, U.S. NRC Ptatkrt

Concrete basemat & subject to petrographic*

exam equhralent to that Akaane-aggregate reactions
required by ASME Section lit, can not be ruled out Tests
Division 2. Class CC? ASTM involving aggregntes alone
C295" and ASTM C227'' are not satisfactory in pre-g
which showed that the dicting aggregate per-.

W aggregate is norweactive; or formance. Alkanne-
N the aggregate was aggregate reachon may
examined and occur after 25 or more
90und potentia #y reactive, the years. Use of possolarts &
provisions of ACI 201.2R-77* low skaR content coment
or equiva%nt were fonowed. may not contral reactions for

concretes fabncated using
sandevel aggregates
(S-12) Exposed concrete
surfaces subjected to
significant wetting or
ponuing should be visuaHy
examined for signs of AAR
5 potentiaNy reactive
aggregates were used.
Where evidence of AAR is
present, samples should be
removed and petro-
graphicaNy examined and
tested to determine the
problem and impact on

O intended component
$ h
.

CT

a
e
8

t
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{{ TABLE 3-1 (Continued)
pg SUMMARY OF PRESSURIZED WATER REACTOR CONTAINMENT STRUCTURES AGING
E~ EVALUATION AND STATUS OF NEUU.S. NRC AGREEMENTS
IT

$
o Aging Related U.S. NRC

Degradetion Comment NEW.S. NRC ,

Mechenlem Aging F#ects Componente Motoriale Number Criteria / Program Agreement or Position

Aggressive Incresse of Concrete Containments Concrete Closed Nonskytificant Degradation caused by
Chemical Attack porwity & Reinforced / Prestressed agyesstwo chemical attack

Concrete dome is . -vart for concretepuneability .

Concre's containment containment structures notcracking & .

spalling waB above grade exposed to aggressive
environment (pH c5.5), or to
chtoride or sulfate solutions
beyond defined Rmfts (>500
ppm chloride' and 1500
ppm sulfate);Ior5 exposed
to groundwater that exceeds
the pH, chloride, or suRate
EmRs, the exposure > for ,

intermittent periods ordy.

9 Reaction with Expansion & Concrete Containments Concrete Closed Degradation from exposure to Nonsignificant
0) Aggregates cracking Reinforced / Prestressed elevated temperature is

Concrete dome nonsignficant for concrete(Alkali - *

Concrete containrrumt containment structures generalAggregate .

Reactions) war above grade areas maintained at operating
Concrete containment temperatures <150*F and local.

wall below Orade area temperatures 200"F*** or for
Concrete basemat structures that operate above.

Free-Standing Steel these Smits, plant-specific
Containment with Flat justihcation is provided in
Bottom & en Ice Condenser accordance with ACI 349-85.es

Concrete basemat.

Elevated Loss of strength & Concrete Containments CS reinforcing Closed Normal bulk operating tempera- Nonsignificant
Temperature modutus Reinforced / Prestressed steet tures within PWR m.e a

Dome reinforcing steel structures are 120-150"F which.

Cont. war reinforcing are wen below the 600T level at.

Steel above grade which the structural integrity of
Cont. wall reinforcing rebar/ concrete combination begins.

steel below grade to be signihcantly affected.'*
Basemat reinforcing*

steel
g Free-Standing Steel
e Containment with Flat

Q Bottom & an Ice Condenser
Basemat rekiforcing.g
steetcy

O

3 CS - Carbon Steel

b
a
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i TABLE 3-1 (Continued)

g SUMMARY OF PRESSURIZED WATER REACTOR CONTAINMENT STRUCTURES AGING
jg EVALUATION AND STATUS OF NEl/U.S. NRC AGREEMENTS
=-
IT

,k Aging Reimed U.S. NRC
Degradstion Comment NEWU.S. NRCo Mechordem Aging Effecto Componente Materiale Number Criterla/ Program Agreement or Pooltion

Elevated Loss of strength & Concrete Containments CS Closed PWR containment prestressing ;i,,4 a.4
Temperature modulus Prestressed prestressing tendons subjected to

increase h Prestressing tendons steel terrperatures less then 140"F U.S. NRC Posman.*

relaxation (creep) will not expertence a decrease
. losses in strength or modutus of The U.S. NRC accepted the

elasticity. Periodicinservice IR programs, pnmarily
examination,in accordance with because of the simHarfly to
Exarnination Category L-B Reg. Guide 1.35, as effec-
(tendon prestressing force and tively managing tendon
elongation measurement), is an prestressing losses h PWR
effective program for managing prestressed concrete con-
the potentially significarit effects tainment structures.
of elevated temperature on
stress re!axation losses in
prestressing tendor4

9 Elevated Loss of strength & Concrete Containments CS ' Closed Normal operating temperatures Nonsignircant
N Temperatures modulus Reinforced / Prestressed prestressing within PWR containment stno

Containment liner int. steel tures are 120-150*F, which are.

surface wea below the 700*F tevel at
Containment liner above which the yield strength and*

grade exterior surface modulus of elasticity of the steel
Containment liner below liners, free-standing steel con-*

grade exterior surface tainment sheRs, and assodated
Basemat uner intenor w. vv eas ty to be sigre-.

surface cantty affected.
Basemat liner exterior*

sudace
Liner anchors above gr.*

Liner anchors below gr.*

Free-Standing Cyhndrical &
Spherical Steel Containment
with Elliptical Bottom

Containment shen int..

surface
Containment shell ext*

surface
Embedded sheE region*

O Sand pocket region*

8 '

3 CS - Carbon Steel

i
,

8

.
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Eog r. TABLE 3-1 (Continued)g

4g SUMMARY OF PRESSURIZED WATER REACTOR CONTAINMENT STRUCTURES AGING
jg EVALUATION AND STATUS OF NEl/U.S. NRC AGREEMENTS

i3 **
$

k Aging Related US NRC
*

Degradation Comment NEWUA NRC
,

*

O hlechordsm Aging Effects Components 88storials Number CriterWProgram Agreement or Pooltion '

Elevated Free-Standing Steel Cont. with
Temperatures Flat Bottom & an Ice Condenser
(Continued) Dome she8 intenor surface*

Dome she8 exterior surface*

Cyhndrical she8 int, surface*

Cy#ndncal she8 ext. surface*

Embedded she8 region*

* Basemat liner
. Liner anchors
Common Conponents

Penetration sleeves*

Penetration bellows SS, CS*

Personnel airlock CS*

Equipment hatches*

irradiation of Loss of strength & Concrete Containments Concrete Closed The neutron fluence levels & Nonsignificant
(,a Concrete modulus Reirdorced/ Prestressed maximum integrated gamma
g Concrete dome doses incurred by PWR*

Concrete containment wa8 containment concrete do not*

above grade exceed the level at which
Concrete containment wait measurable degradation of*

tM grade
concrets strengthy& 10*

tties
occurs (10" rVcmConcrete basemat*

Free-Standing Steel rads, respectively). *>'
Containment wtth Flat Bottom &
an Ice Condenser

Concrete basemat*

trradiation of Loss of fracture Concrete Containments CS Closed The cumulative neutron flux Nonsignircant
Steet toughness Reinforced / Prestressed reinforcing expertenced by remforced

Dome reinforcing steel steel concrete PWR containment*

Containment wa8 structures is far below the*

Reinforcing steel above threshold level of 10" tbtm'
grade for degradation of reinforcing
Basemat reinforcing steel steel properties."*

Free-Starxilng Steel
Containment with Flat Bottom &
an ice Conderser

Basemat reinforcing steel*

CS - Carbon Steel. SS - Stair:!ess Steet

B
5

<
A

a
>
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5, ?. TABLE 3-1 (Continued)
{ e.g SUMMARY OF PRESSURIZED WATER REACTOR CONTAINMENT STRUCTURES AGING
y8 EVALUATION AND STATUS OF NEUU.S. NRC AGREEMENTS
: e

$e
.< Aging Related U.S. NRC
O Degradetion Comment NEWU.S. NRC

Mechanism Aging Effects Components Meteriale Number CriterWProgram " . , . _ ,; or Poellion

irradation of Loss of fracture Concrete Containments CS Closed The neutron fluence levels and Nonsigraficant
Steel toughness Prestressed prestressing maximum integrated gamma

Prestressing tendons steel doses incurred by PWTt.

containment tendons &
corrosion inhibitors are below
the threshold to incur age
estated degradation (<4 x 10"
rW:m' & 10'' rads.
respechvety)"

trradiation of Loss of fracture Concrete Containments CS Closed The neutron fluence levet Nonsig Heant
Steel toughness ReinforcedWestressed incurred by PWR containment

Containment Ener int. liners or free-standing steet.

surface containment shets is far below
Containment Ener above the level of 2 x 10" rW:m'.

g grado exterior surface (>1 MeV). which could cause a
Containment liner below change in mechanical or. .

O grade exterior surface physacal properties,"
. Basemat Ener interior

surface
Basemat liner exterior.

surface
Liner anchors atxwe gr..

Liner anchors below gr..

Free-Standing Cylindrical &
Spherical Steel Containment
with Elliptical Bottom

Containment shellInt..

surface
Containment shell ext..

surface
Ernbedded sheB region.

Liner anchors.

CS - Carbon Steel

O
$
e
3
5
,

.A

@
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E4 TABLE 31 (Continued)
'4 j SUMMARY OF PRESSURIZED WATER REACTOR CONTAINMENT STRUCTURES AGING
pg EVALUATION AND STATUS OF NEl/U.S. NRC AGREEMENTS
3e
$

'$ Aging Related U S. NRC
Degradation Comment NEl/U.S. NRCO Mecharusm Aging Effects Components Materials Number CrftertaRogram Agreement or Posthan

irrad4aten of Steel Free Standing Steel Cont. with
(Cordmued) Flat Bottom & en ice Condenser

Dome shes interior surface |
*

Dome shog exterior surface '*

Cyhndncal she8 Int. surface*

Cythdrical shes ext. surface=
iEmbedded shel region=

Basemat Iner.

Liner anchors*

Common Congonerts
* Penetreten sleeves SS.CS
* Penetration benows CS
* Personnel airlock

Equipment hatches.

Corrosion of Crackmg. spalling. less of Concrete Containments Embedded CS Open issue S-42 Nonsignificant for concrete not NE7 Posmort
Y Embedded Steel bond & loss of material Remforced/ Prestressed & renforcing exposed to aggresshe

Concrete dome CS (rebar) in pH < 11.5 or chiandes >500 ppm; For ancrete containmerta *

o Concrete contamment was concrete or il exposed to aggressive structures that meet the.

above grado envronmort concrete has retatively criterit, <xmosen of embedded
Dome reinforemg steel high strength (27.8 MPa (4 kai)). Iow steel or reber is nonsignihcart*

. Containment waN waterio.coment rate (0.35445), ARDM.
Peinforcing steel atme adequate air entramment (3-6%), low
grade r..C,, and desi ped h accor- U.S. NRC Pbsborti

dance with ACI 318' or ASME
Sect. tit, Drr. 2.' An inspectenf The limits on cNoride corsent
wakdown to took for signs of rebar h concrete in ACI 318 do riot
corrosen wm te performed for older apply to early vintage piants
plants when me ateve critene is not (S42). A plant inspec-
met by revew of the CLB. The tentwendown is necessary to
phased program to evatusse below hoped for signs of rebar
grade concrete described on sheet 3 conosion h older piarws where
of 18 for aggressive chemical attack R cannot be estabhshed that
wiB also apply to corrosen of embed- the criteria is met based on
ded romforcing steet h below grade review of the CLB.
componeres

CS - Carbon Steel, SS - Stainless Steel

O
$
ca

e
8
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f$ TABLE 3-1 (Continued)
' 5'
A' 3

SUMMARY OF PRESSURIZED WATER REACTOR CONTAINMENT STRUCTURES AGING
- <t> EVALUATION AND STATUS OF NEl/U.S. NRC AGREEMENTS
E ?-
im

*$ Aging Related U1 NRC
Degradetion Comment NEWU.S. NRC

O Mechenism Aging Effects C-_ ,_ m Materiale Number CriterlaProgram "_ .: or Poellion

Corrosion of Cracking, spalling, Concrete Containments Embedded Open Issue S42. In cases where containment NB Posmorr
Embedded Steet loss of bond, & Reinforced / Prestressed CS & concrete is exposed to aggres-

loss of matertal Concrete containment reinforcing sNe groundwater (pH <11.5 Amessible concrete surfaces.

was below grade CS (rebar) in cNorlde, >500 ppm & suNato are pertodica#y examined in
. Concrete basemat concrete >1500 ppm) periodic inspection accordance with the

Containment wall of accessible concrete surfaces procedures of Type A'.

retnforcing steel below as part of Type A integrated integrated leek rate test, or in
grade leak rate test performed under accordance with ASME
Basemat reinforcing AppencBx J.10 CFR 50,' or in Sect. XI, Subsect fWL'.

steel accordance with ASME Sect. XI,
Free-Standing Steel Subsect. IWL ' exam category U.S. NRC Posmon:
Containment with Flat L-A & guldennes of AC4 201.1.'
Dottom & an Ice Condenser An inspectionf walkdown to look The Emits on chlonde content

Concrete basemat for signs of reber conosion will in concrete in ACI 318 does.

Basemat reinforcing be perfonned for older plants not apply to earty vintage.

steel where the atxwe crReria is not plants (S-42). A plant inspec-
C4 met by review of the CLB. The lion /walkdown is necessary to
i phased program to evaluate inspect lor signs of rebar
4 below grade concrete described conosion in older plants where

on sheet 3 of 18 for aggressive 4 cannot be estabitshed that
chemical attack will also apply the critetta is met based on
to conosion of embedded rein- rev6ew of the CLB.
forcing steel in below grade
components.

Corrosion of Uner Loss of material. Concrete Containmems CS G-5, G-12. S-5, Galvanic conosion & corrosion Nonsig% cant
and Related stress corrosion Reinforced / Prestressed S-16, S-38 to due to aggressive aqueous
Components cracking, teskage Containment liner S-40, S-62 solutions win not occur if.

(Above Grade) interior surface dissimilar metals are not used in
Containment liner construction & if aggressive*

above grade exterior groundwater (chiondes >500
surface ppm) is not present SCC is not
Basemat Ener interior significant because PWR.

surface containment liners on!y
Liner anchors above experience compressNe.

grade stresses due to dead load &
Common Components prestress (tenslie stresses and a

Penetration sleeves corrosive environment are.

Dissimilar metal wekts necessary for SCC)..

U Personnel atriock.

@ Equipment hatches.

(D

3 CS - Carbon Steet
tr

k
e
H!

_ _ _______ _ - - - .. __ . . . .- - . . -



8 oo
3

E TABLE 3-1 (Continued)
SUMMARY OF PRESSURIZED WATER REACTOR CONTAINMENT STRUCTURES AGING

g @gy EVALUATION AND STATUS OF NEl/U.S. NRC AGREEMENTS
-: .-

@
.< Aging Related U.S. NRC

o Degradation Comment NEl/U.S. NRC
Mechenism Aging Effects Componente Materiale Number CriteriafProgram Agreement or Position

Corrosion of Steet Loss of material. Free-Standog Cytinditcal & CS G-5, G-12, S-5, Galvanic corrosion & SCC are Nonsignificant
Containment and stress corrosion Spherical Steel Containment S-6, S-16, S-38 to not signincant ARDMs N
Related Com- cracking, leakage with Egiptical Bot'om S-40 dissimaar metals are not used in

Containmere:Aellinterior Closed the construction of PWR tree-ponents *

surface standing steel containment; & in
Contairment shet exterior the case of SS beRows assem-.

surface blies for CS vent Enes or pipe
Free-Standing Steel sleeves N the materials are pro-
Containment with Flat Bottom tected by shields from corrosive
& an Ice Condenser environment.

Dome shes interior.

surface
Dome shell exterior*

surface
Cytindrical shen exterior-

G) surface
a Common Corrponents SS

Penetration bellowsto .

Corrosion of Liner Loss of materlat Concrete Containments CS G-5, G4. G-8 Periodic examination & Unresolved issue:

(Below Grade) Reinforced / Prestressed G-11. G-15, G-16, monitoring of accessible areas in ND lbsbort
Containment liner below S-24, S-25, S-36, accordance with ASME Sect. XI. ASME Sect. XI,'.

grade exterior surface S-37. S-54, S44, Subsect. IWE.' exam, categories Subsect. tWE, requires
Basemat Ener exterior S-66, S-69, S -72 E-D, E-F & E-P; & areas exempt visual examination of.

surface S-73 S-74 S-77 from inspection marveored to accessible surfaces prior to
Liner anchors below Open maintain required wall thickness any Type A test to uncover.

grade mirumums by UT performed * In evidence of structural
Free Standing Cylindrical & accordance with existing degradation; supple-
Spherical Steel Containment standards are e'tective programs. mentary methods for
with Elliptical Bottom condition monitonng

Embedded shell region Focused inspections will be cordirmation of mirumum.

Sand pocket region performed for areas where required war thickness by.

Free-Standing Steet aggressive aqueous solutions UT methods;" effected
Containment with Flat Bottom can collect (G-07,5-70), The areas evaluated in accor-
a an ice Condenser program to identify and evaluate dance with criterta of

Embedded shell reg!on corrosion of below grade or ASME Sect. til,'' and.

Basemat liner inaccessble steet structures is repair & replacement in.

Liner anchors desc lbed in Section 6 2 of the IR accordance with ASME.

O report. Sect XI,' Subsect.
lWE-4000 & 7000.

3 CS - Carbon Steel SS - Stain!sss Steel

,i
.&
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y, E TABLE 3-1 (Continued)

4@y
. SUMMARY OF PRESSURIZED WATER REACTOR CONTAINMENT STRUCTURES AGING

y EVALUATION AND STATUS OF NEl/U.S. NRC AGREEMENTS
5" .

k.
.< Aging Related UA NRC
o Degradetion Ch MEWUA NRC

Mechanism Aging Effects Componente Meteriale Number CriterWProgram Ayeoment or Position

Corrosion of Liner U.S. NRC PosAmrt
(Below Grade)
(Continued) The effects of corrosion are

poterWap signihcant for they
embedded shes region and the
sand pocket region of freMtanding
steel containmenes (cyancHcar
WU.Wie bottom) and for
containment aner surfaces where
aggressNe aqueous sokstions can
collect. Focused inspections are
recommended for surface locations
where aggressNe aqueous
solutions may collect.

Corrosion of Loss of material Concrete Contain- CS G-8,0-9, G-19 Periodic hservice examination of Unresolved issue:
Cd Tendons ments Prestressed G-11, G-16. S-9 tendon anchorage hardware ha Prestressing S 18. S-42, S-50, accordance with the provisions of NO Posfort.

(a tendons S44 RG 1.35" or the r.g.:. ._;. of
ASME Sect. XI.' Subsect, fWL. RG 1.35 & ASME Sect. XI,

Open issue S-61 including visual examinason of SAsoct. fWL require testing &
tendon anchorage hardware, examination of tension & leakage
evaluaton of corrosion protecton of corrosion protection medium, i

medium, & itentification & VT-1 includes anchor head,
testing of any free water; repair bearing plates, wedges,
& replacement; are effectNo buttonheads, shims, & concrete,
programs in managmg acceptance criteria tWL-3221.2
degradation by corrosion of include obsence of physical
prestressing tendons & anchor damage, corrosion Smits; &
heads. minimum specified anatorial

properties; IWL-2525-1 examines ;

corrosion protecton rnedium & any
free water; repair & replacement

U.S. NRC Posihlort

fWL lacks certain criteria in RG
1.35 to address long term effects
of targe amounts of grease
leakage on concrete conpressive

O g strength and bonding with reber

@ | (S41).

h CS - Carbon Steet

5
,

4
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{E TABLE 3-1 (Continued)

3 SUMMARY OF PRESSURIZED WATER REACTOR CONTAINMENT STRUCTURES AGING
b$ EVALUATION AND STATUS OF NEl/U.S. NRC AGREEMENTS
Ia:-
$e Aging Related

.< Degradetton U.S. NRC NElfU.S. NRC
o Mechanism Aging Effects Components teaterlate Comment Number CrttertalProgrene Agreement or Poettien

Loss of Reduction of Concrete Containments Prestressed CS G-9, G-14. S 18. The program to monitor loss of
Prestressing tardons S-33, S-45, S-47, prestress lorce consists of Resolved issue:Prestress Force design margin *

S-48 S-52 S-53 periodle monitonng of pro-
stressing losses in accordance inspecton & load

Closed with tendon Eft-off test of RG monitoring to detect
1.35f' validation with prog essAe reduction in
predichons of prostressing loss; the levets of prestress
identdicanon of reportabte evalua90n for the Bcense
conditions of RG 1.35; renewat term using RG
documentshon of RG 1.16'' & 1.35,'' & corrective action.
plant-specific evaluation &
corrective actions are effective in
managing the effects of pre-
stressing loss.

Fatigue Cumulative fatigue Concrete Containments Reinforced / Concrete G-12. S 5, Containment concrete, NonsigniRcart
g damage Prestressed including S-21. S-38 to S-40 reirdoscing steel, prestresJing

Concrete dome embedded CS & systems, steel Eners, & Iree-a *

[ * Concrete miu. . .; war reinforcing CS Closed standing steel me. c.;. are
above grade (reber) in designed 63 have good fatigue
Concrete containment was concrete strength properties (t0' cycles)*

below grade of below yield load appncanon in
* Concrete basemat accordance with ASME Sect. Ut,

Dome reinforcing steel Divistort 2,* & ACI 215R-74***

Containment was reinforcing codes. Potentiallow-cycle*

steel above grade fatigue due b locaEzed elevated
Contairwnent wag reinforcing temperatures are not anticipated.

steel below grade to be significant for tiess
Basemat reinforcing steel w.m .;.

Free Standing Cylindrtcal & CS
Spherical Steel Containment with
ENiptical Bottom -

Containment shot int. surface*

Containment shes ext. surface*

Free-Standing Steel Cont. with Flat
Bonom & an Ice Condenser

Dome she5 Interior surface; *

Dome sheH exterior surfaceI *

j Cylindncal sheu kit. surface*

Cylindrical shen ext. surface*
t O Concrete basemat
| 8

*

Basemat reinforcing steel*,

( e Common Components
3 * Personne4 airlocki

{ Equipment hatches*

-,

a CS - Carbon Steel

b
e

i.
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T TABLE 3-1 (Continued)
j SUMMARY OF PRESSURIZED WATER REACTOR CONTAINMENT STRUCTURES AGING

-e EVALUATION AND STATUS OF NEl/U.S. NRC AGREEMENTS
E?
im2 Aging 19 elated

.< o.gr.denen u.s. wnC nevu.s. unC
o Mechanism Aging Effects t..,_.._..._ hesterleis C_ Number CriterleProgram i _ _ .: or Poo4 Hon

Fatigue Cumulative fatigue Common Components G-11. O-16, S-14 Faegue reanatysis conducted in Unresolved issue
Penetration sleeves aM CS S44. S48 accordance with ASMEdamage .

pressure-retatning attachments Sect. Et,'' Subsect. NB, to show NElPoseon
Penetration beBows SS,CS Open issue that fabgue usage factors are.

G-3, G-4 mainlained below unity Fangue reenefysis of
throughout the Bcense renewal penetrations in
term, monitoring of penetration accordance with ASME
tenverstures may be required to Sect ut. Subsect. NB," &
estabesh the magnihsde & ISt in accordance with
frequency of transients;ISI h ASME Sect. XI, subsect.
accordance with ASME Sect. X1' IWE * exam, category E-B
Subsect. iWE to insure that requires visual VT-1 of
component integrRy is e.. ..; penetration
maintained in the presence of we5ds, hcluding bellows
knowa or suspected fa6gue seal circumfewettel weld.
damage, including a flaw are

g effective to manage the effects U.S. NHC Posmore
of fa6gue damage accumulatione

-^ or tatigue crack growth. Flaw evaluations &g
appropriate rehrences

Visualinspection of the response should be included for
at hot penetration sleeve fatigue of bellows
anchorage areas to be assembnes (G-3).
performed as part of the ASME Fatigue of penetration
Sect XI, Subsect. IWE ISt. sleeve anchors can be

induced by thermal cycile
loading & may not be
detectable by the leak
rate tests (G-4). Triese
areas should be examined
during plant inspecuanf
wakdown.

Concrete Loss of strength Concrete Containments Concrete Closed Adverse effects of concrete Nonsignificant
Interaction with Reinforced / Prestressed Interactions with aluminum would

Concrete dome have been identrHed during theAluminum .

Concrete containmerd weg initial structural acceptance test.

above grade prior to initief operation. If no
Concrete containment was degradation of concrete sirength.

below grade was noted during inimal structural
Concrete basemat testing, or if aluminum piping.

o Free-Standing Steel Containment was not used for concrete
@ with Flat Bottom & en ice placement, then concrete
3 Condenser interaction with aluminum is notg c_,ete -sem.t -.

@
(O
C)
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2-g, E' TABLE 3-1 (Continued)
gj SUMMARY OF PRESSURIZED WATER REACTOR CONTAINMENT STRUCTURES AGING
y@ EVALUATION AND STATUS OF NEl'U.S. NRC AGREEMENTS
g :~
IT
@ A neleted
- .on u.s. unC nEvu.s. anCO Mechanism Ag6ng Effects Componente Materials Comment Number Criterla@reyam Ayeomont or Poehton

Settlement Cracks. distorten, Concrete Contarvnents Concrete Open issue S43 Structure settlemere monitonng Unreso6ved issue
increase in com- Reini M7..J _J hihated dunng construtton
ponert stress level * Concrete basemat phase to conhnn that actual NEF Poston.

Free-Standing Steet Contaevnert witti settlemert is consetert with
Flat Bottom & en ice Condenser the allowances hcluded h Structure settlement

Concrete basemat design base & conhnued montonng durmg*

settlement morutonng during construchon, & conhnued
operaten for sees wah soft sod monnortng during operation
and/or segndicant ctunges h for sites with soft sod
sw_1_._ condmons. h yw _pruhcant changes

andfor si
condihons.

The prograrn for settlement
monitonng for sees susceptible U.S. NRC PosAiort:
to conunued helastic
settlement after 20 years or The morutonng program
more incksjes monaarmg the needs to examew
clearances between the clearances between the

6... ; and a@ cent contas1mert adsacert
(4 structures and the effect el buddings and the effects of*

differenhaimovemort between differential settlement
a sw edicat - en pipe movem-t between

systems supported both adjacert buikings on
buildmgs pipmg attached to bolh.

Strah Aging Loss of tracture Free-Standmg Cyhndrical & Sphencal Closed Dynamic stram aging is Nwisignificant
toughness (thermal Steel Containment wah Elhphcal Bottom nonsW for kee standng

Contammert sheB wit. surkce CS steel contamment struduresagog *

Containment shet ext. surface that do not allow loads toembnttlement) *

Embedded shot region exceed the elastic imt. State.

Sand pocket strain agog is .6,.J a for*

Free-Standmg Containment with tree standng steel contes 1 ment
Flat Bottom & an Ice Condenser structures that were not cold
* Dome shot etenor surface worked; or il cold worked

Dome shot exterior surface durmg the forming proi;ess, the.

Cyhndrical she# ht surface plates were normakred or*

Cytndrical shell ext, surface stress renewed or both after*

Common Components formmg with rnswnal(<$%)
* Penetration sleeves subsequert cold working

Penetration bellows CS*

* Personnel airtock CS
Eqtupmert hatches*

O
(D

@
a
a

a
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J TABLE 3-1 (Continued)
j SUMMARY OF PRESSURIZED WATER REACTOR CONTAINMENT STRUCTURES AGING

y@ EVALUATION AND STATUS OF NEUU.S. NRC AGREEMENTS
} :*

$
h 1. ' ASTM C33-82," Standard specification for Concrete Aggregates," Arnerican Society for Tesung and Materiefs. PtgedelpNa, PA.

O
2. ASTM C260-77," Specification for Air Entraining Admixture for Concrete, American Society for Tesung and Matertals, PNiadelpNa, PA.

3. ASME B & PV Code, "Boller and Pressure Vessel Code of Design and Construction Practices * Section !!!, Division 2: " Code for Concrete Reactor Vessel and Containments,"
American Society of Mechanical Engineers (ASME),345 East 47th Street, New York, NY 10017,1986 Edition. Subsection CC * Concrete C e;. ..a.m.*

4. ACI 201.2R-77, * Guide to Durable Concrete,* American Concrete Institute.

5. Act 318, " Building Code Requirements for Reinforced Concrete," American Concrete Institute.

6. " Concrete Degradation Monitoring and Evaluation," N. Prasad et at, NUREG/CP-0100, Proc. Inti. Nuclear Power Plant Agin0Syrrposium, U.S. Nuclear Regulatory Commission,
WasNngton DC.

7. 10 CFR Part 50, "Dnmestic Licensing of Production and Utilization Facilities," Appendix J. " Primary Reactor Containment Leakage Testing for Water-Cooled Power Reactoes * Office
of the Federal Register National Arctnes and Records Administration, US Govemment Printing Office, Washington, DC.

8. ASME B&PV Code * Boiler and Pressure Vessel Code of Design and Construction Prachce," Secnon XL * Rules for in-Service inspection (tSt) of Nuclear Power Plant Cormonents,*
American Society of Mechanical Engineers (ASME),345 East 47th Street, New York, NY 10017,1992 Edition with 1992 Addenda.
Subsection IWE: * Requirements for Class MC and Metadic Liners of Class CC Components of Light-Water Cooled Power Plants."g

3 Subsection lWL: " Requirements for Class CC Concrete Components of Light-Water Cooled Power Plants.*

9. ACI 201.1R48, " Guide for Making a Condition Survey of Concrete in Service,* American Concrete institute, Detroit, MI, Revised 1984.

10. " Petrographic identification of Reactive Constituents in Concrete Aggregate,* B. Mather, ASTM Proc. Vol 48 American Society of Tesbng and Matertals, PNiedelphia, PA,
pp.1120-1125,1948.

11. ASTM C295-85," Practice for PetrograpNc Examination of Aggregate for Concrete,* American Society of Testing and Materials, PNiedelpNa, PA.
.

12. ASTM C227-87," Test Method for Potential Alkall Reactivity of Cement-Aggregate Combination,' American Socle'y of Testing and Materials, PtdadelpNa, PA.

13. ACI 349-85, " Code Ngu;a.. .e for Nuclear Safety Related Concrete Structures.* American Concrete Institute.

14. * Resistance to High Temperatures," P. Smith, in ShyvWeance of Tests and Picperses of Cuncrofe - Making Materials, American Society for Testing and Materlats, STP 1698, !
Chapter 25 t978.

15. ACI Publication SP-55, *The Effects of Nuclear Radiation on the Mechanicat Properties of Concrete." H. R. HRsoorf, J. Kropp, and H. J. Koch, Dougies McHenry bfL Syrrp. on
Concrete and C% ~efe Structures, American Concrete InstlNte,1978.

16. " Concrete. UA* e, Mortars, and Grouts.* H. E. Hungerford, et al, Ergineering Corrpendurn on Radation SNeidng - Subsection 9.1.12. Volume IL Spring-Verlag New York, Inc.
NY,1975.

O 17. " Neutron trradiation Embrittlement of Reactor Pressure Vessel Stests," L E. Steele, Infomational Atomic Energy Agency. Vienna, Austria,1975.
m
Q 18. " Composition and Properties of Concrete," Second Edition, G. E. Trorell, H. E. Davis, and J. W. Kelly, McGraw-Hill,1968.
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j 19. ASTM E797-81 Practice for Measuring Thickness by Manual Uttrasonic Pulse-Echo Contact Method * American Society of Testing and Matertals, Ph8adelptua, PA,1981.

O 20. ASME D&PV Code " Boiler and Pressure Vessel Code of Design and Construction Practices." Section Orc * Rules for Conatnztion of Nuclear Power Plant Components,* American
Society of Mechanical Engineers (ASME),345 East 47th Street, New York, NY 10017.
Subsection NB: Cass 1 Components."
ftection NE " Class MC Components.*

21. Regulatory Guide 1.35 Revision 3, " Inservice inspection of Ungrouted Tendons in Prestressed Concrete Containment Structures.* U.S. Nuclear Regulatory ComrrWss40n, July it.
1990.

22. Regulatory Guide 1.16 Revision 4," Reporting of Operating Information - Appendix A Technical Specification," U.S. Nuclear Regulatory Commission August 1975.

23. ACI 215 R-74," Consideration for Design of Concrete Structures Subjected to Fatigue Loading,* American Concrete Institute.1986.
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3.2 AGING MANAGEMENT REVIEW

3.2.1 Freeze-Thaw - Concrete |

Mechanism Description

Repeated cycles of freezing and thawing can cause severe damage to susceptible concrete.
The aging effects and indications of frost attack are pattem cracks and the eventual i

disintegration of the concrete surface through increased surface porosity and permeability,
scaling, and spalling. Disintegration of the concrete surface can reduce the protective cover
of the concrete over the reinforcing steel, eventually leading to corrosion of the reinforcing |
steel and other degradation mechanisms, i

The cement matrix and certain coarse aggregates may be susceptible to frost attack under
freezing conditions. The resistance of the cement mortar matrix to frost attack is dependent
on the amount of entrained air, the spacing of the entrained air bubbles, and the permeability i

of the concrete to water penetration. Lack of entrained air or too large a spacing of the
entrained air bubbles can result in degradation when moisture is available and the concrete

lacks permeability resistance to the penetration of the moisture. Properly proportioned,
manufactured, placed, finished, and cured concrete typically ensures concrete that is relatively
impermeable to water penetration. Damage may occur under conditions of partial to full
saturation with the critical level of saturation at about 85 percent for most concretes [Ref. 8].

The resistance of absorptive coarse aggregates to freeze-thaw damage depends primarily on
the absorption characteristics (volume of fine pores) of the aggregate, the presence of
moisture to saturate the aggregate, and the permeability of the hardened cement mortar
matrix to the passage of water. For damage to occur by freezing of absorptive coarse
aggregates, the aggregate must be saturated (Ref. 9). Saturation can only occur when water
is available from an outside source. Since concrete in containments experience seasonal
drying through the exposed surface, the critical saturation of the coarse aggregates does not
occur. Therefore, the coarse aggregate in air-entrained concrete is generally not damaged by
freezing, even when it is absorptive aggregate.

i

Freezing and thawing is potentially a problem for exposed concrete only in the northem states
that experience severe weather conditions.

According to Reference 10, concrete with high cement content and low water-cement ratio
(0.36i), and of optional air entrainment (3 to 6 percent), also has good resistance to freezing
and thawing because of its high density, which provides a high impermeability that limits the
entry of water into the concrete capillary system. Typically, air entrainment is incorporated for
containment concrete. The entrained air bubbles provide the relief for pressures developed by

,

free water as it freezes and expands. |

Containment, Rev. O December 1996
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- Aging Effect Evaluation |
;

!
. . Freeze-thaw damage typically occurs on relatively flat concrete surfaces, such as pavements, j

where water can remain in contact with the concrete. The flat surfaces on top of the ring
girder for certain containment designs may be subject to local areas of freeze-thaw damage,

| depending on the effectiveness of the drainage design provisions to limit the accumulation of
' water.

,

,

; The aging effects of freeze-thaw, only if unmitigated, could potentially result in the degradation i

of the pressure-retaining capability of the containment and the structural capacity, which !<

; support intended functions. These include the protection of the environment from
unacceptable release of radiation and the protection of containment interior structures and !

| systems from extemal loadings.
i |
'

;

Freeze-thaw damage, if present, is expected to be a local condition and by itself will not affect j;

the intended strength function of the containment to account for design loads. Freeze-thaw [
damage starts at the surface and is readily detected by surface inspections. |

The following three conditions are necessary for significant freeze-thaw damage to
containment concrete components

'
,

1. Concrete must be exposed to water and be capable of becoming partially or fully :

saturated with water.-
,

|

-2. Concrete must be located in a geographical region where the weathering index, as
defined by ASTM C33, is at least a weathering index of 100 [Ref.10].

'

3. Concrete mix design must be inadequate for the exposure conditions.
.

If either or both conditions (1) and (2) above are not met, then the concrete components are
"

not subject to freeze-thaw damage.

-
1

_ Even in the case where both conditions (1) and (2) are present, freeze-thaw damage is still
'

1

!: not significant where the concrete mix design meets the air content and water-cement ratio
requirements of ASTM C260, or the equivalent requirements in ASME Code Section 111,

] Division 2, Paragraph CC-2231.7.1 [Ref.11].
.

Aging Effect Management
|

| This degradation mechanism is potentially significant in colder geographic regions, but only
when the conditions under the aging effect evaluation are not met. This mechanism is

j therefore a plant-specific issue and does not require industry-wide consideration. The aging I

4

i Containment, Rev. O December 1996
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effects, cracking, spalling, scaling, etc., caused by this potentially significant degradation
_

mechanism can be managed through an inservice examination (ISE) program, as applicable
on a plant-specific basis. This ISE program will identify the indications of freeze-thaw and
provide criteria for repair and subsequent inspection. The ISE program is described in detail
in Subsection 4.1.6, aging management options AMP-5.1 and AMP 5.2.

<

3.2.2 Leaching of Calcium Hydroxide - Concrete

Mechanism Description

Water from rain or melting snow moving through concrete at locations such as cracks, poor
construction joints, and areas of inadequate consolidation can dissolve the calcium hydroxide

*

(lime) in the concrete. The rate of leaching depends on the temperature, chemistry, and
mobility of the water, and the amount of soluble constituents in the cement paste. The water
must move through the concrete to cause leaching; water moving over the surface does not
cause significant leaching.

Evidence of leaching is typically the white deposits left on the surface of concrete that has
been subjected to cycles of wetting and drying. These white deposits are the free lime from

i the concrete combined with carbon dioxide from the air. When the calcium hydroxide has
been leached over a period of time, the remaining by-products of the decomposition include
silica and aluminum gels having no strength.

Aging Effect Evaluation

Aging effects for leaching of calcium hydroxide include increased concrete permeability and
degradation of the protective concrete chemistry that protects embedded steel. Leaching of
calcium hydroxide (lime) from concrete over a long period of time increases the concrete

i permeability, eventually causing a reduction in concrete strength. Leaching increases cement
matrix porosity making the concrete more susceptible to other forms of aggressive attack.
Leaching lowers the concrete pH and can degrade the protective oxide film around steel
reinforcing.

Significant leaching, along with other types of degradation such as reinforcing corrosion that
may follow leaching, is necessary for the load carrying function of the containment to be
impaired.

The aging effects of leaching, only if unmitigated and extensive, could potentially result in the
degradation of the pressure-retaining capability of the containment and the structural capacity,
which support intended functions. These include the protection of the environment from
unacceptable release of radiation and the protection of containment interior structures and
systems from extemal loadings.

Containment, Rev. O December 1996
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The following two conditions are necessary for leaching to be a significant cause of adverse
aging effects:

The structure must be exposed to water that flows through the concrete. (Water running.

off the surface of the concrete or stagnant water does not cause significant leaching.)
,

,

Defects in the concrete such as cracks, volds, or low strength are necessary to permit*

movement of the water through the concrete.

If the concrete structure (s) is not exposed to flowing water, or if the concrete is dense and
well-cured with a low permeability, leaching is not significant and requires no further
evaluation. This is typically the case for containment concrete components that have been

constructed in accordance with ACI recommendations such as in ACI 201.2R-77 [Ref. 9].
Therefore, leaching of calcium hydroxides is not a significant degradation mechanism for PWR
containment concrete components.

Aging Effect Management

Due to the lack of detrimental aging effect caused by leaching of calcium hydroxide from the
concrete, there is no need for the identification of aging management options.

:

3.2.3 Alkali Aggregate Reaction - Concrete '

Mechanism Description
,

Alkali-aggregate reactions (AARs) are chemical reactions of certain aggregates in concrete
that occur when the concrete is exposed to large amounts of water on a regular basis.
Several different types of AARs may occur depending on the mineralogy of the aggregate. In
most cases, the alkalies in cement react to a minor degree with the aggregate, increasing the
bond. In the case of AARs, the reactions result in the formation of certain solid constituents,
which can expand and crack the concrete when exposed to water. The three most significant
types of AARs are the alkali-silicate, cement-aggregate, and the expansive carbonate

reactions [Ref. 9].

Three chemical reactions occur between aggregates and alkalies:

Alkali-silica reactions result when silica minerals from certain geographical areas react*

with alkaline solutions. Reactive material in the presence of potassium, sodium, and
calcium hydroxides derived from the cement reacts to form an alkali-silicate complex
(solids) that can expand when exposed to water that penetrates the concrete. A list of
known deleterious reactive rocks is given in Table 5.2.1 of Reference 9.

Containment, Rev. O December 1996
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Cement aggregate reaction can occur between alkalies in the cement and some siliceous*
:

constituents of certain sand-gravel aggregates from geographical areas in Kansas, [
' Nebraska, and Wyoming [Ref. 9].- The damage results from moderate interior expansion *

~ caused by the AARs together with surface drying shrinkage under severe drying
conditions in western areas such as Kansas and Nebraska. '

-
1

3

7"

Carbonate aggregate and alkalies can produce expansion and cracking effects. This.
,

j AAR occurs with the presence of certain argillaceous dolomitic limestones from some
i midwestern and eastern states [Ref. 9].
;
,

Laboratory test methods are available to test for and to confirm both alkali-silicate reactivity
~

and alkali-carbonate activity [Ref.12]. '

f A field test method is available to identify alkali-silicate reaction [Ref.13), but none are
available for the alkali carbonate reaction. To identify an alkali-silicate reaction, a uranyl
acetate solution is applied to the surface of the concrete. The gel from the alkali-silicate
reaction absorbs the uranyl lon. The get then fluoresces yellowish-green under ultraviolet
light.

AARs can result in the following aging effects [Ref.10]:
.

Excessive internal and overall expansion. !.

Cracking, usually of random pattems on a large scale, occurs in unreinforced concrete..

Long cracks paralleling the direction of the reinforcing steel along with random bridging
cracks occurs in reinforced concrete. j

Cracks that may be large at the concrete surfaces but that extend into the concrete only.

a distance of 6 to 18 inches.
,

Silica gelatinous exudations and whitish amorphous deposits on the surface or within thea
'

mass of the concrete, especially in voids and adjacent to some affected pieces of
aggregate. The gel is not present with alkali-carbonate reactions. !

Peripheral zones of reactivity, alteration, or infiltration in the aggregate particles,.

particularly those particles containing opal and certain types of acid and intermediate |

volcanic rocks.
,

Lifeless, chalky appearance of freshly fractured concrete. ;.

1

Eventualloss of strength after extensive damage..
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Aging Effect Evaluation

The aging effects of AARs (only if unmitigated and extensive) could potentially result in the
degradation of the pressure-retaining capability of the containment and the structural capacity,
which support intended functions. These include the protection of the environment from
unacceptable release of radiation and the protection of containment interior structures and
systems from extemal loadings,

in many cases, AARs have a minor effect, resulting in low stresses. Reinforcing steel usually
is effective in limiting crack width. However, AAR degradation effects, if extensive, can result
in the loss of structural load-carrying capability necessary to ensure the containment function.

Degradation effects such as cracking can increase the permeability to water leading to further
degradation.

The time required for AAR to manifest in effects such as cracking and gel exudation varies
considerably, but signs of the disruption are usually observed within 4 to 7 years. The
deterioration takes the form of pattern cracking where the concrete is free to expand. After
the crack pattern forms, there is further opening of the cracks as the interior concrete

expands. Where the concrete is restrained in one direction, the pattern of the cracks parallels
the axis of restraint [Ref.10].

Many PWR containments are sufficiently old that AARs, if present, should be detectable by
the identification of reaction products by petrographic analysis or by observance of surface

cracking. However, AARs can be latent depending on the availability of water necessary for
the reaction. Petrographic analysis can determine the latent possibility of AARs.

AAR is dependent on a renewable supply of moisture. Concrete components potentially
J

subject to these reactions include the areas continuously wet or alternately wet and dry, such i

as below-grade basemat and shell areas in contact with groundwater and not protected by
waterproofing, as well as areas of the dome and ring girder.

AAR can potentially impact the load-carrying function of the containment. However, because
of the use of nonreactive aggregates or the design of an appropriate concrete mix
incorporating low alkali cement and/or pozzolan when reactive aggregates were used, AAR
has not been identified as a significant degradation mechanism for nuclear power plants.

Aging Effect Management

Due to a lack of detrimental aging effect caused by AAR in the concrete, there is no need for
the identification of aging management options.
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3.2.4 Irradiation - Concrete

Mechanism Description

l
Exposure of concrete to neutrons and/or gamrca rays above certain levels can cause changes
in the concrete properties. An aging effect resulting from prolonged exposure of concrete to

1
Irradiation is a decrease in tensile and compressive strengths, as well as the modulus of

elasticity. Irradiation can also result in other effects, such as internal volume changes
(expansion) and cracking. Because the degradation affects properties, it is not readily
observable by physical indications.

Aging Effect Evaluation

Intended functions degraded by loss of concrete strength or modulus of elasticity are the
protection of the environment from unacceptable release of radiation and the protection of
containment interior structures and systems from extemal loadings.

In Reference 12, the radiation levels are compared to threshold limits. It was found that
neutron and gamma radiation effects are not significant for any PWR containment structure or
component. The summary of the evaluation given in Reference 12 is provided below:

(1) PWR containment concrets is exposed to neutron and gamma radiation fluences
below the degradation threshold limits of 10" n/cm and 10' rads, respectively; (2) PWR2

concrete containment reinforcing steel is exposed to neutron radiation fluences below the
degradation threshold limit of 10" n/cm ; (3) PWR prestressed concrete containment2

prestressing tendons are exposed to neutron radiation fluences below the degradation
threshold limit of 4 X 10'8 n/cm ; and (4) PWR concrete containment cteel liners ande

PWR steel containment shells are exposed to neutron irradiation fluences below the
degradation threshold limit of 2 X'10" n/cm .

Aging Effect Management

Due to lack of detrimental aging effect caused by irradiation, there is no need for the
identification of aging management options.

3.2.5 Interaction with Aluminum - Concrete

Mechanism Description

Concrete strength reduction can occur when concrete is placed by pumping through aluminum
piping. After this phenomenon was identified around 1969, specifications were written to
preclude the use of aluminum piping. The interaction between the aluminum and concrete
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|
;

I

I
occurs in the period immediately after concrete placement when strength development is most |
rapid.

| The aging effect of concrete interaction with aluminum is reduced concrete strength,
potentially impacting the load carrying function of the containment. Concrete interaction with

aluminum is only a consideration for plants where containment concrete was placed using
aluminum piping.

1

Aging Effect Evaluation !

Intended functions degraded by loss of concrete strength are the protection of the
environment from unacceptable release of radiation and the protection of containment interior

structures and systems from external loadings. For containments where aluminum piping was
used to place concrete, any significant reduction in concrete strength would have been
detected during the structural acceptance testing.

Aging Effect Management

Due to lack of detrimental aging effect caused by aluminum interaction, there is no need for
the identification of aging mtnagement options.

3.2.6 Concrete Thermal Aging Embrittlement

Mechanism Description

Thermal aging is the result of prolonged exposure of concrete to elevated temperatures.
Aging effects include creep, loss of compressive strength and modulus of elasticity, surface
scaling, and cracking. The effects of elevated temperatures on concrete properties of creep,
compressive strength, and modulus of elasticity are described in Table 3-2.

Containment concrete temperatures generally do not exceed 120 F to 150 F during normal
operation. This range is within the industry recognized limit of 150 F [Ref.11) where
ternperature effects are not a significant degradation factor.

Local areas around hot piping penetrations may be subject to higher temperatures depending
on the effectiveness of the design provisions used, such as cooling coils and/or insulation.
Local temperatures around the penetrations are permitted up to 200 F by ACI 349 [Ref.14).
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TABLE 3-2
TEMPERATURE EFFECTS ON CONCRETE PROPERTIES

Property Effect Ref. No.

Creep Creep depends on the stress-strength ratio and the concrete 1

temperature over time. For specimens tested between 35-205*F,
the relation of creep to stress-strength ratio in the range of 10-70%
was linear, Concrete creep is typically accounted for in the
general containment design at the appropriate temperature
through use of an effective modulus of elasticity for analysis and in
the prestress loss predictions used to determine the required initial
prestress force.

Compressive Compressive strength tests conducted on specimens heated 2.

Strength for short duration to temperatures of 200 to 1600'F, in
stressed and unstressed conditions, and for different
aggregates indicate loss of strength as the temperature is
increased. At 400*C (725'F), compressive strength can be
reduced to 50% of the strength of unheated specimens.

The effects of moisture content on compressive strength for 3,4.

various concrete mixes exposed to temperatures up to 500 F
is provided. Containment concrete is usually considered as a
sealed condition. Sealed concrete has greater reduction in
compressive strength than unsealed concrete when subject
to elevated temperature. Depending on the aggregate, the
compressive strength can vary between an increase of 10%
and a decrease of 15% at 392*F (200 C).

Modulus of The effect of temperature on the modulus of elasticity for sealed 3,4
Elasticity and unsealed specimens is provided. The modulus decreases as

the temperature increases; the decrease is greater for sealed
specimens. Between 20 and 200*C the decrease is approximately
linear. At 150*C (302 F) the modulus is about 45% of that for the
sealed specimens at 20*C (68'F). Reductions in E are generally
greater than those for compressive strength.

References:

References 2 to 3 are from ACI Publication SP 25 Temperature and Concrete.

(1) Nasser, K. W., " Creep of Concrete at Low Stress-Strength Ratios and Elevated Temperatures,"
Paper SP-25-5.

(2) Abrams, M. S., " Compressive Strength of Concrete at Temperatures to 1600*F," Paper 25-2.

(3) Lankard, D. R., D. L. Birkimer, F. F. Fondriest, and M. J. Snyder, ' Effects of Moisture Content on the
Structural Properties of Portland Cement Concrete Exposed to Temperatures up to 500*F," Paper SP-25 3.

(4) Kong, F. K., et al., Handbook of Structural Concrete, Part V Structures, McGraw-Hill.
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Aging Effect Evaluation

Intended functions degraded by the aging effects of concrete thermal aging embrittlement (if
sufficient detrimental effects are indicated) are the protection of the environment from
unacceptable release of radiation and the protection of containment interior structures and
systems from extemal loading.s.

Current code requirements for permissible concrete temperatures in concrete structures that

are important to the safety of the nuclear plant are included in ASME B&PV Code Section Ill,
Division 2, CC-3440 for the containment building, and in the ACI 349 Nuclear Safety
Structures Code, Appendix A - Thermal Considerations, subparagraph A.4, Concrete
Temperatures, for the other Seismic Category I structures.

The concrete temperature limitations in both of these codes are the same:

Normal operation or any other long-term period:*

The temperatures shall not exceed 150 F except for local areas such as around
penetrations where the temperatures are not to exceed 200 F.

Accident conditions or other short-term period:.

Temperatures shall not exceed 350*F at the surface except that local areas may reach
650*F from steam or water jets in event of a pipe failure.

Higher temperatures may be permitted if tests are provided to evaluate the reduction in.

concrete strength and the reduction is applied to the design allowables. Evidence must
be provided that the increased temperatures do not cause deterioration of the concrete
either with or without load.

Thermal aging can result in reduction of concrete compressive strength, tensile strength, and
modulus of elasticity. Reductions in these concrete properties greater than 10 percent begin
to occur at temperatures in the range of 180 F to 200 F.

Long-term exposure to temperatures greater than 300 F can cause surface scaling and
cracking. However, for the temperature ranges normally found in PWR containments,
degradation due to elevated temperature is not expected.

Therefore, high-temperature concrete embrittlement is considered to be a nonsignificant
degradation mechanism for the containment concrete components listed in Table 1-2.
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Aging Effect Management

Due to lack of detrimental aging effect caused by thermal aging embrittlement in the concrete,
there is no need for the identification of aging management options.

3.2.7 Concrete Aggressive Chemical Attack

Mechanism Description

Aggressive chemical attack can occur by exposure of the concrete to acidic, chloride-bearing,
or sulfate-bearing solutions. Chemical attack alters the concrete through chemical reaction
with either the cement paste or the coarse aggregate. The attack typically starts at the
surface. With the presence of cracks and over a prolonged period of exposure, larger parts of
the component section can be affected.

Concrete is highly alkaline (pH > 12.5) and ca. . oe degraded by acidic solutions having pH
less than 5.5, such as occur in certain soils (Ref.15].

Aging effects include cracking, spalling, loss of strength, increased porosity, permeabiUty,
disintegration, and eventual loss of load carrying capacity.

Solutions containing sulfates of potassium, sodium, and magnesium in sufficient concentration
can produce significant expansive stresses within the concrete, leading to cracking, spalling,
and strength loss. Sulfate attack can be severe when the concrete is saturated and is more

likely when altemating saturation and drying are encountered (Ref.12]. The expansive
reaction takes place between the tricalcium aluminate phase of Portland cement and the
sulfate ions to produce calcium sulfo-aluminate hydrates (Ref.16].

Acid solution attack can cause increased porosity, permeability, and reduced concrete
strength.

Sulfate attack can produce expansive stresses within the concrete that can result in cracking,
spalling, and strength loss.

If concrete is exposed to frequent cycles of wetting and drying by a sulfate containing water,
the sulfates will concentrate at the free surfaces that are then subject to disintegration. The
disintegration may be preceded by the appearance of pattern cracking.

Aggressive chemical attack, if significant, could eventually impact the load carrying function of
the containment.
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Continued or frequent cyclic exposure to the following aggressive chemical environment is
necessary for aggressive chemicals to cause significant concrete degradation: acidic
solutions with pH < 5.5, chloride solutions with > 500 ppm [Ref.17), and sulfate solutions with
>1500 ppm [Ref.18).

Aging Effect Evaluation |,

|

!

The aging effects of aggressive chemical attack (only if unmitigated and extensive) could
potentially result in the degradation of the pressure-retaining capability of the containment and
the structural capacity, which support intended functions. These include the protection of the
environment from unacceptable release of radiation and the protection of containment interior
structures and systems from external loadings.

For above-grade PWR containment concrete components such as the dome and wall that are
not in contact with groundwater, the above conditions are not met, and aggressive chemical
attack is a nonsignificant degradation mechanism.

For below-grade containment concrete components such as the foundation, the potential for
degradation depends on the extent of the aggressive chemical environment in the

groundwater, the level of the groundwater with respect to the structures, and the presence of
a waterproofing membrane.

Concrete for containment components typically has a high cement content, a low water-

cement ratio, and has been properly cured, resulting in low permeability and resistance to
aggressive chemical solutions. Therefore, if below-grade concrete components are exposed
only infrequently to groundwater solutions that exceed the above-chemical limits, then the
degradation is not significant.

If below-grade concrete structures are exposed for extended periods to groundwater solutions
that exceed the limits above then degradation is potentially significant.

Aging Effect Management

Aggressive chemical attack is a combined event-driven and natural aging degradation
mechanism. The event-driven aging effects are managed through timely inspection and
repair, i.e., for areas accessible for inspection. See Section 4.1 for details. The only cases 1

where concrete aggressive chemical attack can potentially cause detrimental aging effects are
those where concrete containment structures are below grade and are exposed for extended
periods to groundwater solutions that exceed the defined chemical limits, i.e., subject to
natural aging mechanisms. The aging effects, cracking, spalling, scaling, etc., caused by this
potentially significant degradation mechanism can be managed through an enhanced inservice
inspection (ISI) pro 2 ram. This ISI program will identify the conditions conducive to aggressive
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chemical attack, both intemal and external to containment, mitigation actions, and subsequent
inspection and repair. The degree of management is based on the indications for potential
damage. The ISI program is described in detail in Subsection 4.1.7, aging management
options AMP-5.3 and AMP-5.4.

.

3.2.8 Concrete Bond Strength Reduction - Direct Current

Mechanism Description

Test results and studies [Ref.19], have indicated that impressed direct current can reduce the
bond-strength of steel in concrete, an aging effect. The concrete at the interface can begin to
soften at high current flow (up to 1000 mA/ft for a 5-year period). Cathodic protection

2 2systems for reinforcing steel are typically designed to operate at about 2 mA/ft (ft of steel
surface), much less than the levels of current used in the tests.

When the direct current is sufficiently high and is impressed over a sufficient period of time,
the bond-strength may be reduced although the effect is variable.

Aging Effect Evaluation

intended functions degradet. by the aging effects of concrete bond-strength reduction (if
sufficient detrimental effects are indicated) are the protection of the environment from
unacceptable release of radiation and the protection of containment interior structures and
systems from extemal loadings. '

Cathodic protection currents will not impair the bond-strength and the capability of the
| concrete / reinforcing steel system to perform its intended function, since the cathodic protection
' 2sys'em is generally designed to operate at approximately 2 mA/ft of steel surface. This level

2is well below the threshold of (limit) 1000 mA/ft . Therefore, cathodic protection
current-related bond-strength reduction is considered to be a nonsignificant degradation
mechanism for plant license renewal.

Aging Effect Management .,

Due to lack of detrimental aging effect caused by the reduction of bond-strength between the
rebar and concrete due to direct current, there is no need for the identification of aging
management options.

1
J
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.

3.2.9 Fatigue at Penetration Anchors
i

Mechanism Description !
t

The penetration sleeves in PWR concrete containments are typically anchored to the concrete
shell through embedments welded to the exterior surface of the sleeve as shown in

Figure 2-6. Anchorage design details vary from plant to plant. The anchorage to the concrete
shell typically serves as a fixed anchor point for the piping system analyses. For some !
designs, thermal cyclic loads from the hot piping system cause shear forces in the concrete at ;
the penetration sleeve ancho s. 3

The concrete surrounding the penetration sleeve anchorage is exposed to load and
temperature fluctuations and can potentially be damaged by fatigue. Fatigue damage begins fas microcracking in the cement paste matrix near potential stress raisers within the concrete !

such as coarse aggregates or reinforcing steel. Continued cycles of load and temperature ;

can cause the microcracks to grow and coalesce, potentially exposing the reinforcing steel to '(
corrosion or resulting in the loss of the concrete capability to carry the loads. Therefore, the !
aging effect is fatigue-induced cracking.

{

tAging Effect Evaluation '

intended functions degraded by the aging effects of fatigue at penetration anchors (if sufficient
detrimental effects are indicated) are the protection of the environment from unacceptable !
release of radiation and the protection of containment interior structures and systems from !
extemal loadings.

.!
8If the number of load cycles is less than 10 and the maximum shear on the concrete alone j

caused by the cyclic range is less than one-half of the maximum allowable shear, then shear I

fatigue is not a concem [Ref.16]. For a lower number of load cycles, the increase in the
permissible stress range can be determined using Goodman diagrams in accordance with

ACI 215R [Ref. 20].

Shear fatigue on the concrete alone is also not a concem if all of the shear reaction can be

accounted for by reinforcing steel. The reinforcing steel has good fatigue-strength properties
5for 10 cycles of below yield load [Ref. 20].

Aging Effect Management

Thermal cycling of attached hot piping systems causes a potentially significant stress having a
fatigue effect on hot penetrations without bellows for PWR concrete containments, and at

penetration bellows assemblies for PWR free-standing steel containments. Cracks caused by
.

fatigue can be managed by the ASME Code Section XI, Subsection IWE inspection and leak )
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i

1

I

rate testing programs. These ISE programs will detect the presence of cracks and provide !

criteria for the acceptance of repairs and subsequent inspection. Aging management program ;
!

AMP-5.5 describes the attributes of this inspection program (see Subsection 4.1.9). |
|

3.2.10 Corrosion - Reinforcing Steel
!

Mechanism Description $
i

Reinforcing corrosion is a principal cause of deterioration in concrete structures. The aging
effects resulting from corrosion of reinforcing steel include cracking of the concrete, increased
permeability due to the presence of concrete cracks, loss of bond-strength between steel and
concrete, reduction in reinforcement cross-section, loss of protective cover and chemistry due !
to concrete cracking, and eventual loss of strength. The mechanisms that cause reinforcing |
corrosion are described in Reference 21. Corrosion is an electrochemical process that results I

|- in the formation of ferric oxide (rust) from the metallic iron. The corrosion products have a |
significantly greater volume than the original metal, resulting in tensile stresses and cracking
in the surrounding concrete.

1

i

To sufficiently preclude reinforcing corrosion, concrete should:
1

Be good quality I.

Be dense.

Have low permeability
,

|
*

| Adequately cover the reinforcing |.

Concrete with low permeability contains less water and therefore exhibits lower electrical
:

| conductivity. '

I i

|
The high alkaline environment (pH > 12.5) provided by the concrete around the reinforcing bar

{
causes a passive iron oxide film to form on the reinforcing surface that protects the reinforcing |

from corrosion. The protective film can, however, be destroyed following leaching of the j
alkaline constituents of the concrete by water or by carbonation. Carbonation involves carbon
dioxide from the air reacting with calcium hydroxide in the concrete to form calcium carbonate. |

The loss of the calcium hydroxide lowers the concrete pH. Chloride ions, either present in the '

concrete or from extemal sources, can also destroy the passive iron oxide film protection. {
Inferior quality concrete that is porous and has significant microcracking will permit entry of the i

| degradation factors resulting in corrosion of the reinforcing,
,

1

.

Reinforcing steel corrosion products have a significantly higher volume than the original metal. I
i This expansion causes cracking in the concrete that leads to rust staining, spalling, and more |
| severe cracking. Further deterioration occurs as more of the reinforcing steelis exposed to i

!

:
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|
t

the corrosive environment. Eventually loss of bond, as well as reduction in the rebar i

cross-section occurs. This condition impacts the load carrying function of the containment. |

Above-grade components may be exposed to aggressive environments on an intermittent

basis. Below-grade surfaces in a zone of fluctuating water level can be exposed to
aggressive environments on a relatively continuous basis and are a concern regarding

{potential reinforcing corrosion. !

'

Aging Effect Evaluation

!

The aging effects of corrosion of reinforcing steel (only if unmitigated and extensive) could
potentially result in the degradation of the pressure-retaining capability of the containment and

!
,

the structural capacity, which support intended functions. These include the protection of the {
environment from unacceptable release of radiation and the protection of containment interior

:
structures and systems from extemal loadings.

Corrosion is insignificant for reinforced concrete components constructed in'accordance with

design codes that limit excessive cracking, thereby protecting the reinforcement against
infiltration of aggressive environments. Corrosion is insignificant even for reinforced
components where some cracking is found and for above-grade structures that are not !
exposed to aggressive environments on a relatively continuous basis if the following
conditions are met:

The component is not exposed to an aggressive environment (pH < 11.5 or > 500 ppm.

chlorides and sulfates).

High-quality concrete having low permeability due to relatively high strength (4000 psi),.

low water-cement ratio (0.35 to 0.45), and air entrainment (3 to 6 percent). Aggregates
are well graded enhancing low permeability.

Concrete cover over reinforcing in accordance with the accepted design codes ACI 318*

or ASME Section 111, Division 2.

Aging Effect Management
4

This mechanism does not require an aging management program if the conditions described

above are met. The only portion of the PWR containment where corrosion of reinforcing steel !

can potentially cause detrimental aging effects are those containment components that are
below-grade in a zone of fluctuating water level exposed to aggressive environments on a
relatively continuous basis. The aging effects caused by corrosion of the reinforcement
steel-cracking, increased permeability, etc.mn be managed through the enhanced ISI
program for the management of aggressive chemical attack. This ISI program will identify the
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|

conditions conducive to aggressive chemical attack, both intemal and external to containment, |

mitigation actions, and subsequent inspection and repair. The degree of management is
based on the indications for potential damage. The ISI program is described in detail in
Subsection 4.1.8, aging management options AMP-5.3 and AMP-5.4.

3.2.11 Elevated Temperature - Reinforcing Steel

:
Mechanism Description

The yield-strength and modulus of elasticity of mild steel reinforcement will be reduced by |
about 15 percent at 700 F with further reductions as the temperature is increased. At
temperatures up to 600 F, bond of the reinforcing to the concrete is not significantly affected }
[Ref. 22]. This mechanism has no significant aging effect. j

Aging Effect Evaluation !

I

Elevated temperature is a nonsignificant degradation mechanism for PWR containment !
'reinforcing steel because the normal operating temperature range within PWR containments is

120 F to 150 F, well below the temperature range where degradation becomes significant. :

Containment temperatures can range to 300 F under accident conditions. Accident
temperatures are short-term and well below the threshold for degradation of the material
properties. '

Aging Effect Management

Due to lack of detrimental aging effect caused by elevated temperature to the reinforcing steel
in PWR containments, there is no need for the identification of aging management options.

3.2.12 Irradiation (Embrittlement)- Reinforcing Steel

| Mechanism Description

Neutron irradiation above the threshold fluence level of 10'' neutrons /cm' can produce
changes in the mechanical properties of carbon steels, or aging effects, including an increase
in the yield-strength, decrease in the ultimate tensile ductility, and increase in the ductile-to-

| brittle transition temperature. This phenomenon is usually referred to as radiation-induced
' embrittlement and is not visibly observable.
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Aging Effect Evaluation '

intended functions degraded by the aging effects of irradiation of reinforcing steel (if sufficient
,

detrimental effects are indicated) are the protection of the environment from unacceptable
release of radiation and the protection of containment interior structures and systems from
external loadings.

Irradiation is a nonsignificant degradation mechanism for PWR containment mild steel

reinforcing because the fluence level anticipated during normal operation is well below the
threshold,10" neutrons /cm', for degradation of the mechanical properties. See also
Subsection 3.2.4.

Aging Effect Management

Due to lack of detrimental aging effect caused by irradiation of the PWR containment

reinforcing steel, there is no need for the identification of aging management options. '

3.2.13 Fatigue - Reinforcing Steel

Mechanism Description
:

Fatigue damage can result in structural materials subject to cyclic loadings. For concrete
|

components, fatigue effects under a significant number of stress repetitions can include i

microcracking of the concrete that can lead to further deterioration, including exposure and
corrosion of reinforcing steel. Microcracking can also result in loss of bond between the

,

'

reinforcing and concrete.

Degradation of steel components due to fatigue is not detected until cracks are formed and

propagate within the material. The aging effect resulting from this degradation mechanism is
cracking of the concrete and reinforcement steel.

Aging Effect Evaluation

intended functions degraded by the aging effects of fatigue of reinforcing steel (if sufficient
detrimental effects are indicated) are the protection of the environment from unacceptable !

| release of radiation and the protection of containment interior structures and systems from
extemal loadings.

Containment concrete, reinforcing, and free-standing steel containment shells have good
! fatigue-strength properties for the low stress-level cycles (below yield). Containments
!

designed in accordance with ASME Code [Ref.11] and ACI 215R -74 [Ref. 23] have high
5fatigue-strength for 10 cycles of below-yield stress,;

i
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Fatigue is a nonsignificant degradation mechanism for PWR concrete / reinforcing systems and
for free-standing steel containment components. High-cycle fatigue will not result in significant
degradation due to the use of design codes that limit stresses for the PWR containment,
including those for the period of extended operation, to values much lower than the fatigue
strength. This is supported by Reference 24.

Aging Effect Management '

Due to lack of detrimental aging effect caused by fatigue of PWR containment reinforcing
steel, there is no need for the identification of aging management options.

!

3.2.14 Corrosion - Liner

Mechanism Description
,

The primary cause of degradation to the liner is corrosion. The aging effect is loss of metal ;

thickness, which could result in loss of pressure retention capabilities. The areas of primary
concem for corrosion degradation include embedded areas, the inaccessible side, areas j
where the coating system is deteriorated, and the area at and below the sealant detail at the

concrete metal interface. For corrosion to occur at the outside surface of the liner below
grade, interconnected cracks in the concrete must be present that provide a pathway for |

aggressive groundwater to reach the liner. In addition, the membrane waterproofing, where ;

provided, must be damaged or deteriorated to permit passage of groundwater. ;

Liners are typically coated with primer or a primer-finish coat system to provide corrosion '

protection. Liner corrosion can result from galvanic action of dissimilar metals, stress I

corrosion cracking (SCC), or electrochemical corrosion from exposure to aggressive aqueous i

solutions (groundwater). Local corrosion attack is the primary concem. !

!

The three factors that must be present for SCC to occur are tensile stresses at or near yield, a ;

corrosive environment, and a susceptible material. SCC can occur in susceptible meterials |
such as austenitic stainless steel, including SA-240 Type 304 or 308 in a corrosive
environment such as in the presence of chlorides and acidic solutions. The tensile stresses :

can be either extemally applied or residual. Heat-affected zones at welds and creviced |
geometries are particularly prone to SCC. Typically, there is no visual evidence of SCC. '

Galvanic corrosion can result when dissimilar metals are in contact. An electrical potential !

exists between the two metals that results in electrons flowing from one of the metals (the
anode) to the other metal (the cathode), resulting in a loss in metal thickness at the anode but
no change to the cathode.
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Corrosion can occur at local areas where aggressive solutions are permitted to contact the
liner at floor levels. The primary location of concem is at the seal between the liner and the
concrete floor slab covering the bottom floor liner plate from corrosion.

Corrosion of the liner on the side adjacent to the concrete is precluded by the concrete, which
provides protection against the ingress of moisture. The concrete also provides an alkaline
environment that protects the liner.

1
Below-grade surfaces of the liner that could be exposed to aggressive groundwater solutions

{through cracks in the concrete are potential areas for liner corrosion. '

Aging Effect Evaluation

The aging effects of corrosion of the liner steel, only if unmitigated and extensive, could
potentially result in the degradation of the pressure-retaining capability of the containment and j

the structural capacity, which support intended functions. These include the protection of the j
environment from unacceptable release of radiation and the protection of containment interior i
structures and systems from extemal loadings.

|

I.
Corrosion of the inside surface of the liner will not result unless (a) the protective coating is
removed or damaged or, (b) protective seals between the liner and adjacent floor are lost or
damaged, for inaccessible regions. The rate of attack depends on the aggressive character of ,

the environment. Liner corrosion causes a reduction in the plate thickness that could affect J

the leaktightness function of the liner. Current inspection, testing, and repair programs have
been effective in protecting surfaces accessible for inspection, and inaccessible surfaces

,

through inspection of seals.

;

Corrosion of the outside surface of the liner will not result unless (a) the surface is below-
grade, (b) the groundwater is aggressive, (c) the membrane protecting the concrete from the
aggressive groundwater fails, and (d) the concrete fails to protect the outer surface of the I

liner. Managing aggressive chemical attack, where it is a potentially si nificant degradationC

mechanism, is necessary to control effects of this degradation mechanism. Aggressive
chemical attack is a potentially significant degradation mechanism when aggressive aqueous
solutions having chloride and/or sulfate concentrations > 500 ppm or 1500 ppm, respectively,
and pH < 5.5 are present.

'

For above-grade liner surfaces, galvanic corrosion is nonsignificant if dissimilar metals are not
used in the construction.

SCC in stainless steel is significant only in the presence of high tensile stress and a corrosive
environment. Liner stresses are typically compressive; therefore, SCC is considered a
nonsignificant degradation mechanism for the liner.
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iAging Effect Management
]

Corrosion of the steel liner is a combined event-driven and natural aging degradation
mechanism. The event-driven aging effects are managed through timely inspection and
repair, i.e., for areas accessible for inspection. See Section 4.1 for details on current practice.
Natural aging effects are managed as described below.

The effects of liner corrosion, below-grade and on the outside surface that would result from

aggressive chemical attack, can be managed through programs for managing the effects of I

aggressive chemical attack, required where aggressive chemical attack is a potentially
significant degradation mechanism. The aging effects-loss of material thickness and -

pressure retention capability caused by corrosion-can be managed through the enhanced ISI
program for the management of aggressive chemical attack. This ISI program will identify the
conditions conducive to aggressive chemical attack, both intemal and extemal to containment,
mitigation actions, and subsequent inspection and repair. The degree of management is

;

based on the indications for potential damage. The ISI program is described in detail in
1

Subsection 4.1.9. ,

i

i
The aging effects of liner corrosion resulting from the use of dissimilar metals can be !

i
managed through an ISI program. This ISI program will identify the indications of, or !
conditions conducive to corrosion damage and provide criteria for repair and subsequent 1

inspection. The ISI program is described in detail in Subsection 4.1.9, aging management
,

option AMP-5.5. This program, where coatings and seals are subject to inspection for aging ~ i

effects, is also applicable for inaccessible portions of the inside surface of the liner where |

aggressive chemical attack is a potentially significant degradation mechanism.

3.2.15 Costing Degradation -|

Mechanism Description

,

Coating systems are provided for the carbon steel liner and associated components to protect
against corrosion. Degradation or damage to liner coating systems can, under aggressive
environmental conditions, lead to local corrosion attack of the liner and associated ;

components. Aging effects include loss of protective cover that could result in degradation of
the liner or steel containment. The stressors that cause coating system degradation include
temperature, condensation and immersion, radiation, base metal corrosion, and physical i
damage [Ref. 25]. Once moisture and oxygen penetrate the coating to the base metal, local |

corrosion can result and spread under the coating system, eventually lifting the coating and 1

exposing larger areas to corrosion. The thermal effects on coatings include differential
expansion between the coating and the base metal that can result in cracking of the coating.
Physical damage can include gouges, cracking, or pinholes.
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Coating systems for liner surfaces that will be embedded or covered by concrete typically
consist of either no coating or a primer coat. The primer coat provides a measure of
corrosion protection during construction. Following concrete placement, the alkaline
environment provided by the concrete protects the carbon steel liner and anchors from
corrosion. A primer-finish coat system is typically provided for exposed liner surfaces. The
finish coat is designed to provide a surface that can be readily decontaminated as well as to
protect the liner from corrosion.

Aging Effect Evaluation

The aging effects of coating degradation (only if unmitigated and extensive) could potentially
result in the degradation of the pressure-retaining capability of the containment and the
structural capacity, which support intended functions. These include the protection of the
environment from unacceptable release of radiation and the protection of containment interior
structures and systems from extemal loadings.

Coating system degradation is nonsignificant for liner and associated component surfaces that
are protected by concrete. Coating degradation is a potentially significant degradation
mechanism for coating systems that are exposed to the intemal containment environment;
however, the event-driven and natural mechanism is effectively managed by existing visual
inspection and repair programs, as discussed in Section 4.1.

Aging Effect Management

There is no need for an aging management option program to address the effects of coating
degradation since ISE programs will detect the evidence and aging effects of coating
degradation and provide criteria for the acceptance of repairs and subsequent inspections.
The loss of coating does not directly result in an aging effect. Corrosion could result from the
loss of the coating. This aging effect is managed by AMP-5.5.

3.2.16 Fatigue at Attachments and Discontinuities - Liner, Airlocks, and Hatches

Mechanism Description

~ Fatigue damage can result in structural materials subject to cyclic loading. Fatigue of steel
components can result in cracking, an aging effect, and result in further deterioration, including
exposure of concrete to aggressive chemical attack.

Aging Effect Evaluation

Intended functions degraded by the aging effects of fatigue at attachment and discontinuities -
(if sufficient detrimental effects are indicated) are the protection of the environment from
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unacceptable release of radiation and the protection of containment interior structures and
systems from extemal loadings.

Attachments such as polar crane brackets, attachment point details for spray piping in the
;

dome area, and other supports have been designed to permissible stresses, less than the '

yield in accordance with applicable design standards such as the ASME code [Ref.11].
Where tensile forces are carried directly across the thickness of the liner, the permissible
stress is typically reduced to one-half of the normal permissible stress.

The permissible stresses and design details required by the design codes provide good
fatigue strength for a high number of cycles (generally 10 and higher) of loading below yield.5 '

Therefore, fatigue is a nonsignificant degradation factor for these structures since the actual
cycles are low. This same conclusion is given in Reference 24.

Aging Effect Management

t

Due to lack of detrimental aging effect caused by fatigue at attachments and discontinuities,
there is no need for the identification of aging management options. ;

3.2.17 Corrosion of Metal Components and Concrete Degradation - Post-Tensioning
,

Systems '

Mechanism Description

;

Corrosion of post-tensioning /prestressing tendons is typically the result of localized attack,

including pitting, stress corrosion, hydrogen embrittlement, or a combination of these. Aging
effects include reduction in cross-sectional area, reduction in prestress force, breakage of

'

wires or strands, and leakage of corrosion-inhibiting grease. Failure of prestressing tendons
can also wcur as a result of microbiologically induced corrosion (MIC). Protection of the
tendones.ga:nst co.icsion is typically provided by filling the tendon ducts with organic
corrosion inhibitors (grease). |

|

Pitting occurs locally by an electrochemical process in the presence of halide ions (typically j

chlorides) and results in a reduction of the cross-section area.

Hydrogen embrittlement may occur when hydrogen atoms enter the metal lattice and
significantly reduce the metal ductility, potentially resulting in brittle fracture. Exposure to f
hydrogen sulfide may precede the hydrogen embrittlement. 1

i

Corrosion can result in the breakage of the wires or strands reducing the prestress forces
'

.

applied to the containment. In the event the condition is severe, the prestress force may be !
reduced to below the minimum forces required to account for the design loadings.

;
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"

Organic corrosion inhibitors (grease) may leak from the duct or sheathing system of the post-
tensioning system and degrade the strength of the surrounding concrete. The grease may
contain chlorides, nitrates, or sulfides, or a low pH, along with a free water content, all
providing an environment that could potentially attack the strength of the concrete in a manner
similar to that for the aggressive chemical attack mechanism. ' Leakage would result from
corrosion or flaws in the duct or sheathing system.

Aging Effect Evaluation

- The aging effects of corrosion and concrete degradation could degrade the pressure-retaining
capability of the containment and the structural capacity, which support the intended functions
of protection of the environment from unacceptable release of radiation and protection of
containment interior structures and systems from extemal loadings.

Corrosion of the prestressing system is a potentially significant means of containment

degradation. Because of the important load carrying function of the prestress system and the
potential susceptibility of the system to corrosion, the prestress system is inspected on a
periodic basis to ensure it is functioning as designed and has not deteriorated.

1

Grease leakage is a potentially significant degradation mechanism, but potential effects are
already monitored by CLB practice. Leakage will not result unless significant degradation of
the sheathing or the duct containing the tendon occurs. Leakage could result from corrosion
or flaws in the duct or sheathing system, or from using too high of a pressure when injecting;

replacement grease, which could tear the sheathing joints. Flaws alone would not provide
significant leakage to affect the concrete strength. Corrosion from extemal aggressive
chemical attack, below-grade, wouV osult in significant damage to the structure before the -
sheathing could corrode. Intemal corrosion resulting from the grease chemistry and the I

presence of free water would not be likely since the chemistry and free-water content is
monitored with programs the same or similar to that defined in Regulatory Guide 1.35 or
ASME Section XI, Subsection IWL, as discussed in Section 4.1. In the event of a grease {
leak, the monitored reserve alkalinity and chemistry of the grease is not conducive to promote

'

aggressive chemical attack.

'

Grease leakage is potentially significant only where:
i

Grease and free water chemistry provide an environment conducive to corrosion of the=

sheathing |

Sufficient leakage has occurred |.

These are effectively managed by current testing and inspection programs and require
continued management through plant life extension.
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Aging Effect Management

The current maintenance programs following Section XI, Subsection lWL, of the ASME Code
are sufficient to manage the aging effects of metal component corrosion and concrete

degradation into the extended period of operation. These ISE and testing programs identify
the conditions conducive to, or evidence of corrosion and concrete degradation, and provide
criteria for the acceptance of mitigation actions, repairs, and subsequent inspections.i

Aging effects resulting from extemally induced corrosion of the tendon ducts or sheathing can
2

also be managed through the Section XI, Subsection IWL, ISI program of the ASME Code.
This ISI program will identify the conditions conducive to aggressive chemical attack, both

internal and external to containment, mitigation actions, and subsequent inspection and repair.,

The degree of management is based on the indications for potential damage. The ISI
~

program is described in Subsection 4.1.10, aging management options AMP-5.6.

3.2.18 Elevated Temperatures - Post-Tensioning Systems.

Mechanism Description
,

Exposure of heat-treated and drawn prestressing wire to elevated temperatures een result in
reduced tensile strength, an aging effect, due to permanent alterations of the intei;1al
crystalline transformations created during annealing.

.

Aging Effect Evaluation'

Intended functions degraded by a significant reduction of tensile strength are the protection of
the environment from unacceptable release of radiation and the protection of containment3

interior structures and systems from extemal loadings.

The temperature range experienced by the prestressing system in PWR containments is well
below the temperature where the reduction becomes significant. Studies and testing indicate
that the reduction in tensile strength for prestressing steels is less than 10 percent for

,

temperatures up to 400*F [Ref. 26]. As a result, elevated temperatures are not a significant
degradation mechanism for license renewal.

Aging Effect Management

Due to the lack of a detrimental aging effect caused by elevated temperatures on the*

prestressing systems of PWR containments, there is no need for the identification of aging
management options.

,
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.

. 3.2.19 hradiation - Post-Tensioning Systems
t

Mechanism Description '

The mechanism desenption is similar to that for irradiation of reinforcing steel, Subsection 3.2.12.
Aging effects include an increase in the yield-strength, decrease in the ultimate ductile
capacity, and increase in the ductile-to-brittle transition temperature.

,

Aging Effect Evaluation

The aging effects of irradiation of the post-tensioning systems would degrade the structural
;

capacity and pressure-retaining capability of the containment, which support the intended
functions of protection of the environment from unacceptable release of radiation and ;

protection of containment interior structures and systems from external loadings.
,

Degradation of the mechanical properties of prestressing steels by exposure to high levels of |
neutron irradiation is not a significant degradation factor for the prestress systems in
prestressed concrete PWR containments. Studies have shown that exposure of prestressing

steels to neutron fluence level of 4x10" neutrons /cm* has no affect on the relaxation behavior {
of the steel [Ref. 27). ~

,

Radiation exposure levels for prestressing tendons are below the threshold limits; therefore, l

irradiation is not a significant degradation factor (see Subsection 3.2.4). '

I
|

Aging Effect Management

'

Due to lack of detrimental aging effect caused by irradiation on the prestressing systems of
PWR containments, there is no need for the identification of aging management options.

3.2.20 Prestress Force Losses

Mechanism Description

Loss of prestress force is an aging effect that can be attributed to several mechanisms, some
of which are age-related and others that are not. The contributors to the loss of tendon force

,

as measured at the original lockoff include: friction; end anchorage deflection (slip); elastic j
shortening; wire stress relaxation; and concrete creep / shrinkage. Wire stress relaxation and .|

concrete creep / shrinkage are time-dependent losses and, therefore age-related.

Wire stress relaxation is dependent on the relaxation characteristic of the particular steel, the
initial stress level as a percent of the ultimate strength, the exposure temperature, and time.
Creep and shrinkage of concrete represent volume changes in the concrete that occur over
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4

!

1 |

i time and cause a reduction in tendon prestress force. Wire stress relaxation losses increase |
f significantly at elevated temperatures. Exposure of prestressing wire to a temperature of

;

140'F for 50 years results in a 300 percent increase in loss of prestress force due to wire
|.

j stress relaxation compared to the relaxation for wire at 68'F. The effect on the required
;

prestress level depends on the relaxation characteristic of the prestressing steel used in the
'

containment and the percent of wire relaxation assumed in the original design loss I
! calculations. i

4

i
j Aging Effect Evaluation
i

Loss of prestress below the minimum design level degrades the pressure-retaining capability,

, and the structural capacity of the containment, which support the intended functions of the
! protection of the environment from unacceptable release of radiation and the protection of j

! containment interior structures and systems from extemal loadings. This aging effect requires I

| management for the extended period of plant life. ;

!
Aging Effect Management;

1

j The loss of prestress force has been identified as a potential time-dependent degradation '

effect. This potential source of degradation is currently managed by plant surveillance and!

i testing programs following Section XI, Subsection IWL, of the ASME Code. These ISE and
testing programs monitor the loss of prestress and conditions conducive to or evidence of .

corrosion and concrete degradation and provide criteria for the acceptance of mitigation
,

actions, repairs, and subsequent inspections. Note that calculation of the acceptable
predicted prestress loss rate for the current license term is based on the assumption of a
40-year life. A revised predicted prestress loss rate must be calculated for the extended

operation period and monitored for the plant life extension period, up to 20 years. Aging
management program AMP-5.6 describes the attributes of this inspection program (see

Section 4.1.10).

3.2.21 Stress Corrosion Cracking - Post-Tensioning System

Mechanism Description ,

1

' Stress corrosion cracking can occur in tendon anchor heads when the material is susceptible, |
is under tensile stress, and !; in a conducive environment. Anchorheads fabricated from

l
high-strength, low-alloy steel bolting material may be subject to stress corrosion cracking in
the presence of environmental conditions that include sulfates, ammonia, nitrates, chlorides,
and fluorides.

Aging effects include cracking of steel components, loss of strength, and loss of prestress
force.
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Aging Effect Evaluation

The prestress system load-carrying function of the containment can be affected by stress
corrosion cracking. ISI programs monitor the performance and deteriorization of the prestress
system, and the management of the degradation mechanism must be extended into the period
of plant life extension.

Intended functions degraded by the aging effects of stress corrosion cracking in the post-
tensioning system are the protection of the environment from unacceptable release of
radiation and the protection of containment interior structures and systems from external
loadings.

Aging Effect Management

The potential aging effects due to stress corrosion cracking of the prestressing systems in
PWR containments can be managed by inspection and testing programs as described in
Subsection 4.1.10, aging management option AMP-5.6.

3.2.22 Corrosion - Steel Embedments

Mechanism Description

Corrosion is the primary degradation factor for miscellaneous steel embedments. The

mechanisms and aging effects are the same as described for the liner (Subsection 3.2.14).
Miscellaneous steel embedments consist of the following categories:

Embedded parts of attachments for equipment and system supports located on the inside
|

*

of the containment, e.g., polar crane supports, equipment hatch head removal system
supports, and piping system supports such as the spray piping in the dome.

Embedded parts of attachments located on the exterior of the containment, e.g., stack*

supports, crane supports on top of the ring girder, and lightning rod supports.

Aging Effect Evaluation

Intended functions degraded by the aging effects caused by the corrosion mechanism (if
sufficient detrimental effects are indicated) are the protection of the environment from
unacceptable release of radiation and the protection of containment interior structures and
systems from external loadings.
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Corrosion of embedments located inside containment is considered to be nonsignificant
because the concrete surrounding the embedment provides an alkaline environment that
inhibits corrosion.

Similarly, corrosion of embedments located on the outside surface of concrete PWR

containments is nonsignificant to the intended load-carrying function of the containment. The
surrounding concrete protects the embedment from corrosion. Where the embedment is

exposed to exterior environment conditions and the corrosion protection coating on the
embedment is not maintained, corrosion may occur at the periphery of the embedment and
eventually progress along the embedment below the surface of the concrete. Local rust
staining and concrete spelling may occur at the embedment. Typical embedments located on
the exterior of the containment are relatively small in comparison to the robust concrete

containment structure. Corrosion and minor spalling at these local points are nonsignificant
degradation factors and do not impact the pressure-containing and load-carrying functions of
the containment.

Aging Effect Management

Due to lack of detrimental aging effect caused by corrosion of the steel embedments of the
PWR containments, there is no need for the identification of aging management effects.

3.2.23 Material Compatibility - Electrical Penetrations

Mechanism Description

!
Material compatibility testing has been conducted to determine the effects of polymer
outgassing on metal corrosion. The tests included both Type 304 stainless steel and carbon
steel. The polymer sources included polysulfone (#1700 and #3500), Teflon FEP, and Kerite.

Specimens were placed in an oven and subjected to temperatures ranging from 300 F up to
600 F for durations up to 60 days. Test results indicated that the metals and alloys had
insignificant amounts of corrosion when exposed to the outgasses for these short-term,
high-temperature tests. The testing conditions are significantly more severe than will be
experienced by the materials in service conditions over the life of the plant, including the
license renewal period.

Loss of material is the relevant age-related degradation effect.

Aging Effect Evaluation

Intended functions degraded by the aging effects caused by the material compatibility
mechanism (if sufficient detrimental effects are indicated) are the protection of the
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environment from unacceptable release of radiation and the loss of transfer of electricity to
support the mitigation of the consequences of an accident.

The degradation resulting from the testing was insignificant. In the worst case, carbon steel
experienced a 0.10 percent weight loss from the effects of Tefion FEP outgassing for the
60-day,392 F average temperature corrosion test. The testing confirmed that polymer
outgassing is not a significant degradation factor for the metallic electrical penetration
components.

Aging Effect Management

Due to lack of detrimental aging effect due to material outgassing on the electrical
penetrations of the PWR containments, there is no need for the identification of aging
management effects.

3.2.24 Transgranular Stress Corrosion Cracking - Electrical Penetration Bellows

Mechanism Description

For some plants, flexible metallic bellows assemblies are incorporated into the penetration
assemblies, including the electrical penetration assemblies, and are part of the containment
pressure boundary. According to NUREG/CP-0120 (Ref. 28), flexible metallic bellows have
demonstrated a history of common mode failures that could challenge the intended
leaktightness function of the containment. The frequency of cracks resulting from
transgranular stress corrosion cracking (TGSCC) significantly increases between 10-15 years
after installation.

The following conditions were found to contribute to the formation of the cracks:

Standing water.

Chemical residue from containment cleaning operations-

Original weld coatings and smoke particulates*
,

|

| Aging effects include the cracking of the bellows component and loss of pressure retention.

Aging Effect Evaluation
;

Intended functions degraded by the aging effects caused by the TGSCC mechanism (if
sufficient detrimental effects are indicated) are the protection of the environment from

unacceptable release of radiation and the loss of transfer of electricity to support the mitigation
of the consequences of an accident.

1
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i The magnitude of the leakage from bellows assemblies varies. In a number of cases, bellows

failures have been observed through visual inspections on penetrations that successfully
passed Appendix J, Type B local leak-rate testing. Crack initiation and growth are the

i
i relevant age-related degradation effects. I

.

Aging Effect Management
1
!

TGSCC of the metallic bellows assemblies, which are part of penetrations, can result in cracks
resulting in the loss of leaktightness. The potential aging effects can be managed by the 1

| existing plant inspection and testing program associated with penetrations following i

Section XI, Subsection IWE, of the ASME Code. Penetration bellows assemblies require

! maintenance of their pressure-retaining function. Leaktightness pressure tests (Type A or B)

| are required. Visual inspection during leak rate testing is required by 10 CFR 50, Appendix J
to ensure leaktight integrity. Repairs or replacement of the bellows are made per plant I

procedures. These ISE and testing programs detect the cracking resulting from TGSCC and
provide criteria for the acceptance of repairs and subsequent inspections. Aging management
program AMP 5.5 describes the attributes of this inspection program (see Subsection 4.1.9).

|
,

'

3.2.25 Fatigue - Mechanical Penetration Bellows

Mechanism Description

|

| Fatigue is a potentially significant degradation mechanism for bellows that are part of the
containment system boundary. Bellows assemblies are typically included as part of the
containment boundary in steel containments. For older vintage concrete containments,
bellows assemblies may be used for the outer containment barrier for hot penetrations in the
double-barrier penetration design such as shown in Figure 2-7. Fatigue degradation to |
bellows caused by cycles of thermal movements between the process piping and the

' containment is not significant unless there is damage such as scratches or dents in the !
bellows. These local defects or damage can result in stress concentrations that reduce the
fatigue life.

Aging effects include fatigue-induced cracking and loss of pressure retention. j
l

Aging Effect Evaluation

|

The intended containment function that may be affected by bellows fatigue is the protection of |
'

the environment from unacceptable release of radiation, as the result of cracking of the
bellows and the subsequent loss of pressure-retaining capability.
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|

|Si and testing of bellows, which is current practice, has been used to effectively detect local
damage. The damaged bellows can be replaced or repaired. These measures need to be
extended for the period of extended plant life.

Aging Effect Management

The effects of fatigue at mechanical penetration bellows are managed following ASME Code
Section XI, Subsection IWE, inspection and testing programs into the extended period of
operation. These ISE and testing programs detect the cracking resulting from fatigue, and
provide criteria for the acceptance of repairs, replacement, and subsequent inspections.
Aging management program AMP-5.5 describes the attributes of this inspection program (see
Subsection 4.1.9).

3.2.26 Fatigue - Mechanical (Piping) Penetrations

| Mechanism Description

i Fatigue is a progressive failure of a structural part under repeated, cyclic, or fluctuating loads.
! Almost all structural materials, ferrous or nonferrous, are subject to fatigue. When a structural

part repeatedly experiences fluctuating stresses, damage at microscopic levels may be
initiated and accumulated in the material, which eventually leads to cracking.

i

i
The degree of damage is proportional to the applied stress and number of stress repetitions. |
However, fatigue will not occur below the endurance limit, the threshold stress level. The

endurance limit is a material property that depends on the chemistry, method of
manufacturing, heat treatment, etc. The endurance limit of a material is determined from a

| series of tests on the applied stress (S) versus the number of cycles (N) to failure.

Aging effects include fatigue-induced cracking and loss of pressure retention capability.

Aging Effect Evaluation

| Intended functions degraded by the aging effects caused by fatigue are the protection of the

environment from unacceptable release of radiation and the loss of transfer of fluids to support
the mitigation of the consequences of an accident.

Sinale-Barrier Penetrations

The flued head forging functions as part of the process pipe itself, as well as the support for
the process pipe. In addition, the flued head functions as part of the containment system
boundary. For Class 2 piping systems, the flued head may be designated Class 2 and

| analyzed as part of the piping system in accordance with Section NC rules. In this case, an
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allowable stress range S, is determined for expansion stresses due to temperature cycles.
This stress range limit incorporates a stress range reduction factor based on the number of

anticipated equivalent full temperature cycles. The factor is 1 for 7000 or less full temperature,

cycles. Full temperature cycles for most hot piping such as the main steam and feedwater

systems correspond to startup and shutdown. Startup-shutdown cycles are considerably less
than 7000 over the life of the plant including the license renewal term. Therefore, existing
analyses should be applicable for the license renewal term.

The part of the penetration between the process pipe and sleeve extension may be designed
as a Class 2 pipe support in accordance with Subsection NF. Subsection NF rules for Class 2
plate and shell pipe supports do not require analysis for cyclic loads. The maximum stresses
in the support (secondary stresses) are limited to 3S, for normal and upset conditions, and an
evaluation for cyclic operation is not required.

For some plants, the flued head may be designated Class MC as part of the containment|
i

system. In this case, analysis for cyclic operation in accordance with ASME Code paragraph
j NE-3221.5 is required. Typically, an analysis and evaluation is done in accordance with

NE-3221.5(d) (NB-3222.4(d) for older plants to justify that an analysis for cyclic operation
including the calculation of the cumulative usage factor is not required. Where the
NE-3221.5(d) analyses used an S, stress (from the ASME Code fatigue curves) corresponding

i 8
to 10 cycles, the analyses for the current 40-year plant license are acceptable to justify the
20-year plant life extension. However, if the analyses used specified numbers of pressure,

8temperature, and mechanical load cycles that were less than 10, then the specifications must
be reviewed for the plant life extension to determine whether the number of cycles in the CLB,

is conservatively adequate to envelop the additional cycles for the 20-year plant life extension.
Alternatively, the NE-3221.5(d) requirements can be re-evaluated for the increased total
number of anticipated cycles.

| Double-Barrier Penetrations

These penetrations are qualified for the plant license renewal term for cycles of pressure,
temperature, and mechanical loads similar to the single-barrier penetration arrangement
described above.

Low (ambient) and moderate temperature piping double-barrier penetratio , lay include platei

i or pipe cap closures at both the inside and outside ends of the penetrat a This arrangement
may restrain thermal growth of the process pipe within the penetration & ae operating
temperature range. Where this arrangement was used and the process pipe operating
temperature exceeds 150 F, an analysis to demonstrate compliance with NE-3221.5(d),
" Vessels Not Requiring Analysis for Cyclic Operation," could be done if not performed under

8the CLB. The analysis, to address the license renewal term, should assume either 10 cycles
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(conservative), or the number of cycles that includes consideration of the license renewal
term.

In lieu of re-analyses for cyclic operation, as described above for certain concrete
containment rigid, double-barrier penetration arrangements, an inspection program can be
used to manage potentially significant fatigue for these types of penetration assemblies
following requirements similar to ASME Section XI. '!

Aging Effect Management !

The effects of fatigue are potentially detrimental to the continued function of mechanical

(piping) penetrations. The potential aging management effects can be managed by verifying
that fatigue damage is not possible through the review of the penetration fatigue calculations
for the extended period of operation (Section 3.2). Where necessary, appropriate corrective
actions could be taken to improve fatigue life following the existing plant procedures. In lieu of
re-analysis, test and inspection programs can be performed following current plant procedures I

that reflect ASME Section XI, Subsection IWE requirements. Following these inspection and
testing programs into the extended period of operation or use of analysis is sufficient to j

manage such aging effects. These ISE and testing programs detect the cracking resulting
from fatigue and provide criteria for the acceptance of repairs and subsequent inspections. |

Aging management program AMP-5.5 describes the attributes of this inspection program (see |
Subsection 4.1.9).

3.2.27 Embrittlement and Permanent Set of Gaskets - Mechanical Penetrations

Mechanism Description

Gaskets fabricated from flexible materials are incorporated into certain mechanical penetration
details such as at the joint between a blind flange and the flanged end of a penetration
sleeve. The gaskets are subject to aging degradation such as embrittlement and permanent
set resulting from exposure to environmental conditions such as high temperatures and
irradiation. The impact of these stressors depends on the severity of the conditions, the

_ gasket material, and the percent compression of the gasket. The percent compression that
will result in permanent set depends on the material properties and the design details.

The aging effect is loss of seal or pressure-retention capability.-

,

Aging Effect Evaluation

The intended function cbgraded by the aging effect caused by embrittlement and permanent
set of gaskets is the protection of the environment from unacceptable release of radiation,
resulting from the leM of the pressure-retaining capability of the gasket.

.
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Embrittlement and permanent set of gaskets are managed by current inspection and
maintenance programs where the gaskets are subject to periodic Type B local leak testing in
accordance with 10 CFR 50, Appendix J. Local leak rate testing programs and associated
visual inspections detect the aging effect, loss of seal or pressure retention, resulting from
gasket degradation. Defective gaskets are replaced and the penetration seals retested. l

Aging Effect Management

|
Inspection and maintenance programs following ASME Section XI, Subsection IWE, into the
extended period of operation are sufficient to manage degradation. Aging management
program AMP-5.5 describes the attributes of the inspection program (see Subsection 4.1.9).

3.2.28 Corrosion - Mechanical Penetration

Mechanism Description

The description, effects, and significance of corrosion on penetration sleeves and other carbon
steel penetration components is basically the same as described in Subsection 3.2.14 for the
containment liner. Aging effects include reduction in thickness and cracking of steet |

components.

Aging Effect Evaluation

Intended functions degraded by the aging effects caused by mechanical penetration corrosion
are the protection of the environment from unacceptable release of radiation and the loss of
transfer of fluids to support the mitigation of the consequences of an accident as a result of
the loss of pressure-retaining capability and/or cracking.

With the exception of the residual heat removal (RHR) penetrations that penetrate the
foundation mat and may be located below groundwater level, mechanical penetrations are
typically located above-grade or within buildings. Corrosion due to galvanic action or
aggressive aqueous solutions is not significant if dissimilar metals were not used in the
design. SCC and galvanic corrosion are potential degradation factors for dissimilar welds
between carbon and stainless steel for certain penetration designs. SCC may occur in the
presence of tensile stresses and a corrosive environment. Management of SCC and
corrosion for the RHR penetration, if located below the groundwater level, is required for plant
life extension.

Aging Effect Management

Potential corrosion (SCC and galvanic) degradation effects exist for the mechanical
penetrations. The aging effects caused by corrosion and SCC of the mechanical penetrations,
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t

cracking and loss of material, can be managed by an ISI program. This ISI program will
identify the conditions conducive to corrosion, repair acceptance, and subsequent inspection. '

The ISI program is described in detail in Subsection 4.1.9, aging management option
AMP-5.5.

,

3.2.29 Mechanical Wear - Fuel Transfer Tube Penetration
,

Mechanism Description
f

Mechanical wear can occur for the movable or active components associated with the fuel
transfer tube. This includes the removable blind flange closure, located at the inside

containment end of the transfer tube that functions as part of the containment system
pressure boundary. Mechanical wear is characterized by the loss of metal or local plastic
deformations at metal surfaces in contact with and moved frequently against each other over
an extended period of time.

The aging effect of mechanical wear is loss of material.

j Aging Effect Evaluation
,

Figure 3-1 shows the blind flange that is typically connected to a davit arm that is used to
support and move the flange clear of the tube when the tube is used to move fuel in and out2

of the containment. The moving parts may experience some wear over time; however, ,

mechanical wear on those surfaces that are part of the davit mechanism does not jeopardize4

i the containment function of the blind flange, and therefore does not degrade an intended
function.

;

Any wear that could interfere with the capability of the blind flange to be removed and
replaced would be detected during normal refueling operations and is handled by normal

'

inspection, maintenance, and repair procedures following ASME Code Section XI, Subsection
IWE.

Aging Effect Management

Any detrimental aging effect due to mechanical wear in the fuel transfer tube and gates, is
managed following ASME Code Section XI, Subsection IWE, as described in AMP-5.5. l

Subsection 4.1.9.

!

|

t
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Figure 3-1 Fuel Transfer Tube Blind Flange Assembly
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|

3.2.30 Gasket Degradation - Fuel Transfer Tube Penetration

Mechanism Description
i
;

| The leaktight seal between the blind flange and the mating flange on the end of the I

penetration sleeve is typically achieved by a double O-ring flexible gasket similar to the
gaskets for mechanical penetrations discussed in Subsection 3.2.27. Embrittlement or

i permanent set could result in loss of leaktightness.
!

l

Aging effects include loss of seal and pressure-retention capability.
1

\

Aging Effect Evaluation

The intended funct|on degraded by the aging effects caused by embrittlement and permanent
set of gaskets is the protection of the environment from unacceptable release of radiation,
resulting from the loss of the pressure-retaining capability of the gasket. !

l
|

Embrittlement and permanent set of these gaskets are potentially significant aging concems;
'

however, an existing program can be shown to be capable of managing the effects of
;

embrittlement and permanent set, as discussed in Section 4.1. Elements of the existing
program include Type B leak rate testing and replacement on a scheduled basis. Defective

i gaskets are replaced and the gasket seal is retested as required.

Aging Effect Management

Compliance with the plant inspection and testing programs into the extended period of
operation, which are based on ASME Code Section XI, Subsection IWE, is sufficient to l

manage such effects. Local leak rate testing programs detect the aging effect, loss of seal or
|

pressure retention, resulting from gasket degradation. Aging management program AMP-5.5
describes the attributes of the inspection program (Subsection 4.1.9).

|'

| 3.2.31 Corrosion - Fuel Transfer Tube Penetration
l'

Mechanism Description

A dissimilar or bimetallic weld is required to connect the stainless steel fuel transfer tube to

the carbon steel containment penetration sleeve. The bimetallic weld is usually located at
some point between the containment liner (or steel containment) and the transfer tube, not
directly on the transfer tube itself. At this boundary, interface SCC is possible.

Aging effects include reduction in thickness and cracking of steel components.
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| The fuel transfer tube is water-filled and may be subject to corrosion.

Aging Effect Evaluation

i

j The intended function degraded by the aging effects, caused by corrosion of the fuel transfer

| tube penetration, is the protection of the environment from unacceptable release of radiation,
resulting from cracking or corrosive loss of thickness.

Given certain conditions that include a corrosive environment, e.g., presence of chlorides,
tensile stresses in the weld from loads or residual tensile stresses from the welding, the

'

bimetallic material is susceptible to SCC.

|

The environment within the fuel transfer tube can be wet and dry, increasing the possibility of
corrosion from oxidation as well as galvanic action.

i

This mechanism requires management through the period of extended plant life.

Aging Effect Management

Potential SCC exists in the area of dissimilar welds of the fuel transfer tube and gates
;

penetration. Further potential degradation from corrosion is possible. The aging effects )
caused by corrosion and SCC of the fuel transfer tube penetration-cracking and loss of
materia %n be managed by an ISI program. This ISI program will identify the conditions
conducive to corrosion, repair acceptance, and subsequent inspection. The ISI program is
described in detail in Subsection 4.1.9, aging management option AMP-5.5.

3.2.32 Mechanical Wear- Airlocks and Hatches

Mechanism Description

Aidock doors and hatch covers are typically opened or removed and replaced by manual,
mechanical means. There are no control systems associated with the equipment hatch. The
airlocks are typically designed with an interlock system that ensures the containment pressure
boundary is maintained when the airlock is used for access during reactor operation. The
interlock permits only one of the two airlock doors to be open at one time. The interlock
system is typically wired to and controlled at the plant main control room. Defeating the
interlock system by control room operator action does not automatically open both airlock
doors. The doors are opened manually using handwheel shafts and associated gearing.

| Therefore, malfunction of the control system to the interlock does not necessarily result in the

| loss of the containment pressure-retaining function. However, mechanical wear can occur for
the movable or active components of the airlocks and hatches.

I
t

,
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The aging effect of mechanical wear is loss of material.

Aging Effect Evaluation

The intended function degraded by the aging effects caused by mechanical wear of the
airlocks and hatches is the protection of the environment from unacceptable release of
radiation, resulting from loss of material.

Mechanical wear that could potentially impact these functions will be detected by the local
Type B leak rate testing performed as required by 10 CFR 50, Appendix J. Component
inspections performed during Type A rate testing or surveillances performed in accordance
with ASME Code Section XI, Subsection IWE for steel containment components ensure the
component load-carrying integrity is maintained. Therefore, any degradation effects due to
mechanical wear that could impact the intended functions of the airlocks or hatch are

managed by preventive maintenance activities and required testing and inspection programs
and are nonsignificant for license renewal.

Aging Effect Management

Current maintenance and inspection programs are sufficient to manage mechanical wear
following ASME Code Section XI, Subsection IWE. Aging management program AMP-5.5
describes the attributes of the inspection program (see Subsection 4.1.9).

3.2.33 Fatigue - Airlock and Hatches

Mechanism Description

See Subsection 3.2.26.

Aging Effect Evaluation

intended functions degraded by the aging effects caused by fatigue are the protection of the
environment from unacceptable release of radiation and the loss of transfer of fluids to support
the mitigation of the consequences of an accident.

The controlling load combinations for the design of these components include the containment
design pressure load and the seismic design loads. Design pressure and temperature
loaC ss produce relatively few loading cycles and therefore are not a significant fatigue
consideration. Containment pressure and temperature ranges associated with the operating
conditions of the plant are relatively minor in magnitude. Stresses due to these ranges are
less than yield.
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Fatigue is a nonsignificant aging degradation factor for the airlocks and equipment hatch. The
number of cycles, including consideration of the license renewal period, is well below the
cyclic fatigue capability of the airlock and hatch.

For typical Class MC airlock and hatch designs, the stress report demonstrated compliance
with the requirements of ASME Code Section Ill, paragraph NE-3221.5(d). Where the
requirements of this paragraph are met, stress cycles are not significant, and fatigue due to
cyclic operation is not a consideration. In this case, the cumulative usage factor is not
calculated. The requirements of NE-3221.5(d) include:

Atmospheric-to-operating pressure cycles.

Normal operation pressure fluctuation.

' Temperature difference - startup and shutdown.

Temperaturo difference - normal operation.

)
Temperature difference - dissimilar metalsl .

Mechanical loads.

|

For airlocks and hatches designed to earlier versions of the ASME Code, the requirements of
paragraph NB 3222.4(d) were typically applied to demonstrate that a full fatigue analysis was
not required. Paragraph NB-3222.4(d) requirements were basically the same as for
NE-3221.5(d) listed above.

Aging Effect Management

Due to lack of detrimental aging effect due to fatigue of the airlocks and hatches, there is no
need for the identification of aging management effects.

3.2.34 rasket Degradation - Airlock and Hatches )

Mechanism Description

The leaktight seal at the hatch cover and the airlock doors is typically achieved using flexible
seals that may become embrittled over time or undergo a permanent set depending on the
design detail configuration, percent compression set of the gasket, and environmental
condition.

Aging effects include loss of seal and pressure-retention capability.
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+

Aging Effect Evaluation

The intended function degraded by the aging effect caused by embrittlement and permanent
set of gaskets is the protection of the environment from unacceptable release of radiation,
resulting from the loss of the pressure-retaining capability of the gasket. !

Similar to the discussion in Subsection 3.2.27 for the mechanical penetrations, embrittlement

and permanent set of gaskets are managed by current inspection and maintenance programs
|

for the hatch and airlocks where the gaskets are subject to Type B local leak rate testing in ;

accordance with 10 CFR 50, Appendix J. Defective gaskets are replaced and the gasket seal
is retested as required. <-

Aging Effect Management

inspection and maintenance programs following ASME Code Section XI, Subsection IWE into
i

the extended period of operation are sufficient to manage embrittlement and permanent set. i

Local leak rate testing programs detect the aging effect, loss of seal or pressure retention, |
resulting from gasket degradation. Aging management program AMP-5.5 describes the
attributes of the inspection program (see Subsection 4.1.9).

3.2.35 Loss of Pressure Retention - Penetrations of Airlock Bulkheads

Mechanism Description

|
Each airlock bulkhead pressure boundary accommodates several types of penetrations
including the handwheel shaft penetrations, penetrations for equalizing valve (s), electrical
penetrations, and penetrations for pressurizing and leak-testing systems.

An equalizing valve penetration typically consists of a steel sleeve welded into the bulkhead

with a pressure equalizing valve mounted on the sleeve. This arrangement is provided to
enable the pressure within the airlock to equalize with the pressure in the destination volume
outside of the airlock.

Loss of pressure-retention capability is an aging effect resulting from corrosion, mechanical
wear, gasket embrittlement, or fatigue.

Aging Effect Evaluation
|

The intended function degraded by the aging effect of loss of pressure retention is the

protection of the environment from unacceptable release of radiation, resulting from cracking
' or loss of material.

!
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The leaktight function is verified by 10 CFR 50, Appendix J, Type B testing of the airlock. 1

Therefore, aging of the equalizing valve penetrations is managed by current inspection and
;

maintenance programs where the pressure boundary leaktight function of the penetrations is !
monitored. !

|
|

Similarly, aging degradation that could adversely impact the pressure-retaining function of the ,

electrical penetrations, the handwheel shaft seals, and the penetrations for pressurizing and
leak testing systems is managed by periodic local Type B leak rate testing in accordance with ,

10 CFR 50, Appendix J or similar requirements. !
!

Aging Effect Management

The potential aging effects are managed by the plant existing inspection and testing programs [
following 10 CFR 50, Appendix J, per ASME Code Section XI, Subsection IWE. Local leak !
rate testing programs detect the aging effect, loss of seal or pressure retention, resulting from !

gasket degradation. Aging management program AMP-5.5 describes the attributes of the {
inspection program (see Subsection 4.1.9).

;

3.2.36 Elevated Temperature - Airlock and Hatches ;

!
Mechanism Description

;
-

,

The normal operating temperatures within the PWR containments are 120 F to 150 F,
;

significantly below the level (about 700*F) where the mechanical properties of the steel such i

as yield-strength and modulus of elasticity begin to exhibit reduction from the original design
values. '

No aging effects result. '

'

Aging Effect Evaluation
:

Elevated temperatures are a nonsignificant degradation factor for the airlocks and equipment
Lhatches because the temperatures will be lower than the threshold for degiadation of the

material properties.

Aging Effect Management

Due to lack of detrimental aging effect caused by elevated temperature to the airlock and
hatches, there is no need for the identification of aging management options.
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,

3.2.37 Foundation Degradation

Mechanism Description '

The degradation factors and their significance discussed in Subsections 3.2.2 to 3.2.8 and

3.2.10 to 3.2.13 for the concrete containment and reinforcing material systems apply to the
foundation mat.

A potentially significant degradation factor for foundations is settlement. The magnitude of
settlement depends on the bearing pressure exerted by the building weight and the physical
properties of the supporting foundation medium.

Settlement may occur as the containment is constructed and the weight of the structure is
accumulated. Settlement may continue slowly for many years after construction, but most of
the settlement occurs within the first 5 or 6 years of operation. Changes in subsurface
conditions such as lowering the water table can initiate additional settlement.

Aging effects include cracking and potential system overstress. Major differential settlement, if
present, can be seen as concrete cracking or apparent differences in surface elevation.
Differential settlement between adjacent buildings can result in the loss of support clearance
in interconnecting piping systems and other systems, including added stress and potentially
overstress.

i

Aging Effect Evaluation

Intended functions degraded by the aging effects of significant differential settlement are the
protection of the environment from unacceptable release of radiation, the result of cracking,|

i and the loss of transfer of fluids or electricity to support the mitigation of the consequences of
an accident, as a result of the overstress and failure of systems interconnecting adjacent
buildings.

Settlement for most PWR containments occurs elastically as the load is introduced during I
construction. Settlement is monitored during construction by taking survey measurements and
comparing the results with the design predictions. For most plants, settlement is minor
following construction and is a nonsignificant aging mechanism.

!
Where the mat foundation is supported by soft soil or changes in the groundwater level
following construction are significant, settlement may be a potentially significant agt. related

,

degradation mechanism. For plants with potentially significant long-term settlement,
monitoring is performed during the plant life.
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Because of possible changes in the site conditions over the life of the plant that could
increase settlement, i.e., lowering of the groundwater table, programs to monitor changes in
groundwater table and to detect potentially significant settlement are part of the CLB for
susceptible plants. Compliance with the CLB is part of the license renewal commitment.

Aging Effect Management

Surveillance programs monitor differential settlement for plants susceptible to this degradation

| mechanism and provide acceptance criteria so that predicted design values are not exceeded.
Aging management program AMP-5.7 describes the attributes of the inspection program (see
Subsection 4.1.11).

I

3.2.38 Strain Aging - Free-Standing Steel Containment

Mechanism Description
i

| Static strain aging can occur under certain conditions after the material has been cold-formed.

At ambient temperatures, static strain aging can cause substantial property changes within
2 to 3 years after the material is cold-worked. Increased temperature will accelerate the strain

j age embrittlement. Dynamic strain aging occurs during plastic straining. Dynamic strain
'

aging is not anticipated for the steel containment components because the strains associated

with the service loads are below the elastic strain limit. Dynamic strain aging is not a
significant degradation factor if the containment design philosophy limited stresses to the
elastic range under the design loads. Static strain aging may result 2 to 3 years after the
material is cold-worked. The most susceptible materials are low carbon rimmed or capped
steels that are severely cold-worked during forming processes.

Decrease in ductility is the aging effect associated with strain aging.

Aging Effect Evaluation

The intended function degraded by the loss of ductility is the protection of the environment
from unacceptable release of radiation and protection of containment interior structures and
systems from extemal loadings.

Static strain aging is not a significant degradation factor if the containment plate was not
severely cold-worked (less than 5 percent) during the forming process. This is typically the
case for containment plate.

If severe cold-working of the steel was used in the forming process, but the plate has been
normalized, stress relieved, or both following the forming with minimal subsequent
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:

;

i

!
cold-working, then static strain-aging is not a significant degradation factor for the steel '

containment plate.
i

k
Typical PWR free-standing steel containments consist of SA-516 Grade 70 or SA-212 Grade

~

;!70 plate steel, which is low-carbon steel (0.27 to 0.30 percent C). These materials are
normalized, stress-relieved, or both, following the forming process. Therefore, static strain i

aging is a nonsignificant degradation factor for steel containments. I

!
Aging Effect Management :

!

Due to the lack of detrimental aging effects caused by strain aging of the free-standing steel
k

'

containment, there is no need for the identification of aging management options. {
\

3.2.39 Fatigue - Free-Standing Steel Containment

|!
Mechanism Description

Fatigue is a progressive failure of a structural part under repeated, cyclic, or fluctuating loads. !.
Almost all structural materials, ferrous or nonferrous, are subject to fatigue. When a structural |
part repeatedly experiences fluctuating stresses, damage at microscopic levels may be '

initiated and accumulated in the material, which eventually leads to cracking, an aging effect.

!

The degree of damage is proportional to the applied stress and number of stress repetitions. |
However, fatigue will not occur below the endurance limit, the threshold stress level. ;

Aging Effect Evaluation

i

Intended functions degraded by the aging effect caused by fatigue are the protection of the
environment from unacceptable release of radiation and the loss of transfer of fluids to support
the mitigation of the consequences of an accident resulting from the degradation of the
pressure-retention capability and structural capacity due to cracking.

General Areas.

Fatigue is a nonsignificant, age-related degradation mechanism for the general areas of
the free-standing steel containment if the structural design complies with requirements of
the ASME Code Section Ill, which has provisions to ensure a good fatigue life. The steel
containment design typically has good fatigue strength for 10 cycles of below-yield load5

application when the design complies with ASME Code requirements. Low-cycle fatigue
due to localized elevated temperatures is not significant for the general containment. I

l
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I

Local at Discontinuities.

|
Fatigue is a nonsignificant degradation factor at the discontinuities in the steel j
containment geometry because design stresses are typically limited to levels that are

|below yield for service load conditions.
|

Local at Attachments*

Fatigue is a nonsignificant degradation factor for attachments to the steel containment I

such as polar crane supports. Stresses in attachments are limited by design criteria to
stresses that are less thr_a yield for the design loads associated with the polar crane.

Penetration Bellows.

Localized cyclic loading of penetration bellows assemblies results from the temperature
'

changes in the hot piping system associated with the particular penetration. Potentially
significant aging degradation of the bellows due to fatigue can result, especially at local
flaws in the bellows due to fabrication defects and/or corrosion. The aging effects
caused by bellows fatigue require management through the period of plant life extension.
ASME Code Section XI, Subsection IWE, inspection and repair practices can be
extended.

Aging Effect Management

The only potential aging effect due to fatigue is associated with penetration bellows. See
Subsection 3.2.25. Aging management program AMP-5.5 describes the attributes of the
inspection program (see Subsection 4.1.9).

3.2.40 Corrosion - Free-Standing Containment |

|
Mechanism Description

,

1

Microbiologically influenced corrosion (MIC) occurs in locations where moisture is permitted to
stand and stagnate in contact with the metal containment. A typical corrosion rate of carbon
steel in an environment subjected to MIC is 10 to 30 mils per year [Ref. 25]. MIC can occur
both in the presence of or absence of oxygen. Micro-organisms can cause corrosion by
several different mechanisms depending on the particular micro-organism. Certain micro-
organisms produce acidic waste products. Other micro-organisms consume the protective
coating or oxidize the metal directly. Any location where water is permitted to stand and
stagnate in contact with the metal containment is a potential corrosion site. Containment low
points such as slump drain lines and penetration sleeves are potential sites of MIC. Other

|
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|

potential sites include plant-unique locations where spills, leaks, condensate, or plugged
j drains permit collection and stagnation of water.

The local region where the steel containment is embedded in the supporting concrete is a
,

potentially susceptible location for crevice corrosion. During startup and shutdown the j
'

differential thermal expansion of the steel containment versus the surrounding concrete can
eventually disrupt the seal, creating a small gap that can provide access for moisture to -

|
uncoated portions of the steel containment. "

Aggressive chemical attack is a potential cause of local corrosion of the steel containment I

interior surface. Reactor coolant water has a boric acid content of 0.2 to 0.4 percent [Ref. 25]. ;

The containment may be exposed to that solution through leaks from piping or valves or |
spillage during refueling.

>

\
Galvanic corrosion can result when two dissimilar metals are in direct contact. The electrical i

potential between the two dissimilar metals causes a flow of electrons from the less resistant

metal (carbon steel) to the more resistant metal (stainless steel), resulting in corrosion of the
carbon steel. This corrosion can occur at penetrations where a bimetallic weld exists between

stainless steel bellows assemblies and carbon steel sleeves. Other potential galvanic j|
corrosion sites are plant-specific, dependirig on the materials in contact with the containment I
at the particular plant.

i

The aging effect associated with corrosion is loss of thickness.

Aging Effect Evaluation
t

Intended functions degraded by the aging effects caused by corrosion of the steel containment ;

are the protection of the environment from unacceptable release of radiation and the -!
protection of containment interior structures and systems from external loadings as a result of !

the degradation of the pressure-retaining capability and structural capacity. '!
!

For above-grade parts of the steel containment, the individual plant application for license I

renewal may demonstrate that the conditions necessary for corrosion caused by galvanic !

action, corrosion due to aggressive aqueous solutions, MIC, and SCC are not present for the
free-standing steel containment. As a result, corrosion is a nonsignificant degradation factor j
for the free-standing steel containment above-grade.

.

For below-grade parts of the steel containment, corrosion is a potentially significant
degradation factor on the exterior surface of the steel containment if the steel containment is t

exposed to aggressive groundwater solutions. Cracking of the concrete beneath the
{

embedded portion of the steel containment shell and rupture of the continuous membrane "

waterproofing (if present) is r:ecessary for the groundwater to reach the surface of the steel
-
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containment. Exposure to aggressive groundwater can result in pitting corrosion that could
compromise the leaktightness function of the steel containment (Ref. 25].

Aging Effect Management

Corros'on of the free-standing steel containment is a combined event-driven and natural

aging-driven degradation mechanism. The event-driven aging effects are managed through
,

timely inspection and repair, i.e., for areas accessible for inspection. Natural aging effects are
managed as described below.

The aging effects of free-standing steel containment corrosion can be managed through an ISI
program. This ISI program will identify the indications of or conditions conducive to corrosion

damage and provide criteria for repair and subsequent inspection. The ISI program is
described in detail in Subsection 4.1.9, aging management option AMP-5.5.

3.3 TIME-LIMITED AGING ANALYSIS EVALUATION

in the TLAA evaluation, a list of time-limited aging analyses must be defined that:

Involve systems, structures, and components within the scope of license renewal, as.
;

delineated in 54.4(a) of 10 CFR 50

Consider the effects of aging-

Involve time-limited assumptions defined by the current operating term, for example,.

40 years

Were determined to be relevant by the licensee in making a safety determination.

Involve conclusions or provide the basis for conclusions related to the capability of the.

system, structure, and component to perform its intended functions, as delineated in

54.4(b)

Are contained or incorporated by reference in tne CLB.

For those defined, it must be demonstrated that:

The analyses remain valid for the period of extended operation-

The analyses have been projected to the end of the period of extended operation.
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1

The effects of aging on the intended function (s) will be adequately managed for the !
=

! period of extended operation

Two aging effects evaluated have the potential to be defined as TLAA effects. They are:
prestress force losses and fatigue. Specifically, and as summarized previously in Table 2-17, |the component and effect are.

j

i

Analytical prediction of timo-dependent loss of prestress force loads in prestressing
.

| systems

For the concrete containment structure, number of fatigue cycles at penetration anchors, !
.

and where appropriate, calculated cumulative fatigue usage factors
!

Bellows number of fatigue cycles in mechanical penetrations, and where appropriate, j.

calculated usage facters
I

Number of fatigue cycles of mechanical penetrations, and where appropriate, calculated=

usage factors

Each of the above are evaluated as to whether they should be considered as belonging to the
list of time-limited aging analyses. The evaluation is summarized in Tables 3-3 and 3-4.

As seen from this table, only mechanical penetrations associated with high temperature may j
require action by the utility to perform a fat te analysis to show that an existing analysis !
remains valid, or be projected, to the extenced period of operation. The utility may choose to
adequately manage the effects of aging on the intended functions using the ASME Code

|
Section XI surveillance and testing programs. The other component aging effects are !

adequately managed using this method (ASME Code Section XI surveillance and testing
programs).

l.

|
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fa TABLE 3-3
n $- TIME-LIMITED AGING ANALYSES REQUIREMENTS FOR BELONGING TO EQUIPMENT LISTi

8$vja8] Prestressing System Concrete Containment Mechanical Mechanical
m Prestress Force Penetration Anchors Penetrations Penetrations( Losses Fatigue Bellows (Piping)

Requirements Fatigue Fatigue
involve SSCs within scope of Yes Yes Yes Yes
license renewal

Consider the effects of aging Yes Yes Yes Yes

involve time-limited assumptions Yes"3 No"3 No") Yesm
defined by the current operating
term (e.g.,40 years)

Wers determined to be relevant by Yes Yes Yes Yes
the licensee in making a safety

(a determination

involve conclusions or provide the Yes Yes Yes Yes
basis for conclusions related to the
capability of the SSC to perform its
intended functions

Are contained or incorporated by Yes Yes Yes Yes
reference in the CLB

Notes:

(1) Potential source of degradation managed by plant surveillance and testing.
(2) Analysis for cyclic operation is an attemative to visual examination and testing.

?
s
a
k
s
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a TABLE 3-4
5' TIME-LIMITED AGING ANALYSES DEMONSTRATION REQUIREMENTS

i!
E .Ejg Prestressing System Concrete Containment Mechanical Mechanical

< Prestress Force Penetration Anchors Penetrations Penetrations.

'
Demonstration Requirements Losses Fatigue Bellows Fatigue Fatigue

Analyses remain valid for the No"8 Not applicable"3 Not apphcable"I Yes")
extended period of operation

Analyses have been projected to Yes") Not applicable"8 Not applicable"3 Yes")
the end of the extended period of
operation

Effects of aging on the intended Yes* Yes* Yes* Yes")
functions will be adequately (AMP-5.6) (e.g., leak rate (e.g., leak rate

a managed for the extended period testing) testing)

h of operation

Notes:

(1) Adequacy of component related to time-dependent degradation effect not based on analysis.
(2) Effects of aging adequately managed by CLB surveillance and testing programs.

'

(3) A utility can perform an analysis to demonstrate adequacy of the component to perform its intended function through the period of
extended operation.

(4) Effects of aging can be managed using CLB surveillance and testing programs.
(5) Analyses require update for the period of extended operation.

O
$
.
3
5
2
@
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3.4 AGING EFFECT EVALUATION SUMMARY

The aging mechanisms for components evaluated were summarized in Table 2-17. In this

table, those that are not likely to be significant were indicated as having no aging
management program requirements (so indicated by NR). Those mechanisms that may result
in effects of aging on the intended functions that must be adequately managed are currently
using license basis inspection and test programs based on ASME Code Section XI. Aging
management programs to be used for the extended operation period are based on current
inspection and test activities that are defined and presented in Section 4.1. The attributes are
based on plant existing maintenance, inspection, and testing programs and practices. The
attributes from the programs will remain adequate to manage effects during an extended
period of operation since the degradation resulting from the aging mechanisms does not
increase significantly between inspection and testing periods.

- Listed below are the mechanisms / effects that are managed by aging management programs
into the extended operation period:

Concrete, freeze-thaw; AMP-5.1 and AMP-5.2.

Concrete, aggressive chemical attack; AMP-5.3 and AMP-5.4.

Fatigue at penetration anchors of concrete containments; AMP-5.5.

Corrosion of reinforcing steel in inaccessible on below-grade concrete structures;.

AMP-5.3 and AMP-5.4
Corrosion of containment steelliner; AMP-5.5-

Coating degradation on steel liners; AMP-5.5.

Corrosion of prestressing systems; AMP-5.6.

Prestress force loss of prestressing systems; AMP-5.6.

Stress corrosion cracking of prestressing systems; AMP-5.6.

TGSCC of electrical penetration bellows; AMP-5.5.

Bellows fatigue in mechanical penetrations and in free-standing steel containment;.

AMP-5.5

Mechanical penetration fatigue associated with high-temperature piping; AMP-5.5.

Mechanical penetration embrittlement of gaskets; AMP 5.5 (.

Fuel transfer tube penetration embrittlement of gaskets; AMP-5.5 |=

Fuel transfer tube penetration mechanical wear; AMP 5.5.

Corrosion and SCC in mechanical penetrations and fuel transfer tube penetration;-

AMP-5.5

Corrosion due to dissimilar weld materials in fuel transfer tube penetration; AMP-5.5-

Airlocks and hatches, mechanical wear, and embrittlement of gaskets; AMP-5.5.

Loss of pressure retention at airlocks and hatches; AMP-5.5.

Foundation settlement; AMP-5.7.

Fatigue for free-standing steel containment; AMP-5.5 '.

Corrosion in free-standing steel containments; AMP-5.5.
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: 4.0 AGING MANAGEMENT ACTIVITIES AND PROGRAM ATTRIBUTES
1

1

| This section provides the options to manage aging effects during an extended period
i of operation. Since this report is generically applicable to the plants identified in Section 1.1

of this document, only program attributes are given. Plant-specific details will be developed

! during the preparation of license' renewal applications. The program attributes are based on
requirements currently accepted in the industry. Since the rate of age-related degradation
does not change, for most aging effects these requirements will remain acceptable to maintain,

| intended functions consistent with the CLB during an extended period of operation. Additional
3 justification for aging effects that do not occur at a linear rate, if applicable, will be provided at

| the end of the program description in Section 4.0. Therefore, PWR containment intended
j functions are maintained during an extended period of operation.
;

] Section 3.0 identifies the aging effects that require management during an extended period of
: operation. Section 4.1 provides program attributes using current license basis, and

Section 4.2 provides additional activities and attributes required to manage aging effects.;

i
j Details and implementation guidance are provided. Deviations from the attributes p;ovided

! will require descriptions and justifications in plant-specific applications. Aging management
! . attributes are summarized by aging management program (AMP) tables (see Table 4-1).
I These tables summarize program attributes and activities that will be the basis for programs

implemented by utilities during an extended period of operation.

TABLE 4-1
AGING MANAGEMENT PROGRAM ATTRIBUTES,

i

Attribute Description

Scope Structures, components, or subcomponents and applicable aging effects.

Surveillance Monitoring, inspection, and testing techniques used to detect aging effects.
Techniques

Frequency Time period between program performance or when a one-time inspection
must be completed, inspection for the effect will take place when an event
has occurred.

Acceptance Criteria Qualitative or quantitative criteria that determine when corrective actions are
required.

Corrective Action Actions to further analyze, prevent, or correct the consequences of the
effect. Preventive actions should include evaluation of failures to determine
where similar effects may occur and actions, if practical, to mitigate or
eliminate the effect from occurring.

Confirmation Post-maintenance test or other techniques to confirm that the actions have
been completed and are effective.

Containment, Rev. O December 1996
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4.1 CURRENT ACTIVITIES AND PROGRAM ATTRIBUTES

The mechanisms that may result in aging effects for the systems, structures, and components
within the scope of this report are adequately managed using current licenshg basis (CLB)
inspection and test programs based on ASME Code Section XI, Subsections IWE and lWL,

and American Concrete Institute (ACl) codes. The CLB programs are summarized through |
seven identified aging management programs. They are summarized in Table 4-2, along with |
the component, aging mechanism, and aging effect.

These aging management programs are discussed in the following subsections. The
attributes are based on current plant maintenance, inspection, and testing programs that
follow the 1992 Oode Edition and Addenda of ASME Section XI, Subsections IWE and IWL.
This is in compliance with 10 CFR 50.55a. It is noted that in U.S. NRC SECY-96-080, the i

U.S. NRC recognized the effectiveness of the inspection and testing requirements given in the '

1992 ASME Code, including Addenda of Section XI, Subsections IWE and IWL, for managing
the aging effects associated with containment structures. They therefore incorporated these
Code requirements by reference into 10 CFR 50.55a. Further, as demonstrated by LER and
NPRD data in Section 2.0, these inspection and testing programs have been proven effective
in inspection, monitoring, and maintenance of age-related degradation. Therefore, the
inspection practice fo!!owing 1992 ASME Code Section XI, Subsections IWE and IWL,
requirements provide acceptable means to identify and quantify degradation effects so that
indications of the above aging effects can be evaluated or repaired prior to the loss of an
intended function. l

it is recommended that a utility incorporate into their inservice inspection programs, for the
extended period of operation, these aging management programs that are based on the 1992 ;

Code Edition, and Addenda, of ASME Section XI, Subsections IWE and IWL. Further, the
modifications given in SECY 96-080 (introduced in SECY-93-328, the proposed rule) to )
address U.S. NRC concerns related to tendon examinations and inaccessible areas should
also be included. These include the following: |

l
'

The following four recommendations for tendon examination included in Regulatory-

Guide 1.35, Rev. 3, should be included. i

1

Requires that grease caps that are accessible be visually examined to detect grease-

leakage or grease cap deformation
- Requires the preparation of an engineering evaluation report when consecutive

surveillance indicates a trend of prestress loss to below the minimum prestress i

requirements
Requires an evaluation to be performed for instances of wire failure and slip of wires-

in anchorages
- Addresses sampled sheathing filler grease and reportable conditions

i
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5 O TABLE 4-2
li7g CURRENT LICENSING BASIS AGING MANAGEMENT PROGRAMS
, g-

AB '

[ .e
-

3 Aging Management

if Program Components Aging Mechanism Aging Effects
.<
o AMP-5.1 and AMP-5.2 Concrete Containment") Freeze-Thaw - Cracking of the concrete

Shield Building") - Increased porosity and/or permeability of the concrete
- Scaling of th; cur.cata surface
- Correston resulting from loss of protective concrete

cover, coating, or protective concrete cheirkiry

AMP-5.3 and AMP-5.4 Concrete Containment * Aggressive Chemical - Cracking of the concrete
Foundation Basematm Attack - Increased porosity and/or permeability of the concrete

- Scaling of the concrete surface
- Decrease in tensile and compressive strength and/or

modulus of elasticity
3
6 - Loss of strength

Reinforcing Steel Corrosion - Corrosion resulting from loss of protective concrete
cover, coating, or protective concrete chemistry

- Additional cracking of the concrete
- Increased porosity and/or permeability of the concrete
- Loss of bond strength between reinforcement steel

and the concrete
- Increase in the volume of reinforcement or embedded !

steel resulting from the formation of rust
!by-products, resulting in concrete cracking

- Reduction in cross-sectional area or thickness or loss
of material ;a

y - Loss of strength
~

3
E '

2
e

;

,
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p TABLE 4-2 (Continued)#

h ?. CURRENT UCENSING BASIS AGING MANAGEMENT PROGRAMS
ti
A3
$ ,$ Aging Management

]g Program Components Aging Mechanism Aging Effects

$ AMP-5.5 Penetration Anchor Fatigue - Cracking of the concrete
- Increased porosity and/or permeability of the concrete
- Corrosion restiting from loss of protective

concrete covec, coating, or protective concrete
chemistry

,

- Loss of strength

Liner Corrosion - Reduction in cross-sectional area or thickness or
loss of material

Coating Degradation - Corrosion resulting from loss of protective concrete
cover, coating, or protective concrete chemistry

Electrical Penetrations Transgranular Stress - Cracking of steel component3
A Be!!ows Corrosion Cracking - Loss of seal or pressure-retaining capability

(TGSCC)

Mechanical Penetrations Bellows Fatigue and - Fatigue-induced cracking of component
Fatigue of Penetration - Loss of seal or pressure-retaining capability

Embrittlement of - Loss of seal or pressure-retaining capability
Gaskets

Corrosion and SCC - Reduction in cross-sectional area or thickness or loss'

of material
- Cracking of steel component
- Loss of seal or pressure-retaining capability

2
8

k
2
8
m
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$p TABLE 4-2 (Continued)
j!g CURRENT LICENSING BASIS AGING MANAGEMENT PROGRAMS
. =5-

r

; p. Aging Management '

]o Program Components Aging Mechanism Aging Effects
t *

$ AMP-5.5 Fuel Transfer Tube Mechanical Wear - Reduction in cross-sectional area or thickness or loss
Penetration #3 of material

i

Embrittlement of - Loss of seal or pressure-retaining capability
Gaskets

Corrosion and SCC - Reduction in cross-sectional area or thickness or loss
of material

- Cracking of steel component
- Loss of seal or pressure-retaining capability

$ Airlocks and Hatches") Mechanical Wear - Reduction in cross-sectional area or thickness or loss
of material

Embrittlement of - Loss of seal or pressure-retaining capability .,

Gaskets or
Loss of Pressure

Retention

Free-Standing Steel Fatigue - Fatigue-induced cracking of component
Containment

Corrosion - Reduction in cross-sectional area or thickness or loss
of material e

5
8 t

a
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|9 TABLE 4-2 (Continued)
fU CURRENT LICENSING BASIS AGING MANAGEMENT PROGRAMS
* =r
i B
f$g~ Aging Management
8 Program Components Aging Mechanism Aging Effects

o AMP-5.6 Post-Tensioning Systems Corrosion and Concrete - Reductitn in cross-sectional area or thickness or loss of
Degradation material

- Reduction in prestress force
- Breakage of wires or strands
- Leakage of corrosion inhibiting medium
- Loss of strength

i

Prestress Force Losses - Loss of strength

Stress Corrosion - Reduction in prestress force

p Cracking - Cracking of steel component
c) - Loss of strength

AMP-5.7 Foundations Settlement - Cracking of concrete
- Added stress induced by loss of supporting system ,

clearances

Notes:
(1) The freeze-thaw aging management program is applicable only as indicated in Subsection 3.2.1 and is a plant-specific issue.
(2) For inaccessible below-grade concrete structures.
(3) For fatigue, see mechanical penetrations.
(4) For corrosion, see mechanical penetrations.

2
s
B
5
5
8

. _ - _ _ _ - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ __ __ _ _ _ _ _ . _ _ _ _ _ _ _ . ______ _______ - _____
_



_. ___ _ _ _ _ . _ _ _ __ _. . . . -_._ . - . _ _ _ . . . _ . . _ . _ . . _ . _ . _ _ _

,

(

|

Visibl3 evidence of degradation such as leaching and surface cracking may be an*

indication of concrete degradation in inaccessible areas. Therefora, an evaluat.on of the,

I potential degradation of surrounding inaccessible areas should !.e initiated.-

Consistent with SECY-96-080, duplication examinations required by both the periodic routine
,

and expedited examination program requirements should be avoided. Further, the utility is
'

allowed to use recently performed examination of the post-tensioning system to satisfy the
requirements for the expedited examination of the containment post-tensioning system.

The specified modifications and clarifications given in SECY-96-080 to amend 10 CFR 50.55a

j are recommended for incorporation into a utility's license renewal plan that addresses - !
| containment structures. The four modifications to the final rule of 10 CFR 50.55a are:
|

Expansion of the evaluation of inaccessible areas of concrete containments to include !
=

metal containments and the liners of concrete containments.
.

Permission of attemative lighting and resolution requirements for remote visual inspection| .

I of the containment.

The maximum direct examination distance specified in Table IWA-2210-1 may be
extended and the minimum illumination requirements specified in Table IWA-2210-1 may
be decreased provided that the conditions or indications for which the visual examination

I is performed can be detected at the chosen distance and illumination.
,

| Examination of pressure-retaining welds and pressure-retaining dissimilar metal welds.

are optional.

i

An attemative sampling plan has been added.e

1

I f

The clarification to the new containment rule (NRC SECY-96-080) that more clearly defines
the frequency of Subsection IWE general visual examination is also included in the attributes. ;

The utility should document, per ASME Section XI IWA-6000, for each inaccessible area *

identified, the following per the NRC SECY-96-080 requirements:

A description of the type and estimated extent of degradation and the conditions that led*

to the degradation
,

An evaluation of each area and the result of the evaluation*

A description of necessary corrective actionsa

:

1

l
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Ths tbove requirement is identical for the evaluation of suspect inaccessible areas identified
through visual inspection of concrete areas near tendon anchorage or through examination of
metal containments and the liners of concrete containments.

In general, the current maintenance program that a utility implements are made up of the
following activities: routine inspections; periodic inspections; condition survey; nondestructive
examinations and sampling inspections; remedial and preventive measures. These activities,
along with the additional requirements from the containment rule, are discussed in the

subsections that follow along with a discussion of each of the aging management programs.

4.1.1 Routine inspections )
!

General visual examinations of the accessible surfaces of the containment may be part of the
plant routine maintenance procedures. These inspections may be made at intervals of 6
months to 2 years depending on the particular plant procedures [Ref. 29]. The frequency of
the routine inspections falls within the accepted time period to detect degradation prior to the
loss of intended function. The general visual examination detects indications of concrete and
steel degradation, including: cracking, spalling, discoloration, wetting, and staining for

|
concrete; flaking, blistering, peeling, and discoloration for coated steel surfaces; and, cracking, )
discoloration, wear, pitting, excessive corrosion, arc strikes, gouges, surface discontinuities,
and dents for uncoated steel surfaces. Damage to seals or fatigue cracking may also be
visible. Visual examination is an acceptable method for the detection of the above indications
of aging effects that result from coating degradation and corrosion on steel liners and steel

' containment and concrete degradation.
|

The intended functions of the containment affected by the above aging effects and
degradation mechanisms are the protection of the environment from the unacceptable release
of radiation and the protection of containment interior systems from externalloadings. The
objective of these inspections is to detect the activity of any degradation mechanisms and to
determine any changes to the concrete condition o croperties that could affect the integrity of
the structure and its future serviceability in advance of the loss of the intended function, so
that repairs or an evaluation of the suspect area can be made.

4.1.2 Periodic Inspections

Existing surveillance programs to check periodically for evidence of containment concrete
component degradation include post-tensioned tendon system surveillance programs. The

| un-bonded, post-tensioned tendon system surveillance program typically includes inspection of

{ the tendon, wire or strand, anchorage hardware and surrounding concrete, corrosion
'

protection medium, and free water. The tendon wire or strand is subjected to both visual and
mechanical testing. A visual examination is performed on the tendon anchorheads, wedges,
buttonheads, shims, and the concrete extending outward a distance of 2 feet from the edge of

'

the bearing plate. Indications are cracking in anchor heads, evidence of active corrosion,

:
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broken or unseated wires, broken strands, and cracks in the concrete adjacent to the bearing
plates (in excess of 0.01 inch).

The chemistry and volume of the corrosion protection medium and free water are monitored.

The chemistry is monitored for levels of chlorides, nitrates, and sulfides, as well as pH, which
,

may contribute to a corrosive envircament. Documentation includes observations of cracks in |

the concrete and tendon anchorage hardware along with broken strands and camaged or
missing hardware. Visual examinations and testing are acceptable methods for the detection
of the above indications of aging effects that result from corrosion of the mechanical

components and degradation of concrete surrounding the post-tensioned system, and other
aging degradation mechanisms that result in the loss of prestress force.

The individual plant CLB complies with requirements as defined in Regulatory Guide 1.35,
Regulatory Gv' '' 1.90, and ASME Code Section XI, Subsection IWL. The frequency of the
inservice inspectiv. %Ilowing the first 5 years of operation is similar to those discussed in the
above listed regulatory guides that fall within the accepted time period to detect degradation
prior to the loss of intended function. The above activities effectively detect and manage the
aging effects of prestress force loss and corrosion in metal components, as well as concrete
degradation for the post-tensioning systems of the PWR containment. The intended functions
of the containment affected by the aging affects that degrade the post-tensioned system are
the protection of the environment from the unacceptable release of radiation and the
protection of containment interior systems from external loadings.

Leak Rate Testing*

Leak rate testing is performed as required by 10 CFR 50, Appendix J to ensure leaktight
integrity, which supplements the ASME Code Section XI requirements. Type A testing
measures the leak rate of the entire primary containment system for comparison with
permissible leak rate in the plant technical specifications. The pressure used for the Type A

l leak rate test is based on the plant containment design pressure. For most plants, the test
pressure corresponds to the design pressure; however, for a few older vintage plants the test
pressure is less than the full design pressure.

!

|
-

1 B tests measure the leakage locally at penetrations, airlocks, and hatches et the design
pressure condition. Leakage is an indication of degradation, including fatigue-induced flaws,
embrittlement of gaskets, corrosion-induced flaws, and mechanical wear.

|
|
' Section V.A of Appendix J requires a general visual examination of accessible interior and

exterior surfaces of containment structures prior to the Type A testing to uncover structural
degradation that could impact the capability of the containment to perform its intended
function. Similar requirements are found in the ASME Code Section XI, Subsections IWE and
IWL. Coated areas of the liner or steel containment are examined for evidence of degradation,
which includes flaking, blistering, peeling, discoloration, and other signs of deterioration.
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|

i
I

Uncoated areas are examined for evidence of cracking, discoloration, wear, pitting, excessive
corrosion, arc strikes, gouges, surface discontinuities, dents, and other signs of surface |
Irregularities. Welds are examined as part of the surface. Seals, gaskets, and penetration

I

assemblies are also subject to visual inspection for the above listed signs of degradation. The i
concrete exterior of the steel-lined containment is examined for evidence of cracking, spalling,
discoloration, wetting, and staining. Visual inspection and leak rate testing are acceptable
methods for the detection of the indications of aging effects resulting from fatigue, TGSCC, |
mechanical wear, embrittlement of gaskets, loss of pressure retention, and corrosion, which i

I can be repaired or evaluated prior to the loss of the containment intended function. |

| j

The above activities effectively detect and manage the effects of fatigue at penetration
anchors, coating degradation, TGSCC of electrical penetration bellows, fatigue in bellows and |
mechanical penetrations, mechanical wear and embrittlement, corrosion of the accessible

|areas of the liner or steel containment, concrete degradation above grade, and loss of
pressure retention for the components of the PWR containment. The effects are detected

prior to the loss of the containment intended function and are managed through evaluation
and repair. I

4.1.3 Conditiot. Survey

The purpose of the concrete condition survey is to examine the concrete surface to identify, I

define, and assess areas of degradation. ACI 201.1R-68 (Revised 1984) includes the I

recommended steps and level of detail for the condition survey. The following briefly
describes elements of a condition survey.

Present condition survey includes the surface condition, overall alignment of the structure,
evidence of alkali-aggregate or other reaction, and other inspection findings. Indications of
concrete degradation include cracking, spalling, discoloration, wetting, and staining.
Monitoring and repair, as required, of such indications provide an effective program for the
management of concrete degradation and associated liner and steel containment corrosion

resulting f om water infiltration of the protective concrete layer.

The survey includes photographs of degraded conditions. The conditions can be described
using the standard terminology associated with the durability of concrete provided in the
appendix to ACI 201.1R. The terminology addresses cracks, deterioration, and textural
defects resulting from construction. The primary focus of this survey is to detect and assess
degradation that can lead to adverse impact on the intended functions.

The ASME Code Section XI, Subsection IWL, provides a methodology for the examination of
the concrete surface. All surfaces including those protected by coatings, except as
exempted, are visually examined for evidence of conditions indicative of degradation, as
defined in ACI 201.1 Currently, a VT-3C visual examination can be conducted for all
accessible areas to determine the general structural condition through the identification of
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.

| . suspect areas, where evidence of deterioration is found. Evidence of degradation includes |

! cracking, spalling, staining, wetting, and discoloration, as stated above. Specifications for
,

| examination method VT-3 are employed, i.e., those for minimum illumination, maximum direct 1

| examination distance, and maximum procedure demonstration lower case character height, !

VT-1C visual examinations are conducted for selected suspect areas. Examination !
specifications for examination method VT-1 are employed.

,

Subsection IWE of the ASME Code Section XI provides a methodology for examination and
^

inspection subsequent to repair or replacement for the Class MC pressure-retaining I
''

components and their integral attachments. Inspections are made prior to leak rate testing.
Embedded or inaccessible portions of the containment vessels, parts, and appurtenances are !
exempt.

;

Accessible surface areas of the steel containment vessel pressure-retaining boundary, except
those that are submerged or insulated, are subject to general visual examination. VT-3 visual ;

j examination is applied for areas including those that are submerged and insulated. Paint or {
! coatings shall not be removed for visual inspection. Coated areas are examined for evidence

of flaking, blistering, peeling, disco! oration, and other signs of deterioration. Uncoated areas
'

are examined for evidence of cracking, discoloration, wear, pitting, excessive corrosion, arc
strikes, gouges, surface discontinuities, dents, and other signs of surface irregularities.

|

The visual examinations discussed above are acceptable methods for the detection of the
indications of aging effects that ' result from coating degradation and corrosion on steel liners
and steel containment, and concrete degradation. Subsection IWE provides for visual
inspection and leak rate testing in accordance with 10 CFR 50.55a Appendix J, and therefore i
also provides acceptable methods for the detection of the indications of aging effects resulting ]

| from fatigue, transgranular stress corrosion cracking (TGSCC), mechanical wear, )
embrittlement of gaskets, loss of pressure retention, and corrosion. The frequency of i

inspection for concrete is the same for the ASME and ACI Codes, i.e. beyond the first 5 years. |

The 5-year frequency is acceptable for the detection of aging effects, such that repairs or j
evaluations can be made prior to the loss of containment intended functions. I

!

Settlement is monitored for plants founded on soft soil. Only a few plants have any settlement
issues that require monitoring so this is an issue for individual plant application only.

| Monitoring programs are effective with surveys performed during construction, with results
; compared against design predictions, and with periodic surveys performed through the life of '

the plant or until indications show that significant settlement has ceased. Settlement generally'

occurs within the first 5 or 6 years of operation or where the soil foundation under a plant's |

foundation has experienced a substantial change in the groundwater level. Major differential i
; settlement, if present, can be seen as concreto cracking or apparent differences in surface

elevation. Visual examinations detect cracking, and surveys monitor differences in surface
elevations. The above activities effectively detect and manage the aging effects of differential
settlement for the PWR containment. Repairs or evaluations can be made before intended
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i,
'

functions are lost. Significant aging effects of differential settlement would result in the loss of
intended functions including the protection of the environment from the unacceptable release ;

of radiation and the protection of containment interior systems from external loadings.
|

|' 4.1.4 Nondestructive Examination / Sampling Inspection Technology
i

Nondestructive examination (NDE) methods, destructive testing, and sampling methods
,

currently available for PWR containment concrete components are summarized in Tables 4-3 I

i - and 4-4, respectively. These methods may be used to supplement visual inspection and
!

testing, when further investigation of indications is necessary. The methods are described in !
detail in the report " Inservice inspection and Structural Integrity Assessment Methods for

Nuclear Power Plant Concrete Structures" [Ref. 29].
!

. Direct and indirect techniques are used to investigate and detect degradation in the concrete
| system consisting of the concrete and the integral reinforcing steel. The direct techniques
j involve some combination of visual inspection and removal of material samples for testing j
'

where degradation is detected. Visual examination performed on a periodic basis is an
effective method to detect degradation effects such as cracking, spalling, and volume .
changes. Where potentially significant degradation is observed, core samples can be
removed for strength testing and petrographic examination. Indirect NDE methods are used to

determine properties of concrete by comparing measurements of a particular property with
established correlations.

|
Tables 4-5 through 4-8 review available nondestructive and destructive testing and sampling
techniques for the material components of the PWR concrete. The primary degradation

| effects for concrete, reinforcing steel, steel containment and liners, and prestressing systems
i are listed along with the applicable examination methods.

|

| 4.1.5 Remedial / Preventive Measures I
i i

i

(1) Coatings and Joint Seals

CLB remedial / preventive measures applied at some plants include preventive maintenance of
steel containment shells, concrete containment liners and associated components, and aid in
the effective management of the aging effects of corrosion to the steel liner or containment.

Prevention of corrosion for metal containments is mainly achieved with protective coatings.
Typical containment coating systems are described in Reference 25. The coating systems are
designed to provide good corrosion resistance. Surfaces that have been left uncoated, or that
received only a primer coat with minimal surface preparation, such as the embedded base
steel and the embedded parts of penetration sleeves /airlocks, are potentially susceptible to

| Corrosion.
i

!
.

:
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EoeE TABLE 4-3
jj SUMMARY OF APPLICATIONS FOR TESTING METHODS: NONDESTRUCTIVE
-e
$ E+

I Test Method Principle Main Application Advantages Limitations

'o Visual . Includes detailed visual To obtain general Provides valuable Provides information on
examination of observed information regarding information as to causes the condition of the
distress. concrete distress. of distress and extent of exposed surface only.

damage. Additional testing

_

methods are required.

Audio Method Uses the difference in To locate delaminations Quick and inexpensive Subjective to the person
sounds to distinguish and voids. method. No extensive performing the test.
between delaminated training is required.
and nondelaminated
areas of the test
structure.

A Electrical Method Uses the resistance and To determira the rate of Quick and inexpensive Provides only a potential
a potential difference corrosion of a structure, method. No extensive rate of and not the" measurements of a training is requi ed. actual amount of

structure to determine corrosion present. It is
the moisture content and also affected by
rate of corrosion of the moisture content,
structure.

Impulse Radar Uses the principle of To locate voids, Quick, portable, and Affected by moisture.
transmitted and reflected embedded accurate in locating Skills are required in
wave forms to locate reinforcement, objects. No damage to analysis of results.
objects in the structure deiaminations, flaws in concrete.
tested. concrete, tanks, and

utilities embedded in the
ground.

2
s

$
,

8
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n*o8f TABLE 4-3 (Continued)

{E
,

SUMMARY OF APPLICATIONS FOR TESTING METHODS: NONDESTRUCTIVE|

. E. S|

Iy Test Method Principle Main Application Advantages Limitations
'<

infrared Thermography Uses the principle that all To locate voids. Quick and portable. No Affected by moisture.o
objects emit infrared damage to concrete. Skills required in the
rays. The infrared analysis of the results.
camera receives these Temperatere dependent.
rays and displays them
on a color monitor.

Magnetic Methed Generates a magnetic To determine depth and Quick and inexpensive Temperature dependent.
field and determines the location of reinforcement. method. No extensive ineffective in heavily
intensity of the magnetic training is required. reinforced area.
field.

Microscopic Refraction Estimates time traveled To locate cracks, voids, Quick and causes no influenced by the
from the point of impact and assess quality of damage to the concrete. method of impact used.

,

a to the receiver. concrete.
4

Modal Analysis Dynamic test based on Determines vibrational Provides information Relatively slow and
vibrations induced to a response of a structure. about nature of structure costly process.
structure. when subjected to a

dynamic load.

Nuclear Method Emits gamma rays and To determine the density Has the ability to Expensive, slow, and
receives the amount of hardened concrete. determine moisture needs a skilled operator.
retumed. present as a function of The density found is

depth. only for the top portion
of the concrete.

,

a
B
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T TABLE 4-3 (Continued)

{E.g SUMMARY OF APPLICATIONS FOR TESTING METHODS: NONDESTRUCTIVE

Iac-
Hg Test Method Principle Main Application Advantages Limitations

<
'o Radiography Gamma radiation To locate intemal cracks, Portable and relatively Radiatien intensity

attenuates when passing voids, and vibrations in inexpensive compared to cannot be adjusted.
through the concrete. density and composition X-ray. Intemal defects Qualified technician
Extent of attenuation is of concrete. To locate can be detected. No required because of
controlled by density and embedded reinforcing damage is done to the radiation source. Two
thickness of concrete. steel and voids in concrete. opposite surfaces of

concrete. component must be
accessible.

Rebound Hammer Measures surface Estimation of inexpensive. Large Results are affected by
hardness. Spring-driven compressive strength, amounts of data can be the condition of the
hammer strikes the uniformity, and quality of quick'y obtained. Good concrete surface tested.
surface of concrete and concrete. for determining Does not give precise -

rebound distance is uniformity of concrete. strength of predictions.3
A noted on scale. No damage to concrete Results are dependent
m tested. on test operator.

Ultrasonic Pulse Velocity Measures the Estimation of the quality Test can be performed Does not givo precise
transmission of an and uniformity of quickly. It can also estimation of strength.
induced-pulsed concrete. Locates voids, locate voids, cracks, ana Skills are required in
compression wave cracks, and estimates determine the depth of analysis of results.
propagating through the depth of rebars. the reinforcement. No Moisture variation and
concrete. damage to the structure. presence of rebar can

affect results.
*.

Notes:

Source: Ref. 29
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iE TABLE 4-4
{g SUMMARY OF APPLICATIONS FOR TESTING METHODS: DESTRUCTIVE...

iE
,

Iy Test Method Principle Main Application Advantages Limitations<
'

Air Permeability Determines the rate of in situ assessment of the Locates corrosion and Only a research modelo
recovery of air in a test resistance of concrete to voids in grouted has been built.
hole after evacuation. carbonation and to structural members.

penetration of aggressive
ions.

Break-Off Test Measures the intemal Estimation of strength of inexpensive and quick. Minor repaired needed.
force required at the top concrete.
to break off the core at
the bottom.

Chemical Method Determines chemical To identify chemical Provides information that Destructive and slow
characteristics of the characteristics and may assist in test to perform.
concrete through determine chemical determining cause(s) of

a different tests. contents in concrete. distress.
c)

Cores Physical measurement of To supplement and/or informative. Destructive and slow
actual corrosion using verify NDT results. test.
standard ASTM test
methods.

_

Probe l'entreton Measures the depth of Estimation and Equipment is simple and Damages small areas.
(Winds or Probe test) penetration into the compressive strength, durable. Good for Does not give precise

concrete. Surface and uniformity, and quality of determining quality of prediction of strength.
subsurface hardness can concrete. surface concrete. Results are dependent
be measured. on firing mechanism.

O
n
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E. TABLE 4-4 (Continued)

43 SUMMARY OF APPLICATIONS FOR TESTING METHODS: DESTRUCTIVE

! .$ $

kg Test Method Principle Main Application Advantages Limitations
<
'o Pullout Test Measures the force Estimates the Measures directly the Pull out devices must be

required to pull out a compressive and tensile inplace strength of inserted during
steel rod with an strength of concrete. concrete. construction or placed
enlarged head cast into by coring in hardened
the concrete. concrete. Minor repairs

are needed Correlation
to compressive
strengths are
questionable.

Notes:

Source: Ref. 29
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{@ TABLE 4-5
* 5' CONCRETE
b$ SUMMARY OF DEGRADATION FACTORS, PRIMARY

|$ MANIFESTATIONS, AND METHODS AVAILABLE FOR THEIR DETECTION *

8E |

Direct Methods fh
Material Sampling / Testing indirect Methods i

Primary
Degradation Factor Manifestation Visual Chemical / Acoustic Penetrating

'
(Mechanism) (Effect) Inspection Petrography Strength Microscopic Ultrasonic Sounding Radar

Chemical Attack N/A
Effieww.e a,e/ Leaching increased Porosity Good Good Good
Salt Crystallization Cracking Good * Good Good Good * Cood* Fairm
Alkali-Aggregate Volume Good * Good Good Good * Good * Fair *

Change / Cracking Good * Good Good Good * Good * Fairm
i

Reactionsm
Sulfate Attack Volume Good Good Good
Bases and Acids Change / Cracking

A, increased

h Porosity / Erosion

Physical Attack N/A N/A
Freeze / Thaw Cycling Cracking /Spalling Good Good
Thermal Cracking /Spalling Good Good * Fair Fair ,

Exposure / Thermal Volume Good Good *
Cycling Change / Cracking Good
Irradiation Section Loss Good Fair Good
Abrasion / Erosion / Cracking

Corrosion
FatigueNibration

|

Notes:;

(1) Includes reactions of cement-aggregate and carbonate aggrega%.
(2) After significant deterioration, material sampling / testing technige z wnald be used to identify the cause.,

| O (3) The strength tests only reveal the effect that elevated tempecu am ur irradiation has after the fact on mechanical properties. Testing must bes

g done under representative conditions to determine effects while under service conditions.

N/A - Not applicable.

2 Source: Ref. 26
E
c,
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h. TABLE 4-6

MILD STEEL REINFORCEMENTgg SUMMARY OF DEGRADATION FACTORS, PRIMARYgg
c- MANIFESTATIONS, AND METHODS AVAILABLE FOR THEIR DETEC110N
E@

s
O Method

Half Cell
Degradetion Factor Manifestation Visual Potentiel Meterial Penetrating

(Mechanism) (Effect) Inspection or Polarization Radiography Sempting Roder

Corrosion Concrete cracking /spalhng, Good Good Fair Good N/A
reduced section

Elevated Temperature Decreased yield strength Poor N/A N/A Good') N/A

trradiation Reduced ductility, increased Poor N/A N/A Good') N/A
yield strength

$ Fatigue Bond loss, fracture Good N/A Fair Good" Poor
to

Notes:

(1) Material sampling, e.g., strength testing, only reveals the effects that elevated temperature or irradiation has after the fact on mechanical
properties. Testing must be done under representative conditions to dotermine effects while under service conditions.

N/A - Not applicable.

Source: Ref. 26
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iii TABLE 4-7

{[@
PRESTRESSING SYSTEM

y SUMMARY OF DEGRADATION FACTORS, PRIMARY MANIFESTATIONS, AND

@~ METHODS AVAILABLE FOR THEIR DETECTION
8$ '

<
.

0 Method
Degradation Factor Manifestation

(Mechanism) (Effect) Visual Half Cell Potential Material
inspection or Polarization Sampling

Corrosion Embrittlement, reduced section Good Good Good ;.

Elevated Temperature Reduced strength, increased relaxation Poor N/A Good')

Irradiation Reduced ductility, increased strength Poor N/A Good')

Fatigue Concrete cracking, tendon failure Good N/A Good'3
.

t Notes:
o

(1) Material sampling, e.g., strength testing, only reveals the effects that elevated temperature or irradiation has after the fact on mechanical
properties. Testing must be done under representative conditions to determine effects while under cervice conditions.

N/A - Not applicable. ;

i

Source: Ref. 26
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T Ei TABLE 4-8

{8d
STEEL CONTAINMENT SHELLS AND CONCRETE CONTAINMENT LINERS

y SUMMARY OF DEGRADATION FACTORS, PRIMARY MANIFESTATIONS, AND
E~ METHODS AVAILABLE FOR THEIR DETECTION
52

s
O Degradation Elects-r ,, -'c-

Factor Montfeetation Visual Liquid Dye Magnetic Acoustic Hall Cell
(Mechaniem) (Effect) Inspection Penetrant Particle Eddy Current Magnetography Ultrasonic Transducer Potentiel

Corrosion Rust staming, Good" N/,\ N/A N/A N/A Good Fair * Fairm
General coating.
Pitting peewng, pitting,
Crevice cracking, rust
MIC
Aggressive Chernical Attack
Galvanic or Dissirnitar

Metal Corrosion

Fatigue Cracks Good" Good * Fair" Good" Good" WA N/A N/A
b
g Coating Degradation Cracking, Good N/A N/A N/A N/A N/A N/A N/A

peeling,a

gouges,
scratches,
pinholes

Notee:
,

(1) Cracks under coatings cannot be visually detected unless the coating is deteriorated.
(2) Detection thrwgh a coating depends on flaw size, shape, depth, orientation and location, and coating thickness [Ref. 28].
(3) Good for detecting flaws in toe of weld through a coating system.

*
(4) Good for underwater surfaces on improperty cleaned weld surfaces.
(5) Good for uncoated surfaces and stainless steel surfaces.
(6) Detect deterioration of surface coating and corrosion. Does not detect corrosion under intact coating.
(7) Advanced technique for inspecting embedded portions of liner or steel shell. Limited effectiveness. '

N/A - Not applicable.

O
8
.

! 8
|
|

|
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The first line of preventive maintenance includes inspecting the accessible parts of the coating
system at regular intervals, such as at the end of each operating cycle. Degraded areas of
coatings are repaired by the removal of old coating, preparation of the surface, and application
of new coating. ;

The flexible sealant joint that is installed for many plants at the juncture of the exposed steel
containment or liner to the embedded portion at the base is a source of potential corrosion.

The sealant protection against the entry of moisture, oxygen, microbes, or other potentially
corrosive agents into this area is effective for about 2 to 10 years. Therefore, maintenance of
these seals is important to the corrosion protection for the steel containment or liner in this
area.

ASME Code Section XI, Subsection IWE, IWE-2500, is applied for the controlled inspection of
containment coatings as moisture barriers.

(2) Bellows Repair / Replacement

Damage to stainless steel penetration bellows includes holes, dents, gouges, or cracks, some
of which may result from fatigue. CLB repair and replacement programs applied at some
plants aid in the effective management of bellows fatigue in mechanical penetrations or free-
standing steel containment. Welded repairs have been made to both single-ply and
double-ply bellows, including repair of holes using patches and repair of slots by groove
welding (Ref. 25). Dents can also be repaired using small contour anvils to force the
convolution to its original shape. Surface blending can be used to repair minor dents or
gouges.

Defective bellows assemblies can be replaced in cases where repair cannot be accomplished.
Entire bellows assemblies have been removed and replaced in situ. The replacement method
was qualified by fatigue testing and hydrotesting of the facsimile bellows as required by tbc
ASME Code Case N-315,1989.

The study reported in NUREG/CP-0120 (Ref. 28] recommends a replacement program for
bellows assemblies that are part of the containment pressure boundary based on a 10- to
15-year bellows design life. The study found that most bellows failures initially have minor
impact on the total penetration leakage as tested in accordance with Appendix J. -It is
recommended, however, that bellows be replaced or repaired when testing indicates less of
leaktightness, regardless of whether the integrated leakage for all the penetrations as a group !
is acceptable.

Degradation of bellows is managed by periodically leak testing the individual penetration
assemblies. Results of the testing can be trended to determine penetration failures
attributable to degradation of the leaktight capability of the bellows.
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Penetration bellows assemblies require maintenance of their pressure-retaining function.
Typical damage to bellows that is discovered during maintenance inspections include dents,
holes, or gouges. If unrepaired, this damage can impact the fatigue life and the intended {
function of the bellows as part of the containment system boundary. Preventive steps that
could extend the service life of bellows assemblies include:

|

Welding procedures that minimize internal particulate contamination |
-

Carefully drying bellows following any activities that could have exposed the bellows to=

spray activities in the containment

A bellows replacement program should be established based on the leakage indication or a
predicted service life.

(3) Cathodic Protection

Cathodic protection systems are used at some plants to control corrosion and provide
assistance in the effective management of corrosion in the steel liner and containment, as well
as post-tensioned systems. Cathodic protection systems use electrochemical reactions to
prevent or stop the corrosion of carbon steel components. The method is based on
converting all anodic areas on the corroding surface to cathodic areas. The two types of
cathodic protection systems are the sacrificial (galvanic) anode system and the impressed-
current anode system [Ref. 25]. Basically, the sacrificial anode system is generally limited to
smaller components, such as a buried carbon steel pipeline. A typical sacrificial anode for
that application is magnesium, which is sacrificed rather than the steel.

The impressed-current systems are used to protect larger components and are more complex,
therefore requiring more maintenance. The use of an impressed-current system is an
advantage in a low-conductivity environment, such as concrete. The anode can be located
remotely, which produces more efficient current distribution over the surface of a component
that is cathodically protected.

Overprotection by an impressed-current system with too large of a voltage difference or too
much external current can cause damage to the containment. Types of damage include:
blistering or loss of bond between the coating and the steel surface; hydrogen embrittlement
of high-strength steels such as tendons in post-tensioned containments; or stray current
corrosion of adjacent metal components.

Criteria for cathodic protection of buried steel pipelines have been developed by the National
Association of Corrosion Engineers. These criteria are based on the voltage of the protected
metal surface because the voltage drop can be readily measured by the use of a reference
electrode.
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4.1.6 Concrete - Freeze-Thaw Degradation (AMP-5.1 and AMP-5.2)

This degradation mechanism is potentially significant only in colder geographic regions where
freeze-thaw cycles can cause damage. This issue is plant-specific and only requires action
on a case-by-case basis. Damage can occur in areas where snow or water collects and

freezes. This can result in cracking or local deterioration of the concrete leading to potential
corrosion of the steel. The inservice examination program to manage the aging effects of
freeze thaw is based on ASME Section XI, Subsection IWL and/or ACI documents that

provide structured guidance for inspection and repair activities. Similar plant specific programs ;
may be substituted. The attributes associated with such an inspection program are shown in I
Tables 4-9 and 4-10 (AMP-5.1, for the concrete containment and AMP-5.2, for the shield

)building).

Surveillance or inspection techniques, frequency of inspection, acceptance criteria, corrective
actions, and confirmation activities are defined for the program in Subsection IWL of the
ASME Code Section XI for the concrete containment or in ACI procedures for the shield
building. Inspection techniques for the detection of indications of aging effects resulting from
freeze-thaw for the concrete containment include VT-3C or general visual inspection, as
described in IWL-2500. Currently, a VT-3C or general visual examination can be conducted

for all accessible areas to determine the general structural condition through the identification
of suspect areas where evidence of deterioration is found. VT-1C or detailed visual

examinations are conducted for selected suspect areas. Proper application of the examination
methods is defined in Table IWL-2500-1 of Section XI, Examination Category L-A, which
defines the surface area to be examined and the corresponding examination method. All
areas subject to freeze-thaw damage are accessible for inspection, i.e., areas where snow or
water collects in pools. ACl-201.1 R-68, as referenced in IWL-2510, provides guidance on
evidence of conditions indicative of degradation. The above examination methods are

acceptable for the detection of pattem cracking, spalling, and scaling, indications and aging
effects of freeze-thaw degradation, which can be evaluated or repaired prior to the loss of an
intended function. Similar guidance is provided in ACI 201.1 R-68, ACI-207.3 R-79
ACI-224.1R-89, and ASTM C823 for the shield building.

Subsection IWL-2410 provides inspection periods in terms of calendar years of operation.
IWL-2410 recommends that the concrete be examined at 1,3, and 5 years following the
completion of the containment structuralintegrity test, and every 5 years thereafter. The
5-year interval should be extended for the plant license renewal period. This frequency is an
accepted time period to detect degradation prior to the loss of intended function. A similar
examination frequency is recommended for the shield building in ACl-349.3 R-95.

Article IWL-3000, Acceptance Standards, provides the acceptance criteria. Table IWL-2500-1

provides applicability of acceptance standards for corresponding surface areas. Acceptance is
based on extent of degradation, such as crack width, acceptance based on evaluation, or,

acceptance based on repair. ACI-201.1 R-68, as referenced in IWL-2510, provides guidance

|
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i9
f$ TABLE 4-9
- Er - AGING MANAGEMENT PROGRAM ATTRIBUTES - AMP-5.1
$$ CONCRETE CONTAINMENT- FREEZE-THAW DEGRADATION
!3 CODE REFERENCES TO 1992 WITH 1992 ADDENDA ASME SECTION XI EDITION
:-gg Attribute Description Containment Application
5 Scope Components and applicable aging Component Effect
O effects

Class CC Reduced strength caused by concrete cracking, concrete degradation,
Concrete and rebar corrosion

Containment

Surveillance Monitoring, inspection, or testing Examine following ASME Subsection IWL, Requirements for Class CC Concrete
Technique techniques used to detect the effect Components of Light-Water Cooled Power Plants, Examination Category L-A, Concrete

IWL-2510 Examination of Concrete
IWL-2511, Areas Subject to Examination
IWL-2512. Examination of Surface Condition (visual examination)
ACI 201.1R-68, " Guide for Making a Condition Survey of Concrete in Service *

Frequency Time period between program inspection: IWL-2410
performance or when a one-time
inspection must be completed |3

h Acceptance Qualitative or quantitative criteria that IWL-3110 and IWL-3210,' Concrete Surface Condition
'

Criteria determine when corrective actions are
IWL 3111, Acceptance by Examinationneeded .

IWL-3112, Acceptance by Evaluation, IWL-3300+

IWL-3211, Acceptance by Examination+

IWL-3212, Acceptance by Evaluation; IWL-3300, Evaluation*

Corrective Actions to prevent, mitigate, or reverse IWL-3113 Acceptance by Repair
Actions the consequences of the effect IWL-3112, Acceptance by Evaluation, IWL-3300

IWL-3213, Acceptance by Repair
IWL-3212. Acceptance by Evaluation; IWL-3300, Evaluation

Confirmation Post-maintenance test or other IWL-2230, Preservice Examination of Repairs and Modifications
techniques to confirm that the actions
have been completed and are effective IWL-3100 Preservice Examination following adjustment, repair, or replacement prior to

retum of the system to service

IWL-3310 Evaluation Report
o !

e All records generated by corrective actions and inspections shall be maintained as defined by
o 10 CFR Part 50, Appendix A Criterion 1 - Quality Standards and Records
3 -

E,
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e9
f$ TABLE 4-10
5 AGING MANAGEMENT PROGRAM ATTRIBUTES - AMP-5.2a

8@ CONCRETE SHIELD BUILDING - FREEZE-THAW DEGRADATION

'5:

Eg Attribute Description Containment Application

Scope Components and applicable aging Component Effect
O effects

Shield Building Reduced strength caused by concrete cracking, concrete degradation, and
rebar corrosion

Surveillance Monitoring, inspection, or testing Examine concrete surfaces in area of potential degradation using ACI guidance:
Technique techniques used to detect the

effect ACl-201.1R-68, " Guide for Making a Condition Survey, of Concrete in Service *
ACI-207.3R-79, " Practices for Evaluation of Concrete in Existing Massive Structures for
Service Conditions"
ACI 224.1R-89 "Causes, Evaluation and Repair of Cracks in Concrete Structures *
ASTM C823, *$tandard Recommended Practice for Examination and Sampling of Hardened
Concrete in Constructions"

Frequency Time period between program- An evaluation frequency of at least once every 5 years is the recommendation that is contained in
performance or when a one-time ACI 349.3R-95, " Evaluation of Existing Nuclear Safety-Related Concrete Structures"
inspection must be completed

A Acceptance Qualitative or quantitative criteria The following may be referenced for acceptance criteria:
h Critena that determine when corrective

ACI 201.2R-77, " Guide to Durable Concrete"c) actions are needed .

ACI 224.1R-89, "Causes Evaluation, and Repair of Cracks in Concrete Structures".

ACI 224R-89, " Control of Cracking in Concrete Structures".

ACI 301, " Specification for Structural Concrete for Buildings".

ACI 318, " Building Code Requirements for Reinforced Concrete".

ACI349.

Corrective Actions to prevent, mitigate, or The following documents may be referenced when developing a corrective action to mitigate a
Actions reverse the consequences of the structural degradation that was determined to be a concem for continuous plant operation:

effect
ACI 207.3R-79, " Practices for Evaluation of Concrete in Existing Massive Structures for.

Service Conditions *
ACI 224.1R-89 "Causes, Evaluation, and Repair of Cracks in Concrete Structures'*

ACI 318, "Buildin Code Requirements for Reinforced Concrete".

" Concrete Manu * A Water Resources Technical Publication, U.S. Department of the Interior.

ACI 201.2R-77, * uide to Durable Concrete"
ACI 222R-89, " Corrosion of Metals in Concrete"
ACI 224R-89, " Control of Cracking in Concrete Structures *

Confirmation Post-maintenance test or other Perform concrete inspections during any repair process in compliance with requirements of:
@ techniques to confirm that the ACI 301, " Specification for Structural Concrete for Buildings".

ACI 318, * Building Code Requirements for Reinforced Concrete"o actions have been completed and .

y are effective

5
,

8?
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on evidence of conditions indicative of degradation. Indications that do not meet acceptance
criteria are subject to repair or evaluation, IWL-3212 and IWL-3213, until the condition is

acceptable so that the intended function is maintained. Similar guidance is provided in
ACl-201.2 R-77, ACI-224.1 R-89, ACl-224 R-89, ACI-301, ACl-318, and ACI-349 for the shield
building.

I
i

Corrective actions involve repair and evaluations as defined in IWL-3112 and IWL-3113, for i

preservice examination of the concrete surface condition, and IWL-3212 and IWL-3213, for I
inservice examination of surface conditions. Evaluations should be performed in accordance )
with IWL-3300 and an evaluation report must be prepared. The report should provide the )
following information, as described in IWL-3310:

IThe cause of the condition that does not meet the acceptance standards.

The acceptability of the concrete containment without repair.

Whether or not repair or replacement is required and the extent, method, and schedule of.

repair, if repair is required

The extent, nature, and frequency of additional examinations.

Use of Article IWL-4000 guidelines is recommended for the development of repair procedures.
IWL-4000 describes repair procedures for degradation that is unacceptable according to the
acceptance criteria or evaluation. The procedure recommends: defective materials be
removed; visual examination of affected areas and reinforcing steel to ensure proper surface
preparation before the placement of repair material; VT-1 visual examination of reinforcing
steel and repair if required; chemical, mechanical, and physical compatibility between existing
and repair material; and requirements for in-processing sampling and testing of repair
materials. In addition, when detensioning of prestressing tendons is required for repair of the
concrete surface, repair procedures should include specifications for repair materials,
procedures for the application of repair materials, and procedures for the detensioning and
retensioning of the prestressing system. These repairs correct the degradation that was
detected and restore the surfaces, or an evaluation is provided that determines the
acceptability of the suspect area so that the intended function is maintained. The repair is
confirmed by preservice examination and testing prescribed by IWL -2230 and IWL-3100.
Similar guidance is provided in ACI-207.3 R-79, ACI-224.1 R-89, ACI-224 R-89, ACl-222
R-89, ACI-318, and ACl-201.2 R-77 for the shield building.

Subsections IWL-2230 and IWL-3100 establish the preservice record of the repaired area.
This is done by performing a post-repair examination of the affected area. The responsible
engineer determines that there is no evidence of degradation sufficient to require further repair
or evaluation. If evaluation is required, a report must be provided in accordance with IWL-3300,
establishing the acceptability of containment without repair. The requirements of IWL-2230

Containmer.t, Rev. O December 1996 |
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and IWL-3100 provide the confirmation that the degradation has been eliminated and the
intended function will be maintained. ACI-301 and ACl-318 apply to the shield building.

The intended function of the containment affected by freeze-thaw, i.e., protection of the
environment from the unacceptable release of radiation and the protection of the containment
interior systems from external loadings, are maintained since the potential aging effects are

'

detected and repaired or evaluated prior to the occurrence of significant damage.
1

4.1.7 Concrete - Aggressive Chemical Attack (AMP-5.3 and AMP-5.4) i

|

This program is applicable for below-grade concrete containment and basemat and

- inaccessible portions of the containment interior, only where groundwater chemistry and
interior leakage provide an environment conducive to aggressive chemical attack.
Deterioration due to chemical attack is a potential threat in plants where the groundwater is
acidic (pH $ 5.5) and the chloride and/or sulfate concentrations are greater than 500 to
1500 ppm, respectively. The groundwater must be in direct contact with the foundation or
exterior walls Concrete degradation can occur, leading to corrosion of the reinforcing steel,
below-grade parts of liners, and steel containments. This management program consists of
three phases, including testing, inspection, and evaluation, management or repair. The extent
of involvement is based on the level of indications from each phase. The primary step of this
program is to test the groundwater and/or soil chemistry for sulfate and chloride content as
well as pH, to determine if the environment would promote an aggressive chemical attack and !
to provide a benchmark for further monitoring, if required. The next step, if an aggressive |
chemistry is indicated, is the inspection of the concrete in the affected zone. When damage is |
Indicated by inspection of concrete, then an evaluation can be performed for the inaccessible
area or groundwater management can be employed. j

|
'

Concrete inspection should be performed once a damaging environment is indicated by
groundwater testing. Waterproofing membranes have most likely been provided in the design;

i

however, the integrity of the waterproofing system cannot be ensured since it cannot be
inspected because it is below ground. Sample areas of exterior surfaces that are below the
groundwater table would be visually inspected where groundwater chemistry is suspect,
focusing on the area where the groundwater fluctuates. If it is found from the visual
inspections that there is no evidence of corrosion, cracking or other indications (e.g., loss of
sealants at joints), then it can be assumed that the protective medium is sound and the
inaccessible areas are protected.

If deterioration is found at the sample area, the acceptability of inaccessible areas is evaluated
in accordance with changes to 10 CFR 50.55a, as described in SECY-96-080. Concrete
containments are evaluated using the revised rule 9 50.55a (b) (2) (ix) (E), while steel liners
and steel containments are evaluated using the revised rule 50.55a (b) (2) (x) (A).

| |

| Containment, Rev. O December 1996
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Corrective actions may include repairs, groundwater management, or evaluation of the
degradation rate. If deterioration is found, the need for repairs should be evaluated. If the
repairs are not feasible due to technical or cost reasons, groundwater management could be
undertaken. Groundwater management may consist of one or more of the following: use of a
barrier system; lowering of the groundwater table; or performing an analysis to demonstrate
that the rate of continued degradation will not cause loss of function for the remaining plant
life (original or extended), or until corrective actions can be taken.

The groundwater testing program attributes are defined based on technical documents from

the public domain. Surveillance or inspection techniques, frequency of inspection, acceptance
criteria, corrective actions, and confirmation activities are defined for concrete inspection and
testing and the repair program in Subsection lWL of the ASME Code Section XI for the

concrete containment or in ACI procedures for the shield building.

. Groundwater and/or soil testing and leakage monitoring programs are applied to monitor the

} environment for conditions conducive to aggressive chemical attack. These methods are
acceptable for the detection of conditions required to instigate aggressive chemical attack.
Further actions instigated by adverse indications will result in evaluation or repair, if so
warranted, prior to the loss of an intended function. The frequency of inspection is based on
practicality, i.e., inspection during each refueling outage, but is less than the frequency
prescribed for concrete inspection, every 5 years, which is an accepted time period to detect
degradation prior to the loss of intended function. Acceptance criteria for soil chemistry is
based on public domain documents (Refs. 15,17,18]. Indications that do not meet
acceptance criteria instigate further inspections, which may result in repairs or evaluations,
until the condition is acceptable so that the intended function is maintained.

Concrete inspection techniques for detecting indications of aging effects from aggressive
chemical attack include VT-3C or general visual inspection, as described in IWL-2500. These
visual inspections would be applied initially in sample below-grade areas when, and only
when, aggressive environments are indicated. Currently, a VT-3C or general visual
examination can be conducted for all accessible areas to determine the general structural
condition through the identification of suspect areas, where evidence of deterioration is found.
Excavation most likely would be required to make the sample area available for inspection.
VT-10 or detailed visual examinations are conducted for selected suspect areas of the sample
area.

Proper applicatan of the visual examination methods is defined in Table IWL-2500-1 of
Section XI, Examination Category L-A, which defines the surface area to be examined and the
corresponding examination method. ACI-201.1 R-68, as referenced in IWL-2510, provides
guidance on evidence of conditions indicative of degradation. The above examination
methods are acceptable for the detection of cracking, spalling, staining, seepage, voids, and
discoloration, indications and aging effects of aggressive chemical attack that can be

Containment, Rev. O December 1996
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evaluated or repaired prior to the loss of an htended function. Similar guidance is provided in
ACl 201.1 R-68, ACl-207.3 R-79, ACI-224.1R-89, and ASTM C823 for the shield building. |

.

Paragraph IWL-2410 provides inspection periods in terms of calendar years of operation.
lWL-2410 recommends that the concrete be examined at 1,3, and 5 years following the
completion of the containment structural integrity test, and every 5 years thereafter for

accessible areas. The 5-year interval should be extended for the plant license renewal period.
This frequency is an accepted time period to detect degradation prior to the loss of intended

i

function. A similar examination frequency is recommended for the shield building in ACl-349.3 i
IR 95. A single inspection of the inaccessible areas below grade should be sufficient unless

excessive degradation is noted, i.e., where through evaluation the structural integrity and the
protective environment of concrete coverage over embedded steel can not be projected with |

margin to remain intact for the extended life of the plant. !

Article IWL-3000, Acceptance Standards, provides the acceptance criteria. Table IWL-2500-1

provides applicability of acceptance standards for corresponding surface areas. Acceptance isi

based on extent of degradation, such as crack width, acceptance based on evaluation, or

acceptance based on repair. ACl-201.1 R-68, as referenced in IWL-2510, provides guidance
on evidence of conditions indicative of degradation. Indications that do not meet acceptance
criteria are subject to repair or evaluation until the condition is acceptable so that the intended
function is maintained. Similar guidance is provided in ACl-201.2 R-77, ACl-224.1 R-89,
ACI-224 R-89, ACl-301, ACl-318, and ACl-349 for the shield building.

Corrective actions involve the evaluation of the accessible area as described in SECY-96-080,
which defines changes to 10 CFR 50.55a. Inaccessible areas of concrete containments are
evaluated using the revised rule @ 50.55a (b) (2) (ix) (E), while steel liners and steel
containments are evaluated using the revised rule Q 50.55a (b) (2) (x) (A). When conditions

exist for accessible areas that are indicative of the existence or that would result in
degradation of adjacent inaccessible areas, the acceptability of the inaccessible areas may be

"

evaluated and the following should be provided in the ISI summary report required by
IWA-6000:

A description of the type and estimated extent of degradation and the cause of the.

degradation

An evaluation of each inaccessible area and the result of the evaluation.

A description of corrective actions required (only if required) to mitigate the degradation.

Use of Article IWL-4000 guidelines is recommended for the development of repair procedures,
when repairs are applied. lWL-4000 provides repair procedures for unacceptable degradation
according to the acceptance criteria or evaluation. The procedure requires: that defective
materials be removed; visual examination of affected areas and reinforcing steel to ensure

Containment, Rev. O December 1996
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proper surface preparation before the placement of repair material; VT-1 visual examination of
j reinforcing steel and repair if required; chemical, mechanical, and physical compatibility
| .between existing and repair material; and, requirements for in-processing sampling and testing
'

of repair materials. In addition, when detensioning of prestressing tendons is required for
j repair of the concrete surface, repair procedures shall include specifications for repair

materials, procedures for the application of repair materials, and procedures for the j
4

detensioning and retensioning of the prestressing system. These repairs correct the '

; degradation that was detected and restore the surfaces, or an evaluation is provided that

i determines the acceptability of the suspect area so that the intended function is maintained.

The repair is confirmed by preservice examination and testing prescribed by IWL-2230 and
IWL-3100. Groundwater management is another option for correction. Similar guidance is

i provided in ACl-207.3 R-79, ACl-224.1 R-89, ACl 224 R-89, ACl-222 R-89, ACl-318, and
ACI-201.2 R-77 for the shield building.

Paragraphs IWL-2230 and IWL-3100 establish the preservice record of the repaired area.
This is done by performing a post-repair examination of the affected area. The responsible
engineer determines that there is no evidence of degradation sufficient to require further repair
or evaluation. If evaluation is required, a report shall be provided in accordance with IWL-
3300 establishing the acceptability of containment without repair. The requirements of IWL-
2230 and IWL-3100 provide the confirmation that the degradation has been eliminated and the
intended function will be maintained. ACI-301 and ACl-318 apply to the shield building.

The intended function of the containment affected by aggressive chemical attack, i.e.,
protection of the environment from the unacceptable release of radiation and the protection of
the containment interior systems from external loadings, are maintained since the potential
aging effects are detected and repaired or evaluated prior to the occurrence of significant
damage.

The aging management program attributes are shown in Tables 4-11 and 412.

4.1.8 Concrete Reinforcing Steel and Steel Embedments - Corrosion (AMP-5.3 and
AM P-5.4)

This program is applicable for below-grade concrete containment and basemat, only where
groundwater chemistry provides an environment conducive to aggressive chemical attack. For
corrosion to be a potentially significant degradation mechanism for these structural
components, water must be present causing deterioration of the concrete that acts as the
protective medium. The same aging management programs used for aggressive chemical
attack are applied here (AMP-5.3, Table 4-11, for the concrete containment, and AMP-5.4,
Table 4-12, for the shield building and foundation mat).

Containment, Rev. O December 1996
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fd TABLE 4-11
5 AGING MANAGEMENT PROGRAM ATTRIBUTES - AMP-5.3

$"! CONCRETE CONTAINMENT - AGGRESSIVE CHEMICAL ATTACK - CORROSION
f [. CODE REFERENCES TO 1992 WITH 1992 ADDENDA ASME SECTION XI EDITION

=n8 Attribute Description Containment Applicationg
.

Components and applicable aging Component Effecto Scope
effects

Class CC Acidic solution - reduced strength caused by concrete crackfrig, concrete
Concrete degradation, and rebar corrosion, or by increased porosity.

Containment

Surveillance Monitoring, inspection, or testing 1. Monitor quality of groundwater for plants where chemistry is questionable
Technique techniques used to detect the

effect 2. Examine following ASME Subsection IWL, Requirements for Class CC Concrete Components
of Light-Water Cooled Power Plants, Examination Category L-A, Concrete

IWL-2510, Examination of Surface Condition (visual examination)
ACI 201.1R-68, " Guide for Making a Condition Survey of Concrete in Service"

$ 3. Leakage identification and monitoring program inside of containment building

to
Frequency Time period between program 1. Each refueling outage

performance or when a one-time
inspection must be completed 2. Inspection: IWL-2410 for accessible areas, one-time inspection for inaccessible area exterior

to containment and below grade, unless further inspections are warranted by significant
degradation, as determined by responsible engineer

3. Each refueling outage |

5
8
a
5
,
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, g TABLE 4-11 (Continued)

{- 3 AGING MANAGEMENT PROGRAM ATTRIBUTES - AMP-5.3
5 *, CONCRETE CONTAINMENT- AGGRESSIVE CHEMICAL ATTACK - CORROSIOMp

|'D CODE REFERENCES TO 1992 WITH 1992 ADDENDA ASME SECTION XI EDITION

b Attribute Description Containment Application

Acceptance Qualitative or quantitative criteria 1. Obtain water chemistry and compare to acceptable limits (pH>5.5 and chloride end/or

Criteria that determine when corrective sulfate concentrations < 500 or 1500 ppm, respectively) [Refs.13,15, and 16]

actions are needed
2. IWL-3110 and IWL-3210. Concrete Surface Condition

i

lWL 3111, Acceptance by Examination.

IWL-3112, Acceptance by Evaluation, IWL-3300*

IWL 3211, Acceptance by Examination .
=

IWL-3212, Acceptarce by Evaluation, IWL-3300*

*
g 3. Plant-specific leakage monitoring criteria

Collection of fluid,*

Increase in temperature,+
,

increase in humidity level,a

OR_

Change in fluid volume,+

Increase in radioactivity.

!
,

1
'O

$
'

. ,

b
L

E,

e;
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i E. TABLE 4-11 (Continued)
'

k$ AGING MANAGEMENT PROGRAM ATTRIBUTES - AMP-5.3
| ,N CONCRETE CONTAINMENT- AGGRESSIVE CHEMICAL ATTACK - CORROSION
jD CODE REFERENCES TO 1992 WITH 1992 ADDENDA ASME SECTION Xl EDITION

'I
o Attribute Description Containment Application

Corrective Actions Actions to prevent, mitigate, or reverse the 1. Changa water chemistry or redirec+ groundwater as necer ary @
consequences of the effect follow 2.

2. Perform evaluation as described in SECY-96-080:

Evaluate per 6 50.55a (b) (2) (ix) (E) for the examination of concrete
containments

Evaluate per 9 50.55a (b) (2) (x) (A) for the examination of steel liners
and steel containments

t 3. Remove standing fluid, clean and restore a4ected surface, and

$ identify source of leak and repair following 2. [

IConfirmation Post-maintenance test or other techniques to 1. Re-examine affected surfaces after cleaning or restoration
confirm that the actions have been completed AND I

and are effective Re-examine at next outage

2. IWL-2230, Preservice Examination of Repairs and Modifications

IWL-3100 Preservice Examination following adjustment, repair, or
replacement prior to retum of the system to service

IWL-3310 Evaluation Report

3. Continue monitoring
,

,

g All records generated by corrective actions and inspections shaII be
g maintained as defined by 10 CFR Part 50, Appendix A, Criterion 1 - Quality
9 Standards and Records i

5
1 '
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!9
2, =iii TABLE 4-12

{[ AGING MANAGEMENT PROGRAM ATTRIBUTES - AMP-5.4
y@ CONCRETE SHIELD BUILDING AND FOUNDATION MAT- AGGRESSIVE CHEMICAL ATTACK - CORROSION
2~
I@

-< Attribute Description Containment Application
o

Scope Components and applicable aging effects Component Effect

Concrete Shield Building, Acidic solution - Reduced strength caused by |
Foundation Mat concrete cracking, degradation, and rebar

corrosion, or by increased concrete porcsity

Surveillance Technique Monitoring, inspection, or testing 1. Monitor quality of groundwater for plants where chemistry is
techniques used to detect the effect questionable

2. Examine concrete surfaces in area cf potential degradation using ACI
guidance:
ACI 201.1R-68, " Guide for Making a Condition Survey of Concrete in

i Service"
$ ACI-207.3R-79, " Practices for Evaluation of Concrete in Existing

Massive Structures for Service Conditions"
ACI 224.1R-89 "Causes, Evaluation, and Repair of Cracks in Concrete .

Structures *
,

ASTM C823," Standard Recommended Practice for Examination and
Sampling of Hardened Concroic Constructions"

3. Leakage identification and monitoring program inside of shield building

Frequency Time period between program 1. Each refueling outage
performance or when a one-time
inspection mest be completed 2. Inspection: every 5 years

3. Each refueling outage
,

8
8
a
3
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?., y TABLE 4-12 (Continued)
$j AGING MANAGEMENT PROGRAM ATTRIBUTES - AMP-5.4
5 .E CONCRETE SHIELD BUILDING AND FOUNDATION MAT- AGGRESSIVE CHEMICAL ATTACK - CORROSION

I 3'
.<

Attribute Description Containment Application

Acceptance Criteria Qualitative or quantitative criteria that 1. Obtain water chemistry and compare to acceptable limits
determine when conective actions are (pH>5.5 and chloride and/or sulfate concentrations < 500 or
needed 1500 ppm, respective!y) ;

2. ACI 201.2R-77, " Guide to Durable Concrete"
ACI 224.1R, 'Causes, Evaluation, and Repair of Cracks in
Concrete Structures *
ACI 224R-89, " Control of Cracking in Concrete Structures *
ACI 301, " Specification for Structural Concrete for Buildings"
ACI 318, * Building Code Requirements for Reinforced
Concrete"

t ACI 349

El
3. Plant-specific leakage monitoring criteria

Collection of fluid,*

Increase in humidity level,*

Change in fluid volume,+

Increase in temperature,+

O.R.
Increase in radioactivity*

,

,

8
9
A i

2 *
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m
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i9
.f, $*- TABLE 4-12 (Continued)
g$ AGING MANAGEMENT PROGRAM ATTRIBUTES - AMP-5.4

f$ CONCRETE SHIELD BUILDING AND FOUNDATION MAT- AGGRESSIVE CHEMICAL ATTACK - CORROSION
:-
I@

'<
o Attribute Description Containment Application

Corrective Actions Actions to prevent, mitigate, or reverse 1. Change water chemistry or redirect groundwater as necessary
the consequences of the effect OR, follow 2.

2. ACI 201.2R-77, " Guide to Durable Concrete"

ACI 222R-89 " Corrosion of Metals in Concrete"
'

ACI 224.1R, "Causes, Evaluation, and Repair of Cracks in
Corcrete Structures *

ACI 224R-89, ' Control of Cracking in Concrete Structures"
ACI 207.3R-79, * Practices for Evaluation of Concrete in Existing

9 Massive Structures for Service Conditions"

$ ACI 318, ' Building Code Requirements for Reinforced Concrete"
" Concrete Manual," A Water Resources Technical Publication,

,

'

U.S. Department of the Interior

i

3. Remove standing fluid, clean and restore affected surface, and i
identify source of leak and repair following 2.

.

'O
$
$ -

5
2
8
m

,

- _ _ - - - - - - - - - - _ - _ _ - - - -



_ _ _ _ _ _ _ - _ - _ . . - - _ - _ _ - _ . _ _ _ - - - _ _ _ _ - _ - - _ _ _ - _ _ _ _ _ - - - _ _ _ - _ _ _ _ _ - _ _ _ _ _ - - _ _ _ . _ _ - _ - - _ _ - - _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ - _ _ _ _ _

Mo

TABLE 4-12 (Continued)
{g AGING MANAGEMENT PROGRAM ATTRIBUTES - AMP-5.4

5$ CONCRETE SHIELD BUILDING AND FOUNDATION MAT- AGGRESSIVE CHEMICAL ATTACK - CORROSION

?
'

<
'o Attribute Description Containment Application

Confirmation Post-maintenance test or other 1. Perform concrete inspections during any repair process in

techniques to confirm that the actions compliance with requirements of:

have been completed and are effective
ACI 301, * Specification for Structural Concrete for Buildings *
ACI 318, " Building Code Requirements for Reinforced Concrete *

2. Re-examine affected surfaces after cleaning or restoration ,

AND

Re-examine at next outage

4

h 3. Continue monitoring

All records generated by corrective actions and inspections shall be
maintained as defined by 10 CFR Part 50, Appendix A, Criterion 1 -
Quality Standards and Records

S
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4.1.9 Liner, Steel Containment @ hell, Penetrations, and Airlocks and Hatches -
Corrosion, SCC, TGSCC, Embrittlement and Loss of Pressure Retention,
Mechanical Wear, and Fatigue (AMP-5.5)

This aging management program manages several potential aging effects: corrosion; SCC;
TGSCC; embrittlement and loss of pressure retention; mechanical wear; and fatigue.

Potential corrosion is controlled by the use of coatings on exposed surfaces above grade,
while local corrosion is managed by the inspections associated with the integrated leak rate
tests or those opplied through Section XI, Subsection IWE of the ASME Code. For embedded
parts of the liner, corrosion is a potentially significant degradation mechanism. Corrosion of
inaccessible areas is monitored through the inspection of adjacent accessible portions and
sealing mechanisms, where degradation is indicative of possible degradation of the
inaccessible area. Those areas of the liner and steel containment shell below grade are
subject to deterioration when exposed to aggressive aqueous solutions. This has been
discussed previously for aggressive chemical attack of the concrete. The attributes
associated with an aging management program addressing this mechanism is given in
Table 4-13.

Inspection and leakage monitoring programs, in combination with the programs that address
aggressive chemical attack for the below-grade portion of containment, provide an effective
program for management of the effects of corrosion. A portion of the inspection program is
based on ASME Section XI, Subsection IWE, which provides structured guidance for
inspection and repair activities. Similar plant-specific programs may be substituted.
Surveillance or inspection techniques, frequency of inspection, acceptance criteria, corrective
actions, and confirmation activities are defined for the program in Subsection IWE of the
ASME Code Section XI for the free-standing steel containment or t~ e concrete containmentn

steel liner. Similar plant specific programs may be substituted. inspection techniques for the
detection of indications of aging effects resulting from corrosion include visual inspection and
local leak rate testing as described in IWE-2500. The inspection program is applied in
combination with a leakage monitoring program, which limits the exposure of steel
components to corrosive environments. Seals, moisture barriers, gaskets, welds, as part of
the containment surface, and accessible surface areas near inaccessible areas are subject to
visual inspection. General visual examination can be performed for all accessible surface

q

areas, while VT-3 visual examination is applied for areas that are submerged or insulated, and
|

for moisture barriers, seals, and gaskets. Containment penetration welds, as part of the j

surface, and pressure retaining bolting are visually inspected using the VT-1 examination |
'

methods. Nondestructive testing and VT-1 visual examinations are conducted for selected
suspect areas and augmented inspections are required for repairs or suspect areas.
Inaccessible regions are protected through inspection of seals, moisture barriers, gaskets, and
nonvisible damage can be indicated by corrosion of accessible areas near inacessible areas.
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TABLE 4-13
5 AGING MANAGEMENT PROGRAM ATTRIBUTES - AMP-5.5{eg- LINER, STEEL CONTAINMENT SHELL, PENETRATIONS, COATINGS, AND AIRLOCKS AND HATCHES - EMBRITTLEMENT AND LOSS

5 .3 OF PRESSURE RETENTION, MECHANICAL WEAR, FATIGUE, CORROSION, SCC, AND TGSCC
|g CODE REFERENCES TO 1992 WITH 1992 ADDENDA ASME SECTION XI EDITION

.<

Attritsute Description Containment Application

Scope Components and applicable Component Effect
aging effects

Steel Containment Corrosion due to borated or demineralized water, chloride
Steel Liner and/or sulfate in grour.dwater or nalvanic action of dissimilar
Coatings metals, stress corrosion cracking

Reduced load capacity caused by loss of materialAirlock & Hatches *

Penetrations Leakage+

per Table 2-17

Surveillance Technique Monitoring, inspection, or 1. Examine components per Subsection IWE, Requirements for Class MC and Metallic
testing techniques used to Liners of Class CC Components of Light-Water Cooled Power Plants

f detect the effect
o Examination Categories:

E-A, Pressure-Retaining Welds in Vessels
E-A-1, Nonpressure-Retaining Welds
E-B, Pressure-Retaining Welds in Containment Penetrations
E-C, Pressure-Retaining Welds in Airlocks and Equipment Hatches
E-D, Seals and Gaskets
E-E, Integral Attachments
E-F, Pressure-Retaining Dissimilar Metal Welds
E-G, Pressure-Retaining Botting
E-P, All Pressure-Retaining Components ,

IWE-2500, Examination and Pressure Test Requirements per Table IWE-2500-1+
|

(VT-1; VT-3; 10 CFR 50, Appendix J)
O,R, ,

IWA-2240, Attemative Examinations *+
o

|
IWE-2600, Condition of Surface to Be Examinede *

l *
2. Leakage identification and monitoring program inside containment

|

$
8 >
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h$ TABLE 4-13 (Continued)
5 AGING MANAGEMENT PROGRAM ATTRIBUTES - AMP-5.5

b"! LINER, STEEL CONTAINMENT SHELL, PENETRATIONS, COATINGS, AND AIRLOCKS AND HATCHES - EMBRITTLEMENT AND LOSS OF
E ?- PRESSURE RETENTION, MECHANICAL WEAR, FATIGUE, CORROSION, SCC, AND TGSCC
]3 CODE REFERENCES TO 1992 WITH 1992 ADDENDA ASME SECTION XI EDITION

.*
! o
| Attribute Description Containment Application
i

Frequency Time period between program 1. IWE-2400 Inspection Schedule
performance or when a one-time IWE-2410 Inspection Program
inspection must be completed IWE-2412 Inspection Program B with Table IWE-2500-1 and IWA-2430(d)

(Each 10 years follow 1st interval,10-year inspection program of Table IWE-2412-1)

2. Each refueling outage

Acceptance Criteria Qualitative or quantitative criteria 1. IWE-3112, Acceptance under Preservice Examination
that determine when corrective IWE-3122, Acceptance under Inservice Nondestructive Examinations
actions are needed IWE-3410, Acceptance Standards

p Table IWE-3410-1, Acceptance Standards for each Examination Category.

3 10 CFR 50, Appendix J, Primary Reactor Containment Leakage Testing for.

Water-Cooled Power Reactors, per Table IWE-2500-1 for Examination
Category E-P

IWE-3130, inservice Visual Examinations
IWE-3200 Supplemental Examinations
IWE-3500 Acceptance Standards

IWE-3510, IWE-3511, IWE-3513 and IWE-3514 applies to visual examination of.

various components
IWE-3512 applies to augmented examinations*

IWE-3515 applies visual examination and torque or load testing of pressure.

retaining bolting
IWE-5220 Testing Following Repair, Modification, or Replacement

)
2. Plant-specific leakage monitoring criteria |

Collection of fluid,.

Increase in humidity level,
O,

.

Change in fluid volume,+

8 Increase in temperature,+

b $
g Increase in radioactivity+

@
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a TABLE 4-13 (Continued) 1,$- AGING MANAGEMENT PROGRAM ATTRIBUTES - AMP-5.543 LINER, STEEL CONTAINMENT SHELL, PENETRATIONS, COATINGS, AND AIRLOCKS AND HATCHES - EMBRITTLEMENT -

! a* AND LOSS OF PRESSURE RETENTION, MECHANICAL WEAR, FATIGUE, CORROSION, SCC, AND TGSCC
-

CODE REFERENCES TO 1992 WITH 1992 ADDENDA ASME SECTION XI EDITION

.I
o Attribute Description Containment Application

Corrective Actions Actions to prevent, mitigate, or 1. A. For accessible areas:
reverse the consequences of IWE-3110, Preservice Examinations
the effect IWE-3114, Repairs and Reexaminations*

(IWA-4000; IWA-2200; Table IWE-3410-1)

,
IWE-3120, Inservice Nondestructive Examinations

IWE-3122.2, Acceptance by Repair*

IWE-3122.3, Acceptance by Replacement+

IWE-3122.4, Acceptance by Evaluation+

IWE-5250 Corrective Measures |
A
i B. For inaccessible areas: IF0

I

Perform evaluation as described in SECY-96-080.

|

Evaluate per 6 50.55a (b) (2) (x) (A) for the examination of steel.

linrrs and steel containments

2. Remove standing fluid, clean and restore affected surface, and identify source of
leak and regir following 1.

|

2
8
a -

5
:
8
m
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h$ TABLE 4-13 (Continued)
7., E- AGING MANAGEMENT PROGRAM ATTRIBUTES - AMP-5.5

| 13 LINER, STEEL CONTAINMENT SHELL, PENETRATIONS, COATINGS, AND AIRLOCKS AND HATCHES - EMBRITTLEMENT
f$ AND LOSS OF PRESSURE RETENTION, MECHANICAL WEAR, FATIGUE, CORROSION, SCC, AND TGSCC

-

CODE REFERENCES TO 1992 WITH 1992 ADDENDA ASME SECTION XI EDITION

3
o Attribute Description Containment Application

Confirmation Post-maintenance test or 1. lWE-2200, preservice examination following adjustment, repair, or replacement
other techniques to confirm prior to retum of the system to service
that the actions have been
completed and are effective IWE-2420, Successive Inspections*

IWE-2430, Additional Examinations*

IWE-3124, Repairs and Re-examinations

2. Re-examine affected surfaces after cleaning or restoration
AND

Re-examine at next outage

E
W All records generated by corrective actions and inspections shall be maintained as

defined by 10 CFR Part 50, Appendix A, Criterion 1 - Quality Standards and Records

|

P
8
3
5,

8
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!

Visual evidence of corrosion for coated areas of the liner or steel containment, including
welds, include flaking, blistering, peeling, discoloration, and other signs of deterioration.
Uncoated areas are examined for evidence of discoloration, pitting, and rust. Gaskets, seals,
and moisture barriers are inspected for wear, erosion, tears, surface cracks, and other flaws

that may cause loss of the leaktight integrity. Leak rate testing of penetrations provides
indications of visible or nonvisible degradation, i.e., through the detection of excessive
leakage, and are performed in accordance with 10 CFR 50, Appendix J. Proper application of
the examination methods is defined in Table IWE-2500-1 of Section XI, for all examination

categories, which defines the parts to be examined and the corresponding examination
method.

lWE-2420 requires successive inspections for suspect areas, i.e., re-examination during the
next inspection period. The above examination methods are acceptable for the detection of
the evidence of degradation, indications, and aging effects of corrosion that can be evaluated

| or repaired prior to the loss of an intended function.

Paragraph IWE-2410 provides inspection periods in terms of calendar years of operation.
iWE-2412 recommends that the all examinations of steel liner or containment be performed
within 10-year intervals following the completion of the first interval. The 10-year interval
should be extended for the plant license renewal period. This frequency is an accepted time

|
period to detect degradation prior to t')e loss of intended function.

Article IWE-3000, Acceptance Standards, provides the acceptance criieria. Table IWE-2500-1
and IWE-3410-1 provide applicability of acceptance standards b corresponding surface
arean Acceptance for visualinspections is based on the abs:nce of evidence of degradation.
Suspect areas shall be accepted by repair or evaluation. Acceptance standards are defined in
IWE-3500. Acceptance criteria for augmented visual examination and nondestructive testing j
is defined in IWE-3120. Acceptance is based on the absence of flaws for visual inspection
and acceptance for ultrasonic examination is based on a limit of 10-percent loss of material,
current or projected prior to the next examination. IWE-5220 provide 6, that leakage tests be
performed following repair, modification, and replacement.10 CFR 50, Appendix J provides
acceptance criteria for leak rate testing. Plant-specific acceptance criteria are also applicable
to the leakage monitoring program. Indications that do not meet acceptance criteria are
subject to repair or evaluation until the condition (s acceptable so that the intended function is
maintained.

Corrective actions consist of repairs, replacement, or evaluation. Paragraph (WE-3100
provides for accessible areas requirements for rr and re-examination for suspect areas.
lWE-3114 requires that repairs and re-examinations be conducted in accordance with

IWA-4000 and IWA-2200. lWA-4000 provides rules and requirements for repair of pressure-
retaining components and their supports, and IWA-2200 defines examination methods.

Repairs must meet acceptance standards of Table IWE-3410-1. IWE-3122.2 requires that
flaws or degradation unacceptable for continued service be removed by mechanical methods

Containment, Rev. O December 1996
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|
|

or repaired to the extent that IWE-3000 acceptance criteria are satisfied. IWE-3122.3

indicates that replacement is an acceptable alternative to repair. IWE-3122.4 permits
acceptance by evaluation if the reduction in base metal is less than 10 percent of the nominal
value, or the reduced thickness can be shown by analysis to satisfy design specifications.

When conditions exist for accessible areas that are indicative of the existence or that would
result in degradation of adjacent inaccessible areas, the acceptability of the inaccessible areas

may be evaluated and the following should be provided in the ISI summary report required by
IWA-6000:

A description of the type and estimated extent of degrada+%n and the cause of the.

degrddEtion

An evaluation of each inaccessible area and the result of the evaluation.

A description of corrective actions required (only if required) to mitigate the degradation.

IWE-5250 provides guidelines for corrective measures resulting from system pressure test
indications. When leakage test acceptance criteria cannot be satisfied, the source of leakage
is identified and the area examined to the extent required to provide repair. Repairs are made
in accordance with IWA-4000, and leak rate testing is applied subsequent to return to service.
The above repair procedure requirements correct the degradation that was detected and
restore the surfaces so that the inter %i function is maintained.

IWE-2200 provides for preservice examination of all repairs and replacements prior to the
return of service. Subsections IWE-2420 and IWE-2430 establish the record of the repaired
area. This is done by performing a post-repair examination of the affected area and
augmented examinations of suspect or repaired areas. The responsible engineer determines
that there is no evidence of degradation suffic%nt to require further repair or evaluation. The
requirements of IWE-2200, IWE-2420, and IWL-2430 provide confirmation that the degradation
has been eliminated and the intended function will be maintained.

The intended function of the containment affected by corrosion, i.e., protection of the
environment from the unacceptable release of radiation and protec'. ion of the containment
interior systems from extemal loadings, are maintained since the potential aging effects are
detected and repaired or evaluated prior to the occurrence of significant damage.

Leakage monitoring programs internally control the exposure of containment steel to
aggressive chemical attack, while AMP-5.3 and AMP-5.4 protect the containment or shield i

building exterior. Thece programs in combination with AMP 5.5 protect tiv containmant from
corrosive degradation.

l
1
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Thermal cycling of attached hot piping systems causes a potentially significant stress having a
fatigue effect at hot penetrations without bellows for PWR concrete containments, and at.

penetration bellows assemblies for PWR free-standing steel containments. Current programs {
that effectively manage the aging effects of fatigue-related degradation include: viwal I

; inspections during leak rate testing and local inspection of the liner and the exterior concrete
surface around hot penetrations for evidence of distress, as shown in AMP-5.5.

|
,

4.1.10 Containment Post-Tensioning System Degradation (AMP-5.6) |

i

A prestressing s-tem can be subjected to stress corrosion cracking (SCC). These losses
can be managw sough the tendon surveillance programs. Any loss of intended strength
functions associated with the concrete and reinforcing systems is evaluated within the

surveillance programs. Corrosion is managed effectively by visual inspection and testing of
the tendon anchorage hardware and wire samples, evaluation of the corrosion protection
medium, and identification of any free water in the system.

Surveillance or inspection and testing techniques, frequency of inspection, acceptance criteria,
corrective actions, and confirmation activities are defined for the program in Subsection IWL of
ASME Code Section XI. Inspection and testing techniques for the detection of Gee indications
of aging effects resulting from SCC and other degradation mechanisms include mechanical

testing of wires or strands of the tendon, tendon load testing, visual inspection of the tendons,
and testing of the corrosion protection medium and free water chemistry, as described in IWL-
2520. Inspection and testing of the tendons monitors the indications of aging effects such as
cracks, corrosion, missing hardware, and pitting, while monitoring of the grease and free water
chemistry identifies the conditions conducive to SCC. Tendon anchorage hardware and the '

surrounding concrete are visually inspected through the application of the VT-1 inspection.
Indications of damage are cracking, staining, and spalling. ACI-201.1 R-68, as referenced in
IWL-2510, provides guidance on evidence of conditions indicative of degradation, for
surrounding concrete areas. Proper application of the examination methods is defined in
Table WL-2500-1 of Section XI, Examination Category L-B, which defines the surface area to
be examined and the corresponding examination method. The above examination methods

are acceptable for the detection of indications and aging effects of post-tensioning system
degradation resulting from SCC, which can be evaluated or repaired prior to the loss of an
intended function.

In addition, it is recommended that the utility inspection program also include the following:

The four recommendations for tendon examination included in Regulatory Guide 1.35,-

Rev. 3, should be included.

Requires that grease caps that are accessible must be visually examined to detect-

grease leakage or grease cap deformation.
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Requir:s th) preparation of an engineering evaluation report when consecutive-

surveillance indicates a trend of prestress loss to below the minimum prestress
requirements.

Requires an evaluation to be performed for instances of wire failure and slip of wires-

in anchorages.

Addresses sampled sheathing filler grease and reportable conditions.-

Visible evidence of degradation of concrete, such as teaching and surface cracking, may.

be an indication cf degradation in adjacent inaccessible areas. Therefore, an evaluation
of the potential degradation of adjacent inaccessible areas should be performed.

Paragraph IWL-2420 provides inspection periods in terms of calendar years of operation.
IWL-2420 recommends that the unbonded post-tensioning system be examined at 1,3, and
5 years following the completion of the containment structural integrity test, and every 5 years
thereafter. The 5-year interval should be extended for the plant license renewal period. This

,

frequency is an accepted time period to detect degradation prior to the loss of intended
function.

Article IWL-3000, Acceptance Standards, provides the acceptar ce criteria. Table IWL-2500-1

provides applicability of acceptance standards for corresponding components. Acceptance by.

examination for tendon force and elongation, IWL-3221.1, is based on the average of all4

measured tendon forces, the measured force of each individual tendon, and the measured

tendon elongation. The average of all measured tendon forces for each type of tendon must
be greater than or equal to the minimum required prestress. The measured tendon force of
each individual tendon must but not be less than 95 percent of the predicted value;
IWL-3221.1 specifies exceptions. The rate of change of prestress for each type of tendon
calculated from current loads and those of the previous evaluation must be less than the

maximum predicted rate of change of prestress. The measured tendon elongation must vary
less than 10 percent from the previous value.

Acceptance standards for tendon wire or strand samples, IWL-3221.2, are that samples are
free of physical damage, and that the ultimate tensile strength and elongation are not less
than minimum specified values. IWL-3221.3 for tendon anchorage areas indicates acceptance
when there is no evidence of degradation and crack widths for concrete less than 0.01 inch.
Water content, reserve alkalinity, and soluble ion concentrations must be within limits specified
in Table IWL-2525-1 for the corrosion protection medium as described in IWL-3221.4. Also
there is a 10-percent limit on the absolute difference between corrosion medium removed and
replaced, based on the tendon net duct volume.

IWL-3213, for the surrounding concrete, and IWL-3223, for the post-tensioning system,
provide for repairs and subsequent examinations' to satisfy acceptance standards of
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IWL-3000. Indications that do not meet acceptance criteria are subject to repair or evaluation
j

until the condition is acceptable so that the intended function is maintained.

Corrective actions for the post-tensioning systems consist of repairs and evaluations as
defined in IWL-3222 and IWL-3223 for inservice examination. Evaluations shall be performed
in accordance with IWL-3300 and an evaluation report shall be prepared. The report should

]
provide the following information, as described in IWL-3310: '

The cause of the condition that does not meet the acceptance standards=

The acceptability of the concrete containment without repair.

Whether or not repair or replacement is required and the extent, method, and schedule of=

repair, if repair is required

The extent, nature, and frequency of additional examinations.

l

Indications that do not meet acceptance criteria are subject to repair or evaluation, until the ;

condition is acceptable so that the intended function is maintained.

!

IWL-3212 and IWL-3213 provide similar guidance for the surface condition of the surrounding
concrete.

Use of Article IWL-4000 guidelines is recommended for the development of repair procedures.
lWL-4000 provides repair procedures for degradation that is unacceptable according to the
acceptance criteria or evaluation. The procedure for the surrounding concrete, IWL-4210, '
requires: removal of defective materials; visual examination of affected areas and reinforcing
steel to assure proper surface preparation before the placement of repair material; VT-1 visual
examination of reinforcing steel and repair if required; chemical, mechanical, and physical
compatibility between existing and repair material; and requirements for in-processing |

sampling and testing of repair materials. In addition, when detensioning of prestressing
tendons is required for repair of the concrete surface, repair procedures shall include j
specifications for repair materit.ls, procedures for the application of repair materials, and
procedures for the detensioning and retensioning of the prestressing system. IWL-4230
applies for the post-tensioning system. Weld repair of bearing and shim plates of the post-
tensioning system must meet the requirements of IWA-4000. Restoration of the corrosion
protection medium is required. These repairs correct the degradation that was detected and
restore the surfaces so that the intended function is maintained. The repair is confirmed by
preservice examination and testing prescribed by IWL-2230 and IWL-3100.

Subsection IWL-2230 and IWL-3100 establish the preservice record of the repaired area. This
is done by performing a post-repair examination of the affected area. The responsible
engineer determines that there is no evidence of degradation sufficient to require further repair
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or evaluation. If evaluation is required, a report shall be provided in accordance with
IWL-3300 establishing the acceptability of containment without repair. The requirements of )
IWL-2230 and IWL-3100 provide the confirmation that the degradation has been eliminated I
and the intended function will be maintained. i

|

|

The intended functions of the containment affected by SCC of the post-tensioning system, i.e., |
Iprotection of the environment from the unacceptable release of radiation and protection of the

containment interior systems from external loadings, are maintained since the potential aging
effects are detected and repaired or evaluated prior to the occurrence of significant damage.

1

Several of the contributors to prestress losses are time-dependent. The loss of prestress j

force with time can be significant to license renewal. However, it is noted that the potential ;

sources of degradation of prestress are managed by current inspection and surveillance
programs. It is expected that a license renewal applicant will have to recalculate the
acceptable predicted loss of prestress over a longer period (e.g.,60 years) and monitor the
lower rate of prestress loss during the license renewal term. Calculation of the acceptable
predicted prestress loss rate for the current license term is based on the assumption of a
40-year life. No additional requirements are made herein, other than to continue the current
licensing basis (CLB) surveillance programs taking appropriate actions to address the loss of
prestress force when surveillance trending results indicate the prestress force may fall below
the minimum requirements. The aging management program attributos are given in
Table 414.

This program in conjunction with AMP-5.3 provide effective management of post-tensioning
system degradation for the plant license renewal periods.

4.1.11 Foundation - Settlement (AMP-5.7) j

Differential settlement is monitored during the plant life for plants founded on soft
compressible soil where it is a potentially significant degradation mechanism. Due to possible
changes in the site conditions over the life of the plant that could increase settlement, i.e.,
lowering of the groundwater table, programs to monitor changes in groundwater table and to
detect potentially significant settlement are included in the CLB requirements. Compliance
with the CLB, unless otherwise justified, is part of the ;icense renewal commitinent. The aging
management orogram attributes are given in Table 4-15 for those plants susceptible to

,

settlement due to the soit groundwater characteristic on which the plant is founded. I
I

4.2 ADDITIONAL ACTIVITIES AND PROGRAM ATTRIBUTES

There are no additional activities and program attributes required for aging management I

beyond those that have been identified and described in Section 4.1

|

Containment. Rev. O Deceraber 1996
m assa a ew-mm 4-49



$$
$a
T is TABLE 4-14

{[ AGING MANAGEMENT PROGRAM ATTRIBUTES - AMP-5.6
y@ CONTAINMENT POST-TENSIONING SYSTEM DEGRADATION
3~ SCC, CORRCSION, LOSS OF PRESTRESS LOADING
I[ CODE REFERENCES TO 1992 WITH 1992 ADDENDA ASME SECTION Xi EDITION

.<
o =

Attribute Description Containment Application

Scope Components and applicable Component Effect
aging effects

Class CC Loss of strength due to reduced tensile area
Concrete Loss of strength due to cracking

Containment Loss of preload due to creep or binding, stress relaxation
Post-Tensioning

f stem

Surveillance Monitoring, inspection, or testing Examine following ASME Subsection IWL, Requirements for Class CC Concrete
Technique techniques used to detect the Components of Light-Water Cooled Power Plants, Examination Category L-8, Unbonded

i effect Post-Tensioning System

$
IWL-2520 Examination of Unbonded Post-Tensioning Systems

Tendon: IWL-2521, Tendon Selection; IWL-2522, Tendon Force Measurements*

Wire or Strand: IWL-2523, Tendon Wire and Strand Sample Examination and Testing+

Anchorage Hardware and Surrounding Concrete: IWL-2524, Examination of Tendon*

Anchorage Areas; visual VT-1 in accordance with IWA-2411
Corrosion Protection Medium: IWL-2525. Examination of Corrosion Protection Medium+

and Free Water
Free Water: IWL-2524, Examination of Tendon; IWL-2525, Examination of Corrosion.

Protection Medium and Free Water

Frequency Time period between program inspection: IWL-2420
performance or when a one-
time inspection must be

y completed

Fo
a
5
,

8
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i 9
h h. TABLE 4-14 (Continued)
jj AGING MANAGEMENT PROGRAM ATTRIBUTES - AMP-5.6 {-
yg CONTAINMENT POST-TENSIONING SYSTEM DEGRADATION
E~ SCC, CORROSION, LOSS OF PRESTRESS LOADING

I[ CODE REFERENCES TO 1992 WITH 1992 ADDENDA ASME SECTION XI EDITION
'

.<

:

Attribute Description Containment Application
i

Acceptance Criteria Qualitative or quantitative IWL-3220, Unbonded Post-Tensioning Systems
criteria that determine when

'

IWL-3221, Acceptance by Examinationcorrective actions are needed *

IWL-3222 Acceptance by Evaluation, IWL-3300+

Corrective Actions Actions to prevent, mitigate, or IWL-3220, Unbonded Post-Tensioning Systems
reverse the consequences of

IWL-3222 Acceptance by Evaluation, IWL-3300the effect .

IWL-3223, Acceptance by Repair ;=

|WL-3210. Surface Condition (for surrounding concrete)-

IWL-3212 Acceptance by Evaluation,IWL-3300+4
IWL-3213 Acceptance by Repaira =

Confirmation Post-maintenance test or other IWL-2230, Preservice Examination of Repairs and Modifications
techniques to confirm that the
actions have been completed IWL-3100, Preservice Examination following adjustment, repair, or replacement prior to
and are effective retum of the system to service

,

i
IWL-3310, Evaluation Report

All records generated by corrective actions and inspections shall be maintained as defined by
10 CFR Part 50, Appendix A, Criterion 1 - Quality Standards and Records

5
8
@
a
G
8
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TABLE 4-15
AGING MANAGEMENT PROGRAM ATTRIBUTES - AMP-5.7

FOUNDATION - SETTLEMENT

Attribute Description Containment Application

Scope Components and Component Ef'ect
applicable aging effects |

Concrete Reduced design strength as a result of concrete
Foundations on cracking cauced by settlem7nt. Also, resulting steel
Soil reinforcement corrosion from exposing the

reinforcement at the crack location caused by |
aggressive chemical attack. i

l
|

Reduced design strength as a result of changa of

seismic gap measurements between building structures
caused by settlement.

Surveillance Monitonng, inspection, or 1. Perform settlement measurements using existing benchrnark. |

Technique testing techniques used to

detect the effect 2. Inspect and document building gaps at various elevations and locations.

3. Identify any building misalignments during the inspection program.

Frequency Time period between 1. Perform an initial baseline inspection to document settlement and building
program performance or gap measurements and to document any areas that are showing
when a one-time component or building misalignments due to settlement. ihereafter,
inspection must be perform inspections as appropriate to document conditions of previously
completed identified areas of potential concem. {An evaluation frequency of et least

once every 5 years is being recommended. This would be consistent

with the recommendation that is made for concrete structures examination
that is contained in ACI 349.3R-95," Evaluation of Existing Nuclear
Gafety-Related Concrate Structures.*]

2. Perform inspections at intervals as defined to be necessary as a result of
|

previously identified areas of concem found during a baseline inspection I

or a subsequent inspection that were classified as being a concem for !

continuous plant operation.

|Acceptance Qualitative or quantitative 1. A qualified engineer is to review the building settlement measurements, 4

Criteria enteria that determine bi ,iding gap measurements, and any component
when corrective actions misalignment and determine if they are within the original design basis for
are needed the buildings.

1

Corrective Actions to prevent, 1. Misalignment of any components due to building settements or any |
|Actions mitigate, or reverse the situations of unacceptable building gaps are to be reviewed by the

consequences of the qualified engineer and appropriate action performed to mitigate any
effect detrimental conditions to continuous plant operation.

1
Confirmation Post maintenance test or 1. Modifications to correct any building misalignment or insufficient building |

'other techniques to gaps are to inspected to applicable codes.
confirm that the actions
were completed and are |
effective 1

m
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5.0 SUMMARY AND CONCLUSIONS

The PWR containment associated with the plants listed in Table 1-1 have been reviewed

for aging management as part of the Westinghouse Owners Group (WOG) Life Cycle
Management / License Renewal (LCM /LR) program. The PWR containments are subject to an

j

aging management review because they perform intended functions in a passive manner and 1

are long-lived. This aging management review has identified aging effects and evaluated
these effects to determine which require management during an extended period of operation.

|For those effects that require management, options have been provided.
!

Mechanical penetrations, associated with high temperature, may require action by the utility to
perform a fatigue analysis, per TLAA requirements, to show that an existing analysis remains
valid, or can be projected, to the extended period of operation.

|

5.1 SUMMARY

The PWR containment performs the intended functions of:

mEnsuring the integrity of the reactor coolant pressure boundary*

Ensuring the capability to shut down the reactor and maintain it in a safem hutdown. s

condition

Ensuring the capability to prevent or mitigate the consequences of accidents that could-

result in potential offsite exposure comparable to the 10 CFR 100 guidelines

Ensuring compliance with the U.S. NRC regulations for environmental qualification.

(10 CFR 50.49)

| The PWR containment structure also supports system-lavelintended functions. This is
discussed in Section 2.0.

The mechanisms identified from review of design limits, time-limited aging analyses (TLAAs),

| and aging are:

i
' For concrete:

i Freeze-thaw.

Leaching of calcium chloride !
=

''
Alkali-aggregate reaction*

Neutron irradiation embrittlement-

"This intended function is included as a result of the structural support provided by containment.

Containment, Rev. O December 1996
,

m:\26h3 wot 1t>11'm 5-1 )



. . . - . . _ _ _ _ _ _ _ . - _ _ _ _ _ _ _ _ _ _ _

Interaction with aluminum*

Thermal aging embrittlement.

Aggressive chemical attack*

Direct current bond strength reduction*

Fatigue at penetration anchors-

For the reinforcing steel, the steel liner and containment, prestressing systems, steel
embedments, penetrations, fuel transfer tubes, airlocks, and hatches:

Corrosion and coating degradation, as applicable*

SCC*

TGSCC.

Embrittlement and loss of pressure retention-

Mechanical weara

Fatiguea

For foundations:

Settlement.

Concrete-related degradation mechanismsa

Additional mechanisms or issues discussed are:

Stress corrosion cracking for the prestressing systems*

Bellows degradation for mechanical and electrical penetrations*

Material compatibility for various components.

Mechanical wear, embrittlement and permanent set of gaskets for the fuel transfer tubes.

and gates and the airlocks and hatches
Strain aging for the free-standing steel containment*

! Loss of prestress force for tendons=

Degradation mechanisms are addressed for subcomponents including penetration bellows,
airlock and hatch control systems, and bulkhead penetrations.

The aging effects are identified in Section 2.0 of this document. The mechanisms and aging
effects have been evaluated in Section 3.0 to determine potential degradation of the PWR

'

containment intended functions. The aging effects of the following mechanisms require

! management during an extended period of operation. The recommended aging management
program is identified.

1 Concrete
Freeze-thaw; AMP-5.1 and AMP-5.2=

: * Aggressive chemical attack; AMP-5.3 and AMP-5.4x
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Reinforcino Steet

Corrosion in below-grade concrete structures; AMP-5.3 and AMP-5.4.-

Containment Steel Liner

. . Corrosion; AMP-5.5

Coating degradation; AMP-5.5.
;

i

Post-Tensionina Systems

Corrosion and SCO of prestressing systems; AMP-5.6.

Prestress force losses; AMP-5.6.

Electrical Penetrations

.

TGSCC of bellows; AMP-5.5.

Mechanical Penetrations

Fatigue of bellows; AMP-5.5.

Fatigue; AMP-5.5.

Embrittlement of gaskets; AMP-5.5.

Corrosion and SCC; AMP-5.5.

Fuel Transfer Tube Penetration

j Mechanical wear; AMP-5.5=

| Embrittlement of gaskets; AMP-5.5.
,

Corrosion and SCC; AMP-5.5.

Airlocks and Hatches
;

Mechanical wear; AMP-5.5.

Embrittlement of gaskets; AMP-5.5.

Less of pressure retention; AMP-5.5=

!

| Foundations

[ Settlement; AMP-5.7.

)
1

;

|
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Free-Standina Steel Containments

Corrosion of inaccessible below-grade structure; AMP-5.5.

Fatigue of penetration bellows; AMP-5.5-r

These potential aging effects can be managed by the identified aging management options
previously described in Section 4.0. It is noted that fatigue of the fuel transfer tube penetration j
is also possible, and the aging management program as defined for mechanical penetrations (
can be used. ' Also, airlocks and hatches are subject to corrosion and would follow the same
program as given for mechanical penetrations.

:
5.2 CONCLUSIONS j

i

implementation of aging management options will manage identified aging effects. Therefore, !
it is concluded that PWR containment intended functions will be maintained during the
extended period of operation for the plants identified in Table 1-1. System-level intended

i
functions supported by the PWR containment will also be maintained.

1

|

|

|

|
,

I
i

I

!

:

i

i

:
1

1

1 j

! J
4

'
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7.0 APPENDICES

7.1 1AEA SURVEY ON CONCRETE CONTAINMENT AGING

A worldwide survey of nuclear power plant owners and operators was conducted by the IAEA
on monitoring and mitigation of aging on concrete containment buildings. The survey polled
recipients on current experience and practices in aging management, innovative repair
techniques, crack mapping and acceptance or repair guidelines, and condition indicators for
monitoring the aging of concrete containments Table 7-1 summarizes the general plant
information from survey respondents. Table /-2 summarizes the inspection and preventive
maintenance programs, while Table 7-3 provides a summary of the results on observed
degradation. '

.

I
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TABLE 7-1
RESULTS OF THE lAEA SURVEY OF NUCLEAR POWER PLANT OWNER / OPERATORS |

,

'

ON THE MANAGEMENT OF AGING OF CONCRETE CONTAINMENT BUILDINGS I

Part 1 PWR General Plant Information

1C - CONTAINMENT DESIGN PARAMETERS

Ringhals Ringhals Ringhals D.C. Cook Diablo Canyon R. E. Ginna |Unit 1 Unit 2 Units 3,4 Units 1,2 Units 1,2 Unit 1

Intemal Design (75.42 psi) (73.00 psi) (74.60 psi) 12 psig 61.7 psig 60 psigm
j

Pressure
|

.

Extemal (14.50 psi) (14.50 psi) (14.50 psi) 12 psig 17.7 psig n/a Im
Design Pressure J

Leak Rate Test (43.50 psi) (43.50 psi) (41.00 psi) 12 psig (+0.5 -0.) 64.7 psia 35 psig
Pressure (max)

* * * * ' *Allowable Leak
Rate (Units)

Leak Rate Tests 8-10 7 4 (5)- Unit 1 3 7
(Since in Service (4) - Unit 2
Date)

Proof Test (Struct. (65.30 psi) (83.50 psi) (67.40 psi) 16.1 psig 68.7 psia 69 psig
Integrity) Test
Pressure

Normal Operating (13.8 14.5 psi) (16.0 - 17.4 psi) (13.8-16.7 psi) -1.5 psig-+0.3 psig 13.7/15.9 psig 14.9 to 15.2 psia
Condrtions <140*F <131'F <120*F 120*F

. Containment 60' 120*F 70*F
= |ce Bed 10*F - 20*F

Relative Humidity 20 % 40 % 20*4 - 40 % 20*4 40 % 0 % - 100 % 20% - 100% 0 % - 100 %
(Intemal)

Ambient Outside 86*F max 77'F max 77'F max 120'F max 91'F max 104*F max
Conditions 61*F min 3*F min 3*F min 0*F min 39*F min -16*F min*
(Annual Temps)
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TASLE 7-1 (Continued)
RESULTS OF THE lAEA SURVEY OF NUCLEAR POWER PLANT OWNER / OPERATORS '

ON THE MANAGEMENT OF AGING OF CONCRETE CONTAINMENT BUILDINGS j
Part 1 PWR General Plant Information

1 A - PLANT INFORMATION ;

!
Ringhale Ringhals Ringhals D.C. Cook Diablo Canyon R. E. Ginna

Unit 1 Unit 2 Units 3,4 Units 1. 2 Units 1,2 Unit 1

No. Units at This 4 4 4 2 2
'

1 <

Site
!

Owner / Operator Vattenfall AB Vattenfall AB Vattenfall AB Indiana Mich. Pacific Gas & Rochester Gas |Power Co. Electric Co. Electric Corp.
!

Site Locabon Ringhals Ringhals Ringhals Berrien Onty., San Luis 89 East Ave., !
Varobacka Varobacka Varobacka Michigan USA Obispo, Cal. New York, USA '

Sweden, Sweden, Sweden, Latitude 41' USA
S-43022 S-43022 S-43022 58'- 32.07*

(Coordinates) Longitude-86*
33'- 54.87'

Site Conditions Near sea Near Sea Near sea Inland Near sea Inland
(02 km) (0.3 km) (02 km) (0.12 miles)

Inservice Date January 1976 May 1975 Aug.23,1975 May 7,1985 September
(Com1 Srve) Unit 1 19,1969

Unit 1
July 1,1978 Mar.13,1986

(Com1 Srve) Unit 2
Unit 2

Reactor Type BWR-Mark Il PWR PWR PWR PWR PWR

Date of Design Not indicated Not indicated Not indicated 1966 1972 July 1969 Oct.1965

Notes:

(1 ) The overall allowable integrated leak rate equals 0.25 percent by weight of the containment air, per 24 hours at 12 psig.
(2) The overall allowable integrated leak rate equals 0.1528 percent by weight of the containment air, per 24 hours at 35 psig.
(3) The overall allowable integrated leak rate equals 0.10 percent by weight of the containment air, per 24 hours at 64.7 psig.
(4) The overall allowable integrated leak rate equals 0.60 percent by weight of the containment air, per 24 hours at 43.5 psig.

!
(5) The overall anowable integra' J leak rate equals 0.021 percent by weight of the containment air, per 24 hours at 43.5 psig. I
(6) The overall allowable integra.. ad leak rate equals 0.021 percent by weight of the containment air, per 24 hours at

0283 MPa.
(7) Intemal Pressure Differential.
(8) Outside Primary Containment.
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TABLE 7-2
RESULTS OF THE lAEA SURVEY OF NUCLEAR POWER PLANT OWNER / OPERATORS

ON THE MANAGEMENT OF AGING OF CONCRETE CONTAINMENT BUILDINGS
Part 2 Inspection, investigation, and Preventive Maintenance Programs

INSPECTION PROGRAM

CONCRETE - Visual Crack Mapping
i

Times !
PLANT Crack Used in |

Crack Dimension Repair |
Inspection Formalized Recorded Distribution Acceptance investi- !

Frequency Procedure Datam Record * Criteria gation

Diablo 4 Yes None N/A No None
Canyon times / year

Units 1 & 2
i

D.C. Cook Every 2 Yes None Photographs No'# None
,

Unit 1 years ;

!

R.E. Ginna* None N/A N/A N/A N/A N/A ;

Ringhals Every 5 No Length, Drawings, No None j
Unit 1 years * cause photographs

1

Ringhals Every 5 No N/A N/A No None !
Units 2, years * !
3, & 4

|

Notes:

(1) Data includes width, length, depth, cause, intemal and/or external ambient temperature, air
humidity, salinity, pollutants, and irradiation.

(2) Recorded with drawings, videos, or photographs.
(3) Each crack is evaluated separately.
(4) A preventive maintenance and inspection program is currently under development for

implementation by 1996.
(5) Zones of tendon anchorage on buttresses.
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TABLE 7 2 (Continued)
RESULTS OF THE lAEA SURVEY OF NUCLEAR POWER PLANT OWNER / OPERATORS

ON THE MANAGEMENT OF AGING OF CONCRETE CONTAINMENT BUILDINGS
Part 2 Inspection, investigation, and Preventive Maintenance Programs

,

:

INSPECTION PROGRAM (Continued)
|

| CONCRETE - NDE/NDT

PLANT Times Used in
Inspection Formalized Acceptance Repair

MethodN Frequency Procedure Criteria investigation

Diablo Canyon None N/A N/A N/A N/A
Units 1 & 2

D.C. Cook Probe N/A No* N/A 2
| Unit 1 penetration

Sounding N/A No* N/A 2

R.E. GinnaW None N/A N/A N/A N/A

Ringhals Units Leakage 3 times in 10 No Yes None
1, 2, 3, & 4 years

|
Notes:

(1) May include pulse velocity, impact hammer, permeability, leakage, probe penetration, or pullout.
(2) Used to determine depth of void.
(3) Used to determine size of void.
(4) A preventive maintenance and inspection program is currently under development for

implementation by 1996.
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TABLE 7-2 (Continued)
RESULTS OF THE lAEA SURVEY OF NUCLEAR POWER PLANT OWNER / OPERATORS

ON THE MANAGEMENT OF AGING OF CONCRETE CONTAINMENT BUILDINGS
Part 2 Inspection, investigation, and Preventive Maintenance Programs

INSPECTION PROGRAM (Continued)

CONCRETE - Instrumentation Monitoring

Times Data Records '

PLANT Used in and Evaluation
Repair

Instrument Number inspection investi- Formal
NType Installed Frequency gation Procedure (2) c3) m

Diablo None N/A N/A N/A N/A N/A N/A N/A
Canyon

Units 1 & 2

D.C. Cook None N/A N/A N/A TA N/A N/A N/A
Unit 1

R.E. Ginna* None N/A N/A N/A N/A N/A N/A N/A

Ringhals None N/A N/A N/A N/A N/A N/A N/A
Units 1,2,

3, & 4

Notes:

(1) May include strain gauges, thermocouples, stress cells, humidity gauges, invar wires or other
types.

'(2) Data is computer logged.
(3) Data is compared with original design specification.
(4) Operating limts are defined.
(5) A preventive maintenance and inspection program is currently under developrnent for

implementation by 1996.
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TABLE 7-2 (Continued)
RESULTS OF THE !AEA SURVEY OF NUCLEAR POWER PLANT OWNER / OPERATORS

ON THE MANAGEMENT OF AGING OF CONCRETE CONTAINMENT BUILDINGS
Part 2 Inspection, investigation, and Preventive Maintenance Programs

INSPECTION PROGRAM (Continued)

CONCRETE - Cores
1

PLANT Times Used for |Inspection Mepair Formalized Material '

Frequency invest 69etion Procedure Property Tests")

Diablo Canyon Not inspected N/A N/A N/A
Units 1 & 2

D.C. Cook Not inspected 2 Yes Strength,
Unit 1 porosity,

chemical

R.E. Ginnam Not inspected N/A N/A N/A

Ringhals Units Not inspected N/A N/A N/A
1, 2, 3, & 4

Notes:

(1) May include strength, porosity, modulus, chemical composition analysis.
(2) A preventive maintenance and inspection program is currently under development for

implementation by 1996,

i
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TABLE 7 2 (Continued)
RESULTS OF THE lAEA SURVEY OF NUCLEAR POWER PLANT OWNER / OPERATORS

ON THE MANAGEMENT OF AGING OF CONCRETE CONTAINMENT BUILDINGS
Part 2 inspection, investigation, and Preventive Maintenance Programs

INSPECTION PROGRAM (Continued)

Anchorage ziements

PLANT Times Used
Inspection inspection Formalized in Repair Acceptance

TechniqueN Frequency Procedure Investigation Criteria

Diablo Visual 4 times / year Yes None No
Canyon

Units 1 & 2

D.C. Cook Visual Every 2 years Yes None Yes*
Unit 1

R.E. Ginna* None N/A N/A N/A N/A

Ringhals Visual Every 5 years No None No
Units 1,2, in buttresses

3, & 4

E9.lEF

(1) May include visual or pullout test.
(2) A material condition survey is performed by three engineers experienced in concrete design,

testing, and in situ inspections. Acceptance of indications found during inspection is based on the
engineering team's evaluation.

(3) A preventive maintenance and inspection program is currently under development for
implementation by 1996.

Containment, Rev. O December 1996
m ea.nwmm 7-8e

. .

_ _ _ _ _ _ _ _ _ _ _ _ _ _



|

!

TABLE 7 2 (Continued)
~

RESULTS OF THE IAEA SURVEY OF NUCLEAR POWER PLANT OWNER / OPERATORS
ON THE MANAGEMENT OF AGING OF CONCRETE CONTAINMENT BUILDINGS

Part 2 Inspection, investigation, and Preventive Maintenance Programs

INSPECTION PROGRAM (Continued)
l

Reinforcing Steel

PLANT Times Used
inspection Inspection Formalized in Repair Acceptance

Technique ( ) Frequency Procedure investigation Criteria

Diablo Visual 4 times / year Yes None No
Canyon

Units 1 & 2 Half cell As required N/A None No

D.C. Cook Visual Every 2 years Yes None Yes>ca

Unit 1
|

R.E. Ginna ') None N/A N/A N/A N/A
t

Ringhals None N/A N/A N/A N/A
Units 1,2,

3, & 4

Notes:

(1) May include visual, half cell or cover meter.
(2) A material condition survey is performed by three engineers experienced in concrete design,

testing, and in situ inspections. Acceptance of indications found during inspection is based on the
{engineering team's evaluation.
|

(3) A preventive maintenance and inspection program is currently under development for
i

implementation by 1996.
1

!

|
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TABLE 7-2 (Continued)
RESULTS OF THE lAEA SURVEY OF NUCLEAR POWER PLANT OWNER / OPERATORS

ON THE MANAGEMENT OF AGING OF CONCRETE CONT /.;NMENT BUILDINGS
Part 2 Inspection, investigation, and Preventive Maintenance Programs

*

INSPECTION PROGRAM (Continued)

Prestressing Steel

PLANT Times Used
inspection inspection Formalized in Repair Acceptance

Technique") Frequency Procedure Investigation Criteria

Diablo N/A N/A N/A N/A N/A
Canyon

Units 1 & 2

D.C. Cook N/A N/A N/A N/A N/A
Unit 1

R.E. Ginna N/A N/A N/A N/A N/A

Ringhals None N/A N/A N/A N/A
Unit 1

Ringhals Visual and Every 10 years No None No
Units 2, grease
3, & 4 chem.

Lift-off test Every 10 years Yes None Yes
and mech.

prop. tests of
,

Wires

Notes:

(1) May include lift-off test, load cell, visual, mechanical property tests on wires, grease chemistry.
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TABLE 7 2 (Continued)
RESULTS OF THE lAEA SURVEY OF NUCLEAR POWER PLANT OWNER / OPERATORS

ON THE MANAGEMENT OF AGING OF CONCRETE CONTAINMENT BUILDINGS
Part 2 Inspection, investigation, a id Preventive Maintenance Programs

INSPECTION PROGRAM (Continued)

Steel Liner

PLANT Times Used
inspection inspection Formalized in Repair Acceptance
Technique Frequency Procedure Investigation Criteria

Diablo Visual 4 times / year Yes None No
Canyon

Units 1 & 2 Leak test Every 40 Yes None Yes
months

D.C. Cook Visual Every 40 Yes None No
Unit 1 months

Leak test Every 40 Yes None Yes
months

R.E. GinnaN None N/A N/A N/A N/A

Ringhals Leak test 3 times in 10 Yes None Yes
Units 1,2, years

3, & 4

Notes:

(1) A preventive maintenance and inspection program is currently under development for I

implementation by 1996.
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TABLE 7-2 (Continued)
RESULTS OF THE lAEA SURVEY OF NUCLEAR POWER PLANT OWNER / OPERATORS

ON THE MANAGEMENT OF AGING OF CONCRETE CONTAINMENT BUILDINGS
Part 2 Inspection, investigation. and Preventive Maintenance Programs

INSPECTION PROGRAM (Continued)

Penetration Assemblies

Times
PLANT Used in

Repair
Assembly inspection Inspection Formalized investi- Acceptance

Nor Seal Technique Frequency Procedure gation Criteria

Diablo Assemblies NDT local Air Locks - Yes* None Yes
Canyon leak test 6 months )

Units 1 & 2 Pen.s - 24 i

months I

Seal NDT local 24 months Yes* None Yes
leak test

D.C. Cook Assemblies NDT local 18 months Yes* None Yes i

Und 1 leak test

Seal NDT local 18 months Yes* None Yes I
leak test

R.E. Ginna* None N/A N/A N/A N/A N/A

Ringhals Assemblies NDT local Once every Yes None Yes ;

Unit 1 leak test 6 months I

Ringhals Assemblies NDT local Electrical - Yes None Yes
Units 2, leak test every 3
3, & 4 years

equipment
and

personnel
every 6
months

Notes:

(1) May include ultrasonic and local leak test.
(2) Penetration is pressurized and leak rate is measured.
(3) A preventive maintenance and inspection program is currently under development for

implementation by 1996.
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TABLE 7-2 (Continued)
RESULTS OF THE lAEA SURVEY OF NUCLEAR POWER PLANT OWNER / OPERATORS

ON THE MANAGEMENT OF AGING OF CONCRETE CONTAINMENT BUILDINGS
Part 2 Inspection, Investigation, and Preventive Maintenance Programs

PREVENTIVE MAINTENANCE PROGRAMS
_

Formalized
PLANT ActivityN Frequency Location Procedure

Diablo Canyon Protective coating Every 18 months Containment Yes
Units 1 & 2 interior liner

D.C. Cook Unit 1 Protective coating Every 18 months Containment Yes
interior liner

Grouting Every 18 months Containment Yes
refurbishment exterior at cold

joints
'

R.E. Ginna(2) None N/A N/A N/A

Ringhals Units 1, None N/A Nh N/A
2, 3, & 4

Notes:

(1) May include protective coating, grouting refurbishment, sealant removal or replacement, or
cathodic protection.

(2) A preventive maintenance and inspection program is currently under development for
implementation by 1996.

i
|
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TABLE 7-3
RESULTS OF THE lAEA SURVEY OF NUCLEAR POWER PLANT OWNER / OPERATORS

ON THE MANAGEMENT OF AGING OF CONCRETE CONTAINMENT BUILDINGS
Part 3 - Age Related Degradation Experience

3A - DEGRADATION OBSERVED IN CONCRETE CONTAINMENTS
I Diablo R. E.
f Ringhals Ringhals Ringhals D.C. Cook Canyon Ginna

Symptom Unit 1 Unit 2 Units 3,4 Units 1-2 Units 1,2 Unit 1

CRACKING YES YES NO YES NO YES

Age of Containment when 9 -15 N/A 5 N/A New.

Observed (yrs)

Probable Causes (See 3B) (10) (10) N/A (1)+(10) N/A (13).

Remedial Action (See 38) 7 (4) h. N/A N/A N/A N/A.

Location Ring Slab Top of N/A Exterior N/A Varies*

But- Dome and Dome
tresses Ring

VOIDS / HONEYCOMBING NO NO NO YES NO NO

Age of Containment when N/A N/A N/A 10 N/A N/A+

Observed (yrs)

Probable Causes (See 38) N/A N/A N/A (20) N/A N/A+

(1)

Remedial Action (See 38) N/A N/A N/A da & (5) b. N/A N/A+

Location N/A N/A N/A Exterior N/A N/A*

STAINING NO NO NO YES _ NO NO

Age of Containment when N/A N/A N/A N/A N/A N/A+

Observed (yrs)

Probable Causes (See 38) N/A N/A N/A (21) N/A N/A+

Remedial Action (See 3B) N/A N/A N/A (1) N/A N/A+

Location N/A N/A N/A Dome N/A N/A+

3B - CAUSES OF DEGRADATION AND REMEDIAL ACTIONS
Causes/ Age-Related Degradation Mechanisms
(1) Freeze / Thaw (9) Impact (17) Alkali / Aggregate Reaction
(2) Elevated Temperature

.
(10) Shnnkage (18) Fatigue / Vibration

(3) Thermal Cycles / Thermal Gradient (11) Sealant Breakdown (19) Stray Electncal Current
(4) Sulfate Attack (12) Creep (20) Construction Defects
(5) Seawater Exposure (13) Leak Rate Tests (21) Design Defects
(6) Acid / Industrial Chemical Attack (14) Irradiation (22) Other
(7) Leaching (15) Chloride Attack (23) Other
(8) Abrasion / Erosion / Cavitation (16) Carbonation (24) Other
Remedial Actions
(1) Not Necessary e. Flexible Scaling c. Pre-placed Aggregate Concrete
(2) Increased Inspection f. Grout injection d. Shotcrete
(3) Modify Procedure g. Dry Packing e. Sealers
(4) Crack Repair h. Polymer Impregnation f. Other

a Epoxy injection i. Other (6) Replacement
b. Routing and Sealant (5) Spalhng / Delamination (7) Protective Coating or Recoating

Repair (B) Cathodic Protection System
c. Stitching / Add'l Reinforcement a. Concrete Replacement (9) Othe s(Desenbe):
d. Dnlling and Plugging b. Dry Pack
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TABLE 7-3 (Continued)

RESULTS OF THE IAEA SURVEY OF NUCLEAR POWER PLANT OWNER / OPERATORS
ON THE MANAGEMENT OF AGING OF CONCRETE CONTAINMENT BUILDINGS

j Part 3 - Age Related Degradation Experience

3A - DEGRADATION OBSERVED IN CONCRETE CONTAINMENTS

Diablo R. E.
Ringhals Ringtals Ringhals D.C. Cook Canyon Ginna

yptom Unit 1 Unit 2 Units 3-4 Units 1-2 Units 1,2 Unit 1

POP. OUTS NO NO NO YES NO NO

Age of Containment when N/A N. A N/A 5 N/A N/A.

Observed (yrs)

Probable Cause/o (See 3B) N/A N/A N/A (21) N/A N/A.

Remedial Action (See 3B) N/A N/A N/A (1! N/A N/A.

Location N/A N/A N/A Dome & N/A N/A.

Exterior

EFFLORESCENCE NO NO NO YES NO NO !

Age of Containment when N/A N/A N/A 10 N/A N/A.

Observed (yrs)

Probable Cause/s (See 3B) N/A N/A N/A (7) N/A N/A.

Remedial Action (See 3B) N/A N/A N/A (1) N/A N/A.

Location N/A N/A N/A Exterior N/A N/A.

SCALING NO NO NO NO NO NO

DELAMINATION NO NO NO NO NO NO

SPALLING NO NO NO NO NO NO

DUSTING NO NO NO NO NO NO

EXCESS. PERMEABILITY NO NO NO NO NO NO

CORROSION TO REINFORCING NO NO NO NO NO NO
STEEL

CORROSION TO PRE- NO NO NO Not in Not in NO
STRESSING STEEL Design Design

3B - CAUSES OF DEGRADATION AND REMEDIAL ACTIONS
Causes/ Age-Related Degradation Mechanisms
(I) Freeze /ihaw (9) Impact (17) Alkali / Aggregate Reaction
(2) Elevated Temperature (10) Shnnkage (18) FatigueNibration
(3) Thermal Cyclestrhermal Gradient (11) Sealant Breakdown (19) Stray Electrical Current
(4) Sulfate Attack (12) Creep (20) Construction Defects
(5) Seawater Exposure (13) Leak Rate Tests (21) Design Defects
(6) Acid /Industnal Chemical Attack (14) Irradiation (22) Other
(7) Leaching (15) Chlonde Attack (23) Other
(8) Abrasion / Erosion / Cavitation (16) Carbonation (24) Other
Remedial Actions
(1) Not Necessary c. Flexible Sealing c. Pret aced Aggregate Concretel
(2) Increased Inspection f. Grout injection d. Shotcrete' , '
(3) Modify Procedure g. Dry Packing e. Scalers
(4) Crack Repair h. Polymer Impregnation f. Other

a. Epoxy injection i. Other (6) Replacement
b. Routing and Sealant (5) Spalbng / Delamination (7) Protective Coating or Recoating

Repair (8) Cathodic Protection System
c. Stitching / Add'i Reinforcement a. Concrete Replacement (9) Others(Describe):
d. Drilhng and Pluggmg b. Dry Pack
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