
, L '. .% , '.. . :. . . .y. .'|,.. @s:* * * ' 4 . ' ,- . . _ " .,.:. '. , ' C. '. N. . *:.. }..,.'n..- 7.. g, ._M. ...C..~.'.,9.6.'.. ,

. y . .' : .

'.":. . %. * ; _ ,' - s .' ,,' ~i. . ' C .s. ,. .. ,. . i

. .
..

'

- - ~ ,

. ,

s . .hk . !, c '"' ,; $ # ..f ,; . 8,, ,, .,.

_I d'' kp%. * .'E

^

''
(,h * , ,' 's .( "'t, - . _ , , ' , . " . ''*''f,' * . , ' , ' ' ( '. h* N . ." ., p.

:
.

, ; ' ,- ..
-

.

.; . . . kIi 0 'f, - 1', YhY5.*
_ . ; ;q ;3tJr.r y.I',' .h.t:;. .,[7. '." [ [",: : ' . ' ' . ). f,,, i. . [. L: My .9 ..' . U. ".C.js|( ,%.| . ,.h";"3 ,"d . I| .4.%.; .

-;

. .; - E

, /.; . ' .. t q .. '.:, ; . f , ' P .<'...2.
_ , . . , ,

e_ .? ;. ,.s 1, ; ,, s' -Q ; ':; _r
, ..

3,, is.
* w

h ,. .. . . .' ' f.Q~.h, ' . s. 9:;4. p.%y,.s... J:[ -_ . .h. .. , dp;.,<,.'.,v.:..........y..,,.,#.;.,.2#p,g
.f7.; ; ,.y. Q; q p.

y .. .o.

> w - .. f. .' _ .; . [ ,.y....
.-g

. v . ;m+, , . ' , ,,> . ; .,.s:- ).r . " .s:- J .
.

.s.,

y. ~: . . v. '. . ; . ;. Q a . ;- .m. f

e ,o. g: p .a.. y.e,w f ty .:, qt,~y.s.
. < ,,

,,..T.

v ., ys .. .. a e .:,n. s. .. g 2=,,.c.. , .*..ei- . .. . . ,, .3 :. ;e h..; .

.s, qq s1, . .
, .n

,% r :.. .,4. .. 'u.,.,g'.,.'
q - ..v.:. > : -. s.+,

. .,: ~.z; ,, . 9 . .z. .*:< -. - . . . . m. -. . .. ;;. _ .t, a. . , . . . .
_ 4

.. .p: q: ;. , *
_

r. , .: :, .

" ' .; . |, h% * **. |,
*f . v. :. - - -

. ;. : :
. .

.:
'

.

: , ' '. '

&--y|t% W f:+:
'* ,.g,. m ~ V '.;'? '. i::''s E .

. . . . . . ?..' :.i. . . - .

.

.

, &. - i" O
.

. . . . . .

:

|. f * 'h R ; :: 4 , . ,: ' s i -s.
,

.

% D. ~. . .9' i

m
. . ...

'|. ' f 'kkhh? Y'f I ... .'\ 'f Y; : ;?;|0 'h.kh''? . , .' 7: ? ' '... ' '|-

.'
*

: - ; ' Y S ( '. f.
h [''.)&y'_G,. ;;.r&. %. .::g;k.''f,.;p ,.@ A. } &{5::_ ;s\. :'', f.)|t.m? N.f.

.

N,
* *

|
s^ j.|-' k:N . 'i' .

'

a2
'.' ? $* ,| N ?;j .}.f.[:|q r. & ; :'y|g,K. ?"&{ '. K . '*' '. ;_ **. . ' '. f.f ~. " .- I.

h'. % v. s. y ' pg,, n :Mg.%' h. i j. *. ._ . . &. 's a}y * . .. m.
:

f' =;: *h . *g .g - q- :. 4 - . Q . .g ' ;; y 9 -(
,

7 ;2..s,.. '., . . - .. , .. .:
, , _

: .5' .' - f k | s .'
.

,

, ' !| f' h. &- ]],PL},'..'h'i' { Lh., '. i'*f ; ', .N*';| i f.'!?.h Qj,j;fif.'v[.$h* .$; ff ~1f ,5;, - ' :.| |, * ,'j f E'. . f'd ,5 *'. ' . ', Y. h[
,

'
[ . ' . . , .

* ' . $. - .'.J._. _

. . . Y" .. h. ? - Wp ' :k . h $ !| .'
-

|} '|'f s
^

f'', . ' .'-
^

| :.. _ '. ,
; '

:

|||_ f|, &.fs,s|||f &h'j.hiW *
, ;

. '

*

M }, {*b Q I,';*|} )* * . ? ).f (<. | ''.)& |h. ...'.~:, *. '

rt
Q &, .D:I y .. :''|

' f. h;i.. . Q | ^.){.; {| .

' OA..h

{',s ,1-w m , k. ).s. %t
. i.n* r %: .n

:4...~.....s...'.n.' , r:.;ps :. . s, N. -< s .

h,:h1 c"* y. ,. . ,s. i v. " .~. . ' 'E.f.h',
. r.. . e .* 1

.' |5 : '. f M' ',:,"A
v .;

. g 3 , ,,.h '
:- 4A.f ; [-

. a: . -
-

:
~

:
; 4; n-

Jf.c.&y:,W'? A .:Q ~ ~1';'[ ; M $ i :~., f
ebs .+ r . . , .f M. ' '' a. :h '

a
<' ,%y

k, ':$;**,9 f .*x (**' .;: '.*' *h'tps .k', ,a

.

i 's '
.i e. +* .O 5 :;

y . o q ,y:, ;; *_* ..,:v. ';; . ., ,: *, .: .g.7 *; *s -
.

b. .*g":: w4a
<

1;..
<~ -1

y e . 7, (1. .? ''' :' f
k. s ,, g n,. su .u .?g . ; .'.d*,'.*

;% ' ' i., r
* :.1. : b ;g'* ry

.

f*
.

,'t, :h, - .J % . .f . ,

.|;;3.3|* .p} M . 4. ' W :,' y }.,

f., C _ . . . ' g;g'.' <
: ; s4

*% -y - - ,.. n , . ' , :: : s''
..

.

.'(gu? . %,4W.
og y, . V '#.'. E.'S fr r'.'-

- > , , . '*. b . r,. <

c ;.;. . .* . ;,, ..gg"...8- .
4.s. - ' : + 7 P @zy3 .,p *n..f .g: o. -

.!'.,. u. .]ew@8.*r .;r y: %;( g,.. . y ; ,p , .' . ,f. ^J.a y :{ g,4;., . i'f'+ ? g (,'.. ' :

' * ' . ,

. = -
, <s

.- n e *c,. . . . m R. . . g .3 , . .
p . g/,, y , y M ;~. . ''.' ' *' c'

. .,,_,

; *, % . -

. ., v -ig - . . , - r . .,.

...'''..'G.,,r..V...'..;.--'.
. . '

.. , ..

*
;..- .. < . * ' ' , y t. e,| '- 5-

*; L .:Q*1 |-
'

s 5

' . ; ., J. ; h :
.. .

e . s.
, * ' | , - - " - ' . ' . 'G,

,- - ..

. y * * , : .:., . ' . . f.A. . . .
. < . s ...,;V .f %.! . ;. y , ,:,e ;~- :y . ,| .s, . --;,, .?.; <

..: _ k..
-

- :.

. ; ' ..: _ .,,u<_ :. ;; * ".-4..'"'..' -
_.

'

i g .:. .. .3
.. . . -

. c..
, , ,

<

J -(g_ . - ,_n.. 'iL..._
. .:' . > . -

; .

; , : . . . s yy| >. ',: F _ ''
.

, , r.%* '"

e *.
,.

- Lr
- '

~ . _ . L 1 ; . ... _ . .
7 _

; . . - .

- - . , _ , ' ' , . , - . ' . * * ... . . . . h;;;.' ~

. .
,;.._.,.- . , . . . . . . ? .v:.-

:
.

. . . . . - ;- :-

,

.; - . ;..-;7(: y , . .g .. . 7 . . . , . . . _ ... - _. . ; - - .

. . ,- ::.. .
* *
,

'., ,.. , . . , .
. _ .. , 3. y. w ..- . . . . . . , .. '' *

. . .
.

, -
. . . .,p:;...

..,. . .. ; . . , , ..,. x , g9 p,:;' , .. ,ng'
...a.-...g',. 4- . 4s

. ; ;n y ,.:,, n. i . $. d... . . 9 7. ; 9j .c. ,. , ...-.-.r,,-=...~... . . ;. ,

-

7..
.

-

-*..

.....d~ .: . . . . * . , . . . . . . . ,, - . .- . ws - . .37
,,

. ... , . . _ , ,
,,

M-

q.'. ,y. w; ;., p .;; ~. ,,;. '. :.e.m . . .w. '
~a, ., ,<n _.. . . ' .:%: ..; . . ' . . .

.

:.- . . '..n e.-
: .:. -

:. .;. :, v .
g ~ . . g { n. ' '. . ~ . j,.y - . . . - .. . ,... 4.,.:: .* . ...::c....

-

.

,.7.....,,.a,.,447p . 9. , :!/. ... . '. . s
. .-

c +: . . .: - -.. .. - ..<. . . ..y... s . .. . . ~

.

: - . f , , ; ".;.
.. .

..., :. . m. :.
- .,

..,.

. . . . _ . . . ....e....c.
,; :;;. .p,..-

. . 'i .-;~.,... . .
. _ .. . .

c . ;. . . .
.

-.-...

. .; 7 .; . 3
~ . _ _. e . ..,,g.. . .. - - , , , . , . . . - .. ,:7.

- : r
- .. ;*

,.. . ' . , .
.

.. . . . . . . .,.,;, . . .,...;
p . . . .

, . . -..
:i.- ......s.o-

-;,' ;- .. N . .:: .. ......: .,. .; . ."' .:
.a

..

r . ;# ;:~ x,: : .: _ .~; : c; . . ; . :.: :
., .- : . ,~~.

. f,.;.c .' 'c,.c f. ;:. :,& .: :.::*s. , . . .. .. ., ;: ;.-. . . ' . . . -- .-
.t-. , .,, .: .g. . .. - 1. y . .: a. c .n.q :.

.

; ; ' , .e ,.;
,. .,. .

n. . ..:," :. * .. - -. . . . . .. .. . .
-

,. . . . .;.

- y v
.

,g , s..,..n.i.,. y .. ,, .3c
. x. .x. . . . .: , ., - .. .- . . _ . ;., .

;. t.. ... . _ :: -c
, ,

: .
t

....,..,,.p.,.,r,..t. .. .

.

-

if .; y., y..,".,. , . . _ . . .. . . .e.. ::
: . . . . . - . ..r,.,n,,. t

...v...
- ;;; . . . . ,';. - . ,.

..e..- .-
. ~ . ... . . s . ;- - . . - _- ., . , _ , .

.< .
. . .

.j.7 ,

; - - -. . .. . . . .;,0 ...:..., " . . . . ... . . _ . - - -

. +_. . ; .. - ; .,

:;.a....<,.:...,,....n : . , . k. . . _ . .3 -> y .. n~ . g. 4 ..-
. ,. . _ >,..:w - c . . . . . :

w :~ .. .. , . .. 7:
< , . .

. 14. . 2..- .W. , . - . ;. , .
-

, : .,r-
. - .

.

a- .

--.. .- ,: .
c. . . ._:,.. ,, .,

.m
-

.. _. : , . ...o.. _ . . . . . . ,.Y t ; 7, . . . . ,,q,' . ..**.. *...:.:
- - . -

< . . . . "s - ",e, .-
C. . __

,. . y, . . ; . ,t .a,,e:;4 \; .: .?..,
.

y. ..

.7

. , , ,

. s ; . . , ; 1:-. ta v
.N.:.. ; : . : . . . 9..

- .e
.

: .g
.

y , ,. . :.;. ; . 0, . . :. . ..: .. . . r.- p :r
- g...<2 . . ' . . . .. ; . $ .- . : -

.:
- .. , . _

.

-
.. ' .. .

y-. .
.q

-

.L

_. . : w 9. , . :"~ c . 8 %
: c ..V..-. ;-

.,. v.
;, , .; -

; .
-

e.p < vr
.. ; '....,.....;.-

, : ;: n;y .; A.:,
.y;W... yh. . .c ; .m _ . .. .;3 . _ . , 5_ _ g ; _.g . . ,.3.'..... n i --'. . . . ..

., .

. , . . . ....,.,.....;
, . ~ - .v. . . . . .:

, . - .. ,. ; 4 . ~ , .- . ...,:.._s, .
-:m . ; ,. x.w , . :.. ,.-o v.

.
-

/u. . . ,: ..
.. .. . (. ::. : -:. .; . . .t

.

. . . _ . .:
c

.r

. ....;.. *
u.~.,.... -. , . . ...c. . . .e- . .

;_ ,
-

.
. ;-

- .,

.. . ..

..*:,. +. e m.,c . :
- r. . , '.1 ::. ,e . u...n , ,. .. ..n .~.:,..., . ..

......_.8 :.: .

. , ,. . ..-:. .,. - . . . u.
. 2

,.. ; . . - ...,,. :. .j
>, .. . ,,c.,,

. .

im_......j
.. ,' . .i ..._....,:..

- y : . :
.

. .
-

..:...,..,.. .. . . ~ s.
; Q. . . : _. .. , .

- '.e ,, .- . ; ..

.-- . ' - . -: . : .. :. . . -
. . - . . . . , . - - - . . . .r

- .'..,'./...b.7... . . , <;.. . ; . . e . --. . , - ,". _ . . .
, ~ . . -

.

.
.. 2 -

s. . , , .. . . *.
;_

.

-r e .
-

, . . .

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

. ' . - . . ,
.

1 s.
-

, , , - - .,
' ' ' . - .. .

"-
c. . y

"_ '.. '
. _ ' . - . .-

--? %.*''' .: . - .. .a. -* . . . . . . . .

'...'~: . . . ' . .| . '1
.: : ,. . . ' . . ' ..: . .

.- - -
.. . . ..-

s _.
- %- . _, * -..y. ., ; , " - _- . . ' _ , , . . _ - .,

.:

r. . . - . . ; ,. ;...'. . : ) ,' . f . . ,7

: - . . .
u 1

,. ., - .. _ .' _ . . . - .' . .,
: . ' "_ - - ..- 2'..:*

_ ', .
_

.:.. .: - .- . ._

. ::. . .. * .', , .
- -

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

.

-

~; - - - - - , ~, ' q - ;o.
. _

.;.; . . . . ;
.

. ' L , .; ; . 9:. ~_ :. .. - . - _,.} . . ' . ; . x _ . . : . .. ' ' : ,
.,

' . .
, . ,

~- .-
, ,,

- -
.. ; . . , .n.

;......':. . : . . . ~ . .: i;.
.

... ;.. . . .:

.. . .
,. . .'.

' ; _..'' . . . . .;.- , s .
-

.: ,.
., ,.

,
. ; .,.;; q ..: . ..

_

_ . . .. .'.n . - . . .. . m.,.. . . -
-

_. , . , e
.

. . .,

c- . . ; .- . , . - . .. . ,: -
, ,:

-

- . .. .. , . . . , , . ,
,,

''

;. . . ,
' .

-
. - . ." ' n ) .,'. .. . ' , ' ^ ., , c ' . . . , ,' . ' . , .. .

-^. ' - ./' . . .-
. . . _ - . , :../ . . - - - ,, .. .. .-

-
$.~ ) j . . ' . '"- . . ' " - . *

,|....g.. m. 4 ,. .- : . _ " , . . . . . . . * . " . , . ., .* .. - . %.
. .

, . ..

..; . , , -
. .

j . , . . , .!- , , - , ,. . .,, '. . j ' ..- . . 3 ..
.

- . , - - ~' ..-. . . . ' . - -_::[ ... ; . . . , _ _ - .. _' ',\..- .- . _ .- *
. .. . -. . .. .. . n, - : ..,

- .. . ,7
. .

. . , . ,
, ' . . , . .

. g ; % <- t
., . . ,,.s . . .. ,

: . - .. .

, f ;,; . .. . ",: ......-v.2, . . . ,.. . .n., -

.. . s

.- y - . , ., .

. ,.. , , . .

. i: . : :. .- '- -. . , . - - ." - - ." ,'|.-

,,

."; j.. ,, . - .A.- -;, ;
- .-

. .. , . , , .- .. . . ,
-

. . . , . . . .
. , - . .. ,, .-;,.., . .

- s:
e-

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

:
-

.-
,, ..u; .. .. .

.

. ,

" - ~ s .-

,

_7,. , .,
.

,

't ;,,* ||;, f

* :-. . . '' _
-,

. .r.... ,
,- 1 &,, ?

' ..

, ._ .

4
',

,

.,' W. * .u . ;, - , ;_. . . " , :.. . .; ' b ..

% . , . ,

_ _
:

- -
. ' ,

, :: .. ; . _ _ G ,; ;_ ;,, - _...; .. .,
_ ,-- ; . : .. - ; y:, s ,

.

~
u

_

,- . : . . . -

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

a .

c.
.. . - . .

,-

.

4 . s _, ~. : .. . |''.'.''~
. ,

_

., .. _. :. _ . .
. . .

*
. :, . . -

.

,;- u:' '. " ,",: ,.;: _ | ., ' * : : . . ' . ' '.. . . ,' y.' .-* _ ?__
j'' ' '...

..
* -

'.I ' - | _, Y N, ' '
*

.

> .s' , _.- _ .. .. - . ... '- -
'.".,~..-:.... -

- '. <.. _.'.e - - . . :. - . ' . .

~. .

,/ y
.

. . ..

. - - . .; - ... . . . . . . . -. ..' - . . - -c .~. . . , . ;.

- - . . ._
3- ...;.- .. . _ . . . .,, .. .. _

. . . . - . . . , .,.g... :. ,, ,
, ..

a .-. ..
.: . . . . .

. .- :
. .

.

. . . . - - . ', . . , . . .. - _ ...;- _ . , , , ' , - . . . _ ..

.

. , . . - .. _' .. ..
- '

- . u
, . *

, , e -

,
.

-

'

( ,

.
.

' " ' . ' .. '.
'

. ' ' . . . ' . ; . :...' . ?.,'; .
.

.., ., ., ,.
. . . . . . , ~

- ., . . . M
-

.
, ;. .

.

. . ..;.z"- :
'n, .

_:| L L.
., .. ,.- .. *

p _ O . . .[. < ; .. , . _; .-
. . . . ~ . -'n ;

. ; .

. '. : 3; : .. / i . _ . ~ , . 1. : - ' . _ ' . _.; - . . . ..~
--

.- - . ,_ . ./ ; . .

. : - '; .

., . . .> .: .' .

_..

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

, ' , . , '' -. -
.. .. ."--

. - ' .. ..

..

..

'
, ..

. . . V .:_ ' ' . ' _ -f_.**.. _'; _, ;. :
. .;'._.'.'.-

_

.
-

.

.

. . - ., . .;..,. - '

" _ . . . , , . . ~~ _' : *- ,. ._ - < . ;.
.

.;...

, ze ._ : ._ - ,.- 3 . - . . , < , . ,.._; , , . . ,,. 4,. .

.2v
,

.. - -
.., . . . , ..

_ . , . . _ . ~ . . - ' - <.
. , . - - . = . , .

: .

a:
. - _ ' _ . . . . . ' ;, _

%...._ .9 g..

- . , :.. .. .- .- .. n'..,.--.y '
7. : . ,._,

., ;, '. s :. " .. ".].f h, . : . . . . a. .. .j'.\..
. _ ' ; ;*;. ' ' ,| . '': : Lf,,, @ .y'.. ..".,O.*,:.'',..'_.;'

,. . ..
.-

:

. - . +...w.- . i'.. - ::
y

. . ...:.*
- - ."?i'.'. - ;*.' - . . . .. .fr - - :. : .

: - . - F -

_ * ', ' ' , ' _,;:i . % . : ,: ;:' -
'. '

' '. '..'..;'...
.; :

. .,(_.,'
;! >. .;.% ., ;..'".- _ . , _,~ _: . V'.'-

_

%

] 6'|'....._. - '.'..*'*! ' . ." '...'...1.'.
.'.':...;* '. ..

.; ' . . - - - :"
"*,,3

v' ~

.. .- 3. : .. .'; : . |- :_. _ . . |. ; a ; . :_ , . ~ . ' 'y , , . '.~ ''>
..|C

. a .n a ..' - n
-Q.

..- .n . , _ ' .
,: :: : .._ . .. '. - .; .- ..' | ~.4 *

'

.'.'.";.. . . . - . ..: .:
..|. A ,..1.'.'...-' . Q :''. . |" *_ ~ . . * . ._. ;; , . - ,T '.}. , H.| : ' y '.. '. ' .O '., . [ ";. . ' , b

ns, ** . .. a

,

.: '. :' .
;

.:
* ...v *\

*
:..

; ' -
. . .

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

,. -c . , . ;..,
.. . . . . . - . Y J.*

.' _ .;,. .:.

. .

Yy ,

.

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

^

, . . . , -

. . [| ;; J . . - ;%..,". : . . ; ... _ ';w _, 'n *'. ~,',. .
-

.k s- ;.,. .; . . , , . : p ~. '- :

.
:<

_,
:

....i.'' ". . - . . ' .s.
: : . <. >h. ; i% . . "., .

..
. ....v.,.. . . . . - . ' . . . F i '.

* *
e

. . '
'

'

9305060204 930428m . ~ . WMC, : . .;: 'r.7. . - --1 C 'M: : . i 1 ^ ^ .

* .-- ' . . . ' . ' -..,w,.. : .: .. < . ' . , , . . . . .
..

~
. . .

.

'

" ' ''PDR ADOCK 05000413
.' i . - :. :::L:: : ' ' - \" : ':I' d'

. :''i
- 1'l . i i E .- A m.

'

* 'v l'<- n - .E 3

- '*
P

.. P _DR .- '



,

., s
.t

.' -_.

- - f
_.

- [WESnNanoUSE CLASS 3(N& ~.m-
,

,

'' $k:,

-

.

.

i

.

;.
_

/

/

L

,
%-

,

:
* .,./ '

%
5

'(6
'gr-

# ~ s c. g ,
,

* , , ,

%'*
~, ., e

i

s >

s:'; . *

't,,
!.y. .; -

,.

<1.

- P '

Ii
-f

. ,

. .

; r+
_ ,

.
-

f

-

.'.j ..

: r; -
!-

'
_

-
*

n' a

(L .,

s
c e s.y,, .

-Q, }-.---c-

[.,
*

,
'

% .-
. ."W^ .f ,

-

&

s.
.

.

.

h K 0

,.,

~ o ' - '
.

gt

<

],2 3
'

~
i

*

s
,

i

' ' . L.1 , e

~ *

,* .-
E k.

. .

'

[ . , e[}y;
.

,

u. ' ?.*j' ,

s_.- ,

'

3-
' '

*

f
, r a <

, \'i O '*
t

.

j

9 ". '4 *
., e

,

, yf.
.' 'dY '

c, ' '

j [y+;y-
+

<
4 m

,
q

} ).
p

> * 5; . .:.
, c".'S *

'f'.,-
* '

_ i;, > ;;_'i;y o n

,

3, '''
.

'

.
..

,

'

.5 '
,,-~ .

-

, _

r
*

a.. m. . . . .
,,

=

.,

p'-

,t ;
g, ,T s|'4

t n , ,. - ,

<< ' s' ;,
.

' *

,_ .t e
.,, , '

, ,

I.-__ y

nooffggg|gt. ~ . . .u%9
Ae ' ' '' - ,,4

I

e a
V <

,''

r' . . -

x ; y .,

,

il i J=A-_



----- - -

.1 ~ . ~yvy mmn ~~mnus# m- en g -na m m m m m m - ~4; ,

y& .

.,4

,

, s '

m . y z; wm.
,

_
% N,..

w-t
r

e.n >-. , - w.> _- < ', . - . - . .y
,

L
,

WESTINGHOUSE CLASS 3 (Non-FivvikM
,

. .
.. g, ._ . ..

, ,y .
,

.

, - .
- 3}

m_. z y. s' . ,
.

.

.

.. :
.

,
4: s

c

,
j- ,

-
a'D'J''
^-,r e

2

I
M

; g
_

L. f

i v1 *
. ..

m'2: ;6g .'c../
y

' , .-, y a .2
. g.,..:

,- y y
'0'^

4 ., -y
.: g : .

L -'(.. . --. ~- m. '

__ : n M
, ,

,$' .jp -
,

? ..A u. , , , 's &, #

8 b
_,..W

, -
-

. 3 "um ,. w w n - @.h p '>
a'5
,

-,
, , - , , -,

, -

s - , . - - - =_, .a:aw= au :.aw, L'xu. :-
- .t '" '

,'}
' ' -

,,
m. x

,

.q

,, ' ' f.

-

y,
-

zg? ' ~A,qj'*
,

**3 *+ Wj .p
,

;
?A:.

'

:A
, 4-

' s3r , % ' . r n. 3
,' 7~, w

y q$% - Q, - ;

-

; Jf' C '1
,g . ,

r --
,L. ' 4
h" |= A+ - > r ._.:j'

d. ? ?'N
. ..., . e>.. 1

,
-_

,

V ' - i ; , .-
> ~- e 4(

.. c

$
,

< r'r

s .- ,

3p-.:._- ik. .'' 9 : _- ; '" -

,'|, ,x
,

,
.v

, u
-,Af,-Y

, .

q , . . ;, .. , \z, - a, ,!- ,, .9 y - < _

t , rr ~
:,

a.3
- >

- ~;- --
N

- - - c;
,

__
, f. \ i. :.

. >
,

n.
-ei

- --

gc ...
,

<
_

;,
, y .-

a %, g e

, s
'' , tt-'es %* p'y+yW.MM ,2

-+
f I'T'* M ;n:

e e'. ye9 to t M.-*P?TMyyy ['>
,4

,
..

4
..

'f*

M_M,C) +]'b,*/fW- $ %"* ,../ :. '

'

. '
, > .

;

a.y a., r -
_

..

A
t

yv

1 ,e . -2' - ,
4

j- s
,

' mt' .i -r

,

-
.

?

#

k
'

~-

' " .
. o, F , , ''.( ,^ 4

'

,3

_.Q.__, ,'k^_
T i

' ,
.u , -

1 i

C
- r

i, Y'
b '

e '
,,

, g

'

. 4 I'y.., Y<
g

'^

l
(

,
J '

,,
,y 5

, n.,'%
,, .

^ -
' W j ? ,,' :._

d'
g, ,.,:

.

.p: -
*. . w,

.
, |} ~' :: . ,>..; 8 ,

, , _ ,
4 a. m- ,

' ' _ . ' 5 4 . , , a
, s

'

.F ~

[.,y g, ,

, <W.t r
~

_{,?'

, , '

' }:.i a
y ,. ( ' t , ,

.2 e; . i y;.t+ .

a. . ; ': |.
.., + -

;
.

m.
l '

_

'- . .t

.; ~ %
-

'

,~-
,c . .,. s e. T'} ,P'' ' , .=$+ -

L -. '
s

.
' g<a,~ <

>
,

,
c;' - ;

, , ' g.

qz
g4,i; ,

* ' ,
.

t

.
s , ~ '

3@
, , <

r,.
,

[,'' I 1
, .s.> q

. , .;r. . +,y .

,

-
>,'s':- L \ s (

, ,
, m

,

,
,

,_

(j ; Q .. -

y
, ew . ,

.,

a. _
> , - if . q , J . ..'f3 0,

, ..,,e...

'

, ,

" . - . g.y..

,
.

~ ,,,, U> f , g % [-Nfj.,9 ' " .J,,,
.o., .

* 'm' m' '

i '
.- ~u %.-

* ,
*

4 # *3j : ., .[g
,

' ;.; i n n
'

, ,

'

r ; .

~ 4
..

r , .

; -xA <

,- vg ,
.--t. /

$ '.. "I '

., 4
- UY' r. .-' .

, .

j , ,*,

- > , 3 yj
,. ,.

j
F

. , , 's
t ,7,'.{ . . i,<. g \

'

jph.,:
, -

e
x

,

,.-,e; -

s
-

,

, . .
'. t:Am, * '_g'

" "
c "% , 'd'l'. . -

%m.
., ,

, , 1
. ,

*

,

's ' - y "
<,

,

1

< y,i ,

, s
,

y

.,d,"
.

A .,

m. e . ,

plia:4wik.tLah.alg
& %* ~

'

s

*,..

.

_;
-

,

,
'

k,h -
a

.p -

, r

9305060204 930428
F, P ADOCK 05000413

'

$ ,^ 6 M
> ?m ,

- p

L
PDR y,

. . ,

~ #~ ,
,

f' "M
- '

M'" ' a

M t P,&,,-t m m m m m n PDR ' . . , . .
"

' ~ ~- ~ ' , ' ' = ~ - ";"S-'
-,., w2c.h 1.- - . ~ t - un""w'"S . - i n dd 4

"
m



WESTINGHOUSE CLASS 3
,

i

WCAP-13702

;

SG-93-04-017

,

d

.

CATAWBA UNIT 1 STEAM GENERATOR TUBE INTERIM PLUGGING CRITERIA

i

MID-CYCLE OUTAGE ASSESSMENT PRESENTATION MATERIALS
,

April , 1993 [

!

,

r
,

|
r

WESTINGHOUSE ELECTRIC CORPORATION ,

Nuclear & Advanced Technology Division
P.O. Box 355

Pittsburgh, Pennsylvania 15230-0355
;

!

* 1993 Westinghouse Electric Corp., All Rights Reserved

,

l

|
!

!
I

i
_ _ _, -



.

.

A meeting was held on April 1, 1993 between Duke Power Company,Westinghouse,
and the NRC staff to present information pertainingto the Catawba Unit 1 steam generator tube interim pluggingcriterion mid-cycle outage assessment.

The following topics were discussed by Westinghouse at the meeting:
1) New information since NRC SER.
2) Steam Line Break (SLB) tube support plate displacementanalyses.

3) Catawba Unit 1 pulled tube data.
4) Tube burst and leak rate correlations.
5) Summary of the interim plugging criterion margin assessment.

The presentation material provided to the NRC in support of this
meeting via Westinghouse Letter Number ET-NRC-93-3851 (dated March31, 1993) has been marked for proprietary information and iscontained herein.
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Westinghouse Energy Systems b 355
i

Electric Corporation S wr cmama az3n3e

March 31,1993
ET-NRC-93-3851

i

Document Control Desk
US Nuclear Regulatory Commission
Washington, DC 20555

Attention: Mr. James E. Richardson, Director
Division of Engineering Technology

Subject: Catawba Unit i Steam Generator Tube Interim Plugging Criterion
Mid-Cycle Outage Assessment

.

Dear Mr. Richardson:
-

Attached is a single copy of presentation materials entitled " Catawba Unit 1 Steam Generator Tube

| Interim Plugging Criterion Mid-Cycle Outage Assessment" (Proprietary), which will be used at the
April 1,1993 NRC meeting.

This presentation material contains information which is proprietary to Westinghouse Electne

| Corporation. Accordingly, we request that this information be withheld from public disclosure. |

We will comply with the requirements of 10 CFR 2.790 to provide proprietary and non-proprietary
versions of the above material together with an affidavit as soon as the proprietary and non-proprietary ,

versions have been prepared. We will submit the total required number of copies of the proprietary and
,

non-proprietary versions of the information and the required affidavit at that time. ,

In the meantime, we have provided sufficient copies for your information and use. M. P. Siemien, Esq.
of the NRC Office of the General Counsel, has advised Westinghouse that she concurs with this
procedure.

We expect to be able to fully comply with the requirements for the proprietary and non-proprietary t

versions of the information and an accompanying affidavit within four weeks. *

Very truly yours,

i
1

Nicholas J. parulo, anager i.

. Nuclear Safety and Regulatory Activities ]
_ DLC/cid _j

Enclosure <

CU 062.DLCJ053193

i

|

|
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CATAWBA-1 IPC EVALUATION

Discussion TOPICS ,

NEW INFORMATION SINCE NRC SER ;

,

OVERALL CONCLUSIONS

SLB TSP DISPLACEMENT ANALYSES
'

ANALYSIS AND RESULTS-

PROBABILITY OF RUPTURE FOR POTENTIALLY
~

.

EXPOSED CRACK LENGTHS

PULLED TUBE DATA

1992 CATAWBA-1 PULLED TUBES.
,

FINAL BELGIAN DATA-
;

|

|

| BURST AND LEAK RATE CORRELATIONS
| i
|
! SUMMARY OF IPC MARGIN ASSESSMENT

{
_ .

i

l

1

- ,.

!
. . . .. .- .- . . .---_.._-a
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| CATAWBA-1 IPC EVALUATION
: ,

| NEW INFORMATION SINCE.NRC SER |

| ;

| i

! |
:

{ PULLED TUBE DATA j

{ 3 TUBES, SIX INTERSECTIONS FROM CATAWBA-1 i.

:
1 (1992) .

i
BELGIAN VOLTAGES FINALIZED BY LABORELECj -

'

- VOLTAGES HIGHER THAN ASSUMED IN 1992 IPC
|

i EVALUATION

!'
i - SER ASSUMED LOWER VOLTAGES 'THAN 1992
1 |

| SUBMITTAL ;
1

i

UPDATED BURST AND LEAK RATE CORRELATIONS

BURST UPDATED FOR NEW PULLED TUBE DATA-
j

i - 3AP VOLTAGE INCREASED TO 4.6 VOLTSyg

COMPARED TO 4.1 VOLTS IN PRIOR SUBMITTAL !

REVISED SLB LEAK RATE METHODOLOGY-

- NEW PROBABILITY OF LEAKAGE CORRELATION

SLB LEAK RATE CORRELATION DOES NOT-

1
_

,,

INCLUDE NON-LEAKERS
.

| AP , = 2335 PSID BASED ON RISK CONSIDERATIONS.
3t

| REFINED METHODOLOGY AND CORRELATIONS APPROVED.

| BY EPRI ARC COMMITTEE -

SAME CORRELATIONS AS RECENT V. C. SUMMER.

i

i SUBMITTAL |

l

TAP 3022033103

_ _ . . _ _ ._ ._ _ , _ _ . . . _ - . . . . _ , _ , - , _ . , _ , . _ - . _ , . _ _ . _ , _ _ . . , _ . . . _ _ . _ . . . _ _ _ _ . _ . . . . . , , . _ _ . _ . . ,
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. .

.-

CATAWBA-1 IPC EVALUATION

NEW INFORMATION SINCE NRC SER

ANALYSES PERFORMED FOR TSP DISPLACEMENTS IN AN SLB

EVENT FOR CATAWBA-1 MODEL D3 S/GS

THERMAL-HYDRAULIC ANALYSES FOR TSP LOADS
*

NONLINEAR FINITE ELEMENT ANALYSES OF S/G FOR
*

DISPLACEMENTS OF EACH TSP -

MAXIMUM DISPLACEMENTS EVALUATED FOR
*

PROBABILITY OF TUBE BURST ASSUMING

DISPLACEMENT EXPOSES A THRUWALL CRACK

.

~

_ _ _ - _ _ _ _ - _ _ - _ - - - _ _ . --
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CATAWBA-1 IPC EVALUATION

CONCLUSIONS

OVEPALL CONCLUSION

CONTINUED OPERATION OF CATAWBA-1 UNTIL THE.

NEXT SCHEDULED REFUELING OUTAGE IS STRONGLY

SUPPORTED BY THE UPDATED ASSESSMENT

RG 1.121 GUIDELINES FOR TUBE INTEGRITY. '

CONSERVATIVELY SATISFIED AT EOC-7 FOR
-

IMPLEMENTED IPC REPAIR LIMIT OF 1.0 VOLT

UPDATED MARGINS EXCEED THOSE REPORTED IN-

WCAP-13494, REY. O SUPPORTING IMPLEMENTATION

OF THE IPC FOR CYCLE 7 IN 1992

.
-

.

4

TAP 3c221333183

<
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CATAWBA-1 IPC EVALUATION :

CONCLUSIONS |

!

i

SLB TSP DISPLACEMENT ANALYSES '

!

MAXIMUM DISPLACEMENTS ARE <0.53 INCH EVEN |
*

UNDER CONSERVATIVE ASSUMPTIONS OF ZERO

FRICTION AND NOMINAL TUBE GAPS

CRITICAL THRUWALL CRACK LENGTHS AT 1.4
-

AP , = 0.57 INCH AND AT APSLB = 0.84 INCH3t

LIMITED SLB' TUBE BURST PROBABILITY OF.

<7X10~5/SG FOR CYCLE 7 AND <8.2X10-4

INDEPENDENT OF NUMBER OF HOT LEG INDICATIONS

TUBE REPAIR CRITERIA FOR CATAWBA-1 SHOULD BE
-

BASED ON LIMITING SLB LEAKAGE DUE TO

NEGLIGIBLE BURST PROBABILITY FOR ODSCC
INDICATIONS AT TSPS '

. ~

e

TAP 3022C33133
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,

i

j CATAWBA-1 IPC EVALUATION
:

1 CONCLUSIONS

i
!

MAXIMUM EOC-7 VOLTAGES

EOC-7 VOLTAGES PROJECTED TO BE LESS THAN*

)
j ABOUT 2.5 VOLTS FOR INDICATIONS <l.0 VOLT

LEFT IN SERVICE

) MAXIMUM EOC VOLTAGES COMPARABLE TO OR LESS*

!

I THAN VALUES FOLLOWING IMPLEMENTATION OF 40%

DEPTH REPAIR LIMIT
~

!

) CATAWBA-1 1992 PULLED TUBES

| VOLTAGES UP TO 3.5 VOLTS SPAN RANGE EXPECTED*

I AT EOC-7 i

BUR $T PRESSURE OF 5400 PSI FOR 3.54 VOLTj -

INDICATION AND HIGHER FOR SMALLER INDICATIONS

! TWO Ik_ICATIONS HAD SLB LEAKAGE OF 0.015 GPM.

J

j FOR 3.54 VOLT INDICATION AND 10-4 GPM FOR 1.13
5 VOLT INDICATION

~ CRACK MORPHOLOGY OF MULTIPLE AXIAL ODSCC WITH.

l LOCALIZED CELLULAR PATCHES IS TYPICAL OF THAT |

FOUND IN OTHER PULLED TUBES IN APC DATABASE

-.

i -

- |

4

,

P

k TAP 3022$33103

_.
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I

CATAWBA-1 IPC EVALUATION
CONCLUSIONS

FREE SPAN TUBE BURST CONSIDERATIONS

UPDATED BURST CORRELATIONS LEAD TO EQUIVALENT
*

APC REPAIR LIMIT OF 3.0 VOLTS COMPARED TO 2.5
<

VOLTS FOR PRIOR CORRELATION

EOC-7 BURST CAPABILITY AT +90% UNCERTAINTIES
-

OF ABOUT 4825 PSI COMPARED TO 3750 PSI FOR

3APyo; AT +99% UNCERTAINTIES OF ABOUT 3830 PSI

COMPARED TO 2335 PSI FOR AP ,3t

SLB LEAKAGE

PROJECTED EOC-7 SLB LEAK RATE OF ABOUT 0.1
-

GPM COMPARED TO ALLOWABLE LIMIT OF 1.0 GPM

_ -

.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ __
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CATAWBA-1 TSP DISPLACEMENT EVALUATION

CoNSERVATISMS IN ANALYSIS

THERMAL-HYDRAULIC ANALYSES FOR TSP LOADS

HOT STANDBY CONDITIONS TO MAXIMIZE LOADS.

WATER LEVEL 30 INCHES BELOW EXPECTED VALUE TO.

INCREASE LOADS i

i

STRUCTURAL ANALYSES FOR TSP DISPLACEMENT |
I

ZERO FRICTION AT TSP SUPPORTS AND TUBE TO TSP.

'

INTERSECTIONS

NOMINAL TUBE TO TSP GAPS WITHOUT REDUCTION.

,

FOR CREVICE DEPOSITS i

MAXIMUM TSP DISPLACEMENTS AT <1 SECOND I.

ASSUMED TO REMAIN FOR TYPICAL ~20 MINUTES TO

REACH MAXIMUM AP ACROSS TUBES f

;
'

- .

.

TAP 3c22"J33103

i
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TSP LOADS DURING AN SLB EVENT
FOR CATAWBA UNIT 1 SG

ANALYSIS METHODS
' 9 a,c_

1 ,

I |
I

l

!

.
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TSP loads DURING AN SLB EVENT
FOR CATAWBA UNIT 1 SG ;;

i

|

|

RESULTS OF TSP LOADS
1

.

.

BLOWDOWN FLOW PEAKS WITHIN MILLISECONDS.

!

FLOW THROUGH TUBE BilNDLE PEAKS OR BECOMES.

QUASI-STEADY STATE WITHIN ONE SECOND

\:
PRESSURE DROPS THROUGH TSPS (I.E., TSP LOADS)

.

PEAKS AND BECOMES QUASI-STEADY STATE WITHIN
'

ONE SECOND

i

;
i

,

|

|
~ :

.

TAP 3022c331N
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Figure 8 - 7. . Pressure Drops Across Tube Support Plates C, G, and L During SLB |
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i SLB TUBE / TSP RELATIVE DISPLACEMENTS UNDER
.

ANALYSIS METHODOLOGY :
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Hot Leg Plates A, C, Lt
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Cold Log Plates B, D E, F, J, K, M, N, P
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Figure 819. Partiton Plate Support Locations for Plates C, D, G

8 -50

_ - _ _ _ _ _ _ _



.

~

.

O C-i.

_

;

>

_

.

-
..

.

!

i

!

Figurs 3-9 Overall Finite Element Model Geometry
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SLB TUBE / TSP RELATIVE DISPLACEMENTS UNDER

ANALYSIS RESULTS

TIERODS STRAINS ARE ELASTIC !

PLATE STRESSES ARE PREDOMINANTLY ELASTIC, LOCAL REGIONS WHERE

STRESSES EXCEED YlELD / MAXIMUM DISPLACEMENTS NOT

SIGNIFICANTLY AFFECTED . j

DISPLACEMENT CATEGORIZATION SHOWN BELOW- !

DISPLACEMENT AMPUTUDE '-

- ,

| c :

R

S

T !
-

!| . -
-

1

!

|

DISK 205 - D3SLBREP\NRCPRES - 3/31/93
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Table 8-1 !

|
|

Summary of TSP-Tube Relative Displacements for ;

Postulated SLB Event for Catawba Model D3 S/Go ;
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I Figure 616 Plate Q (Hot Leg) SLB Displacement Time-History
I
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Figure 8-25. Distorted Geomeby- Plate C
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ASSESSMENT OF SLB TSP DISPLACEMENTS

MAXIMUM TSP DISPLACEMENT OF 0.525" IS LESS THAN

CRITICAL CRACK LENGTH

CRITICAL THRUWALL LENGTH OF 0.57 INCH AT 1.4.

AP3tg

CRITICAL LENGTH OF 0.84 INCH AT AP.
SLB

MAXIMUM TSP DISPLACEMENTS AFFECT SMALL FRACTION OF

TSP INTERSECTIONS

NUMBER OF INTERSECTIONS DEFINED FOR 3 RANGES.

OF TSP DISPLACEMENTS TO SUPPORT BURST

PROBABILITY ANALYSES

I

BURST PRESSURE VS THRUWALL CRACK LENGTH CORRELATION |

DEVELOPED FOR STATISTICAL ANALYSES-

DEFINE BURST PROBABILITY AS FUNCTION OF CRACK*

LENGTH,

!

- .

|

|

'
,

TAP 3022$33103
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Fgure 12-6. Burst Pressure versus Crack Largth for 3/4 inch Tubirg
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ASSESSMENT OF SLB TSP DISPLACEMENTS

ASSUMPTIONS FOR BURST PRoBA.BILITY ANALYSES |

TSP DISPLACEMENTS ASSUMED TO EXPOSE A.
:

THRUWALL CRACK LENGTH EQUAL To TSP |

DISPLACEMENT

FOR CYCLE 7 ASSESSMENT, ALL INDICATIONS LEFT.

IN SERVICE ARE ASSUMED TO BE THRUWALL

FOR BOUNDING ASSESSMENT, ALL HOT LEG TSP-

INTERSECTIONS ASSUMED TO HAVE THRUWALL CRACK
~

EQUAL TO TSP DISPLACEMENT

RESULTS FOR BURST PROBABILITIES

CYCLE 7 S/G BURST PROB. <7X10-5.

UPPER BOUND PROBABILITY OF <8.1X10-4.

INDEPENDENT OF NUMBER OF INTERSECTIONS

- .

.

TAP 30:2'0331M
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Table 12-2

Maximum SLB TSP Displacements and Associated Burst Probabilities i

(Assuming Frae Span Throughwall Crack Length Equals TSP Displacement) ;

:
I
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.
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CATAWBA-1 PULLED TUBES

1991 PULLED TUBES (5 TUBES, 9 INTERSECTIONS)

USED AS ADJUSTED (INCOMPLETE BURST) BURST |
*

PRESSURE DATA IN PRIOR IPC SUBMITTAL
.

t

EPRI ARC COMMITTEE RECOMMENDED NOT INCLUDE |*

DATA DUE TO UNRESOLVABLE UNCERTAINTY IN BURST

PRESSURES - i

t

!SLB LEAK TESTS -, g , e-

;..

.

'

- _.

CRACK MORPHOLOGY TYPICAL OF APC DATABASE. ,

!

.

|

TAP 3027t33tS3
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Table 6-1
| i

Number of Pulled Tubes with NDE and Destructive Exam Data '
,

Number of internactions '

Number Burst t mak Tantad Destructive

Efant of Tubes M gggy fjg, hah Eram

3/4 inch Puffed Tube Data Base Summary , 4 e,

-

Catawba-1 8
i

E4 9

i B-1 1
.

i

B-2 3
|

3

| C2 2

Totals 23

!

7/8 inch Puiled Tube Data Base Summary ,,, 4, e
- t

A-1 3
,

A-2 4

D-1 3

D-2 4
j

J-1 9

1. 8 !
s

M-1 1

P-1 2
,

Totals 34 .

,
-

!

4

hkats?
.

Number in parentheses represents number of additional pressurir.ation tests performed1.
without complete burst or successful burst test. Data not included in data base.

Number in parent!'ases represents room temperature pressure tests performedwith no2.
identified leakage at pressure differentials exceeding St.B conditions. One additional
Catawba-1 tube was leak tested, btt throughwall penetration is Ikely the result of tube

pulling and results are not included in data base.

6-8
|

|

!
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| CATAWBA-1 PULLED Tunes ;
i ,

i
'

i
:
I

i

: ;

1 1992 PULLED TUBES (3 TUBES, 6 INTERSECTIONS) -' o. 6
1

4 i
!

; i
1
1

|
;
.

1 -.
2 >

b.
;
-

.

t
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.

t
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!
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!

:
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:
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; J-

! CRACK MORPHOLOGY TYPICAL OF APC DATABASE- I.
:

| AXIAL ODSCC PLUS SOME LOCAL PATCHES OF
~

:

I CELLULAR CORROSION 1

i i
1 ii >

b
< - .

.

4 :
,.,

i !.
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,
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Table 6-4 |
i

'

,

Catawba 11992 Pulled Tube Burst Pressures and Leak Rates,

,

Bobbin Coil RPC Destructive Exam Leak Rate (1/hr) Burst |
R ew' Col 132 M Qggit! M Mar Denth 1Jtag1h Norm. Oo. SL3 Prestore g ,

(in.)
_

(psi) >-

R7C71 2,

SG C 3

i

R9C76 2 ;

SG C 3

i

R9C91 2

SGC 3

,
-

- ,

,
.,

Notes:
,

1) Average depth given in parentheses.
.

2) Throughwall depth for -0.08* in burst crad and also in a second crad.

3) Burst crack depth and length.

4) Throughwall length of 0.016' found in a crad away from burst crack.

5) Burst test not reliable due to pressure recorder malfunction. f
i
"

.

!
.'

, . *

O

.

.
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Circumferordial Position (degrees)

;

i

;-- .

i
..

!

l

.

Fgure 3-11. Sketch of the crack distrbution found at the support plate
crevice region of tube RS-C91 from Catawbe.1. Included is the
location of the burst test fracture opening. The OD orig ni
intergranular corrosion was confined to the support plate crev'ce
region, including that found on the burst fracture face.
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! BELGIAN PULLED IUBES i

! !
; 1

1
;

i :

|

j RESOLUTION OF CROSS-CALIBRATION OF ASME STANDARDS
: (BELGIAN VS U.S.) WAS IN-PROCESS AT TIME OF PRIOR k
]
j SUBMITTAL i

{ BELGIUM EDM HOLES VS U.S. DRILLED HOLES.

1
.

j PRELIMINARY CROSS CALIBRATION CORRECTION OF f
-

i 1.7-1.8 WAS BEING FURTHER EVALUATED BY -

1
i

| LABORELEC AT TIME OF PRIOR SUBMITTAL !

! - SUBMITTAL CONSERVATIVELY ASSUMED WOULD'BE
i

-

,

.

i >1.5 |
t

i

! SER ASSUMED 1.0-

| FINAL FACTOR OF 1.7.

, ,

i RESOLUTION SEPARATELY CONFIRMED BY LABORELEC ON 7/8"
i
: TUBING '

FIELD MEASUREMENTS.

:

U.S. STANDARD AND PROBE FOR APC VOLTAGE*

4

NORMALIZATION

; BELGIAN STANDARD AND PROBE FOR BELGIAN.

d

i WORMALIZATION '

.

RATIO OF BELGIAN (FRENCH) TO APC VOLTS, LIKE.

|- 3/4'' TUBING, CONSISTENT WITH MAGNITUDE
4'

EXPECTED FROM ASME STANDARD EVALUATION
j
~ RATIO. CONSISTENT WITH. THAT PREVIOUSLY*

I

3 ;

j DEVELOPED FROM MODEL BOILER SPECIMENS
!
. ;

i !

! TAPzxtM331es

i
i

h

|
.
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BELGIAN PULLED TUBE DATA

7 TUBES, 11 INTERSECTIONS ,g

- .
\

|

| GENERALLY GOOD AGREEMENT WITH MODEL BOILER BURST AND
i

| LEAK RATE DATA

PROVIDES PULLED TUBE SUPPORT TO HIGH VOLTAGE

DATABASE NOT OBTAINABLE IN DOMESTIC PLANTS

;

t

!

.

TAP 3327033193
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Table 6 7

3/4-inch Diameter Pulled Tube Leak Rate and Burst Pressure Messurements

I
IBobbin Coil RPC Destriefke Fram i enk Ratarthri(1)_ Burtt Preseure(2) !Pja,rg RowCol L32 g(3)g M Mar Death M(4) Normat oner. gLg, gggg,, g ;

On-) @s0 ms0J/. |
B.1 R4C61 5

E-4 R26C34 3
R16C31 2

'
3

R45C54 2
| 3
| R47C66 2

| 3

1 4
| R33C96 2
'

R19C35 2 '

R26C47 2 '

!
'

Catawba R7C71 2
Unt 1 3

R9C76 2
,

3
R9C91 2

3
1

|1 -.

-. 1
|

us:en:
1 Leak rates at operating temperature and pressure differentials of 1300 psi for normal operation and

2650 psi for SLB conditions based on adjustments given in Appendix C.
2. Measured (Meas.) burst pressure and burst pressure adjusted (Adj.) to 150 kailor Sy+Su at room temperature.

;3. VoRage normalization for 55&130KHz to 2.75 volts on 20% ASME holes.
4 Crack network length for burst crack with through wal crack length given in parenthesas.
5. Measurement no rensbio (NA).
6. Laak rates measured at room temperature condlions and analytcaRy adjusted to operating conditions.
7. Not measured at 560/130 KHz. VoRage renormalized from 300 KHz data.
8. Leak rate at SLB condimens assocated with 0.016 indi throughwal penetration at a crack location

separated fmm the burst credt
9. Minimum burst pressure, as no ductile tearing extenson of burst crack was found after burst test.
10. 00 corrosen exttaded addtional 0.16* above the top of the TSP as microcracks separated by ligaments with

individualmicrocrack depths in range of 3% (farthest above TSP) to 27% (nearest TSP). ;

.

1

l
4

6- 14
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BURST AND LEAK RATE CORRELATIONS

| |

FREE SPAN BURST CORRELATION

STRUCTURAL LIMIT (3AP ) 0F 4.6 VOLTS COMPARED* gg

TO 4.1 VOLTS IN PRIOR SUBMITTAL
,

ADDITION OF SLB PROBABILITY OF LEAKAGE CORRELATION

NEGLIGIBLE PROB. OF LEAKAGE <l.0 VOLT*

0-40% CHANCE OF LEAKAGE UP TO EOC 3.5 VOLTS*

AVERAGE PROB. OF LEAKAGE OF 2.6% FOR 1.0 VOLT -*

BOC INDICATION

MORE CONSERVATIVE SLB LEAK RATE CORRELATION

FORM OF CORRELATION SELECTED FOR CONSERVATISM! *

|
| IN LOW VOLTAGE REGION

SEMI-INDEPENDENT DEVELOPMENT SUPPORTS*

,

CORRELATION >

COMBINES VOLTS VS THRUWALL CRACK LENGTH-

CORRELATION WITH LEAK RATE VS CRACK
~

LENGTH FROM CRACKFLO ANALYTICAL *MODEL

ANALYSIS METHODS SELECTED TO OBTAIN >90% CUMULATIVE
| PROBABILITY ON LEAK RATE

,

:

CORRELATIONS DEVELOPED AND APPROVED BY EPRI ARC

COMMITTEE

1 - ,.

. - .
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Figure 10-3

B,L
Burst Pressure vs. Bobbin Volts, Final LS

_
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m
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Figure 11-7: Probability of Leak vs. Bobbin Amplitude
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) Fgure 11 17
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2335 psi SLB Leak Rate vs. Bobbin Amplitude i
3/4" Tubes. Model Boiler & Field Data de C- ,!-
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Figure 11-18

2335 psi SLB Leak Rate vs. Bobbin Amplitude
3/4" Tubes, Model Boiler & Field Data 4 #--

,

I

-
-

N
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Table 12 3

APC Repair Limit to Satisfy Free Span Burst Requirements

item vons ancie
**~ '

Maximum Voltage Umit to Burst Pressure vs. Vottage '

Satisfy Tube Burst Correlation at 95%
'

Structural Requirement confidence level (Section 8.3)

Allowance for NDE NDE uncertainty at 90% ;
'

Uncertainty cumulative probability with

implementation of NDE analysis

guidelines and probe wear std.

-

!
Allowance for Crack Tables 9-7 and 9 8 show average ,

Growth Betwoon growth / cycle of 32%. Allowance

inspections conservatively increased to *

40% of Tube Repair Umit.

!

|

APC Repair Umit
- ~

o Acceptable Umit
t

to Meet Free Span

Burst Requirement

.
'

- Nota:
1. Voltage neroentage allowances for NDE and growth raWeycle applied to i

Equkalent APC Repair Voltage Umit of 3.0 volta.

t

4
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! SUMMARY OF IPC MARGIN ASSESSMENT
!

!

!

| E0C VOLTAGES

EOC VOLTAGES EXPECTED <2.5 VOLT (99.9% !j -

CUM. PROB.) FOR BOC <1.0 VOLT
,

MAXIMUM EOC VOLTS LESS THAN OR EQUAL TO THAT.

FOUND FOR 40% DEPTH REPAIR CRITERIA<

;
'

FREE SPAN BURST MARGINS

EXPECT EOC CAPABILITY AT 90% CUM. PROB. OF-

4825 PSI COMPARED TO 3APyo = 3750 PSI
EOC CAPABILITY AT 99% CUM. PROB. OF 3830 PSI !.

3

COMPARED TO AP3tg = 2335 PSI
!

SLB LEAKAGE

; SINGLE BOC = 1.0 VOLT INDICATION.

,

97.4% CHANCE OF NO LEAKAGE AT E0C-
,

LEAK RATE PER INDICATION ~0.0002 GPM AT-

i ~98.6% CUM. PROB.

LIMITING S/G C EXPECTED ~0.02 GPM OR WELL.

LESS THAN 1 GPM ALLOWABLE LIMIT

TAP 3322C33103

_ _ _ _ _ _ _ _ - _ .. . _ _ _ _ . . _ _ . . _ . _ _ _ _ . . _ . . . . _ _ _ _ . _.__. . . . . . . . , .
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| Table 12-6
.

'

Typical Maximum Bobbin Voltages for ODSCC at TSPs

1

Maximum Voltage Maximum n+hin Vertaaen Fenew?na 1.0v 1pc

Year of Following 40% Prior inspection Prior inspection

EliLQ1 Insbection Deoth Reonir Limit Bobbin >1.0vf RPC NDD) Bobbin <1.0v

Catawba-1 1992 3.54 -- ...

S 1991 2.80 - .

A-1 1992 3.30 - .

A2 1992 3.84 -- .

;

D-1 1992 2.02 - .

F 1992 4.00 -

L 1991 3.80 - .

2.51(1) 1.36(1)
'

1992 --

P-1 1991 3.91 - .-

., .

i
i

k"

HQ1R; i

1. Results of mkkycie inspection projected 1o EOC value. Indications confirmed by RPC at
,

mid-cycle in%Awi.

. ;

-

:

1
1

!

,
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CATAWBA 1 SG C - BOC Voltage Dutibutonsi

M Bobbe Indcabons 510 Volt Confmed by RPC or not RPC inspected i
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CAT AWBA-1 SG C - Voltage Growth Prepeton for Cyc6e 7
'
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M BOC Bobtan Indicatris s 1.0 Volt Confwmed by RPC or not RPC inspected

8''
1 , , , =

'"

|
,so .. *= su

,, ..

I l.,,
,

,

).. .
32

.E.Ei" .....
. -

i E.
,u',fo'g u','u',fu',fu ,,'o',fu~ ,'uy* -

~

u u

n nm v.a.
a
'l

** |

1

Figure 12 2. Stearn Generator C BOC and EOC Voltage Distributions for BOC Bobbin

: Indications s1.0 Volt Confirmed by RPC or Not RPC inspected
.
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Table 12-9

Cstawba-1 SLB Leak Rate por Indication

BOC Vous 1.0 2.0 3.0

Allowances (+90% Cum. Probability)

o NDE Uncertainty 0.22 0.44 0.66

o Growth 0.49 0.49 0.49

EOC Volts 1.71 2.93 4.15

o Monte Carlo Cum. Prob. 92*/. 93 % 94 %

Expected Value Model
-

o SLB Leak Rate (gpm)(1) 0.00018 0.0031 0.013

o No.Ind per gpm 5,550 325 77

o Monte Carlo Cum. Prob. 98.6 % 96.8 % 95.2 %

Monte Carlo Leak Rates (gpm)

o 90% Cumulative Prob. -0 0.00011 0.0058

o No. Ind. per gpm 9000 172-

o Monte Carlo Prob.of No Leakage 97.4 % 86.2 % 64.3 %

,

blQlt:

1. Expected valim model combines probability of leak with numerical avera0e of leak rate

for +90% confidence on leak rate correlation.

.
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Table 12-10

Deterministic EOC 7 SLB Leak Rate Analysis for S/O C(1)

B.O.C. AV.NDE AV EO.C. Expected SLB Number of Total SLB
!

Mgts Uncertain?v M Ygigg Lenknom.thr Irvficathne Lankane.15r '

O.425 0.094 0.49 1.009 0.0020 139 0.28 !
0.475 0.105 0.49 1.060 0.0028 86 0.24
0.525 0.116 0.49 1.131 0.0028 80 0.30
0.575 0.127 0.49 1.192 0.0051 90 0.45
0.625 0.138 0.49 1.253 0.0069 31 0.21 ,

0.675 0.149 0.49 1.314 0.0090 18 0.16 :

0.725 0.160 0.49 1.375 0.0117 21 0.25
0.775 0.171 0.49 1.436 0.0150 11 0.17
0.825 0.182 0.49 1.497 0.0187 25 - 0.47

,

0.875 0.193 0.49 1.558 0.0238 17 0.40
0.925 0.204 0.49 1.619 0.0295 8 0.24
0.975 0.215 0.49 1.680 0.0349 9 M1

Totals /G C Laak Rate:

o itersrhr 3.48

o gpm 0.015

Monte Carlo Cum. Prob. 95 % |

Hala:
_ -

.1. Reference S/G C Analysis: BOC distrbution of Figure 12 2. NDE Uncertainties and

Growth at +1dPA cumulatke probability. Expected value leakage model of Section 11.6.

.

!
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