
,
. .

. .

. .

-

. .

. . 4 ~ . :T: * T. ' ~. *: .
. > S* ~. W
- k O. . . t.' .' . ; M. . $ '.[. .:/ ',,

M.?
*

s
........:.'n....s,......,~

-

. :; ,-. ,

'"0 C~
. . - + . ;. .::. . -

.
.

,
. .s...: . .s...... .

,,.

E. % [ / n . d. .. .
a r -:..

.[, N.f " i.)-| %). d.f.d5.b.i :| i G{'.lg,f.; .'o:'. ,.' .' : % ,c . ~ . i. ).@.'.:.y*.. Y ', e 5hd. vyN F.- ,
O''-

^; *::| ,* .G ~*' . ". '%
, . ', 9

.'L. .#*
-

: '' . . s[: : ' . ' , ' . :

.: | - & .. L h, N,. '
.r: <j, <* g y . s, .c.

' ;'. . e . $. '.. s
,, >7

. a . .,5. ' %
- e ...

h., k't. . k%,w;,% f:. l'.% %)?,% L.k , ..,'h .r %'
'

~.

?a *
| t Y! i'.

'

: '

.. .
- -

.

. y"' *. p . Q '% :.1., +.s.:'54:., : :Q
.

%?? 4. f ..n,.,P.f.;4.'c.':y r*:; Q . %g .qg ;|,.4 o . . . : ':'; . : y P. ,G:L,';.a '. .y ?.,': ., ';h.
, . |.j: '..* ;- ''~7 :: ''.> <. \ ..:.:. ';, ..

y{ .GQ" -
brf ,t,.~ Ag-' ,.:.<..

* |f' E NA
' ' |{ .. '. . . f.

. , . . - , s'
* *

fd 95.M{.,%a yu r
r : ;

44 ,b .
Ci. .* 1. i.ib 4

%<v e. , %. ~ q q.cr . '(:;,. p> Q:"! . D / |.t- ;..,.,..".. -, . . ' . Y. . .".g:o ,-.s....'',, .

sy,
.

y . e tiv ..'.N.'m.
f '? | c','".- i

>..:- -

ds, a e .' . ' . .
,s , .c. . g. . Q*yv. a.,;! .

: ..

9 . . ; ; ...;,~
. : . w. < @ ~ ;r. ,. ..

.

n w '. .- . ~ . .. .: .. s-. . ' ..n ..
. .e-s y-

'..C. % ,. ,

;| - } *.YQ;a f . L.A ',. ' . ,.
,. ., . ' . .:

'
-

.' W. .; ; . i j 4. . ' " : . ,; ' ' | > :|' ' u a '' . . ' . . -
i .

?
,

'

%.: .4 . % ? . % L*. :V 'q;Y: & e;c$N? ,N'. * .. M'*

|NM- )h. , ? '5|;|qW h Q,Q|<%|'.:< f+' 4 6;v.f.| f. . ffel.d.Q. ' 'fg*h $[%*. ''' ' ,.?!
'

| | ' 5 ). . ;,': .'.%| *|',d \.? '.' -: ..f, y;|h?, f*?$ h tN:k &}.if. { jj % ,f
?

. . & . h|b 'O -| |. .|.|Y f -|'
'; '

e e, -

.. .,

b .'~5 ,'|i
W 5:' f$ Q'\Q %:jv

.;f; . f :? , r'*.''." h[t..- 7.]. ", ; y4."

A ' '-

. bf'. kin /
|: s;-

4 '. .

-

9Lh ' .6/f 7 M' |p.%' . I . ;%
,

' i,. .1:.&,M 0Vb
. . . .?. A $5 , Lh|:.- i,, ?Vij?f g -1. fiiry'

''
s a

4 Q|r{. Mf.? A Q. g}.? .',;g ,;:s. ;s .Q'8 |j;;;; .'. . C'. }. . ,;. j: . S , ',. T : . V -
' "

J. . .? , .>.QC j;
" .Q

-

. }q$. v , ";e.' Q '. 0,'~ ',N, : Q . .)* hg.,dl,A,qh .
st

bh . * " . ^

; n _ |9. g.: y :.
, f, V D .'O.. i. U

,b
, _ L .Y eb :. = ; ; .b~,

;Wr..s. . Y. -?,& (. b : ?.| '

;T ;. ' . . . k . s,4.',y;g. v,.h .a,"c ,h. y .
'

. .s:# N ~ w
. . c . : s a . .' . ' . ' ". . .M .c- n. . .

'
,'.r.^< ;

- 4
-

4, .,
m ; %<M ,;i

,;@M.;q : ;. W: .:%' ,"M % %Q R *
p:.,,x ng y , " >' n. .a ..< ...,

, q ' ,< .;
3

. . 3 . , .c
-

. :y; ;r:WJn. .:: % ' . ' ~ . .
'

.s : & y ., , .. c .9. .. _
- . .

i9.. s .,.v
-v %..; i :;. ag; :Q % ; . ;~ 4,, s.

;

.? Q;?'{|, m ) p.f ,;%
$ ( . ' ., . , . . ; . .:.

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

> x. ,
' ,; '*. * .%

.

(,a ';,y*:n .& ;ha''@ Q < 1'g y . V f * ,' ;y ::V ;,'S '. ;; I ' < ., q:' , .
,'

. .W
e

fl. ' -;s ' .'] *-

+ f.f '.f,pr..;;.'|:?..s.* .p @G t ;:; y %yy.$ . k ;.T'a.*
'

:e i 3 - : ,. -;* or "

n
*.s

..,'!...:'.-
~, 3, z f ; *

?..'( .k'
.e. g o;.5..

$ ;9 g,y* $ . ;.w' ,.'c )": \|
.. "3 . ...c-

. a :.w; ". :. R.4i Q' u3 ' g.t]y ,,,.'|)g44.
Q

. ' .

r W.MT h M.,4" S.W;,.fp?'p,ehs -

. M. 4 ,' L.,j'z ': * | ' ?, |;*
'

'; t

..; : .:.. . . . . ayh - ..;.5 ...
' . p g. h.p . m. .s: '' 1. ..V-|

f:,,' _ s ,' .. Q ' .: % pz. Ojs . ' 1 '. .. .3 -

}<;[h;2+|,j|7] , .&; j. !
^

'

, .g

. /o. F. N . Ar.. ,fb. e4',;f. :g';

.

Q .". . t,, -f':h ' y h .f. f ?.h, ~N. ?gs w.e m : y .. s- .u. ., : - -

m , .f,r,., s : y 4 .+ . 4.9 e A.
n . c . . , ,b.

.

n.w e.v%. ' ;. i

.g

%. h' .I k f,,k. t %. . N..t g:d,h.% ' "y N ; f. - 3,. -

n%. f;m< . J.!|, VR -
: ' **5'# ' ....:.

t ..

. .b' 'n:t.Q. *; :
* ' =j

-

'.' 75.MY',d :.. ddk bk. ,,, &,b.
fihm:> ';!. - ;'.|.',s y

Y!
.

K ; G. :..;j
'8, i . $[/ . , . aOTEr 9. ,' .i;

;
e .. t .a

<n &c[A 4 p
1

. D' 4. r .' .. ,, .'..'. - N + ': N?

.Y[(: h [[Nhfdh.h.. . - y .o y u.c,

n. @b 4 : p ; :;.
'

,+
y

Wfy 'd.[ M; ..;
.

, . . \$ '

' ' :

Y. '.1.A;$?ik, O|..P ,|kh.*3 .j;>'- Q.G?! " $. |;h {t
-

'

g.y\%. ;?|$..? ' '$ 05'h :5.. .|.Y.': ? ' f .= '.N . , $ N rI:.

Q .,[};,s9:.q)<;Yj',Q",q$
*M&

p|:hkgyy : ?. :'..+.. ,
'd

. . . .;n d3:.:n:4 . : ~'T: . , ..M A, . :, b .. .u , - ~ : 6.*:
" Y'W'n. .v. ?-| - | ; .|; c.| M ; |' A ' n .i . 'V

9a ' d ?lv- '| . ' ^;
.:i.aA j %p x AWy p&;. -

P.(x & ':p |h k. ||.;i y g ...; .] ,T ., L '. 4., hip"?* ; ':.']...
~. '.; n c ' . y d.'-4 th'za

:. . .

.

:. f -;
,

f h .h.,;5$ %$&,f&.h:Y5 &$MOQWh& %N.W|,,h':
.| .> . |'. - . ; : '.' c.' 2 W

Q%Q,hkk}?,%.f(k1
EiLh.q'A: . h. ',{ |&, N . .M. 4,f:h '.' f., k-s |* a. ?,. :;

*' '
;

Y.f Q@ k @f k
& D;Q' ), f

5;;* ;:% > 'W.~:
.,

& .f W Wi%.M.O# Wf
b&:4.% .. "Vy'q. p' A..# @n .:kh+f.a,R*9+: ,V 3 ' .$ 'y ,aJ.& w. %h%hk.kk'h:.W':.''..:a.$|.b?$b.'.c.+W?Sb.Q ..< .'|:N ?Y

yW Sp 4:':c,' '. . ,

s n. g , . . - . '.7*'''.
\.->:..".%.'.*.'.'-

., : . ' c '9 . 'V5 w- - s o

. .::: h;A.3::|A%;.n' ?:g , .'fp:.h.i-2, W W s Q ' % '- :
.

:::., '':.:v . ;m > :. -: ' -
. . . ::.c m!a |s ~ ' .G~; i :. Y; * f:

n) .j: . :; f',q|', f..1g ,[f. ._[i .f.:e :). .]t,(:..p-{h' g.+i)1. pw'j,3,wh.g".;,r.

,
'

: - .7f Q.;:::y j. ; p;.;..,.,];._ : . y y ; . . ;. . '::. ; .|
.i': . .;." ', .: ' .:-[ > - . ,r . 9 . . ;.

.;'.g:, n!w .g:;.m; ;I :i,;). [.. . QQ|},:Q. :. ,Q;y{,:$.fQ< (Q,}. y,' - { i .;4_ . .e . ..
, .o : ;; ; . . r .;.

. . ;4 :
'

,,: : . . .::. .c .., . . . . . , .. .
y.' y .

*

,JX , y } c . . y^ ; 1(' * ' '. [ } ' ' ' ' . , . .,, *; ' . :' - [L . 7. 4 *' - 1*f'..-

,* i. g %',.,,,.a.p:.4.. %'.:o |r. . p ;.Q, :J..a.:.: y. , y. f, y.
'

. i. ' .9 J;' . ;>.
*. . .P:

, . -' : ."3,Q(, ,
y ,.

Q ;: w' 2.y:. ..e .. .g . m'6 :

,

:: .. .~ . m. ~.,',~a
,

; 6 . z'.,. '. . ;. L. '. ! ~ L L '. y : :. .f., 3:
, 9 :p.y - |:s,. ' 's, .:/ .| .: '. Y., z, j 5,'';L ,' ;>'" . ; y:. , .3 vM ..- . .:

. . ~ .d @ '.V .$, ..v. m. . cc:w ,.p. . ~ >g. . :

$. u.n.r .~g:, .
- ;.~ . .:

.

. . . .., .

2l .n , .. . . c. .. < . :
, ..? .?py;.*" / : y q.| , ,.R . n A . . . f?t.qi . '. sg ' , ;. p y " , *a:

: - n ..
. . ,7 s.; ' <: :

. . . . . . .

.'.| ' ? d.Q L j {n .

57.c . isN 1,-.j

* '

, . i : .

.h ' h [h
-

.

b .k[h f7h f.fs .h h !.
*

,

'

m e o a ~ ,.f.am 'w ..wu.

.

9. , . n ?.v. fit; m.g .q.N-'? M ~ ' Yhe.h. Y * <h .$?. &~,.w;/, &, :. rs,4...p.2.v. .
>

a - : ., w.:. sj :. . :v,. .s ;.-

.gf .%y. g q,
.

<:

g r. gs..%,ng?:5 'jg % ~. ~ -.

.
- % .m,9 .. -

9 ;n<. , ;:.w 4 x,

4 +.y..g y a.r%:fq'% .p~m; :p&;;y& p..q uy.ga* h ..
: . .

. * m 3

1 -a
' - t

:

0 wxpg#. w. n . . . .,,Mih * % j.
s.). p.:y.9;;,,. . _

.

.q y; q. -

y, q.. - y ._ gi
?c

-

,Qy " 3f

~$

, . ??W PM* L m(k '.
-

ji
r 4;k ,MS A(i R:a '. s'

.

A '

3 mm * *
, r" %

t y ~G
'3 ..

.

3.

. g,&.
Ar. xg .dr9 6

1%

(; ) g '" p g . g. . Qg
. g - 4, -s . . a. - . '

c
., ; g q%. .,.. . g.

. . .

"
. %m

.

ki 9202260202 920224 a .
P/ T

'

o PDR ADOCK 05000364 E - W. .

. WJ w@h_ ' & $ n;| .. .) s.: hW^

m



l

Westinghouse Class 3
WCAP-12213*
Revision 2

a
*

.

HANDBOOK ON FLAW EVALUATION
FOR JOSEPH FARLEY UNITS 1 AND 2

STEAM GENERATORS AND PRESSURIZERS

July 1991

Y. S. Lee
W. H. Bamford
D. E. Prager

.

1

I.' Verified by: b C 1"
i gC.Schmertz /

Approved by: Ik AN
'

O. C. Adamonis, Manager T
| Structural Materials Tednology

|

l~
WESTINGHOUSE ELECTRIC CORPORATION

' Energy Systems
P.O. Box 2728

Pittsburgh, Pennsylvania 15230-2728
+-

c 1991 Westinghouse Electric Corp.
All Rights Reserved

,

WPF0165/121091:10



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

EXECUTIVE SUMMARY

This handbook has been prepared to allow quick, yet accurate, assessment of'

indications which may be discovered during inservice inspections of the Joseph
,

Farley Units 1 and 2 steam generators and pressurizers. This assessment-

capability is provided in the form of charts for selected regions of the steam..

generators and pressurizers. These are contained in Appendix A of this
document. Appendix A begins with a simple example demonstrating use of the
evaluation charts, followed by a section for each region of the steam generator
and pressurizer. Details of the derivation of the charts are provided in the

technical basis document [1]. The main body of this handbook provides brief
summaries of the various calculations carried out in developing the charts. To
evaluate the acceptability of an indication, the u er may proceed directly to
Appendix A.

Revision 1 of this report was prepared to correct several minor inconsistencies
discovered in the original version, and to better describe the overall
philosophy used in developing the flaw evaluation charts. This discussion
appears on page 1-2.

.

Revision 2 of this report was prepared to include more detailed guidelines for.

performing the pressure tests for the secondary side of the steam generator.,

The earlier versions of the report had provided charts for these tests for the
hydrotest only; this revision provides charts for three different pressures.-

!

j .

(*.
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*
SECTION 1

INTRODUCTION
.

.

. This flaw * evaluation handbook has been designed for the evaluation of
indications which may be discovered during inservice inspection of the Joseph
Farley Units 1 and 2 steam generators and pressurizers. The tables and charts
provided in the Appendix of this report allow the evaluation of any indication
discovered in the regions listed below without further fracture mechanics
calculations. The fracture analysis work has instead been done in advance, in
accordance with the criteria of ASME Code Section XI [2], and is documented in a
companion background and technical basis report [1]. Use of the handbook will
allow the acceptability of much larger indications than would be allowable by
only using the standard tables of ASME Section XI [2]. A schematic
representation of the flaw evaluation process of ASME Section XI Appendix A is
provided in figure 1-1.

This flaw evaluation handbook has been developed as a direct implementation of
the analytical requirements of Section XI. In all cases the latest material

, properties and analytical criteria have been used and the appropriate code
editions appear in [2]. These handbooks have been designed for use throughout,

the operating lifetime of the plants, durina which time the applicable edition
of section XI will change a number,of times.-

The handbook is applicable to low alloy steel base metal and welds in the Joseph
Farley Units 1 and 2 steam generators and pressurizers. The geometry of each of
these regions is shown in figures 1-2 and 1-3, and repeated at the appropriate
section of the Appendix. Flaw charts are provided for flaws oriented along each
of the welds in both the pressurizers and steam generators. Charts are provided
for inside and outside surface and embedded flaws in each region, and for nozzle

4 corner surface flaws for each of the nozzles.

The use of the term " flaw" in this document should be taken to be*

synonymous with the term " indication" as used in Section XI of the,
~

ASME Code.

0
.

:
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i

'Handbook charts have been constructed for each of the following regions in

Joseph Farley Units 1 and 2. .

.

The steam generator: .

o Tubesheet to channel head weld region

o Tubesheet to stub barrel weld region

o Stub harrel intermediate seam
o Lower shell to cone weld region
o Upper shell to cone weld region
o Upper shell welds
o Upper shell to dome weld region
o Feedwater nozzle to shell weld region
o Steam outlet nozzle to shell weld region
o Primary nozzle safe end welds

The pressurizer:
o Upper shell to head weld
o Upper shell circumferential welds
o Upper shell longitudinal welds -

o Lower shell circumferential welds -

o Lower shell longitudinal weIds .

*

Surge nozzle to, head weldo

o Spray nozzle to head weld
*

o Safety and relief nozzle to head welds

The highlight of the handbook is the design of a series of flaw evaluation
charts for both surface flaws and embedded flaws. Since the characteristics of
the two types of flaws are different, the evaluation charts are distinctively
different in style. Examples have been provided in the introductory section of
the Appendix.

The flaw' evaluation charts were designed based on the ASME Code Section XI Code
*-

criteria of acceptance for continued service without repair, as contained in

paragraph IWB-3600. Through use of the charts, a flaw can be evaluated by Code
'analytical criteria instantaneously, and no follow-up hand calculation is -

required. Most important of all, no fracture mechanics knowledge is needed by
the user.

wn0165/121091:10 1-2
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*
,

* -The flaw evaluation charts are provided in Appendix A of this document. The

notation used for both surface and embedded flaws in this work is illustrated in
,

figure 1-4, and is repeated in each section of the Appendix. For flaw-

evaluation of an indication discovered in an inspection, turn directly to the,

Appendix.

1.1 Code Accentance Criteria

There are two alternative sets of flaw acceptance criteria for continued service
without repair in paragraph IWB-3600 of ASME Code Section XI. Namely,

1. Acceptance Criteria Based on Flaw Size (IWB-3611)
2. Acceptance Criteria Based on Stress Intensity Factor (IWB-3612)

Both criteria are comparable in accuracy for thick sectlons, and the acceptance
criteria (2) have been assessed by past experience to be less restrictive for
thin sections, and for outside surface flaws in many cases. In all cases in this
handbook, the most beneficial criterion has been used. All the embedded flaw

. evaluation charts in this handbook were constructed using acceptance criteria
. . (2), for ease of use, as well as to obtain the maximum benefit, since these '

criteria will generally be less restrictive for embedded flaws.
,

,

1.1.1 Criteria Based on Flaw Size

| The Code acceptance criteria are stated ir. IWB-3611 of Section XI. Namely,
i

a < .1 a For Normal Conditions
f c

| (Upset & Test Conditions Inclusive)
i

and a < .5 a For Faulted Conditionsf 3 (Emergency condition Inclusive)

where

f - The maximum size to which the detected flaw is calculated to grow ata,,

the end of the design life, or till the next inspection time, as
applicable.,

,

WPf0165/121091:10 1-3
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.

*a - The minimum critical flaw size under normal operating conditions
c

(upset and test conditions inclusive)
.

.

j - The minimum critical flaw size for initiation of nonarresting growtha .

under postulated faulted conditions. (emergency conditions inclusive)

To determine whether a surface flaw is acceptable for continued service without
repair, both criteria must be met simultaneously. However, both criteria have

been considered in advance in construction of the charts herein. Only the most
restrictive results were used in these charts.

1.1.2 CRITERIA BASED ON STRESS INTENSITY FACTOR

The term stress intensity factor (K ) is defined as the driving force on ay

crack. It is a function of the size of the crack and the applied stresses, as
well as the overall geometry of the structure. In contrast, the fracture

toughness (Kla' KIc) is a measure of the resistance of the material to
propagation of a crack. It is a material property and a function of
temperature. -

*

t
.

[ The criteria from IWB-3612 of Section XI are: .

.

K**K< for normal, upset, and cesc condicions.z /Io

|

X*' for emergency and faulced condicions.
; K<r /2

where

..

The maximum applied stress intensity factor for the flaw size a toK -

7

| which a detected flaw will grow, during the conditions under ..

consideration, to the next inspection.
|

l
!
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Fracture toughness based on crack arrest for the corresponding crackK
' -

tip temperature.
,

.

Fracture toughness based on fracture initiation for theK- -
.

corresponding crack tip temperature.

To determine whether a surface flaw is acceptable for continued service without
repair, both criteria must be met simultaneously. However, both criteria have

been considered in advance when the charts herein were constructed. Only the
most restrictive results were used in these charts.

1.1.3 PRIMARY STRESS LIMITS

In addition to satisfying the fracture criteria, it is required that the primary
stress limits of Section III, paragraph NB 3000 be satisfied. A local area
reduction of the pressure retaining membrane must be used, equal to the original-
area less the area of the indication, and the stresses increased to reflect the

smaller cross section. - All the flaw acceptance tables provided in this handbook
. have included this consideration as demonstrated in the technical basis

document [1]...

1.2 SCOPE OF THIS WORK-

Finite element stress analyses of the Joseph Farley Units 1 and 2 steam
generators and pressurizers under various transients have been performed by
Westinghouse, Nuclear Components Division, Pensacola, Florida for this project.
Fracture mechanics analyses were performed for various aspect ratios of both
surface and embedded flaws using the results of stress analyses associated with
emergency, faulted, normal, upset and test conditions. Based on the results of
the fracture mechanics analyses surface flaw and embedded flaw charts have been
developed.

The fracture and fatigue crack growth evaluations carried out to develop the.-

i handbook charts have employed the recommended procedures and material properties
for low alloy steels, as contained in Section XI, Appendix A,*

-
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*
SECTION 2

LOAD CONDITIONS
.

.

The loading conditions used in the analyses described herein were taken directly.

*:om the equipment specification for each of the components covered. The

tracture analysis methods are the most advanced which are now available, and the
material properties are the latest available properties contained in the ASME
Code.

The transients for the steam generators are tabulated in Table 2-1 and those for
the pressurizers are given in Table 2-2. Both the minimum critical flaw sizes,
for criteria (1) of IWB-3611, and the stress intensity factors, for criteria (2)
of IWB-3612, are a function of the stresses at the cross section whore the flaw

I of interest is located. Therefore, the first step in the construction of the
charts for the evaluation of a flaw indication is to determine the appropriate
limiting load conditions for the location of interest.

The basis for the selection of the most limiting normal / upset / test conditions is
straightforward. The transient with the highest surface stresses (thermal and.

pressure stresses combined) in the region of the indication was chosen as the.

worst case. For flaws near the outside surface of the vessel separate
,

considerations are required, since most of the thermal transients affect the-

inside surface, not the outside surface, which is insulated. Therefore,
allowable flaw indications at the inside surface are generally smaller than
those on the outside surface, as may be seen in the individual charts to follow
in the Appendix. The se10ction of the worst emergency / faulted transient was
also based on the highest stresses, but combined with the lowest temperature.

This has been discussed in detail in the Technical Basis document (1).

r

*.

.,,
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'
TABLE 2-1

SUMMARY OF JOSEPH FARLEY UNITS 1 AND 2 STEAM GENERATOR TRANSIENTS
PRIMARY SICE TRANSIENTS

,

GROUP # DESCRIPTION OCCURRENCES
~

1 Heatup/Cooldown 200 -

2 Unit Loading / Unloading 18300
3 Reactor Trip 490 -

Turbine Roll
loss of Flow

4 Loss of Load 120
Loss of Power

5 Large Step Decrease 4200
Small Step Inc./Dec.

6 Hot Standby 18300
7 SS Fluctuation 3.187 x 10'

Boron Conc. Equalization
8 OBE 400
9 Primary Hydro 5

10 Primary Leak Test 50

SECONDARY SIDE TRANSIENTS
GROUP # TRANSIENT CYCLES

FOR TOTAL
THIS CYCLES

TRANSIENT IN GROUP

1 Heatup and Cooldown 200 200
Turbine Roll Test 10

2 Plant Loading and Unloading 18300 18300 .

3 Small Step Load Increase 2000 4000
Small Step Load Decrease 2000 *

4 Loss of Power 40 800
*Large Step Load Decrease 200 ,

Loss of Load 80
Loss of Flow 80
Reactor Trip 400

5 Hot Standby Operation 18300 18300
6 Loss of Power - 32*F Cold Water 1 1

into Hot
Dry Empty Steam Generator

7 OBE 50 50
8 Steady State Fluctuations 3.15 x 10' 3.15x10'
9 Secondary Hydrotest 5 5

.,

.

|
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'

TABLE 2 2

SUMMARY OF PRESSURIZER TRANSIFNTS ;
~

JOSEPH FARLEY UNITS 1 AND 2*.

GROUP # TRANSIENT h0. CYCLES.

1 Heatup/Cooldown 200

2 Heatup 1/Cooldown 6 400

3 Heatup 2/Cooldown 5 400

4 Heatup 3/Cooldown 4 400

5 Heatup 4/CooLown 3 400

6 Heatup 5/Cooldown 2 400

7 Heatup 6/Cooldown 1 400

8 Cooldown 7 1200

9 Unit Load / Unload 36600

10 Group A 4280
Loss of Flow
large Step Load Decr.
Snall Step Load Incr..

Small Step Load Decr.
.

11 Loss of Load 120,' Loss of Power

12 Reactor Trip 400

13 Boron Concentration 36600

14 Inadvertent Auxiliary Spray 10

15 Primary Hydro 5

16 Primary Leak 60
Turbine Roll

17 OBE 50

.

*
a
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* SECTION 3 )
'

FATIGUE CRACK GROWTH
.

.

_

in applying code acceptance criteria as introduced in Section 1 the final flaw l

size a used in criteria (1) is defined as the minimum flaw size to which the
detected flaw is calculated to grow at the end of the design life, or until the
next inspection time. In this handbook, inspection every 10 years is assumed.

These crack growth calculations have been carried out for all the key regions in
the Joseph Farley Units 1 and 2 steam generators and pressurizers. This section
will examine the calculations, and provide a brief description of the
methodology used as well as the assumptions. A more detailed discussion is
contained in the Technical Basis document (1).

The crack growth calculations reported here are extensive because a range of
flaw shapes have been considered to encompass the range of flaw shapes which
could be encountered in service.

The analysis procedure involves postulating an initial flaw at specific regions,

and predicting the growth of that flaw due to an imposed series of loading,

transients. The input required for a fatigue crack growth analysis is basically
.' the information necessary to calculate the parameter K , which depends on the

crack and structure geometry and the range of applied ' tresses in the area wheres

the crack exists. Once X is calculated, the growth due to that particular
stress cycle can be calculated by equations given in figure 3-1. This increment
of growth is then added to the original crack size, and the analysis proceeds to
the next transient. The procedure is continued in this manner until all the

transients expected to occur in the period of evaluation have been analyzed.

The transients considered in the analysis are all the design transients
contained in the appropriate steam generator or pre:,surizer equipment
specification, as shown in Section 2. These transients are spread equally over

.. the design lifetime of the vessel, with the exception that the preoperational
tests are considered first. Faulted conditions are not considered because their
frequency of occurrences is too low to affect fatigue crack growth. Crack growth..

calculations for the steam generator and pressurizer were carried out for a
range of flaw depths and three basic types. The first type was a surface flaw

,
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eith length equal to six times its depth. The second was a continuous surface
flaw, which represents a worst case for surface flaws. The third was an
embedded flaw. For the steam generator, the length was assumed equal to three '

times its width (through wall dimension), while for the pressurizer the length
,

was assumed equal to five times its width. This difference had little effect on -

the magnitude of crack growth calculated. For all cases the flaw was assumed to
maintain a constant shape as it grew. The expressions used for calculating
stress intensity factors for the various flaw types are documented in the
technical basis document. (1)

The crack growth rate curves used in the analyses were taken directly from
Appendix A of Section XI of the ASME Code. Water environment curves were used
for all inside surface flaws, and the air environment curve was used for
embedded flaws and outside surface flaws.

The reference crack growth curves for water environments art shown in figure 3-1
and growth rate is a function of both the applied stress intensity factor range,
and the R ratio (K,,/K ,) for the transient. The crack growth rate reference
curve for air environments is a single curve, with growth rate being only a
function of applied K. This reference curve is also shown in figure 3-1. This
figure appeared in the 1980 edition of the ASME code, and review of current

,

research results indicates it is unlikely to change for many years. .

.

.

:
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SECTION 4*

CRITICAL FLAW SIZE CALCULATIONS
*

.

4.1 INTRODUCTION
.

The key parameters used in the evaluation of any indications discovered during
inservice inspection are two critical flaw parameters required for the
evaluation of an indication in any given location. The first of these is
calculated using stresses from governing normal, upset, and test conditions.
The second is calculated based on stresses for the governing emergency and )
faulted conditions. The parameters based on these conditions correspond to the l

ltwo ASME code criteria defined in Section 1.1.1.
|

Critical flaw sizes were calculated for postulated inside surface
semi-elliptical flaws having a length equal to six times their depth. To allow
the evaluation of indications of various shapes, critical flaw sizes are
calculated for embedded flaws as well as surface flaws of other shapes.
Critical flaw sizes were calculated for emergency and faulted as well as normal
and upset conditions. Hydro and leak test conditions were considered separately

,

for the steam generators, since their severity can be controlled by temperature.
,

.

.

The selection of the governing trant,1ent for emergency faulted, normal, 9pset,
and test conditions can be done easily based on the results of the availabic
stress analyses. The details of this work are provided in the technical basis
document [1].

4.2 STRESS INTENSITY FACTOR CALCULATIONS

One of the key elements of the critical flaw size calculations is the
determination of the driving force or stress intensity factor. This was done
for each of the regions using expressions available in the literature. In all
cases the stress Intensity factor for the critical flaw size calculations. -

utilized a representation of the actual stress profile rather than a
linearization. This was necessary to provide the most accurate determination.

.

possible of the critical flaw size and is particularly important for

WPF0165/101791:10 4-1
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consideration of emergency and faulted conditions where the stress profile is ;-

generally nonlinear and often very steep. |
.!

4.3 FRACTURE TOUGHNESS
.

The other key element in the determination of critical flaw sizes is the
1fracture toughness of the material. The fracture toughness has been taken
i

directly from the reference curves of Appendix A, ASME Section XI. In the |

transition temperature region these curves can be represented by the following |

equations:

K = 33.2 + 2.806 exp. [0.02 (T-RT + 100*F)]
|C NDI

K = 26.8 + 1.233 exp. (0.0145 (T-RT + 160*F)]
la NDT

and K , are in ksi / in.where K Ic g

The upper shelf temperature regime requires utilization of a shelf toughness
which is not specified in the ASME Code. A value of 200 ksi V in has been used

,

here. This value is consistent with general practice in such evaluations, as
.

| shown for example in reference (3) which provides the background and technical
basis of Appendix A of ASME Section XI. The value of RT used in these ".
toughnessequationswastakenfromthelimitingpropertiIs*ofmaterialsinboth
the steam generator and pressurizer and these values are obtained directly from

| Nuclear Components Division, Pensacola, Florida. The limiting RT for the
steam generators was found to be 30*F for the base metal and 10'Fior the welds.
For the pressurizer, the limiting RT was also found to be 30*F for the base

#
metal and 10*F for the welds.

(
|

!

.

|

l *

1 .

|
|
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APPENDIX A*

FLAW EVALUATION CHARTS
.

.
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APPENDIX A -

FLAW EVALVATION

4

A-1 INTRODUCTION TO EVALUATION PROCEDURE ,

*

.

The evaluation procedures contained in ASME Section XI are clearly specified in
,

paragraph IWB-3600. Use of the evaluation charts herein follows these
procedures directly, but the steps are greatly simplified.

Once the indication is discovered, it must be characterized as to its location,

length (t) and depth dimension (a for surface flaws, 2a for embedded flaws),
including its distance from the clad-base metal interface (S) for embedded
indications. This characterization is discussed in further detail in paragraph
IWA 3000 of Section XI.

The following parameters must be calculated from the above dimensions to use the,

charts (see figure 1-4 in section 1):

o Flaw shape parameter, a/t

o Flaw depth parameter, a/t
,

.

o Surface proximity parameter (for embedded flaws only), 6/t
.

.

where

t - wall thickness of region where indication is located

t - length of indication

a = depth of surface flaw; or half depth of embedded flaw in the width
direction

6 = distance from flaw centerline to surface (for embedded flaw only)

| (6 - S + a).

|

'., S = smallest distance from edge of embedded flaw to surface

w o165/12:091:io A-1

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



Once the above parameters have been determined and the determination made as to
whether the indication is embedded or surface, then the two parameters may be
plotted directly on the appropriate evaluation chart. Its location on the chart
determines its acceptability immediately.

'

.

Imoortant Observations on the Handbook Charts
,

Although the use of the handbook charts is conceptually straight forward,
experience in their development and use has led to a number of observations
which will be helpful.

Surface Flaws

An example handbook chart for surface flaws is shown in figure A-1.1. The flaw

indication parameters (whose calculation is described above) can be plotted
directly on the chart to determine aceptability. The lower curve shown

(labelled Code allowable limit) is si'iply the acceptance standards from IWB
3500, which are tabulated in Section |I. If the plotted points fall below these
lines, the indication is acceptable without analytical justification having been
required. If the plotted point falls between the Code allowable limit lines and
the lines labeled " upper limits of acceptance" it is acceptable by virtue of its

,

meeting the requirements of IWB 3600, which allow acceptance by fracture
,

analysis. (Flaws between these lines would, however, require future monitoring
per IWB 2420 of Section XI). The analysis used to develop these lines is ',

documented in the companion technical basis document [1]. There are three of
these lines shown in tha charts, labeled 10, 20 and 30 years. The years

indicate for hcw long the acceptance limit applies from the date that a flaw
indication is discovered, based on fatigue crack growth calculations.

As may be seen in figure A-1.1, the chart gives results for surface flaw shapes
up to a semi-circular flaw (a/t - 0.5). For the unlikely occurrence of flaws
for which the value of a/t exceeds 0.5, the limits on acceptance for a/t - 0.5
should be used. The upper limits of acceptance have been set at (a maximum of)
twenty percent of the wall thickness in all cases, as discussed in Section 5. of

[1]. .
.

.-

Embedded F1aws

WPF0165/121091:10 A-2
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An example chart for embedded flaws is shown in figure A-1.2. The heavy

diagonal line in the figure can be used directly to determine whether the
,

indication should be characterized as an embedded flaw or whether it is'

sufficiently close to the surface that it must be considered as a surface flaw
* (by the rules of Section XI). If the flaw parameters produce a plotted point |.

below the heavy diagonal line, it is acceptable by analysis per [1] if the point
* '

is below the appropriate a/t limit line. If it is above the lint, it cannot be

justified by analysis, and is, therefore, not acceptable.

The flaw evaluation charts for embedded flaws are presented in a form which does
not allow a direct presentation of the standards from Section XI, IWB 3500. For

comparison purposes, these standards have been presented graphically in Figure
A-1.3. If an indication is below the appr c riate standards limit of Figure
A-1.3, it is acceptable without analytical evalaation.

For cases where there are no branching limit lines below the heavy diagor.41 line
(see figure A-3.5 for example) then all flaws classified as embedded are
acceptable. The only limitation is, a., discussed in Section 6 of raference [1]:

< 0. 25

.

.

*
Note that the embedded flaw evaluation charts are applicable for fl tws near
either the inner or cuter surface, and the parameters "S" and "6" are defined
from the nearest surface.

Another important observation is the procedure to be used for an em>edded flaw
whose plotted point falls above the heavy diagonal line, and must tt'erefore be
considered a surface flaw. An example of this is provided in "Embe(ded flaw
Example 1", but it is important to note that when this must be done, the depth

of the flaw is redefined. The new depth is equal to 2a + S, as showa in the
example, which becomes the effective crack depth a* to be used in the surface
flaw chart in such cases.

~

General Observations

'
' '

; Detailed examples of the use of the charts for both surface and embedded flaws

; are presented below, for the specific cross section. Some points are worthy of
1

WPF0165/121091:10 A-3
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note for locations between the cross sections which have been analyzed. A flaw
indication between these twa cross sections should use acceptance criteria
interpolated linearly between the two appropriate charts. Similar procedures *

should be followed for interpolation between other regions.
*

.

Modification of Hydrostatic and leakaae Test Temoeratures
4

If an indication is discovered in the steam generators which is justified for
further service without repair by the flaw evaluation charts of this report, an
increase in the minimum temperature at which the hydrotest and leak tests must
be conducted may be necessary to ensure the required margins of Section XI are
maintained. Charts are provioed for determination of this temperature in each
of sections A-2 to A-10. The required temperature is a function of the size and
location of the indications discovered. Separate treatments have been developed

for embedded ar.d surface indications.

The charts in these sections provide a simple method for determining the
required minimum temperature for any subsequent hydrostatic or leakage tests.
Once an indication has been characterized, its size and location within the wall

of the vessel (6/t) determine the allowable hydrostatic or leakage test
Itemperature. This may be done by simply plotting the indication on the

,

appropriate chart. Separate charts have been provided for surface and embedded
,

' indications.
.

.

Surface Flaw Example 1

|
|

| Suppose an indication has been discovered which is a surface flaw and has the

| following characterized dimensions:

a = 0.30 in.
t = 1.5 in.

t = 6.69 in.

The flaw parameters for the use of the charts are:
'

I
I a/t- 0.045 (4.5%)

.-

a/t = 0.20
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Plotting these parameters on figure A-1.1 it is quickly seen that the indication
is acceptable by analysis per [1]. To justify operation without repair it is
necessary to submit this plot along with the Technical Basis document (1) to the.

regulatory authorities.
.

.

|Embedded Flaw Examole 1
!

A longitudinal embedded flaw of 1.75" x 5.00", located within 0.575" from the
surface, was detected. Determine whether this flaw should be considered as an
embedded flaw.

|

2a - 1.75" |

S - 0.575"
6 - 5 + a - 0.575 + 1/2 (1.75) - 1.45"
t - 6.69"

t = 5.0*

and,

a - 1/2 x 1.75"
.875"

'

Using figure A-1.2:
,

.

'

j! 0. 87 5 =0.13
c 6.69

,

$_,1.45 =0.22
C 6.69

Since the plotted point (X) is above the diagonal line, the flaw must be
considered a surface flaw. Now, since the flaw must be considered as a surface
flaw,_ the depth must be redefined as the distance from the surface to the
deepest point of the flaw. This is equivalent to circumscribing the embedded
flaw with a semi-elliptic surface flaw. Operationally, the parameters are*

recalculated as follows. Defining a* as the corrected crack depth for the
*

- surface flaw,

c o1citaio91:io A-5
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a* - 2a + 5 = 2.325"

t = 5.0" .

-

a*/t = 0.347

a*/t = 0.465

Refering to figure A-1.1 for the surface flaw, i' is quickly seen that this flaw
is much too large to be acceptable and must be repaired.

Embedded Flaw Examole 2 (Point A)

Suppose an indication has been discovered which is embedded, and has the
following characterized dimensions:

2a = 1.0 in.
t = 1.5 in,

t = 9.16 in.

S = 0.75 in.

Calculating the flaw parameters, we have:
,

*

a/t = 0.0546 ,

a/t = 0.333

6 - S + a = 1.25 in. S/t = 0.136

Plotting these parameters on the embedded flaw evaluation chart, figure A-1.2 it
may be quickly seen that the indication is embedded, and is acceptable by
analysis (point A), since it lies below the a/t = 0.333 limit case.

.

Embedded Flaw Example 3 (Point B)

.

Suppose an indication has been discovered which is embedded, and has the
following characterized dimensions: .-

|
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1

2a = 1.47" a = 0.73"
( = 2.20" S = 1.325

t - 9.16"-

*
Calculating the flaw parameters, we have:.

- |

a/t = 0.08 l

a/t = 0.33 ;

6 - S + a - 2.06

6/t - 0.225

Plotting these parameters on figure A-1.2 (point B) we see that the indication

| is acceptable, since it falls below the line which is applicable to a/t - 0.333.
(Note that if a/t - 0.167, for example, the-indication would not be acceptable,
since point 8 would lie above that line, as may be seen in the figure.)

Embedded Flaw Example 4 (Point C)

.
A longitudinal embedded flaw of 1.15" x 5,38" was detected at a distance S =

,

1.075 in. underneath the-surface. Evaluate the flaw for code accepte.nce for
'

continued service without repair.,

.The flaw geometry parameters are determined as follows:
t - 6.69"

:

S - 1.075"
6 - S + a = 1.65"
t - 5.38"

and

a = 1/2 x 1.15:
. . = .575"

$ = ( 6.69 ) =0.247
1.65- -

| c

|

|
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8_ . ( 0. 57 5 ) =0.107f 5.38

a,4 0. 57 5 ) =0. 086
9,

.-

Evaluate the flaw by referring to figure A-1.2 and plotting the point (as point .

C). This is above the code acceptance limit line for a/t = 0.167, which should
also be used for a/t < 0.167; therefore, the flaw is not acceptable, and must be
repaired.

'

Note: The code acceptance lines become identical with the surface / embedded

flaw demarcation line with which they link up at points near the
surface. Therefore, in figure A-1.2 the code acceptance line for flaws
near the surface, 6/t less than 0.125, is identical with the

" surface / embedded flaw demarcation line up till 1980 Code".

*
|

~
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A-2 TUBESHEET-CHANNEL HEAD WELD REGION - STEAM GENERATOR *

~

A-2.1 SURFACE FLAW (LONGITUDINAL AND CIRCUMFERENTIAL FLAW) .

.

The geometry and terminology used for flaws in this region is depicted in figure
A-2.1.

The following parameters must be determined for surface flaw evaluation with the
charts,

o Flaw shape parameter a/t

o Flaw depth parameter a/t

abere

a = the surface flaw depth detected, (in.)
t= the surface flaw length detected, (in.)
t = wall thickness at the weld (t = 5.02") .

.

The surface evaluation charts for this region ara listed below:
,

..
,

Figure A-2.2 Surface Flaw Evaluation Chart for Circumferential Flaws at the
Inside Surface of the Tubesheet Channel Head Junction

Figure A-2.3 Surface Flaw Evaluation Chart for Circumferential Flaws at the
Outside Surface of the Tubesheet Channel Head Junction

.

.
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A-2.2 EMBEDDED FLAWS*

^

The geometry and terminology used for embedded flaws at the tubesheet channel.

-

head junction is depicted in figure A-2.1.

Basic Data:

t - 5.02 in.

6 - Distance of the centerline of the embedded flaw to the surface
(in.)

a - Flaw depth (defined as one half of the monitor diameter) (in.)

e - Flaw length (Major diameter) (in.)

a - M&ximum embedded flaw size in depth direction, beyond which it
must be considered a surface flaw, per Section XI characterization
criteria,

~

| The following parameters must be calculated from the above' dimensions to use the
'

,' charts for evaluating the acceptability of an embedded flaw

o F1aw shape parameter, a/t

o Flaw depth parameter, a/t

o Surface proximity parameter, 6/t

The embedded evaluation chart for the Tubesheet-Channel Head Weld:

; Figure A-2.4 Embadded Flaw Evaluation Chart for Longitudinal Flaws in the
Tubesheet Channel Head Junction.

Figure A-2.5 Test Temperature Determination Chart for Circumferential Flaws in.,

the Tubesheet Channel Head Junction for Primary Hydro Test

; WPF0165/101791:10 A-13
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Figure A-2.1
,

Geometry and Terminology for Flaws at the Tubesheet-Channel Head Junction
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A-3 TUBESHEET-STUB BARREL WELD - STEAM GENERATOR

-

~

A-3.1 SURFACE FLAWS

.

The geometry and terminology for surface flaws at the tubesheet-stub barrel weld
region of the steam generator is depicted in figu e A-3.1.

The following parameters must be determined for surface flaw evaluation with the
charts

o Flaw shape parameter, a/t

o Flaw depth parameter, a/t

where

a - The surface flaw depth detected (in.)
t - The surface flaw length detected (ia.)
t - Wall thickness at the weld (t - 3.19")

.

The surface flaw evaluation charts for this region are listed below
,

.

Figure A-3.2 Surface Flaw Evaluation Chart for Circumferential Flaws at
the Tubesheet - Stub Barrel Weld

A.3-2 EMBEDDED-FLAWS

The geometrical description of an embedded flaw in this region is depicted in
figure A-3.1.

Basic Data:

t - 3.19 in. .

6 = Distance of the centerline of the embedded flaw to the surface (in.) -

WPF0165/121091:10 A-18
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a - Flaw depth (defined as one half of the minor diameter) (in.)'

'

t - Flaw length (major diameter) (in.)-

.

a, - Maximum embedded flaw size in depth direction, beyond which it
must be considered a surface flaw, per ASME Section XI
characterization rules.

The following parameters must be calculated from the above dimensions to use the
charts for evaluating the acceptability of an embedded flaw:

o Flaw shape diameter, a/t i
)
!

o Flaw depth parameter, a/t I
i

o Surface proximity parameter, 6/t

The evaluation chart for embedded flaws;

The evaluation charts for embedded flaws in this region are listed below:,

o Figure A-3.3 Embedded Flaw Evaluation Chart for Circumferential and-

Longitudinal Flaws in the Tubesheet to Stub Barrel Weld
Region.

|-

o Figure A-3.4 Test Temperatures Determination Charts for Embedded
through Circumferential and Longitudinal Flaws in the
Figure A.3-6 Tubesheet Stub Barrel Weld for Secondary Hydro Test and

Secondary Leakage Tests for Farley Unit 1.

o Figure A-3.7 Test Temperatures Determination Charts for Embedded

through Circumferential and Longitudinal Flaws in the Tube-
Figure A-3.9 sheet Si.ub Barrel Weld for Secondary Hydro Test and.

-

Secondary Leakage Tests for Farley Unit 2
- -

| wno165/121091oo A-19
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A-4 STUB BARREL WELDS - STEAM GENERATOR*

*

A-4.1 SURFACE FLAWS.

.

The geometry and terminology for surface flaws in this region is depicted in
_

figure A-4.1.

The following parameters must be prepared for surface flaw evaluation charts

o Flaw shape parameter, a/t

o Flaw depth parameter, a/t

where -

a = the surface flaw depth detected (in.)
t = the surface flaw length detected (in.)
t - wall thickness (t = 3.19")

.

The surface flaw evaluation charts for this region are listed below
,

Figure A-4.2 Surface Flaw Evaluation Chart for the Stub Barrel 'nteraediate.

Seam Weld

Figure-A-4.3 Inside Surface Flaw Evaluation Chart for the Stub Barrel
Longitudinal Seams

.

Figure A-4.4 Outside Surface Flaw Evaluation Chart for the Stub Barrel
Longitudinal Seams

A-4.2 EMBEDDED FLAWS

.- The geometry and terminology for embedded flaws-in this region is depicted in
figure A-4.1.

. .

| Basic Data:
t 3.19 in.
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6 - Distance of the centerline of the embedded flaw to the surface *

(in.)
*

.

a = Flaw depth (defined as one half of the minor diameter) (in.)
,

t = Flaw length (major diameter) (in.)

a, = Maximum embedded flaw size in depth directions beyond which it
must be considered a surface flaw, per Section XI characterization
rules

The following parameters must be calculated from the above dimensions to use
the charts for evaluating the acceptability of an embedded flaw

o Flaw shape diameter, a/t

o Flaw depth parameter, a/t

o Surface proximity parameter, 6/t
.

.

The evaluation chart for embedded flaws is found in figure A-4.3.
,

1 ~

In view of figure A-4.5, an embedded flaw in this figure will be acceptable
regaraless of its size, shape, and location, as 'long as a/t < 0.125 in figure
A-4.1. This determination can be made by plotting the indication parameters
in the figure. If the plotted point falls below the diagonal line the
indication is embedded, and is therefore acceptable. In addition to this
chart, test temperature determination charts for both secondary hydro and leak
tests have been provided.

The evaluation charb fcr =beddad flaws are listed below:

Figure A-4.5 Embedded Flaw Evaluation Chart for Flaws in the Stub Barrel *
-

Welds
.
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-Figure A-4.6 Test Temperature Determination Chart for Embedded Flaws in the*

Stub Barrel Intermediate Seam for Secondary Hydro Test for
*

Farley Units 1 and 2-

.

Figure A-4.7 Test Temperature Determination Chart for Embedded Flaws in the
through Stub Barrel Intermediate Seam for Secondary Leak Test for
Figure A-4.8 Farley Units 1 and 2

.

L .

,-

.

..

,

4
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\

.Figure A-4.1
Geometry and Terminology for Flaws at the Stub Barrel Welds

,

.
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UPPER HEAD STEAM OUTLET *
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>
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A-5 LOWER SHELL-CONE WELD - STEAM GENERATOR-

'

A-5.1 SURFACE FLAWS-

.

The geometry and terminology' for surface flaws in the lower shell - cone weld
region is depicted in figure A-5.1.

The following parameters must be prepared for surface flaw evaluation charts

o Flaw shape parameter, a/t

o Flaw depth parameter, a/t

where

a - the surface flaw depth detected (in.)
L = the surface flaw length detected (in.)
t - wall thickness (t - 2.84")

The surface flaw evaluation charts for this region are listed below:
,

~

Figure A-5.2 Surface Flaw Evaluati,on Chart for Circumferential Flaws at the-

Inside Surface of the Lower Shell-Cone Weld

Figure A-5.3 Surface Flaw Evaluation Chart for Circumferential Flaws at the
Outside Surface of Lower Shell-Cone Weld

'
.

.
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|
, A-5.2 EMBEDDED FLAWS

-

+
|

'

The geometry and terminology for embedded flaws in this region is depicted in -

figure A-5.1.
,

i

Basic Data:
t = 3.19 in.

6 - Distance of the centerline of the embedded flaw to the surface
(in.)

a - Flaw depth (defined as one half of the minor diameter) (in.)

t - Flaw length (major diameter) (in.)
i

1

a, - Maximum embedded flaw size in depth directions beyond which it
'must be considered a surface flaw, per Section XI

characterization rules.

The following parameters must be calculated from the above dimensions te use the
,

charts for evaluating the acceptability of an embedded flaw
~

.

o Flaw shape diameter, a/t

o Flaw depth paramete , a/t

i

o Surface proximity parameter, 6/t

The evaluation chart for embedded flaws is found in figure A-5.4.

In view of figure A-5.4, all embedded flaws which meet the criterion a/t < 0.125

| will be acceptable regardless of their size, shape, and location.
.

The embedded flaw evaluation charts for the lower shell-core weld are as
| follows: -

m o16s/12io91:10 A-42
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Figure A-5.4 Embedded Flaw Evaluation Chart for Circumferential Flaws in the*

Lower Shell-Cone Weld of the Steam Generator
*

.

Figure A-5.5 Test Temperature Determination Chart for Circumferential Flaws
,

near the Inside Surface of the Lower Shell-Coiie Weld of Steam
Generator for Secondary Hydro Test for Farley Units 1 and 2

Figure A-5.6 Test Temperature Determination Chart for Circumferential flaws
through near the Inside Surface of the 1.cwer Shell-Corie Wald of Steam
Figure A-5.7 Generator for Secondary leak Tests for Farley Units 1 and 2.

.

.

-

.

.
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1.

Figure A-5.1 !
lGeometry and Terminology for Flaws at Lower Shell-Cone Weld ,'

i
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.
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'
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A6 UPPER SHELL-CONE WELD - STEAM GENERATOR

*
A 6.1 SURFACE FLAWS.

.

-The geometry and terminology for surface flaws in this region is depicted in
figure A-6.1. |

The following parameters must be prepared for surface flaw evaluation charts

o Flaw shape parameter, a/t j

l

o Flaw depth parameter, a/t

where
'

a - the surface flaw depth detected (in.)
L - the surface flaw length detected (in.)
t= wall thickness (t - 3.62")

.

The surface flaw evaluation charts for this region are listed below:
,

'

Figure A-6.2 Surface Flaw Evaluation Chart for Circumferential Flaws at,

the Inside Surface of the Upper Shell-Cone Weld of the Steam
Generator

,

figure A-6.3 Surface Flaw Evaluation Chart for Circumferential Flaws at
the Outside Surface of the Upper Shell-Cone Weld of the Steam
Generator

*
.

* .

I
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A-6.2 EMBEDDED FLAWS

'

The geometry and terminology for embedded flaws in this region is depicted in -

figure A-6.1.
,

Basic Data:

t - 3.62 in.

6 = Distance of the centerline of the embedded flaw to the surface

(in.)

a - Flaw depth (defined as one half of the minor diameter) (in.)

t - Flaw length (major diameter) (in.)

a, - Maximum embedded flaw size in depth direction, beyond which it
must be considered a surface flaw, per Section XI
characterization rules. .

*

.

The following parameters must be calculated from the above dimensions to use; ,

the charts for evaluating the acceptability of an embedded flaw -

o Flaw shape diameter, a/t

o Flaw depth parameter, a/t

o Surface proximity parameter, 6/t

The evaluation charts for embedded flaws for this region are listed below:

Figure A-6.4 Embedded Flaw Evaluation Chart for Circumferential Flaws in
I

| the Upper Shell-Cone Weld of the Steam Generator *
.

|

Figure A-6.5 Test Temperature Determination Chart for Embedded Flaws in '

the Upper Shell-Cone Weld of the Steam Generator for

| Secondary Hydro Test for f arley Units 1 and 2
1
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. . . , _.

Figure A-6.6 Test Temperature Determination Chart for Embedded Flaws in*

through the Upper Shell-Cone Weld of the Steam Generator for
* Figure A 6.7 Secondary Leakage Tests.

.

.

.

9

.

|

*
.

,

- .

WPF0165/121091:10 A-53

!-
_ _ __ - . . . . - - . . _ - _ . . . - , . - - . . . . - ~ _ - . - _



.

__ _

I Figure A-6.1
Geometry and Terminology or Flaws at Upper Shell Cone

'
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'

A-7 VPPER SHELL WELDS - STEAM GENERATOR
,

'

A-7.1 SURFACE FLAWS
-

.

The geometry and terminology for surface flaws in this region is depicted in
figure A-7.1.

The following parameters must be prepared for surface flaw evaluation charts
;

o Flaw shape parameter, a/t

o Flaw depth parameter, a/t

where

a = the surface flaw depth detected (in.)
t = the surface flaw length detected (in.)
t- wall thickness (t - 3.62")

.

'The surface flaw evaluation charts for this region are listed below:,

Figure A-7.2 Surface Flaw Evaluation Chart for Longitudinal Flaws at the-

Inside Surface of the Upper Shell

Figure A-7.3 Surface Flaw Evaluation Chart for Longitudinal Flaws at che
Outside Surface of the Upper Shell

Figure A-7.4 Surface Flaw Evaluation Chart for Circumferential Flaws at
the Inside Surface of the Upper Shell

Figure A-7.5 Surface Flaw Evaluation Chart for Circumferential Flaws at
the Outside Surface of the Upper Shell

p. A-7.2 EMBEDDED FLAWS
*

- The geometry and terminology for embedded flaws in this region is depicted in
figure A-7.1.

m o16s/121091:to A-61
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|
l

'

Basic Data:

t - 3.62 in. '|-

.

o - Distance of the centerline of the embedded flaw to the surface

(in.)

a - Flaw depth (defined as one half of the minor diameter) (in.)

t - Flaw length (major diameter) (in.)

a, - Maximum embedded flaw size in depth direction, beyond which it
must be considered a surface flaw, per ASME Section XI

characterization rules.

The following parameters must be calculated from the above dimensions to use
the charts for evaluating the acceptability of an embedded flaw

o Flaw shape diameter, a/t .

o Flaw depth parameter, a/t
,

o Surface proximity parameter, 6/t
.

-

The evaluation charts for embedded flaws for the this region are listed below:

Figure A-7.6 Embedded Flaw Evaluation Chart for Flaws in the Upper Shell

of the Steam Generator

Figure A-7.7 Test Temperature Determination Chart for Longitudinal
Embedded Flaws in the Upper Shell of the Steam Generator

for Secondary Hydro Test for Farley Units 1 and 2

Figure A-7.8 Test Temperature Determination Chart for Longitudinal
'

through Embedded Flaws in the Upper Shell of the Steam Generator .

Figure A.7-9 for Secondary Leakage Tests for Farley Units 1 and 2
.
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Figure A-7.10 Test Temperature Determination Chart for Circumferential
Embedded Flaws in the Upper Shell of the Steam Generator

*

for Secondary Hydro Test for Farley Units 1 and 2*

.

Figure A-7.11 Test Temperature Determination Chart for Circumferential
through Embedded Flaws in the Upper SHell of the Steam Generator
Figure A-7.12 for Secondary Leakage Test for Farley Units 1 and 2 '

. _

.

#

e

9

i

Y

l

*
.

* e

WpF0165/121091:10 A-63

... _ _ _ _ . _ _ _ . _ _ _ . . _ _ _ _ _ _ _ . . . . _ . _ . . _ _ _ - _ _ _ _ _ _ _ _ . _._ __



.. - . . . - _ - _ _ = _ - ~ - . - . - _ . . - - - __

|

1

.

Figure A-7.1
Geometry and Terminology for Flaws at Upper Shell

.
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A-8 UPPER SHELL-DOME WELD - STEAM GENERATOR

'

A-8.1 SURFACE FLAWS -

.i
The geometry and terminology for surface flaws in this region is depicted in
figure A-8.1. |

The following parameters must be prepared for surface flaw eval Jation charts

o Flaw shape parameter, a/t

o Flaw depth parameter, a/t

where

a - the surface flaw depth detected (in.)
t - the surface flaw length detected (in.)

t.- wall thickness (t - 3.76";

.

The surface flaw evaluation charts for this region are listed below:
.

Figure A-8.2 Surface Fl aw Evaluation Chart for Circumferential Flaws in .
.

the Upper 3 hell-Dome Weld of the Steam Generator

2 13 . 2 EMBEDDED FLAWS

The geometry and terminology for embedded flaws in this region are depicted in
figure A-8.1.

Basic Data:

t = 3.76 in.

~.
6r Distance of the centerline of the embedded flaw to the surface

(in.) .-

a = Flaw depth (defined as one half of the minor diameter) (in.)

WPF0165/121091:10 A-76
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l

I

- t - Flaw length (major diameter) (in.) |

'

a, - Maximum embedded flaw size in depth direction, beyond which it,

must be considered a surface flaw, per Section XI
characterization rules.

The following parameters must be calculated from th. above dimensions to use
the charts for evaluating the acceptability of an embedded flaw

o Flaw shape diameter, a/t

o Flaw depth parameter, a/t

,
o Surface proximity parameter, 6/t

|

Evaluation charts for embedded flaws are listed below-

Figure A-8.3 Embedded Flaw Evaluation Chart for Circumferential Flaws in
the Upper Shell-Dome Weld of the Steam Generator

.

.
.

Figure A-8.4 Test Temperature Determination Chart for Circumferential
' Flaws in the Upper Shell-Dome Weld of the Steam Generator for-

the Secondary Hydro Test for Farley Units 1 and 2

Figure A-8.5 Test Temperature Determination Chart for Circumferential
through Flaws in the Upper Shell-Dome Weld of the Steam Generator for
Figure A-8.6 the Secondary Leakage Tests for Farley Units 1 and 2

i

'

|

|
* .

i G
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Figure A-8.1
Geometry and Terminology for Flaws at Upper Shell Dome Weld of the

Steam Generator ,'
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A-9 FEE 0 WATER N0ZZLE REGION - STEAM GENERATOR
'

'

A-9.1 SURFACE FLAWS - N0ZZLE TO SHELL WELD -

.

The geometry and terminology for surface flaws in the feedwater nozzle to
shell weld region is depicted in figure A-5.1.

The following parameters must be prepared for surface flaw evaluation charts

o Flaw shape parameter, a/t

a Flaw depth parameter, a/t

where

a - the surface flaw depth detected (in.)

t - the surface flaw length detected (in.)

.

-t - wall thickness at the feedwater nozzle (t - 3.62")
^

|
.

The surface flaw evaluation charts for the feedwater nozzle are listed below .

Figure A-9.2 Flaw Evaluation Chart for Longitudinal Flaws at the Inside
,

Surface of the Feedwater Nozzle - Shell Weld

| Figure A-9.3 Flaw Evaluation Chart for Circumferential Flaws at the Inside
Surface of the Feedwater Nozzle - Shell Weld

Figure A-9.4 Flaw Evaluation Chart for Flaws at the Outside Surface of the
: Feedwater Nozzle - Shell Weld

A.9-2 EMBEDDED FLAWS - N0ZZLE TO SHELL WELD -
.

The geometrical description of an embedded flaw in the feedwater nozzle to .-

shell weld region is depicted in figure A-9.1.

WPF0165/121091:10 A-84
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Basic Data:

'

t - 3.62 in.-

.

6 - Distance of the centerline of the embedded flaw to the surface
(in.)

a - Flaw depth-(defined as one half of the minor diameter) (in.)

e - Flaw length (major diameter) (in.)

a, - Maximum embedded flaw size in depth direction, beyond which it
must be considered a surface flaw, per Se: tion XI
charc.:terization rules.

The following parameters must be calculated from the above dimensions to use
the charts for evaluating the acceptability of an embedded flaw

o Flaw shape diameter, a/t.

.

o Flaw depth parameter, a/t
.

o Surface proximity parameter, 6/t

The evaluation charts for embedded flaws are listed below:

Figure A-9.5 Embedded Flaw Evaluation Chart for Flaws near the Inside
Surface of the Feedwater Nozzle

I Figure A-9.6 Test Temperature Determination Chart for Circumferential
Embedded Flaws in the Feedwater Nozzle for the Secondary

Hydro Test and Secondary Leak Test

. *

..
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A-9.3 SURFACE FLAWS - FEEDWATER N0ZZLE CORNER

.

The geometry and terminology for surface flaws in the feedwater nozzle corner '

region is depicted in figure A-9.1. _

The following parameters must be prepared for surface flaw evaluation charts

o Flaw shape parameter, a/s

o Flaw depth paramete:, a/t

where

a = the surface flaw depth detected (in.)

t - the surface flaw length detected (in.)

t - wall thickness at the feedwater nozzle (t = 6.33")
.

The surface flaw evaluation chart for the feedwater nozzle corner is listed ,

j- below
.

Figure A-9.7 Flaw Evaluation Chart for Longitudinal Flaws at the Inside
,

Surface of the Feedwater Nozzle - Corner Region

*
.

e 4

|
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Figure A-9.1 |
. |

Geometry and Terminology for Flaws at the Feedwater Nozzle Region |
.. .
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A-10 STEAM OUTLET N0ZZLE TO HEAD WELD - STEAM GENERATOR

'
'

A-10.1 SURFACE FL WS

.

The geometry and terminology for surface flaws in the steam outlet nozzle-head
weld region is depicted in figure A-10.1.

The following parameters must be prepared-for surface flaw evaluation charts

o Flaw shape parameter, a/t

o Flaw depth parameter, a/t

where

a = the surface flaw depth detected (in.)
t - the surface flaw length detected (in.)
t - wall thickness (t = 3.77")

.

. The surface flaw evaluation charts for this region are listed below: ,

,

! - ,

Figure A-10.2 Surface Flaw Evaluation Chart for Circumferential Flaws at*

the Steam Outlet Nozzle to Head Weld of the Steam Generator

*
.

*e
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*

A-10.2 EMBECDED FLAWS |

|
''

The geometry and terminology for embedded flaws in this region is depicted in *

figure A-10.1. .

Basic Data:

t - 3.77 in. |

1

lE - Disiance of the centerline of the embedded flaw to the surface
(in.)

a - Flaw depth (defined as one half of the minor diameter) (in.)
!

t - Flaw length (majo' diameter) (in.)

a, - Maximum embedded flaw size in depth directions beyond which it
must be considered a surf ace flaw, per Section XI
characterization rules. .

.

The following parameters must be calculated from the above dimensions to use
,

the charts for evaluating the acceptability of an embedded flaw -

o Flaw shape diameter, a/t
o Flaw depth parameter, a/t
o Surface proximity parameter, 4/t

The evaluation chart for embedded 4 laws is #ound in figure A-10.3.

In view of figure A-10.4, all embedded flaws which meet the criterion a<t
0.125 will be acceptable regardless of their size, shape, and location.

The embedded flaw evaluation charts for the steam outlet nozzle to hehd weld:
.

Figure A-10.3 Embedded Flaw Evaluation Chart for Circumferential Flaws in
the Steam Outlet Nozzle to Head Weld - Steam Generator '

t
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~

Figure A-10.4 Test Temperature Determination Chart for Circumferential
through Flaws near the Inside Surface of the Steam Outlet Nozzle to

.
' Figure A-10.6 Head Weld - Steam Generator for Secondary Hydro Test and

Secondary Leak Tests.

!

,

,

.

.

.

,

|

.
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Figure A 10.1
Geometry and Terminology for Flaws at Steam Outlet Nozzle to Head Weld
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A-Il PRIMARY N0ZZLE SAFE END WELD - STEAM GENERATOR l*

A-ll.1 SURFACE FLAWS -
.

.

The geometry and terminology for surface flaws in the primary nozzle safe-end
weld region is depicted in figure A-II.l.

The following parameters must ce prepared for surface flaw evaluation charts

o Flaw shape parameter, a/t

o Flaw depth parameter, a/t
i

where

'

a = the surface flaw depth detected (in.)
t = the surface flaw length detected (in.)
t - wall thickness (t - 3.45")

.

The surface flaw evaluation charts for this region are listed below:
.

Figure A-11.2 Surface Flaw Evaluation Chart for Cire,umferential Flaws at -

the Inside Surface of the Primary Nozzle Safe End Weld -
Steam Generator

-Figure A-11.3 Surface Flaw Evaluation Chart for Circumferential Flaws at
Outside Surface of Primary Nozzle Safe End Weld - Steam
Generator

|-

.

..
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..

A-11.2 EMBEDDED FLAWS

*
.

The geometry and terminology for embedded flaws in this region is depicted in
figure A-11.1.-

1

l

Basic Data:

t - 3.77 in.

!

6 - Distance of the centerline of the embedded flaw to the surface
(in.)

a - Flaw depth (defined as one half of the minor diameter) (in.)

t - Flaw length (major diameter) (in.)

a, - Maximum embedded flaw size in depth directions beyond which it
must be considered a surface flaw, per Section XI

* characterization rules.
.

The following parameters must be calculated from the above dimensions to use.

' * the charts for evaluating the acceptability of an embedded flaw-

o Flaw shape diameter, a/t

o Flaw depth parameter, a/t

o Surface proximity parameter, 6/t

.~
l

O E

wro699/121091:10 A-109

!
. . _ . . . - . - . _ ._ _ _ _ _ - _ - _ _ _- - _

-



.

The evaluation chart for embedded flaws is found in figure A-11.4.
i

.
*In view of figure A-ll.4, all embedded flaws which meet the criterion a/t

<0.1.'5 will be acceptable regardless of their size, shape, and location. -

The embedded flaw evaluation chart for the Primary Nozzle Safe End Weld:

Figure A-ll.4 Embedded Flaw Evaluation Chart for Circumferential Flaws in
the Primary Nozzle Safe End Weld - Steam Generator

|
|

.

6

8

9

9

. *
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Figure A-11.1
,

Geometry and Terminology for Flaws at Primary Nozzle Safe End Weld
i.
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A-12 UPPER SHELL TO HEAD WELD - PRESSURIZER

*
A-12.1 SURFACE FLAWS*

<
.

The geometry and terminology for surface flaws in this region is depicted in i

figure A-12.1.

The following parameters must be prepared for surface flaw evaluation charts

o Flaw shape parameter, a/t )
:

o Flaw depth parameter, a/t

where

a - the surface flaw depth detected (in.)
t - the surface flaw length detected (in.)
t - wall thickness (t - 1,9")

d'

The surface flaw evaluation charts for these regions of the pressurizer are

| listed below:.

,.

Figure A-12.2 Flaw Evaluation Chart for Circumferential Flaws at the Inside
I

Surface of the Upper Shell to Head Weld - Pressurizer

Figure A-12.3 Flaw Evaluation Chart for Circumferential Flaws at the
Outside Surface of the Upper Shell to Head Weld - Pressurizer

|

|

c
!.-

|
..

f

l
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A-12.2 EMBEDDED FLAWS -

The geometry and terminology for embedded flaws in this region appear in '
.

figure A-11.1.
.

Basic Data:
,

t - 1.9 in.

6 = Distance of the centerlina of the embedded flaw to the surface
(in.)

a - Flaw depth (defined as one half of the minor diameter) (in.)

t - Flaw length (major diameter) (in.)

a - maximum embedded flaw size in depth direction, beyond which it
must be considered a surface flaw, per Section XI characterization

1

'
!

rules.
.

1

The following parameters must be calculated from the above dimensions to use '.
the charts for evaluating the acceptability of an embedded flaw

o Flaw shape dir. meter, a/t
o Flaw depth parameter, a/t
o Surface proximity parameter, S/t

Evaluation charts for embedded flaws in these regions of the pressurizer are
listed below:
Figure A-12.4 Embedded Flaw Evaluation Chart for Circumferential Flaws at

the Upper Shell to Head Weld - Pressurizers

.

..
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Figure A-12.1,

Ge:netry and Terminolcgy for flaws in the Upper Shell
to Head Weld - Pressuri:er,

,

bail
Tat: ~tss t i

.

I

6~ > I

s.es* 7 --
g

3.95*, < . ji

k .

3 L. i--

I37.zs*
. ._.

U s ,
n - 2 _

|

= ' TYPICAL EMBEDDEDsi.so* m

in.m. ase* cinc FLAW INDICATION
.-

2*

U VA.L
5 Td1 wNCES1 i,

o,

|I37.50*
,

p% ELD 14. TM-14
3.95* 4 - |4* RR3E ;

o \ 3.88*

\ t.90* 9 7
" % , ), s ' ' ft\ =~

m.so* ,

%#
M . C3* Q \ 3.2. M' ~~

273* CTRO
. \CS-1 l_

I
. e

o i I
U

|+

- - -

' '

TYPICAL SURFACE
FLAW INDICATION

.

aan. a:7s,ic A-117

.



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

.

LEGEND

A - The 10. 20, 30 year
acceptable flaw lim 1 L.

8 - Within this zone, the
;
' surface flaw is acceptable

10 .20 30
20 A by ASME Code analytical

criteria in IWB-3600.;
I

' s' ', ,
, ,

, ,' ', ,
, ,' '

18 y ., i
C - ASME Code allowable since' '

' '

1983 Winter Addendum.
,

'
,

,

16 d
,

l D - ASHE Code allowable prior,
,

'' |
. t' to 1983 Winter Addendum.|:- f14

g,

p i
= 12
I

! F-
'

? Ei 10 j -

a /-

6 3: C.:. ,

4 8 '; >
- ,, f !"

| o',,,
,oa

= ,..
,

"'
.

G '.o,,,
''I li',,,,,"'i,

"" - 0 Westinghouse 1987I g ".
4 ; ;,,,,,

,,

: ! D"

t
-

; 2 1
j-

I

. , , i | |i o
o 0.1 0.2 0.3 0.4 0.5

FL AW Sit APE (a#)

.

Figure A-12.2 Flaw Evaluation Chart for the Upper Shell to Head Weld - Pressurizer
X Inside Surface X Surface Flaw Longitudinal Flaw

Outside Surface Embedded Flaw X Circumferential Flaw

3652s/031039 10
. . . .,

O e * tq e

.___m - . -___.-m --.m__.- .- - - . . _ . _ _ _ = __ ._m_ _ _ - - . _. -__ _ - --._.__ _
-

.



'. .,'
"' -'

.. . ,

w$mits.ce b f

?H[E|E||g"f||0iM$!$.

I||$a|u|$amal ldid)B
12

i
'

L
^

FLAW SH APE #1

X n de face u ace Fla Lo itudina w

|
X Outside Surface Embedded Flaw X Circumferential Flaw

w.4n i.



__ . _ _ . . _ . __. _ _ . - _ . _ __ _ _ _ _

.

*

SURFACE / EMBEDDED a

FLAW DEM ARCATION
LINE ..

0.13 m. .. .. .~

.nihild',i diEMBEDDED FL4Wi'i= :=nr.-- I3 "IC *E 8
.. . . . . . . . . .

:. ... y=n -i n: .. . n rn. . ' FLAWS WITH t.:. C O N FIG U%-..R.~ATI.O. N :/-e_ u 3. j 1 .c -2.n = ...:
nu.r- en

==.n,

n. :r
0.12

..s..iti_a.:~i3:3
ABOVE THIS LINE ARE;

.. #% ... ..a,;. ggr...i.i.i/. 3.. .a un:...=.. . . ..;;g;3..g;;3:e;
~

NOT ALLOWABLE
.... _ .._.

" ~L="~ug n =nf':'. .; :n, = n4= .. nu ==} = nn un .n

0.11 "~";gn
~

:

~ " ~ " * " " " * *' ..""
"c.. .". "E. .id.i. l_iii3.. o5.i G. ~k;.i.F.Af.i.d. iE.!?"1.i.iii ._E. .i.l.i.E..: .il. "..

" " * ~ "-=

- " . -. n. .n. .. - . . . .

__ I-ii*/!~~iiM
iEiilih$i}}i.52 ii!IINsIi5[. . ..}.Er_ _ . . . . . ... .

Ei =" = ~C R=ETf.i ih0.10 .. . . . . . ......

/iii3=i|'iE. . . -iiiiF=i-:= ..uh...!! '.E

si =E ai gliiiEina/iisinitimi 1515;: :WE isti-
0.09 -. .is. - . . .. - . .

/..
=

. . . - . . . . - . . .

| EEEE ..!!E . :'i si5s. .- . .= ii..).=E
..

E:-. i!I.h. .m =!=t . . - . .--6 ::aliin=:.

===aEm=1 =iwesc51.;:;;1mliriinigsliginitw
~

|
.8

&w % g; jg g iig iiig i i;iig;iitigg ; i

We "sunrace:e*N!4mEia=m=Einc nt=Ei!='"..;sim!Emi, m 0.07i ,

N:=b:! :iN5ii b$.NiNb :I!IN!h IEi}NN-ir!U:nt=t=n5|E[ l'.4..._...._...
.d. . . . .-....$.=..._......

. . .
-

....

Z IE FLAWS IN THIS fifiiiEdiliE:'*Fi= n n. :: ndii= ". "j j :' :r 0.06 gREGION MUST BE rp--j:ig5.j.q; . .p# .i. -":g.ig:gi: ::~ jn;55jii..;; ..iO .

CONSIDERED - - - -- - - ~ "

[.~i _ h~.. ; .;ijE;i:ii5jii~{i!}i@ i :ijMs"@jEEiii-
~---- -- - - - ~

% } SURFACE E h
D e r-[5L5I5iii' .:iiii5 Nisiii UNNi i: 'ii'k?.' I.d:Fi HFlii:

y a'o, ==iNeihmi/=us;Miffittii: 3iti. i!E =Ef!E EiiiF j?.i* ALL EMBEDDED FLAWS .

'

filEili'"T:E iiMS $'- tiu tip= (ON THIS SIDE OF'NiLEi;iEii" i . e.
DEMARKATION LINE)--

-icj="'""!)!/ nj":-ii =r81.:22]= --

u!n.::= ' + = - ~~= p~ . it' ": .
~ ~ ~ " ' ' " ''' ~ " - " ' ' ARE ACCEPTABLE PER
=i=E:iiff Pliti.hh5his' ~ ii i-EiiiW r!=ii :i!?iEi:i@ Ei- CRITERIA OF IWB 3300

0'03
*

= "i i E i- -

AS LONG AS af O.252
O'02 liii /'ii! !:silliW i iSE '"ihi 1:!-6 siiiiEF= . U ti

i '0.01
i-fii =d== Hi=; Eiiii=~ 4: ad "!i; 4fi "! '

I f. ]" a -}i: :ip. .ijn-ii Fin ^ii . [; .:Hi (!P |

0 0.05 0.10 0.15 0.20 0.25*

DISTANCE FROM SURFACE (f)
(
,

|
t

1

i

l

'
.

Figure A-12.4 Flaw Evaluation Chart for the Pressurizer Upper Shell to Head
, ,

Weld - Pressurizer

_X, , Inside Surface Surface Flaw X Longitudinal Flaw
X Outside Surface X Embedded Flaw X Circumferential Flaw

,

( 3652s/031089 10 A-120
|

,

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



i
!

i

!.

A-13 UPPER SHELL CIRCUHFERENTIAL WELDS - PRESSURIZER

*

A-13.1 SURFACE FLAWS

.

The geometry and terminology for surface flaws in this region is depicted in
figure A-13.1.

The following parameters must be prepared for surface flaw evaluation charts

o Flaw shape parameter, a/t

o Flaw depth parameter, a/t

where

a - the surfaca flaw depth detected (in.)
t - the surface flaw length detected (in.)
t - wall thickness (t - 3.75")

.

The surface flaw evaluation charts for these regions of the pressurizer are
,

listed below:.

, .

Figure A-13.2 Surface Flaw Evaluation Chart for Circumferential Flaws at
Inside Surface of the Upper Shell Circumferential Welds -
Pressurizer

Figure A-13.3 Surface Flaw Evaluation Chart for Circumferential Flaws at
the Outside Surface of the Upper Shell - Pressurizer

.-

..
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*
A-13.2 EMBEDDED FLAWS

'The geometry and terminology for embedded flaws in this region is shown in *

figure A-13.1. ,

Basic Data:

t - 3.75"

|
6 - Distance of the centerline of the embedded flaw to the surface i

(in.)
|

a = Flaw depth (defirad as one half of the minor diameter) (in.) '

t - Flaw length ('dajor diameter) (in.)

a = maximum embeddest flaw size in depth direction, beyond which it
must be considered a surface flaw, per Section XI characterization

.

rules.
,

.

The following parameters must be calculated from the above dimensions to use -

the charts for evaluating the acceptability of an embedded flaw

o Flaw shape diameter, a/t
o Flaw depth parameter, a/t
o Surface proximity parameter, B/t

Evaluation charts for embedded flaws in these regions of the pressurizer are
listed below:
Figure A-13.4 Embedded Flaw Evaluation Chart for Circumferential Flaws at

the Upper Shell Circumferential Welds - Pressurizer
*

.

.-
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Figure A-13.1
,

Gecmetry and Terminology for Flaws in the Upper Shell
Circumferential Welds - Pressuri:er

a ,

BALL
- Twl0rNE55t !

I

j, ( ~

1--

I o

3 --

L. iin.zs-

. ,--

U 6

h I

si.sc cc
TYPICAL EMBEDDED=

32s*25- ass- circ-

FLAW INDICATION
_

'

2
*

n ,
4AL*

h Tw!:<.srss t i

!,n.=- -

7_,

C P M "'''o s.95- 4 -

\ s. - iu
\ c .so- e / i

" ' ~ ,./.
''

h
,5,3a.

W
.

_ N cs *s
C** I2 - -v.co- oo

- )g ,. e , _ _ .

o | | U i

--.
*

.

t. .

|

TYPICAL SilRFACE
FLAW IND1: ATION

nui a::aa ' A-123

_ _ _ _ _ _ _ _ _ _ - _ _ _ __ _ _ _ - _ _ _ . _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ - _ _ - _ _ _ _ _ _ - _ - _ _ -



LEGND_

4 - The 10, 20, 30 year
acceptable flaw Ilmits.

8 - Within this zone, the
surface flaw is acceptable
by ASME Code analytical

20 criteria in Ild8-3600.

18 | C - ASME Code allowable since
1983 Winter Addendum.

16 0 - ASME Code allowable prior
to 1983 Winter Addendum.

14-

?.
i 12
I

U
as 10 t-

, a
'10 1A

,

Ib k 3. <

)
,

_a 20*
'l''

6 'C, A. (30 YR)
,

,

'

D'
-"4 -

'' # '

a
,7|,

,,,,,,,,,

2 j
'

'I'
. ; , i'

O 0.1 0.2 0.3 0.4 0.50

FLAW SHAPE Mi

' Figure A-13.2 Flaw Evaluation Chart for the Upper Shall Circumferential Welds - Pressurizerl

X Inside Surface X Surface Flaw Longitudinal Flaw

Outside Surface Embedded flaw X Circumferential flaw

a s
365h/031089 IO * e

* ,
e s

_m

.. _



- _ - - - - _ _ _ -

. . . . ..

. . . . .- .

L Ef;END

A - The 10. 70. 30 year
atteptalj\c |ldw listaits.

11 - Within this zone, the

20 A surface flaw is acceptable
by A$PtE Code analytital' s

criteria in IWil-3600.
18

C - ASME Code allowable sinte
16 19113 Winter Addendum.

D - ASME Code allowable priorI3 to 19113 Winter Addendum.
;
k 12
I $
2
m 10

P O |

$ k 8
a'

6
i s

| | C
4 g oweu.awoo isai

,

.i I
i 0

|JI .4 .'.....e *'
t'"'

,,

| || I'

o I l I b'll I - !-

o 0.1 0.2 0.3 n.4 os
,

i I AW SH API _ (.s/r)

Figure A-13.3 Flaw Evaluation Chart for the Upper Shell Circumferential Welds - Pressurizer
Inside Surface X Surface Flaw Longitudinal Flaw

X Outside Surface Embedded Flaw X Circumferential Flaw
,

3M2./U31089 50

_ _ _ _ _ _ . _ _ _ _ _ _ _ _ _



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

.

*
.

SURFACE / EMBEDDED
FLAW DE M ARCATION
LINE

.

10, 20s 30 YRSO 13 . .. f.

I! '. | .ld- f W at DDED rLAw ''_ .
.. .. . .../8' IM. ." ' ' "L=. 1:~:.i is **I.: !: pgggg gg7g d

. c o,- . .. ,o..N . .fi . .t' ..
.

... Neiovaati . .
-.

.
..;) t

.
| wg +..v- :: n..

=

. . ~ L: :.-0.12
.

. 4. . 3.p:c . y.. ABOVE THIS LINE ARE..

: p.% a . . 3. . .. . ..q7 .
- .: u. . . .

gir; .| ._
-- --

'
, r.t., .q g". =
:: :. .

0'11 " "' '

_.. . . f g.g"...t;. :f, .--. .
. . - NOT ALLOWABLE_. _ . . . . ..

..~~~" :."~ ~~ ' n~
Mii- -Qf: 1}p .:s'i3 i-f:i "iiiUf .M :EiiI! ::-Mr '.#_''

.

=yyi< = { .=i; y _: 3 : M.ip-iin '41iag;:pT;hi.- |.

.

~ -:lJf..;0 10
.: . ..g : agn..::= .:. :t# :=p =Bi:EU U l
=

,._. ..

> . .i . [ I' :
- , . .

[:FM ..I"g... !.
. . .

"M.E"f E '-
..- . . ~ - . .

I :]$4f*.En "::- : r

47., O'O8 :ti-t .* -l := A ".F"f:tf i! bit
*L - , - ''

i:T #if Mitt Et.:. ;
-

.|- . NQ2:=iiinriiXgii .;t:(.r:iAgii" 1" _:~=it:iiiiiiiir;i- 1
: i

I 0'O8 's m a w hiil / .t Ei W /f i ii .i.Eiiiti!*ii"J5tiittst:ip : J! p a**ctt i:Mit/ it'i4i"EM@ - 4 :r- i9:M!i31 li:idiii.
0~07 su

g miam:iT a m 6 Hit / :diliilridi =!=: ;i=:ii.- :5i;; - i!M:

:r u,aio m t m ,s ,g ; f a:#i "97//Wii+ -A i.:
.u'..tii#iii.ihiii'

Xfr_ws Fz '

> 0.06 , uvs .: . '' p. : 7" , p'zC ':: C o N slD E R ED " " ' ' ' b7".5. ."' '"
. _ . .
~~'

r''
- '" *

g I!suaracs /'.;p'.:
'

: fti "?i(" 2U T ii.-in.iEiij"Ei Fhg
_0.05 .ruws .. .

n i. : -3ri ..$ fi t :: :- e----- - '.-i#. . .fft;-
_i!!!.=i

.... : iMii- : ri. . ..":

E O'04 ' -
"j . . -

. . 4_ . . "I..
.

..q
. '. . . 9, y, _ .

. . . .
-- - ' * ALL EMBEDDED FLAWS -

:it. ; iij - (ON THIS SIDE OF.:il e.: iip 'f. Ig!,% 4". . - "

.b.: . al:/ /X M. =ia.i...?. I _'
6:iij .a

: h:;. .e.
n:

ni.':
" ''

DEMARKATION LINE) -

n t- : . .I. .- en -

.3-- el . .i
.

:- ARE ACCEPTABLE PER:iiii":/ ///i:i. f.T!r.-- Elu :: +1 -e & Ji!!=a:il : "'
.*

: i :- CRITERIA OF iWB 3600 .

';E.4i/ 8
".iiiii

49 'il ' fj. uni"- 'Tii!! :?. - :-!:1. "': AS LONG AS f(.0.25
i - 2

''

iij . . . ;.: : 3:. ..:i k. .:n.:.H. i:;-j ' hi - e :'hiiHii" .:t i '.:: t. c ... .

"J ;ij" .- F } .#- .iti:. _.J.; .ulir !!8 .. n};;ili "|.!!!0.01
=. ) . :. ::p:n r:-j .-.:;

.

J.. .|..
. . . . . . . . _ .

:
.

:i.. in .
:- r. :. i ,: - --:;

. . . ..
. ,_

ria i: . .:j . ;| j:1 ' i j" < '{: J: :. : . .- -|
0 0.05 0.10 0.15 0.20 0.25

DISTANCE FROM SURFACE (E)
t

.

.

Figure A-13.4 Flaw Evaluation Chart for the Upper Shell Circumferential Welds
..

- Pressurizer
X Inside Surface Surface Flaw Longitudinal Flaw
X Outside Surface X Embedded Flaw X Circumferential Flaw

'"2"''""' A-126

-_ _ _ _ _ _ _ _ - _ _ _ _ _ - _ _ _ - _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ _ _ - _ _ _ - _ - _ _ _ _ _ _ - _ _ -



'

A-14 UPPER SHELL LONGITUDINAL WELDS - PRESSURIZER

' - A-14.1 SURFACE FLAWS

.

The geometry and terminology for surface flaws in this region is depicted in
figure A-14.1.

The following parameters must be prepared for surface f'.aw evaluation charts

o Flaw shape parameter, a/t

o Flaw depth parameter, a/t

where

a = the surface flaw depth detected (in.)
t - the surface flaw length detected (in.)
t - wall thickness (t - 3.75")

.

The surface flaw evaluation charts for these regions of the pressurizer are
~

listed below:,

.

Figure A-14.2 Flaw Evaluation Chart for the Inside Surface of the Upper
Shell Longitudinal Welds - Pressurizer

Figure A-14.3 Flaw Evaluation Chart for the Outside Surface of the Upper
Shell Longitudinal Welds - Pressurizer

*
.

4 4
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4

/ A-14.2 EMBEDDED FLAWS
*

!?
The geometry and terminology for embedded flaws in this region is shown in - *

figure A-14.1. ,

. Basic Data:

f[ t - S.75"

v.,

['' 6 = Distance of the centerline of the embedded flaw to the surface
i% (in.)
::

a = Flaw depth (defined as one half of the minor diameter) (in.) {

t = Flaw length (major uiameter) (in.) ,

a = maximum embedded flaw size in depth direction, beyond which it
must be considered a surface flaw, per Section XI characterization

-

rules. '

.

. ,

The following parameters mu t be calculated from the above dimensions to use -
,

the charts for evaluating the acceptability of an embedded flaw _

c Flaw shape diameter, a/t
o Flaw depth parameter, a/t
o Surface proximity parameter, 6/t

Evaluation charts for embedded flaws in these regions of the pressurizer are
listed below:
Figure A-14.4 Embedded Flaw Evaluation Chart for the Upper Shell

Longitudinal Welds - Pressurizer
.

..
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. Figure A-14.1
_ , _ .

Geometry and Terminology for Flaws in the Upper Shell

, . , _
Longitudinal Welds - Pressurizer
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- A-15 LOWER SHELL CIRCUMFERENTIAL WELOS - PRESSURIZER

A-15.1 SURFACE FLAWS*
.

4

The geometry and terminology for surface flaws in this region is depicted in
figure A-15.1.

The following parameters must be prepaied for surface flaw evaluation charts

o Flaw shape parameter, a/t

o Flaw depth parameter, a/t

where

a = the surface flaw depth detected (in.)

0 = the surface flaw length detected (in.)

t - wall thickness (t = 3.0")
..

~

. The surface flaw evaluation charts for the region of the pressurizer are
listed below:

Figure A-15.2 Flaw Evaluation Chart for the Inside Surface of Lower
Shell Circumferential Welds - Pressurizer

Figure A-15,3 Flaw Evaluation Chart for the Outside Surface of Lower
Shell Circumferential Welds - Pressurizer

*
.

. .
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A-15.2 EMBEDDED FLAWS -

The geometry and cerminology for embedded flaws in tbs region is shown in +
.

.. figure A-15.1.
. - -

Basic Data:..

t = 3.0"

l

6 - Distance of the centerline of the embedded flaw to the surface

.(in.)-
'

!

a ' - Flaw' depth (defined aa one half of the minor diameter) (in.)-

lt - Flaw length (major diaineter) (in.) '

a - Maximum embedded flaw size in depth direction, beyond which it
must be considered a surface flaw, per Section XI

characterization rules.
.

The following parameteis must be calculated from the above dimensions to use '

,

the charts 'for evaluating the acceptability.of an embedded flaw .

o Flaw shape diameter, a/t
-

o Flaw depth parameter, a/t
o Surface proximity parameter, 6-

Evaluation charts for embedded flaws in the region of the pressurizer are
listed below:

Figure A-15.4 Embedded Flaw Evaluation Chart for 'Circumferential Flaws
in.theLowerShellCircumferentistWeldsofthe
Pressurizer

.
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*
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Geometry and Terminology fer Flaws at the Lower Shell
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A-16 LOWER S|iELL LONGITUDINAL WELDS - PRESSURIZER

1

l
A-16.1 SURFACE FLAWS i

*-

.
~

The geometry and terminology for surface flaws in this region is depicted in
figure A 16.1.

The following parameters must be prepared for surface flaw evaluation charts

o Flaw stape parameter, a/t

o Flaw depth parameter, a/t

where
,

a - the _ surface flaw depth detected (in.)
t = the surface flaw length detected (in.) :

t - wall thickness {t - 3.7S")
.

i

The surface flaw evaluation charts for these regions of the pressurizer are
'

listed below: .

.
.

Figure A-16.2 Flaw Evaluation Chart for the Inside Surface of the Loaer
Shell Longitudinal Welds - Pressurizer

Figure A-16.3 Flaw Evaluation Chart for the Outside Surface of the Lower.
,

Shell Longitudinal Welds - Pressurizer

|

|

.

..

o.
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A-16.0 EMBEDDED FLAWS
'

The geometry and terminology for embedded flaws in this region is shown in '

figure A-16.1.
.

:

Basic Data:

t - 3.75 in.

6 - Distance of the centerline of the embedded flaw to the surface
(in.)

j a - Flaw depth (defined as one half of the minor diameter) (in.)

--Flaw length (major diameter) (in.)*

I

a = maxteum embedded flaw size in depth direction, beyond which it
must be considered a surface flaw, per Section XI characterization

.

rules.
,

i -

.The following parameters must be calculated from the above dimensions to use -

the charts for evaluating the acceptability of an embedded flaw

o Flaw shape diameter, a/t
o Flaw depth parameter, a/t
o Surface proxicalty parameter, 6/t

!

Ec=1'ation charts for embedded flaws in these regions of the pressurizer are
; listed below:

Figure A-16.4 Embedded Flaw Evaluation Chart for the Lower Shell
| Longitudinal Welds - Pressurizer
L
! -

|

..

'
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- Figure A-lo.1'
Geometry and Terminology for Flaws in the Lower Shell

Longitudinal Welds - Pressurizer
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A-17,2 EMBEDDED FLAWS - N0ZZLE TO HEAD WELD ~

The geometry and terminology for embedded flaws in this region is shown in *

figure A-17.1.

Basic Data:

t = 3.0 in.

6 - Distance of the centerline of the embedded flaw to the surface
-(in.) -

a - Flaw depth (defined as one half of the minor diameter) (in.)

t - Flaw length (major diameter) (in.)

a = maximum embedded flaw size in depth direction, beyond which it
must be considered a surface flaw, per Section XI characterization -

rules.
'

.

The following parameters must be calculated from the above dimensions to use

! the charts for evaluating the acceptability of an embedded flaw:
!

o. Flaw shape diameter, a/t

o Flaw depth parameter, a/t
,

o Surface proximity parameter, 4/t
i

wro699/121091r io A-146



*
A-17 SURGE N0ZZLE - PRESSURIZER

* - A-17.1 SURFACE FLAWS - N0ZZLE TO HEAD WELD

.,

The geometry and terminology for surface flaws in this region is depicted in
figure A-17.1.

The following parameters must be prepared for surface flaw evaluation charts
o Flaw shape parameter, a/t
o Flaw depth parameter, a/t

where

a = the surface flaw depth detected (in.)
t = the surface flaw length detected (in.)
t - wall thickness (t - 3.0")

The surface flaw evaluation charts for this region of the pressurizer are
listed below:

.

Figure A-17.2 Flaw Evaluation Chart for Circumferential Flaws at the Inside
~

Surface of the Surge Nozzle to Head Weld - Pressurizert

|
-

; .

Figure A-17.3 Flaw Evaluation Chart for Circumferentul Flaws at the
Outside Surface of the Surge Nozzle to Head Weld -
Pressurizer

Figure A-17.4 Flaw Evaluation Chart for Longitudinal Flaws at the Inside
Surface of the Surge Nozzle to Head Weld - Pressurizer

Figure A-17.5 Flaw Evaluation Chart for torgitudinal Flaws at the Outside
Surface of the Surge Nozzle to Head Weld - Pressurizer

i

*

t

|

|..
i
!
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Evaluation charts for embedded flaws in this region of the pressurizer are-

listed below:
. .

Figure A-17.4 Embedded Flaw Evaluation Lhart for Longitudinal Flaws in the
,

Surge Nozzle to Head Weld - Pressurizer

Figure A-17.5 Embedded Flaw Evaluation Chart for Circumferential Flaws in
the Surge Nozzle to Head Weld - Pressurizer

A-17.3 SURFACE FLAWS - SURGE N0ZZLE COR.1ER

The geometry and terminology for surface flaws in the surge nozzle corner
region is depicted in figure A-17.1.

The following parameters must be prepared for surface flaw evaluation charts

o Flaw shape parameter, a/t

o Flaw depth parameter, a/t,

where'

.

a - the surface flaw depth detected (in.)

e - the surface flaw length detected (in.)

t - wall thickness at the nozzle corner (t - 3.58")

The surface flaw evaluation charts for- the surge nozzle corner are listed
below

Figure A-17.6 Flaw Evaluation Chart for Longitudinal Flaws at the Inside
,

Surface of the Surge Nozzle - Corner Region

L

|..

|
l'
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Figure A-17.1
.

Gecmetry and Terminology for Flaws in the Surge Nozzle to
Head Weld - Pressurizer
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A-18 SPRAY N0ZZLE - PRESSURIZER

A-18.1 SURFACE FLAWS - N0ZZLE TO HEAD WELD --

9

The geometry and terminology for surface flaws in this region is depicted in
figure A-18.1.

The following pa a.neters must be prepared for surface flaw evaluation charts
o Flaw shape parameter, a/t
o Flaw depth parameter, a/t

where

a - the surface flaw depth detected (in.)
t - the surface flaw length detected (in.) j

t - wall thickness (t - 2.5")
I
|

The surface flaw evaluation charts for this region of the pressurizer are j

listed below: 1

Figure A-18.2 Flaw Evaluation Chart for the Inside Surface of the Spray .

Nozzle to Head Weld - Pr isurizer
e

F.igure A-18.3 Flaw Evaluation Chart for the Outside Surface of the Spray -

Nozzle to Vessel Weld - Pressurizer

Figure A-18.4 Flaw Evaluation Chart for the Inside Surface of the Spray
Nozzle to Head Weld - Pressurizer

Figure A-18.5 Flaw Evaluation Chert for the Outside Surface of the Spray
Nozzle to Head Weld - Pressurizer

'.

. ..
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A-18.I EMBEDDED FLAWS - N0ZZLE TO HEAD WELD

The geometry and terminology for embedded flaws in this region is shown in--

figure A-18.1. |,

Basic Data:
t - 2.5 in.

6 - Distance of the centerline of the embadoed flaw to the surface
(in.)

a = Flaw depth (defined as one half of the minor diameter) (in.)
e - Fiaw length (major diameter) (in.)
a = maximum embedded flaw size in depth direction, beyond which it

must be considered a surface flaw, per Section XI characterization
rules.

The following parameters must be calculated from the above dimensions to use
the charts for evaluating the acceptability of an embedded flaw

o Flaw shape diameter, a/t.

o Flaw depth parameter, a/t
I

|*, o Surface proximity parameter, 6/t

!*
Evaluation charts for embedded flaws in these regions of the pressurizer are
listed below:

Figure A-18.6 Enbedded Flaw Evaluation Chart for the Spray Nozzle to Head
Weld - Pressurizer

:
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I A-18.3 SURFACE FLAWS - SPRAY N0ZZLE CORNER

The geometry and terminology for surface flaws in the spray nozzle corner ..

region is depicted in figure A-19.1.
i

The following parameters must be prepared for surface flaw evaluation charts

o Flaw shape parameter, a/t

o Flaw depth parameter, a/t

where

a = the surface flaw depth detected (in.)

t = the surface flaw length detected (in.)

t = wall thickness at the nozzle corner (t - 3.29")
.

The surface flaw evaluation charts for the spray nozzle corner are listed
below e

.

Figure A-18.7 Flaw Evaluation Chart for Longitudinal Flaws at the Inside
Surface of the Spray Nozzle - Corner Region

.

a g
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Figure A-18.2 Flaw Evaluation Chart for the Spray Nozzle to llead Weld - Pressurizer
X Inside Surface X Surface flaw Longitudinal Flaw
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figure A-18.4 Flaw Evaluation Chart for the Spray Nozzle to Head Weld - Pressurizer
X Inside Surface X Surface Flaw X Longitudinal Flaw

Outside Surfaca Enhedded flaw Circumferential Flaw
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A-19 SAFETY AND RELIEF N0ZZLES - PRESSURIZER

The safety and relief nozzles are separate nozzles, but are of identical
geometry. The governing loads for both nozzles have been used to develop the #

charts in this section.
.

A-19.1 SURFACE FLAWS - N0ZZLE TO SHELL WELD

The geometry and terminology for surface flaws in the nozzle to shell weld
region is depicted in figure A-19.1.

The following parameters must be prepared for surface flaw evaluation charts

o Flaw shape parameter, a/t

o Flaw depth parameter, a/t
!

where

a = the surface flaw depth detected (in.) ,

t = the surface flaw length detected (in.)
t - wall thickness (t - 2.5") *

,

~

The surface flaw evaluation charts for this region of the pressurizer are
listed below:

|

|

| Figure A-19.2 Flaw Evaluation Chart for the Inside Surface of the Safety and
Relief Nozzle to Head Welds - Pressurizer

Figure A-19.3 Flaw Evaluation Chart for the Outside Surface of the Safety and
i Relief Nozzle to Vessel Welds - Pressurizer

.,

..
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A-19.2 EMBEDDED FLAWS - N0ZZLE TO SHELL WELD
'

The geometry and terminology for embedded flaws in the nozzle to shell welde-

region is shown in figure A-19.1.
,

Basic Data:

1
t - 2.5 in. !

I

S - Distance of the centerline of the embedded flaw to the surface j

(in.)
l
i

a - Flaw depth (defined as one half of the minor diameter) (in.)

t - Flaw length (major diameter) (in.)
.

a - maximum embedded flaw size in depth direction, beyond which it
must be considered a surface flaw, per Section XI characterization
ruies.

.

The following parameters must be calculated from the above dimensions to use

|43 the charts for evaluating the acceptability of an embedded flaw
,

,

o Flaw shape diameter, a/t
o Flaw depth r arameter, a/t
o Surface proximity parameter, 6/t

Evaluation charts for embedded flaws in these regions of the pressurizer are
listed below:

Figure A-19.4 Embedded Flaw Evaluation Chart for the Safety and Relief Nozzle
to Head Welds - Pressurizer
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A-19.3 SURFACE FLAWS - SAFETY AND RELIEF N0ZZLE CORNER

i The geometry and terminology for surface flaws in the safety and relief nozzle .,

corner regions is depicted in figure A-19.1.
|

|

The following parameters must be prepared for surface flaw evaluation charts

o Flaw shape parameter, a/t

o Flaw depth parameter, a/t

where

I

a = the surface flaw depth detected (in.)
i

e - the surface flaw length detected (in.)
|

| j

t - wall thickness at the nozzle corner (t - 4.35")
.

The surface flaw evaluation charts for the safety and relief nozzle corner are
i listed below A
t .

*|
Figure A-9.7 Flaw Evaluation Chart for Longitudinal Flaws at the Inside !

'

Surface of the Safety and Relief Nozzle - Corner Region
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Figure A-19.1

Gecmetry and Terminology for Flaws in the Safety and Relief Nozzle
..

to Head Welds - Pressurizer
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Inside Surface X Surface flaw X Longitudinal Flaw
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