1965 :
INDIAN POINT 3
ANUCLEAR POWER PLANT
‘ ‘ S _ STEAM GENERATOR
SR o GIRTH_WELD
'l" I ) - | (NO. 6)
) INSPECTION

REPORT

L. M. Hill Ceiras
P. E. Peloqﬁin

" "B8509130064 850905 % %
EBRIAR06 S3000Re,

I ¥ Gl

"I' e @ e R




[ section

Seccion

Section

" Section

Section

Appendix

~ Appendix

4

‘Appendix>

Appendix

Appendix

Appendix

.Appendix

5

@ ™. m o

-ouvT
- ouT

'Previous Inspections

 'TABLE OF CONTENTS

. Executive Summary = . I

1985 Inspection Program “éfffuﬁi

1985 Inspection Evaluation Records

1985 Inspeé;iqn Qondlusions

Equipment Calibration Records’

Certifications and Qualifications

~Inspection Procedures

|
L@
>
—
-3

Inspection Data Recdrds_
WCAP-10863 Flaw Evaluation Handbook
References

Deficiency and Correctlve Actlon Reports

| (DCAR's) . - . Dlspos1t1oned -



. 1008 oir¥+h Weld Inspection -

" Section 1%

Executive Summary

ek e e

,UIffésbniéiEﬁépeCtiéﬁA(UT);bfitBé:designéteé“saMbiétgf;;Iawhiéﬁ Q&énf“w‘

.base*Iinedyin'1983jsubsequent td:theuweld'repairé , yieldead three

(3) ;eéofdﬁblefihdicétions'hot_found'éuringﬂtheAl983 baseline

~+inspection.. ApprdximﬁtélyILS% of the.indicationsslocated.dufing_the .

baseline inspéction_exhibited increasés in parametric!éalues of
indication 1engthiand/or depth.
The'results'of the 1985 UTvexaminatiohslbf tﬁis:same.(baseline)fgrea

are summarized ‘below:

Initial Sample Plan

s/6 31  s/¢ 32  S/G 33 _  S/G 34 -

No. Reportable UT o y | ‘ : ,
Indication - 0 2 B o S 12

"No. Rejectable UT

Indications (ASME XI,-

Table 'IWB-3511.1) - 0 o e e

In order'to"fully:determine the condition of the'wélds;'thé

Authority'éxpanded.the'ﬁrogram'to’include UT examination. of an - .

additional area equal in size tbftheginitial-sample plan as

.specified by ASME Section XI._ It was further decided tp e$pand the

‘program to those areas.that were found to be the mbst sevefely

degraded‘and extensively_repéired dufing-thé 1982/1983°oﬁtage;
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The results. of this_expénded UT inspection program . are summarized
fqé;ow:w}

" Expanded UT Program -

S/G 31 - 8$/G 32 S/G 33 '5/G 34
No. Réportable uT - ‘ e o ,
Indications R ¢ ~ S0 _ 0 ) 4
No. Rejectable UT
Indications (ASME XI, ‘ R ,
Table IWB-3511.1) R N S0 2

| zhis daté_indiéatgd that the fhéﬁ apﬁaféﬁt problem wa§ limiféd.to
-steam_gehefétor:No; 34 (the:sinélg rejeétab1§ iﬁdic;€i§n located in
No. 31 wag'determihea to-be mia—wali and cleafly'is not relgted-to
the Iﬁ:initiatedlproblem discové{éd‘in 19825.' Thetefo;e} fhe
:Autho¥ity:expanded thé.inépécfién tQ'ineiﬁaé-the_gntire:qirth Qeid,
(100%} of No. 34;1the resuits,finc1udiﬁg the aata of the two (2)

partial inspections, are summarized as.follows:

100% UT Program (S/G 34)

No. Repoftable’UT ‘ .
Indications ) ) . 23

ﬁq. Rejectable UT o

Indications R . . l}

In‘Ordér to.cpmpleteiy gvalﬁaté‘andvreéolyg the Uf findings; thé
Authority estéblished access ﬁo'the seconda;y:side 6f stgém
égneratqr No. }4., Subsgqgent viSua1 and magnetic particie
»inspection of a}hine (9) foot éectiéﬁiof'thé weld{é-iﬁéidé éﬁ?facé,

‘containing 16 of the_23'reportablé-(and 8 of the 11 rejectable) UT




ihdications, resulted 1n the follow1ng observatlons.rj(l)‘numerous

SurfaCé“Erregularities, (resultlng from the 1982/1983 repalr) were .

located in the area ‘of 1nterest, and' (2) the magnetlc partlcle'

inspection was satisfactory; there were no 1nd1cat10ns.

In View'of'the inside surface coﬁdition, a,supplemental uT

examination was performed. Of seven (7) indications examined, all

of which were rejectable;lall were conclusively:demonstrated to be
related to the_gebﬁetry (irregularities) of the inside'surface.rf

Although this;supplemental technique was not valid for the remaining

,indications ﬁithin‘the nine_(9) foot area of ihterest; it is,

-postulated that these too are geometry related for the follow1ng

reasons: (1) all are located w1th areas of surface 1rregular1t1es,

and (2) magnetlc partlcle examination falled to 1ocate these

1nd1cat10ns even though the UT data’ suggested that they were w1th1n

0.1 and 0.2 1nches of the 1n51de surface. Beyond these

‘considerations regarding_inside surface irregularities, these

indications are~acceptable'within ASME Section XI (Appendix RA)

'guidelines.

The remaining three (3) rejectable indications in-steam generatbr.'

No. 34 and the two (2) rejectable ihdicatiohs in'No. s 31 and 32

have been evaluated in’ accordance w1th ASME Sectlon XI prov151ons

"(Appendix A). All five~(5) lndications are aéceptable for continued

vessel operation using the Appendix A evaluation criteria.




Conclusions .

The condltlon of the Indian P01nt 3 steam generator glrth welds has ..

1

gg;“'\;_chlned to be unchangéd from the 1983 basellne aﬁd’

vacceptable fof é&ntln;éd glaﬁt oéerati&n.fér the f;llow1ng feason§~

(l; ‘Thé few and small changés from the UT‘baseling
;insééétion'ére.ngt indiéative of a failure méchanism a&d

L h;ve-been-attributed to'Uf variability (pefsonnel énd
techniqqe)} |

(2) The surfaée éxamination§ pérformed'iﬁ'steam»genefator>
No. 34 were éatisfactofy/ nb surfgqe'ihdicationé were
‘fbﬁné,(the failure mechagism discovered in 1982 was iD_
"surface initiéted);

(3) - Surf#ce ifregulérities'(gedmétry) have been demoﬁstrated
to be’ respon51b1e for a significant poéﬁlatlon of UT
}ndlcatlons utlli:lng a supplementalva tééhnique;'andv

(4) The remalnlng.lnd1cations‘(whlch ;re located w1tﬁ1n
areés of surface 1rregulaf1t1es are 51m11ar1y éostulated
to be_relqted tﬁ‘surface irregglarities) have been
\evaiuated in accordéncgiwith ASME Section XIAﬁnd'are

‘acceptable for continued operation without repair.




""" Section 2

1985 Steam Generator G1rth Weld No 6 Inspection-

_.m‘The Tnd1an P01nt 3 Techn1ca1 Spec1flcat1on. SeCtion 4'2 Table 4.2-1
'.requ1res that an augmented steam generator girth weld 1nspection be

performed in accordance with Section X1 of the ASME Boiler and

Pressure Vessel Code 1974 edltlon; Summer 1975 addenda, during the

1985 refueling Qutage. Inspection requirements consist‘of an
ultrasonic examination (UT). using the 45 degree shear wave method
-of one hundred and seventy f1ve (175) 11near 1nches of weld 1n the

manner listed in Table 2-1.

In order to more accurately determlne 1nd1cation locations and also'

}allow for compar1son with 1983 1nspection results, the ultrasonic
examination was performed with 0 degree and 60 degree transducers,
in addition to the reguired 45Adegree transducer. The ultrasonic
.inspection programiwas'performed in accordance with NYPA Quality'
Assurance Procedure NDEP 9.4- 9 (reference Appendlx C) ' The results
- of the baseline (first sample) examlnation are 1nd1cated in Table

| 5—1. along'w1th yalues from the l983~and 1984 1nspect10ns, further
'described in Section 3. | _ |

_In-accordance with Section IWB—2430‘of.the ASME XI Code, detection_'
of'a-rejectable_indication in a ueldvsample requires expanding the
inspection-to another'equally sized area.' Thus, a second inspection
~was required in steam generatOrsiiz and:34. .To gathervadditional
information, it was decided to expand'the inspectionfin‘all'
generators'to the areas illustrated in Figures 2-1 through 2-4,
which were the areas thatbcontained the‘greatest density of

. pre-repair UT indications and thus were thought to be the worst

condition.



‘?ageitwo.}?*
Table 5-2 summar1zes the results of the second sample UT'>
'”_1nspect1on ‘ Of the generators requ1r1ng an expanded 1nspect10n,v
‘Jadd1t1onal;re]ectab1e 1nd1cat1ons were found in steam generator 34.
Sectlon IWB 2430 to. ASME XI then requ1res the 1nspect10n of the_,
1rema1nder of the weld surface (approx1mate1y 73%)
Ae The rema1n1ng 382_11near inches of steam generator 34igirth-§eld
*‘were'therefore'UTAinspected_and the;results'are>tahu1ated‘in”Table:
53, | o | |
.»Table 5-4 summarlzes the results of the entlre ultrasonlc 1nspect1on
: performed on the steam generator g1rth welds |
Each of the detected reportable 1nd1cat1ons (greater than 50% DAC
s1gnal)-are character1zed by 51ze and locat1on in Table'S—S It is
'ev1dent from th1s data that the’ ma]or1ty of reportable 1nd1cat10ns
'(78%) in steam generator 34 are concentrated in an area of the weld
tthat 1s‘centered ahout the EW nozzle, deflned as Quardrant I 1n‘
gFigurevs-l | ‘ »
.Slnce two (2) 1nd1cat1ons from the ultrasonlc exam1nat1on reported
in Table 5—4 were re]ectable ‘to Appendlx A cr1ter1a of the ASME XI-
fCode.-(reference Append1x E),_further 1nd1cat10n evaluat1on became'
necessary.. In accordance with Sectlon IWB 3200 of the ASME XI Code

- Supplemental Examlnatlons.'a magnetlc partlcle (MT) exam1nat1on

'~ was performed in the area of the two referenced re]ectable'

rnd1cat1ons - on the ID surface of steam generator 34 glrth weld. 1n

Quadrant I. An MT exam1nat1on was selected over a 11qu1d penetrant

_exam1nat1on (PT) because of 1ts ablllty to detect near- surface as
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[';well'as-surface;_lndications..uhlchwlsncharacterxstlc of.the
ma]or1ty of the UT reportable 1nd1cat10ns llsted 1n Table S 5. 'Theh
j'MT 1nspect1on ‘was performed 1n accordance w1th NYPA Quallty
Assurance:Procedure NDEP'9.2—2 (reference Appendlx C). The -
"inspection. w1tnessed by the NRC - Res1dent Inspector.‘cbnsisted of .
hthe use of two yokes each with 100% overlap on both AC and ‘DC -
sett1ngs | | | |

As is 1nd1cated on the MT Quallty Controlvlnspect1on Report - F1gure f
5 2 - no 1nd1cat10ns were noted : However. a v1sual 1nspectlon of'
i_the same MT area revealed a. s1gn1f1cant number of blended repalr';
.r'grooves on the 1D surface, whlch could act as s1gna1 reflectors for
the surface and near- surface UT 1nd1cat1ons prev1ously reported

In order to_elther_conflrm or deny the above hypothe81s. Sectlon
IwB—3zbovof-the ASﬁE XI Code uas aoaln invoked as well'as éectiong:
. T-451 of the ASME v Code in order to perform-a supplementalj
,bnondestruct1ve examlnatlon of the area in quest1on. | -

A UT thru transmlss1on, 81gna1 damp1ng technlque was employed for
this purpose and 1s descr1bed 1n NDEP 9.4- 11 and QA1 4 0 (reference
Appendlx C); AEmploy1ng th1s‘techn1queﬂ the operators were ‘able to
vsuccessfully damplall of the reported‘UTvindications to vhich the
"techniquelapplies}. This technlque is ‘limited to those 1nd1cat1ons

‘that are detected on a direct s1gna1. and for those detected on a

reflected signal for which the indication position 1syat-least-l/4"

from the reflection point.
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Section 3

1983 Girth Weld Inspection

1 Following’the lédé-éB.steamtgenerator-girth weld'repalrJand#stress‘

rellevlng operatlon. a base11ne ultrasonlc exam1nat1on (UT) of the
augmented 1nspect1on area (reference Table 2 1) was performed.
(Appendlx F - Reference 1) The exam1nat1on was conducted 1n

' accordance w1th NYPA'Qua11ty Assurance Procedure NDEP 9.459-
E‘(reference Appendixkcl utilizingro degree}'45 degree.‘and‘Gopdegree

beam transducers.

:.‘The results of thls exam1nat1on are tabulated in Table 3- 1 "All of'

“'the detected 1nd1cat1ons met the acceptance cr1ter1a of the ASME
Section XI_Code. Artlcle IWB, Table IWB-3511—1; for "Allowable -

Planar Indications®.

1984 Girth Weld‘lnspection ’

: During the 1964 mid;cycle outage, the'steam’generator.glrth‘welds
were re1nspected 1n the same areas (Table 2 1) ‘as requ1red by the
IP- 3 Techn1ca1 Spec1f1cat10n Sect1on ' 2 Table 4.2-1 (Item 3. 8)
The exam1nat1on was 11m1ted to the techn1ca1 spec1f1cat10n--
requ1rements of using 45 degree beam 1n-the vert1ca1 plane only

(Appendix F - Reference 2). Otherw1se.'the exam1nat10n was agaln

conducted in accordance with NYPA Quallty Assurance Procedure NDEP

949,
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vThe results of the examlnatlon are tabulated in Table 3 2., All of

k;the detected 1nd1cat10ns met the acceptance cr1ter1a of the ASME

Sect;on-XI Code, Article IWB, Table IWB-3511-1.

A comparison'of,the inspection data between 1983 and 1984 revealed

minor changes in indication parameters. Only three (3) of Lwenty

(20) recordable-indications detected during both inspections changed: _

‘in length‘(max. increase of 1/2"), and enly a single indication

increased in sidnai amplitude (by;3b§ DAC).

It is likely that the small number and extent of changes from

baseline can be attributed to operator and/or equipment variability.
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Inspection Evaluation Records

- section‘q4 - -

As 1nd1cated ear11er. Quality Assurance Procedure‘NDEPgéfdéé

"requlres code evaluatlon of all UT 1nd1cat10ns report1ng an

amp11tude 81gna1 of greater that 50% dur1ng the 1nspect10n

'1fThe follow1ng evaluatlon sheets represent a llst1ng of these

. reportable rndlcatlons, categor1zed by generator and sample'

inspection area. Ind1cat1on parameters of length depth and

dlstance from 1n51de surface are tabulated on these sheets ﬂ From

these values key ratios are calculated and compared aga1nst the

allowable values 1n Table IWB 3511. 1 of the ASME XI Code, a copy of

which is 1nc1uded on the evaluatlon sheet Indications are then

. c1ass1f1ed as e1ther acceptable or rejectable to thls partlcular _
‘table

-;The ASME XI Code also allows evaluat1on aga1nst the broader 11near

elastlc. fracture mechan1cs cr1ter1a descr1bed 1n Append1x A of thls;

code. ‘A pre-ana1y51s,'ut1llz1ng Appendlx A criteria and documented

in WCAP 10863 (1nc1uded in Appendlx E of thls report). was performed'p‘
'by Westlnghouse for the IP 3 steam generator g1rth weld The
: results of th1s analys1s are summarlzed ‘in graph1c form on Flgures

f441, 4-2, and 4-3 in th1s section. . Each of the reportable

indications, listed and numbered on the evaluat1on sheets, is

plotted on these figures to ascertain their acceptability_to’ASME'XI

- Kppendix,A criteria.
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- To Summarize,-twentyésix (26) UT indications were diéégifié& as -
.,;Mrgbofpgblé;régu}ring evaluatiqn.’half'bf these (13) were rejectable |
T to féblébiWé:3§1151 of the ASME XI Code, however, only two (2) of
.this‘numbet‘failed-to meet‘the'criteriévdf Appendix A to ﬁhe'ASME XI

Code. -~ =
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1) Dimensions s and % are dclmod in the figures nfcrmcod in
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o ] ot : .
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: :i wi w] Beain - Ba Weld
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ys| | 353|350
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. < -1l ac | < 1245 | AR IR R RS I D R
-6 sl SilNS 0.'_1) S.H 2.4 ‘6.() 1Ak W35 IS wAlus 7 1,55 | %50
W6 | 51258 | 12,88 |00 | 6.2 |33 ] g [aid | i | vR s lus| S| aeT | 376
I 1= < oA~ ) ?) . 57 R T ) J o 7 ) .
- TABLE |wa-3s111 J R S e 2.0 ___} = __Li = 3530 3 1= ___9 e = A6
NAR INDICATIONS a= 15 ‘ - = - . \ : - [ ‘
"ALLOWABLE PLA ) 'c()(;, a = .5_5_ a= .Wb g
i . Mztedul Ferritic steals that mest the reqummcnu L = l'cl ‘ . o : , o .
 of NB-2331 and have specified minimum yield ‘f" . “"/1 = -__17__ a/l = - Ij__ _
strength of 50 ksi or less at room temporature R - o ' B . ‘ : . PR _ S ,
Thickness Range: 4 in. and greater S = du.L:.n:u: to nearcst S = distance to nearect | S = distance tolncarest | -
; - © . surlace. \ : surfaceo. : Csurface. P
| Asmect Surtece . Subsurface - e . U R
Ratlo, " Indications, - indications, 5 = __._US Q0Y7 IR SR
alg' X 0% : — =4 A
o " 20 26 . - [EAE IR
0.05 21 28 o s e R I Y
o T 32 a/en = a/e x 100 = 30| aze,v = a/t x 100 = 20| azer = aze K00 = 252)
020 . 29 36 s o o L : IR AP
1 025 32 at For max. allowable a/t, 1 For max. allowable a/t,% |For max. allowableja/t,t
| 030 37 46 . intcrpolate from rable interpolate from 'I‘able : interpolate from 'lablc o
f 9% b4 32 Twn-3511-1 IWB-3511-1 ° i - TR
_ Iwe 3)11 l . i :
| 0.40 3.7 58 . 3 .’Z ..10 : VA 7,,
| 0a4s 37 65 2 S, D58
1. 050 37 72 ‘ N
NOTES: . . . e | . : .
1) Dimensions a and 2 are ‘defined. |n the figures rofonncad in ) . . o 1 IR .. EEVENNEES
1w8-3511.1. For intermedlate flaw-azpect ratios, a/R, linear L C E - ) L BT : e NEENR
murpolcuonnp«muxublo _ ' o Co _ o = b SV S
2) Component thickness ¢ is measured normal to-the presure-| ' 74, ‘ ...Rejoect “v74....Accept. .. 4., - .5 .Reje
retaining surfaca of the component. Where the section thick- T o _(P 7 _ ‘ ) J*.-CL
nets varies, the average thickness over ‘the length of the ‘ . ‘ : ;
planar indication is the component thicknezs. o :
1} The total depth of an sllowsbie subsurtace mdlc:tlon it MIC. - L
the listed value. ;.‘




"1) Dimensions a and 2 are defined In the figures referanced in |-

IWB-3511.1. For intermediste llawa.pccx ratios, aR, lineor
interpolation is permiszible. )

2) Componaent thicknes ¢ it measured narmal to the pressure-
retaining surface of the companent. Where the saction thick-
ness veries, the average thickness over tha length of the
‘planse indication is the component thickness.

3) The total depth of an sllowsble subsurtace indication is twice |-

the listed value.
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', . . ....Rcject: -

Jo ety
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) _ ‘ ) o H:. o P R _
eld , . Indication Length Minimum Heptl amn Oonth 1 Tt A A > : '
‘ " ! 7..1' 1' .u@ DL;:LI\ ) [;.dl‘,., 3 fl 8=l Bedam . ‘. UJ. Cweld |
Number : - : ' Deptls Ny o , ) : -
' LengLh v epth 0 0 — CMotal | thick. | ¥
r , i nehaes ; 1. \ '
rom 'ro (1) ny. luch\..,‘ Diw. Inches v 1w {‘Plr Thick. | - () I
34-¢) 51163 | 512.50 1sz |00 |sx [336 | .35 |va e e
. P ° ‘. .. . . / g . ~
476 Stl-e8 N | KL | SL | S.% 336 |. NVALST US| L] 363 | 30 |7
. . . . . a B ~ " T - . B
, ' YNV : : 1360 . 3 s
34-¢|S120  |3220 ey lase s | g o T
- ' ° . e | . ; ~ e 1 ' <« .~ £
- - (M | 53 s (3.5 | s A O 4512 ] A58 [ AL |8
34-¢|510.5 | 0.5 Tss i@ leo s | 20 {val welasl 2l as7 s 1o
246 > 0. 200 | 3.5 1304 | 6.0 |34 | A | NA|ws (S| 2| A7 | A g
TABLE IWB-3511.1 : J Jie =350 |2 1= a4 L;ﬂ_b} 1= 200 t= 3752 ;
ALLOWABLE PLANAR INDICATIONS a= 7S A= 07 2 s I —
Material: Ferritic steals thot meet the requiroments S, ol L S T i )
of 13-2331 and have 1pecificd minimum yield - all = AL ‘ -.a/l = Q_Q_ S a/l = 0 Co
strength of 50 ksi of less at room tempersture L . R ' ' o ; ‘ SRS
- . Thickness Rango: 4 in. end greater § =-diztance to nearest 5= distance Lo “e“”-' A d‘-'ta“‘—e LG nuarest
L — _ ~surface. surface. : - surfuce. '
1 Acoect Surfece Subsurfsce ma ST
| . Ratlo, Indicstions, indicatians, i 8 = 5§ = . :
sl 0%} %t Ao _"" - BT Y2 OC]— s
°o 20 26 . o X
0.05 21 28 p N BRI
0.10 23 - 29 = . o 1A 4y : Lo :
015 26 2 a/to‘ a/‘- x 100 './ I d/t'% =7a/t‘ X 100=' ‘.65 ‘ril/t,t -= a/t‘,x ,00 = 3.\Z[2
020 ° .29 36 . ) ‘ S E ' e S
025 32 4. For max. ‘)owal»lc a/t,t T'or max. allowable a/t,% ror max. allowublx. a/t, s
g’gg g; ;g interp ol.;te from Tals lt.. interpolate frou table “interpolate from Table
040 3.7 58 Twn-3511- , - Iwp-3511-1 o Iwe=3511-1 . i .
0.45 3.7 65 ‘n SR P
0.50 3.7 12 __~°L~‘_T_Q__ .10 Co 28:_/ 3
vOTES:




... . . -'EE,!::: 7 ——-“u a;.._ f_—— L » ] R
Weld ; . Indication Loengtl Min st ‘, Depth coqic | o~ |ha B - 4 '
J 1 d ¢ v Lenglh Vi muin I)L_| th t m Dl_l)‘l_h . Iadic. . g S~ Beam a. weld - o
Number : : : ' ' o DepLls ey g C . I
Lengthy _ eptlh 0 ) B Motat | Thick. «
Fr g : piv. ey ae P . A PO o .
on o (1) - Div Inches DL.f Inches .(J) ' (‘/) 4: i Thick. T (v) % N
: 2 S - ’ -} oL
:3"" . A (. : . . . | . . ,;:'J"‘ — - »
M-6 | 3070 | SIS ‘ | sor | gy |31 9, T e Ll am 1age |7
| ? O] 0 %0 la . 6‘-/ 2)-‘-” | .69 .63 I\)q #g) 5’ 3‘7' 1580 /Y
. . i - ) ' . 3.85 ) . . .‘./.q’ . ] ’ - - : v _‘ .
-6 | sILS SI3.0 s | 6.6 |/ 1 '« 1 e A T
> SIS C 6 |asm| -6 |z sy (VA2 o | 5 | Ay | 3 e
. R . | - . T J - - - ! . , ,_ . :. .
TABLE IWB-3511.1 jl _4['—0- c=2380 [2) 1. 0 v-35 (3 1. 450 = 34
| ALLOWABLE PLANAR INDICATIONS a= 0 | a= .03 | 2= L2920 i
‘Material: Ferritic steals that meet the requirements ., 06 o7 : o
of NB-2331 and have specified minimum yield a/l = 1Mo a/1 = 0T any = /7
- strength of 50 ksi or less at room temperzture s e dlstar o ‘ L
Thickness Rango: € in. and greater .S _lbl‘_f""-t-fe to necarest S = distance to nearect "$ = distance .to ncarest
, . o surlace. surface. : -~ surfuce.’ '
| Aspect Surface Subsurfacs ' : o7 ' . ‘ Co S R R
‘Ratlo, Indications, tndications, $= ¢ s = (0. P I‘é A _
alr' 0% Y, & 3 T O____OO 2 = DL 4
Y . 20 _ 26 o _ ¥ T
0.05 - 21 28 o e 1 : RN, 1.
o9 28 a2 /e¥ = a/c 5100 = JRAL| aset = a/t x 100 = gRuf) e/t = a/tx 00'= 7¢/ |
020 23 36 3 ‘ ‘ : , : g o ST .
0.25 12 a1 ror max. allowable a/t,t 'or max. allowable a/t,% | [ror max. allowable!a/t,%
0.30 3.7 46 “interpolate [rom ‘talile " interpolate from Table inter rom table .
‘ . . 1 polate from Tuable-
0.0 37 5 Tl-3511-2 TWp-3511-1 P
0.45 7 65 , ,/ﬂ .7 S R
0.50 T A 72 , Z __'_7__.:[_6_ = J~éO
NOTES: ' o

1) Dimensions & and 2 sre defined In the figures referenced in
IWB-3511.1. For intormediste {law-azpect ratios, a/R, linesr
~ interpoletion it permissible. ‘ .

2) Component thickness it measured normal to the pre=3ure-
retaining surface of the companent. Where the sectian thick-
ness vories, the averdge thickness over ‘the length of the
planar indication i1 the componaent thickness.

3) The total depth of an allowsble subsurface indication i twice
the listad value.
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: .v4.'. - " — - ':".“ S . .
o . o
- veld ' Indidation LéngLh ‘Minimum Depth M i apt: - $es R I R I : C&N.? l
Nunbie d ‘ . ’ . : . umAD(_‘[)Lh Indic. "J " '5' u;“n wl . Beam <.} . Bas Wel B
umber |- e - — peptr: | o |“HZ 1 -
. Length . ‘ . D\.[)»L’I.‘ U; : u‘; — 7] . Metal . “Thick. \L
From To (1. Div. | Incles |  Div. Inches v W | i Thick. | () . Y
| S/ L N s.02 5772y ., ~ - -
2/-0| 3076 |21 % | 107] 8.6[593 78 |2 % 1.,
.- . ~y } i ‘7 .
. R : .
TABLE IWB-3511.1 J L= LQ_- e 36512 1= k- e e-
_ ALLOWABLE PLANAR lNDlCATlONS a =, 35 T Ca= _ , A= e :
' Matafin! Ferritic steols that meet the tequnremenu -, { . - - , T
of NB-2331 and have specificd minimum yield ast = .4_3_, ‘ a/l = a/l =
strength of 50 ksi or lcss at room temparsture o _ : o Cl
Thickness Range: 4 in. and greater .. S = dlh.':f'!it-’ﬂ to necarest 'S =.distance to nearest |- S = distance to ‘ncarest
- — surlace. surf ace. - . surface. ol
Aspect Surface Subsurface _ Co R R
Ratlo, Indications, Indlcations, i S = / 5 ) S = . g = :
’/2‘ i .n'xl “/t'%l'l‘ . ) - ———— Lo ‘ ) . —— . e i : i.
. 2.0 2.6 ' L AR
005 2.1 28 o S : 517 o S . N A
0.10 . - 23 b = L X = - q = :
0.15 Py 2 a/t',‘ a/t.x 100 = Z—;A ‘a/t, v = a/t x 100 = asto = "’/L x. ’00
020 29 36 . . ’ o : g : , - R i
025 12 al For wax, allovable a/t,% For max. allowable a/t,s lor max. allowable u/t %
g—gg g; ;g “interpolate [rom Tulile - interpolate. from Table ' 1nt:erpolate from 'l'ublc :
od0 37 03 Twi-3511-2 7 IWB-3511-1 ’ IWe-3511-1 s b
0.45 3.7 65 RTIRE e
050 37 72 \5_ 2‘ S
OTES: - . . F e
) Dimensions s and € are « defined In the ﬂqufn reterenced-in| N SRR oo
IWB-3511.1. For intermediaste flaw-azpect ratios, aAR, linear . P
interpolation is permissible. . C ‘ ‘ _ R P .; R
)} Component thickness ¢ is measured normal to th. pressure-1 '74,...ASCCpL. . .. 4. . ow " S Y . . - .
retaining surface of the companent. Whera the section thick- | - ‘ ’ i ..'.ALCLPL. Tttt RCJCCF | BEAERE Au_c_pt """ Rc)"CL :
nets varies, the sverage thickness over the length o' the : . : } ’ ' __g- .-7 Iy
planar indicstion is the companent thickness. i E
} The totsl depth of an sllowable lubsudaco indication is twice | L
lho listed value. : : L
P
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vleld ‘ Indication Length Minimum Depth ' um Denth T v U Y B o
: ) . _ : . epth Iadic, .} M= 198 =1 peon- “Weld
Nuamber . : : . - - "}; r’_‘l 2“:’"(‘:‘; ‘-”"; : ’ _.Wt.v.ld
_ ' Length N -Dele; ] e [0} =] Mutay ;] Thick.
From ‘ro (1) Div. Inches Div. -] Inches vV | w |<C Dll’ S Thilek. |y
i 4 /8 2.

34+

e

147/

/S

7o

(-36)

6.0

0./¢" |\ WA

i

3.7

37|

34‘-_6

53 %

54 /4

l.O

—

303

35a.

é_o.sf’

3.68|

3,50

34-0|

482~

«483%3

[l

6.0

3,50

b6 (3. 4;7)

32,85

w

ja

374»

»3%;

‘5_‘ »,

; ' 1) v = 1257 - : ' -} 21 ' ’
TABLE IWB-3511.1 \J : 1—5—- =372 2) 1- _./_..0__ . _.___w _)v / l: ?_Zé
ALLOWABLE PLANAR INDICATIONS A Cas 07" B : a= 247 07 "o
Material: Ferritic stesls that meet the requirements | w 0-5-’ ' ‘ : Lol
of NB-2331 and have specified minimum yield oall=s 209 o a/l = _2.‘!'_ ' a/l = .28
" . strangth of 50 ksi or less at room temperzturs . : o ' ; : ' o o St : k
" Thickness Rango: 4 in. and greater - s = dl:ﬂ:‘u:ce to nearest. 5 = dlhtan(.e‘LO nearec t S = distance toinzarest
. surface. : surface. ' . surface. RER
Aspect Surface Subsurface L L A
Retio, Indications, - indications, 0 22— o S = 0./8 _ R
- el XN % , == . 1 B -0-;4—7 T B .
0. 2.0 26 R o . "‘ D, 1
0.05 - 21 28 SR : ek &
0.10 23 29 = = N N ‘ ‘
0.10 23 r art, = a/e x 100 z{Z;Z?A a/t,% = a/t x 100 =.@£;;é Aty = a/L x )00 é{_fﬁg A
020 29 36 i - . e .
025 32 o1 For max. a’]owable a/t,v 'or max. allowable a/t,% |For -max. dllowablc. a/c L 3 .
g—gg g; ;-.g intcerpolate from® ldLlL interpolate from Table interpolate from 'lublc :
- 0.40. 37 58 Th=3511-2 , IWB-3511-1 . |- Iwe-3511-1
. 045 I B 65 , . _
050 © 37 12 _Z;B_Z C 4:02 ‘ 2 86
OTES: . S .

1) Dimensions 2 and ¢ are dclmed in the ﬂqura nhrcnced in

" 1WB-3511.3. For intermediate Ilaw-c.pect ratios, afR, linoar
_interpolation is permissible.

) Componaent thickness [ is meesured normal to the prcuuro-
retsining surface of the companent. Where the saction thick.
ness varies, the sverage thickness over the length of the

" planse indication is the component thickness.

the listed velue.
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3] The total depth of an -llowoble subsurtacs indication is twice |
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. i o : v [ (1] T e T n
vleld | . - Indication lLength -1 Minimum Depth . a0t 1nd i g ~1h %~ i SN [
; . ‘ t um D(‘[,'Lh . Indic. Sl o @l Beaw Ba Weld -
Number - : — DepLis ey ' » : o *‘ _
, Length it SLL VY 0 == Metai. |.Thick.
From ‘To (1) piv. | Inkhes Div. Inches ) W) { Dir | Thick (L) b&LE
T L

3%-6

486

487 %%

yaa

7.9

g 29)

7.0

) 65 m

3.97

retaining surface of the component.’ Where the section thick-
_nets veries, the average thickness over the length of the
planer indicstion is the companent thickness.
3) The total depth of an nllowuble subsurfaca mdlatlon is twucc
the listed value.

~

' : V) v = L.O - 297 : : : - :
 TABLE IWB-3511.1 4 J‘ 0 v =397 1= v=_ U
ALLOWABLE PLANAR INDICATIONS - a=0.33 a= SO
" Material: Ferritic stesls that meet the requirements ’ ) o : R « 3 '
. ) . d/’l -Q, 1 = = '
of NB8-2331 and have specified minimum yield -32 —— ayli= -
strength of 50 ksi or less at room temperzture e _ . , ‘ Qe
Thickness Range: 4 in. and greater S = d.L'.-.L:u:ue to ncarqst, S\= distance to nedrect S dlotall(_e Lu N ru:.L
, . . surface. : surface. surfuce.
| Aspect Surfsce . Subsmurfsce. ’ ‘ " !
Ratlo, ~ Indicstions, Indications, 5 = _é_ 4 2 . _ S = g =
a2l 0% Cal%d? T o : -
0. - 2.0 26 Lo o
0.0 2.1 28 T ' . . o : L - .
0.10 3 '- 2 3 = =5, Al . . Ve ) o
e Erl by a/e.n = a/e x 100 3__723 | asey = &k xf100 = a/t,4 = at x/100"=
020 29 36 - ‘ S co N s N/
025 12 4.1 Ft?r wmax. allowvable a/t,t - I'or max. alldgable a/t,% ror max. all bl(. a/t. LY
~ 030 3.2 46 interpolate from Talle interpolate fRrom Table interpolate Mrom 'l‘.xblc :
0.35 7 52 INB-JSll-‘ IWB~-3511=1 C ' [ i
0.40 3.7 58 =L Iwe-3511-1 / ;
0.4S 37 X . N .
. 050 37 12 ‘ _ f 0/ :
NOTES: S R v .

1) Dimensions & and € sre defined In \hc figures referenced in . ,}
1WBJ511. 1. For intermediate ﬂcw-c..pect nuos, aR, lineer | . : ) , . :
intarpolation is permissible. o - : i , : _ . ; . : ‘

2) Componant thickness ¢ is mesured nom\al to the pressure-| * 74, .. .A.,cu ¥ S '74.. .Accebt. ....Redect '74. . .I\CCGpt . f-m; et
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IWB-3511.1. For intermediste flaw-aspect ratios, s/, linesr
intarpolation is permissible. '

) Component thickness ¢ is measured narmal to the pretsure-
retsining surface of the comgonent. Where the section thick-
news varies, the sverage thickness over the length of the
planar indicstion is the component thickness. :
indicatlon is twice

." N . I |i: 7 R w q.
rald : ‘Indicatiun Lenyth Minimum bepth M: g Depth ‘ P ‘
L ¢ ant:} . Y B -
umber : : ' : erEn Indi"'l g ':!: ‘1\3 ‘%-:3 u Beam‘;._ Das: Weld -
b ' Length | | Pepth: | & a~ ] Meta W Thick.
. From o (1) Div. Inches Diw. “Inches M W |<C Dir | Thick. ] (v)
24-6| 402 /; Yal ). 0" 513 se3] . A4 . L4 1.
2 4 O 3 eI . 0 . . o : p -
.07\ 8.8 |fr23)| 100 | s 0 Z\WA |V 0|5 | 3.68| 3.5
246|406 4074|175 28 | 531227, 1583 o2 It |V Lol S
| 8.8 |(z.23)| 0.0 |7 s3)| 0.2 |WA |V 0|5 |38 | 3,56
34 -6 = | 4462 " | 13.9¢ | .~ | {77
445 /4 +| 1.7 6.0 |3.50 6.8 |5ag)| -06" VA \/Iéa 5 13.70 |3.80
| — — . , —— 1 1 (weLd)
. : : . -’ . :
' TABLE IWB-3511.1 y 1 = _/.'_0._” =356 9 1= 4957 3.5 |3 1 =) S 7 ea3,80 |
v o a = - ’ v ’ T o =t
. - ALLOWABLE PLANAR INDIQATIONS a = ,35_ a=,3%5 2= .03" o
Matarial: Ferritic steals that meet the requirements -, s : , L —
of NB-2331 and have specified minimum yield af/l = .35 a/l = ,20 a/l = 02
‘strongth of 50 ksi or less at room temperature il - o _ R :
Thickness Range: 4 in. and greater S = dx::L:m:ce to ncarest § = distance to nearect S = distance to ncarest
_ . surlace. surface. surfuce. :
Aspect Surface Subsurface ’ - 2 , , S ‘ N 4o
Ratio, ‘ t i . s = . I¢_§— . o’ i . o
Z - - A B N R
0.05 2.1 28 v e - S ' o R -
_ g:‘s’ g‘g gg 4a/t.% = a/t x IOOV“‘M. a/t,A'= a/t x 100 =ﬁ32 aZt.4 = ast 100, -gragz _
‘ 020 29 36 For ma L Jouable a/t.v 1 R ~ : - D
025 32 4.1 for max. allowable a/t,t For max. allowable a/t,% For max. allowable a/t,v
, .g.gg. 3; ;g ' Lllth[:olate from Table interpolate from Table interpolate from 'l‘:blcla ‘
040 - 37 s TwWB-3511-1 IWB-3511-1 ’ Iwe-3511-1 i
0.45 37 65 . : ' : o d Sl
I 3 s27 - 32.6% 2.0
) Dimensions 2 and 2 are defined in the figures referencad in R o ;
§
|

I} The totsl depth of an sliowsble subsurtacs
the listed value.
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retsining surfacs of the component, Where the section thick-
noss varies, the sverage thickncss over ‘the length of thc
) plamr indication is the component thickness.
3) The total depth of 2n lllowoble subsurface indication is twice
the listed volue.

) K ) . tT R . X :'E:_“I.. ' : : o @ ‘ . P’ .
veld Indication fLength " Min: , nerth . 1o . A SR . 5 ,
| . cngth inimum bepth : um Depth - Indic. o 0 (1 Sl seam. | b weld | *
Number ' _ i ; Deptl: HT ey T - B -
. : Length ‘ 1 epth )] N “Metal ;] Thick.1 %
From o | (1) - | - piv. | Inches | Dpiv. Inches v v |<CDir Thick. | gy f&
I\ 34-6 | # 74 75’%— 07| 8.8 5 Sﬂé- < o 70 |\ W9 / 40° 7 | 244
- (1-67)| /0:0 | (0-77)| 2. 72 |#4 | 2.l a40|3 49\ 2,
‘ ' - - - . — i (LOr £
132 -¢4| 73 /4 / - - 3.9/ ~ P
- 73 |72 |25l |3 - = v s Az s 506 b
6| B 425 |57 1374 6.7 |Gas| 0- WA |V K| 13.68.|3.48 e
- e . Ve E ‘
! 1. . T v
: ’ ! ; . i S
, TABLE IWB-3511.1 J 1=407 ¢=3.6812) 1-425" ¢~ 3.48. 1= L ed
. . . . ’ : I BEE St BN SRR
ALLOWABLE PLANAR INDICATIONS - a= 3857 ~ as= o— . » R
Matarial: Ferritic 'stpoli that meet the requirements ' , - 35- o ' ' _ . . ~ '
of NB-2331 and have specificd minimum yield - cafl = 2D a/l = _J— ayl="__ R
strength of 50 ksi or less st room temparature e E ' . : S
Thucknesx Range.dm. and qreater S -<‘di:-,t.m:qe 7';9 nearest S = distance to nearect s = dx.;tanc.e Lo nedrest
.. surface. surface. C SJrfJCC x
I - Aspect .Surba ' Suburheo o ' v - . :
Rstio,’ indications, © . Indications, ‘s = // 73 . : R 23 o _, -
ait! o, %t afe, %2 : T T o . _— 2 _—
o.os . 2.0 26 R k ; Sl
. 0. ‘2.1 28 o o )
015 Erd by a/e, = a/t x 100 = .7_':5;20 et s a/t x 100 ﬂ 2 .a/t = At x ]OO
020 29 36 N ) T o
025 - 32 R -l-‘t_)r_ma:t. allowable a/t,%t ‘For max.- allowablc a/t 2 |ror max. all abl(. d/r. e
g-gg 3; ;g interpolate from.Table ‘interpolate from ‘l‘able ' interpolate om 'l‘ablc '
. . - -1 . ) 2 :
0.40 1.7 58 TwB-3511 s IwD-3511-1 _ .| IWe=3511-1 ; :
0.45 3.7 65 - I - PO S '
! 1050 3.7 72 T ‘5"2_ 20_7_ | 2 A ;
NOTES: ' o oo AR . ' : ;
“{1) Dimansions & and 2 are. delmcd in the f'qurcs rcfeuncod inf . ' S -
IWB-3511.1. For intermediate flaw-8zpect ratios, aA; linsar U ' S
interpolation is permissible. . ' R N R L : : ( 7
2) Component thickness ¢ is messured normal to the pressure-| *74. .. .l\ccgi;t._. . 1174, ceee ché'é.t‘ '74. ., l\(,cept ...... Alic ‘r;‘ct:'

-~




veld - .Indxcul;x.on Lenyth - Minimun Lepth M ‘n Depth Indic. .| 351985 Beaw. Ua"’ Weld .
: . : = ; : <l LU L B TR A
lumber — ‘ — Tongth _ | , Deptl: o 1\ a =1 Metar | Thick.| ~
From - To- (1) Div. Inches | Div. Inches v, AN hick. | iy lwv
4 : _— : o w | DI‘{' (Mo ﬂu(:'p); i
346|450 fo 567405 | 3.6]| 20036 (200 | 0~ |naA Vo 5 3.7 |37 (23
, - : : T e o
4 g P N : S : 1 o : Lt '
U4 14068- 140~ |sPoT|2.81.63 |28 |13 o= || |0 3.7 |3.7 pt
TABLE IWB-3511.1 DA 1205 =37 2) 1-22 ~2.7 (R RS T
ALLOWABLE PLANAR INDICATIONS a= O L a=_@Q0 . Lo a= v, : L
Matarial: Ferritic steols that meat the requinments ‘ -, - o S ,
a/l = ¢ - a/l = T - 1= i

strength of 50 ksi or less at room temperature’
Thickness Range: 4 in. and greater

Subsurfsce
. Indications,
o/t %2

~ Surtace
- Indications,
. A %?

\
|
" of NB-2331 and have specificd minimum yield -

A For max. allowable a/t,%

0. . .20 2.6
0.05 2.1 28
0.10 23 29 -
0.15 2.6 32
020 29 ‘3.6
025 32 4.1
030 3.2 46
0.3 . - 33 52
0.40 37 58
045 37 65
0s0 .\ 3.7 712
OTES:

| Dimensions a and ¢ are defined In the figures referenced in
1WB-3511.1. For intermediate flaw-aspect ratios, aAR, linear
‘interpolation i permissible.

) Component thickness [ is messured normal to the preswure-
retaining surface of the component. Where the section thick.
ness veries, the sverage thickness over the lengtn of the

- planer indication is the component thickness. o

“1) The total depth of an sllowsble subsurtace indication is twice
the listed valus. ‘ : '

S = distance to nearcst
surface.. ’ :

g

1:69"

a_/t,\'=- a/t x 100 = 02_

interpolate from Tabkle.

1WB-3511-1 .

.

'$ = distance to nearect
.surface. . .

S=2007 ~.

For max. allowable a/t,%
"interpolate from Table -
IwB-3511-1 )

| ‘2 .,‘¢ Z

a/t,v = a/t x 100 = 0 2

'74;... ..Reject

S\= distance ‘to nafdrest.
surface. . | '

v

For -max.-alldvhble 'é/tv,‘,v‘\;
interpolate Arom Table -

we-3511-1 /\

‘74.. fAccept. .. ..Refect

a/t,v = a’t x/100'=
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" 48.45,10930-1

- R S ; . . . . . . LN .

0.13 (s ——r————E e :
. 3 BT 1 ‘:E-EMBEDDED FLAW ?5' a
| ' i i, CONFIGURATION T FLAWS W|TH ry
} v y- T—ﬁwﬂﬂ!umnu au -
02 P g = TR =1 ABOVE THIS LINE ARE
TR NOTALLOWABLE

0.11

.(/
. 0.10 E _ -x. .(a,e /»z» JwA 3440

o : . 2_1 (o/( PeR
} : INA zccv

0.08

0.07

TELAWS IN THIS &
0-06- F= REGION MUST BE
- —co~ﬂoenso

= SURFACE

0.054

HALF WIDTH OF FLAW ()

I+ ALL EMBEDDED FLAWS
i (ON THIS SIDE OF

. DEMARKATION LINE)
2l ARE ACCEPTABLE PER
CRITERIA OF IWB 3600

AS LONG AS 2_°/_o 25

0.04

0.03 f

0.02

0.01

0  0.05 010 0.5 0.20 ~ 0.25
DISTANCE FROM SURFACE (8)

FIGURE 4-2 EMBEDDED FLAW EVALUATION CHART FOR CIRCUMFERENTIAL INDICATIONS
' IN THE UPPER SHELL TO CONE -

. REFERENCE : WCAP loge3
[See F1gure 6 4 for apphcatwn to Steam Generator Unit 34, for a/?. <. 0.1667]
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0.11 E=
0.0 B
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057
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0.05 5 .
0.04 | {~ ALL EMBEDDED FLAWS
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- F 1 DEMARKATION LINE)
0.03 s e S e e § ARE ACCEPTABLE PER
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002 E 'ASLONG AS 23,0 25
0.01 | | - |
0 e R R N N | , x 23 -x24
0.10 015 = 020  0.25 o 43 B ck

DISTANCE FROM SURFACE (3)

.FIGURE 4-3 EMBEDDED FLAW EVALUATION CHARTS FOR CIRCUMFERENTIAL FLAWS IN
STEAM GENERATOR 34 WITH a/f. LESS THAN 0.1667
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'Conclusions,ﬁé.‘héll985 Sﬁéam_Generétor Girth Wéld,Inspeétion

Pfog??ﬁ-éép pé.seéafgtgiy aadresséa.in-thé folléwingvfouriareas:
‘A.-.-.Eggﬂéé;.in UT?inaicaéioﬁ Numﬂéf-éhaéfafAmetg;siffém:f
BaseiiﬁéAInspectioﬁi
{j ' ' a B}_;'”EQEIuation of UTlihQica;ipﬁs égainé£:ASﬁE_XI Acééptance
! ' C?i£érié;
C; _  E;a1u§£ion.bf Ib Sﬁ#f&cé_Examinétion.
D. Affédt.of_lﬁtérnél Surfacé Geometry,V
,Each of theséfareas is éequentiallyycbﬁﬁehted‘on,ip fﬁe followiné
. _,para.gvraphs', and conclusv_ions are"’drawn.’"g. |
A, Changés in'Uf.Indiéépi§n_Nhﬁber ana Paféﬁetersqffdm‘Baseiiné

Inspection

With regard:tﬁ the num$e£ ;f.UTji#aications detectedvduring
the 1985 inspecti§ﬁ of thelihit&ai afea Qersﬁs éhe-l983l.f
baseline inspectiéﬂ, énlyfj”additiénal indicapioﬁs, out §f a 
total "of 41'recor@ablg‘;ﬁdiéatiqns,’weré'ébéef§¢d as indicaﬁed
in Table 5-1. |

In terms}of:afcbmparisoﬁ'pf chgnges in indiéation_p;raheters 
from.the 1983-£o”the_1935 ingpégtién, ;gqin 6ﬁ1y-mi;orv
differeﬁces existed; ~Mé§surab1e changes inAlehg#there
feportea for six (Gf'ih@icatidné}.fou:»(4):iﬁ&icgt;ons wéfe
detgcte@ witﬁ diffe;ent‘depth‘valugs (two.oflwhiqh beiﬁg

. ‘ '~ smaller), and five (5) indications were greater DAC .signals.

N TE e I D




B.
C.

‘explained'latef'in'tbis seétioh.ﬁ

These- minor changes in iﬁdiqationlnumber'andj§izg.pan‘be

ekﬁ;aid?dfby the”fpllowing’factdré,[somé oowHich;is{fdrtheiyx

L Lo Cm et

- . 'operator/equipment>vgriability allowances

- ',v'allqwances fot(area"gridding and indication positioning

.quluation—of‘UT Indications.AgaihSt'ASME XIvAcceptance'

Criteria

Table 5-4 indicates that a total of twenty-six (26) reportable

’the»gir£h Qe1ds.__Ea¢h of these reportable indications was

evaluated to ASME XI accéptance criteria and.is documented in

_Section'4 of this report; x‘
Thirteen’(13) of the indications were rejebtablerto'Table
IWB-3511.1 of the ASME XI Code, however, all but two (2) of

these indications were acéeptable‘to the more encompaSsiné

linear elastic fracture mechanics acceptance standards of
Appéndix A to ASME XI (reference handbook'in Appendix E to -

this report). Figures-4F1 through 4-3 illustréte'the status

‘of ‘each of the reportable indications with regard to the

criteria of ASME XI, Appendix A.

The conditioﬁ of the two (2) Appendix A - rejedtablé

indications is‘furtherfévaiuatéd’ih the féllowiﬁg5§aragraphs;~

~Evaluation of ID Surface Examination_“

As explained in Section 2 of this'feportg the inspection

prograﬁ was expénded from the ultrasonicloﬁ'éxaminations to an

ID magnetic particle examination of .a sample containing the

two (2) A@pendix A-rejectable indications. -

,indicatiohs_wére detected during the ultrasonic examination of




U Page ‘three

- The two indications in question are No(s._14ran;I6 in stean

;cneratqragd ésu;isﬁed_in T&ble;SfS.‘ The téglélcléarly shows

'ghé;éfﬁwgfiﬁaiéatiéngmfo befﬁeaffthe“fD'sdgfééé kégpfbximatély -
‘bjlﬁfgéléwjzu ?hirteeg (13) pfhef:;epértablé ihéic&#ioﬁs in
lthiéﬂsame”éfeé”%ﬁd ;lso }isﬁéd ihifABié 5—5“wéfe,;ePorted tél
vBe,withian.z" of thé.ip §u¥facel éé?eier, ghe MT ex;mination

.'pf the area did not.reveal}any indications‘(Figuré'S-Z).

As mentioned earlier, . a visﬁal'inspedtion‘of-this same inside

surface noted numerous blended repair grooves which created

-the efroheous'UT signals.'tThis'is hore cleafly describedvin

the following sub-secfidn.

Affectvof'Internai-éurface.Geometry.
In ordér’ﬁd confirm the faét thét the UT indications weré:iﬁst'”.
érfoneous.siéngls generated by ;qvirregulaf_grébvéd;ID.
su;féeep a‘UT thfﬁ-;ransmission, signal daméinq iﬁspection was
pérformgd on the.applicabie UT indications.iﬁ this_afea'ip

accordaﬁcejwith NDEP‘9.4-11 and th 4.0. Figu;e 5-7 and its

Aaccompanying'data sheet in}mpemﬁx D reveal that this method 

did in fact confirm that the signals were simply the result of
internal'surfacé'grooves for seven (7) rejectable indications.

The other reportable UT indications’outsidéithé MT inspection

. area were also plotted on‘blended-groove maps generated from-

earlier radiographic examination film. These are included as
Figures .5-3 . through 5-6. As is shown from thé figures, all of

the indicatiohs'arevlotatéd'in blended gfooVe areas,.thereby



- Page four

-condlqdiﬁg'that these indications were probably the result of

irréghl&f surface geometry also:. Internal surface -

o

a“ekém;n6tionsAwere not performed in thése:other areas for ALARA

" considerations, howevef, it is posfﬁiated that £hese

indications are also geometry related in view of the surface

-irregularities which are known to exist.

In Summary, the condition of the Indian Point 3 steam generator

‘girth welds has been determined to be unchanged from the11983

baseline and acceptable for_continuedvplant operation for the

following reasons:

(1)

(2)

(3)

(4)

The few and small cﬁangesvfromfthe”UT baseline

inspection are not indicative of a failure mechanism and

"have been attributed to UT variability (personne1>and

technique);
The surface examinations performed in steam generator

No. 34 were satisfactory, no‘Sutface'indications were

found (the failure mechanism diécovered in 1982 was ID

surface initiated);
Surface irregulafities (geometry) have been demonstrated

to be :espohsible for a signifibant population of UT

-indications utilizing_é supplemental'UT technique; and

The remaining indications (which are locatéd within

areas of surface irregularities are similarly postulated

to be related to surface irregularities) have been

evaluated in accordance with ASME Section XI and are’

acceptable for continued operation without repair,
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POWER AUTHORITY OF THE STATE OF NEW YORK NDEP: A9‘.‘2—2
~....QUALITY ASSURANCE . | aassen
NONDESTRUCTIVE EXAMINATION Lo | PATE ——
] REVISION:
PROCEDURE

MAGNETIC PARTICLE EXAMINATION PROCEDURE YOKE TYPE'
CONTINUOUS DRY METHOD

PURPOSE
This procedure describes the requirements for examination of welded
ferromagnetic materials for detecting surface defects usxng yoke type,

dry method magnetic particle examlnatlon.

APPLICABILITY

This procedure shall be applicable to the examination of fefromagnetic
materials only where magnetic particle examination is requlred by
: spec1f1cat10ns, codes, for nuclear power plants.

REFERENCES'

3.1 ASME:-Boiler and Preésure Vessel Code 1968, 1974,'1977 edision,
' Section I, I1I, V, VIII, XI, plus addendas.

3.2 ANSI B3l.l, Standard Code for Pressure Piping.
3.2 NDEP 1.1, NDE Personnel Qualifiéation'ahd Certification.

3.3 ASTM-E-109-63, Standard Method for ‘Dry Powder Magnetlc Particle
' Inspection. .

3.4 NDEP 9.2, GeneraifRequirehents for Magneti§ Particle Examination.
ATTACHMEﬁTS |
9.2.2-1" Nondestfﬁctive Examinaﬁion Proceduré‘Qualification.
9.2.2-2 Magnetig‘Particie Ihspectioﬁ Report.
GENERAL |
5.1" Definitiéns
S 5.1.1 ‘Procedure Qualifiéation‘F Capability as verified by

. comparison to an established or defined standard of
performance.

/
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QUALITY ASSURANCE oATE3/25/02.

'aswsuo~
PROCEDURE

-Dlscontlnulty - An 1nterrupt10n in the phy51ca1 structure of

‘ﬁlﬁtidconflguratlon of a part which may or may not affect the . . .-
: usefulness of the part. .

5.1.3 Defect - A discontinuity'which 1nterfers with the usefulness
—_— of part detrimental to its serv1ceab111ty.-' -
5.1.4 Indlcatlon - Any magnetlcally held partlcle pattern on a
surface of a part being tested.
5.1.5 'Non—relevent ‘Indications - They are true 1nd1catlons produced
’ . by leakage fields, however, the conditions causing them are
- present by, de51gn, manufacturlng or other features of the
part havrng no relation to the damaglng flaws being sought.
"Such an-indication has. no relatlon to dlscontlnultles that
jmay constltute defects. : : '
5.1.6 "False Indlcatlon - An 1nd1catlon that may be 1nterpreted_
’ .erroneously as a discéntinuity such as mechanlcally held
nagnetlc partlcles.
Responsibility
5.2.1 All personnel performing the -magnétic particle testing in
" accordance with this. procedure shall be quallfled and
certlfled to at least Level I tester. .
5.2.2 ’Magnetlc Partlcle Level I Tester shall not perform any
testing except under- guldance and supervzslon of a certlfled
‘Level I1 TESter or Level III Examlner.v- :
5.2.3. 2all personnel a551gned to interpret and evaluate test results

shall be certified to at least Magnetlc Partlcle Level II

. Tester. .

General Requirements

all magnetlc particle materials shall meet the requirements

"of ASTM E-109.

Examinations in accordanCe'with this procedure .shall not be

done on the Surface of parts whose temperature'exceeds.600°F.

-

'Examination records shall be malntalned -as part of quallty
records.

- Page , of




POWER Aumoamr OF THE STATE OF NEW YORK| oo 9.2-2
K " QUALITY. _ASSURANCE__ e ey
DATE: - /25/82
NONDESTRUCTIVE EXAMINATION 1
, : REVISION:
PROCEDURE S

FRUCLOURE

6.1

[ e e <. . - ‘. . e T FP . e e e,

Surface'Pfeparation

6.1.1

"The surface to be. examlned and all adjacent areas within at

.least ‘1" shall be. dry -and free of ‘dirt, grease, lint, scale, -
-.0il,

weld spatter, or other matter that would 1nterfere with
the examlnatlon. :

_-SurfaCe preparation such as grinding or machining may be
_necessary in cases where surface 1rregular1t1es would mask an

»1nd1catlon.

'Cleanlng may’ be accompllshed by detergents,-organlc solvents,‘

descaling solutions, paint removers, ‘vapor. degreasing, sand

.or grlt blastlng and ultrasonlc cleanlng methods.

6.2.1

beSCription of Method

 General - This method con51sts of magnetlzlng the area to be

-1nspected to near saturation followed by applying partlcles.

of the ferromagnetic examlnatlon medium to the surface. The

partlcles will be retained on the surface at .cracks and other
discontinuities due to leakage in the magnetic field. The

_patterns will be characterlstlc of the type of dlscontxnulty

present.

"'Examination of Medium

-A. The examlnatlon medxum shall be finely divided.

ferromagnetlc partlcles of ’ hlgh permeability and low
retent1v1ty. g

The color of the particles shall be such as to prov1de
adequate contrast with the background of the surface
being examined. ’ Recommended partlcle colors, red, grey,
magnaflux- #8A and #1., » :

Partlcles shall be applled by dustlng.‘ Dlstance between
applicator and test" surface shall be at least 2 lnches.

Partlcles shall not be re-used. .. . e

D. Excess’particles_may be removed using & gentle air stream.
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PROCEDURE

‘Hegnetizationr

C6.3.1 pAternatlng or dlrect current . electromagnetlc yokes ‘or

- permanent magnetlc yokes shall be used.  Recommended yoke
type machlnes Magnaflux Y-6., -

-6.3.2 Pole spacing shall not exceed a maximum of 5 1nches and a '

. mlnlmun of 3 1nches.

vMagnetizing Current

6.4.1 Alterneting current electromagnetic yokes may be used to
‘ magnetize, provided the yoke has a lifting power of at least

’le lbs. and a pole spac1ng of 3 to 6 inches.

-6.4.2 - Direct current’ electromagnetlc or permanent magnetlc yokes

- may be used to magnetize, provided the yoke has a lifting
~ power of at least 40 lgs. and pole spacing of 3 to 6 1nches.

6.4.3 The magnetlzlng current shall remain on durlng the perlod the
-examination medium is being applied and while excess

'examlnatlon medlum is being removed.

Direction of Magnetization

At least two separate examinations shall be carrled out on each ‘area
being examined. The yoke shall be placed so that the lines of flux
during one examinatlon are approxlmately perpendlcular to the 11nes
of flux durlng the other. - ’

Examlnation

6.6.1 Examlnatlon 'shall be conducted w1th sufficient overlap to.
‘ assure 100% coverage at the establlshed test sensitivity. -

 6.6.2 The maxlmum test sen51t1v1ty Wlll be obtalned when the lines

‘of flux of the magnetlc field are perpendlcular to a linear
: dlscontlnulty. : '

6.6.3 Adeqnate illumination'islrequired at the'areavto‘be examined.

Eﬁaluation of Indicationé

Any indication whlch is bellved to be non- relevant shall be
considered unacceptable until the 1nd1cat10n is either eliminated by
additional surface conditioning or proved to be nonrelevant, .
Nonrelevant indications which could mask unacceptable
discontinuities shall be treated as unacceptable discontinuities.

Page 4 of
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PROCEDURE

6 8 Acceptance Standard

v

(A%

n-‘T follow1ng lndlcatlons will be consxdered unacceptable-,,"w'

A.f“Any cracks or linear 1ndications. _
B. Any rounded indication that exceeds 3/16"

-C. Four or more rounded lndlcatlons in a line separated by at least

'1/16" .edge-to-edge.
D: Ten or more rounded 1nd1cat10ns in any six square inches.

Linear 1nd1catlons are those 1nd1catlons in which the length is more
. than three times the width. ‘Rounded indications are those which are
" circular or elllptlcal with the length less than three tlmes the -

width. : .

6.9 -Demagnetization

Denagnetlzatlon is requlred when resxdual magnetlsm may 1nterfere
with subsequent process or usage. :

6.10 Procedure Qualification

‘Procedure shall be quallfled and proven by actual demonstratlon
using a test piece with known defects. Procedure qualification
results shall be recorded on the Attachments 9.2.2-1 and 9.2.2-2.

6.11 calibration of Equipment

6.11.1 The magnetizing equlpment shall be calzbrated at least once
i a year, or after each time it has been subjected to major
electr1cal repalr, perlodlc overhaul, or damage. '

6.11.2 The magnetlzlng force of yokes shall be callbrated by
' determlnlng thelr mlnlmum llftlng power.

6.11.3 The alternating current electromagnetlc yoke shall have a
lifting power of at least 10 1lbs. at the maximum pole
spaclng at whlch it w111 be used.

6.11.4 The dlrect or permanent magnet yoke shall have a llftlng
power of at least 40 lbs.: at the maximum pole spac1ng at -
which it will be used. . _ .

. 6.11.5 A sticker shall be_attached to the yoke showing;

A.  The date of performance of the lift test.:

B. .The name or 1n1t1als of the person who performed such
“work.

C. The date the‘stlcker expires.

Page g of
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NEW YORK. POWER AUTHORITY ";’fff'fffl”“f“i”7’3NDE§E“3§244§'

",Nonozs RUCTIVE EXAMINATION PROCEDURE S DATE:_ 7/30/94

T "REVISION-’- I

MANUAL ULTRASONIC EXAMINATION OF CIRCUMFERENTIAL
AND LONGITUDINAL BUTT WELDS IN FERRITIC VESSELS
' OF 2 1/2" THICK AND GREATER

1.0 PURPOSE

The ultrasonie‘examination.specified herein applies to_the use of manual
pulse/echo . examination - of = circumferential .and - longitudinal full
penerration welds in ferritic vessels. S ’ '

2.0 APPLICABILITY.

. This procedure is appllcable to, and describes requirements for manual
ultrasonic examination  of full . penetration circumferential and
" longitudinal butt” welds 2 1/2" -thick and ‘greater in ferrltlc vessels.
Thls procedure complles ‘with ASME Code, Sectlon XI.

3.0 REFERENCES

3.1 . NDEP 1;1_ Procedure ~ for Qualificatiou and - Certification of
. Nondestructive Examination Personnel. : o

4.0 ATTACHMENTS

4.1 APPENDIX A - Supplemental calibration parameters. -

4.2 Fig. 1 - Typical calibration block.
4.3 Fig. 2 . - Extent of metal examination.
4.4 Fig. 3 - Examination references.

‘4.5 APPENDIX B - Ultrasonic examination data.

Ultrasonic ‘indication data sheet.

4.6 APPENDIX C

. 4.7 APPENDIX D Ultrasonic transfer_data~sheet.

4.8' APPENDIX E Instrument callbratlon data for welds 2 1/2" thlck
or greater in ferritie vessels

1435b/0105b T I S Page 1 of 12



 NEW YORK' POWER AUTHORITY - j . NDEP:_ 9.4-9~

NONDESTRUCTIVE EXAMINATION PROCEDURE_‘v‘”_ ' DATE:_.7/30/84

e ISIbN:";ll

5.0 GENERAL

5.1 TEST PERSONNEL

All personnel performing the nondestructive examinations in
. accordance with this procedure shall be qualified and certified to at
least Level I in accordance with SNT-TC-1lA and NDEP 1.1 Procedure for
Qualification and Certification of Nondestructive Examination
Personnel. ) : '
NOTE: ' At least one member of each examination crew shall have ‘a
minimum quallflcatlon of Level II. A Level II or III individual
shall be responsible for withessing the final interpretation on all
ultrasonic examinations. He shall be responsible for the recording
. and acceptance of required data on ultrasonic examination reports.

5.2 TEST EQUIPMENT

5.2.1 Ultrasonic flaw detection instruments shall be of the pulse
' echo type with an A-Scan presentation.

5.2.2 Transducers used shall be a maximum of one (1) square inch
' in area and not less than 2.25 MHz nominal frequency. The
transducers used for angle beam tests shall be affixed to
- suitable wedges designed to induce sound beams in the
‘material under test at the required angles. The beam
angles shall be within + 2° of nominal. Other
frequencies -and/or angles dsy be- used. if required to

conduct the examlnatlons or 1nvestlgatlons.

5.3 COUPLANT

A suitable liquid, semi?liQuid, or .paste couplant medium, such as

water, . oil, glycerin, or grease shall ‘be ' applied to the test

- , surface. Couplants used to ensure the transmission of wultrasonic

| ' beams shall contain not more than one percent (1) by weight, of
re51dual sulphur and: halogens., ' » :

5.4 GENERAL.REQUIREMENTS

' 5.4.1 ' Generally the examinations conducted in. accordance with
this procedure will be done from the O0.D. surface. When
examinations or evaluations are to be conducted from an

1435b/0105b S . ~ Page 2 of 12



NEW YORK POWER AUTHORITY I . -NDEP. 9.4-9

. NONDESTRUCTIVE EXAMINATION PROCEDURE  DATE:. 7/30/84

REVISION: ~ 1.

6.0 PﬁOCEDURE

I.D. c;ad~snrface;‘calibration must be accomplished through
the clad, of the appropriate calibration block' and noted on

the report. For‘I D. examinations the search unit size and -

configuration shall be’ such that coupling distance does not
exceed .010". .

The celibration "Stendards ' used shall be - made of

ultrasonically sound material of the same specification,
product form and heat treatment as one of the materials in

the assembly to be examlned

Examined areas shall be dry wiped to remove excess couplant.

Unless otherwise specified the area to be examined shall
include the weld and the adjacent base material for one
wall thickness on either side.

The material shall be examined, where practicai, from both
sides of the weld by a straight beam and two angle beams of
45 and 60. degrees.

Prior to starting an examination, the areas to be examined

and contacted by the search unit shall be cleaned to ensure
that it is free of dirt, loose scale, machining or grinding
particles, weld ‘spatter or other loose foreign matter that
would impair the free movement of the search unit or affect
the inspection results. If such conditions are detected,
they will be rectified prior to conducting the examination.

.To assure complete coverage of the volume, the transducer

shall be indexed- with at least a 10% overlap with each

pass. The scannlng rate shall not exceed 6 inches per

second

6.1 BASE METAL STRAIGHT BEAM CALIBRATION AND EXAMINATION . R

6.1.1

-1435b/0105b

Prior to performing angle beam examinations, the base
material through which the angle beam will pass (Ref: Fig.

'2) shall be completely scanned,with‘a'straight beam search

unit to detect reflectors which might ' affect the
interpretation of the results of the angle beam examination.

Page 3 of 12
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 NONDESTRUCTIVE EXAMINATION PROCEDURE -,  DATE:_ 7/30/84
‘ . “+. _REVISION: - 1 - -
'-3_6,1.2“4g»iThe‘sensitivity of ‘the instrument shall be adjusted at a

location free - of indications so that the  first ' back
reflection from the far side- of the plate will be 50 to 80
- - percent of full screen helght. The sensitivity as adjusted
B - above shall be continuously ‘monitored during _ the
- examination and adjusted as necessary to maintain it w1th1n _
‘;“the stated amplitude. - .--fa o . o .

\ _
‘ ' . 6.1.3 . For. components having weld dep051ted claddlng on the inside
| ':surface, the base metal straight beam examination shall ‘be
| . conducted concurrently and at the same sensitivity as the
| " straight beam examination described in paragraph 6.5 below.
‘ 6.1.4 Areas containing - indications (principally laminar) that
- : ’ ‘will affect ‘angle beam. ‘examinations : shall be noted,
. . S . considered during the exanu.natlon, and reported on the data
‘ . sheet. ' R '

6.2 'INSTRUMENT CALIBRATION

Instrument callbratlon shall be verxfled at the beglnnlng of each day
'of examlnatlon in accordance w1th the follow1ng requirements:

6.2.1 . Amplltude Llnearity Verlflcatlon,- Position an anq1e beam
' search unit on the callbratlon block so that -indications
' . can be observed from both the 1/2 and 3/4T holes. Adjust
- the search unit pos1tlon to give a 2 to -1l ratio of .
‘amplitudes between the two indications, w1th the larger set
at 80% of full screen height. Without moving the search
unit, adjust sensitivity (gain) to successively set the
-'larger indication from 100% to :20% of full screen height,
in 10% increments (or 2 DB steps if a fine control is . not .
available),  and read the smaller lndlcatlon at each ’ !
setting. <The‘;eading must be within -plus or minus 2 1/2% a
‘of 50% of the larger amplitude. The readlngs must’ be
1est1mated to the nearest l% of full screen.. :

T.6.2.2 Amplitude' Control>;Linearity Verifiéation -f‘Position-_an
' ' angle beam search unit. on a calibration .block so thz- the
indication from the 1/2 T hole is peaked on the screen.

— ' . With the increases and decreases in attenuation shown in
‘ ' : o ‘the following table, the indication must fall_thhln,the

_ specified limits.

1435b/0105b° i S Page 4 of 12




' NEW YORK POWER AUTHORITY -~ . - - . ~NDEPi -9.4=9
~'NONDESTRUCTIVE EXAMINATION PROCEDURE =~ DATE: _7/30/84
'REVISION: 1
:'Indicetionfg. ix';'..'g, ‘ ”:-i_IndicatiQn'
. set at % of . ." .DB Control ~~ .limits, % of
“full screen - . Change ‘ full screen
80% . . . .. . -6DB . 36 -42: "
80% . . - 12DB 16 - 22
40¢ . . .+ 6DB - 76 - 84
208 . . .- +120B - 79 - 92

' Note: Minus ‘denotes decrease in amplitude; .=
- Plus denotes'increase;' o

- o ‘ The readlngs must be estimated to the nearest ‘1% of full
.I _ - screen. - :

6.3 EXAMINATION SYSTEM CALIBRATION

Calibration shall include ‘the complete ultrasonic examination =
" system.  Any change in search units, shoes, -couplants, cables,
ultrasonic instruments, or any other parts of the examlnatlon system
shall be causes for recallbratlon.- :

6.3.1 Callbratlon shall be verlfled at the beglnnlng of each day

' B 'of examination, and at the end of each examination category

.or every four hours, whichever is less, and with any change

- of examination personnel. ' A DECREASE in sensitivity of

more than 2 DB shall require recalibration and

re-examination of all ‘items examined since the previous
acceptable . calibration or - check. . An . INCREASE in

_sensitivity of more than 2 DB shall require recallbratlon

and re—examlnatlon and data correction  of -all indications

reported since the previous acceptable calibration or check.

.. 6.3.2 The instrument sweep range and a distance amplitude‘curve
' ' (DAC) shall be established utllizlng ‘the response from the
appllcable basic callbratlon holes in accordance with the

follow1ng : ,

1435b/0105b S | o . Page 5 of 12




CNEW YORK POWER AUTHORITY - 1f"j'f'ﬁ"v" NDEP: 9.4-9

NONDESTRUCTIVE EXAMINATION PROCEDURE . _DATE: 7/30/84

" REVISION: 1

-NOTE:

e when'necessary,'sweep position locations of the calibration

reflectors may be altered to accomodate the examlnatlon
'area thickness wlthln 90% of the sweep length.

6.4 ANGLE BEAM CALIBRATION °

6.4.1

‘1435b/0105b

Sweep Range Callbratlon

A.

B..

D.

E- -

vPosition the search unit for the maximum response from

the 1/4 T side drilled hole. Adjust the left edge of
this indication to line 2 on the screen w1th the delay
control . .

Position the search unit for the maximum response from

control

:Repeat'delay and range control adjustmehts until the

1/4 T and 3/4 T hole reflectlons start at sweep lines
2 and 6 respectlvely.

'Position-the'search unit for maximum ‘response from the
' square .notch on ‘the opposite surface. The indication
- will appear near sweep line 8. E ’ : :

Two divisions on the sweep equals 1/4 T.

pDistance - Amplitude Correction

A.

Position the search unit for maximum response from the -

hole whlch glves the hlghest amplltude._j

Ad]ust the sen51t1v1ty control to prov1de an. 80% of
' full screen 1nd1catlon from the hole. Mark the peak
" of the indication on the screen Wlth ‘a grease ‘pencil
"ot other sultable marker.

VDecreése the peaked ‘signal by -~ 6DB and markl this
“amplitude on the screen to establish the 50% DAC point.

Page 6 of 12
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NEW YORK POWER AUTHORITY = B 'NDEP:__9.4-9

. NONDESTRUCTIVEYEXAMINATION ' PROCEDURE . . DATE: 7/30/84

B ":"““.'* ! ~ e .A ] ) . . »‘ A. - ' e . ISION=‘ . 1

~D.  Re-establish’ the - primary DAC response level ' by T
increasing the 50% amplltude by 6DB. . R o

‘E.  Position 'the. search' unit for maximum ‘response from
each of the remaining calibration holes,

'F. Mark the peak of these indications on the screen.

G.:' Repeat step 3 and 4 for each of the remaining
- calibration holes. :

I. Connect the screen marks from the side drilled holes
to provide the primary DAC and the 50% Distance
Amplltude Curve, = ' S .

6.5 STRAIGHT BEAM CALIBRATION

' 6.5.l' Sweep Range Calibration.

A. Position the search unit on the calibration block and
- obtain the maximum response from the 1/4T side drilled
hole. Adjust the left edge of this indication to llne

2 on the" screen wlth the delay control :

B, Position the search unit for the maximum response from

' the 3/4 T hole. - adjust the left edge of this

indication to line 6 on the screen with the range
control.

c. Repeat_delay_and range,control Adjustments'until the
-1/4T hole reflections start at sweep lines 2 and 6.

6.5.2 -Distance Amplitude Correction

‘A. Position- the search unlt for maximum response from the
1/4 T hole. :

B. Adjust the sensitivity control to provide an 80% of
full screen indication from the hole. Mark the peak

of the indication on the screen with a gtease pencil
of other suitable marker.

1435b/0105b | S . - " Page 7 of 12
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. NONDESTRUCTIVE EXAMINATION PROCEDURE S DATE:t 7/30/84

+ REVISION: 1

6.6

C. Position the search unit for maximum response from

each of the remaining calibration holes.

D. . Mark the peaks of these indications on the screen.

E. Connect the screen marks and extend through the -
. thickness to provide the dlstance amplltude curve for

the drllled holes.

WELD EXAMINATION -

Examinations shall be performed for reflectors ‘parallel and

transverse to the weld utilizing the procedures outlined below. . Scan

sensitivity shall be a minimum 2X the reference sensitivity.

6.6.1  Reflectors Parallel to the Weld

The scan pattern shall start at one edge of the area to be.

examined with the ultrasonic  search unit transmitting an
angle beam perpendicular to the weld. The search unit
- shall be moved towards and away from the weld such that the
calibrated beam passes through the whole area of the weld

and’ base metal to be examined. Concutrent with this scan, -

the search unit shall be angled 15° right and 15° left
and progressively indexed along the length of the weld such
- that the whole scan pattern follows a "saw-tooth" pattern.
The "pitch" of the “saw-tooth" shall be such that on each
pass the ultrasonic beam covers at least 10 per cent of the
area covered by the previous adjacent pass. The weld and
required amount of adjacent base metal is to be fully
- examined by this < procedure. When practical, the
- examination shall be accomplished from both sides of the
weld.

"6.6.2 ‘Reflectors Transverse to the Weld

A The search unit shall be placed on one edge (i.e., 1
. weld thickness from the edge of the weld) of the
inspection area directing the angle beam into the
material parallel to the weld axis. From this
position, the search unit shall be moved parallel to

‘the weld and indexed toward the opposite side of the

1435b/0105b o ‘Page 8 of 12
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" NONDESTRUCTIVE EXAMINATION PROCEDURE =~ . ' DATE:_7/30/84
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' 6.6.3

weld such that the next scan will cover at least 10’
percent of the area covered by the previous adjacent’
‘scan. . Parallel 'scans shall be repeated in this manner
until the opposite 'side of the weld and base metal is
reached and examined. -

" B. Welds having' high orA uneVen reinforcement ‘shall be

‘.ground flat. for at least 90% of the weld width prior
to performlng the examlnatlon.. '

- C. -The examination in 6.6.1 and 6. 6 2 shall be repeated

'wlth the transducer turned 180 degrees.'

Extent of Examination

" Volume and area subject to examlnatlon and extent of scan
length shall be in accordance wlth Flg. 2. :

CALIBRATED STRAIGHT BEAM EXAMINA“ION

A callbrated straight beam examination shall be performedf'

‘'on’ the weld and heat ‘affected zone utilizing adjacent,-

parallel scans with at least a 10 percent overlap.

Scannlng shall ‘be performed at ‘a galn settlng of 2 times
the reference 1evel (6DB increase .in amplitude). Recording

~of indications shall be.carried out with the gain control'

set at the reference level

INVESTIGATION OF INDICATIONS

6.7
6.7.1
6.7.2
6.8
6.8.1
6.8.2
1435b/0105b

All indications exceeding 20% of the primary reference DAC
(40% of scanning DAC) shall be investigated to determine
maximum response, location and type of ° indication.

‘Indlcatlons are generally categorlzed as flaw,, geometric,

or metallurglcal

All flaw lndlcatlons which produce a response greater than
50 percent of the - primary response reference level DAC

" curve will be investigated’ ‘to the extent the examlner can

characterize and report data relevant to the - shape,
orientation,  location, . and possible  source of the
indication producing area.: e I ' : '

Page 9 of 12
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6.8.5

further characterize flaw indications, the examination

system shall be additionally calibrated in accordance

" with the requlrements of Appendlx A,

B. A.Reflector length shall be determ;ned by posxtlonlng

the search unit such. that the sound beam is directed
. perpendicular to the 1long axis of the dlscontlnulty
" and by moving the transducer parallel with this axis
in each direction from the position of maximum signal
amplitude. - The extremltles of the discontinuity shall
be defined as the points where the signal amplitudes
drop to 50% of the calibrated DAC line. The size and
location of recordable indlcatlons shall - be recorded
-and evaluated

Indications-whichLare»positiveiy determined to result from’

the geometric configuration of the component and that

exceed the recording level for flaws shall be acknowledged -
by recoxrding the length and location, i.e. at 1ID., from

175° to 270°.

" Indicatiorns ‘resulting ~from the metallurgical structure

within the material shall be 1nvest1gated .and considered
when assessing the effectlveness ‘of° th examinations.
Restrictions or variations to the examination "due to the
metallurglcal structure shall be recorded

Investlgatlon-_andﬁ recording ~of indications shall be
performed at the - reference frequency - and _sensitivity.

Other frequencies or beam angles may be used as an ald in
: 1nvest1gat1ng or’ 1nterpret1ng examlnatlon results. a

EXAMINATION RESULTS AND DOCUMENTATION

All data relatlve to the examlnatlons and the recordable 1nd1catlons
shall be documented and evaluated -

'1435b/0105b

6.9.1

- Data Recotding'

The locations of all recordable 1nd1catlons noted durlng
the performance of non-destructive examinations shall be

‘recorded with reference to datum points establlshed

Page 10 of 12 .
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"The length and location of all recordable indications

parallel to the weld shall be recorded by the distance
along the' axis of ‘the weld from the datum (or related
reference) point, to each ‘end -of the indication

.{(starting and finishing points defining the length).

The depth and width ‘and location of all recordable
indications parallel to the weld shall be recorded by

the perpendicular distance from the centerline of the

weld to each side of the  indication (starting and
finishing points defining the wldth). '

The léngth and.location of all recordable ‘indications
transverse to the weld shall be similarly recorded" by

the perpendlcular distance from the centerllne of the

weld to each end of “the 1nd1cat10n

The ‘depth and width and location of all recordable

indications transverse to the weld shall be similarly
' recorded by the distance along the axis .of the weld
from the datum or related reference point to each side.
- of the indication. : o

All -measurements between a - datum point and a
recordable indication circumferentially around a

vessel or pipe weld shall be taken in a clockwise
direction. (In the same direction as examinatiqn scan

-7
The clockwise direction shall be established as viewed
‘from the top of a vessel (viewed in the ‘direction of

examlnatlon scan 5).

The length and width (depths) of recérdable ultrasonic

indications shall be determined to the points where

- the signal amplitude response falls to a value of 50 -

percent of the calibration DAC level (DAC plus 6 db).

All measurements of rééordable ultrasonic indications
shall be referred to the point of sound entry of the
search - unit or the centerline of the search unit,

- -whichever being applicable.

Page 11 of 12
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- NONDESTRUCTIVE EXAMINATION PROCEDURE . ' DATE: 7/30/84

mto o s e 0 I00 When'a recordable indication located ‘transverse to the T
) ’ weld is found to extend. either side of the - datum
- reference point, the dlstances from the datum to the
ends shall be identified- as to  the direction of
measurement. This shall be achieved by utilizing the
scan direction reference identities applicable to the
side of the weld in conjunctlon w:.th the measurement.
(i.e. 4" (2), 6 1/2" (5) etc. )

6.9.2 - An indication is deflned as any. ultrasonic response where
"the amplltude v:Ls:Lbly exceeds the ultrasonic noise level.

6.10 DATA REPORTING
T All information with respect to the perfomance of non-destruct:.ve
. ~examinations shall be recorded on the data sheets similar to those /I}
. attached in the Appendlces of this document. : v

6.10.1 All information applicable to the calibration of ultrasonic
equipment prior to the performance of examinations shall be
recorded on the Ultrasori_ic . Examination Report sheet. in
accordance with the requirements of Appendix A, .

6.10.2 All information applicable to the examination of vessel or
component welds shall be recorded on ..the Ultrasonic
- Examination Report sheet in accordance with the requ:.rements

of Appendix A. .

6.10,.3 All information applicable to the evaluation of indications
to be recorded during the .performance .of - ultrasonic
examinations shall be recorded on the Ultrasonic Inch.catxon
Data Sheet in accordance with the requirements of Appendix B.

6.10.4 During “the performance of ultrasonie examination the
: information shall be recorded on the Ultrasonic Examination
Data Sheet in accordance with the requlrements of Appendlx cC.

6.10.5 The performance of instrument calibration as requlred prior

"to the examination of welds in accordance with this
Procedure shall be recorded as required by Appendix E.

1435b/0105b A - . Page 12 of 12
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oL REVISION-- V_l

. Appendix A

APPENDIX A

i SUPPLEMENTAL CALIBRATION PARAMETERS

1.0 CALIBRATION CORRECTION FOR PERPENDICULAR PLANAR REFLECTORS

ol.1

AP051tlon the search unit for maxlmum amplltude from  the square
" notch- on the’

opposite surface. - "X" marks the peak of the

‘lndlcatlon on. the screen near sweep line 8

oo,

Couple the’ _search unit . to the square notch in  the examination.

surface, P051tlon for maximum amplltude from the square. notch.
"X" marks the peak of the lndlcatlon on the screen near sweep line
NOTE: -The opp051te surface square notch may give an indication 2

to 1 above DAC at 45° and 172 pac at 60°. The square notch in the
examination surface will give al low amplitude if detected.
Therefore, the lndlcatlon from the square notch must be considered

. when evaluatlng reflectoros at the top or bottom surface.

2.0 REFLECTOR POSITION DEIERMINATION

2.1

Tabulate the'flaw-to-search unit "setback“ dimensions for each'of

the calibrated depths. ' These dimensions are obtained by measuring
the dlstance between the . sound exit point of the search unit and a

 point on the scanning surface normal to a selected calibration

- reflector, -

3.0 VERTI
3.1

3.2

1437b/0108b

when the signal from the reflector is "peaked“ on the
CRT. ‘This .measurement .shall be obtalned for the calibration
reference reflectors at 1/4T, 1/2T, 1 1/4T and the 1T notch T

CAL BEAM SPREAD DETERMINATION

'Measurements of“beam spread,shall be made on side drilled holes.

Position the search un1t to obtaln a maximum response from the .1/4-

T hole. Move the ‘search unit toward the hole untxl "the signal
amplltude equals the 50% DAC line. -

Measure the dlstance from the sound ‘exit p01nt of ‘the search unit
to the hole as stated in 2.1 and record thlS measurement in the

approprlate block on the- callbratlon sheet.

- Page 1 of 5
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'~ Appendix A

3.4

1437b/0108b

- Move the search. unit away from ‘the hole untll the'indioation equals
- the 50% DAC llne. S S ’ : :

':Measure the dlstance from the sound exlt pornt of the search unit -
.. to the hole as stated in "2.1 and record thls measurement in the. .

approprlate block on. the callbratlon sheet.-

‘Repeat the above measurements ‘on each of the remalnlng callbratlon‘i

holes.

. page 2 of 5
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Production ‘Hole '
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Over. 4" thru 6" - 1/4"
Over 6" thru 8" 5'/3-5,".'
Over 8" thru 10" “3/8" _
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] POWER AUTHORITY OF THE STATE OF NEW YORK
1 | CQUALITY ASSURANCE
NONDESTRUCTIVE EXAMINATION

NDEP._9.4-9

. DATE 7/30/84

REVISION:
PROCEDURE __Appendix A
' Extent of Metal Straight_Beam Examination' e
Lehgfh of angle beam scan. _Typicai of
- —

each side. See table below.
Area subject to

T

h——

- examination

Typical

: —

Material
" Thickness

l

\ \/ \

For angle beam scan length, add the following from each side of the

weld fusion line.

Material
Thickness

2.5

3!!

3.5"

4!0

4.5"

_5"

5.5"

6"

6.5" :

7" ‘and greater

45° 60°
3,75 5.75
4.5 - 6,75
5.25 8.0
6.0 9,0
6.75 10.0
7.5 11.0
8.25 12.5 -
9.0 13.5
9.75 14.5
T + T/2 1, 73'1‘ + T/2

Stralght beam scan length shall be in accordance with the

60 angle beam scan length

"FIGURE 2
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POWER AUTHOR!TY OF THE STATE OF NEW YORK

_QUALITY ASSURANCE ...

NONDESTRUCTIVE EXAMINATION
 PROCEDURE

NDEPLf9.4-9

DATE /3084

nevusno~ 1
Aonendlx ‘A

EXAMINATION REFERENCE
m

I 1 | ¢ '_ : Datmn Point ox.' Reference
T TV etel 3w 2w ar 2 am e ete, - velmt

S- 1~ ;._P,Osvition Ref (X) 7 T - ‘ ) , >»
R K - ] R
= | ete. )
-—v . !
WELD @

JoL

IS0 or Sketch ~ _ :
' S | _ ' Normal "~ .. Exanm,
; Direction arrow : ' E ' to O Dir.
' ~ ‘reference o o  surface Zero
’ ’ . » - 8 . B '_ .. -
SURFACE S5 o surface 2 :
< + ‘ , > |
T T~ Y

Examination Reference Key

VESSELS As viewed from “"TOP"
’ Circumferential Welds - Direction 2, points clockwise
. Vertical Welds. . - Direction 7, points down .
PIPE - As viewed in direction of orientation arrow (toward face of clock)
’ Circunferential Welds - Direction 7,points clockwise
 Vertical wWelds --Direction 7,points in direction of arro

D e e e e FIGURE 3
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" Appendix B
- APPENDIX B - 1

ULTRASONIC EXAMINATION DATA

The ultrasonlc examlnatlon report form shall be completed in accordance w1th B
‘the following requlrements. (Refer "to the attached sample form for block

number references )

L = Block No. - INFORMATION 'REQUIRED
R 1 Enter Plant Name
o o2 "Enter'Plant"unit number
: L 3 ‘Enter Date of examination '
. B 4 ‘Enter Examination procedure number A A :
o 5. Enter Plant Technical Specification reference item number

'coordlnator)
6 _,Enter Unit loop 1dnet1ty (1f appllcable)
7 Enter Identity of component or system )
8 ~ Enter Size of pipe, diameter and schedule . i K
9 Enter Sketch or Iso number

10 _ Enter Weld type (i.e. circ. butt weld)
11 . -Enter Calibration Block Identification . Number
12 _ Enter 'searach unit cable length
13 o Make no entry if the examination is conducted from the O. D;””
' surface of a pipe of components. Identify .examination
. ~ surface if other than these. o - :
14 ’ Enter search unit serial number
15 " Enter search unit size’
le - Enter search unit frequency . : _ :
17 .. Enter search unit beam angle (i.e.  0°, 45° or 60° etc.)
-18 ' Enter calibration reference: reflector.(i;e. l/4T, 1/2T, 3/47T,
_ “etc. or as node reference 1/8, 2/8,b3/8'etc;) R ‘
19, 21 & 25 Enteér  signal amplltude . from reference ‘relector ~as a
S 'percentage or full. screen helght : :
20, 22 & 26 Enter the location of the reference reflector sxgnal along
" the horizontal axis of the CRT screen (i.e. sweep location)
23 & 27 ' Enter the distance form the search unit sound exit point. to

the point on the block surface, vertically above the location’

. o ~of the reference relector, when the search unit 1s p051tloned
' - ' for the maxlmum reference response. .

la3gb/olosb - - o .. ‘page l of 6
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REVISION: - 1
Appendix B

24 & 28

Enter the distance from the search unit sound exit point to -~

‘the point on_the’block surface, vertically above the location
"of the reference reflector, when the 'search |unit 'is

positioned to obtain a reSponse of 50 percent of that from
the reference response. .

NOTE: Information requlred for items 23, 24,A27 and 28 above is oniy'to'be.

recorded:

when specifically ‘required by - the Inspection Program

Coordinator or his designate.

Block'No.'

29
.. 30
31
32
33

34

s
36
37
38
30
40
»

42

1438b/0108b

Information Required

Enter ultrasonix 1nstrument identity .
Enter the U.T. instrument Rep. Rate setting when callbrated

- . Enter the U.T. instrument Reject. Control settlng “when

calibrated

Enter .the U.T. Instrument Damping Control setting when

calibrated

. Enter ' the U.T. ‘instrument-wiilter - Switch settinq when

calibrated. N . :
Enter - the time of initial calibration and “subsequent
calibration checks .together 'with the ititials of the

~ operator. Record calibration ° block and. component

temperatures.

" Indicate -if continuationi sheet(s) hede "been . utilized for
_recording weld -examination data. ' , o
‘Indicate if examination transfer data 'sheets have been
“completed for welds covered by this data sheet. ‘

Indicate if any field changes are appllcable to the procedure

" utilized for the performance of the examination.

OPerators, signature certifying the- examinations havevebeen
performed in accordance with the requirements of the

‘referenced procedure and field changes.

Enter the gain control setting of the U. T. instrument_after'
calibration

. Enter the D. B;ucontrol settings of the U.T.-instrﬁmentvafter

calibration

"~ Enter the identify (as given on the referenced sketch) of - the

weld being examined :

If a transfer is found to be necessary, indicate by=entering
a 'Y' in this space.” If not necessary indicate by entering.a
'N'. Ensure that a transfer data sheet is completed and

ihdicate its attachment in space 36 °

_Page 2 of 6
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Appendix B

Block No.

a3
44, 45 & 46
47

48

49
50

51

52

53

INFORMATION REQUIRED

Indlcate that the. requlred straight beam examlnatlon of the L

‘area to be examined-has been performed .
Indicate here that the required angle beam examlnatlons have -

b“been -performed

Indicate here if calzbrated stralght beam examlnatlon has
been‘ performed . . . .

- .Indicate in these spaces ‘that the required examlnatlons have
) been_ performed. = Enter ' any - llmltatlons preventlng the
‘. performance of the required examinations such as obstructions

due to Oplp] supports, etc. Indlcate.approximate extent of
limitation

Indicate condition of the base metal adjacent to the weld,'

i.e. as cast; hand ground, etc.

Indicate the condition of the ‘weld surface, i.e. as welded;
ground flat, etc. o - e
Indicate the results of - the ultrasonic examination by
inserting the notatloh 'RI' if ‘indications with an'amplitude
greater than 50 percent of the primary reference response are
noted. Ensure that an ultrasonlc indication data sheet ‘is
completed for each such‘.lndlcatlon., vShould 1nd1cat10ns be

_fouhd which are greater than 20 percent, but not exceeding
50% percent of the primary reference response this shall be
' .indicated by inserting the notation 'NRI' in the space
- provided. : . B - o . o s
_Indicate here if indications are noted as the result of .
" performing an examination in accordance with the requirements
- of this Procedure. The results should be  reported by

inserting the notations 'RI' or 'NI' as appropriate.

- Enter. - any . information ‘necessary ' to -explain ' unusual
“examination problems. The presence of geometric reflectors,

with an amplitude greater than the recording level, should. be
noted here with a brlef indication of .the approxlmate extent,
i.e. Root reflector -50% max. for 360°.

Notes: Ultrasonlc examlnatlon data contlnuatlon sheets shall, if utilized,:

also be’ completed in accordance with the above instructions as
appllcable to the twenty-two xtems of 1nformatlon requxred.‘

NI -~ ' NO INDICATION _ !
‘NRI - NO RECORDABLE INDICATION (But examlner 1nvest1gatlon requ1red )

‘ 1438b/oiosb

. RI =

RECORDABLE INDICATION

Page 3 of 6
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* . 'NONDESTRUCTIVE EXAMINATION PROCEDURE ~ .::  DATE:_ 7/30/84

B e '_;-f R ST " REVISION: 1
- - : - ‘ S ' Appendix C

’AP?ENDIX c r' - fi - :

 ULTRASONIC INDICATION DATA SHEET

The ultrasonic xndlcatlon data sheet 'shall be completed in accordance with the
following requlrements. (Refer ‘to the attached sample form for block number

' references.)
'_block_No; " . INFORMATION REQUIRED -

‘Enter. Plant Name
‘Enter Plant unit number
_Enter Date of examination
: Enter Unit loop idnetity (if appllcable)
- Enter Identity of component or system
"Enter Sketch or Iso number - ‘ ‘
Enter identity of operator performing examination
Enter the thickness of the callbratlon standard ‘ulilized to
establish the DAC . :
Enter examination procedure number.

DNV BWN

9.
10 : Enter the ldentlty (as glven on the referenced sketch) of the
.~ . weld being examined . = -
11 . Measure and record here. the dlstance from the reference datum
_point to the nearest end of the indication at the polnt where
the response 51gnal has reduced to an amplltude of 50 percent
: of the DAC : :

12 ‘Similarly measure. and record the distance frbm the datum
, _point to the furthest end of the indication ’ _ .
"13. ° - Measure and record the sound path distance (depth) to the-
‘ half amplitude point of the reflector nearest to the surface

 (i.e. minimum depth) '
14 : Measure and record -the-distance. from the p01nt of sound entry
- to the reference datum point :
15 N Measure - and ' record the sound path distance to the half
. amplitude point of the reflector furthese from the surface-
(i.e. maximum depth)-

16 . "Again measure and record the dlstance from the pOlnt of sound

j _ -entry for maximkm depth to the reference datum point
17 Record the maximum signal response from the ‘indication either

~as -a percentage of DAC (i.e. 150%) or -in terms .of the
.attenuation required to reduce the ‘'signal amplitude to  the
DAC level (i.e. DAC + 6db) .

143970108 . S T ‘Page 1'of 3
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NEW YORK 'POWER AUTHORITY : o ~"I.up£p. 9.4-9°
" NONDESTRUCTIVE EXAMINATION PROCEDURE _ -,'NDATE- 7/30/84
. REVISION: 1
© Appendix C

Block No.

18-
19

20
21

22

23

1439b/0108b

INFORMATION REQUIRED

'REcord the search unit refracted angle in the material
Indicate the direction that the search unit is pointing when
recording the indication. This may be achieved by utilizing
. the scan direction references of Figure 3 (i.e. 2, 5, 7 or 8)
‘Measure and record the base metal thickness on the side of
‘the weld OEEOSlte the direction of the ISO arrow
" Measure: and. record the ‘weld thlckness at or near the
" centerline of the weld . :
" Measure and record the base metal thlckness on the sxde of

the weld in the direction of the ISO arrow .
Record any additional 1nformmat10n necessary’ to characterlze

" the reflector

"Page 2 of 3
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‘ NEWYORK POWER A‘U'I“HOVRiTY‘ o . ‘ : 4': 'NDEP' 9 4_9
NONDESTRUCTIVE EXAMINATION PROCEDURE DATE. 7/30/84
Lo e . " REvisToN: - 1
D S T - Appendix D
APPENDIX D

ULTRASONIC TRANSFER DATA SHEET

The ultrasonic'transferbdata'sheet shall be completed in accordance with the
" following. (Refer to the attached sample form for block number references.)

Block No.

O @ IO BwWw N

o
o

[
N

'1440b/0108b

INFORMATION REQUIRED

Date examination performed
Procedure ut111zed

Signature of operator(s) performing the examination L . S,

Plant name

Plant unit number

Sketch or ISO number as applicable

Calibration reference level db value

Db value from calibration block with amplitude at 80%

Db value from examination area with amplitude at 80%

Db difference between . A and B above

Enter the corrected reference’ callbratlon db value

List weld numbers for which ‘the above transfer is appllcable

- Page 1 of 2



 NDEP: 9/4-9
, T S I AP - Date:. 7/30/84 ,
. ‘ 0 S APPenle Do

DATE . _ 1

PROCEDURE ‘2

OPERATOR . 3

.‘ ?LANT | 4 : 3juNiT 5 ' SKETCH/ISO No. 6
REF. CAL DB VALUE __7 - | |
DB VALUE CAL: ﬁLofo(A) 8 _
I3 VALUE EXAM ITRM (B) 9.
DB DIFFERENCE BETWEEN A 53 10
. IF (B) IS LESS THAN (A) CHANGE REF. DB VALUE BY THIS AMOUNT TO INCREASE
. © SENSITIVITY. IF (B) IS GREATER THAN (A) CHANGE THE REF. DB VALUE BY THIS
‘  AMOUNT 10 DECREASE SENSITIVITY. RECORD CORRECTED REF. CAL. DB VALUE _ 1l .
' THE ABOVE TRANSFER CORRECTION 1S APPLICABLE TO WELD(S) NUMBERS: |

12

' APPENDIX D ATTACHMENT

Page 2 -of 2




NEW YORK POWER AUTHORITY .. 'NpEP: 9.4-9

'NONDESTRUCTIVE EXAMINATION PROCEDURE = .. . BATE: 7/30/84

szisxon: 1
Appendix E

APPENDIX E =~ .-

_INSTRUMENT CALIBRATION DATA FOR WELDS

2;172'INCHES THICK OR GREATER IN. FERRITIC VESSELS -

The instrument célibfafion data sheet shall be compiefed in accordancé’with_
the following requzrements. (Refer to the attached sample form for block
number references. ) ’ : - "

" Block No. INFORMATIONlREQUIRED'

1 . Date of examlnatlon
-2 :Examlnatlon procedure number S S )
3 - Signature of operator I
4. _Plant name ‘
5 Plant unit ‘number _ i
6 Make of instrument (Branson, Automation, etc.)
7 Instrument model number R ’
8 " Instrument serial number
9 ' Couplant used .
10 Transducer size
11 Transducer frequency
12 1Transducer serlal number
13 ' . Beam angle - . ) .
14 Smaller signal amplitude with.larger at 100%
15 - Smaller signal amplitude with larger at 90%
16 | Smaller signal amplitude with larger at 80%
17 © . -Smaller signal amplitude with larger at 70%:
‘18 Smaller signal amplitude with larger at 60%-:
19 ‘Smaller signal amplitude with larger at 50%
20 ~ Smaller signal amplitude with larger at 40%
21 " Smaller signal amplitude with larger at 30%
22 Smaller signal amplitude with larger at 20% )
23 ' Damping control setting during above verification
S 24 Reject control settlng during above verification
25 Rep. rate control setting during above verification
26 .~ Signal amplitude change from 80% with ~6db change .
27 Signal amplitude change from 80% with -12db change
28 - Signal amplitude change from 40% with -6db change -
29 Signal amplitude change from 20% with -12db change
30 Damping control setting. during above verification
31 ... .. ..Reject control setting during above verification
32 Rep. rate control setting during above verification .

'1440b/0108b - . N B P ' Page 1 of 3




S ST R e s e [-Date: - 7/30/84

| . I __ S SR, il Revision: 1.
: e ~77'mppendix E - o

' DATE . !

 _PROCEDURE _______ 2

" OPERATOR ___ - 3

COPLANT 4

" EQUIPMENT
INSTRUMENT . . TRANSDUCER
MAKE 6 . " s12ZE . - 10

I'I' o . _ MODEL ___7 o CFREQ. 11

. SERIAL NO._8 . SERIAL NO. 12

COUPLAN'I' 9 R - ANGLE 13 .

AMPLITUDE LINEARITY VERIFICATION -

IST SIGNAL AMPLITUDE  100% -~ 90% - 80%Z 702 60 50X 40% 307 207

2ND SIGNAL AMPLITUDE 14 15 16 17 18 19 20 .21 22

 2ND SIGNAL ALLOWABLE

AMPLI. o 48-52% 47-43 42-38 37-33 32-28 28-23 22-18.17-13 12-8 -

CONTROL SETTINGS: DAMPING _ 23~ REJECT _ 24 REP. RATE 25

APPENDIX E ATTACHMENT 1-2




' NDEP: . 9.4-9
O SR " Date: 7/30/84 | _
P e i —-R@VASION: - b e e
- " . _Appendix E : '

‘ff‘f.f}tAﬁPLITﬁbs CONTROL LINEARITY VERIFICATION |
o omsemaL. . stenaL
- SIGNAL . DB CONTROL - . '~ SIGNAL - AMPLITUDE
 AMPLITUDE . . CHANGE  ~  AMPLITUDE = LIMITS
' 80% FsE o -6DB 'i‘ 26 o 36 - 42
802 FSH A_'. -imB ‘.. 27 o 'f'ie - 22
»,gpz FSE +6DB '_' 28 i S 16 - 84
'HfzozﬂFSH' | '; +12DB° - 29 S 79~ 92
 .;NdTE{ HINﬁsjbENOTES'DECREASE IN AMPLITUDE; ' PLUS DEﬁOTES'INCREASE

. ~_ CONTROL SETTINGS: DAMPING _ 30 - REJECT __31  REP. RATE _ 32

APPENDIX E ATTACHMENT 2-2

‘_Paée"3 of 3~
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_ NEW YORK POWER AUTHORITY ~ .~ NDEP:_9.4-11

- 'NONDESTRUCTIVE EXAMINATION PROCEDURE - DATEE 7/30/84

REVISION: < 0

ULTRASONIC TEST METHOD FOR - ;RANSFER OF O0.D. LOCATION MARKING
TO STEAM GENERATOR GIRTH WELD I.D. LOCATION

1.0 PURPOSE - -
‘1.1 To ’estabiish ‘the requirementé and operating procedure for
' transferrlng 0.D./I.D. location marking for steam generator ‘girth

.weld repairs by use of a manual contact, . pulse=-echo, pitch-catch
" Ultrasonic technique. : :

2.0 APPLICABILITY

2.1 This procedure is limited in its application to the effective

! thickness range of instrument readout capabilities, and to material
and - product forms with accoustic properties and physical geometry
which will propagate ultrasonic‘enéfqy and allow reflection from the
opposite boundary back to " the 'transducer. (In the pitch=-catch
method, one transducer will act as a transmltter and one transducer
will act as a recexver).» ' ‘

3.0 REFERENCES

3.1 The following documents form a part of this procedure to the extent»

spec1f1ed herein.

'3.1.1 Documents
3.1.1.1 NDEP 1.1, Procedure for = Qualification and
Certification . - of Nondestructive Examination

Personnel. .

3.1.2 Codes and Standards

3.1.2.1 American " Society of Mechanical Engineers (ASME)
: Boiler and Pressure Vessel Code. '

A. Section III, Nuclear Vessels, 1965 Edition,
. Summer '65 Addenda.

B. Section XI, Inservice Inspection, 1974 Edition,

" Summer '75 Addenda.
3.1.2.2 American Society for Nondestructive Testing (ASNT).

A. SNT-TC-1lA Nondestructive - Testing Personncl

Qualifications, 1975 and 1980 Editions.
S Para 1 A~AFf 4
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NEW YORK‘POWER:AUTHORITY o . NDEP: -9, 4-'11'

.' NONDESTRUCTIVE EXAMINA'I‘ION PROCEDURE ST DATE~ 7/30/84

e - i -

REVIS ION : 0

' 4.b ATTACHMENTS

4.1 -Figure
4.2 Flgure

5.0 _GENERAL

#l'-‘Map forftransferring location marking

#2 - Typlcal Callbratlon Data Sheet

5.1 Personnei Requirements -

5.1.1

All -personnel performing the nondestructive examinations in

accordance with this procedure shall be qualified and

certified to at least Level I in accordance with SNT-TC-1A -
and NDEP 1.1 Procedure for Quallflcatlon and Certlficatlon of
Nondestructlve Examination Personnel

' Note: ~ At least one member of each ekamination crew shall

' 5,2 Equipment

5.2.1

have a minimum qualification of Level II. A Level II or III

"individual shall - be - responsible for the recording and

acceptance of required data on ultrasonic examination reports.

Pulse-echo - ultrasonlc equlpment (Krautkramer USM-2, USL-38,
or equivalent) shall be used. The electronic apparatus used
shall be specifically .designed so that at least one of its
functions is the measurement of thlckness by ultrasonlc means

A '~ utilizing the A-scan ‘method.

1445b/0108b

Streight Beam Serach Units

Either ceramic, lithium sulphate, or abrium titanate, 2.25 or
5.0 MHz, single element search units, having an effective
area of .5 square inches inclusive, shall be used for the
straight beam longitudinal wave examination. If grain
structure or surface condition is such that - 2.25 MHz cannot
penetrate, a 1.0 MHz search unit of the types llsted above
may be substltuted. :

At the discretion of the Level III, transducers ef different

size, shape, and frequency may be used as permitted by
SEction III - 1965, Article 6, para. N-625. 3. These changes

shall be documented on the data sheets.

Page 2.of 4



NEW yonx POWER AUTHORITY o e NbEp: .§.4-11 L

NONDESTRUCTIVE EXAMINATION PROCEDURE T DATE: 7/30/84 B

REVISION- Sy

5.3 " Surface Preparation and Couplant'

5.3.1 The contact surfaces shall be clean and free of dirt, dust,
weld spatter, loose 'scale or ‘other material which would.
interfere with free movement of . the transducer or impair
transmission of ultrasonic energy into the material. ’

5.3.2° 'Cougl-aﬂt
A sultable liquid, - 51m1-11qu1d, or paste couplant medlum such
as ' water, oil, glycerln, grease, or ultra-gel shall be'

applled to the examination surface.

5.4 Scanning Requirements

. _ 5.4.1 Start:.ng at the zéro ("C") ' reference location at the
centerline of the feedwater nozzle on the upper. shell ‘to
transition cone - girth 'weld circumferential = seam, 0.D.

'measurements shall be transferred to the I.D. surface at 5
foot intervals. Measurements are clockw15e looklng down -as
indicated on the ‘map (Flgure #1).

6.0 PROCEDURE
The 1nstrument shall be callbrated using the back" reflectlon pltch-catch

method. - Callbration Standards: S/G GW-1, (A-302 Gr B) or International.
Institute .of = Welding (II-W) calibration block may be  used. The .

callbratlon data shall be recorded on the calibration sheet (Flgure #2)

6.1 Back Reflectlon CalJ.bratJ.on - Pitch Catch Method

- , : _ A 75 foot coax- BNC cable shall ‘be - attached ‘to the “Receive"
’ connection and a 6 or 12 foot BNC cable :shall be attached to the

- "Transmit” : connectlon. (For -the USL-38 instrument the "Thru
transmission" mode must be selected) ' . '

Connect transducers to ‘cables," apply couplant to callbratlon block'
~and adjust J.nstrument to 100% of full screen helght. '

The origi-nal and final callbratlon “must be ‘performed on the basic_

. | , ‘calibration block.

1445b/0108b . S : - Page 3 of 4




NEW YORK POWER AUTHORITY PR fj5;~“ : 9.4-11

NONDESTRUCTIVE EXAMINATION PROCEDURE f' fﬁerDATEE'“7/30/84.

" REVISION: 0

6.2 - Procedural Stepsafor ALARA considerations
JA.' U T. operators to be provxded w1th walkle/talkle or head setsb
: for communlcatlon. ~ - :

" B. U.T. lnsttument to be located at vessel O D. with - "Transmit"
S able ‘at the 'O’ p051t10n.‘ :

. C. .0perator w1th 75 foot cable to enter vessel I D and proceed to
feedwater nozzle locatlon. T

D..,Outside operator couples transmit transducer tol‘O' position.
. ’ . - - E, Inside operator . scans " area until A_indicat_ion appears on’
: instrument screen. s : . _

- F. -‘Outside operator notifies ‘inside operator. ~ When signal is
maximized inside operator'marks,I.D. location to coincide with
- 0.D. mark (Transfer). o : ) : C

G. . Proceed'to 5*, 10', 15', 20', 25', 30', 35', ‘and 40(”1ocations
" and locate and mark as above. - . S : L
: H.A Intermediate _(lb'foot)v segments -'shall be marked rby‘ use of a
graduated template. (Layout)
6.3 Regorts A

6.3.1 a detalled ultrasonlc examlnatlon report is not requxred.
"I.D. Marking layout prov1des required data. The: comment
section of the callbratlon sheet when completed prov1des the
" required documentation for this - procedure.

X 1445b/0108b o o KR . ' " Page 4 of 4
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rlanc/Lait

Comp/Systen:

" POWER AUTHORITY—0F o
_ THE STATE OF NEW YORK

CALIBRATION SHEET-FIG ¥ 2.
L

' -Data ‘Sheet No.
Procedure No.

. Subject

- Pev/Change No.

3L

(3

I .NSTRU(‘ {ENT SE‘“‘I‘INGS » SEARCH UNIT S ~_Calibration "~
Y - : - "Block No - '
[ . , . ' .
. aodel No.: can Angle: Mode: _Surface -
Serial No. _F;xtu:xng (if any) - Block Temp
kwee: Length : Style or Tvpe No. @ : P. lemp -
Sweep Delay sze & Shaoe. [ bggf»ofi?h Anfb' “ég‘“'
Pulse Length/Damping: - 1 |Frequency : ' '
%:eq.: Rep. Rate: Serial No/Brand: -
i L -
Eilter: Video: Jack: Heasured Anqle
|
DEC/Gate Switch:  Range: Cable Tyne & Length:
;t-:ode Select: . 'Rejéct: | Couplant Brand z |
Cain (coarse):  (fine): 4Couplan: Batch- ' 0T o
. . == - . STy Cs——.
INSTR.. LINZARITY CAL. [ | Sdassanics scCIusviaige wor . OAC PLOT
- . ; CAAL 80, e SCAELH 040G e in %0 1 2 k] 3 S
Amplitude . | Seats tam oe __‘ m“::‘z‘::: Pry— ecl -1
. o 10— -
High | Low High LoQ SCAN AREA sol
e - ] <
1 S - 50 -—
. s 0° WRV ‘C'. + 4 + L )
‘ : 6 . P i 0 N
. 0* Mat' 29
. 21°7 ' 2
} - W 10
p gy s _.~L=° eld budoabie byl Lind o bt
) =t0 WeX : 0 1 2‘_3 a 3 e 7 8 9 10
AMPL. CONTROL LINEARITY — —
{initia; d8. | Result o RECORDABLE S~
Initial | 4 dB : EXAMINATION |rnpreaTIon _COMMENTS/REASON FOR |
80 T -6 . WELD/AREA INCOMPLETED SCAM(S) :
~ ' : A : Yes | No ‘ A . i
BO -12 s
40 +€ =
20 +12 ’ ;-. -
CTLLIBRATION CHECKS| TLUE ) - T

Initial Cal.

Intermediate

Intermadiate

ezrmediate

.nal Cal. . ) _
ADDITIONAL SHEETS?(CHECX BOX)|  EXAMINERS 1 _Date Level
Continu;:ion Beam Plot S Date Level
. Sunmalemente jf\no » -




'NEW YORK POWER AUTHORITY
w7 INDIAN POINT 3 NUCLEAR POWER STATION ~© ' "
QUALITY ASSURANCE INSTRUCTION.
TITLE: ALTERNATIVE METHOD FOR EVALUATION OF - o jear: 40
: L ULTRASONIC TEST RESULTS
- | 3 | o |Rev: 1

PREPARED BY: ww‘wﬂmuﬁ: 7/2v/58 | DATE OF 1sSUE:

. o QC REVIEW: s L2 (u..u.,:__ EI\ DATE:'7X14'\‘$S 7/24/85
. v QA REVIEW: //O ..~ DATE: ‘/— 7’/‘?5
| APPROVED BY: 'FX V'W&éﬂ _DATE: 7/ Z‘I/J(’

SUPERCEDES: QT 4.0, Rev. 0 ‘dated 7/18/85




3.0

4.0

. .s“PURPOSE Jwgsl¢ B R A ."lil“nl

2.0

) Page 1 of 4

QAL 4.0, Rev.. 1 :

vl;ln'To provide guidelines and clarification of the ultrasonic examina-»"

. tion methods to. be used by NDE personnel to evaluate non-uniform »’
- 'surface conditions caused by grind-outs or weld build-ups which
‘result in mlsinterpretation of .reflector ‘locations when performing

__'ASME Code, Section XI ultrasoric’ examinations of circumferential
" and” longitudinal butt welds in ferretic vessels of 24" thickneSs
;and greater. : '

,APPLICABILITY ’

' 2.1 lThis 1nstruet10n is applicable to and provides ‘alternative -

examination ‘requirements for evaluation of ultrasonic examination
“results by IP-3 NDE personnel ) 2

2.2_;The instructions listed herein meet the intent of ASME Code,.
h Section XI, Subsection IWA 2240 for alternative examination methods
_and supplements, IP-3 Nondestructive Examination Procedures NDEP
9.4~9, Rev. 1 and NDEP 9.4-11, Rev. O for steam generator
inspections. : L o L :

'REFERENCES

3.1 ASME Code Section XI.

3.1. Subsection IWA-2240 Alternat1ve Examinations
-3.1.2 Subsection IWB-3514 5 Ultrasonic Reflectors of Geometric and
Metallurgical Origin »

3.2 Nondestructlve Examination Pfocedures
3.2.1 . NDEP 9.4-9, Rev. 1 Manual Ultrasonic Examinatlon of -
Circumferential and Longitudinal Butt Welds in Ferretic
Vessels 2&" thick and greater. : : -

3;2,2i NDEP 9,4~ 11 Rev. 0 Ultrasonic Test- method for Transfer of -
- 0D Location Matkings tovSteam‘Generator ID Location.

'ATTACHMENTS -

4.1 . Shear Wave Technique '

4.2 Thru Transmission Technique (Pitch- Catch)

4.3 View (actual) showing grindout which caused mode conversion to
longitudinal and surface wave resulting in miSJudged location

4.4 View (actual) showing grindout edge which caused mode- conver51on to

1llong1tud1nal wave resulting in misinterpretation -

4.5 Map of grindouts in SG 34 areas 39' to "O" and "0"- to 5' as

obtained from 1983 final radiographic film overlays -



5.0 GENERAL ~

6.0

" QAI 4.0, Rev. 1

B TR TSR S

lﬁ.l»iASME Code Section XI- requires ultrasonic examinatlon ‘of steam

generator welds to be performed from the OD surface without access
* to the . ID surface. Examination is performed using approved ISI-
- procedures and techniques. Any . reflectlon point’ observed will
4fgreturn a- signal to the CRT screen that will vary’ in sound—path
--length . depending on its location. This reflection produces, on the
_CRT screen, a blip that corresponds to the time required for the.
© "sound wave to travel between the test surface and the disconti-
r':nuity. Applying trigonometric functions, the technician calculates
‘the location accurately to pinpoint  the source, a plate surface, - - %
corner, -gap or weld discontinuity. Records are documented and -
“evaluations performed in accordance with Code, acceptance
standards : :

Recently conducted examinations, which required inspection of the
-back surface, have shown that grind-outs where surface indications
have been removed or weld built-ups will produce reflectors which’
-can easily be misinterpreted or erroneously located and reported.

" OD surface irregularities, weld crowns and transition cone weld
'sections cause shifts in the sound entry. angles. Shifts-of as
‘little as 5° will deflect the sound beam enough to produce a signal -
that appears to come from an interior defect instead of its true
-source, such as the edge of a grind—out. Angle beam shear waves.
which strike acoustic boundaries at critical angles can convert to

. surface waves or to longitudinal waves called mode conversion.
Conversion of shear waves to longitudinal or surface waves, may
also give false readings. Ref. Attachment(s) 4.3 and 4.4.

‘Since longitudinal waves travel about twice as fast as shear waves,
an inspector can misjudge the locations of a reflector and
erroneously interpret a grind-out edge as a recordable/reportable,‘
1ndicat10n." :

_The greaterfspeéd of longitudinal waves make reflecting points

. appear closer than they are. Use of 60° search units and grind-out
edges exaggerate mode conversion, raising sound pressure enough to
‘make signals from tiny discontinuities easier to detect. Use of
the couplant-dampened finger technique greatly enhances the
interpreters ability to verify the source of the reflector to

~ assist in defect location when access to the back surface is
,available.'

INSTRUCTIONS

AUpon completion of the required ‘ASME Code, Section XI ultrasonic
‘examination, reportable indications which cannot be verified by visual

~and/or magnetic particle examination on the ID surface, shall be

evaluated utilizing the following thru transmission damping technique to.

‘verify whether or not these readings were influenced by grind-outs or.

other surface conditions which resulted in. mlsinterpretation of the
indication locatlon. :



"sub- surface indication requiring further- evaluation.

QAI 4.0, Rev. 1
-Page 3 of 4

Re establish location of UT 1ndication from the oD surface with thepghp“;;ﬂwn
proper angle beam transducer, ut11121ng location and search unit ..

'hposition data from earlier inspection per procedure NDEP 9.4-9,
Rev.,l. Ref. Attachment 4. 1 :

.. Mark axial and circumferential location of angle beam transducer‘on'l
- -0D. surface, once maximized indication 1ocation is established

" Tabulate ax1a1 position of indication ut11121ng peak ‘position, -

search unit position, and the appropriate beam angle data using

_trigonometric functions..
- Mark_axial position of indication on OD SurfaCe_nallr'

Adjust UT'scope for'thru‘wall'transmission.

Connect transmitting lead and receiving lead to UT scope and
install straight beam transducers to each as per procedure NDEP

- 4.9-11, Rev. 0. Ref Attachment 4 2

' Re locate UT scope and rece1v1ng transducer on 1D surface of
‘weldment.

‘Place transmitting straight beam transducer on 0D surface at the

established position (step d).

Place receiving straight beam transducer on ID ‘surface and scan at .-
approximately the same axial and circumferential location. -

Adjust receiving transducer from the ID to receive maximum thru
transmission signal and mark on ID surface.. :

.Position angle beam transducer on, previously established reference}
’p051tion on OD (step b). 4 ,

 From ID, apply couplant to thru transmis51on 1ocat10n mark

established in step J.

From ID, finger dampen spot where couplant was applied and observe
peak position signal on UT scope

If peak signal oscillates during damping'prOCess; thenisignal is”
being interrupted at the surface indicating geometrical or’ ’
metallurgical condition.

If peak 31gna1 does not oscillate during damping process, then the
signal is not being interrupted at the surface thereby 1nd1cating a



.Ps
"~ " ‘provide corner reflectors or if mode conversion is suspected use -
-~ the finger dampened technique to attempt to locate re—directed

If grind-outs or other surface'cbnditidn; are_ 6bser§ed whicﬁ-eeuld;;pw

~""‘-’NO'J:E DELETED

QAL 4.0, Rev. 1
. Page 4 of &

—

sound paths.

Record all data and submit to the NDE. Level 111 and/or PrOJect
Engineer for evaluation purposes and comparison wlth tabulated

"radiographic overlays. Ref Attachment ‘4.5,
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This f]aw* evaluation handbook has been designed for the eva]uation of

R L

».secllouv]

indications which may be discovered during 1nserv1ce 1nspect10n of the Indian
Point uuit 3 steam generators. The tables and charts provided herein allow

the eva]uat1on of any 1nd1cation discovered in the upper shel] to cone weld

region without further,fracture mechanics ca]cu]ations. The fracture analysis
work has instead been done in advance, and is documented in this repoft.' Use
of the handbook will allow the acceptability of larger indications than would
be allowab1e by only using‘the standards tables'of Section XI'[I] " This
report also provides the background and technica] basis for the handbook

.charts

The geometry of this region 1s shown in Figure 1-1.

The highlight of the handbook is the design of a series of flaw evaluation

charts for both surface flaws and the embedded flaws. Since the
characteristics of the two types of flaws are different, the eva]uation charté

~are distinctivély different in style. One section of this handbook deals with

surface flaws, and another section concentrates .on the evaluat1on of embedded
flaws

The flawveva]uat1on charts were designed based on thé Section XI code criteria"

of acceptance for continueq service without repair. 'Through use of the
charts, a flaw can be eValuated'by_éode-criterié,1nstantaneous]y. and no
follow-up hand calculation 1is required. Most'1mportént of all, no fracture
mechanics knowledge is needed by the user of the handbook charts.

* The uyse of the term “flaw" in this document should:be taken to béhsyhonymdus
with the term “indication" as used ifn Section XI of the ASME Code.

1255€:10/062085 N B
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”fiexceed the standards 1imits, and must be evaluated by’ fracture ‘mechanics, will

"It is important to note that indications which are large enough that they" IRt

- also require additional inservice inspection in the future, as discussed in R -
~ Section XI, paragraph IWB 2420. o e :

’wiiii"CGDETAccEPTANCE'CRITERIA

~ There are‘tuo a]ternative sets of flaw acceptance criteria for ‘continued
service without repair in paragraph IWB-3600 of ASME Code Section X1 [l]
Name]y,

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'sections and‘the
acceptance criteria (2) have been assessed by past experience to be generally

less restrictive for thin sections, and for outside surface flaws in many
cases.  In all cases, the ‘most beneficial criteria ‘has been used, generaily

' criteria (2)
111 CRiTERIA BASED ON FLAW SIZE -

The code acceptance criteria stated in IWB-3611 of Section X1 are:

a, < A a ~ For normal conditions |
‘ 1 (upset & test conditions inclusive)
and = a < .5 a, ~ For faulted conditions.

(emergency condition inclusive)

o _ ‘ S .
where

a = The maximum‘size to which the detected flaw is calculated'to'grow
at the end of 40 years design life or till the next inspection

time



'ac 5‘¥‘ The minimum critica] flaw size under normal operating conditions .

| . SR (upset and test conditions inc'lusive)
";uai The minimum critical flaw: size for initiation of nonarresting R f~aé-‘
" growth under postulated faulted conditions (emergency conditions - '

inclusive)

‘*o determine whether a flaw is acceptabie for continued service without
ziry both criteria must be met simuitaneously However. both criteria have
'ﬂ been considered in advance before the charts were constructed ~Only the most = S
 restrictive resu\ts were used in the charts L T f; I

i;i.z caIrERIA BASED ou STRESS INTENSITY EAcToR :

© AS mentioned in- the preceeding paragraphs the criteria used for the ,
“construction ‘of the charts in this handbook are from the least restrictive of
IWB 3611 or IWB 3612 of Section XI. The criteria in 'IWB 3612 are based on
safety margins between the app]ied stress intensity factor ‘and the fracture

toughness of the materiai

The term stress intensity factor (K ) s defined as the driving force on a
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 '
,toughnessh(KIa. K ) is a measure of ‘the resistance of the material to
- propagatfon of a crack It is a material property, and a function of
~‘temperature. : : : = - : ‘ o

The criteria‘are stated in IWB 3612: -

Ki < 7%6 For norma] conditions (upset & test conditions inclusive)
KI < 75—-Eor faulted conditions (emergency,conditions_inclusive). .
. where
1255€:10/061885 . 13
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K :v' = ‘The maximum applied stress 1ntens1ty factor for the flaw size

, . d'“f ac to which a detected flaw will grow, dur1ng the conditions

T T under considerat1on ‘at’ the end of des1gn 11fe or to the next ™
"‘1nspect10n o S RO ,

‘K, p_é vFracture toughness based on crack arrest for the corresponding
ijcrack tip temperature ) R

- K ' =‘;Fracture toughness based on fracture 1n1t1ation for the
' - j’correspond1ng crack t1p temperature ' '

"To determ1ne whether a flaw {s acceptable for cOntinued service without _
 7repa1r. both criteria must be met simultaneous]y However. both criteria have

‘been considered in advance before the charts. were constructed Only the most
" restrictive results were used in the charts. ' ‘

1.1.3 PRIMARY STRESS LIMITS

In;add1tion to sat1sfy1ng~the fracture‘criteria,f1t~1s 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 'equai to the
area of the 1nd1cation 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 herein. The -allowable flaw ~depth
‘ determined using this criterion 1s 1.462 1n. for the upper she]l to cone weld

reg1on
1.2 GEOMETRY.

The geometry'of the upper shell to cone weld region‘of'the Indian_Point'Unit 3
steam generators:1s shown in Figure 1-1. The dimensions shown arehthe minimum
values from'the design'drawingst The outside surfaces: have been assumed to be
insulated. The notation used for both surface and embedded flaws in this work
is 11lustrated in Figure 1-2. h
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GEOMETRY OF UPPER SHELL TO CONE INTERSECTION FOR INDIAN POINT UNIT 3

FIGURE 1 l-___
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- FIGURE 1-2  Typical Notations of Surface and Embedded°FlaQ*lndiéations.1 SRR
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‘2:1 TRANSIENTS FOR THE STEAM GENERATOR

. SECTION 2 o
LOAD CONDITIONS FRACTURE ANALYSIS HETHODS AND HATERIAL PROPERTIES o

"Thefdesign transients for theﬁlndian foint Unitraisteam generatoﬁ‘r’*'siza’re'listedv'v”'‘i
,r,in“Tabie 2'1 Both the minimum criticai flaw sizes, such as ac under norma]
. operating conditions, or a1 under faulted ‘conditions for criteria (1) of

" IWB- 3611 ‘and’ the stress intensity factors KI' for criteria (2) of -

. fINB 3612, are a function of the stresses at the cross- section uhere the f]aw_ R
~ of interest is located, along with the materia] properties Therefore the 7

first step -for the evaiuation of a flaw indication is to determine the .

' appropriate iimiting ]oad conditions for the location of interest,

'The key parameters used in the eva]uation of any indications discovered during'
iinservice inspection are the criticai depths, first, that for the governing
normal, upset, and test conditions and second, that for the governing

emergency and faulted conditions

,For.the region of interest, theiupper shell to cone weld, the'fuil range of
- design transients was considered Transients such as. pressure tests,
. including both hydro and Teak tests, can be controiled by setting the test

- temperature. Therefore, in determining the governing norma] condition (level

" A and B) only the operational transients were considered ‘and a separate

}determination was made as to any required changes in the pressure test

temperatures to ensure that they would not be limiting A discussion of this
subject is. provided in Appendix A. On this baSis, the governing normal

. conditon (level A and B) is the loss of power ‘event, while the governing
-emergency and faulted condition (level C and D) is the steamline break.

'2.2 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 (K ). This -
was done using expressions avaiiable from the literature In a]i cases the -

* 12sse:10/062085 . 2-1



A

‘stress intensity factor for the criticai fiaw size caicuiations uti]ized a -
”f'representation of the ‘actual stress profile rather than a 1inearization This

was necessary to provide the most accurate determination possibie of . the
Acritical flaw size, and is particular]y important for consideration of
_emergency and faulted conditions where the stress profiie is generaily

"ﬁ‘nonaanear and often very steep The stress profiie was represented'by a cubic |

'polynomiai

o RS 2 3
X AL (X
a(x) = Ao + A] t + A ( ) +:A3 (t)
where x is the coordinate distance into'the‘waii
-t = wall thickness : ,
o= stress perpendicuiar to the- piane of the crack

For the surface flaw with length six times its depth the stress intensity
factor expression of HcGowan and Raymund [2] was used ’ ' '

.lThe stress intensity factor K (o) can be calculated anywhere aiong the |
’ ;,5-ck front. The point of maximum crack depth is represented by ¢ = 0 ‘The
_fo]lowing expression is used for calculating K (o)

'2 PR V7

K (o) = 133 (cos ¢ + L sin o) ' (A % % A]vﬂjb_
. C - ]

142, 4 2, .

ME IR T T T R B

Tra magnification factors Ho(o) H (), H (o) and H (¢) are
' obtained by the procedure outlined in Reference [2] ‘

The stress intensity factor caicuiation for a semi-circular surface flaw, -

(aspect ratio 2: 1) was carried out using the expressions deveioped by Raju and

~ Newman [3]. Their expression utiiizes the same cubic representation of the

stress profile and gives precisely the same resuit as the expression of

McGowan and Raymund for the 6:1 aspect ratio fiaw. and the form of. the
equation is simiiar to that of . HcGowan and Raymund above



7‘that developed by Buchalet and Bamford [4] o
represented as a cubic ‘polynomial, as shown above and these coefficients as

- below:

The stress 1ntensity factor expression used for a continuous surface flaw was
Again the stress profi]e 151;

well as the magnification factors are combined in the expression for KI

o ""f;f'. ég’
E.Jia [Ao f] + = A

2 s
* 72 Ay Pyt 3z 37 A 4]

F A,

KI F

12

- where F., F F F are magnification factors, available 1n [4]

1° 2' 3"

~ The stress 1ntens1ty factor calcu1at1on for an embedded flaw was taken from

work by: Shah and Kobayashi [5] which is app]icable to an embedded flaw in an
infinite med1um. subjected to an arbitrary stress prof11e This expression
has been shown to be applicable to embedded f1aws in a thick-ualled pressure

'vessel in a recent paper by Lee and Bamford [6].

2.3 FRACTURE TOUGHNESS

The other key element 1n'the”determ1nation of critical flaw sizes is the
fracture toughness of the material. The fracture toughness has been taken
directly from the reference curvés of Appendix A, Section XI. In the

rtransition temperature reg1on these curves can be represented by the

fol!owing equations

Kl = 33.2 + 2.806 exp. [0.02 (T-RTNDT.+1100 F)]

K - 26.8 + 1.233 exp [0 0145 (T—RT + 160°F)]

Ia D

I1C Ia

where K, and K,. are in ksivin.

The upper shelf temperature regime requires utilization of a shelf toughness
which {s not specified in the ASME Code. A value of 200 ksivin has been’
used here. This value is consistent with general practice in such .
evaluations, as shown for example in reference [7], which provides the

. background and technical basis of Appendix A of Section XI.
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- The other. key element in the determination of the fracture toughness 1s the
~value of RT which 1s a parameter determined from Charpy V—notch and '

To allow determination of RT

properties of thesermater1a1s are listed in Table 2-2.

~Once the value of RT,,

NDT'

"drop-weight tests

NDT for the upper she11 and cone mater1a1s a

comnilatian wag made of the properties Tisted on the original materfa] test

‘ cert1f1cates The materials used in the steam generators were - tested after a - el

t-weld heat treatment cyc]e‘of 1100-1150°F for 20 hours. The Charpy impact

The upper shell to_cone weld which.now exists'in the steam generators}of

- Indian Point Unit 3 is a composite of two welds. The innermost portion of the
- weld was depos1ted in ‘the repair completed in 1983, while the outer portion of

the weld is the original weld metal. The properties of both these materials
are;provided in Table 2-2 as ‘well, '

The U.S. Nuclear Regulatory Commission has established guidelines for
estimating the va1ue of RTNDT from Charpy properties in their Standard
Review Plan [8]. Review of Table 2—2 shows that in genera] the materials in

- the shell and cone region have excellent Charpy properties, and therefore the
:value of RT is equal to the test temperature, which 1s 10°F for al] the

NDT

materials except the repair weld, where RTNDT = =20°F. The only exception

is the upper shell material for steam generator 34, where the average Charpy
energy is 36 ft 1lbs for heat C3073-2, and the procedure mandates a

conservative estimate of RT = 30°F. In some cases this difference in

NOT

RT has resu]ted in separate flaw evaluation charts.

NDT

NDT 1s‘estab11shed, the reference toughness curves of
the ASME Code discussed above may be used direct]y. since the materials are -

A3028 and A3028 (N1cke1 modified) which have minimum specified yield strength

lTower than 50 ksi.

' ‘

1255€:10/062085 2



1 ~used to construct the handbook charts For norma] upset and test conditions.df;?i;fz.;ffi-
" the cr1t1ca1 flaw size' a s determined as the depth at which the app]ied ‘
' str-s: *ntensity factor K

®

.2.4_.CRITiCAL_FLAH:SIZE DETERMINATIONi_r.'

values (K and K ) were used to determ1ne the allowable flaw size values’

exceeds the arrest fracture toughness K.

I Ia

'For emergency and faulted conditions the minimum flaw size for crack
-;1n1t1ation is obtained from the first 1ntersect10n of the applied stress
“1ntensity_factor_(KI) curve with the stat1c,fracture toughnessv(KIc) curve.

1255t:10/062085
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;mEnve1ooe Trans1ent

. Hot Standby

Fu11,Load_

Loss of Load‘v'

Loss of Power

. Steady State Fluct.*

. Secondary Side**% .

Pressure Test

In1t1a1 Cond1t1on

TABLE 2 1

No Load rw:;;_;Jiu

i Zero Stress
“No Load

No Load

FullfLoad.

Rl Load
~ Full Load

. Zero Stress

Q,, TRANSIENT SUMMARY FoR'INolAN POINT UNIT 3 STEAM GENERATORS ngvow"mm_wm

Enve]oped Trans1entsf:'l

_Heatup/Cooldown TTTfF“L

‘ Loss of Secondary
‘Pressure

- Hot Standby Oper

'Plant Load1ng/

Un]oad1ng
10% Step Load

In/Dec

'Loss of Load -

Reactor Trip

.50% Step Load Dec.
. Loss of Flow

Loss of Powef

- Steady State Fluct.
* . ‘Secondary Side
. Pressure Test ~

Primary Side

Pressure Test

- . Secondary Leak4Testj

<Cycles. .

200
25000

14500
2000

- 80

400

200
80

0
1x 108

50
50

*Stresses var1at1on about Fu]l Load obtalned by sca11ng Full Load Stresses by 50/755.; o

**kStresses obta1ned by sca11ng Full Load stresses by 1085/755

@

s




o - TABLE 2-2 “INDIAN POINT UNIT 3 5/G CL W ..} ERIALS & PWHT DATA - T C . ‘ : .

e
1
MECHANICAL TEST DA(A S - . PWWT (EFFECTIVE) .~~~ = ' o0 )
) . Impact . o e , _ o SN . A - . S o
: _Data’ : B o o I o ‘ . N : : C
Upper .~ +10°F . ;. Cone . . 1 N . o : o S
§$/6 1. Shell 820 Hrs Tensile Materfal Materfal Impact Tensile | FAB FAB Closure = Repair “Total o Hcﬁrs’ o
Unit Heat No's 1125°F  _Data Type | Heat No's Data - _Data Location | PWHT(Hrs) ~ PWHT(Hrs) PHHT (Hrs) - Hours Réme ining: ;
1 | ca2s-4  55,55,55 65/92.9  A3028 ‘ 87121-1 87,118,123 68.6/93.5 | FW Upper |8 Hrs 30 Min 2.5 - 6 Hrs 20 Min 17, Hrs 20 Min '7 Hrs 40 Min
: 90.0 o : : S 92.2, } , oo
o . : ! ) T : g . ) ' R - .
A 2388-1  84,72,69 71.4/100.0 A302B Mod. | -2 135,113,122 70.0/89.4 | SUN Lower [12 Hrs 30 Min - 2.5 . 6 Hrs 20 Min 2) Hrs 20 Min " 3 Hrs 40 Min :
' - " 95, , S T 948 - . LT A e S SR T
! -3 103,101,87 71.4/95.0] WELD . C2.5.  6Hrs 20Min ~ 9 Hrs: . 3 Hes ool o S
| ' 92,6 W TAMPA e . . S : e !
32 (2888-1  86,82,76 63.4/93.6 A02B Mod. : C3139-3 111,112,116 64.5/93.0) FW ‘|8 Hrs 0 Min 2.5 7 Hrs 30 Min 18 Hrs-30 Min . 6 Hrs 30 Min g
: 97.0 ' S “gr.2l : . o o - : '
C3267-1  177,79,62 72.0/94.6 A3028 - | -5 113,133,110 68.3/91.7) sus 13 Hrs 2.5 . - 7Hes 30 Min 23:Hrs 1 2 Hrs
, - 960 - Lo o 88.9| WELD. S SR 10 Hrs - 30 Hrs .

— T RIS 656782 70.5/94.6 A0z . G391 139,106,001 67.7/91.5] PN B Hrs 30 Min 2.8 A Hes 0 15 Hrst  10HesT

.
po o
v
1=
Z

A2443-4 - 80,97,127 69.5/95.0 A3028 - B7121-1 - 87,118,123 68.6/93. 21 Hrs 30Min 7 2.5 4 MHrs " [28Hrs] (-3 Hrs) .
S - 93, o . : g2.2b WEtD - ‘ St 6.5 WArs . 33 Hres ‘
: , _ o _ )N TAHPA : S R R T !
3 | A3s8-1  79,97,99 59.5/9s.$ A3025 Mod. | C2966-1 105,101,110 66.5/87.5| FW Upper 8 Hrs 30 Min- 2.5 - B8 Hrs T T Mo Hes ST T
- . sz.1 - . : : T ] B DA o : o ‘
€3073-2 - 35,41,32 58.2/93.0 - A3028 Mod. . -5  89,98,82  60.7/89.0 LUKENS ‘ 16 Hrs 10 Min 2.5 B Hrs . vs 40 Mirl (-1 Hr.40 Min)
S SN /s F T 83.6] WELD 1 A o C rs 30 Mir ‘29 Hrs 30 Min <y
WELD METAL TEST DATA ‘ N TAPA ' : — AR ==
N N . . - i :
Impacts . _ : i
+10°F Tensile . .- Ultimate - B : . Doty i N
. Heat = 48 Hrs PWHT  Yield x 1000 _x 1000 ’ Test No. : - : oo A ‘ '
fabrication . . : . ] ! o S - . o R A
Wire/fFlux 308524/ . 78, 89, 92  .64.9/67.5 80/80:2 - To 1374 Wire | - E S L E oot T
Combination =~ L3958 . 7 To 1262 Flux ' ' S _ » ST
WTAMPA 3998/L3958 78, 63, 4} 68.7/70.6  84.9/86.4  To 1375 Wire . : . . o '
L . - 44, 65,:67. : : ) . To 1262 Flux | * FW - Foster Wheeler - A1l Upoer Assemblies . ) FE T .
Repai : ’ ' R S . SUN'- Sun Ship - Transition Come - Units 31, 32'& 33 ! Pt t
_Repair - o . _ LUKENS - Lukens Steel - Transition Cone Unit 34 - . . ] s
Weld Metal ) _ ) . ) . o
 NYPA - 32681 - 18, 122, 98" 66.6 82.0 - v : . D N R '
.
2-7 . g :
o
{
L X



R SECTION.3 -',,fem?faﬁr.-. R O
@ - . EATIGUECRACKGROWW ' .

In abpiying cede acceptance'criteria as 1ntrbduced i ‘Section 3'"the“f1na1

flaw size a used in criteria ) is def1ned as, the minimum flaw size to

f

,,wn1rh the detected flaw is calculated to grow at the end of’ ‘the design l1fe B
or. unt11 the next. 1nspect10n time In this handbook ten-, twenty-. and '
thirty-year inspect1on periods are assumed. ‘

These crack growth'calcuiations have been carried out for the upper shell to
cone weld of the Indian Point Unit 3 steam generators for which evaluation
charts have been constructed. This section will examine the calculations, and

- provide the methodb]ogy used as well as the assumptions.

The crack growth calculations reported here are rather extensive, because a
range of flaw_shapes have been considered, to encompass the range of flaw
shapes which could be encountered 1n_serv1ce} ' ‘ ‘

3.1 ANALYSIS METHODOLOGY

The fatigue crack growth analysis procedure involves postulating an initial
flaw at a specific region and predicting the growth of that flaw due to an
imposed series of loading transients. The input required for a fatigue crack

- growth analysis 1is basica]]y the 1nformation necessary to calculate the

parameter AKI which depends on crack and structure geometry and the range

of applied stresses in the area where the crack exists. Once AK is
calculated, the growth due to that particular stress cycle can be calcu]ated
by equations given in Section 3.3 and 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 1n this manner until aln the transients
known to occur in the period of eva1uation have been analyzed.

~ The transients considered in the ana]ysis are all the design transients
-conta1ned in the steam generator equipment specificat1on as shown in Section

2, Table 2- 1. These transients are spread equa11y over the design 1ifetime of
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"~ the steam generator, w1th the except1on that the preoperat1ona1 tests are con-"

sidered first. ““Faulted conditions” “are ‘not” cons1dered because their- frequency of

'occurrence 1s too low to affect fatlgue crack growth _..ﬁ;,’gg m;::;;

.. Crack growth calcdlations were carr1ed out for a range of flak'depths and
“""three basic types.- The ‘first type was a surface flaw with length equa] to six
~ times {its depth,}and whose analysis was previously reported. The second was a

“inuous surface flaw, which represents a worst case for surface flaws, and
the third was an embedded flaw, with length equal to three times its width.

For all cases the flaw was assumed to maintain a constant shape as it grew. -
3.2 STRESS INTENSITY fACTORAEXPRESSIONS

~ Stress 1ntens1ty factors were calculated from methods ava11ab1e in the

~1iterature for each of the flaw types analyzed. The surface flaw with aspect

ratfo 6:1 was analyzed using an expression developed by McGowan and Raymund
[2] where the stress 1ntensjty»factor Klisvca1cu1ated from the actual stress
profile through the wall at the Jocation of interest. '

The maximum and minimum stress profiles corresponding to each transient are

represented by a third order po]ynomial. such that:

¢ (X) =‘A0 £ A

The stress intensity factor Ky (4) can be ca‘l'culated anywhere along the
crack front. The point of maximum crack depth is represented by ¢ =0. The

.~ollow1ng expression is used for ca]cuIating K (o).

VAL 2, . a _.2.1/4 2a
Ki(¢) = Q (cose + =5 sin“¢) (Ao Ho + ST A 1




s

h,The magnification factors H (¢). H (o). H. (¢) and H3(°) are _
__obtatned by the procedure outlined in reference [2] L A

' The stress intensity factor for a continuous surface flaw was calculated using

an expression for an edge cracked plate [9] The stress distribution is
Tir earized fhrough the wall thickness to determine membrane and bending stress

,and the applied K is calculated from

KI = dm Ym Ia +'dB YB {a -

'The magnification factors Y and YB are taken from [9] and a is the crack

- depth. .

For an embedded flaw. the stress. intensity factor expression provided in

'Appendix A of Section X1 was used directly, which again requires linearizing

the stresses. The flaw shape was set with length equal to three times the
width, and the eccentricity was set. at 2. 5, which corresponds to a flaw near

‘the inside surface of the vessel, although still embedded.' This flaw will
~ provide a worst case calculation of stress intensity factor for embedded
- flaws. Since the calculated crack growth was very small for this case, no

further consideration of other flaw shapes or locations was deemed necessary
for an embedded flaw : ‘

3.3 CRACK GROWTH RATE REFERENCE CURVES

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

For water environments the reference crack growth curves are shown in Fig.
3-1, and ‘growth rate 1s.a function of both the applied stress intensity factor

_range and the R ratio (K ) for the transient




Eor R>0.65

ez st - sz x0T o)

[ ,_.:..____..., o v pediren oy U G

da » '95 -

(ar, >19-ksifjh) %% = (1 01 x ‘° ) Ky it 95

 where %% = Crack Growih réte,.mitfd-inches/cycle.

| o da . 5 595
(8K 92 kstvin) GF = (1:20 x 107°) K>

1.95

~For R ratio between these two:extremés;fintekpoTatidn is recommended.

v The crack growth rate reference curve for é%f envifdnments is a sing]ekturVe.
.with growth rate be1ng on]y a function of. applied AK. This reference curve
1s also shown in Figure 3-1. : S -

: %ﬁ - (o 0267 10 ) AK 3.726

where, %% = Craﬁk'groﬁth rate; m1crb;ih¢hes/cycie .
AKI ='§fres$ciﬁtén$1ty fdﬁtok range; ksivin

L F (Klmai7fﬂslqu)1

3.4 iFATIéue CRACK Gaowfﬁ"ntsopts;f':rf"

- The fatigue crack growth results upon wh1ch handbook charts uere deveIoped are, =

summarized in Table 3-1, and shown graphically 1n Figure 3-2.
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S INTIAL S cRACK LENGTH AFTER YEAR o = nem oo
" |CRACK LENGTH 10 20 . 30 40 ...

-vaat1gue Crack -| .200 -  .221 =~ .237 . - .25 275
U N B R S R R
" Surrace Flaws | - .300 - .344 .38  .439 513

(@7t =0.0) 350 . g0 473 561 702 |
| 400 479 571 718 .940
.500 .63l . .813  1.078 1.558 - .

INITIAL " CRACK LENGTH AFTER YEAR .
| CRACK LENGTH' 10 20" 30 40

o . | .0 . .06 .08 0 L1100 .13
| Fatigue Crack | 50 - 158 L1620 165 170
P Grouth for © .20 227 223 .29

Surface Flaws . A :
~(a/t =0.1667) | - .250 -~~~ -~ .265 - . .273 - = ..282 - 292

2300 .319 .331 0 .343 . .356 -
2350 - .373 .389 .405 - .423 - .
|- -.400 428 - 487 . 468 .491 -
.500 - .538 . 567  .598' . .633.

A INTIAL CRACK LENGTH AFTER YEAR B

| CRACK LENGTH 10020 30 40
| .0 . .00 050 .050 050
‘Fatigue Crack e Sl 18 - - SR 100
‘Embedded Flaws 150 0 -%0 . L1810 151 0 151
(a/£=0.1667) | 00 . 201 200+ 201 - .202
- .250 .51 (252 .252 253
.300 302 302 .303 - .304
.350 .32 353 . .355 356

<’ (500 - .505 .58 .51 . 514

‘Table 3-1 Fat1gue Crack Growth Resu1ts - Ind1an Point Un1t 3 Steam Generator
' Upper Shell to Cone’ Ne]d Reg1on SR Sl e

e a2 e an ol
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SECTIDN 4 e
SURFACE FLAw EVALUATION

4.1 SCOPE OFLEVALUhTION . j,l.;.lf.

" The surface flaw eva]uat1on covers the upper shell to cone weld region fhts

"¥ﬂrse tion describes the deve]opment of the 1nside surface flaw charts for that , -

@

. region ,_'giv“ftﬁ*i*:,}
4.'2~ . CODE CRITE.RIA:;“i~“s,_";-'- o L :v L . o t '

. The acceptance criteria for flaws have been readily presented 1n Section 1

For convenience they are repeated as follows:

hafls tl’ac = ftﬁ~ﬂ v{' For normal cond1t1ons | :
' S - (upset & test cond1t10ns 1nc1us1ve)

and
LY <.5 aiL‘ ;hh "f For faulted‘condttions |
- ; B (emergency condition’jnclusive)'
where

at the end of the des1gn 11fe or the per1od t111 the next

"1nspection. 10 20 and 30 year periods have been considered 1n . .

<.th1s handbook

‘ .i(upset and test conditions 1nc1us1ve)

.‘; a, = The m1n1mum cr1t1ca1 f1aw size for 1n1t1ation of nonarresting o

grouth under postulated fau]ted conditions (emergency
conditions 1nc1us1ve) ‘ '

1255£:10/062085 .

- eThe maximum size to uhich the detected flaw is ca]culated to grow"

a = 1‘The m1n1mum cr1t1ca1 flaw s1ze under norma] operat1ng condttio:



i o }iAlternatively; criteriafbased on'applied;stress'intensity factors may be used:

: I ©Kp < 743 For normal conditions (upset & test conditions fnclusive) . . -

i 1 =710 3
Ko T S vi; - s ‘
I For.faulted;conditions_(emergency‘conditions'inclusivel?g;k RS
where
KI = .The maximum applied stress intensity factor for the flaw size
' ac to which a detected flaw will grow. during the conditions
1under consideration ‘
'_ Kla‘ é‘ Fracture toughness based on crack arrest for the corresponding
' 'crack tip temperature ‘ ' : '
K = Fracture toughness based on fracture initiation for the

S Ic
g corresponding crack tip temperature

O ";_4,.-The larger flaw size determined by these two criteria {s used to develop the o o

- flaw charts.
At'v,4;3"BAs:c DATA.

In view of the criteria it is noticed that three groups of basic data are
c_required for the construction of charts for surface flaw evaluation. Namely,
f. driving force (K ). and fracture toughness (K and K )

. }f‘,elhe Preparation of these three groups of basic data will be discussed in the e
f;i'fffollowing paragraphs. They are the key elements of the allowable flaw size
'l’f?and fatigue crack growth calculations upon uhich the evaluation charts are

e based A schematic diagram of the evaluation procedure is shown in Figure
- 4-1. KIc and KI .are the initiation and arrest fracture toughnesses
(respectively) of the vessel material at which the flaw is located They can

be calculated by formulas:

i  1255£:10/062085




*-m,and'

"earlier. in Section 2.3. The upper shelf fracture toughness of ‘the steam
:'>generator steel is’ -assumed to be’ dOu ksivin.. : :

S ———

; :KIC = 33.2 +;27906 °*pf-£'°2(TfRTNoi + 10075)1 _: _ Ciy

Kp = 26.8 +1.233 exp. [OWAS(T-RTyy; +160°F)]

E Notice that both KI and Kla are.a function of crack tip: temperature T

. +ihe material property of RTNDT at the tip of the flaw as discussed

; The driving force KI. used in the determination of the flaw evaluation
“charts 1s the maximum stress intensity factor of the surface flaw under

evaluation. The methods used for determining the stress 1ntensity factors for

_: surface flaws have been discussed n Sectlon 2. It is important to note that
the flaw size used for the calculatlon of KI is not the flaw size detected
: by inservice inspection Instead 1t is the - calculated flaw size which will

~ o e grown from the flaw size detected by 1nservice inspection That means

that the surface flaw size used for the calculation of KI had to be

 determined by using fatigue crack growth results. -This is equivalent to

working backward in the chart of Figure 4-1 to determine the largest allowable

- flaw size.

-~ As defined in IHB'36ll of'Code Section'XI' af is the maximum size resulting

from growth during a specific time period which can be the next scheduled .

, 1nspection of the component or until the end of steam generator de51gn lifetime

Therefore, the final depth ac after a specific service period of time must
be used as the basis for evaluation. The charts have been constructed to

‘ow the initial (measured) indicatfon size to be used directly. Charts ‘have '
been constructed for operational periods of 10, 20 and 30 years from the time‘
of detection. ' :

l The final flaw size af has been calculated by fatigue crack growth analysis,

which has been performed covering the range of postulated flaw sizes and flaw

' shapes at various locations of the steam generator needed for the construction

of surface flaw evaluation charts in this handbook -AN crack growth results
have been summarized in Table 3-1, and plotted in Figure 3-2.
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4.4 TYPICAL;SURFACE LW EVALUATION CHART )

Notice that all the finite surface fiaws and embedded . fiaws anaiyzed are
semi-elliptical in shape “Crack growth anaiyses for finite surface: flaws with

Yaspect ratio (length to depth) Tess ‘than &:71 have utilized the resu]ts of 6:1,
. and for any flaw with aspect ratio larger than 6: 1, the resuits of ‘the .

continuous flaw are used. This is conservative in both cases. It is noted

The two basic’ dimensioniess parameters, which can fully address the

_characteristics of a surface flaw are used for the evaluation chart
»construction ' Name]y.

o Flaw Shape Parameter a/t
o Flaw Depth Parameter a/t

Vhere,
t - :uail thickness, fn.
a - flaw depth, in.
L - flaw length, in.

R ﬁow. consider‘the chart for the governing transient. Section 2.1 indicated o
- that the most limiting normal condition expected to occur during the remaining'
‘plant 1ife is the loss ‘of power. - In addition the governing fauited condition

is the large steam line ‘break (LSB). The fracture and fatigue anaiyses showed

,that the loss - of power is the most governing of these transients. Figure 4- 2

- shows the resuits for the loss of power transient ‘and it is constructed as

(@

foliows

' o A The flaw shapetparameter a/l was plotted as the abscissa from 0
(continuous flaw) to .5 (semi—circuiar fiaw) '

0 'The flaw depth parameter a/t in % wasfplotted'as the ordinate.

1255€:10/062085 . o 44

_&that onlv the crack growth ana]ysis for circumferentia1 flaws was performed o




:' o The lower curve was the code acceptable flaw depth tabulated 1n Table

| : yf,‘:_INB 3Sll-l of Code Section XI Thls curve 1nd1cates the acceptance
.__e __'standards of the 1983 winter Addendum of the ASME Code. below which
i“'analytlcal evaluation is not’ required" T T

0 The upper boundary curves show the maxlmum acceptable flaw depth by
7 code crlteria beyond which no surface flaw is acceptable for continued
" service without repair. These upper bound curves, have been determined
_by the fracture and fatlgue evaluations described herein and they are
, mapplicable for lo years. 20 years, or 30 years. as 1nd1cated

.0 ' Any surface 1nd1catlon which falls between the two sets of boundary
~curves will be acceptable by the code with the analytlcal .
' justlflcation provlded herein.' However. TWB- 2420 of ASHE Sectlon XI
’ requires future monitorlng of such 1ndications '

E The inside surface flaw evaluat1on charts constructed for the Uppervshell to
cone weld region of the Indian Point Unit 3 steam generators are presented in

i F1gure 4-2, and repeated in Section 6, where instructions are g1ven for their
us These surface flaw evaluation charts are based on an RTNDT of 30°F which

(. - —exlsts in the upper shell material for steam generator 34. They are also con-

servat1vely appl1cable to the steam generators w1th an RTNDT of lO°F

4.5 PROCEDURE FOR THE CONSTRUCTION OF A SURFACE FLAN EVALUATION CHART ;

'_This section describes how the inside surface flaw evaluation charts were
.constructed for the upper shell to cone weld region

Step 1
Determine the critical flaw'slies'from_lable 44 aslfollousi'

"Load o Flaw " Critical Flaw Sizes

Condltlon - Orientation Continuous AR=6.0  AR=2.0
N/U/T* - Circumferential ac.é 3.50 a__.ac =3.50 ° a_ = 3.50
(-. E/F* Circumferential a; = 3.50 ay =3.50 aiﬂ=_3.50

, *N/U/T normal upset. and test cond1t1ons
E/F emergency and faulted conditions

45



i'“Determine the maximum code acceptable flaw depth (a or a, ) He have '

“Lload - | Flaw “4;7f5e7;'00de o Critica1 Flaw Sizes
tonull10n 'n 0r1entation fi”~iCr1ter1a Continuous »AR—G-O ' AR 2 0

o N)u/T“f‘ eff7'*§_c1r;umfehen;1a1, da 035 0.35 0.35
CE/F* . Clrcumferential .5 a, 1750 1,750 1.7%0

“Therefore the -
allowable flaw - S N e L
depth (n.) 4s: . -~ - 035 - 035  0.35

Step 3

: Deterﬁihe the correspond1ng 1n1t1a1 flaw sizes which wil] grow to the above
critical flaw sizes after 10, 20 and 30 years of service.

We define the above 11m1t1ng cr1t1ca1 flaw depth as af _ The initial flaw

size a can be found from the fatigue crack growth results of Table 3-1 and
have been plotted - 1n Figure 3-2. ' T :

*‘-_N/U/T' nbhma]; upset.ﬂand test conditions
E/F . emergency and faulted conditions
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'The values of a, wh1ch are app11cab1e to 10 years of service are 11sted as

5.fo1lows ﬁfl'"ur‘51'"¥“'f*ffﬁff’ﬂ*7f;~§f“i STUR R o i e e

;1C°nt1ﬂuéus'}fiﬁfr;;flﬁt}ifgh,gm;5£7,_.,
| Flaw ‘,‘,Ji;»'AR=6" e VfﬁjAaez N

__=a;g~;'_ 0. s o % 03 o
_ ao ";~ﬂ 0 3043 : f - 0.3286 - fﬁ‘ 0.3286 (cOnservative)

) ~'~This shows that the effect of fatigue crack growth in this region is- very

}" o small (Such 1s not always the case, however ) '

Steg’4'j

i ‘ . . , . _ . . ,
R 'Determine a/l vS. a/t% in the upper shell to cone we]d region where t =
| - 3.5, and a = a For 10 years of serv1ce the va]ues are: o

S | tcntinuous. :A~_F1nite SurfaCe B Finite Surface
- . " " Flaws " © Flaws AR=6 Flaws AR=2

@

a0 . A& '.5;

- 3043 . .. .3286 . © 0.3286
an T30 - 869 8, 39 LB, 39%

Cwlo
T onjw

Steg’s

The u upper_bound curves result from the plots of a/l vs. a/tx for 10 20 30
years of service as shown by Figure 4 2 S

.
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y“Stég 6

,_Plot a/l vs. a/tx data from Table INB 351]-] of Section XI as the lower t’f:
curve of Fig 4- 2 i T | -

are.

 Aspect - surface
- Ratfo,” " . - Indication,
a/y e -', ' a/t,

- 0.00 o .0 -
. 0.05 R N
S00 o 2.3
- o 0as e o 2e
. 020 T X
s N T
&a 030 e
@!Il’ o035 3
S R :.0;40 B o L .;3.7
C0as 3 )
"j;,o.so L '>f" o 37 o

' lThe above six steps uou]d complete the procedure for the construction of the
‘surface flaw evaluation charts for 10 years, 20 years or 30 years of
operating life ' : :

or these 1ns1de surface flaws up to 20 percent of the section thickness

1255€:10/062085
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7ine.vaques of_iaujeftus4ssi1;1 for the 1983 Winter Addendum of the ASME Code. ~ ~ = .

’In the 1nterest of prudence. Figure 4 2 on1y shows the a11owab1e f]aw depthS'v‘ -
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CTABLE 4-1

BASIC DATA FOR SURFACE FLAW EVALUATION AT UPPER SHELL TO CONE WELD SECTION

- FLAW

MINIMUM CRITICAL FLAW SIZE

ORIENTA- CONTINUOUS FLAW

| - ASPECT RATIO = 6:1

| Aspect matio = 2:17]  -

CONDITION
| - TION -
o | mveres | ()

@

- INCHES -

- INCHES

NJU/T*

[ctrem. - Ja. = 3.5 10 |a =35

1.0

la =35 |

: ,(%).E.fQ°i.

t

1.0

CEEEE L Letreum.

1.0

K-
-—bdo
1]

. 3.5 f f ,1;0 i

a. Minimum critical flaw size under normal conditions

ai‘ Minimum critiqal flaw size under. faulted conditions

*Loss of Power - R
** arge Steamline Break with Loss of Power




@

F‘Iaw to

Be Evalvated ™ . .'j"."

(agq)

. Severest
- . Normal
Transient

System
Transients
. Expected

- After Flaw Discovery .

Fatigue
Crack
Growth

Analysis
(LEFM)

Fracture
Mechanics
Analysis

(LEFM)

Inltiation - .. -

End-ol-Lile

- Flaw Slze ==
SR L) B

" Smallest
Critical Flaw

—  Size for

Normal, Upset

Test Conditions

ac>

(ag)

Component
: Must be
Repaired, »
Reptaced, or :
Re_lired . Reject .
-10) Yes
|
. Initiationand - - \
Kic: Kia Artest .. Smallest
Curve Critical Flaw
Fracture " Size for
M:'t‘:h’an:cs_ —e- Accident  (a))
- Severes! (ng:ﬂ? Conditions
- Accident T M::gia'hz? \
i ' ut Arres
Condition ) st Arrest _

Within 75% of

Wall Thickness

Enhanced Nondestructive Examination

" .Acceptable

. for Continued

Operation Until
Next Inspection

" Figure 4-1 Schelﬁéfic representation of AppendixA'A:flaw_ evaluation p'rjocess _
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5.1 SCOPE OFVEVALUATION 'T‘e..,,f-

l'cg~cn
for that region

5,2 EHBEDDED vs SURFACE FLAws

- SECTION 5
EHBEDDED FLAN EVALUATION

‘"Embedded flaw evaiuations were performed for the upper shell to cone we]d
Thic section describes the development of the embedded flaw charts S

-According to INA 3300 of the ASME cdde Section XI a flaw is defined as - :

embedded as shown in Figure 5-1, uhenever.

" where

S - the minimum distence from the fiaﬁfedge to theinearest vessel wall

surface

a - the embedded flaw depth (defined as the semi-minor axis of the
' elliptica] flaw ) : A : : .

The surface proximity ru]es were 1iberalized with the 1980 code. allowing
flaws as near the surface as four—tenths their width to be considered

. embedded. Specifica]]y, the criterion for a flaw to be considered embedded _
ed from S >atosS> 0 4 a 's0 substituting into the definition for -

was chang
6 we now find

a = &-5

§ >1.4a
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'.ATherefore,‘the Iimit'for,a fiau to be considered embeddedlis“ao‘='ot7]4.'

- A fiaw lying within the embedded flaw domain 1s to be evaiuated by the

| (." embedded flaw evaluation charts generated in this section of the . handbook on
. the. other ‘hand, a flaw 1ying beyond this domain should be evaluated as a }‘_' o o

L surface flaw using the charts developed in section 4 of the handbook instead
. The demarration lines between the two domains are shown graphicaliy in Figure

5-2.

)ther words. for any fiaw indication detected by inservice inspection the
" first step of evaiuation is to define uhich category the flaw actuaily beiongs o ;fmi;;,
to. then. choose the appropriate charts for evaluation : . N SRR

i 5.3 CODE CRITERIA
" As mentioned in'Section i,vthe criteria'used in most ofuthe'cases for embeddedl )
~flaws are of IWB-3612 of Code Section XI. Namely, ‘ o '

Ia For norma1 conditions (upset & test conditions inclusive)

€ for fau]ted conditions (emergency conditions inclusive)

Ky s
where

'KI.~ - The maximum app]ied stress intensity factor for the flaw size
af to which a detected flaw wiil grow. during the conditions -
under consideration

Kla = Fracture toughhess’based on crack arrest for the corresponding
crack tip temperature. ‘ a

K .= Fracture toughness based on. fracture 1nit1ation for the

Ic
- corresponding crack tip temperature
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:charts

'AThe above two criteria must be met 51multaneously “In this handbbok onlv'the '
‘most limiting results have been used as the basis of the flaw evaluation

5. 4 BASIC DATA

L tnois 2f the criteria based on stress intensity factor, three basic groups

of data are needed for construction of embedded flaw evaluation charts. They

'are: f. driving force (K ), and fracture toughness (K and ch)

' K and KI are the initiation and arrest fracture toughness '

Ic. o y
(respectively) of the vessel material at which the flaw is located They can

be calculated by formulas:

'KIc

- 33.2 + 2.806 exp. [.02(T-RTygr +100°F)] | (i)
and

ke o o . - |
K, = 26.8 +1.233 exp. [.0145(T RTypy * 160°F)] @

K is the maximum stress intensity factor for the embedded flaw of
interest The methods used for determining the stress intensity factors for

’embedded flaws have been referenced in Sectfion 2.

Notice that. both KI and KIa are a function of crack tip temperature T
at the tip of the flaw as discussed in

and the material property of RTNDT
e steam generator steel is

Section 2. The ‘upper shelf fracture toughness of th
assumed to be 200 ksivin.

KI used in the determination of the flaw evaluation charts is the maximum -
stress intensity factor of the embedded flaw under evaluation It is

important to note that the flaw size used for the calculation of KI is not
the flaw size detected by inservice inspection. Instead, it is the calculated

flaw size which will. have grown from the flaw size detected by inservice

1255 :10/062085 E 5-3



. . embedy

-~ the approach used for. surface

inspection That means that the embedded flaw size used for the calculation
of K, had to be determined by using fatigue crack growth results. similar to

1 L
flaw evaluation as illustrated in the previous -

section.

However. unlike the surface flaw case “the fatigue crack growth for an -
dad flaw (even after 30 years -of additional service 1ife) is very small

“1in comparison uith that of a surface flaw with the same initial depth

| Consequently,

The environment of an embedded flaw is considered to be inert or air.

: environment to which the surface flaw is conservativel

- {1ts final crack depth is negligible.
;-upper shell to cone weld

4n the handbook evaluations, ‘the detected flaw size has been
d for evaluation by the charts without any appreciable error.* This

use

simplifies the evaluation procedure ‘without sacrificing the accuracy of the ‘
A detailed justification of this conclusion is provided in the next

results.
section.
5.5 FATIGUE'CRACK GROWTH FOR EMBEDDEDvFLANS’

The |
crack growth rate for air environment {s far smaller than that of the water

y considered to be

Consequently. the fatigue crack growth for an embedded flaw must be
of an inside surface flaw (of the same size and under

Numerically. the fatigue crack growth of an
1 flaw depth and

exposed.
far smaller than that

the same transient conditions)
embedded flaw is so low that the difference between the initia
as demonstrated in Table 3-1 for the

Therefore. in the construction of the evaluation charts for embedded flaws,

the accuracy of the charts would not‘be_im
inservice inspection directly.

* This conclusion holds for the range of flaw sizes acceptable by the rules
of Section XI, IWB-3600. It would not necessarily hold for very large
‘flaws of the order of 50 percent of the wall thickness.

1255€:10/062085 : 5-4
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5.6 TYPIcAL éhstnosusfcnu EVALUAxlou cuknr_jiff,‘

'The details of the procedures for the construction of an embedded fiaw Mi

evaluation chart are provided in the next section

Tinthis section,\instructions for deveioping a chart are provided by going

"'through a typicai chart step by step. This would help the’ users to become f.i-niu,

S har with the characteristics of each part of the chart and make it .

. . easier to apply.‘ This example utilizes the surface/embedded fiaw demarcation

criteria of the code as discussed eariier _

E Foilowing are the highiights of auxiiiary charts used to construct the '

' embedded fiaw evaiuation chart for the upper shell to cone ueid region

: ‘i. The absicissa of the chart in Figures 5-3 5-4 and 5 S represents the o

flaw depth a, of the embedded fiaw

2. As defined'byncode; embedded fiaus with a depth less than
ao'= 0.714 § shouid be considered'as"embedded fiaws. Any embedded
-~ flaws beyond the ‘domain of ao = 0. 7]4 s, should be evaiuated by
'means of surface flaw charts instead o

3. A key parameter for evaluating an embedded flaw s 6 the distance
. between the centerline of the embedded fiaw and the nearest surface of
the steam generator wall. ' R

A range of :§ between Tbt and St 4 have been considered in

constructing Figures 5—3 5-4, and 5-5.
4. 'For each specific vaiue ‘of 6 such as %t; %Et, %t etc. , @ famiiy of
curves were piotted for a range. of aspect ratios for 3:1 through
10:1. This corresponds to a/l vaiues ranging from .333 to .100.
- For any specific fiaw depth a at the abscissa, a corresponding vaiue
'K at the ordinate can be found in Figures 5-3 through S 5 for any

I
‘distance to the surface, §.
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8.

‘;”encompass the range of flavs which might be detected. Within this - |

The range of aspecf raflos from 3 I 10 lO K vas chosen fo e

o range, lnferpolaflon can be used for any other aspecf raflo., Use

_the 3:1 curve as e Iower bound and fhe IO I curve as an Upper B
[bou"O':;;,g'TL_‘ S r |

.‘fIn deve]op1ng thlS spec1f1c chart the code acceptance limit 11ne
- of KIa/JIO as a funct1on of flaw depth 1s shown in F1gures 5-3 .

| through 5-5..

7.

' Ilne Is the maxlmum flaw slze acceptable by code for the speclflc'

The - lnfersecflon of the Kl curve wlfh ‘the code accepfance Ilmlf

curve In accordance wlfh K's K,: /1@0 crlferla from iWB 3612.

'ln view of Flgures 5=3 fhrough 5-5. it ls seen that some of fhe

'curves lnfersecf ul?h the code accepfance fimit |ine. Thaf means
j:fhaf. up “to L] dlsfance of ¢= It (= .875M), some of the embedded

9.

fiaws are not. acceptable by code crlferlon Ky K //10 so long
as thelr depfh Is wlfhln the domaln of a = 0. 7I4 5 ‘

In accordance wlfh fhe a /IO crlferla from [(WB 36ll. alI embedded

" flaws up fo and lncludlng a/t =0, 05 are accepfeble.

0.

The crlferla used for fhe consfrucflon of the. charfs are based onA

the Ieasf resfrlcflve of INB 3611 or IWB 3612 of Secflon Xl of

‘fhe ASME Code., -

The maxlmum accepfable flaw slze can: be found from the charf by
determining the absclssa of the ln+ersecflon polnfs, Namely,

“for § = 0.25 t,




: Aspect’Ratio'fig* e ) \::“Hax*mum}ACCGPtable o
Of ‘the Flaw TN V] IR I S cF'law\‘S,ize a*(in.) . oo

1001 1“]Tff*;7*1_j1oo Y & 1 B

et T el o a3 (= = .43)

T3 S SRSt RS EN 1

B P . i e e ——-

12, The maximum acceptable embedded flau size for § = lt has been |

depicted in F1gure 5-2 This s1mp1e f]aw eva1uat10n chart described‘f |

_' in the fo1low1ng paragraph 1s the type to be used for evaluation as
~may be seen in Section 6. ‘

- These embedded‘flaw:evaluation charts, constructed for the upper shell to cone ’

weld region of the steam generators are presented in Figure 5-2 and are

'repeated a]ong with 1nstructions in Section 6

5.7 “PROCEDURE»FOR THE cousrnucrlon oF EHBEODED FLAW EVALUATION CHARTS

. This section shows how an embedded flaw eva]uation chart was constructed for. - -
' the upper she]l to cone weld region during the governing transient which is

the Tloss of power The example here is for the case of RTNDT = 10°F.

Step 1

Calculate K values for embedded flaws of various size varlous aspect
ratios. and at various distances underneath the surface. In total, 135 cases
‘were analyzed by closed form stress 1ntens1ty factor expressions These(135n

cases are 1isted in Table 5- 1

'_Step 2

_The KI results of the 135 cases were’ tabulated in Tab1e 5 2 and plotted in
F1gures 5-3 through 5-5. ‘ : _

*Maximum Acceptable Flaw Size a 1s based on Section XI of the ASME

Code

5-7




Defermlne the allowable flaw slze. from a /lO or. K|..K /,40 crlferla as

“ “’f{oerermlned by Flgures 5-3 1hrough 5=5. Slmllar results could be obtalned

for the emergency/fadlted_condltlons. but Itvcan be seen from the surface
flaw evaluation that they will not be governing so they have not been
Included here, IR ' -

~ The general method used to construcf 1he chart ln Flgure 5=6 for Sfeam
Generator Unit 34 whlch has an RT
0.1667 is fhe same as fhe mefhod described prevlously for steam generators "

NDT ‘= 309 and flaws with a/Z,less fhan

;leth Rl'NDT = 10 F. However. a somewhat more restrlctlve chart results for
flaws with a/ L less than 0.1667 when RT

NoT:‘ 30°F. _ Specifically, these
embedded flaws within the trlangular reglon of Figure 5-6 would not be -

- accepfable by the fracfure evaluaflon. ‘As a result, flaws vlfh,all.less

than 0.1667 plotted within the frlangdlar reglon would have fo be repalred.

Fligure 5-2 can be used for flaws ln Steam Generator Unit 34 with a/liequal
to or greater then 0, 1667. o a

5.8 »COHPARISON OF EMBEDDED FLAW CHARTS WITH ACCEPTANCE STANDARDS OF IWB-3500

* The handbook chartSvfor emhedded flaw do not show the'acceptance'standards of

Section XI, as the'surface flaw charts do, Therefore, it is not clear from
the charts themselyesﬂhod much is galned;from the analysis process over the
standards tables contained in IWB-3500. Such a comparison cannot be made

: directly on the'embedded flaw handbook charts ‘because the charts are

applicable for a full range of sizes, shapes and locations. The purpose of
this section 1s to provlde such comparlsons. and to discuss the results of -
those comparisons. : ' o '

‘The handbook chart values ‘have been compared wlth the acceptance standards

tables in Figure 5-7. In this flgure the values from Table IWB-3511-1 have
been plotted as the base curve, and the 1imit curve for embedded flaws ‘ '
Justified by analysis is shown as the other 1ine. It can be seen that the
range of embedded flaw shapes and depths justlfiable by analysis is related to

. the flaw location ulthin the uall

.5;8,{‘;




~ SURFACE
8, = the maximum embedded flaw size
' (in depth directuon) allowable
R | per ASME X1+
EEE&DDED_ o iS ‘= the corresponding minimum depth_
DOMAIN . - of an embedded flaw (less than
. _ - which it must be considered 3
LI . - surface flaw)
0
FOR ALL EHBEDDED ‘
FLAWS: . : o :
s, : - *NOTE: lf 6> o, the fluw must be
- _ : : S ' characte?azed 8s 8 surface
flaw, with depth . l + 8.
.' | [ = 0.7145 for the 1980 Ed1t1on of the ASME Code and later ed1t1ons]

Figure §-1 Imbedded vs'.v_.__..'mrfac:__flfil.a_w._ .
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TABLE 5-2 o o -
'STRESS INTEK: : (Y RESULTS FOR EMBEDDED FLAWS AT UPPER SHELL AND CONE WELD

OPERATING CONDITION ORIENTATION OF FLAW- |  wALL THICKNESS | - [~ -1 § |

LOSS OF POWER TRANSIENT | _ CIRCUMFERENTIAL - | T=3.550  (in)

MAXIMUN STRESS INTENSITIES FOR VARIOUS ASPECT RATIOS

] DISTANCE
1 FROM FLAW » :
MAJOR AXIS o [/ 13 Y I 12 S 13 B
TO SURFACE| - ’ I : L :
(in) Halt of K Half of - |
~ . | minor dia. max . |minqr dia. max
' (in) = (ksiv‘in) (im | (ksivin) : (in) (ksi./m)=a
m=:—===_——__—=_—_:===
ST/ - ) 0002 16,12 0.02 15.2 0.02 12 83 -

5= 0.2188

; Half of min-‘-
' Fminor dia. max

o004 | 2306 | o008 | 2176 | o.04 18;39 :

S 0.06 | 28.56 .| 0.06 | 26.97 | o006 2283

| 0.08 |- 33.37 e 0.08 | 31.52 | o0.08 26,71

,bgidu" , ~37.74 1 o0 | 35.66 0.10 | 30.27

o Surface | .

012 | w82 |- o012 | 395 | 02 | 33.60 -

Coas | s | 0a | a3z | o0a 36.77 |




TABLE 5-2 (cont'd)

OPERATING CONDITION ORIENTATION OF FLAW | wWALL THICKNESS

© LOSS OF POWER ~ CIRCUMFERENTIAL . 1 1=35 . (i)

m—t—— W ]

MAXIMUM STRESS INTENSITIES FOR VARIOUS ASPECT RATIOS

DISTANCE
FROM FLAW - : o
MAJOR AXIS 10:1 6:1 _ o S H |
TO SURFACE | : - , ' :
1 - (in) HaTt of K Half of | « ~ [Half of minqd .
| minor dia. max mingr dia. max . minor dia. max - |
(in) (ksivin) | (iw 1 (ksivin) | (in) . (ksivin) - |

#&
T/16 - 0.1563 . 48.73 - 0.1563 46.11 - 0.1563 39.28

- 8L-§

313 0.03. 1755 | o0.03 | 6.6 | 0.03 13.99

6= 0.3281 ; - R
- 0.06 25.28 | 0.06 23.87 | 0.06 | 20.21

0.09 | . 31.53 0.09 29.79 0.09 25.28

0.12 37.08 | 0.2 35.06 | 0.12 29.81

-~ Surface . ;;‘ o o n o ' 1

015 . | 42.22 | 0.5 39.05 | 0.5 | 34.03

0.18 | 47.18 0.18 - | 244.59 0.18 38.06

- -
6/3f5 6/1.4
R




- " ~TABLE 5-2 (cont'd) .

OPERATING CONDITION

_ ORIENTATION OF FLAW

~ WALL THICKNESS

| Fron FLAW
| 10 Sureace

| s

BlfS

LOSS OF POWER

DISTANCE

CIRCUMFERENTIAL .

T= 350

(in) |

MAXIMUM STRESS INTENSITIES FOR VARIOUS ASPECT RATIOS °

MAJOR AXIS

10:1

6:1 _

3:1

(in)

e ———————
e —————

Halt of .
minor dia.

(in)

0 0.21

Kmax

51,81

Half of

Imingr dia,

1 (ksiyin) | (im (ksivin)

0.21

KmaX~'

49.08

minor dia.
_(in)

Half of mind
‘max

(ksi/inl==# _‘

0.21

41,97

0.2344

55.85

0.2344 |.

52.66

0.2344

45,10

15 = 0.4375

/8

| o.08

17.91°

0.04

16.90

0.04

14.29

. 0.08

25.99

0.08

24.55

0.08

20.82

0.12

32.66

0.12

130.88 -

0.12

26.27

0.16

38.69

. 0.16

- 36.62 | -

0.16

31.24

0.20

44.38

©0.20

1 42.05

135.97

0.20
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-~ TABLE 5-2 (cont'd)

 OPERATING CONDITION 1 - ORIENTATION OF FLAW : .~ WALL THICKNESS - - | S T

©LOSS OF POWER . CIRcUMFERENTIAL - | Ts=3s0 e | 0 L %

o " MAXIMUM STRESS INTENSITIES FOR VARIOUS ASPECT RATIOS
DISTANCE - . . .
| FROM FLAW [ N , . T IR
MAJOR AXIS |- 10:1 SR RN PR 3

TO SURFACE | - S [ B
(in) . [HaTF of S Half of K - . [Haif of min{--K
N "~ | minor dia. ' - |minar dia. inor dia. max

- max max . _
: (in). | (ksivin) | (iw} | (ksi/in) (in)_ .(kﬂ/m);a

‘T/8 0.24 F - 49.88 | - 0.24 | 47.30 - 0.24_ I 40f56'*‘

0.8 | ss.28 | 028 | s2.a7 | o8 | 470

| omzs | so.ee | omzs | sees | o | wm |

Pt foos | 1516 0.05 . | 14.32 0.05" | 1202
|6 = 0.6562 | | |

0.0 - | 22.25 | . 0.0 21.04 | 0.0 . | 17.89

0.15 | 28.26 | 0.5 . 26.76- | 0.15 - | 22.85

0.20 33.85 | 0.20 | 32.09 0.20 | 27.50"




Le-s

. TABLE 5-2 (cont'd)

'OPERATING CONDITION

ORIENTATION OF FLAW

WALL THICKNESS

o
—

'LOSS OF POMER

DISTANCE

FROM FLAW -
MAJOR AXIS
TO SURFACE

(in)

3T/16

CIRCUMFERENTIAL

T = 350

* MAXIMUM STRESS INTENSITIES FOR VARIOUS ASPECT RATIOS

10:1

6:1

"3:1

Halt of
minor dia.

~ (in)

0.25

'Kmaxﬂ
(ksiyin)

39,25

Half of
mingr dia.
i

m

0.25

Kmai.“:
(ksivin)

iinor dia.

P?alf~ofmin-
- (in)

Kpax
(ksi/in)

©-37.25

0.25

32.03

0.30

44.58

0.30

42.36

36.55

0.35

49.92

0.35

47.49

0.35

41.10

0.40

55.31

0.40

52.67

0.40

45.72

. 0.85
£ 0.4687

60.80
62.88

0.45
0.4687

57.95
59.96

0.45
0.4687

50.44
52.24

T/4

§ = 0.875 -

0.06

0.06

11.38

0.06

9.66

0.12

12.05

17.95

0.12

0.12

14.50

16.99

-

' i
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© T TABLE 5-2 (cont'd)

OPERATING CONDITION

_ ORIENTATION OF FLAW

WALL THICKNESS

1o1sTAncE
| TO SURFACE
1 (in)

s

~ LOSS OF POWER

ettt et
em————

CIRCUMFERENTIAL -

T =3.50

© MAXIMUM STRESSINTENSITIES FOR VARIOUS ASPECT RATIOS

(in) .

FROM FLAW
MAJOR AXIS

00

6:1

‘31

HaTF of
- | minor dia.

0.8

.| (in)
| 2304 |

(ksivin)

. [Half of
minar dia.

(it}

0.8

'Kmax 4

(ksivin)
1,95

minor dia.

(in)

Haff of mind

Kmax

- 0.18

| (ksivin) |

- 18.82. |

0.24

2812

0.4

2671

0.2 -

- 23.02

0.30

"33.o7v 

0.30

REI T

0.30

27.23

0.36

. 38.08

0.3

'36.28

0.36

31.54

0.2

43.23

0.42

a1.24

35.98

b}4erfv

48.53

048

[ 46.35

40.59 - .

- 0.54

' 54.04

0.54

51.67 |

45.38

“,(’F—. Surface -
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-~ TABLE 5-2 (cont'd)

OPERATING CONDITION | -ORIENTATION OF FLAW © WALL THICKNESS -

LOSS OF POWER | CIRCUMFERENTIAL - T= 3.5 (in)
- = — e —— e |

MAXIMUM STRESS INTENSITIES FOR VARIOUS ASPECT RATIOS

| DISTANCE . -

| FROM FLAW - : , ' i ' ‘
MAJOR AXIS| - 10:1 - : PR 1) RE - 31
TO SURFACE} L o L : ‘
(in) Half of K Half of K [Half .of mind K

- " | minor dia. max - - [minor dia. | “max Fminor dia. max
(in) (ksi.-in) | (4 -1 (ksivin) (in) (ksivin)

T/4 0.60 . 59.76 0.60 57.19 0.60 50.39

0.625 | 6221 | o062 | 59.57 | o0.625 | 52.50

);;/f‘f<5urface T e

So_ 1%




S USECTION 6 o
' L FLAN EVALUATION CHARTS-UPPER SHELL TO CONE wELo |

6.1 EVALUATION 'PROCEDURE" .

T The e.a.uat.un procedures contained in ASME Section X1 are clearly specified oL
- _in paragraph 1WB- 3600 Use of the evaluation charts herein follows these e
~ procedures directly, but the steps are greatly simplified ‘

.Once the {ndication is discovered ‘4t must be characterized as to its N
location, length (l) and depth dimension (a for surface flaws, 2a for ’ . : v~..' :f

hembedded flaws). including its distance from the inside surface (S) for '_ B '
embedded ihdications This characterization is discussed in further detail in

‘paragraph IWA 3000 of Section XI. "

The f°“°wl"9'param_eters must be calculated from the above dimensions to use -
“the charts (see Figure 1-2): R | | .

." - © . o- Flaw Shape parameter, $

» . el

1] Flaw depthbparameter, t

- o Surface proximity parameter (for'embedded flaws only), %

t = wall thickness of region where indication is located
R = length of indication _ L ,
a = 'Adepth of surface flaw, or half depth of embedded flaw in the width ff' .
' 'direction ‘ o ' o 'g e 1"b:
s 'é distance from flaw centerline to surface (for embedded flaws only)
(6§ =s + a) S ‘
S = smallest distance from edge of embedded flaw to- surface

1255E:1D/062085




Once the above parameters have been determined and the determinatlon made as

fto whether the 1nd1catlon is .embedded or surface _then the two parameters mayu;;;“sﬂssﬂﬂf;
_be plotted dlrectly on the appropriate evaluatlon chart Itslleeatten on_the‘ L .

'»vchart determines its acceptabiltty 1mmed1ately .> S

. Important Observafions enfthe HandboekeCharts et o

'Altheugh the'use“et the handbook charts is concethally straight forward, - |
experience in their development and use has led to a number of observations -

o which wlll be helpful

" 'surface Flaws 'di

: The handbook chart for clrcumferentlal lnslde surface flaws Is shown ln 5
Flgure 6-1 and for clrcumferentlal outside surface flaws the chart is shown in -
Flgure 6-2. The flan lndlcatlon parameters (whose calculatlon Is ”
described above) may be plotted dlrectly on the chart to determine
acceptability. The lower curve shown (labelled code allouable Himit) is
'simply the acceptance standard from IWB 3500, which Is tabulated In

- Sectlon Xi. If the plotted point falls below this Ilne. the lndlcatlon '
is acceptable vlthout analytical Justlflcatlen having been required. If
the plotted polnt falls between the code allouable Hmit Ilne and the
lines labelled: "upper llmlts of acceptance by analysis® [t Is acceptable
‘by virtue of its meetlng the requirements of .IwB 3600, which allow

. acceptance by fracture analysls. (Flaws between these |ines would,
':whowever, requlre future monltorlng per IWB 2420 of Sectlon X1.) . The :
analysls used to develop these llnes Is. documented In this report, There ‘
mo *hree of these Ilnes shown In the charts, label led lO 20, and 30
jears. The years lndlcate for how long the acceptance limit applies from
the date that a flaw lndlcatlon Is dlscovered, based on fatlgue crack '
growth calculatlons. ' ' '

As may be seen for example In Flgure 6-l. ‘the chart glves results for
clrcumferential surface flaw shapes-up to a semi-clrcular flaw (a/Z ='i
0.5). For the unllkely.occurrence of flaws which the value of a/f.
exceeds 0.5, the llmlts on acceptance for a/£ = 0.5 should be used. The
upper llmlts of acceptance have been set et (a maxImum of) tventy percent
0f +he wall +hilckness. In all cases, as dlscussed In’ Sectlon 4.

VAL Fer SR A rAA-




' ( = ‘The evaluatlon charfs for clrcumferenflal embedded flaws are shown'ln e e
Figures 63 and 6-4. The heavy. dlagonal Ilne ln each flgure can be- used

- dlrectly to determlne whether the Indication should be characterlzed as .

"~ an ‘embedded flev or whether it Is sufflclently close to the surface that Ce

o i+ must be cons Idered as a surface “flaw (by the rules of Sect1on XI) 1f _"l

the flaw parameters produced 8 plofted polnt below the heavy dlagonal

'Ilne, It Is acceptable by analysls unless It occurred u!thln the

trlangular reglon of Flgure 6-4.  As prevlously explalned In Sectlon- 5 7, e

B flaws within fhe triangulear reglon of Flgure 6-4 would nof be acceptable
. and would have to be repalred.- If fhe flaw 1s nhgxg the heavy ‘dlagonal

line, It must be consldered a surface flaw and evaluated uslng the .

'f"surface flaw chart ln Flgure 6~1 or Flgure 6-2.

The standards for flaw acceptance without analysis cannot be shown in the
embedded flaw charts because of their generality Therefore,,they have been

'p1otted separate]y in Figure 6-5.

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

are presented 1n the fol]owing sections

- Surface flaw Example .

" Suppose an Indicatlon has‘been discovered uhlch Is a clrcumferential
- surface fiaw and has the following characterized dimenslions: '

a = 0.12°
8= 2r.
t = 3.5

The flaw parameters for the'use‘ef the‘charts'are

= .0343 (3.43%)

-,

L = 0 10

tlon is acceptab]e by analys1s To Justify operation w1thout repa1r it is

’6-3

et By companlng these parameters w1th F1gure 6- 1, 1t is qu1ck1y seen that ‘the 1nd1ca- .




}-necessary to submit this plot a]ong w1th this document to the regulatory "x.‘ o o
(0 authorities ' - n SRS

?iEmbedded Fiew‘Examgie ~},}£~

. Assume that a c1rcumferent1a1 embedded f]aw of 0. 24" x5, 00"7 fbééiéd‘ﬁitnih»‘ft W
- n.2817* from the surface was detected Detenn1ne ‘whether this flaw should be o -
'-Aconstdered as an embedded flaw '

2a'=_'~'o' 240 -

= 0.2817° 3

= S +a=0.2817 +1/2 (o 24) - 0. 4017'
= 3.5 ;;;:

= 5.00

ot o W
[

o and, e
@ = - v 0.28*
(_'_ - o o= 0.12% - - -

t; Using Figure 6-3:_

"g.=_0'12 = |
& _ 0.4017 4011 PO

| Compar1son of these parameters W1th F1gure 6-3 1nd1cates that the flaw must be o
*551nce 1t 1s be]ow the’ demarcation line it 1s acceptab]e

>’='cons1dered embedded
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ASME Code Section XI, 'Rules for Inseryice'InSpection‘of'NucIear'Power
Plant Components" 1974 Edttion. 1983 ed1tion (used for updated standards
tabisg, and 1980 edition [Hinter 1981 Addendum] (for revised reference
crack growth curves) '
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'APPENDIX A e

MODIFICATION OF HYDROTEST AND LEAK TEST TEMPERATURES

n'lf an lndlcetlon Is’ dlscovered ln fhe Indian Polnt Unlt 3 sfeam g£§f3~;.'g-

rators whlch 1Is justlfled for further servlce wlthout repalr by the
aw eveluetlon charfs of this report,-an lncreese In the minimum ‘

_temperature at whlch the hydrotest ‘and leak tests must be conducted may

be necessary to- ensure the requlred marglns of Sect!on X1 are malntalned._-

In this appendlx, charts are provlded for determination of this

tempereture, which Is a functlon of the slze and location of the
clrcumferenflal Indications dlscovered. Seperefe treatments have been

| developed for embedded end surface lndlcetlons.

1A-1 Embedded Flaw Hydro and Leak Test Temperature Requirements

The’charts-herein'provide a simple method for determining the'required,.

minimum temperature for any subsequent hydrotests’(1486 psi) or leak tests
“(n2s psi). Once an indication has been characterized, its location _

within the wall of the _steam generator (G/t) determ1nes the a110wab1e hydro-vh
" test temperature ‘ ‘ Co

This determination has been made for two different'materials with
RTypr = 10°F and RT. . = 30°F. As discussed in Section 2 of this
report, the lower value of RTNDT = 10°F 1s app11cab1e to all steam

- -generators except unit number 34. Figure A-1 therefore covers all the
Asteam generator vessels except unit 34, which is covered by Figure A-2.

_3These figures cover the entire range of c1rcumferent1a1 embedded flaw sizes
“and shapes.

;A42'Surface Flaw Hydro and Leak Test Temperatures

: Figures A-3 and A-4 provide charts for the determ1nation of hydrotest
~ temperature requirements in the event that c1rcumferent1a1 surface flaws
are detected and shown to be acceptab]e by the: surface flaw eva]uat1on charts

of Sect1on 6.




. Figures A-3 and A-4 show '_t‘hat hydrotests and leak tests at 120°F are allowed.. . .

R s
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DEFICIENCY: . _ . - . o . .
Augmented Ultrasonic inspection from OD Surface at. location on circumference O"f-‘18":195f"Tf;
1 and 505" = 522" twelve reportable indications were noted, out of twelve’ indications"'"" T

six are unacceptable to ASME Sec. XI Code of 1974 edition. ' Location of these _ e
indications are 511.00" to 511.75" (3/4"), 511.68" to 512. 50" (7/8"), 520.50 to 0. CL
(2"), 503 00 to 514 00 (11"), 507 o" to 515.0" (8"), 511 5" to 513.0" (1 5")

REQUIREMENT' _ : : : .
ASME Sec. XI Code of 1974 Alloaable planar indications Table IWB - 3511 1

9 R e 'AC_TION REQUIRED‘.
Y A

-Iwaaxoa A%% L pate «,/u//rs 0c supmmon%éf,c;_  Dateghs/es”

DISPOSITION' m Accept As Is D Rework , D RepaJ.r D Recurn to Vendor _ ' D Scrap

Cogn&zant EngLnee& P. Peloquin '
JUSTIFICATION/INSTRUCTIONS. | “See'attached. .
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t‘ATTACHMENT To_DCAR:No,"as-O38d:ij.'-*'L” e

“.The following indications are acceptable to Appendix A of 1974 L
. eliticn cf ASME XI Code as described in WCAP 10863-Handbook On Flaw
gEvaluaelon for IP 3 Steam .Generators (copy attached) .

»511.00,"to,s;1,75" (3/a%)

. 511.68 "to §12.50% (7/8") . R

'520.50 “"to 0.50" (2")

' 511.50 "to 513.00% (1.5")

“The followiné indications, as well aedthe first three above, are
attributed to TD geometry caused by tapered grind out areas. and

" were damped out 1n accordance with QAI 4.0 Rev. 1: .

- 503.00 "to 514.00",(11“)

- 507.00 “to 515.00" (8")
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DEFICIENCY:

Augmented Ultrasonic inspection from OD Surface at location on circumference 316" to

334" and 348" to 365". Two reportable indications were noted,; ‘out of two indications S
one is unacceptable to ASME Sec XI Code of 1974 edition. Location of this indication is L
321.50" to 324.38" (2. 88") : REEARES ' , L oL

REQUIREMENT.. : AT ‘
ASME Sec. 'XI Code of 1974 Allowable planar indications Table IWB - 3511 1

o ACT'ONAREQUIR‘ED e

vate ¢/oc/vs |
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e,
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JUSTIFICATIONﬁNSTRUCTIONS

__Indication 321 50 u to 324 38" (2 88") is acceotable to

Appendix a of 1974 edition of ASME XI: Code as'described in ‘WCAP 10863 - Handbook On Flaw
Evaluation for IP-3 Steam Gen ators “(attached: o.DCAR 85 038). ﬂﬂ'-.. P
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) Purchase Order No
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A . | QA Tag No. .
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TO: - Joe Deroy

FROM'

DEFICIENCY: : .
Augmented- Ultrasonic Second Sample inspection from OD Sutface at location on .
" One reportable indication was noted, ‘and is unecceptable to fii”

Location ‘of this indication is 30 625" to 31. 625"

circumference 24" to 60".
ASME Sec XI Code of 1974 edition.A

(1.0").

REQUIREMENT' : : o
ASME Seé. X1 Code of 1974 Allowable planar indications Table IWB - 3511 1

O @ ACTION REQUIRED ]
‘Im,tw,ton %% __ Date (olzsl‘w QC Supvtwsm fo«w».. We GAJ’A’(

D Return to Vendor D Scrap

DISPOSITION: I Accept as Is D Rework DRepaJ.r '

Cogmzanf. Engineer:__ p, peloquin |
JUSTIFICATION/INSTRUCTIONS. R

‘3,Indication 30.63" to 31, 63“ (1 00“) is acceptable to Appendix A of 1974 edition of
ASME XI Code as described din- WCAP 10863 - Handbook On Flaw Evaluation for IP-3 .

?_Steam Generators (attached to DCAR 85 038). PR r?\r‘Q'ﬁf':‘ S
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Four reportable indications were ncteduzand ;jﬁ}f‘

Augmented Ultrasonic Second Sample inspection from OD Surface at location cn -
circumference 24" to 60" and 468" to 504".
out of four indications two are unacceptable to ASME Sec XI Code of 1974 edition.uapy;m~4;‘v
Location Qf these indications are 53. 125" to’ 54 125" (1 0") and 486, 25" to 487, 25"

REQUIREMENT.

/7f17

ASME Sec. XI Code of 1974 Allowable planar indications Table IWB - 3511 1

ACTION REQUIRM
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Concurrence (w\ }
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Cogmzamt Engmem P pe]_QQUln
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vupoz,caon e
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1 mspectad By: ' '} '

D Refurn 't'o‘ Vendoz‘ 4 D Scrap

Indications 53.13" to 54 13" (1 0") and 486 25“ to 487 25", (1 0")are acceotable
to Appendix A of 1974 edltion of ASME XI Code;as_described in WCAP 10863“- Handbook
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