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NRC SAFETY EVALUATION

In accordance with an NRC request, the NRC Safety Evaluation immediately follows this page.
Other NRC and BWRVIP correspondence on this subject are included in appendices.

Note: The changes proposed by the NRC in this Safety Evaluation as well those proposed by the

BWRVIP in response to NRC Requests for Information have been incorporated into the current
version of the report (BWRVIP-76-A).
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Echiclen One
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SUBJECT:  SAFETY EVALUATION DF PROPRIETARY EPAI AEFPORT, "BWAH VESSEL
AND INTERNALS PROJECT, BWR CORE SHROUD AND INSPECTION AND
FLAW EVALUATION GUICELINES (BWRVIP-TE)"

Caar Mr. Eaten:

Tra Neclear F!rgunlury Commission (NRCY stafl ans complnied 25 reviaw af the Electric Power
Pasuarch egttoe (EPRL groprictary repon, "BW S Vessel and batpreals Projecs, BWR Core
Shircud g Ine.gxwzllm and Flew Evalustion Guidetres {BWRVIP-70)," dated Movernbed 1998,
This report was subwitied by letter dates December B, 1988, ang suppiermenied by leflers
dated June B, 7005, and May 30, 20CE, for NRC stal roview and appmoval. The BWRVIF also
submited the non-penpratary version of this rapon by fatier dated Febwary 28, 2003,

The BWRVIP-T6 report combines the guidance frer the following reports: BWRVIP-01, "BWH
Core Shroud ingpection gnd Flaw Evalation Gudelines {Revision 2)." BWAVIP-07., “Culdelines
for Relnspaction of BWR Corg Shrouds,” and SWRNVIP-G3, “Shroud Varticol Wald Inspection
ang Bvalysdion Guigalicas,” s pdlion, e BWRVIP.Z6 rapan incorpirains inlormation frorm
NAC rvdesas and safety eviluations (SEs). By cansolidaling e repons, the BWRAVEP-TH
repart dalinas genpnic deceptance $1endends and inspaction irfesals ler horzomal and vertical
welds in repaired and cirepaired core shrouds, and procedures for determining pla nt-spacific
Inspectizn intervaia when the genesic ascaplanse siandards are nol applizabile. The repon also
includes genenn inspaction istervals and aconptancs standamds for radial dhg waids, repair
haidware and repair anchorages in sepaed cde shvouds.
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H. Ealon g+

Tha NAC stalf has reviewes your suomatal ard the s1af¥'s SE & attached. The staff requasts
1hat the BWAVIP submd the -4 wers'on of the BWRAVIP-TS regont within 180 days of receipt ¢
s letter. Plase contasl Mesna Khanng of ry stafl at (301] 415-2150 ff vou have any furtrer
questions regarding this subject,
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WS NUCLE&R AEGULATORY COMMISSION
OfFICE OF NUCLEAR REACTOR BEGULATION
SAFETY EVALUATION DF EPFIBEPCORT TR-114232
“BYA VESSEL AND INTERNALS PROJECT, BWA CORE SHAQUD AND
INSPECTION AND FLAW EVALUATION GLEDELINES (BW RWIP-7G1

1.0  INTRODUCTION

.1 Bickdround

By letter dated Decomber 9, 1999, as supplementad by letters dated Juna &, 2005, and

My 30, 2006, the Bailing Watsr Ranseter Vassal and Intarmals Project (BWEAVIR) siamithad for
staif review and approval Blectric Fower Research tnstitite (EPHI} Propretary Repor
TH-114232, "BWR vesset and Internals Progact BWH Core Shroud Inspection and Flaw
Evaluation Guiceliras (BWRVIF-763," dated Novernber 1989,

Coie shiovd cracking was first disecwered in an oversess BWA @ 1880, Subseguently, visval
sty VT amd dbasonic leating (UT) lechinigues bave divected cracking i cong skiouds i
an additiona? nember of domestic and pverseas BWRs, Crack indications kave been found in
the heat-affzcled 2ones (HAZS) of boih the hovdzontat anc the verlical walds. The pradominant
form of cracking Is horizontaily-orented indizations iosated n the HAZs of horzontal welds.
Lim:ed cracking has ales besn casarvad in the HAZs of verlical welds.

The BOFVIP-TE regoit comiines the guigance roim the foliowing ragoite: BWERVIF-07,
“BWR Core Shroud Inaperction and Flaw Evatsation Guidelines (Rewdsion 2}, BWRVIF-DT,
Wuidatines. tor Bainapection of BWR Dore Shevade,” ani BWRVIP-RS, "Bheoid Vertical Wald
Inspaction and Evaluation Guidebnas.” in addition, the BWRVIP-TE repest incorporaing
népsmatinn from <he Nuclear Reguiatory Coemmissicn [NRC) stail raviews and safety
evaluations {SEs). By consotdating the reports, the BWRYIP-76 rapont gafires generic
acceptance siandands and inspeston intervals for horzonel ard verical welkds in repaired ang
unregaired core shrouds, and grocedures for delaamining plant-specific nspecsion intemals
whan the gensric accepiance siandards are not applicetie. The repon alsc inctudes generic
MSCOGIUR intanals am) geoeplance Mandants for radial ring weeicis, repair hardeara, and rapair
anchorages in repaired care shiroeds.

The BWHYIP-T6 report contalng several changss made 1o the previously publizghed reporns,
These changss incorporats genere appreaches and provide o unifiad and meguiatoralty
accepred aporoech for ensurng the integrity of BWHA core shrouds. The changss include:

. urssing e bepeclion sampie o 100% ol avcessible tegiuns o all seyuied
Calogory B weld inspeciions,

ERCLOBURE
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g

giirmingtion Sha digtingdion btwigon Lirseling swpoction ard seinegeotion reqguireriiss,

arvd cétingngg sprction strasegios at can b usad a8 arey time B delaeminng

pion isnevals, and

soidensig ard simelifying tre inspection strategies and evauaton procadures for

nerizontal and vertics! wealde i repaired and unrepeirad core shrowds, and ke radial dag
" welds i sepaired cove shrowds.

T ardlioet apgwoach desniilisl in fhiy sapne nctsias;
. gt elinsdizakod bl cofh avtuds aosordng 5 1ha postantaal susceptility 1o

FGrgraNUIr sirass corasion sracking FGSCCH based om voars of hot pparation. core
shroud matedisl, and mean coctant Zorduciivity dunng the firel live cychas of operation,

. simgiitad guidetnes for ingpection of harizomal, venizal £ radial reg welds in regaired
and ursepaired shrowds, ar e mapection of repair heckwars in sepaicnd sore shirauds,

. aanisie galinilion of inapestion Werllin sy on tha stvonsd classiliontipn,

. genesic gafinitine of ingportion intnned besed onthe shroud classification and insgecdion
rasulls,

» jsns[:]rggﬁm ‘oi eccs‘aéeﬁlé;egm(is Ics: allé z\equiréd w&ﬁu pecions,

. dfinitiza cf planl-spocific svalualion proseduras lar datermining inspoction inlarvals
Bagrd g0 inepaslion eotulle, arvd

. abangs 7 shrosed lassificniios Disasd o hot aporating e o inupestion rsuts.

1.2 Pugosg

The NAC sielf revawed [7e BWRVIP-T6 repor 1o delermine whether it provides an ecceptatile
. svwed af quality Jor the inapoiion e Baw avatastion of e gore sheoad. The civieee

- CORBINBNE e COIAReERsces ol SoMporsnt 1alas: polaniial degracdanion mechaaisns and
pasl aarvies axpsrience: thivwalidity of the sineeiinnl armdyasn mzedals usad bagad upon a
mphanisbe wilsranding of sliass corrasion tracking (SO0 the alubty o e propased
mapestong 5o dutact degradation in p timaly ranner; and, whethor 1he gan faw evaluation
and ingpeclion rseria mast the Amarican Society & Mocdianical Engooars [ASME) Code and
BWRViIP-astablished criteria,

1.3 Organizationol ihis Bezes

£ bl sumiriry of B canlants of e aubiject repor i gheon in Bection 2 ol thig 85, wilh the
sviluntion praseetad in Secion 3. Thae cangiusions are gurmmizrizad i Sealion 4, Tho

Viil



presantation of the evaluatior is structured acconding o the crganization of the BWRVIP-7¢
regor,

20 SUMMSAY OF BWRVIP-76 AEPOAT

The BWRYIP-76 repcrt addresses he lolowing topics in the tolowing order

- infroduction - Provides the oajectve for a regulatoraiy-accepled, urdliad indusiry
approach for inspecting hotzonlal, vertizal ard radial rirg welds in repaired and
unrepairest BW R pore shrouds, and for inspecting repair componimis and anchorages n
fepaired slweuds. The rapost Ris providdes g Breinl background revisw al prior indugtry
inspensticns ol these wolkis,

. tnspection Strateqy for YWalzs in Unregaired Shrouds - Provides inspaction siratepies
and metheds for horizontal welds in unrepaired core shrswds basad on the category
classification of the weids. Limilations are prowidad which adoress when a plant-specific
evaluglion ig required. The reporl also prasides the insgecton reguiremsnts and
accepiance standards for verlical welds.

. Inspeciion Siralogy for Wekds in Bepaizad Skeouds - Pravides guidilines tor
recanrrendid inspections of horzontal, verical, ard radid dng webids 5 repaied
strours, This includes geeegling of wirticn wekds anilies sorpring of horiromial walds.
Tae rggon aiso provides the quicalivgs and suggested schadulos for the inspoction of
tha repaired compenents and the associared mpair anchoragssy,

. Haporting Baguirgmants - Provides guidanze for raporling results of ingpaclions thet do,
ar da val, reat g inspention and evaluasen (AE) guidelings.

30 STAFFEVALUATION

The staft has reviswad the BWRWIP-TE regert and ihe assessmant is provided below,

3% Inspection Stralegy 'or Welds In Unieoaited Ehrouds

Thee stafl noted that Section 2 of ine BWAVIP-TS report provides inspesticn and pwaluation
strateqiss for horizonlal and verlice! welds in unfepaired Coig Shrowds, Howewer, the irspeciion
atralady raes no distiiclion babvesn basaling inspection and renspaction.

Thie besgrenstion striteyy 1o urapered sHEDGUS Qupionass on aesberdsl, cootant conduiviy, g

opsrating fime used o defing the shroud categories idemiiiad in Appendix B of the
B RVIP-76 sapon.




s Boos & oporation gremtor

‘upon inapection msulls ln:rm lhe B RVIFP-T inspactions, Thesa are shrouds |

4-

T pmpection Slemtogy for Horzonal Welds Iy Untepalrad Shiesie

The BWHEVIP 78 repon inthutes the lns@mhﬂn ﬂmtegv for hofizontat wilds in uosepaied
\ﬂhmuﬁs based on ther GATE ;

' !
Guinqury A - These are ah*ouds trat are fabricatad from Type 3‘.}«1 smnmass stee! that have
haan in operation lags thar years wih a coolant conductivity of iess than 2 wSem during the
tirat 5 aycleg of oparilion; ar ﬁh'mm*\ Il fare tabdcaled Irom Type 3044 siidnlass stesl ihat
Pl bty in opesenlion ey Y Spoirs with n ooclant cosshaativity of lang a7 050
during the lrsl & syolos of operatic. WO Tespecton of Cagaery A cora slrowts is reilend,

Category 6 - Thase are shrouds thest seo Babricgted fram Type 304 siairfess stived thag Bave

ey in cpreratian less than - cyesrs with a conlad conductidily of grester tha : i

the fisst syglas of nparation; o .hmuos that are lnbricated rom Type 3040 s

e Bxtnn in operidion dss than yaars wilh & coolnnt condgctaity of gridtor lha

charing Bt dirsl oyelas of aporation; of stirouds that e fabgicnted from Typo d04L staimioss

sinol thit haw Eaon in a,,mmlmn greninr than | peara with o coolanm cunducwhv ol fogs ian
S durivg e liest . syalin of aparalion.

The BWRVIP-7E seport riequires That - 35 ol the aczessaible regions of wekds H3, H4, HE, snd
H7 ‘Dar ingpecixd U a anl les more $an one Mtype weld, anly 508 ol the walds needs io be
inspeced. 1 moe than =% ol the lengih of & weld &s Fupocted and he obsaned ereckiag &
less than 10 percent of ther inspecied length, the weld is aczeptshin for corlinsed cprralion.
The reinspeston imeral Pend of imereal® o (EQL)) lor that wedd is P, i 1kue Dbnerved
w,u‘hng iy fowe than <. peerent of the |r|-$;:wﬂlqd z-ngrh bt dgeg thaen o porcont of the woki
wintt Impeitond, tron @ plartapesilic pvnlsslion mont bo pedormd osing the peidations
iduntifodl in Appandia D, "Plail Specitc Bealiadiog Praxsaduee: Morizental Wekds,” 10 dalarmiss
tha yncracked lgamens lengthe needsd o tha bovizonial weld to ansure adeguate stuciural
marging. # the ouserved cracking m any wekd is greater than - percent of the ingpscied
lergih, thea the shreud I8 reciassiked as Category C anc the inegeclion requiremrants for
Categary  enrpuds apply.

Categery 4 - Thena dre shrowds el are Ssbricated T Type 304 atainliag ateed el bawe
Grsrdh I Coperemtios Gronten Han.: yiaes of tht o tabriseiad from Typo 3044 stunlons g thag
Sromin with i Cosian sonduiivty of sproater hins

cyelzs o operation or fave baon ciasalfied o thin category based
ol am uskjad
to have a potertial for signdicant aracking. Inspeclions include ©2:4% of ancassitla ragions of
welds HI llnuayin HY, bdusive. I B nspouiod legih ol & weld is loss e 5350 peicenl, a
plant-specitic anglyais siusl be perfarmed to determine the EQI for that weld, 1§ sk ingpectad
lengh is graater than . peciend, the BOL Fot Uhe wedd ©S datermdnead from Table 2-1, Takle 241
withor provigas on EO diescty or roguited Thil & plil-gpecifis evniumtion e prstharmsd,
Iesparction & varticnt walds s ithig cangory s discoased in Saction 3.2 o 1his 3EA.

Siom during tha liral’::

1NTs



5.

The BARVIP-76 repas indicates that all inspections shal bie in accontance with thg
BWRVIPGOS reperd, "APY and Intemals Examinatisn Guideines.” Tha BWRVIP-TS report
sizdes shat the prederred inspaclion techniques are volumetric inspectons (UT), andior &

“tes- sided exem.” The siafl notes that @ “two siged exam” in the contexs of Ihie report maans a
tvio sided examinstion (trom the ouler dameser and 1he fnner drameter of e shroud welds)
conducted using enhanced visusl esting {EVT-1), ecidy curent testing |[ECT), or any ather
visual or surfacs 1esting meihod arproved in the BWRVIF-03 repon. The s1all recommends
that the BWAVIF ravise the SWRVIP-TE repaet 10 indlcdle that al ingpections sh&ll be In
acocrdanca with the moat necant varsion o the SWRVIP-LS repot.

The stelt linds that the proposed Inspection stretegy for horizontal walds in unrepaired cove
ghrowels is adequata because e inspeston soose, inspection medhods and rogquency of
insprction; will maintin Py integity Of thg welds and of e core shircdd, Howovar, as siatad
abawe, the stalf recommend that the BIWBYIP revise thix BWRVIP-76 report 1o indicata 1hat all
inspecticns shal be in accordance with the moss recent version al the BWRVIP-Q3 report.

3.1.2  Inspecliun Siralegy oe Verdical Welds in Unresained Category C Shrowtls

The inspaction o4 vertieal welds is re.z,uixed o certain Lategory C shroudy, fngpection of
vorrlicast wolkds is sequired for Catogery C shrowds in which cracking has besn obsinsed in 1o
adacent horipoatal wiskds, For Categow O shrauds, soguirgd venizal wokb inspeelions acg
dipisiedant an the degren ol clackeg i sdacent horzonlal weids. The BWHVIP-7Y repor
includps an inspection appreach which screens each vedical weld dbased an e condition of
weijacart aarizeatal wikids [discugsed izt it Saction 3.3.2.3 ol this SERY. Venical walds pre
nes reduires 1o be inspecied if the aBrani Borizitel welds mees o screaning oitgda, fihe
horizoma weids 9o ret maet tha sceeenicg criterin, tha adjnoent wartical weids muss; be
inapestsd and fhe results of those inspections maes! maat spacilic agceziance csitsaa, i the
Bcenancs arileria ars not met, a plant-spesilc svalgation mus! ba performed. Appendix E of
the BV HVIF-78 rapon desaribes the analytical svatuadions: that the scresring and acceptance
critgria are hissed upon.,

Inis steted in the BWRVIS-76 szpor that il & wertical weld doas nat need 1o be inspected
fcerause the adjacen: horizontal welkds satistied the screening crizena), then the EQOI for that
vartical weld is equal 1o the shastest EOI of the adacem horizoadal welds. When tha horizondal
weid with the shorer EOI is rednspechad, the vertiza! weic will be mevaluatad based on the new
insgection rasults. If the new inspection msylts of tha horizonial walts do n mest the
sCraening oritzria, the aflaciad vertical welds must be inspeciad during 1ha sama outags or,
alsprrizlively, 8 planl-gpecilic analysis may be paertorsed ddiscussed luabuy in Section 3.1.2.4 of
lhis SERL

In adgifion, # is akso sttt in the DWRVIP-78 sepodt that i » vertical weld does need 10 bn
insgectsd, ts EQI is determingd differemly, An |n|tnl nspeection fusing mathods as dsoussed in
Sacticn 3.1.2.1 ol shis SER) of the vertical weld wil be performed and muss satiely the
acoeptanca criterd fir conbtivmied opevalion. The ESH s then detenmined by growing ary cracks

Xt




X1l

. “3'\1,:2.' 1

e

tounil asing A aceaplably arasy growth tata,. Tha EQUs the point IA tima whan tho dbsarvetd
crack o1 crachs have grown 1o 8 ggint that analytical iMegnity citeria can no ienger be salisfied.
The acoepiance standards to be apchied lor verlical weld ingpeclicns are discussed in

Section 3.1.2.5 of this SEA. ‘

In A Inttor datod Jina 8, 2000, rasponding to e slall’s raguest [oe adaitional indormation {Ra
ieti Mo, T8-2, whasaby thi stall rovussiod that thg BWRVIP provide addiional datall
rogridig tha witomon crrcaming this us ol G pecopabii crack geowily rala,” the BWAVIP
regponded by progosing fo revise the toxt In Saction 2.3.1 1o stale, "To deternine the B0, any
cratks foimd in The weld will be grown usng track growlh rates approved by tha BWRAVIP

(Le.. the BAWRNVIF-14 reporl. "Evalugltion of Crack Growth in BWH Stainless Stenl APY
ltemals,” or 1he BWHRVIF-39 raporl, “Crack Growih Bates in lradialed BWR §S Intorral
Companants”). Tie BWENTP atso stated that sny quidanca ragarding spprovisd teack grawth
ratos will by subenittard ¥ e NRC lor tview, The stafl linds the BWRVIP'S wesponse 1o RAL
Mo, H5<2 aneaptahin, as il prisicas an miiifqnmlm nggmmmfét Inr dolevng accaplabin araok prawth
rmrm.

nnlml ]ld\ 5
I1 is cundudod in lha oy ‘J’Fl'v'lP A6 repon Ihnt oach wmon we'd wnll hmm ap individual ED)

basod citha: on it asAound condilion or on the BOI of the adjscent horizontal welds, whichewer

has o shorter EOL I adkditlion, it i stated thal rengpeston of nach w*rm:al weld mus! be

paretormead g or Bslors ks EOQJ & romciend with a regeeimurs EQI ol aithar:"or Lyaars, .
deponding on thi inspestine mathos, nis

The siaff Firats that the BEVIP i adoguisioly seddreagad te spposian giédelings Jor voriians
wilds irs unrépairsd Categady C shrbuds in the OW R4 fepai ard linds 1he Guldélings
be comprehensive and therelore acceptable.

Catent Tele .!rs'm pn-pn.: W
a1 vertica! welds are hased on 1he determination v
amourt of uncracked wetd lenglh exists 1n snsurs iis struciuralintegnty. 1tis stated in 1he
BWHVIF- S regan Thal 4 a vIiumesnic exam or 8 two-30ed exam s issed 1o detenmine 1is

struciural irpgrity. wetds wi2 have a maximuam EDI o - years. The staff recommands that the
BWRVIP revise the BWRVIP-TH ropor 1o irkdcate that tho inspectinns miast be perdormed in
aceordance with tho most recent wessiion ol the BWRVIP-02 report. When one-sidfod visuad

et e perdurmed due 10 aecoss fmitations, then an EQI ol yeinrs has bren ostatlishod

for wlids that have ni abierved ciacks, | £racks a0 ahgirvied, 3 plart-Spocific peisheation

must ba pudarmad. ]] TS

In a tetter dated June 8, 2004, the BWRVIP respondad to tho ssali's RAI question No. 781,
wherety the agtati recommended that visusl examinations should not be categorized as surtaca
LXNINAEGAS N arder o be consisten with Section X of the Arnsiian Sociely for Machanical



R

Emgjinery |ASME) Covle, The FIWFIWVID coriapail with the alals ragarriwritation shi)
pragased 1o delela the word "surfueg rom Section 23,1 and any other paragraph in the
BWRWIP-76 raport whena il i3 used in this manner,

Tha S180 1IN0 ThET e BUWFWI P &Sequately IQenlified g mspauan dhnds i the
BWRVIP-78 repor i osder 1 maintain the stoucturs] imegrity of thy vertical welds i urrepaired
Catagory 0 shrouds,  Powererr, as gtatied ahove, the stndf recommonds thint Sha BPVRYIS revise
Ihe BWRVIP-TE report b indicade sat pd inapentions shak tecparformod in ascordnnos with the
st oot varainn ol the BWEYHP00 mgport.

0.0 'L_gésw:s lon Guidalines for Yenical and Badial Ring Welds In Unrepaed Catenory £
Shroudy

Section 2.3.3 ol the BWRVIP-78 regon srovidaos e inspaction sieatedios far wartical wolds and
raddisl ring wetds in Catagury T uniepainsd BWR oo shoids.  These Stratpgios g agglicakta
10 thir varlicrd wells binig batween the bodaontat M1 and W7 wialids, Tho BWRWP-76 rapon
slasey it inepactivns ol riwdal dng waltls sre %1 sgquired lor wasegairod shrpuds sincg thare
frg pay sigrilichnt dalaty CONGIRQLITTILAL taEsIngG Frofn arckdng O Rdae wiily ghaan e 16
stucturd morging of the horizontal welds 2re mnintained,

The inspection stratagy for verical welds. az discussed in the BWY RVIP-76 repor. includes
sereering of sampling proceduwes to determine the vertical welds that need lo be Inspected.
Fo1 he weids thal need 1o be Wspecied, accepiance oitefa are pravided in the BWRVIP-TE
sepor 10 detearing i the vertical wekds have safficient svucturall sapacity lor comtinwed
ORraioes,

Theiy ascaptafios crilarin ara hasad on th projectad axdent ol cesiaking a1 BOL Tl pregactond
cragking is W hi based ey thg us-found Sepection rasults and an seceptabie oratk grimvtl rabe,
The BWEVIP-26 mapon inghides tha folewing guidelines that sholt be used o determing the
crack Jepshand lengtnst EQL,
Tt TR s Contdil Peleved - EPRY Propiicler
s dose eRaRIgea In length Shad e o o

. arisel grovwih fa PRCUE 91 Ol ard, nmi
1NTS
d Crack growin sakes o Changes it dpii s be bassd On e WAV 14
{K-ndapentent crack prowh s of 2.2 1 16 Bihour v atbur NRIG approvesd vighio,

tn addtion, the BWFR-76 report slalas that tor plant-specilic analyses, K.depandenl crack
growth rele methoes based on the BWRAVIP-14 sspon can be used, bt rmust be justilied,

i i8 alae stated by Ine BYWHVIP-FE repcrt Mat in evaiuating vemical welds, credt may be taken
for prowions inspresctions ol beezontl o eartiical welids pravided Ehose inggacions aalistied the
Faquirgenoanty of BWRVIP-D3. I povipws canalt aro used, e line elapsod singa thir axam
should be eomsidared in cakulnting an ECY for ogeh weld,

Xiit
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The stalf finds that the BWRVIF kas provided comprehenswve guidalines in the BWRVIF-TE
rapor with respesi 1o the inspection strategy lor the weticad and radial ring welds of the core
shroud. Howaver, the siaff recommends that the BWRVIP revise tha BWRVIP-TE reparl 1o
indicate that credil ey ba tkpn o prevous inspactions ol hodzontal oo verdical weids
peovided those inspactions satislied the raquirernents of the mest rscent varsian of the
BWRVIP33 repant,

3123 Screcning of Verical Welds as o Function of Hofmonin!

Section £.3.3.1 of tha BNRVIP-TE soport states that struciural evalizations have determined thal
sheourd intagrity can be demonstraled in the prasenca of vastical weld cracking given that
eragking in inlersecting horizontal walds is not significar. Censsquently, the inspaciion ¢
wartizal welds in unrepaired shrowds is applisabie anly 1o Category C shrouds, which are
snrouds whare significant cracking sither is anticipated or hias heen datactad, inihis insiance.
the vorical welds thid are 1o he inspectad are determined By @ soreesing process of the
crmcking detested in harizornl welds focales at each and of the vartical wald,

Tha screaring prosess, as defined ir Seclion 2.3.8.1 of the BWRVIF-76 raport, is applicatie
anty dor honzontal waids wherehy the inspections required oy Seclion 2.2 of BWRVIP-TE repon
hawve been compizted. The scresning process 15 ot appicatis i the horizontsl welds hewve pot
besn inspecied par the regueraments of Section 2.2 of the BWHRVYIF-76 repert. H the hoszontal
walds hawg nat bean inspoched, fhcn {he varlical wolds shall b inspacled in accordonce with
tha gritoria described ¥ Sactior 2.3.3.2 ol the BWRMIP- TG repot.

tis slated in the BWRYIP-78 report that an inspectan of a partcuiar verlical weid is not

requirad ¥ any of the fobowing is trae tor e horzonis! welds at each end of the vertal weld,

where tha EQI Tor gach horizomal weld has bean dalerrined in accordance with

Seclion 2.2 of the BWRVIP-TE repot:

[ bt Peloted = EIFRT Propriviary 16fm
1he as-1ourd crecking in 8ach hoazontal weld e Bes ha

jor gach weld, or

1ty
&) &f the InapEcied iBngtn

b} e average ofack depth, d,. in sacn h:.?lmme.l weld is D'mex:*e@ 1o e teas than i %
through-wall a1 E00L I aodition., at least % of the < inches of the hﬂ*fzr‘nhl wald
adjacert to tha intersaction of the horxzonhl and vartizal welds ¢
% the vertizal weakd] must be inspectad and the maximum ilaw d,mh in this inspocted
regisn misst not be projected to be gresler than +.0% through-wel at EDY (e, masstum
chepth at BEOY i less than o4-33)

c thers are no crack indications in the horzontal welds which are projeched 1o be within
inches on aithar sida of 1he yadical weld a1 the imarsection of the wertical wold 85 eashl
of the horizorial weids at EOL. ) 1NTS



T HWRVIP T sugrort slgo gtatis thed tha BO1 or thiy wartond wold el Biag iwo inteeascting
horizontal welds that pass the horzontal wield scroaning crileria in educal 1o Ihe fowed EOI bof e
harizaatal welds at each end of the vertical weld,

15 450 dieussad 10 the MW RBVIPS repon that verical walds that intarsact a horizontal webd
that do not meet at ieast one of the thres hodzantal wald-screening criteda must be inapecied.
The inspecton regions lor thase vedica) weids ae delinad in Sectisn 23,32 ol the BWRVIP-78
FRSOIT and ara Akiremssd in Hactioa 3.1.2.4 ol thia SEBI3.

Tho talt finis that o BWHRVIP hag adagualoly addadsed (o serogning pracuss for NaAzonta
wokls in unrepgred shrouds bedagsd etad Infaarity casn bir divnonslated s the prosanca of
verticsl weld cracking, given thal cracking it tprsealing hodantal welds is nof significasd.

rapritl tnlas that vortica) wakds in unmpmmd Criagory G :

o adjpent horizomnl wadda do Aol Mmool ho saaaning ieauiremens of ;‘mchnn &5 of ma
BVRVIRTE o roast e insgactid fvorn thae AcansBile iangth, The

BWRVIP-T6 repon also states thal these mls;.m"nn'- -.ha?l by perfarsed wih valumelis of

Iwa-sidrsd meam locheiues {par the BWRVIP-0Q dapart) wherpver passisle, # acress is nct

wvailabie for @ tevo-sidod visual or full wolumaetiie exem syficient e demonstate complisnoe

wilh s sncdgstanco arilneid, hon a onesidod oxdon condusted using EVT1, ECT, or any Gther

visual or surface sesting rnsthod approved i tha BWRVIP-03 rgpon may be issd. The

irspaction results shall be gvakiated as identified in Sextion 2.3.3.3 ¢f the BWRVIP-76 report

wd is discussed in Sgotion 3.1.2.5 of this SER, ]] 18

The yialt tids thal the BWHWIY gdanaately Kenkled the inspesion miethouts $0r te vertioal
watds In e BWHVIFLTE rapar! in o 1o mantain $o struciurat intagrty ol Iheae welds,
Mooy, tha ssill recommneads that the BWRVIP revigae the BWRVIP-TE ropart 16 rodar 1o the
magt rscnst varsion of the SWRVIP-03 mpon mgading the eplumgtric or twe-sidog axasn
techniquas with respect 10 the inspections of the werical welds,

2,528 Anceplanae Slandards tor Vertos Weldg

Thir necaptzee standasts w At lr) iz inepoetion of the vdrtin waldn in urapaired Catogory
C shrouds ane gecusied i Seotion 2 13, 9.9 o8 the I RVIE- 76 répad. A summary of Shege
plare glaridards are provi B

o o - vt*l».-tvd\'" 3:!“!51[!?"n.-pr‘w~ ‘lnFurmuu
1 By aeded pney Lo \'m;;mf:md s 1 2l VORI Ul TWD- Hl e HRIIT
crmvcking is dalactixd . tha wald is weceptatde or - yaars of aperation,

I Ihe watd s DEaN inggeclad wing & full volemeti of two-sided exant 1eehoikgs nnd
Qracking i3 doloctss, e woikl ruet o cusluatixd ascailing e 1ligwing aecopmncs
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; ' antent’ Bfapricla re A rtar iva lion
wtnm‘wm nsmg oo FLDI ll’w doey tol exce yeare, & omtisnl weld is sccuptatie lor
enatnues cperation Ihrough the EQLIDaay ane of the folowing condiifons g satigliod:

A e inspeested hength of ther vzt weld is gh&;'!ft}" than #0% of g 1otal lsngth of the
wakt anel (e a5-fOUNT Cracking Is [ss wran Gk of g INspecied lengih of e wsid, of

4 o inspeaia hngih of e vetical waltl i qresbid 1han St Trus dotalk lonpin ol tha
wirkl, s Qvaringo srack degily, o, i profedlod 19 b loas than 2.0 theoughowalt o) BOL
and a0 theougte-wall cracking 8 sbaerved during the ingpection, or

cf tere is projected (o be wl east ;mdnas ol ureracked wekd metad i tha wertical weld
within' irches of ihe toe o the borizorinl welds at EOLL o addition, thore is projesied
ty e a1 evéniregmn of 75 inchies separating any two orack indications witsin the linches at TS
EO,

b gblilices, 11 s et in o FOWFINSP R rnapeart shind i) [0 aceaptinren crfierin canmm by
satsliod, o plast-meailio evalmbon oo tha el wokd aust be parfoirmied or He ECH s be
raioan 1o a lime whare tha acoephanes siandasds for the vartical weld e mat. Plnt-goacilic
syalgations showd nclude structurs! consigeraticns and leakage considerations, i through-wak
crackeng was cheersed curing the mspedtion. Felevart inspection data cen also be ysed 1o
dermenitiate e seceptability ol 1ha vartica! wekd. Apperdin F of the BWRVIP-78 repan
Hf-r'm!u 5 risribhar of roothodologies o sebistion o rough-wall and sast-dhroaghwall

ong-sided smm?achmqua iE‘\a"T 1, E{}T or any other visual or surface Eesm’sg method

azproved 1 the BWAVIP-U3 repod) and no cracking was darected, the waid is acoegable fori

years of cperation. il ine weld nas been inspecied using this one-sided exam Ischrique and

crack indicalions were detecled, the acoeplance crilsria = this section cannot be ysed and a
prant-specilic analys's must e aar‘mned using the guidalines in Appendx F of the

BWRVIP-78 repart, NTS

Thi: BWRVIF-76 roppn. idoniifies that vach vertical wekd shall be ricgvgluaied af or belore ile
EQH is reached. This ra-owabaation may ke he [erm Gf @ sorsening process Dased o new
information regarding the boenzontal welds or il may include Inspecticn of the vertical welds.

The stafl tirds thal the BWIRVIP has adequately addreszed the inspection requiremanis and
the ecceptance standerds for vertical welds in unrepaired Category C shrouds because the
inegection methods and the inspection frequency identiFied will maintain the integrity of these
werls,



KW
az2 Inspaction Steatngy far Welds in Bepaired Soroyds

1 ig alated inotha BWRVIP-TH repon that the wispection and repluntion strotegies Tor welds in
regrairesd shroudy avo spplicakin & barigomzl wred vorical weltts, rodisl dngg welds, repor
camporems and anchoerages. 11 is also slabed that inspoctions i nol recquined lor horzoral o
vertical wekls that are structurally replaced by & sapair,

By letter dated Jura B, 2008, the BWRYIP provided its response 10 1he staff's Hal question

MNuw. 76-3 wt'is’ h reguestes hal the BWRVIP define “struciurily replased.” The BWRVIP
detined “srusluraly repiaced” v ndicale that Bre ingtalied repain hardware i3 adegquate &
maran ,ne furcton of thae sheoud even il The welds are coenplelely taied (e, 100% through-
wad crasked over the entre fangih of the welds), The BWRNVIP providad am exampia of g tie |
ot rapar which siractunitly replnoes tia harizontal welds, Thetie mds are designed to prevant
virtieal displiscament ol the shroud rings even i the harizanta) walds are completaly faled.
Baged on this infoimstion, he staf! adg Ihal ihe BWRVIP adequalely responded to BAL

No. 76-3.

The stadl finds thas the BVRVIE has prowded comorehensive guidalings in te BWAVIRTS
tepo with feipect 1 the insgection stategy fof wekds in repaved Shrouds,

321 Veroal Weids in Bepaiad Shrouds

Thes BWRWIP-76 rsport statas thal anmy vertica! wald that intersects a repaired horeontal weld
will e gvahisind by pne ol o oplines as descrbad below;

aver tha next two SUCCESSIvE refusing numgns alvar mr‘ mpw with a7 least il of the
ascessinle potions nepacsad &l the fisl owtage. The inspection corducted during the
first pulage should m'“lut?t a high perciatage of The bisiline welds. iIF the observed
cracking ir the firsl % of he welkds exceeds 773 of the 1018l Inspactad length, all of
the rprmetning w;miml '.ml'za shisll be inspeated during tha outage.

Tne ingpections shat oo carformed using a wolumetns axam or a wo<sided axam
whesewar possibia. A gnip-sided visual exars may be used whan aeapss = oot pwailaile,

The pspecton resulls shal be svaiugted in accordance wih the same accestance
Crivarg &5 $pecied i SNl ¢33, Of I BW RYEF- 7D (apoT whith Qiso Incrioes
rastrictions on the 158 of ona-sided visual inspection resalts, H the acceptarse crigsis
canagt by satisfiad dor the vertizal wolds selectod for ingpection wsing the sammng
pr';cxe:mw drfined in this eplion, then Optien B may be used,

1TS

xvii




xviit

-12-
Qption B - Bcresning of Huﬁwmﬁ ‘Walds;

As in unrepaired shncuds, shroud integrily can be demonsirated in the presence of
vertice! weld cracking, given that cracking in btersecting hevizomal welds & not
significant, The requirements for screening of henzonlal weids in unrepaired shrouds as
discusiad in Section 3.1.2.3 of this SER and the acceptance crileria can, thrrelome, ba
usad 1 define the inspection and evaluabion reguirements for vertical welds in repeired
shrouss.

A plard-specitic evaluntin rmust bg osed W0 deling the re-ingpeclion inlerval when
nesither Optinn A o1 Ogtion B can b rmeel, Appendix F of Hie BWRYVIP-78 report
privicdes guidinen an techniguees [or plant-specific evalumions,

The staf linds that the guidalines reégarding the inspeclicns of the vertical welds in the repaired
shrouts are accaptabie because the inspestions idantilied will adeguately mainiain the integrity
of the welds and the ghroud.

22  Insrection Siraieqy for Hadigl Ring Weids in Repaired Shrouds

In Section 3.4 of the BWRVIP-78 repart, it is slated Hat inssaction of cesiain radial ring welds
may be \quired in repoired shroxds because they car be imporant {or struchural stifiness in
seme cofe shreud designe. The repair cesigner shalt specity the irapaction requrenwnts lor
thé radial ring welds in 8 repaired shicud. This ghodld incliide a defirition of which welds are
sengiired 10 he Fupected and the allowabfe cendition of 1hase welds. Inspestion of the radial
Jingg wikds i% not rrijuired i the reqair desigoers can demdnglrile shat thie regair hardware does
n—n mly (;n ‘he |lﬂrgruv f B wolds in onder For it to I*mchm prog r|'y,

) Cintent Déleied - EPRI ]'rnpn-.cnr) Informntion =
‘!1 is a1sn £ nw in trse B RVIP- 76 repont faat 1 the riag segment welds are requir
gnroud repeir design, they shall be inspecied o answe that the design requirements ars met &t
£04, Hhe Iocatinng Gl the wedds wee knows (e, Trem plant drawings), those specilic locaticns
578l be inspacted irom !hc outer diomeder (0D of the ring, ) the lxcations are unknown, the
inspection shell include - % of the accessible pertions of the OO of the ring segmants. ] TS

The steff finds gt e peopasad ingspechion guidalines, as swtes in the BWRYIP-76 repon, for
tha radial ring wekds in [he sopaifed shrowes are acoepiable tecausd thi in&pl}{:ﬁ’(:ﬂ Sliﬂ!f‘:gy will
mravirdisin e intégrity ol these welde.

4.2.3 Repsiz Component Inspecsions. [Repair Assemitas gad Olher Components Added as
Pan cf jhe Repair}

His stated 1 Section 3.5 aof thae BWRAVIP-TE repan thal seelad nspactions ol mgwair
assamblies shall inctude a YT-3 visuak examnation of accessible Incking devices, critical gap or
canfact ereas, soltng, and he oversti compenent. Bolt lightiess shall be verifisd in cases



13-

whswre s orliienl in rantsingg rosalemplssoment conpunem gpowbilly. Dolaila
inepisetion: may anfadn addihons| requirerests ag spacitiod by the designer,

By lettar dated June 8. 2005, the BWRVIP provided Us reszongs 1o 1he atalf’s Supplementarny
FOAI QUBSTION NG, 751, WASraDY 1N 5180 requestad tat 1o B HVIP idanlify the addtkna)
mspections reauined by the “detailed” ingpections for existey PWER designs, The BWRVIP
egsportiad by soknowlidigg tiat unty & livited ervbior of goeesns sheour epsin degigns save
By ingbstisd moths WA oel, The BWRAVIP sl ideases ok she dotals ol those Sasigns
cevuled wary silgratizendly o plisad o planl,. For exsirgle, he deeges of o Swar tie red
atfatsnant B ddtsant Ge & plant wilh 4 gussal -ty slnoadd Heaggiet ghant than for b WHZ
conical shroud suppont, Sonsonusstly, whin datails of the desifng are conskisred therg mre a
large pumber of dilferent condigurations and the BWRVIP stated 1hat they are nol in & posifion

.t define specific inspecticns for each contiguralion. In addition, fulure desiyns may include

[

additicnal giflerences froem those that exist foday. For this reason, the BWEVIP does nol
provide design-specite inggection requiresnents in the BWRVIP-76 sepony; Fowaver, thee s &
racqull envsnl by ey BWTTVIP-TE reporn whieraby the wtifty 3 o comsicler vardor
tHGOrrnssEIAton s in devikiging f plenkegacits ingpecion plas, Bosod on fis idormatsn, the
a'nﬁ fewazud bhw L&WWWW B HEpmEe W Had qussstinn N b et
CiClent '-lue
By Supplm'h:-nl':ry RN quastion Mo, T8-2, ke il n;qnms!w thait the BUWRY
the > yaar intorad foe perlorming inspections, a5 identdied in Section 3.5 of the B‘J‘ RYIP-¥5
ra;»on. 15 congiderad adequals 1o manage Jegradation of the repair assemblies and other
cornponenis adsed as part ol the repair. o derronstrate Ihe adiaquacy of the«“ipear inerval,
ther wtalf requested that the BWRVIP provide all dats o Sspfay e ingact of nediren fluenoe on
1hir ity ol the reapairepianemed saderiais (L, V6L NG, and Insorsgd KJm]\ Ry
hiteer dater) Juna & 2005, the BWRANVIP matet had a w relnapoclion inteeal for ahgwid
rigaitt harglwis s riaoiviiha foe i raaislinn of rasons. e, e rapale desin dtdioes
miaterinds which arn v 1IGHCCresistant ag well a5 medem: bbrication procasses th
minirmizo the potantial for IRSCC in tha repair hardware (sensitiastion is avoided, oold work is
prohigited, ets.}. The BW BVIP maerial requiremends for ooee shroud regair designs are
wnoluded i the BWRVIF-BA raport. "Guideines for Sedection and Use of Matenals for Hepeira 1o
BN Int:«m&‘ Compancnts,” whion was agproves iy the atalf i o 88 dnled Soplermbar £,
2006, Socord, e SWIRVIP gtalad s thes higaly-stiesaed compones ol the repalr hsrgware
TN Iii» roddi] ¢ focazed in ragioni of refatiealy saw luneoe, Tha fienen at the smoal iscntion
ol the lig rod noms g cos mid-plons i gicably astimotod % b on the ordar of i nom® alor
approximately 40 yoors of exposwa,. The BAWSIVIE statad tht this is belbw g lluencs at
wiach tadiat®an is known 1o aflect the sirdetusal properbes ol (he e materialy,

The BW RVIF wew slatod tiat hie 8WRYIF-02, Auvision 2 sepurt, “Bhruud Begail Susign
Crilesa,” requires that the reprir shall be evaluated lor the etfects of iadiatian refaxation
utitizing wral-ob-lile tuerces. Aowanioes for these ellects ara incuded In the design of the
sppale, Fiunty, the DWAVIP staled thil il Biiftlosn LS, planti wilh sbiioud depisis e
paritirmied ang oF Mo inspaaions ol e epnic hastware. While rone of tha se-inspactions

TS
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wora porlormed | years slter the baseine (Bve fies) shrowd repalt was netallsd In oary 19851,
some ol the re-insdections were performe? me nuch ask yaars afinr tha baseing
ingpection, The BWRVIP furve: dicaled thal tha anly sromslies that have beann abservod
warn related 2o irgtaliation problisris. These anomilies wese corracied and subdegient
inspectons have shown tnat e anomates have not re-accurrad, No materie! degradahan has
besn reported. in soditon, e BWAVIF staled that extensive [Bborasey teating indicales thal
risew Allsy X-700 pacts will pearturm satialactodly i hay maol st spestfication regevamants
wilkt rixgiied] Yo hisat Bealimeed, Sadaiialivan s, S Stiess ard sifn Wi

Based on tha mborration poovided above, the BNAVIP conohsded thid th
v Egpecion inlareat 1aF i shrixd fopdin hardwirg is rsigonabl. The BWRVIP also staled

tual, “As with all nsprcton irterals recommendesd by the BSWRVIP, this period would ba

wefjusdog iF degradistion is ebisorvad or i sow afnenstion odicages. el 20vears is not an

AREORCRTG e inspoCion inoryal,” 15

Hevespwar, singe B suburittal of 2o BWEVIPG rapon, G ol actsel thin thore bog boen
recEs) phanl sperating expedesca ol Hatsh, U 1 whioreby the upper suppoe artrg (labricabad
tenen Aoy XA maberinly of twa af tha fooe core siirand stahilizar beackats wars niind b5 hava
agparent BCC Indicatiens.  Therelaos, the stal risguests thal the BAYRYIP inciude a discussion
ol thes seoenl plant operaling sxpisdence ard inchige ary lessons inamed or additional
guiclelionss ir By A versaon o) the IWRVIP-ZR repon, as necded, Based on the Sfarmtion
provacioed above pred e BW RVIP's inchision al sy fessong Besorasd nom e Halehs, W1
apersling axprnone, e stalf cosadom i mapoess b e Sugplaraniary AAL guastion No,
FE-2 %0 b ancepgable.

In & supglemental leitsr dated Way 30, 2006, the BWRVIF addressed the genssic impact of the
Haich. Unit ¢ operating expedence on the BWRVE?-T6 report quidelras. In this suaplerental
jatter, the 8WRVIP summanzed the event that eosurred sl Haseh, LUnit 3 by indlcating that
crack-like indipations wese abyerved in e upper suppons of e Gona shreud tiie rod repair
during a recerit Sschinthiled oetngn, The BWRVIP further indaotexd 1hist the inlerim rieat cagse
assessment concluded that Hee probioble root cause was detnrmined o ba IGRCC of the X755
i, o addilion, Gy BWERVIP giated thel, “& lingd vuul sause will by availeddbe ouly allss o
dastrictivg expmeataon of the cradked madnrind,. Acalyses ond evalugliong also conchedad that
the Hatch [Urad 17 corelition is bieBaved ta sepresent baending conditions 4or other BWHRg with
similar repairs.” The BWEVIF the listed the follsedng aclions that will be 1aken based on the
Hatzh, Uil § aspedence;

3. Thie BWRVIP i continuing o work with ¢aich and other osganizalions 1o
ungprsrndg tha ool cause anid loke appropiate olow-ud sutions,

Z. The BWHAVIP has issued a lormal letier ko all members idsritilying a “nesded”
requirement wat planls with core shrowd tie rod repairs inspect their tie rod
frpairs at their noxt scheduied midage. This should include inspeciions i all the
spime or sinibr Gcationg where e Halid [Un 1] indicalions were abserved.
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The leter also recommends thal gongigesation be given 10 inspecting wiher lxcasions in
tha tig rod repair where X-750 meteriad may experiance high sustained ‘cads and
treredore be susceptice 10 IBSCC.

3. Based on the nformation jvisilabile of this tire, no shanges are needed 1o the
porr shroud sed sheoud tepair inspection lraquenfes arct mathods descrbad in
[the] BWRNVIP.76 [report], Tha BWRYIP will contnue % esvakiate the impacs of
trg Hatzh [Uing 1] core shroud b rod repair cracking on BWRYIP rscommenda-
fons for core shroud and shroud repair Mspection frequencies and rmethods
{e.q., BWAVIP-76; a5 addiional inlormasion becomes availabls,

4. The BWRVIP wil evaluale tho impact 6f t Haleh [Uinit 1] core shirou fio rod
rapaic cracking on oiher BWRVIP documenis andd recommandations,

The sial hiss delérmined hal the BWRYIP adeipstely addessed e Mok, Unil 1 ovent;
howerend, tha stal! coquansts thal The BWRVIP koog the stalt inforngd of the resulis of g final
o0t etz anitesin. The skl lurther requests thet 3 the BW RVLP dedaremines that the root
s indicates that chuanpes are npnded 1 e B EVEP mateeial rraguisarmiants or b he
BWRWVIP nspecton guidelines, hat the BWRVIP will adequately take apgprogriate action to
‘adorass the impaet of the Hateh, Usit 1 cors shroud te rod repalr cracking as neesed.

17is stated i the BWRAVIP-TH raport tha? boll lightnass may be werilied by visustly exsmining
iz ropad assembly ard veifying that threaded componants are sostod and ot Bare s i
urintarudod gops & Sensioned mamber eortadt points. The BWBVIP.76 apiont alse siatas st
othor monfs ol vorfying bot tighimass may ba spiailiod whon Wisuwal cxominatisn 1o fiot loasibio
of adsquate. Howsver, the gucalings in the BWRVIP.76 raport indicale that i 15 not nacassary
te cordire the ameurd of repay assermbly praload during roatice irspections of repair hargware,

The BWHVIP-TS rosoft prashidec Iwo screduie options tor tha insraction ol ¥epair cemponents,
as iderdibed baiow.

O it Deleted 1 3 ) ,
Opsion 1! Frtoerr s dennlioo ingpestin of all rapain as W‘iesf «.mﬂr 1hes lirst l'ymu‘

IF wl! psserncling are salisfactory, no turtnar Sspectiors are rexpuired for
i years.
Qpricn 2 Farloern & amalled inspestion o1 5% of tha azsemblies aker the first

ot the assarmbiies. 1f the inspesticn
resuils are :.ams inspeciions of ore-third of e ramaining
gasgemnoliss shall nw pem:r'nsﬂ auring eacn o1 Me NEXT INfEe sutages. ] ] TS

Revinspost aach gssermbly on &
The BWRVIP-TE regort also s1atas that il a repair component is (ound to be dagracked during an
imzpection, al other like comganerss shall be inspeactes dufiag the same butags.
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Br.e
Tre giadt proviced the foliowing RAL suestion concerring halling:

The firgt paragraph ol S3oction 3.5 ol the BWRVIP-TE regort stvles: “Boll
tightness shivll be vedifisd in cases where it is Sritical in maintaining
repairrepiacemeant companent operakility. Further, a delailed inspection
may molede addilanal scops 83 specilied by the desigres:.”

The second paragraph of Section 3.5 of the BWHAVIP-TS report s1sles: “Balt
tighinoss may be verties by vigually examining the repair assemity and verifying
that threaded componenis ame seated and there are no unintendes gaps at
tensinned member contact pointg,  Altarnataly, other means ol verification of bolt
fightiness may be specilied whens visuel examination is not leasible or adequate.
Itis not necessarny 1o corfirm the amount of repair assembly prelcad during
nutne inspacton of repair hardware.”

The siaff terprots the frst paragraph 10 require bolt Tighunass for
componenis whara it is colical 1o mairtein repalr and replecement
cperabifty. Visuel inspections are not considerad sgiequale for verdying
zol tightness and would not be sccaptable %o the stall in cases where
-oh lightress is criical to component cperability. »

Tte stalt sterprels e second prragrapr: 1o 0 e requirements that are
‘ntowsa e all osher ron-critical components.

Theerafors, by Gupplomantary BA] guaston Me. 76-3, o ealf requedited 1t the BWRAVIP
cardirm if the siadf's istrrpestation is oorrest and In clanfy the fest twe paragraphs of Section 3.5
of the BWAVIR.ZE repory, accordingly,

In a letier dated June B, 2005, the BWRVIF stated that at tie rod shroud reprirs reguire that a
certain amoint of tension joe prilsad; be mainsivad B 1he te rods during opeating conditions
i onder 10 epsure that the shrowd Segments do not separato during nosmal or cff-narmal
oparation, This reguieed preload is astablished in twe ditferent ways, o thie regair designs

usgd 0 mest BV R, the preload is déwaloped due io differential therinal expansion between the
tie sods and the core shroud. The tie ros are installed with essansialy no prefoad: the initial
prefosd on the reds 18 just sulticient 10 ersure thal the te rod gzsemitiies remain property
pogrioned. Ag the reacter heals up, the core shroud sxpands more than the ta rods and hus
chawgingia thi: reguingel pr»&!m& in dre tin odn,

For these desigos, an inspaction that ensuras that np usinteaded gaps exs! is wkdiguate 1o
ensyre thal ste design prefcad wili be chtained durng hesk-up and oparation,

The BWRVIP guvad 2hal one LS. BWR inzomparalas @ shaoud ropair design that Joes ndl
utifize cifferemisi expansicn 10 develsg the required prescad.  Inthis BWR, o speciliod preload
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rausct be apped 10 the lig rods in Ibe cald candgition,  This Slant parfxmes pekadic insaeshions 1o
varlly ihat the require? preload is presernt.

Thi BWRVIP proposed 1 ciarify the nspyction requirsrments by revising the second paragraph
in Section 3.5 of the BWRVIP.TE rapon, as folows:

Bt tighiness must ba vevified usirg an approarats inspaction iechnique. For
50meE J8signs, it may te adequale te periorm a wsual insgection 1o verily that
hraadsd componants are seated and that thede are o uniniented gaps al
tensicne member conlect poins. For olher oesigrs, il mey be aecessary 10
varify the tension in the tie-rods. Salection ¢f the approprigte inapection
technique depends cn the detals ol the repalr desiga. Vendor guidanze shali be
oblairad in orger o datamine the apiropriale Inspastion echnique.

The stadf considers thi respansa 1o the Supplemardary RAT questicn No, 746-3 to be accaptable
bacause the BWRYIP has adequately nodressed the stalf's concams regarding inspaction
lachnigues and requiremanrds 1o ensure bolt tightness. The sieff requesls that the BWAVIP
irclyde iss sropesed response 10 Supplementary AAL guestion No., 76-3 in Section 3.5 or the -A
varson ol the BWRNIP-78 repoet,

The statf finds the grapoaed Fspestion guidnlines for sepair companents arg saeceptable
bacause the inspections gnd the napeciion lrequencies idemilied above will easure componart
integrity associgied with the core shraud.

324 B_gpair: Anchie

acli

Jace Insp

It it Siated in iy BWRWIP-7R rapert That the insp 1 frguirermnnis o

as [ollows: porfonm EYVT-1 (par the quidilines n the BWRVIP-03 raport, “Rossgtor Prizssure
Vassel nird Inlerals Examingtion Guidelirgs, Rovision 17} of the rmost highly siressed
acsestible load Deasing weld of a2 10351 one rxBak #ssmnbly &achorage f»:ﬂf&ﬂiﬂg e lirgt
cperating cychs satisequent to the roppdis aad then inspacl the identizal welkd al pech remaining
asbeenbly onen evwery | - yaars. Tha enost Righly stressed wokd may be, ot exampin, 8 guisel
wedd. Hexizantal shroud, shroud supoaet plato and supoort platé-o-vevsel wekls (4., HBHI
weide) are ndt highdy stressed it the anchorage is 10 1he shvoad sugport plate. Tharelore,
inspeciion of these welds s nos required as pan of the anchorage inspection. Inspection of
anchorages with no oad Geanng weids Is encompassed within the requirements for insgaction
of repair hasdware. 11 TS

Thee BAYAVIP-76 sepor glalas tat it o rppair anchorage & (ound % bo dedgradod Geing an
inspestidn, oll othor aschoragaos shall bie inspected during tie sarmes autage.

ILis also stated in the BWRVIF-76 repor 1hat the addition of repalr sssembly kardware may
interfere wilh clear gecess W repair anchorago weids, Where this is1he case, cleaning and
ingpactin shoutd e on a “hast alfort” basis, Repair hasdware reneval lor ceaning and/or
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inspection of regair anchorage welds s nct reguired ginze it may introduce a gignilicent risk of
equprrent demage.

Tho stalf fnds e inspection reguirements $or the repar archorges 0 he srceplabie borsuse
tuz inspections baing perfarmed wil be: an 1k most Rghly stressed aceesstble lond bearng
welkiy ard wil, therefora, maintain ecompanent integrity, Howevor, the stafl secommands that

“the BWEWVIP ravige the BORVIP-76 rapaa 1 rdlar 10 1he mest recent vargion ol tha

BWRVIP-0G report inslead of the BIWRVIP-(A, Asvision 1 repart with respect i the nsgaction
requircments for thesepair anchoreges.

33 Begadirg Beauiremenis
331 mplsmendiion ol the 1AE Guidelings

The BWRVIP-76 repas stales that il il is detioningd Bat implementation ol (ho 18E guidalines
as described cannat be achieved, or that seaninglal results are not cbitained, the user shall
Aoty the BWRVIP with cutfisiont dotais in suppo thi dovefapreent of ablernative actions.
The aetilications wnd the plaraéd actions #a% b swrmarized aad rapdned 10 the NRE,

The stafl firds the BWRYVIF s propasisl with raspeet to the implementation ¢f the guideines to
be acceptabls.

3.3.2 ingpecier Resyits

The BWRWP-76 réport states that rasults of the inspections rocomemended oy the i4E
quigslines shai be reponed o the BAWRVIP. The BWRVIF will summarize the inspsction
informatior ard prowige thet intormation to the NRT. Indwidual reporing by the licensse is not
recisred..

The stalf finds tha BWRVIP's proprsal with respect & the reparting requiramants to be
adsquate becausa the results will be pravided 1o the stall via the BWRYIP inspection summary
repor, |5 should be noted, nowswsr, that this provision for having the 8WRVIP repont scansee
ingpectinn results doss not reglace the requiremaents placed on each Ycensoa oy ¥ CFR 50.72
ard WO LFR G073, should Bwe beordon's ingpection esuls meot Bese reparsing thasholds,

3.3.3  Anabylicsl Eviehaalions ol nspection Resulls

The BWRVIP-TE repor states that analytical evaluations perfoemed in accardance with the

guidance of this report far the acceplance of inspection meseits do not requiro a spedific NAC
review. Howaver, the BWRVIP-76 repor siates that results of the analyses shall be reporied to
the NRT by the licunses. In additien, § i3 steted in the BWRVIP-76 repar that anatytical
peatsationg thiat desale Tram the guidance of 1his sepert (L&, rasrmplicns, methods,
acceptarce critara, ate.) shall be raportad te the NRC wilthin 30 diys afles corvglation of the
negection.
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The sl Fads the propased analyiad evishaations of the inspesson rasulls idenstdied above 1o
bs accemable bacasrse any analtical @valuation shat deviaies irom e guidance of this recort
must be reponed to the NRC.

Bacausa the implemneniation Guidelings and reporling requirernams aae insliided in the
BWRYIP-84 report, “Program Inplemaentation,” P slall rocommends that 1he BWRVIP includn
a referencs to e most recent version ol this regert in Section 4.0 of the BW RVIP-78 report.

4.0  CONCLUSION

Th staft has reviewed the BWAYIP-76 regort and the supplemental information that was
iraremittad 1o the staf! by letters Zated June B, 2005, ard May 32, 2006, The seodfications,
clarilications, srd supplemental nizerration that were provided In resposse ju the statf's RAls,
as addrossed in Section 3 ¢f 1his SE. are summarized below. The saM joquests thal these
raodificatians, clantications, and supplamenial idormation be incorporated in the -& version of
the BWHRVIP-7B reporl.

+ In response to the siail's RAL question No. 782, the BWRVIP propose:d to revise the
ekl in Section 2.3.1 of the SWHRWF-TE report 1o stata, “Ta delarming the EQI, any
cricks faund in the wetd Wi be grown using crack grovdh rates apjroved by tha
FWRVIP {i.e., in the BWRWP-14 o BWRVIP-99 reports).” Tha BWAVIP also indicated
wnar the 1BXT woarid be revissy oo Includ & INat, “any guisancs regerding Approves crack
growth raties will be subanitted 10 the NRC tor review.”

. Thi stafl recommonds thal tha BWRVIP revisn all ¢ the seclipns in thn BWRVIP76
repor, as applicabte, 1o indicate: thal the niscections must be perdommed in acoordanca
with tna mast recent varsion of the BWRVIP-03 raport,

. in response to the stail’s Ral question No, 76-1, the BWAWIP agreed wilh the stali's
recorrrrgndation Hat visual oxdminaticns shall nol be cstegoriznd a8 surtacn
axproinationyg, Thaeredorg, the BWERVIP agroed 1o npodify Soction 2.3.2 wed any athar
paragraply in tho BW RVIP-76 rapost 1 delete vy ward Ssaddace™ whaeg 2 s used in this
manner.

. i response o fhe stalt's FAL question No. 78-3, the BWHVIP indizeted that it wauld
include the following delkésion in Saction 3.2 of the -A varsion of the BAWRVIP-78 report:
*Blruciusally replaced means that the instated sepair tardware is adeguate 10 maintain
e Junction of the shroud evan § the replaced walds are compledery failad {ie, W00
percerd shroaagn-wall cracked over the entire leagth of the welds)”

. The atal requesls that the BWRYVIP keep the stalf informed of the results of the finai
oo caus: snalyses with regasd 10 the Hatoh, Unit 3 core shroud sie red fepair cracking
svenl, The sioH furthor requests tha i the BWREVIP doterrmng that th roat talise
indicates shat changss are nonded to the BWRVI? matsrial rezuirements or o the
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RWRVIP inspuction guideling:, that the BWRVIP will pdequately ke approgriate agtion
16 nddress i imgact of the Mich, Uit 1 core shrowd tie rod mepair cracking as
nandad.

. in response o the staif's Sugglementary question RAI Mo, T5-3, she BWAVIP proposed
10 charify the inspection requirements by revising the second paragragh in Sestion 3.5 of
the BWRWVIP-76 repart 1o state Iha following:

Aol lighlrass rnust be vorilisd using nn appropriale ingpostion 1Behisigue,
Fou nproa doulgnu, 1wy b sdoaqumty % podosm g vigunl inspoction to
verity thist! Ihveaded compononts see gealed and shat Thore are no
unimended gaps a1 tensicned member conlecd paints.  For olhér designs,

it may be necessary 1o verity the lension in 1he tie rods. Salaction of the
Qpprepriote inepociion teghnique depends 4m the detnily of the repalr deaign,
Vendar guidines shall be otminnd in ordss te determine the appopiate
inspegtinn techaigue,

. Tne stafi secommends that the BWAYIF incude a atatement in its “Record of Revigions™
table, of :ha -A version of the BWRVIP-76 regcrt, 1hat licensees ghall irpiemen the
repoting fequirements in acsordance with the most recent version of the BWRVIP-B4
repart gince the most updated implamerdalion guidednes and reporting seguiraments are
Inciussd In sl regor,

The s1al! tings thal the BWRVIP-76 repon, as modified and clertied 2o incorporare the stal’s
recemmensanens. prowdes an acoeptable technical justitication wih sespecs o the proposesd
inspections and flaw evaluation guidesnes for the BWR core shrouds snd core shroud rspair
hatdware, The BWRVIF-76 repor i3 cansiderad by the slafl 1o be acceptanie fof licenses
usage, as moddisd by the s1all requirements and recommendations given abiove, a3 any time
during eithor & facility’s current aperating lerm of extended fcense period. '
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UNITED STATES

NUCLEAR REGULATORY COMMISSION
WaSHINGTON, D.S. 205550004

Yetoher 3, X

Nr. Rick Libre

Exslon

Chairnan, BWR Vessol ang Internals Project
Eléctiic Power Research Insiitule

3420 Hillview Avenue

Piia Allo, TA 840041355

SUBJECT: ACKNOWLEDGEMENT OF BOILING WATER REACTOR VESSEL AND
INTERNALS PROJECT LETTER CONCERNING CORRECTIONS TO FINAL -~
SAFETY EVALVATION OF TGRICAL REPORT "BWR CORE EHROUR
INSPECTION AND FLAW EVALUATION GUIDELINES (BWRWVIP7G” FOR
LICENSE RENEWAL, APPENTIX K AND ISHLIANCE OF FINAL SAFETY
EVALUATION REVISION (TAC NO. ME2355)

Dear Mr, Ligra:

By leber daled Seplenser 118, 2009, (Agencywise Documents Access and Managemen! Syslem
{ADAMS) Apceasion No. MLO9263051 3}, the Solthg Walar Reactor Vessel ang Intarnals Praject
(BWRVTP) infarmsd tha LS. Nudsar Regulstory Commission (NRC) staff thal the flusrce value
statng in fom 4 of Saction 4.1 of the Safedy Evaluaticn (§&) fov Topical Reper (TR} 114232,
*‘BWR Core Shrowd Inspeciion andd Fliew Evaluation Guidelines (BWRVIP-7G)" for Licsnse
Ranewat {LR). Appendix K Lransmitted by letter deteg Augusi 24, 2009 (ADAMS Accession No.
ML 7ICQ20) is not comacs. NRC sipff rovigwor BWRVIF's commaents and incorporsted
identidisd coreriions inke this fingd SE which supersedas the pravioss varsian,

By lelber daled Cecerriber 9, 1990 (ADAMS Accesaion Mo. MLEG2620712), as supplersented by
lattars daled June 8. 2008 (LDAMS Accessian No. MLIS1640498), and April 29, 2008 (ADAMS
Arcassicn Mo, MLOG 200066}, rtha BWRVIP submitted for NRC sxaff review and approvet EPRI
Fraprictary TP 114232, "BWR Vessel ang Internals Project, BWR Caore Shressd Inspestion and
Flirer Evaluation Guidelines (BWRWVIP.TEL"

TR BWRWIP-76 combines the guidence from asveral BYWRVIP TRs and incorporstes
mfgrrnation from: savaral MRC slaft reviews and 5Es. By latter dated Juty 26, 2005 (ADANS
Accession Mo, MLOS2 140584), the NRT siaff issusd the SE frr BWRVIB.?S. That SE did nod
covie the LR rakded o Appendix K, which was origially subrmitind with the TR,

Cocumant iransmitted harewith comaing sensitve unclassited Informabon. When separsted
from enclesures, tis doturmentis deconiroled.
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i support of LR, NRC staff reviewad Appandix K of the 8WRVIP-76 TR o determirs whather its
guiganca il provida aoceplable levels of guality for inspection and flaw evatuation of the
subjoct safcty-related reacior vossol internal (RV1) comaanemds during the perisd of extended
apesatian, The review siso conmsiderad complance with ia LR Rule in order 1o aliow LR
applications [LRAS) the optieey of incarporaling the BWRVIP-TE guidelines by reference In a
plam-spacitic integrated piant assessment (PA) and sasociated fimedinted sging ansiysis
{TLASs),

By lelter daled April 9, 2009 (ADANMS Accession No, MLOB331022B, a draft SE regarding NRC
staff approvat of Appendix K cf TR BWRVIP-75 was provided for your review and comenent. By
a-ma dated April 9, 2004 and ‘stier dased Jurse 17, 2008 IADAMS Accession No.
MLOBTO0G20) tha BWRVIP commanind on tha drafl 8B, The NRC staff's dispasiion of the
BOWRVIP's commentz an e deafl SE are fiscussed in the atachrsent 1o tha final SE enclesed
witly £his letter.

The fingl SE includes an sxpociation that the spproved version of BWRVIP-TS will be revised to
addrigs NRC's piectation thal feense ranimwii apglicants ackdeess e rod repains, as discussed
i NRC's July 2, 2007, regues! dor sdditians informatics (ADAMS Accassion Ne.
MLCOTI3305259). This masue is discussed in Sectien 3.2 ol the SE,

The NRC slaff has reviewes Appendix K of TR BEWRVIF-TE and linds that s BWRYIP repontis
accepiabie for relerancing in licansing documantation 10 the exen: speciisd and under the
limitaziang Solinoated in thae BWRVIP rgper and in the anclesod GE. The SE defings the basis
fow our accapsEcs of Appendix K of TR BWRVIP-7S.

Our acceplance applies caly to rraterizl pravided in the sutject BWRVIP iegart. We do nol
intend to repeat cur review af the scoeptable matedal descibed In the BWRVIP report. When
tha §WRVII? report appears o5 8 referance in licsnging documentalion, Sur review sl engure
that the materisi preserted appfes to she specific glant Svclved. Licensees will be expected 1o
implement the provisions of Apperdix K of TR BWRVIP.TS, subjest fo the limitstions in the
cnslosed 58, a5 pant of thok BWRYIP program unless deviglions frgm the reguiraments arg
justified, Lisensens shall idertily sich dovitions ta e NRC staff in acoordlance with BIWRYIP
pregram regairgments,

In acacrdance with e guidance provided on the NRC webgite, we request thal BYWRVIP putlizh
sccepled progrielary and non-prapristary versions of this TR within three monihs of receipt of
this tetier. Tra accapted versions enall incorparels this letter and e enciosed fingt SE afier tha
tille page. Alsa, thoy must cantain histarical review infarmation, inchuding NRC requasts for
addiliongl Enfaermation and your responees, The 2ocepled vargions shal include an *-A”
{designating scceptad) folieweng the TR dentificaticn symbol. 2
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R. Liora -3,

If future changes to the NRC's regulatey requiternents affect the ancepdablity of 1his TR,
BWRYIP and/or icersess refezancing it will be expacles ts revise the TR appropriately, o juslify
s eontinued applicabilty for subsequent rafsrencing.
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EINAL BAFETY EVALUATION (3E) BY THE

QFFYE OF HUMCLEAR REACTOR REGULATION

TITLIT

BOILING WATER REACTOR (BWR) WEGEEL AND INTERNALS PROJECT {BNRWIP

TOLICAL REPORT (TR "BUWR VESSEL AKND INTERMNALS PROLIECT, BWR CORE SHROLD

INSPECTION AND FLAW Eviar UATEON GUIDELINES [BYWRVIP. T8

FOR LICERGE REMEVYAL (LAY - APPENDIX ¥

PROJECT NO. 704

1.0 INTROBUCTION

1.1 History: License Rencwal Appendix

By lelter dated Deverrger 9, 1999 {Agancywide Doturmenls Access and Managernernl Systedn

(ADRME) Acceseion Noe. MLOBE2E20712), as supglemenied by lethiis daled June B, 2005
(BDAS Bocession No, MLDS1EADSBR). ard Apel 21. 2008 (ADAMS Accession

No. MLC31200068;, the Bailing Waler Readlor Vossal and internals Projoct (BWRVIF)
submilted for the U.S. Kuzlear Regulatury Commission (KRC) slald roview and approvat, the
Etecttic Power Research [nstule {EPRD Proprietary Togical Regorl TR 114232, "BWR Vessel
and Inlernals Preject, BWR Care Shrowd Inspection ang Flaw Eve liation Guidelines |BNVRVIP-
-1

TR BWRWIRP-78 zombings tha guidanca from several BWRYVIP TR3 ang ircorporates
information from severat NRC stalt rewiews angd Satety Evaluations (SEs). By lefter ated July
28, 2006 [ADAYMS Accession No. MLOG214056), tha RRE stal issied the SE for BWRVIP-76.
That SE did not covar the Licanse Rerawal (LR retated Agpendix K. which was ofginady
submittad with the TR.

The reviews of Appendic K, “Guidelings far insprdion of BYWR Care Ghrouds; Demenztration of
Complianca with the Technical irfermaticon Regurarmants of the Lisense Reneval Rule urdar
WSFR [Tale 10 of the Cada of Faders’ Reguwlationst Part $4 .21 ” has now taan camplatad by
the MR staff, i

EMCLOSURE 2



y

I accoidance vith 10 CFR §4.2%, aoch LR appication [LRA) inchides dn integated plant
asvessmert (PA) and =n cvaluation of time-fmiged aging analysos [TLAAY Tho IPA must
identity aad Kot ose slradtures and cormgonents subject bo an aging rranagernent reviesw
(AMR) and demosnstrate thal the eMedts of sging wil be adequitlely managed 2o that their
itended fanctiors will Be maintabed consistent willi the current licersing basis (CLB) for the
period of exlonded sparation. I addilior, 10 CFR 54,22 jequires Bral cach apglication inclde
any toetiniend spocifieslion (TRY chnngeo ar adddibnng neeassaay b manage Sl e‘!fgcj:s @1’ agwyg
guring tha period of axiandsd aperation as part of the renews| appicatizn.

Il an LR sgplicant paricpaling in the BARVIP canlirres mét the BWRVIP-TE TR apedes lo 23
laciily and Lhat the reaulls of the Apgendic K IPA and TLAA evatuadion arein eFed st &g plan,
e ne farther review by 1@ KRC slalt of the issues described in the decuments is necessary.
cucepl as spoeclicelly idertiiod belaw by the NRC staff. Wilh the exceplion, such an LR
apelicant may rely o the SWRVIF-TS TR for the dermanstration regquired by 10 CFR 34.2103)(3)
wilh raspact 1o the components and struclures vilkin the scope of the TR, Under such
circurmstances, the NRG @afl inlords bt rely on he evaluation in tks LR BE 1o make the
fndings required by 10 CFR 54,28 with recpect [0 8 particudar agplication,

By referercing the BWRVIP-TE TR, a5 mpp@@mvnl@d aad mzdifed, and meatirg these
limitstions, sn LR appinant vl provide sufficent infermation thel wik erable the KRC staf te
rake 3 finding that thare is reasoaable ggsuranse that the LR applicant vAL adequately marage
the effects of aging so 1hat the imended functiors of the reaclor vessel inlernai components
covered by tha scope of the TR will to mainta ned consistent with the current icensing bask
guring tho period of exterdod operatisn.

12 Purposs and Apphicatility

The NAC stall revieveed the BWHW-76 TR and s Appendic K 1 determine whether fs
puidance will grovdde acceptatie lesels of qualty for inspection and flaw evaliation of the
sub@ct satety-rolated resstor wossal intarnal (RVD sempenenls duing the paniod of extendad
sparation. The review 3150 considerad compiance wih tha LR Rule in ordar 1o aliow LR
apslicants the aption of insprparating tha BWRWIP. 76 quidsines by refarence in a plartspacific
1P ans assaciatad TLAws

Ay BARVIP membar wtilty may refarense this TR inan LRA ta sitisfy the requirements of;

1} ¥ OFR 542 a3} far camanstrating thad the sflaczs of aging on the core shroud
comporants within the scapa of tis TR will ba adequataly managed, and 2) 10 CFR 54 21(ci( 1)
for demonstrating the appropriate findirgs regarding the identification and cvnluaticn of TLASS
Tor tha core shroud for the paricd of ewlerdad apmat’w«n Tha NRC staff alwo condlicdos that,
upon compiation of Bio wnoval 2ppicant action femy sed foath in Seclion 4.1 bolow, referencing
thiz TR in an LRA and summarizing in a final safety analysis rapon {FSAR) supslamant, tha
aging managemant pregrams CAMPS) and the TLAA avaluafions cantained in this TR will
provide the NRC staff with suflicient informstion o make the findings requived by 10 CFR
$4.26¢a5 1} and {a)i2; for companants within the scope of this TR,

20 IMARY

The: BWRVIP.7S TR ard B Apgantdix X cantain a generic evaluation of ths managemeant of tha
sifarzs an aging an tha sumiacs safenyrelsiesd RYI comperants 5o that thair intended funclinng
will e maintaingd consistent with the CLB for the periad of extended oparatian. This svahuation

\
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apelics fo BWR agplicants who hove carreniied o implemerting the BWRVIP-76 TR sreed et
lo incarporate the TR and Appendic K by refororce indo a planl-s pecfic IPA and assaciniod
TLAAS,

The BWRWIP-TE TR addvesses L followiig fopics:
i Intradiirtion. B praviros the nhioction for an asenpdshie regulsled and urdfied insustry
3pproach fz1 inspacting hprizontat, verthkal, and radial ring welds in regaired apd
unrepsired BVR core strouds. ard for inspectng repair cormponents ang ancharages in
tepaired shrouds. The TR also grovides a briel backgieund review of prics inddsiiy
inspections of these vwells,

2y Inspection Strategy fz'Welds in Uncopabed Shiowds: It providos inspoction
strategies and methads for horizontal welds in usrepained core shrouds based onthe
calegoty classifeation of the welds, 1 grovides lirmitaticas addressing & requited plant-
sgecilic evalustion. The TR slyu provides the insgedtion reguireminds and acseptance
standards for vertical wekds,

3y nspeciion Sirategy For Wields in Regpaired Shrowds: it provides guigstines for
recomrmengad nspecticns of orizontal, ventical, srd radial ring welds n repsired
shrouds, This éciudes sampling of verticahwelds andior soreening of horizontal veids,
I additon, the TR provides the guidelines and suggested schedules for the inspaction
of the repaired oampanents and the assodsled repair ancharages.

4) Raponing Roquirarmonts: It prevides guitance for reponting results of inepections that
do. ar 4o not. maet the inspection and evaluaticn gusdelines.

fopendix K of the BYWRIP-T6 TR provides LR technical reguirements for core shroud
coMporants WHch am gscussad selve

Funstion of Core Shmud Assambly

foeording to the ragulnticns ot 10 CFR 54 4(0)0130i) and fi). the cora shioud is reguired ta
nnzure the capabiity to shuldewn the acter ord maintain # in o safe shutdown condition and
pravent of ritigate the consequencrs of acsidents that could resull i poinntial offsile exposurd
somparagle tz ¥ CFR Part 100 guiiglings. Thersfprs, the intendad fundizns for b core
shroud aro to;

1) Piovide a pertilion ta separate the upwaid flow of the coaland thizugh the core from
tha dowriwsa o recircutalion fow,

23 Maintain fuol alignmient such that conirel rods can ba nsartad; and

Yy Form part ¢f tha: beundary to mairdzin water level @ the core after 3 loss-ofcoolant
accident {LOCA). The intended tunctions are prasarved unger neemal, upset.
emargency, and fauitad corditions. Apperdix T.8 of the BWRVIR.TS TR identfies the
_safaty factors that naad ta ba consigared to determing 1hat siress lreets for the varions
oparating coadifions are censistant with tha CLB, Tha applad foads and Inad
camizinptions are described in the BWRVIP-02 TR, “BWR Vessel Imerrals Projact, BYWR
Care Shreud Regair Cesign Crasra”



Core Shraud Carnponunits Subject 1o Aging Managemen Rewiaw

Paragraph 54.21051) of the pule poovides the requitements for identffying the core shrowd
cornporeats thal are subject to AMR. To calsty the regquierpents of parggiaph 5421811}, the
Nucicar Esergy instzule {HE) piavidad guidalines [Reference 1) lo idertily o passiee and
lrnggslived marmennents All carnpanents | ineloding the evee ghieand bead flnﬂgo bolcd
connaction, in the corg shrowd asserbly ara passive and long-lived; and thervlare, the cace
shroud assembly is subject 10 AMR. The AMR of the core shroud head Fanpe bsded
sonnection, however, i3 incfuded in the redew of tha lop quide asserbly.

Management of Aging EHects (54.21[aj{3])
&y Dessiipticn sf Agilzg Effedts

The BARVIP industry repoi {Refeence 2] i3 used % ideally the aging
mechanisnes for the core shroud materiats. The NUREG-1557 (Reference 3} is
used to establish the correation between the sging eflects and thelr associsted
aging mecharésms. Based on the provious industry expenence, itwas
detarmined that crack initiation and growth due 10 siress cormosion cracking
ISCCY 15 the suly aging efect 1131 requires aging managernen aview for the
care shroud, This conclusion is corsistent with the scope and imemn of the re-
ingpection guidebnes. The causes ¢f the SCC and 8 susceptibliny assessmant
ferthe core shroug dnclugng fateication hslory, waler chemistry, material
carben contenl, newtron fluence, and hel operafing tirne) are provided in
Appendiz B.1 of the BWRYIP-TS TR Based on the suscoptisility considerations,
the various BWR shrouds are plased in threa categeries. Tha categerias
cohsider the matedal specitication (Type 304 or 30413, methed of fabecation
(wnldesy plate rings of farged ringsy. and operating history relative 10 coolant
condustiviy. The zetegeris sre defined as follows:

Category.

TS

NNTs
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5.

veluenetiic andicr two-sided surface techniques to inspect 100, of
the accessible regions.]

CTategory Gl -5 7

by Assessivent of Aging Eftedts and Frograns

irspechion of Un-tepaired Core Shrouss

Tha BNRVIF determired 1hat the extant of inspestion raquired fora given plant
is determinad tasad on throe suscoplibility facters which can ba readily
avaluated: hst aperating tiree, conduciivity and shreud matenial type, and
tateication features. The three cateqories (A, B, and C wese used in the shroud
ingpections aad flaw evaluations. The éisgection criteria for categories Boe €
will bo used Ly the agplicants 10 ansire strustural infegrity of 1he core shreud
assambly during sha LR perid.

Secotian 39 of tha BWRVIP-7E inspacticn guitalings addrasses the irspsation
requzemants far ieprired zore shroad wefds, The BOWRVIP recommonds that
inspectiang of ropnired core shraud wadds are nocessary to provide podadic
canfirmation of the intagrity of the ropaired shroug during the LR paricd. Tha LR
applicant is required to davelop an inspeatian pregram incorparating tha
requvermants of the inspration guidelines, in addilien, the repat peogram shall
oongidor vendor recommendations, hdusty experignea, aging effects, and the
ctitics! cormponerds and features of the repair dosign.,

cj Demorgiration that the Efects of Aging ars Adaquately Managsd

Hased on the ndustry’s exparienca it Fas besn esiatlishad that SCC is the onty
aging effact for the care shroud that requires AMR for LR, This aging effacs wili
be managad ty incorpenating the irspaction strategias described in Seciion 2.0
sun-ragaired shrauds) and Sectice 39 (repaired shrouss) of the BWRVIPCTE TR,
whan appropriata, inthe plard-speaific inspaction plars, Ta futhsr damansiraie
that SCC is adeguataly rranaged, the BWRMIP provides sirztagias that arg
based on currert Krawladge of the core shroud crachking issue and inspaction



B

exporicaoe o various phints. 1t provides o staged agpreach with respoc? te the
ingpection effod and asszciated aralyees that are legically oxpanded, as
necessary, 1o vordirm eora shizad shuttual integrily. As maeé NSPeins are
perfotmed, spectic aspeas of rglermeiling the nepection shategy may ke
further refired and incorporated in plant-spactic Mispecion pians.

Irrzlnreantadinn af the inspectinn sdrategy prauided in ibn ingpectien gquidelies of the
BWRWIP-T& TR and tha resudting plank-spaciiic inspactizn plans during the LR penod vall
prowide a verfication of core shroud struciural integrty reqguirenants. Therefaoe. lhere i
reasonable assurance thal STC crack iniliation and grovdh will b2 sdequately managed so thst
e intendad dunslions: of the core shroud Wit be maintgined consislent with the CLB in the LR
pedod.

Tirme-Limited Aging Analyses

The reguialion at 10 CFR 54.29011{¢) reguires that eash appication Tor LR contain an evaluation
of TLAAS 35 defined In 10 CFR 54.3, and that the LR apphcant shall demonsirate that:

i. Tha anglysos rernain velig lor the period of extendad oporation;

ii. Tra analyses have been projectad 1o the ead of te peried of axtendad
operatian; ol

iii. The eflects of aging on the imended funclionts) will be adeguately managed tor
the poriod of axtonded eperation.

BWRVIP-T&, Appandia K prosides guids rce to icenseas regarding the identification of potential
TLAZS, inthelr units CLEB. The sis criteria contaired o the MET indusiry gquideline {Reference 1)
wera applied to gafina criieria 1hat may be used to ientity potential TLAAs, Spacfically.
caleulations and anatyses which invelve;

the core shroud assembly,

a considaration of the effests of aging.

timefimited assumptions 2ofinad Sy the curram aparating term,

a detarmination relavant bz @ safaty datarmination,

candusians {ar provide the basis for tonclusions; related la the capabddity af the
care sksoud ta pesfarm it intend@ed furction, and

incorpaaatian or rafgrance of the salsulatizn o analysas inthe plant's CLB may
bhe a TLAM,

Mmoo =

=

Il 3 plera-specific snatysis Wanlificd by on LR agplicant mzets all ix erteris above, then bis
analysis vl e comsidered a TLAA foi LR and evaluated by the LR spplicast. The plam-spetilic
analysas of tha care sheoud far fatigue will be revigwed by the LR agplicard to dedermine ifp:ha
TLAS criteria appdy.

Detarmination ot jhe inspection interyals tor core shroud welds i hased on the generi fracturg
mecharics analyses described in Agpendix D ofthe BWRVIR-76 TR. The methotology and
assurmptions used in these analyses asut in (ke following patentia! TLAA issues. The LR
apslicant may e requirad to evalunte thase ksuss in o planbspacs anabysis,
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1 Tha kengli af tirme evatuated in the snalyses.

3 Lineyr elastic fracture rrechaniss is requiced if specified fluance leved Bireshold
values are exceeded during 1he extended eperaling perisd.

33 The afferte af RUGR indostey speanting sx perieres nn e nurbor of posiulated
flavss assumsd in the analyses.

&) The applicable crack growdh rates aie shawn 1o te greater than Sotd* indhr
Exemplions (54.21c]|2)

Exgrnptions asscciated with the core shiroud that contain TLAA analysis issues will be idenlifiad
and avaluated tos LR by individuad LR apgplicgants.

15 Changes or Addiors (54.22)

The BWRVIP stated that there are na geresic chengas of saditons 10 T55 associated with ihe
core shroud 35 5 rasult of this aging managermem rmviaw 10 ensure that the offects of aging are
adequately managed. Ingvidual LR apglicants will identity plant-spesilic changes.

Thereters , actions have been idontited and have been of will be taken by utditihs with BWR
plants such that sherd is ressons e asswanca 1hat the adtbdties authorized by LR for the care
shroud wi? continue to ba conducted in sccordance with the CLB.

3.0 STAFE EVALUATION

The NRC stsff reviewsed TR BWRWIS-76, Appondix K, 1o doteeming if it demanstrates that the
effocis of sging on the core shroug coivgonents wihin tho scope of the TR will be sdequetaly
managad 59 that the corporents' intended functions wit be maintaired consistant with ths CL8
far tha pariod of sxtandad aperation in accardarce with 10 CFR 54.23a)(35:, Basikes the IPA
10 CFR Pact 54 requiras an avakmtion of TLAAS in aceordance with 10 CFR S4.21{%), The
NREC staff rvdewad the TR BWRWIR-TE, Appandix K| ta Sotormine ¥ the TLAAs zavered by the
TR wern pealuated for LR in acosrdanca with 10 CFR 3421461013,

31 Structures and Companaris Subjent 1o AWVIR

The NRC stall agrees that core shrsud campanerils are subject ko AWR Borause they porforrm
irtended furcliors vithaut moving pers o withoul a charge o the configuration o0 prapodies,
The NRC staff conclugas that, to raet tha applicable reqirermans of 10.CGFR $4,21a41). the
BWR LR applicams must identify the approgrinte safety-ralaind care shroud compensnts that

.afe subject to AWMR. Tho NRC staft also agrees with the BWRVIP's agsessimont regarding the

irended furction: of the core shroug comrponant which is agdressed in Secticn 2.0 of this SE.
iz Effects of Aging
The infarrration necessary to dorronstrate cormplinnca with tha reguirermerds of tha LR Rule,

10 GFER 54,21 is provided in Appeadix K af tha BWRWVIB.FE TR, Ths industry report,
(Retarenca 2i and the resolution ta the NRC guestions on ths TR ware used to identdy the
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aging rmechanisms foe the care sivoud, If the induslry repart concludad that an aging
ricchargm iy significant, than thal agirg mechanism was inclisded in the AMR,

Using this methodolagy, it was gatesnined that cerack iniliation anz growdh are e anly aging
eflecty that require AR,

The NRC atnfl*s prsilinn an idectiienfion of appicsbln agirg offests requiring managemord for
BWR core shroud and core saroud assemély somporents is ghean in Sedion 4.1 of this SE
under License Renews! Acticn Iters {61 and 73,

3.3 ARPY

The MRC stall wealuated the BWRVIF S AMP 1o dalerrmine f il 2omaire tha follawing
10 ekerneats constibiling an sdequale S0P Tor LR,

1) Seope ol Prograr: The prograrm is feoused on nanaging the eflects of crack
inttiation and grevah due to SCC, The grogram condaing greventive measuras 10
mtigate SCC; in-serdce Inspestion H50 1o menitor the effests of SCCT on the
intenged function of the compeoneris, and repsir andior replacement as reeded to
mnaintain tha ability to parforra the intended furction.

Frevertive Actisns. Codanl water chemisiry ts monitored and malrainad in
acoordance wWith EFRI guigelines. Maintaining hig hwaterpurty reduces
suscepibiity to SCC. For those plants using hydogen water chemisiry or noble
metal chernicad addition (KMCA), hydragen edditions sre elfective in redusing
elestmchemical corasiont petentials o the recirculation piping system, but am less
aftactive i the core reginn. KKCA, through a catahtic action, increases the
effecliveness of tydrogen additions in the core reglon.

I
—

[
—

Frampiers Monitored of Insgected: The AP moengors the effacts of SCC ¢n the
intengad funstion by gesection and sizing of cracks by 151, Table WB-2500 Category
8.M.2 speatas vsial WT-3 avamiration of all accessibia surfacas of tha corg
suphon sructura. trapacicn ard flaw evaluadion are periommed in accardano with
the BWRYVIP:-TE guidelnes which specifies ultrasssic or visual examisatons (EVT-
13, as approvad by the KRG,

4y Batachion of Aging Effacts: Inspertian in aczordanca with BWRWIP guidelines
assures that degradation due to 8CC & detectad befaee any lass of the inteaded
functizn of the core shrowd compenents,

5 Monitaring and Tranding: Tha inspedion schadule is in accardance with apgplicabls
appravad BARVIP quikdalings antd is adequass for timely datection of cracks. Scope
of examingticn expansion and ra-irspeclion beyond the baseline inspection are
requred if iaws ara casected.

6y Accaptance Crieria: Any dagradation is avalated in accordance witk Amefican
Sccigly of Machanical Engireers IASME Cade) Boiler and Preszure Vassal Goda,
Sectian Xi or other accaptabls faw swaluation crijgria, such as tha apglicabla NRC
saff-appravad BARYVIP.TE guidelines,
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7) Correctiva Actions: Roepeir and rephicement pracadures are equivaient lo those
reguitorrants in the ASME Cade, Section X1

85 Conlerration Process amd Adrrinistrative Controle: Site Qualily Assurance (QA}
wonlirmatosy procedures, and review and apgroval grocesses are implemented in
accaidanse with fie requirements of Appendin B lo 10 CFR Part 50,

9y Adminsirative Sontrods: Sits OA adminisirative contral proceszes are imglemented in
accordance wita the requirenens of ppendix B o 10 CFR Part 50,

10} Opeqating Exgetience: Cracking of 110 core shroud welds hag been datecied a1
savearal dorrestic and overseas BARs. [n July 1894, the NRC stafl bsued Generic
Loefber 894-03 (Relarerce 4) which required the appicant ta nisped the core shroud
welds, HUREC-1357 (Relerence 3) i3 used to ostablizh the ceirelation bétween e
aging offeddy and thair assozisled aging mechamsms.,

Inv its SE 1or TR BYWRWIP-TE, the NRCT stal concluded thal the discussed inspection strategy
and evaluabon nwihedologies, as supplenented and nindified, wAF provida 3n acceplable levet
of quality 1or examination of the cora shroud cemgonents bor the current operating pesod of
BWRs. Further, based on the applzant’s impfementation of the BWRVIP-78 inspection
progiam, 8s sugplemented and moditied, the HRC staff finds thal there is reasonable assuranoce
that crack initiation and growth will be adegqualely managed so thal the imended fenctions of the
core shreud componants will be maintained consisient wiih the CLB for the perled of extended
Gpargtion. :

Emerging tssues

Discovery o1 trtengranular siiess corrosion craeking (FGSCCT on thie uppar suppoit Iecation of
the tie rod repair &t Katoh Urs ) during the unit's spring 2006 retusling cutage sujgests thal the
irspection criteria for the L rad rapeir herdwars for the oxtended pariad of operstion should be
r3-@atuated. The BWRWIP ra-avaluation should take ints sonsidaration the prasence of any
high stress ragion that exceeds the threshok? limis {or 1GSCEC in the dis rod repair hardwars, In
this ceniext, in Raquest far Addilieral Infarmation (RAS FELR}-1, datad July 2, 2007 (ADAMS
Accoszian No, MLOTI8I0528), tha NRC staffl requested that the BAWRVIP address the gresence
f high stress segion thal axcoads the threshald limits o IGSCC ik the tia rad ropair haideara,
In is5 ras ponme aler dated Apedl 21, 2008 tha BWRWIP statsd that all applicants were dincied
to insgpact thair tie rad rapairs during their next scheduled autage, Thus {31, no additionat
rrazking was found in the tie rod repaifs, Howaver, tho BWRWVIP stated that if vall evaliate he
imphcations of e Hatch, Unit 1, be rod repair cracking, which rray resulf in the inzergoration of
revigsed inspestion recommendations far the lie 1ad repain havdwasre in the BWRVIP-TS TR, The
NRC staff accepis this rasgonse and reiteratas that the apglicanis shoukd address tha issus
ratated 1o thair Sin red rapairs in ther LRAS, Thersforg, tha NRC stafl considers that Es concam
refated 10 KA VBILRI-1 s rosolvod when the BARWF includes its response o this RALIN the
approved varsion of Appandin X of TR BNRVIPTE.

Reduction in duchiity and fracsura toughness can occw in stainlass starl RV campanents when
ey are exposed 1o high anergy neutrons (E > 1 Mevl, Appendis G oof TR BINRVIP: TG
pravides guidance ta awatuata the strcural integrity of cera shraud horizondal welds affactad by
FYPISEE 0 neuiron radiatin, in this appendiv, the BWRVIP discusses the use of generis
fracturg mechanics anatyses for estarlishing inspection intsrvals tor the core shroud weills with
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cracks, Provious dats suggevied that ta fiasture taughness valies lend lo decrasse when
stainlesy stool materdals are evpased lo high eneegy neutian fluonce.

In Audgust 2006, the SWRWVIF Bausd a NRC stafl-appraved BARYIP-100-A TR, "Updated
Assessment of he Fracue Towghness of inadigles Stainless Steel for SWR Core Shrouds,”
Swhtich discusses fraclure loughnass rasulls for the iradialed stainkss stos! rralarisks. n
RALTRERI-7?, the NRT wball shakoed thisd Fro ni“hﬂlrﬂcv shnol eratorioly wilh exposuse to a noudron
fuence valug eaLal 1o of greater than 1 X 107 niom® (E 2 1 MeW). the BNRVIP-1D2-A TR
igenbfied levar fracture teughness vatua than that of the value regorted in Appendix & ol TR
BWRVIR-TE. Duwinga LR pv.wmd core shtoud wekds, snd base materals may be exposed 10
rauticn fluence values of 1 X 907" nige (E = 1 MeVs or greater, Bics the inspedion
freguancy in the BWREVIP-76 TR i based on fracturs touginess values vaich are nolk conslstent
wilh TR BWRVIPC100-A, the NRC slafl requesiod that the BIWRWIF reevaluzie the inspection
lrequency aind strategy thal are specilied in TR BWRAP-TE, Appendix C, Seclion 3.

The BWRWIP b1 ke respanse 10 RA TELR-2 sialed thal a1 the brow of igsuance of TR
BWRWIP-TE, Lhe swmthodology fos determiting crack growdn iates in s"ﬁmi@% 6’(‘13 rralerials

wilth an exposure tos netron fusnce value exual 1 of greater than 1 X 107 a/cn® (E = 1 Me\)
was nol establishes. However, singe that Lrve this methadology was reviewed and apgroved by
the NRC siaff in TR SWRYIP-95, "BWR Vessel and latornals Project. Crack Srowth Rates in
trrediated BWVR Stainless Steat Internal Compenants (ADAMS Acoassion No. MUOB2070126)
gnd in the SWRVIP-100-% TR JADAMS Accesslen No. MLOMOESD? YY) The HWRVIP stated
that £ vl moorparste the crack growth rale evaluations, specilied in the BAWRVIP-SS and
BWRWIP-100-A TRS, in TR BWRVIP-TE, and will develsp genenc nspaction intervals far core
shreud weids that aro expased 1o @ neutron flpange value aqusl 1o or grester than

1 X107 pigny {E > 1 MoVt Sinse the evaluglions of crack grevah rates in core shmud
asserchly were posiously accapted oy the HRC amﬂ the NRC scoepts this response ard
consigers that s concerr: refatad to KAl TRILR -2 % resolved, The applcants shall migmnce
e NRC statt-aaproved BYWRVIF-9G and BWEVIP-1G0-A TH3 in their RV components’ AMP,

[

34 Tirm Umides Aging Anehisas

Critariz develagad in BARVP:-TH, Agpendix K far dentfying TLAAS assodated with oore
shraud intagrity cateuiztions or analysas ware discussed in Section 2.0-of this SE, The NRC
stafl kas roviewad the gudance srovideds for identifying such TLAAS and bags concluded that, §

2 plant-spacilic analyss meats all siv @iteda specied in Bection 2.0 of this SE, the analysis will
ba considarad a TLAA or LR and vill nead ta he svaliated by the agplicant 2n 3 phintspectic
basis, Hanca, the NRE staff approves of the framawork grmn n BARWVIPSTE, prndm K for
the idertificatian of care shraud related TLAAS,

!

40 CONCLUSICN i

The NRC staff has reviewed Appandix K of TR BARNWIPTS submitted by tha B ’R‘o‘lF‘ On the
basws of its review, a5 sat forth gbove, the RRC staff condudes that the Apgpendix K of
BWRYIP-7E TR provides an sccepteblz Samanstration thes, BYWRVIP member uilites
ferancing this TR will adequatsty manage the agirg affects of core shroud comrponens within
the scopa of e TR, with the exception of the noted ficense rangwel appicant actan items 563
farth in Sacticn &1 halaw, 52 hal thera is reasonatie assuranes that the core shroug
romporwnh will parfarm their iMended funcliors in acoerdanca wih the LB d&mn:} the peried
of axtendad aperation

xh
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Aoty BAWRYWIP membar atilty may reforcnze this TR inan LRA la salisfy the requiromoents of:

13 Reguiatian 1 CFR 54.31{a3(3) for demonalraling that e effects of agng on the core shrowd
comporents within the scoge of His TR will be adequalely maragesd, and

3] Regutation 10 CFR 54 2140 1) for darnanstrating the appragriaie findings réegerding the
ifontifiradinn and condostian of TLAAY for bho coee sheeod B the peicd of oxtended oparalion.

The MRC stalf alse conciudes that, ugon comgletion of the renewal apelican! astion ilerms set
Torth i Secticn 4.1 bekra, refecenting this TR in an LRA ard swerrarizing ina FSAR
supplarnenl, e AMTS and the TLAA svaluaticss conlained in Lhis TR will provide the NRC stalf
with sulticient inlormation o make te findings required by Sections 54.2%a)11 and (@)2; tor
comporarnts within the scage of this TR, '

4.1 LR Agtion [tns

The foliwing are LRA action items 10 be adgressed in the glanl-specilic LRA when
ircorgorating TR BARMIFE-TS In a reneval apelication: '

5¢ Tne LRAIS 10 comivit Lo programs descaled as rocessary in TR BWRNVIP-TE Lo
Imaniage the effacts of aging on the funclionality of the care shmud assembly dufing the
penod of extanded operation. LR applicants witl be responsibie for describing any such
commtments and dentitying how such coemreilmants wit be cordrotied. Any davistions
from the AMPs vithin TR BWRWIP-T5 described 33 necessary 1o manage the effects of
aging during tha goriad of extendod operation and te mairain the functicnality of the
core sou comgonents or othar aifgematicn grosented in the TR, such 35 materals of
conztriction. must te identifed by the raneval applicant ard swatiated on a piant-
epecilc basls it ascordance with 16 CFR 54.214a0 3 and 1541

Z¢ Reguiation 10 CFR 54.24d) requiros that sn FSAR supplement for the facdity contain a
surrerary description of the progrars arnd activities for maraging the effests of aging
and the evaluation of TLAAL far tha paried of exiarded operaticn, Thosse LR applicants
relarencing the SWRYVIP-TS TR far tha cors shroud mist snsue that the programs and
activities spocfied as necossary in the BARVIP-7E TR are summariy deseribed in the
FRAR sunplement.

3% Regulatizn 10 CFR 54.22 requires that each application far AR include any 7S changes,
and the justification fer the changes, ar additians necessary to manage the offects af
aging Suring the gatiad of extendad opeiatisn ax part of the renewal apglication. in
Apzondin K of TR BWRWVP-76, the BWRVIP wialod that hore are ne generiz changes ar
acditians to TSs associatad with the core shroud as a rasult of g5 AMR and that the LR
appficant will provide the ustificatian for plant-spscific changes or asditons. These LR
spoicants referensing TR BARVIE-T5 tor the ssre shroud must ensure that the
inspection sirategy descrbed in TR BWRVIP-TS does not condlict with or result in any
changaes to thavr 785, K TS changes do resui. ther the LR applicant must ersum thay
thosas changes ama inchuded in itz application for LR.

1

4y The applicants shad rafriance the NRC staff approves TR BWRVIP. 144, BWRWIF-59
(when sppraved) and BWRYIS- J00A in thair RV companerds’ AMP. The apalicants
shall rnake @ statement in thair LRAS that the crack growth rate eveluations and frachirs

«lii ?
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loughress valuey specificd in thode reports shall be used far cracked care shroud wolds
that sre expased fo thae mautron fluanee values thil ara wpecicd in thesa TRy, The
appiicants shall coslfien thal they &l incorporale any emedging ingpection guidetries
develsged by the BWRVIP for these vwaelds.

LR agplicarts that have core shiouds wilk fic rod repairs shall make a statermant in their
ARIRy avsasinterd with the RV compnnnnts that iny bave nuislsated the implications of
the Hatch Urd 1 Sie rod repair cracking on their unts and ncarporated revised inspeclion
guidalines. # any. develboed by the HWRMIP. ,

Trie NRC stall's guidance in Tablke V.81 of the GALL Repart lighs tae potentially
appiicatle aging effacts (.. in asdition 10 cracking) for generic BVWR reactor vessel
irmMernal comporents dncludng BWR core shroud and core shrowd repair assembly
corrgonEaEs) that are made lrom either stainless steel (nsiusing CAES) or nicked aliby!
{1y loss of srstenal due ta piling and erevice ceiiasion (Refer o GALL AMR IV BI1-15),
and 13) cumulative Tatigos darmage (Rele: 10 GALL AMR Hen IV.B1-14) SWR LR
appliicants wilk need 1o ascess thelr designs to see if the genedc guidelines for managing
curreilative faligue damage h GALL AMR ftem 1V 81-14 and for mamagerrent loss of
matariel due 10 pRting snd Srevion cerosion in GALL AMR 1v.B1-15 are applcatie 1o thw
design of their core shroud campenents (incleding welds) and any care shrowd repsir
assenisly compenents that have been inslalled thizugh a design modification of the
plant. If these aging alfesls are apglicable v the design of these cormponents as g result
of 2xposing them to 3 reactor coolsnt wath integrated neutron tus anvronment,
applicants for licerse rerawal vall need to: (1} identfy the aging effocts as aging offects
reguiring managament [AERAL Yor the core shrouds and for their cote shroud repseir
assanicly corrporants f 3 repair design modification kas been implemented. &ngd (23
identity the 5 pacitic aging rrarageman programs of fime-tmted aging anatyses that vall
be used to marage thase aging alfects during the penod of exlended cperation. Refer
1o Lizensa Reneval spplicard sotien item 7) foe addibonal guigance on idontitying the
AERMS for corg shaoug! COMgonenss of 019 shreud mapair assemily cormpenants that
mads frorm - materials other than slaintess steed inciuding CASS) or nickat alloy,

Far BANR LRAs dentificatizn of AERMs far cora shroud compsaents or core shroud
repair assembly compancens thad are made freom materials athor thas stainless steel
(inzlisding CASS) or nickal allay will nesd 1o ba addressed on 2 plant spacifiz kasiz that
is consistant with the Mote format criteria far pland-spesific AMR doms 0 lisst NRC
aproved wersion TR NELSS-10,

LR agplizanis shall N.;ﬁ:mncc the NRC staff -apprawed topical reparts BURATP9S and

BWRVIP-10T-A in they RV companemis” AMP, as distussed in seclion 3,3 of this SE,
REFERENCES '

Nuciear Ensrgy fassime Kepart, NE195-10. Revision ¢, Industry Guidaling for
Imptamanting the Requirerrerds of 10 CFR Part 54 ihe lisonze ronaval rifa.

NUMARS 90403, BWR Reactar Pressure Vessel Infernals Lizanse Rangwal industry
Rapor, Revision 1, Juns 1562

xliii
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3. MUREG-1557, Summery of Tedinical formalion 8nd Agreomerds .frc-mNqu:ar
Mznagemen! 2ad Resowces Council Industry Regorts Addrassing License Rorewal,
Oclaker 1096,

4. MRC Generiv Letler 94-03, *Intergianutar Sleets Conosion Cracking of Cule Shrcuds i
Bading Water Roectors,” July 25, 1894,

Atachmant: Resalution of Cornments an Draft Safety Eveleation
Prnicipel C‘J:m!r*t:ularﬁ\w J. Medatt, G, Chardveriki
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REPORT SUMMARY

The Boiling Water Reactor Vessel and Internals Project (BWRVIP), formed in June 1994, is
an association of utilities focused exclusively on BWR vessel and internals issues. This
BWRVIP report provides guidelines for inspecting and evaluating BWR core shrouds. A
previous version of this report was published as BWRVIP-76 (TR-114232). This report
(BWRVIP-76-A) incorporates changes proposed by the BWRVIP in response to U.S. Nuclear
Regulatory Commission (NRC) Requests for Additional Information, recommendations in the
NRC Safety Evaluation (SE) and other necessary revisions identified since the previous
publication of the report. All changes except typographical errors are marked with margin bars.
In accordance with a NRC request, the SE is included in the report and the report number
includes an “A” indicating the version of the report accepted by the NRC staff.

Background

Core shroud cracking, first detected in 1990, has been found in a significant number of BWR:s.
As an initial response in 1994, the BWRVIP developed guidelines for inspecting circumferential
welds (BWRVIP-01). Subsequently, additional guidelines were developed for re-inspecting
circumferential welds (BWRVIP-07) and inspecting vertical welds (BWRVIP-63) in repaired
and un-repaired shrouds. The recommendations in each guideline have been modified somewhat
in the intervening years based on industry experience and evaluations performed by NRC.

Objective
To combine inspection recommendations in the three previously published guidelines into a
single, comprehensive report.

Approach

A focus group was formed to oversee development of the new Guideline. Once an initial draft
had been prepared, the focus group reviewed it to ensure that it was comprehensive, accurate,
and straightforward to implement. Review comments were incorporated, and the Guideline was
reviewed by a broader cross section of utility experts. Additional improvements were made
based on this final review.

Resuits

The Guidelines represent an integrated approach to inspecting BWR core shrouds. Schedules and
techniques are presented for inspecting circumferential welds, vertical welds, and ring segment
welds in repaired-and un-repaired shrouds. Guidance also is included for inspecting repair
hardware in repaired shrouds. In addition, flaw evaluation methods are included for evaluating
any degradation found during inspections.

li



EPRI Perspective
When implemented by utilities, the combined inspection recommendations in this Guideline will
ensure that core shroud integrity is maintained with respect to all essential safety functions. The

recommendations in this report supersede the previous recommendations in reports BWRVIP-01,
BWRVIP-07, and BWRVIP-63.

Keywords

Boiling water reactor
Flaw evaluation
Inspection strategy

Core shroud

Stress corrosion cracking
Vessel and internals
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RECORD OF REVISIONS

Revision Revisions
Number
BWRVIP-76 Original Report (TR-114232)
BWRVIP-76-A The report as originally published (TR-114232) was revised to incorporate changes

proposed by the BWRVIP in responses to NRC Requests for Additional Information,
recommendations in the NRC Safety Evaluation (SE), and other necessary revisions
identified since the last issuance of the report. All changes, except corrections to
typographical errors, are marked with margin bars. In accordance with a NRC request,
the SE is included in the report and the report number includes an “A” indicating the
version of the report accepted by the NRC staff. A NRC Final Safety Evaluation
accepting this report for referencing in license renewal applications is also included.
Non-essential format changes were made to comply with the current EPRI publication
guidelines.

Details of the revision can be found in Appendix Q.
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EXECUTIVE SUMMARY

Cracking has been detected in the vicinity of core shroud welds at several domestic and overseas
boiling water reactors (BWRs). Visual (VT) and ultrasonic (UT) examinations of the shroud
weld areas have detected indications in both horizontal and vertical welds.

In June 1994, the BWR Vessel and Internals Project (BWRVIP) was formed to address integrity
issues arising from inservice degradation of core internals, including the core shroud. Since that
time, the BWRVIP has published four reports which present guidelines for inspecting and
evaluating core shroud integrity. Those reports are:

e “BWR Core Shroud Inspection and Flaw Evaluation Guidelines, Revision 2 (BWRVIP-01),”
October 1996

e “Guidelines for Reinspection of BWR Core Shrouds (BWRVIP-07),” February 1996
e  “Shroud Vertical Weld Inspection and Evaluation Guidelines (BWRVIP-63),” June 1999

e “BWRVIP-76: BWR Core Shroud Inspection and Flaw Evaluation Guidelines,” November
1999

BWRVIP-76 combined the guidance of the first three reports listed above and, in addition,
incorporated information from NRC reviews and safety evaluations. The report defined generic
acceptance standards and inspection intervals for horizontal and vertical welds in repaired and
un-repaired core shrouds, and procedures for determining plant specific inspection intervals
when the generic acceptance standards are not applicable. It also included generic inspection
intervals and acceptance standards for radial ring welds, repair hardware and repair anchorages
in repaired core shrouds.

The report incorporated several changes to the initial three reports. The changes included:

e Increasing the inspection sample to 100% of accessible regions for all required Category B
weld inspections (limited inspections to verify that sufficient uncracked weld exists to satisfy
structural margins are not allowed),
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Eliminating the distinction between baseline inspection and reinspection requirements, and
defining inspection strategies that can be used at any time for determining inspection intervals, and

Condensing and simplifying the inspection strategies and evaluation procedures for
horizontal and vertical welds in repaired and un-repaired core shrouds, and for radial ring
welds in repaired core shrouds.

The current report, BWRVIP-76-A, incorporates changes required by the NRC safety evaluation
of BWRVIP-76 and represents the NRC-approved version of the core shroud inspection
guidelines.
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1

INTRODUCTION

BWRVIP-76 [23], first published in 1999, presented inspection requirements and evaluation
procedures for cracking that may occur in repaired and un-repaired core shrouds of boiling water
reactors (BWR). The report combined the guidance in three previously published BWRVIP
Guidelines:

e “BWR Core Shroud Inspection and Flaw Evaluation Guidelines, Revision 2 (BWRVIP-01),”
October 1996 [1]

¢ “Guidelines for Reinspection of BWR Core Shrouds (BWRVIP-07),” February 1996 [2]
e “Shroud Vertical Weld Inspection and Evaluation Guidelines, (BWRVIP-63),” June 1999 [3]

The report also incorporates information from NRC requests for additional information and
safety evaluations related to BWRVIP-07 [4-6]. This revision to the report (BWRVIP-76-A) also
incorporates comments from the NRC review of BWRVIP-76 and represents the NRC-approved
version of the core shroud inspection guidelines.

The remainder of this section presents background information and the objectives and scope of
the report, including a summary of changes compared to previous versions of the reports.
Sections 2 and 3 present overviews of the inspection strategies and evaluation procedures for
welds in un-repaired and repaired shrouds, respectively. Flaw evaluation methods, as well as the
bases for the inspection guidelines, are described in appendices.

Appendix A contains the core shroud design features, while Appendix B summarizes the
classification of the susceptibility of the core shroud to inservice cracking. Appendix C provides
the bases for determining generic inspection intervals for horizontal welds in repaired and un-
repaired shrouds. Appendix D provides evaluation procedures that can be used to define a plant
specific inspection interval for horizontal welds when the generic criteria are not applicable. The
bases for the generic acceptance standards and inspection intervals applicable to vertical welds
are presented in Appendix E and the weld/plant specific inspection interval evaluation procedure
for vertical welds is summarized in Appendix F. Appendices G, H, I and J provide additional
information related to flaw evaluations. Demonstration of compliance with the License Renewal
Rule is included in Appendix K. Appendices L and M contain relevant NRC safety evaluations.

1.1 Background

BWRs designated BWR/2 through BWR/6 were designed with a cylindrical core shroud as
illustrated in Figure 1-1. The shroud directs coolant flow through the core, helps maintain fuel
alignment to ensure the control rods can be inserted into the core, and, with the exception of
BWR/2s, forms part of the boundary that maintains coolant level in the core following a loss of
coolant accident. The core shroud design and fabrication are summarized in Appendix A.
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Introduction

Core shroud cracking was first discovered in an overseas BWR in 1990. Subsequently, visual
(VT) and ultrasonic (UT) examination techniques have detected cracking in core shrouds in a
number of domestic and overseas BWRs. Crack indications have been found in heat affected
zones of both horizontal and vertical welds. The predominant form of cracking is
circumferentially oriented indications located in the heat-affected zones of horizontal welds.
Limited cracking has also been observed in vertical welds.

The majority of the cracking has been identified as intergranular stress corrosion cracking
(IGSCQ). Irradiation assisted stress corrosion cracking (IASCC) has also been observed in the
core beltline region (weld H4, see Fig. 1-1). The shrouds are fabricated using either Type 304 or
Type 304L austenitic stainless steel, and cracking has been detected in core shrouds fabricated
from either material. '

Initially, BWR owners were apprised of the cracking through GE SILs and RICSILs and NRC
Information Notices [7-11]. As a result of an increased number of detected shroud cracks, the
BWR Owners’ Group (BWROG) in April 1994 published a report entitled “BWR Core Shroud
Evaluation” [12]. This report provided a conservative, generic screening methodology to
evaluate core shroud flaw indications on a plant-specific basis.

In June 1994, executives from domestic BWR owners formed the BWR Vessel and Internals
Project (BWRVIP) to address integrity issues arising from inservice degradation of core
internals, including the core shroud.

In July 1994, the NRC issued Generic Letter (GL) 94-03 [13], which required all BWR licensees
to inspect their core shrouds at the next scheduled refueling outage. A plant-specific safety
evaluation also was required to support continued operation of the plant until the inspections
could be performed.

In response to GL 94-03, flaw acceptance criteria for horizontal welds in un-repaired shrouds
were submitted to NRC in reports “BWR Core Shroud Inspection and Flaw Evaluation
Guidelines,” September 2, 1994 [14], and “BWR Core Shroud Inspection and Flaw Evaluation
Guidelines,” Rev. 1, March, 1995 [15]. These guidelines grouped core shrouds into three
categories (A, B, or C) based on the expected susceptibility to cracking. The basis for defining
the core shroud categories is summarized in Appendix B.

Welds in Category A core shrouds (those judged unlikely to experience cracking) were exempted
from inspection. For Category B shrouds (those judged mildly susceptible to cracking), a sample
of horizontal welds (H3, H4, H5 and H7) were required to be inspected. For Category C shrouds
(those judged to have potential for significant cracking), all horizontal welds (H1 through H7,
inclusive) were required to be inspected. The inspection scope for each weld in Category B and
C core shrouds was to cover sufficient weld length to ensure adequate structural integrity.

The results of the NRC review of these documents were presented in Safety Evaluation Reports

issued on December 28, 1994 [16] and June 16, 1995 [17], respectively. During this time several
BWR owners implemented repairs to the core shrouds.
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On February 29, 1996 the BWRVIP submitted to the NRC “Guidelines for Reinspection of BWR
Core Shrouds (BWRVIP-07) [2]. The purpose of this report was to provide a uniform industry
approach to reinspection that would ensure the structural and functional integrity of repaired or
un-repaired core shrouds. The NRC reviewed this report, and requested additional information
[4, 5]. Responses to the NRC requests for information were provided on October 21, 1996 [18]
and November 26, 1997 [19]. Based on these responses, the NRC, on April 27, 1998 [6], issued
Supplement 1 to the Safety Evaluation “Guidelines for Reinspection of BWR Core Shrouds
(BWRVIP-07). The safety evaluation accepted the industry inspection strategy and evaluation
procedure, subject to some industry actions. Finally, on November 7, 1999 the NRC issued errata
[22] which affects reinspection requirements.

A significant change made to the inspection guidance as a result of the NRC review of
BWRVIP-07 relates to the amount of weld that requires inspection. BWRVIP-07 required only
that inspections include a sufficient length of weld such that the amount of uncracked weld at the
next inspection would provide structural integrity for the shroud. Guidance in BWRVIP-76
requires that “all accessible” portions of the weld be inspected.

In 1999, the industry completed the report “Shroud Vertical Weld Inspection and Evaluation
Guidelines (BWRVIP-63)” [3]. The report described the inspection strategy and acceptance
criteria for vertical welds in un-repaired and repaired core shrouds. It also included the technical
basis for the acceptance standards and provided weld-specific evaluation procedures for
conditions where the acceptance standards could not be met.

BWRVIP-76 was published in 1999 and combined the guidance in BWRVIP-01, BWRVIP-07
and BWRVIP-63. The current report, BWRVIP-76-A, revises BWRVIP-76 to incorporate
information from the NRC safety evaluation of BWRVIP-76.

Utilities have been inspecting shroud welds in accordance with BWRVIP-76 since its publication
in 1999. All plants have performed baseline inspections and most have performed at least one
reinspection. The majority of plants have found some cracking on horizontal welds and a few
have found cracking on vertical welds. In several cases, the cracking was significant enough to
warrant installation of a repair.

Plants with repaired shrouds have also inspected the repair hardware on a periodic basis. For the
most part, these inspections have not indicated significant degradation in the tie-rod hardware. A
notable exception, however, is a crack discovered in 2005 in an upper support bracket fabricated
from X-750. The root cause of the cracking was determined to be related to a design deficiency
and actions were taken to ensure that similar cracking does not occur at other plants. No change
to the published inspection guidance was deemed necessary.

The inspection approach described in the BWRVIP-76 guidelines has successfully managed
shroud degradation for over a decade.
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1.2 Obijectives and Scope

The objective of this report is to provide a regulatory accepted, unified industry approach for
inspecting horizontal, vertical and radial ring welds in repaired and un-repaired BWR core
shrouds, and repair components and anchorage in repaired shrouds. This approach will ensure
that the structural and functional integrity of the core shroud is maintained, while the impact of
core shroud inspections on plant outage schedules and plant resources is minimized.

The unified approach described in this report includes:

e Generic classification of core shrouds according to the potential susceptibility to IGSCC
based on years of hot operation, core shroud material, and mean coolant conductivity during
the first five cycles of operation,

e Simplified guidelines for inspection of horizontal, vertical and radial ring welds in repaired
and un-repaired shrouds, and repair hardware in repaired core shrouds,

e Generic definition of inspection location based on the shroud classification,

e Generic definition of inspection interval based on the shroud classification and inspection
results, '

e 100% inspection of accessible regions for all required weld inspections,

e Definition of plant specific evaluation procedures for determining inspection intervals based
on inspection results, and

e Change in shroud classification based on hot operating time or inspection results.

The inspection guidelines are provided in Sections 2 and 3 for welds in un-repaired and

repaired core shrouds, respectively. As indicated in these sections plant-specific analyses can

be performed for a given weld or for the entire core shroud based upon specific metallurgical,
operational or fabrication data. General guidelines for these analyses are provided in Appendices
D and F of this document for horizontal and vertical welds, respectively.

The inspection criteria provided in this document are intended to allow all BWR utilities

to develop appropriate and conservative plant specific inspection plans. The Assessment
Committee plans to monitor the results of all core shroud inspections so that new information
obtained from these inspections can be factored into subsequent revisions of this document, as
appropriate.

The recommendations in this Guideline provide inspections necessary to ensure shroud intergrity
for continued safety and replace the inspection recommendations of GE SILS. However, SILS
may contain other information relative to operational performance and field experience that may
assist licensees with investment protection, cost management and optimization of operational
performance. Each Licensee should review the current SILS, and stay cognizant of any future
changes, for information that may affect reactor operation or performance.
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1.3 Definitions and General Notes
Following is an explanation of some of the terminology used in this report.

Surface techniques: Surface techniques are inspection techniques that interrogate only the
surface of a material and provide no information regarding the depth of observed cracking.
For the purpose of shroud exams, these techniques are practically limited to eddy current (ET).
Surface techniques do not include visual exams.

Two-sided exam: When used with respect to a visual or eddy current exam, the words “two-
sided” refer to an inspection that interrogates both the ID and OD of the shroud. When used with
respect to a UT exam, the words refer to inspection of both the upper and lower (or right and left)
sides of a weld conducted from either the ID or OD of the shroud. These guidelines typically
require two-sided inspections. In some cases, two sided visual exams or volumetric exams will
be extremely difficult or impossible due to access limitations. In such a situation, a one-sided
visual exam is sometimes allowed. Disassembly of reactor components is not considered
necessary or appropriate in order to obtain access to both sides of a weld. However, fuel should
be removed as necessary if such action provides access to the ID for inspection of these welds.

Average crack depth: Average crack depth is calculated in two different ways in this report.
One method is used for calculating the average depth of an observed crack for the purposes of
assigning an amount of assumed cracking in an uninspected region (see, for example, Appendix
D). A second definition of average crack depth is used for the purposes of evaluating whether a
weld satisfies certain general acceptance criteria (see, for example, Sections 2.3.3). The
difference between the two methods relates to the length of weld over which the average is
calculated.

Accessible length: For many welds, this guideline requires that “all accessible” portions of the
weld be examined. The intent is that the inspection should not be limited to an inspection of only
a sufficient length of weld to confirm adequate structural integrity. Rather, a conscientious effort
should be made to determine the condition of the entire weld by inspecting as much of the weld
as possible given practical limits based on interferences experienced by the selected inspection
tooling. It is not necessary to supplement the selected exam type with other techniques in order
to obtain additional coverage although, in some cases, such action may result in a longer
reinspection interval.

Repaired shroud: A “repaired” shroud refers to a shroud in which one or more horizontal or
vertical weld(s) has been structurally replaced.

End of Interval (EOI): The EOI (or reinspection interval) is the time at which a particular weld
needs to be reinspected based on the generic acceptance criteria in this report or on a plant
specific evaluation._Note: The EOI determined by either generic acceptance criteria or by plant
specific evaluations may be exceeded by a maximum of 3 months in order to coincide with a
plant outage.
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1.4 Implementation Requirements

In accordance with the implementation requirements of Nuclear Energy Institute (NEI) 03-08,
Guideline for the Management of Materials Issues, the inspection recommendations in Sections 2
and 3 of this report, the reporting requirements in Section 4 and the flaw evaluation procedures
referenced in those sections are considered to be “needed.” The remainder of the report is

provided for information.
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2

INSPECTION STRATEGY FOR WELDS IN
UN-REPAIRED SHROUDS

2.1 Overview

This section presents inspection and evaluation strategies for horizontal and vertical welds in
un-repaired core shrouds. The inspection strategy makes no distinction between baseline
inspection and reinspection. The inspection scope, procedures and interval, and the
evaluation procedures are the same regardless of the time at which the inspection was or will
be performed.

The inspection strategy for un-repaired shrouds depends on the material, coolant
conductivity, and operating time used to define the shroud categories identified in Appendix
B. A summary of the shroud categories and an overview of the associated inspection
requirements are presented in Figure 2-1.
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2.2 Inspection Strategies for Horizontal Welds in Un-repaired Core
Shrouds

Figures 2-2 and 2-3 present the inspection strategy for horizontal welds in Category B and C
shrouds, respectively. Either the generic acceptance standards in Figures 2-2 and 2-3 or a
weld/plant specific evaluation procedure can be used to define the inspection interval as
identified in the figures. The bases for the generic acceptance standards and inspection
intervals are presented in Appendix C, while the plant specific evaluation procedure is
described in Appendix D.
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Inspection Strategy for Welds in Un-repaired Shrouds

2.2.1 Overview of Inspection Approach
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2.3 Inspection Strategy for Vertical Welds in Un-Repaired Category C
Shrouds

2.3.1 Overview of Inspection Approach
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2.3.2 Inspection Techniques
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Inspection Strategy for Welds in Un-repaired Shrouds

2.3.3 Inspection Strategy

This section presents the inspection strategies for vertical welds in Category C un-repaired
BWR core shrouds.The inspection strategies are discussed below and are summarized in
Figures 2-4 and 2-5. These strategies are applicable to vertical welds lying between
horizontal welds H1 and H7.

[
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2.3.3.1 Screening of Vertical Welds in Un-repaired Shrouds

Structural evaluations have determined that shroud integrity can be demonstrated in the
presence of vertical weld cracking, given that cracking in intersecting horizontal welds is not
significant. Consequently, the inspection of vertical welds in un-repaired shrouds is
applicable only to Category C shrouds, which are shrouds where significant cracking either is
anticipated or has been detected. In this instance, the vertical welds that are to be inspected
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are determined by a screening of the cracking detected in horizontal welds located at each
end of the vertical weld.
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2.3.3.3 Acceptance Standards for Vertical Welds
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Core Shroud Classification, and Vertical and Horizontal Weld Inspection Programs for

Un-repaired BWR Core Shrouds
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Figure 2-2
Inspection and Inspection Interval for Horizontal Welds in Un-repaired Category B Core
Shrouds
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Figure 2-3
Inspection and Inspection Interval for Horizontal Welds in Un-repaired Category C Core
Shrouds
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Figure 2-4
Procedure for Screening Horizontal Welds to Define the Inspection Scope for Vertical
Welds in Category C Un-repaired Shrouds
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Acceptance Standards and Inspection Interval for Inspection of Vertical Welds in

Category C Un-repaired Shrouds
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Table 2-1
Core Shroud Inspection Intervals for Category B and C Plants in years (time above O°F
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3

INSPECTION STRATEGY FOR WELDS IN REPAIRED
SHROUDS

3.1  Scope

This section presents inspection and evaluation strategies for horizontal and vertical welds,
radial ring welds, and repair components and anchorage in repaired shrouds. The inspection
strategy described here makes no distinction between baseline inspection and reinspection. The
inspection scope, procedures and interval, and the evaluation procedures are the same regardless
of the time at which the inspection was or will be performed.

Inspection of repaired core shrouds is intended to provide confirmation of the continued integrity
of the repaired shroud. The inspection requirements in this section are applicable to shroud
repairs that meet the BWRVIP Shroud Repair Design Criteria [20], with any exceptions to those
criteria specifically approved by NRC as provided for in that document.
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3.2 Overview of Inspection Strategy for Repaired Shrouds

An overview of the inspection strategy for horizontal and vertical welds in repaired shrouds is
presented in Figure 3-1. [[ |
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Inspection Strategy for Welds in Repaired Shrouds

3.3 Vertical Welds in Repaired Shrouds

The inspection requirements for vertical welds in repaired shrouds are discussed below and are
shown in Figures 3-2 and 3-3. The guidance presented in Section 2.3.3 for the calculation of EOI
for un-repaired shrouds is also applicable to repaired shrouds. Any vertical weld that intersects a
repaired horizontal weld will be evaluated as described below.
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3.4 Inspection Strategy for Radial Ring Welds in Repaired Shrouds

For repaired shrouds, inspection of certain ring welds may be required because the rings may

provide structural stiffness and/or lateral load carrying capability. {[
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3.5 Repair Component Inspections (Repair Assemblies and Other
Components Added as Part of the Repair)

Inspection requirements sufficient to ensure the continued integrity of the repaired shroud shall
be developed by the utility. The development of these requirements shall consider as a minimum
the generic guidance in this report and plant specific recommendations obtained from the repair
designer.
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Figure 3-1
Overview of Inspection Requirements for Horizontal and Vertical Welds in Repaired Core
Shrouds
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Figure 3-2
Inspection Strategy Options for Vertical Welds in Repaired Shrouds
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Figure 3-3
Acceptance Standards and Inspection Intervals for Inspection of Vertical Welds in
Repaired Shrouds
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4

REPORTING REQUIREMENTS

Reporting of inspection requirements, flaw evaluations, etc. shall be in accordance with
BWRVIP procedures as described in the most recent version of BWRVIP-94 [24].
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A

CORE SHROUD DESIGN

A.1 Design

As illustrated in Figure 1-1, the core shroud is a welded assembly typically composed of three
austenitic stainless steel cylindrical shell sections and three rings. The three rings are the shroud
head flange, top guide support ring, and core plate support ring. The top cylindrical shell
(between welds H1 and H2) connects the shroud head flange to the top guide support ring. The
longest cylindrical portion (between welds H3 and HS) connects the top guide support ring to the
core plate support ring. The bottom cylindrical shell (between welds H6 and H7) connects the
core plate support ring to the shroud support cylinder. The shroud support legs are located at the
bottom edge of the shroud support cylinder (a few plants, supported on the cantilever principle,
do not have support legs).
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B

CRACKING SUSCEPTIBILITY FACTORS AND CORE
SHROUD CLASSIFICATION

Note to BWRVIP-76-A: Some of the information presented in this appendix has been superseded
by more recent findings. The appendix has been left in its original form for historical purposes.

B.1 Cracking Susceptibility Factors

Cracking susceptibility factors were determined to identify conditions that likely would result in
cracking near heat affected zones of welds in BWR core shrouds. The susceptibility factors are
used to define inspection requirements that ensure adequate margins will be maintained between
inspection intervals.

The pattern of cracking indicated from field inspections appears consistent with the stress
corrosion cracking (SCC) susceptibility criteria (Water Chemistry, Material Carbon Content,
Fabrication History, Neutron Fluence and Hot Operating Time) described in SIL 572, Revision 1
[B-1] and the BWROG report [B-2]. A brief discussion and summary of the variables that can
influence susceptibility to SCC are presented in the remainder of this section.

B.1.1 Fabrication History
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Cracking Susceptibility Factors and Core Shroud Classification

B.1.2 Neutron Fluence
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B.1.3 Water Chemistry

Extensive SCC testing has shown that SCC initiation and growth are strongly dependent on the
electrochemical corrosion potential (ECP) on the surface of a component. ECP depends on the
level of oxidants, such as oxygen and peroxide, in the reactor water. However, there is no
historical database of ECP or the levels of oxidants at the shroud surfaces, so ECP cannot be
used as a factor for susceptibility grouping.
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B.1.5 Hot Operating Time

As with any stress corrosion phenomenon, the frequency and extent of core shroud weld
cracking would be expected to correlate with hot operating time. Plant data for hot operating

time, defined as the time spent with reactor coolant above 200°F, is not readily available.
Consequently, SCC susceptibility was correlated with on-line years, which is a close

approximation of time above 200°F.

A plot of extent of circumferential cracking versus on-line years is shown in Figure B-2 with
fabrication form as a parameter. [[
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B.1.6 Conclusion

Based on the preceding discussion, several conclusions can be drawn from the avatilable

inspection results relative to the susceptibility grouping factors:
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B.2 Core Shroud Categories

Based on the information presented in Section 2.2 the following core shroud categories have
been defined for developing inspection strategies for core shroud welds.
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Figure B-1
Extent of Cracking versus Mean Conductivity for the First 5 Cycles
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Figure B-2
Extent of Cracking versus On-line Years
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C

BASES FOR INSPECTION INTERVAL: HORIZONTAL
WELDS |

Note: The evaluations presented in this section form the basis for the generic shroud horizontal
weld reinspection intervals in Table 2-1. Since these analyses were performed using a fracture
toughness of 150 ksi Vin, the application of Table 2-1 is limited to fluences less than or equal to
1E21 n/cm’. The evaluations in this Appendix should not be used as the basis for plant-specific
evaluations. Plant-specific evaluations for horizontal welds should follow the guidance of
Appendix D.

C.1 Introduction

The objectives of the core shroud inspections are to determine the extent of crack growth in the
shroud welds during the preceding operating interval, and monitor the structural integrity of the
core shroud. These objectives can be accomplished by defining inspection intervals during which
existing cracks in the core shroud will not grow to unacceptable lengths.

The purpose of the work in this appendix was to perform generic fracture mechanics analyses

to define conservative, generic inspection intervals. The remaining ligament approach specified
by the BWR Vessels & Internals Project (VIP) Assessment Subcommittee [C-1] was used in
this work. Both limit load and linear elastic fracture mechanics (LEFM) methodologies were
evaluated, with the intent of examining the sensitivity of the analyses to the various assumptions
made.

A primary objective of this evaluation was focused on determining inspection intervals that are
based on near-bounding, yet reasonably conservative, input and assumptions that ensure required
minimum safety factors are maintained. The final result would be reinspection intervals that can
be used by plant owners as effective criteria for establishing whether continued operation
without repair for a predefined time interval is acceptable. A natural conclusion to these results
also would be determination of the point in time when repair is considered to be a necessity.

This appendix documents the results of the generic analyses performed, including a description
of the methodology and assumptions used. The results of these analyses provide a final set of
graphs and tables that establish the time until the allowable safety factor is reached as a function
of detected cracking.




Bases for Inspection Interval: Horizontal Welds

C.2 Overview Of Generic Analyses Performed

This section provides an overview of the generic analyses performed as a part of this work. A
description of the work is broken down into the following three analyses: (1) calculation of
inspection intervals based on limit load evaluation, (2) calculation of inspection intervals based
on LEFM evaluation, and (3) evaluation for alternate crack growth rates.

The purpose of these analyses was to assess the minimum required ligament (L_, ) for various
scenarios representing most BWR plants. The Distributed Ligament Length (DLL) computer
code [C-2] was used to perform this assessment for net section collapse (i.e., limit load)
methodology, and appropriate textbook solutions were consulted for LEFM methodology.

Various cases were evaluated assuming different cracking amounts to establish the length of time
until the safety factor reached the allowable value. Regions of the weld that were assumed to be
cracked were assumed to have through-wall flaws because growth and inspection uncertainty
would cause part through-wall flaws to grow through-wall in a few fuel cycles at the “upper
bound” rate of 5x10” inch/hour. One-half of the circumference was assumed to be inspected. Of
the remaining 50%, a portion was assumed to be cracked through-wall based on the statistical
model described in Appendix H.

Crack growth and an inspection uncertainty of (0.4" + 0.5") [C-3] on each end of all flaws were
used, and ASME Code proximity rules were applied. Six cases were assessed which assumed
10%, 20%, 25%, 30%, 35%, and 40% of the inspected region was cracked. Five sub-cases were
evaluated for each case corresponding to one, two, three, seven, and twelve 24-month fuel cycles
(assuming 16,000 hours/cycle).

The faulted condition was evaluated, and a safety factor of 1.39 was used [C-4]. Inspection
intervals are strongly dependent upon the loading assumed. Because of a wide range of
variability in seismic loading between BWR plants, a series of load levels were evaluated to
prevent the application of high seismic loading results to a low seismic loading plant.

Minimum safety factors as determined from the DLL program were obtained for each of the fuel

cycle cases evaluated. By comparing these results to the allowable safety factor required during
faulted conditions (1.39), the inspection intervals were determined.

C.3 Generic Evaluation Input and Assumptions

C.3.1 Use of Faulted Loading Conditions.
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C.3.2 Core Shroud Integrity

Generally, limit load techniques are exclusively used to structurally evaluate the condition of
shroud horizontal welds. For non-beltline welds, the structural integrity of the core shroud is
based on limit load analyses because brittle fracture of the austenitic stainless steel core shroud
material in non-beltline regions is not considered credible due to its inherent toughness.

L[ .
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C.3.3 Material Strength and Shroud Geometry

Limit load analyses are based on the ASME Section III design allowable stress of Type 304L
stainless steel. The design allowable stress of Type 304 stainless steel material is about 15
percent higher. Therefore, use of Type 304L strength properties is conservative.

C-3
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An allowable material toughness value, K., of 150 ksiVin was used in the LEFM analysis [C-1],
and the minimum safety factor for each case was obtained by dividing K,. by the maximum
calculated stress intensity factor (to yield a minimum safety factor). By comparing these results
to the allowable safety factor required during faulted conditions, the inspection intervals were
determined. Reference C-5 provides a discussion of the fracture toughness properties of
irradiated austenitic stainless steel.

In addition, structural analyses were based on a relatively small core shroud diameter of 176
inches and a thickness of 1.5 inches. A smaller core shroud diameter provides conservative
results since a given crack growth will consume a larger portion of the weld circumference
compared to larger diameter shrouds.

C.3.4 Crack Growth Rate and NDE Uncertainty
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C.3.5 Number, Extent and Distribution of Cracks and in the Core Shroud

For purpose of the generic analysis, 50 percent of the length of the horizontal welds was assumed
to have been inspected. Previous core shroud structural analyses assumed that inaccessible
regions of the welds were 100 percent cracked. This approach is considered unnecessarily
conservative and could lead to unwarranted actions by licensees (e.g., installing repairs when
repairs are not warranted). A statistical methodology was utilized for estimating the extent of
cracking in inaccessible regions of the core shroud (see Appendix H).

C-4
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The method assumes that 50 percent of the weld has been inspected, the defect rate found in the
inspected region of the core shroud is representative of the defect rate of the entire weld, and the
cracks are randomly distributed such that the probability of cracks in any region of the weld does
not depend on the results of inspections in other regions of the weld. The results, obtained from
the statistical analysis in Appendix H, are summarized here in Table C-1. The statistical method
assigned a defect rate (percent cracking) in inaccessible regions with a 95 percent confidence
level. That is, there is a 95 percent confidence that the actual defect rates in inaccessible regions
of the core shroud will be less than or equal to the assigned defect rates given in Table C-1.

Table C-2 presents the crack conditions used in the generic evaluation. The first three columns
contain the assumed as-found inspection results where the assumed inspection length is 50
percent of the length of the weld. The fourth, fifth and sixth columns list the estimated cracking
in the uninspected region based on application of the results in Table C-1 to the as-found results.
The seventh, eighth, and ninth columns list the total cracking for the total length (inspected and
uninspected) of the weld, where the eighth and ninth columns include NDE uncertainty. The last
column is the annual growth rate. All cracked areas are conservatively considered to be cracked
through-wall for purposes of the generic analysis.

All flaws were assumed to be equally spaced and of equal lengths in a quantity proportional to
that experienced by a BWR with significant cracking. The assumption of equally spaced flaws is
conservative for a limit load solution that considers crack growth in the future in that it allows
the maximum amount of crack growth (i.e., all flaws grow from both ends the maximum
amount). Additional considerations, described in Section C.4.2, were used for the LEFM
analyses where proximity end effects are controlling for closely spaced cracks.

Table C-1
Defect Rates in Inaccessible Regions of Core Shroud Welds
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Table C-2
Crack Length Assumptions Used to Determine Reinspection Intervals
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Based on the above discussion, the assumptions and conditions used in the generic fracture
mechanics analyses are considered to result in conservative estimates of crack growth and core
shroud integrity.

C.3.6 Summary of Input to Limit Load and LEFM Analyses

The inputs used for this evaluation are summarized in Table C-3, and the cases analyzed are
summarized in Table C-4. Flaws assumed for this evaluation were all equally spaced, with a
quantity and length as shown in Table C-4.

Table C-3
Geometry and Stress Data
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Table C-4
Parameters Used
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C.4 Computational Results

C.4.1 Results From Generic Limit Load Analyses

This section presents the results of the limit load analyses, which used the methodology
described in the Section C.2, and the input from Tables C-3 and C-4.

The computational results, obtained from the DLL program using a coarse (i.e., 1" increment)
mesh, are shown in Figures C-1 through C-3 for the 1 ksi, 3 ksi and 6 ksi stress levels,
respectively. The results are presented in terms of minimum safety factor as a function of time.
The allowable safety factor for faulted conditions is also shown on the plots for reference
purposes. These plots form the basis for establishing inspection intervals as a function of the
amount of cracking detected (assuming at least 50 percent of the circumference is inspected)
based on limit load methodology.

C.4.2 Results From Generic LEFM Analyses

The inputs used for the LEFM evaluation were the same as described previously for the limit
load evaluation. The LEFM results were obtained in terms of the stress intensity factor between
adjacent flaws. The assumed allowable material toughness value of 150 ksiVin [C-1] was divided
by the maximum stress intensity factor to yield a safety factor. The resulting safety factor was
divided by two (for reasons detailed below) to yield a final minimum safety factor.

As noted for the limit load evaluation, flaws assumed for this evaluation were all equally spaced
with a quantity and length as shown in Table C-4. This flaw arrangement provides limiting
results from a limit load point-of-view (because of maximizing flaw growth); however, it does
not necessarily lead to limiting LEFM results since flaw tip interaction considerations are
important for such a solution. For example, two long flaws spaced closely together yields a more
limiting LEFM solution than several shorter flaws spaced equally. Therefore, in order to address
this issue, several flaw configurations were evaluated as shown in Table C-5.
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Figure C-1
Results of Limit Load Evaluation for 1 ksi Stress Level
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Figure C-2
Results of Limit Load Evaluation for 3 ksi Stress Level
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Figure C-3

Results of Limit Load Evaluation for 6 ksi Stress Level
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Table C-5 shows the LEFM results for three different flaw configurations. For each case, the
flaws were distributed differently in terms of quantity, spacing and individual length. In addition,
the solution technique chosen for Cases 1 and 2 is the same as that previously documented [C-1],
whereas the solution technique for Case 3 is specific to the actual flaw layout.

([

Content Deleted -
EPRI Proprietary Information

11 TS
Table C-5
LEFM Results for Different Flaw Distributions
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Figure C-4

Results of LEFM Evaluation for 1 ksi Stress Level
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Figure C-5
Results of LEFM Evaluation for 3 ksi Stress Level
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Figure C-6
Results of LEFM Evaluation for 6 ksi Stress Level

C.4.3 Summary of Generic Limit Load and LEFM Analyses Results

The final results of the limit load analyses shown in Figures C-1 through C-3, and the LEFM
analyses shown in Figures C-4 through C-6, are expressed in terms of the minimum safety factor
as a function of time for three stress levels. These results provide the basis for establishing the
inspection intervals based on the stress level and the amount of cracking found during inspections.

The results from Figures C-1 through C-6 were used to determine the time to reach the specified
safety factor, and the results are presented in Tables C-6 through C-8 for the three stress levels
evaluated, where 8,000 hours per year of hot operation have been assumed. It was assumed
throughout the analyses that produced these results that at least 50 percent of the circumference
has been examined, so that a large enough sample size is available to reasonably apply the
statistical model described in Appendix H. The amount of cracking is expressed in terms of the
percentage of inspected areas.

C-16
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Table C-6
Analysis Results for 1 ksi Stress Level*
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Table C-7

Analysis Results for 3 ksi Stress Level’
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Table C-8
Analysis Results for 6 ksi Stress Level*
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C.5 Generic Inspection Intervals

The results shown in Tables C-6 through C-8 contain the information used to define the generic
inspection intervals. The generic inspection was obtained from the results in Tables C-6 through
C-8 by capping the times at a maximum of 120 months (10 years) in accordance with the
rationale in NUREG-0313 [C-6]. In view of the number of plants with some degree of core
shroud cracking, this approach is considered reasonable and prudent, even though results of
fracture mechanics analyses indicate longer inspection intervals could be technically justified
when the cracking is less than about 30 percent and the stress is less than about 3 ksi.

The inspection intervals determined by capping the data in Tables C-6 through C-8 are presented
in Table C-9 as a function of the degree of cracking found in the accessible regions of the weld
and the faulted stress level in the weld for both limit load and LEFM evaluation methodologies.

For non-beltline welds, the inspection interval should be based on limit load results. For beltline
welds with a neutron fluence greater than 3 x 10” n/cm’, the inspection interval should be based

on the more limiting of the limit load results or the linear elastic fracture mechanics (LEFM) |
results. The fluence is the estimated accumulated neutron fluence at the time of the next

inspection.

C-19
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The inspection interval results can be linearly interpolated for stress levels other than those
shown here. For example, if the total stress is 2 ksi, the 1 ksi and 3 ksi tables can be used, and
linear interpolation can be performed to determine the inspection interval. Linear interpolation
provides accurate results for limit load and is generally slightly conservative for LEFM (i.e.,
interpolated inspection intervals are slightly shorter). This conservatism is due to the non-linear
nature of the LEFM solution coupled with the fact that limiting assumptions were used in the
analyses which produced these results.

The inspection intervals are such that the core shroud will be inspected before the safety margin
on the structural integrity of the core shroud is reduced to below 1.39 during faulted loading
conditions. The safety margin on upset loading conditions will be about a factor of 2 hlgher since
upset stress levels in the core shroud are roughly %2 faulted stress levels.

Table C-9
Core Shroud Inspection Intervals for Category B and C Plants (in years) ™
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PLANT SPECIFIC EVALUATION PROCEDURE:
HORIZONTAL WELDS

This appendix provides the methodology and guidance that can be used to determine the
uncracked ligament lengths needed at the horizontal welds to ensure adequate structural margins.
Ideally, the azimuths of the ligament lengths may be symmetric in the plane of the weld.
However, access limitations may cause the ligament lengths available for inspection to be
distributed randomly along the weld (e.g., see Figure D-3). Therefore, the methodology and
guidance provided in this section describe the general case that covers all possible distributions
of ligament, and considers proximity rules (see Appendix G).

K6 99

The minimum amount of ligament (L . ) required in order to operate for “n” years prior to the

next inspection is given as:

(L

min
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A brief description of these techniques is first provided followed by a detailed description of the

procedure for evaluation.

D.1 Fluence Levels and Fracture Mechanics Methods
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Figure D-1
Azimuthal Fluence Profile at Shroud Inner Radius at the Axial Midplane
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Figure D-2
Axial Fluence Profile at Shroud Inner Radius at Maximum Azimuthal Position

D.2 Limit Load Method

Figure D-3 shows a schematic representative plan view of an asymmetric distributed uncracked
ligament. It is assumed that there are 1,2,...i,...n ligament lengths and that the i" length is of
thickness 't' and extends from an azimuth of 8, to 8,,. The ligament length 'l of the ith ligament
is related to azimuth angles 6, and 0, by the following relationship:

I = (D/2) » (6,-6.) (Eq. D-1)

where, D is the diameter of the shroud. The calculation of moment 'M' that this ligament
configuration can resist is somewhat complicated since it is not clear as to which azimuthal
orientation of the neutral/central axis would produce the least value of bending moment, 'M'.
Therefore, the value of 'M' is calculated for various orientations of the central axis from

0° to 360°. This calculation is performed in two steps:
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D.3 LEFM Method

For a through-wall flaw in an “infinite” plate, the stress intensity factor K is given by the
following:

K = oV(na) (Eq. D-2)

where, G is the remote membrane stress and a is the half crack length. The shroud is a cylinder
and therefore, a curvature correction factor, G,, needs to be applied to the above-calculated value
of K based on the infinite plate solution. The values of G _ are given in Figure D-5 (from
Reference D-3) as a function of the non-dimensional parameter, a/N(Rt). The behavior of G,, for
aN(Rt) greater than 4.5 can be linearly extrapolated based on data from Reference D-8. The
coefficient G, was not used since only the average value of the stress intensity factor across the
crack tip is required.

The ligament length may be small enough that there is some interaction between the crack tips,
leading to a higher value of K than that given by the above equation. This interaction effect was
conservatively accounted for in the screening criteria approach [D-10]. A more reasonable yet
conservative approach is used here by considering a classical solution for a series of flaws, given
in Reference D-4.

Figure D-6 (from Reference D-4) shows the geometry and the K solution for a series of equi-

length, equi-distant through-wall flaws in an infinite plate subjected to remote tension. The K
solution is given by:

D-8
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D.4 EPFM Methodology

The EPFM based concepts developed by Paris and Hutchinson and incorporated into EPRI
handbooks [D-5, D-6, D-7] can be used in lieu of the conservative LEFM approach in which
only the crack initiation is considered. The EPFM approach considers ductile crack extension in
determining the load carrying capability of a cracked structure. The EPFM based approach is
also called a J-integral tearing stability approach or a J/T approach. Two key concepts in this
approach are: (1) the J-integral which characterizes the intensity of the plastic stress-strain field
surrounding the crack tip and (2) the tearing stability theory which examines the stability of
ductile crack growth.

Figure D-7 schematically illustrates the J/T methodology. The material (J/T) curve or R-curve in
Figure D-7 represents the material's resistance to ductile crack extension. Any value of J falling
on the material R-curve is denoted as J,, and is a function solely of the increase in crack length
Aa. Figure D-7 also defines "applied’ J, which for given stress-strain properties and overall
component geometry, is a function of the applied load P and the current crack length, a. The
following two non-dimensional parameters are then defined:
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Figure D-4
J-R Curves for Two Irradiated Stainless Steel Specimens at Fluence of 8x10” n/cm’

D-13



Plant Specific Evaluation Procedure: Horizontal Welds

2.00

1.60

1.20 |

£ 0.80 |
o .
0.40 | 1/
0.00 | ~ ii’
-0.40_-| \
-0.80 t t t t
0 1 2 3 5
a/SQRT(Rt)
Figure D-5

Curvature Correction Factor G, for Circumferential Flaw

D-14




Plant Specific Evaluation Procedure: Horizontal Welds

a
S S R B
prm IY S
\ —— = X
\ v

Ki = o V{W tan(ra/W)}

Figure D-6
Solution for Equi-Distant Equi-Length Flaws




Plant Specific Evaluation Procedure: Horizontal Welds

Instability Point

Instability
Stress or Load

%

Ny )

mat'Tmat

Stress or Load

Figure D-7
Schematic of (J/T) Approach

D-16



Plant Specific Evaluation Procedure: Horizontal Welds

TOP OF SHROUD

FILLET WELD

CORE PLATE SUPPORT RING

tn

VESSEL WALL
__>

WELD H5

WELD H6

Figure D-8
Shroud Weld with 360° Crack



Plant Specific Evaluation Procedure: Horizontal Welds

Table D-1
Conservatisms Included in Flaw Evaluation Methodology

1. Al VT or ET identified surface indications are assumed to be through-wall for analysis for uncracked
ligament length.

2. ASME Code Section XI primary pressure boundary safety margins were applied even though the
shroud is not a primary pressure boundary.

3. ASME Code, Section X| proximity rules were applied.

4. A proximity rule to account for perpendicular flaws was applied, although not required by Section XI.
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ANALYTICAL BASIS FOR SCREENING AND
ACCEPTANCE CRITERIA FOR VERTICAL WELDS

Note: The evaluations presented in this section form the basis for the generic shroud vertical
weld screening criteria of Section 2 and should not be used as the basis for plant-specific
evaluations. Plant-specific evaluations for vertical welds should follow the guidance of Appendix
F. Since the analyses in this Appendix were performed using a fracture toughness of 150 ksiVin,
the application of the generic shroud vertical weld screening criteria is limited to fluences less
than or equal to 1E21 n/cm’.

This Appendix outlines the generic analyses which were performed in order to determine the
inspection strategies given in Sections 2 and 3. Included in this Appendix are four cases. The
first case (Case A) provides an allowable through-wall flaw in a vertical weld. This is intended to
show the amount of uncracked ligament needed in the vertical weld, given no credit for the
horizontal weld. The second case (Case B) provides an allowable through-wall flaw in the
horizontal weld at the intersection with the vertical weld, given no credit for the vertical weld.
The final two cases provide allowable flaws while taking credit for partial through-wall cracking
in either the vertical weld (Case C) or the horizontal weld (Case D).

The primary stress, which could cause vertical weld failure, results from the internal pressure.
Consistent with ASME Code practice (Appendix C, Section XI), internal pressure is the only
load to be considered for axial cracks. The value of the internal pressure varies from plant to
plant, but is typically small (less than 15 psi above the core plate for normal operation). Thus, the
allowable crack sizes will typically approach the length of the weld itself, indicating large crack
tolerance.

The structural analysis of the vertical weld consists of two methods: (1) limit load analysis, and
(2) Linear Elastic Fracture Mechanics (LEFM). The technical approach for these two methods is
described below.

The limit load methodology is concerned with the gross failure of the shroud section. The limit
load analysis applies to all welds. The limit load calculations are performed using concepts
similar to those described in Section XI, Appendix C of the ASME Code (Ref. E-1). For the limit
load analysis, the minimum required ligament is calculated as the uncracked section of the weld
needed to resist a force due to differential pressure across the shroud. The stress caused by this
differential pressure is compared to the flow stress (assumed to be 3Sm), and a minimum
required ligament is determined.

E-1
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E.1 Case A: Allowable Through-Wall Flaw in Vertical Weld (Through-Wall
Crack in Horizontal Weld over Entire Length)

This case, shown in Figure E-1, calculates the allowable through-wall flaw in the vertical weld,
taking no credit for the integrity of the horizontal weld (cracks are represented in the figures by
bold lines). The technical purpose of this case was to show how much through-wall cracking
could occur in the vertical weld, while still maintaining structural margin. For this case, it was
assumed that there was no cracking in the vertical weld at the intersection with the horizontal
weld. Both LEFM and limit load methodologies were used to determine the allowable cracking.
The technical basis and the results are included in the following.

_ —

- 1y

Figure E-1
Case A

E-2



Analytical Basis for Screening and Acceptance Criteria for Vertical Welds

E.1.1 LEFM Analysis

This analysis used a finite element solution. A Finite Element Shell Model was built, with
Fracture Mechanics Crack Tip elements at the ends of the vertical weld cracks. Only half of the
cylinder was modeled, and symmetrical boundary conditions were utilized. Thus, the results are
applicable only to a symmetrical distribution of good ligament (as shown in Figure E-1).

A faulted internal pressure of 33 psi (includes a safety factor of 1.5) was applied to the model.
Several shroud geometries and vertical weld lengths were used to determine the generic
guidelines. For each case, the vertical weld cracks were grown until the stress intensity at the

crack tip equaled the K. value of 150 ksiVin.

E.1.2 Limit Load Analysis

For the limit load analysis, a solution was used to calculate the remaining ligament needed to
resist the hoop stress. For this case, the equation is given by:

(SF) PDL =2 (o, 2A)t) (Eq. E-1)

where:  ©, = Flow Stress (~50 ksi)

D = Diameter of shroud

t = thickness of shroud

A = Length of uncracked vertical weld needed

SF = Safety Factor

P = AP across shroud

L = length of vertical weld

By rearranging the equation, the minimum required ligament can be calculated by the following
formula:

A = (SF)PDL/(4tcf) (Eq. E-2)
E.1.3 Results

L.

L - ——
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E.2 Case B: Allowable Through-Wall Flaw in Horizontal Weld (Through-
Wall Crack in Vertical Weld over Entire Length)

Similar to Case A, this analysis, shown in Figure E-2, assumes no intersecting cracking at

the vertical/horizontal weld intersection. The purpose of this analysis is to show how much
uncracked ligament must exist at the intersection, given that the vertical weld is entirely cracked,
and the remaining horizontal weld is cracked through-wall. The LEFM and limit load technical
bases and results are included in the following.

< >
2,| 8]
N—— —’]
\ __-___/
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Figure E-2
Case B
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E.2.1 LEFM Analysis

This analysis used a finite element solution. For this case, an initial finite element run was made
for a through-wall vertical weld, with no circumferential cracking. The minimum amount of
uncracked material needed at the horizontal/vertical weld intersection (B) was determined by
increasing the crack segment in the horizontal weld in an iterative manner, while maintaining a
through-wall crack in the vertical weld. It was assumed that an increase in K at the vertical weld
crack tip of 10% from the original case (no circumferential crack) was significant. Therefore, the
minimum amount of uncracked material (B) was determined when the K value at the vertical
crack tip was increased by 10% from the base case of no circumferential cracking.

E.2.2 Limit Load Analysis

This analysis used a finite element solution to determine the amount of uncracked material
needed at the crack intersection such that the average stress through the good section was less
than the flow stress (~50 ksi). As in the LEFM case, the circumferential crack segment was
increased in an iterative manner until the stress (including safety factor) in the uncracked section
(B) was equal to the flow stress (3S ).

E.2.3 Results

Il
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E.3 Case C: Allowable Part Through-Wall Flaw in Vertical Weld (Through-
Wall Crack in Horizontal Weld over Entire Length)

This case was performed to address cracking in the intersection of the horizontal and vertical
welds. For this case, partial credit was taken for part through-wall cracking in the vertical weld.
This would allow for cracking to occur at the intersection, provided that the flaw depths do not
exceed a specified amount. The allowable flaw depth is calculated over the entire length of the
vertical weld. Similar to Case A, no credit was taken for the horizontal weld for this case.
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Figure E-3
Case C

E.3.1 LEFM Analysis

This analysis used a solution from Paris, Tada, “The Stress Analysis of Cracks Handbook”. A
flat plate approximation was used for a single edge notch test specimen. A normalized stress plot
was utilized to determine the critical crack size (C) which would cause a stress intensity value

equal to the fracture toughness value of 150 ksiVin. For this analysis, several geometries were
analyzed, including: shroud radii of 88-100 in and shroud thickness of 1.5-2.0 inches. A faulted

AP value of 33 psi (includes 1.5 safety factor) was used.

E.3.2 Limit Load Analysis

Similar to Case A limit load analysis, a closed form solution was used to calculate the remaining
ligament needed to resist the hoop stress. For this case, the equation equating the flow stress with
the hoop stress is given by the following:

(SF)PDL = o, (2L)(t-C) (Eq. E-3)

where: o, = Flow Stress (~50 ksi)

L = Length of weld

D = Diameter of shroud

t = thickness of shroud

C = Allowable crack depth

SF = Safety Factor

P = AP across shroud

By rearranging the equation, the allowable crack depth can be calculated by the following formula:

C=t-[(SF)PD/(20))] (Eq. E-4)
E.3.3 Results

[l

!
| Content Deleted -
i EPRI Proprietary Information

1TSS

E-6



Analytical Basis for Screening and Acceptance Criteria for Vertical Welds

E.4 Case D: Allowable Part Through-Wall Flaw in Circumferential Weld
(Through-Wall Crack in Vertical Weld over Entire Length)

This analysis assumes a part through-wall flaw in the horizontal weld and a complete through-
wall flaw in the vertical weld. Consequently, the evaluation determines the allowable crack depth
of the horizontal weld. This would permit no inspection of the vertical weld, as long as the
cracking in the horizontal weld is acceptable.

— oo
i Metal
D .
Wall ~ Part
’ [ Thru Wall
| ¥

Figure E-4
Case D

E.4.1 LEFM Analysis

This case used two separate analytical methodologies. The first methodology used a closed form
solution. The entire shroud was assumed to be thinned by the part through-wall crack. That is, if
the part through-wall crack in the horizontal weld was half the thickness of the shroud, then the
entire shroud was assumed to have a thickness equal to half the thickness of the shroud.
Effectively, this would increase the stress in the shroud by a ratio of (1/(1-crack depth/thickness
of shroud)). A K solution could then be calculated and compared to a fracture toughness value of

150 ksiVin. The equation is:
K =(SFYMo~ma (Eg. E-5)

where: M = curvature correction factor
(14+1.250H)% O<A<])
(0.6+0.91) (1<Ai<5
aN(Rt)

Safety Factor

hoop stress (scaled by 1/(1-D/t))
shroud radius

crack depth

shroud thickness

vertical crack half length

w >
I

P TO®mAa
([ TR TR T
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For this case, several geometries were analyzed, including shroud radii of 88-100 in and shroud
thickness of 1.5-2.0 inches. A faulted AP value of 33 psi (includes 1.5 safety factor) was used.

The second approach uses a finite element analysis. A 90-degree shroud section was modeled,
with a 45-inch half-crack segment in the vertical direction (no circumferential cracking).

An internal pressure was applied to the model, and the model was run. The resulting stress
intensities and displacements at the middle of the crack were noted. The model was then run
again, this time with a part through crack in the circumferential segment which meets up

with the vertical crack segment. It was determined that an increase in stress intensities and/or
displacements at the middle of the crack of 10% from the original case (no circumferential crack)
was significant. Therefore, the depth of flaw in the circumferential segment was increased in an
iterative manner until the stress intensities and displacements at the middle of the crack were
approximately 10% higher than they were with no circumferential part through cracking.

E.4.2 Limit Load Analysis

This analysis utilizes the principles of an infinite cylinder. For this case, the limit load can be
expressed by the following relationship:

(SF)o,=0,/M (Eq. E-6)

where 6, and ¢, are the hoop stress and flow stress, respectively, SF is the safety factor and M is
the curvature correction factor, as defined in Equation E-5. Given that the hoop stress can be
defined by

o, = PD/2(t-D) (Eq. E-7)
where: P = Pressure
D, = Diameter of shroud
t = thickness
D = allowable crack depth

Equation E-6 can be rearranged to determine the allowable crack depth (D):

D =t- ((SF) * (PD) * M/ (2G,)) (Eq. E-8)
E.4.3 Results
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EVALUATION OF VERTICAL WELD INDICATIONS

In the event that the acceptance standards in Sections 2 and 3 are not met, methods for the
evaluation and dispositioning of flaws are required. This section describes the suggested
procedures for evaluating indications found in the vertical welds. Different methods are proposed
for varying degrees of cracking. For vertical weld indications that do not intersect a horizontal
weld, the evaluation can be done using closed form solutions, assuming a free standing cylinder.
For indications that intersect the horizontal welds, more extensive hand calculations are required.

The methodologies for the closed form solutions which cover a broad range of cracking
scenarios are outlined in this section. For cracking scenarios which are not bounded by the cases
presented here, evaluations will have to be performed on a plant-specific basis and may include
more detailed hand calculations or finite element analyses.

The structural analyses described in this section consider both LEFM and limit load margins.
The methodology is conservative, but consistent with BWRVIP-01 and NRC approved methods.
The allowable axial flaw size is dependent only on the pressure stress. The analysis is applicable
to both normal/upset and emergency/faulted conditions as long as the appropriate safety factor is
used.
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F.1 Vertical Weld Cracks that Do Not Intersect Circumferential Welds

il I
HE
2a
— 13
~——

Figure F-1
Vertical Weld Cracks that Do Not Intersect Circumferential Welds

Assuming that there is no cracking in the vertical weld at the intersection with the horizontal
weld (as shown in Figure F-1), the crack can be analyzed assuming an axial crack in a finite
width cylindrical shell. In this case, the horizontal weld can be cracked since no credit is taken
for the horizontal weld. Because the cylinder is finite in width, the allowable flaw size will
always be smaller than the length of the weld. The allowable crack length is the lower of the two
crack lengths determined considering LEFM and limit load assessments. For welds where the
cumulative fluence is less than 3 x 10 n/cm’, the LEFM methodology is not required, and the
limit load analysis alone can be used to determine allowable flaws. Both methodologles are
provided in the following.
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Evaluation of Vertical Weld Indications

F.1.1 LEFM Analysis

The LEFM analysis is applicable for vertical welds where the cumulative fluence is in excess of
3 x 10* n/cm’. The allowable crack length corresponds to the length for which the stress intensity
factor (including the safety factor) equals the conservative estimate of the available toughness,
KIC.

The stress intensity factor (including the safety factor) for an axial crack of length 2a, is given
by:

1l
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The allowable flaw is determined by setting K = K. in Equation F-1.

F.1.2 Limit Load Analysis

The allowable crack length (2a) considering limit load analysis is given by:
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Evaluation of Vertical Weld Indications

F.2 Vertical Weld Cracks that Intersect Circumferential Welds

The previous evaluation methodology dealt with indications in the vertical weld that do

not intersect the horizontal weld. For the case of intersecting indications in the vertical and
horizontal weld, the analyses are more extensive. Several methodologies can be used to assess
vertical weld indications that intersect horizontal weld indications. These methodologies are
outlined in the following sections.

F.2.1 360 Degree Through-Wall Flaw in Intersecting Circumferential Weld; Part
Through-Wall Flaw in Vertical Weld

S

e I I S l '»
- g }«

—» b -—

Figure F-2
360 Degree Through-Wall Flaw in Intersecting Circumferential Weld; Part Through-Wall
Flaw in Vertical Weld

For this case (shown in Figure F-2), no credit is taken for the intersecting horizontal welds. This
case is treated as a free standing cylinder. An additional conservative assumption in this case is
that the entire vertical weld is assumed cracked to the average crack depth found in the vertical
weld. As in the previous analysis, both the LEFM and limit load analysis is provided.

If a part of the crack is predicted to exceed through-wall at EOI, a more detailed plant specific

analysis may be needed to demonstrate acceptability. This condition represents ‘a compound
crack’ where there is a part through-wall with a through-wall segment as shown in Figure F-3.

F.2.1.1 LEFM Analysis

This analysis uses a K solution for a single-edge notch flat plate. For this case, the entire length
of the vertical weld is assumed cracked to a uniform depth, a. The allowable crack depth
corresponds to the depth for which the stress intensity factor (including the safety factor) equals
the conservative estimate of the available toughness, K.

The stress intensity factor (including the safety factor) for a single-edge notch of crack depth (a) is:
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F2.1.2 Limit Load Analysis
The allowable crack depth (a) based on limit load analysis is given by:
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Evaluation of Vertical Weld Indications

F.2.2 360 Degree Part Through-Wall Flaw in Circumferential Weld; Through-Wall
Flaw in Intersecting Vertical Weld

T

Part

——(
Thru Wall
K3 \k{

- y Wall

Figure F-4
360 Degree Part Through-Wall Flaw in Circumferential Weld; Through-Wall Flaw in
Intersecting Vertical Weld

For this case, the entire horizontal weld is assumed to be cracked to a part through-wall depth.
The vertical weld is assumed to be cracked through-wall. The LEFM and limit load analyses for
this case is provided below.

F.2.2.1 LEFM Analysis

This analysis utilizes the principles of an infinite cylinder. However, because there is partial
through-wall cracking in the intersecting horizontal weld, the hoop stresses are ratioed by the
crack depth (to simulate a thinner cylinder). The LEFM formula becomes:

(L
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F222 Limit Load Analysis

As in the LEFM analysis, this analysis utilizes the principles of an infinite cylinder. For this case,
the limit load can be expressed by the following relationship:

[l
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F.3 Leakage

To this point, the flaw evaluation has outlined the analyses used to evaluate the structural
margin of the flaw indications. If through-wall cracking in a vertical weld is observed during an
inspection, leakage from vertical welds must also be evaluated. (Note that this evaluation is
required only if the cracking is observed to be through-wall. It is not required if the cracking is
merely projected to grow through-wall.) This section outlines the methodology for calculating
the leakage through a longitudinal crack.
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Figure F-5
Leak Rate vs. Axial Crack Length
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Evaluation of Vertical Weld Indications

F.4 Flaw Evaluation Assumptions for Cracking in Uninspected Regions

In performing plant specific evaluations, assumptions must be made regarding the amount of
cracking in uninspected regions of the weld. For purposes of these evaluations, the defect rates
shown in Table F-1 should be assumed. The table shows the length of cracking that should be
assumed in the uninspected region as a function of the length observed in the inspected region. It
is important to note that when using Table F-1 the depth of the assumed cracking in the
uninspected region should be set equal to the average crack depth of the observed cracks in the
inspected region. In other words, the average crack depth should be based on only that portion of
the weld that was inspected and found to be cracked. The average crack depth should not be
computed based on inspected lengths where no cracking was observed.

The values given in Table F-1 are based on a probabilistic estimate of the amount of cracking
that could occur in the uninspected region. The analysis assumes that the mean defect rate in the
uninspected region is equal to that observed in the inspected region and calculates a defect rate
that would not be exceeded. Details of the analysis are provided in Appendix H.

Table F-1
Defect Rates in Uninspected Regions of Core Shroud Vertical Welds
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F.5 Conclusions

The methodologies presented in this section provide closed form solutions to evaluate cracking
in a vertical weld. The methodologies differ according to the severity of the cracking in the
vertical weld. It should be noted that in some cases, due to the severity of cracking in the vertical
weld, the simplified solutions will not yield acceptable results. For these cases, more detailed,
plant specific finite element analyses may be used. Guidance on performing these detailed
analyses is provided in Section F.6.

F.6 Plant Specific Flaw Evaluation Methodology

This section provides additional guidelines and fundamental criteria for plant specific flaw
evaluation outside the bounds of the three cases presented in the previous sections of this
Appendix.

The closed form solutions presented in above ensure that the vertical welds satisfy three basic
criteria:

(L

Content Deleted -
EPRI Proprietary Information

1NTS

F-12



Evaluation of Vertical Weld Indications

Some examples of the application of plant specific analyses follow.
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F.7

F-1.

F-2.

F-3.
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PROXIMITY RULES FOR PLANT-SPECIFIC FLAW
EVALUATION

This Appendix describes the flaw proximity rules that can be used to determine the effective
flaw lengths from the shroud inspection data. The rules specifically treat the horizontal welds.

G.1 Determination of the Effective Flaw Length

The effective flaw lengths are based on ASME Code, Section XI proximity criteria as presented
in Subarticle IWA-3300. Indications are considered to be in the same plane if the perpendicular
distance between the planes is less than two times the shroud thickness (2T). When two
indications are close to each other, rules are established to combine them based on proximity.
These rules are described here.

G.2 Proximity Rules

The flaw combination methodology used here is based on the ASME Code, Section XI proximity
rules concerning neighboring indications. Under the rules, if two surface indications are in the
same plane and are within two times the depth of the deepest indication, then the two indications
must be considered as one indication.
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Table G-1
Flaw Combinations Considered in Proximity Criteria
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Proximity Rules for Plant-Specific Flaw Evaluation

Case B: Circumferential Flaw - Axial Flaw

This case applies when both a circumferential and an axial flaw are being considered. Figure G-
3a demonstrates this condition. [[ ) i .
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G.3 Application of Effective Flaw Length Criteria
The application of the effective length criteria is applied to two adjacent indications at a time.

Figure G-4 is a schematic which illustrates the process. For example, using the 0° azimuth as the
starting location for a horizontal weld or plane, the general procedure would be as follows:
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Figure G-1
ASME Code Proximity Criteria
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Flaws Assumed Through-wall
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Application of Proximity Procedure to Neighboring Circumferential Flaws
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(a)

Flaws Assumed Throughwall

Weld

e

As Found
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Figure G-3

Application of Proximity Procedure to Neighboring Axial and Circumferential Flaws
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Proximity Rules for Plant-Specific Flaw Evaluation

Start at Theta=0
Move in + Theta Direction

First Flaw
is Flaw i

Y

. Next Flaw
is Flaw i+1

Apply Proximity Rules
to Flaws i and i+1

Combine Flaws If Necessary
and Determine Effective Length

#

i=i+1 . )
If Flaw is Combined

Combined Flaw = Flaw i+1

No

Done

Figure G-4
Process for Determining Effective Circumferential Flaw Length
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A STATISTICAL METHOD FOR ESTIMATING THE
CRACKING IN INACCESSIBLE REGIONS OF CORE
SHROUD WELDS

H.1 Introduction

Stress corrosion cracking (SCC) has been found in core shroud welds at several U.S. and foreign
BWRs (Figure H-1). As a result, the NRC has required BWR licensees to perform inspections of
the core shroud horizontal welds. BWRs have been categorized by the BWRVIP into Categories
A, B, or C depending on their relative susceptibility to core shroud cracking, with Category A
being the least susceptible to cracking and Category C being the most susceptible.

For Category C plants, the BWRVIP inspection criteria require a 100 percent inspection of the
accessible regions of each circumferential weld. At most plants, a portion of each weld is
inaccessible for inspection due to interferences with other vessel internal structures, €.g., core
spray downcomer piping, shroud head bolt lugs, and jet pumps. The inaccessible regions
generally range from 5 to 50 percent of the weld circumference depending on the weld.

Initial evaluations assumed that inaccessible regions of the core shroud weld are fully (100
percent) cracked. For core shroud welds with significant cracking, this is a reasonable (and
conservative) assumption. However, for core shroud welds with minor or no cracking in the
inspected regions, this assumption is not realistic and could lead to unnecessary actions,
particularly if the inaccessible region is large.

A statistical method has been developed for estimating the cracking in inaccessible regions of the
core shroud welds based on the inspection results in the accessible regions. The method assigns a
defect rate (percent cracking) in inaccessible regions with a 95 percent confidence level. That is,
there is a 95 percent confidence that the actual cracking rate in inaccessible regions will be less
than or equal to the assigned defect rate. As discussed in the remainder of this appendix, the
assigned defect rate in inaccessible regions is a function of the observed defect rate in the
inspected regions and the arc length of the inaccessible region in question.
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A Statistical Method for Estimating the Cracking in Inaccessible Regions of Core Shroud Welds

H.2 Methodology

H.2.1 Assumptions

The methodology for estimating the defect rate in inaccessible regions of core shroud welds is
based on the following two assumptions:
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A Statistical Method for Estimating the Cracking in Inaccessible Regions of Core Shroud Welds

H.2.2 Example |

Babe Ruth averaged one home run for every 13 at bats over his career (i.e., 8 = 1/13 = 0.0769).
Assuming four at bats per game, the probability of the “Babe” hitting one home run in a game
was:

41
P(x=1)= —1'—3‘><0.0769' x(1-0.0769)° = 0.242 (Eq. H-1)
(Once every 4.13 games)
And the probability of him hitting two home runs in a game was:
4! , 2
P(x=2)= CTETe 0.0769° x(1-0.0769)" = 0.0302 (Eq. H-2)
(Once every 33.1 games)

H.3 Results of Analyses for Core Shroud Welds

The above methodology was applied to inaccessible regions of the core shroud welds in order to
estimate the degree of cracking in inaccessible regions. Calculations were performed for
assumed inaccessible arc lengths from 2.5 to 50 percent of the total circumference of the weld (9
to 180 degrees), and assumed weld defect rates from 10 to 90 percent. The method of calculation
was as follows.
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Results of the calculation are presented graphically in Figure H-3. Figure H-3 is a plot of the 95
percent confidence level defect rate in the inaccessible regions as a function of the uninspected
arc length for assumed defect rates of 10, 25, 37.5, 50, 62.5, 75, and 90 percent.

Figure H-3 provides a convenient graphical method to assign a defect rate to inaccessible regions
of the core shroud welds based on the defect rate in the inspected region and the length of the
inaccessible region. Bounding values from Figure H-3 are tabulated in Table H-1.
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A Statistical Method for Estimating the Cracking in Inaccessible Regions of Core Shroud Welds

Two observations are noted in reviewing Table H-1. The first observation is obvious; the second
observation is less obvious:
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Table H-1
Defect Rates in Inaccessible Regions of Core Shroud Welds
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H.4 Example Problem

The following example illustrates how Table H-1 can be used to calculate the length of flawed
material in inaccessible regions in a core shroud weld with SCC. Consider a typical H5 weld
shown in Figure H-4. The inspected region was 60 percent of the circumference of the weld (i.e.,
40 percent of the weld circumference was inaccessible for inspection). A total of six flaws were
found in the inspected regions. The sum of the flaw lengths was equal to 20 percent of the
inspected length. The core shroud was fabricated from Type 304L stainless steel and the
accumulated neutron fluence at H5 has been less than 3 x 10* n/cm’. The faulted stress level at
H5 is 3 ksi membrane stress.
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Typical BWR Core Shroud
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Figure H-2
Example Excel Spreadsheet Calculation
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Figure H-3
Defect Rate in Inaccessible Region vs. Length of Inaccessible Region as a Function of
Defect Rate in Inspected Region

H-7



H-8

A Statistical Method for Estimating the Cracking in Inaccessible Regions of Core Shroud Welds
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CALCULATION OF AVERAGE CRACK DEPTH

This appendix provides an example of the calculation of “average crack depth at EOI (End of
Interval)” as defined in Sections 2 and 3.

Assume the following:

Total length of weld 90"
Inspected length (L) 50"
Shroud thickness 2"

EOI 6 years (8760 hot-operating hr/year assumed)
Cracks observed (L, d):
Crack Length (in) Depth (in)
1 12 0.2
2 8 0.1t00.2
3 6 1.0
L
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Calculation of Average Crack Depth

So the cracks at EOI will be as follows:

(L
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USE OF FILLET WELD FOR ESTABLISHING
ALLOWABLE FLAW DEPTH

J.1 lIssue

Complete circumferential cracking at varying depths has been observed in 304 stainless steel
shrouds in the top guide support ring H3 weld region and the core plate support ring H5 weld
region in several BWRs. Such cracking has been mainly in the welded plate rings and has been
attributed to a combination of cold work and unfavorable end grain orientation. Figure J-1 shows
typical cracking observed in the ring. In most cases, the ring is welded to the shroud cylinder
with a full penetration weld and a fillet weld. The fillet weld is important, not from the
perspective of strength contribution, but from crack growth considerations. Credit is not taken
for the fillet weld when determining the stresses which apply at a given location. However, since
cracking in the rings is expected to follow the weld heat affected zone, the total crack extension
that can be tolerated before the crack leads to shroud separation is the shroud wall thickness,
tsnroug> PlUs the length of the fillet weld leg, tg),. Finite element analysis has shown that with the
crack extending parallel to the plane of the ring, the required wall ligament is less than 10% of
the total available length. Justification for crack growth extending into the region between the
fillet weld and ring improves a plant’s ability to accommodate the multiple conservatisms in the
analysis done assuming the presence of a 360° flaw.

J.2 Crack-Free Fillet Weld Confirmation

Microstructurally, the weld metal is expected to be significantly more resistant to SCC initiation
and growth than the base material HAZ. Field experience with shroud cracking confirms this. In
order to take credit for the presence of a fillet weld, confirmation by inspection is needed to
accomplish two things:
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Use of Fillet Weld for Establishing Allowable Flaw Depth

(l

Content Deleted -
EPRI Proprietary Information

J-2

11TS



Use of Fillet Weld for Establishing Allowable Flaw Depth

VESSEL WALL
TOP OF SHROUD —_—
FILLET WELD
WELD H5

CORE PLATE SUPPORT RING

WELD H6

Path of crack propagation

Figure J-1
Schematic of Anticipated Crack Growth in Shroud Ring
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GUIDELINES FOR INSPECTION OF BWR CORE
SHROUDS: DEMONSTRATION OF COMPLIANCE WITH
THE TECHNICAL INFORMATION REQUIREMENTS OF
THE LICENSE RENEWAL RULE (10 CFR 54.21)

The purpose of Appendix D is to demonstrate that the inspection guidelines provide the
necessary information to comply with the technical information requirements pursuant to
paragraphs 54.21[a] and [c], and 54.22, and the NRC’s findings under 54.29[a] of the license
renewal rule (Reference K.8.[1]). It is intended that the NRC’s review and approval of Appendix
K will allow utilities the option to incorporate the inspection guidelines and this Appendix by
reference in a plant-specific integrated plant assessment (IPA) and time-limited aging analysis
(TLAA) evaluation. If a license renewal applicant confirms that the latest version of the
inspection guidelines reviewed by the NRC applies to their plant’s current licensing basis
(CLB), and that the results of the Appendix D IPA and TLAA evaluations are in effect at their
plant, then no further review by the NRC of the matters described herein is needed.

K.1 Description of the BWR Core Shroud and Intended Functions

The core shroud is typically composed of three cylindrical shell sections and three rings. The
three rings are the shroud head flange, top guide support ring and core plate support ring. The
top cylindrical shell connects the shroud head flange to the top guide support ring. The longest
cylindrical portion connects the top guide support ring to the core plate support ring. The bottom
cylindrical shell connects the core plate support ring to the shroud support cylinder. The shroud
support legs are located at the bottom of the shroud support cylinder (a few plants use cantilever
supports rather than support legs). A typical core shroud assembly is shown in Figure 1-1 of the
inspection guidelines. There are variations in the number of welds with the different plant
designs. The design, materials, operating, environmental, and other technical information is
contained in Appendices A and B.

The core shroud is required to ensure the capability to shut-down the reactor and maintain it in a
safe shut-down condition (54.4(a)(1)(ii)) and prevent or mitigate the consequences of accidents
that could result in potential offsite exposure comparable to 10 CFR 100 guidelines
(54.4(a)(1)(ii1)). Therefore, the intended functions for the core shroud are to:
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Guidelines for Inspection of BWR Core Shrouds: Demonstration of Compliance with the Technical Information
Requirements of the License Renewal Rule (10 CFR 54.21)

1. Provide a partition to separate the upward flow of the coolant through the core from the
downward recirculation flow;

2. Maintain fuel alignment such that control rods can be inserted; and

3. Form part of the boundary to maintain water level in the core after a LOCA.

The intended functions are preserved under normal, upset, emergency, and faulted conditions
Appendix D.6 identifies the safety factors that need to be considered to determine that stress
levels for the various operating conditions are consistent with the CLB. The applied loads and
load combinations are described in the BWR Vessel and Internals Project Document No.
BWRVIP-02.

K.2 Core Shroud Components Subject to Aging Management Review

Paragraph 54.21(a)(1) of the rule provides the requirements for identifying the core shroud
components that are subject to aging management review. To satisfy the requirements of
54.21(a)(1), the guidance provided in the NEI industry guideline (Reference K.8.[2]) was used
to identify the passive components and then to identify those that are long-lived. For the core
shroud, a screening methodology was not needed to make these determinations. All of the
components in the core shroud assembly are passive and long-lived. Therefore, the complete
core shroud assembly (see Figure 1-1) is subject to aging management review. The aging
management review of the shroud head flange bolted connection is included in the review

of the top guide assembly.

K.3 Management of Aging Effects (54.21[a][3])
(a) Description of Aging Effects

For the purpose of this Appendix, the BWR Reactor Pressure Vessel Industry Report

(Reference K.8.[3]) and the responses to the NRC’s questions on the Industry Report are used

to identify the aging mechanisms for the core shroud. Aging mechanisms are the causes of the
aging effects. The NUREG 1557 (Reference K.8.[4]) is used to establish the correlation between
the aging effects and their associated aging mechanisms. If the industry report concludes that

the aging mechanism is significant, then the associated aging effect is included in this aging
management review. Using this methodology, it was determined that crack initiation and growth,
due to stress corrosion cracking, is the only aging effect that requires aging management review
for the core shroud. This conclusion is consistent with the scope and intent of the reinspection
guidelines.

The causes of the stress corrosion cracking and a susceptibility assessment for the core shroud
(including fabrication history, water chemistry, material carbon content, neutron fluence and
hot operating time) are provided in Appendix B.1. Based on the susceptibility considerations
described in Appendix B.1, the various BWR shrouds are placed in three categories (from
highest to lowest susceptibility). The categories consider the material specification (Type 304 or
304L), method of fabrication (welded plate rings or forged rings), and operating history relative
to coolant conductivity.

K-2



Guidelines for Inspection of BWR Core Shrouds: Demonstration of Compliance with the Technical Information
Requirements of the License Renewal Rule (10 CFR 54.21)

(b) Assessment of Aging Effects and Programs

Inspection of Un-repaired Core Shrouds

As discussed in Section 2, the extent of inspection required for a given plant is determined based
on three susceptibility factors which can be readily evaluated: hot operating time, conductivity
and shroud material type and fabrication features. The three “condensed” categories (A, B and C)
defined in Figure 2-1 were used in the shroud inspections and flaw evaluations. Eventually all
shroud inspections, and plants demonstrating compliance with the requirements of the license
renewal rule, will be inspected to the inspection criteria for categories B or C.

Category B provides the inspection requirements for plants with 304 or 304L shroud material,
and with average conductivity for the first five fuel cycles at or below the value of 0.30uS/cm. A
Category B plant has some limited, but low, potential for shroud cracking. Welds chosen for
inspections are representative of those in each region where significant cracking has occurred.
The length of weld to be inspected is specified in Section 2 of the inspection guidelines. The
reinspection intervals are given in Table 2-1. Section 2 of the inspection guidelines describes an
inspection strategy and acceptance criteria that is based on the length of weld inspected. The
required corrective action, if the criteria are exceeded, is also described in Section 2. The
Category B inspection strategy and optional strategies are shown in Figure 2-2.

Category C provides the inspection requirements for plants with 304 shroud material with
greater than six hot operating years, regardless of conductivity, and 304L shroud material with
greater than eight hot operating years and average conductivity greater than 0.30uS/cm for the
first five fuel cycles. Plants in this category are considered more susceptible to shroud cracking
due to high carbon content of the material and/or poor conductivity during the first five cycles
of operation. The length of weld to be inspected is specified in Section 2 of the inspection
guidelines. The reinspection intervals are given in Table 2-1. The Category C inspection strategy
and the optional strategies are shown in Figure 2-3.

As described in Section 2.3, there are other welds and welded components attached to the
shroud, such as vertical welds and ring segment welds. The supporting technical basis for
inspection of these welds is further evaluated in the inspection guidelines. The inspection criteria
for vertical welds are shown in Figure 2-4 and 2-5.

Reinspection of Repaired Core Shrouds

Section 3.0 of the inspection guidelines addresses the inspection requirements for weld in
repaired core shrouds. Inspection is intended to provide periodic confirmation of the integrity
of the repaired shroud. The licensee is required develop an inspection program incorporating the
requirements of the inspection guidelines. In addition, the program shall consider the repair
vendor recommendations, industry experience, aging effects, and the critical components and
features of the repair design.

(c) Demonstration that the Effects of Aging are Adequately Managed
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Guidelines for Inspection of BWR Core Shrouds: Demonstration of Compliance with the Technical Information
Requirements of the License Renewal Rule (10 CFR 54.21)

Crack initiation and growth, due to stress corrosion cracking, is the only aging effect for the core
shroud that requires aging management review for license renewal. This aging effect will be
managed by incorporating the inspection strategies described in Section 2.0 (un-repaired
shrouds) and Section 3.0 (repaired shrouds), when appropriate, in the plant specific inspection
plans. The strategies are based on current knowledge of the shroud cracking issue and inspection
experience at various plants. It provides a staged approach with respect to the inspection effort
and associated analyses that are logically expanded, as necessary, to confirm the core shroud
structural integrity. As more inspections are performed, specific aspects of implementing the
inspection strategy may be further refined and incorporated in the plant specific inspection plans.

Implementation of the inspection strategy provided in the inspection guidelines and the resulting
plant specific inspection plans during the extended operating period will provide a verification of
the core shroud structural integrity requirements. Therefore, there is reasonable assurance that
crack initiation and growth will be adequately managed so that the intended functions of the core
shroud will be maintained consistent with the CLB in the extended operating period.

K.4 Time Limited Aging Analyses (54.21[c][1])

The six criteria contained in the NEI industry guideline (Reference K.8.[2]) were applied to identify
the time limited aging analysis (TLAA) issues. That is, those calculations and analyses that:

1. Involve the core shroud assembly
Consider the effects of aging
Involve time-limited assumptions defined by the current operating term

Were determined to be relevant in making a safety determination

A

Involved conclusions or provide the basis for conclusions related to the capability of the core
shroud to perform its intended function, and

6. Are incorporated or contained by reference in the CLB.

The generic fracture mechanics analyses described in Appendix D of the inspection guidelines
are used to determine inspection intervals for core shrouds. The methodology and assumptions
used in these analyses result in the following potential TLAA issues. The applicant may be
required to evaluate these issues in a plant-specific analysis.

e The length of time evaluated in the analyses.

e LEFM is required if specified fluence level threshold values are exceeded during the
extended operating period.

e The effects of BWR industry operating experience on the number of postulated flaws
assumed in the analyses.

e The applicable crack growth rates are shown to be greater than 5x10” in/hr.
If a plant-specific analysis identified by an applicant meets all six criteria above, then this
analysis will be considered a TLAA for license renewal and evaluated by the applicant. At a

minimum, the plant-specific analyses of the core shroud for fatigue will be reviewed by the
applicant to determine if the TLAA criteria apply.
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Guidelines for Inspection of BWR Core Shrouds: Demonstration of Compliance with the Technical Information
Requirements of the License Renewal Rule (10 CFR 54.21)

K.5 Exem‘ptions (54.21[c][2])

Exemptions associated with the core shroud that contain TLAA analysis issues will be identified
and evaluated for license renewal by individual applicants.

K.6 Technical Specification Changes or Additions (54.22)

There are no generic changes or additions to technical specifications associated with the core
shroud as a result of this aging management review to ensure that the effects of aging are
adequately managed. Individual applicants will identify plant-specific changes.

K.7 Demonstration that Activities will Continue to be Conducted in
Accordance with the CLB (54.29[a])

Sections K.1, K.2, and K.3 address the requirements 54.21(a) of the rule. The core shroud
components that are subject to aging management review are identified and it is demonstrated
that the effects of aging are adequately managed.

Sections K.4 and K.5 address the requirements of 54.21(c) of the rule. Plant-specific time limited
aging analyses (TLAAs) and exemptions that require evaluation will evaluated by the applicant.

Section K.6 addresses the requirements of 54.22 of the rule. There are no generic technical
specification changes or additions necessary to manage the effects of aging for the core shroud
during the period of extended operation.

Therefore, actions have been identified and have been or will be taken by utilities with BWR
plants, such that there is reasonable assurance that the activities authorized by license renewal for
the core shroud will continue to be conducted in accordance with the CLB.

K.8 References

1. Title 10 of the Code of Federal Regulations, Part 54, “Requirements for License Renewal
of Operating Licenses for Nuclear Power Plants,”(60 Federal Register 22461), May 8,
1995.

2. Nuclear Energy Institute Report NEI 95-10 (Rev. 0), Industry Guideline for
Implementing the Requirements of 10 CFR Part 54 the License Renewal Rule.

3. NUMARC 90-03, BWR Reactor Pressure Vessel Internals License Renewal Industry
Report, Revision 1, June 1992.

4. NUREG 1557, Summary of Technical Information and Agreements from Nuclear
Management and Resources Council Industry Reports Addressing License Renewal,
October 1996.
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NRC Request for Additional Information

- UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON. D.C. 20555-0001

July 9, 2004

*ran¥

Bill Eaton, BWRVIP Chairman
Entergy Operations, Inc.
Echelon One

1340 Echelon Parkway
Jackson, MS 39213-8202

SUBJECT: REQUEST FOR ADDITIONAL INFORMATION - REVIEW OF THE BOILING
WATER REACTOR VESSEL AND INTERNALS PROJECT REPORT,
BWRVIP-76, “BOILING WATER REACTOR CORE SHROUD INSPECTION &
FLAW EVALUATION GUIDELINES”

Dear Mr. Eaton:

By letter dated September 23, 2002, you submitted for NRC staff review, Electric Power
Research Institute (EPRI) proprietary report, BWRVIP-76, “Boiling Water Reactor Core Shroud
Inspection & Flaw Evaluation Guidefines.” The purpose of this report is to provide generic
acceptance standards and inspection intervals for horizontal and vertical welds in repaired and
unrepaired core shrouds, and procedures for determining plant-specific inspection intervals
when the generic acceptance standards are not applicable. The report also includes generic
inspection intervals and acceptance standards for radial ring welds, repair hardware and repair
anchorages in repaired core shrouds.

The NRC staff has completed its initial review of the BWRVIP-76 report. As indicated in the
attached request for additional information, the NRC staff has determined that additional
information is needed to complete the review. If you have any questions, please contact
Meena Khanna at (301) 415-2150.

Sincerely,

o e

W o L :
Matthew A. Mitchell, Acting Chief
Vessels & Internals Integrity and Welding Section
Materials and Chemical Engineering Branch
Division of Engineering
Oftfice of Nuclear Reactor Regulation

Project No. 704
Enclosure: As stated

cc: BWRVIP Service List
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cC:

Tom Mulford, EPRI BWRVIP
Integration Manager

Raj Pathania, EPRI BWRVIP
Mitigation Manager

Ken Wolfe, EPRI BWRVIP
Repair Manager

Larry Steinert, EPRI BWRVIP

Electric Power Research institute

P.O. Box 10412

3412 Hillview Ave.

Palo Alto, CA 94303

George Inch, Technical Chairman

BWRVIP Assessment Committee
Constellation Nuclear
Nine Mile Point Nuclear Station (M/S ESB-1)
348 Lake Road
Lycoming, NY 13093

William C. Holston, Executive Chairman
BWRYVIP Integration Committee

Constellation Generation Group

Nine Mile Point Nuclear Station

P. O.Box 63

Lycoming, NY 13093

Jim Meister, BWRVIP Vice-Chairman
Exelon Corp.

Cornerstone |l at Cantera

4300 Winfield Rd.

Warrenville, IL 60555-4012

Al Wrape, Executive Chairman
BWRVIP Assessment Committee

PPL Susquehanna, LLC

2N. 9" St

Allentown, PA 18101-1139

H. Lewis Sumner, Executive Chairman
BWRVIP Mitigation Committee

Vice President, Hatch Project

Southern Nuclear Operating Co.

WS BIN B051, P.O. BOX 1295

40 Inverness Center Parkway

Birmingham, AL 35242-4809

NRC Request for Additional Information

Robin Dyle, Technical Chairman
BWRUVIP Integration Committee

Southern Nuclear Operating Co.

42 Inverness Center Parkway (M/S B234)

Birmingham, AL 35242-4809

Denver Atwood, Technical Chairman
BWRVIP Repair Focus Group

Southern Nuclear Operating Co.

Post Office Box 1285

40 Inverness Center Parkway (M/S B031)
Birmingham, AL 35242-4809

Jeff Goldstein, Technical Chairman
BWRUVIP Mitigation Committee

Entergy Nuclear NE

440 Hamilton Ave. (M/S K-WPO-11c)

White Plains, NY 10601

Dale Atkinson, BWRVIP Liason tc EPRI
Nuclear Power Council

Energy Northwest

Columbia Generating Station (M/S PEOBS)
P. O. Box 968

Snake River Complex

North Power Plant Loop

Richland, WA 99352-0968

Richard Ciemiewicz, Technical Vice Chairman
BWRVIP Assessment Committee

Exelon Corp.

Peach Bottom Atomic Power Station

M/S SMB3-6

1848 Lay Road

Delta, PA 17314-9032

Gary Park, Chairman

BWRVIP Inspection Focus Group
Nuclear Management Co.
Monticello Nuclear Plant
2807 W. Country Road 75
Monticello, MN 55362-9635
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Robert Carter, EPR! BWRVIP
Assessment Manager

Greg Selby, EPRI BWRVIP
Inspection Manager

EPRI NDE Center

P.O. Box 217097

1300 W. T. Harris Blvd.

Charlotte, NC 28221



NRC Request for Additional Information

REQUEST FOR ADDITIONAL INFORMATION
OF THE BWRVIP VESSEL AND INTERNALS PROJECT REPORT BWRVIP-76

The staff has completed its initial review of the topical report BWRVIP-76, “Boiling Water
Reactor Core Shroud Inspection & Flaw Evaluation Guidelines,” dated November 1999. In
order to complete the review, the staff needs additional information from the Boiling Water
Reactor Vessels and Internals Program (BWRVIP). The staff’s request for additional
information (RALl) is provided below. The RAls have been discussed with the BWRVIP during
the meeting that was held on July 1, 2004, at NRC Headquarters in Rockville, Maryland.

BWRVIP-76-1

in paragraph 2.3.2 of the BWRVIP-76 report, surface examinations are identified in several
places as including visual examinations. To be consistent with Section Xi of the American
Society of Mechanical Engineers (ASME) Code, surface examinations are identified as
magnetic particle, liquid penetrant and eddy current examinations. Visual examinations (VT-1,
VT-2, and VT-3) are identified in a separate category. Therefore, the staff requests that the
BWRVIP revise the inspection categories, as identified above, in a future supplement to the
BWRVIP-76 report. - :

BWRVIP-76-2

Section 2.3.1 of the BWRVIP-76 report states that end of intervals (ED!s) will be determined for
any cracks found in vertical welds in the un-repaired Category C shrouds by using “an
acceptable crack growth rate.” The staft requests that the BWRVIP provide more detalil
regarding “an acceptable crack growth rate (i.e., is the crack growth rate going to be in
accordance with a BWRVIP, Materials Reliability Program, Westinghouse Commercial Atomic
Power topical report?).

BWRVIP-76-3

Section 3.2 of the BWRVIP-76 report states that inspections are not required for horizontal or
vertical welds that are structurally replaced by a repair. The staff requests that the BWRVIP
provide a definition of “structurally replaced.” The staff also requests that the BWRVIP provide
examples and sketches of how horizontal and vertical welds would be structurally replaced by a
repair that would not require any future inspections. Please provide a list of BWR plants that
have structurally replaced horizontal welds and structurally replaced vertical welds.

o

ENCLOSURE




M

NRC SUPPLEMENTAL REQUEST FOR ADDITIONAL
INFORMATION




NRC Supplemental Request for Additional Information

20C4-557
UNITED STATES
NUCLEAR REGULATORY COMMISSION

WASHINGTON, D.C. 20555-0001

December 30, 2004

Bill Eaton, BWRVIP Chairman
Entergy Operations, Inc.
Echelon One

1340 Echelon Parkway
Jackson, MS 39213-8202

SUBJECT: SUPPLEMENTAL REQUEST FOR ADDITIONAL INFORMATION - REVIEW OF
BWR VESSEL AND INTERNALS PROJECT REPORT, BWRVIP-76, “BWR
CORE SHROUD INSPECTION AND FLAW EVALUATION GUIDELINES”

Dear Mr. Eaton:

By letter dated December 9,1999, you submitted for NRC staff review, Electric Power Research
Institute (EPRI) proprietary report, BWRVIP-76, “BWR Vessel and Internals Project, BWR Core
Shroud Inspection and Flaw Evaluation Guidelines.” The purpose of this report is to define
generic acceptance standards and inspection intervals for horizontal and vertical welds in
repaired and un-repaired core shrouds, and procedures for determining plant-specific
inspection intervals when the generic acceptance standards are not applicable. The report also
includes generic inspection intervals and acceptance standards for radial ring welds, repair
hardware and repair anchorages in repaired core shrouds.

In addition to the request for additional information (RAIl) that the staff sent to you on July 9,
2004, the staff has determined that supplemental information is needed to complete the review.
The supplemental RAls regarding the BWRVIP-76 report is attached. If you have any
questions, please contact Meena Khanna at (301) 415-2150.

Sincerely,

QYN VAV -

Stephanie Coffin, Chief

Vessels & Internals Integrity and Welding Section
Materials and Chemical Engineering Branch
Division of Engineering

Oftice of Nuclear Reactor Regulation

Project No. 704

Enclosure: As stated



cc:

Tom Mulford, EPRI BWRVIP
Integration Manager

Raj Pathania, EPRI BWRVIP
Mitigation Manager

Ken Wolfe, EPRI BWRVIP
Repair Manager

Larry Steinert, EPRI BWRVIP

Electric Power Research Institute

P.O. Box 10412

3412 Hillview Ave.

Palo Alto, CA 94303

George Inch, Technical Chairman

BWRVIP Assessment Committee
Constellation Nuctear
Nine Mile Point Nuclear Station (M/S ESB-1)
348 Lake Road
Lycoming, NY 13093

William C. Holston, Executive Chairman
BWRVIP Integration Committee

Constellation Generation Group

Nine Mile Point Nuclear Station

P. 0. Box 63

Lycoming, NY 13093

Jim Meister, BWRVIP Vice-Chairman
Exelon Corp.

Cornerstone H at Cantera

4300 Winfield Rd.

Warrenville, IL 60555-4012

Al Wrape, Executive Chairman
BWRVIP Assessment Committee

PPL Susquehanna, LLC

2 N. 9" st

Allentown, PA 18101-1139

H. Lewis Sumner, Executive Chairman
BWRVIP Mitigation Committee

Vice President, Hatch Project

Southern Nuclear Operating Co.

M/S BIN B051, P.O. BOX 1295

40 Inverness Center Parkway

Birmingham, AL 35242-4809

NRC Supplemental Request for Additional Information

Robin Dyle, Technical Chairman
BWRVIP Integration Committee

Southern Nuclear Operating Co.

42 inverness Center Parkway (M/S B234)

Birmingham, AL 35242-4809

Denver Atwood, Technical Chairman
BWRVIP Repair Focus Group

Southern Nuclear Operating Co.

Post Office Box 1295

40 Inverness Center Parkway (M/S B031)
Birmingham, AL 35242-4809

Jeft Goldstein, Technical Chairman
BWRVIP Mitigation Committee

Entergy Nuclear NE

440 Hamilton Ave. (M/S K-WPO-11¢)

White Plains, NY 10601

Dale Atkinson, BWRVIP Liason to EPRI
Nuclear Power Council

Energy Northwest

Columbia Generating Station (M/S PEOS8)
P. O. Box 968

Snake River Complex

North Power Plant Loop

Richland, WA 99352-0968

Richard Ciemiewicz, Technical Vice Chairman
BWRVIP Assessment Commitiee

Exelon Corp.

Peach Bottom Atomic Power Station

MW/S SMB3-6

1848 Lay Road

Delta, PA 17314-9032

Gary Park, Chairman

BWRVIP Inspection Focus Group
Nuclear Management Co.
Monticello Nuclear Plant
2807 W. Country Road 75
Monticello, MN 55362-9635
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Assessment Manager

Greg Selby, EPRI BWRVIP
Inspection Manager '

EPRI NDE Center

P.O. Box 217097

1300 W. T. Harris Blvd.

Charlotte, NC 28221



NRC Supplemental Request for Additional Information

SUPPLEMENTAL REQUEST FOR ADDITIONAL INFOBRMATION REGARDING
BWRVIP-76: “BWR CORE SHROUD INSPECTION AND FLAW EVALUATION GUIDELINES”

SUPPLEMENTAL RAI 76-1

In accordance with Section 3.5 of BWRVIP-76, a “detailed” inspection of repair assemblies shall
include VT-3 of accessible locking devices, critical gap or contact areas, bolting, and the overall
component, Since there are a limited number of repair hardware designs, identify the additional
inspections required by the “detailed” inspections for the existing designs.

SUPPLEMENTAL RAI 76-2

Aging degradation of reactor vessel internals has been an ongoing problem in BWRs. Based
on this statement, the staff requests the BWRVIP to discuss why the 10 year interval for
performing inspections as identified in Section 3.5 of BWRVIP-76 is considered adequate. To
demonstrate the adequacy of the 10 year inspection interval, the staff requests the BWRVIP to
provide all data that demonstrates the impact of neutron fluence on the integrity of the repair
assembly replacement material (i.e. 316L, XM-19, and Inconel X-750).

SUPPLEMENTAL RAI 76-3

The first paragraph of Section 3.5 of BWRVIP-76 states: “Bolt-tightness shall be verified in
cases where it is critical in maintaining repair/replacement component operability. Further, a
detailed inspection may include additional scope as specified by the designer.”

The second paragraph of Section 3.5 of BWRVIP-76 states: “Bolt tightness may be verified by
visually examining the repair assembly and verifying that threaded components are seated and
there are no unintended gaps at tensioned member contact points. Alternately, other means of
verification of bolt tightness may be specified where visual examination is not feasible or
adequate. It is not necessary to confirm the amount of repair assembly preload during routine
inspection of repair hardware.”

The staff interprets the first paragraph to require bolt tightness for components where it is
critical to maintain repair and replacement operability. Visual inspections are not considered
adequate for verifying bolt tightness and would not be acceptable to the staff in cases where
bolt tightness is critical to component operability.

The staff interprets the second paragraph to be the requirements that are followed for all other
non-critical components.

The staff requests the BWRVIP to confirm if the staff’s interpretation is correct and to clarify the
first two paragraphs accordingly.

ENCLOSURE
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BWRVIP Response to NRC Request for Additional Information

ELECTRIFY THE WORLD (-PE'

BWRVI P BWR Vessel & Internals Project 2005-249

(via e-mail)

June 8, 2005

TO: All BWRVIP Committee Members

SUBJECT: BWRVIP Response to NRC Requests for Additional Information on BWRVIP-76
— BWR Core Shroud Inspection and Flaw Evaluation Guidelines

FROM: Robin Dyle/Tom Mulford

Enclosed for your information is one copy of the BWRVIP response to the NRC Requests for
Additional Information (RAIs) on the BWRVIP report entitled “BWR Vessel and Internals
Project, BWR Core Shroud Inspection and Flaw Evaluation Guidelines (BWRVIP-76).” The
letter transmitting this response to the NRC is also enclosed.

If you have any questions on this subject, please contact Bob Carter at EPRI by telephone at
704.547.6019 or by e-mail at bearter@epri.com

CORPDORATE HEADQUARTERS
3412 Hillview Avenue | Palo Altc CA 84304-1395 USA | 850.855.2000 | Customer Service B00.313.3774 | www.epri.com
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BWRVIP Response to NRC Request for Additional Information

ELECTRIFY THE WORLD EPE'
BW RV' P BWR Vessel & Internals Project 2005-248

June 8, 2005

Document Control Desk

U. S. Nuclear Regulatory Commission
11555 Rockville Pike

Rockville, MD 20852

Attention:  Meena Khanna

Subject: Project No. 704 — BWRVIP Response to NRC Requests for Additional Information on
BWRVIP-76

References: 1. Letter from Matthew A. Mitchell (NRC) to Bill Eaton (BWRVIP Chairman),
“Request for Additional Information — Review of the Boiling Water Reactor
Vessel and Intemals Project Report, BWRVIP-76, ‘Boiling Water Reactor Core
Shroud Inspection & Flaw Evaluation Guidelines,”” dated July 9, 2004.

2. Letter from Stephanie M. Coffin (NRC) to Bill Eaton (BWRVIP Chairman),
“Supplemental Request for Additional Information — Review of BWR Vessel and
Internals Project Report, BWRVIP-76, ‘BWR Core Shroud Inspection and Flaw
Evaluation Guidelines,’” dated December 30, 2004.

3. Letter from Carl Terry (BWRVIP Chairman) to Document Control Desk (NRC),
“Project 704 — “BWR Vessel and Internals Project, BWR Core Shroud Inspection and
Flaw Evaluation Guidelines (BWRVIP-76),” dated December 9, 1999.

Enclosed are five (5) copies of the BWR VIP response to the NRC Requests for Additional
Information (RAIs) on the BWRVIP report entitled “BWR Vessel and Internals Project, BWR Core
Shroud Inspection and Flaw Evaluation Guidelines (BWR VIP-76)” that were transmitted to the
BWRVIP by the Reference 1 and 2 NRC letters identified above. The Response to the first NRC
RAI (Reference 1) is provided as Attachment 1, and the Response to the Supplemental RAI
(Reference 2) is provided as Attachment 2. The attachments repeat each of the requests for
additional information from the NRC verbatim followed by the BWRVIP response to that request.

Please note that the enclosed attachments contain proprietary information. Therefore, the request to
withhold the BWRVIP-76 report from public disclosure transmitted to the NRC by the Reference 3
letter identified above also applies to the enclosed attachments.

If you have any questions on this subject, please contact George Inch (Constellation Generation
Group, BWRVIP Assessment Committee Chairman) by telephone at 315.349.2441.

Sincerely,

Wi 4 St

William A. Eaton
Entergy Operations
Chairman, BWR Vessel and Internals Project

CORPORATE HEADGUARTERS
3412 Hillview Avenue | Palo Alto CA 84304-1395 USA | §50.855.2000 | Customer Service 800.313.3774 | www.epri.com
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EPRI Proprietary Information
Attachment 1

BWRYVIP Response to NRC Request for Additional Information on BWRVIP-76

Items from the NRC Request for Additional Information on BWRVIP-76 are repeated
below verbatim followed by the BWRVIP response to that item.

NRC RAI76-1

In paragraph 2.3.2 of the BWRVIP-76 report, surface examinations are identified in
several places as including visual examinations. To be consistent with Section X1 of the
American Society of Mechanical Engineers (ASME) Code, surface examinations are
identified as magnetic particle, liquid penetrant and eddy current examinations. Visual
examinations (VT-1, VT-2, and VT-3) are identified in a separate category. Therefore, the
staff requests that the BWRVIP revise the inspection categories, as identified above, in a
future supplement to the BWRVIP-76 report.

BWRVIP Response to NRC RAI 76-1

The BWRVIP agrees with the comment and proposes to delete the word “surface” from
the report where it used in this manner.

NRC RAI-76-2

Section 2.3.1 of the BWRVIP-76 report states that end of intervals (EOIs) will be
determined for any cracks found in vertical welds in the un-repaired Category C shrouds
by using “an acceptable crack growth rate.” The staff requests that the BWRVIP provide
more detail regarding “an acceptable crack growth rate (i.e., is the crack growth rate
going to be in accordance with a BWRVIP, Materials Reliability Program, Westinghouse
Commercial Atomic Power topical report?).

BWRVIP Response to NRC RAI 76-2

The crack growth rates used are those approved by the BWRVIP. The BWRVIP
proposes to revise the text in Section 2.3.1 as follows:

“To determine the EOI, any cracks found in the weld will be grown using crack
growth rates approved by the BWRVIP (e.g., in BWRVIP-14 or BWRVIP-99).”

Note that the BWRVIP submits any guidance regarding approved crack growth rates to
the NRC for review.
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EPRI Proprietary Information

NRC RAI76:3

Section 3.2 of the BWRVIP-76 report states that inspections are not required for
horizontal or vertical welds that are structurally replaced by a repair. The staff requests
that the BWRVIP provide a definition of “structurally replaced.” The staff also requests
that the BWRVIP provide examples and sketches of how horizontal and vertical welds
would be structurally replaced by a repair that would not require any future inspections.
Please provide a list of BWR plants that have structurally replaced horizontal welds and
structurally replaced vertical welds.

BWRVIP Response to NRC RAI 76-3

“Structurally replaced” means that the installed repair hardware is adequate to maintain
the function of the shroud even if the welds are completely failed (i.e., 100-percent
throughwall cracked over the entire length of the welds). Requirements for a repair of
this type are delineated in BWRVIP-02 (“BWR Vessel and Internals Project, BWR Core
Shroud Repair Design Criteria, Rev. 2 (BWRVIP-02)”). An example of a repair that
structurally replaces the circumferential welds is the tie-rod repair that a number of plants
have installed. The tie rods (shown schematically in Figure 1) are designed to prevent
vertical displacement of the shroud rings, even if the circumferential welds are
completely failed. Wedges are installed to prevent lateral motion. Since the
circumferential welds are no longer needed to maintain the functions of the shroud,
inspection of the welds is not required. An example of a repair that structurally replaces
a vertical weld is shown schematically in Figure 2.

Content Deleted -
EPRI Proprietary Information
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Content Deleted -
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Figure 1: Schematic of Core Shroud Horizontal Weld Repair (Tie-rod Repair)

Attachment 1
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Content Deleted -
EPRI Proprietary Information

Figure 2: Schematic of Core Shroud Vertical Weld Repair

Attachment |
Page 4
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EPRI Proprietary Information
Attachment 2

BWRVIP Response to NRC Supplemental Request for Additional Information on
BWRVIP-76

Items from the NRC Supplemental Request for Additional Information on BWRVIP-76
are repeated below verbatim followed by the BWRVIP response to that item.

SUPPLEMENTAL NRC RAI176-1

In accordance with Section 3.5 of BWRVIP-76, a “detailed” inspection of repair
assemblies shall include VT-3 of accessible locking devices, critical gap or contact areas,
bolting, and the overall component. Since there are a limited number of repair hardware
designs, identify the additional inspections required by the “detailed” inspections for the
existing designs.

BWRVIP Response to Supplemental NRC RAI 76-1

The staff is correct that only a limited number of general shroud repair designs have been
installed in the BWR fleet. However, the details of those designs can vary significantly
from plant to plant. For example, the design of a lower tie-rod attachment is different for
a plant with a gusset-type shroud support plate than for a BWR/2 “conical” shroud
support. Consequently, when details of the designs are considered, there are a large
number of different configurations and the BWRVIP is not in a position to define specific
inspections for each. In addition, future designs may include additional differences from
those existing today. It is primarily for this reason that BWRVIP-76 does not provide
design-specific inspection requirements and that it requires a utility to consider vendor
recommendations (Section 3.1) in developing a plant-specific inspection plan.

SUPPLEMENTAL NRC RA176-2

Aging degradation of reactor vessel internals has been an ongoing problem in BWRs.
Based on this statement, the staff requests the BWRVIP to discuss why the 10 year
interval for performing inspections as identified in Section 3.5 of BWRVIP-76 is
considered adequate. To demonstrate the adequacy of the 10 year inspection interval, the
staff requests the BWRVIP to provide all data that demonstrates the impact of neutron
fluence on the integrity of the repair assembly replacement material (i.e. 316L, XM-19,
and Inconel X-750).

BWRVIP Response to Supplemental NRC RAI 76-2

The BWRVIP believes that a 10 year reinspection interval for shroud repair hardware is
reasonable for a number of reasons. First, the repair design utilizes IGSCC-resistant
materials as well as modern fabrication processes that preclude the occurrence of IGSCC
in the repair hardware (sensitization is avoided, coldwork is prohibited, etc.). Section
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EPRI Proprietary Information

5.10 of BWRVIP-02, Revision 2 provides the requirements for materials used in core
shroud repair designs. This has been approved by the NRC (Reference 1).

Secondly, the highly stressed components of the repair hardware (e.g., tie-rods) are
located in regions of relatively low fluence. The fluence at the radial location of the tie
rod near the core mid-plane is typically estimated to be on the order of 10'® n/em® after
approximately 40 years of exposure. This is well below the fluence at which radiation is
known to affect the structural properties of these materials.

Thirdly, the Shroud Repair Design Criteria (BWRVIP-02, Rev. 2, Section 5.1.12)
requires that the repair be evaluated for effects of irradiation relaxation utilizing end-of-
life fluences. Allowances for these effects are included in the design of the repair.

And finally, all thirteen U.S. plants with shroud repairs have performed one or more
inspections of the repair hardware. While none of the reinspections were performed 10
years after the baseline (the first shroud repairs were installed in early 1995), some of the
reinspections were performed as much as 8 or 9 years after the baseline. The only
anomalies that have been observed were related to installation problems. These
anomalies were corrected and subsequent inspections have shown that they have not
reoccurred. No material degradation has been reported.

Extensive laboratory testing indicates that new alloy X-750 parts will perform
satisfactorily if they meet current specification requirements with regard to heat
treatment, fabrication sequence, and stress and strain limits (Reference. 2).

Since IGSCC is not expected and radiation effects are not significant, and since
inspections to date have revealed no material degradation, 10 years is considered to be a
reasonable reinspection interval. As with all inspection intervals recommended by the
BWRVIP, this period would be adjusted if degradation is observed or if new information
indicates that 10 years is not an appropriate interval.

SUPPLEMENTAL NRC RAI 76-3

The first paragraph of Section 3.5 of BWRVIP-76 states: “Bolt-tightness shall be verified
in cases where it is critical in maintaining repair/replacement component operability.
Further, a detailed inspection may include additional scope as specified by the designer.”

The second paragraph of Section 3.5 of BWRVIP-76 states: “Bolt tightness may be
verified by visually examining the repair assembly and verifying that threaded
components are seated and there are no unintended gaps at tensioned member contact
points. Alternately, other means of verification of bolt tightness may be specified where
visual examination is not feasible or adequate. It is not necessary to confirm the amount
of repair assembly preload during routine inspection of repair hardware.”

Attachment 2
Page 2
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The stafT interprets the first paragraph to require bolt tightness for components where it is
critical to maintain repair and replacement operability. Visual inspections are not
considered adequate for verifying bolt tightness and would not be acceptable 1o the staff
in cases where bolt tightness is critical to component operability.

The staff interprets the second paragraph to be the requirements that are followed for all
other non-critical components.

The staff requests the BWRVIP to confirm if the staff’s interpretation is correct and to
clarify the first two paragraphs accordingly.

BWRVIP Response to Supplemental NRC RAJT 76-3

All tie-rod shroud repairs require that a certain amount of tension (or preload) be
maintained in the tie-rods during operating conditions in order to ensure the shroud
segments do not separate during normal or off-normal operation. This required preload is
established in two different ways. In the repair designs used in most BWRs, the preload
is developed due to differential thermal expansion between the tie-rods and the core
shroud. The tie-rods are installed with essentially no preload; the initial preload on the
rods is just sufficient to ensure that the tie-rod assemblies remain properly positioned. As
the reactor heats up, the core shroud expands more than the tie-rods and thus develops the
required preload in the tie-rods.

For these designs, an inspection that ensures that no unintended gaps exist is adequate to
ensure that the design preload will be obtained during heat-up and operation.

One U.S. BWR incorporates a shroud repair design that does not utilize differential
expansion to develop the required preload. In this BWR, a specified preload must be
applied to the tie-rods in the cold condition. This plant performs periodic inspections to
verify that the required preload is present.

The BWRVIP proposes to clarify the inspection requirements by revising the second
paragraph in Section 3.5 as follows:

Bolr tightness must be verified using an appropriate inspection technique. For some
designs, it may be adequate to perform a visual inspection to verify that threaded
components are seated and that there are no unintended gaps at tensioned member
contact points. For other designs, it may be necessary to verify the tension in the tierods.
Selection of the appropriate inspection technique depends on the details of the repair
design. Vendor guidance shall be obtained in order to determine the appropriate
inspection technique.

Attachment 2
Page 3
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REFERENCES

1. Letter from William H. Bateman (NRC) to Bill Eaton (BWRVIP Chairman, “Safety
Evaluation of Proprietary EPRI Report, BWR Vessel and Internals Project, BWR
Core Shroud Repair Design Criteria, Revision 2 (BWRVIP-02) (TAC NO.
MBg8969),” dated February 28, 2005.

2. “Materials Handbook for Nuclear Plant Pressure Boundary Applications,” EPRI
Technical Report TR-109668-S1-R1, December 1999.
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'UNITED STATES

NU»LEAR REGULATORY COMMISSION
" WASHINGTON, D.C. 20555-0001 ~ -

July 2, 2007

Rick Libra, BWRVIP Chairman

DTE Energy .

Fermi Nuclear Plant (M/S 280 OBA)
6400 N. Dixie Highway

Newport, M| 48166-9726

SUBJECT: REQUEST FOR ADDITIONAL INFORMATION - BWRVIP-76:

BOILING WATER REACTOR (BWR) VESSEL AND INTERNALS PROJECT,
BWR CORE SHROUD INSPECTION AND FLAW EVALUATION GUIDELINES

Dear Mr.Libra:

“The Nuclear Régulatbry Commission staff is reviewing Electric Powér Research institute
" Technical Report 114232, “BWR Core Shroud Inspection and Flaw Evaluation Guidelines

(BWRVIP-76)" submitted.by the Boiling Water Reactor Vesse! and Internals Project (BWRVIP)
for compliance with the license renewal rule Title 10 of the Code of Federal Reguiations

Part 54. The BWRVIP-76 report defines generic acceptance standards and inspection intervals
for horizontal and vertical welds in repaired and unrepaired core shrouds, and procedures for
determining plant-specific inspection intervals when the generic acceptance standards are not
applicable. The report also includes generlc inspection intervals and acceptance standards for
radial ring welds, repair hardware and repair anchorages in repaired core shrouds.

© The staff has determined that additional mformatnon is needed to complete the review.

The staff's request for additional information (RAI) regarding the BWRVIP-76 report is
enclosed. In order to complete the staff's review of the report in an efficient and effective
manner, your complete response to the attached RAl is required no later than

October 30, 2007. If you cannot provide a complete response by this date, please contact John
Honcharik at (301) 415-1157 to discuss the withdrawal of the BWRVIP-76 report for compliance
with the license renewal rule and its future resubmittal when you are prepared to respond to the
RALl. In addition, if you have any other questions regarding the enclosed RAI, please contact
Mr. Honcharik.

Sincerely,

4 //%ﬁ

Matthew A. Mitchell, Chief

Vessels & Internals integrity Branch
Division of Component Integrity

Office of Nuclear Reactor Regulation -

Project No. 704

Enclosure: -
Request for Additional Information

—~—— DAAIENAD CQandina | ict
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REQUEST FOR ADDITIONAL INFORMATION
‘ BWRVIP-76 REPORT =~ .
. BOILING WATER REACTOR (BWR) VESSEL AND INTERNALS PROJECT
BWR CORE SHROUD INSPECTION AND FLAW EVALUATION:GUIDELINES
© COMPLIANCE WITH THE LICENSE RENEWAL RULE -

RAI 76(LR)-1

Discovery of intergranular stress corrosion cracking (IGSCC) on the upper support location of
the tie rod repair at Hatch, Unit 1 during the unit's spring 2006 refueling outage suggests that
the inspection criteria for the tie rod repair hardware for the extended period of operation should
be reevaluated. The BWRVIP re-evaluation should take.into consideration the presence of any
high stress region that exceeds the threshold fimits for IGSCC in the tie rod repair hardware. -

RAIl 76(LR)-2

Section 4.1, item 5 of the BWRVIP-100-A report; "Updated Assessment of the Fracture
Toughness of Irradiated Stainless Steel for BWR Core Shrouds,” states that fracture toughness .
values of stainless steel materials that are exposed to neutron fluence values greater than

1 X 10% nfcm? (E > 1 MeV) are lower than those used in Appendix C of the BWRVIP-76 report.
During a license renewal period, core shroud welds and base materials may be exposed to
neutron fluence values 1 X 10%' n/em? (E > 1 MeV) or greater. Since the inspection frequency
in the BWRVIP-76 report is based on fracture toughness values which are not consistent with
the BWRVIP-100-A report, the staff requests that the BWRVIP reevaluate the inspection .
frequency and strategy that are specified in Section 3 of Appendix K to the BWRVIP-76 report.

0-3
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cc:

Randy Stark EPRI BWRVIP
Integration Manager .
Raj Pathania, EPRI BWRVIP

. Mitigation Manager

Ken Wolfe, EPRI BWRVIP
Repair Manager

Loty Steinert. EPRI BWRVIP

Electric Power Research Institute
P.O. Box 10412 -

3420 Hillview Ave. .
Palo Alto, CA 94303

Bob Geler, Technical Chairmar;

" BWRVIP Assessment-Committee

Exelon Corporation
Cornerstone |l at Cantera
4300 Winfield Rd. -

- Warrenville, I 60555

Jeff Goldstein, Technical Chaifman
BWRVIP Mitigation Commmee
Entergy Nuclear NE

. 440 Hamilton Ave. (M/S K-WPO: 11c)

White Plains, NY 10601

" Amir Shahkarami,'Executive Chairman’

BWRVIP Integration Commlttee
Exelon Corporation
Cormerstone If at Cantera
4300 Winfield Rd.
Warrenville, iL 60555-4012

Richard Anderson, Executive Chairman -
BWRVIP Assessment Committee

Vice President, Nuclear

FirstEnergy-Service Co.

Perry Nuclear Power Plant (M/S A-PY-290)

10 Center Road

Perry, OH 44081

Dennis Madison
BWRVIP Executive Oversight Committee

" Site Vice President

Southern Nuclear Operating Co
Edwin |. Hatch Nuclear Plant
US Hwy 1 N :

Baxley, GA 31515-2010

Paul J. Davison
BWRVIP Executive Oversight Committee *
PSEG Nuclear, LLC ’
Salem/Hope Creek Nuclear Statlon
11 Yubas Ave. :
Burlington; NJ 08018

Denver Atwood, Technical Chairman
BWRVIP Repair Focus Group
Southern Nuclear Operating Co.
Post Office Box 1285

40 inverness Center ParkWay

(M/S BO31)

Bsrmlngham AL’ 35242-4809

Charles J. Wirtz, Chairman.

Technical Chairman BWRVIP Integral|on Commlttee

FirstEnergy Corp.
Perry Nuclear Power Plant
(M/S A250)

. 10 Center Road

Perry, OH 44081

Robert Carter, EPRI BWRVIP
Assessment Manager

Jeff Landrum, EPRI BWRVIP
Inspection Manager ) '

EPRI NDE Center

£.0. Box 217097

1300 W. T. Harris Bivd.

Charlotte, NC 28221

* Joe Donahue

BWRVIP Executive Oversight Committee
V. P., Nuclear Engineering & Services
Progress Energy, Inc.

410 S. Wilmington St. (M/S PEB6)
Raleigh, NC 27601-1849
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EPIE | tsiarcx s

2008-123 BWR Vessel & Internals Project (BWRVIP)

April 21,2008

Document Control Desk
U. S. Nuclear Regulatory Comrmission
11555 Rockville Pike

Rockville, MD 20852

Attention: Jori Thompson

Subject: Project No. 704 —- BWRVIP Response to NRC Request for Additional Informatiori on
BWRVIP-76

References: 1. Letter from Matthew A. Mitchell (NRC) to Rick Libra (BWRVIP Chairman),
Request For Additional Information - BWRVIP-76: Boiling Water Reactor
(BWR) Vessel and Internals Project, “BWR Core Shroud Inspection and Flaw
Evaluation Guidelines,” dated July 2, 2007.

2. Letter from Carl Terry (BWRVIP Chairman) to Document Control Desk

(NRC) “Project 704 - BWRVIP-76: BWR Vessel and Internals Project, BWR
Core Shroud Inspection and Flaw Evaluation Guidelines,” dated December 9,
1999.

Enclosed are five (5) copies of the BWRVIP response to the NRC Request for Additional
Information (RAI) on the BWRVIP report entitled “BWRVIP-76: BWR Vessel and Internals
Project, BWR Core Shroud Inspection and Flaw Evaluation Guidelines,” that was transmitted to
the BWRVIP by the Reference 1 letter identified above.

Please note that the enclosed document contains proprietary information. Therefore, the request to
withhold the BWRVIP-76 report from public disclosure which was transmitted to the NRC by the
Reference 2 letter identified above also applies to the enclosed document.

If you have any questions on this subject, please contact Bob Geier (Exelon, BWRVIP Assessment
Committee Technical Chairman) by telephone at 630.657.3830.

Sincerely,
Rick Libra

Exelon Corporation
Chairman, BWR Vessel and Internals Project

Together . . . Shaping the Future of Electricity

PALO ALTO OFFICE
3420 Hillview Avenve, Palo Alto, CA 94304-1395 USA # 650.855.2000 * Customer Service 800.313.3774 & www.epri.com
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BWRYVIP Response to Request for Additional Information
BWRVIP-76 Report Boiling Water Reactor (BWR) Vessel and Internals Project
BWR Core Shroud Inspection and Flaw Evaluation Guidelines
Compliance with the License Renewal Rule

Each item from the NRC Request for Additional Information (RAI) is repeated below verbatim
followed by the BWRVIP response to that item.

RAI 76(L.R)-1

Discovery of intergranular stress corrosion cracking (IGSCC) on the upper support location of
the tie rod repair at Hatch, Unit 1 during the unit’s spring 2006 refueling outage suggests that the
inspection criteria for the tie rod repair hardware for the extended period of operation should be
reevaluated. The BWRVIP re-evaluation should take into consideration the presence of any high
stress region that exceeds the threshold limits for IGSCC in the tie rod repair hardware.

BWRVIP Response to RAI 76(1.R)-1:

Content Deleted -
EPRI Proprietary Information

Lo

RAI 76(1L.R)-2

Section 4.1, item 5 of the BWRVIP-100-A report, “Updated Assessment of the Fracture
Toughness of Irradiated Stainless Steel for BWR Core Shrouds,” states that fracture toughness
values of stainless steel materials that are exposed to neutron fluence values greater than 1x10°"
n/em” (E > 1 MeV) are lower than those used in Appendix C of the BWRVIP-76 report. During a
license renewal period, core shroud welds and base materials may be exposed to neutron fluence
values 1x10% n/cm? (E > 1 MeV) or greater. Since the inspection frequency in the BWRVIP-76
report is based on fracture toughness values which are not consistent with the BWRVIP-100-A
report, the staff requests that the BWRVIP reevaluate the inspection frequency and strategy that
are specified in Section 3 of Appendix K to the BWRVIP-76 report.
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BWRVIP Response to RAI 76(LR)-2:

BWRVIP has developed methodologies for evaluating flaws in core shroud welds. These
methodologies are documented in the following reports which have been approved by NRC via
safety evaluations.

1.  “BWR Vessel and Internals Project, BWR Core Shroud Inspection and Flaw Evaluation
Guidelines (BWRVIP-76),” EPRI Report TR-114232, November 1999.

2. “BWRVIP-99: BWR Vessel and Internals Project, Crack Growth Rates in Irradiated
Stainless Steels in BWR Internal Components,” EPRI Technical Report 1003018,
December 2001.

3. “BWRVIP-100-A: BWR Vessel and Internals Project, Updated Assessment of the
Fracture Toughness of Irradiated Stainless Steel for BWR Core Shrouds,” EPR]
Technical Report 1013396, August 2006.

At the time BWRVIP-76 was issued, it was recognized that methodologies to determine crack
growth rates and fracture toughness did not exist to address high fluence conditions. Thus, the
guidance in BWRVIP-76 directed utilities to submit flaw evaluations to the NRC staff for
approval when cracking was greater than 10% of the inspected length and the fluence exceeded
5x10% n/em’. However, since that time BWRVIP-99 and BWRVIP-100-A have been issued and
approved by NRC. Consequently, criteria have been established to address the effects of fluence
on crack growth and fracture toughness that exceed the limits specified in BWRVIP-76. An
analysis performed to these criteria will, on a plant specific basis, establish an inspection
frequency. BWR utilities are required to follow this guidance when performing flaw evaluation.

The BWRVIP intends to investigate development of generic inspection intervals for high fluence
conditions. Regardless, the BWRVIP has in place a set of NRC approved methodologies to
address the evaluation of flaws in high fluence core shroud welds. The BWRVIP intends to
incorporate these methodologies in a revision to BWRVIP-76.
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RECORD OF REVISONS

BWRVIP-76-A

Information from the following documents was used in preparing the changes included in this
revision of the report;

1.

10.

11.

12.

“BWR Vessel and Internals Project, BWR Core Shroud Inspection and Flaw Evaluation
Guidelines (BWRVIP-76),” EPRI Report TR-114232, November 1999.

Letter from William Bateman (NRC) to Carl Terry (BWRVIP Chairman), “revision to
BWRVIP-07 Table 1", February 13, 2002. (BWRVIP Correspondence File Number
2002-055).

Memo from Vaughn Wagoner (BWRVIP) to BWRVIP Membership, “Modification to Core
Shroud I&E Guidelines (BWRVIP-63 and BWRVIP-76),” October 23, 2000 (BWRVIP
Correspondence File Number 2000-271).

Letter from William Eaton (BWRVIP Chairman) to Meena Khanna (NRC), “Project No.
704 — BWRVIP Response to NRC Requests for Additional Information on BWRVIP-76,”
June 8, 2005 (BWRVIP Correspondence File Number 2005-249).

Letter from Matthew Mitchell (NRC) to William Eaton (BWRVIP Chairman), “Safety
Evaluation of Proprietary EPR! Report, “BWR Vessel and Internals Project, BWR Core
Shroud Inspection and Flaw Evaluation Guidelines (BWRVIP-76)",” July 27, 2006
(BWRVIP Correspondence File Number 2006-387).

Letter from Jack Strosnider (NRC) to Carl Terry (BWRVIP Chairman), “Final Safety
Evaluation of the "BWR Vessel and Internals Project, BWR Shroud Support Inspection
and Flaw Evaluation Guidelines (BWRVIP-38),” EPRI Report TR-108823 (TAC NO.
M89638)”, July 24, 2000 (BWRVIP Correspondence File Number 2000-224),

Letter from Jack Strosnider (NRC) to Carl Terry (BWRVIP Chairman), “Final Safety
Evaluation of the “BWRVIP Vessel and Internals Project, “BWR Vessel and internals
Project, LPCI Coupling Inspection and Flaw Evaluation Guidelines (BWRVIP-42),” (TAC
NO. MA1 1 02),” May 26, 2000 (BWRVIP Correspondence File Number 2000-156).

Letter from Carl Terry (BWRVIP Chairman) to C.E. Carpenter (NRC), “PROJECT NO. 704
-- BWRVIP Response to NRC Safety Evaluation of BWRVIP-63,” May 30, 2001 (BWRVIP
Correspondence File Number 2001-189).

Letter from Carl Terry (BWRVIP Chairman) to Meena Khanna (NRC), “PROJECT NO.
704 -- BWRVIP Response to the NRC Final Safety Evaluation of BWRVIP-63,” April 28,
2003. (BWRVIP Correspondence File Number 2003-138).

Letter from Matthew Mitchell (NRC) to Rick Libra (BWRVIP Chairman), “Request for
Additional information — BWRVIP-786: Boiling Water Reactor (BWR) Vessel and Internals
Project, BWR Core Shroud inspection and Flaw Evaluation Guidelines,” July 2, 2007
(BWRVIP Correspondence File Number 2007-208).

Letter from Rick Libra (BWRVIP Chairman) to Jon Thompson (NRC), “PROJECT NO. 704
-- BWRVIP Response to NRC Request for Additional Information on BWRVIP-76,” April
21, 2008 (BWRVIP Correspondence File Number 2008-123).

BWRVIP Inquiry 2005-010, “Shroud Single-Sided Vertical Weld Examination
Requirements” (BWRVIP Correspondence File Number 2005-465).




Record of Revisons

13.

14.

15.

186.

BWRVIP Inquiry 2007-001, “BWRVIP-76 Interpretation of Plant Specific Evaluations
versus Table 2-1” (BWRVIP Correspondence File Number 2007-010).

BWRVIP Inquiry 2008-008, “Unrepaired Shroud Vertical Weld End of Interval” (BWRVIP
Correspondence File Number 2008-336).

“BWRVIP-94, Revision 1: BWR Vessel and Internals Project, Program Implementation
Guide,” EPRI, Palo Alto: 2005. 1011702.

Letter from Thomas Blount (NRC) to Rick Libra (BWRVIP Chairman), “Acknowledgement
of Boiling Water Reactor Vessel and Internals Project Letter Concerning Corrections to
Final Safety Evaluation of Topical Report “BWR Core Shroud Inspection and Flaw
Evaluation Guidelines (BWRVIP-76)" for License Renewal, Appendix K and Issuance of
Final Safety Evaluation Revision (TAC NO. ME2355)" October 26, 2009 (BWRVIP
Correspondence File Number 2009-308).

Details of the revisions can be found in Table Q-1.

END




Table Q-1
Revision Details

Record of Revisons

Required Revision

Source of Requirement

Description of Revision

for Revision Implementation

Editorial NRC Safety Evaluations inserted
after Title Page.

Editorial Non-essential front-matter revised
to comply with current EPRI
publication guidelines.

Editorial Front-matter: Record of revisions
added.

Editorial Executive Summary updated.

Editorial Historical background in Section 1

updated.

Sect. 3.2.3: The staff requests that
the BWRVIP include a discussion of

this

recent plant operating experience

(shroud stabilizer X-750 cracking at
Hatch) and include any lessons
learned or additional guidelines in the
-A version of the BWRVIP-76 report,
as needed.

NRC Final SE on
BWRVIP-76, Section 3.2.3
(2006-387)

Brief discussion of Hatch tie-rod
upper support bracket cracking
added to Section 1.1.

Clarify that BWRVIP and NRC have INPO Added discussion that “good
agreed that inspection of a minimum ligament” approach is not
length of weld to ensure structural acceptable. Inspection must
integrity is not acceptable. Inspections include all accessible areas as
should interrogate all accessible practical. Discussion added to
regions of the weld. Section 1.1 (Background) and 1.3
(Definitions).
Editorial Section 1.3 added: “Definitions”.

Clarify “surface” exams for
consistency with Section XI (i.e., PT,
ET are surface exams; visuals are

not)

BWRVIP response to RAl
on BWRVIP-76, RAI 76-1
(2005-249)

Definition of surface exam added
to Section 1.3.

BWRVIP comment

Definition of EOI added to Section
1.3. EOIl may be extended by a
maximum of 3 months in order to
accommodate unanticipated
changes in outage schedules.

Editorial

Definition of “average crack depth”
clarified. Appendices D and F
revised using words from memo
2000-271 to clarify original intent
of report. Additional note added to
section 1.3 (Definitions) and 2.3.3.

Editorial

Discussion added to Section 1.3
(“Definitions”) to clarify meaning of
“2-sided” with respect to visual and
UT exams.
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Record of Revisons

Table Q-1
Revision Details (Continued)

Required Revision

Source of Requirement
for Revision

Description of Revision
Implementation

Add NEI 03-08 Implementation
Requirements

BWRVIP-94, Revision 1

Section 1.4 added: “NEI 03-08
Implementation Requirements.”

Editorial

Note regarding applicability of
ASME inspections added to
Section 2.1.

Consider allowing a plant specific
evaluation in lieu of Table 2-1

and

Consider revising report to not require
submittal of flaw evaluations to NRC if
they comply with -76 procedures

Inquiry 2007-001

Sect 2.2 revised to allow Plant
Specific evaluation in lieu of Table
2-1. Text also revised to allow use
of plant specific evaluation of
vertical welds in lieu of using
generic acceptance criteria.

Section 4 revised to reference
BWRVIP-94 (which requires
reporting when flaw evaluation is
not AW BWRVIP guidance).

For plants with two H4-type welds,
clarify whether the one with highest
fluence should be inspected
preferentially.

INPO

Section 2.2.1 revised to
recommend inspection of the
highest fluence weld followed by
inspection of the other weld at the
next inspection. If one weld is
found to be cracked, it shall be
inspected IAW inspection results.
Other weld shall be inspected
during every other inspection.

Editorial

Text in Section 2.2.1 revised to
note that a leakage evaluation is
required if through-wall cracking is
observed.

Editorial

Section 2.2.2 revised to clarify that
only UT or 2-sided visual or
surface inspection results should
be used in evaluation of horizontal
welds.

BWRVIP comment

Section 2.2.2 (and multiple other
locations) revised to clarify when
fuel should be moved to allow
visual inspection of shroud ID
welds.

Inquiry 2008-006

Section 2.3.1 revised to clarify that
EOI for a vertical weld can be
based on either inspection of the
weld or evaluation of horizontal
welds.
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Table Q-1
Revision Details (Continued)

Record of Revisons

Required Revision

Source of Requirement
for Revision

Description of Revision
Implementation

Clarify when 1-sided exams can be
used

Inquiry 2005-010

Intent of inquiry response
incorporated into Sections 2.3.2
and 3.3. Also added to Section 1.3
(Definitions).

The staff recommends that the
BWRVIP revise the BWRVIP-76
report to indicate that all inspections
shall be performed in accordance with
the most recent version of BWRVIP-
03 (multiple places)

NRC Final SE on
BWRVIP-76, Section 3.1.1
(2006-387)

Text revised (multiple locations).

Clarify that welds below H7 do not
require inspection in unrepaired
shrouds.

NRC Final Safety
Evaluation on BWRVIP-38,
Issue 3.1.4 (2000-224)

Section 2.3.3 revised to clarify that
short vertical welds below H7 do
not need to be inspected in
unrepaired shrouds.

Clarify appropriate crack growth rates
for use in flaw evaluations

BWRVIP response to RAI
76-2 on BWRVIP-76 (2005-
249)

Text in Section 2 and App. D and
F revised to require use of NRC-
approved crack growth rate and
fracture toughness.

Sect. 3.1.2.2: the staff recommends
that the BWRVIP revise the BWRVIP-

NRC Final SE on BWRVIP-
76, Section 3.1.2.2

Section 2.3.3 revised to state that
credit can be taken for previous

76 report to indicate that credit may (2006-387) inspections provided they met the
be taken for previous inspections of requirements of the version of
horizontal or vertical welds provided BWRVIP-03 in effect at the time
those inspections satisfied the the inspections were performed.
requirements of the most recent
version of the
BWRVIP-03 report.
Editorial Section 2.3.3.1 and elsewhere:
Use of general acceptance criteria
and Table 2-1 limited to fluences
less than 1E21 because technical
basis (App. C and E) utilized
K-150. BWRVIP-100 limits use of
K-150 to fluences less than 1E21.
Editorial Flowcharts in Figures 2-1 to 2-5
and 3-1 to 3-3 revised for
consistency with report revisions.
The reinspection interval based on a EPRI Flowcharts revised to set max EOQI
plant specific evaluation for Category for both Category B and C shrouds
B plants that have inspected less than equal to 10 years.
50% (ref. Figure 2-2) is limited to 6
years. The interval for Cat C plants
(Figure 2-3) is capped by Table 2-1.
Revise for consistency.
Editorial Table 2-1 revised.
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Record of Revisons

Table Q-1
Revision Details (Continued)

Required Revision

Source of Requirement
for Revision

Description of Revision
Implementation

Clarify that Table 2-1 is applicable to
both Category B and C shrouds.

NRC Memo (2002-055)

Table title revised accordingly.

Clarify in Table 2-1 that fluences are
at EOI.

Editorial

Note added to Table 2-1 that
fluences are at EOI and fluence-
related criteria are applicable if
fluence at ANY part of the weld
exceeds stated criteria.

BWRVIP comment

Reinspection intervals in Table 2-1
for cracking less than 10-percent
revised to require plant specific
analysis if fluence exceeds 1E21.

BWRVIP comment

Table 2-1 and Section 4 revised
to require submittal only when
fluence exceeds 3E21
(BWRVIP-99 and -100 now define
crack growth rates and fracture
toughness for high fluence.)

Editorial

Table 2-1 clarified to indicate that
NDE uncertainty is not added to
measurements in order to use
Table 2-1. This is consistent with
the technical basis in App. C)

In response to the staff's RAI question
76-3, the BWRVIP indicated that it
would include the following definition
in Section 3.2 of the -A version of the
BWRVIP-76 report: “Structurally
replaced means that the installed
repair hardware is adeguate to
maintain the function of the shroud
even if the replaced welds are
completely failed (i.e., 100 percent
through-wall cracked over the entire
length of the welds).”

NRC Final SE on BWRVIP-
76, Section 3.2 (2006-387)

Text added as requested.

BWRVIP comment

Section 3.3 revised to clarify that
inspection of short vertical welds
below H7 is required in repaired
shrouds unless repair designer
has justified otherwise.

BWRVIP comment

Section 3.3 revised to require
shroud vertical weld inspection
before installation of shroud repair
for the welds needed to support
the repair.
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Table Q-1
Revision Details (Continued)

Record of Revisons

Required Revision

Source of Requirement
for Revision

Description of Revision
Implementation

BWRVIP comment

Reinspection interval for
uncracked ring segment welds set
at 10 years.

BWRVIP comment

Section 3.5 revised to recommend
vendor specification of repair
hardware inspections consistent
with BWRVIP Repair Design
Criteria.

Clarify requirement for inspection of
repair hardware for bolt-tightness

BWRVIP response to
Supplemental RAI 76-3 on
BWRVIP-76 (2005-249)

Second paragraph of Section 3.5
revised as follows:

Bolt tightness must be verified
using an appropriate inspection
technique. For some designs, it
may be adequate to perform a
visual inspection to verify that
threaded components are seated
and that there are no unintended
gaps at tensioned member contact
points. For other designs, it may
be necessary to verify the tension
in the tierods. Selection of the
appropriate inspection technique
depends on the details of the
repair design. Vendor guidance
shall be obtained in order to
determine the appropriate
inspection technique.

Sect. 3.3.2: The staff finds the
BWRVIP’s proposal with respect to
the reporting requirements to be
adequate because the results will be
provided to the staff via the BWRVIP
inspection summary report. It should
be noted, however, that this provision
for having the BW RVIP report
licensee inspection results does not
replace the requirements placed on
each licensee by 10 CFR 50.72 and
10 CFR 50.73, should the licensee's
inspection results meet these
reporting thresholds.

NRC Final SE on
BWRVIP-76, Section 3.3.2
(2006-387)

Specific requirements for reporting
inspection results deleted

from BWRVIP-76. Reporting
requirements are in BWRVIP-94.
Section 4 revised to add reference
to BWRVIP-94.
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Table Q-1
Revision Details (Continued)

Required Revision

Source of Requirement
for Revision

Description of Revision
Implementation

Sect 3.3.3: Because the
implementation guidelines and
reporting requirements are included in
the BWRVIP-94 report, “Program
Implementation,” the staff
recommends that the BWRVIP
include a reference to the most recent
version of this report in Section 4.0 of
the BWRVIP-76 report.

NRC Final SE on
BWRVIP-76, Section 3.3.3
(2006-387)

Reference to BWRVIP-94 added
to Section 4.

The following paragraph will be
included in all revised I&E Guidelines:
“If, during the course of implementing
these recommendations, it is
determined that implementation
cannot be achieved as described in
the I&E guideline, or that meaningful
results are not obtained, the user
shall notify the BWRVIP with sufficient
details to support development

of alternative actions. These
notifications, as well as planned
actions by the BWRVIP, will be
summarized and reported to the
NRC.”

Final SE on BWRVIP-42,
Issue 2.2 (2000-156)

The referenced paragraph was
added to BWRVIP Program
Implementation Guide
(BWRVIP-94). Specific reporting
requirements deleted from Section
4.0 of BWRVIP-76. Section 4
revised to reference BWVIP-94.

Editorial

Clarification added as Note 7 to
Table C-9.

Editorial

App. D revised to require use of
NRC-approved crack growth rates
and fracture toughness.

BWRVIP will propose response to
“Use of NDE Uncertainty” at a later
date.

Response to SE on
BWRVIP-63, Item 7
(2001-189)

Paragraph added to App. D

and F: “In performing some flaw
evaluations, the measured length
and depth of observed flaws may
need to be adjusted to account
for NDE uncertainty. These
adjustments shall be made in
accordance with current BWRVIP
recommendations.” Reference to
2004-191 added.
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Table Q-1
Revision Details (Continued)

Record of Revisons

Required Revision

Source of Requirement
for Revision

Description of Revision
Implementation

Revise use of 150 ksi root inch in
performing flaw evaluations.

Response to Final SE
on BWRVIP-63, ltem 3
(2003-138)

App D and F revised to delete
specific reference to 150 ksi-root-
inch. Statement added that

NRC- approved BWRVIP fracture
toughness should be used.
BWRVIP-100-A referenced.
Fluence limits from BWRVIP-100
for use of Limit Load, LEFM and
EPFM added to App. D. Table 2-1
and general acceptance criteria for
horizontal and vertical welds
limited to fluences less than

1E21 n/cm’.

BWRVIP Comment

Appendix | revised to use 8760
hours/year (vs 8000).

NRC Request

Appendix L, M, N, O and P added:
NRC/BWRVIP correspondence.

The staff recommends that the
BWRVIP include a statement in its
“Record of Revisions” table, of the -A
version of the BWRVIP-76 report, that
licensees shall implement the
reporting requirements in accordance
with the most recent version of the
BWRVIP-94 report since the most
updated implementation guidelines
and reporting requirements are
included in that report.

NRC Final SE on BWRVIP-
76, Section 3.3.3
(2006-387)

Reference to BWRVIP-94 added
to Section 4.

END
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