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Section 1

INTRODUCTION

11 PURPOSE

is purpose © is document is to deline a method ol perlormance ol operabili eterminations or low-
Th [ this d tis to de thod of perl | bility det tions (OD) for |
pressure (Cﬂass 3 piping }l@m]lgs al NM(C nuncﬂ@mr Tmcilﬂ]'l[bics. Th]’]s @Wm]lmla[h’l@n wﬁ” ﬁ]mcﬂumllc [lcc}n]mﬁcmﬂ Aﬂscussﬁmn OW
corrosion m]mc] m‘acl&ﬁ]mg] in piping ammﬂ ils @”‘ed[ on servﬂccmﬂmﬁﬂﬁ&y. currenl cn[@rcemenﬂ practices. mppﬂﬂcmhﬂ@ @mﬂ@s mnd‘

s[mn«llmrc]s. m]M] a c]l@mr process \r@r pcu‘[@u‘mancc @W @ucraﬂnﬁﬂﬁ& Al@l@rmﬂnmh@ns 0W minor (CJlmss 3 piping chml&mu]@.

12 BACKGROUND

Corrosion of carbon steel ASME Class 3 raw waler systems ((@.zg].. Serwfme Water) has become an
ﬂn@reasﬂngﬂly important issue within the nuclear ﬂnmﬂushy. Sewera]l aggressive programs have
been ﬂmpﬂemen&eqﬂ &ﬂnr@ugﬂmu& the NM(C fleel lo monitor and repﬂace C]lass 3 Servﬂ@e Water
piping as a parl ol the compamy’s aging managemenl program. [t is an[tﬂ@ﬂpa[teqﬂ thal some
amoun! of minor Mm‘@ug}ﬂn wall ﬂeaﬂ(age will occur dlurﬂng this moniltoring and repﬂacemen&
elfort.  While CﬂnemﬂcaMy controlled and r@ﬂ@l[ﬂweﬂy clean closed Mmﬂﬂng] systems (such as
C@mp@nen& C@@ﬂ]‘lng waler) have nol demonstrated as sﬂgnﬂhcan& a «ﬂegree ol corrosion,

ﬂnﬂ:r@quen& leaks may occur im these Class 3 low energy syslems as well.

A well-understood and consistent Heel Jp)ﬂﬁl]]jl for the evaluation of minor ﬂea]l&age is essential. [If
well ﬂmpﬂemen&em}l. actions will nol be @Werﬂy restrictive ]}»y ﬂnappr@prﬂa&eﬂy removing ﬂgey saWe[[y
systems [rom service while still assuring structural integrily ol these @@@ﬂ]’lng waler systems. If
0peraﬂ»ﬂh&y delerminalion processes are nol appﬂﬂemﬂ ccmrre@[tﬂy. small leaks may lead to the

inappropriate forced shuldown of a unit due to technical specﬂ[FﬂcaM@n requirements.
121 ASME Requ]\remenﬂ:s

As delined ]L)y ASME pressure ﬂmun«ﬂary is the struclural membrane ol nuclear Jp]laum[t systems
that pr@wfmﬂes a pressure-conlaining barrier lo prevent C@l[@sl[r@pﬂnﬂc failure. Sﬂruc&uraﬂ Hn[teg]]rﬂ[ty
is the mﬂ)ﬂﬂfl[ty ol the pressure ﬂmunaﬂary lo remain in lacl under all aﬂesﬂgn conditions. Based on
this exp]lana[tmn. a pﬂn]lmﬂe leak would be a breach of the pressure ]L)@unaﬂary that does nol
allect the structural integrily or me@sur@ﬂ»ﬂy increase the likelihood of ca[kas[tr@pﬂnﬂc failure.

ASME IWB requires thal Haws. which exceed the code acceplance ﬂﬂmfl[ts. be repaﬂr@«ﬂ in a

(CCU)([J](E accep&aﬂ»ﬂe manmner HMEW@E‘@ ]]f‘@[h]l]l"]m [LCU) service.
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122 NRC Reguﬂaﬂ:ﬂons
G]L 9@—@5 “Guﬂqﬂan@e for Per%rmﬂng Temp@rary N@n—(Cmﬂe Repaﬂr of ASME (Cmﬂe (Cﬂass H. Z

and 3 Pﬂpﬂng” (June ][5 ][99@)) allows for non-code repalirs and pr@wfmﬂes requirements for

ewaﬂua[ﬁ@ns. H[k ﬁlﬂﬂ@WS “mmﬂera[&e ene]rcg]y” (CﬂélSS 3 sys[tems [LKD ]}])(E ]F(E[LIUI]I‘MI@({H [LKJ) service Jp)]l‘]i@]l‘ [L@

NRC appr@waﬂ ol non-Code repair.
NR(C Hnspec&ﬂ@n Manual 99@@ Se@[ﬁ@m 6]15 “@perah@naﬂ leaﬂ&ag}e” stales “Up@n «ﬂﬂsc«wery of

ﬂea]l«azg]e from a Class H 2 or 3 component pressure ﬂmunqﬂary ((1'1.@., pipe wa”. valve ﬂmmﬂy. pump
casing, elc) the licensee should declare the component ﬂn@peraﬂ»ﬂe. Tﬂne @nﬂy exceplion is for
(Cﬂass 3 moderale energy piping as discussed in Generﬂc ]Lre[HLe]r 9@—@5 IPKD]I‘ Cﬂass 3 moderale
energy piping. the licensee may lreal the system containing the Eﬂnr@ugﬂn—wa” H(ﬁlw((s)), evalualed
and found lo meel the acceplance crileria in Generﬂ@ ]Le[t[telr 9@—@5 as @peraﬂ»ﬂe until reliel is
oblained [rom the NR(C.” Tﬂm’ls wnmﬂﬂng has been the source of confusion and C@nHMMng}
inlerpretalion. It is well understood that a C]lass 1 or Z system [Lﬂnr@ug]ln—wa“ leak is cause lo

declare componentls ﬂn@p@raﬂy]e upon mﬂﬂs@@very.

Tﬂne discussion of (Cﬂass 3 systems cﬂearﬂy states thal il is p@ssﬂﬂ»ﬂe lo consider the component
@peraﬂ)ﬂe unlil NRC reliel is oblained. Inherent in this is the [Lﬂmeﬂy cmmpﬂe[[ﬂ@n ol an
@permﬂ»ﬂﬂﬂy determinalion. Tﬂm’ls is a main focus of this evaluation. Dﬂs@@veﬂ*y ol minor
ﬂeaﬂ(age in an ASME Cﬂass 3 service waler syslem will mol result in the immediale declaralion
“ﬂn@peraﬂ)ﬂe” il certain screening crileria are met. Tﬂne system will then remain @peraﬂ»ﬂe until
the Haw evaluations ((J'l.e.. GIL @@—@5 anaﬂyses) are perﬂ:@rmeaﬂ. Tﬂne OD will then be revised
with the [inal @peraﬂ»ﬂﬂﬂ&y status.

12.3 NRC Enforcement

Tﬂne present enforcement of NRC requirements within Reg}ﬂ@n [ s clear. Untal C@mpﬂe[[ﬂ@ml ol
an OD stating that the componenl is @pera]l»ﬂe. the NR(C expectation is that the

@@mp@nenﬂ/sys&em be declared ﬂn@p@raﬂ»ﬂe. Performance of evaluations as described in this

evalualion will sal[b'lsﬂ:y these NR(C expectalions.

The W@M@wﬂng exampﬂes are pr@vﬂmﬂeqﬂ for reference:

(Cﬂﬂn[twn P@wer S[La[tﬂ@n (2@@3)

Tﬂne ]Lﬂcemsee received an NRC violation for mol ﬂmmemﬂﬂm&eﬂy ﬂlecﬂarﬂng a supporl system ol the

Emergen@y Diesel Gen@ra&@r ﬂn@peraﬂ)ﬂe and removing il [rom service aller [Fflnmﬂflng] a minor
leak in the system. Tﬂne lﬂcensee’s initial assessmenl was that the leak was nol sﬂgnﬂﬂ:ﬂcanﬂ via
engineering jumﬂgmen&. A UT inspection was then perﬂ:@rmeaﬂ lo demonstrate thal the remaining
wall thickness mel requirements for structural integrity. Tﬂne NR(C cited their Hnspe@&ﬂ@n
Manual 99@@ Se@[ﬁ@n 6][5 as requiring declaration of ﬂn@peraﬂ)ﬂe upomn qﬂﬂs@@very of the leak.

Praﬂrﬂe Hsﬂanmﬂ Nu@]lealr Generahnq S[Lal[tﬂmm (2@@3)

[n a Regfl@n [11 inspection reporlt al Prairie Island a similar position was laken aﬂﬂﬂn@ugﬂn a

violalion was mol issued. Tﬂne {F@)M@wﬂng is a quole [rom the report:
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“On March ]4 2003 the inspeclors identilied that the licensee

iﬂmpprmpm'ﬁfe/y concluded thal a piﬂZm/e Jeak on a %4-inch c«p@//iﬂy waler
Jine lor the 2] componenl Mf)@/ﬂ'mg waler heal excjmnger did nol resull in
the iﬂ@peﬁa%)j/ﬂy of the associaled 00@/1'111@ waler header.”

As a resull of this and other experience, NM(C has ﬂmp@seqﬂ a very conservalive practice ol
c{ﬂe@]larﬂntg] the component and allected system ﬂn@peraﬂ»ﬂe upon «ﬂﬂs@@very of any ﬂeaﬂ«ag@.
regaMMess of Code Class or energy level. @Jperaﬂyﬂe stalus is nol relurned unlil the extent of
qﬂegrmﬂm&ﬂ@n can be delermined and associated structural evaluation cmmpﬂe&e«ﬂ. Tﬂm’ls has led to
saﬂ:e[ty systems ﬂ»eﬂng} removed [rom service and in al leasl one inslance a premalture a reactor

SHRM[L (H@)W]Dl was @@mmen@ed‘.
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Section 2
EVALUATION

2.1 Fracture Mechanics

Servflce waler and component mm]lﬂmug] systems operale under low pressure (< 2@@ Jpsfl)) and low
lemperalure (< Z@Q_IP)) condilions. Tﬂnese condilions are considered mr{bn—@ﬂna“engjﬂngj in the
area ol fracture mechanics. In mamny cases the systems are fabricated from ASTM AT106 (or
similar) piping malerial thal has excellent [L@mgﬂnness characlerislics. Typﬂ@mﬂy the nil Hlu@[ﬁﬂﬂ[[y
transilion lemperature ((TNJD”J]‘)) for these materials is less than —Z@_IP. well below the minimum
service lemperature ol the service waler systems. Put sﬂmp]ly, small Haws ((ﬂ.e.. small leaks) do
nol propagale lo become ﬂm‘ge Haws quﬂcﬂ«ﬂy. Because of the moderate system ncqbnqh[tﬂ@ns. it
lakes a ﬂ@mng] lime for a small [law to become s[trucc[tura”y sﬂgnﬂhcﬂmnﬂ. Brittle C@[[@s[[r@pﬂnﬂc
fatlures of the piping malerial are mol p@ssﬂﬂ»ﬂe. Af{MlﬂM@]ﬂlaMy, the ]l@mhng. temperature and
environment are such thal “:al[tﬂ(g]ue. stress corrosion @ra@ﬂ(ﬂng or corrosiomn ﬂ:al[tﬂtg]ue generaMy does

nol occur.

4 Corrosion / Erosion

(Cmr]r@sf]mm m]M]/@T erosion @W service waler system piping }ms unmm @ concermn [@r [Lﬂm ]mtm@]lcm]r ﬁn(lluns[hy \r@r mamny years.
Sys[hem ﬂn@pcrmﬂmﬁﬂﬂy almmﬂ piping rcp]mc@mcm[{s J}mw: L)mz]m a ﬂa]rgc expense. As a ]rcsuﬂlL corrosion prevention aumﬂ
moniloring programs are in p}lmcc al every un[kﬁ}l]iﬂy. Tﬂncsc programs use m@llwﬁls stumJln as cmﬂﬂmmﬂfm prolection, waler
cln@mﬂshy Jl]'lmflls. ammjl cﬂmmﬁ@mﬂ m]mll m@c]lrm]mﬁcaﬂ «:ﬂ@mn]’lmg lo assure Hlml g@n@riﬁﬂ mnﬂl ﬂmcmﬂﬁz@ﬂl corrosion Hlo@s nol
chm”cmgc [Lﬂm integrily @W [Lﬂm piping. M@]ND ﬁmpmr[tmm[”ly. NDE examinations @W susccp&]’lﬂnﬂc areas @W SW system piping
are rmn[l:]'me]ly p@r[@rmmﬂ. Tﬂwsc programs give us strong assurance that areas of near ﬂﬂnr@ugﬂn—wa” corrosion/ erosion
do nol exist in our service waler systems. Tﬂncrc[@rc, suggesting that a small leak could be a precursor to c@mp}l@ﬂ@

piping Wmflﬂ\uurc Altum lo corrosion over a sﬂmr[k time ]i]m[hmrvm]l is mol mrmhl»ﬂ@.
2.3 Typicm]l Evaluation Methodology

Tﬂw prioriky Wor @Wﬂlﬂuﬂlﬂ:ﬂ@]ﬂl @W Mms@ minor service waler ﬂ@mﬂ&s is lo assure Hlm systems sh‘uc[hﬂ]ra}l integrity is inltacl as

W@” as lo assure [[ﬂm[L mﬁlcqum[k@ cm»h]mg waler M@w is sHM suppﬂ]’leaﬂ Ly Hlne sy§[k@m.

Tﬂw s[LTuM[hmra}l amm]ysfls is [kyp]’lml”y per\rormmﬂ using [L}m g]uﬂdla]nm@ @W ASM]E (lelc (Cmsc N—5]13 Tl}lﬁs m]mm]lysﬁs requires
[Lﬂml a vmﬂum@[hr]'m inspection ]lw: p@rT@rm@ﬂl to A@l@rmﬂn@ exltent al]m!l l]lnr@ug]h—wm” Al@p[t}n OW [[Jlm “mw. T}h@ “mw,s
Jlrmcm[h'm]m m]m«ll sﬂnape are @Jlnm]rmd@rmﬁﬂl aumJl mnaﬂyscs are p@rﬁ@rmmﬂ to Ac&crmflm&e M}ne remaining piping ﬂ]’lﬁ@ mnﬂl margins
to piping Wmﬂﬂur@. A review OW m” ﬂl‘VﬂlﬂJliﬁ]L’Jl@ @]E ﬁnﬂlﬂcm&mﬂ ernm[k in every case M}ne ]@\w—pressur@ service walter system
[Lﬂw ﬂ@mﬂg was e\vmm[[um”y Ale\rﬂ]m@ﬂl as “nol sﬂgnﬂ[ﬁcmnl" u))@@mns@ il Wrmuﬂ]l(ﬂ nol ﬂmvc a”edcmﬂ M}ne systems muﬂh&y o per[@rm

ils ﬂm&cn(ﬂe«ﬂ Wunc&ﬁ@n.

As W]’]H u))@ Alﬂscuss@aﬂ in Mn@ R@@@mmcm&(ﬂa&]’l@ms Scc[hi@n. Mne ﬂﬂnn‘mﬂm]mﬂ W@]r M}Mﬁ u*ea:@mmmm«llmﬂ @D process W]iM ]l])@ a very
minor ﬂeml«mg}@ (less than 1 g]pm)). @n@—gaﬂﬂ@n per-minute ﬂ@mﬂ(mge willl nol znﬂm”cng@ any Sa:]rv]ic«z or Cmmpmn@ml
(Cm»Jlfl]mg Wml@r syslems aﬂnﬁ]l]’lly to Al@}l]']‘vmr cooﬂjng waler M@w. T}h@ ﬂ@akﬂg@ sh@uﬂﬂl mﬂs@ ]L)@ W@rﬂﬂ‘]ﬁeaﬂ nol lo ]l»@ an

muxﬁ]l]’lm]ry smW@ly }lmziurﬂl lo equipmenl or p@rs@nn@ﬂ ((@.g]., nol ﬂeaﬂ«]’lng omn @ﬂ@@&rﬂcmﬂ pm]me”.
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Sec[h']@]m 3
CONCLUSIONS & RECOMMENDATIONS

Tﬂw conc}luﬂsﬂnm OW [LJln]'ls @\vm]lumhon is Hlml minor Jl@m]l&mg]c (]I gpm or }lms)) W]r‘mm Cﬂmss 3 service waler or c]l@sm!l rmmJlfumg]
sysﬂcms aﬂ@es nol :Cﬂnm”cm:gc U:J]’ll@ §h‘u@[hﬂ]ra}l ]in[tcg]lr]i[ky nor [Lﬂw mﬂmﬁﬂ]’lly «»W Hlm sys[kcm lo A@ﬂﬂvcr rcquﬁr@ﬁl mmhng waler M@w
in [[}11@ s}w]r[[ term. A prompl @pm‘mﬂnﬂﬂﬁ&y Ale[k@rmﬂ]mm[[ﬁmm can L@ p@rﬂ@rm@ﬂl al Hlm lime @T Hlfls@@w@ry using an]’ls as a

u))msﬂs. M se\verﬂﬂ sﬁmpﬂ@ screening criteria are mel. [Lﬂw system sﬂmuﬂaﬂ aﬂ@cﬂarcaﬂ @pcn‘mﬂn]c pcmﬂ]’lng @@mpﬂc&]’l@m& @W [Lﬂw (G]L

9@—@5 m]mm]lysf]s.

Tﬂw W@M@wﬁmg} rccomm@nﬂlmhoms may 13@ @mpﬂoy@d‘ al @mc]h site to augmenl [[}nc]'l]r existing @D pr@ccélur@s al]mAl
@p@rmﬂﬁ@ms/mmgﬂmecrﬁmg um*]ie[]imxg& M pen‘[@n‘mcc] C@TT@CU:le. [Lﬂws@ steps are in compﬂﬂam@e wﬂl]ln ASM]E ﬂl]ﬂllll NR(C ]ru]les

on [Lﬂw topic al]m!l can prevenl unnecessary system unavm]’lﬂmhﬂﬂﬂly.

]Discovelrx - Up@n Alﬁs«:@we]ry ww (C]lmss 3 m@«ﬂerm&e energy piping ﬂ@mﬂgmg}c [Lﬂn@ @p@rmﬂﬂ@ms Dcpmrﬁm@n[k sﬂmun]l«ﬂ
ﬁmmcﬁlﬁm&cﬂy ]m@[h'lWy Emg]]'l]m@m‘]’l]mg].

][miﬂ:ia]l Assessmemﬂ: - ]Eng]ﬁ]meer]’]]mg] sﬂnmﬂﬂ«ﬂ ]immmﬂ]’lm&cﬂy inspect Mﬂc component &]l]]]ld?ﬂ mﬂm]rac[[mrﬁz@ [Lﬂm }lcaﬂg Jlmimlﬁmm
and estimate the leak-rate.

]P]rompl: Opelt‘ml)i]lilzy - ]E]mg]ﬁnecrﬁ]mg] s}qul [L}w]m ﬂmm@dﬂml@ﬂy pr«wfmﬂ@ a prompt @p@rmhﬂh&y R@cnmm@nﬂlmh@n to
@perm[h’m]ms. Tﬂn]’ls may ]}M} WCH‘]}D@JL W]iU:J]’n c@mp}leﬂe (ll@cumcm[m[kﬁom per ]FJI@@[L Pr@ccc]un]rc }FP—@P—@]L—@]I lo W@M@\w.

The system may be declared opelt'ml)]le unless the leak-rale is estimated lo be grealer than 1 gpm. The
expeclalion is [Lﬂm& a [@]rmaﬂ @permﬂmﬁ}lﬂy Rccomm@nﬂlmh@n (“@PR") is ﬂnﬂ[tﬁm[ke«ll concurrent W]’l&ﬂn M}nc n@&]’lhcm&ﬁon
to @perm&ﬁ@ms @W [Lﬂw ﬂeml& Jl@calhmm. T}wrc sﬂwuan ]}M} no A@ﬂay in M}M: prompl @pm‘aﬂm’l}lﬂ&y Rccnmm@nﬁlm&ﬁon.

Tﬂw prompl @p@rmﬂmﬁhly Dc[kc]rmﬁ]mm[[ﬁon sﬂwuﬂ«ﬂ ]}M} aclive tuum[h']ﬂ [Lﬂw @Wa]luna[kﬂ@]m step is comp}le[he al]M] M}nc [@Tmmﬂ
@p@rmﬂnﬁ}lﬁ&y Rccomm@nﬂlﬂhon is «ll@«:ummm[kc«ll m]m«ll mppr@vcc]. Tﬂn]’]s lequl L}@ ]res[hr]'m[kcc] to }lcss Hlm]m 72 }lmxuurs.

]Evm]luml:iom - Compﬂd@ Hlm r@quﬂr@ﬂl ND]E inspection mnﬂl slru@[mrmﬂ @Vﬂﬂum[h’mns ((@.g.. (GI]L 9@—@5 cvm]lunm[kﬁ@]m)).
D@cumem& [Lﬂm TQSHJIHU:S in MM: [@]rmaﬂ @permﬂm}lﬂy Recomm@nﬂlmh@n (@PR)

H[L is cxpe«:[ke«ll [Lﬂm[k [Lﬂn]']s evm]lunmlﬂmm lm]l&@ no more [L}m]m 72 }wurs. TJh@r@Tor@. il is imporlant to Jlmve a sel pﬂmn er
qunﬁc]l& n@&ﬁﬁﬁcmlﬂ@n/mohﬂhzmh@n @W [l:J}!lC nccﬁlmﬂ supporl groups. Maﬁn&@nmn«:e Depmr&men& supporkt ((]'1.@.. scm”@ﬂ«ﬂﬁng
m]m«ll ﬁnsun]lm[kﬁ@]m r@m@vaD, Pr@g]]ram ]Em:g]]’]mmm‘]’]m:g suppork (]’1.4:.. ND]E scrvﬂccs)), as \W@H as @[Lﬂmm may ]}nc mmmﬂmﬂ.

Tﬂne altached ow chart summarizes this decision process. A more detail sﬁ[[e—speccﬂh@ How chart
should be included in the augmentalion of existing oD pr@ceaﬂures and @pera&ﬂ@ms/Engﬂneerﬂng
ﬂyrﬂeﬂ:ﬂngs.
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