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<:en~r:ll Desisn Criterion 31. "Fracture Pr~vention of
L':IL:torCoo1:lnt Pressure Bound:HY:' of Appendix A.
Ceneral Design Criter;:\ for Nuclear Power PI:lnts:' to
i 0 CFR Part SO, "Licensing of Production and Utilil..:l'
lion F:lcililies:' requires, in P:Ht. that the reactor
l:tloi,Jn1 pressure bO~llIdary be designed with sufficient 2. P:HaMal'h ll.e,3 of AnpenCIiX H emblishcs thc
margin to ensure that. when stres~ed under operating, 0' •..
maintenance. testing, and po~tul:lted 3cdd~nl condi. required number of surveillance capsules 01\ the has is ~lt'
[ions. (J) the bound:HY beh:ives in J nonbrittle manner the predicted.adjusted rel'crence ,cmpcratur~ 31 the cnll
nnd (2) the prob:lbility of rapidly prop:lgating fracture is of service Iife:.)n addition. withdrawal of the first (.'3p-
minimi1.cd. Appendix C, "Fracture Toughness Require. sulc (•••••J:1enrour'or m"rc :lrC required) is to 1I<:('1IC when
ments:' ;md Appendix H. "Rcactor Vessel Material the predicted:: :Idtustmcnt of rcference tcmpcr:Jlure is

•

Surveillar.ee Progf:lm Requirements ," which wcre added :lpproXiinoi'tety.:'SO F Of nt onc.fourth 01 the service tife.
_ to 10 CFR PlIrt SO effective August 16. 1973. to "~~~;vct.is earlier.
impJ::mcnt, in part. Criterion 31. necessitate the predic-/;j;~\,:.:. ".
tion of the amount of r3diation <.iamage to the rea:tor ;~:~..'~~:t':,).Paragraph lV.C of Appendix C requires thai
vess~l ~f water-cooled power rellctors throug~?ut"i~. ~~ •.~xesSelsbe designed 10 permit a thermal lInnealing tee:!t-
serVIce IIfe.'-: "':~, "ment if the predicted value of adjusted reference temper.

.. _ .._.~;".. ":>', ,X ature exceeds 200°F during their service life.
nBS gUide descnbes general procedurCS':lcceptabfe:'to'

the NRC staff as an interim basis. for:,predicting thc
effects of the residual elements copper and, phOSphorus
on neutron radiation damage to the low:..dloy steels
currently used for reactor vessels .

..;::<":.;t
B. 'b)~9OSSI.0N

••.;," '. ..1/
The principar~'cDinples'.\~f NRC requirements that

necessitater..re~.ttion Ofpdia~ion damage ate:
,L':1'" '~s-.. .~.
-I':, ~ "";. ,~"'~;.-:I."

.Rc!:e:Jrch ';Sici construction experience with low-re~iduJI.
clement coni~tjons of these steels is accumu1atinl: rapidly
and Is cxpcCtM to provide :I firm basis for accept:lbte
procedures in Ihe nC:lI future.

uSNRC REGULATORY GUIOeS
Aag",l.f.'''' GWld •• ". '""ed (0 d•• (IlW A",d ",ake ' •• ".1)1. to the lP"bliC
__ '''o.dl .-CC.'Hable te .t\. PlAC .uft of i"'v1a""'.""'''' II).ci'ic C'A'" 6' ,,,.
Co_Mi •• ;O"-' ,.ow'atiO"I, 10 41.""•• «_ '.C""'q".' ",.d by t". I.a" '''' •.•.•1".
• t~f"'lgIpeot,ffc p/O"."" 01 po.,,,I.,.4!I •.ccid.,,",. or Ie,O,owld. gUtd."C' 10 .ppll.

~

c.,.u •. A.vwf •.:Cty Gu.de. ara "'0' tub.li", ••• tf' -..,ul.,.o" •.• Ad co",pliance
"•.• if:'\ till'''';' 1\01'.Qut'ad. M.'''OdaI"" 101".Ito." d,".'.'" r,a.~ 11\0'. , •• GO'."
t'" 1".4" _~U tt. acc.prtb1a " the, "'0'11'" a ba'las fo' ,"', 'Iftdi"e' HQV1t.c. to

""'su."C' 0' COf\t"n,.ftC' 0' • p.,,,,i' 0' Itc.",a by t •.•., COI'I'''''llo'IiOf\.

Co'" "'111'\\ 1 •••••d1 aUQg.'(;.o.,. to' il"p,o",'''''41''U '" ''''0'. Q"" •• are onCoo.""Qld
•• aU ,,""'., .• "It Qyt~." will b•• '.!lI, •• d. a•• p~IO"I1.'., to at:to~"'Od.t. co"'.
"'a"" .,,4 '0 ,.fI.ct n•• 11\'0""."0,", 0' ."O_'''''C. How•• ,', CO"'••••O"" 0'"
(hi, 8",.d •• tf '.iO.i •• cJ1...,iU,u, abou' ''''0 ""OAt"•• f'.1 Ih i".wane •. w11l !),a III."
ftC"••'''' ut ••.,1'''' "".'"aU"Q fh••.••• d '0' a" ..,ty ,••",i.,o".

••ReGULATORY GUIDE



','

JUL-15-2010 09:09 NRC PDR P.003



JUL-15-2010 09:10

2. For new plants, the re:lctor vessel beltline
materials should have the content of residual c:Ienlents
such as copper, phosphorus. sulfur. and vanadium
controlled to low levels. The levels should be such that
the predicted adjusted refC!rC!ncetemperature at end of
life is less than 200°F.'

0, IMPLEMENTATION

d. Applic:ltion of these procedures to materials
havinR residual element content beyond that represented
by the current data b:lse should be justified by submittal
of data.

P.004

The purpose of this section is to provide information
to applicants and licensees regarding the NRC pa(r~
plans for utilizing this regulatory guide,

This guide reflccts current rcgu1:lt()ry practice. There.
fore, except in those cases in which the 3l'1plic:tnt
proposes an acceptable alternative method for com pI:,.
ing with specified portions of the Commis.~ion's regula.
tions, the positions described in this guide will be lIs..:d
by the NRC mff 3S follows:

I. The metrod described in regulatory positior. C.I
of this guide will be used in evaluating all predictions of
radiation damage called for in Appendices G Jnd H to 10
CFR Part SO submitted on or after January 15, 1976;
however I if an applicant wishes to usc the recommcn-
dations of regulatory position C.I in developing sub-
mittals before January 15, 1976, the pertinent portions
of the submittal will be evaluated on the basis of this
guide.
2. The recommendations of regulatory position <:.2

will be used in evaluating construction permit appli-
cations docketed on or after January 15, 1976; however.
if an applicant whose applicalion for construction
permit is docketed before January 15. 1976, wishes to
use the recommendations of regulatory position C.2 of
this regulatory guide in developing submitt:JIs for the
appliCOltion, the pertinent portions of the .:IppliCOltion
will be evaluated on the basis of this guide.

NRC PDR

Applic.ation of the foregoing procedures should be
subject to the following limita tions:

a. The procedures apply to those grades of
SA.302, 336, 533, and 508 steels having minimum
l'pecified yield strengths of 50,000 psi and under and to
their welds and heat.affected zones.

% P '" weight percent of phosphorus.
If% P 40; 0.008, use 0.008.

b. The proceciures are valid for a nominal irradia-
tion tcmperature of SSOQF. Irradiation below 525°F
should be considered to produce grealer damage. and
irradiation ••bove 575°F may be considered to produce
less damage. The correction factor used should be
justified.

If the value of A obtained by the above expression
exceeds that given by the curve labeled "Upper Limit"
in Figure I, the "Upper Umil" eurve should be used. If
% Cu is unknown, the "Upper Limit" eurve should be
used.

Ch:lrPyuppel''Shelf energy should be assumed to
decrease u a function of l1uen~ and copper content as
indicntcd in Figure 2, within the limi~ listed below. In.
Icrpolati.on is permitted.

As illustrated in Figure I for selected copper and
phosphorus contents, the :lbove expression should be
considered valid only for A> 50°F and for f < 6 X la' 9 '
n/crn'2 (E> 1MeV).

c. The expression for A is given in terms of
lluence as measured by units of n/cm2 (E > 1 MeV);
however, the c:xpression m:ly be used in terms of tluencc:
as measured by units of neutron d:lmage fluence,
provided the constant 1019 n/em: (E > 1 MeV) is
changed to the corresponding value of neutron dam3.ge
fluenc!!.

•
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UfCJnI)SJ:A:t'D
N~IE(Jttf.Ai1OIY~~ON

W~~6.c..'"

F,ebruary 1. 19'7

NRC PDR

PROPOSED'REGUlATOR\' GljIIJ)E J •.99. ReJ1510N 1. I~FFscrs OF ReS lOOA1,;..
ELEMENTS ON PRED-ICTED:RA&lAJ"ION D~E TO ~ W'sset. KATSRIAtS ••,.
and re.coDlcn4ed a'ppr.wta.l sUbjee't to tM f:tJl1.ow.tt;e ~b~1.

L

SO'BJECi: ~y OF R!!CUUroltr p.f~rae-etrS aEVZ;C)f CO~t1T2!
fE£TlNG NO. S7. JANUAAY14, 1977

~JtQiDtJa4 FOU; ~ v. Go$Sick,~ S~eC't1tjv~Oirec'tor for OpeTn.i01~

pam!k E.• G. C3::!~.Ch:ti.~, flegr;tb.tory a,-ql).i~nt:s ~.\fi~
CQmmi~ee

~OI!IIIri;t:.t';~e~onaen~s refer t:o th.e draft d.is"tribut:ea ~t ~hc ~~t.!'ti.ng d~l:ed
Jmuary 19'77. t'a.thO'r than the- cfr'3:ft 4.1nrlboll~ed wi. th ~he age-nda d:I~ed
~pt:~'l:>er 19'6.

a~. 'the foot1'lotit onres;e' .•;r;;i1 and con~tl'U<:d9'!- ~x;' :ience. on p.age I
of "t.tteproposed r.~i~ion should be ~at\de:d tQ imclud:e the
woN'i"'i eoncernin.g the ami~a.tioA$ of t:be gui-d$ sugg~st ed by
:t1t~O'ffico of' *uc1:ea~RC:~la~ Res:ea~h.

b. 'The Committu eharacteri:biJ pacagr-a.phs C.l, C,2.. and C.4 of
the: proposed, Regul&tory Po.s1t:ion 8$ Cat;e;s.?r;' 3- baGlfjt r~i.ec1;
.ami par~~a.ph C•.3 a.s Ca'teiOTy 1 - no baetl'fr': " ,. _._ ~..

" , , "

2. PROr05EDREGULATORy GUlDE l.XX, "AC~9'!'AaiE'~f1. A.~ '<ELAnD
STA'TIST1CA1. MEnt:it>5 r:OR ANALYSIS OF FUEL D&~SrHo..TI:<l\l, e'T ~.d
found th'.J;t the pNpQ-5Cc!. Regulatory GUl-de r~~e~ent'ed ~ Llccepeabl,e
=od,d lind.,•.pproprb.'t4: _~hIXb £Q'~ ;m~lysi$ ci f\1~l d.ensifi~..at.:ion
df~~~. U:t:ili ~'t:i<)tl of such ~h omd Ille-thods in the Hcensin,s
pJ"t)e~.s ~bCluld be illq)leM:n:t:~ in ac~o.rdance wit~ 10 CF~ S().4~ 3~
t..he r~la:t"d App.m4ix Ie to 10 Cfa 50.':~.

g002 O'"lQ~/O

Sr. DRAFT REQJU'1DJtY GUID£ I. XU, ••I?i$P£CfION OF WAr.a CO"N'rROt S'T'R;-ucnrRP..:S
ASSOCl'ATED- wl1a NU(';.LEAA PLkVl' FA'CIL!1'lS~' (1)R.AfT "A", OAT,£O
~~£R.17, 197:6) :md r~ended ap;>royal sub ieet t.o t:h-'i1 fO'U.~nz
CQal.enU;~

~1fre-Collll:l:i~l:ec ~OJmrn:mt.:~reffn' to r.:~ <ira,it guide dist:ribti':C!'d IJa.t t!\;~
~~Q.nE' .ch.~ft!' ~~cmbn 16. 19'16. r'3the:r than the drAft d.t~.tl':fbllted
wi:~t'hth •. *%tmd:* QA:Ud S'Cpt'crm\l)C!c 17t 1~r16.

JUL-15-2010 09:10
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il,p The- CQIIlIlj,t''tee-, revi,eoN of t~jis poroposed gu,idl: "'':'5 1fllli'1::ed to
its. ~lic~bH.ity and-~cceptabi1hy with 1'egard 1:0 ~M eOf)trel
~~!'I)CUs+eswtJicl'l could ~rfel:t ::adioloJ;i~lsafe~y. 1hepr.opos,~d
pie sMu1d be: .'*Zld~ th,WUi~t: U:]cl'Ut1tn~",h~ ~itle) ro
z:e.1: :crrh thi~ lai,tr&:tiQ1.i.

b. The prmi'O'ntSY5t:a= :o~Co=itt-eoe ch~1"&Ct'eri,;<tti.an of t.he bac.kiit
PQt:ental o-f ;u.opos-ed guides fo'!' opeTa:tin~ plllJ.1)t,Scan and should
he! applied to sundarti~%~ plJlf1~5; i.e .• ClILegory 1 - need l\~ b~
applied to st3Ada~iz'@(.\ p14nu; ca..'teeOTY 2 - Stppl:leabi,1'i ty to
~anda.:.rdi:ed' plan'ts :U$~ 'be ded.:d~ ~y ~RR on a ca-se-.by-eau
bas,i,,; Cat~,<>r.y 3- - ll!1JS't be appH«1 to sUJ'ld.lu"d.hed plan.t;s.
~e Executive SC'<:':"e~~:yshould dtIf.Clop and ci n:ula:t.e for Comait;~ee
C~ts rith'in 2 ?'~",ks a p~posed r.evis-ion r:(~ the. d.cfinl t:ions
of o3<;l:fit ca'eegot:i:e$ p:r~iouslr es~bl b~ed by the CQlIDi't:t~
,in ~eting NO'. 31 f~e 1IJ~:ratld~ to t,. ~'. Cossid dat.od
S~pteJlbeT 24, 1975) tha: i-ncl,udes t:hese addlt ion, conee,ming
stflDd:ardi.ud. plall'ts. and clarUioes, as n~e.$s,~:ry. t.he applic.a.bilit:y
of CCIllIlZSitt'e.e-co.nside:red guidlt'$ to cus'tQm p,i3nts W'it~ CPs.

a- Gu-idan:ce on t.~c i:mple<.IHm,UtiO'[l of regulatory guides fpr
standardi~ l\Uc.l~a'r 'power. pl-c1n'~s should be in.c.lad'~ in are"1isitm
to WASii-1341. ra.ther man tn 1& regulatory gui~.

b. The C~t.~ee le'aves to th~ 5"t::tff the development of appZ"Opriat.e
meulkb ~nc;l~~:5 to ~ ~:t:ili;ed fer aasuring t1gt the
i,n~p6C1:i~. ~orv~illarice. an4lor t;e~'t r~uheJne."'l~$ Set f'O:"th
J:D the guide a;re-lHlt by 1k.ensees.

c~ ~ (DP1of) should dCVlelop s W::~?!!..~!t~~2:.~95.~~,!*e$for i~l (!lI'f~~ ing
t:he c.oc:..a.iUt:'4'S reCO~ttron'S conc.l!'T1ling ba.clnr-,:o.'t.~'f.ia1 of ....
.;;!tan'i~S ;n~.gul~tory re~tJir.C:Qi¥en;u to ~ho:>e £itJecific plants not

hav,"1 ., opor>: 'ftg 1L«".~""t' >r~.:, (2:~
/n; C.I~~. C"'-a ~.rr;la,n

~~Ha1to.ry Rfl'q'.:~r~en:ts Re:vie:'lt
C~lit.tee

4,. PIOPOSED.RSV1:5ION 2 1U ~EGUUTOR.Y G1JTD! 1..Z2. "CRITERIA FO.R Sl\FfTY
R.Eu.no- Eu:mlC Powa svsracs FOR NUCLEAR Pr;l1l'ER P~"TS •• ' md
tecomaended .a:pproval.

The COllllittee ~~m'zed this pide as Ca~gory .3 ~ ba.ck.fit reqo,ired~•. _e _"~) f_ ••,...,.' "":11'" ._ ..••~ . _ •.:J •..•••_._ •••••••

s. P:ROOOSSl RfGULAWRV GUIDf 10.XX. uGlJtD.A.~CE aN r~r.EME.\.7A:r!Oti OF
iEG'iJU,TOllY GUlDfS 10 srAADA&I)l!EO. h:1JCL'fA,R POWE:R PL\."ITS •• ' and
e.on<:.lUd~,d ~ fullowi~~
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