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GUIDANCE FOR AVOIDING INTERGRANULAR CORROSION AND STRESS CORROSION
IN AUSTENITIC STAINLESS STEEL COMPONENTS OF FUEL REPROCESSING PLANTS

A. INTRODUCTION are designed to allow one to detect and control (a)
Improperly processed or fabocated materia!s and (b)

Section 50 34, " Contents of appheations: techmeal conditions that could lead to mtergianular corrosmn and
inf onnation,'' of 10 CFR Part 50, Ticensmg of Produe. stress corrosion cracking dunng tabricatwn or seruce of
tion and l'tdi/ation Fa ah t ies ,' requires, among other austemtic stainless steels. The recomn.endations of this
thmp, that each application for a construction penmt guide apply to austenitic slainlest steels used in safety-
for a f uel reproce3 sing plant include suf ficient mtorma- relJted process equipment with its anosiated sessels and
tion relatne to construction matenals to proude reason- Piping, radioactise waste handhng and storage systems
able assurance that the final design w111 conform to the metal liners of process celb and waste storage tank
design bases with adequate margan for safety. Section saults, and other safety-related structures, sy stems, and
50 34 aho requires a discussion of how the appheable components of fuef teprocessing plants.
requnements of Appenda B. " Quality Assurance Cn-
tena for Nutlear Power Plants and Fuel Reprocessing B. DISCUSSION
Plants. ' to 10 CFR Part 50 wdi he satisfied. As used in
A ppen dn B. "quahty assurance compnses all those 11e mamtename and dem mtammation of radiochem-
planned and systematic actions necesary to provide ie d process equipment, strus tures, and componen ts can
adequate confidence that safety-related structures. sy s- be both ditticult and hazardous. Cracks, eresices, and
tems, and components wdl perform satsactonly m - dacantmulties on the surfaces of radiochemical equip-

@ estabbshed to ensure materials control and control of
servime. Appenda H requires, in part, that measures be ment tuay retain radioactive solutions or particulates.

Trus complicates decontamination both for decommis-
special protesses, mc!udmg weldmg and heat treatmg smning and for ducet repair, maintenance, oi inspection.
and to ensme the performance of rehable testing Cracks and defects can aho cause euuipment leakage by
programs. These special processes must be acecmpinhed - initiating accelerated crevice corrosion f rom either the
by quahtied personnel usmg qualified procedures.. operation or decontamination environment. To ensure

pubhc heahh and safety, the defense-in-depth concept
Austemtic stainless steels are widely used in compon- dictates that process equipment, structures, and com-

ents of fuel reprocessmg plants because of their cc.rro- ponents unportant to safety be designed, constructed,
sion resistanse to the solutions encountered. Ilowever, operated, inspected, and main tained to keep their
improper use, fabncation, anJ ckanmg could result in integnty under all normal and accident conditions.
corrosion failure of the anstemtic stainless steel dunng
fat .ation or in service. Many acceptable practices for Weldmg is used extensi'.:ly in the fabrication of
e mtrolhng the use of austemtic stamless steels can be radiochemical equipment because of the requirement for
fokwed to mdd mtergranular and stress corrosion. high quality construction and to nummi/e discontin-
P ese practras can dit fer sigmtican tly because of uities, crevites, and leahge. Because the austenitic
in mftiaen t guidance toward standardi/ation. In the stamless steels, American Iron and Steel Institute ( AISI)
interest of standardization, this guide specifies proce- 3XX series. generally hase good resistance to corrosion
dures acceptable to the NRC staff for contrulhng the use by mtne acid solutions and other chemica!!y agpessne
and testing of austenitic stainless steels to avoid inter- solutions used m the reprocessmg of spent nuclear tuels,
granular corrosion and stress corrosion. The protedures these steels are widely used m process equipment,
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structures, and corn;wents ot f uel reprocessmg Hants amHent ternperannes t!a a|!oy w dl remam m metastable
floweser, une\pected, unpredictable. and unnetessarv emnhbnum, i e. the structure w ?! iemam auuemit
t t ir r oslon t'ad u rC tlI austCnlile Sta|n!cn SIceli c.61 resu|t w! t ll !!it carbin in idlJ ud ution t:t catne tlie dit ttunin
f rom their unproper appbcation, tabntation. deamng. et taibon n urtuaH) none\ntent at these te opera'uies
and we!d'ng. |$>r e\aI!1r e. t!,e i:nrroner electit n and t hiwes er, w l.c:i 'la austenita ~'a:n!c' stech are sub-
weldme of an austemttc stamlen steel can tene thi iet ted to c!m ated tempera tures, c _ m the ra re of W

arf } ! 91 an d t!|c JiIt *)rnatenal in a sensiti/etl clinditli.)n Mntepflhbc ((1 :nter tii I f d X) I', sa r hi M1 d|Il:Is t ii! !at s

eran ul a r corrosion in its sen n e enure unent. lias w i" tend to rea.h a! c+nHoum. The c ar b on
i('Ir< httm can leJJ to r.uidienu:g id su: tate and til gra o a l t tacs t1, it, gran: tw .u n J a r:c s w!!cre suitse is as a:1-
Foundary separation wluth a!!ows r a Jiot he n m als to aHe ter the in deation of a new ; nast t he carbon then
O in t en t r ate , niaking de c t m ia n tin a t it in d it lici:l t and pretipitates ni ti e fi rin <:t seiy snial' a':d t! in t hrt.nu!i::t-

es e n t u al!) leading to attekrated and unci;wted mter- tarHJe wim h ,t w at grain himndanes and mn>t

granular O'rrl % )n t all'J r c and leakafe- bnm!adI Jd ACnt erJm'
impro;vr control ot' environment can lead to f adure by
stresi c o r r os| o n c t,a k m g. Ihc lollow m g d nc u ssi o n s 'lhe t h r onn uu at m , t h Jt L i t nhme to f orm t a?bDb
present tia meta!largical conditions and causes le;dmg diret tly adiacent or thx to the carbon atoms nearan

to sensitization of austemtic stamless steel and ders that the grain bound mes Nih mcreased tune at temperature
earl be takerl t o as t'Id sen slII/at h'n (MnID ds Iti JstM and .Jarhisn b C!>abiisCII(C wi' | t!ie u d ubdit) bi'Ut (it
strew corrosion cracking wall aho be dNussed bned) mobon at thew la a.er t e m pe r a t u re s ). more carbides

l'onn at t!1e crJ!n bii mdailCs and t!.ux nu tre tIirl'Inluin n
Rrough these datuwons. the engmeer who en st der |cted f rom these areas Ihn resuhs in a band of steel

li rilit Metes s u r r < 'u n d1: J !!:t' grain h iuridar1Js w }u ne tllI(Mil im les eldesign f uel reprtheWng r'$ ants, but w hti
n Wlb * anna!h low ei than that R(puted to form asJrl}y ad e\pCrI in the nietellurgy of sta:nlCw stee!s. tan

gam a better un&rstandmg and apprecianon of inter ;vsne film . The t un i n t ,n p r oper ties of the band
!!:c rCli're J pprt'atlt !!! ' ne (d p a:n . a r b t 'n stCel. IIIir rt $li'n a n d sir ess c t'ri t ult m . 'I b ese d ntusgr a n UIJ. ati

sit n3 shiHdd ahti ald the engmCer in contrt'lh ig t!'e dif f usii n t't t hrtinuuni at t|les ' telnper Jt utes n sh m . Int-
apjdkailt n and use (it austen! tic stanlle% Stech ist Jsind lie t!:at i:t tarbin. and thriimiuni atiims tri in the bu k
t ir ininnMI/c une\pectcJ and urinecessar) < < 'r ri nn in of the gram th > init reach the c n n umum-deplett d /<me m
f.ilh u e 3 of luCI leprocessmg p! ant p r oc e% efnim ent. JppeWHe MunO lhs met J!}J rpO} Mnt IRInh t WC
str uctmes. and tomponent s. of demns q a m ;e ss o h e g ne d to ebatedi

tie n sis <ir atutenitic pijm3 whig bi:|k 't e n1pe r a! U r: s

| benskli/allon 3nd |ntereT3nular (orrosion of TUsten- '!a t'mm m ti H a pi N t l( 41 ls ficJrl) et juaI 14 the as'JiaJe5

itic Stainlew Steel t h romimn t mnis union et the Su Ihn s uttun n
Moloundcd b) an em chipe ( si * cluh ist on t m m ms )

Stech become "st.nnless ' Le, r esistant to corros im. of t hronnum4 ploed sttel m t u tact with t h ron m m

by sirtue ()t thelt thrtim!uin content. A minium cJr IdJs Ji afid rWal I .C . r J ' s h olt't! M ic NI

amoun t in the vicim t > of 12 percent throna un by
rCquired for 3 Ceel tai e\hlh!t st a n;}c u Ilic t hh m inm -depk ted /i m and the bulk it thewel 'h t n

p r o pe rt les . Abme !!ns thm mm le.eL a protettne pam ta m a dF in n Lu metal t oup! The t hr omnun-

oude film f orms on the e\po cd stamlew sicel su rtate. ep'eted /one n the amJe i.t thn mA and has ,cuah
smal!ct nea th.m the remaindct ut the t athodu gran

At amhent and nuidh elesated ten? *atures pmp- When stamh ss steel of thn uruttme a c\pmed to

erl) pInce%ed connnerdal austenith standess de ds e\nt t he nMt a|ly qJ!csGC so h t lon s W h J3 i Rldi/ N JJlds
m met.ntable etpubbnnn Ihe equinhnum uructures of the thromium-depleted by er n Atnely to oJed whJe
p! un m n-carb,n shron non-na kel stamles steels to tht mmm por ten of th- tun r emams unatiskel l h<

MI'!- id-Ilin t o o [fiaWs I } ) abstenlte, !}a tJse te:ltJrCd t ub: J tI A k < ilIlidCiCl) r e !} 's e I!: ' dC}deteil la) el
t'orm of nen with thronnum, tuckel. and lew than O U1 _ th mu n s r w! th- r.n p s t a3 ou t . + t t h t ur Ature'

weicht rercent Iw t :) carbon in whd wilunon .md (2) ihn en e s rne to a high ute of wuou m penetution
thrt:rnmm calbide (fr. h e ), ;( . Pr t 7erly p n wes g:d anj tiiest niual taiture

mo ocial auucutu stamlel steek. how es er. consnt
t <n!) t>I t}:e austenlte pnase. l! , are pletadjNe bet ju I!!ctraal t reat!'l ?n ts d'r c \pi Nlres t h it (. a ' l C tllitinb
t!;Cs Clintaln Carbl4) in u dld ss dati:qi m c \te w art t!1cir la!n (JIbl E plet t j'lf atlill .t r t!r t J.n h >!!ndJIlJN w li!li

s are JJlb'd!!ri m si!!n-do[} ? ted /i 'u d bhdit) linals it)r these te[nperJIures. I e I!)c 6 are t!.: a G ' )':;pJ:)) m J t

qu/m i neatments or e\p enes ILs le.n c th<sopenaturated with cubon Th ese u .u n hm tech '
'

i

smgle phase betauva they base been rapidh < < oied f rom o nles a c el m a sen an/a! a hnon in with a

cbated tempeutures w here the v luNht) of Leh.m n wusitized ar m tw fins wau , th e th: s tw&sx st4 el n

luch and theref ore n m whd u'! anon. Ihc opid t i Hu > wnwn to wintne o m m Jt t! gun N mn lancs.
<! p! ict! ! ) ci su: > > u t h l-[rcsent [fJttpitati.O 4)! e \ en tarh ul JN I!,e u duhdit) IlU 4:t I H t ' n i t t ' ' i. !1 r t'In in] Ct t

t 't Jarhim det T eJ ses with Jet reasin; teit:pera t: ire Tt ii it.s airi la a.!rin n !' .! in te t g' M> ut r t t r 'ii oii
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Temperature exposures for the commercial 3XX senes ture-metallurpcal reaction relationships for the carbides
in 3XX stainless steels

@austemtie stainless steels leading to senuti/ed structuressusceptible to intergranular corrosion in most case 3 are
in the range of 800 to 1600'F. In practical apphcations, a. lietween ambient tempersu re and the lower
sensit1/ation of austenitic stam! css steels inay result from bound temperature of the sensiti/ation range, no carbide
hot forming operatmns. stress reheving heat treatments, precipitation takes place.
inservice e s posu re to elesated temperatures, and
weldmg. b. In the sensitization temperature range, only the

thromium carbide precipitates.
Seseral metallurpcal schemes are uscJ commercially

to control or counteract serNti/ation and the resullmg c. lletween the upper temperature of the sensitiza-
susceptibihty to intergratular corrosion crackmg of tion range and approximately 2250'F, chromium
austenitic stamlee steas. Many of the normal carben carbide dissolves and the stabihzing element carbide (of
grades 3XX senes stainless stects contam a maximum of titamum, niobium. or tantalum) forms.
0.08 w t' carbom and a f ew ty pes (e.g.,310) contain as
much as 0.3 ut7 carbon. One method of controlling d. Abose about 2250"F both the stabih/ing element
sensitizadon is to lower the carbon content of the ca: bide and chromium carbide dissohe.
stainkss steel to a lesel near its solubility hmit at the
se:nitinne temperature range. Commercial grades of the if the stainless steel with a stabilizing element is held at a
3XX senes stam!ess steels are proJuced ca!!cd the "L" temperature in the range between the upper sensitization
pades, meamng low carbon content, (e g., 304L) w hich temperature and approximately 1250*F (e g.,1950'F),
contam Icw than 0.03 wt" carbon. At these carbon only the stabdizing element carbide forms aM the excess
levels, the stamless steel wdl not sensitize m r'any carbon is tied up by its formation. The rate of coohng
practical and properly executed fo; ming and w - mg following this exposure does not significantly affect the
prosesses when it is si bjected to sensitizing temper; 4res precipitation of other carbides. Since the stabilizing
for a reasonably short time. Iloweser, even the "I " low carbide is abo stable at lower temperatures, no carbon is
carbon) grades of austenitic stainless stects will pt cipi- available for formation of chromium carbide in the
tate cl.romium carbides and become sensitized when sensitization temperature range. Therefore,if a stabihzed
subjected to sensitinng temperatures for longer times. stamless steelis reheated in the sensitization temperature

range where chromium carbides would nmmally form.

@ austenitic stainless steel is the addition to its composi-Another met hod for controlling sensitization in there is no carbon available for their formation, and
sensitization due to chromium depletion does not occur.

tmn of elements that, under certam conditions, are Re commercial stabdized stainless stects (e.g.,321 and
stronger carbide formers than chromium. Elements used 347) are given a stabduation heat treatment at the steel
for tlus purpose are titamum, niobam (columbium), and mui and their asseceised structure consists of a stabil-
tantalum. Stainless steels contaiNng these elements that izing carbide in an austenitie matrix.
hase been properly processed to precipitate their
carbides are called stabilized grades. Type 321 is an A third method of controlling intergranular cerrosion
austenitic stainless steel that has been stabihzed with the susceptibility in sensitized austenitic stainless steel is
addition of titanium. Type 347 is a pade stabdized with through a solution anneal and quench heat treatment.a
niobium or niobium plus tantalum. These stabihiin? This consists of heatine the stainless steel to a tempera-
elements are also strong oude, sulfide, and nitride ture of 1950 to 2050 F, maintaining that temperature
fonners. Because the steel is normally deosidized (by long enough for all the carbides to go into solid solution,
the addition of aluminum, for example) prior to the and then quenching or otherwise coolmg the steel
addition of the stabihzing element, very little of the quickly enough through the sensitization temperature
stabduing element is used up by the formation of its range to avoid reprecipitation of carbides. This treat-
oxide. Ilowever, some of the stabilizing element added rnent will provide a stainless steel with a single solid
to the stainless steel combines with the sulfur and solution phase nct susceptible to intergranular corrosion
nitrogen present in the melt to form sulfides and attack (unless it is again heated in the sensitization
nitrides. Therefore, to tie up all of the excess carbon temperature range).
present in the stamless steel with the stahdizing element,
more than the stoichiometric amount necessary to form
its carbide is required. In the commercial grades of Two important phenomena associated with intergran-

ular corrosion of fabricated stainless steel components
stabdized stainless steels (e g.,321 and 347). a minimum
level of stabihang element based en the carbon content
is specified. aA sotutwn anneal and quenth heat treatment mcans heatmg to

a suitaHe temperature, holdmg at the temperatare long enough
An understanding of how stainless steel is stabilized to cause all carbides to enter into solution, and then coolmg

@ can be gained by consideration of the followmg tempera-
rapidly enough to keep the carbon in solut on.

155 214
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are (1) wehl decay and (2) knife-hne attack. Weld decay steels should be solution heat treated and quenched
is the mtergranular corrosion in the heat-atfettel zone followmg welding for seruce m corrosne medu. If a
of t!.e bne metal at some distance from and parallel to solution anneahng and quenching treatment of the
the weld bead. Weld decay usu dly occurs m unstabihzed component is not feasible, low carbon grades or stabd-
austenitic stamless steel of noimal carbon composition ized stainless steels should be used. Ilowever, as discus-
as a result of temperature exposure from the heat of sed, improper weldmg of these steels can also cause
weldmg and subsequent service in a corrosne enuron- sensitization. Significant sensituanon does net normally
ment. When a weld is made some of th heat is result when ty pical we'dmg procedures and maten11
dnsipated through the base metal. The temperature is chenustry are used and when no further heating of
lughest in the molten weld pool, and a complex thermal nutenal occurs. De weldmg procedures and matenal
gradient exists through the weld and adpmmg matenal. chemistry should be controlled to prevent undue sensiti-
The temperature distribution in the metal surrounding /ation during weldmg. Control should be exercised to
the weld is a function of the base metal thickness and include the follow mg- (1) mamtaining low heat input to
conductiuty, preheat and interpass temperature, weldmg weld omt by controllmg cunent, vohage, and are trnelJ

heat mput and speed. and other factors. Iloweser, at speed, (2) knutmg interpass temperature, (3) usmg
ann. distance from the weld bead in the heat-affected stnnger bead techmque and the lumtmg of weavmg and

zone, the base metal is exposed to temperatures m the (4) knutmg the carbon content of the matenal where
sensituing range. In the normal carbon grades and section thickness results in mereased tune at
unstabdued stamless steels. a band of chronnum- sensitization temperatures.
depleted steel parallel to the weld bead deselops due to
the precipitatmn of chronnum carbides; the band is thus

in nitne acid solunons and possibly in other highlysenutved. If the welJment is subsequenth exposed to
oxiduing solutions, sesere intergranular corrosion hasaepessne solutions, mtergranular corrosion occurs in
bun auociated with the precipitation of sigma phase mtius band of matenal paraHel to the weld. This
molybdenum-contaming types 316 and 317 and m the

phenomenon is called weld decay.
carbide stabihzed S pes 321 and 347 stamless steels. The
ugm phu n a metaHupal rea<non produ<t of ternteKnife-hne attack is another phen ?menon that may

.. . and forms m the temperature range 1150 to 1550 I.occur in the stabilued grades of austemtic stamless sfeels
" # N"3 N"# *"""""#b''' " ' * "as a result of welding. It is due to the sensituation of a

acid the austemtic stamless steels can undergo sesere
very tlun layer, a few grams wide, directly adjacent to

end gram conosion. Hus is accelerated conouon of the
.

.

and on either side of the weld head. Dunne weldme this
" 3 " u' n gul when ik pams m n pod to melayer of stamless steel is exposed to temperatures' just
5"I " U "" "3""''* ''"*'"U""''"'""below its meltmg point. At these temperatu es the
through thickness trannerse cross sectmn et rolled plate.solubility of carbon is sery hith and the stabiluing

carbides eo into sohd solutwn Subsequently this zone
tools quickly enough through the temperature range It should also be recognized that mtergranular cono-

(approximately 2250'E down to 1600 F) w her. the s on of austemtic stamless steels can take place m the

stabdinne carindes f orm and the carbon and stabih/ing nonwnnured condition when these steels are expmed to

element remam m solution. This 'ayer is then suscepuble st rongly oudump solutmns This conosmn occurs m

to sensituation. The laver udl sensitue if the stamless exposun's of these steels to strong boihng nitne aad
M ion. This ion can besteel is exposed to the'sensituation temperature rance solutions contaming the Cr

where chromium carbide forms but the stabili/irig present and can accumulate m the solution as a result of

carbide does not form. This exposure can result (1) fron; the conosion proan of the stamless steel itself;+ne
h 3 4Cr *fe *.Ce +,Mn' , ordeposition of rnuluple weld beads, (2) when the thick _ prgna of any of the ions.

\~ i" 5"I"U ""* "t bo hng mtne acid can ca useness of the welded action is great enough to slow the
conhng rate through the sensituation temp rature range, intergranular conosion of nonsenutired austemne stain-

less steels. The phenomenon can be attnbuicd to theor (3) if weided parts are given a postweld heat
"'greganon of elements to the gram boundanes. therebyeatment, such as a stress relief, in the sensituation

temperature range. Il stabih/ed stamless steels that hase "UC""E O# d"""M'mkal properties of the boundary
with respec t to th e pain an d causmg aaeleratedbeen thus lahncated are exposed to corrosne media,
c on ou on of grain boundary areas m the solunonsmtergranular torrosion m a verv thin band on either ude
rnennoned abow Shcon and pbphoms can hm aet the weld. called kmte-hne attack may resuh.
sicnificant effcct on the reustante of nonsensitued
" " " " " '" ' "" ' " " ' " " " '

th indlCated b) ihe prCvious dMCussion, mferfranular
corrosmn nu) occur for seseral dnerse reasons and
many tipportunities exh! llir stamIess 5, eels to be Proper choice or austerutic stamiess steek n impor-
sensitued by the tahnmanon process or the senice tant; both the tahncation procedures and msenice
enuronment. Stam! css steels of normal carbon content environmental exposur' condinons should be considered
will usually be sensitved by weldmg Therefore, these m the selection It should be shown by corrosion testmg

}}{ \3.37-4



ot as-re<eived and fabncated materials and by quahfica. Control can be accomphshed by testmg asaccened
tmn of procedures that stainless steels are not placcJ in matenal to ensure that it has been proped) proc ssed
serVis e ul Iuel re p roGMin g p. m tS in a sensill/ed and heat trCated and that it b of the p!oper composi-
ci m dit mn tion. For c\ ample, results .d the conouon screclung test

Can IndicJte whether low carbon grades are b)w en()ug}|
2. Intergranular Corrosion Testing m carbon content and whether stahdi/ed grades are

properly pmcessed and contam enough stah h/mgi

Quahty (a ntrol testing f or interpranular corrosion p[ elements. Also, these test.i shtulld be uWd to qua!il) the
austemtie stamless steels is needed to ensure that steels weldmg pro < css and pmcedme mJudmg. when requned,
that hase been sensitized and are saueptible to mter. any postweld solution or stahditation heat treatment.
gra nular conouon are not used for f uel reprocessing This is to ensure that stamless steel structures, systems,
plant components exposed to appessise solutions. These and components are not placed m senice m a sensitized
quahty contml torrosmo tests are not designed to condition. Test weldments fmm winch tonosion testing
reproJuce insemce conditions, but rather to detect coupons are obtained should be made f rom each heat of
metallurpca! microstructural conditions known to cause sta:nless steel and f or each welding and heat treatment
inservice intergranular corrosicn m aggressive solutions. pmcess or procedure. Ikise metal of the same thickness
The value of these tests, therefore, is to enable control and the same Sier metal as the productmn welJ should

be used in making the test weldment. The same weldingof the use of sensitized stainless steel for sen ice
pr.ications, not to predict the service hfe of stainless process and variables, such as heat mput, trasel speed,

steel componen ts. number of weld passes, and preheat and interpass
temperature, should be used for both the test weldment

Seserai torrosion tests are avadable for detecting and the production weld. The test weldment (pnor to
susceptibihty of stainless steel to intergranular corrosion obranung conosion coupons) should be heat treated or
due to sensit /ation by chmmium carbide and/or sigma otherwise exposed to time-temperature cy cles to simu-
precipitatmn. Some of the more widely accepted tests bte any thennal e sposme or treatment unposed on the
have been standardized and are desenbed in Amencan production weldment and component after fabncation.
Society for Testmg and Matenals ( ASTM) Standard A The test weldment must be la rge enough for the
262-70, " Recommended Practices for Detectmg Suscep- corrosion testing coupons taken from it to simulate the
tibihty to Intergranular Attack in Stainless Steels."a microstructure and condition of(1) the bulk pmduction
These tests have been proven useful by comparisons of weld and its associated heat af fected zone and (2) the

@ laboratory and inservice test results. ASTM Standard Atinished base matenal.
262 70 desenbes recommended practices for tive tests:

The boding 65 wt'? mtric acid test (Practice C, AST M
A 0) is sometimes considered too se ~cre fora. l'ractice A - Oxalic acid etch test for classification
stamless steels that are used in less torrosive media. Theof etch structures of stainless steels,
test detects i,itergranular conosion due to chmnuum

b. /hicti< c h - Ferrie sulfate-sulfune acid test for depletion and sigma phase. It can also show increased

detecting susceptibiht) to intergranular attack m cormsion rates due to end-grain corrosion and attack of
chromium carbides and of titanium carbides in stabihzedstainless steels,
stainless steels. Also a product of stainless steel corrosion

A ing # ion increases these , the b#y <c. /tactice C - Nitric acid test for detecting suscepti-
cmmWness of the nitne acid solution, llowever, all ofbibty to intergranular attack in stainless steels,
the above considerations are important for stainless steel

d. /tactice D - Nitric-hydrofluone acid test for wrvice in nitric acid. Therefore, the boiling nitne acid
test (Practice C, ASTM A 262-70) should be used for thedetecting susceptibdity to intergranular attack in

' inkyr nu r conmion testing of austenitic stamlessmoly bdenum-beanng austenitic stainless stech.
steel espmed to nitrie acid solutwns in fuel repmcessmg
PU""e. /tactu e E Copper-copper sulf ate-sullunc a<id

test for detectmg susceptibility to mtergianular For details on how to perform the boihng nitrie acid
attack m stamless steels. test, refer to the ASTM Standard A 262-70 practice. A

brief description of the test is pven here to facditate
if these tests are used as recommended in. ASTM A following discussions. A cleaned and weighed stainless
262 70 and the hmitations of the various practices for steel specimen is exposed to the bodine 65 wt3 nitric
specitic alloys are observed, the results of these tests can acid solution for fise consecutive 54 hour testing
allow control of the use af austenitic stainless stech in periods. Between each 48-hour test period the specimen
fuel reprocessing plan ts. is cleaned, reweighed, and then tested in fresh solution

for each period. The test results consist of (1) weight
Copies of thn Standard may be obtamed f rom ASINt,1916 loss data for each 48-hour period and (2) the averaged

Race Street, Pfuldeybia, PA 191n3- weight loss for the full 240-hour test.
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The ASThi standard prac' ice does not give criteria to v.hich it has no effect. If either control of the stress or
enable deternunanon of whether the test results mdicate control of the chemical, or both, can be accomplished,
nterfranular corrosion susceptibility of the stamless then stress corresion crackmg can be avoided. h those

steel tested. When the data show increasmg weight losses cases where neither control of the stress nor contml of
for successive 48 hour test penods, this should indicate the chemical can be accomphnd. a different matenal
susceptibihty of the stainless steel tested to intergranular must be sought that is not susceptible 'o stress corrosion
corrosion. Corrosion rates calculated from the weight (or other ty pes of corrosion) in the particular
loss data, exceedmg 0.018 irmhes per year, should also ensironment.
indicate intergranular corrosion susteptibihty. Stetallo-
paphic examination of the corrosion tested specimen if the stamless steel is sensitued, mtcrgramelar stress

may also be performed to determine if intergranular orrosion crackmg sometunes occurs under the condi-
corrosion took place dunng the test. tions that normally lead to transgranular stress corro< ion

crackine in the annealed stainless steel.
The other practices of AST51 A 262-70 may also be

'

used, as applicable, for intergranular corrosion testing of Intergranular stress corrosmn cracking has occurred
stainless steels for senice m solutions less corrosive than both in solution-annealed and in sensitized stainless
m:ric acid. Or these other practices, Practices B and E steels and in environments that may not necessanly
are preferred, in that order. Practice A, the oxahe acid induce transgranular stress corrosion crackine. In these
screenmg test can be used, as appheable, except for instances the role of the stress may be only to open the
stamless steel senice in nitrie acid s ilutions when the crack and allow solution to reach fresh metal while the
boilmg 65 w t? mtric acid test, Practice C of ASTN1 ^ failure is mduced by intergranular corrosion. Examples
262-70,is the recommended test. of interest are intergranular stiess corrosion cracking of

austemtie stainless steel in high temperature-lugh punty
3. Stress Corros on water, crackmg caused by lluoride-containmg weld

fumes, and trackine from tluoride residual contamina-
The austenitic stainless steels in the annealed tmn remainine on s'urfaces that have been pickled with

aconditmn are susceptible to tranutrcm4/ar stress corro- nitne acid-h>Ih otiuorie acid solutions. In situations
sion crackmg The environments producing stress corro- similar to these, where stress-assisted mtergranular cono-
sion crackmg normally base no detrimental effect on the s on occurs, those treatments that improse intergranular

-

bgeneral corrosion resistance of the stainless steel. These conosion resistance can also improve the intergranular
environments include caustic solutions and chloride stress corrosion resistance. Iloweser those treatments do
solutions. esen at chloride concentratmns of a few parts not necessanly elinunate mtergranular stress conosion

~

per nullion in the presence of an oxidizer or oxygen of a crackine.
few parts per million concentration. The physical state

'

of the exposure is important. For example, under Process controls should be exercised dunne all staces
altemate wetting and drying exposure wh n traces of of component manufact unng and const riuc tion to
cidorides have a chance to concentrate on the stamless minimize exposure of stainless steel to contaminants
steel surf ace, accelerated stress corrosion occurs. Stress that could lead to stress conosion cracking Smce some
conosion cracking requires simultaneous action of both degree of material contamination is ineutable during
a tensile stress and some particular corrome agent these o p e r a t i ons, halogens and hah > gen-bearing
(although this agent wouhl not normally result in general compounds (e.g., die lubricants, marking compounds,
conosion of the stainless steel). The stiess may be and masking tape) snould be avoided to the degree
applied or it may be a residual stress lef t in the structure pratical.
f. rom a libncation operation,

AH cleaning s lutions, processing compounds,To void stress conosion cracking in those systems
where t < ccurs, the stress can be ehminated or reduced degreasing agents, liquid penetrant examination mater-

f als, and other foreign materials should be completelyto a ir vel below a certain critical stress that is dependent
n? moved at any stage of processing prior m any ele vatedupon he exposure temperature, the solution concentra-

tion, and the composition and microstructure of the teniperature treatment and poor to any pressure testing.
Was nable care should be taken to keep (l) fabocationstainless steel. Alternatively, the responsible chemical
and construction areas clean, (2) components protectedcan be inhibited, eliminated, or reduced to a lesel below
and dry during storage and shipment, and (3) all credces

--- and small openings protected agamst contanunation.

aIranspranulc- means throup.h the grains, intergranular means Pickling of stainless steel should be avoided. Special
along or at the grain boundanes. precautions shouhl be taken to asoid surface contamina-

tion with fluondes from welding rod coatings and fluxes.p M used in this guide, pencral corroun is tFe deterioraten et e quality of water used for imal cleaning or flushingmetal by t henucal or electrm hermul reac tion wnh us enuron-
of linished surfaces should meet, as a mmimum, thement u tush protteds undorne mer the exposed surtnc ic u

the rustmg of steel in the atmmphere L requirements of ANSI Standard N4 5. 2.1 - 1973,
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"Cleamne of Ilud Systems cod A sacuted Components nuraber of weld pa%es and postweld heat ti ca t me n t
Dunng Construction Phase of Nuclea Power Plants prathen and (J) for any other impor tant thange in theu

@, bqmJ penetrant exanunatmr matenals si ould meet 'he fabocation of components. Test sections f rom whhh
- icquhement of T430 of Arthle 6 of Sectmn V of the conosion coupons are tested should be welJed and

Amencan Society of Mechanical I.ngmerrs Boiler and treated to re pr e sen t the productmn weldments and
Prewme Vessel Code h finished products. All impottant unables should be

reprodused for fabrication and treatment of quahfica-
tion tent sectionN as dhcu%cd m SeClmn ll of this gmde.

C. REGULATORY POSITION

Austenita stam! css stech of th; AISI Ty pe m 'e maknah used for coinponent#"
and sy stcru nunuf acture should be in a solution heatsenes used h r safety-related process eqmpment with its
treated condition or in a stabih/ed comhtma f or theas*'h. lated se%eli and p!pme, radh)actise waste hand,ine

and stwap sy stems. meta! hners of praess cells an[1 ind pah NonsuwerMy to intapanubt too
rownaou be down h unrouon teumg of uartingwaste s t ora ge tank vaults, and other safets related mm un tW entue component or 9 min a to Nstru;tmes, systems, and uunponents of fuel reprocessme

plants should meet the f ollowmg conditions.
' solunon heat treated or gnen a stabih/ation heat

treatment alter labraation. In tlus case, both the weld

with its heat allected zone and the base nutenal should1. Stainless steels should not be p! aced in senice in a quah anon tonocon ted m then hnal fabocatedsensitized condition that is sas epuble to intergranulars
and heat treated condition.

2. Niinsusseptibility til UlteIgranular Ct)r r osnin
6. It tahncated coniponents cannot b non heat

. .

shald be sentied usmg ASTM A ?62 70, "Ih om-
menued PractNes for Detectmg Suwepnhhty to Inter- tn'ated the normal carbon grades steinless .s should

not be usa low canon or uatuhnd uainku mehpanular Attac k m Stainles; Steelf Practae C, the
should be used if the f ahncatmn process can be quahtiedbmhng 65 wt': mtric aciJ test, for stamless steel sente
h corrosion testmg to show nonsusceptibihty to inter-m sohitions of mtne acid. For o^er senice, Practice C
P3"" ' ' * ' " " " " 'or the other prastices of ASTM A 162-70 nuy be used as

@ apphcable and as discussed m Section B of this gmde.7. IIeat treatments in the sensitization temperature
3. N onsuscep tibihty to intergranular corrosion range (h00 to 1600'F) alter component fabricat:on and

should be shown for stamless stcel process equipment, poor to corrosne ensuonment exposure or msenice
structures, and components in their final fabneated exposures to these temperatures should not be allowed
conditmn poor to senice m corrosne enuronments. unless it can be shown by appropnate tests or extensiw
Dus should be shown by corrosmn testmg of base insenice esperience that the stainless steel wdl not be

'

matenal and by quablication corrosion testing of weld- made susceptible to interpanular corrosion by these
ments and then associated heatqifected /ones. actions. Components on which insenice experience is

based should be destructively tested (e p., metallography
4 Quahty control testing for intergranular corrosion and mechanical testing) to show positively that inter-

should be performed ' on the base matenals of the panulu conmion did not result in the component base
austenitic stain! css steel product f onns produced f rom nutenals, weldments, and heat.alfected zones during
each dif f erent heat and final heat treatment practice.

seniceQuahticatmn mterpanular conosion testmg for f hn.-a

cued components should be performed (a) for each
thange in stainless steel type a.s represented by 8. Stamiess steels should be suitably cleaned anda

dif ferent AISI 3XX designation, usmg either base mater- suitably protec ted agamst contaminuts capable of
ial hasmg the nuumum carbon content anticipated or causing stress corrosmn crackmg du.N fabrication,
base material from each heat; (b) for each thangr in shipment, storage, construction, teshng, ,d oreration
nommal thakness of the sections welded; (c) for eamh of process equipment, structures, and cor ponents. The
<!unge weldmg meth od or procedure includmg quality of water used for final cleamng or flushing ofm

'hanges in jomt design, filler metal type and site, r ished surfaces should meet, as a minimum, them

requuements of ANSI Standnd N45.2.!-1973, " Clean-
ing of Fluid Systerrs and Associated Components During

% pes may be obumed f rom the Ameman Nabonil Sundards Construction Phase of Nutlear Power Plants."31.iquid
Inshtute, Inc ,14 3n Broadw ay , New Wik, NT. Inn t h penet ran t examination materials should meet the re-
Copes of tiw 19741 dmon nuy l e obtamed from Amerkan qubnents of M>M of Article 6 of hettmn V of theb

Samt) of stet hanul I nrmeers United I rmecnng Center, Amerkan Society o( Mechanical 1 ngmects Boller andC 345 I as 47th Street, New Wrk, N Y. lon! 7 Preuure Vewel Code."
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D. IMPLEMENTATION submittab for operating licene or construction permit
appheatmos do Acted atter May 31, IG.

The purpmc of this sestion is to provide information
to apphcants and !!CCnsees regarding the staf fs plans for
usmg tlus regulatorv guide. If an appheant wnhes to use this regulator, guide in

I uept in thme cases in which the appheant proposes desdoping subnuttals for apphcations docketed on or
an alt er fla tis e inethod f or Col 11plylng with specified before May 31. 1976, the peIIIflent piirt.ons of the~

the fointnis30'n's re ulations, the method J ppih. a tion will be evaluated on the baMs of thispot tle!1s of . J

desCrlhed herein wil! bt.' 11$0d In the eva}uJflon o[ guide
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