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Thase wpsub dasi@m inmfpmnta provisions for remod, exmnbtion, and rbencapwbtion of ths M E  spamaur at inter- 
mediate exposws IS* em mun, toa  rsrgst enpcawe bvdof 24 ( h ~ t ~ 3 0 )  
exc8plion of the 6WC capsub, when, the tastswdmns d b s  in dbstcmrsct wim ths nvlcmaxhg water, ths qsci- 
men WnpsaMSs ( m o n i t o r e d  by 21 fhemrocwyesl wiw ts contmwsd by 
r@on bshvan ths spechmw hoMsrand ths confsinmsnt rube. Hefniwn km-s wiwts  ussd m tailor ths nnmon specmn, m 
clmsiymtch ths hsklKnprc&stkmtoam dispraanwntmtin (14 ~ / + 4  rurpscndin a fusion reactor %sr d. 

psr a m  IC43a). w i  ths 

ths tfmrmel condursna, of a smal gap 

AssemMy of ths 60and33WCcaph is cmnplam andimn*stion of both wi#begkr when ths HF1Rreun-m to M 
p o w  opwstion. D€=sign of the nmayling two 12W and W C )  c%Js&s is cmnplam, endiawe Of  fsbriumbn as* is 
near. Fabrkation of parts andsssemMy of ths 2W and 4LWC capsubs is .qdmd&j for canpletion by ths end ofN 
19m; omwetion of mssS two capsub WM fcfbw ths first two (60 and 3 3 0 0  
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A new inwing modelhas bnm to exdah sonm fwMSs ofthsiMgs lfommdbv msdconen*lation 
decvm microsmps OEM). The cslculstan mwsl that is ussd m determine the spechmw thick- h a  !nnmmon 

assum ths Utms with c b r  contrast in ths imqie appsar when, ths surfwe oftlmncmntdnabon is parahi m ths 
imaging dsctron beam. The cakulafed rasUn expbina sonm features of ths scruel imqie re% d. Abo, the cakxlation 
shows the image shin. h k h  lswls to an ovarestimabon of ths pardbx bsfwaa, two conmminabon ccfms, whkh lea& m 
ths overartimtion of the foil midinesr. 
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m n ,  has oversU diimnsioM of 30.1625 x 4.7625 x 0.762 m, wim e wuge renSa, of 6.35 mm. 7he unirraaated me 
mngukr spedmsns were tasted at both r m  fmnpsrarwe and at 6WC. 

The SecMdspeOimsn is a %-mrs-dk*spechmw with om% dimarsims of a 3- damster TraMmission Else 
won Mlcmswps spechmw and8 reducsdgs-senion fomad by two circular radii of 1.6 mm. The thidvn*rs is 

0.264 mm. The mhisture specimsns w e  fakicated whg three dafwsm tschnques: 11) punchinB fobwed by slectrp 
polishicg, 12) ekmriul di8charg.s mschining. and 131 punching fcfbwed by antmob. The three mts of miniamrs-dk 
specimens were tasted swmxdv at r m  tanpasture. 

rests were psrfmned wicg a m k d  rvps 316 srainlsss snn~ I R & ~  ~ a s t  6092297).  he rarohs WIYO found m 
conform m ths c o f f i r r ~ s ~ o n  rebbonship, whae ths vehn, of the exponsnt was fwnd m k bstmwn 0.1 and 0.25. ~hsre 
was scum degradelion in fa- life for ths rscrsngulsr spsckna, at 6WC annpnred with ths roarrtempersrwe fa- 
dsta. The ministursdisc specimens pvs  higher than sxpscted vahn#r of fa- &arm fw all thra, sets of spamaur. 
Both specimen a m r  m be suits& fw sropine h&md spedmsns for farigus prqmrtk. 
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R& WEWWM for me MFE 4 A . h  spectd arrpaimnar in me osx R- R- Reacnw. Thge 

a m t s  started with an alumhum mre- fikd with water, switdwd to a SOlidahdrwm me pats. and rkMv 
sddsd M i u m  h s  to suppress the themrsl nnmM Uux. The mxhm e m m  for MFE 4A at 107.0 FPO 1223.1 FPD 
undar HFl was 4.2 x l d 2  n/&, r w  in 13.1 dpa and243sppm IWwn for 318seinlslg sfsal. 
~ f ~ ~ ~ ~ ~ 8 t 9 s 6 . 6 ~ ~ ~ / i z i . 8 ~ ~ ~ u n d e r ~ ~ 1 m n e 4 . o  x r#n/&. - i n  1 2 . 0 d p a s n d ~ l e a p p n  
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for va- spscva induding fush  reschw sim&tims, pressure vas-& swvdmm. *% fission. and f ~ n  - r~amn.  

The dam w'U bs reviswed at a mtiw in ECN P a m ,  The Nathmiands, in octobw 1988. 
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micrasropy and correlated w'th me vari&m of yitw mess. cm~ar t io~ l  thwy of rsrlistwn hadsing was fawrd to bs mt 

~ a p p l i c s M e t o p d y c r y s t a / s .  ~a&tic+indwudporind&ctdustenrarec.ms&radmbemnsobsmdssmt&yto 
me motwn Of deha=ltimsOn thepil&upsid,ofapin, but& to thegsnerstwn ofc%sJoc8tiomrm t h e n s x t m .  Gm? 
era&, applwbk simplikd wuatwns for p l w w t s / s  are p r w .  By .%dying me wueths to the @Wmd ensib teDt 
resub. the maibution of mtrk hnrddng was fwnd to bs fairlv low. 
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140- 9PC) and low dosss KO. 1 dp) .  The Yradinths m pafamed in RTNSII, O M ,  ORR. and the HFlR pr6asura vas-& 
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h n t  frsction of* displaamenm ispmducsd byrewils from th.mnslnamon captures. The beat Corrsrsth of aU the 
data is schisved whsn t h e h s c h a w  are ccmpmdon 
defats, which bsm represents the d a m  parthipat@ in the rSllbtic+svm$hsnhl-. 

c h e w  of AZ 128 and A3028 WWUW WSSd St& W t e d  h 8 wids VWbW Of nSUVm SpeCrrs 8t low fanpashWW 

data 

of thep-o&mon ' of h s t y  m&,9fhg self-htenrfifid 
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rim rate on the microswucturai dsvslopment and tensile propshes of FeCI-Ni aUow are currently UnderBOng ' awmiMbon. 
hn, of fhese, conducted in the ORR at a hi&r He/& rete and a lower aspracemat tratacompsred with the otha 
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expxinmnt in EBRII, show substanfiaXy mon s t r m # t h W  ' andadf fwar t ranpastumrsngsofsm.  Theeffscnof 
irradiation mnpsratws, neutron rsUx. and mutrm epstra sppasr m bs krger than thare of the " I M l i S b b n S S *  

died. TrsMmireion skntron rnkrmxpy (7EMJamninstion k inprogreap m dsfwmna the origin of the observsdchenges. 

5.2 Radiation-Induced Spinodal-Like Decomposition of FeCr-Ni Allow and Its Influence on Electropolishing of 
Microscwy Disks-J. M. McCarthy and F. A. Garner (Pacific Northwest Laboratory) . . . . . . . . . . . . . . . . . . . . . . . . . .  73 

Scanning skntron m i c r m x p y  was used as a fool ro inveatinate the dspsndencs on nickel content of radiatkm 
induced spinodscliks - i t h  in Fs- 160-XNi alloys. It appesrs that the relativs rapisfsnce ro sw&l~ observsd in the 

pmkxgicg the loopdominsred phase of dislocstion svoMiDn end also suppresekg the DnDer of mxsixand wid growth hss 
nor yer ban demmined. 

lnvar mnpo&bml reginw ar 6 1 0 C  is murrent  with winod&Iike dscompasmon " . T h e i n l 9 u s n m o f t h i s ~ i n  

5.3 Microstructural Examination of a Reactor-Irradiated Dilute Copper-Boron Alloy-S. J. tinkle 
(Oak Ridge National Laboratory) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  77 

irmdistmj with fission I W U ~  ro - 1.2 dpa ar a &- rare o f 2  x 1 0 - ~ d p a / ~ .  A MIOM- disuitmion ofcsvitas 
was obswvsd for the irr&ation rempers~slr of 182 mmgh 6 W C e a  a result of the gsnsrah of lOOappm He dwho 
the h&lion. stecking faun rerrawa were also observsd at an irradialion tempsranrss. Common ' withpuremppa 
SPedmeM imrdiend in the earns cspsurs n w  ssvwsl inmesling dwwmcss in the micms-m,  a e w t  

An initial micmstrmtwd mamination has ban pafomwd on mppa spschms contahbo -20 wtppn 8 that wmn 

snhsnawnenr in the SFTdsnsirv at an rsmpastwes and the presence of voids at 187C h the mPp%boron spnchms. 

5.4 Radiation Damage in Binary Ceramic Oxides: A Preliminary ModeCRcger E. Stoller 
(Oak Riw National Laboratory) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  85 

A prdmhry  modsl of r&& &- in Lhwy ceramic ox& hss ban d e w .  Ths modsl dsscnbrlhere 
Bccwnrs in an approxime w y  for a m  of the mslw Mfemnms bnmnm rnstanic.4wa andcmmnim thet are bdavsd to 
be res& for the fact rhat ceramic materia$ are observsd m behave dffs~sntlv than r n s W  &p whw, expmsd to 
dspkdve irr&lion. The modsl considsrs the in- of mS sxisrena, of a d k t h  and the -1 m~treim of 
sr&hicmsbicpoint defect absorption bydislocstion rwpS on the m + w m t r S h  ofpoint dsfscrs that M b s  obssrndat 
s ~ s t a m  in an irmdated oersmic. base point dsfscr m+wmfraW are then used m cornpufe vsriws nmnsura of the 
ean&vity of masS mmkh m the type of microsmchml evolution thet is observbd in irradiend metab. Initial r e d m  
obreined with the prassnr modsl indicsre that both the lsrtics and stoichiomstry effscrs can hsfp m mirigam reaStion dam 
age in amwnics. Howsver, the effect is not rmca&W large; in sgreemnr with m t  data, the reslJts thar at 
kist BIYIY) mamic oxidss m y  s x h i ~ t a  senri~i i ty m ckdamnm t 

Ratio-J. F. Stubbins and J. E. Nevling (University of Illinois). F. A. Garner (Pacific Northwest 

mSt is simitar m rnstab. 

5.5 Microstructural Evolution of Neutron-Irradiated FeCr-Ni Allow at 495% in Response to  Changes in He/dpa 

Laboratory). and R. L. Simons Westinghouse Hanford Company) . . . . . . . . . . . . . . . . .  93 

A swkw of three Fe-16Cr-XNiahys in both s m e a l s d a n d c d d w o r l i e d ~  WM hadatedin the Fast F h  
Text Fadityst 4 9 e C  m 14 dpa. Ths expedmmr was &- m &aVmina rhe sspsrste mw.isynewb& .ff&ts o f M d  
and phosphonrs mtenr, &work. and ~ m / @  ratio. l'm aqminmnt WM conckmd withart inuc&c& nuisrims h 
dpbamwrt ne. a vsriabk, known to strmgly inffume miuoSmrctvrsl e d l t h .  E& &y CCdtkNl w(18 kda ted  h 
two verianta, OM) with mmrsl &el snd (ne snhanced with the50Nibrotops. The !am &t pmdmea h d h n h m  ntDs 
typical of fusion reactor8pmtra, while the fmnw * a much lower kval0flmbn. The resLJts show rtrahs&inn slhws 
the micrwtructural evolution (KVnBWhdt ar 495T. bur its eflect is re la t idy  mnpsred with the inRxnces of the othsr 
VariaMes sW. lrrcrssses in stnrtiw dislocstion density, nickel content, w phosphonu, led aU retard SWM~Q tanporwjV. 
whh higher nrm of helium genaation, usush'f, bur not alwsys, sccskrse s m .  Phosphonrs SdrMiOn of 0.04 wt % nor 
onh/ decnssed swelling hi lead m refinarwnr of diskcation bop micmsrmctum and srebikation of ddocation nstwwks 
crested by rold wotking. PhospM pscipitafis dd not fwm at this ternpasture and dars kval. 

5.6 Precipitation at Grain Boundaries in Irradiated Austenitic F e C r M n  Alloys-J. M. McCarthy 
(Pacific Northwest Laboratory) . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  103 

simp43 binsriss. silnpl8 mmh.  and ianmmdw ' prcdumd &y3. Thsss lowectivstion alloy3 are tmhg Eonsidered for 
In prwixm wcfk, the phsM stability of Fe-Cr-Mn alloys &hg irr&tion was invest&9pStsd in a studv thet inclrnled 

fusion reacror wwim in the first wall and in other smrctwal arwbcations s+t to high neutron dosa9. In sddition m phnss 
instaLMh obsaved within the grains, p i n  bwndsrws m suscepW m v a m  kvds of wedintation dspsndart upm 
a h v  wmposmon ' ' , displeanumr dose. and in&tion fsmpaslws. mk repon deraibss the grain boundwy microsmcrum 

rhat dsvdopal in masS Fe-Cr-Mn a h p  durino irr&tion. 
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5.7 The Effect of Phosphorus on Microstructures of Fe-15Cr-25Ni Alloys Irradiated with Fast Neutrons- 
T. Muroga (Kyushu University). F. A. Garner, and J. M. McCarthy (Pacific Northwest Laboratory) . . 

F+ 16Cr-26Ni auannitic alloys with w h  phosphorus m m  wmn inndated with fsst nsuuom in the EBRll 
rBBcmr at rwnperetures ranging hom 399 to 649DC snd - betwean 8.2 and 14.3 -. olhpwarrrns ' 

Nres andlowphosphorus mmts, whers nopre&mts formstion WM observad. ma phosphorus ranwnsd ' 

andhsda mmg but VariaMS huumce on swsling and voiddensity. However, the res&s wg@aSt thatmw, msn (XI0 

of&- 
and &odmmblanaIysm wmn carriedwr to denumim the mriom rolas ofphosphorus. At b w  brn&tion rarpab 

hsduiim 

mechanism involving p!m@orwpdntdefsf innrmcoOn was opastkgand that the net sffscr was8 r d  of the ampti- 

fion of several m e c h a n b .  PhospMde prscipitates were obssrved m form at lighsr inndation ranpaahves sndpha, 
phorus kW, The f r n f i o n  of these precipitates then exmmd a f v r r t a r m w  on ma voiddensitysnddstrhlial. 

6. DEVELOPMENT OF STRUCTURAL ALLOYS 

6.1 Ferritic Steels 

6.1.1 Void Formation and Helium Effects in 9Cr-1MoVNb end 12Cr-1MoW St& Irradiated in HFlR 
and FFTF at 4ooDc-P. J. Maziasz and R. L. Klueh (Oak R i e  National Laboratory) . . . . . . . . . .  

M a m & / m  9Cr-lMoVNb and 120-lMoWStbsbr dopal with q~ to 2 w i  % Mhsw qI r0 460 
appm He after HFlRirrsdiation to - 38  dpa, but only 6 eppm He afnn 4 7 -  in FFTF. No I%U h&m bubbbs 
and few or no !arw voidp w e  obswsbk in any of these smds a* FFlF irradnfion at 4OPC. BY mm, 
m n y  voids were found in the undopedsteels (30-90 sppm He) irrsdiated in HFlR at W C ,  WMe voids @a 
many more line M b m  bubMep w e  fwnd in mS nickddopal smds 1400-460 sppn Hel. Ir&ation in both 

rwctom et - W C  woduced s i s n ~ t  chewen in the sbranpned bth/suLwah bandsry. debcation, and 
prsdpitstion m N r e s  that w e  sensitiw, to a b y  composmon " , hchdllg dopine with nickEd. HOWeva. formdl 
SpLCmc alloy ?he insdietiorrWoducsd chscges were ex.9cliy the as-, cc.npam samprsa irrsdisted h FFTF and 
HFIR, par6culsrly ma nicxddwsd SW. hsrefore, the roaased void formation a-rn sddy du, m ma 
k d  h&m m f n n  fwnd in HFIR. While the IeW of voids- are & t i d y  low afnn 37 m 39 
in HF/R 10.1-0.4%), &mils of the &osmrcnmrl evduiion suggest that void nuckvltion is sM rmameku, and 
adl ing cwldincnvrss with dose. The e k t  of hekm on voids- rwnsins a wM- for fwim apprC 
cation that requires higher-dose expsrinmnts. 

6.1.2 Tensile PropeRies of 9Cr-1MoVNb and 1 2 0 - 1 M o W  Steels Irradiated to  23 dpa at 390 to  
5500C-R. L. Klueh (Oak Ridge National Laboratory) . . . . . . . . . . . . . . . . . . . . . .  

Normkdandtempered 9Cr- lMoVNb and 120- lMoW steels w e  hsdiated in the Ewmhsntd  
B& Rsscror 11 lEBR//l at 390.460, 600, and 66CPC to dkdncmw t d w n 4 ~ e k W o f w t o Z 6 ~ .  Tarsk 

rests were made at the ime&fnn tsmpwstures on three typss of epmhnms: inndated spsdmars. nanw&& 
andtsmpwal specimens, and spdnmns themMv aged 10.000 h et rtn, inn&fion rsmpsranxas. OlbsavsCknm 
fran these tmts were rompsred with m u h  on thesessme mteris$ inn&tedin EBRUat the IUMW) ranpab 

hves up 13 dpa and therm#y aged 6000 h. Res& were inraprered in temu of the pre&mte snd ddccaDbn 
microslrucnmg ded& dufing hest m u r m t ,  thmn9l agku, and kr&.Ytion. 

and D. J. Alexander (Oak Ridge National Laboratory) 
6.1.3 lmpect Behavior of 9Cr-1MoVNb and 12Cr -1MoW Steels Irradiated in HFIR-R. L. Klueh 

. . . . . . .  

lmpsn w s  of 9Cr- lMoVNb and 120-  7 M o W  steals w e  irr&fed in the High Flux kOotcps 

RBBcmr IHFIR) at 300 end W C  to as hish as 42 dpa. Irrsdiation caused laws bumses h the -hittie 
rmnsition rsmpsraiure iD8m of both amds, with 6% irrxsare teing mter at W C  then et 3 W C .  At W C ,  
shihs in DBTT of 204 and 24TC wmn obwmsd for Ih 90- 7MoVNb snd 12Cr- 1MoW Steals, e. 
These are the isrgestshifts ever observedfw these steels and are amibund to Hn, higtwhskinn mnesn!ntion 
generared during irrsdintion in HFIR. 

. . .  

6.1.4 The Fracture Toughness Data Base for HT9 and Modified 9Cr-1Mo Irradiated in Several Reactors 
up to -100 dpa-F. H. Huang (Westinghouse Hanfwd Company). and M. L. Hamilton 
(Pacific Northwest Laboratory) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . .  
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pre-ly in rests condircted on spscimsna imKkbted in E6R-If, dsspite cWm-mcm in orientation bsfmrn the 
EBRII and FFTF spenmsns. 

6.1.6 Effect of Specimen Size on the Upper SheM Energy of Ferritic Steels-A. S. Kumar (University of 
Missouri-Rolla) and F. A. Garner and M. L. Hamilton (Pacific Northwest Laboratory) 177 

A prsviWs e m  led 10 fhe dsmbpnmnt of Sirs effect welstimkv for the duc&4witds mmsitiOn tmm 
peramre iosm and upper SM enww ius) of feniric stds.  ~n improvsd mmodolcgy is pmposed msr  ~1 

bs used to W p r &  the USEbassd on subsin, specnwn data. Theprc,=usedmmodolcgy utikm the part+ 

rionin~ of the USE to enwgisa rewired for crack iniriStiw, and crack plopsgetion. Notcha%onh, Charpy Spat 
m t ~ s  are used in cmjunctiw, with pracrncked spsdmsns to separafs the two ~omponenrs. An uniradsfed fw& 
ric sW, HT-9, was wed to demonstrata the validly of the m m m b l q y .  U&e previous mrrslsnbm that wwe 
hnited in thsir appbbiliy to drhw h@dy dwfik or brink, mrwisl. the proposed mmodolcgy is ewxted m bs 
applicsbb over a wids rew of ducMtyand to be ,mrtbdady upeM formtwisla whbh hsrden s+n%=andydu- 
ing irradation. 

6.1.6 Processing of Two IronChromium Oxide Dispersion Strengthened Steels by Mechanical Alloying-A. N. N m i ,  
M. G. McKimpson (Michigan Technology Institute). and D. S. Gelles (Pacific Northwest Laboratory) . . . . . . . . . .  187 

Two lowscrivation ferntic 00s alloys haw bwn manufscnnsd. Usirg meahsncal ' anooying p rccdm,  inm 
extrudsd bar. The alloy compadtimkv in weight pwDenf m: F% 1 4 0 -  l.0Tt0.6W0.26Yz@ and 
Fb9Cr-2.OwO.3V-O.~GO..26v,4. Dispwsoid phase WtahWtv is inchnd in the F b 9 0  c a r t € + r m ~  
alloy, but the 14Cralloy appwrs to offsra r w v e f m ~ l  which m y  bs aritaMs for first deppwCaaarS and 
werranta fwther study. 

6.1.7 Microstructural Examination of HT-9 Irradiated in the FFTFlMOTA to  1 10 dpa-D. S. Gelles 
(Pacific Northwest Laboratory) and Akira Kohyama (University of Tokyo) . . . . . . . . . . . . . . . . . . . . . . .  193 

HT-9 in two hsst t r w m f  conditions has bwn mmhsd fcflowino imKkbtiw, at 42PC to 114 43s. Ths 
irradiations w a  perfom& in the Fasf Flux Twf FsCimV Matwisla Open Tesf AssanMy IFFTF/MTAJ. Void 
s & h ~  is W i n  both cc&timkv, with s w l h g  vsluar as h@h as 0.9% in Lsolntedregioms. Voidr showa wids 
r a w  of mnwtion hstwean cubic and ocmh&a/ s h a ~ .  voidswening sppssn m vwy as a fonction ofp-nkm 
dietion heat t r e s m t ,  wherssa the &!ucation Structure and preckritstion thet dsvsloped duhg h&tion is 
uneffecred. (luanfifatiw micrastructural nmaswmta are in g c d  sgreemsm with re&m m similar simpla 
alloys. 

6.1.8 Irradiation Creep of Ferritic (and other BCC) Alloys-R. J. Puigh (Westinghouse Hartford Compny) 
and D. S. Gelles (Pacific Northwest Laboratory) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  201 

Ferr i l ic /mm'r jc  alloys are row t e h g  used as srmctwal mrerisls in d rwcm s p m  snd are 
bdcg rmsidaredes smnrwalmMials for W e  fu3.k~ remcfs. The imKkbfion assp rsspags ofbody an 
wed cubic l6CC) alloys b s  bwn SW for o w  20 years; however, only in the k t  10 yaw0 has the e m  
m m o d  to mncsntram on the hadation crisp bshavior of feniric/m- alloys. This - revisws ou 
current unaustandcg of irradiatiw, assp bshsVnr m h i n t  Suoys by redwing the h N r s  and 

detaontheropic. 
nrw 

6.2 Austenitic Stainless Steels . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  226 

6.2.1 The Development of Austenitic Stainless Steels for Fast Inducd-Radionctivitv Dewy- 
R. L. Klueh and P. J. Maziasz (Oak Riie National Laboratory) 

Previws work has shown thet an aupmitestabk &y should bs pc&%Ms with a bau, compasm~n " 

b20MR 12Cr-0.26C. T m ' k  Pmpwws ' forthi~bau,mmpapitionmm,compsrsMemmarsofryps316s~ 
leas s W .  To impmw snenort, and i r rd t ion  rsaistsms, c,bsefy mntrcfkd quMtiDbs of W, Ii, V, C, 6, and P 
were swsd to this bau,. Such a&ticm rasuftmfin impmved tmskpmperanr ' o m  those for hlps 318 stsinkss 
S W  in both the sdutiorrenmled Md 20% coldworkd condwcm. 

. . . .  227 

A pmgrsm is undsr way to devsrOp a nkk&fra, a u s W  stahkas SW for fwiDRrasclor SppliCsaarS. 

of 

6.2.2 Development of Tensile Property Relations for ITER Data Bas-M. L. Grossbeck 
(Oak Ridge National Laboratory) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Ten& data from the Oak Ri& Matrix (Fusion l n w k n m n ~  Agr-t Annex If), the U.S. JSPM mUs 
bwsrion, and the avahL#a firerame were reviswed. Tvps 316 stairks sW, in both &worked and amwbd 
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cm&icm and PCA (both U.S. and Ja- hssts) wen inchdd. Eqmtans w e  davsbpsd for W d  sVan@. 

unifwm dmgntion. and tom1 ebr&mim. In many cases, cim expresdw muM be mad for ebys and omdkbw; 
in othws, mparnm equntims hsd io be used. In aU cass m a m f  WM mads io provids a c(lgBTylldL. 
expresdw rafkr  thsn fo  have ths best /if fo rim dam. Espsdanvin the cdsd of a m .  the vskn, WM nUmf 
inseMitivs rn eN0y composition. 

6.2.3 Tensib Properties of Austenitic Stainless Steels Irradiated in the ORR Spectral Tailoring Experiment 
ORR-MFE-6J and -7J-M. L. Grossbeck (Oak R i i  National Laboratory). T. Sawai. 
S. Jitsukawa (Japan Atomic Energy Research Institute, assigned to ORNU. and L. T. Gibson 
(Oak Ridge National Laboratory) . . . .  . . . . . .  . . . . . . .  259 

T m & p r m  m a  found to be cxmdsmnt with iluse of pr- irrdatia0 h mixsdSp&.mm ~ ( ~ a c  

tors. The #ddsvmgth af 6PC was found rn Lm kw dun thsiat 33PC. but LM cdn bs undanmdh nm9 

of hardsning bydiskcatkm !cops. T h s p r c w r i h  of & mere found rn rapembls mosS of snnsslsdbsse msis/ 

whefkr or wr ihe wskl was mads in anneslal or &worked matwial. 

6.2.4 Development of Low Activation Fe-Mn and Fe-MnCr Alloys for Fusion Servke-L. D. Thompson 
(San Dwo State University) and T. Lechtenbarg (General Atomics) 

R m r  smntkm in the bkm materials resear& cwmnwnw ' hss banr fmnredon a n a r l p a  io dsms 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  269 

m b l  requirements for low-acrivatim 8 - M  snal &ys for h i  wsl and blanher svuciwns of Mua 
fusion r w m s .  Alby derrign efforrs have Lwn initisnd by rtw, NIM, es well as h 0th- f w h  manrLJs Pre 
grams, io davelcp mareriels and microsvwes intwentty r&mnf to nsiitron damrip. Mors rasrmY. m 
address the conam about expcfej pasi-servkx neutron aclivation chsrscnuipfics. chs basabha v 

and davslopment of lowactivatim structural sfeelr anmining ~~ (Refs. 1 4 .  Iron ebys  cmcahg 
25.60% Mn and m r y  allow conis- 10-20116 Mn with 5.20% Cr are inc(uded in ths a k y  ClMeS behg 
s a d i d  

Dspsrmxnf of 

Energy DOE), was inrerested in dsvekwing atiermrivs ausnmitiC srainbss steels which rrarld dy kw on stre 
mgk and e-'ve ah& elements for msir pr-. Thsy srxnsaed a subsfanrial &y dss+ dfa? du*lo 
the 1970s drscnd at invsstigating du prwe-ika of FbMn and FbMRCr d a y  mnposrnns " for .ayqld2spplc  
cations (such 118 liquid natural gas unnainmsnr simmms) which w e  simibr io ihc-s.3 of inLaesi in ths fusion 
marerials program. Whik ihe dambsse for ths Fe-Mn and FbMRCr s y s m s  is hinifed, tb dam o b t h d  in 
dmse earliar studias are ussfu( in U n a K s m m  the &y d&m cnpabibtiw of this swim and for pmv*hg 8Uc 
dam io the currmf program. Many of the compmmons ' '  prs~invwtigetedmmplemarriluseintheNIM 
program and the data we will rspon WM tmip ffltaMsh vends in Lmtmvicf. Msdvmcd ' propaiss.9ndmiapsmrp 

rural chamteniadm dam and msir cvrrebtia0 are prarand for iluse &y s w m  of gma-d mfsresr m the 
p r m i  NIM pmgram and ITER alloy d9-r efforts. 

focuwusedprhk9yon d a m  nsiitrm damgn r&mni ma& ham mjlmisd rn hcbzkl me inbwl@ilm 

The former U.S. Energy Rssesrd, and Devsrcpment AdnMsVafiOn lERON, and w w  

6.2.5 Effects of Low-Temperature Neutron Irradiation on the Properties of 300 %is Stainless 
S t e e l s 4 .  R. Odette and G. E. Lucas (University of California. Santa Barbara) . . . . . .  . .  313 

Neuua, irradiation of ausmiik stainless analr can resuti in sigdbnf pmpsrry drsngss. P m p a v  
dation sppears m be g"msf for irr&tkm tmmsrafwes land mmpwsbls mi tanpasnnffl) naw W C .  Has. 
hardming and loas of ductiliiy may r& fracrws twghne# vahrss io as low as45 M P d m  b y  expimwe k w  
ds of 6 dpe. Thsse dam (lugassf an wmrimmtal mipmgrsm cWgmd fo  evskn,m m i t d n k m u w h d  snd 
mechanical properry changes in ausimiik staidass SM ai low irradiation tanpaswffl. 

6.3 Vanadium Alloys . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . .  337 
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6.3.1 Swelling of Neutron-Irradiated Vanadium Alloys- B. A. Lwmis and D. L. Smith (Argonne 

National Laboratory) and F. A. Garner (Pacific Northwest Laboratory) . . . . . . . . . . . . . . . . .  

Theswdlicg of V-lO.OCr-O.IAl, V-14.10-0.3AI. V-3.ITt0.3Si. V-4.977, V-9.8Ti. V-14.4Ti. V -17 .m 
V-20.077, V- 14.4Cr-O.3T~0.3Al. V- 14.1Cr- I.OTl0.3Al, V- 13.7Cr-4.877, V-9.CXr-3.3Fe 1 . W  Wmstw-7/, 
V-14.6rC7.2Cr. V-8.6W. V-4.OMo. a n d V - 1 2 . 3 N i e N 0 y s a n d ~ ~ y s d V w s s ~ ~ s m * - ~ i r r a d b  
tim ai 42PC and 6 W C  io ikradistion damrip lev& rn- from 17 io 77 @ in dm FFTFMOTA r a a m  
Mi),. The swelling of dms.9 alloys WM obminaj fmm a &itmnimtion of me dalEiiv for ms mimdsndad 
imcbred alloys on immsrsion in CU,. The swelling of UMroVsd V ai 6 W C  ww substsntisxv inumssd bv me 
6dMm of Cr. The &tkm of aimw M, W, OT Mo rn V W e  &wm eMn on the m w k g  of V. Ths 
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(I- of ths v-e-n ayop w w w  dspsndsnt on ths ~i -baticn.  he (I- of me v-3.ir i .si  

auoy wdrvmnt rsroa 8- mm me v-nand v-e-n slow.  or ths binsrv v-n abp and me tansrv v- 
0-n slow, ths 

Wall/Blenket Applications-C. A. Marsh and A. B. Hull (Argonne National Laboratory) . . . . . .  . . . . .  347 

and V- 14.4Ti &ys at B W C  w ~ysafa than that sxhibitsd by tim othabMIy V-Tidoya llm Vmwar-7 

of.- on me l ~ w m  of-& dsmsos w <o. i %  -pa e. 
6.3.2 Literature Review of Research on Vanadium and Vanadium Base Alloys for Use in Fusion Reactor First 

llm litasma !ms r e v i s d  for r(g(uuch on ths fsbricstion of vwmdum bMs Suop and dm sffscts of 
chsmkdlsnvimnwm. hslium ilwhnmtion, andnamon irmdation on meflwchmMPmpa0SS ' ,microsmrctus. 
andcormion behavior of vansdiun and v m d h  boas slop. ~ h s  rownt materid was mnd~sd inn, an M~KT 

mted biMioorsphy of more dun IW rsprtmnrntin, mfmncas. Thsae referemas adr*ess ths mpics " i g h t e d  
mthisnpwr. 

6.4 Copper Alloys . . .  . . . . .  . . .  . . . .  . . .  

6.4.1 Overview of Copper Irradiation Programs-F. A. Garner, M. L. Hamilton (Pacific Northwest 
Laboratory), K. R. Anderson, J. F. Stubbins (University of Illinois). 6. N. Singh. A. Horsewell 
(RISO National Laboratory), and W. F. Sommer (Loa Alamos National Labwatory) . . .  . . . . . . . . . . . . . . . .  351 

Rssearchas (It P& Ncflhwst Lsbwstcfy are cobborn- wirt, scrbntists fmn RISO Nstiond Labor& 
tory, Los A b r m  Nstimwl Lsbwstcfy, snd th8 Univarsih,of I b i s  m gsnm-arn dso on ths respo~s  toradation 
ofmppwalop innmdsd for um in ITER, NET. and longterm fusion devices. An overview of meSe exprimmu 
is p r m e d .  

6.4.2 Electrical Resistivity Changes Induced in Copper Alloys by Fast Neutron Irradiation-K. R. Anderson 
(NORCUS Program, University of Illinois), F. A. Garner, M. L. Hamilton (Pacific Northwest 
Laboratory), and J. F. Stubbins (University of Illinois) . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  357 

Thirtwn soppsr-boas &ya were kradmnd m FFfF/MOlA to dawmins rssponss of various slloy 
dssses m nwtron hadation. This SffMis dmtedrowards tha selscdbn of mppw days m s a v u ~ s  h;gh hsst 
f7ux mrrponsnts in both nasr-tsfm end -rem fusion devices. Posthadation ~ u r m n e n r n  s h o d  that a 
wids vsrisryofrsapoMes was observedin ths nmiV~in&cdchnn@s m &tricalredsrivity. Tensib tesm are 
in m s s ,  SM'micmsmPy exsmination w i x b ,  initiated Soon. 

6.5 Environmental Effects on Structural Alloys . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  37 1 

6.5.1 Design of an Electrochemical Testing System to Evaluate Sensitization of Austenitic Stainless 
Steels Using Miniaturized Specimens-T. lnazumi [Japan Atomic Energy Research Institute 
(JAERI). assigned to  ORNL] and G.E.C. Bell (Oak R i e  Associated Universities) . . . . . . . . . . . . . . . . . . . . . . . . .  373 

An elecrmchtrmM ' I tasting s p t m  was devdoped m evelusrn ths serrpilhstion of a u s m  smirks smds 
using ministwheddisl-type specimns. 3 mm &m by0.26 mm n*c*. Ths spdmam (KO slpo 

examhsfion using wanmi- &won mkrmccpy ITEM) a h  elsctrochanical res-. The sppsraNa consists 

o fa  sp8cinmn hoMKm which a ministurizedqwcimm is mountedes ths W i n g  dncrrods, a test Oevdavgnsd 
ro ha& rsdioscbLs materisls end waste, and a ponntiasmt/gabmnostst. sensithstion of ttnmvlxy agsd ( I W ~  

itic staimks steal SpeCimsM was smcessWv detected by mS siwlskop kfmdnnnu,  ' Ipomnti&hticraw- 
tivation (SI-EPRI m s W .  

fa 

6.5.2 Aqueous Stress Corrosion of Austenitic Steels-H. Khalak, A. 6. Hull, and T. F. Kassner 
(Argonne National Laboratory) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

S V w  wnosion cracking ISCC) of austenitic staideas steal in water is considered a key mmwhud issw 
for ths U.S. ITER shieldandblanlrst &&n activitk. A -wads has been developsd m dsmmh ths 
maxnvation of rcuWytic spsdss pmducsd in mS squeour sn&ciwmnt in variahs subsystems of a fusion r w  
tor in wdsr to artimsrn ths subsepwnt likafihocd of strew cMo8ion crackhg. This mds also senus as (I vatw 
aMs precunor m skm-atmir+rsrn tests to derwmine the SCC susceptMdy of austenitk soinkfa steds. The 
ads b knchmarked with mmamaticms of mdkulsr species in hilhg water reactors. 

Samples of caddate sW, primarily Tvpe 316 NGSS, are prapard to Mate lowsnsirrrere tesm. 
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6.5.3 Corrosion and C m p a t i b i l i  Studies in Flowing Lithium Environments-A. E. Hull and 
0. K. Chopre (Argonne National Laboratory) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

The A r g o w  Lithim h & o n  ElrpenimKli IAUCEI. a mRowvalodfy fsnitic snal forad dmL&"I ' mi 
facilify, is m w  I%/& cpersiional and is hicg used io ad&ess the sffsca, of truid 170w vsbdrv and namwmk 
dementa on m m h ,  mes vansfw, and &w&im in IiW nmml syasms. Hwircwn dstribuba, data w m  
obtained fmm the ausnmiik steel Faiigun and Failure TesW in Lithiwn IFm-3) facW in whid, the bw &a& 

f r h t a s  befwsen lithium and vanadium aUow in scmdsna, with the memwdyMmic dmkuiim cwfhxn ' is. 
& WIOCily p r o w  only for impurity Control Of the k7lM W: a M W  Of meSe data W t S S  h i  h m  

385 

389 
6.5.4 Assessment of SvessCorrosion Cracking in a WaterCooled ITER-R. H. Jones and 

S. M. h e m m e r  (Pacific Northwest Laboratory) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Wam-cdad, nsar-term rBBctw8 will opwata undw .mkMms ai witch SCC is m: howava, cormd 
of mterisl pni fy  and procsssing and mdanr chemiotry can eimer ehinsta a- g r ~ f j v  nrkn, the probsb*ty '. 
this tvps of s v m r a l  failure. Ais evaluation has f c c d  on an aaPaPBrmni of water impuirv effecm on SCC of 

ausnmitic stainless si& ai mpsratures bslow 1 W C  and on the cmdtims cmtrdhg sauitiration in tha 
f u s h  hssi of Tvpe 316 SS and the fusion mWIs hssr  of rodilied Tvpe 316 SS &n&Wal M EA. This 
assesMHmi iamtilias the h i n a n i  effeci of small a n a m v a b  of hwitiss in ~ m r i i v  water on SX wch 
mSt crack growth ram ai 25- 760C in water with M link M 6- 16 ppm 0- ma equsl to the crsdr wowth 
rates at 200- 3WC in highpurify water. These effecm are primaibf for SeMibiSd Tvpe 304 SS, so mwlwis of 

sensick#& behavior of fusion austenilk akys was a b  undertaken. An SSDas rnc& developbd ai PNL was 
usad io m k e  these assesrnmnts, and correlation fo e.rrpeninsntal nrurl*l for Tvpe 316 SS was wry gmd. Born 
the fusion hsst of Tvpe 316 SS and PCA can be sevwsh. osnsipbed. bur with p r m  Hwvmal mmi, if 
shwM be poMiMe io avoid sensitization. 

of 

7. SOLID BREEDING MATERIALS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  397 

7.1 A Fast Neutron, In Situ Tritium Recovery Experiment on So l i  Breeder Ma te r ia l s4 .  W. Hdlenberg (Pacific 
Northwest Laboratory). T. Kurasawa and H. Watanabe (Japan Atomic Energy Research Institute) 
S. E. Berk (US. WE/OFE), Institute), I. J. Hastings and J. Miller (Atomic Energy of 
Canada Research Company), D. E. Baker. R. E. Eauer. and R. J. Puigh (Westinghwse Hanford Company) 399 

An in situ vitium recovary awmrinmnr has bean dssklned and is Lming fabricsfed for the irradation of 4 0  in the Fsst 
Flux Test Faclity IFFTFj. Two in SIN m'iium recovery canisiws d be irmrLirnd wirh lithiun amn bwnops to 4%. One cam 

" ,andRowrarn. The i s m  will provids fundamti1 data on Viiium refsass as a func& of imwwaNre, gas composmon 
other canisisr mil contain solid @lar specinmns with large 1430C) r&l tanwmra~re g r d m t s  in order to p r o w  
integrated psrfcfmanca data. 

7.2 Interfacial Roughness and the Thermal Conductivity of a SpherePac Bed-S. W. Tam and 
C. E. Johnson (Argonne National Laboratory) . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

VariWS ConfigUreikHW for [ha S d i d  breedsr (e.@, 40) @US (i.6.. &) mnlwnsm hRS ban 
sidered for Wlnkar applimrion in hsim r w c m  iechdcgv. One possiMe option is the rphsr%psc mnf9ureobn. Thig un- 
sism of the d d  cornpanen1 In the form of smallpartick (idsaUvss sphms)put togeihsrin a Win a dus%mcked 
m n w ,  In order io achisve high packing dsnsify. partidas of sevwal diffweni sires nad to be used. The intsrsW spscsa 
b e m  partidas of a given size are packed with particks of the nem smaller size and so on in a heirachicd mmnmr. The 
packing procsss can be achieved by vibnriwy CwnpsCtiOn. Much cwparhm has ban g n b d  on ihb anmriOn h kk.7 

mcfor &md technology. In panicular axiensive dam bar bean gamered vis fision-&md m r c h  M weU 8s fran 

sysims posseas unusual chsranerisiks dun to the mvolured intarwen- biwnb'nwu9 MNra of the solid mmpaani snd 

are found to be dspendnet on the gas preuure P. TnnbM!!, KO incra%ss rap+ by 50- 100%. when Pis raiasd by M bi- 

thwghi thei such sub& behavior m y  be a- io the sdvsnaage ofWlm4ai fsdKldqn M a  sphae pac ann5,wnriOn is 
utilized in the brwaK-plusmuldplier mmponeni. Howavw, svaightfaward emspolsbbn from ksim and thsmrd and kw 
ah& ischnological experience to a fusion blanker e n n r o n m t  SW be m t e d  wirh care sirm quite Mfnrwt m~ 
cheracterisiks are i n v M .  It turns out that a careful analysis of the physics of the sinration revenIs ihet a ga9 pasours- 

. . .  
thsrml insulation rechnolcgy work on ihe tlmnnal mdwfmim KO of such sysim. The h t  mndlrnm pmpatas ' 

the pororirv phsw. For mmple, when spherbpsc L 4 s  are immersed in a gsr (a.g., Hs, Ad, the meM1 ,w&mmlm Km 

fle as a MPa and fh6n changes much more slowly tharaahw lses Fig. 1 a n d d k w s m  ' in the towom &). h m y  bs 

of 

. . .  
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sensitivs thermal conduclivitv is a much lsss prominmt effect thsn would hsve ban suggssted fmm omsr fechrolooy 
e- a h .  In OrkK to umbnrtand this. om, needs to fKstapwedam the r w s m  why suchprarure affem rn 
dramtk in fission snd mwmsl insation mnnis$. 

7.3 Tritium Transport Modeling-J. P. Kopasl and C. E. Johnson (Argonne National Laboratory) . . . . . . . . . . . . . . . . . . . .  4 1  1 

Tlw, fncddhg effort for this pedal WM focogedon the desorptimprocess. Ths desorptionprocess mMists o f a  sur- 

Slnfacs nsction and ths snergstka of the sllffacs nsction anddesorption stsp. In mOSt o f o c u p r s ~  u5fk, desorption of 
hra, raaction anddesorption ofswfscebwnd tritium in the fcfm of HTO, T20. HT. or Tp Mwncem rn the or& of the 

tritium was oonsidwsd to be fint or& in tritium dw to the expbctsd ex- of h- in the spm. Equaims fw 

desorption wtkh are eawndorkuin tritium were dsrived fw Smurriwrs whers the hyrhpn commmtion M the breeder 

andcahwl#tions W(KO pmfcfnmd to &termins ths grain r&s whsn, desorption wouldbe expsctsd to be the rem 
contrcflina rsksseprocw. In wr previous work we have fwndevidsncs thet the desorption enwpaica m a s  a fmc- 
tion of swfscs cowwe. We b&w that this is dw to thepmmce ofmu- sirss for dssm-ption of tritium fmm the 
caramic. To suppon this visw wa haw ~MW constant-rem h c h g  wMum r & w  exp-imnts fmn ths b a n n s  to 

swfscs WWM be low and COmpsraMe to ths sxpctsd tritium conantration. Exjn-essiMs for tritium innnrtolv w a  derivsd 

detennirm the numbr Of dssorption eitas and to obtain ustifn.st.98 Of the desorption actiwtion mmr@es. EStimYt.98 of sciivb 
tion mmr@es for dssm-ption Of tritium from y o  and Li4sio, were obtaic6d 

7.4 Adsorption, Dissolution, and Desorption Characteristics of the LiA102-H20(g) System-Albert K. Fischer 
. . . . . . . . . . . . . . . . . . . . . . . . . . .  and Carl E. Johnson (Argonne National Laboratory) 419 

Adsorption of hWg1, dissolution of O K ,  and rates of evolution of HzWg1 ara being measured for the 
LiAQ-&Wg) system. These thermodynamic and kinetic data for these processes relate to the issues of tritium 
retention and release, and, hence, to concerns about tritium inventory in ceramic m.tium breeder materials. The 
information will enable (11 cornperison of candidate breeder materials. (21 cekulation of opersting conditions, 
and (31 elucidation of the principles underlying the behavior of tritium in breedar mater&. 

8. CERAMICS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . .  423  
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