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ABSTRACT

ThcI Tri[ium l’ksma Experiment was assembled iIt Wuldia National Laboralorics, Livcrmorc
[o invcstigntc interactions bctwccn dense plasmas at low cncrgics and plasma-facing

cornponcnl rnatcrials. This apparatus has the unique capability of rcplica[ing plasma
conditions in iI [okamnk divcrtor wi[h par[iclr flux dcnsi[ics of 2 x 10’9 ion.dcn?”s nnti :]

plasm:l Icmpcrillurc of ilbOUt 15 cV using a plLISIllil lhal inclmlcs lritium. Wi[h lhc clwwrc
of lhc “1.ritium Research Idxwa[ory at Livcrmorc, [hc cxpcrimcnt was moved to the ‘1’ri[iml]
Syslcnis Test Assembly fwilily W I.os AMOS ~illi(~niil ].d)oli]k)ry. An cxpcrimcll[al
progriull has been illiliakxl [here using lhc “I”rilium l’lilSlllil lhpcrimcnl to C?iilminc sufcly
issues rCliitCd [[) [ritium in plilsnlil-fii~ing conlpoINxIIs, pwticuliwly [IIC I-I-IX divcrtor.
“I”hoscissues inclu(lc lrililun rctcn[ion illld lCICilSC Ch:lrilc[cristics, lritium pCHllCilli[)llrillCS

illl(l trill lSiCIlt linlcs 10 L!()()lilll[ s[rcams, surikc lllo(lificillio[l”illl(l erosion by 111(2])lilSIIlil, [k

Cl”ltit’l!i of” [llCr[llill I(W15 Illl(i cyciing, illld p:lrli(Xliill~imxiuc[i(m. A consi(irr:d)ic IilCk (1I

11;1[:1cxisls ill [llc’s~ilr~ilS Ii)l” lllilIly of [I]C lll;l[criillS, miwciaily Iwryiiiunl, iwing c(msi(irrc(l
for list- in i 1“1{1<,N(Monly wili t)ilsi~:m:ltcrini iwimvior wi[h r(.spcc[ [() sil~C[y issurs in IIw

div~.rlt)r (.l!\’il(~l]l]ll’111IN.rx;m]imxl, 1)[11illn(w:l[ivc lr(”lu]iqucs ii)r oi)[imi~.iu~!pwli)lnm)(”c
will] rmqwrt [() Ilililllll s;lli:ty 1)~ III: IIL’I inl Illo(iificillioll” illl(i {)l”ot’LmSS CI)ll[l”[)l will Ill’
ill\’(.Sl ii:illr(l. Slli)l)lull)(.ll[:lry txlwritlwms wiil IN.r:uriml [)UIill [IK I(i:ill[) Niltioll;ll
llll~!ilwrrily, I .ill~(llill(~l”~ illl(l Silll(!iil Nilliollill I .;lllolilll~l ~ 1(1r~l)illl(i illl(l l“lill”il~)’ 1(’!;1III%
(Il)l;lil)(xi 1111[11(’ “i Iililllll i’1~1’;lllil i{xl)t”lillwnl. till illllll:llli;ll l(ul:x~rlilllll 11.(1Ily N411hNIIIrll
1)011!:1;1’: \\’Ill 11(.’;lj!ll :Ill(i I;lillil”; ll[. [1](. 1(’:,! li~[lllc:,
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INTRODUCTION

Safety is onc of many issues facing [he designers of plasma-fming componcn[s
(PFCS) of the Intcmational “rhcrmonuclear Exprimcnhd Rcaclor (ITER) and other

developmental fusion machines. In many areas, thesafetyofsystcms and compncnts may

k reasonably well estimated from existing test data or using existing analytical tools. l:or
PFCS, however, there aresafetyconcems for which there are fcwifany prior results on
which to base design decisions.

The ability to simulate [he environment encountered by PFCS is a key one in
developing the experimental data base for PFC safety. That capability exists in t!~eTri[ium
Plasma Experimcn[ (TPE)b, an appnratus initially cons[rmxcd al Sandia Na[iomd

Lnbora[orics, Livcmlorc (SNLL), and now plamcd for opcralion at [hc Tritium Systems
Test Assembly (TSTA~ at Los Alamos National Latx)ratory (LANL). The cxperimcntid
apparatus has a nominal purticlc flux of 2 x 10“ icn,shn~,s, a k.ackground gas pressure of
13 nlP~l, a Idnsnm density 01-2 x 10“ ionh], an electron [cmpmturc of 15 cV, nnd rI

magnclic field inlcnsi[y of 0.25 Icsla. Ilw volume mwilablc fix the lest article is nominully
two Iilcrs. The configuration of the dcvicc is cs~ntiidly the same as that of the PISCI{S-A

facility iIt lJC1.A.[”

A projrct involving tlw dlikril[ivc efforts of [IN ldid}~ Nntinnal Engineering
1.nhora[ory (l Nlil.), SNI.1., TS1.A, ill]d ml im.lus[riid consortium Icd by MIX Actnspmx hiis

hecn inilia[cd [0 invcstignlc SilfCly issues for Pl:Cs using [hc ‘m facility. The pnrpo.sc or
this rcp-.~llis [o lily the lliidigr~)ul](l for ulldcrtilkill~g[I]il[[tisk, [o outline technical iIn(l

.. l)rl)~:rillll~llillic~ tllr projrcl ShoUld pursue, imd 10 provide gcncrd gUidillltX

10 rxpminwnt dcsi~!ncrs. ‘y;/s

VW INl{l. Ilils wrird inkrm[s in his cxp imcn[:d prqq ;IIII Tlw I:usi(m SiIfMy
l)r{)~!lml Ilil!ilrsp~msihilily for SilfCly in Inosl il!i~CIS or dcsil!ll, includin[: l)lilSlllil. fiiciq:
Clmpm’ills. ‘h’kin~: to ilSS(llK!Ihc !iIlccwi:;{Il.[“1’1{1{,IIwrc is il !iIloq: d!:siw 10
cslillll i::ll/illlllrl)Vt’ Iincs [11.(’olllllll!lli~.illit)ll wilh 0111(!I 1’IWWIIISllf 11)[’1.1”1{1(‘1.Cillll illl(l ollwr
rw+i(llldmIl+)INrs. Inlimnnli(m llrmls 10 hr ~q.llllrlr[l 1(1IX!U!imlil%il hilSiS Ii)r prcpilrill!!
~:uidml(x”Ill ~livii~!mwiilll(l 11’~:lllill[)l $. SIllilll, stll]l)ll’lll(”lll:lryl“XjM’1Illll”lll!i 10 illl~:llllWl Wll:ll

will Ik’ [It).il’1111Ibis projrcl l.illl ill!io IW lwrti)rmml ill [1119INI{I.. SNJl.1, Ilil!i intmrs[s :11%1)
I )1’[”;111!,,”till” ‘1 1’1{ Wilmi llr\Tllt[MYl illlll il!i!il”llll)l[”(l ill SNI .1, lilt’ {rely l~ill cxprrlisr in il%
I)l)rl;lli[ul II; lIIIII;rllllv Illrlr A(ldili(m:llly, SNI.1 Ir:,rmri] :illrl.iilli!il% ill Illil%lliil mdrliill
inlm “:l’111)11’.\\’ill IX’ill~l~ 111tmtmllilullr %Illl!ililllliill i}’ h) Illlm Illl(ll”l %lilll(lilll: ill” rxlwliuwnl,ll
11.11111111ldll.liiml \vilh 1“111”1“SI“A t.t~li[iil~iih.’i IIIC I:IIU)I:III)I v :,lI;ItYo ml [IN’ uni(plr Ilill[llll
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of PFCS. In that rok, they will bc designing

components for the U.S. lTER Home Team.
success of the projec[.

and developing many of the in[crmd

This combination of rcsourccs should assure

SAFETY CONSIDERATIONS

In this section, the background is laid for investigation of the various safety issues

amocia[cd with PFCS. Safety is a major eonsidera[ion in the ultimate viability of fusion
power as nn energy source. In a typical commercial fission rcac{or power plant in [hc U.S.
almost half of the ~otal operating costs are not associated wi[h plant maintenance or fuel.

but with operating prucedmes that arc strongly driven by the COSISof securing and
maintaining public acceptimcc through documentation of safety-rcla[cd performance.
Approximately 20,000 pages of licensing corrcspondcncc must be prepared each ycm for iI
reprwicntativc prcssuriml wa[cr reactor. lJnlcss fhsion can hc shown to hrwc substantially
grcnlcr inherent siIfcly chmactcrislics thn[ fission rcnctor systems, wc may cxpec[ tha[ the

costs oi documenting complitmcc wi[h [hc various environmental and snfcty rcgula[ions will
h as high for fusion as they arc for fission, Since initial cnpital COSL%will bc higher for
fusion, there will he no inccnlivc for commcrcializnlion. I“hus, Mfc[y in -fusion is onc of
the high-priority cnnmxns in fusion dcvclopmcnl, SiIfc[y of plmimu-facing cmnpmwnls is :1
signific:mt pilll of [hill concern.

Tritium Inventoly and Accountability

(h-sill. lrilium is a m:lj{)r f:wlor in the rwlioll)~!ic:d h:ward ilSSOCiiltCll with ally
triliun} .ImrniH~!Iiuiion rc:wlor. While syslcms such :1s lhc furl Sl[lrilIqC d iilmlcction
SY!il!’lll!i, till” L“XllilUSl [Iil!i (’lCilllUll S~SILmlllm isolopir !wpilr:llioll, illld Wil!ill! prnccssiq! !iysll”lll!i
\vlll Il(]llw 11111(’ht)l”lhc [1ilium inwwlory Ii)r IIlr I“m.ilily, lilr~![’ illll(llllll!i m:ly also Iw
rxplx”ll”d ltl 1“1):1[1111’Ml!, 1)1”lW:llll]ill(mS il[l(l rl’}’[]l~[lllll]ill!! S111filL’~S (if”11S1”(1) illlll Ill I l.%idr [)11
pl:( “:; Ill IlltmlmV1’lll(}1”il %llll~tlllill lililU1’1’~)rt)lhrr ;Irri(lrn[ 11’!iilllill~: ill illl (}VIV. [1’111111’1:111111”

ll”:lll’illmlll, Ilililull i)ll !;llllil(l”!i lllil)’ IX’ llmll’il.Wllm l“illl!iill~: il Illll”ill 1[) worlwl~ :111[1111[11(9
mlvil~ulllll’1’lilll[l il%Icv;itllmls. 1“11:11i%il nmil]r Ic;l:xlll 111:11111[”illlllllllll ~11”II ilillm [11:11i:;
:llllll~)ilmi [II lu”1)11silr Ilulilq! [Iprl:lli(llri is ‘:lricllv Iilnilml

I {I Iv ill rt)lllldl;lll(-t” \vIlli IIM[ Illllil;llliul. Iu’,itul til;ll’llliw ct\vlwl%~!llfl{1111’lill(ll!; 11111’.1
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[hat rctcrnion as indicated by ap,parent volubility is strongly influenced by Ihe composition
“) Fuficr evidence points toand s[ructurc of materials, also by its manufacturing history.

trapping hat may be induced in damage caused by plasma ions and by neutrons. ‘SM6J

Much of the work on PFC materials has km done on thin foils using ion beams,

ollen of grca[cr than prototypical ion energies. (7J A definite lack of detailed infomlalion

exists cm tritium uptake propertiesof bulk begdlium and other plasma-facing materials.

I)chuvior fundamentally diffment may be expected in the bulk than in thin foils because of
the limited ~etmtion of plasma ions.

Along with uptake and retention chamctcris[ics, the release chnraclcristics of PIG
need to Ix dclcrmincd. That is, what tcmperalurc is nccdcd to cause the trilium to exit [hc
mntcrinl or s[rucmrc, what is its chemical form on rchmc, and how bst dots it come OUI’?
Whill cfilll lx done 10 augment or suppress rchmsc during a [hcrmal Wmsicn[? This has

implications Im[ only for accident consequence cstimntion, hut i[ mny impact the tritium

nmmgmncn[ prncticcs and procedures during opcrmions.

Tritium Permeation to Coolant Streams

\Vhcn tritium is injcc[cd into the surfacu of il 1’1:[’, the immediate tcmlcncy is h i[ to

1X rcrnlitlcd frmn lhc surfncc through which il rntmcd. I Iowcvcr, IxCrNISCit is llllllil[tld

iilr lrili um [0 cxisl us single atoms in lhc gtis @lilSC ilt modcs[ Wllpcrillllrt%i. Ihu rccnlimiun
Ihml Ihc surliwc mus[ Ix accompanied by rc(:[)llll]ill:llit)ll of Ilw Iri[ium with either ollwr

hydrm:cn ntlmls or o[hcr mmnic cornplcxcs suscl.p[ildc [o hydrolwn uphrkc. Illil[ is [Isllillly
il slw)ml m(Irr process Ihill requires lhc build- Up 01”:1II”i’iumcommlralion ill tllc surfiu:cm
Su(.h :1surliwr (.[)llW[llril[ioll ~ivcs rise [0 ii cl~ll(-l’lllrilti[lll f:rillliclll from dlc Illil!+lllil surfiw

hl 1111’(’(N) lilllI !iIlrlilt.1’ [If IIIC 1’1:(1 slruclurcm ‘1”11;11l.llll(.l”llllilli( lll I:rillliCll! supp(w[s dil”fllsion
(11”IIililllll lllr[m~:l] 1(1IIIL”C[l(llilllt StrCilI1l.

AII;Ily:;[fiIir[pnmn[ly :IMUIIWthin il”[II(’IXN)I:II1[IX\v:illv, illl~ lrilium cnlrrill!: 1111’

l“IMII.1111 will 1~1’lmVlmlllllillly I(HI t(l lh~ cnvil(mnwnl In”[.:llltt”III”Ihr dilli~”ldly 01”rmnwinl:
Ilililml ill Iclw {“flll(”(”lllrill ions fr[)lll W:llm, Al!.[), \\’iiirl l.t)ol(.(1s~!i[[’ltl~[1.11(1[t) IIilvr I(”iili!;,

:111(1Ilili:llml \Villl.1 (’:111l“!d.illll-, , .“l~~ilill Ill 111{.l=ll\’il[~lllll~.111. If” 111111’1C[llllilll15 ilr~ Il!+[”ll, 1111’

IIAIIIIr 1)1 Ilw lIIIddIVII v:lii (v;, Iml :;lill IIWIC i’, [III. llIIr,Il (II” hh!. hl :1 lql”;lh.r (}I Imw.1
I.NII.111 II IIw ll~vllwntiml Ilililllll is 11111ltJIil 1111111.rIIVIIIUIIIIrIIl, II i.tu]llilullr’, I(I llw \ilI.

III\”tIIIh II v ,11111~q.lIIvxllv lIhpl II(II; cIMly :;VOmlr IIIIl 1111IrIINIVIIIj\ llIr Ill[ilull 1111111tlw [XII II:III1
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pronmmuxl C1-lkcl. Comings nmy hc ilpplicd W nmy hinder the prmcalion raw. ‘1’hcsc
mq hc rclativcl y dliclt, highly rccycl ing mri[criids on the plasma side that will s[op k
impkm[ing ions and allow lhcrn Cilsy access hack m Ihc plasma, thus prcvcnling the kc
millcrial from seeing imy significilnl piuliclc load. ‘I-hey may also be permeation rcsislanl
Coil[irlgS ilpplid 10 lhc cooltinl side 10 rcslricl lhc flow of lrilium into tic coolant strciim.

Another nspcc[ of lri[ium ~nncalicm [hat is of concern is lhc Iimc required 10 gc[
p~rlll~illioll hrL=iikIhKNl@. 1f h is possible [o rclard or delay [hc pcrm~ma[ionthrough a lW’
for a 1;mc long, -omparcd wiih the opcmt ionnl intervals, dlcn it may bc possible to provide
iI Imkc-ou[ or odwr annciiling process [o drive [Iw tritium from [hc material Iwforc i[ ~i~l]

ilpprWiilld J’ pm IIKWIL! inlu il C4)lllillll SlrLhiU1l. sllC]l a (lC]ily Il]ily k ticcomplishcd 11~
dc1il~ril[cly inducing trnps, hut it is done ill h Iuward 01- incrmcd invtntory.

( lm” prosprci Ii)r rmiucin~ both invcnlory illltl pcrlllciltioll is Ihc crcnli(m of a hi@l y
rw.yclinl! Illilkriill surl~wr. If IIN surfiicc hLXXMnCS ]x)r(ms iil](l spongy for ti dislilll~~ oIIly
lll(}lh!$[l~ ~:1L’il[Lmr [Ilill] l]U’ ill]p]illllil[loll (kp[hq Ihtill il[olll!i or ions illlp]iltltd fr(llll hm

J’)l:l!illlil.

fril~-lioll

urllcll [111’ydo di I“liu;c10 il surliwc. cxil llilCk I(} k lllil!illlil side, grCillly rcducin~! lhC
01”illllllillllLm(l ill(llll!i diffusing [Im)u[!h 1(1[Ill’ C()(dillll, ”)

Rclcasc or Dispersion of Activation Products or Toxins

\\ ’lll”liIll;lll’ll;llh %Ill”hil%Iwryllllml IIlill ll:l\’L’ iillll’11’111 h)xicily dlilrildLTiSlicS [Illm

1’XINIS1’(1 1(1 il I)lil%lllil,:;])11[[1’1iq! [:lk(’s lllill”lm Illill Illil)’ ll’il\’Lm III(’ lllillCriill S in ii form IIKIIwill
111”(”{111)1-llil/illllt)llsi11111111olwllinf! tll IIlt” Vil~lllllll \’LmS.*-l. I:(M lm%illlll)!l’, Iwrylliuw in Ihr stolid
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inlcraclions of PFG wi[h lhc plnsma. ‘llc cxpcrimcm should yield informti[ion m help
rmdvc [M issue.

Influences of Plasma-Facing Components on Plasma Performance

The potential exists for material from PFCS [o enter the plasma, become ioni-zed, and

to dctrimcnhdly influence plasma pcrfbnmmcc. one motivation for low-Z number ma[crials

for PITs is dlc need m prevent synchro[ron mdia[icm from elec[mns not fully stripped from
ihcir nurlci, Such radiaiion cm sub.stanlially cool Ihc plasma, wducing the energy
confmcmcnt tinw. ‘Ilis cxpcrimcnt hius[hc pwcnliid [o ob.serve changes in plmn]a cmissiml
cnuscd by lilrgc[ nmlcriul cnlcring lhc plasma,

(k pufli ng, such u now hcing consid,wd for the ITIiR divcrtor design, cm hc
cxpcrimcntidly s[udicd in [hc dense plilsillil hit l.l)l{ can pmducc. This would provide
iichhxl di~[ilfor cd~c-physics r odclcrs who m jusl laIcly uldc IO simuhic radinti[)n by

impuri Iy ~il!i illoms in mull i-dimcnsionid pro!)lcms. While the configuration of lhc “l.l)li
plnsmi~ is miukcdly difTcrcnt from Ihn[ in i~ divcrmr, nlcawrcmcms made on ~~q-pltisillil

in[criclions in T1’1{ could be used [o vidkl~[C ilnid~[icid MOMS. [bus reducing unccrtiiin[ks
ill l.illClllil[iollS A)llc for ITI:R or olhcr lllilChiIIWm

TECHNICAL GOALS F(3R THE EXPERIMENT

Test Configuration
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inslanccs. In lhosc cases. i[ is probahlc [hti[ [hc full TSTA gas hnmlling systcm would h

used to process TIBEclllucnts and rccovcr the tritium u.scd.

Experiments

The first cxpcrimcnts will cwduatc pcmlcalion ralcs and trilium rcumtion um.icr
nominal oprating conditions. This will lx done by qcrating the plasmn column in iI
[empornl pattern and at plasma conditions Iypical of those cxpcclcd for [hc I“ISIIR divcr[or.
Pcrmcalion rates will bc estimated by monitoring Iri[ium conccnlralions in lhc COl)liUll
slrcam M rcgulw inlcmals. Cidculn[itms using the “EMAP4 C(XIC(qM’o’SIIggCSI thil[ k
chwac[cristic hrcak[hrough time for 2 mm of Itcryllium on a 5-mm dlicli copper ~lll)sirii[c
opcru[ing a[ u heat IIUX M 3 MW/m~ wilh a coolant [cmpmturc of 373 K (hcryllium

surfww lcmpcriilurc near 1000 K) may vary lrom ilhll half an hour [0 lwo momhs
depending on lhc ammml of Impping M is Opxillivc. S[~iid~SMICpcrmca[ion ri~[~[hr[wl:h
a 5-cnl diillll~l~r inlcraclion ilrCilWolild lx! illl!)lll 1.X ( ‘i/d;ly if Ihl! lllil!Ull;lwrrr I‘/i Irilium.

( )ncc Ihc basic opcmling dwrmwrislics 0( dw cxpwimcnt arc CVillUillCd, cxpu imwls

wi II he conduclcd 10 evaluate [ri[iunl rclcntion and Itltilmstpmccsscs [or various mxiknl
SCCllilri(M, 1.OSS of flow accidcn[s (1.ol;A) or mwn loss of cookm[ nccidcn[s (1.(X “A) could
Ixm!&nulil[c(iillld (Iw cvohdion of [rilium 10 hlh 10 [k’ Idiismn si(lt! iild 10 lh~ WIII:IIII sklc
Cilll k’ mt)llilorcd. Supplcmcnlilry llCillill[q Illily 11(s lI!W(I 10 Sillllllilk ~illlllllil-(k~ilv Illmill fnml
nclllriul ilCliVilli(N1. ( ‘Omcqlll”ncc Illilil!illioll Idmiqurs in A.si[:ll illlll opl’rillill~ pl(mwisus

L“illlIllm 1’VIIIII:IIL%I.
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10 nuchxr reaclion imalysis or o[hcr similar [dmiqucs. SNL1. has a strong history in
analyses of this type id other rclatd cmcs. ‘nlat laboratory may hc c.ullcd (m for support
of Ibis kind.

The industrial team led hy MIX Acrospacc hiIs lhc responsibility for dclailcd dcsil:n
and fabrication of [hc test hurdwarc. This design will be accomplished in consultation with

lhc mhcr PaIlicipanls in rcspmsc 10 s~cific cxpcrimcnl rcquiremcnls and currcnl mm
design information. Analyses of plasma-material intcrac[ions, thermalhydraulics issues, cud
mcchanicril responses may be.done by any or all of the participants. Resuhs from
appropria[c amdyscs will be fnc[orcd in[o the design. MDC Aerospace will bC supported.in
turn, hy o[hcr parlncrs in the consortium. These include Ebasco Scrviccs, Inc., GcncrnI
Atomics, Rockwell In[crniili(mal. Wcs[in~housc I{lcctric, and the lJnivcrsity of Illinois.

SCHEDULE

“lhi:; projccl W’ii!+illitiillcd Iulc in I992. 1[ is cxpcc[cd [o continue al lcasl [hrou(gh
1900.” .l.hc gL”llCrid St.htxhdc for performing lhc work is:

Spcri Iic IIlilrs[tmcs f(}r t(!cillll~il]:lL’COIllIlliStlIllClllS illl(l rcportin~ will k dCVL!lopC(lil!i piltl
{)1.IllLmmpcrimml I)lilll illlll Ihl’ pr(qm”l lllillliljI1’llKlll ])lilll.

MOTIVATION AND OUTLOOK
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I’rojccIs Iikc this will integrate indus~id partners wi[h LXX Mmratory operations. !1
is the inlcn[ of lhc IJ.S. DOE, and indeed of I“[”ER,to involve private industncs in the
dcvclopmen[ of fusion power. This is in harmony with [hc need to make emerging
technology available [o private dcvclopcrs and specifically [o involve industry in fusion [o
pave ~he way for i[s conlmcrcialim[ion.

It is desirriblc 10 maintain the momentum of experience in these kinds of tesw. II is
[ime now [o take [he small-scale experimental work done by lNEL, SN1.l. and other
laboratories to the next Ievcl of in[cgratitm and complexity. Single-cffcc[ tcs[ing needs to
bc joined by more integra!cd-cffccLs
involved and reveal synergisms thiit

tcstir~g to verify undcrstunding of the mechanisms
may exist.
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