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The Sial e,tf the La!,nratory

"1arn confident that the Livermore Laboratory will be a
crucial part of our ability to meet the challenges of the

new decade arid the n,ew century." '

L

ile mission oi' the Lawrence tlae world's premier large-scale Sl)caking lo lhc l.aboraioryLivermore National Laboratory applied science laboratories, each during his visit here lasl Felwuary,
into provide a national resource of with 8()0() extraordinarily talented President Bush cited LI.NI.'s "'truly
scicniil:ic and engincering research UC employees, muli ibillion-doilar rcn mrkable ... technical prowess" and
and devclopnlcni capabililics with planl and facililies ai lhc t'ronlicrs of lhankcd lhc Laboralory for ils "role
special focus on national sccurily, science and lcchnology, and billion.- in preserving lhc pc:accand keeping
The Laboratory has a living mission: dollar annual budgcls, lhc world slahlo and America
throughoul our history, the t'edcral In the shorl Iii'climes of Ihcse secure." l-lc emphasized thai lhc
govorrinionl hiis, ft'ore )imo to time, lal'_oi'aloi'ios, they hi,)vtzhad a key role "strength of the t J.S. nuc.'lc'.ar
broadened lhc I_I.NI_ mission Io in nleolJng lhc chailongo of poac'o,--in dolcrreill dovclopod Ihrough lhc
addi'css now, imFJorlanl nillional ilchioviilg an unl)rocodOlllod 4()-yoar t;fforls 01"our nalional labs. has
needs, in adtt)lion,lo I1LICleill" period wilhoul major Will" al'lcr hall ii helped lo gtlai'tt lhc peact.',;lhd
dOlOlTOnco,()til" nlJssion illcludcs ct_nltll'y st;lil;l'Od by two World W{il'S. I'1'oodo111so pl'c:cious Io ali iii" tis ,..
strategic dcl'ellso, OI1Ci'_,_;;, lhc The laboralories also have had ii key The world's II'I()VOIllCIll toward
onvil'onnlt;ni, biomedicine, r()lc in succossl'ully IllOCliilg lhc dOlli(iCl'ilc'y illld I'l't-t:tt()lll iN {i tliroci
educalion, ;lnd lhc ccononly, challenge o1"['i'oedonl ill'liculal(d by I'esull of ()til' abilily 1oStilll(I 1"i1"111ii1

As We onlor lhc lasl tlocadc o1"lhc Pros;donl Kollilody iii 196() ;11lhc lhc t'aco iii' Ihl'eillN io slahilily illld
2()lh cenliJry and look fiwward Io lhc heighl (li' lhc (( Icl Wal': "in lhc long peace,
21sl, lhc Universily of Caiit'ornia hislory of lhc world, ,tlnly ;I few The world Iotlay is I';il" tlilicrelli
(U(-_')LawrollCO L,ivc:lnlOl'O ii!icl [.(is gOllOl'atiOll,_have boon gi'tllll(tl lhc lh;ill ii was 38 yoi.il',_;)go wllorl lhc
Alarno,<_NaliOllal Labor;.ilorios ;.ii'c: rolt_ of doft_lldillg I'roc:dOlli ill its Ii_)tir l.allol'alol'y was Illtllltlo(I. l)]Vel;y

of 111axii111.IMctlllll:._t_l',"

I
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,_7duuude or our hislttrv Ims I_¢¢11_l m)nttuulear luc'llm_l(t.i¢,_ we _lre pt'_)i_'uls) , .., Illilli(_ll t't_r I_lsctr
decade _'1"uliallue, l)urin,.,_ iii¢ imsl Jrl_lki,-_ I_u_sihie l.t \vt_rld, le_ re.'.;e;.trul_(iliultlclilio_ im'rliill
tx_,'_.\'t'ur'_. lhc pm.'¢ ()1'chall-¢_ ha,_ del_¢mlc'_ll (111I1Ut'leilr \_'t'ill)_ll_, , t'()lll'illClll¢lll l'usi_)l__l_tl I:lxUr is(_lt)p¢
ito,.'elerated, l:'¢)v,'_.,rl't.tlZo(,tpulitiui.tl, ()I" xtt'l.tt¢,,,ik;adul'erm¢ tuul.itlt+l<.)L,,i¢n,,_ _upi.u'atit,,i+), .$_'__.r_iillit_tt l't)r tttu'.,ttetiu
v<..'+.,t.it',rt_iu,urtt.ltvcl_itol(;<+,k'ul l'orcu._ iru.'lltdit_z I+I;N I+'.+<l+t'illil.utt lJeht+l¢_. ltl._it)tl el.i_t'_)', $14 ii]]tile',lt l'¢,t'
m,,.' i'evt+Itltiorlizirt, the \,,.,,,+tld'l'lie tl'_u Pt'esitk, rl .,<:tid:"'l-{eyuml ii.]cir hit',i.ie<.lic'i.tlilml eri\,ir,,',tm.iet"itat

,, , +-,,i+sl+iiboratt+r\; b.t:.:,;tj+tmtstl.tl.i ,t,, 1"+'k.'c+1d ct+1_tributioim tr+ cleterre1K:e the\, 1"esuti1"_'h$,.', r_+illiu, rur el]el'u\ ,'

o1"r¢._lX+nclh+git+ llv\v ilation_,l neecl_ ul.iclei'lic el'l'euti\,u l.illl],_ uonli't+l hy re_¢aluh, and $.15luilliul.i I't+r li.iu
thai apl_ear il.i i+ei'it>cl+,<,o1"c'hal"i_+,.].inel clil.ilil_i,<,hinu,_tile aclvui_tttiu¢._<,o1" Ni.iiit+nal t:{iiei'u$,_14c+','<eai'c'l.i
tillL't.'rlairll\;, _V't_Ii\,'etw. l.{d\vl.li'd t:hoalil](,_, alltl th¢y.el.iii al,_t)del'eml ti,_ _ul+¢l'C.'t>inlltiler ('elllt.'i', 'l'he iItiL'lcar
'l'ellot"_ \'i,_iol] thai "the I'titl.irt., i_ ;,iTl.lil.i_iitt.'L'itlOl"ili.IIlatil'itJ"i or itllm.'k \vC'alX+l.i,'-+I)i't)_l'l.ill.i ._;tll'lel'etla 12(/+
Lint']_,]'lt]iri,alld boc,atl+C li i,_til]curl]iii1 rroin lhc illl.iiiy t)il]er mt)l.llill'ie+ tlct:rei.i,_¢ih 1-1tll+C'l"ia_ii+17ix)wer iri lilt'
wc C'+lilt.'l]i.ill,t' ii." N(_v ]he imli<m reLi'c'ltal+l\.'m.'ClulriiLuhulli,_tiu llli._,_ile It)tj() l'i_cml \!(.'iii'. Wiih illi lit.ill]li.ii++. . o

ii]icl lhc world l]ic.'¢ major ehi.]lie']lTe+ C'alxil+iliti¢+, iii tlic' IC)t)(),_,.<_ii'aieTic' inl'ltiti()l.i t)r 4t i(i 5+7_,It+Tell.il_'l'.\_,,ilhthe
in br()l.i(],l.il'Oi.l."( \'_,'l"it.'l'elhc lmbor+.il()ry thL'rcti,_e I.ill.tk¢ Ill]lth li]oi'e ,.,+ell_¢ Illi.ln \si.trit'ltl_ Cllvir()liili¢lili.il I'c,,_lt+rillit)l]
Im<_t.i.iai(lr ,_lrch_lll._: del'eli,<4e,OlI¢I'<'V ever here)rr.,.'" atltl l++<kll ilrt)l,,rtllll,_ Ilml liltl,_l I'lC)
t.'ll\'il't)lllllel.il, C'(.'t)llt)l.i.i\], ].ii.iii 'rhe J.+al-lol'iiltirvIlm_t.'Clfllill$, l'tll.itl¢'(I ()tll ()l" (ir)cl,alillU t.,xl-Jl.;,ll,_C.,_
¢cll.iC'i.tli()n,"l'h¢_e ,_li'01171h+in¢ltlcl¢ L'xc'iiiikL,.tlr)lli)rttii]ili¢,,+ l(i iiitik¢ ini.iii)r (tile)re Ihi.in $17 ll"iilli¢)ll), lilt' I+I+NI+',_
lhc xc'iel_cetlilcl tc'(:himl(_7ic,_¢)1" C't+l.ill'il'>tliitlli_ iii II()llclt_'l'ellXe i.ll'¢i.i_ (+verl.lll I'illi.tl.iC.'cx are vt.'ry iizhl
i.itlclear _,_,'el.ill(+ll_,hi#h-i+()wer li.t_el',_, inc'lu¢lilLt! lhc "]'(it.lr l.'+"x"---ellerTy, imh.'¢d, "l'hi._yeal', lhc l,ttb(i!'altir+y>

l'LmiOl+,li.ii'7¢-,<+C'+iluu()inl_utaii()nal + ei"i\,il'.t)lllll¢l.il, ec'!)llt}lliy, alld ,_lX)ll,_(+rc,d +.iiici.irly relil+.eillc"lil
ilitid¢liltT, alld I+io1(_<,\,+.;.tj.iclihu ctluc'iili()l.i. I1 li"it.'_+I,_i Ct.'l.iltlr),, liquid ilr(+_i+i.illltllld in()l'C' llll.tll 3()() '
envirtmmc.,1.it, . t(),_+ilrlc, l,_will I_eexl.iiiu.'<le{l, cnlllloyt.'e+_ t()t)k mlvalili.i<Dc'()1' ii,

"l'hrott-h+ our +tuward,_hil+ t+l" I>¢),_i1+1\,, tli_il,_li'titi,_ {.tit)bi.ii 'rhi_ I-li.l_buell i.i\'or\,. I)rt)cluclive
ih¢ i.itlt.,leardeierrcnl, \re Iii.ire +l'eeilllol.l,_e-ill+.ltlcetl ulilnlilc uhl.ilitDe y¢i.ir I'()r lhc lmb()rl.il()ry./\iiltiil_ li]e
the ()l_,lX+i'tuniiyle) c'tilltribul¢ lt) will I_¢(ll'iVel.i h.\, t.'al'l'l()l.i ¢ti()xicle hizhlizI.iis ai'CP, for i)c,r¢n,_e _ys+l¢lll_, -

uchimvit_,, ailo'lhcr 4() yr.'al+ without i'eloam.'tl I'l+tllll tl.i¢ bLll'llii]_, of lt)_,_il mOml>letioi] tel"I)lm,<_e-3it.',_tii.i- t_l"litc
tnajclr \var mid to help lt'c_c'dtint ttt_cl l'clel,_,l{cc_ttt_tni+ c:Cm_l+Utiti\,Lme,'<'_i,_ Wb',t) warhead I:(+rthe SI,tAM I!
<:telnt_c.'rac,.v,_l_reactthrotl_hout th_ e,<_ollial to thi_ i.il.tth._n".<4l'Lilur¢, im ini,<+,<_ilc:,'l'he \varh_i.ttl i,'<ri(IW ready
wt)rltt, "l'l_ll'()tiull thc_tluvclt_t-m.ic.'l]toi _11¢t.,duc'ale(.IuitizL'n,_ arid all cduc'alutl l'or ilrC,rl_rochiuliol.i¢il_illc'el'i_lu 'rhi,_ =

\,el'itiuatiol_ tuc'l"int_h_zie_,\re arc workl'_r-'e, l+(',okinZ tt_ the l'tiltil'e, i_ a very lim¢ly i.luUOml+li,<dm]el_t .
inakil!g i_o._._il_letll'lll._-ct)ntrt>l i)re,_itleril l+Jl_i._h_aicl "ihu ._c'i¢llil'iu l.l_ti_e Wt4¢)will r_pli.lue the t.'l.il'i'ei.it
iigre¢i+i.iei"il,w,lhal \\'iii 10adto a ii"ioi'e 0xpui'tis¢ t_l' ]he lat_t)i'i.llt'q;io,_like SI,tAM wl.ti'heatl, wlliuh ha,_r_t:el"illv
.<_lahl¢world° l-+i'¢,_idenll-/l+i,_ht_'iictl l.+iverrl"i()r¢\vi.l! al,_t_,_ei'v¢ lhc I+L'.{.,i.it>lTIolltled l'i'om alei't airural'i, -

ihi_ c'()niinuill- pul+liu _¢rviu¢; naiioimi ii]lcrcxt ii.i i)lht.'r i.il'ei.i.<+,like G'h¢ I+)hy_iu,_l)ol+mrllncril "(7' (ir()til:l
"'()tir ].ii.]lit)ni.ii li.lb.<_will I_e_l_ ¢t_'()iit)illic ci.ilmbiliii¢_, c'tluc'l.iti()ll,, duv¢lollcd i.idc+',_i_nl't_r ,<_lXic,c'-Im,_ed
citic."ial its e\,t.'r a._\v0 i.iclapl holh erlel',y_., ,',+l"Ji.lC'et.'Xl)l()ratit_lll wa+,,+l¢ dul'ell,_ive ii.ilt.'i'c.'t.,l_l()i',_,c'till¢¢l
lhc si/,].' iii.iii <+hi.lp¢o1'i)til Iltlc.'l¢iil+ Cit.'i.itlLII),and ._t)uritl ¢l]vironlllt.,i.il_il l:_rillianl Pcl_ble,_,Ihll Im.<_beeil __
d¢icrrenl .,. tTlul t()i)rolect lhc i-lrac'liu¢,_.'l'he,_e will I_¢¢norl]l()u,_ly mh)l_ied l.t_ lhc I-mxc.,lin¢de.<;iTtiIb, _-
/\ilieric.'_iil p¢(_pl¢, \rc will ,_eiilc' l'()r iinl)()i'lli]l chi.tllc.,i.i.¢,<++..., iii ]he I'l.ilLir¢,.. ]he _lialt.,_.ic,.l)t.'l'ei.i,_elnilii.ili\,¢
n()lhin, le,_,_tlmll the hizh¢.<+l' 'rh¢ l,i\,c'ri}mi'e lml_(_i'al(_r\,will I_uii ()r_ai]i/.ali(m,
c'()i.ilicl¢i]c'¢ ii.i ,_Lir\,i\'ul_iliiy, c'rtiuiul rmrl _)t ].)til+al_ility It)I.iicel lhu '1'11¢l,i.i,<_¢rl-)r()_ri.ill],w,c'oillinu¢¢l
¢lTec'livc.'i"ic',<+_,and ,_l.il'l.'l\'_)1"()lir uhalleikue,_ o1"lhc I.iew tlec.'i.idei.ii.itt lhc it) i.iiake cxc'ell¢i]l i>i'()_re,,,+._l<.)wai'+<l
i'¢inl.iinii_7 ft)i'u_;x." ilew cetlltiry," lhc _()_il t)l' tlel+lOilxlri.ll i11_lhc

'l'hr()uTh ()Llr luaclc,r._hil) iii The I_r().icutcd Ill_itlzct l'tll" lhc.' iec'hn_)l_>Tyit) ,,,+tlrJl->t)l.iI-itiil(lill 7 ii
ttl.,\,,¢lt,_l-)it.i,,,_i.ic,\.v,<_li.al¢,iu_dc,l¢n,_c., Igg() li,_mul .\/ear i._$1()5(),(_ nlilli(m, II.tl'Zc.'-,<+c'l.ilc'.til'].]iii]liii t.'lll'il.'lil.ilC'l.il i_liinl
icmhn()h)_im.,<,\rc have _ii.i()l)llOl'ltll]ilv ._li_hllv llll)l't.' II"]ai, I_i,_lv¢iil"_ iii lhi_ tlt.,¢atle. 'rhi,<+Ic,¢hm)l(),,y hi.i_
I(_ i_rt)vidc _i.tl't:Ti_li.iltl_iiZiiil.i_l alli.tck_ $1()55,(_ in]li]tta. In l'()Ull¢l nUl]lbc'r+,.< ii"]e,l¢cliili¢i.il ii]iii c(_il.illlc,rc,iai "
h)' tmlli_tiu mi_,_ilu.,<l.trlllctl v,,'itll $3{4(+i.iiilli(m i,_Cal'lni.ll'ketl lor p(_tei.itial It)c.h)tllitl_+ttel.t tutiltihilliul]-
\,\,el.tlx_i.i,,.,+.ii'illa.'4_de_tl'tlt.'ti(_tl, d,-l'cll+_e\.V¢/l'k(it.icl]tct]n<D i"itlc'lcar chlllar-Ilet'-.vear irli.trkc't, ltreuk-
'i'l"ir_ti_gl"iI11¢tlcv¢lol_il.iel_! o1' \_,'eltlxm._\v(irk, \,¢i'il'ic'aiit_i.i itll(I i.il'l.i.i,<4 lhi'(lu<,l"i,<4<..., ii_l ii/¢riial c'(_i.il'iit¢in¢i]l

t.'l_ilii'ol al.icl_thc'r I)()1'_ delt.'il_¢ I'ti,'.+i()iirt.,,_eltrc.'l"iiii huih tttl'<,c'idc.,,_iTl_
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;`ltld laser lechllt'_lo_y ,,viii make genclic Illaieri;`ll:--i)NA .... ill ali 2.:1- _lmt relnecli;`lle envir{}nmenlal

pos._ible lhc achievemerll {}f iBnilit}n hunlan chrom{ist}mes, problem.,,; ai I,I,NI.,, many t}f lhem

willl an upgrade of file Nt}v_l I{lser 1{} t£n_zineerin_ tlem{m.',;iraied lhc i_r{}{luci of ii}re\,ioun aciivilie,',; ;`11'

litc I- i{} 2-M,I scale, "l"liis year, we inli_{wtarlt ;`tclv;`tnces in rnelllod,,,; tile _ite hel't}re the l_,aboratory wan
achieved ne;`tr-ide;ll inll_lonior_s hy l'{}r n{mdentructi\'e ev;`tlualit}n {}1' e,,,;i;;iblinlled. An !!_S&I I {'tmncil w;`t,,,;

u.,-;ing lemp{w;`tlly nh;`GTe{Ila,',;er pr.lines materials, including wide-t_am_lwitllll f{irmed lhin year t{i cn,er,',;ec' the
lo increase tile i_erl'{}rrnaticc' {}f tile ;`lct'_u.',;iicprohiFig and tOtaltoiL'fly, cd l.,al_c}rai{}ry's 17,S&H ;.lciivitien,

la!'_el,',;; lhc cornbinatit}n t}f density,, lt'_nlOgr;`lffl_y. We are _.11_oll'_.ln,',;l'erriFlg I.,I...,NI.,-

ct}nfinenlcni time, mid iellll_er;`ilui'e In Physics, we used tl;.lla fl'{}nl tile devel{}ped ES&H lechnolt}gie,_ i{}

reached in lhese ill_l_h}sit}n_ _el a new SN 191,17A superriova evenl 1o \,eril'y {}lher I'a{.'ililies,
r{-'{-'{)rtl }.tjlet is within ;.iii {.}l'der of ' our+delailed theoretical lll{}tlels t}l" Iii spile Of C{>llSIr;`lilled financial

nlaTnilude of Illal required for ,_upernt}va exl)lo_ion,_,."l'he Elecir{}n circunl,_ilulce_, we were al_l{.'.Io II!;`lke

ignilioil, Another achieven_ei_i was Be_.lili Ion.Trap has sparked _i a lltllllhor til" m_ti{>rimproven_{.'nls 1o

the deln{}n_lr;`iliOll o1' x-ray I_lsin_ _.ll. .revt}lulion ill ;`llonlic F}hy,_i{:shy l.,abt}r;`iltJry faciliiies, The upgrades

4,48 .nlll, lhc opiimal wavelength l'{u" making virlually ;`iii i{mic stales of .o1' Building I I1 ;.li-irl ihe Triiium

'imaging biological Sl_{.,{.'imen_, ;`lll'elemenl_ in the periodic iable l:;`lcility ;`il'Onearing conll-}lelion, ihe

The Maglletic lc"tl,W,it}n Ellel'gy eXl}¢rilnerllally _.lt_ces_il-}le,In new Medical Facility opene{I, iln{.I tile

t.}rogr;.llll {.lenlOll_iralod lhc u_e of _l addilion, eXl_erimenlal l}rOgl'_.UllS l'irsl ph;`l_e ot" Oi.lr SafeTual'{.l_ and

free-eleclr{;)n laser--lhc ETA 11--for conducl0{.t iri collaboration with ,Security Enhancenlelll is allnoSl.
nli{.'rt}wave healing t}l" a iok;`inlat< L21wrence Berkeley Li.ibt`}r;`llory and t'inishecl, Ill addition, grouncl w;.IS

plasma, Al'gt`_nne Nalional Laboralory have I_l'oken for lhc Nuclear l)irecled

In Ellel'gy ;`lilcl Earth. Sciellces, i_ro{.ILiced evidence of iile exislence [{llel'gy I_esearch Cenler and lhc

_lrlit'i.cial neural i_eiwork algoi'ilhn_s of ,qhape i,_omers, Nu{.'leal" "l"e_l Technt`}logy ('enler, and

were applied lo cliscrinl'inale and ('henli,_Iry and Malerials Science a revllalizalion i}f Silo 3{}() l'aciliiie,_

classify seisn_ic evenls as developed {ill exlrenlc_ly Iighlweighl i,_ pl_.u!nod,

earlil{.lU;.lkes or tindergl,Ol.lnd silica aerogel foe.in1 lhai has a density I_,LNI_, Oinl-}loyees are {)Ul'

exl_l{}sions, olily four limos lhal {ii" _lir _lll{.t yel is princil_al !drenglh--excel:}lit`}nally

Iri {.}til' Bit`}nledic;ll feSetll'tr'h, wt ,,411"ongenotl_h Io SUl:}l"}Ol'l1(_l()()iillles lalellled alld deeply conlnlilletl it`}

_ucces,_fully cloned lhc human gene ils weighl, Polenlial apf}licalion,_ I'or lheir work, This Ill.ini;`u_ resource is

responsil_le for lhe repair of I)NA ' lhis malerial railge t'l't`}nl refrigera!or crucil.il Io lhe L;`ii-l_Palol'y's ahili!y Io

{hirnage caused by uliraviolel Iighl insul_.llioil Io Cal-}ll.iriil _ nli{.'rt`}- _iieel lhc challenges of lhc full.ire, As

;`lnd, ;,is t};.ll'l t}l' the Iltllllan gen{}nle . llleleoriles in sf}ace, Presidenl Bush ,_ai{.I, "these will be

i)roi¢cl, \re t`.tovised a lechnigue It`} In Ct`}nlpi.ilalit`}ns, a new lechni{.lue enorln{}l.isly inll'}t`wlanl cll_.lllellges ,,,

nipidly develop prohe mt`}le{.'ules for :_olvin 7 very-large-scale ,_yslem._ challenges lhal your skill, your

needed Io ill;.il} hl.lill;`in {.'hr0nlt`}st`}nlt;,_, of pre\,it`}u,,_ly inaccessible ilonlillear ' i;`llelll.<,, lhose flashes {}i' insighl

Al,_o, in r{.'.cognilion {}t' lhc .eCltlaliOllS was devised, _.illd IleW lllalched with I{}llg IlOi.lrs t`}i' labor

Lab{}ralory's excellence in gei_eti{.'._ soflwai'e for archival con_puler will help U,_ineel sgtiarely and weil,"

and related hit`}medical i'ese;`u'ch, tile sl{wage was recenlly licensed lo a

Del_al'tn_enl of Ellel'gy announced, [}ri\,'ale il_duslry,

on ,luly I 1, 1900, lhc eslahlishnlenl On _lll irlsliiuliomll level, lhc ,

{ii' I.LNI.. as a Celller for 11u111_111 t}roblenls facing tile l.lil._{}l'al{>l'y2-: ' ,l{}hn H, Nuck{llls

Gen{}n_e Re,_earcll, There ;`ii'{.'only lighl hi.ltlgels, ei_vil'Ol_inelllal issties, Direcl{}r

1w{} other such DOE cenler,_ ill lile safely and securily, lhc need I{}

c{}unlry, t`lile al lhc l.{}s Alanl{},_ eilsl.ll'0 a dl'tlg-t'ree wt`}rkplace-

Natiotlal 1.21b{}ral{}ry and l.he {}lilcr al illil'l{}r Iht`}se {}f _.lny t.'t`}n-lnll.lnily

lhe L;`lWl'Oll{_'¢Berkeley l.ab{ir_llt`}ry, i{}t`.l_l7,

"l'lie missi{}n {}f lhese cenlers is 1{} We _.il'Cplying lt}l:} I,}ri{}rily it`}

parlJcJl}aie in _.111Jnlei'i_ilti{}iml eff{}rl erivir{li_nlenial l}r{}ieclit)i_, s;`ll'ely, and

l{} c{}nsIruci a physical i11;.11"}{lt" ihe llealih (ES&Hi, We are adaplin 7

exis[in 7 melhods ;`ind {levising

innt`}vaiive new le{-'hniclues i{} address
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This 4-MEV linear accelerator (the FXR), together with other

diagnostic equipment in Bunker 801 at Site 300, provides the most
capable facility in the U,S. for per[7)rming the hydrodiagnostic

experiments that are essential for our nuclear weapon design and

development activities.

r-_",it-lerapid alld unexpected requirements will lake so thai wt: can LLNL's Weapons Program Illtlsl
11 charlges It-laIhave taken piace plan accordingly. For example, given also deal with several imperalives.

in this past year, especially in recent arms-control agreenlcriis as The first arises I'ronl legislation
Easl0rn Europe and the Soviet well as the ongoing neTolialiOllS , . passed by Congress laskilig lhc

Union, underscore iile uncerlainly of ii is clear thai the U,S. will Ilavo lo DOE and the weapons-devolopnlenl

the world we live in. This tlilcei'taiilly depend on tl nticletir delerrenl laboralories io dcvciop a responsive
coml)licales lhc already ditTicull job COml'Josed of fewer warheads as Nuclear Tesl 13an Readiness

t;.)l_loll_-l'ange plannirig 1'o1"lho . well ;.is fewer weal)on syslell-ls lhal Progranl. Should an agrecnlonl be

LLNL's Ntlcletir Woai)OllS PI;ogran-i. are nuclear-capable. Als,.), t'tilLiro rlogolialed between lhc U.S. _,iii(.Ithe

Over the past several years, funding reduced budgels for lhc 13elJarlnieilI Soviel Union thai eilher liinils or

froill the I)epartnieill of 17,ricrgy for of DctTcnse will probably li'_,lislale halls nile.lear testing, lhc lalioralorios

Weapons, Research, Developlllcnl, inlo less I'undillg for IleW or modified nlust have l.i progranl in piace so lhal

alld Testing (WRD&T) has declined, weapon systonls, which, in ltlrll, will till adeqtlale U.S, nuclear deterrcnl
These reduced budgels have resulted probably nlean fewer programs lo can be nminlailled with reduced or

in lhc loss of full-lime eniployees for design and develop new nuclear no lesling.

lhc Weapons Progranl' slaffing has warhetids. In addition, the Secrelary A second inlporalive facing lhc

decreased rotighly 2()?f, over the of Energy recenlly ouiliried a ion- WeapOllS Progl'anl is a shorlage of

last three years, poinl initialive to make the DOE I)lulonium and tritiunl restiliing I'ronl
Amid this increased tincorlainly nuclear Weal-J(ins complex, including lhc shtildowri o1' lhc produclion

mid in spilt ot" re(lticcd resources, the [xiborai(iry, as envirolllllerilally reaClOl'S til SaVallntih River. These

we rlltlSl altenlpl It) anli¢ipalc lhc and safely responsive as p()ssiblc; reaclors Iiavc i1()I opcl'alcd for lwo

likely directioris thai U.S. Weal)oils lhis irliliativc is to be l'unded t'ronl years, Tllus, with linac, _,lshol'lage of
otir all'cady limited rcsoLIrCcs,
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tritium (which decayn radioactively be deployed on lrLIc_k-nlounteil As niHed ilbove, possil:He I'LltLlre
by apf_roxirnately 5_, pet" year) will ialmchern, tnunt be able to nurviw additional nuclear testing restrictions
develop, wor,,.;l-case scenario acciclenls llml may be irnlx_ned, i_erlml_n in iile form

A lhird irnf_eralive arise,',; from remain absolutely safe. We have ot' reduced yield Illresl_olds or quotan
urlvironmental, sal'ety, and heallh made great ntri¢.les in recenl yearn on lhc nunlber of _e',;is IIml can be

(ES&H) consideratiorln. As in improving the inherenl safety conducted. We tu'e quite confident
rner_lioned above, the Secretary of rlucleilr wm'headn. We believe, limt we undernlarld wlmt IllUnl be done

i_l"Energy requires lhal ali DOE "owever, Iha! lhere are t'urlher lo explore !he lypen of WRI)&T
l'acilitien operale within ali qualitative nal'ely and necurily activities lim! ci_tlJd lake piace tinder

established ES&H guidelinen, inll_rovenlentn lhal we can make, and nuch le,_! lirnilalionn. However, the

The We.afx_ns Program will he we inlend lo pursue then1 vig0rously tesotll'cen limt we have been able lo
fully renix_nsive lo lhc ES&H in the coming, .years. apf_ly to nuch exfHoralory f_ro_.:,riunn
recluirernenls: however, meeting these lt in also true thai as the size of the have net beerl suITicient to enable

requirements places a further demand U.S. nuclear force in reduced, the un lo a.,,;sesn thene pro_:;ramn in a
on our already severely declining impact of tecllnological ._urprine reanonab!e time, ncale.
resources, To meet the ES&[-I will increase. "1%guard agitinsi this L.Jnderlying ali of thene irnf_ortant
requirements., wt must reduce suPlX_rt Ix_nnibiliiy and to t_rovide weatx_n activitien in a banic element of
to .'-;uchirnpc_rtarlt f_rojects an rlucleilr opiions for nuntained stockpile corlcerrl thai we refer to an "nuclear
test ban readiness, special nuclear we'lpon efTeciivenens, a porlioll ¢>f coml_eterice." The Livermore and Lon
material renearch, and advanced the Lab¢_ralory's weaponn el'fortn Alamos laboratories have cradle-to-
weaf_orl-concet'_in research, in t'ocussssedon lhe examination and grave re,',;l_!_rlnibiiilien for ali cii"the

A Laboralory-iml)OSed imf_eralive ewllualion of advanced technologies, nuclear weapons in the U.S. slockpile.
iu our inilialive lo place increased II"we are Io cover suft:icienlly ali of However, Ihese renlxmnil_ililien
ernl_llasin on advanced safety m_d the WRD&T areas limt we believe canln_oi he rnet without talented mid

securily I'eaiui'es in the denign of will be riecen,,nary in the future, our trained personnel, and we cannel

modern nuclear weaix_ns. This oi'ten efforts in thin area must increane, suntainl nluclelu" COml)etence wilh0ul
entails considerable el'fort in the . Computational phynicn in and has healthy and active WRD&T
de,_ign and engineering of new alw_lys been an ensential ingredient in i_x'ograms.

warheadn and requiren extensive weapon development. Numerical Although the decline in WRD&T
calculational modeling as well as sirnulatiorl and modeling allow us to resoun'cen is an innue of undeniable

n_nnuclear and nuclear leniin D explore more design Ol_iions and in concern and ailhougl_ lhc
Taken together, thene imperatives rno_'e detail than would be p¢lssible ii" l.,aboratory's Weaf_ons I:'rograrn is

give us direclion for the future of' we had to rely solely ox_expem;ive l'acing nmny uncerlainlien, we are
the \'Veal:xlns F'rograrn. Certainly, rll}nnLlcleiu"and nuclear testing, clln]iHelely dedicated to felll'illing
WeUl_oneft'ectiveness and weapon Recently, w,'e develllped the capability our responsibililien in maintaining
survivabil'ily rel:_l'enenl arean ¢H'_greal to use, on ii fairly rouline basis, throe- a reliable, safe, effective nuclear
imt_¢_riai_ce.As ihe i_ulnber (_t' dimensiolmi calc{llations in the denign weapons sil_cklfile thai pr¢lvides the
WealXillS ill the I._/.,S.stockpile is lind assonnlllOnl of our Wiil'heildS. Thin d01elTent;e on which the Cotlnll'y niill
reduced, the qtialilalive calxlbilily iu critical for siifely relien. Irl :4t_ileof ihene iml_edin]enln,
ilTil-)r(ivelYielHSli) ellhallC'e ii we;ll'Jlil]'n assesnlriellls i)t" deveiopillelllill and the VTeal)OllSProgriilil conliiltleS
oft'ecliveness or ils abilily li> survive ntockpile syntems. TI_o scale and Io I)r_idtic'e I11_.illyindividt_'._l
iln ol'fei_sivc strike becllllle nltlt.'h conlplexity of rhone c'alculalions iu iechnolo__tical acconll_lishnienls
ill(ll'e ci'itical, li_sol'ar as lai_(.I- illlrllellSe and in nlrainiil{z IIle capacity iii' oulnlanding qualily. The arlicles
based syslems are c'()llCel'ile_.l, (ll'.Ol.ir all'eady-lai'ge conll)Uler lhal follow stlnllllarize i.i few ()I" lhc
ill-it_rllvelllenln ii1 systenln renourcen', an incl'eiise in conlpUlillL,, illany (itil._lailding iichievelnellln lit'
,_urviwibilily (li'ion inw_lve mobility, c.alxibilily hy ii t'aclln' _lt"li hundrt_d (li' IJ,NL'n Wealxlns I_roT,ranl and
iUld, wiih li]l/bilily, innues illv_)lVill 7 li Ihousantt in needed ii' we are lo be iliunlrale ihe Sll'lllltt i'ese_il'c'.hand
wealxln safely and necurily lake on able Iii adequately l'lei't'ornl lhc.sonew develo[)lilenl i_i'Ogl'alll we niill
new tlimei_sions. The rail-miH_ile throe-dimenni(mal calculations lo ib_ IX)Ssesn.
Pc'auekeepei"(MX), which ii_volves level required l¢li' prltjecled I_i'¢lgl'ail_
i)lacing MX minsiles oi-_railroad ciirn, aclivilies. 'i'his increased c:lm_ixiling I"<mm<,k w, I,', ,%'_'<llllin(,115)42,1-6,_1¢7.

alld lhc SiTiiill ICBM, which w(Itild capabiliiy i_',err}li illoi'e essei]lial iii
lhc face _ll' ftilLIre linliln or I'lails (ni
i_uc'lear l(sliilg,
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High,Explosives Weare working to p,'oducee'tergetic materials' ,,,iii, both higher

Applications Facility perfo,'ma,tcea,,d imp!'ow,d , 'a.li'typropertie. '.

L LNL's n,:w High-Exl_losivcs 0Xlglosivcs thai l:)crl'ol'lll boiler limiting its use ;.is_.igcrlci'nlAl_lglicntions Facility (l-IEA[:) than TATB (1,3,5-trianlino-2,i.,6- exl_losi\'e,
was occupied in the spring of It)89 trinitrobenzene) and high Cxl_lo._ivc._
([qgun'c 1), HEAl-_'laboratories with laaorcenergy than I-IMX ' 14"on'nntnlation Activities
ttcsigncd for synth?sizing, (1,3,5,7-lctraazacycloctanc), During
I'ormull.iting, _.lntl testing of high- lhc past .ye_.irwe llll.ii'l,tc(I I)l'()gi'css Otli" C'LII'I'IDlll l(_rlaaulatioil ot't'()l'l is

CllOi'gy iliaicrials LiFe now in lhc latter _ll'Oa, sticc'osst'ul!y aimecl _lt clcvclt)l)ing ;.i illaicrial thai

t,l_oratiorial,.Tho I'OlllliinillL2 syillhosizing _i p()ly-niir()_lrllill(i has a Iligl-lcr ¢llt.;l'gy liian T/Vlq3 ai-let
l_.ibor_.llorios, dosigilotl I'oi' I_.il'gei'- cyclic coml_()i.lllcl with ii c_llctil;.liecl lhi.it ;Also illocl,_ lho. l)el_.u'lnlonl (li'

so'aic high-oxI<, _losivc,_Iosting (tip i_erf(irrn:.lrice boiler iiian thai (ii" l:_,iici'gy's l)roiocol for ;.ll'l insonsilivc

Io 1() k<gTNT oquivalcrit) in . 1-1MX (I:qgtirc 2), An 14()()-L_.z,_amlllo high oxplosivc, We _11"i2w(_rking with
¢onl_linn'ioril i_.lilks, in¢luclillg _l of ll_is lnalol'i_.tl, I'orlriul_.llod with 5</<, mixiurcs lhal Colll_lin 'l'Aq'13,HSX,
facility t'()1"zt l'otll'-int:h-l'iOl't3 _tlll, Vii(Hl A, Was pressed to ()f_,5</<of its _.illd high-tlol_,_ity CllCt'gclic I)indcrs.

I_ecaii_e Ol)cr_.lii(_llal dtirinlg M_.ly theoretical density, We cw.lluatecl its lJrclinliiiur$ , results inclicatc Iil_.lt the

Ic)9(), I)orl'ornl_lllCCr with cylinctcr tests; the cnorT, y--bul rlol the ,_ci_sitivily.--of

rosulls showed a tlolonali()ii velocity Stlt.'h t'()rllaulali()n._ ttc,l-_C:lltl_4lint.'_.lrl),
S • , .<vnthesls Eft'otis orl,1141krll/s _.lll(.Izt cioltln_.ilioll (iii I-IMX t.'onc:tHlll'illi()ll We i.ll'O

Gt a. This I'orn-lull.iti(ln slu(lyin 7 five I1MX-ba._cdi)rt.;s,";I.Ircof 3_' ;j

()til" ¢tll'l'Onl w()rtc in new high- ha._ 2 Io 3f,_, nlt)l'O tJllOl'gy tj-ian f(irlllulalions il-lal _.il'Chighly likely
cnoi'gy lll_Alori_.il,',;l'()cusos t)ll c(>i]ll)_.li'al_lt_ f()ri_ltlll.iliolls t)t' H MX, I() l-)_.lsssh(_ck-.,:nsitiviiy I¢,_1,'-;.Sticl-i

synllicsi/,ing i\v() classes of lis slloci,; sensiiivily is nlucll gl't;{ll(21' nl_licrials hnvt.' ITILIIly _ll_.l-)licaii()ns in

c(wrll)OUiicls', inscllsilivt." high ihan thai o1" HMX, ht)w,over, lht.'l'el'ly nuclear Weal_()ias.

O

0:_ /_ NO_\ I
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Figure 1, Office section of the HEAF, looking northwest. Figure 2. A newly synthesized high
explosive, 2-oxo- 1,3,5-trinltro- 1,3,5-trlaza-
cyclohexane, that has 2 to 3% more energy
than HMX.
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Work on Conllmsites
T,Hlgh

, ' +exploslve,

ui:idorslunding of ct)nll_)O,_ite higll ,Thermal Laser Optical fiber 1battery source
Uxl+lo,',;ivom(muterial,',;L'on+',;imtirlgof a , &
mi,_turo or t'uel und oxidizor). Such Nuclear explosive l

.rnuturiul,',; huvo I_rol:_Oi:ties ll:i;.tt i+nakt:

thorn u'+ol'ul iii ,,;r)ocittl ul)rfl icut ion_, Figure 3. A high.power, short-pulse chemical flash/amp laser can detonate a high
Wo have addodul LIIllJlILIlll to ])ETN explosive either directly or by driving an optically propelled slapper. A/mis focuses the

([lol-it_.lt21"ylI1r lit)l) to dote rlll illO light from a battery.powered laser into an optical fiber that transmits lt to the explosive. We
wl-ietller orlorgy is, trarl,,_l'orrod hope to package the system in less than 500 cm 3.
I'rorn iilo.' oxotl-iornliu I'orlnittioil til ................................................................................................ ....

i.tltllilillUnl oxicle rur)i(.lly C:ll(.)tl_h It)

il-iil)rovo the i->ocui'l'(.+rnllint.'oo1' li-le uci(t tin(it niii'(lht.,i-i/,ene Iluvo I')t.'Ol-i ' ii high OXl)losiveI'l'(.)l-i-i,";i_tll'iOLl,',;

t.'(milX)_iic" ovc'rthltl o1: PITTN aloi-ie, Li,_od il-I lii-i-iil0d ul+r)lit.,utitlil+ by. c:loclricttl iil_l:)tilso._, ihi_ tYl)U of

Rosi.ilt,_ indicate tll_ii Ih0.onor_y ii:lt., i-i-iinirl7 il-idLl_try, t,-Iowovor, dctonutol +i'll'onliso,,_ ,xiTIlil'ic:ai-itly
rolo;.isc:d lroil-i rllixluro_ (ii' :.tluil-iirll.inl dill'icultio_ in hundlirl_ nitric.' ;tcitl, u lilt)ro s_.tl'oly thari t.'()nvcl:itit}ni.tl

and PETN mitt1l)o luil(li'cd to _t)ot.'il:ic highly toxic ;.inel c(+r.i'o_ivo _tli_,',;i;.illC'O, (.Io,,+ign_',1\ ,,,ihort I_Lil,',;t.'(<;_I()i1_) t'r()lll

al:_pliuiitic)rl+, We r)lai-i oxr)eriniont,_ i:)re(:li.lde(.l it,_ oxlc:i:i,',+ivo LI.+.400, _.ihiTh-IXwvor (I (.iW/cin 2) I;.i,'-;ort.'iil-i
with n-iixtLiro.,+ tit" I_,DX und Woo httvo c.'t+nttLictod our rii,+xl ho l.l_od oith(,;i +lO iilitiaio tt hi+oh
tili.ll-ilinl.il-il, ;.intl TN'I" itlll;I _.ilt.lniil-itll-ii, t"eu.<+il+ilitylost, dol(ill_.il.in_ tl nliXItlro o,.'pIo_ivediroctly or iu drivu ;.in

in li-lo no;Jr t'Llltlro, o1' niiriu ucid _.tll(.l(.lirlitrol+ol_/,one in or)tiuully i-)ror)ollotl ,_lttl_)r)ot;. ()i ii-iu

u c,ylindor exr)orinlont, Tho ro+l.ilt._; i+o_.,+ihloUl-)l-)r(+ttc.'hc,x,li-le chomiuitl

_epartil)le Insen,_ilive Binary ._l:iowud lll;.il iho l)orl't)rn-lant.'o til" ii:iu l'la_hluint) l+.t._c',rIltt_ the hiTI-io,<+i

Exlilosives CXl)losivo is close li+ lllttt of LX-I 7, r)()lorlti;ll ror c.'ornr);.tci l_itc'kagil-ig,
u widuly I.ist;(t solid Iii+ohUXl)losi,,'e. "l'hoI'ir.,+ii)huseo1'ii-iu r)r(tjut.,l

Woo ul'+ inve_tiuutin7 iho "l+'hi,_i)reliillinury ro,xi.iii Ollt.'t)LlrliTotl will (+lol-il(lll.<.;ll'{ilo;.t I-)rti+',;+,.;-I-)()tird

i_ructicul')ility, l:t+l' I)oill I1LIt.'lO;.tr;.tilcl . LI,"-;it.)L'(.)niinLIO dovolor)i+loi_i til' l+inttry l)iick;l_o ii:lilt 111t.,.ol_l+c'l'l'tirnl;.fllct:,

ll(.)nnuc:lo;.tr \.voitl:)()il.'+,Ul_)l)licutitm_, o1' hiTI-i UXl)lo,<+ive,x, +iz.u, vt)li.lnlu, roliahility, lind

u high OXl)losivec(}rlll)tl_c'd' ()1' i\vt_ l.<_uo,'_rc.'rn;.tinirig lo i)o i'l:,,,;t)lyucl Oll\'ir(lilmol-itul l'O(.li.lironlc211i_, We

sotxu'al+lu c()1111_(+ll_2nt._,neitl-iol +o1" iriclLido or)tilnixin g i)orl'orl_-i;Ul¢'O, OXl-)ect I()I)ackttuo the (..'(lnll>itc'l
wlli(_'l-i c.'i.tnbit dotonuiod withul.it iho e.,;tabli,xhin# elTicioht n+iXil-i7 til' ii-iu (.Io,xiTn in n(+ inoi'o llllill .5()() c111;t

other. Such Ifin+ii'y UXl-)lo_ive._ili'O ccm-ilX)nt.'rii_, illl(I ci17ii"loerii_# tt In rho +oc't)i-id i_htt._c, we will +ludy

lX)lontiully ,xal'c.',t:'!-ivirorul_oiltully ,'.+ystocn+thul i._ ,xuitabl+ lo lul'Te tx)inh,_ lhc; roliitl'lility til' lu,xor ii-iitilttion in

,,,;()l.llld+und--[)ot.'i.ii.l,%C.'c.'()nll)(inoni ;.t,,,;woll its ,xmttll Ixtlli_t it.' _y.',;iOlil._. .+,;OVOl'tllt.'(irnlnon I-ii<..thoxi-)lu._iro,,,.

l';.llio.',;c;.Ul I-xr i'c'atlily :.iltt.'rccl--o:.l.',;ily Wt., arc tilt,;i) _llil'liil_ ro_c.';.trch _ul(I

tuilorllblu i_)_I:}Ucit'iL' Ul_lfliuuliom,';, l.,a_er lniliaiion t)t' tti.l,4h dovol(fl)moni on in-ii)row_'cl Ol)iion._,

Tho con(.:or)l i_ to) i_oluto rho Exllhl,<,;ive_ ()LII" c;l.lrrt.'.llt ol)ioctivc i_ to build ii

cOinl-)onoi:il,_--l'ucl uil(.I un pi'ololyl-)O (lc:_iTi_ thlii i_ reliitl-)ic,

()xidizor---irl _c]:)_.iralo c(.+iltt.tint.,r,%, W¢ iire ii_vc:._ii_illin_ lilo c.'()ll-il-)iic'l, i.lncl i'Li_t_tl,

ll-iixiil_ tl-ielTI-iii:iin_(.'.diulcly I_ol'oro re.u_iMlity ()1"LiSinu lt choil-iicul

dct()rlutiorl, Tl:ii.,+ tYl-)L' tit' OXl-)l()sivo flashlani r) l:+lsur to.(:lot()ntlto I-li,gh (',,#(,,r: I¢,Alire (415) 422-2419,

hl.is boon. ki:i()v,in l'or ()oer ()nt._ exl_l()sivu_(Figul'o 3), By ist)lut ing

.hLllldro(J ),o_.ti's',IlliXttlrCs ()(' I-iilric'
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miss<lc, ijlitrl'ttcc' c(.)nir(.il (.tr_iwin_s s_.urll)lv" tri<in, 'l'ht, se _trc'snli.lll, w_lrllv_.l(.I,willl I,I.,N[, sul_l')tirl,
(ICl)s), l:"in_.lll),,lI.iu'I)ro_rl.irl.i I.i_.ls scILIc.'(.lt'ylirl(.Ic,rs c(.)riltliriirl_ I')c)rli(:)ris S_.lrl(lil.IIll.Is bL,_tlri _l'oi.lrl(.I tests l(i
br'ts tll:)l-jr(._vc.,dI'(.IrIrl.iris<lit)r1lt.) Plltlst _ll' IIlt v_.iritiLts,,,vttrl.ietl(.It'tlrill)orl.c'rlls corlil'y tllc.' I_t,rt'(Irrllttric'u t_t' lhc'
4. iri which Ill(:' \v_.lrhtild cltsi_rl in thltl c'i.inrc_lct cllt'mictllly, 'l't) sliCe<til l'li_l-li-iesl \v_lrlletlds, I-"li_llt
I'ii'll.i t.'l.it)l.i_ll lo boTin I)i'tr)r(IcitlciiOl.i simLil_.iloII1sOV¢l'til ITIolilhs lh0 lt'sls tire sehutltllttl For the I'tlll o1'
_lctivitiu's iii lh< 1)()I7: i_ltlnts, ct't'c'.ciso1' .'_cvvl'_.ll,vttil'S in slortl_O, ](Jt) I,

{)no ii111_oi'i_.lniw_lrl.iotltl/missilv wt__.ic'col_l'_iic'lhc_c'htinictll i't_ilciions l)urin7 the tlevolol_l.i.ie.nl l_i'tlTi'tun,
inltrl'_lc'e isstic rtsolvod cti.il'il.i_?,the hS,i'tlisin 7 tilt, _lli.il_ic_lllI¢lnl)tl'tiILlrt', wt.' n.i_.iii_l_linc'ltls_ c'ooi'dii_lli(li_
tl_.lsl),¢_ii' wtis iht_ I'tSOl.il.inivil_i'_liioi.i Vk/e_il't I.it)w Ol'ltllill 7 til.irt t_vtilul.llin_, with the 1)()I7, i)rotlLIcli_<nli_ltinis Irl
I'rVCll.ltllCy til' the wl.il'heti'tl, _il.iC.'v Ulniis Ihiil htlvo I_t_t'll iii sit)l'_i_,.t,since idc,nlil'), <.ii.iclc'lillliN_ilt, I_ololili_ll
the vibi'_llioN i_ropoi'lios ()1'Ihc_ Oclober lOiN_) i\,_ {ii.irl of ils i_rocll.iclion I_roblen.is tilltl Irl rt.'(ILIcO
wtu'houd/missilo s),sltM til't'tct lhc conlinuii.i 7 i)l'tlTrl.ill.i i(I rr'til.it'<.' i_rtidl.iclioi_ c'osi,_,Di.iril.i_ ii.it ptlsl
missile's t'liThi-contr(ll s),slon.i, Iho7 llllT,l.irdoLISwtislo in nLIc.'lttlr-wvtIF)_.)n )'t'_ll', \.vo h_lve been _lblt lo dispc'nse
tlrt.' till imll_._l'i_.ll.iLcont'gl'n For Boc,.in7, iirclcluctioi_ 1-111.inl,w,,lh< D()[-_ is with lwo COll.ir)t)llelll_ _.111_.1lwo
_/_ n.it_lsl.irecllh<so t'l'OqLloi.icits by rtgulrin 7 the i'tl_l_lct'l.i.iel.il ot' _;onlc i_rotlLlciion l_rocts,<_t's,()he o1' ih_
Ct)llSll'l.lClil.igl.i re_llislic illock chestier<Is tr_lctilit_l_tllly used in conll)Ontl.it.w,wol.lld h_lvt born vti'y
w_.lrhe_.ltttit.tctmOLil.ilin7 il on _lsh_iktr wl.u'ho_.idF)rodl.lClion, Boc_.ll.lStwe dilTiculi ici t'_.lbric_llv_.lllCti.lsstil.ihlt,
l_iblo (Pi_LII'O I). Accelel'omolors illl.l_.;Lcontinue lo _.i,w,sts,s li.it chemic<li In ucltlitioi.i Io rtdl.icing risk, these
i_.it)Llill¢clin the Wlil'l.it_.ldn.ittiSUl'ocl cOinl_llibiliiy of nt_w i.il_.ltvii_.lls_LS il.ilF)l'OVOl.iltlllSIi_ive sigi.iil'ic_u.ill ),
the I'OS_.)l.i_.lllli'esl_onso, FI'OH1lh< cl_llti II-icy _.ll't_ii.ilrodcicvct, we Hl<iV no<el it) rvclticecl ¢osl, N()llntlt;lo_.il" hi_th-
7t_rlvi'tltvcl, we c_lnslrLlt'Ivcl _.lsimply i'Vl)ttii somv o1"Ihvse s_lml_lv tory txplosive ttsis til LL,NI_',_ rr;melt
¢Oinl_t.llVrm(_del of ihv w_irhe_id's itsls irl the t'ulurt, Site 3()() wvro Jllsli'Ull.ioi.ii;.ll in
vibr_lii_lntll bct.i_ivior Iii.iclctvlivvrvd We Ill.lye COl.iStrl.lC;lvcl{il.i c'l]_.lblin_ LI,',;l()vlimin_lic" ii.iv
ii irl I__Jovirl_For tis_ in Ihvir illSlri.inltlllvcl iTl()c.'k_/Vlqt) w_.ll'ht_ict coi.i]l)(lllVlltS, Tllc',_v Ivsls tirv _ilso
c_.llt'l.il_,llions,"l'hv i'osi.llls t'tllll'irl.iled thtil will he c;_.irrivclin il_v B-1B',_ used to t_v_llLll.lt¢the vlTvci o1'clii.lll_OS
lh_ll lh< w_li'hetid's vibi'tiiiontll bomb b_l),cluriil 7 U_.Ll_iivt-ctlrry 1"liThi iii S_indi_icon.il_OilOl.iison w_u'llvtld
llrtlllUi'tit.'s til't."Itct'el)tliblv, We htlvo tests, +l'ho nltlckul+ will <risebu i)c,rt'ol'n-itii.ict,
ttistl cl>nclucic'd tither 71'tlLil.iclto_i+ o.ioc.ttdI'l'Olll ii l)ol.ilb btty into tt We til'+ t'OI.itillUiil_ lh<
oi" ii.iu wtu'hetlct's survivtlbilily in i'J+iclcl¢clctilcht'r box whill. +lilo _.iircrtit'l dvvelol+n_tnt c_i.iTil.iUVl'in7 til' ii.iu WI4_J
ll.ieril.itil, vibrtilitlntil, iultl shock is i+tu'kod (iii ii.i? 7round, Those"io,_l+ W:ll'hti.lcl, I+tiyin7 Sl+UCitlltill<nii<in
Ull\,ii'tlllll.i¢llls, tti'v il.itt;ndc_tl1otvtllLittlt- Ol_lel'l.llionttl lo tll-_ti'tlliol.ii.tl ¢l.iVil't)rlllltl.ils, 1o

A sioclcl_ilod Wttl'h¢_.lclCellini.illS vi.<vii'<)HI.<.<elliSwhilv lhc mi,<_silvin in r)rodl.lCtJoll risks _.il.itlc(.Islst lo
nii.lily clivcrso C(_llll_tlllt.'HlS Ih_ii grill lhc beret) lll.l7 tilltl clLli'iil7 vi<ellen, cotlrdin_llin7 til.ii' tlt_ni_il with l-_o¢iil7
inltl'l.lcl chcllliCtiilv with oilo _lnolhor Th0 t jvciion lysis I)tT_lll rvcently, tillCl Sfindil.l, _.intlIt)r)l'VF)i.lrin7 l'or lho
ovc'.r ils Iii'<.'tim<, Vk/¢IllLI_I _llltl I_l'olimil.itlry cl_ll_linlllch ()LII' _ll_l_rotlciliii 7 missile' l'liThl lysis,
clemonslr_.ilmih_li clui'il_7 ihis lime txpc_ml_llitlns, ()iht;'r in(_c'k wtirl.it'ticl,_
ii.iv wtli'hv_.lctwill ii(li sul'J'tr tlclverse conl_linin 7 lelvnivtry eguipmunl will c<,,m(,_:,#.I/, "l:!'h'r(4l,gj 423-1.t#7,
cl.itmi0'tll i'V_it'ii(_llSsuch _lscorrosic>i.i, be leslvcl in nlis,<_ilt,1"liThls, In Iht',_e
'l_()tltl this we t.'(lllSll'tic'lecl It'.n "'core tests, I_,LNL SUl)plies ¢(Ili]ll)t)llenls Irl

,S_li.itliti,which insl_.llls ihv lvlvil.ielry
rind c_lnlFilvlvs _isseml-)ly ()1'lhc Ivsl
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l-Effectiver ess of w_ are applvi,zg a cast-e[/'ective,wss me th(,dah,gv m illumi,late /.vsues

Modernized aral lp(ions,lhr U.S. strategicjbrces in an era _,/'shrinking, budgets.

Strategic Forces

ile Strategic Mc,dornizatic,n llnl>lied ii ttr (T,on-litorature data c,n or curtailed. Fiitally, tile l()-yoarF'rogranl, initiated during ,',',ysten!c(tstsand l_erl'(_rnlanc.:e. Forwardcost neglectssunki:)r(tgraln
lilt: Reilg!ln Adnlinistrati(m, has Tile rrlei.lsure('ii"nlerit in ,,'iur costsand includes only RDT&E,
l:_r(_cll,]¢edsut_slanlitl.linll"Jrovenlerlts studies is lile nunlber ('ii' "elTec.'iive IW('icurenlenl,and(_peralingcosts
in tJ,S, strategic I'orces, Aniong lllese WelillOns" iler d('illar invested, l:()r ('iver tile next I() y,.:ars,

are the develol_nlCnl and deF_loynlent a weapi_n to I_e.et'l'eclive, it nlUSl We have used our melhod_logy,

oi' the Trident-I subnlarine, tile survive a Soviet First strike, launch Iogether with cos{ and el't'ecliveness

B- 1t7,bcmlber, and tile silo-based reliably, and peil¢!raie Sovlt:l claia, Io eXainiilL' in some clelail, the

t)eat.'ekeeper nlis,4ile, logelhei" wilh ' clel'eil,<',esIt)reach its till'gel, This iilveslmeill issues For slralegiL' forces

Ltl_gl'i.ldes (ii" slrillegiL' co111111ti11(i, nleilStll'e--lhe I1tllllbel' oF elTeclive sqt.leezed by lighl buclg,els and

¢Ollii't_l, and cctnmltiilicatiollS weapons per dollar Sl_eill--is a belier neRoliated reductions (as illthe

.. ,_ ,_ <.iriliegic ArillS Reductions\,SlelllS, t::l.lltire plans JllcltldO _titl_,e o1" utility lhan tile nl.lnlher of OllgOlng S

del_loynlenl oF lhc 7'i'idenl.-ll weapons deployed or lheir payloads Talks, ur S'I'AI_."I'), We include

stlbnltll'ine, the B-2 b('il'iibt.'l', tllld less as. il rel'lecls lwo desired t'etfll.ll'eS prop((sodSTART ct'insll'_iJllls l'of

vulilertlble ICBM l'oi'ces, However, for slralegJL' retaliatory l'ol'CeS' two reasons, l:;i!'si, Ihey will limit
I)l'eSStlleS I_uil(tiilg since lhc nlid- survivahilily and deliverability, tile iltinll)er (tj'wei.ll-_ons deployed

1c)14()sIo reduce det'ense sl_ending We have tl,<',ecttill'ce cosl tUld will iml_osea signil'icanl

hilve pl.li S()llle c)l' these pl'Ogl'illllS _.tl nlellStll'eS'. ]()-),e!li' Iii'e-cycle cost, C()llSll'tiint ((li tile total lll.llllbel' o1'
i'Jsk, As tl I'eSl.llt, clJl'l'iCl.lll c:hoiL'es 2()-year lllai'giilal cost, aral lO-year JlllerCOlllJnonlal iulcl sub_narJne-

llltlsl he illil(.te, forward cost, Each col.lveys liltlllulled I_tillislic missiles (ICl]Ms

11'tj.S, sii'alegic t'orces l.il'e I() Jllll)Orlanl Jnt'orlllalJon Io ti decision and SLBMs) thai ctin he deployed,

I.lildei'go l'tliiOllal i'estl'l.iCtl.li'Jll_, illiiker, and together tile), l_i'ovide a Second, tile survival_iliiy ('ii"some

ll_Odel'llJZ, tltion opli()llS nlUsl De balalicod perst)eclive (_n system elenleuts ()t" the L ,S, stl'tltegjc t'orce,_

.4()i'ted out' which pl'O_l'illllSshould cosls, The ]()-year liFe-cycle cOsl (Icl)ends('iii wllal olller forces the
be pr.li'stied (til SL,Ilo(li.ilo, which ones c!)nll:_rises resetirL'h, develol)nleni, [.J,S,aild the Soviet {JllJOn IlliVe

delayed ('ii' sirelched (>Cii,and which iesling, and evaluation (I_,I)T&t:]) del_loyecl, The Small ICBM, I'or

(>nos mllilL'eled? Delailed plans will costs, i)roccireilleill costs (in(ILl(ling examl_le, Ciillilol be slLiClied in

require careful scruliily of the enlJre mililary conslrucliorl), and lsolalJon heCaLise its survJval_JlJly

l)eparlnlelll o1" Defense budget, with ol_)el'aiJontil L'OSIs over a ]()-year del_uncls (ill tile size oF the Illreiil tiild

ii weighing oi' htlw IlltlCh I)al'lic'uliir liFetlnle, This illetlsLire provides li lhc I1tllllhcl' ()I" other tJ,S. Forces lhal
sysleills C()lltl'il'ltlle Io ()tit" deterl'ence Cisel'ul chtiri.lclel'iZ, l.llJon ()F till entire (till be l.lllackod,

sll'ulegy, tlsseSSlllelli ('ii" technical I-)r('igrtlnl lind puls il ill i_erspective l::igtll'e I illusii'ales lhc kind

i'J_ks lind Ol._l-i(tritinilies, _lntl analysis with olhel" [)r()_l'l.llllS iii ditTereni ('ii' I'eStills I)i'odtit.'ed hy o1.11' .

('ii' (()sls and schedules, Wilhin the s(ages in Illeir hislory, The 2()-year i_lelll(xl('il(_gy, The L'alculalions were
. ' _)si)eL'li'tin1 ()t p(_licy JSSl.leS, we have. nmrginal (.'()sl dosL'rl[ es file (.'()sl- based on Llle 2()-yea.ii' I)l'()gl'illll c()sl,

l'('icused (_ur analysis on the is,_cle effectiveness of each adclJlional Results are shown for two clJtTerenl '

_'it"cosi-et'feciiveness, We Ilavo s),slem l:_roci.ired he),()nd 1he l)laFliled aloft condJlions' (me wJih generiiled

developed li nlelh(tdol(Igy For pl'()gl'tllll, lt is Ii1()1"t_tlSOJ'LI1in l'()l'c.'es (in a Iligll-alerl c('indilioil)_llld

cxilnlining lhc cosl-eft'eclJVelleSS ot" L'onsJdel'ing ,_ysLelllS For which (tile wilh tlngellei'illed I'orc.'es (()11day-

ill('idel'lli/,c.'d Stl'tlle_ic l'ol'ces rind have I4i;)'I"&I7, iu eSSelllJtilly c.'()1111)lele l()-dii), til¢l'l), Se\,Ol'al .Feilltlres o1'

:.lild the JSStle Js whelher c'url'eni the i'cstllls tii'e Ilt)lew()rthy, [;ii'sl,

I_r()ctucli('in plans sh('ii.ild I_e exlel_cte(l

i()
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slj'utegic subnlurines are relttlively i
c(_st-el'l'eel.ive for both alert postures I Ungenerated/rldeout

because a coNsideral_le l'ruction of 500 mm Generated/prompt retaliatory launch
tile fol't.'c is ii| sCtt til till limes Minuteman
Second, the cost-et't'ectiveness oi' 96 B-52H

ICI3Ms ttel_encls c,n tlSstlrrll'lliorlS m
t:thout how these systems are used =O

itl resl_Ol_se lo tt r_ticlear altttck, We .,_
have ttssLIIllCd here, t'or the sake o1" ii 20

illustration, thal silo-bused ICBMs ,_. *_ Trident' ,

orl l.l_{y-t¢_-day ulerl ride out '<mutttlc:k _ _ 97
while lho._e in lhc high-ulerl o__ B-1B

c.'(llidiliorl oxcc.'tllc, _t i)rtlill])l "° _ 132,. -o B-2

respcmse F:or l_olnber l'orcu.s cost- _ _ Small• ' E

elTectivene:+s clel_ends critically _ln = ' 50 Rail- ICBMt-,

their {tloi't l_O.,4tLire,rts conll+arutivolv <_ garrison 100 Rail-
',= Peace- garrisonfew bonll-_el'S til'C 011day-lt)-cluy alert m
"_ keeper Peace-

()ur studies have identit'ied some n- keeper
key isstie._ I'ttcing de¢'isitm llltikel'S.

The two mt_st il+nrJol'talll oI these are

(I) the \,'.title of tl high ttlorl rule til
the lime til +.ult;tttack tti]d (2) the

need l'or l'orc:e diversity in the t'ttce
of Lirlcoi'ttiiiliios in u ftliilrO thretit

SlTiCclrUlll. Irl l'LilLire sltidies, we will Strategic system '

ctmsicler adc, itional force optit>ils and
Figu re 1. Life-cycle cost-effectiveness of selected strategic options, Results are shown

will Ul->dtttecost e,_:timutes o1" (ii.ii' for eight ,strategic systems: 20 Trident submarines with D-5 missiles, 500 Minuteman ICBMs
earlier studies, Alth¢+tigh (itll' t.'o,w,t- in silos, 50 Peacekeeper ICBMs with rail, garrison basing, 500 Small ICBMs on hard mobile
et't'ectivene,_s moth(idol(igy ¢'unnot launchers, 100 Peacekeeper missiles with rail.garrison basing, 96 B-52H bombers with air-
res,.llve for (_-'on,russ<_., and the launched cruise mic,siles, 97 B-1B bombers (with 16 weapons each), and 132 B-2
Ex ec tj li ve I3ra nc h the di I'FicLilt penetrating bombers (with 16 weapons each). Cost-effectiveness is shown for two alert
choicu,_ presented by shril]king conditions: (1) generated forces (high alert) and prompt retaliatory launch of IBCMs, and

budgets, ii c_.lll he ll_ to i llurnirlaie (2) ungenerated forces (day-to-day alert) and rideout of the attack with silo-based ICBMs

tile issues ;did t)pti(Hl,',;, and undlspersed Peacekeeper missiles.

Contact; I'. L. ('hrzanowski (415) 422-6522.
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Numerical Simulation w_ are developing techniques to add geomet,'ic ,'ealism to simulatio,ls

of Electrromagnelic o/'e#ecm,,,,a,,eac a,,dpk,s,,u,,,',
Effects in Realistic

Geometries

C ompuler simulalion is an lruly geomeiry-indel:_etidenlmethod. Finile-element melhods haveindispensai_le 1ool in l:)lasma Hero we presenl some resulls l'r()rll enjoyed recenl success in

physics, tile field 'of i_hysicslhal ()til"work with l'inile elel]lt3111s, Ci)llllT)tll;-ilion;-il fluid tlyllalllic,s, in
star,ks IO tlndOl',Sl).illd lhc cOnll:)licaled ])al'l hof;.itlSO oi: lheir use vvilh a new

I_i'operlies of highly ionized _<,,'es.o+"s Electromagnetic Pi'oblenls class of wcighled re,sidual techniques

Simulalion te,shniq,Lies also find called Tayloi'-(]alerkJn method, Is.

nltiny apl:)licalJOils in eleclrical Tradilional al'Jl_roaches Io ,solving " Bec.:au,_oo[' lhc l'ol'nlal silnilarJly
eilgjileoi'jilg, whei'o Jl may be Maxwell's equalJOllS (which describe helwoeil ihe []uler equalJon,s of

,llOCCSN_ll'ylo sludy the behavior ilie hehavior of elecll'on-iagllelic l:]uid flow used in t'luid dynamics

of eleclJ'onlagnelic waves in fields) Jr1IIle lline donlaJil eil-il)loy and Maxwell's equalJons of

waveguides, in dieleclric t'iilile-dil'ferei-ice nlelhods on eleclromagnelics (both essentially

(noncollductJilg) IllOdJa, arid as r0gular grids ii) I'Ol)lace Iho use of hyperbolic ,sysleillS o1' parllal

w;-ivos _.117(."scallel'ed t'l'Ol-il coliduc;lill< D dilTerenlial ()pCl'{llOl'S, Although ditTererlllal eql.laliOll,S), ii seems

obsiacle,<_, One chailon<,e_ COll-inlOll 1o lhc,so nlolhods arc hoih acC_Ul'alo n;.ilui'a] to apply liJoSe ilom nlelhods

holh doinain,_ is lo find ;-1ilel'l:icienl ;.llld 1"o[7)usl,lhey pl'OVe awkward l'or li) sinlultllil-ig eleciromagnelic

and accurate i11elllod of handlil_g complicaled boundary ,_hapes, oi'ion i)honoinena.

g0onlelric 171otlnch.u'iesli1 problenis replacing snloolllly curved or slanted A model calculalion illuslrale,s

dealing with eloclromagnelic field,s, boundario,_ with siair ,sicp,s. lh0 oa,so wilil which finite-elenlenl

OSl)oclally when ihe boundaries tilO Th_ onorlllOU,S 7eomelric melh()ds (:ai1 Jnc:oi'i)Ol'al0 ti

irregular or c:omplex, flexihilily ot' t'irlilc-eleineni COml-)licaled boundary shape inlo
There _.ll'O,_evoial al_l:lro;-ichos lecllniqt.ie,s illake,_ lhem very _.lneloclronlagllOtJc siinulalion,

lo desJgnJn 7 fJeld-sl)lvers for offeclive for solvillgillechanical Figure la shows a lwo-dimen,_ional

COml)lJcaled e<,eonlelries. The I-ilOsl engineering<_. l)rohlen-is. The domain ui-islrucltil'od <__ridSul'rouildJl-i{z _l

ii_iltll';.il is [o ll'_.lllSJ:Ol'lll I();-1 ,sol ()l" o[' al_pliclllion is firsl divided Jill() J_i)tllld;-Iry lll;.il resenlblo,s _ll-I _ll'nlOl'Od

boundary-i'illed col)i'dinalo,s iii which ,Siml-_lo ,<4uhdlmlains-usually lank. The grid was gon0;alod

()11¢t)l I11Oi'ecoordlnale lines are ii'Jangles or Cluadrll;-ilorals wllh aulon-ialJcally frolll I)ound_,ll'y chila

c(iJncJdenl with lhc I_oulldal'y of the sanlpl¢ pllJnls (li" ilode,s coii_ciclenl ;-1]1)11¢.Note thai lhc tlllSll'tlCitll'od grid

l)roblei-il. The l'ield equalions in lhc wilh lhc verlice,_. The sul)dOllltlins onalllo,s tl,SIo use very Sll-i;-il] /,oilos lo

new curvJlJllo;-ir coordJllal¢ sy,sleni 111tlyhe C()ll,_li'tlClOd in _.llly i'esolw: lhc ¢]eclrOilla_neli c wave,s

;-lr0 a<_aJnsolved I_y finito-dlfl'erenco convenJonl way sn lhal, in golloral, under lhc lurrol alld 7t111whil¢ USJll_

n-ielhocl,s. LJnfortu_alely, this lhc node,s I'orn-i 1,111unslrtlclurod grid 111LICh l;-II'gor ZOlleS elsewhere, in lhis

approach is well-ci<:flncd only (lhai is, lhc coilnociivily of Iho nodes exami)le, lhc eloclric I'iel(I lies in

wheil llie grid is ;.ii leasl piecewi,se c'tillil()l he nl;-il)ped o111()ii logical grid lhc plane of the siilll.ilaliol-i and lhc

logically IOCl_ill<_Ultir tlll(J c_;-ii1]_rove Sll'tlCltll'e). In such _.igrid. lhc nodes 111;.l_llt._lit:I'icld is otll (ii' lhc Plane.
¢1.111117_¢1"sl)!11ofor complicaled llltly he placed tlll vwherc OllO We uxec[ lhc Tayl(w-.(]alerkil_ ii_elh_d

cloi-i_aJn,s, c'l_oll,sc_. Thi,_ laliludc in i)lacemenl lo derive finitc-clcn_cnl c_clu;.ilion,s.

We ;.tl'Cclevelol)ing m¢lhods _>1" c;,tll h¢ till C'll()l'nlOLi,_ tidv;.llll;-t_¢ in Figure lh sl-illws the i'¢,St.lll,s()l _1

simulali(/n in g011nletrically conlplcx Ol_limizJng calcLilalJ(ins: local c;ilculalion Jn whicl-i a two-cycle

dOillain,_ illal ;-il't_I_ased Oil finile i'cgJ(ins t.'_.ln[_¢ rel'Jilud eJlhcr ah plane wave illcJdcnl frl)nl II1¢ I¢1"I

elerncnl,s and finii¢ volunl¢,S, Such i_i_i<,iii' dy_lainJcally \,viih_ul h_ll.lndary ,_iiik¢,_ lhc iailk Io i_ioduc¢
i_leihc_(l,_i)ffcr _l'¢_itcr g¢ncralily alTeclJilg ihu i'c,_llulion in _lllei' pari,s ille lefleclc'd wave ,_oen in 1he c',l)l_ll"

arid flcxihililv illall I-_)undary-I'illcd _)1'the calc'ulaiion, and. of c(itlr,s¢, c'llnl()l.lrs,

coordJnale,_. ()ur aim i,_1o i_l'oduce a iher¢ is n_l l_iol_lunl in filling Ih¢ We have also i_l_laincd 11101"0

houl]dlirJcs. ClUal]lJlalJve re,_ulls lllal Jnclucle

12
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[vigtll'e ] shows our bl]sic (a) I,la/e clel)eniclenH (li) Rate dependent

conl'igurathnl as represented by the

ctmllmter mesh. In this exploded
view, only one-quurlcr of li.tc \wu'l.icnd

is sl.iowrl, as ll.i0 syrnmetry o1"the
ctml'igurntiorl rnakcs ii tinlleccssary
to calculale the entire EFP. Tile

cylindrical charge iu 1()5 mm in
dltunetcr and alxaut 13g turn long.

Nestled in lhc wurhead I,ody and (b) Full slrenlalh,

oriented laterally Otltwitrd l'rorn li.tc

axis of lhc cylindrical hody is a

concave, rectangulilr tnn.ilitltum liner
wit',: ,t uniform thickness o1" about (b) Full strength
-- , -/'+" '?+ rum Tile EFI _ is inlendcd to operate :. :..:::,
in a l'ly+over, shoot-down rhode; lhe

explosive clmr,,e+,.,I'orn.is tl.ie ltl.ntit[tlnl

liner into it t:earwurd-l'olding, Iong-

l'Od pcllCll'itlOl', (c) Halt' slrenlalh
To evaluate the models, we needed

cxperirnenlitl dalu on the shape Of

tile liner iii viu'ious liirles during the

del'orn-intion process. We pel'l'ornlcd I t.<
tw() wtlrhciid lcsls using pulsed

riidiogrilplly o1" 1iher tie l'ormittion and

opticul observution cif the eXl:)hx.ling

charge lo obtait.i the dttlIi. ()ur l_Jl'in.iiil'y le) Half strength .

clingilostic wns tllree i'ttdiographs. Figure 4. Same calculations as in Figures 2
Three 45()-kV x-ray tubes were and 3 at 3801xs: (a) rate-dependent model,
programmed tot shadowgraph the (b) full-strength model and (c) half-strength
liner tit I()(), 15(), arid 3t'4()/.ts. The model,

1()()- and 15()-_zs times enconlpassed

the de 'ornlation and l'olding ot" tile

liner, til.td tile 3<v,()-/-lsview showed the dependeill nlodcl ligl'ees well with

fully fornlcd, Final ,_',llnpe. tile observed sl.tripe.

Our calculaii(ms were done witl.i ii ()til' COl.ilptil'iS(illS o[' nlo(lel with
Ill(_dified vcrsiol.i o1 the I)YNA3I) eXl_erin.ient delllOl.islrtllc l]ltil the

ct_de thni inctirpc)rnled lhc three I accuracy of II.iu calcultitcd

iitlltiilulll models l:;it, ure ") shows clct'oi'mation o1" lhc t;+il.iiiilulll sample
•, ' is indeed sensitive to li.iu constitutive
i,tdlogrtll)hs (d'lttliiled iii 1()()/-is Figure ;3,Same calculations as in Figure 2
overlaid with li.iu results o1" model tiscd lo describe ii. Moreover,

at 150/xs: (a) rate-dependent model, (b) full-

citlc:ulatic+r_sbasedon the tilree strength model, and (c)half-strength model, tilt rate-dependent model pnv,,ides
d+,lin()dels. Alihou,,ll_ iii this point iitc, rc i the best ' _1"<2¢nlc1/1with expcrirnent

tire iI<.ldralllillic dilTercnces, the during Ille deformation process.

degree ot" I'cwwai'd I'olding of li.iu ethers remnin similar. Al this ptlint, Because tile I_FI -_is initially defornlcd

wings is clciirly ,_l't2_llCl" in tilt., hall'- tile rutc-dependent calctilaticm til high strain i'tilcs tlllCI iiSSUlllt.'M its

stiel.iglll c_.ilcultilion thall in eiillcr t_l' ttPl'le;.irs ii.i best agreemenl with I'il.iill shttpc ttl n.iodC:l'ttlc slrnil.i rtllcs,

the i_thcrs, lt is cviileni Ihul lhc'. hall'- eXlW+rin.ient. ()ur calculalioi_s l-lr/widc ii sigllit'icaBt

sii'ci.iL_zlh result is lhc lUltli'esi o1' lhc I;'illtllly, al'icr ii.iu liner has lc'si ot' _l ccmslittlliVe llloclel, cspccittlly
three, c(iml)lelely ct+lltipsud til 3_() llS ['(lr ;.i rtitt.'--tlepelldolll ll.itil¢l'itll such ;.ts

AI 15()/,is (I;'iuul'e 3), the hull `-+ (i;'igule 4), tile calcl.lliticd shtlpcs itinltilulll.

strc, i]ulh result is (Ic,vinlin_ l'ui'illcr (ii lhc del'(irming I{[;P til't., vitsllv
..... ('OIIIIICI: Ii. W, Ihmm (415J 42,t-2236.

frOlll tile CXllcrimcni while tile lkv¢_ difl'c'rcnl. Nc_\v, only tile rtilc-
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L

(ppaclty Experinlents M,..,,,,,._.,,...t,,, wid, d,e Nova laser are providing data ,,,, phrvma

with the Nova Laser opaci .v.

he Ol)acityof a higll-ternl:_erature Esial",lishnlenland LLNL,'s Nuclear sarnF_le,and scatteredbackground,,,;' 131as,mato Xrays dep,ends Tesi, Nuclear Design, and Laser (see Figure 1), A Bragg crystal
strongly on its ionization _tate, or lh'ograms, ditTracls the x rays I'rOllllhc satnl_le
the degree lo which its constituent The technique used to make t(_produce a ,_pectr'al image, Analysis
atomsare stripped of tlleir electron,'.;, plasma opacity mea,'quremenlsis oi' IIle spectrum i:woyidcsdata on lile
Knowledge of how the x-ray ?l_al.:ity called 13t_inl-.l:wojeclitm speclroSCOl:_y, energy-deperldent x-ray Iran,,,;rnissiort

_1" a material change,,'q with its The key elementsare a poirH x-ray of the ,,qanlple and thus tm its opacity,

ionization is of fundamental inlerest hacklighler source and un imaging

in aslrol_hysiCs, in sltidies oi' laser- cryslal speclromeler (f_'igui'e 1), "l"he Meilsilring Plitslnli l)en<,,;ity
produced and magnelically c(ml'iiled, Saml_le, contairled in a nlullisogrnent _inll Tenli)el-_litlre
plasmas, and in lhe design tit' nticlear sandwich, is heated and ionized lo a

weapons., l)h.islna stale bya I-llS laser pulse Tile opacity of a plasma varies

We are using tile Nov;l laser _,ls t'l'onl eight of Nova's [cii I)ol.lms, tis ii I'tlllClit)n ()f its densily and ..

all energy source lo croale highly Nora's other iwo Iloalll,_ genera.ilo lonlporaltlre, To nloaniilgftllly .

ionized ])]aSlllas on which we Illake .the l()()-ps hackliglller x rays. The C()lnpal'e opacity cl.iictllaliolis willi
detailed, spectrally dependonl Intlllisegnlenl sample ellables tile the exl)erinlenlal dala, lhen, we

n-leastlrcnlenls ()1"opacily. These sinltlllanootls nloastlrelllOrll of lho nltlsl I'irsl know lhc densiiy and

exl_erimeills ave i.i collaborative efl'orl spectral t'eaitlres of lhc I_acklighler lenlperaltlre of lhc pla,_ma Saml'Jle.

between lhc I..J,K,'s Atomic Woapt)llS St)ill'tC, the x rays transmilled by the We have recently nlotlStll'ed tile lime

X-ray film ,,.__
' "7:" ''-"

Bragg crystal I _ _ "!" .... '
Collimator in ""
spectrometer I

Laser Heated
beam sample Ioe-t "

.

'

Ioi

Point source of x rays '
that backlight sample Self-emission ,f_>_ _.. '

 .o 0,o,,n0 1t

Figure 1. In point-projection spectroscopy, some of Nova's laser light illuminates the sample material to generate a plasma and some is

used to illuminate a point source of backlighting x rays. After passing through the plasma, the × rays are diffracted to produce an absorption
spectrum that can be analyzed to determine the plasma's opacity. (Io is the unattenuated backllghter spectrum and t is the transmission
coefficient determined by the opacity.)

,,



duflorlctc, nc't_ of lhc density in _l N_l_,,_l Figure 2. Streak-camera Image nf an

ItLsc'r eXl_eriment tisiilg tile Wolter exploding foil, Time Increases In the

o_°X nlJcr(i,'.;c.'(:_llC'\vh(_,w,ootlllr_tll rightward direction, The ,_ample was
" Initially too small to be reso!ved by the
Wf.IS rCU()I'(.]C(.I l')y l.I S{I'C_.lk L'I.LlllCI'I.I 22X microscope, but after a few

( F'i;ure 2), The eXlXmsiorl _)1'ii-le nanosecondslt has expanded to the point
f_la_ma enlable_ _.L_Ic_turn on the where Its thickness can be determined

Imcklighter al dilTcrent times iri . to a few percent, Somewhat later, the
_uccc_ive exi_erilllerlts to lem'ri expanding sample co/tides with the frame

Iiow OlXlc'ily clepends(_tldensity, that encloses it, reversing the expansion..
We deterrrline the tiinc-dcf)eriderll This process can be seen at the far right

lCnll.lcrl.llttro of tile ,',;l.i1111:l]cby of the streaked Image, where the
measuring its x-ray emis,,;ionbetween boundary marking the upper edge of the

(). 1 and '4,() keV. Nora's Dante x-ray sample begins to slope downward,

spectrometer, eqUil_ped with x-ray
d iode,_' (K- ;Lml L-ed_e-fi ltered ),

measures the t(>tal enei',!'O, emittod by

the pla.411u.t_arnl_le a_ a t'l.mcti(m of
time, If the _arnple i,'.,,n thermal.

Ccluilibrium, tlle totalc:ncr_y i_ ...........

uniquely relatod to lonll-lorl.itl.irc, The

._hal_e (_1'the otitl-'ltll ,_poctrl.l,ll'i, al._o

i11¢_.i_ul'cclhy the DalllO _l_t_Cll'OlllClcr,

inclicalc,_ lho ctuTree _1' eql.iilibrium,

l?Jy¢Ollli)arill 7 lhc 1110a_tlrc'd

lt_nil)cral.Ul'C_ _.lllClclen,_iiie,_ with

hydri_dyi-lanlic calculalions,
we c'an undcl'_l_lnd lhc ._;lalc (ii" lhc .

l_lasi1111sul'l'icicnily Io Ollal}lc tlS Iii .,.i_

anaiy/.o the opacity daia,

Exl)erinienlal Re_iill_

Our iniiial UXl_erinitml._ Ilil\,'c
c,o_lt.,unlr_llod on _llLllnintlnl, VV't_chose

_.iltllllil]l.lll] t_ucatisu il._ al(/nlic kinetics

arc.'.l'ol_ili\,t_l_,._imple_.lilcl ili'C
i.lc'c'LIr;,llc'ly dc_cx'ibod by c.'(lllll)tllor

n_(+clul;,_,EXl)criinonl_ with LtlLinlillLIIll Figure 3. Actual film record of an aluminum opacity experiment Illustrates the kind of
wuru llltl.'-; Ll.,.;¢di() c(infirnl the validity data our technique returns, The cluster of vertical dark lines starting at the top of the image
Iii' ()lJr tcl.'hniclue._ (_ee Figure 3), We and extending about halfway down are absorption lines produced by highly Ionized
arc rn()cli I'ylll; lhc C,_cr_eriincr_tt(_ aluminum, The thicker black horizontal lines, used to provide a reference for subtracting
c.'lilnirlalu iile l_l'(iblcin_ (ii' debri_ film fog, are from a support structure in front of the film, The gray horizontal stripe was.
and c.'rv,',;lal irrll_erl'cc.'ti(m,,,;, Thc.',,,,e produced by a filter containing aluminum, silicon, and yttrium, These materials have x-ray

ilnl-_l'(wernu!ll_ will al.'.4()illCl'ea_o the absorption edges that provlde fiduclals for calibrating the wavelength scale. The brlght
_l_Cc'll'_.i]I'CL'.4(lltlli()n (ii' tile il]_trurnc'.nl spot at the far right was caused by debris from the sample that broke through the light filter
b\ :.l Iilc.'l_,i" (if lhruc. \¥ilhJn lilc in front of the film, The fainter, irregular dlagonal and vertical lines arise from defects in the

l_l'C'.Scnlres{,_ltlli(ll] (_1'the eXl-)erilllUril, Bragg diffraction crystal,

ihu cNlla _i_l'L'u _vull with iheorolicul

c'alctllaii(lll,_ t'(_1_llLInlil-iUln, lhurul_y

\,alidalin_ i)tll' CXl_urilnunlal

iuc,lli_iquc.

(;'()tllflch' "if', ,_l'.lll'l'l:l ' (41._ ) 42.i.2(16S
<_rI'. T, ,_'prin_4er(41_) 42.'1-922/,
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I)efense ,',;ystenls I,',&TI,_July,Au_usl I_pj(I

New Streak _' :,(,alll(_ l'_ls in the (;ontact Event we succes,_fully tested several new streak-camera

designs_lha/ greatly increase our data-gathering capabilities,
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Defense ,_ystenls I,',&TR Jllly'A'|i_lisl 199()

A pplyin N title,li" we are applying nuch, ar-che.mistrv technologies developed for.
nuclear-weapon testing t,., important environmental, sqfety, and

i,e,illili'l eclili(il()gY,heallh''
I0 H Is' e,SII S

r'-|-_ hrou_hout the history of Durin_zthe 19X()n,we actively Portable X-Ray Fluorescence
•]!. nuclear textin_, the ,_eience applied me,l,_urcmenileehnologie,_ System

of nuclear ehemixtry ha,_ provided originally developed for ntlclear-le,_.
experimental data critical to cliagno,_ties to nuclear stii'egLitlrds, We have applied our experline in

tlnderslaridillg the perl'ortlliulce and envirt)ilnlenlal ni(mitering, _ii1(l ri,_k gamma-ray and x-ray Sl_eCl!'(),,_COlLy
reliability ot' I-itic'lgljl' weill-i()ns, The as,_e<_slnelll,_I'r()rn the iiligri.ltit)n o1' to develop i.ln attvanc'ed,

need ['of IleW expei'hnellial dtlla Oll radionuc'litle,,_ til the Nt`vadti Toxl Sile noi_dextrl.iclivo 111gtlll,_til' iiimlyzin7

il_t` t_ehavior til" inclivi(llial l_al'l,_ (NTS) and el,_ewhore a,_wt`li as io ,_pt`cil.iInuclear millcrial (ali

o[' ii I-iuclc;ar-explosive device dul'il-ig the. study iii' ixstlt`,_;conct`l'ilh]g ac¢ountllbilily c'i.ilt`g(iry Itll.li illcltldex

lhc exl_loxion ha_ ,_liinulalc'd lhc nLIci¢i.ll'-Wl.l,_le nlal-iaTt`lYIt`l]l, "l'he plutonium arid ci-ii'iched uralliUl-i-i),
,'_leady developmelll til' a ,_ll'(lll_ |)()[_'_ new t`n-il'Jllll,'_is Ol-i 'l'llt` i'eXtl[l i_ I.I I_l'(ll()type I_Ol'ltil_]c

let;hl-iology base for llie_lxtlrin_, envirolmlel-ilal, safely, and heallh x-ray t'luoresc't`nce amllysi,_ (XRFA)

rad ioi-iuc'licle,_ and ,_lahlo i_t)lopes, t I!S&H) is_ut`,'_ t:)l't`,'_t`l-iist'l'eSh in,_li'uinenl ihal onable,_ _ll['eTuai'l.l,<_
Today, radiochenlical ctiaTnoxiics for (_l_t_orli.iniiie,_ lt! expai-id lhc ii-i_pcclor,_ Io l_ei't'orin on-,,_ite

a ._inTlc i-iuc,iear lt`,,_l may roquii'e u_ al_l,_iic'aliol-i til' iiuc'lear-chomixlr 7 ai-iaiy,_i_4til' pluloi_itilll alld tll'tll-iiUll-i
l(iIllt`_.lStll'g ll-iOl't`ihal-i a htlndred lechlloJo_y, We cte,_ci'il_t` hero ,"4(}IilC; ,'_oltitiorlx, 1 '['his il-inoviilitlll av{li(`t,'_

l-iUt:loar xpec'ie;_, c'urrenl c'xaml'Jle_, lhc c'o,_ily arid l in-ie-c't)l_Ul-i_in_.

allel'l-ialive of ,_t-iippil-i7_ailll.)lox ['rolri

ii-iXl_eclion _ilex [_ack io c'enlral
[aboi'iitorio,'_ for analy_ix,

l:lc,ctltl.W,t S̀tlll-i])[illT, ix (`[Olle in I.i

• ] Outside glovebox glovel_ox, wt` clexiTi-ied iht` p(_l'tal_le
' Inside glovebox XRFA to be in,_crtable illlO (tile ()['

Graded shield the glove,_ (l:i'i_urt` 1). With the

///jl/l/lI][ ii-i_trumeni in piace, ,_olutioi-i ,_iu-ilplc;,_

Heavlmet iii tc'sl ltiht`,w,clJI-i ['it` ai-ialyzt`tl without

Copper ,_ ...... i (tungsten + 2% lopper) l'C'll1(IVill_i[I01111'I'011-iII-le glovt`l_tiX,

Cadmium Exoll<ersources The lt'xi tul_c',<_art` i_rexxetl i.igail-isl li-it`
Lead _[(IVC' _]t`t`VO, I.il-i(`[I.l _prill_-l()iided

mechlu-iical "l'ii-iTer" hold,<_iht`m

t._:_____;_ Solution tesi tube ill lhc'.pi':il_t`rl_OXiiion,'l'ht`y I.II'U

t Spring-loaded "finger" ox I_O_t`d lo ccba li-5 7 7ll Ill 11-ili-i'ily

_ Transmission source '_OLirC't`'_that induce K x-ray(S_Co+l_3Gd) ['lu(.ire_c'ence I'l'(im tll'arliulll and

[)]tlloniull-I, 'l'he x-ray xl)t`c'll'l.ll-il

i_ iliC'ti_Ul'ed with a hiTh-lmriiy
_c'i'i-i-il.irlitirl-i tlt`leclor, i.lllCl the ciala

al'e iil-ialy/.ed wilh a c'onlpuler c'()(`lc'

It) dolc'rmil-ie tll'lil-iitllll I.ii-it[ l_[l.il(_i-iiiiln
¢()l-ic'eilli'alit)i-i_, A comhil_C'.d

c'_)l_all-57 anti 7acitllil-iitlU-i-15.-4
Figure 1, The portable XRFA Instrument Inserted Into a glovebox. The solution to be ,_('_tll'c'c'is tint`(.] ['(_r [rl.ll'IXll|iSNit)ll
analyzed Is placed In a test tube or cell located in a glove and is held in piace by mechanical
"fingers." The gamma-ray source excites x-ray fluorescence from uranium and plutonium Irt IIIL'ilStlI't`IIIUII[,";l() L_(ilTt.'C'[file
the solution, i_l_,_¢rvc'tix-ray inlt`n,_ily for _ainlllu

xt`l l'-lllluilualil_il e I'l'ecl._',,

2()
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CoNsequentlv., _mly _Ile soluti,m is Great l.,akes, und the (.listributic, rl ,)t' (:,×idtttion sltlte,,.;irl s¢_lt.ltion,q'hi,_
reguired .to ctllibrate the XRFA le_tclI'r(.)ln eaull sc,ul'ue u(.mt'ornls t(:, ctif)ability is im/_ortarlt ill nl_mit_l'ing
illstrulllenl for tu-itululytiual i_re(:isiort iitc exl',e(:ted atrm_sl)l-ieriudistribulioll .,.;iresII-itll nltly Iveecmttunirmlcd by
ot' (),.'_%over a I)r(.md ranD." o1' o1"uei'osol,; l'r,mll intlustrial und raclio_icli,,,e wuslcs, 'l'hc tl(..'lini(.le
concontrations C), I-3(){) g/litor), I',(.Hmltlliol-i uel-itol's, l:'_utt.lrestL.ic!ies SlX.'ciesI',rescnt iri u san-ii_lesolutic)l)

t.lsing IIlis isot(._l_e-sigllttture tu'e rneusurod by illLllniru.ttillg II-ie
! I _i£111_l+,ead Coll|illlllllilll(lll le<.:hrliqi.iemay includo other aert_sol- stu-i-if_lowith lt PI.ilso_l,luruthle li,ghl

borne I(_xic Ineltils and tic)ld rr\irl, source ttnd Ihen deteclillg 111o
Muss Sl_uctrotnetry is routinely acou,,;lic wttves goner\tied whell tt,

used in nuclottr-tu,,,;t dittgl-itmtic,',;to New Melistlrenlellt 'i"echnolol, z,ies SlX.,cius tiI_,,,;¢._i'13,,,+Ol+Hiutllel-iergy til tt

111ett,W,tll'O isotol+ic aht_ndtulcu,',; oI" chtu'tictc;ri,,,itiu ,,vttvulerlgtl-i, We huve
Ull'tilliUinltuld plutoniurl-i tj,,.;wall +in During 19t'lg, liIu Secretary oI' duniollstrtttud that tin ofltiual fiber
clthur tlctinido element.,;, ,',;uch tin Ellel'gy called l'or ttn ttggi'us,,.;ive tun he u,'.;ucllo tri+tl-iSlllitthe uxuiltttiori

riel+turljul-i-i ullcl ttll-ieriuiuni, l'esuuruh und clevult+l'mlunt filttn l'or lig,ht, '+iThi,,,;tuulu-ii<.lueCttll detuct
roluait_in,<._,,iri the test dubri,,;, Wu havu onvirorllllUillttl re,,,;tortttion and want+ ,',;tlbnliurtimoltlr concelltrtltion,',; oi'

tidal+ted thin tecl-ir_ology1¢+muku n-ianttgernei-it +.llD()I_ silos, We mosttlclil-iMe .'.;l_eC:ie,',;,tl .,;ennitivily.
high-i+ruui!,;icm illettsurel_lent,',; t)t' Dad re,',;l+ondedt+y ur_¢lurltiking tl ilev,, gretitc,r hy tl I'ttu'tt)r o1' I()()()tl-ittn
Jst+lOl+e,',;II-ierwirorinler_tttl ,,,;tlntlile:,;, inititltive called lhc Nevttdtl in f_o,,,;sihlewilh coi-ivcrtliorml
Our ol+.jective is to tl,,.+echttrttcteristic' 17]nvir(mn-ierttttlApl)liecl Re,,,;etlrch tthst)rl'Jli<.)tl,,,;l+eClroScol+y.WC I-t¢q)e
,,.;igll+.llure,,.;o1' i._otol_i<.'conH_o,,,_tionlo (NEAR) i)rojec't, ll-i ihi.,+efl'orl, v,,e to del-iloimtrtlte lhc Ol+ticttl-t'iber

, identily und Irtice f_ollution sOtll'Ces, tire l'oeu,'.,:,irigol-i environrt-ienttll al+pr<.mchin remote 111ett,',;Ul'enlelltSof
l,¢ud I-ius ['+,+til'ill.lltlrtilly oc:c.'tlrrillg, Ilrol+_leins til tjle N'I+'Surid tire uclinidu species ill N'IY'gri-ioilitoririg

_tuhle i,_otOl_e,_with neurly using the site \ts u lesthed for well._ lind theii apply lhis technique
iiiclel:)orltlei-il soureus, Thi'ee oF Iile envil'Olu-i-ientttl us,_es,_inentiechniciuos iil lhc l)OE's Onvirtmniel-ital
It.'+tcli._tHtq-les.-2()(+,2()7, tuld tilld clearluf)sli'titogic'.s, resloi'ulion ttnd wtl,'qe.-llltUltigenlunl
2()N--tu'u i>rocluced by I'adio+tu'livu' i\s ptu'! o1'the NEAR i_rttioci, i)lttn.
decay of ii-iu i,_ott+pustll'tillitllil-23_q, We til'e investigttiing ii-iu use o1'
tll'tii-iil,llll-2._5, til-i(.[Illtll'itllll-.232, trtic'o-elernellt i)tlllCl'llS meaStll'ed

Ilel'erent, et,i

resl_eciively, The fourtl+l load i.<+olol++U, hy indtlctively c'oulHccl i)lasn-itt mti,w,s I, w. I),14uhiei+undI), ('+('aNq,,"A I't,rlabk,
, "l():[, iS not tl dc'city l)ro(Ii.lCl It+tilis si+ecll'i+l-ilell'y (ICI_-i'VIS)1o identify x-ray I;lu<,i.v_+c._..l_c.eAluilvsi._,'%,stciuI'<,r

]+l'e,'.;entuniv iii ii\it ire Icttd, Thu l.int[ iii\ii) ,_pocit'ic tit.ltlil'el'S ill NTS ,,\,,._+,ys<,rI,luitmiu,i_,i_tlt lrmfiuN_" ,Stlhll i_liis," IVll+'/cur ( '/ll'llii._'llW Ifivi.s'i<m /.T
isotol-_ic Siglltiitll'U t)t' ti ]etttl-c)l'U _l'()tll-id\vttl.ul'+. 111thin tu<+,llnique,I'll'St /?:,,u,,lmmalRe/_+,'l,I.aWl't'nc't_'I.ivermure
tlel_(_sil tllerel'ore i+'.+deterininecl hy tl,_C'.C[in 191'4._iFor lltleletir-leslil-ig Nati_imtil.ill+ui'alt,ry I&'l+t. li('/\14+.lll(ib2-
the i'eluiivt.' ctmlribulions of the,_e Ul_l+liuations, a fine niist of \til Ni)(ilJi'It})'I>P,III I I.',,

2 ,,\. 14. I"legul, ,I. (). Nl'iti.l_ti, S. Nic, llleyt, l,

['()til' .w,tiLII'L'CS, ti(..lUet)tl, w, ,',;ttlllple sl;)ltlti()l-i i,',;,,,;])rttyod mi,l K. l l, ('\ml,.', "l,,t_ltHfi,' 'l'rm:,+,rs t,l Ix'ml

In lt I_relimilutry study til" loud irlt¢_tt ]-)[ttsnltt lurch, A IlltlSS ('tllillliliilltllJt,ll iii lhc (irt:iii I,akes,"N,mlr+'
C'(_lll_il-ilillttlil)ll in stlrl'tic'e wtilei's of sl'Jeulroillelel' tti-itilyT,e,_the :i?,_J,455.-15711tJSt)i.
the (ire\lt l.,akus, wu httve ['otiil([ thtr\ distrihutium (_t'atomic IllttNNeNin\he ._ ,I. M,I_lazmi,(i, I;,I luni,and (i. I'. Ru<+s,

'"['i'lic'o ]+;It.'iliC'iil Aiiii[y<,in by [( 'I'.MS,"

siitri ial gr'tid ients tll'e t'le_.tl'[ycv it]el-it sttm[_le, Tr\ice tilltCt'ill rttl i_mso[' over N,<,/,,,.,( 'h+'.li,urv/Hvi_/<,#l/,)'/uS',_,'
in l+tHh [eml COl-iC.'oHll'ttti(+ilS ttl1(] ('_()chemictll e[t.'H1¢11[.w, Uttll IIOW [')U A,,,m,U lUq,,,r#,l.ttv,'i+ent.'c ' l,iveri,it_re

Ntilitmul t,ul+tu'tltt_i'y l,tt+'l+l, t lt 'Al,t- l(i(i{_2..

i,_()tt)piu u¢.+lnl+_¢)+,;itiums,2 The ral'_iclly and Sill-itilltllletltlsly ,_ (itj,,4s).i,i+,,.j(,tJS.
I)redon-iintirll I)tlthwtty For le\tel metlsuretl. .t IC.JP-MShtls ttlru'ady -I 14.1.;.I,tu_,<,,,,I). 14t,+ias,tutti 14..i. siivtt,
c+'(_llttiil+iii-itlliollin iile (ire\li l,ttke,,; i,_ l'()l.llld tll+l+licttti(m._ iri Itiser i+_otol'_e "l'i_,lt,li_vrNl_d+",;i,<,,.'lrt,<_t.'_,l,,,'vi_(li,iicnl

I;i Ilc'fs," NII< '1_'_1#'{ 'h<'##l/:,tr v / Ji i'i._i+,I/.'1"

tltilltlSl+_ll¢l'ic' clc'l_>siti_il, ]>rilntjrily SUl)tU'atitm, i:nvil'Olln-ionltil i)r_ltectitln, /u,wu.Iml.ol#¢,'l,,,r_,/.<_u',,'.,,'I,,,'ve,m,,,,,
t'1'1_111titlt{)lll{)bil¢ exhttti,',+l,_.We I'iml h_l/.ttrtlotl,,.;wtisle llltintigC,lllC'ilt, tliltl N.:i,,,.! I.,H,<,r<m,rvI¢_'l,t,l i(',,\l,t ll_li(,2.
lhal ('_lnticliail rind ti S. SOUl'C.'c.'stil' +_t.'vurttl(Hher IJ.NI. _ _,,", [ I'{ _1 dlllN, Nii [tiNt))' I_1>'IJ5 -lh.

indu.,;trial Iu\td tire i,_HOl-_icttlly I_h¢lt_ttc,tm,_lic, Sl_eCtl'(i,_UOl+)y......
cli,_iinci, l+J(Hhs(itil'c.'e,_c:tm.iril_ult., tlllolhc.'r rlew lc'chtl(Ht_gy--i,_ (_ne

('OIIl(ICll D, ,'1, I,eieh(415) 422.6609,
sigliil'iuuntly il_ leu¢l Fl()lluti()n iii the (_t' the lll().'.il <;un._itiveI'()l' _leteutiilkt

uc."linide Sl_t+'_.'ic.'._and itleniil'ying llleir
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I.)t,!'t,ils{,Sv.,ill.,vu.,,i I,',&'I'i,L,10.11y'Aul.4tn.,,itItltl_,p

AI'Ill_ (7()11 |l'()l _lll(I We ¢/,+ei.'+Jl.idi.g leelsnical.vupl.m'l t# a brcJad aral ..aHed.vpeeir.m ¢_j'

Activitie al LI.NI,

O I.nrinlgthe im._t yoai', I_,I_,NL's ._Ul_f)oHtll_.'Wusllirlgt_m cCmlrrlunitv 'l'll'_'c.'nllc_l(.ITust l:}an 'Freaty _'_tutheraciivitiu,,.; in arran c,,:,',n'_,l and und nu_tiatoJ'._ witli irll't,rnlaiitm (._o_ vuril'i(.'atic_ll af_pli(.'utiuns,
ti+ualy vurit'icatiun hay(..' b'l'(.m(.lened wllut techri_loBiu._ uurl ural cannot be

und inten;;il'ied, Current neD_tiaticms expected 1¢_acctmli_li,_ll, and I_repure Cliemicld Welilionl,,,i C(liiveuili()rl
SUl_l_rtu,d by LLNl.., a¢t,,,inc,l'_ include t_ re,<ff_orldrapidly \vl_c.,n_.,.ipuc'ific
the Nuuleun' Testin_ T_tlks (NTT), the system requit'urnui_ts ut'e identified, The l+ab_ratury's vul'il'icatiol_
,_tl'tite_iC Al'ro.,,;Rc'duution Talks Our work I'ocu_en oll lllc'l'_ill_ I'esl'_unsibilitius haw' I'e¢¢nllly I",¢,ell
(,S'I'ARTI, Cunventiorml Force.'.; in _.lllttlysjs LtllclsltitL'-Of-lllo-tLl'l exlmnded Iu include Ihu' C'WC", l_"ol'
l!'_ul'ol_e(CFE), thu Chexniuul tc'chm_lo_y duw.'lopnnent.'.;iri the tile fm.',;tten yctu'.,,;,Illu U,S, ha,_beel_
Weal_orls .Ccmverttitm (CWC), thu ctmtuxt t_l' veril'ictttion schonno,',;, invt+Ived in c'omplc'x, rnultilttterttl
Con l'erencu t_0_Dis__ti'm+.unent((I'D), LZ+NI+al,_o i+_i'¢+,,,,i<..tenleuhnic+,tl ne_+,,ti+.ttitm_ _ptm,,.+urud by the l.Jnited
ttncl <.h.'fense and Slrace talk,',;, With the staff ,,.;Uf_l_¢_prt¢_furrn_-conlrol Nttti¢>ri_ und in biluteral ne_olitttitmn
Adn+ii_istrttticm suekil_ ratit'icittioli autivitie,_ to novel'al a_ui+c:ie,_¢_1' with lhu Soviet I.Jni_ll lt>drttt't tt
ot' the Thi'e,_l'lold Tesl t.]i.ul iilltt _(ivt..l'ilnlelll', ilil.' [)()f]'s ()l't'iue tif CUlal+>rehui_sivctil'll-lS-c.'t}nlrtll li't.,tily
I_c:;tCefl.llNuclei.tr Exl+losions ll'ettlie,_ Ai'iYis (7011lt'oi, the Sect'ettu'y of ' c.'(}VC'l'irlgc:hc'.illJcalWOtlFJtlll,_,'+l'he
this fall ttlltl set.'kil+g tt_ t:t+i_l+lt:tc"the l)el'ei_se',_ S"I'ART Pt)liuy ()tTiuu, li't.'tity WoLllc]I+l't+hibit the ])l'citlLIc:iiC)ll
N+I"I' i.ulclS'I_AR'I" tj'el.tiles ill u_.il'ly tintl, in ntill-l)l'olil'¢l'i.ttioil issue,_, the (iilclLl¢lin{_t key chulllit.'_+tli>l'¢t:Ul'_Ol'S),
SUllllllC.'l',arid l-lei'lltil-),_tile ('[-;E irotily _ltile l)el+tU'ln_ui_i, We tll,_0ctlilli'ibule ._lt+ukl+ilii+7, Ii'ttll_fcr, and LI_Oiii'
thin yCLil',(.)til' i'e+ptm,_ibilitic, s i.il+t_ I(.)nlttny i'¢l_.ttudwtwk,_ht+fl,_rind ni.lth wcu.ttl()ll,<,:,,"l'hu Cl.ll'l't_iildrttt'i
t.,Xl+eC'ioclto c:t)illirluo Io eXlltUld 1'_+1' _yllit>o,_iti, ttTi'c:t.,nlui+l,which will be
the I'uru,_uuublu I'i.itui'u,,Mu il+l' new illll_lt.ul-ic+rllcdby +.ii+iillel'ril.lti()iltil
i+uli¢.'yinitiativus, +tswell rts the Nuclear Testing Talks ii_t.:llc.,y, il,clucIt.,,_l'Ul+oi,lin g
unl+l'ecuclei+ltt.'dut+iai+ll.'xJty (ii' i'c'uenl l'C't.ltlJrelllelll,_,ira-situ lll¢+lliltiriil{.t by
;..tl'lll._t.'onll'c+ltiTl't.'Oll-lc'nl+,i'e(.li.lJl+t., Wt_ ,_Ul+l-_(wtedthe NTT, broth in in_ll'Ulll¢lll_, anti on-,_il¢ ii_,_t+)uuiion,_,
both ai_+.tlyiJuttlstuclie_ _.indthu (]eilOVtt tiil¢l iri Wti,_tlin#tlm, I),C, In Wt.' h+.tvubeuri Wtll'kJn7 cl¢_,_uly
duvelopmel_i t>f new iechiltlltiTiu,_, thi,s t't)lu, we I+ulped del'ii-iu Ul-_ii/)n+_ with thu I)C)F',_ C)l'fiuu of Ai'm,_

Analylic+.tl ,_;itidie,_til'¢ rloedl.'d to till(I c'Xall_iiTt;'diht.'ir iriTf>tic'isusin_ ('tll+trtll t(_ hull+ d¢l'ine CUleft'uc'iiv¢
tic'tel'ii]ii-it.' iiiu iliOnit<.)l'ill_ I]l'oVi,_iOli,_ ,_tatisiiu,santi ducisi<m-umtlysi,_ t¢)(_l,_, f)ltlll I'()r tluvuli)l+ilLu iiiu ileCus,_tu'y
l(_ht.' i+uT¢iti+ttl.'cl,tilt; mix (_1' I+aboralol'y I'eSutu't:hul',_loud the , ilitiniti+ring teuhn<il(ltzy l'oi' ,_uch ii
illtii_ittll'ill 7 Illt;tiSUl't_ Ii;i fit.,¢luvultll_ed <4cit.,l_til'ic:C(ll!ll]lUnily in ttl-+l-)lyirl7 tri.u.tly, We have ttlst_ i_ttrticil_ated in
+.tlti _iven limu, +.Uldthu clec'isi_m Iho,_t_tt_uls it_ li'c'aty vuril'imaliun I>l;.till-liJl7ttlTtluvaluttlill_., tl_u Nttli(liltil
I_l'tlce,_stil bc u,_¢tl I(I t.'vttluale is,_ucs', lhu I'e._ull,_httv¢ c(intl'ibutcd ('W Tl'itil IIl,_lX.'ctiOll,_,Thi,_ cl'l'(ll'l
t.'(l1111+lil.lllCC.'iNew tuchn_l_._,ius ;.tl'e t(i lhc _elc+'cti(lll()]'_puuil'ic: 'il'¢ttty Jnc+'lticlu'¢l111()t+'kJll_l_t.'c:ti(lll_(ii'
nuu'tlt.'tl Iii clu'_tlwJlli such j,_,_uc:s_t._in- lll_lJtln:,, ctln_i_lc'i'c'Jttlt.'ht.,i_Jutllctlnll-I+.illJt_,_lt_
u'ounLry su'ismil., i11¢/ilJtlli'Jil_,wc'ttllllii,_ ()i.ll" w_li'k _111the l,llc.'iil _t.,i._il-ljl.' itlui_iJfy ih_,_u i)l'_>tluc'Jil_oi' c:_tll_it+ll.,
Jiivt.,llllJi'y c.'l_illi'ol, detc'c:iJ_mill Neiw_rk (u._e¢lin v¢l'Jl'yJl_ ,_<.1111o tit' i-)l+_dl.icii_7iru,ttly-lil_liiud i)i'ut.,tii'_(ir
lii+ic'lt.,.ai"i_tiyl_mcls,and clit.'rnic.'+.tl I)i'cwisitms ul' the l_u+,tc¢l'i.ilNuc'l¢;.ti" uhuiniual,_,
.h_iilllllJll7, We _il,_(ii11tikt.,I'(li't_c'ti._i._til" 17_+xl!l_._,_Jllil._'l'i't+,tlly) IltiS bc'¢11bl'lli.i_ht ()til" t)i_+<_iil_(,W wlli'k Ji_c.'lutl¢._
l'uturc' tc'chn_l_Ty r¢clUJl'enlent,_, til nltlitii'Jty arid ,_uc+'c¢,_,_fi.illy+.ldtll)iecl thu t.'v_lltitili_lll tilld ¢luvt+'llll_illt.'ill

Io tt s¢ll'-t;(_nt_lJllt.'tl, i)_i'i+.llllc, sy,_It_'in (ii' _c'ii._Jlivuc'hunlictll ttril.tly._i._
I'(_1' <_¢J._111ici11(itlJllli'Jil_ llf lhc
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E&TR July'August lqgO l)t,l'eilseSystems

tcchni(.lUCSI'_r I_ssil',k' use ill remt_ie missiles carrying iltlclc_lr _lrl(.I rc(.lUirel'aents, Tlle lntcrlne(.lillle-
rrlonitorit-ig _.mdt)n-sitc insr)eciit_ns, corlvt-,rliitmill wiu'he_ttls, detection c,i' Rm-ige Nucloilr I::twce.'.;(INF)Tretliy
Sensitivily, specil'icity, ,liiii solid-fuel I'Ockel llrollelltil-ii Iii tj)ld START t:oilSll'tiiii the deslrtictive
i_oi'ilibilily l,ll'e key COllt.'el'l-iS here, )ts ]lernltillt.,llliy i-ilol-iitt)l'ed prodtlClion power of l.il'Selltils irldireetly by
the icchnitlUe,_ lllUSl be I_oth elTective l'llcililios, tirld collli't)l t)t' wili'hel.ids con)rolling SUl'rtlgi{les (lhc inissile
ilrid eiisy I_.)apply, should START' roqtiire i.lr:d its ltiui-ichel')i'illhor lhtlll by

lhc cteslruiction of st-loci)li nucleilr olirnintlling wtirheiids themselves,
Strategic Arms Reduction Talks nltileriill, Iii COl-ill')tsl, in li CFE or SNF,' Iretlly,

whei'e mosl delivery sysiem,_ htlve
Wt., c_<)lllilltielt) develop tllld (](invelltiona[ Forces in Eurol}e bi)lh ii ill.lt:lo[ii' illld c(m\,el-iliol-itil

evtllutlle START veri['icl.llioll llliS,SiOl-i,ii l-i-itiybe lleces,',;i.iryIo

I'egiilleS tu-id lhc tel.'hnol_)gies ['or The ()tllt.'Ollle Of lhe ['iisl-i-ilOVil-ig ):))nil'oi til-ld l_ossibly it) elil-ilinllle
verit'ying the)n, In this work, lhc CFE lulks I-)lily dOllltirid ni)lt:t1 less in ilUt'.it_tli'warhetltls per so, Such u'
Ltibt)rtliory's intelligence et'l'orls rind the w'tly o1' Sol_histictited vel'i['icl.lltoii policy will htlvo i-il_ll-iyrtill-ill'it:l.itiolls
clecision-mmly,_is Ctll'_ubililies plliy li technologies ihun eilher u S'FART or l]or the DOE reguiring Laboi'tltol'y
ceniriil role, Together, lhese t[ CW.C'.tigreernerll, Hclwever, SUpl_ori,
cliscil)line:_ l)rovide tlsel'ul tool,_ t'or hectluse ot" the mobility (ii' the
identifying Ii-le irlosil elTeclive ctmverilioi-i'tl[ t'()rces m-ld li'O!lly- (..'o111(1£,I:D, W, Dorn (415) 294.4704,

verit'icution l-)i'ot:ecttll'eSiri the context limited items involved, the Itirge
of the evusion opt)c_rlunities lhill i.il'e I-lUi_-iberof btlses tii]d stortlge sites,
tivuiltibte lo the Sex icl Union, und the vi)st extent til' the

()no STAl_T-reluied teclmology geogi'tll:)hictll til'etl lhtll musl be
invt)l\,es Ill gs tirid st.,tits,These tire riiOl-lilorod, lhc I)()E OtTice ot' Ai'la'is
ui-iiciue, nOl-irei_rodut:iblo identifiers (__onli'ol is coi_dtlc:lil-i7 ti I'rmnewclrk
ll-I_ilctln he permm-ienlly titll.iel-ied lo ti ai-itllysis or the isstlos. This ['tisi-trm:k
lrellty-lirniied item, The oltlective is elTorl will evtllutlte which issties, i1
to identify the item for purposes of tiny, will reguire technology
inventory eonti't)l rind it) ensure ilmr tldv_u-iceseither to ilnprt)ve the
it was legally I_i'odu?etl, LLNL htis et'l'eeliveness o1'verit'ictllion or to
est)lbl)shed ii "red letiFl-i" to evtilutllo l'educe the cosls of ii-ispeciion,
possible t'[tlWSor illetillS til"cl-ietiiirlg The LJ,S, Ii-itly tllso begin
or spoofing tzlgs developed lit other negotititions on ti Short-Rtu-ige
I)OE lzlbortllt)ries, We tire also Nuclear Forces (SNF)tlgl'eenlel-it,
pursuirlg the development of vtu'ious i_el'l-itlpsin con,iunctioi-i with the CFE
trigging corlc.'epts, lttlks, "l'o llrel)lu'e I'or this I'Jr¢)slleci,

Ai-)tither rattier lecllnolt_gy til'etl we Imve initiated tt t_t)rnl_rel-iensive
is l'tiditllion deleciion, We til'O l_i'ogi'm-i-ilh)lt c:Oml3rises sevei'tll
resettl'Chil-ig COl-)COl)ISfor )ISOiii elenlenls, We will _.illttlyze I'ol'Ce

several possible tllgl)lictitions structures, likely til'el.lMt)[' insitibility,
including nonvlsutll icleniil'ictili(m und l_olenlitll routes of
_t' lhc ilui-i-lber of wtlrhetids Mt)Ul-iletl t.'ii'cuillvei-ilioi-i, 111litlditi_m, we will

in lhc puylo_ :1section oi" tl htlllisiic develop til-iclevtllutile verit'ic'tltion
missile, disc.'iminalion ot' cruise lectln()logies us al)l'_i'opriale,

including al_plit.'ati(m scelmrios and
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Laser Resea,rch

Inside the experiment chamber of the Nova laser,

a technician sets up the tiny target.

I aster rcsoarcll at LLNL in divided u,,.;cNovel lo study irlorlitll lo t:_l'oduclioriplant ()pcrati(m,_3 into five major l)rograrrimatic coNfincrricrlt fusion, lascl;-l:Jlasmti Dcdic_ttcd SIS arid LJ-AVLIS_'
arc,'is: inertial confinement l'usi(m intcracti(wi phy.,;ic,,.;,wctlpon fJliy,_ics, l_rogram offi(-es wore formed lo
(ICF), uralliurrl atomic Val_orla.'.;er and ltiscr scicricc, We til,,;()made direcl lhc ilunler()u,'.;tcchilical,
isotol'_e SCl_araiiori(LI-AVLIS), advances ilailhc tlicory arid de,i;igll regulatory, Lindadmirlislraiive
.'.;pccial(17_lutonium)is(_tof,c .'.;eparati(m oi' targets, iri target t'tibricati(m and I'uncti(ms required to trarl.,;l'crthe
(SLS), la:;er leclll_(_logy,{Ill(.t tIclvI.II'Icctl nltllerial.,,;,,,;cicricc,in laser al'_doptics AVI.,IS timt as.',;ociatcd rriaicrial,,.;-
applictttiorl.,;, We have made irrif_ortttnt rcsem'cll, arid iridiagnostic,,.;, i_roccssing tcchrlol(+gics to l:flarlt
proy.rcss tlli,,.;pa,,.;tyear in each of Sub.'.;tarltialprogre.,,;swa.,;made in ot)crttiing c(mtracior.,.;,To stnf_f_(_l't
illc.,.;ciu'oiLs, the clcvclofmleni of corlccpt,,.;arid laser dcvclofmlcnt and engirlccring

The continuirly, objcciivc of the tccl'inologics for lilc next i-ligl-lcr for both I)ro_,rams, a sc]3til'l.tl(2 lti,',;tH'

ICf-:i:_rograrriis to urldcrsttind arid I)owcr laser facility l'or ICF, tcchrl(flogy (_ry,ariization was I'ormed,
develop the scjo'nce arid tcclmology lml)rovod Novti i)crfornll.lncc l.llso Many yc_il'S ()I" cfl'orl Ilave igorlc il_il.()

()t'ICF so ihai ii,_l'ull spec'trumof hasc'(mli'ibutodlo c()illinued'l-_rogrcs,_ lhc clcvololll_oi-il of lhc AVLIS
cap;lbilitios l.irid bonol'iis el.in be in lhc dcvol()l.m_oill of l_.il_ori.llory Icchi_ol(igy, Iii (ircicr Io ml.iko full u,',;o

i'otllizecl, ()til"nt3Lir-lt_l'nl g(mi is to x-I'l.lyla,'.;cr.s,Iri 1089, the LLNL ()f' this cxicil.',;ivcioc'lll-i()logyIll.i.,.;c,
iipt_ly ICF tecrhnol(_gyLindfacilities lab(Iraiory x-i'i.iy laser team iH'(_cluccd the National Academy ot' Scicrlt.:c,

,' lo i:,r()vidc a btrllt_rtlndor,,,;Itirl(lillg ()i' aml_lil'icd Sl)()rlil.irit_()Ll,_omissi(m (i,c,, i.il lhc dirocli(m ()1'lhc Seci'ol_iry ()t'
the physics of Ilucl01.1r WOill)()l'lS,A I_lsing)i.il4,4_ l-lmiii nickel-like [::,norgy,in reviewing lhc t\VI_IS
Iollgor--Icri_l7oal is Io expl(H'c ihc lanlalum, Thi:; is a significl.irll Slt.,p I)r(_graiYlsfor l-lolcrllil.ilaclclili(wial

, ii

l'oasibiliiv ()1'ICF as a clc_tni:ll'itl lowl.lrd lhc ullin-ii.llc;.icllic)lcnicnl ()J" aPl_licali(ms.
ii-lcxhausiiblc s()l.ll't.'ofor c(_lrirrlcrcial l.ill x-i'_.lylaserst)urc.'12for h()l()gi'_ll_llic The LI-AVLIS l)l'()gl'i.llli'M niissi(m
electric f)owor I)r(iducli()l_,()til' N()vI.I rnicr(I.',;¢Ol)yot"livirl7 bi()l(_gical cells, is.l(_a.'.;.',;i.'.;llhc l)cf)arlillcrll (ii' Ell¢l'gy

ll.lscr i_.;the II.llcsl in a ,_cricso1'cvtr Al,_o in 19140,lhc laser i,_()lopc iii revitalizing lhc {.l,S,'Ul'arliunl
rilOl'Ur l)Owcrl'ul laser l'acililics ai scf)al'ali()i_i-II'()7rlirii w_i,',;rl2ol'_i.irlizctl c,i_richnwnl¢i_lt_,rf)risoIuld in
LI.NI.,, This york.ii',we c()niinucd io to I'aciliialo lhc ilcl.ir-lt_l'm I'¢,',;l()rin7 Ihi.<i t.'()ufill'y',,,; t:(m_l_Olilivc.

dcpl(>ylncrli ()1'AVI,IS Iccl-lrlol(igy
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Ix_sition in tIle n!uliibillion-dollrir incll.iding h.ts_rsystemdevel'opn-lent I:nimped I.lsirlg nrl illriovntiw nrc
irllerrlnliolinl erlrichrllellt rrlnrket, nrld operlllion, seplirntor . lnrnp, Mn]or dern(.mstrntlons ul' both

The LI-AVLIS program in frisked development, plutonium processing et't'orls were completed this yenr,
with dornorlstrnting and tr,urtsl'erring and dose redllction, physics point "i"l_ese lusers hnve application in
the AVLIS leclmology lo the design, lind process t'h,wshoel mnlerinls processing lind _.lspoint

conlllaerci_.l.lsector, In Jlinul,ll'y 199(), pi'epi.lraii(.)ll, is io be conlpleted alld s(._tlrcesfor x-rtly lithogrnphy,
the DOE submitted to C(.)ilgi'ess I,i doctlnlellied iri 1991, In nddition, sophistic'aied sigmil-
deiniled plnil t'or the demonstrulion, 'T'he lilser technology section Ims processing techniques were ,,
irl.insiliOll, nlld dep10yllleni, of _lbl'o_.idch_.lrier io supl:l(.)rl resel.lrch, developed i.llld npplied this yet.lr 1o Ii
LI-AVLIS. Following the sticcessl'u[ developmenl, i.ind depl(.)yllleni oi' the the recollsirticiion o1'opticnl i1111.lges ":],y

completion of a l'innl mn]or SiS nnd U-AVLIS processes nnd Io pel'iurbod by lhc nlt_losphore i.lnd o1'
denl(.mslrlilion of the iniegr_lted purstle i.iltorilale apl_licaiions of rl.idl.ir inl_iges o[' the eco;in surl'llce,
AVLIS process _.iiLivernmre, lnser technologies, This includes These techniques hnVe l.iPl)liciliion tO
scheduled for hiie 1992, the the copper Insers, the process dye space surveillnnce _llld i.iniistlblll_irijle.

Secreii./ry will decide whether lo I_.lSel'S,the h.iser-syslenl conlpl.liers, W_ll'l'l.u'e,A pro.joel wus l.llso iniiiiiied
nuthorize plaiil consirtiction l.it i.i networks, _ind controls, _tnd sl)eci_ll this year to denloiisir;.ile ihnl two-

specific site, To provide the d_li,i projects, During the p_ist yet.lr, stage ga s guns el.iii provide a llleiillS
for this cruciul decision, the signil'icl.tnl progress wns made in the l'or the low-cost h.iunch of ob,jecls
UJAVL,1S pr0gr;.lill is designing developmei_i i.lnd dellaOilstrl.llion o1" into low e_irlh orbil,
ni_d COl_sli'UC'tilagilexi-gelmr_.iiiorl ndvl.inced _li_dnlore-powerful copper Over iile p_.isl114yel.irs, lhc scope
llnrdw_.lre io derriorlsil'_iie _.i h.isers, iTiore-powerl'u[ dye l_.lser oi' I_iser research al LLNL, hns [_,r(iwi1

signit'ic_int level o1' urnnium' chains, and the nssocinted computer imnaensely, The sm_dl-scnle, low- •
enrichnlelli cupabiliiy with pluni- i.ind control systenls, We _.lre power l_.iser syslelllS o1' ()til' el.lrly
sonic lnsers _ii_clsepar_ltors, These continuh_g lo collect oper_iting chiys have given way io high-power,

, den_onstrnliori tests will bound reliability di.itri ['or n plnnt- high-reli_ibility, record-bre_iking
the eCOllOllliC nnd perfornlance proioiypicnl copper h.iser systenl; II.iser t<acilities ot' plant-prototype
uncerinlnties ot' building a nlore than 1,4 million device hours scale, lniti_llly, (.)tit' investigations
r._roduciion plaint, A conlnlercil.il of copper l_.iseropel'_iiion h_ive been l'ocused priml.u'ily on the t'ei.isibility
del_loyment contractor, yet lo be nccumuhited, Irt ,iddition, alterrl_lte ot' ICF', today, (.)til'elTorls hnve
selected by the DOE, wil! ptu'iicil:mte _lppliuations ot" AVLIS technology expanded lo il.lclude zt hroud rl.inge
in the AVLIS denlonsir_.liion tests nrc beirlg investigated l'or next- o1' n_.iiionl.l[security nnd con-unercinl
nnd will i_lnnnge the design, gener_llion lnicroi ithograt)hy ;.cd _q.)plicaiions, Numerous LLN L-
construclion, nnd inilial opei'_ilion o1' ITinlerinls proc.essin7, developed l_.lsorlechnoh_gies huve
the t'ii'si U-AVLIS plnnl Jncre.meiH, The ndvnnced applications aiirncied _ibro_.idcusionler bl.iso

The n_issitm ot' the SIS progr;.illl progri.llll is developing _.ldvnllCed within lhc Oep;.u'll-nenls o1"_llel'gy
is lc>develop _.iridden-tensity.lie the laser, electro-optics, nrld sigritll ;and Defense, nnd ethers htlve been

princil:)_il technologies-AVLIS and processing nrid trancing teclmologies truest'erred io private indtlsiry, We
plutonium processing-to hk used for imiionnl security at)plications, expect thai within the next three io
to isotopically i_.iJlor ['uel-grl.lde M_lny o1' these technologies i.ire five ye;.irs, OLlr resol.irch elTorls will
plutoniun_ 1o weupon-grude m_lterinl, l'inding importmlt civil applications culminate in the commitment to
This year, the SIS progi'_.il_.l ;.is weil, A ma]or efforl is the construclion of ;.iuranitiill-
conducted n ma]or series of lesls devoiopiTierll of high-power enri0hmeni production pl_lnl, _l
using surr(.igl.lle (i,e,, I1Ollpll.llOllJl.llll) sernJconduclor l;.iser diodes for use nl_ljor upgrade o1' the Novel II.iser
matel'i_ll to demonstrate lhc technicnl primm'ily _lsoptical pumrl sources t'or I'acilily to make it capnble of
busts for SIS plaint systems, During solid-state lusers, These snll.lll, high- producirig ignition o1' deuleriunl-
Ihese iesis, the sepl.ir;.ltor system wus etTiciency, lightweight, inlense lighl tritium Fuels, _.lndsuch i_oientinl

installed, actiwited, and inlegl'_lted sources nrc nl_lking possible the technology Ir;.Insl'er io x-r_.ly
with the process l_.lserand iltlxJlil.lry deve',opnleni of novel solid-slate lilhography, stlbnllll'ill¢
l_lser syslonls, Isolope-separntion I_.lsersot" inlerosl I(.)lhc 1.)erJ_lrlnlenl conlnlul_iCl.iiions, _.indoplical imaging
deinonstraiions using plut(.mium o1' l)et'el_se (e,g,, for co111111tlnJciliJng n[)plicalJ(.ms,
were pieced _m hold by lhc DOt{;', with Stlbnll.lrJnes),
when lhey decided l-iCl io request Resenrch is else coillinuillg I() ('ontael: ,I, !, l)alqS (415)42,]-98.#8

pl_lnl deployrneril l'unds for lhc develop b()lli higla-pnwer gl_lss Insets ,,'A, Lel' 3, (4/5)423.<'¢729,
1991 fiscal ),el.lr, SIS developmerll, pumt_ed by coilVelilJoi_l.iI l'lashlnml_S

nnd high-repetiii(.m-rnie crysl;.ll insets
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The Nova Laser we have increased the Nova laser's capabilities for generating

substantially higher output energy and power and for delivering

temporally shaped pulses of laser light to targets.
, ,

3ff,

e continue to increase the tile ()tilptulanlplit]ers. I This year, al)erttlros, we stlbstaritially reducedl)roductivity and l'lexibiliiy we tised this high-danmge-lhreshold lhis modulathm, In addilion, we
of lile Nova Itlseras till expel imonlal glass lo demonstrate record oUtpLil chal-igedtile magilil'ictliion (:ii'a mid-
facility for sttidying inertial ellergy alld pOWOl" til bolh 1,()5/.lm chaiii spatial filler and roorionled
confinomenl fusion (lC"F), laser- and lhe third-harnloliic waveloi-lglh ()lie 31,5-cm amplifier to reduce
plasl-nainteraclioil physics, weapon of (.).35j.lnl, which couples More til)beralioliS find i.nll)rovospalial
physics, and laserscience, Dtll'i!lg elTiciently to inlplosi6n largols. I.Inifoi'illily of lhe gain,
1989,we fired 584 high-power shots We also begana two-year progl'tinl The Nova ltlser syslen'l.was
to provide tile drive source for 675 to il'iCl'ettsc our control (:ii"the oulpul designed to provide 80 to 120 kJ o1'
experiments. The energies provided power, pulse shape, and focusing outpul energy til 1.05 #,lmand lo
by the hiser (til a wavelength o1' cii'Nova's ten beams, converl tills output lo 40 t0 70 kJ til:
I.()5/.lm) ranged from <! .()kJ tO To reduce ihe risk ()t'optical 0.35 urn. After installation o1'the

>12() kJ. Pulse durations varied damage to components when the new glass, improvements in staging,
' frona l() ps to several nanosecollds, laser is operated sit high outpul and extensive testing of one
Temporal pulse shapes included energy, we improved the spatial beamline, we gained confidence
square, Gaussian, and specially uniformily of tile beam by making lhai we couh,t sat'ely meet or exceed
shaped pulses designed to improve several changes in optical slaging, tile laser s design goals til bolh
target performance. Figure I shows The beam size til Ihe inpul lo each wavelenglhs. In April 1989, we
tile ir,pul/oulpul characteristics of of the Nova amplil'ier chains was pelTornled a series o1'shols Io
Nova and illustrates tile range of previously defined by a circular demonstrate the capabililies of the
energiesprovided during the year aperture, Gibbs dilTraction laser system til 1.05 #Jillfind three
on shots using ali ion beams, phenonlena, resull:ing ['r0nl spatial pulse dtlrations ot' interest:

In parallel with our largel filtering of lhe t'lal-lopped beam • 2.5 ns, where damage Io output
experiments, we improved Nova for beyorid the aperture, produced an optics is of concern.
Future exl)eriments. Lasl year, we undesirable intensity nlodtllalion on • t.0 ns, where Otllpt!l power and
reported on tile installation of new the beaml By replacing Oi.lroriginal energy are close lt) thai of greatest
phliiilum-particle-free htser glass in apertures with specially serrated inieresl for ICF experimerlts.

• ().1 ns, where oulpul power is
limiled by beam breakup I'rom sell'-

Figure 1. Output 140 -- fOCtlSillg.energyfromthe
Nova amplifier We measured tile energy o1"each
systemat 1.05pm 120-- ee beam in a full-aperl tire calorimeter
vsenergyinput to and nleastl.red lhc pulse Ion-tr)oral

diSkten.beamamplifierSshotsfOr_ 100-- Ol_ shape wilh a streak camera (whichobtained it',_signal from lhc beamline
betweenApril 1, m_80
1989,and $ ouIptll SellSOl').In LI2.5-I1Ssquare
February1,1990. g . temporal pulse, we oblained Lip!()

60 -- 125 kJ ot' OUll)tit energy; in a i.()-ns

-- square pulse, we oblained tii) io40 82 kJ', and in ti(),I-IlS(]al.lSSitln

r-# lelnporal 1)ulse,we obtained tiI) lo
20 126 TW of outptit power, ali with

0 _ I I I 2% or lessFillssi)read in energy
0 2 4 6 8 alllong Novii's loll betinls. These Iosls

Inputenergy,a clearly derl-lOllSli',tiledIhal Newt can
safely exceed ils original I.()5-[Inl

I)erforlnanco goals.
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Later in tile year, we perfornled a 4k Figure 2., instantaneouspower

series of shots to denlollslri.ite thai _ L vs time of a 0.35-pm
Nova can deliver more than 40 kJ c shapedpulse used

o1"().35-/.tru light to zttarget. In this _ 3 _. for ICFImplosion

lO0 kJ of 1.05'.-/.1111OtitpLi[in ;-! E , solid line represents
2.()-nssqLiare teinporal pulse to lhc ._ averagesingle-beam

2 power; the dashed
fi'eqtlency-col-iversion arrays on !he o tinesare displaced

frequency-chirped the lase!" pulse E one standard

to prevent sliinulated Brillouin ! deviationas

scattering in the fused-silica focusing ,_ 1 . , ,', calculated fromdifferencesamong

lenses. (We had found previously m L_--.__._____ thetenbeams.

thai Brillouiri scattering by Iligli- >=
erlergy ll".;rd-harn-ioriic pulses <:' 0
produces bulk damage in t'used-silica 0 1 2 3 4 5 6

.,)

optics.-) 'File frequency-corlversion Time, ns
;-lrrays performed as expected i.tnd
converted 50% of/he 1.05-/.lnl
output to 0.35/.lm. Approxiinalely experiment. Tile solid line represerils balance tile third-harmonic energies.
85% ot' this output w;-is transnlitted tile ;-lverage. irlslantaneous, lhird- These pulse-shape ditTerences will
by the oplics inlo the target chainber, harinonic power as a functiori ()f be easily correci,'tble in lhc t'LHLli'eby
Five shots ill/he series produced time provided by a'single beanl, changing tile bean-i ;-if'e/iswhen we

nlore lh;-in 40 kJ (ii"0.35-/.1nl energy Tllese di.lla were ci.llctlli.lled fronl I-lave I)etler i:)ulse-silape diaglloslics
in lhe larger charrlber. Oil the slreak-carnera records o1' 1.()5-/.lnl lo assess lhc effect oi' the charlges.

highest-energy shot, cal'_riil-lelers in otiipul pulses fronl the ten beams We have provided pulses ot' the
lhc li.irgel chanlber rec()rded 45.3 kJ. ;-illdiile llletisLired efl'iciericy of tile, gerleric shape si-lowil with. tllird-

Careful inspeciioi-i of tile nlost frequency-c(nlversion array on each h;-u'n-ionicenergies ranging fron-i
threalened opiics iFl the li.iser and be;-u-n."File dashed lines ;-ire displaced 25 Io 40 kJ ;.ii the iarget. Providing
iargel chi.lnlber ;-ii'icr boiil series by oiler st;-il-id;-irddevi;-llion, calculated Ihirct-h;.irl-ilonic pLilses lllai tire
revealed lit) damage, frorn ltle sc;-tller ill llle dal;-i fronl tile precisely tailored lo li.lrgel

Iinploding iCF targets to high tori bearrls. Tile scatter is dornirlaled requirerrlenls is possible because of
deilsily with Nova requires shaped by noise iri tile slrei.ik-ci.ln-ier;-idata; a flexible l)ulse-shapiilg system at
laser pulses ihat tire temporally ii-iLlS,the ;-Icltial power balance play tile masler oscillalor 3 ;.ind c()nlptller
lailored io reduce entropy addilion . be boiler lhan lhal shown, The rills codes lhal ac:cui;ately calctilale lhc
to li-le t'uel by shock waves, spread iri power of 20% in tile low- pulse shape nece.,,si.u'y ;.il lhc rnasler
instanlaneous p()wer ilnbalance power fool ()t' Ihis pulse is far short oscillalor lo oi)lain tile desired oulput
alllCillg lhc Ion [)ealllS til the largel of our goal of 5%. At preseill, we are pulse.
(<5c_,), arid placernenl of tile beanls able lo balallce oulpul energy more
on tile largel towithin 30 t-lm. We precisely than otilptil power. The I'l-ils Rel'erexices

made considerable progress loward spread in Ihird-hai'nl(mic energy I..I. tl. ('ampi_ellei_d.,I':limim,i<,,,li
ii/fill/Iii/Ii Im'lu,Yion,vi#l I"/Itk','l_ht/h' L(/v('/'

ihese goals by siariing l.argel- n-ieasl.ired by calorinlelers on lhc Ion (;h#,v,_e,_,I,iiWrL'llCc' IJvc,.rlilorc Nl.llillillil

irradialion experimenls with shaped beams on single shols is routinely l.ah(,ral<,,yRepl.II('RI...53U32 (IUI4i)).
laser pulses, assessing lhc energy less lhan 3% For lhese pulse shapes. 2..I.R. Murray<'l'al.,.I.()1,1.,S'o('.,.Dm'r.li 6,

.), *)
balance, and initialing ',ml)rovenlenls The Val'ialions in l)ower i.u'iso _4()_ (ItJb_()),

iri our diagnoslics lhal nlotisure lllird- because of differerices in third- 3. R. i.I.wii,..,,x,/.,,,<,,..,,,,,,1/",,,_,,./,.1¢,.<,,,.,4,

hal nloliic l)ower til lhc lai'get. I-i;-u'inonicconversion etTiciellcy 14i (I,Js(,i.
Figure 2 sllows fin example of ti ;,illl()llg the beanls, which requires Contact: !). R..S'pevk (415) 422.(76b11.

shape_l lliird-harmol-iic pulse we LiSI(>have di lTerenl I .()5-_.lnl drive
recenlly used For i.ill inlplosion energies and, hence, dift'erenl

saltlraled pulse shapes when we
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Pui,se-Shal)ed We have imploded ICF largets usi.g . drive p.lse tailored to match a

_Ill pl(l_i()liS (iii N_'V_! theoretical pulse that produces reduced shock heating o['..['u.vion.litel.
a requirement/br reachi,g higlt gai,.

2_
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|)_illlll_e- Rests| _|!1| Wc are deveh,ping new damage-resistant optical materials for high-

()ptical Mates'lain peak-power lasers and have improved the damage l, etformance three-
to fivel'old for sonic optical materials.

) i_tical materials that are (HP,) mirrors, l_olarizers, and Seco icl, we have clovelopedresistant to laser-induced antirel'lective (AR) sulrl'aces: bulk cotnpletely rlev,,'coating rrlatet'ials
damage are eNsential For the materials, sucll an lessen and imd processes. For exarnl_lc, v,,e are
NUCCeNNI'UIOl_el'aiiollof Iligh-I_eak- ' l'requency-con_verNicwlcryNtalN;and extending our Ningle-layer Nol-gel
pow_'r laser _.yslelnS, Damage pc_lished t_ptical Ntil'l'aceN, such as AR-cc_ating pn'ocesNlo make
u'esistance ot' optics al'l'cctNboth laNer lerl,'.;eNand debriN shields. 'r'wo mttltilayen' IIR coatings, 'I'o date, we
I_cl'l'ormailce and overt.iii system co;ii, naateritll types have iwoven have I)l'el_al'ed inirrors wilh excellent

--i ), , , . .Cn ( S I is litTt-'t;'iod ["Jot.:al.lSethe illOl'O i_ariicularlv ll'otiblestwne: IYILIllilllyer cii.image l'12si,_ilant-'¢lincI ,_i/,es ti I) l_l

light that (.'tin I_tINNlhrotlgh a given dielc'ctric t-'oillings Ihal either rel'let-'i aboul 1() t;'m in dillnloler, Sol-gol

ot_iiL', lhc siritlller and, llellt;'e, loss or polarize the I'lOalnS, and the bulk IlroccNNt;'s ttr0 inexl_en,_ivc, t;'clnlllarod
cosily thai optic C'till bl2 lo handle tl Cl'ystal used to t;'onvel't the lttNer bl2tilll to tither conlnlt-,rt;'ililly a_qiilablu
.given laNt-;i'-Oilt.'i'gy OLilI)Ul, FoI' l'tiltire I'i'oln 1,()6 Io (),35/.lm, cotitJng inr:iiloLls ($5()()/m2 VN

I'tiSi(ln I'eSetil'c'll, ti ltiser SyNlc'nl'N Wo have I:)l.ll',Stlt:d Iwo liventleS of $15,()()()/m"), Wt., art.' also devt.,Iol+ing
overall L'osL in tl major UOllNtrllii'll, and research lt) iilli+r(we L'oaliilg dtunttge li new c'(laliilg i)roc't:ss lhtll uses

Ol_iit-'ali11tlic:i'itlls are needed with resiNlailt.'e, FirNI, We hllv+ developed l+ltlsnll.i-asNisletl(lel_osiliol_al high
dtuntlgo threNl_t+lds two of lhl'ee limes a n-it_illod for l'll'OCeSSillg currenl lellll)ei'alures (> I()()()°C), Initial

Iligher ll'lai_ lhose of lhc t:i.lri'Ollt Nova coatings thai irl_llrovt_s lhc dallltiTe coalingN pi'el+ared by thin i'Jroc'ess

nialerials (Table 1), We ttefine threshold by an mut;'h tin ii factor ot' have the highest ctainagt;' ihreshillds

(.lallla!2t-' threNh(_ld as the illininlLlnl l'ive, t7,7 illuininating the c()i.llillf_S o1' any coalin, wo hl.lvt-' tested

llINc'r t'ltlence (in joules l)12rSqtliil'e with Nl()wly inLq'oasing li.lner pOWOl'N, Mi)l:et)\,121', wo L'_.II'ILINethi._ l)l'(.}c'ess l()

¢Oiltinieler) illai tlrotlticeN a l'Jernlallolll we can "condilioia" clel'ecls iil the i'Jrel)are ii COml'_lelely new clans 01'

change ill till Ol_tit.'alnlillel'ial when coalilitt, l'_l'eVonling them ['l'Onl c:t)tllings lhtii nli.ly Illake lt l_ONNibleto
viewed tinder 1()()× nlagnil'icalion, dalnagiFlg until higher l)OWel',_ill'O cleNign new, less-cosily ItiNer-NyNlcnl

A lYl:_it;'al lasei'-oUll_ul optical chain reached, Although tile nlechai_iNrl_ For tu'cliiloctures, ()til" nla.ior techilit;'al

foi" il'anSF_orliiig ii high-l_ower laser thin process reinaiiis eltINi\,c,',we have t;'llallel-lge will ht-'to Ni'ale thin lWOc:ess
hoain Io ii liu'gel reqtiires dtiillage- bOgLinio use the technique Io inll)l'OVO Io ll.irgor sizes,

reNiStanl C'oatii'igN for highly reflective I-lR coalillgS used on N()va, We also have t;'onlinuecl Lo develop
• new I'rcquel_cy-COllverNi()n malerials

alld I'lleih(ids lo inll)l'()vt-' the dtillllige, , ,

Table 1, Operating wavelenigths of current Nova laser components and recent l'¢Nisiance ot' ihose L'UITOnIIy in use, I11
improvementsin laser damage thresholds, our search I'or new malorials, wtz have

I'ourid thai sails ot _sonae amirlo acids
l;requency I;(ii_tlshlg

C'(Inll)iinenl Mirror Pllhirizer converler lens (specil'ically, l-al'ginine) give high
clalnag¢ thrcNllolcls i.illd iml_lr(wed

()peratinp, wavelenl.gh, 1,06 1,06 1,(i6, 0,53, 0,35 0,35 c()nvcrsi(ln etTit;'ioncy, We also
I.lni COIlliiltiO lo devclol_ I)l'()CeNNeSl'()r

I)iiillill4e lhresholci, gl'()Will_t oLii" CLil'i't21il ['l'OqU¢llCy-
,|/era 2 al 10ns: ¢oilVel'Nion t;'rystlll n_llLcrilil,

l)otassiuin ditlyc.lrogoi_ i)hliNl_hale

1985 Nova h_chnohlgy 7-10 7-15 15 al 1.06 _1.111 25-30 (KI_)P), to eliminate tlalntl_O-C_.lUNill_
3-6 ai 0,35/.zm del'coin; Wt:' havo I'oui'itl Illai

lh'esenl technology 40-50 41i-611 60-65 iii I.(i6 Viii 25-.tll c(lilliilu()us I'illraliorl (it' iile L'ryNlal-

'25-;t{I Iii (I,.t5/.lnli _I'()wLh N()lulion tl()\.vn l(i 5() ril)l yiuldN
_.lll i1111:)rovt.'nlt.'lll ()t' _i'L'alei' lhtin _.

lnll}r(lt'enlenl t'ach)r -Sx "-.IX ",4X til I,()6 _lili No change t'_.lc.'l()l'()t' five in tllllllll_t.' lhrush(_ld
;_SX Iii 0..'AS _ln '

('on/ac/.' ,/, ('amplwl/ (415j 422-6497.
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I .,_ilI)()rlill)r y We are using two arnts of/he Nova optical laser to demonstrate lasing
at 4.5 nra--i00× shorter than visible light attd optimal for imaging liveXRay l.,a,,,iers
biologt'cal microstructttres.

rl Ig)84, we first dem6ristrtltcd 1014 "- sl.=ortcrtiron 20,6 ntu, t)tlr origirml' , _, brcaklllrt)tt_li wuvclcligth, l)urirlg lhc
lasirlg til tl ,'.,;t)rl-x-rtlyw_lvelc'nglll Carbon .... "

c)t'20,6 rlrrl, which w;.issome leri past year, we reulizcd liml g()al by
times sht_rter tla;.ulcrni,,;,,;iorlI'r,c)rlltu.=y _ 101a K-edge _ # (ising two bctul is t)l' the Nova laser,
l:lrevi()tL'.; l;.lser, 1,2 Irl thai work, wc _ ; Wc irr;.idiuted tl thin t'c.)il (_1' lal.=l;.lltlnl,

(usedtwo I-_eala,,soi" tt-lclli_l-i-l,tWter , \ .. " i.=catedi_ to i.itcrrll._crattircoi?abt)tl`

" _ Wt"-" ''--" ...... .,_ I keV, tilld ,,,;tril-)llCd()rr til)eel 45N(wettc t_l_tic;.lll;.lscr;.istl i-_Uml'i o 1012 ,
_}l.=a tl.=inselcriitnrn foil, ()ur i'cct21ll ; ; or ils73 cit(tr(ms, lcavirlg a clt_setl
work I.=ast'()cuscd t)ri irlvcntinlg and ![ 3Lt(rlickcl-likc) sllell, 4 I::tlrtlle0'

tlcrliot.=,'.;lrtltirlgx-ray Itl,,.;erswith Nlt)rc _ cxcitatiorl _rt'tilt electron,-; l)or)ulalcs
ll_)wt.'r,h¢llcr ct)t.=ercncc,arid, rrl_)st 1011 J i lile #t:- 4 levels, l iowcver, Iiiu ,',4ll',t)llg
irlarJortarll, slletter waveleriglhs, ()ric 2 a 4 5 41_--3tlradiative trtui,,;itiorl leaves the
ot' our r_rirlcir)al()bio(lives is tr)LiSt.? Wavelength,nm 41)slloll crrlpty, lcudirig I() {I4d-,4p
such lasers irf biological tll)plicuiiorls, o0tlmal l'_Ol'_ulalioninvcrsi(_rltu.=dlasirlg til

I A I.=ologrz_rr__.)1';.tlive (wet) waveler'lgth 4,48 su.=,cit)ge lt) LIlcOl_tirrlal
biological microstructurc?, such a,'.; wavelength thai we seek, An sl.=()wrJ
a lar_c l_roteirl, can.=be nrladcby Figure 1. Dose absorbed by a biological ill 1-"igt(re_ tllc CXl_oncritii.iIgrowth

sample vs wavelength of the illuminating "
sc'tlttcrirlg lhc c'tfflcrcrlt ()ulpul I'r()lll x.ray laser, For each wavelength, the ()1'tl.=esi_rlul dcm()rlslratcs Lhc lasin_
{Irl X-I'[ly li|gcr ()t"l' the i_roiein aIltl Incident fluence required to create a t_cti()n,
tllcrl i'cc_.)rdin_g111eso'ttr((red r)tltterri, hologram andachleve 30-nm resolution is We ttnticil_aic (hal I'urlllcr
Drily x-ray I;,lsers have sulTicicrll computed, arid lhen the absorbed dose is e×perimenlts timing mirrtH's r()r
brightness lt)record the h()l()tTrum found.Theoptimal wavelength is slightly multil_lc-r)asszunr)lil'icati(m and
over a timesculc llmt i;; short cnougl.= longer thanthatof thecarbonK-edge, mt)dc selection for r)urer coli(fence
(~5() ps)I_)','reezc lhc mt)ti()la()1' where scattering Is maxlmizedan,_l will allow us t()obtziirl acttitil
;.iI_iologit'zllly active SUml_lc, absorption Is minimized, biologic;.ll Ilol_)grarns,Ttltls, wc
Ncvcrttlclcss, ii i)='c)blcmlirises t'r_)rrl are at tll-iexciting jtlncttire ii=the
II.=(x r;.lyslll;Ii,L_.li'eab_rH't'_odrather dcvelt)r_mcnt t)l' l;.Ibor;.itt)ryx-ray

x rays heat prt)tcirl and exl);.lridii, t)t' tlleir ;.ll)l_licationsto l'ruili()ll,
; blurrirlg tlic irrl;.lge,To miriimize liii,,; 4 '

i)rt)blem, we' roCelllly l)ort'c)rnle(.I i.t Rel'i,reiwes
d I I M' 13' R(ihL'll vi iii' /ii/rS' A't''V' /'{'ll' 54' I()(}

landmark '.;tLidylr, iderllil'y the .B'. 3 -= : ' ''_ ( IUS5I.
t)l)iimal wtivclei'=gth t'tH";.tl_x-rtiy "

'(7/, = 2.3 CI11-1% ,Li 2, I), I,+ Milllllew_' t'l iii,, /Jltv._, /7_'1', /,CII. _'1,

luscr lhal t.'_itl,'4(2slilt: leasl al)st)rl)liori "= 2 Z I

I I() (it)145).

13ors(gtlllCl'Cd, ()r Si_l];.|l, l)h()lola. 3 ,__ .-4.14./\.I.(_ild(,n,M. I). I_,I_L'II,illltl .I, I.,.

We ct)nc.'ltidetl (hal li-le ()l)tinlal J 'l'rcl_c_,,,II,IU.()l,t, 28, 33(J7(lU_7),

wuvolciagih,_ I't)r illlagil]_ bit)loLtical 1 -- i_ i• [] I i l 14. II, ,1,Milc'(luWiiiit'l iii', ii(di, ..'lm('r.I'/h',_,.... ---,____ ,%',,,...,4.2()')7(I t,14u).
SUml-)lcs in _l(.lUe()us st)luti()n (irt

slightly ItinL, or lh_in II.=(4,37-1.=1.=1 00 0,5 1,0 13 tl 2,0

c;.Irl_()il K-ccl_gc, ;.is sh()wll'= ii] i::i_,tirc 1. Foil length, cm Contact: M, !), Ro,yen (415) 422-5427

AI these w;.ivelellgths, lilc i'etltlil't.'(I Figure 2, Growth of a 4,5-nm laser signal or l), L, MeLt/hews (415) 422-5360,
eXl)()surc tillius tc) minimize t_luri'ii.=g as length is varied of the thin tantalum-foil
t_rc well rnaic:l_edt_)_wl.=icv;jblexi-r_y x-ray laser target Illuminated by two beams
l_lsci'-I_tll.'.;c (luruticH_s t)l 5() p_. I of the Nova laser. Exponential signal

'l'htl',;,()til' goal has bccn i(_acl.=it.'vu growth demonstrates lasing action,
ll.lsing ;.iiw;.ivc.'lcriMtll,,.;l'ivc lirncs
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_tll)l)ic()st_C_)ll(i 7 '[_V_i The pulses oJ'mw sm+di-scale, subpicosecettdneodymium:glass laser

'.', can exceed 7 TW in peak p_Jwer. I"octtsed intensities greaier than

i ,li)let() l) I,IISCI" lO Is W/cm 2 make ii oue q/'the brightest la.ver.vmtrces in/lie world,

(/_ mall-scale+hi_h-I+_wer We have usedC'PA Io prttduce a ft'urn the nltttle-luuked Irain is
L"Jl (lera'+,,,,atl),._llurl-i+ulsula,'.+er,,.; snlall..scaluneudyrnium:glas,,,,Ittser c'UUl_ludinlu a I-km ._inb,l¢-mud¢,

aru I_c'in+u,+lu_,'elc_l",et.Ilor research Ihttl yielcl,,_SUhl+iuusuut+mdi+ul+,;es I'u,'.+e+cl-._iliuul'ihur, v,,illtill whiul]
apl_liualions in rrlullit_llc_Itm with alrnu,_tlhc sarnupeak i+;uwura,'.+ sull'-pl+m._emudulati_mi_rc_tluuesa
I_ruccsses,<.lenseI_la,_mttphysics, and a Nova i',earnline(7 TW)in a nuarl), hr(mdlmrld,t,'hirpt,'dpulse, Ad.jLl,_tin_
extreme-ultr_tvit_letlasers,_tswell a,_ dil'l'ractiun+limited I_eam,A mt_du.-, l'il',er lerLutlland i_uwcr input
I+orWeUl:_On_ru,_uurchund re_em't,'l_ luuked Nd:YI+I-:(neodyn_itirn: I+mdut,'u,_a linuurly ullirl_Ud4-Nin
in SUl'_l_or:' t,_l'inertial uorlt'inemenl ylirit.in+_.+-lill_itim-I'lutwide)t>,,.+cillat_r I+LII.".+uat the I'ihurt_l+ltl_t+ll,
l'u._i_m,AIII_>LI,L,I_the largu-gairl l+roclut,'u_5()-I+_I_ul_esat a 76-IVll Iz l::ully cxpluilin_ the ,_oli<.l-_lale
lmndv,,i_.lll_uf dvu la._ur_yi¢ld_ rul_etiliun l';+|[U, (.)lle I+Ul._e.'.+eluolud laser ru¢luire,_i_til_le_lr¢lt,'hin_, Since
_ul+_l_icos¢c_ndi_ul,',+u_,llluir low chirl_'cl-imlse I'ruqucnuyu_m_l-JUnunl,_
+',+UtLirttti(ml'luenue and sl_(,t't_[(_t'++t_u (ut_lur_) arrive at clilTurent times, +.t
tirnu limit the availttl+l¢fluence (+_} dc'vi_:uthai disl'_Ur,,.,u_the ¢.:<.>lnl+tmelTt_
I_ ti t'ew millijt+ult,'_ per ,',;i.ll.ltil'U [ + i_xperlment C:;.lll,_lretch ur ct_mlli'css IIiu l)tll_c.' I-ly

. ' , , ' , ,
curiiJlnctt,'r, thuh _nvui'l_'ly liillitiii7 1,0 _lluetlil_7 Ul+ ¢_i'dt:lnyin7 lii? red I_itl i
I_t,'ttk I+l_wei .. +l'ht,' Imi+tlwidth+_ t_l' E rulitlivt,, tt_ the hlLie, I)il'l'i'tlc'llt_il

uxuJnit_i'.-I_a.',;t,'d_)'+it,'m,',; t,'ttn ._i-II_l_t+i+l ; _l'tilJl_ ._ll+elch lhc: !_til_u it+ :t$()i+._
ilul_t,'_ ;.ts_l-I¢li't ti_ 2()()1','.;and _0,5 i'lt,'l't+l'C,tUlll)lil'it,'ttli(_ll,

_ati.lri.lli(_li l'll.it,'.rlt,'t:._tll_ lhc' tlrdc, r ot' , i\ I'ilT7 r¢lT,,el+c,rtitivu tilnlllJl'Jel +(ihu

1() in,l/t,'rn", t-tt_we\'ur, c'xc'in_c:r la_L,r._ Ilettrl _+1'lilt.' Iti_t.'i' ,',;),,_1t.'111)I_l'tlcltlct,'_tl

rt,'ClLiJrt,',llti'_l.;'-al'lurtclre ;.tllll)lil'ier.'.; t_l 00 2 4 6 8 ilt,'t _tiill (ii' I() 7 l'rt_lll tt Siil_lt.' ltt_c:r

llrc_dl.ic:t.' i_til_c.'.';(._t'111(.)1't.'iiian tt I'uw (I)i aml_lil'ier while illaiiltttJllJn_

teil.,_(_1'<,J_;.iv,'ail._, 50 tlilTl'aulit_i_-Iiil_iled hctlirl qi.ialJlv, 'l'llt,'

I'_rt_ttdl'lttllcl_licl-_tate la_t.'r I'lul,',;t.'oilc'.i'7$,' i.'.;JllCl'ua_t.'¢l t'l't_nl I I1,1

irlait,'riul_ _Lit.'h a,',,r_c',_l_lb,l_liui_l','DI;.l_._, ,0 (l'ihur til.ill'li.ii) i() I()iii,! whilu 7.aJn-

littlniLim:_alll_hirt.', arid alc'xalldl'Jtt., -_ :_ari'_lWill7 of lhc: c.'llirl_c!d _llt.,t.,IrUl_i i_
exhibit _alUl'atit_ll l'lLit.'ricL'_ (_1_lhc' ," 25 -- ---,--_ ,,i---- 1,1 pso Inil_ii_izod, A ,',;c'rius(_(' ,<;in<t.jlc,-im._

° Ji
¢)i'ttt_r t+l'.j(_i_ilus i+ei' square ct,'i_tim¢ler, ,9° , an_lllil'iers l'tlrlhur ii+t.'i'uttses lhc pulse
l-lrlwc.,vt.,r, +inuu tht.' iniun_it,_,- ,_ ' t(I I(),I, ttilcl _.tI_ttJr tit' 7uld clilTrautit+l_
clul)eiidcnt rcl'ractivt.' il-idex llrocll.ice_ 0 I _, L__;_I_ I - -J .... [,----_J _l';.iiiil_ c:t_nll_ru_,_t,,s ii Iii I-p_
I_t,'am t]lamc'i_iaiJ(m, ._ll¢_rl i_ul.'.;e._ -15 -10 -5 0 5 10 15 dui'ali(+ll, _l_t.'t.'Iral _hal_i!T7 tt_t.'hiliClLit.,_

caiiill>l clirt.'clly at.'t,'t.',',;.',;lhi,'.; lar<Du ici t,'/lillllrt,,.,,;,,,;I'inlil tlLIl'alJ(lli l(I (),75 I_20
.'ql_rt,'d c.,riui'<D$,del-i._it$', (.'liirl)t.,d-l)l.il_c, (l"JTUl'U I) wjlll I)t,uik ptlwt,,r 7rt;alt,,r
aml_lil'JcaiJt_il (C'P/\) t,'Jrc't.lrrl\'t,'iil_ _ iharl 7 "I'W, i;l_cl.i._t.,¢lJrltt.'t_Jlic'.'_

t.'xt.'ot;dli_Lt I() 1''4W/c:nl 7 inake Ihi,_
thi_ Ilr(ll_lt.'ili in solicl-_tatt.' Ittsc'r_, A "_ 10 <
t,'hirl_Ud l_tll_t,' i._ii I_l'()iidl_alld Iti,'.;ur _ la,,.;¢r()he til' thu I_l'i._htu_tIti.',;ur

i_lll.',,t,'\_,.'lltl_c.'I'rt,'.ClUt_'ll¢it-._(c(+ltit'_)ttl"¢ _ I .'.,()tll'Ci2._klltiWll,7cu'lc:rniecl ai dil'l'urc:rli iirnt.'.._t \vh¢il < i\ ._l+itill-._c'tilu ._),._lt;i+l wJlli lhr.'

t11¢u__lt+l'_wt,,¢l+.,_I'i'¢u_-irud 1_>hlut., °-8 -0 -4 -2 0 2 " 4 6 8 I_l_'ttk i+t_wt.'r t+l' tl N(+\,tt hc.'ttliTIJi+c'

with lJillu, thu I)Cll+c J._l+t_iti\'t.'Is Time, ps will allt_w u_ tt_ Ilul'l'iirnl llC'W t$,l+C'._
l_tll_e¢l, (.'lit\ t,'l.+l111_i't.'_kt_'.',;ti iii' CXllCrilllc, nth ii-i i_hy_Jc:_ lilltl I(i
C(lll-iI)ttrttl ivul$,Itlll_ I)UI,'.4elt> ;.t ,',;htil't Figure 1. Calculated and experimental

i_cil._t,' _lll_,' al'lcr ;ilrllililit,'atlt_il, _l'lii.i_, results fora shaped2,5-Jlasel"shot: (a) ._til_l_t_i't inc.'rtinl utwll'il_unlc'i>t I'u._it_l/• spectra, (b) slngle-sho t autocorrela t/on rc,_t.uirc:Ii, c,;ii c:I1 ¢ ,\i_t.'i' ill lc'iii ._w j II
inlen._itv in ihu an]plil'iui'_ i.,, kept trace of 750 ,+.65fs (autocorrelatlon ht.,,,jn_,_(itlll.

I_c,l_wII_.,• hcal]l I'i lal]lUlitatJ(lll luvul, FWHM= I, 1ps), and (c) expanded
autocorrelatlon trace showing the absence ('f_llffwl: M. I'('rr.l' (415742,t-4_)15,
of "wings."
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AV,_ i,S l"s '' ' ' ' , ' ' '., ,_,,. 'Lrr I, abrwatmn of'faster, more com/flex mlegraled ewemtsdemamls

'l'ecllll_tl()gy t'(tl" file lechnologie,v thai can deliver high.power, ,s'horl-wal'elettglh light, We
are applying the laser technology developed for a!omic vapor laser

"t o , o / t'Next (_en(,r_l|i()ll ()t' _sotope separalmn (AI LI,S) lo this challenge,

,M icr_l i Ih__ra plny
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l,tl_tu' I(('.'_t'lw('h I,',&TI(,luly'AHl.iu_tIO()i)

[ II(JilsI I'i_lJ-_ci._lJt' Al.mw 1'altarhlsr,r i,_'rm_p(,,_'(y.tra... p't t/./,'_) t(,('hnrfl#gy has

A V J,I _ is auhiur(,d h,l'('ls q/'p(,iforma.('(, aud rulialJilily thai at(, ,_'.,/,'])'('i('ullr_
,].sl(), ils d('pho,m(,ul ml u ('#mm(.rcial sca/(,,

A I)l)r(_aching il,_
I)el)l(Jynlenl (_(D_al,,_



........................................... L •

I,',&'I'R,itlly'Atl_tl,_(Iqg() I,tt,_t,l'I_{,,_ullrul+

Figure 2, Aport/on
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]LJI'[IlliUlTI A VI_|_ U.A VLIS is poteutially the Iowest.eost teehmJhJgv for enriching

PI'()_I'_.I Ill uraniuna lo the level needed to fuel commercial nuclear power1 / I

reactors, A decision by the D()I_ to complete the U.A _ LIS

demonstrations attd begin predeploymettt aetil'ities will semi a clear

signal that the U,S, is determined to be a contpetitive foree in the
international market.

i.• I1,lalltltll'y 199(), the Secl'elary ot' was still the siJlgle largest I'ree,.w(wld li is clear Illeal thai ii' lilo LI,S,Energy suhn.liltud to C'(mgress SUpl_ller,hut its n•larket share had wishe,s Io regain anti retain a
the i.)el_tu'tmenlo1'Energy's Plan,/hr Seen reduced Io 5()t_,, li is II()w signil'ieant share o1'this Irmrkel, there
the lkemmtstraliml, l'ra/tsiti_m, and olwious thai enrichment cost will he is a pressing need I'ura new, Iow-
Deph?'me/ll _?/'Uraltittm-A I"LIS ii.ledominant I'act()rfor caplurirlg (:()sl U,S, enrichment Capahilily,
'l'(.'('/lll()/(),_y, This (letailed progrturi ['Uttll'e stiles, SiNce the U,S, gttse()tlS SiI1L't'.LI-AVLIS ini_otenlially the
plan leading to Lhcc(mstructi()nof an diITusi()nplants are hecomirlg less luwest-c(_stenrichmerl( techn()logy,
alomic vapor laser is()l(_peselmrtltiorl competitive with lime, the U,S, _.1pr(mlpl comn.lilmerHhy the
(AVLIS) plant for uranium markel sl.ltu'ewi[l he Iosl I_yahoul D()l*i to corn[)lele lhc tJ-AVLIS
ellriclllllel.ll clearly dell.l(msll'tlledli.le lhc year 2()()()wilhoul lhc ITioderll, tlelllot.lslrali(msalld l()begin
l)OE'n commitment to mainlaining c(mll')etilive enrichment Cal_ahilily I_redel_l(6,menlaclivilie,_ will send
the ti,S,'s competitive posilion in II.le Ihal AVLIS fwovides, a clear signal to the inlernational
international tlriirlitlln Ii.liLt'kel, The iilternatJonalmarket in markel: lhc LI,S, is determined to

Fur the past Irl,yearn, the el.lrich_.'duric.lice in I.ligl.lly exploil the le.chnol(_gictlllead lbl:
Lah(wal(wy, in collah(walion with con.ll)elilive and is eX[)ecledlo U,S. nc)wertj(_ysin AVI_,ISand will
Martin Mariella !!h.lergySyslerlls remain intel.lse for many years to be a strong coml_etitor in the
anti its predecessorLlnion Carbide, u(wnesincedemand gn)wth is slow expanding c()st-c()ml)elilive mtirket
,hasdeveloped, engineered, till(.] Itllt[ lhc Ctll't'ell[ worldwide capacity o1'li.le late-199()s, This in ttll'll will
tlemorlstraletl the AVLIS systemtil exceedsannual demarltl by about Stl'ellgthell II.leD()E's posilitm with
continually increasing scales, [,I_,NI., 3()%, Irl addition, [()reign SLll)l)liel'S exislillg CLISI()tTleI'S_tlltl enhtmce ils
is rl(_wiWel_aringI'or a final serieso1' are expanding their Cal_acityin ability Lo flttl'_.lClIleWcUSt()Mers iii
Ill[,Lj()I' tents tlltll will (]el.llOllStl'_.ltethe anticipation o1'a growing l'uttlre ii.le llelll' tel'Iii, Fortuntitely, the
hal'dware, perl'c)rrr,iulce,iliad c()sls clell.ltlndand tu'eaggressively techncHogicalslttltls ()t' li.le Imtiona[
required to eslabli,,.,hthe economic n.la'eketingtheir capahililies, 'l'ypical U-AVLIS lwogram is well pc)sitioned
basistbr beginning i_[anl o1'this cost-competitive market is LI.le to face II.lecolnpelition anti lo tl.leel
construction, announcementhy L.Jrencoo1'their the needso1'the markell-)lace,

plan to begin conslruclion in 1992o1'
U.S. Uranium-Enn'ichnnent a centril'uge enriclnnenl i_lanl in li.le [J-AVI.,[S Techn()logy
Policy Objectives LI,S. with U,S, r_tlrtners, 'l'lle Soviets

have also tlnn(_unced a very The LJ-AVLIS technol(_gy c(m,,',inln
"l'he [.I,S, role in lhc JlllCrllatJ(_nal aggressive pricing nlrlttegy t_l' o1' lllree nlajOf stlhsyslenls: lasers,

uranit_m-enrichment rnarkel $6()-75 per nep_._rativework unit neparalors, and uraniuna chemical
influences this country's energy (SWU) I in an evident altennl)l to take processing, C'ol)l)er lasers oplically
securily, teuhnol()gical and [_tl,'_in.lesn advantageoI'lheir excessenn'ichment energize the tunable (.lyelasers; the
c'(m_petitiveness,I_alanceo1'tratle, capacity (estimaled al between 3 and wavelenglhs of lhc light t'r(m.llhc (.lye
sal'egt_tu'dnand nOnl_r_)lil'erati(_n I() million SWL)sper year) to obtain lanernnrc precisely net t()photoi()nize
policies, SUl_plieso1'special nuclear hard currency and to ,_',limulate lhc urtlniun_-235 isotope in lhc
m_t_erial,and employn_enl, tint ii u(_nlinuedexpansi(m ot' Ii'ade wilh nel_arator,The uranium-235 in then
1974, lhc tJ,S, wan lhc h(_le:,Ul_plier lhc West, The recent p(_lJtical collected an l_r()(.lucl,and lhc no.li-
o1'Ul'tllliUlll elll'Jchnlelll Sel'VJCest{) chi_ngesin l']aStel'rllitll'(_pe will ionized ura_it_ni-23His collecled
lhc I'reexwwld, By 1987,Lhe[J,S, i',ruhably make lhc Soviets al.l as tails, Al'lcr rem(wal I'rom ltle

aCCel_lal_leStnl_plier1(_n-i(_ntulilities, Sel-)arat(w,ii.le i-w(_(luctis chenlically
iilcluding th(_nein IIle tj,S,
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Plutonium Laser #,, late January of 1990, the Secretary of Energy decided not to

Isotope Separation construct the SIS plant for separating plutonium isotopes ::sing the
Laboratory-developed A VLIS process. As a result of' the decision, we
are closing out a#td documenting the SlS plant construction pro/ect

and are working u,ith the DOE production complex to tran,v[_,r the SIS
technology and equipment.

he Special Isotope Separation lhorough understanding of SIS processes are used lo prepare(SLS) Progrmn is developing lechnology for national securily feedslock for lhc AVLIS process

and demonslrnling lhe principal lind other purposes, He lherefore from plulonium oxide, lhc princil-nll
technc_logies required lo process proposed to conlplete research tllld ['ornl of feed Io the SIS plant, Nitrate-

reactorq'uel-grade plulonitull into deveiopmenl expei'inlenls for SIS based aqueotis processes are used 1o
weapon-gra. 17 pluloniunl usiilg lhc (excluding pluloniunl lesling in the recycle scrap lind recover plulolliunl

alorriic vapor ltlser isotope separation Engineering Denlonslrtllioii System) from lhc stills employed in the

(AVLIS) pl'occSss developed til LLNL. and 1o provide for comf!lelion of pyrochenlic;.il pl ocesses. Wilh lhc
We are prel._aring Io condticl process the researcll prograni in an orderly demonslraiion facilities til LLNL,

perforrnance verification (PPV) lesls fas!Iion, A Naliollal Academy of we are developing ali llle major

Io dernonstrale llle performance of Sciences review of SIS tecllnology pyroclleniical and melallurgical
till major unit process elements at has been instituted by the DOE lo processes. Thekey aqueous processes

oi" near plant scale, identify alternate apl)licalioris such for l)luiolliunl scrap recovery and

III early January 1989, the Idaho as wasle nlinimizalion and isotopic wnsle processing tu'e being
National Engineering Lal:loralory was purification ot" otller elements. The delnOllSlraled til lhc Pacific No rlllwesl

selecled bylhe Deparlnlenl o1' Energy results of this study should he I+aboratol'y (PNL) in Hanford,

(DOE) as the :site for the pl+oposed SlS "ivailable in 1991. Washington. These processes
p!anl. This plant is designed to derive We are currently closing ()til and incorportite a catalytic-electrolytic

weapon-grade malerial from DOE- docunmnting ihe SIS produclion planl plulonium oxide dissolver (CEPOI)),

owned reactor-ft)el-grade plutonium construction projecl, a task thai will till ;.idvanced dissolver thai inlproves

and lc) recover pltltoniunl frolll be completed by the end of fiscal cycle lime alld f)ltlloniunl recovery
existing residues; lt will provide a year 1990. We plan to complele the rate compared wilh convenliolml
conlingenl SUl)ply of weapoll-grade developnlenl and denlonslralion work dissolvers.

plutonium, thereby reducing direclly supporiing lhc SIS projecl by Recenlly, liie Laser Dem0nslralion

dependence orl DOE's reactors ;.111(.t the end of the 1991 fiscal year. Facility (LDF), which serves bolh

permitting flexibility iii response The SIS PrograM has parlicipaled the tlranitlnl and pltil{)nitlnl AVLIS

lo changing l)luionium.supply extensively iii tile evolution of lhc i)rogra!ns_ was upgraded lo more than
requirenlenls. Tile AVLIS process produclion plant design lhtil was double its available process power.

also offers technical diversily in thai described iii lhc 1987 prelinlinary This was accomf_lislled by inlproving

this technology differs significantly design reporl. The proposed SIS planl copper laser perfornlance and Ivy
from the coilvenii{)n_.i] reactor-based is being designed to lneel modern consiri.lCling a soc.end corridor el"

produclion processes. Currently, tile DOE specificalions and till applicable copper lasers. Currenl average

Hanford N reaclor is {iii standby, nnd Nuclear Regulalory Conlnlissi{;)n perfornltince ot' tile copper lasers

the Savannah River roaclors are shul (NRC') tilld Slale of Idaho is 85% of SIS produclion planl
down pending reptlirs', consequently, requirenlenls lind guidelines. The requirements per corridor (each

the U.S. is presenlly unable Io pl:odLice ltiser t'acilily lind pilliOn)Lira t'acilily corridor COllltiills six MOPA or

weapon-grade I)luloniunl. designs are curronlly 6()<7<,and 4()r/<, masler oscillalor/power anlplifier
In lale Jalltlary 199(), the Secrelary complete, respeclively, chains); individual MOPA chains

of Energy announced his decision i_) In incorl)oraiing pluloniunl have delnonstraled power levels of

nel cclnslruci lhc SIS pltull given processing lechn_)logy, we have laken > I()()<J, of plnnl requireinenls. We

ctlrr0ill budgel problems _llld funding parlictlltif Clil'e Io selecl and develop have als_l upgraded lhc (.lye ]riser

prior)lies wiihin lhc D()E. t-le also processes and equipmcnl designs Ihal sySlel.)l lo provide lhc full su)le of

slaled lhal il is iinporlani Io develop a ellhtince worker safely _.lnd foduct.' tillers ilecesstil'y lo fully delllonsll'_lle

wasle generalion. Pyrochemical plui{mium AVIJS.
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Figure 1. The
This year, we als() conll_lelei`l MaterialsProcessing

illoe insiallai ion o1'I;_i,i;inoeci'il,i,D Laboratory in the
l)oern(:ulslratioi,iSystcrn (El)S) LLNLplutonium
hlardwaroein the LLNl., i>lLiiorlium facility, wherethe
facility ;LI,ldoperiltcd the system pyrochemical
tlsin_ surrt)_aioe'(i.oe,,nonradioactive) processesfor
materials. Thio F'DS l inoebox is plutonium

c sseenflail y a _10voehe xc oniainillg processing are being
Inuliiploe separalor LIrlits; a I'Lill-sc'alc demonstrated.
production i)rolOtyl'lC Soel'_al'alorhies
been opoeraled iii tile LI. S using,.
stlri'o_aioeIi}alerials, lill lc'sls C'Olllducied
iri li,to Tl'ilol,i syslenl (;in olTliile
soeparaiordevoelopineill filcilily also
located in tile plutonium buildinT), _,
this Sel:laralor was siloWl,i to salist'y
tilt,,,lhi'oi.ighptll recluiroelllonls for
projecioed SIS plat,ii opoel'atini2,cycles,

, _.. .;' ;

The i)yrochemical processes ft)r'
plt ion/urn procossiilg are beil.i,j
demonslraloed in llle Maloerials
Processing l.,aboratol'y (MPL; soc ..................
I;'iTure I), Those pr()coessoesare used
to prepare pluloniunl l,i,ioeiall'oeedfor SOl'Lib (Io roecovoerresidLlal I)lLii'olliUm); Io c(.)mpleloe pl'()cess l)erfi`)rm;u,icoe
itloeAVI, IS process, 1orecover illoe l._Js0of the Lili-pour ['LlrilaCe improves veril'icalion pending a DOtT,decision
pltllOllitllTi producl ai,td prepare il for op0rabiliiy, nlininlizes opera/or ()l' no signit'icani et,iVil'orulloel,iial
woeapoil i)rodtlClion, ancl to i:)repare close, t:oedLlCeSscrap I'n'OdLlCli()i,i,al,td ilTipacl clue it)this work.
lhc'.byproducl pluloniulil for SiOl'age; roecluiresloessplanl floor space Illat,i a As part of thio overall SlS ct'l'()rl,

they ii/elude calc'inin 7, direcl oxide fixed t'tlri,iacoeof equivalol,il capacily, we are developii,ig malerials-handling
roei`lticliOl,i,iTiollell s/iii oe×iraclion We hi/ro built till oellgilleeriillL_ ai/ld atll()nlati()l,i Ioechnology Io oel,illallCe
(io separalt.' 24lAin), c;islill,Lt, In'()l(Hype l ill-poLir' fLirnace and .lesll.'d worker safely iii lhc SIS planl, Thloe
Ilvdridinu/dellyi`lridill7,`. lind ii LlSill_<_Sl.llT()()ttte> ll,iiltoerials lo t,,,lllStlroe major, lllrusi ii,i li./is LIl'oe_.liS t() take all
c lcc'lrorel'iilin- ii)rt.'ll.i()\,oec'liemical ils Inechanical fLinCtiOi_,More li,ian ovoerali sysloms view of i-)lulonium
iml_uriiioes. We IliiVe SIioWll lhlal lhesoe 3()()cycles have been ci`)nllT)loeloeduifdl,ig processing, illlie_.l'aiing lhc processes,
Ilrocesses d() indeed meoel i)]Llllt yioeld, C()lTlnlOI.i sails and Sl.lrrogalo metals processill_t eCltiil:n,iloei]l,and handling
l)l.iriiy, anti pluloiliLim ulilizalion in a n()i,iradioaclive glo\.'ebox 0qi.iipmei,il, Woi'kii]_ with experls
l'CqLliroei,iletlls.All ilTil)ol'lanl ;ISl)ecl' of environn.ienl. Woeare inslallin_ I'rom IBM, L()sAlanl()s, Sal,idia, itltd
this work is lo denlOl,isll'ilie processes a l_rol()lypoetill-pour I'Lll'nilct?, tilt,,,tJ.K, (I-larwell), we ilroeildaplil,ig
ai,ideqLlipt.i-ienl lhai nlinill,ii/,e \_,.'aslc illt:orl-)Oralilll 7 upgrades suggt,,,sloed c()tYinlloercially ;iv_iilable robotics and
goelloeralioli.and redl.icoeoperal()r bylhe resLiIIs ()f ibis First tesi sei'i0s, auionliltiOl] leChllology h) plLllOilliLInl-
racliali()il oeXlT)OSl.lre, ill llle MPI., io dOil-iOilslrale its procoeSSillggiovohox opoeralions,

.'l'() dale, we have doem()ilslraled . pertorll,iai,ice wilh l)ltil()ilitiil-i, We itl'Caclivoely wet'king willl lilt.'.
lhc I_yrochenlical processes in l'ixccl We have operaled lhc i,l)F and lilO I)O!_7]prodticli()ll COml_loexI()lrallsl'er
lt.lrl,iaces. Ali ill,ip()rlanl elell,ielll ()1" EDS Lisall illlO_l'aled SVSlelll tlSillg II1¢technology ill,td OCltlipllloenl
the SIS l_l'()gral.il has boeol,ithe surl'()galc nlalerials and hlavoeverified developed I'or SlS,
doevelopl.ilel]l ()1'ti till-pour Itirnilce. syslem illtoegratioi,i by measuring
Tl',ie l_ri)l_osod SIS i'n'oi`luclioil planl i_holoi()nizalion perf()rnlanCc, Up
desi,)n__,wiN cisea fill-pour I'tlrllaCe Io lhrt.'e Sel.-)al'afor unils have been c<,m,_r,/, li, llarri (4IS) 422-6lS7,
for diroecl oxide roeducliolll, iliollen salt ()l)oel'_lle_..ISilllLIII;llleously as p/irl ()1'
oexlracliOll, electrorefining, al,tdsalt Illesc oporaiioilS, We ai'o l)lannili_

fLirlher i0sts with si.irrogaio nlalorials
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Magnetic Fusion Energy
and Beam Research

The A Icator.C tokamak has been installed at LLNL as

part of the MTX, an experiment to study the interaction
of intense millimeter- wavelength radiation with

magnetically eonfined plasmas.

esearch iii magnetic fu,si<:mwas piorteered the dew.+'l<:)pmentot' the <experimental i)la,,.;maphysics, andone of lhc: Laboratory's earliest induction linac, a linear particle Fusion technology. The theoretical
activities. Our broad objective today accelerator concept iimt in uniquely elTon't in .sti'oligly linked to the
in to contribute to the development of ,_uited to the generation ot' intense analysis of experimental results

the l_)hysics understanding and the. pulses o1' energetic particles, In obtained til LLNL and ai lnajor
iechnology base required io ]larliess I'OCei-iIyear,w,,the LLNL l_Joai-l-i experin-lenlai faciiilies al'OUnd ihe
llie awosonlo polenliai of Research Pl'ogl'l.llll ha,s led Ihe nalion world, In our COml)Ulalional tefl'orl,
lllerlTiOntlcloar ftlsioli for eilor.gy iri rosoal'ch o11lhc illdUcliori-linac- we have developed a new and
I;Iroduclion. LLNL i-Haysa leading driveri t'ree-eleclrorl laser (II-:EL), efl'icienl alipr()tlch Io modeling the
rolo iri lho doveloplTlonl of li_ lhis device, lho energy from ali complex ])roeo,_so,_Ihal g(ivel'll ihe
il_illirl_olor-wavoloriglh ,<',ourco,_for iillonso elec'lroi_ beam is e()nvorlod Io II'ansi)orl ()["Ollel'gy in n_agnolicaliy
electroll-cycl()Irorl i'esollallCe t()hererll elocll'()lTlaglielic energy, ;.il conl'illed ])]_.ISIll{IS. Rc.'lyillg ()I1 lllOl'e
healing, Sul)ercoliduclin _ niagnels, Frequencies rangil_g From millin_eler elTicienl COml-)Ulalioiml algorilhlns
alld conl.putaiiori;.tl method,_ For wavelerlgllls to visible Iighl, The ciswell as ori incretl,_e,_(ii' Illathille
iiiodeling lhc colnplex processes lhal Beam Research l_rogram is al_plying capahililies, we hope. ,soonI_) I_eahle
occur in a magnetically confined illclucliol_ linac lechilolOgy 1o lo model I()k_.lllll.lk eXl)erinleills wilh
plti,sil-ia, tippiicalioris ii_ de.l'e.ri,_o,eilt.,.rgy, ;.llld ii pi'evi<ltl,_ly tllloblairiliblc clegrec <ii" '

inlonso I:)oamsof charged parlicles parlicle physics research, physical realisn_,
play till ilTll)Ol'Itlnl role iri nlagnelic The Magnetic l:;usioll Pl'(l_l'_.llll ()[11" eXl)erinlerll;.ll l'OSt2{ll'C[1i_
t'usiol_ loc]_nology, LLN L has con_l)rises act ivilies in lheol'elical c(mclucled b_tla iii LLNl. and _11

tllld C()ITIptlltlii()l'itl] phy,_ics,
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Gei_ernlAlomics (GA), in Snn cl!ginaering desiBn, lhc device uould intense Field l'or accelcr'dling 'd'
Diego, AI GA, our expcrimelilnl be operaling nnd producing llel bunclled eloulron beam, (?nlled n
Io_1!11has primnry responsibilily for Fusion power onrly in lhc llexl relnlivislic klyslron, lhis is one
lhc physics ot'. lhc edge rcgioil (_1' decade, _.lpl?ro_,lchl(I the clesigl_ {_1'lhc llCXl
lhc plaslnn, II hns recc:nlly I_cc.'omc 'G'he ii_dtlclion linac iechilolc)gy gellel'alJOll of high-gi:adiei_l
app_.lrct'll lh_il conlrol of lhc botlndar) pioneered by ihe l,nboraloryls tT]ealn acc:elel'nloi's for c.'lerllenll.iry pai'iiclc
coi_dJlJons al lho plasma edge is Rescarcll l_i'ogrnin hns broad physics researcl_, In t.'oll_,ll_(_i'alion
t:rilical io obllilnillg salisfacloi'y npl}licalitms, LLNl., inalnlnii_s lhc with ihe l.,awrc'lice l_,t.'i'l,:elc),
t.'_li_l"inelncnl oF ihc plaslnn, I-lcre prlnl, ary resenrc'h l'ncilily in lhc. til,S, Lal_oralory (1_,1_,1_)nli(Ili"it.'Slni_l'ord
_.ilLLNL,_ we have est_lblislled t'o1'sitldies o1' lhc PrOFil.igl.ilit)niii' Linear t\c'c'elel'alor ('¢lllc!r, \rc' lii't.,
;.i loknnlak facilily, called lhc ililellSC I:_ealnSo1' chnrgt.'d pal'iicles, investigating lhc use o1"an iilduc'lioii-
M icrli\v_.lvc "l'okainak EXlleriineril This t'acilily, tile Atlvarlccd Tesi I iimc.'-drivei] rclaliv islit.' k lysli'(m lc)
(MTX), Io exanliilo lhc ililt.'ri.lc:lioil kc.'coleralor (ATA/, Iocnted al i)roduc:e high-I_owcr lilit.'r(iwlives,
o1' inlei_se pulses _t milliiTieier- Silo 3()(), hns also piT_yiclcd _lsupcrll The indut.'lioi_ iii_.lc.'is also>seen
wavclcnglh iaclialion wilh a lesl bed For Ihe dcvelopinei_l of ns lhc priinnry nl_l_ronc.'hlo lhc'
I-riagnt.'iic;.illy c:(_lll'illed pl_.lSllla, In II:;'ELlecllill)l(igy, 1111()9(), untlcl' ' gc.'llel'llii()ll o1' illlensc.' pulses of heavy
these experiin¢i_ts, we C_.lllsupply SlUms(/rshl p o1' llic l)efense ions For use as an libel'llnl l'usi(m
millimcter-I¢l_gih waves I'i'(llll either ,&cl\,{illCCt[Research l>r0.icc'ts driver, Tliis ),el.ii', _.i,jl_inl cl'l'ort \vns
c'onvenii()llal gyl'()ll'(nl NOI.II'L'L'."; (H' Aiaelicy, we c()Inpleied OI.IF sludics o1: eslnblished, willl pnl_licipanls 1'I'0111

I'i'(lill nll IFI:I., 'l'h¢ ,lapaliesc Atomic parliclc-I'leani propagati()li Oll A'I'A, the l:alealnI{esCal'cll l._r()granl al_d lilt
l!7,ilergy l_,cscarcl-iInslilutc (JAERI) A newer t'acilily, I.he l!_xl_el'iirlcnlal lilc_rli;.il l-;usion Progr_.ill_al I,I.,NI, _.il_tl
h;.isdcvel_G_ed_ldiagnoslic package Tc'sl Accu'lcr;.llor (17'M'A-II), is m)w lhc I-Icavy I(lll Ac.'t.'c'lel'_.il()l'groul_ hl.
I'(_1lilt.' MTX, nrid _ilearn o!" JAERI (>l_Oralil_g_.illhc Livcrlllt)re siie, il is I_,I-_l.,l{i c.,Xl_lol'eCOl_Cel)lunl
ICSL'_.li'c.'ht.'l'Sis pariicipaiing in lhc cquil'_l'U:dwith a nlagll¢lic wiggler illlpl'OVelllClllS in hcavy-ioil I'usii)n
C'Xllc'.riil_t.'rlls, l'(w ta'El.,operations, li-i aclcliliol_ I(_)ils lec.,llllcilogy.,

The IICXI gcnerali_in t)l' 111agnclic tlSC I'or I-;'177:1,clcvclollnlcnl siticlic,s, Wiih lhc ("(>lllp_.lt.'l-'i'ortl,',;

I'tisi(m dcvic.'cs will rcquirt.' I'unttt.'d lhrough lhc ,"glralegic l)elci_,<;¢ Ac'cclcral_r I'r_ticc'i (kllw, vi_ ns,
supcrcol_clucliilg iYlagl-iCls,Vqt;,hnvc Inilinti\'o ()rgnni/,alioli, lhc I:7;'l'A-II P,ACt._;, For ring ilmct.'leralor
c'slal:_li._l-ledI:'EN1X, ai Iacilily 1_)Icsl facilil.y is tisc.'cll/_ gCllCl'alc.' cxpcriincl_l), wt, ii1'¢ w_lrking l<_
Ii rue, stipert.'()lldUt.'lii_g inagi_c.'lic Inillirnclcr-wavclcl-iglh pulses I'_)i'ih_,: {ic:ccleralt.', c(mi.prc.,ss,_.llldl'__c'tis
coils, 111_ichtili_m, wc ;.ii't_'w_wking M'I'X, Iii I_)<Rg,wo StlCC:CSsl'ully pl_isln;.l i'illgs c(ml'il_c'd by c_,)nlp_it.'l

wilh incluslrv I(_tle\,el_)p ict:llrliclucs g¢l_eralcd inicrisc inillJmelcr.- i()l_)iclnl inngn¢lic' l'it.'lcls, 'l'his pr().jecl
I(>iilipr_l\'c lhc l-)r_)dut.'lJ_li_(_t' wa\'elc:i_glll pulst.,.sii_ ille I!,'I'A-II is ._upl-l()i'lcd by lhc l,aboi'nl(u'y's
Stillt.'rc_i_cluclii__ li_nicii',il_. ;.illd li'all.Siliillotl'llleill I()IIlc MTX lilslJluli()i_al Rc.,.scarctland

I_l'_)_tuclJ()li_1 Cil¢l'gY I'1"11111 l(_k_.iilllik I'_li"c.'xpcrilnenls _>11i')la_rrla l)evc'l_>pnl¢ill Pi'()gi'aill, ()til" pl_.lSllln
nlagnc;lJc t'li.sJ<_rlis _ill Jnit.'i'l_aii_lnal nl'l.<.;(_rpii(m_.lndsc;allc)i'Jng,Wc aft.' rJllg acc'c.'lel'alioil t;XllerJrilC_lil._h_i\,c.'
g(_nl, In ICJ_7,lhc t l S, ,lapai_, lhc c'urrcrllly upgrading llic' I{'1'/\-.11 dt.'i-i_)llSlralc'(t Clti;.ililnlivc _igi'et_'iilci_l
,<,;_vic'lI liii(_i-i, _.liid l!ui'ai()ill, ui_clcr l'il_.'ilily I_>_lcc.'_i_rl_lclalc,liigli- bc_lwc,t.,rl i)l'C.dicic,(Iaiirt nieastirc'tl
lhc ;.iu_piccs (ii' lilt' lriiclilnli(_i-l_ll I't.'llt:lili(ill-l'aie _)pt_'r;.lli()rl_ll b_)lli lhc, ii_liciil;il slruciur0, ;.il_tlll_iv¢ .sh(l\.Vll
All)lllic.' [{rlc?r_y/\_2ci_c_y,c.sial-_lisllc'_l _lc:ct.'lt.'r;.ii<lr;liicl lhc I,'!_:1., lhal I'_,)c'ti._iil__iilcl .,-;_l'l-x-.r;ly
_i.i(_irll pr_j_.'ci I()devcl<_p, ttc_,Sigll,_.incl I_I.NI. iliaiill;liil.'.; ;.i .Sll(lii_ gC.,lit.'rali()llaye I_(_._.siblc,, 'l'lli_
c:_lll._li'tic.'lali t_'Xl)¢i'iil{eilllil plower Cal_ibilily iii c_'_)illl:_ul;.lii(lll_llin_)clu,liilg Iccliil()l_gy lills; al_l-ilicali(_rl.sin
i'clic'l(ir. 'l'lli_ I_rll.icc:l, c'allc(I Ihu' ()1 ii_clul_'ii_mIiliac.,ali_.lI:1!1.,dc'Vic:c,._, tlc.,lt_,llSt.,,ii_criial c(lill'ilit.,nlt_,lll ltl_it)li,
inic'in_.lii<_ll;.iltllei'lll_ulumlc_.lr 'l_llesc.' c'tmlpui;.iii_il_.!l l(l_ll.__ii'c, _.lndlll_l_lic'lit.' I'tiSi_)il c'i/t.'i'_y,

eXl_C.'rii_i¢illnlr0_icl(_r (ITI'.'I4), is vali(Inlcd by c'l_)._t:c.'()ll_l)nii.s_)ilwilh
hc.'__i(IqU_lllt_,rc(.tiil (ii_llc:llill!g. Ilt.gll C,\l)crilrlc:lll_il IC.'.<,ull._,_.i11(.II_r(_vidc a t"r,,,,,k .l, ,I, (;li/._.xf415)422-_,t/_'#4,
Mui_icll. W¢.<,i(ieriilliily, I.LNI. has I_l_i_, I(ir lhc _lc.'_,iTilai id _.iil_.ilysis_ll
lilt rc:sl)_)il,_il_iliiv.I(_r pl_iiirliil<,__ii_cl Il.llUrt_' nv_lt.'ill_, Wt_ ;.irt_'c:urreilil\'
c(_lrtliiialill_ Ihc_t.l,S, u_ll(_i'l c.',',;_.lliiiiiii-i___iiluilibc!r i)t' liCW
<_tiPl)()iliil_ I'I'ER. li_ ItJg(I. ll_c.'1'I'!i,;14 al_t)licaii(_ll<, ()1 iiidticli<)ii liil_tcl
lu!_li-rlwill c_'_illl_lc_,lc.,lhc c(_l_c_'c!plu;.ll icclin_)l_>Qy,C_l_cc'i_illv iii lilt _lic,',i(ii
_tesig,ll _)I iilc: laciliiv. 11lhc i_r(ticc:i c,rlc,rg$' rc'._c.uirc.'ll,'l'hc' hi_ll-p<)wu,r
parlicipai_l.s aQlc,v l(i i_i(icu,u.d 1(_ihu i/lit.'l(l\v_i\.'t.,s,_t.'i_c,i_llc.'(Iby _ill II"lill

t.'_.lliIw tl_¢tl, iii Itll'l/, I(_I}rt_tllict.' _ili



Mill_nelle I,'u._lonICner_y iln(I Ilellm Resellruh I,',_'I'R ,lllly,Au_u,_l 1'9_II

Micl'_w_,lve rl'(_k_llll_lk our i, itial studies oi'plasma heati,g usi,g a free-electro, la.ver (FEL)

|_',Xp()l'ill|('ll_ were veo' sueees._rul. We ilijeeted iO0.MW. 140-GHz. mier_Jwave pul.ves
from an FEL a#td mea.vured'microwave lra,.vmi.v.vion throtu4h lhc

plas#nal We saw tto i,dication o[',onli,ear C['['eets at high power, this

result is co,.vistent with them:v, which prediet.v that such e[.'['ectx will
appear on/y at veo, high powers q['~l GW.

r-| _'_he MIc'rowtlv¢ 'l'ok_mltlk gyrulron, We tire c_nducling Ihe,_e quasi-_G_lic_llirtlnsmis,_ion line Io lht-:
.|, l]xperimenl (MTX) in a I'usion l:lJ,l.,U'Xl_erinl¢nlsin collal_ortlli_n M'I'X luk_lmak, 'l'he Iransmi,_,_i_nline

r¢,_¢._.ircl-Il'acility l'(ll' invcstigllling with I,[,NL,'s l]e_,lnlI_.es¢i.irch con,_ist,_ot' tl ll,li'ge, evacti_.ilcdtiil_ethai
Illlisn]_.i ho_.llillg, t.'onl'int-'nlenl, _.llld Pr()grlill_, c:11c1(i,_¢,_iI_Jrr(_i';_ Ih;.il collct-'i _.ind l'()t-'tlS

t.'t)llll'ol', ii is ptll'l (ii' ihe ill.llJoll_.ll The ol_j¢c'tivt-'o1'()till' 1()8tj I'eSt2til'C'h lhc I'tlttJtllioll l.llltl t.'()l!ll_CIg lhc VIT{I_

Ik'lilgll¢lic' i:;tlSiOll l]nL'l'gy Pl'ogrl.ina, Wi.lSto ¢,_l_ll_lish ii good llil'gt.'l i]li.lSlll_.l lind MTX vilt-'tltl111 xystt_lal,_, IVlo,_l

In these CXl_ei'in]cills, wt." ii@ml t'(_i' 17,("Rtt¢.Xl)¢i'ii]]¢l]l,_ lind lhcn 1o iinl_lWlanl, n(_ windows ,_C:l)liral¢ lhc

riliCl'(Iw_.lvc r_.itli_.ilion lnlo _.lhigh- C'(>IltlLI¢I sin'gl¢-Iltils¢ f_'EL, pl'()l_ag_.ilJ(_n FI:_I_ sottl'ct.' I'l'(_in ih¢ l(Ik_lilll.lk, This

inagnc'lic-I'it-'ld l(iklilnlik, l_'l¢clron ¢XFlCrilnOl_IS, Wt., i.lclli¢VCd rotlliile Ir_.lllsnli,w,,_ion sy,_l¢lll is _.isigilil'!cai]l
Ilt-qllillg is ilct-'()lillllislled I'ly st.'l¢¢iillg Ol_t_l'illion til i)lil,,,;lll_.l densities gl't.'_.ll.t.'r i1(1\,ii11¢t2t'ol' ['tlsJon dt_vic¢s, boc_.ltl,<,;c:

ihe t'l'¢qut2ncy _1" lhc injL'cl¢d lhtin I() 2(I m-3 c:loclron IOn_l_¢ralure,_ lhc wt.'akesl link in hlgh-I_ower

iiliUl'()W_.lV¢_ lo bL' Uqll;.ll lolhc gl'121.1l¢l'Ih[lll I keV, i.lll(.I Illl.lSlill.l -/uli lllJt.'l'()wl.iv¢ luchllology is ()l'l¢li lhc
¢l¢t.'ll'(Hl'S I'¢S(}11_.111[I'l't:tltlOilL'y (whit.'h 1101.11'1,5 (Zl.,l'I' IS lhc _.lVOl'i.ig¢L'h_.ll'g¢of wincl<_w ,'.;C'lltlr_.llillg ill¢ S(Itll't_t_ I'1'O111

is d¢lt.'riililled b,v lhc i11Ugllelic: l'i¢ld <_{" lh¢ pl_lsllla', _.iI)l_.lSi!ll.i wilh Zc,i.I,= 1 ih¢ I()_,ld(L',g,, gyi'(lll'lltl,_ tl_i.l_.llly II_,lVm

lhc It_knm_ik)', Ihis h¢aling I_roc'e,_,sis would t'1¢_.1lltir¢ I1),tl1'()_¢11l_lnsma), wlnclow,s i.iI lhc:lr oiilpul), ()iir i'¢,W,l.ill,<,,
cillled ¢l¢cii'on cyc'l(lll'Oll i'c:,_()11iillC¢ l)til'in7 lhc ,_inglt-,-i_ul,<_¢I-_I::_l, t.'lt.'._lrly tl¢111()n,W,ll'_il¢ Ih_ll ii

hotiling (ECI411), I:_'()rlhc' high (5- eXl_¢rirllcnl,_, we gcnL'.l'_.llod inloi-ise il'_.lll,_i_lissi()l_ line o1' Ihi,s soft c_.in

I()-T) 111;.ign¢lic,Field o1" iliL' MTX, 111ic'r()wl.lv¢ i)tll,_es (2-111ill w_.iv¢l¢ilglh) ¢l'l'iuicnily handlt-' high-i_o_lk-i_l_wer
Ihost.' t.'()l'l'L'sllOlldillg l'l't.'qtlt.:l_ui¢,,.;1.11'¢ ()l' i-_owt.;i'ntlp I(i (),4 (IW _.il;.I illiCr()w_.lvt._g,

14()l_ 28() (ii Iz, Mit.'l'()w;,iveI'_lcli_lli()n ['r¢CltlOllCV o1'14()(]l-lz, We t.'()l!llli.ll'¢(I A princil_ill clitlgll(l:_licused I(i
is I_rodi.iccd ¢iihor hy ii l'r¢e-t.'lccli'(_n ihe il'ali,sini,_,_J(li_ o1" IiJgll-powor ev_lluale ih¢ inlei'aciJol_ (ii' ihe single-

l;.ISt:l"(l::l?;l,),whiuh <_¢ll¢l'_.llt-'s_.iset'lo,'.; IlliCl'()wl.IV¢_ wilh i11_11ot' low-ilower pulse .lllit-'l'l)wi.ivcs wiih ihc: I11_1s!11_.1is _1
(ii' sh(irl (5()-n_s), very-high-i'lowor (l-W) 111ic'l'OWilV12.g.W¢ .',;ilW 11{) llliCl'()w;.ivo hol'll, which in Io(_'alcd Oll

(1-2-(1W) pul,_es,or by a gyrolroli, intlicalil_n i)l' nonlii]o_.irufl'ucls _.ilhigh lho inside wtlll ()1'Itic:Iok_.illl_,lkiiild
whicli 7011c:i'till2,_-4()() kW oI" i_owor', IIlis rostill is consi,slei]l wilh c:{)rlnot.'l¢(I Io tl receiver, 'l'he pow¢r

C()lllJlltlOLIS I_()WCl', l:/(_ih IlliCl'()w_.ivo iheory, which i_redit.'l,_ ihai such illC;l.iStll'Od I_y ihis (IJl.igll(i,,.;lic j,,,;I'oclLicC.'.d
syslunls life inslalled (In lhc MTX sit ¢l'l'ccls will _.ll_l'JU_ll"only iii VUl'y high I_y lhc' I-)l_.lSlll_.iI'lct.'_.ltlSeo1" ;.ib,_(trl_lion

we Ctlll readily t.'()llill_.ll'C h¢uling u,w,ing ]lOWOl',W,oF _.l (lW, i.il lhc c:lecll'()ll cyt.'.loll'()ll _.l[)S()l'l_liOll

iho I:_'[:][_-,_Ollel';.ilOdl-)tllses wilh G'he I:I?]L con,si,_t._ ot:' ti Iligh,-ctllTcnl I_.iy¢l" _111(.II_t2t-'_,ltl,_C:()1',,.;l)l'O!ldJllg C_iLlSed

hu'_iiing rising lhc conlinuous-l-i(iwer (2-3-kA), high-L'i_ergy (6-MoV) I_y rofrilc'lioi_ hy Ih¢ pltl,sina dt-,n,<_ily
_yi'(ill't)ll. ¢]0ui1'(111_.lL't.'13lol'lll()l'(lhc: f_'I'A-ll), tllld _l'ildi¢lll, Wt.'. hli.v¢ 1111itlc:cXl¢llSiV¢

A ill,tj(li' ;.ld\,_.li_l_.lgL'.(>t' lhc 14'[_1_is _i pulsed wiggler (lhc !_'1.,1_'-!!),Rc_till,_ COlnl)Llle.r c_.ilcul_.lfi(in,_ (ii' lhe,_L'

lh_.il ihu I'rcqtiency o1' iht." l_-ljci'owa\,o,_ _hi_lincxl IL,v iho l-le;.l/ri I_.oso_.lrc'li rc!l'rucliv0 ul'l'¢cls: c:xmril)l¢s o1"I';,iy
c;,lll he tillcrod tltil'Jl_g lhc l_)k_ln]_ik I_rogi'_inl iii Ihi._ c(_lllll_oraii\,t_ ¢ITori irl.lcJllg _il lhr¢¢ tlil'l't-'r¢i_l t.'locli'on

sh(ll, thurchy _lll(iw, ing us l(I ¢11_111_¢ (It-'illOll,_dl'_.il¢ lhal lhc l_'i:']l_ {)tlll)LIl dL'n,_ilies til'C: given in I;j_tll'_ I,

lhc hL'aiinu XOll¢ in ihe i-)l;.i_i11;.i,Wiih p(iwur i._ woll i_reclicicd I_.y lht.'.()i'y, ('(_uplcd l()ihusu I'¢l'i'_icliv¢ i'_.ly-

ihis I(_calizud h¢aling, wu c_.ln aciiv¢ly giving ti._ Cllllt'id_llCt., lh_.ll w_ will I_c, Irl.lt:in{,, c:_ilctil_llJ()il_ ;.i1"¢_ll_()i'Jlhni_ I()

c(inli'(ll V_ii'ioLIS I)ltisnl;.I I)i'occ;s,'_¢_ ;.iild al_le iii cxlr_.ll-loltil¢ f;fi]l, i_chn(_l(_gy i_ d¢l¢i'niJll¢ I-)l_.i_m_.i;.il'l_()rl-ili(_il. We

in.slllbililius. ()llorl.ilJ()il ('ii' lhu FI_I, C_ill I'tlitll't.: dc;vict.'s til hi<_,hurI)()W_l'.',; and t.'()ilil)_.li'¢lhu i'c:,',;tills (ii' ih¢,s¢

iil_(I hu exit.'ndcd i(_ higher l-i(iWel'S _.lrltl I'rcqLi¢ilCJ¢,_, 'l'hu illi0r(iwl.iv¢,_ c;.ilL'til_.lli()il_ wilh I11¢C:Xl'l¢rJillt.'lll;,il
l'r¢clucnc:i¢_ rn(w¢ t-,i.lsily lhail c_.in II-lo _¢iiui'_ll¢d in lht.' wJ_,l¢l ;.11'¢ illC:astirt.'lilC'ill,<_ I(_ (l¢lcrn_inc; liiu

II'_lilSl)()rl¢.(I lhr()ugh I11¢wind(iwlt.'ss
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Mtil.;netlel,'tashm Ent,v_y llncl lit,t0ml,tust,m'ell l,',&'l'l,t,ltnl3",_u_u.',+tlq9()

'|_h_, [llt_,:l'll_|| itliltl[ Weare eoordi,ali,g the overall U,S, luch,ieal eJJbr/Io desig, lhc

'+['[l(._t'lll(llll tlt'ItPtl I" international thermo,uclear experimental reactor and providi,g direct
support in three key areas; .vvstetns attd operatio,al atialyxis.

]t_"_X[)()l'iIllt'|l [H ] magnetics, attd ettrre,t drive, and heati,g.

Reacl  l"

..,_ t.tL,L,NI.+,telun in uo¢+rclinttting cunl'irrning the phv+',ius nL,cus.',+lu'yfor enginuerit.tg design pliilnu in the next.] nn intcrnlttiollttl colluborution lt lllxJon <.lcmort,,,+trttliut.trcttctor al.td lugi¢:ul step,
inultldingthe United Stttte:,+,the lw,itddre,'.+ningtl.tutechnologies IIi a_klitit>nt¢+InlUmging the
Soviet Union, ,lupun. and the essential lo ,_uc'Jllt rultctor, 'l'l_e ovurull U,S, technical cl'l'(_rt, we lll'C

l!+tlrol+CtmC'omnttLrlitv tt_ clu,',+ignthe device slluv,,n in l-;'igllrU I rel+resunl,',+ l+r¢+viding direct ,,.+Ul+portin three kev
v,,ui'Id's l'il'.',;texpurinlent+il l'u+',don the l",ctu't t+l'the I['I_R l'Ituility', its III'OtiS', ii) ,";ystc111+_ ttlld t_+puratitmul
1'c'autor, "I'l.teu<:mceptuul design oi' l+rlncipitl ptu'an.tuters tire li.,+tcdin ttnttlyxi.,.,;,(2)In+.tgnetii:,',+, and (3)
the Intert.tutic'mal +Hterrnonuuletir Table I. current drivu mad heuting (CI)&H),
1+]xperimentttl Reactur (ITI++Ki,nuw "l"hc l'l+l_;l,_conCel+lultl de,,.;ign We til't2tilso l+rcwiding inl'¢wmutitm in

in its,.+third yuur, will be COml:_letu¢lon is l+a,'.+,edon suieniil'ic knuwludgu, divertt+t +physics and clevels+ping new
scl.tedule til the und o1"I OO0under the extrltl_olttlitm,',+,derived l'ron.t tuklln.tltk lecl.tnt+logic,s tl.tltl I.tltty I+eused For
iiust+ices of the lrtternutionltl Atomic Ol+erltlitms u\,er li.tc."past decade, and disrtipticm corltl'ol at.td l'ueling, In
Energy i\uencv (IAEA), the techi.tiuul know-l.tuw thai t'lows sUr+hecltses, we are ut+_llaburating

I'I'IL:'_Rrupresents the largest fron+l IIto extensive P,&I)lwogrltms with c_tllur I'I"I!]R imrticil3Imts,
wtwlcl,.vide l'u.'.+ioncollltl+¢+t'atiun over of the l_ilrticipating parties, "l'he In systems +.tndt_l_ertttionltl
uttcml_ted, corot+rising iit:lotit AI.()() ITER closiL.znI+olicy hambeen to(I) Itnlilysis, we huvu been tl._ing li.tc
l>el'soi-i-years ot' design cl'l'tlrt lind proceed ori li.to basis ()l' I)erl'ornl.al.tCe t(iklimlik systems c'(ittc;tt_del'ine
ulx)ut $ l(l()million in validating i'oliclled ii.t the l'Ji'esuilt gci.tt.,rttiiorl ()t' I+I'EI_ l:llu'tii_.tului',_rind stti¢ly possible
i'osetlrch iu+iiidevololmlerlt tR&I+)) toklinlliks, (2.) l+rovidc., the mttxinltlnl F>ttrlirnclor Viil'ittlJOll,_,Wt.: hr.,li+cd
\vt+i'k, Scici-iiJ._t._and ui.tgJl.tt_t_l'_fi+on-i l.tluclliilU l)t.'rl'¢)rintincc c.:onsJ,_icnt iclcl.ttil'), tti.t olllil.tiUln ,_Cto1' nllichinu
olicll of ii.to l"mi+tJcil+ttlingl:+lu'tie._ttro with i_ruclenl ongincci+lnu i:lrltctic.'c_ I;+Itr++il-nOiC.l+_for lhc c¢mC'el+iunldesign,
wtwkin_<_iti_other<_tl,_u unJl'it.'d closi<,i-I+ und rca_onlil)lu co,_ts, (3)bLiild iri It,_ +andwe hlt\'c invesligutud Ol+crttiJtmlil
tt.'_.ti_.tlit the Max Planck Institut l'i+ir l.t+lt.lc'.llCXl'JCl'Jil'lelltl.llt.ind t+l_Jcri.ititmi+ll sccrlttrJt+_,
lJltt_llml_lh),._ikirl Wc._l (iC l'i.tituly, t'loxihilily +.ts[_rltc'ticlil irl ti l.tllic:hii.tc Iii illtignciit.',_, we Iiltvc l+roviclud

ot' ITER's ._izu, iii.td (4)illlplClllClli t'l'C.c'-bt)Ul.tdttrynlilgnetoliytll'(i-
Design Phihlsol:lh_ I'lhy._ic._tiricl tochill>logy R&I)Illtul,w,, dyne.trait (Mt-II)) uquilibriun-i

u._ing existing l'ucilitics, tu vuliclatc culculaticms lo ,_Ul+)P(li'tthe poloi_htl
ITIZ<+I_i_ being dt.',_ignodus u the ITtT,R design ucmc'ct_i, I'iold (PV)i.t.tlit<_,nt.'ldc:_ign, Wu hltvo

It>k_+tmttkdcvic:¢ to dolnt)i.tXll'ttio thc holl_cd idcntil'y the Ol_Jtim_lll<.lc:iililm_
._c:iontil'ic iii.td iochnol_gicltl I_I_NI, (+7onlribulhliri,+,i iii ITER For iho PI_'coil_ to ii.teel C.l.t_illl.;ci'ii'i_
I'uu_ihiliiy ot" fi.i,_iori lX)\ver I_y c.'on,_Irtiii.tl._while i.t.tinlnli/+iilg lhc

I+LINI+ is i'u._ptmsiblo for ,_tol'od n.ttl_n¢lic' Cl.tcrgy lind
c¢_wdilmting the tJ,S, lechi.tic.al maxin.tizing thu roll-steered

Tl]i131101, Prineipiil plu'Inneiersot' uc:tiviliu+_, incluclirig Jill (ii' the ITiT+R- C_tl)i.thilii), of ihu PF_,_),,_lcn.t
the II'f<]1 loklimak, i't.'ltiiocl R&I) uctivitic_ within ih¢ +.ii.tdCOlllrol ovof the l;)lli_mtt

{Iriitccl Slulo._--ili it:n Ll,,<g.'. i.tl.iiicmul u_ml'i_ur_liitm, _Vo iiro cLirro!.tll),
l)hlslnti illl.i,i(ll" l'ill;litlS (R), iii (_.() lul_()ratol'iu_, eighi Linivur_iti¢,_, al.td oXlllllillil.t_ ITI?R Ol)orlili()n with
l>hisnuihalf-widih iii inidlilline, xt_vt.'rlcl;/mF)iu.tit.'_,I+I_+NI=i._ lt _inl_tlu I>V' null ai.td clivcrllw,

(C_C),, Ill 2,15 <

' i,]hln_ali(lil, 9S%flux stirt'liee I.UX u(mtributing 5 irl" the 11 I'ull-tirnu inve._tignting Ol_¢i'ittillg sc:untll'i_is,
'l'm._fililll field m_axis I_,,),T 4,X5 tj,S, lc+'i+iiilnlc:mbcr_ in (ioi'i/llu_y, ttnd dcvclt_l_in _ _tclc._ignt:t_dc:l'+.li'the
N_mliillil nlaxinuiin phisnlii including the {J.S, n_lulltging vuriical c.'(li.tll'l>l +'.+V.++,l¢lll,

curl'enl (lph MA ].7.+ dii'cc't_r; _,x,'otil'¢ +.ilhl) pi'oviclii.tg diruci Wu _i!-¢ +.il_ll ¢lovcl_ll_in _ high-I'i¢ld,
N<lnlinlil I'tl+_donlillwer'(Pi.), MW II)(l(I ._tll->]'_,ll't t_ ITI:{R tl.tr(ll.lul.t_R&I) iii rttdJlllJon-lfllurttnl I.tltttZilOl<_¢lt.',_il.ti_,_,,.

._o\'crlil ku), _.irt;'ti_,i\ I'Jvt.,-),cltr
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Mtl_,nt,(teI"Lish)nI,',neo'_yancl lb.,amIAest,tlreh I,',&'I'I,L,Iuly,AUL_ia,_ll CJcJO

l.,"l'ee-l '.,leclI'(111 l .,l,l,'llel'_ 1"his past year, we co,d, cled lli,_J reem'd-selli,gfree.eh;clron laser

(FEL) experimetits iii which life wat.ele.gths tj./'lilt; radiation prodtleed

(10.6/lm a.d 2 mm) d_]..]'ered by more tha#l twa orders q/'mag.it.de.

thus demo.slrating a.r tmdersta.ding ¢4f FEL physics i. two dis/i, ct

physical regimes.

r|_ hu l'ree-_,:lectron laser _j' H_L, v,a\,eleri_tli c_l'iliis rni.liati_N dupurldn wi_glur, hut tllis is rill.lull l_iit_t'e
I (sue Figure I)in tl sourue (_I' on several l_ararileters, the rii_sl dilTicull tc)aullieve uXl_urilnc.,lilnlly.)

cuh urenl radiati(m iri wiliuli kinulic ilril'_rlaill ul' whiuli is lhc kineliu 'l'liu Iv,,_ rc,uor(l-.,,ieltiriL2,l:;l!il_
UllC.'.r_.vI'ro111a relativistic eleulri)ll C'llU.l'_y(_l' lhu uluulrorln, By Vtll'},illg eXl_Ul'iillC'111,'.;c.'undUuletl thin l_anl
Iluani is irarlslerred I()arl the elec.'ll'(_llerler_y, we call I_rl:_dilc.'u year are sigriil'icatli I_ec.'lll.isuIIicy
eleclru, rrll.ignelic (I_M)I'ield, I The racliation r_l' wi.lveleri_lh rl.ln_irlu, derrl_r_s',rl.lluuur urlcterslarldill_ _1'
eleclrori t'_etirnin Cmll_led I(_lhc I'r__rrlrniur(_wavus 1oi_erlll.ll_._x rays, i:EI, iHlysiu:_ iii lw(_ (lislirlc.'l tHly.,;iual
n'acliali(m in i.l cleviue called i.I wiggler, As IIle eleulrons ll_se uner<U,,yiri Ihu ru_irnun, as tllu wavuletigllls ul'
wllicll c:reates a l_eriucli¢ rnagnetiu wiggler, Ill.twever, i.lu_rlditic_n called lilu a'adiatiun i_r_duue(I iii illu
l'ield thai i:,.4oriented i_erperldicuh.ir ,,._aturati(inis rcaulletl, At salt.irati(_rl, eXl_erirncnt_ ,.._lil'l'uru,,II_y m_wu lilira
(lransverse) I_ the rll_Hion of the llle uluc.'lrt)ns can il() [,,,_rlgerrurnaill in Iw() _l'durs c,l' inagliilul.lu, Iii liiu l'irsl,
electron heartI, This nlagneiic field lHJOSewiil1111¢I:!M rlidiaiic_N, arl(I Ii(_ v,,uunu_.la 1(),6-_.lin inptli signal and
give._ tile eluctr(_,rl,,,ia ix.'riutliu, nl_r¢ ellurgy Uall I_c:.'eXll'aulud I'rolll lal_C.'rudIIiu wiggler lo iri,,.'rua.,.:,elhc'
II'tlrisvei's¢ nl()nlelllLllll aligned with IIiu hr.'all1Lilll¢,_sthe Uolll'igLirl.ltic,I1 (_1' enei'_y extracted l'r(lill the ulecii'(_n
the oleulric l'ielcl _ll' the i'acliaii_ll, It' ihu wiggler is modit'iud, In OHI' bUillll, II1 IIle sc.'c.'lilltl,wu I_i'oduc.'ud
lile I_i't/l_ei' t_hilse in inaii_lainud wig_lul',<qwe acc'()inl_lish Ihis "!-111111i'llclialilm i(_ hulll ii
hc'lweell Ihu ¢luc:Ir()ll bUal]l i.lncl I11¢ lrl(idil'ic:aii_)l-i by 7rtidtiall$, deui'¢a,_ilig llillTllC.'lic:ally t.'lllll'illud plnsllla,

racliaii()n, lhc bu'ani bLillUtlt.'sand lhu rilllTIleliu I'iuld _)i'"t!ll_el'inT" llle l:;()r lhc 1(),6-11inIh.iladiil
i'l.idiLiiosuohurelllly, 'I'hu uI1Ol'Tylost wig_lui', (11in I_ssiblu, ill Ihu(iry, I() UXl_Ul'ililelll, \vu tl._utl iii1 ulc.'Cll'()ll
hy thu eloc.'ll'_)nbOtUli is c()riverled lic'c.'(_1111)li._hthis lal_el'iil 7 hy cl-larlTii_7 Ilulin_ i)l'(_tlLicc;dhy lhc Aclvlli_ced
diruutly intl)EM rl.lclialitln, Thu ihu ,_l_ac:ing(_t'IIlo illa_nois in lhc 'l'est Ac'uulurai_r(t\'l'A)lll l..l,Nl.'s

Silt'. 3()(), In ill'eVil,us eXl_uriinenls,
wt' i_atl u't_llC:L,rliraic:d till t',l-_tiilli/,iil7

Wiggler the UXll(irielililll 7,1iii1(lllerc:TJlliu

' " ' [1 i t bul't)l'e sliltll'tiiitlll)', WU I'tllln(l thai Ihu. ' i Radiationoutput I-;I';L slilt.ll'lilc;tl til ti,h.;vul I_l'2()....

/ °' ......................I,_i ........................i.....................
5() MW, dellelltiill_ _)il lhu illl_Ul
i_,.,_,Ul'l'r()nl tile rl_iisler (_st.'illal()i',
"i'llis ye;ll', we c.'al'riud ()LIIl.in

' t.'Xl)el'illlUlll ii1 which wu in.juulctl a

,1 <4<,<>MW,.',.<,,,,,
log spectrometer c.'til'll(lll di(_xidu IiIsL'r iill(I lile wigglul',

ato *l'his I)()wc.'r (c:llllsidural_ly hig,hur IJlilllj*

fhu saluraled i_l_wer luvul)cl.lLisud lhc
Beamconditioning ¢lt.'ull'()ll buell11I()htlllUJl IIitlCll IIl()l°U

andtransport i'nl_i(ily ;ill(I all()wed LISIo illVUslJgl.llu
liiu ul'l'uul,_ I_l' llll_urin<'_lhu wi;7lei',
listing a 5()()-t\, =l.fl-MuV ulec'lr()ll

Figure 1, Schematicdiagram of a free.electron laser (FEL),An electron beam Is
I_uanl tuld a 17</<iiiluar Itlpur i_ll Ihuacceleratedandpassedthrough a filter to removeelectrons with excess random transverse

motion, lt I_ thentransportedto a parallel offset beamllneby a ,seriesof dipolemagnets (an wiggJul', wu amplil'iud ihu 4(I()-MW
achromatic jog), By offsetting the beam,we can match the Inputsignal with the electron inplil ,_i_,_i_1I_ (_I() MW, wlliuh
beamas Ii enters the wiggler, After the electrons exit the wiggler, they areswept out of the L'(n'l'U,_j)()ll(I,'.;I(_uxll'il(.'l i11_(),(.)._f/_.
beamllneby a dipole magnet; we measuretheir remainingenergy with aspectrometer. The I_l' lile c'luulr(_n-I_elinl c.'ilUi'tzy_.lS
electromagneticradiationgenerated by the FEL Is transportedto a diagnostic areawhere rad i_lli(_ii,
we measurepower,energy, andmode proflle, , II1 l,'i_uru 2, We c'_lnl_al'Ulhu

tllll_t.'rltirl_t.'tJL'Iv¢II'(HI-I_c_HlllL'llC'l'_,y

_



I,',&TI{ ,luly'Aii_li._l19!}I) Mi1_lwllt'l,'_i,_i,JilICm,r_,vllil(l ISoillnl{t,_uili'ull

di,_lribuli(_ll (i,e,, wilh n_ illPul si_llill ln()lir,_ll, wllich liillileCl Ille wi_ler (_,_cilllll(_r',ii I_n)(ItlceCIii I()-II,_
l'rt1111lhc Illtl,_lt.,l'_su'ill_ll(_l') wilh Ihe I_erl'_l'lllllllc'c ' tllltI Cle_l'lLdeellhe IlliL'l'[IWilVe I_tll.seevery 2 ._,Will] lI
elet.'lr(_ll-I_ellnl eller_y tlinlriblllitlll cl'l'ic'Iolwy _1' IIw I,'l!i,, we c'xl_oc'l 2()-W i111_tll._i_ulllll,lhe I"1!1_nllllll'llletl
with ii ,-I()()-MW il_l'_Ulsigllnl, Ihlil t)llcc' Ihis i_rtlblt:tll in (n,,orL't)lllt:, iii 2()() MW zll lt tlislllllt.'t, ilb()tll 3,5 iii

I,'ily,tlrv 2b sl_t_wn lilt., el'i'eu'l (_1'IIw we will I'vellblt, I(__.lchiex,c' evcli i111t) the wiggler (soc' t:igtll'e 3), 'l'his
I;'lil, illlel'IAcli(H1,its Iile elet.'ll'(>lln higher oxlrilctit_il ol'l'iciollcies, i_()xYl.'l'level oxcc`etlt'd titll' It),w7
have Ir_ntt.'llt.'l'_y I()lhc I';M I'iltlillli(_ll, ()til' nc'c'_)lltl1;1!1.OXllerilll¢lll xx,lln rcc()l'tl lil.'t'(_llllllishlllc'lll (ltlnl_ lit
'l'ho Ilel c'hal_o iii elet.'ll'(_ll ellt.,l'gy ix t.'t_lldtlt.'lod lit lhc I);let.'ll't)ll l_,liSOl' I J() (tllz) by _,lI'ilu'l(_l't_l' Iwtl, \,Ve
(),Vg, iii wry _tl(_cl ll_reonlonl witll Iqwiliiy (I;!l,i:-ll_, 'l'his I:lil_ tined the I'll'()l_ligliletl tllin l:El,-i_r_tlucod
lilt.' _l_tit.'nl:-i_wor nlel.intll'emollt (_1' 6-MEV eloctrtlll herin1 13r_tlut.'otl by I'lttlililit_ll illtt_ tt tllligllvlically
(),t)3<>_,Allht_tt_h Ihin t,,xli'tlclit)ll tht r llixllorilllOllllll 'l'osI Accolol'lll(_r ct_Hl'ilwtl 131nntlltliii lilt.' Micrtn, vlivo
el'l'iciency wlts less than we hltd (t:,'I'A-II} ailtl [Mot'_tlctl Iii 'l'(_kamnk lixlwritnont (set: tilt,, artiulc
h(_l'_t.'dI't_r, ii in, It) lile I'lonl t)l' tltll' ltlMr(Ixirnalc'ly I,l() (]l lz (iii lt ()1_I_, 4,l),

t. i,_ . -_! 1 .kn_w od!.r,c, lhc hie, host orl'iciol_c,v 2-111111x,x'lix'ololll.,lll),'l'ho t:,l_l:-ll (_ ntintiotl oxlri.lcli_>ll()1'onorg'_,
ever achieved in lilt.' (_l'_lit.'lllrt:'_itric, tlolll(_llsll'_ilcd tilt o\,ol'_ill L2llill()1' I'rt)lll Ille oloclr(_ll I_olt_11illlt_ lilt.'

In Ihi.s OXl_orimolll, the c'loclr()n beam 7(1 til3, ()i' _tbotll it I()-triilli_ll-linlos rltdiali(_ll I'ioltl will require lhtil we
hlld c_lasidol'llblo i'itlltl(_lll il'iiilsYei'.'4e ainl31ll'iclili_n ()1'lhc Illilnler be tiblo I_l !_il_el'1110wiggler I_e.y_)lld

siiltlrlili(_il, Iii litldili(In, 1_ i_i'()tltlc'C,
,_iynil'iviiril plli,,4111iihe_.lliily, we illu,_l

Iii N(I tlipiil I_l I,'1,:!, ,, lbl 41111.MWlilpUl I_lI"1,',1, iil¢l'eilso b_lh lilc` Illit.'l'()'wiive pillso

l icnglh llll(.l tilt., i_ul,_c, ropoliti(_il
I'retlUell(.'y, Ptllsc` lelT_lh is t.'tirreillly

,_ lilniled by liw lii_w-del_Clltleill OllC'l'g.Y
' Ylll'il.lli{)ll ()1'lhc elt.'t.'ll'iH1hef.iii1,

, {.ll_i'lltlt.'s iat)w il_ I_i'(>_grL'sSI()E'I"A-Ii
sl lt)ultl gi'clllly I'etltlclo tills ellcrgy

__ Sl_l'C,'idanti illl(Iw rts lt)ilri)(Itlc't.,
_ \ pulses Ull I() 3(1 IIS lilrig, A tlil'l'croill
?,
•_ , wit__,lcr lllil_llel will Iw recluirc,d i(_
"_ I 1_ I illcrt.,llso the pulse i'el_t.'lili_i_

42 44 46 48 42 44 40 48 l'l'etltiellt.'Y, AI I'_l'e,_elll,lil,l,'-ll LiSt.ts
Energy,MeV Energy,MeV II "l-i_l-I(_n_, I_til,_t.'(.Iele,ull'(illl_l_llt.'l

Figure 2, Energy distribution of the electronbeam in the Paladinexperimentas measured l(I i_r(wido the wi_gle.r I'ioltl', Ihis
by a spectrometer at theend of the wiggler (the resolution of this spectrometerwas0,2%): iIlil_llt.'l ci.II1()l_orwIvI1()l'ilslt.'r lbl.Iii

_lac pul,_;oevery 2 s (t_tlaorwi,,_u',lhc(a) the unperturbed electron distribution, and(b) with a 400-MWInputsignal to the FELand
a 17%linear taper of the wiggler, Thenet changein electronenergy resulting from the FEL IllW_llOlt.'¢)iI_ bovt_me I(_ llt_l ), Wt.'
Interactionas determinedfrom thesedistributions Is 0,9%,In excellent agreementwith the hilv¢ ii 5,.5-in-I(_iT_wig_ltor thal we
optical.power measurementof 0,93%, Illliy bc' _ll>le i_ I_l_dil'y I'_r I'LIItII'O

t.'xi_orii_loills,

radiation In the ELF-IIexperiment,TheFEL 102 - 70-dBsaturated.-i,_ Iwassaturated; that Is no more energy gatn I{t,ft,rt,lw(,

could be extracted from theelectron beam I 10 -- filial_lrt'vit'w(_1lll't'vi(_ll', I,_lbi_rilh_ryI"1_1,
beyonda distance of about 3,5m Into the _ i l iit't',,llll,li<,hilwlii,,,st',' tilt' I h't'vlnbt'r I'l_f,

wiggler, The outpt_tpower of 200GWis _= I" i',',llt:iii I'/l?,"t,')' (I/h/"l_'_'hm,l<,tty171'l'llgl'

In 1987), _ ilrlit:lt,,, iii lil,,I $'t,lil 'h ,llil,, ,,\llt!ll_, ,_;llllt,-.id-

Ix. 10_ 4 ._ Iht,.-I ,iillliiiilliry i_',ut' (ii/./wr.t,,v _1#,_/

l_'_hlt+,/_,t:v/_'cvi,'n (I i[ '141, .5.'.'(i11(I.StJ-//b; i,

0 1 2 3 4
Wiggler length,m ('olll(tcl: 7',,I, Or_,eHmw,@i(415)422.h70_)

m'M, K, Shca,/'fur(415)422.6292,



Earth Sc enc:esiEnergy and "

A Laboratory scientist is measuring thefopee qfgravity

near the BREN tower at the Nevada 7'est Site as part q/'a

test of Newton's inve.rse.,_'qttare law ql'gravity.

rI hcl!nurgylh'ugrm__wcrsccsnli l:h'ugranlIx,uausulheyultimnluly mn_l_gtheprowessesihaluonlrul
li n(_i_l'usi()i_el)ergyresearchullhc al'l'cclIlw.cosloI'lhcpr_)tluclenergy, lhc.,_cil)Iurncli_)l_s,
I,nh_raI_wy,AIIIl_ugl!lhcPrograln'S "I'hisyour,inaddiliollI__ur
ulnphasi,s has uluu_ge_l_ver IIw.years, u_llli_uing rusearch il_I'_ssil, nuclear, Fossil l,',ner_y
its,_is._i_hnsre_lu_inedIlwStone.... ni_drenewahlcenergy,we l_egm_a Our lar_esIl'_ssilelwq_,ypru.jucl
[_,lL'_,ll'l'y(_tl[re,_¢ill'C'hillI,Ilw_ndrnngc c_ccrlc_lcl'l'urIillndvnnced _lealswilhnhovcgr_undreturting
_fluchnicnlarcnsI_lwIpunsureIIml researchI'_wIlaznr_Iouswnslc _I'_ilshnlc,We alsuhaveslnnIIer
lhc_u_lioi_willhaw:adCtlUaluenergy n_anngcnlenlandil_inimi>,,nli_m, pri_jeclsru.I_ucdI_cullvcnIi_Iml
suppliusaiut_i_ipctitivccuslinIlw l_clr_Icu,_ai_l lllcpr_ducli_m¢_I'
l'ul.t_rc,'l'hel!",lwr_gyl:'r_grm_drawsils Nuclearli',ner_y, liquid!'tlulsl'rt_i_linellmncand
l)t.'rs()llllc'l rl,(_lll sevt.'l'l.ll dcp_.irllllellI,',;, 'l'lw Nuclei.lr W_,l,_Ic MIlllll_U.llIL'.lll C(._III, l"(_l' _.'X_lllll')'le, Wc _,II'12lllIlkill_

du'lwnding un lhu ,skills required, l:'rograln is lhu l,nh_wnl_ry's Inrl_csl pr_re,_s in u_Icrslm_diIu, lhc
Al_tlI half c'_mw l'r_,i]1 lhc l.:,urlll ll_ml'IISi(_ilunergy iwujccl, Its currenl ,'.;Irttclttrcmid l'tint.'li(_n _I' nul_tMtl

St.'ie_wesl)eparllnelll, wlliul_ rup_wl,s nlnj_r nulivily, Ix'gull il_ 1_)77,ix IIw unz,y_ws n,ss_winlcdwill_ ,suluclu_l
I_ lhc linergy Ih'_gram ()l'l'ice while desig_ln_ldevuluali_n _1'n wasle hnc;uria Ilml cnll c_nvel'l _nell_uneI_

ii nI._ Stll_l_ul'lslhc 'l'n'aly pucktlgc I'_1'ellCnl_sulnlillghigl,-h.,vul Inell nn_l, Wt.,Iluve gail]e_lvnluul_le
Verit'icali_l_, Ntlcle_r "l'e._l i]uclunr wnslc I'_wpen_nl_ul_l design inl'ornlnlioll fur i__il_l-u_ml
C'_mlninilwnl,an_lSll_ukPhysics b,e_l_giusl_wngci_lhcrel_osil_wy gnsil'icaliunI'I'_I_Illlu_ix:n_lii__I'
i_rli_n.__I'lifeI,ah_ral_wy'sI.)uI'cn.,_epr_p_sedfin'YuucaM_unlni_i, u si_nII--diamulur,I-.._ll--I_:,screw
lh'_._rnln, Ncv_ldn, I"l'(_I(flyl_C cnginuuriri_ Icxl,',; I_Yrolyzcr_wera wide runge o1'

'l'a_gclx I'_r u_wrgyruscarcll _n.'. Ilavu I-wuncunducled nl lhc Nuvadi_ c_mdiliuns,
lli_,_L,l-_r_m_isinglecllil(_l_giuslllnl 'l'u._lSilu,l'rudiuli_glllel_crl'(wI_a,_cu()uruilclur,_Imldi_ig(_I'll(_w
area._yuluni_r_wunandIlavuI_uui_ _I'IIR'_crup_._siI_wiuxI'_wIIleir I¢ur_gui_ixuo_vurledI_slmlu_ilin
_v(_idu(lhy Ihu privnlu s_'ul_l'huc_ltlSe I(),()()()-yu_lrIii'clinics requires a _ l'el(_l'l Ill|S III'()VL'I1 I(_ I_eusul'tll ill
_I' lllu I(}II_2 Ica_lIir_lu l:r(_ll'l lhc _lulnilu.dllll(.lel'_IIlll(lill_, (_J'lhu llll(lul',";l_.tlldill_ ll(_W C(_llVellli(>llIll

ru,_unrcllul'l'orl I_ lhu Ul_Irm_cuul' ulwnlicnl _ii.l id_yxiuill iillurncli_.ul._',_I' lWlr_luui_ (_il nil_lpnn) inp.Unel'ale_l
IIw. l_r_I_ItlcI_r Iuclln¢_l_gyii_l_ lllu c_ilnilwr wiIl_ lllu nuri'_,_li_:, ii__alui'e, l)t_ri_:,,llle Imnlyu_r, wu.
Ilw nlarkulplauu, I_wru.asi_gly, r_ck and w_lur, Wu nrc usi_lgIIw _h.'l_l_lslrnl(,_lIIinl ullulllicnl ki,_elic's
cllvir_mnwnlal iss_lu:_i_ltluelwc IIw c_ll_p_ller_.'_le!_1!,(,)3NRan_lI!(,)fl 1_ duriw:d l'r_ln lah_rnllwy uxperi_lwnls
_lirecli(_ll,_laku_lhy lhc lillcrgy invusli,u,nle II_ec_ll_k:x inlurl)lay unll ill,leed l_ru(liul IIw linle al_l

lu_l_puraltlruni whiutl _Jl wns
5(_



_'L'nCr_IlL'dil_lhciS,l_ra_.'I_il_,Imil_in _,I'll_ree-(.'_ill_meillseislili(:slali_ll._ illvesligali_ulsI_lKall_iai,/\luski_
Vei_ezuela,_Ile_I'lhcwt_ritI'st1_t_sI ii_a ('>I-kill2_reawilhilllife,SIIII_II site(_I'II_eII_rgL'SIrily(_IiIicertlIUi(}u,,,,-

Iu'uliI'icl_Ctn_letlluha.sins, ,Seage_,lllerl|ii_lI'icl(I,il_('aIiI'_mia', in2(IL'elllttrie,,,,We als_c_U_l_IL'tetl

tIiltlcrslantiii_gtl]el'l_wlU'_q_ertiL'swe .l'uuudIlu_liilcrein_n il}lL,rliltketl ali illll_rtllilIl_l_r_t_i'yI_r(_,IL'L'I,iil

t_l'U,I'IilILIIIII's_lidstillsl'u'_m(.I net_,I'_eixiuicx_,neslhIilIllllytillII_ wllIL'I_9,'eC(_ll.'ill'llc'le(IilIIlI'ge-.v(IIlIllle
ltl}Plicali()llS r_ilL_ing I'r(_lll st}iI nlai(,rFluidI}lllllways, We have :_illce sl}lil-c()llu' al}lxlralus Illal eal_ redly'lI
mechallics Iu il_duslrilll I'_I'_wL'ss Itl_n,'ctl Ihe I1u'lw_l'k lo the l{tli, I k'le,q_ I_I'L'ssuI'es_1'2F (II'_ (_25,()()()all_)
_lesigll ariel eullll'(_l, ()tlr Iwo- gL'_tl_erl_al l'iultl, alst_ in ('alil'_u'nia, and lullll_erultlrL's (_1'2()()()°( '', will_
djnlctlsi(mal particle model has heel1 und urc collecting th.LtllaI this uew tIlls _llliclttc device, we will be able I_
val_lublel'_rdesig_lii1gt_ur_ilshale l_cati_I1, CXl|eris_|eiltallyassessL'_utlilioilS_I'

i_l'{_L'ess,We ruceIiIJyexleIltlc(.I_I.II' pI'essllreItIl(.IleIllI}CI'ilIIIrulhillIII'e

gi'a_ularI'I_win_|dclinBloII_rec I-laza_:dousWasle and lh(u_BIiII_exisliulhcearIIl'sI_wcr
_lilnell,_iul_:_I'_l' illelasliL', I'ricti011al I(l_vlroltmental IIt, storathm Ilialltle (aI _lePtlls greatei' Illal_
sPllcres il_ rapist nl_caril_ Flows aud WL, Ill'e lakiu_ an il_ler_lixcil_lil_ary (_()()kl_l),
Ill gril\'jty-dl'jVell I'l_w._, and we are ill}l)l'(_IK?hI_ jdc'_ljl'v jlllllwllljve 9,'llyS ()lly basicrcscilrch II1'o_1'I1111Ilils
I_resenlly Icntill_., tIlt I_t'ediL'ti(mso1' to reduce wIIslc iii 1.)()t:, pr(_ces,s buell gl'elllly ellllullce(I b.),lhc raPId
tills model ilBiljll,',;I lab(}ralory dala, xll'ellllls llll(I t_)u'hIIractcrjxc IIlltl devel()Ptllent (_1'tile ('ellte.l' I'()r

"1'_>dcvL,l_q_It_ls l'(_rII1_mjlol'jng I'enlcdiille D()l:i sites L'_)llllmljllllte(I (Ic_>sL'icl_cesin the Insljtllte I'(_1'
tile PruPagati_ll o1'a sleltlll I'lx_ltl with huzardoLIn waste, I:i_r exanlPle, (ie(|l_hvsics ul]d I_ltlllelary Pllysics,
tluriugcnhal_cedoilrcc_,very l'iber-_',l_Iicchelnicalscu.s(.,rshave "l'he(.'elllul'pr(_l'il(_Icsu(|llalx_rati(|l_

_q_erali<ms,we areusiI_gL'ri_ns- beentlevel_|lwdl'_rcharacteI'izii_g bctwee11stiLl|tintsaiI,I,NI.,i111tlal

M_rcIl(_le,au(li_-I'1'e(.lUenL¢, wuslesIcam._,We are_iIs_> tliliversily(_I'('aliI'(',riliaeliIliI)IIses.

electr_u-l_agnelic(tiM)lecIlniguesI_> tleln_mslralin.u,wusleeleailUI_ I]elwee_1I()_111tl15I_1'_.jeL'IsIlave

l_nwidealli11_age(_I'lhcFr(ml,'l'his leL'l_n_I(_giesl'_rv(_lalile_ruanic beenstIPl_1'ledil_1'eecnlyeal's,
,,'earwe c_nducteda suL'ce_sl'uIl'ield c_m_l_tli|dsaiII_cI)()I_,Sava_inah ,SUl_l_u'll'r_r_lhcl)el'ense

teslai life.S_ulIIl__elri(.luc_ill'ield,i_ P,iversiteall(laiI.I,NI.,an(lwe Pr(_gralnl'elU'e:_entsal_(_tlI._,.S_,{_I'

('alil't,r_lia,inwhiL'llwe were ablet_, are(.luvcl_pi_gsuchc_sl-savilIB lhcEarlhSuIu_L'el.)L'lmrllllel_l's

_t,i_il(irtilecncr_acllingslea_nl'r_l Ul_pr(_ael_est_cleal_Ul_usi,._iI, aL'livilies,'l'l|ispastyear,we

al'IcrSlwcessl'ully<.'(_Iieclill_tiiL'I:,M microbiall'illcrx, pr_widc_lStll'_p_u'II()tiiL'LI,S',IL'IIIll
dataIllr()u.uhihesteelweil-casing, We areals{)in_l}r_,ving(>ur l_cg_>li;llill.ulife'l'llrc.,.,l_(,Id'l'csll'}a_i

abililyI_silllLllillell_eII'lUlSl_(_rl.(_I''l'reatyl_r(_li_(.'i_l,l;orlliis,wr iIrcw

(,()ilservlitionIiil(ll,_(.,newal)le L'()lIlI.tllliIliIlItSinL'_}mplexgc()l(,gical ()u ()Iii'eXlX:rlisoii_nu(:learIcsliIlg

i,'.nerRy ellvir(_)llle_ts, "l'his year, we _11_1:_cISI_IIL'and Ilytlr()_lynalniL'
()LII' I_rill_'il_l ell'(_l'l in p'C_ml(_lin_ dL,vcl(q_ed ii IIle(_rv Illal (IL,scribes IIl(_llit(_l'illg t(_a._SL'xsIll(mil(_l'illg

c(msL,r\'alitm .....minilniz}nl., I'tlel USe c(ullillllillalll jni'illrIlli(_ll iii Parlially (_l_ti(_s a_ld exan_ille b(_th the tJ,S,
lllr(_Ll_ll in_Pr_\'ed cfl'jL'jellL'ies .....has _Iltllrale(.I, I'ructtlretl Ix_r(_l.lsnle(lia, Im(1%(_viel D_sili(_s, We alst_ are
beell in I.Indel'slandin_ c(_lnbusti_)n we als{)ilnl_lenlelltL'(.l several L'(_lltltlL'lillg I(_llgel'-I'Illl_e research
l_hL't_()lllL'lla,stlch il_, kll()ck reaclivL'-Irallsl_rl c_ll_l)uler (.'(_(lex I'elllte(.I I(_ I_l()llil{_rillg P_ssiblc I'tittlre
(l_remalurL ' i.u_iti_)n)iII il_lel'l_al and bL'gal_file devei(_lmlenl _1'a lesl-lil_lilali_m Irealies, '1'Ills w_rk
c()ll_busli()ll L'll_illL!s, "l'llr()u_h ParliL'lc-.basL'(I sillltllal(_r I'()r I'eIIUliVe- I'e(.ItlirL'san llll(lerstall(Ijllg ()1'II/e
cherlli_:alkinetiL'_}l(,_IL'lii_!.,we I1'IIIlSl)l}I'II_r_)bIL'ill._inI)I_I'(_LISInedia. iIIIeI'IIclJ{)ll_I'ilucIearL'xi_I(isi()i_s

IlavesIl_wnIIlalthesi/.e_I'lhc wiIIlv.e(,I(,uiL'almalerials,:_i_di_Itlcll

hvdr(_caFIxuln_leculeand II_elypes Earlh Selence_ (ii'wlu_Iwe kn_w I_a._beellIcarfle_I

_I'L'aI'I',_,n-hydr_e.nI'_iitlsinitplay "I'heI:,arlh,SciencesI)_.,parlmenl I'r_u_lL'(,nni_Lilen'siFllulati_nx,'I'llis
i_lerrclale_Ii'_Icsinlhc_verall I_asan activebasiL'researcl_pr(_gI'alllyear,we st_cL'_'ssI'ullya_lapte_I
reacli(,i_i_II_eILu-I¢I_an_I_er_ I'ui_tledhv lhcI)(.II'_'x()ITice_I' I)YNA21), aslale--_I'--tI_e-arl

()_Ir_e_tI_ernlall-_t'(_.jeL'tix F}asiL'I;inergySciencesaI_dtI_e ll\'_Ir_(.ly_a_lliL'xL'_le,S(_IIl_lil

IIlalwilluIlilnatelyreduL'ethe(.'(_xl ai'_tlI)eveI_q_i_e_tI'r(_gram.Illa,i(_iillc(uiIai_nlenlui_(.IIFealV-VL'riI'iL'ali_i_

_I"(,perali_,n_,I'a I'ield.We are I-_r_jeclwilhlifeF'!_y._icsI)ci_arI_enl, L'aIL'ulali_I_S.WiIIlIIli_L'_tleWe L'_i_

_leveI_I_ingaI_IdL'llll_llstrIIl]lIU, WU III'L'lexlinuNcwt(_n',.,law (ii" II(_\,,,a_I_IrL'_,_eIllplaL'eIlIL'I_tL'(In(liIi(_llX

_e(;I_ILv.'.,iL'alIeL'I_uiquL'S_UL:I_as gravityby searclli_gI_;rde,,'iati(;ilsinv_Iviil_v,:ryL'(I_I_I'_IL'xge_l_igiL,ai

SeiSlIIiL'illl_I_il1!2t(_ll1(_lIiI{_I' I'I'{_Illil,An i_purl(_IlheNilti_I1al characIL,risIiL'.,.,,

.,,ubs_irl'_cel_roce_se_,,WL' co_lIpleted ('_lIIinelIIal,SL'iL'_IiI'iCl.)rillin_
{ILL'ai_alvxis_i'(lalllI'r_ullii lletW()l'k l_I'{}uI'III11,we sIiIrle(IIieI_I ("""""'_:/¢''\'',s'(,h._,/__41,s_V22._,V77,_ -)'_ )•' orI., I1', Yo,,l<ur !4/5; 4..-07,.0,

' _l
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PI'()[ (){yp(2 ]-[(_l|{(2r we at,e eval.alittg the Y.eea Mo.tttaitt regiolt as a possil, h, ,_'ite for

'l"e l ()l" llhe . hlgh-level tltlelear-wasle, relmsilol'y, O.r lesling atld atlalyses oi'
IIn,wdtlrah;d,fi'actltred p#r#tls rock ¢_ver lhc lenll,wralllre range #r

EllVil.i)lllllPll[ _ll'()lllld interesl are largely .npreeedenled.

a Si,l lmlaled Nuclear-

e i'ackage

ucca IVl_l_.llllaill, near lhc A ,,_-m-l_rl,_ healer wa_,,placed I'rilulul'e_, Ill I'aul, I'raulures InayNevada il"esl Nile (N'I'S), in in lt Ix_reh(_leal the N'I'S t_ silnulate l.K.'Uelel'_llereWellill_, 'l'lley slay
I_eillg utmsitlel'ed asa p(_lerliial site the lherrnal el'l'euis CI1'a sl_elll-I'tlel l_l'_,wideI'luw perIls I'(_rIlurnid air
for I[le lltltit_n's first high-love/ Ixlukagu, l)urir_g.:111auu'eleratetl l(_ut_ntnul lIIu, dry reBir,n nt_that
lltluleal'-Wilsle i_,ptlsit_rv, 111this healin_ tent, we exanlined how the capillary ut_lldunsali_ll (lUUUl'S_.llollg
l_r_1,jeul,LI.NI, in resp(Insible l'_r healin_ and uo_ling pha,_esal'l'euled lhc l'raulure l'aue. "l'hey Inay also
desi_nin_ lhc wasle pauka_e and l't_r the rock ma,ss,,_urr_ul_ding lhu wasle all_w dil'l'usi(_n _I' lllu air humidily
evalualin_ iis perl'_Irmnnee al_d lhc package _,,er lime, In the healinB l'rum the humid regions Iu the dry
gu_11(_giL,elIVJl'(111111ell[ thai will cycle, the l'eL.zi(_ll(_I'b(_ilinL.Zwithin reBiuns, _.lllt[lhey 1111.lypruvitle l'l(iw
jnleracl wilh il, Yucca IVl(_unlain in lhc l'ormilli(m exlen(lud (),6-(),7 I_ l_alhs I'(11'waler draining l'nlm llle
in an ari_l climate, and the l]rOp_s¢_l radially l'l'_m_the heater b_rellul¢ uundei_salion l'u_Jol_ab(we the
umplacemenl .site in e_mll_USed _1' wall, a_d lile he_flin_ al'l'ecled a healer,

I'l'auitll'ed, I_(_l'(_us,welded tul'l', Thin v(_lulnl_ (_t' l'(_uk I_rgeellou_h t(_ Bet'(_re Ilealiny,, (1111'IIle_.!Nurelllullls
year, t(_ I_repare I'_r a series (11"Field illcludu several I'rautLIres, I11the al_ng lhc heater I_reh_tle sh_twetl
lesls there, we pet'formed 111e u_xllinB cycle, we _radually Illal Ille ['ri_ulure nyslem exhibits a
Pl'{)t(_tyl_eI-_ll_inuured F}ilrrJer SystUlll det.'l'U_t._iedthe heater p(_wer l'rum s11'(111_[lel¢l'(t_¢neity in l:l'_Wttll'U

l:"ield Tesi, A [_rincilml _b.jeelive t_l' ._ kW (lhc Illi.Ixi1111.1111IX_wer used) I_el'nleabilily, Al'lcr the heater was
this tent was t_ JrlveslJgate lhc 1(_Zel'(), We 111e_.tStll'et[ StlU[1 ltlrllet[ (_l'l', we I'otlll([ II 111¢i.i,_tll'_lbJe

physical I)l'(icesses lhalsll_tlltl be envir(mnlenlall_ararnelers as rock illurea,_einairpernleal_ility fnrthe
illU{)rl_()l'aled Jilt()lltllllerJuil[ 111(}tlels 111(}isltlre u(H1telll, l'(.)uk le11111el'tlltll'e, 1'(_uk111111,re_.lullet[ lilt [1olle,_l
used I(_desuribe lhe hydr_l_IBy and Ba._and liquid l_res,_ures,and n_uk temperalure,_,
geouhc,nlislr\, in welded ILI['[',. i_ermeabilily, Thin lc;,' w_.is_.1,',:,Ll_.'uesnii1 thai lhc

Many ellvir_mn_enla[ UOlldiliollS u'xpecled eXl_erimunlal c_ndJli_lls
devol_ped as expeuled (Figure I), tle\,el_ped ar(_un_l IIle heater in Iile

Fraoture A dry z_medevel(_ped an_und the ltll'l', The lesl ills_ shewed whiuh
healer h_rehole, and lhc degree _11' lll¢ilstlrelllelll leuhnique,_ were

[_ tlryill_ increased will! proxii11Jly l(_ el'l'¢ulive tin(lcr realislic

.._ ltle healer, A "hal(¢' o1' increased el_vir_mmunlal u_lndili_ns an_l
m_i._lure devel_pud nexl lo lhc dry which _.,nesmiL_hl benel'il I'r(ml
reBi_n an_l inigralvd away, t'r_lll_ lhc m_ldil'ieali_ll,
heater when reek leml;_eraluren
JlIC'l'eilsO(], J:;l'_.tCltll'OS lleill' lhc [le_.ller I{t,l'erellct, s

bi}l'elli}le illlowe([ I!(H, dry c'i)11(lJlJ{)11,_ I, ,,\, I,, P,amiru/ul al,, l'r,,l,,LVlW lh'.h'r l'e,__

F__.""-_Drier rook _ Steam flow ' lo ]lelle.ll'i.lle dee]lCl' J111('_tJle.l'i)ck nllln, I,.'.vir,,m.e,l ,.mm,la Stm.la/cd tF.,_h'
/'lll'_l,k*d, [,iI'&'I'L'IWL' [.IVUI'IlliH'U N_lljtlllilJ

Welter rook . _ Waterflow 111_lSS,_llld p(H'ug_ls I_ressul'e I.al_ural(_ry Rup_,II{'RI.. I()lflU._( I_},_ul.
L__ Condensation jl1(.'l'e;lse(..li11l'C_J(H1swllere ?.,J,Y_,w,.lr,,(',,.,,'/.li,r_'a,_t,'l',.La_:,,

UV_.l]1(_l'_.lli()ll WilS VJ_()I'()LIS, /\,_ \re l,llril'_.llllcHl 'l'c,_l,_.I //w )'._ _'aM_,m_l,_i.

Ul';l(.[lltt[]\,' I'udLIL'U(.J If'IU Jl¢_.ILuI' j)()WC'l', /'.V,/,,na,,r.v ._'/,!/i I.a_rulwe I.ivurmure
Figure 1. Verttoalcross seotlon of a '- " Nal(_llaI.al,(_rah,rvRt,l_l, I1('II)-2().L_()
probable hydrologic scenario In partly Ille dry I'u,i()ll _!l'()l.llltl11}¢healer ( I_,_,_).

c(_(_lu_la_ld,_l(_\.vlyru_nine_l wilier,saturated, weldedtuff subjectedto
heating, [_e\vellill_ _)cutlrrut[ ['ilslu,_l II1r(_c'k ('o11I¢1c/,,,4,/,, ICamire:,(415)422.690y,

ab(_v¢ file healer arielad.jacenl I(_
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M(idelili_ w_+have demon,vlraled thai gem, hemlcal models s.uue,v,_f.lly ,vimulale

Radi(inuclide Release im/..'.., a,vpeclx qJ,/'nt.@ar .,asle dis,v¢,h#iqm in,/'hfid,v, We are .,ring
these models m el'al.a!e lhc petJ'ormance q41'prqJpd,_'edn.clem'-tt,a.vle

fr(III1 hLIcle_lr _/_lSles relm,vilories lit vario.s geologic environmenls ol'er lltott,_'_tndx qJfye.ar,v,
b
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ttrot-Recycled-Soiid We have constructed a 4-tootle/day hot-recycled-solid retort,for

Retort for ()ii Shale, processing oil shale under rapid heating conditions in a continuous
solid-recirculation loop. Operation ortho retort will contribute to our

"-'Processing ,,,a,;,..,t,,,ai,,g o./'l_yrolysis aria combustion chemistry, permit us to

measure variations in oil properties witlt process conditions, aoid allow

us to begin a#tsweri,g questions about handling bulk solids Jbr a

commercially sized plant.,

W caresttldyingabovcgrou'nd ' _ ' wo havc about handling bulk solidsoil shale retorting ;`tnd have I for tl c'onlnlorcially sizod plant. We

dovolopod lhc LLNL hot-rocyclcd- L Delayed-fall onvisi(>li three stages of (+l'_c',riili()n
sc)l icl (,ttR c,) lTjl.(_cOss iisa goilcric, / combustor [)rior Icl t.'omnlort;ial don](:lnsli'al ion,

soc()nd-_ont+'ral.i(_ln, rilr)id pyrolysis Oil- h • • •, i • The First sl;`i_ois our liiborill()ry'- shale '-

rol orling system in Which recycled feed Ii • • • • 4-tonnc/day pilot FIlant (F'igurc I).
()ii shale is the solid heat t.';`ll'l'iOl'. Lasl ii • • • • The nliijor c'().!111)OllOlllSinclude a
yO;Al', wc Ul'Jgrtlclod (.)til" laboi'illory • • • • I'luid-bcd mixer, lo tnix the i'itw tuld

pilot plant lo l_ro¢'oss 4 Ioimo/day of • • • rccyclod shale, ;`illd ii I_ac,kod-bod

c(/n!morciiilly sized sliale. This will I)yrolyzor, q'ho mixed shale is

allow tis, for lhc t'irsi time, 1o ,_lu(,ty Fluid-bed pyrolyzod for 3 rain lc,)generale oil.
pyrolysis and combustion chomislry classifier Shale leaving 1130packed bod is lit'led

tiSill<g lhc full parliclo size ilrid Io _ lo ii dol;.iyo(.I-fiill coi!ll_lu,w,lor, whcx'c

l_rocltit:¢ onough oil for (,lotailod i'osidual C_ll'bon is I_urnod ii)provido

chtir;`iclorizali(,)n sludi0s. ()tlr ,_a-ll_ lilt: l'll'(`)coss lic;`il. Soli(,iWilsle is

F)ro\'ious 19145oxrJorimoi-ils, which Oil dischargod l'ronl ;`i l'luid-bod
tisocl a l-loni_o/(,Iny rolorl, producod --.Fluid- c'lassil'icl', which ;`ilso SOl'yes _isii

clils with boltor sttibility iiild lower bed I)rcssuro block lhal soil;`ii'alos lhc

vist:(isily thiin previously iliotiglll mixer roducing ;`uld oxidizing alnl()sr)hoi;os.
possible. If wo Call Icliably obliiill Tllo whole oil is Ihcn c.'()n(,loilso(,t

<til oI" thi._ qualily _.lswe sc;.llo Lip the Solid for _ub_octuonl m-i;`llysi,',;;`uldwaste
lgrcit.'t.'s_,we may bc able lo avoid chm'aclcrization.
uxpcnsi\,c on-situ hy(,Ir(,)troalino_ of | Tho soc,on(,l stage oi' lhc pilot

the oil and, Ihtls, sigrlil'iciuilly l'CdtlCC ] proWl'llnl will be a I()()-t()rlnc/d;`iy

lhc ovci';`lll cosi iii producing shale fIRS rcl()rl. This slnall-.scalo planl

oil. {l._in7 our 4-1(innc/th.iy lacilily, till1 bo buill ;`il;`in ilidusll'y-owno(,t silo

wc will conilllttc ()til" investigation iii" in wtrslorll Colol';`ldO ;`11ii capital c(isl
:..til quality \'orstlS !olorlill_ condilions of loss than $114 million iilld c;.in 13c in

I(7 (lulcinliilc l)orlorlllilllCc ;.ii lilr_or ()porillion by 1994. AL 1110lhir(,l sltigc
"- Air-lift Packed-bed

:;(.'iilo,_. , ii cons()rliLim of u,ovorllrlionl and
tinliko lll()xl chemical and pipe pyrolyzer ,_i)rivalo industry c'oul(,I construct

F_otrolc'um l)rocessos, (_il slialo ail(,I ot)cralo a I()()()-Ionrle,/day pil(ll
i:)roct_'sso_ roquiro lhc haildlin 7 Air plant hot'ore lilo end of 111ocoriltlry.

of lm:go volcinlo_ (ii _olicl,_. Conlt'Jlolioll of Iil0 field iil't)_l'illll

[Indcr._landiil,, lhc unil (fl)or;.llit)ns (li" iii 14Iii I()yCal'S Wotlld Ilr(ivi(,to
_ Figure 1 Hot-recycled-solid retort. Raw

kt\' protons comp(mcnls and their ' ' I_rivalo industry wilh the technical- and recycled shale are mixed in the fluid- -
illlu'rzi(.'li(in i,_;_1lllilj()r l(iCtl._ oF (ILll bed mixer and sent to the packed-bed ki]owlcdgc to btiild a commercially
currcnll rcsoarch. Since the ,,(llid and pyrolyzer for oil generation. The shale is si/sd, I 2,()()()-l()nnc/(,lity

gas rolcnli_)ri tirncs ii] (ltir pil_i retort then lifted pneumatically to the delayed-fall (tenl()ilslr;.itioli plalll sh(wily ill'lcr
"ii'c_ct_inl)artll_l¢ I() lh(_st: iii lar_cr cotnbustor, where residual carbon is ll,c o11(,Itil" lhc dot.'tldc.

units. \_,e t.'_.inl.lSO lhis pi l(_l i)lzinl Lo burned to provide the process heat. Solid

b¢,,in_ allswul'inu_ lhc ill;.lll \,'.,qi.lcslJollS waste is discharged from the fluid-bed ('Oil/ilO/: R, .1.('cna (415) 4_-7_.... _6.
classifier.
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Discrlnllllating We performed a detailed study to discriminate between nuclear

between Nuclear explosions and ea,'thquakes, using dataJ'rom the Nevada Tesi Site. We
also evaluated new pattern-reeognition algorithms, such as artificial

Explosions arid .e.,'al networks, which we would like to use lo improi.e our ability to

Eartt quakes elassilyeve.ts.

neor the 13rinlary missions The data set for our study consists S. l_.g.Rayleigh. and,Love waves)of the Seismic Veril'icati0n ot' 233 explosions al the Nevada Test are exl)ecled 1o he larger than ille

Prograln at LLNl_, iu lo inallrove lhis Site (N'I'S) and 13() earlllquakes i_l colniwessional i'_lillses (tile P and P_,
llati(.)ii"s ability lo naonilor a region the weslern U.S,, ali ranging rronl waves), iii (.:(illtl'asl, tl 13Ul'eexplosi(]ll

' _.lild verify cOnll')li_.ln(.,e with a Ire;My 2,5 ici (),5 iii 11111gniludc tin(] rocol'docl Sotlrcc is ii COllier of L'.onli31"cssion

limiting or Ix.inn!rig nuclear iesls, In til ['our hroadbaild '_oisnlic slalitlll,_ and, in theory, releases only P waves
()til" seismic i'eso_.lrcll erl'oris, we iii'(2 Ol)eraled by LLNL, 1,2 The slali()llS LIII(] Rayleigh waves, A l ypical

,idtliesslng i!le lecllnica] issties (.)t' stlrr()u._ld tile NTS al tllsltillCCS scislllt)granl for ;.ill explosion has

(.leleciing and locating seismic bolweeri 2()0 all(.! 4()() kill and ;.ire much lllore compressioilal ellorgy

CVelllS, discriminating 13elween l'()t.llinely used I0 oblain rapid than the (lalo-arriving) shear eile.i'gy,

e;.irll'i(.luakes and explosions, and eslilll{ites (.)l' exr)losiOll yields. FigLiro I (J()llll)_.ll'CS tile

e._linlaiiilg the yield ot"iltlclotir Mosl oFlhc discrinliilants lhal we' SeiSlll()_ralll ()["{ill eai'lllquake wilh
explosions, Otlr onlpllasis iu on evalualed {ll'C based oil rJhysical thai o[' ;.ill exl)losion. Although bolh

illOiliiOi'ing an ai'oa Io enrc)rce .tlil:l'erences lhiil are eXl)e(.'iett I() occur eVOlllS have a body-wave nliigililu(le

i)rovisions of a Low-Yield Threshold belwecn earih(.luakes tiild explosions, (llll_) (ii' about 4.2, tile Sul'l'tice-w_.ive

Tesi Biill Tl'o;.ilv Or (]Oilli-)rohonsivt: For Oxalnplo, earthquakes i'estlli I'rolll nlal:,.niiLlde (M s) I'or tile earlllquake
Tesi-Ban Treaty, l-)t)lll of which tile sudden l'olease (.ii"slored oltisli(.' is larger and (.)ccurs nluch laler thall

would incitide Iii(: rise ()r in-coUillry ellOrg.y al(nlg ii ratlll stlrl'tiL'e, The lllal For lhc explc_siOil, 'llliS

,,_lations, Thorel'ore, we musl be able shearirlg tlh)llg the rul)lure ._ui'l'ace dit't'ercnco iu tile Ixisis o1' lhc nll_ - M s

lc) discrinlinalo oarlhquakos ['rOlll i'eloases a large alllOUIll OF shear discrinliniinl', I'()r _.lll earthquake i,iiltt

tin(.tergroulld ntlt.'ie_.lr explosions ;.li ci]ci'gy relative io COllll)l'essi()llal expl()sion or similar illb, tile

snlail nlaglliludes (<4) and ;.ii Ollei'gy, Thus, on a seismic rec()rd of oarlhquake will gCllOl';.llly have a

regiomil dislailCOS (<')()()() kill), an earlhquako, tile slloar pha,_e:; (lllo grealer M s.

............................... We evalualed 12 rogi()nal
discrinlinanl,<', thai ai-)l-)earcd to have

5 Earthquake . . , ' _ . F)i'(inlisiilg discl'inlillalioil i_olenlial

0 _ .....-..,._,-,-,"_, t \,_' between Ihonl 3 F'iuure _)shows tin
l:= , _ ,_

" _'"r u [ IT1V_ V _ "_ oxanlplc ()l' tile Ii11_- M s di4crilllilUUll"_ -5 I I averaged t'()r tile t'()ur-siali()n
o nelwork. S()llle (.liscrinlinanls showed
> 5
-ii Explosion i,i .I ... H, very g(.)od SOl-)al'aii(;)il bolwoon lhc

o=: _i4_,t_ t _! oarillqu,ikes andexpl,,si<,i,s,but we
0 ._,., f' V. c()uld il()l (ll)lain illCaSl.ll'elllellls _.il

smiill lllagnilutlos, We als()t'()und

_5 I I I Ihal using ()lily one dis(.'rii_linaril Io
50 100 150 200 c.'lassilyLill gVell[ wLIs much less

Time, s '<IUCtlI'_.IIClharl con_hiiiing
disclin_inaills, For cverils recoMed

Figure 1. Seismogram from an earthquake located near the NTSand a nuclear explosion. _il in(.li vi(.lual sial ions, wc had a
Both events had a body-waVe magnitude of mb = 4.2 and were recorded at the same station, miscla_sit'icali()n rate belWe¢l_ 3 arid

The earthquake is characterized by large, late-arriving surface waves that are poorly 4()% I'()r lhc indi vidual disL'rimilUUltS.

developed for the exp/osion. ]-]()wever, whorl we averaged Ille
i'estlll.% ['r()m ()tlr llelw()rk or slali()l_S,
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A Test Newiouf's we have tested Newton's law of gravitation by measuring gravity on a
"1

- - -/,j ., _ _

isx el se-Nqllar'e l._llw 465-m-high tower at the Nevada TestSite. Our measurements agree
wit/t the Newton;an extrapolatiott of the s.rface graviO, ['ield to within

(ii' (; ra vity _ part in 1o 7. T/,ese ,'esz,/Lv ca,, be used m co,tstrai,, ,,,ode',',, d, eo,,ie,v

oi'quantum gravity.

G rtlvity in tile only Fundanlental c(mductedon the e,arth'_ ,_urfac'o,so Our _tudy in being conductedl'Ol'¢e that wL" have [)Cell unable knmvledge o,f tile illilS,',.;distribution,_ in two i)lmse,s, In t11o first phase,

to de.,.;cribe qutmtunl mechanically, in the earth is not needed, Thus, cornfdetud this yem', we designed a

Newton's inverse-.SqLmre law of in our experirrlent, we extral'_01ate surface gravity survey iu fwe¢liut

gravity t,;litte,,,;that ali fmn'ti¢les attract groLilld rllea,'-;urenlerlts, using gravity nleasurernents up the tower

cecil other with a t'orcc inversely Newton's tlleory i_t' tile gravitational usir|g 111e inverse-square law, We

fWOl;_ortional tothe Square oi' tlleir irlteractionl, up to the i_oinltS then rnuusLured gravity at 42

sepurati(;m, Tllis law Ill,,,; been tested rlleit.',;tlrecl ()na the lower. 11'a, ol_,,,;er\,uti()n points cm tile tower and

at a laboratory Scale and etl a di,screl_ancy is fOL.lnd between the . at 281 locations on the gr()und, Ti)

plurne!iu'y scale. However, in recent illt."astlrellleli[:'.; and the fwedicti'ons, :lelect a 1(/_, change in the con.',;lant

studies at distances ['rcml 1()Ill tl_ tllerl Newtc_n's law fails, in Ne\vtlm's luw, \re mtlst predict

1() km, eviclenue is given for :tnon- A f_revicm.',; tower eXf_eriment gravity at the top t)t: the trover t()

Newt¢)nian l'orce. These studies suffered the el'l'ect,_¢ oi' another 5 parts in I() 7, 'rhe first i_ha,se was

suggesl thai gravity changes with limitation. In thai study, the surface designed tl_ produce an uncertainty
height Ul_ a luwer or down u bl)rehole gravity field was nl)t simlpled uf I part in I() 7 til lhc lop c)l' the
in such it wiiy limt tile "c(+n.,.;litllt" of adequately hec:.tuse tile surr_.)tJr:dirtg tower. "rile second phase, v,,llich is

lWOl_lwtiolmlity in tile inverse-square area was swarnpy. Our 4(_5-ni BREN scheduled for 199(i, will be ii factor-

law changes l',y I+%ever tllose tuwer is located in the desert, wllere (_l'-tllree rncwe accurate.

distances. .',;tlt'l'tice gravity 111e.itstlrelllelltS are Tlle l'irst-pllase results, witll the +

"II+uSe results are exciting because ,'_traiglltf!)rward, gravity effect i>l' itri "average" eartll'

grand unit'ication tl_e()rie,',; suggest ........... subtracted, are shin, vn in Figure 1,

The t¢)wer gravity mea,sttrenlents
thal tilldisc()vered l'tirldtililelltal % 3.0

I'or(:es 111ily break down NewiOll'S _ , Predictions frorn ,,_ agree \veil will1 lhc prc+'diclil)ns

Ill,+',,,.Acctwdillg tc>such tlleorie+,,;, 11o%.'+,] ,+7 - rneasurernenls J" I11C:lStlre111CIllS,A devialion 1'1"i)111purtiules and forces rnust be added to _ 2.5 surface gravity _,_ ol_lainud t'ror_i sui'l'aue grlivJty
::;' _ Ne\vti)ll'._ law t)f _l'aVilV wcltlld causeli'iu siinplu Newtc)rliari i)re_crif:ltiorl, '_ 2.0 _ +

\_"e iil'e te,,.;lirig this l_O,_sihiliiy al Lm - _ ,ii l.tiscref)aricy I_eiwec'rl illese r)(firils

_ Tower gravity Tl_us, (_11tile basis of these results,the NevadaTest Site (N'I'S) rising tile _ i,5
we c()tlsll'aJn till)! new l'()rces It) be

(i:IREN) lliwer, We cho,,,;e this _ 1.0 less Ihail cine-l'il'lh ()1'lhc value

llwutlOil tr)elirriirlate tile liii-iitations _ iwe\,itmsly rull()rted,

t)f I)l'evi()UlS C,Xl:_erilnents, l:;t)l" _ 0.5IIrl- I I I I I 1.JncL'riainly tilli)til ii ['undlinlental
ey,anll_le, i11sttl'lsurl'ace borehl+le _ IHlysic'al law hit.',;I)i'l)vicled ii windl)w

eY,r)erinlenis, inliss dislribtltions i5 0 0 100 200 300 400 500 600 I() I_)(_k l'l/l' I1CWi)hent)nieila., llillt
I_enc.uilh file II(_les May al'feel lile Helght, m c()ulcl luml ii) I11ally arqw(laches l'llr
resulls, l:'Jec'titisc tile clen_ity _rlilld unJric_.ilJon lil0()i'ie:,:,, ()ur

clislril_uli()rl iri lile t.uu'lll is Llnklll)Wll, Figure 1. Results of our tirst-phase exr>erirrlelll 'lilts i_ul light c.'OllSlrailll,,,4

I_orellllle gravJly is ill)1 a gilod way experiment, The tower gravity O11IIOll-Nt.'\vl_lllJall gi'avily ciTe:el,'.;,

t_l test Ne\\,'i(_il'S Inw, H()wever, t)ll measurements (c#rcles) agree wel/with our 'rliLiS, t'ltll" curlatilly iii Ille validity l)r

;I t/)Wel', ti gravity sLlrvey L';.II1bc predictions (triangles). A dev#ation from NL_wt()II','-; law is Ji]urculsJr_g,
Newton's law of gravity would cause a

discrepancy between these points and ('o111(1('//I), Irl', K(I,Y(IIII('yPr f4/5) 422-6487.
their curves.
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i:,&TR ,iiily'Ail_iisl 1990 IQler_y a.d F,arlh Sciences

Numerical _illlLIiati()ll we a,'e e.rami,ti,ag lhe e[[ecl.s' of ,!lalerjal helerogeneilie.v on

of Solute Tl'allSp()l'| g,'ou.dwate," fh,., a.d tra..vpor¢ proce.vsesa.v..,ell as'the chemical
' illleracliollx thai IICCtll" iII ,s'llch ,_'y,_'lt_ll!,s'.

in lhlr il.ls Media

o al'ialyz¢ lhc i'iiovcrriolll aiicl l_'iguirt_ 1), S(_lute trallSl'lorl wl.islrallsl'orin'aliol.i ot' toxic or then sirnul;.ilod within the:so l'ield_,
i

radioaclivc subslallCC,,.; lhal have been l'ollowed by analyses ot _lhc erlstlil.ig

released inlo Sl.lb,',;url'aco soils alld hydraulic illlCl clisl)crsivo bcllavior,

grOUllClWatOl',W,,we arc devololfiilg The Iral.i,w,F)orl rriodcl Call be applied
prcdiclive models cii' lhc roaclivc and 1o large, lhrce,dinlcrl,<;iolull problems

iral'lsporl phonomOlm assoCiLllcd with dealing with lhc:Inotion o1"oi.it or

liqui<l und gascOl.l,S chemicals in rri()ro dissol.vod cllcmical c'orlsliluc_ril,',;
l)orou,_ Flow syslcnls, Praciical lhrough salurl.lled or UllSaluraied

al)t)licalions of lhis work'includo grOl.ll-idwalor ,,,;y,,,;lollaS,11is based on

determining i)otci.ilial heallh risks a random-.walk I_ai'ticlc method Ihal
t'l'OiTi cOrllLiil.iiilalO(t walor wells or Call roadily.lroal i].iulti(lirllollsioilal

designing alld t?valLla[ill_, lcchniqLi¢,<; Figure 1, Image of an artificially t'low and ditTusivc pl'oCc'sscs in a
<-. generated porous medium, showing highs

lo clean groundwater e.llvirolll-l,iOl,ils, (blue-green) and lows (yellow-red) of the cornpulalioi,ially clTicicnl iYiLiilllllCl',
Wt." rel)ori hero on the applicaliol,i oi" hydraulic conductivity, l)reliminary simtlluii(ms with
sCVOl'al cornptllLiliolll;il tools lhai hilly ....... III()IIII'Oaclivo II'LICOrs showed thai
allow tlS 1o boiler tlllldt_l'Slal,id sOVtH'LII i,ioliccably dislorle(i ml.is,_

complex chemical and phy,<;ical (a) dislribulions developed (Figtirc 2)

pherlomeri;.i thai occur in imti.iral Quanlilalivc rricasurernonls of plume
SLIb,'.;LIrI'LICt?t'Iow SYSlOmS, cii,w,plLicclriorll,',; and Sl)l'Oal:.ling abOLll

,CJtlbstirl'i.iCOlllLitol'ials CLII.Ibe il.s cI31,iiOl'oF llILlSSC()lTiparod

cx'lrcinoiy vari;.iblc in terms of ihcir l'avorably with prediclions o1' sCVel'al

lypo ;.illld spaiial dislribtiiion, ()til' ihooroiical models,

at)iiiiy Io t'ully characlurizc or Wc ai'c oxlcncliilg lhc Cal-labililios

._iinLilato'li,iudetailed local Ilydi'('i_lic o1'li,ii.<;i.il()dcl Io Ireai chlcmical
or chcnaical bc,ha\,ior in ac'tLial rciicliOl-lS thai may occur Lilll(>ng

l'()rll-ialiolls over large i'egiOllS is di tTcrcnl dissolved chc;nlicul

. liinilocl, 'Fht?ret'()re, in rcccnl vcLir,w,, .comp(_tii,ids (ii' bolwcell the cl.iemicals
much rdscarcl.i has been dovolcd i() arid lho solid soil inil.ier;lls,.

l'irldillg (_til how ht_lurogorlcilJe_ ' (Ii) Nulnt.'ric;.il c;xpc'ril,i.iciils lllllay Iht_'.il Ilt?
ulTccl lhc' ln()vc'nlciil o1"c()lilamil-iarlls coildtlclcd Io exai.ilii]t;, t'()r oxalrll)lc,
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Biomedical and
Environmental Science

Chromosome strands (chromatids) are being pulled apart

as a cell prepares to divide. Much of our biomedical and

environmental research involves work with chromosomes

and the DNA they carry.

he m_ssion of LLNI.,'s medium o1'ecological contaminants. Alamos National l_,aboralory and atBiomedical and Environmental We are also devising methods for the Lawrence Berkeley Laboratory,
Research Program is to. understand making comprehensive assessments we will participate in an inlernational
the potential health and of the various risks inw)lved, efl'orl to construct a physical n-utp
environmental consequences of Perhaps the most exciting area of the DNA in ali 24 human

"the development and utilization of of current biological research is chromosomes. Such a map is
various energy sources. In particular, the human genome initiative-an expected to help identify and isolate
we are finding ways to identify international effort to characterize genes inw)lved in a multitude of
and measure genetic damage as an the genetic code of man, Many human diseases with the goal ot"
indicalor of human Ilealth etTects. We development8 in science and understanding the causes and finding

are examining local- and global-scale technology have been required treatments l'or many of them. We
environmental changes inw)lving the for this initiative in order to at LLNL have responsibility l'or
atmosphere. We are also studying a map, sequence, and interpret the mapping chromosome 19. This

variety of ecological elTects resulting inl'ormation coded by the genome, work is proceeding quite rapidly
from energy production and usage; Just this July, the DOE named using Livermore-invented, newly
we are particularly concerned with LLNl., a Center for Human Genome autonlated equipment and
groundwater as a Iransmission Research. Together with lhc two techniques. We have been able

other DOE centers, al the Los



b

Io order and overlap Fragmenls is m measure specific rlldi'onuclides melhods nrc (mlgrowlhs o1' on-going
for approximalely 60% of Ibis nt exlrernely low corlcenlralions, Lab,ornlory work iN t'iber-oplic
chrornosome, The results are and tlie goal is to determine lhr detection, microbial metal>olism,
fascinatir_g, and the medical amount of neutron activation in enzyme apl_licaii(ms in chemicnl
community is already s!udying alld ellvirolllnelltal SamF_les from ,lapall, engineering, and risk assessment,
applying this rnapping inl'ormaiion, Extrapolatkm I'rom the sarnples l:or exalriple, we are applyirlg these

New genelic lechniques are being wouh.I give us greally improved rneihods to the biodegrndaiion (_1'
used in many other pr_zjects as weil, estimates of the corresponding waste products from high-exf_losive
For example, several studies art rltultroll doses received by llle ttslillg al I.,LNI.,'s Site 3()(),
using rtcombinani-DNA cell]eds A-bomb surviwn's, Finally, in con,junction wilh file
Io Crealt transgenic orgallislils as AMS is also proving to be a very l'hysics l)eparllllenl, we are
importalll new research tools. Also, sensitive and versalile lecllnique ii] conducling iml)ortanl research in
we are col]linuing thr vigorous olher areas o1' biomedical and atmospheric sciences (see p, 83),
application ot' DNA probes for erlvirollMtlllal rtsearch, For G'he l]-ia.joremphasis of lhis work-
iH ,vitu hybridization, including example, wt recently described global climate ch_l,llges-slel_ls t'rOlll
lhc "painling" or staining o1' a thret-ordtr-ol'-n]agnilude energy-relaled COllcerils abotil the
chr()rllosoFlles to grtally improve lhc inlprovelnelll in lhc sensilivily aCCtlnltllalioll oi' tarbell dioxide in
ease and acctir,'lcy with which we cail of deltcliOli of DNA damage thr alillospherc aitd lile restlllal]l
idenlify chl'oiilOSOlllt aberral ions, (adducls) tlSillg lh is lechnic ILie, global warnlillg (lhc s()-cl.illed
We havt also demonslraled lhr Monoclonal arllibodies corilinue lo greenhouse etTeci),
dramatically successt'ul cloning ot' be of gl'eal iniertsl to tlS, primarily as
tWO htllllafl gtlles lhal art responsible sophisticated arid p(.)wtrftl] reagenls (.'onlai'l: M. L. Mendei,Yohn(415")422'-$76S.
t'or file repair ()t" DNA darnage, I'or biological and epidemil_10gical

Wt are coniintling tO nlake sttidies. Antibodies fl'Ol]l li single

progress in our ttTori Io gain a clone (i,e,, n]onoclolial) till1 be
complete understanding of lhc created totarget specific biological
biological tlTtcis ot" radialion oil cc)mponenis (e.g., red blood ellis
htilllans, Ill particular, we are using a carrying particular illarker molectlles
novel method. Conll)ining Laboral()ry or actively dividing breast cancer
expertise in monoclonalantibodies cells), We have made a concerted
witll LLNL-developtd high-speed efl'()ri to trarisfer this lecllnology Io
cell sorting, lo tesi hunlan red blood litc COmlrlercial stci()r; a half-dozen
cells for llltllalit)llS. This work is or so Ll_,NL-developed antibodies

being applied to sLirvivors of lhc are flOWnlarkeled as chemical or
Hiroshima and Nagasaki aloinic biochtlnical reagents, Recei-illy, we
bombs and, ii1()1'erectnlly, Io combii]ed ()LII"monoclonal-antibody
individuals exposed lo radiation capabilily with a conventional
released in lhtChelTnobyl.nuclear chemical-analysis melhod lo
reaclor accident. This Ineih(_d shows generale new resoltilioil al]d
considerable pr(_mise as a htllllal-i sensiiivily in lhc analysis o1"toxic
radialion "biodosimeler," Also being consliiuenls oi' the hunlan diet,
carried ()til il-i coflllecli(m with the .Slimtllaled by currelil I)OE
A-t)onll) survivors is a inal'vtlous enlphasis on environnltl-ilal
exanll)le ()t' Lab()l'alory high resioralion and waste mallagemelll,..
leL'hn{)logy being used io solve a we have litally applications I'or
chr(mic and difficull pr(iblem, The t'unding pending at lhc I)OE for
technology is acceleral(ir mass research into belier rneih()ds I'or

" spoclroineiry (AMS), lhc challenge characterizing and ai-nelioralillg
c()ntanlinali()ll pr()blelils. These
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Ilhmluclh.'iilllnldI,',nvlr,mim,ntlll _elem.,e I,',&TI,L,ILIly'Ail_,ll,_(IUU() '

A H u Ilflilll ])N A We/rove Haned a humanrepah' #e.e req.h'edJbr the rem#va/_!/'DNA

repliJr (_eile wilh _au.ved I0' .vunhghl. 7'lte prolein pnJd.el a.f thl.v .#ene t.vm_.'e
than 50% identical Io a yea.vi prolein. ThLv .vimilari(v provide.s' hlxi_:hl

I-!igll Evolllli()n_ll'y i,m the bhJchemical /'.nclion a.f lhe llum.n gene .nd.vugge.vl.v ii ha.v

(_Ollserv_||ri()ll addilion.I i.ital role.v in DNA melaholLvm.

uman genetic rru.iten'i_.ll,DNA envirc_nmental ullurnicals rold .'.;iel_in cancer devel_f_meNt, a,',;or de(ixyriborlucleic acid, radiation as well a.,; l'ronl denmnstrtlied by lhc cancer-l-_r_me
c(Intains al_l_r(_ximately I()(),()()() ,',;l_lrll/.uleotlsemir,',; in DNA rlzllure _ll' several genetic diseases
genes, ali the inf(Irrnaiion LIml is rnel_ll_olisrn, Virtually ali living cull,,,; .cnusec.l by rUlmif del'iuil:ncies, If Iile

needed for ]ltl1111.lllgl'owlh/.111(.I I1/.iverennarkal'_ly s_.lpl_islicated I11tll_.fliOllS (ICCtll' ill lhc ref_r_lductive
devel(lt_ment, These genes and their bic_chelrlical m/.lul-_inery for rep/.liring culls, a newly ari,,.;ing genetic del'ect
protein ilroduct,_ are re,',;f_msible for their genetic n-nlllerial, H_w,,,ever, ii' can be passed _ln t_l the _l't'sf_ring
determining tell functions nnd the DNA n'epllir does Il()l (_CCL.Ir()1'it' ii is (FigUre 1),
bc_cly's sll'tlcltll'e, l.])lllllligl2Lo the perfurrned improperly, mutations The nucleotide excisicm repair
DNA (:/.111urise from exp(Isure i_ (_ecur,Tlle i'estllt ¢I111be the iriilial Imtllwtly is/.i fill.li(tr c(t1111-i()llelll_tl'

the DNA repair process und is
resp(msible for the relmwal oi' DNA
dmrlage I'mm ultravi(llel (t.lVI

Geneticconsequencesof DNAdamage Mutated I'tid iuti(_n ( t'ound in sun lighl ) =icl
uv orchemical DNA Reproductive l'roni s(liric' cllelrliL'/.lls, illcludirlgGenetic

Humancell exposure e[_

Pe(_l)lewitll iilc genetic tlis_l'dercancer,, xel'o(.lol'lrttl l)Jgl-Ilenlo.,.;tllll/.il'e tlll/.ible

[_ causing l() cl.il'l'y ()til this 1111[)o1'l/.1111I'el'Ji.lJl'mutation pl'ocess iilld/.il'e eXll'eillely still-

Dame{ O Or:°Ip::r_eils sensitive al,d ,_,'olle to skir_ c_,,,cers,

DNA Is Clellellc tultllysis illdlctlles thai
' lil_l_i'oxirnulely seVell i() loll _elleS ill'e

r pi'(lleJrl l)ro(ItlclS (ii' these genes l.ll'e

belier.cd to I'()1'ill l.i nlullll_roleiri
C(llllplex (soc [:"Jgtll'e 1), 111(li'dci' I()
clisseet this intriuute ief_ilir promex.,;,

Involvementof a pivotalrepairprotein A NormalDNA wt IlilVL; is(ililted _.lndchtii'lit.:lei'Jzed

_.-)./'ERCC2 ERCC2 _ Damage (_rleot' lhc htlllll.lll gelleS IIl/.il c(_cles

(,,_X._gene p,,, q_n [_ /_,-J_- recognition t'(Ir(,ile(,l'thesevuri(,LiSrel-)lli r

Chromosome o,,,o,, l<"i c,7:" k,,<,wnRNAand Ot_t'ler t_'!?CC2 gene (excisi_m i'el)_,lil'Cl'()ss
protein nu de Colnl)ielllenlJng, 111e/.lllJllglh/li

synthesis excisionrepair Repair (.'(ll'l'e(.'|i()ll ()CCtlI',_I.LCI'i)SSspecJe,_
proteins complex t'l'()nl huhian ici hamster), The gene

was is(lltited by rn(lleci.lltlr ul(irling
techriiclUeS using ref_i.lir-det'eclJveFigure 1. Theprocess of DNArepair and the role of ERCC2protein in thai procels, as mulants (_1'hamster tells Ihlll Wel'e

well as the potentialconsequencesof misrepalredor unrepalredDNAdamage.
l'lrc:vi_msly is(llilied ml(I chtlrllcteril, ed
ill LLNl.,, 'l'lie del'ect ill lliese hanlslc:r

culls was c_rl'eL'led hy llllr_lducJng
htiill/.ill I)NA derived t'r(lll-1Ihe wl_ite
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i,;&TI{ ,luly,Au_u._tI()CJ() ltlmuudieillnnd I,',nviemluu,nltllSeh,nt,e

'l'hc I'.R('( 'J gene in the _uc'ond RAI)3 i11soIm_ ii I)NA n.'l_licilti_tl ILclcllti_n Ic_li_ kllt_v,,n n_le In I)NA
, rnmnrn_lli_tn I)NA i'Cl_tlir _c,t_ut_ he l'tllwli_n mltl lln c_suNti_il l'ulwli_ll, rul_iir, ()ur ru,_;tillslhLi_l'llr indiu_llu

cloned, 'l'he cssenlilll l'tlnc'ti_ll il_e_insIii111 lllill lhc hLIIIHIIIDNA ,i'el'_lilr l_r(_leill
"I t.',)

,,\ll_Jlysis _1"I)NA I_lise :_cquence _l I'unciionlll 1_,,\1)3prolcill in 1_,1{(.(,.. will, like RAI)3 in $,e_l_I,
t'evcl.ileI.[thllt li'It'(Y'2 is lhc Jltllllltll llC'ceSSltryli,r cells to Ix, Itl_Ic lt, gr,,,v htwe slrnilm' 111ullJl'ituelut[rules in
c(itilllel'pllrt til' llle yetlsl RAD3 _li._d111tllliplv, uVell irl lhc ItbSellU¢__I_ DNA mci_d_listl_, ,
(rildi_iti_._nscnsilivily)riilt'let_lide _Iny DNA dmnli_e, l:',vi_lence l'r(Hn 'I'11cllbilily oi' llle lltllrim_ I:'R('C2
excision rupllir gene, lJrolcins _irc lllllilysis ()I' 111[IIIi111cull l'rutltlencies _,une Io l'ulncli_n ill nltlll.llll hllmslur
c_iril_t_sod oI' ii line_ir nuqtle!luu ol'Hilinutl u,'.,in_rneilliBenic llgL' _Is UOIIslhill ilrt' "irm_sl'_rrnecl" w/ill
c_l'lunlno Itcid,_',tllo ilrnino llci_.l with dil'l'erunl lW(q_uriiun irltlit:llien this ge'no wlu__.llsolu_se,_sed
neqtiences o1'the pr(Hejns proclLiccd Illlit 1_1_,('C2ills(> I_ls lll_ essolltilll tltillntitlltlvuly. The lrullsi'(_rrnC,d
by I_,'R('('2 _.md16'1D3 ',ire 52% . cells sh(e_vnornml Illunsiur rep_jir

,,.'llernit',illly _imilm' llmin(_ Ileitis, ("l killing, LIV-imh.lced rnullllions,
73% II_rrlol(_gous. Thin .,;irnilarily 10o ' UV-induced DNA _trlmd el.lIlle B
demonstr_.ltes _lremtu'k_,tl_le _lssc_cilHedwilh repltir, lllld rernov_il
ev(Hut iormrv conserv_41icm,'l"lilit i,'.;, a-° o1'speci fie LIV-induced lesi_ms I'r,rn

" ._. • DNA (t:,'tgure 2), 'l"hus, the liunmn
rc'l_ltively t'ew clmnges h_lve (lCCUlTetl _ e' C'(._2
m,,er _lvery long peri(_d ot' linle, _ I0 I!",R rll'olejll Is llble ic_['UliCli()ll in_implyin7 lhlit illis is t.ill extremely li Cltim_lit_ilively otTicionl llll.lnllcr ii_

: inll)(.irllinl rep_lir prcHein, lhc [lllm_ler rel_liir-l_roteil_ complex,
The RAI)3 i)l'()lein Ims reccIllly We I.iI'eWC)l'king lo delel'lllille

been purJl'ied _.lndclelermilled lc)be _l 1 whether li tiwi'eel in lhc FR('C2
DNA tinwindin7 enzyme, krlown l.is Iii) eerie is rt.,sponsible ['or lhc rep_lir
_lhelicase, C()lllpl.ll'iS()ll (![' the l.llllJllO 1 120 , deficiency iii/Lilly ()J'the gl'Otl]3S(11'
_lcid _etli.ient.'eof li i'ellited 71'out:lcii' _ _, i00 xei'oderillli r_iL21neni(isumplitients, As

I)NA helic_ises revel.lied COllSe.rved _ _ cKIr Sltldies conlillLle l.llid we begin l()undel'sll.ind tile [IIIHJS()[' tile mtlltipleregion,_, SOIIICwith ideniit'ied _ _ 80
f'tillt.'ti()il_ll roles, 'l"he o'verlil[ _ 60 l'cile,w,t'or/'JR('('2 irl DNA I'C:lli.llrI.uld
similm'ily cii' ERCC.,. mid RAI)3 _ 40 I'eplictltitm, we will gtlin in,<;ighl irllo

alld iilc inci'e_lsed sirrlilttriiy (74% _. 20 - o o illo,w,ecellullu' prl.icesses thilt life
identity _.lndlqt)% hoiriology) within - 1 viilll for m_iinl_linii_g lhe lnlegrily
inlp(_rli.llll I'uilcliorlal tl()nlllills O0 5 10 15 20 oi' gellelJc Illlllel'illl, SLiCIIlill
inclic[lie Ilmr I_RC(... will lliso be _l UVnose,Jim_ uilder,,,;tl.lndillg ml.iy give tin t'urti'ler

DNA helicase, I tle,'e result,,; l_rovide in,_igllt into the rel_.ltiorlsllip belwecrl
tilt first irlt'orrn_lti(_ll _lhoul lile Figure 9, (a) Level of cell survival after

UVexposure In hamster mutant cells (open iildividulil gerictic vliri_lbillty luld risk
spect t'ic hiocherrlic_ll I'urlclion of triangles), In normal celia (solid triangles), of Cmlccr,
i.llly rrlIJiTilTll.llJilrlrlucle(_tide excisic)rl and In ERCC2.transformedmutant cells
rel:_.iir gene. (remaining data po/nta),(b) Levelof Contact:C',ii, Weber(415)42,1.815.q

mutations Inducedin a particular gene (the or 1,, Ii, Thompson(41.q)422.5658;
aprtgene)after UVexposureIn hamster
mutant cells (opentriangles), normal cells
(solid triangles),and ERCC2.transformed
mutant cells (remainingdata points),



llhmledlcalaudl,hlvh,onluunhllSelt,llee i,',&TI{,luly,Au_u,_i19_Ji)

Analysis ()[' 'l_l'aCe We have developed ataassay method in whh'h antibodies are used as
cherub:ally seh',ettve detectors to amdyz,efamtlies of structurally related

(_helnicals ii1 (_()lllplex eltemk',ls, This melhod is often three orders o,/'magnilude more
MiXllll C_ by I,iqlli(I ,_'ensm,,ethan alternativetechniques based on htgh.petJormance

(i_h r()llll)|()gl._li:)hy/ liquid chromatography/ultravt.let light absorl_ance de/ecttmt,

I m m LIli ()ilSSil y
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I,',&TI{,lul,wAu_u,qll_P)(I Iiiomu(li(,llllind I,',llvlrotlmt,llllll ,_elUllee

I) N A t'1"(1111 We have devehJped a novel le,chnirlue Iri i,_'¢dale.,clone, and ampl!/iv

[-[ II III[Iii ,vmall l)N.4 ,,,'egmen#;(called probe,v), I'he prr,Jhes are very .,,,'_f.l,fr :
mapping chromrJsrmte 19 and a di,vea,_egene, the myolrmie d_slroph.v

( _'lll'(llll(t,_()lll/d,_ gene, located rm lhal r..'hmmrJsome,

rH'_he hi.lillllli _t_ll(llllc'. is Ihu t'rl.l_lllt:.,lll I(_ I_ellml_lll'ied (l:0'l_ure I),. spoc'il'i¢ I'(ir lilt.' hLilllllll t.,hl'(llll(i,_llilllil
I huredllliry I_ltic;i-il'illl iii eal.'h c'ell IJi'illic.r,_t._liil llllly he sylllhe,_lzed ill'lcr i'uTIolls l-iresenl iN lhc hyl_rid c,ell line,

iri (iLil° t_;di_,_,UllC'(lcledin lhc DNA tile st.'clLlelll'c'lills I_et.'ildelc,rnllned, 'Fhti,_ we Now IlllVC,li l(lul li(iii ltll(_v,,,_
ill(llt.,c'tile,_,There [il'l.,unly I'(itll' iillI_lyin _ I)revitltis lsolllll(lii til' the tis Iii t'(Ic'tis (ill re_i(in,_ (ii' illlt.:l'e_l lilld
illOleC'tlllir hLiiltlii]_ I_[t;c'l(s iii DNA, l)ril[lc ['l'l.l_lllelll hy lll(lleC'tllllr L'l(lllillj..t ()[llllill spec'it'it: prol_e IlliXltlr_,;s,
and ii i,<_lhc lillel.lr seqtieilc'e o1' ihese lec,hiiiqtleS, Oi.lr e,,_l-ieril_lelllshllvu re,_ulled iii
Ixiildin7 I_lo¢.'k,_lh(ii clolc_rmll_esOil(' t]t.:c'liLISl.'there lil'C htThly repeliltve i.,xlen,,ilvc:_ollec'li(;lls cii' cl(Int;d H'(Ihe,_

,.hereclilliry i_r(_l_¢l'lies0llt_c'_lti,_¢.'iii' lhc DNA ,_eqtieilc'esill Ihe htiillilil for ii sm(iii li'reli l'l'(llri c'.hr(ml(_S¢_l]]C;It),
,_hl.,er._i/,eof II'ii,__ellc'.li¢ imll'¢_riillllioli _t.'ilOllle, l_ew DNA I)l'()l_e,_c'l.lll tltJ 'i"hiH l'c_iol_ c'(lililliils ii di,_etise_t.'llU
(al-il-il'(Ixillililely Ihree I_illion I_uil¢.lin7 l_Cll-llllll_llt'ied wilh(lul l-irevt(iLis inv¢llv¢.'d iii riLy(ll(lilic' dy,_li'(_l-ihy,li
I_l¢;c'k,_)lilid lhc; ,<_l(iwne,_,:;(_1'C'Llrrerll l;_ol_llioi_(_1'lhe ,_eCltleilt;e,()ric, ,_uc,h t'llirly I'reqLlelllly oc*cLirl'il]7 I'¢_rlli(ii'
,_eql.lUl_c'in7i0¢:hniqti_:,_,,_c,it_nlist,_hl(re _e.quenc'e,¢:llllc;d ALtJ, is di,_l-ierstxl mLi,_c'ullu'dy,,_l.l'(ll-ihy,AiIh()tl_h the
only I't.'t.'l:lllly i'lc_Llll I() tlt:uil_lll.:l' lhc lhl'(lll_ll(I[ll lhc _(211(.)111u,_.llldIhere lll'C' .ljClie i,'.;kll¢lWll 1() reside in ihi,_ ilrCl.l (ii'
IllCS,'4II_US Iiidtlen in (ILII'_CII(2S, I111111y(IL'L'tlITUIIUCSill lhc htilllilll chron_os(Ime 19, its I_l'ecisu luc'llli(m

Bt_l'(_i'c'llii'Te-,_ctile l.)NA-,_Cl.li.lel_¢:e _l:ll()rlle where lwo Al_.lJs life l.'l(_,,,it,' _ll_(IDNA ,_eqLlellc'uliro Llllklli)Wil, 11
lilltlly._i,_ l.'i.lll I_ejJ,in, ii i'(llicl 11111I)or OUI' I1,V,I_CRI'll'i!llL'l'S with ii plil'lilil AI.,U is likely lhlii (1LIl'prul'le,_ will lx_very
_ellt_ i,_needc,d, Al(lllj_l.twilh the l..us ,_cCltlCIlt.'ec'lill inilialt_ lhc lul]l-ilil'i¢llll/;i_ ill,_lrtllllelillll in lhu isulllli()n cii' lhc
Allllli(1,,_ lind PJurkelt:y lil[X)l'lil()l'iC,'.;, I:li'(it.'es,_cvc'ii lh(_u_h Ihe ililei'Velli117 di,_eu,_e_enc, which c'tlLlld It;'llcl Ici ii'
wt.' al't_l_l'i;lllil'ili7 ,_Lic'hii i_ltIp Lillclt_i'li DNA t'l';.17111elll,_h_lvc ilevcr I-icl'iii'c; iii(ire riiliOllal llll_l'lil)Y Iiild I_ullc,i'
I.)()1.7,iniii_llive, IJ.NI.,',_ illlllledil.ile heL'll i,_(lllllrd, (lill_llo._lic,_, We are c()[[ah(irl.lliii_
7t)_il i,_Ici i-il't.,l_llll'l., li hiTh-rc'._i)lulil)i_ We h_lvc:ll_l.,clAI;,LI-PCI_, wilh I_tilk wiih rcst_lll't.'h_l'()tlpS iii lhc U,_,,
Ii-lap (it' _l_llll.lll htllllall c.,Jlr()llio_(ililt;, DNA I'r(llil hyt_rid c'ell Iine,_, _tilly {'lillliclil, iii(el l_JLIl'lilX:I(i is(llaiu thi,_
iitlllllx_r ICi, (l-ltllrilln_ hlivc ..._'_.i-li(li'.,,; wt.'ll-t:hllrat.'leri/,ed tli.illliirl-hliJllslcr illy(llilliic' dy,_lr¢_l)hy7c_i_e,'l'hi,_ i,_
,ii' l.'hl'(lili().,.;(l111c,,.;allcl IV,'(i ,_cX hyhrid (.'ell lin_.,,_I-i(}w exist, elic:h _;llly (llle ai-(pile'(iii(iii iii' DNA pi'llt_c,_;
c'hl'(llllll_<liile,_, Iv/ii X,_ iii t't:llllll¢,_ cXlllliiillilllj only durined Illiilor Ihey will pltiy ktLy mle,_ iii lh(
i_l' 1111_ IllICl ii Y iii Irillle_, ) IX_l'll(_ll,_(ii' IlLlllil.ill (hl'oll_(_,_(_nle_((lTd ll]lll]l_il_ 7 (_t' iii()l't_ _Clle,_llll

M_ll_l_iil7 rt_quil'L'_elTic'ielil ii I'i.ill .<,el(ii' lililll,_lt_r c_hl'()lli()S()ll_,t_._, c.'hl'(llli()_(llllt_ I(J lill(.I iii ll]lipl-iill 7
i_mppill_ I_(_1,_,_LIc'lili_ DNA i-ii'(lt_c's, Bec'tiLISeIlIJIll,_lcl' c'hl'(_lll(),_(llllt.'sdo Ii(li Ilia.'.t_lllur hLIlilllll c'hl'olll(_St)lll¢,_,
DNA pi'(_l_¢_lil'C'_h()l'l llil_l_:c'Lile,_lhlil liav_.' AI.{_J,_,lhc AI_{.I-P(L'I,_i_i'¢lc'u(ILIl't:
have tx.,c,ni,_(_lal_'clI'l'(_il_n_uch Itll'_t_l' pl'O(Iclc'e._llniplil't:d DNA J'l'il_lllt.'lll_ ('mltact: P,,1,de,/mig (41,_)42.l.81,15,
DNA lll(llt.'clilu,_ _illtl lhc:li ruplic_lic'd
iii Ixllk tltilinlily (_ii-ilplil'iud), tJi'ilht;s
lli't.' u_tially i_l_lllint:d lhr(_l.iTh
llil_l'i(_U,_ l'C'c'(_lllhilililll-l)NA Humangenome

,ALUrepeat Primer34 ,,,_ ALUrepeati-ir(_.'cxlL_rO_,,Wu Ilav¢ UXl:li_nd¢.,dl_
I)i'¢_ce,_,_c'tlllud lhc' "lxllylllc'rli,_u ¢.'h_lin
rt.,ilc,li_lli" (i'('14),whi¢.'liWil_ inililllly Primer 34_ I
(luvc'l(illOd I_$'('l:{'l'tl,c; (,(ll'lXll,l.ilillli ALU-PCR _ ,,,-'!! ! _"_--:::.:-'__
ill l!lllc'ryvillc!, Ici lX;rlliil ni(irt, l'itl-iitl pl'oduote _ : ,,_,,,-:-_ ___,-___,--,I
(till I-iiil'it.'ril i (Ii i (ii' ric.',w prli Ix.' generated tli.{iiIiliiillii7. Lll< " II III I Iii. ----_. IjL_'_llIimII

i...... :._ - .,_--' -_-ll,.,-.J

The' _ulu¢.'liviiy _1'lhc P( '!4
iilliplil'ic'illil;n i_i'(_c't.,,_._i,_del'iilt.,¢l hy
iW(_i_l'illlc,r,_, Ih'inlul'_ lii'l.' rc'rv ,_ll()i'l Figure 1, PCRamplification requires twoprreefs (arrow heads) to b/nd to eloselyspaced* s/tesalotlg the two strands of eomp/ementaryDNA(sold b/ack fines), Thedes/redDNA
I)N A 11l(;It.'c,iiic,s (llh(_l.II 2() huildiri_ region (heavyeoloredlines) can be amplified with two Identical #34primers, Thegrtty areas
I;l_;c'k_ I¢_i_g) I}illl liyhridizu I¢; llie In theALU repeat units correspond to a region of the repe_Itthat has no counterpart In
gt_li(_lill.' ._l.'ClLlellCe_I'lllllkirl_ lh( I-il'(_l_c, hamster DNA.



IIh.uuclh.,lilauclI_'.llvlr(.uuenl.ISeluuee I,'.&'rI,L,iuly,Aul.4us(I,}_J(I

A [VI Validali()n ()t' A,,,,part of a/olaf _/,'l_u'tbelweeft the U,S, and Japau, we are using

Neuir()n l)oses (AM,',')h,@ m,,.e.t,,o.
do,w,_'received gv ,vurvtvors of the Hlro,vhima arid Nagasaki atomic
.botnb,_',

i

10--

D urtrlgtheI'mStdecade,the LI,S, g ,,, illustnlied in t::igurc_I, Here,nltiosoi' c_.llcLIlllLedtc_rrletistlrc.'d lletl{l'Oll

al.ic.lJapan have uriderttlkerl _.1 '_ _ activation are plotted, Nule IIutr tilesul_starittal el'l'orl to n'evalutlie tl.ie "_ 1 - .-I-- --'
rtidhltit_ll doses rt._ceivedby .,,;tll'ViWWS t'ttlio,s should af_pr_xilnate unity (li.tc
_t' lile l-ltt'o,shlrriti tuad Nt.lgtlsttki _ dtlslled line)', however, they depart '
Ilionlie bombings, I 'l"his el'l'ort was I0-i . _ seriously I'mm expectations,
large ly proml:lted by. calcLihlt ions I' espec ltil ly tit the t'arthest d i,stances,

at LL.,N[_,thai indictlted serious 10-2_- . I. Our results demonstrate that (i)
px'oblems with the old ¢loslmetry, - AMS melisLiremeilis are sulTiciently

, , precise ici quanlll'y Iherml_ll IleUll'ClrlT65D, 2 As ti rest.ill ii new dosil.i.ieit'y _ -.L I I
S.ysit,'M,DS86, is now beil.ig applied lO-_ .... tlclivtlliorl tlc.'curalely iri stulll_le,s til0,5 1,0 1,5 2,0
to the utom i¢'-bomb bicImedical data Distancefromepicenter,km cli,_t_l.ucc_approaching 2()C)()m and
arid the assessment o1'raclitition- (2) the AMS metlsuren'leilts cletirly
indticed t'itllmel' risk iil li.if.li.i, Figure 1,Ratios of calculated to establish _.lprc)blc;m with tile I)$86

t-h_wever, lllOl'C.',recerilly, lt has measuredneutron activation for oh/or/no ctllcLililtioils, During the I.i(_Xl Iwo
betel.tie tll)Pzu'erli Ihlii DS86 nlliy be In samples from Hlroshlmaplottedasa yetil',S we will use AMS Ici rneti,sLire' function oi distance from the atomic-bomb '
flawed, A ¢li,scre.ptulcy has been explosion (epicenter). Calculations are for ll.i(ll'e samples iri l.lllel'l'ort t{! cltu'it'y
ob,,;erved helweerl ii.tc neutron DS86neutrons. Closedsymbolsare LLNL the llllltlre ()l' ii_e ctiscrel._tincy
a¢'iivtltion I:_retli¢'ted l'i'ori_ ii.tc rlew data of Straume eta/,; the open symbol hetweerl i.i.ieasu:'ed arid I)SH6
I)S86 dosinlt:iry system (vehich is was obtained using data from Kale el al2 ctllcultited Vi.liLieS,
based (_nc:lllc'tiltilic)n,s) i.md tile

aclivillit)rl tlt.'lLiilily II'iotl,_LlrodU,_il-lg iit, l'_,mlee._
del:liy-ccitll.illllg I.ilelhc)ds, t_'cll' time since the l.llolllic I'lOl]lbs, the i. w, (' P,ue,,¢,i_,lid,,/;,_,',k'(_I"imfl I?e/,m't,

l i,S,. ,1_11_(111,huIII I?e(t._s('._._ul('tfl_,l','ltmHi('
tlil'(I,shilnu c'_llc.'tllllleclihel'ln_.ll i,soicipe,snicl,sl LlseI'ul for decay life//iii R_ldialifJ#l IJt_._l'melrv iii Illl'<L_Jlil/laU/Iri

Iletlll'C)ll tleliv_.ilitln (['()r c()btilt l.llld tx)uillillg have Itlrgely decayed away, N _,u._a/,i, 14adimiun I,;ll't,c,ts 14eselu'c'h

UUl'(il,'litlll.i) appeared l() be higher lhllll AMS d(les I1C)i C()tll.il i'aclicIticlive I:.uudaliun, I lirusliiuia, .hll,lill (I_Jl.17),

ill¢'ilSLlred Ilet.ir the borllb's el_icerlters di,sinlegrulion.s; rl.lllior, ii m()tll'ils 2. w, I,;,l.uc,wc,_,_1I,;,M_.,nd_.,Isulm,I?<,vi.wd
t.il'id SLihsll.ililial ly Iowu r I Ii_,iri ind iv idual i.ilolll ic nuc Ici, There l'Ol'e, I,..vim<m,,_,!f IJ<,.wut Ilir<,shim<_<rod
IIi¢i.l._Ul'eC.ll.il cli,',;l_illC.'e,,.;bt:yond libc)tlt we cLu.iillel.i,_tlre isotopes with ICl.igor Na,na_aki,mu!I'<,sstl,h,(',,#m,qm'ttre,sli,rI7(Idi_llifvl..hldll('Cd l,('U_'_#li_l,l,liWl't'nc'c'

I km, l-l()wover, ['iii' bt)lll cilies, Ille hall',.lives Iutd lili.is oblain i.ilCll't2 l.ivurn_<,reNaiiulullI.lll_{>rlii{,ry,14el,i,.
pi)(Ir pi'ecisitln i_l' dec'tiy-ctiuiliillg precise l'esLllls despite the iliissl.ig¢ of I./-14(i-1.1( I<;H(i,I,

!l)elh(icls slime 45 yeiil'.'.;iii'lcr the time, ll.i tiddiliori, AMS Cl,ll.i be tlsecl 3. K, I<ai_,c,i_ll,,,I./?ud,,A',,._,2_J,
bc)mbs t.'l,lllll('d providea s()lid to ml.iko iI.iet.i,,,;0.11'elllelllsoil [I Vtll'iely 2(,I..2(ff,(I_/HH),
qti_lnlilillive mt_li_LIl'C: (ii' lhis (_1'mineriil ,sample,s(including Comaet,,7', ,S'Iraume(415) 422.5138,

disc.'l'el)i.il.icy, grttllile; tile lind col.iC'.l'ete)lbl.ii Lil'e
t:i'ortllOli-lic-h_ln.ih slimples, i-I-i()l'ei.lvtiilable il_i.ui lhc Llstitll StUllpl¢

liccelor_llc)r mliss ,spectromelry n.ialei'itlls needed l'(_i'deeply coLinLing,
(AMS) (_l't't:i's tl n-luch Ill()l'U l)rt.'c.'i,_e We have sh(_wil Ih_.llAMS L'lll.i I'lO
lllelll()d for nlett,_lll'illg Ilellll'Oll used I(.)111121iNtll'l.' 11t21111'()11ticlivt.lLi()n

aciJ\'aii(m Ih_.ln¢l(ic,s cle_.'tiycoLii.iiirlg, in I-lJi'(_,_him_land Niiglistlki
[)ecliy c(_l.iiliJl.i_ is I_iiseclun i.lccur_.llely, AM_ wii,_ tlsecl Io
rlldi(l_.lc'Livedisinlegrllli(irl,_ (ii' nlel.l,_Lil'elhc is(>t(llles (ii' chl(irint_' iri
is(_l_l_eSwith ,_llori hull'-live_, n.iiilel'lll s_.linples l'r<.ull t.lir(_shim_l,
I l()wevei', het.'titi,'-;eof lhc lellgLh (_I' lnilial result,_ u,sing this api-wear:li llre.
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'.Engineering

Soil sample used W explore the use of computerized tomography to

study surface crusting of soil, a major problem f or farmers in the

San Joaquin Valley. Nondestructive evaluation (NDE) is one of the

eight Thrust Areas in Engineering, and computerized tomography

is one of several NDE methods being developed.

r_'_ he mission of Engineering al Research and Development (ER&D) experts, and facilitate collaboration
I LLNL is, in the near term, to Program. We focus our efforts on and cross fertilization alilong diverse

provide the expertise and capabilities identifying and then developing scientific and technical disciplines.
necessary to support Laboratory those key technologies thai will The Thrust Areas are also tasked
programs and, for the longer term, "enable" l'uture Laboratory projects, with identifying those engineering
to develop lhc base of knowledge The ER&D Program is structured technologies needed to satisfy urgent
required t0 anticipale and fulfill around eight Thrusl Areas: or pending national needs, providing
future Laboratory and nalional computational electronics and a stim u latir_g environment thai will

engineering needs. Engineering's electromagnetics, computational continue to allracl high-quality,
presence as an effective team mechanics, diagnostics ;.u_d research-oriented employees, and
member in lhc Laboratory's major microelectronics, fabrication promoting collaboration with

programs is evidenced by its technology, materials engineering colleagues al universities (especially
contributions to so many of the and science, microwaves and pulsed in the University o1"Calil'ornia
programmatic successes described power, nondestructive ewtlualion, system), olher laboratories, and

in this issue, and remote sensing, imaging and industry.
In order Io anticipate future signal engineering. Thrust Area Although the projects described in

lechnological needs and lo develo p Leaders set the overall direction the following arlicles represenl only
and inlroduce new technologies, we o1"lhc "thrust,," ensure quality and a small subset of tile engineering
have established the Engineering progress in the activities, mainlain accomplishments made during lhc

links with l,aboralory and outside
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pnst yol.ir, they illustrate the hi'oadth to iltlclo_u' s_.il'egu_.ll'ds evl.lll.l_.ltioii, composite pl.iris with predictable

of liCIt" activities ticld the woitlth Drtiwing Oll ()til' expertise in properties Lind chl.tr_.tcloi+isiiesl

of Oi.lr 0ngineori,ng expertise, lllicroeleclronics design i.ilid Ellginoors tilld conlpLlier st.'ioniists
Engineorin 7 hits ITi;.ido olhor fl.ihric_.llion, we have devised sect'rily il1 l+ngiilOOi'illg +oillinuo i() i.idvtince

signit'ictu_l tichiovomonls lhtll we nlel.lsLiros Io pi+olecl inlegraled lhc .sltlle of the tirl in monlptlter

oxpecl will soon become key cirCLlits I'ronl ulnl.ititll(irizod probing, lilt)doling for Iilochttnics,

elonlei'ils iii OLIr lochl'iology btise ()til" work on nondoslrciclive eleclronil.igllotics, +.llid oleclronics ;,is

i.ind find regl.ll_.lr cise in L;.iboi';.ilory ew.iltlttlion has this yotir loci It) well t;s in scienlific dl.iltibtisos til ld

t)rogrtinis, ttlld will htive grottl imptlcl ihe ii'llrodLiclion (:ii"signil'icant conlpLiler graphics, Of parliL'ultir
oil curronl _,iiid l'till.iro l.,_.lbOl+i.llory inlprovelnenl of _.intlrnber oi' signil'icanco is lhc rtipid devolopn_enl

Lind nnliontil needs, labt:irnloi+y diagnoslic illsll'Umoi_ls, of scienlit'ic visutlliztilion

One R&D tiro_.i (;ii' i)i.irtictlltu . The speclrtil rtingo of ti L+ibortitory- capabililies; lhis Ims boeii tl

importnnce is moliV_.lled by the developed ncouslic nlicroscopehtts l__abori.llory-wide etTort for +l i_unlber

demands of experinlonlnl scienlisls been extel lded to 1 GHz, Ihel:eby ot' years nnd engineering 1)ersonnel

I'ol;,diagnostic instruments and . improving its resolution lo the 5-_.lm have been prominenl l)articipanls,

recording systems Ihtil c;.iil detecl, rtinge ;.ii-ld providing +l lent'old These new visti+ilizl.itioi1 Ioois i.ind

ll'_.lnsniil, _.lnd record large quanliiies incretlse in lhc i.lCCtlr_icy of t'acilities allow scieniisls lo

ot'.t'nst lrnllsionl electronic sign;.lls nondeslruclive pl.irt insi_eciions, internclively manil_ulnle large

wiih exll'emely high fideliiy. We have also inlroducod the cise citi_ii_tilies of dl.fin inlo nlol'e ensily
Adwmces imvo been achieved in the ot' spectrnl. _.inalysis ot' Rayleigh inlerpreled or viewed t'ormnls, thus

_.lre;.i(:ii"high-bandwidit], high-d_ila- w_ive scntlering to ch;.ir_.lClerizo lhc ill;.ikillg ii i]ossible for Ihen] lo obtain

rnle systems for modulating optic_ll disiribulion of surface Flaw depths a rapid ;and enhni_ced underst_ulding

sign;.lls, for t'aithl'ully irailsnliliin 7 in various n'iateri_.ils; this technique (:ii" the dnia,

these Sigl-ials over l_.lrge disinnces, n il.ikes ii possible to nssess the level We hnve been very successt'ul in

and for recordinglhc signals willi of' d;.uli;.ige i1__l nl_.itei'i_il _.lnd will I'ult'illing ocir mission to anliCipate,
ilow digitizers, Sil'e_.lk c;.illler_.is, alld lluve Li signil'icLml impaci on qul.llily develop, I.ilIClproviding lhc

oscilloscopes, Specific prttiecis ;.issur;.lnce in nl_llel'i;.lls t'abl'icalhm, engineering lcchl_oh:igies lind

include wideband (20-GHz) electro- In the realm of material science, porsol_nel required by the
optic iliodul;.ilOl'S, high-speed we COl-lliiltlO lo nlake m_tior sirides, [,;._,boi';.ilOi'y's progl'_illlnl;.llic

g;.illiuni-_u'seiiide ('?.CD (cllnrge- using _.idw.ulced c'onipuler inocleis ;.uld elldel.ivors, Drliwin 7 til)on lhc

coupled device) digilizers, and experimeninl lechniques, Io improve experlise and f_lcililies already

wavelongih-del'leclioi_ slreak t)l.ll" tlndersll.illdillg of the stress, established, we i.ll'e cont'iden{ thai

cilnlel';.Is, creep, ni-ld fniltlre nloch;.inisnls in Engineering will c:onlincie l(:iml.iko

N;.iliollnl needs For contiFiuing conll)osiie m;.llorinls, We Iiave ;.llso otllslunding und nolnblo

in-lproven-ierlis il_ i-iticle_lr s_.lfegu_.u'ds deveiot__edand iiliroducod iilie conlribLilions iii lhc years io CelTiC.
nnd securiiy h;.ive nloiivnled R&D roulirle use sover_.ll ilew Iooling and

pi'(tjecls Ihal spain lhe scope ot" c(mH)osile nl_.ichining lechniques, Uontat't: E, A, i, alT"anchi (4/,_) 422.&T5._,

systems science and engineering, including diamond-coaled inachine

F'or exnmple, we have developed Iool biis for improved t'inish and

nd;,m-iced compuler sysiems designed amcui'_.lcy, elasiomer iTinildrols for

specificully for securiiy moniioring t'abric;.llil_g vnrious lubul_u" sh_.lpes,

;.ind access coilirol and h;.ive applied ni ld new concepis for hybridizin 7

our sysloi-l-ls i,esel.ircli cap_lhiliiies composiio t'oi'iTis, Each o1' iheso

10cl-iilological ndvnllces exi)_.inds OLii"

capabililios li)relinbly l'abricnle
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Algorithms t() w,, have developed algo,'ilhm,v thal ,'emove the bh,rritsg ,!//'ect,v o,f

llmprove Atnlosplieric atmospheric tttrhttlenee./'rom tele,veopie images.

Imagirlg

T he resolution of telescope In 1988, we cm'ried out a alg(withm su(cesst'ully dealt with theimages is a conlbinaiion of the Il()rixonlal-pall_ imaging expe1'imeni main I_roblem......lhc additive delecl(w
telescope's own resolving power and using a (),5-m telescopeand a noisecharavlerislic ()1'C('I)

L -t ",l ") ,tile limits imf_osed b,y viewing clisianl charu,e-C(ml;_leddevice (C( D)-I ased electronic unlplifiers--and we
objects tllrougll tlIe ainlospllere. A speckle camera t'ocused on a target demonstrated higll-resolution
"telescope with a diameter greater transparency located 1,2 knl away. imaging of targets with luminosities
lhan aboul 1()cre, used Ibr visible We al-_f_liedslale-ot'-lhe.:arl image represenling I-lEO salelliles, We
imaging, is con_plelely lilnited by lhc. reconslrucli(m algorilhms 1o.lhc af_plied our algtwil.hlll Io dnla I'mm
alinosfHiere. The resolulion can be speckle images based oil analysis of lhc horiz(mlal palh imaging
inll)l'ovcd by recenl advallc'es in various ¢()rrellllion fun¢lions (_1'the experimeill, scaled i() represenl lhc

shol'i...eXll(istire-in!tlging iechllt)lt)gy ellSelllblt.' ()1' iMagOS, We obtained iill_.lgillg of ii salellile al I111nlliltlde

and new conlptllOl' l)tistpr(icessing higll-rosolulion images ot' a salellile rsi' 3()()() kin, l:;igui'e I Shmvs_.111

algorilhms, We have lakon iransparoncy illumiimled with light exalnplc_ irl" ti roconsli'ucled linage
signil'Jcanl slops 1o prove the , levels ropresonlalive tri' Iow-oarlh- from I()()() speckle frames colloclod,

• "t ",i )feasibility of this Ineihod, orbil (LE()) objects scaled lo til ()LII" wilh ()til" (.([ t.'Lllllel'a, A

We are using novel imaging horizontal palh scenario, We also coinparisori of Ille relalively

lechniqties thai "freeze" the developed a ntlnlel'ical siilltililiit)il of I'ealui'eless, noisy speckle I'ranIe
itlrbtilence-induced alnlospheric lhc Iochniqtle lind oblained similar (b) wilh lhc oulconle ()t" the

effects on lhc image by reducing I'OSLIIls, verifyillg ()LII"underslalldiilg I'OC()llslrtlc'li()ll process (c) shows
exposure lime, Each shtsrl-exposure (ii" the basic physics associated, wilh lhc power tit" ()til" algtsl'iihlll; _.iilcl a

irlierl'erenco patlern is called a the inelhod, coniparisoll (ii" the final product

speckle image beCatlSO ils appoal'allt:o Iii 1989, we concolflralod Ol-i lhc (c) with lhc iillago oblaillablo by ii

is'iiilalogous Io speckle observed inl/iging of I'tiiillei' objects with ii perfecl ().5-m lelescope wilh no
wilh coherent laser illunlinalion, range oI' a few lhousand kilomeler,_ nlnlospheric degradalioii (ii) shows
Procedures for exlrilcling inl'ormalion in higtl-earlh orbil (HEO), We had I(5 lhal we have indeed achieved

['1"OI11speckle-inmge sequencesare develop a hybrid algorilhm I(5obtain dift'raclion-Iinliled delail.
called st eckle interferomelry." a salisl'aclory I'OC()IlSII'LICIi()I1, ()til" Otll" 1111.1illgoal for 1990 is lo apply

our alg0rithins Io speckle imagos of
acli.lal satellites obltlillod wilh our

(a) Digital represenlathln (I)) Actual Slieekle iinal_e (e) Reeonstrueled ilnill4e CCI) speckle ci.illlel'il Ill()tllllod ()11lhc

i.6-m iciest.ope at lhc Air l_'ovce
Mm_i()ptical Tracking _tation. W_
hoi)e io rec(mslrucl images o1'Li:7,()
salolliles ()til 1o 5()() kill aild Io

explore new ways 1oin_pi'(_veOtil'
roconslruclioil alg()l'ilhlllS, We are

using leasl,squuu'es inelhods I'of

phase recovery and iric()rl)(walin 7 a

pr/<>riinformalioil such as p(_siiiviiy
and I)()tlndedncss (51'lhc .l>,ieci, ()til'Figure 1. (a) a digital representation of the diffraction-limited image obtainable with an

optically perfect 0.5-m telescope and no atmospheric image degradation. (b) Actual speckle goal is lo dc.'il-ionsirnlo imaging (if
image of the target transparency, obtained at 1.2 km through the turbulent atmosphere, with objects()til I() geosl al i()nal'y orbils
a O.5-m telescope and an exposuretime of 5 ms. (c) Results of using our algorithm to (38,()()() knl ).
process 1000 speckle images.

('mmwt: 7', W. Lawrem'e (415) 422-5322,
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Developrnent ot'a Hi_;h-pe#forntance, lithiunt niohate, integrated optical modulators

Hz Integrated h_,,,_ heenJ7elded in thefas'te,vt diag,tostic system used to date in
ttndergrottnd nuclear tests. Thexe m_Jdttlators' Ital,e wide bandwidths

()plical Modulator (>20 GHz), low,vwitching voltagex (<10 V), and h,w optical in.vertion
los,yes (<3 dB).

any I_,LNI_cliagllt)stic particular lypt:, tilt: Macll-Zchmter as an cleclrically drivt:n c_plicalapplications requirt: lhc inieri'eromcler, because of' its wide modulator,
trtuasnaissiola of tl single anah)g signal ' bandwidila rind low switching The, reClLiirenlenls for such clevict:s
fronl tl rornolt: rtiditilion sonst_i', Wt: vollligc, The Mtich,'i.,ehlldCr incltldC wide I_tintlwitllh, I(_w

hllvt: devt.'lopod iniegi'aid oplical mt)dulalor (Figure I) is till t:lt-clro- swilching vollagc (lhc vollagc

eyelet;ills.iii which lhc signl.il .Sotlrce is optically lUllabic inlc'rl'croMelor rccluircd Ii) chl.lnge the Iighl
ii scnlicorlclii_,lor la,_',erdiode arid lhc fol'nled by t_hololiihogral_hic Ii'iinsnlissioll lhl'ough the dc,vie:t:

signal is Irarislllill0d ovt:r tin oplical lecThniquos similtu" lo )hose tisecl iii I'ronl I()()% l(i ()%), and low oplical,, '- ';'i;t:., ....

l libel';' lhc: llglIl signtll is nltinll)Uliilt:d st:nlic()ri(.luclor chii_ nliUltlfaciure, inserlion Ices, There tire Ir_id¢()i'l's iii

lind c'onlr(_llcd by a high-sl:_t:ed F'irsi, optic'al wtivt:gLiidcs _.ii't:.clel'inod lile conlplicaLod init:i'play iinllilig

t:leclro-oplic mo(.tulai(w iii nlLlch iii tilt: lilhiunl niobalc t:loc'lro-ol_lic . lhcsc lhrce device pal'i.illlclors, Wt;
Lhc' sanlt: wi.iy thai c'tillVc!nlioll_.il crysial by lhc dil't'usion ot'. titanium', ht)vr: bt:t:n itl:)le lo ac'hievc a (;lulicalt:

inlt:gralcd 01cclroilic circtiils lhen gold eleclrodes tu'e dt:posiit:d t)tllilnce hclwct:n lhc wilvc;guidc and

manipultllt: eloclrical signals, ()til" Oll the wiiveguif.les, "l-'he slrucli.irc is t:lcclrode ptiranlcIc_rs ,so lhal wc ml.in

i_plical lransillissi()n sysioill,_ LiSC dc:signed so Ihal the light splil,<, iii ).he repealcdly illld reliably t'abricaie

lhc inlogralcd optics al)preach, ' input Y branch into two br:ares Ihtii wide bandwidlh (>2() GHz), low

conlbining the inhcrt:ni high fidt:liiy, l_r()pagaic indcpcndeniiy for a few switching volltigc (<10 V), and low

handwidlll, iilld inforn_alit)n C:al-)acily nlillimeter.<; rind ii-ion i'cc()nli'Jinc iii optical in,_erlion hiss (<3 dB) wilhin

lh)ii chariit:lorize (_l:)iical)lied)a, lhc oLItpUl Y branch, 1t' no elcolric l.l given clevict:,We I'ielded such iUl

"l'hey ()['l't:l" lhc: ;.idvaillagt:s (ii" wide t'ield is al'Jplied, lhc: I)eanls arrive al )nit:grr)led, oplically based ditignoslic

bandwidlh, ll)w loss, small size tile OLilpLil Y branch in plIasC tuld Syslt:In with a lime l't:Sl)(inse of

and weighl, rind ininlunily ii) I't:conIl)int:wilhoul Ices. It' ali eleclri(.' <50 ps iii till uncicrgroLind IlLlclo_ir
electt'onmgnetic inierft:rcnct:,, fit:ld is api+lied, however, apath test and have ohtaint:d t:xct:pti()nally

F'or cliagnoslic applic:ali(ins iii lt:ngth ciif'l'crcnc'e is introduced high-quality dala,
tiilclcrgl'OLInd nuclcttr tcsls, the hclwr:cn lhc tw(:) l)ciinls, tlllcl lhc

vollagt: oLilpul from a radiation combined bean1 clots ll()l propagate Contact: D, I,a/'aw (415)423-4604

delecl()r is applied to a devict: iocalt:d t:fficicntly. Thus, the device oi'ici'ales or M, I,owry (415) 423-2924,

iil ti Sotlrce laser's Ol)li(.'al-l'ibcr .................. .............
signal pttih, This clevic.c modulates

tilt: light signal exit:)'lift[ t()tilt: ]tiSCl" Figure1,

S()LlrC't:in l't:SF)()nsc)tc) lhc:applied Titanium-diffused Schematic diagram
waveguide Gold electrodes of a Mach.Zehnder

voltaic: input thus encoding the , /"< ' integrated optical

dciectl)r's t:lt:cir'ical signal on the i_ modulator.
(Iplic'al wtlvt:f()rlll prl_duc'c;d by lhr: Fabricated of lithium

(-) niobate usinglaser. The reeL)ICing variations iii Optical Optical
last:r lighl are rc:cortical with a streak fiber in fiber out photolithographic

camera. A laser wavelonglh _t' +) _ techniques, this
1() 11111tlCC(illllllOdtilOS |tie sirctik _ @ device is essentially

c li ill c_r a' ,_rj li ()io(: ,dtI1()elt:, an electro-ep tically

Tilt: key conll)Ont:ni ill lllis sysicn-i (_) ml tunable
is lilt: init:gralccl i)pticttl rn(idLilal(ir, _ interferometer.

Wt: hl)vr: c:()llt:t:lllrtilod ()li ()lie '
JLithh,im niobate chip
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H Power we are re._'earching/Ug/i-s'peed./tigh-l,olt(tge,/as'er-triggered

_ iCl'()'wave /dtotocondlictive ._'u,itching, assessing how t/ti.v techno/og.V carl be
a/_plied to/Ugh-/_o.,er, mlrrow-pu/se microu, a_,e generation, and

(; enera iio n collaborating with industrytodemo_zs'tratettew systemconcepts'.

H igh-l_ower microwave weapons pulse-length, 1,5-Gtiz microwaves, lechnology lo' the development of acan be used to upset sensitive 13yincreasing the power generaled by coral)aC'i, narrow-pulse, high-power
electronics in rcidLu'sand other each, and stacking many of these micrownve generator, The prototype
military targets, Narrow-pulse, Iligll- modules, we may he cihle lo ctevc:lop is zt GciAs-switclled, nlisrrlatclled
power microwcive sources cire also li corripLtcl Iligll-power micrc, wave Blumlein generLitor. TIle generator

being developed for advanced gerlen!lor capLihle of producing concept, sl.1own in Figure I, was
ultr_twideb;ind nldLirs, LIItrciwideharld sew::rcil gigaw;llts of peak power, .jointly cleve!oped hy reseurcllers ;ii
raclcirs IiLive severcil advantciges over Solict-,,;;tate i_hotocoridu0tive I_,LNL, R.ockwell internali!mal, ;trict
ccmventionLtl rnchu' tecllrloiogy swit¢lies hcive many ;Idv;.trilages over tile LJniversity of Texas, li consisls o1'

including high-resolution rcinge conveniion;.tl gi.i.sLind mecllanicLll li phoioconductive-swilched, 1()-(2
111e;i,,.;tlrenlenisLind iln;.Igirig, inlproved switches, iilclucling very l';tsl pnrallel-plcile 131UliTIleincoi.ipled Icl ci
l;.u'gol distrimiilLttioil ;andpenoirciiio'il switching, low Iriggor.jitter, Sinlplo 4()-12 imrallel plLil0-1r;insnlissioll line
(o;u'lh, WLilIs, Lind fOIiLlge), cind mochailiccil .slrucluro, optictil isol{llion cind ;uilennn, The in;lpodiulce inismalcll
tiltrashorl-rcingo capabilily, Of Iho Iriggor, high lhormnl capac'iiy helween iho FJlLimlein Lind lhc'

l)hoioconduciivity-ihe modulcilion Lilld conductivity, Lind flexible ll'LlnSlllis,,,;i()n line genel';ites ;i shorl
ot' the corichlclivity cii' Lt,'.;enlJCC)lldLIc- geonleiry, Switching speed is btirsl of i11Jcrc)w;iveenergy, Whell
tor malerial by lighl--is Li uniquely virtually limiled by the oplical trigger lhese generators cire slacked cind
inlporlarlt iecluiology for higll-sl)eod, speed, cinct picosecond swilcllirig Ims switched iii phLise, riley can produce
high'voltage switching, Using high- been achieved, Currerli clensiiies ;ts gigliiwatl subn_.illOSecondillicrclw;ive
volt;Jgc, laser-triggered, plloiocorl- high Lis2 MA/cn12 have been pulses,

ductive gallium arseriide (GaAs) reporled in G;IAs photoconductive Several key technologic;li isstles
switches, we hLive genercited 35-kV swiiclles, Combirling higli ctlrrenl i'enlLiill. A wideb;tnd Lillterlnci is
pulses will1 risetirrles ;is shorl ;.ts clerisity wilh Ilolcl-otT voltages of required til;il will et,tticierllly focus
135 ps, Tllese switches car'i llc_ld rnore 111;111I()() kV/cln nlcikes _.indI'adi_.lle short-pulse, widchand
off elecii'ic fields greater tl-icin phoiocorlduclive devices very wcivel'orms, C'olnl_cict, el't'icientl higll-
I0() kV/cm, We have developed ci . aliraclive for l'nst, high-.l_ower repetition lasers cire needed tct Irigg'er
prototype high-power microwtlve switcl-ling, the pholoconduc!ive switches. Switch
gelleraior usirlg photoconduclive We Lu'econducting rese;irch on elTiciency cind Iil:c ml.tsl be iiriproved,

switching lechrlology wilh which we laser-triggered pholoconduclive Comae¢: M, Ii, Plscha (415) 422.b1664
have generated 10-MW, riariosecorld- switching in (];iAs cirid cipl_lying this or W, W. Ho.l't'r(4157422-1636.

50-kV

power Pulseformingnetwork
source

]

....q>

Optical GaAsswitch
source Opticalhomogenizer

Opticalfibers

Ficjure 1. Photographand diagram of aprototype GaAs.switched,mismatchedBlumleln high-power microwavegenP.rator.

72



................. _L..................................................................................................................................................................... ! ............................................................................................................................................................. ].................

l!',&Tr luly.Au_u,_t 1990 l,:n/_Im,erl._

Predicl inl 'l'herln ll w,; hai.e dei.el.ped r, Im.s'Iproce.v.s'o,' lo ,.s'e ...ill, the Nli<l_21) ..d
TOPAZ2D t:r_d¢.s'Io I.'edicl lhe /'rtlclllre hCh_tvim"#.[ brillle .volid.v; thi.vl,)l l(Is thll ........,IllS(
w.rk will improi,e ..r @ilily Io .,re lhe,vem_m'ri.l,_'J'.r high.

(Ir;lck (; r  wlll mW high-.s'lre,v,v_M_licmio,,v.

liililur '

i

rip Ilt:rnl_ll ._ll,t_s,_o,_Li,_soc,i_ilc_clwith t:llt_r_y-rc'.lt:ll._t_ I'_llt: or lhc: J llllt:gr_.il Thin c'lom'lycloIll()ilSll'_llC_,_ thin iht: J

J ml'Lick gr()wlh LII'(Ji.i (.'o111111(.)11 vtlltic, li]to,ii'til l-)()Sll]l'()cc.'.._,_()ris _lUCUl'ti'lt: Lind

L'LILI,%C()J' ri,iiltll't: i1171LiSs, c't:l'Lilllic,_, In iinl_lcn]¢l_iing lhi,_ J'or111LIJ{lii()ll lhLIl il._V_.lli.lC_S{il'C ilidt:lx:nclcni i)l' lhc

LIII(.Iolhc'r brililt: solids, "1_()ClUlmliil'y _is ii I)o,_li)r(ict_,_,_()l", wt: (.'_llcul_tt(.' lht: c'()lllOLIr p_ilh ()1' lntcgl'Lilioll [inr.l lhc

how lh('ril-I_ll ,_li'c,_,_r¢,_c;_.lti,_t:(.'rtick._ lt_n_l_or_llui'(_ l'it:lcl._til'iii.lhd ii c'i'Lic;k lip It:vt:l (lr r.li,_c;i't_liztlli()i:i in IIiu l'inilc'.- '

I() 7r()w rr(ml t:xi._ling clct't:c'ls, using lhc lht:l'iT_i] riniit:-clt:mc:i_l c()_lc cJomci_l n_t:,_h,

wt: ilnl)lt:.nlt:i_It:d ii ,1 lnlcgr_ll 'I_()PAZ2[), Wc_ lht:l_ tisc Iht:st: VVc @l:_liod (){lr I1L_Wllit:ri_.ll-sll't:,_,_

i_o,_ll_i'(_ct:ssor lhr i.i,so wilh lht: It:mlx:rLllurt_s Li,_inpul I(,_lhc: t'inilc:- c@_lbilil), I() t:Xl_Crimoi_l,_ in lhc'

I'inilc,-01c:lllt:nl c'octos. NIKt-_]I) Lll_cl t'lt:mcnl c()clc: NIKlT.2[),l'(ir clllcuiltilii_jJ, lhorri_tll I'r;.iclurc ()i' gl_l,_,_,FiL_turc: I

T()t_/kZ21), With iht: i_o,gll_l'()ct:,_S()l',, ,_ll't:,_st:,_Llilcl (;lisl_l_.lct:nlc:nl,_, LJ,_in_, this _hows Li Modt: 11(Jn-r)lmlt:. cr;lc'k

wt, (.,_llj l_i'cclicl li'lt: ihc,'i'nml gl'Liclic_nl,_ inlorlll_llion J'i'()nl lht: bintiry i_lolt'ilo,_, slidinl¢) Ihci'iTl_il-l'r_lmlurc_ ,_pccimt:n,

_lll(;I lt)_ltl,_ lll_ll will c'Litlsu el'LIck til u i)()Sll)l'OCt:s,_(ir (.'lllc;tll_llc;s the Lls w,c,ll _ls ,_ome dt:tilil,_ o1' the IIc_ilill_

gro\vll_ Lind t'_iilt.iro iii ii c;oi]ll](mt_nl Sll't_ss-inlt:i_!4ily l'_lcl()i's, _li]cl cooling s),,_lom, 11i._ t:vi(lc;i]t lh_il

bLiscxl on ils c:rili_.'_.llJ lnl%i'til v_lluo Wt: vc'ril'kxl iht: J lniegi'til lhc ,I lniogi'_il l]o,_lr)roc;t:,,_,_or I(igt:lllt_r

or c_i-lt:rg.v-rt:lt:Li_t., i'Lllt:, I')(;_,_,ll]i'()c'o,_l)l'by c()i111_J_.lringil,_ i't:,_clll,_ with TOI_AZ2I) Lind NIKF21) will

Wt: htl\'t: IIi()r(iughl), verified lhc I() ih(ist: t'r(llll _ill _.ill_il)/lictil s()ltilJon be: (ii' _l't_ll help tl,_ we w()rk I()

I_O:_il_i'oc(.'s._ormid htlvt: Llst:d ii ii1 .th_ll u,_t:,_ti uomplt:x v;,ll'i_il_lc: rnuthod undor,_Im_cl lho I'r_iclurc: bt_h_lvior

coi_junc'li(m wilh _tll OXl_OrimcnlLll I() c_llcul_llt: tJllC:l'gy-i't:lc_lst: l'_ilos _ll ii 0F blqlllt: ,_',olid,_tiilcl lhoir ii_horcl_l

clTorl l(i 111t:._lsurt:crilicLll c:1101'7),- C;l'tick lip ii_ ti ht:_ilod l'CCii.ln_Lli_ir l_l_tlt_ dcl'ccl,_ undor mochm_im{il _lllcl lhc_i'rn_ll

i't:lc,._ist:i'Lilo,_ I'(ir ll_c:ri]_lll)' ,_Irc.'s,socl wi.th _i sloLidy-,_Itllt_ Ioml:)c;r_ll.Ul't: lo_lding, Such knowltxlgc is o,_st:i_lilll

glLi,_,spl_lit:,_ un(.lt_r two I),pos ()t' (lisiribuliim, For lhi'oc_ dilTt:rt:nl i1"mc _ll'C l() widorl lhc Lint: ot' lht:,_o

lht:.rlllLil grLlclit.'nl,_, Wt: h_.lvc:_.ll._()ui,_t:ct nlo,_;ht:,_;()r vtlryill 7 t-()Lil'_OllO_,__i11(.IIwo nlLlir<_l'i_ils for hi_h-lc_lllllt:r_iluro _.i11(;I
lhi._ mc'lhod of Lls,_t:s,_ing ih_: ct'l'c:cls _1" l)Lllh._ wilhin t_ich il_t:,_h, lhc J lnlt:_.rtil ' hi{zh-,_iro,_,_ _.ll_l_lic_ilions,

ihorm_ll ,_lros._t:s on i_ro-oxi.qing t'lLlw,_ v_llut:,s wero con,_J,_Ic:i_lLli_cloctui_il 1o

I() study tl;.llllLl_c, in lhc Nf)\gi ItisCl"S lhc"mmlyticLiI ,_oluti(m lo wilhil_ lr){,. ('r.m.'l: 17,A, Ridrlle (41,_) 42,7.7541,
l'inLli--t'()c'using lon,_ tll_cl I()prt:dici iilt:

t:rllcking iii ()l-)lic;.ll (.'OlllF)(lllt:nls

C'Xl_O.<;¢clio high-t:i_:rgy x-i'Lly
I'JLIt_llt;l:S, (a) ' A_ (bi

illlcgl'Lll lcrnl lh_.ll l_ikos lhc: dilTorcnc'¢ _ Aluminum _ 0

bc'lwt:t:n lhc Sil'tiill CllCl'g), clci_sil), tilltt Chllle -Fi-ri

cli_l_l_lc't:n_t:i_l ___,i'Llcli_:i_lii_ lilo dii'(:clion Glass II II end
(ii' (.,r_lt.'k;.idVLillUt:, Lind _111LII'CLIilllOgl'_ll .___-.{--_.___]_. plate ----1'-°

lc'rh1 lhtil is lhc pr(iducl ()I" lhc nlr_.in __.Glas s l_)slI'C'S,_mullil_liL'cl by lhc lOIllllel'Llltll't: Wood v"

_l'il<lic'l,1.In c'<,l,,l_il_Liii<,.l,ihc._c:Icl'ms Power for [._
yit:id ih_ t,'llC'l'g),-I't.',lt:Ll_¢ I'_.il'c';.il lht: Aluminum cartridge heater i cYar
ci'tic'k tlp for b)lh rncchtilliC:_il Lill(.I .,_.A] tridgelh_:i'm_ll l¢_lding, F'or brilile mmcritds, heater

th_.' rc'si_l;.Irlc'(_' t() c'nick gl'()wth is

tyl_ic'_llly nluLi.%Ul't:clu._ing c'ritic'tll
Figu re 1, Thermal-fracture specimen for measuring the critical Mode II stress-intensity

struss-iill(.'i_sily lLt(:t(ir,_, which Ltl'u
factor: (a) in-plane view and (b) orthogonal view through section A-A "

I)i'()l}()rli()il_il I() lhc' SClLl_il'Or()()l ()1"lhr:
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Fiber Composite a .ew, c.p.l,uio, ..,.,, ch.r.c.<ri:,,rb,,.
three-dintensional petformam'e envelope o/'advanced,/Ther compositeMaterials for Extreme
materials under the combined loading oi'axial load, torque, attd

Ellvironlllellts internal pres,vttre,

e are ¢levol_ping fiber (.)no o1'our goals (lind a mtljor lesl Illiilclline llml o's.insiznullml¢_uslyc_ml_,site materials for dil't'icully) in lo char',wteri/.e lhc lhree- _tpl-_lyaxi_ll I_xtd, iCWClUO,and inlcrtl_tl
rise in extremely'challenging, lhreo- dimensional perl'ormancc envelope _1' pressure. The u_mbinod l_icling
dimen._;i_nal Iotldin,,_ en\,ironnlenls lilose malerial.,_. The porl'ormtlnce of rovo_lls ¢'omplex failure Jncc'h_lnisi_s
such as wttrhe_id iwnotntior cases l'iber COml'_oSil¢tnmurials in c_mplex nnd makes il possil_l¢ t_ optilnize
lind aclvmlccd mtiniiion componenls. _lnd highly dopendenl on lhc the design o1'advm_ced colnp_sile
Advtmced composite malerial._-- _wionimion _1"lhc t'ibers and the mmeritlls I'_r specific severe
lypically _,raphile t'il'wrs embedded in u_nl'igur_llion of lhc laminales. The u_ndili_ns.
m_elx_xy resin malrix ....tire especitilly i_erforlnanue envel_l_e is del'ined by An ex_lmple _I' a lw_-climensiunal
tisot'ul I_ocaus¢ of Iheir hi,hL slren,,ll_,_ lhc locus of val'iou._ coml_ii_alit_ns perl'orinance el_veh_pe l'_wtin early-
high slil'fnuss, low density, and low o1'the three-dimensional stressos generation C0ml'_siiO nlaierial iy,
tllumiu numl'_er. Wt' are doveloping a required Io induced t'ailtlre, l::ihcr sho,,vil in l::igure 2. Nolo thai the
lhree-dimensi_mal failure crileri_m COml"_o:;ilema.lorials lX_ssessmm_y linliling m_lxilnuil_ shear str(.'ss
for use Io i,nprove the modeling unique and independenl t'ailure il_c'retlses hy 25% when lhc lost
mid design of _iclvanced COmlmsile lnoctes IIml require us lo generale lhc specimen in simullanu_usly lomled
,_Iruclure._lhifl can wilhsland ever- overall pert'ornaance envelope or in tension Io 8()?f o1"ils maxinatim
increasin,,_ Ioatling exlremes, failure surface, ax i_ll load-carrying Calmcily, Curre,nl-

....... We have develol:)ed a mulliaxial guneralion fibers now being lesled
lesling capabilily for Corni'x_siles lhal show similm' I_ehavi_r _llstress
enable i.ls Io genoi'mo a sigi-iil'icanl level,<;nearly three limes grealer,

_ Axialload pt)llioil ot' iile i'lert'()rnl;.lilce en\,el01-te, Vi_tialil, iilg lho complex t';.liltire
The tesi specimen is _lCOmllosile Stlrl'i.iCC',',;(_1'these IllliiC'l'ltl]_ will
lurlo 5 cnl ("_in.)iri diLllneler with grc;.illv C;llllallCOour l)cl'f_li'illance-
15° c.'tlslepoxy ellci c;'(nle_for griplling modeling capabilllies,
(F'iTure I). This Sl:wcimen in filled
inio ii compulor-conlrolled hydraulic ('ontaet: S, 17,(;/'oi'es(41.4)422-1331,,_ ...................................................

Laminate I/ Torque Figure 2.
stacking 33,5 36.8 Multlaxlal failure
sequence VAxial 35 --stress surface for a

" T300/F263
.r-ii --_ 25 -- graphite/epoxy
"_"" oop '_ 20- laminate

<n determined using
• _ -- stress

15-- our mu/tiaxia/ '_,_ .

" loading test

10-- (] system.p,

--0 --

 easox, p I I I I'71J --° @"
con grt ping -7( --41 ,-20 5 3'0 15 --1--''<-- 50 _¢;

I _'-'1-'-rr::r:ZZ-._.__"A_/J*'_25 @@'!'

Figure 1. oiagr_m of multiaxial test AxialStress,ksi 5,. 80 x_oO_
specimen.
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C0mpuler-Sinlulaled LLNL-developed finite-element codes allow engineers to simulate

Sheet-Metal sheet.metal-forming operations. Run on supercomputers, three-
dimensional analyses accurately predict sheet.metal responses to

Hydrot'orming complex tooling geometries,

ntil recently, tooling design simulated the forming process, points. Another important feature ini_asbeen a black art in whMa incorporating the tooling and our codes is that we may ch6ose not
experienced technicians modify their lubricant conditions and the t'orrnirtg to calculate the stress to which the

punches and dies to produce sheet- pressure histories. Comlgarison of relatively rigid tooling parts are
metal parts that are free of tears and Figures la and Ib clearly shows that sulLjected. This allows us to represent
wrinkles and have enough strength to our model is an acctlrale simulalion complex tooling geometry in gre,'|l
naainlairl theh" shape during service, ot" the part's geornelry aild stress delail without adding time-
Experience has been gained only distributions. The red stress contours, consuming stress calculations lo
tlarough trial and error. Now, which indicate the locations where the model.
however, engineers can use our tlm model predicts part t'ailures, Another innovation is our u_e o1"
l'inile-element analysis tools lo gain correspond to the maximum slress the explicit dynamics code DYNA3D
insight into the details of tooling _ the material can withstand, to perl'orm what has been considered
design and greatly reduce the cosily A particularly important capability an implicit quasi-static calculation.
lead time required lo form complex ot"our modeling approach is thal it By adwmcing tile punct_ at an
paris successfully, accurately represents the points ot' artificially lasl rate, we can reduce

Finite-element analysis is contact between the sheet metal and the previous lirnilatiorl o1'small

especially well suited to solving lhc tooling, which nmy be made and time-step sizes and use the explicit
problems in sheet-metal forming broken several times during tile approach. We are now working to
since complex geometries Call be simulation. This is a capability in establish quantitative measures of lhc
treated with ease. For several years, which LLNL codes excel, because artil'icial dynamic elTects thai may
we have perfornaed interesting two- our robust algorithms accounl for be introduced in simulations of this
elimensional analyses, and tlm varying t'riction conditions as well kind.
inherent syrnmelries ot" these as for the presence of corners and
problems make them amenable to bodies that are in c0nt_:lcl al multiple Contact:B. N. Maker (415) 422.1385,
experienced intuition. However, .........
with the advent of modern

supercomputers, three-dimensional (al (b)
modelings are now tractable. Three-
dimensional analysis o1' sheet-metal
l'orming problems is especially
reveal ing and useful as deformations
with multidimensional curvatures

can defy the intuition of even the
most experienced teel ing designers.

To illustrate our capabilities,
consicler lhc part shown in Figure la,
whictDwas assigned a low
matltll'acluring-l'easibility indc× by
experts at a l)()Eproduction facility.
We used I_,I_,NL'sanalysis codes
1NGP,ID, DYNA3D, and 'I"AURtj S Figure 1. Cover for a portion of theSRAM11missile(a) produced in thehydroform

processand(b)simulatedusingfinite-elementanalysis.In (b),theredcontours,which
to develop the model shown in showstressesthatexceedthematerial'smaximum(orultimate)strength,correlatewell
Figure Ib. In this example, we began withthefailurelocationsin theactualpart.
with a I'lal sheet o1' alumintlm and
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Physics

Magnet levitated by a block of superconductor cooled to

liquid-nitrogen temperatures. Some of our most exciting

research invoh, es theoretical and experiniental studies of

the properties of high-temperature superconductors.

f-| ''t Ilo {hl.ii'icr o1' tile Physics of nsti'ophysics, alonlic physics, nl_.lssively parnllel cl3nipuling for
1l

l)el:)artrrient is (I) lo l)ursuc corldCllSCd matter physics, rluclel.ir sinlulating the physical coladitions in

I'cscl.ll'chon lhc l'orel'r0nl of physics physics, _:lildplasnla physics, and in nuclear wenpons and t'usion systems,
in ureas thai are in-lportant to current such computntionally intensive topics Our recent work in atomic physics
and l'utul'e Laboratory progranls, (2) as conaprcssible laydrodynainics and has exploited the renlarkiible
to exploit unique facilities arid trarlsporl theory, capabilities of tile Elcclron Beam Ion
expertise to initiate and carry out Articles in this section highlight Trnp (EBIT), an instrunlent in which
higli-leverage scientific ;_lild {)til"recent ncllievemelais in the theory both the structurnl and dynamic
tet.'hnol(igicl.ll projecls, (3) to inlerl.ici ot' superconduclivity, in IlUclellr d_.ita pr()perlies of highly tJhl.irgod ions el.iii

vigorously with (lulside _.lc_ldenlit:. nl()deling, l.ind in I EGASYS (l.lll be i11ei.iStll'ed, The EBIT hl.is spl.ll'ked

_.iildtechnical conlnaunilies, and (4) experinlenl designed lo slucly highly a revolution iil nlolnic phYSiCsby
lo rec'ruil anddevelop oulsil.inding ineliis_ic iilleraclions of eleclrons l.ill{l 1111.Ik,ing experilllenl_illy nccessible
st.'ienlisls _llld Icl.idol'sfor tile nuclei), Olher pariiculnrly nolablc virlul.llly nil ionic sll.iiesof ali
Laboral.ory,The Deparllneni's ;.icconlplishnlel-iiswere n-indcthis elenlenis in the periodic iublc, (The
trmlili(mal focus Ills been on long- yel.ir in the _itonlicphysics of henvy very highest cllnrged sil.iies tit"tile
Icl'Ill physics I'CSetll'chIhat cot.lid elelalenls, ill lhc sludy ot"highly henviesl elenaenls will beconle
have n signil'icnnt inlpact on the distorted rluclei, and in nlodeling available wilh lhc SuperEl31T, which
L;.ib(iratory's nuclear we_ipOllS superlloV_.iexplosi(ms, The Physics is under cl;lli_lrucli(In and very Ilel.irly
progr_.in'i,This elTort Ill.isbeen Dopl.irlrllenl also wns illslrun-lenl_.ilin complelc, ) During lhc pnsl ye_ir,we "
c:{mt:enlraledill itle disciplines iniliaiing l.iL_.lborat()ry-widt.,.projecl used lhc EBI'I' Io nif,iko ;I IlUlllber cii'

I(_explore lh0 suilabilily of
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"l'jrsl" tneasttretnenls oI' lhc ener_ie,,._ evoltilJcn_s were JlluorlX'_l'iHedi111_ suuuussl'ul lind _i_.'lJ',,_'l_ru._nlms in
of x-nLv lines oI' lliy,hly ulmrged ion,'.; llle model, Wilh llle l'orlLtilou,_ llslmlH'_ysius, hi.y,h-l_re,_silrephysics,
l.llld of SLICIICOlIII_[uXi|lollliC (IUL'LII'I'UIIUUlillt] (.It.'LL;UIJ(HI,IWOyellrN lilld NuJNIIIOIO_y,We Np(HINOI'II
rel.iclions a,,,iclielc'clrolliu a_o, ot' IIle ,",iN I _JI,17A,,,itlllel'tl_wll, Nttnll_er ul' ndvzmced tn_.llhetnzllic_ll
l'CUOlllJ')JlllilJt]ll,G'he_eIIIU_.IStlI'UIIIUIIIS We ]1lIVe buell _.l[')[c lo u()IIIJIHI'U ()ill' lH°ojeuls, such II,_ IIL;tIl'II[ llt'lW(}l'k

l-rove l_rtr,,'ided l_enuhnmrk clalll Ibr calc,t_lalion_l nloclcl,,.;wilh tl_llll l'mrn Inodelilly,, in lhu lilsliltlle Ibr
(itll' lIleorelic.'al corlllluler cxxlc's, thllt OVCll[,'i'his COml_llrisun ha,_ ,",luienlll'iu Co1111xltill_ I_,e,',;ellt'ull,l\ls(_
which urn! nuw l_eused to _etlel'_lle validated nearly ali m@_r I'elHtlre,_ Ihis I_llsl yu_lr, we t'ortnlilly _t_,_ume.di

needed _llomiu inl'orm_llion t'or tlil.llly o1' mir Iheory--lln exlrl_(irdinl.iry l'e,_pon,_il'_JlilyIbr lhc Pla,_m_lPliy_ius
ioils oi' t_ro_rlllllrnl.ltic irlteresl, triLltrll_h Wllell Olle eOll,W,Jtlel'Slhc I,_e,_lelll'U[1IIlslJltlte, ()til' C'elller I'(11'

'l'lle c(mvenlional prol)erlie,_ o1' extremely uomplex exp[o,_ioll Accelerl!lor IVlliss SI)eulrOtllelry [l_.ts
nuclei lll'e tl,'4ually c_.llutllilled usillg physics associated wilh mnde several iiill jot lechllJull[
(l[arlree-l_ock) corrlptller codes, lile ,W,tll'lel'll(.Wl.I, n!(xle[ l.lullievetllelll,".;, Jll(.'ltltlill_ NtlC'C'L;S,',il'tl]

By rurlriing lliese codes Ibr highly An inc:reastnL.tt'nlclion o1' I_hysic's Ol:lenfliori ot' lhc I'l.iuilily lot
di,_tort_xl nuclei, lhc' so-ctllled l)el_llriment work [ills heel1direcled elll'[lOIl-14 Ille_l,',;tll'enlelll, [)tlrJllg
",_ll_lpe" isomers, we Imve deline_lled toward i_rojecl,,.;I'unded t)ulside the lhc comirly, moriths, we expecl Io
tt t'turlily o1' nucletu' exciled sttlle,',4 Iltlclettr wettlXm,_ tttt(I t'tlsJon derllollfiltte sttcue_sl'ul use of
wJlh rriegtte[eUll'(m-volt energie,,4ttnd uorllrrltlrlJlie,_, Iri [ttr_e rlle.ttstire, this ttuuelertttor rrlit,_,,,;Sl_eutrolrietry I'or
conc'eivahly lonL-tlil'etimem, 11'sttc:ll rel:li'ementsthe _uc'uesst'ul irttnst'er other rttdioimolope,_, whic'li will
,',ill.tlescii++cxis't ill Ill.lturc--ilot ,just I11 (11' expertise developed in lllo,',+e allow tlS Lt!UHITy out innovative
eOml'_Ulerc_lleLtlaliorl,_--ll-ley could he t'_rogran+lsio ollier i_ml+lem,,.+ot' muztsuremerll,,.iIbr l+ionledical and
u,_edas cnen'_y ,_lonl_e ,'.;lales,wilh natiomll iml_Ortancc:,Three _trticle,_ environmentlil ,_cienue apl_licaii(_ns,
onergies rrluc,ll grealer II'ian I-iiL-zh Ilere higllli_hl ,_omeo1' IIlis work' lhc
expl(_sive,_ and with nlore sl_lbilily JnllOV_llive Brillianl l_el_bles I,_ro.jecl, _'<.z..,_:(', II, 7'f_rler(41,_j422.416y,
lhan t'i,_,_icll_ingnuclei, We have sl.ipporled t_y lhc Sti'aleglc l)ut'en,_e
begull hoil_ an llllOllSe cl'['orl to lniiiaiivo Orgaili/,alJoll', ihe XMM
ul.llc'tilale lh0 Iil'olimo,_ of ihc_shape or X-l_ay Mullillllrror Mi,_,_ion, for
jst)illOl',,.;_,illtlan eXl_orinlenll.i[ which we llro ilolpin_ dovolop I.ii1
i_i'o_i'anl wiih olher inslilulJons lo x-ray ,_l._eeli'(;llllOlol'Lindor NASA
search l'()l' Ihem, The exl:lC,l'ilnenla[ l'ui_dii17', arid a long-lerm niT(Irl
olTorl has produced very ,_igl_il'ieaill SlXm,_orodI_y lhc I)OE ,_Ol'l'icc: or
rosull_', work _ll lho l_.awrenee t_riorgy l_e,_eal'c'h1o lUl_ilyze and
F_ei'keley l_ahoralory and ui_dorsl,and lhe dil'l'oi'ei_uos I.i111Ollg
I1101.lStll'elllelll,W, llll.l(Je l.it Argolllle variotlS models o1' lhc tltmost_herlc

Nalional l.ll[_ornlory,havo providod 7i'eerihousc oi'foci, ()ur work in (Hiler
dul'inilc: evidence for ihe 0xi,_ionce ot' climaie-relliled prqjcuis is coi_linuii_g
SLIU]Iisomer,,.;, lo gl't)W, 1.111(.1WO hl.IVe ,w,eVel'l.iJ

Lasl year also saw lhe c.'u[lllJnaiion sut_slanlial inilizltives in mode[ing
0[' llear[y 25 yol.ll'So[' lelidersllip in i.lllllo,_pheric C']leillislry, in
modelinL_t ,_upernova explu,_ions, The developing c_upled nimO,_l_heric-
l'irsl delaJled the_)ry of such events, ocel.ulic model,_, alld in siintllaling

worked oui al I.LNL in lhc c_irly , ihe IX_ssihle consequences,_l' loxic'
19(_()s,involved lhe i'_lF_idinlplosion gas releases,
oi' a slolll.ir coru which c:nlilled The l_hy,_ic,_l)ul_arlll-ienl Js
iletlll'Jn(.)_ []1_.11hlc:w tll'l' lhc tltllel' COlitillLIJlln lo OllCOLll'l.lge_.lllt]['o,_ler
porli(in o1' Ihl: sllii', Mi.iny i'e['JllerilelllS ()tllsJt[e co[ll.lhorliliollS and
o1'this sct.+'llttl'J(Iwere .'.;I.l[:),w,ec[uent[y JnlerttclJtlll,,.i, '1'he I..,I.,NI..,[lrttllC.']l
In_tclu,_uld clet_tilcd nurrieric_ll _1' the l.Jniver,,.+ityt_l'C_tlil'_rrli_l's
de,,.+criptiori,'.iot' the pre-,'.+t.ipurrIcwa ln,',+litl.llelhr (]UOlHly,,.+ic,,,+_uid

Pltlrlulary PI-iy,h:iu_Il_l,_vury
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Phov,4ie,_ i,',&TR ,I|lly'AItt.lu_IIOCH)

I+l'illitllll Pel)bles w,,are del'el,ping a stra,.gie de.li:mw...'yslemthat e,nsi..,'ls+J.t',.lny
I ,I I j + I el J

idenlle_ll, sopltt,_,tl_ll_d,_'l)(le_!cl'_</t ttl low _'(H'lh _Jli_tl, 1 he,_'_ "l_t'tlli¢tlll

I'ehbles" uan deleul and hunl d_Jwn missile,_' cJver lhcJusand,_' _J,/'

kil_nnelers, cntee enabled by Itum_ln _'_nnmand, The Brillian¿ Pebbles

,_'y,_'l_'me(llt he implemellled u,_'ing e.vi,_'litlg ,'[ttt¢'l'i¢'¢lll lechlloh_gy _lttd

¢t1 relatively I_Jw cost,
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Phy,_ies I",&TI{ ,llil,v'Atib_llNiigg(l

l, ,et'lecli i,1 (; I'_llill_ 14'_.h_il.ere.voh.ed.[undament_d,s'cil_..ll/'tcmid _..gi._+eri,_#Lv_v.e.s't.
de,s'ig.i.g cmd,/'.hHc.li.g _m .v.r_lyr_/'l(,cfio..gr.li.g my'eLyltl¢ll will

/_rr_l'V J'_lr _111 x-r_ly he p.rt o,/'_1,wll_,,llite,vpectromet_,r,
, alellile

ri-_ he x-.l'_.lyspeull'lllll o1'ii uosllliu l!¢uropenn Sp_tc'eAgency (I!¢SA) 'l"he RCIS nits irl lhc I'_ulls o1'lIsoul'ee is ils I'illgerprtlll, ii hlls l_llulned _.lsp_.tuemissi_n iu hu I_lrge IYiii'l'_r (soc l::igure I)thlll
uolleulJOll oI' illl'()r1111flJollUlliqtie I_) ILiUllUlled il_ lhc l_.fle lO()()s, the collects alld l'outlses x rllys o11lothe
lhifl SOUl'eU,This speulrum reveals X-Ray Multimirror Mission (XMM), reflection Bralings, lhin (,-,I Into)
inl'ormifliun _d'_oulsuch l'undament_tl which will deploy a siflellile-l_ilsod beryllium will'ers c.oliled wilh B()Id
I_rOpel'liesas lhc lellll}Cl'lillll'o, I'ot'leuli()il-gratillg slloctl'olllelor ill whiuh IIloLl,,,;l.lll(]_oI: _l'()l)V¢.sII,tWC
density, veloL'ity, ml_l ui_rnl_OsJtJoll (I;_CIS), By deteeling tile x-rny I_ooH etched, The gl'iflilILJ,s disperse
_I' lhc reglul_ in which lhc Sl_Uulrum speelrll oI' lhouslu_ds oI' cosmic lhc rel'lecled x rlLvs isle lheir
_rigimlled, While lhc value oI' such sources, llle RGS will,v_Islly increilse uornpunenl c'nergies ex_lully _Is
sp0elra has lonL.zl_eunknown, lhey our underslilnding oI' m_my clLisses ii prism disperses lighl isle ils
111.tvulIok'.llaCcjLlil'ecll'(ir OllJy li of oldies:tstJ11.flC1111tX l'l.tyS, sLIch ItS U(HIIJI(_IIUII{u_lurs, ()liCe sorlucJ by
handl'ul ul"cosmic sources, More ilttLlll'(lll sit.ii's, hl_ic'k hules, and their enet'_y, lhc x i'li),s are delec.'led
i_r_L.zresshas av,,lliled lhc advent _1' i.lUasar._,I.,I_,NI.,and the Llniw, rsily hy a ullarb,e-u_upled device (CCI)),
inslrLimenls o1'hlgtler sensilivily, ot' Calil'ornia, Berkeley, _ll'e an x-rily deleclor being btiill hy our
The nlosl i_owerl'ul I_ol llvliilahle I'or uollahoraling in designinB, l!!uropean uollah,_r_llors,
Ul_derslanding these cosmic X-I'lly eoilsll'tlelil_g, and c_llibr_liing the A ,,,lll'iely o1' technical issues must
sotirt.'e!_is lhc x-I'lly Sl_eclrolneler, _ll'ray ot' reflection gl'lllings I'or t_eresolved, Ahoul 6()()rel'luuli_n

I_,eco_zni/,ingthe need I'or high- lhc ESA i.lrlcler Ii u_llltl'_.lul I'rom L.tl'l.ltill_,l:tsnii in each ot' two I_oxe,_',
sensiliviiy x-rlly Sl'_eclr_sl:opy, the NASA iu l.llll.lill high resolulions they are

_lligned I_ _leuur_luies_1'sevenll are
sec_mclsand musl I_et'lal Io belier

Figure 1, optical II lal_ I _lm over ii 20 x l()-em lu'e_l,
design of the _ !._?
reflection.grating _' 'l'he_e retIuirumesls imposesevere

demllnds t_n rnl,llel'Jllls arid aligiil_lerilspectrometer, The i
, lec'hrliques, '1'o tllor_u_.lilyreflection gratings at

the exit of the x-ray X-raymirror .----i,... uhzirauteri/e the gr;itings' hehavi¢_r
mirror are oriented at till(icl' x-ray i llun_il]lfll()n, we nll.lSl
grazlr_gIncidenceto c(lllstrtlcl _lma,icr file i lily I'or
the beam.Thegratings cllllbr_ilin_ _lhuge riuml_er oi
Intercept only a b,l'lilings (tip l(__eVCl'al lh(itiSallcl)
fraction of the beam; lo enstll't_ lbl.li (lilly the hiL.thesl
roughly half the light llurl'(lrnlillL..t riced be selecled I'()rpa_sesthrough the
telescopefoealplane, l'lighl. S(llLItior} ()I' ali the leuhnical
TheInterceptedrays I_r()blulllS rucILlil'es c l(I,_;e
are diffracted to C'(iJlal_orai ioll al]l()117L,I_N1.,
a strip oi charge- experts in X-l'_.lyphysics, l_recisi()n
cot/pied devices ¢ll[2Jnc:eril]_, and materials scienue
(CCDs)thatserve as I.I_NI, _lslroptlysiuisls, I_ecause(_t'
the spectroscopic their experlise in x-ray SI_L'C'II'(_SUOpy
detector, Toeliminate Rowland l.lll(_lhigh-lell_lwrnture i)lllsllll.ls, will
aberrations associated _lrole. _llsu l_uhe,wily involved in lll l_lly/ill_
with the arraying
geometry, the gratings, _ 1 _,,.,,,._-_ CCDdetector (hilii I'rolll lilt., I_,(IS, W(irk i_ uncler

the telescopefocus, n _ strip Wily t(i det'ine mid eventulllly irl writeand the CCDdetector Telesco,_efoous_ liltlc'h o1'Ihu sot'lwllre needed Icr
strip ali lie on a large _lllllly/,ill_ (h.ita,
Rowl_tndcircle,

('IHII(II!I; fr''ll.ih'.v (41,q)422-451I,
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'l'hc PE(; ANYS Co,,,,,,,ca,,of a facilily for sludying the behavior o,l'quark, 'in

Pl'{J,jecl al S I nucleons and ruclei has been proposed,for the Positron Electron
Project xlorage ring at the Stanford Linear Accelerator Center,

I) t_Cl-_inrllzstic t, lrctrtln ,_cattcring IN liar pa,',;Iycrm', litc i_r{_jccl rl-icastirctaaclzts tit' tlac _.lttci)tltili()rlIlrcwitlc,,.; lhc jlatlst detailed received ,',;cicrillt'tc liPl_roval t'v'tma o1' fast lm¢ll_m,,,;i_rcltluccd iri clccp
int'orlnltlitm ltboul thr c,mstilucnls SLAt_' ,tml i_ilssctt a technical mad inclilslic sclLItcring within nuclri til'
til' liar nucleon: tltlllvk,,,;and gluon,,.;, bttdgulm'y review, 'l'hc Sllokc,,.;mlila dil't'crcnl radii, Another i1111)(il'llllll
l-lowcvcr, early cxl._cl'imcnts tlbsrrvcd for thr collab(_ration m-ldIllc syslcm rxf_t:rimcnl will be it starch I'cH'li
{rely lhc scallcred clcctrorl, arid cvcrl tllill-ii.tgCl'for lhc lalagllcl lll'r btllh lacw f_arliclc thal interacts {rely with
loday little is kmwtrl abt_tit thr I'atc o1' IJ_,NI., scicntists, Ii is htlpcd Iiml ohm'god Icptcms (clcclrcm,,.;, muoils,
lhc .,.;li'tickquark tllld how it cw_lvcs c'clrl,,.;lrtlcliorl t_l' PIT,GASYS will begirt and tau particlcs), Such lt particle
inIcI thr,irt c_l'cd_scrvablc particles in It)92 {li-iciilaal llac experimental would bc identified l'roria lhc
lbl.li i:,.;f_roduccd, Over lhc pit.'.;lthree program can hcgin in 1994, prcq:_t'rtitm til' clectrc_-ils arid muori,,.;
yore's, merc tiron 60 l_laysicisl.,.i I'rolll ()ric cii' lhc nailill CXllcrirncnls Iu ol_,,.;t.'.rvutlin lhc PEf;ASYS
ila._tiiution_ in lhc LI,S,, lhc Stwirt bc f)crl'ormcd at PE(;ASYS will ,',;llectrorllclcr, l:tlr masses between
i_lnitln, israel, I_>olaml,and Italy have determine lhc inelastic ¢lttark-rlticlctwi I() MeV and lt l'cw (It, V, I'E(IASYS

collaborated iu i.Icvclop a t_roFJosal inelastic cro,,,;;iscctitm arid liar distance will iml_rove Ilac limit,,,;on such
I'tlr a ttni(.lUe facility ai lhc i:'o.,.,iiron civur which quark,,,; naalcrializc into olzjcct,,.; by ,'.;cvcral clrtlcrs of
Elcctrr, rl F'rojcct (lJlTP) sit)rage ring obscrvtdllc particle.,.; (Imtlrcins), Illl.igl-iiltld(2 iri ct)uf_ling COfl,"4tl.ll-il,

al lhc Stanl't_rd l.,itacar Accelerator Dclcrmining thcsc ¢lualitics will
C?olTlt,'r(SLAC), 'Hlc f_ropo_cd t'acilily irivolvc carcl'ul, sy.,.;Icll.alllic Contact: F, S, Dietrich (,115)422.4521
iNlo bc called thr F'o.,.;ilrorl Elcclrorl ,r K, A, i,all Ribber (415) 423.8949,

lJrojcct (.ias ,let Sl_cctrtlmctcr Syslcna,
{_rF'E(iASYS (t:igurc' I), At IIits

facility, wc will Use interactions Driftohamberno. 1 l' Cerenkovno.1 (freon)

t-,rtwerta high-energy clcctt'on_ and ,_ _a _ _ ,
al{_lalit,'nuclei t{_naakc ¢lctai!cd lusts ,_ _ MagnetN "_ Driftohamberno,3

(ll' ¢lt=antuin clar()ni(ldynami¢,_, which #/,_, "_1-_ _Time-of-flightdeteotors
is tmr bc,,.;Itlacory til' the ntr(;ng ..../

inll.'racli_n thai binds quarks and _,1 _ I---"'q ,, Muon

glu,m._ inlt, ob._crvablc particles stir'la OI Target %,,. J/;,,q] "_1 _ _ "--11 [/lt detetit°re
t;_lur clcsigta t'calurc:; ,,',,'iiimake the L_L1 t-'.,(_;ASYS facility unsurf_a.,.;.,.;c.'dI't;r Elel_tronr.' ' _ , t"" % ] ]

,'.;Ititlyirlg lhc di,_inlcgratitln _ll"litc ' bi_iii_--_-'-"'i'_=lli_-_ '_ 'i ]
target I-iuL'lciby thr clcclrorl Ilcilll-i: ill ' ,.r",,. I

= The I:'I:!F'stot'aL,c ring will l_r,_ducc _-_r--- 7 Neutron

(15-(1cV) cleo:trim beam,

t A large-aperture, laigh-rc.,,ioluti()n _ _ _ _Tlme-of-\ -
l_lrward Sl_cclrtlmctcr will dc'tc¢'t tlac %"

rflight

.',;cairo"":dclt:t.'lr()l-ialad liar ,jft til' Driftohamber no. 2// .deteotor

fmrticlcs i}rt)duccd in cach c()llisit)n, 1 I no, 2 (co2)
• An cxtrcrnclv il-lill cry()gel'iic g;t_-jc,t 0 s m
lal'gcl (njcl-il ]) c'iin fie illadc Iii
l_i'_widc ii wide i'lililgc.,til' Ii.i1'_¢Iiiliclci

Figure 1, plan v/ewof the PEGASYSfacility. A beamof 15-GEVelectrons enters from the
li't,' ux;lirll_lc, I1-,, !;)_, N._, Ar, Xc),

- - left and scatters from nuclei on the target, The scatteredelectrons andmost of the particles• i\ddiiil_llal clt.,lcc:ltlrs will (lclec.'l liar
produced in the Interaction with the target are detectedin the spectrometer shown to the

I(iw-rlltr_y tl_cc';lyi_rt_dtit.'lr.;(.,.;uclaii.'.; right of the target, Also shownis the array of detectors for measuringneutrons emitted by
I_h_;ttlla_,nt_t.'Ic'_;n._,al I_laai)ilrl i_ lr.,.;, the struck nucleus, The types of particles produced and their momentumdistributions w/li
lilld [ac'livy i(llaN) ()[' lhc I_.ll'_t.'llltlC'lCtl_, yield uniqueInformation on the behavior of quarks traveling through a nuclear medium.

........ _I
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High-Ten]perature We suggest that high-temimrature superconductiviO, may result rrom a

Kur)ercond ucfors: nord quantum spitz liquid ilo the CuO21ayers, characterized by broken
k...F I li. lk.4I ii %

time-reversal symmetry and excitations with statistics intermediate

Novel Quarltun] Spin between those of bosons and fermions. These conclusions follow from

Liouids? a model that we are attempting tojttstiJ]vj'rom quantitatii,e electronic
_ _ l _ _ _

<_'+rt_cturecalculations.

E loctrons iri the tligil-tcmpcrnture interfaces ave placed in a Strong that Stlch halF-fractional statistics(7".) eL)prate superconductors are nliignetlc field, The implicalions of" necessarily imply superconductivity
both ini_,lorant, ;.is ill coillnlon rnelals, this ison!orphisnl are far ro))chin 7. below s.'onle lenlperiilurc,

and strongly interacling, as i11 Mosl di'ai!lalic.' is lhal a doped hole and Our work this yeiir also suPi)orls

localized iitonlic and rriolecular its aCcolripiulyii-ig eddy currerlls in lhc lhe view lh)ii broke)) lime-reversal

syslolns, This is in bolween existing spin backgrc)und )icl like a particle synln-iolry inusl follow froin the

theories, which stress one limit ai the hail'way belween boson and fermion liquefaction of lhe spins, The above-

expense of the other. Tc) uildersiarid chiu'acier (a senlion), We have shown nioiliioned eddy curr0nls musl Ihen be
tills behavior, our stritlegy has been .................... . either clockwise or counterclockwise

Io el)mi)late ali exti'imeous degrees. (it) iri the ground stale. This cllirii] iialul'e
of" freedom' in the model problem o1' the spin liquid is a lolling signature

;.iild l'etaiil only those low-ellergy . of tile I)roposed state _.ind is sui_iecl to

excilation's thai mighl he relevanl Io ' J exporinlonlal corif'irmalion,

tile superconductivity. We Im\,¢ made / _ ' / #t/ - Figure 1 sketches tile one-band
considerable progress iri solving such Hubbilrd nlodel, which illcorl'_or;.lleS

a m,,del and in .iustifying its validity, / /4' / /4 only one type of state of mixed

The insulating parents cii" tile ,lC' " ,/ _/ / ..... Cu(Td)-O(2p) character. Our etTort
cupratc supercoilductors contain , is focused oil an inlernlediale step--

Cue 2 layers ilmr are one electron /4 /.i _ ' / _til extended Hubbard inodel-tlm_
short per formula unit oi" tiaving full // jid / ,#,, admits ali possible Cu(3d)-O(2p)
Cu(3d) and O(2p) shells. Our model hybrids. Allhough existing eleclronic

allows these "holes," indicated by / /4 / ,,4, structure techniques fail i, tot<, For

their sl)ins, io occupy siteson tile j_/ / ........ the ilineranl 3,el strongly interacting
square la))ice shown in Pigul'e l ii. sl;.iles in lhc cuprnles, we have shown

They ;.ire tlnilble Io illove because how such Methods Cilll prcwide

slroilg rel)ulsioll inhibits two holes realistic, qtlanlilalive values til"
fi'Olll OCCtlpying tile s;.tn-le site. °File (bi paramelers defining exlended

metallic high-T c cuprates are doped Hubbard models for states exhibiting.

with t,'Xtl'ii holes (Figure l b). i-lavirlg ,#,,,__.. ...... ;.lily degree cii' localization.already pl..ld the price" for double We have also _teneraied such

occupancy, such exii'a holes I'11( , inottels for tile illsulnling C;Llprate

move but, at:cording to the l';al.iii / /" parenl L,ii2(_tlO4 and for lhc

1-)rinciple, only ici silos oCCUl)iod by a ...... isoslructural coinpounds l.a2Ni() 4,

h°le °f the °l'p°site spin' We believe //_ 4,_/' L_ K2Cuf'4' and K2Nii_4 aild arc s°lviilg

flits constrained carrier nlotiOll liesgtr ' /,/ ...... them to deillonslrale their quanlilalive

"File lOllg-range up-down spin order ,lie insulntillg g,;Ip lllld mlignclic

(spin solid) in Figure Iii becomes # eh)lr;icier. Since only L_12(_ti()4 clirl be
disordered (spin liquid) ;.ll tile - -- doped lo high-7' c,superc(mduclivily,

observed dop;.inl concenlralion, _.lsi_1 we _.ll'eseeking di lTerences in lhc Iow-

lTigui'e lh. We hnve previously ;.il'gtled ' energy scale lhnl will correlnl0,'

with tile presence {li" ilbseqc:¢ cii'

thal,-tllls Sl)in- liquid state in the Cue 2 Figure 1. Ho'les (spins indicated by supercollduclivilV.
layers should be iscli-riorpllic lo the arrows) in the CuO2 layers ofthe high-T c
fractional qtl;.ln[Llnl ttali slate, cuprates: (ai in.qulating par__nt.%and (hi

_ ()hserved when Cel'tilin semicoi-lduclor extra holes (colored arrows) responsible ('onlac_: RIB. La.g/i/in (415) 422-7354.
=_ A.K. McMahan (415) 422-7198, or ,I. 11.

for superconductivity in the doped (;ran{ (415) 42,t-44/5.

= 1_2 materia/s.

,t L
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Advanced Modeling w_ have de,,eloped a ,,,,iq,,e co,,,p,,ta/io,,al ,,,odeli,,g capability lhal

()|" Thel'll|()n Hcleal" enables us to cah'ulate cross s'ections for thermontwlear reaclion,v
starting from the interaction between individual nucleons,

Reaction (Tl'oss
Sections

n order to model complex Fce.db'uck on how well we cnn properties (c,g,, binding energyplaerlonlena ranging from cnlculate unmeasured or even per nttclcotl, sattnrntion condiliorl,
astrophysics to (tic design of fusion urlrl-iensurnble cross sections, incompn'essil_ility) oF I'initc nuclei
reaclot's nncl nuclear wctll-)ons, we Fun'tllerrnore, it gives (ts conat'idcnce und infinite rltLclear rrlaltcn', We then

need to know how llle light cllitrged iri tile nc(t.ti'ncy ot" tile calctilnied . use tlac known vulues For sol-ric of

pzu'ticles--l_rotolas, dcclteron,_, tritons, cross sections we produce For the these nalicroscopic properties to
Ileliuln-3 nuclei, and' heliunl-4 nuclei mncroscol)ic c;.ilctilIlliOllS of nlore determine lhc l-)iir;.illlClers ()t' ()til'

or nlpha particles--interact wilh c()rnplex phenonlcnn (e.g,, tile design inlel'aciicm,
thcinsel'ves _.llldother light nuclei of fusion rcliclc)rs), Three pnrliculllrly illll-)c.irllinl
(_llonlic weighl < 16)_.ll low energies. Iii Otll' Inodeling process, we l'elittircs of this Iluclcclll-ilticleon
For these kinds of processes (called InusI c_.ilcullilC w;.ivet'uncllolls J'Ol"tile intcl'iiclioll.;.ll'e:

thcrnlonuclear reliulions), there is states oF tile nuclei of interest. These (I) We obtain lhc pi'oper snlurnlicm
n need For I11C)1'6inl'orm_llioil on ,iaucloIlr slruclure cnlcul_iliolas require behnvior for _.lnunlirc l';.Ingc of

I'enclioll C_'l)ss sections lhnn cnn be a kiaowlcdge o1' tile ntlclcoll-laucleon lauclci, iiacluding tile nuclei of
currerlxlv xlaeasured(lhc renction interaction _iladli sel (lnodcl spiLt:e) interest.

cross sootier, is a lale;.lSUl'ecii"the o1' possible ill'l';.lllgCllaCllls , (2) 'l'lae noillocnlily t.,l.lllhnvc .
likelihood lhlit the I'CIICllOll-C.g., (conl'iguratioias) of tile ntlcieOllS in tile el't'ecl oF F_rovidirig n la_.lltllq.ll

t'usion--will c)t:cur). To address these the nticlcus, °l"hc nzitun'eof ()til" cross- In'tincliiion cii' lhc model space hy
needs, we Ill.lye developed n Cliaiquc seclion modeling 0l'len requires reducirig sorn¢ cii' tile COul)ling
col!l puliilional modeling capnbJliiy IhilI lhc slruclclrc clllctillilions be bcl ween lhc simple and more
lhnl allows us lO cnlculatc these cross perforMed with ii Ini'ge Iltlllli-)or cii' colnplicaled configur_.llions.
ser,Ttions sllirling I'i'Olll lhc ntlcleiir Coilfigtirillioias (i.e., Inrge model (3) When Iiikell in lhc sllorl-ri.illge
l_orcc Ih,.il ncls belweeil individual sprites). Previous nuclcoil-nucloola limit, the inlernclion reduces 1othe

ilucleons in lhc ilucletlS of ;.ilOlalS iilterliclions thai worked in Slalllll f_li'nl of nil ilaier;.icliola widely used
(lhc lauclcon-iatlcloon illici'_.lclion), mt)dci sp_.lcesoi'ten fail in ihese large ila olher nuclcnr physics culculaliolls

Two lnolivcs ;.iredriving this sp;.ices bct:lltlse. ()l" Vill'iCJtl_._basic thai dc not depciid oil h;.ivilag _.li'iiliic-
modcliilg eft'orl. Firsl, we W_.llH sll(ll'lCc)la-lings, such ;.is incc)rrecl l'_.llageintcruction.
lo improve lhc nul:lcnr-rellcliola snluration properties. ()lace we dclorlninc the f(n'in for
ci'{iss section (.Intn on which illOl'e We Iil'e devclcll-_ing a IlClt.'lc'(lll- lhc llUClO()ll-llClClC(,)ll inier;.ic'iioll, we
nl_.icr(iscopic c_ilculaiions o1"cc)i'nlJlcx nuclcoll internclion I'or cise in lnrge tlsc the nuclei.lr shell i,l{iclcl mode
ph¢llOllaen_.i _.LI'Cbnscd. SCColld, we Iilodcl Sl-)iices Ihnl la;.isllltlllJl-)le (?RUN(-'ttlf:,I41 Lo pcrl'clrnl lhc Iiil'ge-
\_';.i111l(I fLirllacr. {ltir undersl_.lladiiag c()nl-ll-)OiacillS{_1'dilTer(nl l inile bnsi:_Sll'l.lcltll'e cnlculntions. 'l_c)
c_l'the nuclt.'_il' l'_)l'CCI)3, using !he l'illlg0s and ilacltldcs t.'¢ll_.lillcsselllilil Ulld(rsliilld hllw the nuclt.'iir slrUclLil'C

existing cxpcrimelatal laucle;.ir- fclllures such ns dcnsily d(pciadcnce delcrllaillCS the rciiclicin cross
reziclioia dullib_lsu I(_Lt:sl nlad zii_clt_ol_loc_.ilJly,'l'he iisstli_accl I'orlns secLions, c()l_si<.!cl"o_aco1"lhc n_)sl
c(_nsil';.lin _tir ccd01 l'_)r II_c nclcle(m- for c_tii basis wlivcl'tilacti(i,is ;.liltt lhc' iialporlnial Ilaci'ial(_ilticlt.,_li_rencii(_ias.
nut.'le_)n inlci'_.lt:li(m--lhe sl;.irliiag rllclial I-)cla;.iviorof lhc illdi\'i(Itinl Whcll ii Iow-cnergy dculerola (d)
point for _ltli' cross-scclioll naodcling, cOi.l!pOllCills cii' lhc inicracii_m nllow illlci';.icls witia ii II'il_lil (I), ihe
'l'his, iii luril, pi'_widcs the necess_.iry us LOobl;.lill iill;.ilylic, cl_lsed-l()l'ill C(>lalp_lulldiltic'lcus 511c.is f_u'lnetl.

cxplcssi(ms I'l_l'key lllllCl'Cisc_lpic "

_4
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Figure I
This compouml nucleu,_ C{ill then j.
decay back Io a deuleroJi ml(I a trilt)ll 3 - T e' Reference 3 data , , Calculated and' Shell model/R-matrix calculation measured gamma-
(elastic scatterin#), or a nuclear ray spectra for the
rcilL'tiotl carllake Id,laceyi,elding a _ 14N(n,xl_)reaction at
neutron (n), an alf_ha particle Ccd), =-, 2 - a laboratory angle of
and 17,50 MeV c_l"additional energy, b ' 125° for Incident

For the given incident energy o1' the ,__ neutrons with

cletllel'on, tile I_robability of l'ormin__, __ energies between 10

the comfxmnct nucleus cleperlcts on _ 1 - and 12MeV, This
how much tile 51-tc nucleus at the "" result represents our0

corresp_mdin_excilal ion energy o most complex,
,, _ ,__,t_ ,- calculation to date, ,

'ilooks like a deutertm mid all'ilon 0 j ll_.t - ._ -..........

couf_lccl Iogelht'r; lI}al in, il depends _ ' I ,I I ,
on the wavel'unction,_ (nuclear 0 2 4 6 8 0

slructtlre) o1"lhe deuteron, Lhc Gamma-ray energy, MeV
triton, and the -SHe nucleus ....... , .... ...... , .......

Correspondingly, the way in which

tile conlllOl.irid nucleus decays in reaction t'ormalisni, 2 We have lhortnc}iluclo;ir reactions _.ls(d -F 1)

clelernlilled by how nlucli the St-lc illre_.ldy (lone considerable work lind (d + -_lle), We will tliei]

ntlclotlS "looks like" a clel.lleron Lirld li tisirl# the 14.-illairix I() dcscrib0 be able io Use this inleraclioll lt}

li'ilon coupled it)geiher ;.in octal'Jilted exr)erilllel-ii;.ll nuule;.ir diiiil by simply calculi.lie the cross soc'lions for olller

with how llltlt.'h ii "look,_ like" a acl.iustin 7 the pl.iranlclers Of the reLiclions, StlUh ils tc[ -t--%i), thai iil'e

neulron and illi alpha f_ariiL'lo coupled forinalism, {J,,4in7 Oi.lr ile.w melhod, iniportanl For fi.isioil applicalions hut

iogelhci', 'l'he qi.lanlit'ic:iitiOll of we can predict these i)aranleier,s by f()r which limited eXl'Jeriinel]iill

"looks like" in called a speciroscC)l)ic tile IltlCiOilr slrl.igll.lrc calutllaiiOllS arid llleilStll'elllOlliS c;X,isI,

ampliimle, by lhc tinderlying nucleon-ilucleon
' J1-inique to tile (14.1_NCHER irlieraciion, l,_el'i,rence,_

code is ltle generalized t'orinulatioil Otlr modeling in i1oi reslriclcd I, I), A, 14e_lu,r ilild S. M, (ii'ilnes, "The
Ntlt.'le;.irShl.,llM_del('(idt, ('RUN( '1II'R,"

(7t"IllLiliixlticleoI1 spocirosc'orlic only It} lherlllOntlclel.lr l'eLiciiOllS, 111
('<,,imlur,v ht I'ln'._icx"Lh5 (May/,lunc,

;i111FlliltldeS ill;ii Lil'e reCltlired It) l;i#tll'O I, We COlllrl_.lro ii lllei.lstlre(I lUi.l_i,
describe typical l[lerlllt)lli.lClO_.lr ' _il111111[i-rily speclrtllll 3 wiih lhc 2, A, M. l.anu lind R. (i, 'l'h_,mu_,"'l_,-.M_irix

r¢_.lc.'lit)ll,_,,,,.,l.lt.'h;.in: i'CStlJl ()J' o11o()J"()l.lr 111oslComl-_lex The,cry {_1Nuclc,ar14cac'ih,_s,"A'cv,M.sl.

ulllcl.ilalions in which lhc gilllllllil-rily I'hv,v.3(l,257(lUSg).

(d + ii --> (n + _s.+ 17,$9 MeV) yielcl,_ frc)ill ._o individual _iilllnl;i- 3, ,I, K, I)k.'kc,l_, T. A. I._,v<,.lind(l, I..
[VIIII'IZ_.III, (/(I/li/llnl IT(IV/_l'(jJIll'litjll /JlIP hi

f)rod tlL'illg react i()liS ha ve been N(,.,,<,. hm,#'.(.ti..,Yll,ilh Nilr<>k'<'n.lhr
()r c'onll)illed, An C;ill Jig set?Ii, t)LIl" I.(,i<h,#_tN('IIII'(.II:'II('I',(;I'('X IJ('lll'f'('ll2,()(lilt/

clllculalion in ii] excellenl il_,,l'eelllelll 2()Met T.l,.I.t<'d I:(lli'rumi.I ('r,',v,v

(d + ._i-le) --->(p -i- _s.4- I h'..45 MeV). wilh lhc experilllelliill ch.ila, ,'_'<,,,_i,,.,_,()ilk 14id!.,:N_li_,N_dI.iil,,,ral.ry,

i-larticularly considering tile ' Rc,pi. ()I4NI,-4Sn..I(ICY.tj,
14.e;iciit)n cro,'.;s ,'.;eetiorl,_ al'C illeil J'tlndillllellliiJ Ililltll'e of these

(.'OIII(ICI; ii. A, I_(t,vl(fl" (415) 423-0451
()hi;.lined t'ronl lhc Sl_ectn'oscopic calctllilliolls, or R. M, While (4157 422-966&
unlr)lilude inforn-ialioil hy en_flh)ying We ill'e conliiluirl# Io develop
a nlullilevt.',l, nlullichiulricl R-nlalrix {)cir i1Liclet)ll-iltlCieon inlerilL'ti{)13 io

acL'tll'alely (lescrihe sl.it'h well-known



Chemistry and
Materials Science

'!

This block of "frozen smoke," actually a silica aerogel

foam, can support 1600 times its own weight.

he Chemistry and Materials temperatures, Another fascinating of rrietals are urider scrutiny; their• Scierice (C&MS) Department advanced material is "frozen mechanical strength oi" electronic

is responsible for providing the smoke," acluaily a silica aerogel behavior may be very ditTerent frorn
Laboratory witll expert knowledge foam, This flew material has a tllat ot' the bulk metal. Theoretical

al)out the science and engineering vanishirigly srrlall density of studies are an important part of our
o1"Various materials and their 5 mg/cni 3 (on e two-l-iuridredtll the metallurgy effort. A rlew method to

properties, especially their synthesis,, density of water or slightly more calculate phase diagrams from first
reactions, and characteri/ation by tllan four times the density of air) pr irlciples--that is, without t'itting to
chemical arid physical means, We are but an unusually I-ligt-irelative empirical data'is described in this
particularly interested iri advarlced mecharlical strerigth--this Section,

rrlaterials--si.ibstarlces thai are 5-mg/cnl 3 silica aerogel foam can The ability to arialyze arid
distirlguished by their usefulriess support 16()0 times its own weight, characterize ii-le compositiori ot'
under exlrerrie coriditions o1:" Metallurgy is also an important samples of materials is a key strength
temperature, pressure, density, research area in the C&MS of C&MS. Two achievemerits are

and/or hostile environment. For Departn-ient. The behavior ot' metals I-liglllighted iri t'ollowing articles. In

example, we ;.ire studying certain under high deforniation and of the firsl, x-rays t'rorii a syllcllrotroll
mixed oxides thai become metals ii-tat have been deformed vei'y are used to t'ollow the c.'otlrse of a

superconducting at (relatively) t-ligh rapidly are topics of particular solid combustion reaction; Bragg
interest. The properties of thin films
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scattering spoclra, obtained high as 55 MPa (8()0() psi). In rho fusion cross section substantially
sequentially in milliseconds, make another weapons-supl_orl pro jocl, and thus would load to a more cost-
ii l_ossible for us to follow the we are evaluating a stainless-, effective ICF system. Significant
clutnging crystal slructtlre _|Sthe steel/stainless-uranium .joint thai i_mgrcss has been made in this very
reaction proceeds. Irt llie .',;eccn_d,,/ replaces an expensive welding ditTicult_process. The L& MS

. , ,/

comfmter soft\rare has bo ',,,, +_/' procedure and may allow the Department is also involved in fi

developed that can reco_,./;',i/i'>.,:7! expensive st;.tillless-ur;.llliUm parts wu'iety o1'other ellergy-related
pallorns of nlass spocli'{ll_'oiri'/ ' Io be rei.ised, pro]otis in I'ossil l'tiels oil recovery
I.IllklltiWll polroleLInl ,w,l.IMl_los Ilo ' _ ; I '" C&MS has lriiditionally been 1'1'o111shale, and llnl)roved melhods
determine.: llieir t)rigin, We also home lo the Laboratory's research of t_olroloum exl)loralion,
have exciilng I._i'ojectsin scai_niiig elTorl in high explosives and
iti_ll_eling microscopy, laser enel'golic Nll.iteril.ils, In ()lie current Cm_.iacl" C, (Tfllroll,%'i,%'(415)423-2851 or

spectroscopy,, lasel'-iol_izaliorl research ;.iild developinenl pr_tject, 7', I', ,s'tq,,iluu.a(4IS) 423.&?sI,
Mi.lSSspeclroscopy, and n-iagnetic we l.lre alleinpling lo synlhesizo new
l'eSOll;.lllCefor characterizing samples COlllpOtlllds thai have a high ellel'Ty

i.ls I'uncliorls of liine, space, elemenl, conlenl bul are less sensitive to shock
lopo.gral-)hy, and other parl.unelers of and l.ll'e otherwise loss susceplihle
inloresl, Io ii-ladverlelH delonalion, A

The properiies of ii_lerl'ace,4_tl'e spectroscopic slticty of lile delonalion
Crilical lc)underslanding bonding process iii _.lhigh-t)rossure cell has
and adhesion belween nl;lterials, provided new insights into the
We._.ll'einvesligaling the behavior sensitivity oi" such energei!c
iind properties of surfaces and ill;.ilel'ials, Tlie(irelical sltidies of the
iilierfaces bolh oxporimonlally and complex chenlical roactioris Ihal
lheorelically, These sludies nlust be constilule the explosion process ;.ire
done _.ilthe nlicroscopic level and ill progress,
niust address the phenonlena al the Other kinds ot' chemical synthesis
level of _.ilOlllSalld nlolecules, A. new are also (;ii'inleresl, For eXalllple,
theoretical approach thai makes we are developing new, low-Z
possible a t'irst-principles description (atOlllic-llunlber) polyillers for
of the density cii' electronic states ai inertial-cont'inemei_i fusion (ICF)
;.lStll'l';.ice in one of the highlights of applications, Ii1 still other projects,
O1.11"work.in this area, we are lnakii-lg l.ldvallCes in the

Mucll of lt-le work doric by C&MS synlhesis of new orgarion-iel;.lllic
supF)orts LLNL's weapons progranlS, corl-ipouild;; oi" biomimetic
For example, we have developed l.ul compounds lhai can catalyze
uIlr;.ihigh-sirengih adhesive for ;.l the ox idalion ot" nlethl.lne,
special beryllia bond and have Iri a special C&MS pro]ecl, we
perfected the associated application [ll'e ;lllempiing io polarize the IltlCloar
procedures. When properly applied., spins oT the detileron and li'lion in lhc
bond strengths of tills epoxy are ;.is deuterium-lriiiurri molecule, Such a

con figuration is expected to inl'i'ease
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The Chenlistry and we have been exploring a low-temperature process using bromine
' 7 't

ysics of Modit'ied converting initially insulating YI a,Cu_O 6 to a material thai
is superconducting at ge K. In addition, our new technique/br

StlpercondLICtOrs detwinnlng YBa2Cu307 single crystals allowsRaman analysis o[the
electron.phonon interaction along different crystal directions. We have

also determined that these twin boundaries maintain (desired) high

critical currents.

tri tie gol,liof our research in colll,lborl,liion with the Physics process difl'ers ,_ignil'icanily from
1 Sul_erconductivily ],li relatively Dop;u'iment til the University of oxygelmtion in lbl,lt ii el,in he cl,u'ried

high il'l,in,_ilion Ioi111-Jorl,ll.ures,7_,, el,lilt'oi'nil, Davis, otil til low Iomperl,lture,,_ (26()°C)and

has been lc) elucidale lhe basic While ali high-7"c,,_tlpercolldLicclt)r,_ 'in only l,i few nlillLlles, By COllll'aSl,

nlechailisnls till,ii I.lnderlio the ],ire oxides, the Tole of oxygen in the oxygen lretlinlenis reqtiire
Sul_erconduclivity o1' Ihis class of YBI,12Ctl307_ d system is especil,illy Ionll)erl,iltli'OS of _5()()°C I'or8 lo

maieril,ils. Over the pl,igt yel,u', we crucial, Pl,u'i of the funciiorl of the 12 hours, Figi.iro 1 shows the

have begun to use the expertise oxygen in Y BI,12Cu3OT_ d super- rcll,liionshi I) between lhc I-)rocessing

developed in our ba,qic resel,u'ch condticto!'s is lo dope holes onto conditions l,ind Ilae fraction oi' tlie
It) l,icldress the inll:)orialll issties t::)l,lrticular CLiO l:)ll,llles where the nil-)lcr)],ii ii]al is t,;tll_erconducliilg,

involved in developing tile llew SUl;)ercolldtlC'livily ()ix:til'S, When ilo This i_roces,_ing lellll)el'altll'e

Stfl)el'Colldtlc'it)l',_ inlo c()nllllorcil,l] excess holes i,il'e ])resonl, lllere ],ire (<30()°C) nll,lkes ii possible, for the

I_rodu<:is, ()til" apl-)l'Ol,ich lla,_;been lt) Iii) nlohile holes or electrons it) gl,ll'l'y ['irsl Iinle, lo consider inlegraiing

_:l'Ctlle high-qul,llity ,_[ll1lpIos thai have a CLIITOI]I, ],lilt] tile llll,iieJ'ia] is ],Ill high-7' c nll,itel'ial._ into convenliollli[

I)c:ell nlodil'ied in specific ways it) illstill.lior (nel l,i Colldciclor). elucirolliCS-i:)l'oce,_sillg ai:)plic, alion,_,

invest)el,ilo suc]l el'l'ec:ls as charge To slLlcly lhc role tit' charge We Ill,lye begun sit)dying lhc

li'l,lllSl'el', VOl'lex pinnii]g giles, _.ilid lhc ii'l,ln,_;l'el', we hl,lve,sticcessfully i)roperlies o1" lhc i'esulling COlYil)Otllld

elec:iroil-l'Jllon0n inierl,iciion, Iii )ill.lily ,_ubsliltiled bromine lilt() in)Iii,lily YBa2Ctl3()t_Br to determine ils

cases, these studies ii]volvo tile illsulaiing YBl,i2Ctl3() 6 powder l,illd cl'y,_;ll,il.slrtleltll'e, microscopic i_llase

growth of ll,irge singlc.-crysial ol_lained l,i ml,lierial ii]al is ,_uper- purily, lhernlal sial'li lily, oxygen

s'l,lnll-)les, alld are done iii c:ondtlciing til t)() K, Tile I-)rOlllinati()ll contenl, ],lilt[ Stll-)erc:onduc'tirlg

.. . ....................................................................... l_roperlies, Tile x-I'ay det'icienl (.[l,lll,i

, suggest iimi l-Ilthough the hre)Ii)no

Figure 1. Meissner 111_1yI_e di,_pll,lcing some oxygenfraction and weight .1.5 .......1,5
gain vs bromine ].lit)ill,w, I'ronl lattice sites, the bronline
exposure time at is itself ill intel',_iilil,li or irilercalated

260°c. Bromine ] _ position,s, We hl,lye al,so

concentration "_ Ii _ tie nlon sl rated lhal the hrolllination

follows a logarithmic = I_roces,s is elTeclive in improving lhc,

dependence, o 1 0 ..... 1.0 ,. prol)erlies ot" oxygen-defic'ienl Ihin

!

O

indicating a _ films, l,Idiscovery will] iml)orlani

diffusion-limited 7 pOlelllial eleulronics l,il)l:)licalionsl

process. The _ Iii _.i,_eparl-ile sltldy, we have
plateau in the u.

'! I N clevelcH_cda ,_ilni_leunil,ixil,II

magnetization data

_0 5 0.5 u_lml)res,_ion technique t(_ detwin
(zero field cooling,
or ZFC) indicates YBa2Cu30 7 single l.'ry,_il,ils, 11 is well
the optimal ' known I]1_.11Iwins ill Yl]a2('tl3() 7 l,ll'e
concentration for ['o1"111(2(Iwhen sanll)le,_ {ll'e cooled

bromine under these I'l'()n] high [CI]I])CI'LIILII'C_[()I'()()111

conditions. ( ] _ 0 lel]lperaltlre,l,li_d ii ,_het_cdel'ori]lal'ion
0 1000 2000 3000 ocCLii',_ dul'ing lhc phl,i,_t.' '

Time, s li'l,illSj'()l'llltilit)n ['i'(llli tile t¢ll'ttg(inl,il lt)

1



I,',&TR ,]illy'i_.ll_,ilS(199() ('humi,_tryilnd I"vllilerhd,_N(,ienee

lhi-' (.Irth()rh(_ml_icstruL'lurc,'lllis Figure 2. curves
20 --, for the Meissner

dct'(_rmzlti(_nL'_IUSCSlhc crysl,al t(i effect, or field
_rc_w with an irllcrtwinin_ c_l'the _1 o - + cooling (FC),arid

_Li_(lh _=xe,_in the I_.L_ll plane, rnakin; _ shielding effect, or
il impc_,,;_ihlcl(_di_lin_ui_h helv,,een _ -20 zero field cooling
li]use i\vt) axe.'.;,Theret't_re, tt_,',;tudv ' (ZFC),obtained for

the zLnis(_lr(H-_icI_r(_l_eriicsoF lhc _ -40 a typical twin-free

crystifl,,,; l=l(_n_lhc three dircctic_n,'.;, _ crystal In a field ofc_,hand _',wo nlusl first dciwin lhc -60 -- FC 200eparallel to the

m_l or i_l. i' crystal's c axis.
YB_.hC'u-_()-__in_lc crysiul,',; used =_ L80 Thetransition

in this siucla' V,,cr¢_l'tt\vn hy _l temperaturefor this
mt_dil'itd selt'-l'lux l,echniquc, -100 sampleIs 93K, andthe transition width
M_.l_nelizal,it/n lllC_.l_l.ll'Cnlutlls(Hl

'- -120 I ,, I I I i,,, ' ,,, I,,-- of <l K Indicatesa
tllese cr.'¢,',;lal.',;(f.:i_ure 2) sl|t_w _ . 0 20 40 60 80 100 120 very,high.quality
transition lel]lper;.tlLire _._1'C)3K \.vilh a Temperature,K sample.
l,ransili(_n width <1 K, indicatin_ n
vcry-hi_hLqualily Saml)li-', (.'rystal,_
wil,h til lca._l,()l'ie pair (_i"rlarallcI inl,cri.'llan_c the _/and/_ clirocl,it)ilS, chl.lr_.lt:l,erislic _i_ni.lil.lrc (ii' lhc

' plane' I'iicol,s \_,.Ol'Ccht>st.'nits Al()n_ li]L' /) clil'cclJ(_i] ill'L' .lhc ()xy_cI1 JnteraclJ()ri ()1'Ii (llscrelo ph()l]t_n
candictale,_ 1'()1"dcl,winl_in 7, which i.ilt)nls lhal t'(irnl Ihu Cut 1)-()( I ) wllh lhc ulccli'(_nic, L'()nlJnLiLinl,In
we ilerl'()i'lll lly _ll)l)lyin 7 i.illilixJal chains, "]_hei'i-' arc ilO oC1Llivalenl l,rl.idJlitlnl.il Sl.ll])Cl'Cl)lldtlcl()l'S,ii i,_lhc
i-,(nlll_l,CS,,;i()n, ()xy_Oll ;.li(1111S_,1](.)117iilo _/dirOclJtnl olc(.:Ir()li-i)ll()n()ll Jnlcri.iL'li()ll lhal

Tliu critic_.ll i-'urrc:ril derisily, which _.uldIlc:nue l lt_ Cut I )-()(I) c.'ll;.lirisiri uiiderlics lhc i_i.lirirlg t_t'lhc olec.'Irt',ris
nie_.l.',;urcslilt _.urlt:_l.lril,<_1'cl.lrreril _l. lllis direclion, Iri c:t_lll.ll'_t)raliorlwilli _.lridlhcret'_re lhc .',;I.iI)erct_rldl.ii-'livily,

Stll_orcollcltlcl()r can L'i.irry l_et'ol'e ii Si.ll]di_.lNati(_nal l,_.ll_or_.ll,()i'y,we This type (_1'l_,alllan inl't_rmaiit_l_,
i'oli.il'l_Slt) the n()rn]l.il i'e._isl,iv0 sl_Tu, Li!jcd l,h¢ delwinnud crysl,als I() cl(i a which Call r¢l_.ilc the Sll'Cll_lh t)l' lhc
\.V{IS 111Cl.lStlrCtl()11Ihcsc _l.llllC C:l'y,_lals c:(_ml_l¢loI!lal)l_in _ (_I"ali lhc phl>n(_i] citL'il'()n-i)h()ll()n illlcl'_lclJiln it) l,hc
t:_c't't_rcand al'lcr ii-iu clc/winnJn7 modes. Jlnl_(/l'lai]l ci'ysl_.ll clJroi-'li()i]s, is
ll'o;llmolll, t.]y C()llll)_il'jll 7 L'I'II,Ical , I_i'¢Vj()l.lsly tll]i'Ul)()i'lef,.I t't_illi.ii't_sarc crucial I()()til" al,l,l.'.i111)Isi.il,
i-'urronl clen,_iiio,_l(n' the l.wJnncd sccn in l,ho Sl)OCll'a()l_l,l.iinL'.tlwil,h lhc tllldCl'Sl,an(IJl_ l,he i'{)lc l,hai lh_:

Jnc'Jclolll,I_iser I)uaill l_r(ipaTal,il_7 ¢lc'cil'()n-i)h()n(nl illlCl'_.it;lJ()llsl.illallcl dc_lwJni]cclsal]lplus, \rc can
dt_l,crn_il_t:ht_w ot't'eciivoly l,wJns _.il(_n7 ihu Ci.i(])-()(2)&(.t)plt.ines0 plays in l,he Iii_h-'/' c,(_xicl¢

In I)arlJi-'ulai', liit;',cli-,Truot)l' SLil_urc()ntll.lcl{_i's,iml-_uclel,ho 111()i,j()11()t' i11a_nclic Flux
\,(_i'liccs, _.lnii]]l_(_rl_inl mc'chlii]Jsn_ _.lnlirt_SUlllincc(l_unclralJon (_1'lhc
I'(ir L'_.ILI,'-;III_ru.sisti\'c Ic)sscs in ;.l l_,l.lllll.in line I_ul¢)wlhc hack_l'(lUl_d) ('mt/lte/: 11,1,,1,I,'/li.V.Y(415) 423-6665 <Jt'
stll-ieri-'(_ncltlcl,()r,In L't)ll_.lh()r_.lli()n ()l' lhc I'1(_-c.'in I i-Iht)n()lI (l.l I_al'iLini- II, II, lt(I(If/lI.Yk.l' (ql,gj 422-447,V,

: Wil'h Al'7(inllc NatJ()llal Liih()l:_.ll,(n'y, _.ll()111vil-_i';lil(_n_.i1()11_Ihu (' axis) is
Wt.'111i-'_.i,',;Lll'i-'dthe critical L'LlrrC'lll 111Lluh_I'L'I.ILL'I'1'()!'I)()l_il'J/,ali()ll _.11()11_

dL'n_JlV_il(_i]7II_o(' aXi._in lhc lhc (_'u(1)-()( I ) chains lhan I(_r
lWJllntd _.lilll ttulwJnn¢cl _l_.ll.c,_alld i)l)lal'i/,i.llJ()ll llL'rllc:ndJi-'Lil_.lr1()lhc
(lulurlllJni-'(I Ihal lilt.' l,win I-l()l.lntl;.il'ic's ('u( I )---.()(I ) i-'hain:,, Si<,nil'ic_llll,l\,,_., n(i
i-'()ll_rJl-)i.llc,ii stlh._lilnlJ_.ill'l'iiclJ(in (_1" illllJrus()lli.lnl t_i-'.llavi_r i,x()hsi-'l'V¢(Il(n"
ihu (_l_sur\.'uduriliu_l/currunis, lhi._ h_=riuln \,ihr_ll,i_,_ in lhc ._l_i-'cii'a

YIBil2('tl.-J) _ h_l._hcull siudiud ' \vilh li_hl i_l_ll'i/,ud ill_nu lhc _' ;lxi._
uxiun_i\.'u!y I_' 1411nmn._l_c,c'll'(_._c'(_l_._', clc,._l_iic,inlonsu scaliurin i, I'l'_n{ an

u'I u'c'l I'()llJ c' u()lllilltltl111,I_t.ilwilh <_in_luury._i_lls i-'(_ninininu
hi,,h tlL'i_ilJc'_ iii' l\vjn._ ileal '1'1(.'(ll-i_Ul'Vt.'tl_.llllil't.'_()ll_.lllL't.'C-

i_ Jllll_(ll'lalll, I_t.'c'_.ii.lSt.'ii i,__l



(',humINIrv lm(I Mlllerhll,_ _(,lullL'e I,:&'l'l{ ,luly'Au_uNl I lJ_J(I

l:ill e rl}rilllill New gfls chr_m.llogr.ldtic-,t_l,vs ,vi_c'clromelric softw.re ,t.kes ii

l](_ll'()l(_tllll |]I'OI)ielIIS pfJssibl_ to match Itri' cln;mical /'ingerprlnts q/'cm,ph;.r mi._'1.r_;sq/'
or_¢mic compmmds.

M onitorin_tIh_ _rtvironn-i_.,nlfilr nmlll'_lL.'.,_tObe lmaly/,_.'d,_lr_ Ili_hli_l]l IhL'm_tjor_lndminorellthileal corltllrllinatir_Hsi,,,ii.i irllcTr('_lc.'eddirectly lo GC-MS c'clrrlr_:_rient,,;iri tli_',_aml_l¢;ol't¢rl,iilc,
I_rinlo concern of l_c_th{.toverllNlt.'lll irl_trutnc.'ntatiorl, !:"rolil I1i¢ (i r.`` '-MS minor c_mil_C_l.incls,'irt the 111(],,.4l

and inclt.lstry, ()ric: partic'u!arl}, clala, wt., c'arl ch_cl,,,iu,mass- liaglloslic.',

pressing I_r¢ll_lem is In idenlit'y chromIHogram Plots tIltH corresl_ond "l'hu key lo lhis _lPProach is lhc

leaking Lll_ctcrgi'OUl_d Fuel si(li'age t(i I)'agl_len'l ions tli_.ll _11'oindicative _,! nc:w ,_ot'iwaru we have developed t'_lr

l_iilkS ai_tl 1o c'lc_.irr Lip lhc UlliCll.ic: l'i.lel COml_tlil¢lllS (i-"igLil;t: I), c'Oilll_al'iilg t.'(llrll_Lilt:r-L.tt:l_c'ralc_(.l ll_ass-

c'onil.tlllilll.llctl til'el.t, II1 the LJ,S,alone, M_l,_,_-chroniaiogrtul]pl_l,_Iu'c:tl,_ccllo c.'hr,,)i]ll.lltl_i';,lll]plol_, l'_y_ll_l_lying
il'ltll't_ Ih_ln 7,5 millitll_ I.illClCi'_l'OLIIltl ....................... slali,_lic:al and _.ltllonll.ilotl i]allt:rn -

sl()l';.i_t_ lallkS _ll'O i11LISC,I11O_1of Ih¢lll ruco<1411ilion niuihotl._ Io weiL.thl lhc
._()- I() 4()-yctir-o (.I _l.lStlllllO lanks, I conll'ibLili(ll] o1' each 11111s,_

Illese have I'Uslc:d and arc Iczlkii_g l _ _.,,,_ _ ' iilc chen]ical I'ingc'rl]rilflS ot' lhc
I'ticl inlo lhc ,_uri'(lul]diilg ._oilai_d " "_ ":_" %""''_ unki]oWl] t't.l¢l l[I lhosc', of lhc:

71'()LillClW_llnl', Lilltl ri.lnolhor ._$(),()()0 (ii' .. ' . Fuel 2 _lLllllt.'llliC.' I'tl¢l_, 'l'hc _lLil(illlLIIcd

l'iv¢ )'c:_.ll'S,()l'len lilo ¢onlalnii]aliol] is us lo iclui]lit'y lhc auti]c_nlic I'tlel Ihal
discovoi'od ii sizable, _li,_lanco I'rOlll ils is lllosl like' lhu Liilkll(iWli I'Lic:I and lo

,_Ol.ll'Ce,and llic: ui'gol]i ht:cd I]_ls be:eli conclude wilh rt.'li,_(lll_il_lc',c<ll_l'itlc:ncc'
lo ii'aec' the l¢ilk to its c:xaci st)til'Vg .... [11_.11ilS tiil_k is lhc s()tli'Cc (ii'

the l_i.ti'ii,,:tllar uilclorgr',_l.iilcl t_lnk-- conlall_iil_iliiln (lgL.turu 2),

a,_quickly a,_i_o,_sible, We il;iV¢ applic'd {)til' (I('.-MS

COlnl:)UlCrTgti!clocl 7;.i,_ I'ingc_rl_rinlillL.t IochlligUt2 Io inally

lo i_c:rl'orln trace anal y._c:s(_t" Llntl¢!'grOtllld I_illk IhLll we idenlil'iod
onvironi]'ionlal h)_drocarb(in t.,_ _. .... ;is SUSl]OC;Iwas i-)rov_ll indc'odi_>b_.'
c'oi_lalnii]alion, {.Jllralow cluic:c'ii_i_ Time ....I_ l¢_.lkii]g, l-q'onl those sluclios, w¢ hlivc

lu'vcls t.'l.lll II()W be achic'.vod, ;.illd Figure 1. Mass chromatogram plots cl;.Ibiirlllotl ()til' ;li_llyiit.'_ll Ic'chnicltlC,W,
(!l'_illiCC()IIII)OLIIItlsili;IS_illlpl¢C_I11 comparinga fragmentIon(hl/Z=57)In ;llltlh_Ivt.'l'Llrlhcrillll_l'OVCtllhc
be: c'haraotorizucl t'ilsily and exactly, three authentic fuels and an unknown fuel, atii(_inaiod (;(,-lk4S sllt'lwaro Io lhc'

: _ '1l-l(_wovt.,r, sclclon_ have' lhc .,(-1VIS point li]ai tllll';.ilr_.ic¢ (I)arl-I_t.'r-I._illil_i_)

cll.ll;.i buell l.l,_c:l.II(i i_inl_oinithe l.'X_lC:l allal$,su,_ can be I_C_l't'(li'lllOd

._OLli'L'Oof lhc c(nll;.illlill_lli()n, We haro _ _ , 100% siinLlllant.'ou,_iy till 1.1lal'_c'.<._uil¢ (>1"
clcvcl_l_¢Clnew sol'tw[irt lllal o.ll_lblc:s . Unknown 100% chuitiicals I(_ gt:l]ei_ilc' _i l'il]Bi-rl]rilil.
LI.',;l() tl().ju,_i thai', wc L'_lll II(]\V "l'hi._ Cal_abiliiv I(_ all_llv/,¢ ali

"l'ii]_,c'.rl_rint" C()llll.illlilll.llll 1_:7allic Fuel 1 __i 62% . .Ilillmllllll 70% c,(llllll/>tllitls sinlLllt_int.'(lu,_l.v _.llpart-

C(]l]li)otinti_ ;.ultl apply ._tllii,_iic:_ll_.liltl Fuel 2 I 34°1,.; lwr-billi_>l_ Ic:\,c'l_ will t'intl tilL' iii ;,i
I]_iliorn-roccl_llili(iri niciho(l._ Icl i 41% wiclc' v;ii'it:i S' _ll' Ullvirtllinlt.'lll_.il

i_lcnlil'y lhc ,w,liLIl'(.'O(it' the! ._li_plos ;iild iii nil, illV al_plicalilin,_
C()IIILIlIIIIl{IIi()I1, Fuel 3 INI I 07% .:-:-: "-m:-_ --i_- 90 Wile!rr.' ir_!c'u-lovul cht.'lnical

()Llr_ll]i:ll'O;Ic'.h is li) coll¢cl bolh lhc' t.'(lllil){il'i_()ll._, _.il't.'IlC,t.'tlc'd, Stlt:ll i.l,_

uilkliliWl] l'uol I'l'(li]] lhc c'oilt_.ill]illali(ll] gualily cl/nli'(ll iii I]llal'lll_iC't.'LIIic'al,_,

silo:_lswell _lsSallll]lc:.._ ()1'_iullhc'l]lic' Figure 2.Summarized data, unwe/ghted lhc' I'_>cl_intl I_t.,\,t.'l'_lTt.'intlllsll'iC,._,
l'ucls I'r()111kn()wn sl(]l'Li_¢ ll.lllks in lilt: (green) and weighted(gray), from many

mass chromatogram comparisons Identify i_lll(I lilt t'(_i'¢ii._it: scic'nc;t _,
HI't.'LI,(.7_.il_illal')' gas-c'hroMal(l{.trlll_liic the sample most similar to the unknown.
LI)JLI11111_,CI,1(211C()lllLlillill_ ()110(iF iiit.' ('(Jlll(l('l: li. ,,lill(Ir(,.s'(,it (415)422-09#,t,

c)()-
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Cheinicl:il ])I_I]I:II11iCS We are u,s'iug iutenxe .vyuchrotrou x.radiatiou to /'ollow the pha.ve

[)|' _{)li(l' -(.OlllbiJsl_l()ll_ • trausl'ormalio,, o,/'./'asl, high-teml_eratttre, solid.combustion reuction.v
i, real tiute dowu to 50 m,_ Or le.rs,

Reactions

hest_lid-c_unbLlstionprocess < elllbedded i I Ihe Salnple.junl upnirealnis tise(I li) sylithesize diverse til' tile x-rlly tlirl'raclit)n lu'ei.I triggered

lllllleriills including c'erallllCS NIAI persists thllll col lecl it)ii, 'l'he iii ITrllc'l it)li peaks
' (32-120 s)

inlermeiallics, and cl)ml_oSiies, Much ' within a 6 ° willd()w iii' 20 spllt-'e wen.,

heal (>5() kJ/ml)l)is relelised tll.ll'illg rec'lll'tled by t.'t)lllptllOr Iii ii set St'till

Ihese solid-stale i'eactiollS, ()liCe lhey lime illltl li)lal st.'iii] Iillle,

are initialed with iii1 eXlel'lllil SOtlrct.,, , lggtil'e I shl_\vs the high-sl_¢ed,
68,7 s Iillle-rl.'s(llved tlirl'racli()il dillll t'(ll,

Illese high-len.ipertilurc' ._ynlhesis .,,,...L.,_ .,.,,,,.,.,,.+_ . _i'eacli/)n,,; become sell'-suslained and -- lhc Ni-t-AI I'ellc,li()ll iii 15()()°( ',

L_ I_ 'l'he tleleclol' was II'iggered iii () s,

/

propaglile lo Ct)li.iplelioll wilhin 4lh Intermediate
seconds, They consist tlsuillly or and lliiiice expansit)n til' lhc' Ni

ii .sliii'lillg p()wdor conlpac'l (ii" al re.aclll!ll i)cc'ul'red oil heiilillg, 'l'he
Icl.tsl Olle sc)li{I roacliinl and are 54,3 s disappctU'allc.e (if lhc Ni pc'Ilk was

charat.'le.rized by ii ['asl-ni(iVillg ..... _._,a_...... l'()llliwetl inlinc'dialely by rotir

ci)nlhusii()ll wavel'l'(ml (1-I()() illm/s) / llppareril suls til' clilTrilclii)n pc,ilks iii

anda high selr-generalod lenlllc'raltire [ tile illlCl'vals 2,()-11.7 s, 13,5--.17,5 s,
(1()()()-4()()() K), (-'()liVelllitillal 3rd Intermediate 2()-3() s, l.iNd 49,2--61";.7 s, SI)lhC lime

lechriiques allmv tis li)melisure wave _ J_t._ ] 26 later, these lines di,_al_lX.,areti, a:s is
s

velocilic's and lell.ipt.'raltlre I_l'(.)l'iles _ ll._i _ ........ charac'lerislic iii" lhtisc: iii' reacliOll

ils ii I'illlC.'lit)ll iii' time arid Sail.tr)le = - r_ ii
., . 2nd intermediate inlurnlcdialcs, l--;inally, lhc NiAI

- posiii(.)n and io exanline pl'l)dtlcl _ , pr()dtlcl (1 I())peak appearetl alld
phase(s) and inic'r()slruclure', _.JL.. J[_..__,_.,,_..__,,...14,5.......s laslcxl for lhc duralion (ii' lhc

Ilt)wevel', because iii' high dil'l'riictit)ll StallS, Witli ii flit.'ust-'(.I

leiiiperlilLlrCs alld c'()nlbtlsli()ll rlilt.'s, lsi i'ntermedlate helilll Illiii ii higher x-riiy I'ltix, we

they de nel alh)w iH-._'it, rcal-lilne ' achieved ii I()-m.<_res()ltlli()n with

invc'sligalion oI" tile c()ml_tistit)n this system,

wavel'ronl, l-:urtl.ier developlrienl til' 9.1 s We have ()pened ii new I't)ule It)

stllid t.'Olllb,.islh)i.i as ii rrielliod io I . ' SiLidy tile cheinic'al dyriailliCs alld

pl'(it-'ess aild synthesize lp,'_lerillls ] . .i NI crystallltes,., _,. 0 7 s phase lrill.isroril.iillit)n t)r reactivewill depend heavily on direclly IJ_._ .... _,,_,._ ,L.+._ ...... syslems itr ,s'it. al liigh lellllleraltll'e

m()llil(wing lhc phase lrlinsl'Ol'lllali()l.i lilt_, anti under ()li-lcr exlernal

kinelic's (ii' Ihese conlplex reacliorls, 1-- N|e×parvdiilg(:1300°0).' -- uilidirecli()nal sll'c'ss, sht)c'k) iii lhc

Using Iligh-iniensily syrit.'hr()li'()n A g 0,3 s millisu'c(_nd th)lllaili, With illc.'rcasc'd
radialitln, wc c()ndlicted ii series oi' .......................sL>A.,<,, ,r '_ .....,_ ...... ph()l{)u Fluxes (1() 12---I() If' phllltlils/s)

i_rt)(}f-til-priilc'il}le, lilne-rcslllvc'd, Ni(i11)tll_ I I'l'lml lliirtlLgelle'ralit)ll syllc.'hl'tllr()l.i
x-ray dilTracii()il c'.xpc;rin.icnls (iii the ' Ill A1(202) I ._()tll'ct.,_ such as Ill()sc' (ii' lhr.'

IJr(ilikhaveii Nali(inlil S.ylichroirl)ll 0 ....... -i____-,J__ ._,-_=_l Advailct.'d l.iglll S()urcc ai lhc'
l_ighl Si)til'Ce)l(i t'_)llt)v_' lhc' ptlase 0 200 400 600 I_iiWl'elWt., l_,erkeley l,ab(iralt)ry alitl
Iransl'()rniali(nl iii sevc'ral s(llitl-- Diode number, Increasing 2ii lhc Atlvancc'(I l)h()lt)ll S(llll'C'o al

c'_mlhl_sli(_ll syslelllS. 'i'tl i't.'c'(wd lhc' Al'12()lllle Nali()llal l,ah(n'ai(w\,,

: lilllt-:-res()lvl_'l] tlilTrat-'li()ll i)allL'rils Figure 1, Time.resolvedx-raydlffractlon <suhnlilli._t:c'l)nd rc's()lulil)ll is p(_ssil)lc,,scans of the NI + AI reaction, showing
I'i'_)nl lhc rt.'aClilig spt-,,cimcn siitiaietl crltlcalphase changes of the reactants: lill(I dyilaliliC t.'Vt.'ills iii nlalt.'riHIs c.'_iil
iii ii Sllee'tally desigllt_'tl rc,at-'iil)n- appearance and dlsappearance era series 'bL' invt-'sligllll:d iii Iht-' lliic:r()sc,.t.'()ll(t
ch;imher/li l[racl(llilelc'r, wt., ust:d ii of apparent "reaction Intermediates" before I'C.'gilllt-',
p()sili()n. <,t-'nsilive r)llt_l()di()dc, illl'ily lhe final NIAI product Is formed.
able It) rL'c'()rll ii l'ull sc'iul (ii' 1()24 ('.,.,.,t:,/, II'mt_,{4/5J423-6.1,_'5.

pi,_'l,, iii--1 IllS. A lill2rlli(it:()Llplt'.
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I ]lecl l'(Inic _| I'ILIC|III'(_S w_' h_lv_d(_l.i._'ed_1mulhod o/'c_llc,hdi,_ lhu uluclro.iC .s.lr.cl.ru q/'

() J' _ III'I'_ICO._' .v.r/_n._;.s'..i.lt;ij'(tct..s'. _l.d di.vloctdi#..v ill multll.s'.
q

"_he l_lb_nll_ry spendshitch leL'hniquesI_ FullyI'ir._-prillciplen re(ILli:ednyminelrywillliN ii t'irsI-el'l'(irl lilleillpling Iii Llll(lorsllllld gLlailltlill-illeclillllic_ll I_l'llcedtli'o,_, I_riilciplo_ t'oririlllislll,
lilltl explllil ihe Prol_erlies oF "i'{i deal wilh lhc chlirl.iulerisIh.' We hiivo tll:vl.,ll_l_c,_l,jusi Stluh ii
llll.llerilll,_, ('l'llCil.il I() ll_i,_el'l't_rl is C(ll_ll_lexily (ii' rc,Iii syslt'lllS, I)()_ Illelh(ltl, (lllU enlpl(lyjllg lhc concepl
I.II]tlersllilldillg lhc I_ehavior t_l' lhc cl.ilc'iill.lli(lllS i.ISUlilly amplify ,_c'l,_' l_l' seil_i-ii_l'inile peril_diuily alltl ihe
cit, eli'(illS iii lhc nlalol'ial, lhc "glue" o1' ,_il_lplil'yiilg lis_till_l_liol_,_,()He I_l'tll_el'ly (ii' i'eillllval illVtli'ilillc'e, A
11i_.11hlllds stll_sl_ll_CeSl(lgelhei', 'l"hese ¢(imillon liSStlml_lJ(lll is lhiil ihe ,_ysll.'lll Ihlil repeills l_eri(itlic:illly
elcc'll'(_l_srllo\,e tll'l_ltil iii very Illlllcl'ii,l I_t_nnesse,_pcrl'o.cl lllt_l_7 ii TiVOli tlil'ec'li(lll is said Iii
c(_II1FIIicl.liedwiiy,_, arid l.'_.ll_.ll(l{.tillg l_el'i(ldicily--lhlil is, whlil Illll_pellx i11 I)(I,_,_L'SSsellli-illl'inile I_el'itl(iJuily ',
Iheir I)ehavior is I_y nii IllOlii1s sin_l_le, ii sn_all l'e{.ti(lil til' llle llllllerial (SLiuh SillCL'I'C'llltlVJll_ l.i i'inile Ill.llllber {ii'
_'\/t.'L'l.ini_everlheless obl_lin ii 7l'l.'lil lIs _lcell) is oxiiclly whlil hill_l_en,_ ropealiilg i.inils I'l'(llll lhc free end (ii'
deal (ii' inl'(ll'i_lallol_ i1'wt' kn(iw the lhl'llLllJ,hllLll lhc sy,_iem, AIIhol.iBh SLIt.'h_.tsysieill tl(_es ilill chl.lilTt; its
ellOl'gelic,_ (ii' IIic'.eleclr(lils', ill I_lc'lli(Itls I_li,_etl(iii sliuh a_Stllllpli(lils I_i'(ll_orlics, ii llls(I lhus displliy,_
l_lirlicLlliir, i1'we know h()w i_llllly iii'los rovcal IllLIc'h tlsel'lil i'el_l(wlll illVai'illllCe, lixpllliling Ihe,_o
I.;Ic'clr't)llSper tlllil volume till1, ill illl'()l'lllllli(lll, lhey Ctlllll()l he use(I Iii! Iw() t'()llt'epls, ()Llr lechnitlLlet_ enable
l_rinciple, t_e Found in ii smllll i'illlge syslo111swilh I_i'{_konl)eri(idicily, tlS Ic_ill, lain lhc DOS I'LIIlclioll I'()r
lll_lLII _igiven eilol'7y, 'l'ho l'Lillcll(ll_ sLIch lis slli'l'acos llll(.I grain sy,<;Ioi11s(li' i'edi.lCedsyi_ll_eli'y, SLIch
c(li_l_.ili_iil7 lhis iill'()l'lilllliOll i,_called hc_Lilldai'ios, YoI lhese syslcms are _ls illlernal ii_lerl'llces, ,_lackinlg I'al.llls,
lhc clensiiy-ol'-siales (DOS) l'Lillcli()ll, olle.,._(ii i_arl.illlOtlnl ,_cienlil'ic iintl lin(I 7rliill b()tlllthll'iL,.S,which n_ighl

Mi.lily lllelllotls have hL'Oil 1oc'hi_(llogiual i1111_¢}l'lariue,Clearly ollle.rwise defy ii Irtlly t'irsl-I)rinciple,<;
clcvcll_pcd Io e\,altlale lhc 1)(iS lhei_, we Ileo(I meil_(itls t'(Ir slti(lyirig Irelillllelll, "l'he Illelllod used I()t'llrry

l'tlilcli¢,,, :'<li_gill_ J'l;()lil nLIIllt.'l'ic_.ll lhc li(iS I'LIIlcliolI,_ (ii' syslcI11,_wilI_ (ILll calc'tllaliollS in based i)11ii
t'(irmulalion (_1'nlLillipl'_ sc'.llllcring
lhcory il_ real space anti was

80 L ()l'iTiil_llly clcvehll_Cd I'l't/lll ll.ibtlrl.lll)l'y

f"igtire I shows the I ()S curves

For pure clenlerital c()pper all(I I'(ir a
BO Bulk tilt _i'ain I)ounthiry in cl_pper, "l'he

,_ " c°pp_:>i'I I / lwl) C'tll'VCSshow sin_illlrilies lllld
/I A I dii'i'erol,ces,'l"he,_il,,ilari,io,_,such

i Grainboundary _, / jl_ /// _lslhc lwllpeaks al hither el]el'7ies,

-,,_40 inoopper//. ,'L'Vcalwhich I_ulk _yiililleli'ies i.l,'e

rell.iinetl by the grl.lill I_()tlnchii'y, The

dil'l'L'.rence,_llave Iii cl(i with thai piirl
(_1'li_e SyllllllUll'y llllll is liIst, Wt.' Cllll

20 ,:._, also t;Xll'_.icl()lIlel' int'iil'nlLill(in (For

._ I ' eXall_ple, abllLII llle ellC'l'gelic,_(ii' lhc

sy,_lel!l) I'r(llrl such clllcLilalioll,<;, AI

_:, .--- ,, I_l'e,senl,we arc' wlll'kiil_ Iii calculale
0 I i ..............................................._ lhc'.li(iS l'l.illCli()ns I()1'(llhcr i'edLicud
0.1 0,3 0,5 0,7 NyllllllUIl'y syslellis, Stlch _l,_

Energy,Ry (li::l{ic'_lli_li_s, _llll.t ;II'U rul'illill_ {)til'

L'()II/I_UlUI' c()tJe,_,Figure 1. DOScurves as a function of energy for bulk copper anda grain boundary In

copper. ('#lllilcl: ,'t, (hmi,Y(41,_)422-7151),

<
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I'i'l'()lll EleC|l'()lliC The sl,dy ¢4/'m'dering mechanisms i, sul_slitulitmal alho, s is ¢41'greal

lheoo'ellcal and lech,ological l,ulue in lice field qf allo, pha,veStr'ucture i Plla,,,;e
,l'orm_#ion, O,r work demo,,vlrale,v the l,a!idity _md predictive lmt,'er

ii"()Vlllli|i()li ill A[[(),yS cd'lhc adl,anted melhod#logy we have recenlly developed,

A

cldre,,.;_in_lhc i;woblerrl o1'plliU,;c blind structure and _lilti_iiual I'_ll_,rlomnenaand _tructural
• , .,;!uhility in _uh,,;tilutic,nal alloy_ ,,;in_ul_tic_r_.,_for C;'tl-Xn and IW_c.luued tr_m_l'_0'm_Lti_m_,WL'Imvc: acguired an
requirc_ that we I'i0',_ta_k what remarl,:able re;_ult,_,We determined in-def_tl_ knmvled_e _lt ii l'umlarnentlil
cry,',;i_.lllili,L",,;tructtlre and att_rni_.' an _,,mder-cli,',;m'derternl_erature oi' lhc, lev(.,I, ()tit u,_,o1'a I'ir_t-i_rinc'il_l¢._
c.,oilfigul'iitioi1 all alloy systeIll CsC'I type cii' ro'clef ou(..'tlrrillg (._11the al_l_rt_ael_has yiulded olcw C_llC'L;[_ls
will l_rObal_ly exllibit at u ._iven bc_dy-cerlterec.I_.'uhic'structure near am.I prcclicti_ms thai SUl_l_t_0'tthe
temf_c,raitlre _mclc,c,_t.'c,n_tration, Cusc)Zns() that wa,__nly rio K higher eXl'_erimer_ti_lel'l'(_rt to design and
Usually the answ_.tr is surnmm'iz, ed II_an the experimental v_lltie, We ' prnc, e,'.;,_new c'lllss_.'sul' mlv_lnccd
in _.ll_h_.lsediaD'am Lllal ._ht_\v,_,ill illstt calculated an extremely ,_nnllll material.,;,
a leml)urattire-vn.-c.'_.mcerlin'atior_ antil_hilse b(>urldary enoi'._y in 1110

n'el-_re,_entati_n, the domain,_ (>t' CLI3Au type of c_rder, _r_ the t'_.lce- ('mm.,t: I', Tur(,hi (415J422.o925,
,_labilily of the phase,_ th:_l (level(_l_ centered cubic ,,.;trLlcttlre, n_ear

(_rl variou_ cry_lallirie ,_trtlc'turc.':,4, Cu3ZFi, which i_ indicative _1'the
'l'lli_ inl'_rmatiorl c_rl,,.itillite_ the l:_l_,,;ibleexi,_tenut.'of I_nL.t-i'_eriod

clurini_, I11el_r_cu,.;sirIBaild _.'onlx'_lo1' _.'oml_niti_m (a,'.;recently stl_estec.I •
new I_i_l_-i_c,rl'_rnniu_cc,m_._torial_, eXl'_erinnentillly), tgnillly, tlie

()ur al'_l_r_)achis t_ l_en'l'c,'m.I:, the__retical phase diagram c'l_,,.;ely
initi_ c'_ll_.'ultliic,l_.__1' I_hasediagrams matches lhc experilnental _mu',

illlt.l lh¢ll detluc'u' i't.'levl.lnl physical with lhc ,w,i_llilltlrt_of II _ll'tlt.'ltll'ill F (A) Y (A7B)
I_rtll_ui'liu._,'l"hus, ._lal'lin_ t'rolll Ihu ll'all,_l'orllil.llioll iii I(>w l¢llll)¢l'i.iltll'U,
,_ilnpl¢ kilowlcdTt., (_1'Lhc i()lill ill'OLllld (_.'LlfiiiZ 1'._(),ilS t_b,_t_i'vt_d ' t i --jul,--.--i,.o-.----jlil
,,tllilhc'," (,t"elcci,'(ms <,1'lhc all<,y cxpc,'ii,,ei, tally, I
iic.'c'urlilc'.C.luiinitlril-illuchanit:il[ (ii' ()til' lhe(_l'eiical I(_o1,_,we rt_c.'C,lll ly -
_111(I._iali._iiual lhc.'l'lllodynilllliC l_erl'l)rn_ud li cletailcd anlilysi.,4 (_1'ihu ii.I, l li,l;
duiuriniillilion._ (ii' ihe ctlilli'il-luiitlllS i_l,_sible (ircl¢i't.'cl._lalc_ ihal can " 4'¢ '
i(_ lhc i(_lal I'rc:¢unc_rTic',_[hal build tip l.'xi._;lin all_y,_ ba._t.,dt_ll clm_plox AlS(A_B) X(A_B_)
a l_hll._utliill__l'anl, 'i"hu' illl(_$.',<_,_lutliL'd l.'ry._lallin¢ ,W,ll'tlCltil'C_s,,_tich ils
s(I far iilc,ll.itlt_ l>d,V, l_d-Rh, "l'i-Cr, AlS, kl'lOWll (llllol'wi,_;t_ ['or ii,_

Ti-V, (_'tI-ZI1, N i-'1'i, illltl N i-A l, all ,,ii' t_tll._¢r(:ollclut:live ili'(ll_¢riies, Figure 1. Orderedconfigurations basedon theAi5 crystalilne structure as deduced
which I_i'eserll irllercistill_ i_hy,_il.'al l_e,_ides lhc w¢ll-krl(/wrl Ul'durecl from theory. Thesoildsquares and circies
i_r(ll_lc'rliu's.1_>\' ,_ll,iclyinl_lhc interl-_lay c(ml'i_tirati(m ()t' the u()inl_ositi(_il refer to the occupancyof the inequlvalent
beiween,elecir(_nic pr(i;l_Un'iies, t\31_ we i-)rc,.clictc:dtw(_ new ,_llilc,_, sites by the A species; the opensquares
c'ry._lalline ._lrtlclUrc', lllltl called X anclY ii_ i;iBtirc 1, iii](I htlvu and circies refer to occupancyby the
l.'()l_l'i_uratilmiil (li'rica' iii _lll(Lys, wt, siutlied their ._tab,lily I_roperties, B species,Thecomposition of each
lliivu' aC:ClUiiedii huller Ulltlcr._iill-ltlin7 We hllv¢ nil.ltir.' phll,_t-'-cliaTralll configuration is given In parenthese_i,
(ll' I_h_l.<,ul'(ll'lliiiliilli iii alllo'._ iii i.I t.'()llll_tllali(lll_ llntl hiivt., inilialud Jill
n_ic'i'_l._c'(ll_iC'I¢\,t.'l, UXl_t_rinlt_l_lali)r(Lu,i'ail_ I(I ,_tib,_lalllialu

I_'tlr t."_iin_l_ll_,,wu i:lc!rt'tlrnlu,d I'ii'._l- ,_uc'ht'intlinD_;
I_l'ii_t.'il_ll_'._c,alt.'ul_lli(_n._i_t'uluclr()nic 'i"hli,_, i i_ ._ludyin7 I_h_i._u-._l_ibilily

I_l'/ll_Urliu_, ilicliidil-17 (irdcr-di._llrdur
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MassivelY parallel computing and distributed computing.

ever, increasing demands for archival storage, and

the need for rapid visualization of scientific data are

but ai'ew o/' the challenges being addressed by the

Computation Directorate.

r'lf Ile Cornl)tttation Directorate the insatiable dcrrlarids for archival Mucll ¢_1'the rlumcrical rrlodclirig
Ii is declicatcd to l_roviclirlg Iligll- storage, and the riced Ibr data doric t'or Laboratory problems

quality corrlputirig services to the visualization oi' higti-spccd recluires the solutiota ot' very-large-
Laboratory, the Departnlerit of computirlg results are but a l'cw of scale systerlis of lirlear trod rlorllinear
Erlergy, arid other organizations as tile challenges that are cttrreritly equaticms, and the solution of sttch

algProved by lile DOE, Tlie I'acirig the tsorrtptiter iricttistry, systems derrlarlds the use of powerful
Directorate works to assure that tlleir The articles in this section iterative rriethods, For linear systems,
computing requirerrierits are illustrate the diversity of the Computirlg and Mathematics
elTectively arid etTiciently served, Computatiorl's involverrlcrit, Irl Re,,.iearcll Division (CMRD)

This rrlission is particularly addition to IIlose Iiiglllights, the developed a class o1' adaptive

claallenging since the coml_utirig field Computation Directorate has rrladc polytaomial preconditiorled corl,jttgatc
is cllarlgirig rapidly ota marly frorlts, rlotable accomplisl-unents iri new gradient methods that are easy
The advent of rriassively parallel mettiods for solving linear arid to irriplerrlerit arid wcll-,,,;uited to
COml_uting arclaitecturcs, l.hc new nonlflaoar lgroblems, 'iri sol'twlire to vector and/or parallel comptitcr
t¢chri_>logies for distribiiied control the Labt_ratory's isotope arcllitectures, Tllc el'l'ectivcrless
corripuiirig, the itlcreasitlg need lo sc,rJaratioi-i l:lrocesscs, arid iri of those new tc.chriitlttes was
coritrol _of'tware production costs, corrll:luter-liriked security demonstrated iri riurrlerical

erihariccrlaerlts for the LLNl_, site,

ii', .



uxperimenI,_ _,_ xuvernl lu'ehilu¢lurus c_ml_leled ii nmj_r niiluslunu in lhu _:umlnurliuntions will1 oITiuus illirl

'_ _lllotlclillg ot' _l't)Ulltlwltler I'luw, cutllml sy.',.;lelllSI'ur lhc ixul_pe ii Iilllic_r i_llrl (_1'lhc (ons_l_: sy,,.;lelll
Sil_k.,..'sflow, elllslicily, luld Selml'lllioll 1111_.[MtilUl'ililx I'mc,ussilly, 'l'hese Ihreu ,,.,;yslelllslife in dllily
c_tislnlinud ul_lilnizlfliun, l:_w i_l'(_rllnl, A genenllJzed ulmll'(tl u,_eill I_I:,NI_, In tlddili_n, lhc
ii(_nlitlullr pi:ul_lems, (.!MI] D SySIL'II1 wlls devel_l_ed iu i_erl'ol'nl 111¢ l)el-mrllllenl _:_1'l:inergy Ims lld(_l_lud
developed Ne,,vlun-like ilernli(wi SUl_ervisory uUnll'(_l I'tlrluLions l'or Ihu C,AIN I! s_.,slem_ls'a l)el_lu'lmenl-
tneth_d,_, where lhc Iinunr ,_',yslenl,_ I_(_lhthe speuJlll isut_pu nel_lU',tlliOl] wide st_lnthird, lllltl iii lellsl (_lit,

'_ll'e sul,,,cd _nly tll_/woxJrrultely by (SIS).l_nd tlrluiiurn ifl()lniu v_lp_.)r l)c'lmrtmelll _)1'l)t;l'cnse jl)stalll|li(m
m_ilenllive rneltl_d, Melllods I'_.w lllset's i,_ol(_l_eSel_lu'lfliorl (tI-AVI_,IS) Iuls ruquesled llufl lhc CAIN II
syrnrnelriU lllld ll()11Sylll11lel,l'J(,.' tlI'(I(.!USSUS,The eonlrol ,system system he iml_lemerlled iii Ihcir
syslems were c_m_bined wilh _1o1_!1 delcrmines lhc inlenluliun o1'llll filuilily,
c'(.)llVCr_ullCe,,;tl'llle_ius to ¢llhl.tllce ]lar(lWitl'¢ Oll 1[lo Iwo syslern_ LINd
their rt)htlSllli2Ss,The (,:t_llV(..'rgellCe(_[' issues (2o1111111111(.IsI(,)eit(,.'h['l'Olll-t;lld ('r_tllllel: R, R, llr_rehers(415)422.Y87#
tile combined rnetllods w_.isluullyzecl, pruucssor Ilmr controls _.lpiece o1' r_',l, i".,Rr,nellellt (415) ,122.,t7h'2,
m_d the el'l'euiiveness ul" this hlu'dw'_u'e,The design o1'(me Colllrol
apl-_l'oaul_,,vllsclelnorislr_lted _._n system !'or h(_lll the AlS _,mdSIS
suvertll pri)hlcn'ls, including ii lwt_- pri)cesses sui_slal_lilllly reductxl lhc
diln¢ilsioi-ial rnulti-I'ruquei_uy over_.ll] sot'lwlu'e devt_lupinenl elTurl,
hidiruulional l_i,serosuillillor model Also ihis .,vt_lil',lhc. Sil['e_ulirds
wilh tlp to ._t_,()()()tlllkllOWllS, . and Securil 7 EI1]ll.li1L'elllelliSGl'OU[)
S(_lulion o1' ,suul'_exlremely lar.y,¢, within ADl) eornplelod the .',;_l'lwllre
i_l_Syllmlelric i_(!nlinear systelns devel(_l.m_enl for three imtior new
has only ,ju._lnow be{'tmle feasible l__l,iboralory stx'l.irily sysleil-ls:
wiih the develOplllelll (ii' ihe,,,;enew CAIN !i, SII_,AS, alld C"Ollsole, '-Fhe
teehniclueS, CAIN 11system eonlrols _.ieeessiu

The Appliclliion Development porlions ot' tile l_,ah(_raiory: in lhc
l)elmrlmeni (Al]l)) wilhin the numert)us '<lcuessbl_olh,_,dispersed
Ct)lllptlli.ilJ(/ll Dil'eclOl'llle t'Jrovides at.'l'()sslhc silo, 1.111individulll'n
sol'lWar¢ dev¢lol_mcnl expertise in I_tldge is checked agtlinsl a I_el'Stma[
iii'ellS such as physical simulalion and idenlil'icalion ilUlllber mid oilier
m()dclill_, real-lime dala acquJsilJon Illl'ornll, iliiin, SILAS COIIII'(.)[Saccess
all(.ICtllllrO[, i.]l.ilabl.lSe1111.illltgt.'.nle111, l() lhc secure vaulls {irOUlld lhc
_ral-)hies, ailt[ comn_unicalions, [_abOl'alol'y The Cons( lt: syslei11
This pa,_lyel.ir, tl_e Laser Pl'(.)grall-i is lhc Jnlr_iTac:el]lr(.)LIg]l which lho
Sul_POi'lol'ganiZalion wilhin AD.D l_rolecllve Sorvil'e OITic:ers monJl()r

and C()lllrt)l L_ihoral(iry securily',
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Archival <S!orage o.,. ._io['twarep,'ovides data-storage o,stems with automaticjTle

SVSIe"' _!11 migration between disks andtapes, and is particularly, suitable.lhr
distributed environments, lt has been licensedjbr commercial

de velopment and distribution.

,

S uperconapcllers h:-ive creaiect not know its location. As files are few requests require thai tapes betile need I'or greatly expanded accessed, they are brought back l'roni mounted, Ille average time to access

archival storage. We have developed nlagnetic tape, ii' necessary, arid sent a file is reduced.

new storage system software lo meet to tile user requesting them. The prinlary adwintage ot" tile

this need and have licensed ii to The LLNL system, controlled new storage system is its software

General Atomics (a San Diego l'irnl), by an Amdahl 5868 nlainl'ranm, architecltire, which emphasizes

Under the licensing agreenlenl, manages over six million files portability and modularity. An
General Atomics will distribute and containing roughly seven lerabyi'es example of portability is that,

support tile system under tile name of user data, Fifty gigabytes of new tiithough the I.,I_,NI. system FUllS oI1

Uni'Tree, paying the Laboratory a data are stored each week, The . Amdahl hardware, General Atomics

royalty I'or each system sold. Both archive is stored on 4(L()()()magnetic will deliver tile first Un/Tree systems
the Laboratory and General Atomics tape cartridges, 30,()()() of whicla on l)igital lgquipnlent Corporation

will continue to develop tile systenl are kepl in the automated library machines. The modularity of

a/ld will share enhancenler_ts. (Figure I), (Tile renlainder, the least LJniTree allows ii lo be adapte(I nlore

Through Unix-style directories, aclive flies, are kepl in a vault and easily than previous systems t()

UniTree i)rovides file and storage lllLlSt be nlanually renlotillted.) Ab()til illatlage a variety ot' storage devices

illallageMent with ;.itll(.)ilitllJc file 4()(),()()0. flies are slored in a 180- and lo serve different Ilelworks arid

illigration between storage illedia, gigabyte illagneiic disk cache. Since environnlellls.

Un/Tree keeps.lhe Most tictive flies lllosl file requests access a snlall Un/Tree is i]tirlictiltirly stiilable
(.)li nlagnetic disks, ;.ind autonaatically percentage o1' the archive (del)ending for distributed environnlents, iii

illigrtiles less aclive files (ideniit'ied on user access pallerns), the disk which several iildepelldenl i11acllines

by a ['ol'nltlltl including file size and cache, represenling less than 3% of cooperate lo process riser requests, li

time since lasl cise) lo nlagnelic tlm online slOl'age capacity, serves separales COillr()l and data s_i'eanls so

lapes. The requester of a file need over 8()%of user requesls. Since lhal conlrol inessages can lake slow-

.... speed paths and data can travel til
high speed wilhoul inlerfering wilh

Figure I. The _ each other, Uni'l'ree thtis supports

automated library, i Ihird-l)ar'ly file ll'allSi'ers in whic 1built by Storage _ .... e ...
Technology data flow fronl source to sink (thai

Corporation. Each _ is, in eilher (.lii'ecli()il between
of/ts five units holds devices or between C()lllptllel'S and

6000 magnetic tape _ devices) willl{)Ul m¢_vil]g lhnmgh lhc

cartridges and process requesting lhc transfer, 'Fo

houses four tape sepal'ale reqtieslel'-Orrieilled Iltilllillg
drives. During _ nlechanisms fronl lhc file identifiers
periods of heavy (used hy IlK' disk and tape

load, the system illallagers), ilanle servers illap
moves cartridges between lhc Ivv(); Ihese Sel'Vel'S

automatically iii:; Call he m(}dil'ied for differentbetween units to
reach available ell\,ironlnenls wit hotll chang illg disk
drives, a/ld lap¢ s()flw;.ire. This fealtlre also

...., _........"" allows flies and directories l()

nligrale iildependeiH ly,

('OIll(i('l: ,_'. ('OIL'III(III (415) 422-432.t.
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Adaptive Methods Our adaptive numerical methods for modeling time-dependent, three-

for Fluid l)ynamics di,,,e,,sio,,al fh,id flow combine high,resolution disc,.etizatio,,
techniques with local adaptive mesh reJi'nement to focus

in Three Dimensions computational effort where it is requi,'ed.

C olaaptlltttiolazllfluid tlyia_mlics focus cOlnl_Utt_tiolltlleffort where il is estim_ltion i_rocedurc Io idelltil'y cellsl:_ltlb;sztcelatr_ll role in numcriczd most needed, sigtlil'iciually tlecre_lSing lapwingttnzlcceptzfl_leerrors. These
simul;.itions arising iramany LLNL lhc colaal_ttizltiotl_llresottrces required cells tire then clttslered into grids tla_ll
_uadDOE mission zu'c_s, such tls t'or n_odeling 3l)flow 19henomcn_. tu'e subdivided to l'oi'na I'itacrcells
wctqgons design, wctlpons el'l'ccls, Ag ,'zfirst step in this develolgmenl where lllOl'e I:esolttliOll is reqLlired.

l'tlsion, tuad ellergy 19roduclion. Stlch we have designed rind inal_lemelaled This i_rocedure in tqgplied recursively
comptttzllions htive lypieztlly tisstmaed tl 31) _itltq:_livemesh ret'inemenl until lhc desired tlCctll'ttcy is ttchicved
playsic_l symmetry tt_ reduce the t_lgoritlam for Czu'lesittn grids. This _r ztlaa_ximum level of grid nesling
dimensionalily of lhc compt_l_tion. _lgorithna ten,hines t_laigla-resolt_lion is red,chert. The result in_t_extremely
l--lowever, there i_ t_laincreasing .need t_umcrictd intcgr_tion sclacmc with flexible i__elhott: lhc tolz_lnunlbel"
it) 19ert'_rnaC;flcult_tioiasin three Ioct_litdtq:_li\,emesh refinemc_t in of mesh points in lhc calcult_tion
Sl:_t_tit_ldimensions. A common which lhc finite difference mesh clatmgcs _tttona_licz_l'lyt_s_ l'ttt_clion
t'e_ture of tlarec-climension_! (3D) cls,ntua_ictdlychtmges _s zt I'utaclion of linac Ici conC'entrt_lecolaq3t_tt_lionz_i
flows is the i|lglgeitl'illlCeof snaz_ll- of Sl-_lce,lime, i|nd dillu lo nat_intt_in et't'ol'l in regions of gl'eillesl I'luid-
sct_le, loc_lized plaenola_ena',one t_fixed level of acct_n_Cyin lhc tlyn_maic_l interest.
routinely encounters fezttttres such _ts cttlcultttion. As _ttl"b_tsic integration Figure 1 shows conal_tttation_tl
.jets, w_rtex rings, Iliad mixing lliyers, scheme: we iii'e rising ii secc)nd-c)l'der results c)btiiined using the new
whose cla_rt_ctel'istic length scz_les vlu'iiu_lot' Godunov's naellaod: ii incthod to model the collapse of tii_
are snatfll reli_live to tlac globztl . is i_conservz_tive t'inite-ditTerencc cllipsc_idal cloud of 17i'eoI1 when hit
dimensions of the l_roblcm, bul whose scheme tht_t incorportttes nonlinctu" by _ shock wztve. This ct_lct_lt_tion
ctyntmaics 191t_yata imlgorttmt role ila wi_ve-prol:)_gation l)rol.)erlies of the used two levels of rel'it_emenl 135,
lhc overfill physics. Adetlumle l'low Io provide both high t_ccttrttcy t_t'i_clorof t'ot.r in each dircclion.
resolution of these i:_laellomenttusixag and robttstness for strong shock Achieving, connl:_tir;tbleresolutioxa
cotaventionz_isi)t_ti_ldiscx'etizt_tions w;_wes, with t_single-grid compt_t_lionawould
would require compttlt_lion_l elTorl The t_d_qglivemesh refinement have required over one lhottstmd
t'z_rin excess of tile naost optimistic stri_legy enqgloys t_laicr/u'claical grid hours on ztCrtly st_percomptttcr; the
19rojccli!>l_sfor laet_r-lcrm growth in structt_re conaposed oi'grids of use of i_dtq-_tivemesh refincnacnl
compultttionttl czq?_d_ilities.To varying resolution. The grid reduced tlazttlinac by zt t'ztctorof ten.
overcome this obstztcle we ttre hierarchy is cotastructed from tua
developing ztdtqglivelaaethods tht_twill inititd coarse grid thzit uses _laerror- Contact: .1.Bell (4.15) 422-7105.

.....

Figure 1. Time sequence illustrating dynamtcs of shock-induced cloud collapse computed using adaptive mesh refinement_ Images show
the location of cloud material.
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TERPSlCH()RE: o,,. eode TERPSICHORE solves large-seale physics ,,ompulations

on ntulliprocessor computers at record speeds.A New Plasma

Physics Code

wo lively areas of research, TEI_,PSICH()I_,I£ was developed as maps Io a dit't'ex'ent set of spaiialplasma physics and parallel ptLrl of an international collabcu'ation coordilaates IIl_.|l_|l'eOl)tinltlnl for tile
processing, have been brought into between I.,I,NL lind l_'i::_c,ole stability analysis. From lhc energy
convergence ixl the pllysics code I)olytechnique in Imusl,lnne, principle, a set of l_uler-l.l,tgrl,lnge
TERPSICH()RE (named for the Switzerland. equations, is derived and apl_rOlwiately
(T;l',,:ekmuse), and each area has in the study of realistic t'u,sion discrelized to I'ornl I.ilinear nmtrix

been acivanced as a result. The code devices, it is critical lo be able to ' eigenvl,tlue I'Jrol_lem.
l,idvances plasrna physics because, calculale the stability properties Al'ler deveh>l_irig lhc elTicienl
going beyond previous two- of three-din-lerisional plasml,i parallelized matrix solvers PAMS l,tnd
dimensional calcuhllions, it is configurl,ilitms. The rnolions of ian PAMEP, A lt) solve tile eigensysiem l,il
the i'irst calculation t)l" II-lemagneto- unstl,tble thermonuclear plasma can gigafh)p speeds (1()t? l'hmting point
h.ydrodynl,unic (MHD) stability ot" damage lhc chamber wl,ills l,lrid cl,luse Ol_eralions per second), we learned
realistic three,dimensional plasrrla lhc plasma to extinguisll itself. We Ihal wheri used in TI_RPSICI-!ORE,
equilibria. TERI SICHORE (which l,u'e laopeful thai TEI,I.I)SICH()RE will these solvers typically did h.'ss than
won lhc Cray Research 1989 Gigaflop I_e ;ts successful in Ihree dimensions 5% of lile aritlunetic work. The
competition for the t'astest scientific l,ts ils predecessors were iul two. reconstruction, mal)Pirig, and matrix-

-,i (.at._l_lication code) advances computer For input, TERPSIC H .)RE lakes generation phases io0k the oil-lcr 95%
science by being one o1' tlie first data specifying an equilibrium t)l' tile work, nearly ali tit' which
application codes lo exploit many of configuyation ot" a generally toroidal (99%) was in the evaluation of
theparallel coinpulirlg features of phisma. Marly of tlle quanlilies o1"lhc myriads of flux tube integrals.

large-nlemory supercomputet's. Our analysis are represented by double Consequently, we developed the
!.llgorilhn_,s not only exploit pl,irallel finile Fourier series specified on rnultiple flux tube integrt_ls (MULFI)
vector av,,:hitectures bul cit) st) using el,lth o1"several nested toroidal flux technique, in which mullilasked
tile ll,itest vendor-supplied sot'tware surl'aces. TERPSICH()RE begins groups of nlalrix-illalrix products
for auloil-ialic nltillilasking arid for lhc calculalion by rec(mslrucling the . (usillg the exli'enlely ['asi Cray.
opiinlized n'ialrix nll,lnJpulalions, equilibriunl Solution, which ii nexl Research rouiille MXM)rapidly
............ ......... ........................................... evaluale these integrals. "l"esis showed

ihl,iI MULFI execules iii aboul 1.7

i.llld 2.()gigal'h)ps on the Cray-2 and
Crl,ly-Y/M P supercompulers,
respeclively.

Figure I shows the lhree-
dimensioiml struclure o1'_lnunstable

plasintl conlputed for the i-letil,is
Slellaralor, l,itoroidal device being
designed til lhc Max I_hinck Inslilule',

-....

.... " . lhc colt)rs Illli[') the perltlrbed pll,iSllli.i.

pressul'e. Th is calculal ion wt.ts doIle
til l,i ret:ord speed ot" !.71 gigal'lops
on the Cray-Y/iMP al (_l'ay Researc]!
ileadquai'lers, in Mendoll.i l.leighis,
M iimes(ila. TIT_RPSICHOR E is now

in rouline use in lilt; Illagnelic fusion
elTort, where, for example, ii is
ctmlril_uling It_ lhc sludy of lhcFigure 1. Display of the most unstablemagnetic flux surface of the HellasStellarator
rnce-ii'l,lc'k tokl,unak, l,i previouslyconfiguration. Weuse colors to map the perturbed plasmapressure. Yellow-redindicates a

raisedpressure; blue-purple indicates a depression;greenmaps an unperturbedpressure, inlrl,lc'll,ll_le prol-_lenl.
Theunstablemotion of theplasma would correspond to thesepressure variations.

('on/aet: D. /Imh,r,_'on(415) 422-981,_¢.
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The SISAL o,,. parallel-processing application language is competitive on single

Language Project p,.,,,,e,.,,,,._, and efJk,_ctively e.rploits multiprocessors; it is being given
a ltser interface that minimizes learning requirements.

e rogramnaing i:_arallol eOllal-mtcr,_ Table I givc,_ the t:ortran and only a ,_inglc COIIlilltilld Iinc'nccd,_ toii.1convonlional Itlllgl.ltigo,',; m.lc'h SISA L cxcculioli l'iltos .in tlloLim.ind,_ bc c'.htingctl, To rtlll lhc t:,'orlr_,in (.'(.)(.l(J

tl,_Forlriin llLl,_ I]rOVCll tirtltiol.l,_ fillet o1" t]oiillillg t_.Oilli o[)crtilioll,_ i]cr. on lllIol'(_ lllilll ()ilo I)ro¢ossor roCltlil'os
OlT()I" l)rOlle, A solution is to develop ,_ccond (kfh)l_S)' Table 2 givr.s the e×iensive rewriting,

i)l'ogrilnllllill_, lilllgl.lagO,w, ihiil l)ronlolo excel.iliontimo,_for three ial'7o Allllotlgil SISAL ,_iinl_lifie,_piu'allel

rho c.'Olt_iruc.'li(m of corl'OCl pariillol , ,_ciontil'ic l'Jrogrtinls_ The rc,_l.llls rJrogranlnling, I.l,_t,'i"s ,_ti<ll cxpoct rho

i;)l'ogriml,_ by i,_ohiting !he al)plicaliOll sho\v lilt'ii the single l)l'O¢c,_t)l' Sl.liTii)ol'l of ti I'Obu,_l ,_oi o1' iniogl'alod
l'll'O_l'tlnllllt?l" l'l'Olll the conlploxitios I]ci'l'ol'llltillCt',_ of [4'ol'll'i;ln alid SISAL i]l'OL2,1'tllllnlill_ tool._, To nloci thi,_

til" lmrallol i_i't)cessing, SISAL (l'or LIFOequivalent, and thai SISAL Cltll expectation, wt? ill'O dovclol_ing a

Sircalns lind llol'ttlion,_ ill a Single- ct'l'ociivcly exploit lhc multii_lo 1)rogranliniri7 onv.ironnlcnl for
A,_sigilnlonl Ltlngl.ltlgo) i_ till i't_,_t)urco,_of .lhc SotlUCill Baltiil¢O, ,SISAL, called Si,_alCiiy, lhill hdp,_

applicative ILlllgl.ltl_12 thai miikc,,,; ii as' SiIIco only halfthe Livol'lllC)l'o l_,oops ti,Nol',_clcsiLs_, clc\,cl01< ctcbug, iilltl

ea._;y,10wriic i-mx'allel I)l'Otgl'LllllS its iii't; l_tirilllcl, Ollt; L'LII] expect til illO,_I all;i[y/,c SISAl., i'_l'ogrtullS, l_'igl.il'e I

ii is to write SCClucniia ! i_l'ogrtilllS, ii two-lo-one ,_i)cctlul ;)On multiple ,_how,_ .tile till'Ce co1111_(.)!-1¢11l,'4()1'the

14owovei', applicaii'vo ])l'C)_l'tllllS lllLly i)rocoSSOl',W,,The SISAL code I'l.lll,N Oil OllVil'Ollmt_lll, The I.iSOl"inicrl'acc

,_pcnd Itil'gO Lllll()l.llllS of lime Lind lilly Ill.llll[]Ol" Ot"I}I'OC'O,_,_OI'Swilhout COml_ri,_c_ a ._cl o1"c'onl'i%,urahle

l'OSOi.ll'¢es copying, ctiila arid nltiniigillg lhc nccd of rcwritin_ or rocolnl-)ilin,,' window,< coinplolc wilh I_uliollS illal

mClllOl'V, T()l'odticc those cost,_, we invoke l_rcdct'incd C(;llllllltillCl,w, tilltl

dc\,clol'md Sol_hi!iiicatcd COml)iler,_ i_C)l)l.ll_ nlClll.l,_,Tht_ City, when

and ri.inlimo ,_y._Ionm Io '_Ul_l_°ri i7oily' il_._lrl.iclod, tlclivale,_ the toC)l,_
SI<SAD 1:)l'oOrLun,_on conllnorc'.itil /__...--ll / (inclol_ondcni i_l'()cc,_,_os) and l:lrovidc,_

pal'allcl col-nl-Juiers SI<SAL l)rogriims _ conm_lLlniciili(,)l] belwecn Ihenl, The

ii(.)w l'l.lll ii,',; t'Lisl tls l=ol'irtin iT)l'(lgl'_.llllS Ciiy ha,_ I}tllloll,_ for o_,lc'h 1()ol, ti

on ._in<gloi-)rot.'c._,_or,,.;tilicl achieve Ill.lnll)cr ot' utility buii(m,_, a COlllniand

,_ub._ianiial ._l)ccclul'J ()n lnLlliil)lo ",_'_" / Tools willclow, _.lntlLI window I'or Cl'l'()l"

i)roco._,_Ol'_, Wo COllll)tircd the two , _ IIICS,N[I_OS.The tool,_ include till editor,
hlnTtlilTc_ by rLinnin 7 the Livcrllloro ' ii COml_ilor, tl dcbi.lL.tL2Cl',Li ._inll.iltllor

i.,oop,_ on lhc Sequent Balance, Tilt oaf:ml-lie of ._imulaling lhc CXC'.cLIlion oi'

Livermore 1_.o_1_,_ill'C ii .',,;oiof 24 Figure 1. SisalCity is an easy-to-use, SISAl. I)r(igl'{UllS oil _.lvtirioly ()t'

robust integrated programming imral Icl architect urc,_, a graph di,_playkornols lyl_ic!ll o1 lhc c_clcs run at lhc environment. Users can invoke any tool
l mboralory, The <Sequent Balance is a directly through the interface. Ifa tool must I'()UtillC, and Ioo1,_ lo collect, analy/,o,
,_harccl-lncm(iry, mtiltil_lc in._irLlcii(in- communicate with others, lt is invoked LIIltl display execution data,

n]ullil_lc data (MIMI)) machii]e lhat through the City, which provides
LISt.',;LI,',;IIILIIIV ItS 32 [)I'()CC.',;S()I',',;, communication between tools as'necessary. Contact: ,/. l,'eo (415) 422-6389.

Table 1, The performance of the Livermore Loops (in kflops). Table 2. Execution times of three large scientific programs.

,<',;I,NAI, <k;l_A1.

Forlran ( I pr(icess(ir) (5 processors) Pl'(igrant IQirh'an (I processor) ( 10 i)n'(ice,_s(li's)

( hius,_-Jordan
c'liininiilh)n

Mininlinun 12 15 15 ( 100x 100 array) 55.()() _ 57,7() _ I),54
_'|axilniilli l,llq _)() 3()3 N illlleFi(:

,,%V(_I'il_(.' "_._ 4_ 14() simllhil h)n (lt'
chillon profiles 3().(_3li 31.()() li . .t..15li

itarlnonit' 45 =l-I 75
_hnl)lt,

< "3")(100 x 100 ill'I'll,V) ?>()MI.28 _ 3()0().32 ,_ -1__.()4



he l_,aboratory',,,; a_hnirlislralive The Adrriiriistratiorl arid ll-iat ES&H fie the Lal'_oralory',',;activities are wide-rai_ging, Operation,<; tA&O) Directorate nunlber-orle priority. As II-le Director
LLNL is like a small city, complete provide,<; irlstilutiorlal sew)ees thai Ilas staled' "We llltlSl achieve the

with emergericy services, sewage and are the fouridation for the activities required ox'garlizaiiot_al streagth

waste disposal requirements, arid the of the Laboratory's progvarrlrnatic arid technical COml_eience in I:iS&t-I

personal arid professional needs o1" and supl:)ort organizaliorls, A&O is while preserving lile historic culture

its g200 employees, A ill.iii)Del" of rnade up of Hazards Control, Plal)l in t)Ul" extraordii_arily succ'esst'l.II

adiainislrative activities tll'e c'ai'ried FA_gii-ieering, Health Services, L_.lbOl'.l:ilory pl't)gl';ii_-is."

()cii i.lrider the aegis of the Director's Huiritu-i Resources, li_t'ori_lallof In sl.lpport of )hi,<',pric_riiy,
Oi'rice, including education, Sei'vices, Quality A,_ist.lrtlnco, inllTIol'ltllll tlchievc'lllt.:lilS Wel'¢ llli.ltle

COl_-lnluniiy relations and at'fil'illaiive Environnleillai Pi't)lecli(m, this year by A&(-)'s Ol'gallizaliOllS,

aclion, lechnolog)! Irttll.W,l'er,alld lhc ' Safeguards and SeCi.lrily, and For example, ttazal'dS Ct)nil'oi
Ei)virol_l-rlental, Safety, and t-leallh Business Operatioils ()rgani:z, aliorls, expanded ils safety atidiis _tl_¢l

(ES&H) Coul]cil. The L;lbOl'att)ry ',,,; Stat't'irig for these ()rgarli:z, tlti()ll,',; Irtiillillg i)rogrl.ll]l,',;, alltl ii-lade •

al'laas-coiltrol eft'oi'l,<; ;.ll'e l'()cl.ise¢l represerll_ ab()l.ll oitc-lh)td of the .<,igl_il'icaat adVallC'c's la iii]proving

through the Cenler for Technical LL, NL workl'orcc, testing inelhocls for firet'ighlcr

Sil.ictios ()11Secui'ity, F_AlOl'gy, and The pi'imo I'()ctis of A&O el'f()l'l_ equipnlei_l. Plal_l l_l_gil_et_l'ing

Al'l'rls Contr()l, this year has been lt) stlpporl the conll.)lcletl several ma i(u' [3.11lor_.llol'y
Direclor's arid the l)OE's p()licy

I()()



t'acilities andl)rovided major supl_ort of LLNL employees and lo ensure and will help Io control future
lo correct cCtml:tliance violalions and lhc Liil)oi'aloi'y's ahilily to 111eelils lelet:onlnlullicalioll costs,
for silo cleantlp, Qtlalily Assul'l.ince nl.ditinal seCtll'ily responsibililies, The Business ()l;)el'aliolls illlpJelllellled
helped Labol'alory ]')l'ogrl.itllS nleel [)l't.)gl'ilnl l)rovides for [i dl'ug-f'ree till online inl'orn'iali(inal syslelll,

their Cltialit._;_.iSStll'anceobjectives workl)lace iinl:t eslahlishes the called the li_sliiulional Sul:)l_len_ental
by t.'onduc.'till_ quality aSStll'allce COiTective at:lions thaiwili he lakell Labor lnl'Ol'lllalioll SysIelll (ISI.,IS),
al_praisals and as,_!slin7 _Ul)POrl agaiilsl those inw)lved wilh illegal Icl ho.ll_ meet lhc _Ul_l_lornental labor
Ol'Tarlizalions, Slit:li _.isMel:h;.illit:a[ subslanc'es on._ite, li also idenlit'ies neod_ of lhc LabOl'alol'y,
En<gineering and Elet.'ironic,_ lile Lahoi:alory's Ernl.)loyee Allhough A&()'s funclioil,,_ and
tZnTinoorin_;, !o l)l'el-)aro quality Assistance Pllogi'am as {ill el'l'eclive acc<lllll')li_llnlel_ls ' ill{ly ll(,)l be iis
_.lSStll'allC:eplans, Stli)[')Ol't resotlrt;e t'or Ih0se k:eoking visible as ihose ot' lhc mlcior

Healih Services developed a romoTol'y 1'1'oli_sub,_ll.ll_t:oahi.lSe. [:)ro[21"anl_,they are cruc_ial Io lho
I_ro_i'essive oc'cupalional [leallh .Sal'egUal'cl_ai_d Securily conlintled Laboralory's operali{m-A&O
l)l't)71'an_aild hl'OU[2,hllhc a m_tlor ])i'ogl';.ll_l lt) Ul_gracle tile I_rovicles the il_['ra_ll'Ut:ltll'e ['of
Labol'atOl'y's new nlodieal facilities Laboraloi'y's layoi'od sot:urily ihe eity-,_izO Laboratory site and
isle full Opel'alien miih an eXl_andod ,_ystenls as pari of lhc' Pha,_e-Two i_Ol_ulation. I_,LNI_'s abilily io
clinical i)l'o_ralli, Sal'egual'd_ and Set:urity conduct ,_lale-ol'-lhe-arl .l'eso_.it'eh

E!_vironn_ei_lal Pi'olomtion Enhai_celneni,,_(SSE-2), Layered dopond,_ on lhc qualily o1' ils
iinplomol_lod gi'oui_dwater troailnenl !_ecurity is lile t:oncOl_l in whir;li the adrainislralioi_ and operalio!m[
syslelll_ It)dec'onlan_illale w;.ller I,e_,,elof sec'urily illCl'eilses as ()ilo ftincliol_s. Tile A&O Direc'lorl.ilo will
contailling low levels ot' vollltile moves l'ronl the [__aboi'alory COliliriue lo supllorl the Lallol'alt)l'y's
C)l'Talli¢_:helnic_il,,_(VOCs) to [)t;rimeler 10w;.lrd the ]ot:aliOli o[" lhc ])l'o_ranllllalic: _tntl sut)iTJof'l
i_oi_cieteclahle level,_, Risk analyses mosl sensiliv.e securily assels, At the oi'Tarii/.,aIioils and 1oinll_l'OVe lhc
of existing 71"OtllldWalol" indicale a (,'eiller is the Stil:_erhlot.'k, which institutional services lo IIleel the
v0ry small l_laxinltll_l ri,_k ot" _.ln c_ontains lhc Pluloniiim Facilily and challonge,_ of lho t'tiiuro,
aclcliliolml Imo-in-lerl-illilliol_ chance sloi'age o1'st"Jot'ill ntielo;.lr nlaierial,
ot" dcvelopil_g cant:or (,)vofa 7()-year Wo l'k is rl0al'ly complcle on ti new Contact: P. E. Coyh,, III (415) 423.7788,
lit'etilne exl?JOStll'e I.()V(.)Os ill phy_;ical protection syslenl around D, K. Fisher (415.)422-3343,or
gl'OtllldW_.tlt'l' shc)uld ,W,Ollleolle USe ii the 5;Ul)erhlock, wilh a double-t:enced (;, W. Campbell (415) 422-5217.
as a walOr sOUl'CC,Howevei', IlO one i,v,¢)laTiolazone, alartlls, ob,_ervation

i;; usill 7 tills wtllel'. _;Jillt.'ewe al'e 'towei'_, _lllt] sOCtll'epetlesllliiin Lind
ti'ealing and dec:onlail_in_llin_D tile vehictc l-lOrlal,_, In eon.iunc:litin wiih
VO(?-c'oniaillin 7 gl't)undwalei', lile Santli_l Nalional Laboralories,
;.it:Itill risks will bc oven lower. A Sal'e_tuai'ds and Sccurily devclollCd
new I_LNL sewer 133oi3itoi'ingsysien_ a new !4al'eguarclso['l'et:iivoi_css
with ai_alarn_ morlnec'lion li) the Cily ovaluatioi_ t0c_l',Ibis Analyiic _yslt_i_
of Livcrnlor¢ Waior Troali_ieni I_laili and Sol'Iwaro ['or [_valualing
was also irislalled this year, Sal'oTuards and Securiiy i_rovidos

In addilion 1o the ES&H activilies, _lcon_l)rehcnsive al)preach for
ill.lnlOl'()tis olhcr at:hievenlenls have owllualing ihe et'fectivene_s of ihet'l-
t_een nlado in ihe A&O D.iroc'torato, l_roiectiotl i_leasure,_ for ._peci_il
Huil_al_ Rosourc:o,_ii_ll_lom0riiod a numlear n-i_iterial,
nun_hoi' t)t" new l)l'(>_.i'_ill_S,iil(.'ludil_ Fac'iliiics, Ocluit'Jnlei_i,_il_cl
_ill Cnll:)l('_veeecluc_alional pro_i'ail_ Oll sol'lw;.ire l'or ll-it'oi'nlalion _ervit:es
AIDS _lilt:t_lnow _ul_SlallC:oabusl2 Wel'e ul)_gratletl lhis yell', lnsi_lllation
policy. 'Fhc l_ahoraioi'y insiiluled a of ihe onsiic cligilal tolel_hon0 syslem
Stl[:_sl_lliC'eali)use]-)i'ogi'_ll_lin May was c(.>nal_letect.This new syslem
Ic)t'19to i_l'_tct:l the health an_l sat'ely incor[)ol'ate!; the ]alosl

It:[oe(_inn_uilimalion _tandard.-

lnlegrale_l Semi'viceI)igiial N01woi'k---
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E&'I'iA ,luly'Au_Lnst 1990 l,all(,'atory Aclmintslrathm

'l'echnoJ_gy Transfer: LLNL is rapidly e.wanding the tra,.sfer of Laboratory-deveh,ped

I_,LNL Partnershil)s technologies to industry; this year has seen at, increase i, the number
a#td types of agreements with industrial parlnerx a#td iii the income

with Industry receivedfrom these ag,'eeme,,ts.
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l,llblirat(iry Adlllhlist rat h)n E&'I'R ,Iuly,Au_llS!199(I

Challenging Times protectio,l,safety,a,ut heallh (ES&H) have lop priority

at LLNL, and state-of-t!le-arl Laboratory techm_logies are beingRequire Innovative
applied to soh, e ES&H problems al LLNL, other DOE Jacililies, and

ES&H Solutions mro.gho,, co..t,..v,
.,

A t'undamenlal challenge operate tls an ES&H "center oi' The DOl!! 'I'iger Team Assessmenl,Facing LLNL is to excel in excellence"; which look place in AFn'il 1990, found
erlvironmental, safety, and Ileallh * Conducting ES&H ol)ei'nlions io no I)asis to cerise or curtail any,
(ES&H) i:_ert'ormance while meel the SF,irit and lhc letter oF the orlgoing LLN t. opel'aliens The
erihancirlg iile excellence in the laws, insl)eclors recognized ihal the
l.:aboratory's programs, This includes * lntegri.llirig ES&H expertise in .l.,aboratory's heallh and safely
complying with ES&I-t laws, which programmatic operations, organizations are stal't'ed hy highly
must be carried out in close mutual * Providing ES&H expertise to help competent prol'essionals, They found .
COOFlerationwith iile Depal;tmerlt ot" solve DOl_-complex problems, part.icular slrenglhs in criticality
Energy.and the federal, state, and * Api)lying LI_,NL technology to helFI safety, nledical services, laser safely,
local _-o'vernments, TI-le Laboratory solve glolml ES&H issues, and emer.ttencv<.. tesilense, Areas
must also manage ii,,,;operations We }`l.refaking slale-ol'-llie-arl needing impt'ovemenl inw_lve qualily
in a.manner lha! reduce!,; ES&'H LLNl_, technology arid al_plying ii assurance, indel)endenl oversighl,
risks to levels as low as reasonably lo solve ES&H problenls al I_,LNLI control verification, and Formality in
achievable and openly communicale othei' DOE facilities, and. throughoul documentation, Action plans have
oLir aciiviiies, to LLNL elnployees, lhc c()tllllry, These activities are been developed to address these

LLNL has always.llad _.lnexcellerll }`iiready well I,lllder way,"lTle ES&I-i COIIC'elTIS and their rot)[ C}`ltlSeS,
safety record aild the year past Laboratory is comlyiitied to and charlges and corrections tire
coniilitied this Irel}d, C(I)l]lilltlillg i;l.lininlizirig the Lllll()tllll of Wtlslo already being nlade,
efl'orls in emergency iWel)aredness produced, and lo reducing its Environmeillal proleclion issues
and safety ii'ailling have paid ellviroillnenlal discharges [o levels are also being vigorotisly addressed,
dividends, in 1989, there were no .as low tis re'tisoritibly achiewlble, . Tro}`llnlelll alld cletlili.lp of the
..,_si_nil'icanlsafely incideiils til LLNL in I.gFH-),LLNL ellhtince(.I ils ct)nlIiillin_.lted gl'l)tllltlwtller tlll(.ler the
and there Were Fewer in iuries lllail conlnlilnleill to tT,S&H as lep i)ri()rily. Livermt)re site h}`lshegtlll, l)ozcns of
in previous yetll'S, lh]cities dtle lo This has required a "CLllltlrtll shilT' .monltoririg wells l.l!ld tretilmenl wells
overexerli011 reiTItlin ihe largesl _.lstlllerliion and ftliidillg is being have I_eendrilled (Figure I), niore
c_.ilegol'y, but Cl.i1111.lltitJveil'aLIIlla directed to lleCeSSal'ychanges ili lhc,in seven lnillion g}`lll()llS()t'
injuries i.ir¢ becomill 7 nlore I'acilJties }`iild oi)oi'all(ms, A series of grotlildwaler has heel1 irealecl,
i.itilTiel'()tlS, F)arllctllarly lhose inlernal ai]d exleril}`il tltidiis }`ind and recenl Saml_ling indJcales lhal
associated with repeliliVe moiioFI appraisals, begLIn iii the Sl.lllllllel' ()[' the weMWtll'(] lll()velllelll of the
such _.iscomputer keyboard work, 1c)lgg,has idenlit'ied a ni.ill,ber of colllanlinalion has been relar(.led, In
Electric shock incidenls were dowi_ iSSULSlliai Ini.iSl he addressed. The lhc souiheri_ ptlrl ot' lhc Lal_oralory

' this year, we hope as a l'estlll of Director has established a Wasle lie[ii' Building 4()3, 5()()() galltllls oi'
increased safely tiWtil'elless l.ind Minimiz:ilion Steering Cominiilee gasoline have already been cleaned
il'uinil_g, [A._NI..'s nlolor vehicle to creltle l)rograllt.!llalic waSle- tlp--a sigl_il'icanl poriioll of ii
acci(.tmH tale conlini.ied a t'Otli'-year 111iiliinizalion plaris arid has l't)rlne(I I 7,()()()-gallon le}`lk I'ronl ul_dei'gr()tllld
dc)wllwtlrd lrelld, alld Ihe dollar I_>ss {ill ES&H (7ot111ciltinder l)eptily N_.lvystorage I}`lllks lll}`ii occcirred ill
per lniles driven Was w,'ell below lhc l.,aboi'tilory Direc'lor l)tltlne Sewell lo the 197()s.

ES&I-I IlllpaL'ls Oll fhe Liverlllore W{ilel'DOE averat_e, oversee all Lab(iratory _ ' '

Meeting the ES&t-I challenge activities. LLNI_ l-)rogralTiSare now Recl}`llnnti()n Plain },is_l result of any
in lhc IC)9()sreqtlires thai LI._NI.. esiahlisl_ing ES&H }`lSStll'tlllCe i_t't'ic'e,,, accidenlal i.,LNI, dischm'ges t_ the

loiml)leillenl sell'-correclioil cily sariilai'y sewer will hc Ininin_ixed
pr(>cesses.
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l_aboratoryAdnlinistralion F,&'t'R,luly.Au_usl1990

Center for Technical The Laboratory is purs'uing ,'e.vea,'ch itl issues o.f tlaiio,,al sec.rity.

Studmes on Security, The Center for Technical Studus on S¢cumty. Energy. and Arms
Control was founded to encourage this work. to make available

"-'I 31

Energy, and Al'ins Laboratory expertise to outside scholars and scientixts, and to create

Control arich and mutually beneficial enviromnent for the free excha,tge of
ideas in these important areas.

he Center for Technical Studies Professor of Pltysics Emeritus, research strntegies to deal will1 theon Security, Energy, and,Arms Oxford University and the litreat posed by missile prolil'eratiorl.
Control was established at LLNL in University of Washinglorr The Center, together with the
November 1988 with the _oal of ' Andrew Marshal, Director of Net Laboratory's Defense Programs,
providing visiting interns, scholars Assessment, Department of Defense: sponsors an intern program in
t'rom universities iind othel" and Ambassador Edward L. R0wny, Arms Colltrol alld National and
institutions, its well as Laboratory Special Advisor to tlm President and International Security Affairs. In lhc
scientists \villa the opportunity to use Secretary of State for Arms Conlrol lasl three years, two pre-doclornl
the know,ledge and experience of Matters: interns (l'rorn the Massachussetts
ongoing LLNL programs in studies In May 1989, in collaboration Institute o1'Technology and the
of intematiorml stability and security, with the California Seminar on University of Maryland) and two
Under the aegis of the Center, International Security and Foreign post-doctoral interns (from the
visiting scholars and specialists Policy and the University of University of California, Berkeley,
conduct research and interact with Calil'ornia's Institute o1"Global anti Brown University)have
the LLNL scientists in a mutually Conflict and Cooperation, the Center participated. They spent from
beneficial exchange of knowledge sponsored a symposium on the two months to two years at the
and ideas, fwoblem of ballistic missile Lal_oratory studying the

Specifically, the Center supports proliferation. The symposium vulnerabilities of U.S. space assets
critical studies of significant national examined the relationship between and possible technical and policy
issues by Laboratory personnel, the proliferation of nuclear and remedies for these vulnerabilities.,
hosts visiting scientists and schohu's cl_emical technologies and the iu'lns-cofltrol projects relating lo the
on sabbaticals, fellowships, or proliferation of ballistic missiles its Strategic Defense Initiative and
professional leave, and supports well as possible policy initiatives ancl nuclear weapons, force options for
post-doctoral interns. The Center NATO, the use of lasers for various
also conducts se,ninars, symposia, military operations, and rail-garrison
and workshops in collaboration basing of ballistic missiles.
with other in stitutioris. An integral Irt this era of rapid and
element of the Center's program is unpredictable political change,
the pul_lishirig and dissemination of especially in lhc Soviet Union and
Center-spor_sorcd work: this ycar,'a Eastern Ettrope, the Center provides

public;!tioia seric .was initiated, lind a very valuable forum for the
six papers have I_eenpublished or exchangeof ide;isandexperieilce
afe iil press lo dale. about national security and nrms

Dul'illg 1989, the (,enter contl'_)l. Visiting specialists, interns,
sponsored25 semiilars by and LLNl, scientists ali gain from

,_ lhc interaction, and the tillinlate
otltsl;.inding scientists iind thotl_ht- Figure 1 Seminar sponsored by theloaders fronl the natiorial-securitv " I_enel'iciariesare the U.S. anti the

Center for reclmical Studies of Security, entire global COlllnltinity.
and arllas-C'Oll[i'o] c'onllllUl_ily Energy, and Arms Control, held on April
(Figure I). Among the guest 24, 1990, featuredDr. PeterZimmerman

('ontacl: M. !). Nordvke (415) 423-76,_4.
speakers were Sir Rudolf Peierls, discussing arms-control monitoring with

unclassified satellite imagery.
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Measuring l he Size ml.'f,._'i,,, I,attery samplers can measure the si_.e distril, ution ,_J'rado,

i)istn'ibtn.tioul of Radon decay product.v (progeny) in (tit'. We are u,v/ng the,re devices to siz.e-
.['ractionate the progeny activity in order to study their :lttachment rates

Decay Prodtncts ,,,e,.,,sot,,,.



l,aborah.'yAdministr:lliml F,&TR .luly.Au_usl1990

(; r()u n(lwller The first q[severat treatment,vystem,v has I,een installed onsite and is

_|'l'e_l|llllell| ai [Ile rental,ing attd treating groundwater contantinated with volatile organic
compound,_ in order to stop the westward movement of these

| aboral  ry

he Laboralory conlinues Io make first of several gl'(_tlrld\valor IrL'almenl exposure rinks Io I,I_NL employees orprogress in cleaning up the syslOms, inlh¢ soulhwesl corner of Livermore residenls because they are ,

volalile organic compounds (V()Csl lhc LLNI_ silel Thin in lhc area from lrapped in soil and ground\valer al

thai have contaminated the nile since which a groundwatm" l_lume sut'fiuienl depths and because there

ii was occupied by the U.S. Navy containing VOCn api-wars lo have nrc no wells in use within 111oplulne

clui'iilg World War !! and lhc early been illigri, iling al _i ralc of ;.ibotll or iis paih. "l'i'ealnleill l:aciliiy A is

po,,,;Iw;.ir yol, ii'n. Thin ),oar, we insialled 3() ln/y. The conlalllillalll.',; ;.ire in o[lt.,l'aliilg 24 htiul's _.lch.,.y.As l:q_tli'O 2

Tl'Oallllenl Facility A (tqgi.ll'O I), the very snl;.ill amouilts alld [)resonl I1(i sh()ws, grounclwalur is pUlllpctl

through ii cOnllnercil.tlly nvailablc

Figure 1, (a)'The Iii) tillraviolet-Iighlihydrogen pei'o×ide
new Treatment (UV/II2() 2) tlllil ;.llid _.in_.lcr_.ili()ll Iqnk

Facility A on the wilh li Cal'bOll-l.idS(HTili()n syslcnl,
Livermore site and designed arid but li by I.I,N l.,

The fat:ilily lrt.'_ilcd seine seven(b) the commercially
available treatment _!' millicm gallons of grot!ndwalcr lhis
unit inside. !, l)_lsl ye_ll'. Al ;iii aV¢l'_ig¢ C'OllCCn-

lialien o1"2()()pph iii lhc walcr

processed Iii dale, aprwoxiinal.ely
::: ::t; 5.5 kg, (ii' ilboul 4 liters, iii' V()Cs

have been remcwcd from lhc

gl'ounclwaler anti destroyed. S_.llllplc?s
laken from oll'sile moilillWiilg wells

Iii lhc wesl of lhc i,abol:al_u,y indicalc
lhal file wcslwai'tl illliVelllt.'lll (:ii'

V()('s in lhc ,.El'ouildwalci I has
(bl beCli rcll.irdt.'tl.

' "l • ......ill. <,. The LIV/H2() 2 li'¢l,lllllenl tlnil
cl'fici¢illly dcsiroys i_crchloroelhylenc

(PCE) ;.tlld Iric'h Ioi'ocl hy Icile ('I'C E).

These t.'CilllpOullds ll;.ivc' _idouble

Clil'bOll-carb(lll bond lh;al is readilyI

I bl'liken or _:ixitlized by lhc hydroxyl
/ rndicnl urcalcd by lhc dissocililioil of

I i-,()._ under lhc inl'ltlellcc (ii tiV

i'aTIialiorl, l towcvel', ttlltilyscs of

Ircalcd walor I'i'cml lhc UV/II-,()_ tinil

revealed ihal Ihuir ningl¢ carbon-

c'_irb_n b(:ill(led C(_l])p_urlds wore _1(_I

cim ll_leluly dcnll'llyud (nuc' 'l'al'_l¢ I),

Because lhc hal(l_llk;,lllCS (sillgle

Il(:illtls) III'L' less readily clesll't:iyc,(I
Ihail lhc alkc'ilcs (dllul_le honds), we

c_luld ll_ll inecl lhc' wnlcr tlualily

ruqtlil'UillC'llln ()1'(li.li" ttisc'lllil'gt,' i_t_'l'illil,

wllich Iinlils lr¢'llcd (Ijnchai'gu wlilcr

ll_<5 I_pbl_llal V()('s (a l(_\\'L'r

11()



i,',&'I'R ,July,August lt)_)O ' lall)oratovy A(Indni,,,;tration

l_,i III) Figure 2. (a) The
_._ UV/H202 tre.atment

system and (b) the

• Water effluent [_:'_Outlet LLNL-designed
,/. UV lamps /' H202 Carbon I and built effluent-

--_. / pump exhaust I polishing system.
Water J N_o_ / stripper I / Contaminated water,

L_ Istoraqel ' _ pumped from the,_ i tank i extraction weil, is

t Y'_" ' :::'<':_ _' sprayers _ -" solution of H202; lt

_ ...... _ flows past UV lamps
that break down the

/ _.. _- Condensate contaminants. Water

I ' "---1]' .... .'."_ trap effluent is then
Recharge/ . _ discharged from thepercolation . chamber. The

pond ' I UV/H 202 effluent-polishing

spraying arid aeration
chamber. A blower

<"1Water pump evacuates VOCs

l T ii ii vo 0.. o, aeration through an
Discharge pumps,C Air supply activated-charcoal

filter.

c()l-iccnl]'ation lhalT allc)wcd by Table 1. VOC, destructive efficiency of the UV/H202 system (NI)= nondetectable).,
drinkillg water ,_ltttTdt|rd.,_).

'l'() n,iecl di._c'l,itll'_,o li m its I'or (:tmeenlrali()n. I)l)ll IhJlishing-svslem

) -1 _.V( ( _, we dL',_i_ncd and buill a water C,u,,pOuvld i;/i:iueni- ......k-_T/fi-_-(t_-e-i:i'i-i-,e:ni discliarl_e, pill,

ac'ralic>n ,_ysiorn to i_011,_hli,iuclTlucni I,I-clichh)roethene 12 NI) NI)

frc)n.i lhc {.JV/H2() 2 unit A baffled I,l-(lichh)roelhane 3 2 NI)
• .q)-liiur lank receives ul'l'lucnl Chlorot'orm 2 I NI)

diruuily I'rL_m thE' [JV/tI_()_ unil. A I,i,l-lrichh)ruelhane 7 6 NI)

centrifugal bl_)wcr in iccls air ;_l _ r;_le Freon 113 6 6 NI)
('ii' _5()ITl'_/I-i.iil,i Li) SLll'l.jCcl the \valcl." l() Tril_hhlrlleihene 5 NI) NI)

ii-il¢l,i_c _l¢l'tilicm, Al,i()ll.icr c.'orill'i I'ugal Teirachh)roeihene 17() 3 NI)
blLwcer exlrac.'i._ lhc V()C._ volaiilil.ed

durillg the tlOl'tilioiT i_r(ic.'c_, 'l"ho

exl-ial.l_l till' _lroarri i_ lhlol-i pa,_ed "l"l,ie cxlrat.'lil)n well .'_ervi_:ing vcril'), the I-_rodiclivc' coi.i_il)Ulc.,r

ltlrt)ughi tl t:ai'l-_()li i'illl.'r bt.,l'orc., being "l_rcali-i-ienl l=ac'ilii), A l-ia_ diroc:i modc.,I,_ do_igilcd l'or hydr_lgc, i_logic:
,.. ( ,discllar_ed l{i 11.i¢ali,i.i_l_l-_llc'rc;,"l"hlt, inlluc'.ricc.' (irl al-i_ll.il hall' ihc V. )(. tiiltil),_c.'_ 'l"hc_o i]-iodcl._ i)i'(wicll_

l(lltil ct)riccrllraliol-i (li' V()C_ in Waler {.'(irllall,iirlanl_ il,i lhc' grol.ll.idwalcr ii-il'orl-i,iali(li.i c:_ric't.,l't]illg walc, r fable

¢l-iic.'i'irl_ the I_(>li_hlil.ig lank.'-; i._ tibiiul [)l.i.ll-rIc, [ll_lallali()l-i (ii ()lht'r c.'Xlrac'li(irl drawti()wl.i ii.',;li I'ui.ic.'li()l-i (ii" well

I() i-_l_b,Th__'at_,rali()l,i i)i'()c:c_.,,;rc'lli(ivc;_ w¢ll_ i,_ being t-vtili.lalcd 1()til ..... It;l'tliC I()c:ali()il, c'(llllalliiilanl illigi'ali()li, and
ihc_e i'c'._idual tlllllrc_al¢(.I V()(.'_ Irl il_c rt.'l,il()val ()1'ali c'()nlal_lil,iai,il_ in t.'_liiiTalo.,,; ()1"lolal rcll,ic'diali()i_ lime,

t.'()ilC.'C;llli';ili(lll.,,; llTtlc:h lc'_._ lll_.il,i 5 t_pb, lhc i_luinc', 'i_hi.i_, 'l'rc.'alillCl,il I,'aciliiy A i._

Thli.i_, \>,.'_._c.'lil-1._at'¢lv. di_c:'liar,,c_ li'oalt.'(I l)ala l'l'(ll'll lilt: Ol_¢i'ali(_n _>1' rt;r_]c;dialiii 7 lhc V()(_'-c.'(ll,ilalllili_ilc, d

w.alc'l I()li,it., rt.,c'l.itil'<,c.,<.,.I'_a_in _{)l.illi (ii' 'l'l'U;illlit;.'_,il I:ac'ilily A til'U bc:in,,_, gl'(il.llidv_,_ilc_r _1111(.Ii_ al,,,;(ihulpiil_<_

11.i¢l..al_lral_)l'y, 'l'hc., o'arb(lil l'illcr i.l_C.'dI() c\'alualc' li.it., i-i,il_,i'il__ll' ihi.< adval_lcc: liit.' h_'c.'hl,:iCltiC:__1'

acl_)ib_ ali v_laiili/.c.,_l V()(.'_ ._l_lhal lrc'alriTl.'l.il ic.'chll_l_7$' al_ll I_l'_l\'iclc. hydi'_LLtc:t_ll_gic: t_rc'.ttil.'livc' Ill_lclL'lillg,
n(i V()('_ al¢ di_c.'hai'gmd i_ lhc" gtlid_lliOc' I'(ir lilt' _c,lt.,c:li_)ri ()1'I'l.lll.lrt_'

all-ii(_Sl-)llt_'l't.', ll'c.'ailliclll lc'.'clll_(ll(Igic's til I.,I.,NI,, ('Olll<l('l: W, l,s'/l(,ru'fm(/(.li,g) 423-5058,

'l'hu.<_otttiltl _ll'c'til.',;()I_ciiLL.' tlSc'.(Il(I

III



................................................ _........................ L... ¸ ......................

l,abm'llt4w_l Admini,_l'ratimi E&'I'I_ ,luly'Au_u,_l 191_0'

11 _



....... : .... -- ......... 7 ...... - ....... -- .............. :- .......................................... _-........................................................................................... --_.........
Index lC&TR ,luly, At'l_list 1990

lnciex _,t' 1990 I,ab_v ai_,I ,,,Ael+nevennenlt,,,;

[;tu' I'urtlK'r infoJ'nuflit'ul ool the at:livJlk's rt.'l_t'u'tt'd in this isstlt.', corlttlul the irldivkluals listed heh_w,

Th¢ Stale o[' the l..al!oratory, I ,I, t I, Nuckulls (4 5 422-5435

' l)cl'ell._t. ' Sys[¢lllS (overview), 4 , W+ I", Scanlin (4 5 423-68 I()

tligh-I_xl_hmivcs Al",l_lic.alitms I,auility, 6 R, M, Alire (4 5 422:241 t) '

\,V_U li,_ngin,.it.,rin;.l)evcli'qwncnl I'rogram, bl ,1, V, Tyler (4 5 423-13()7

Cosl-l'ffectivencs,s of Mu.k'rr_ized t;,S, ,%ll'tLlegic I:;oi'ues 10 P, L, Chrzanowski (4 5 422-6522

Numerical ,%inmhltion of'li']leclronlagilclit' EI'I'ocIN Ill Realislic (_ieom¢lrie,',;, 12 .I, ,"\ml_rosiano (4 5 423-6634

, 3 "3"1Tlu'¢¢-I)inwt_sitmal ('alculaliovls tri' Mtflcrial _trt, rlgth, 14 l), W, 13_llim (4 5 4..t-__36

()l'mcity Experiments wi h lhc Nova i_a,'.ier,16 'F, S, Perry (4 5 423-2()65

I', T, Sltringer (41,5 423-922 I

Nev,',Streak Canwras, 18 J, J, I(onchelto (4 5 422-3795

,&lqtlyilly Nuclear "l'usling "l"c¢lmoh_gy Iu ES&II Is,,,.;uct.;,20 !), A, l.cich (4 5 422-66() t)

Arms ('unlrul and Trcutv. Veril'icalion At'tivities al I..I.NI+, 23 13. W, l)orll (4 5 4.3-.'_ 5196

I,ascr Research (overview), 24 ,I,I, Davis (4 5 423-gb_lN

/\, ,I, l,evy (4 5 423-8729

TIw N_wa IroNer, 26 D, R, Speck (4 5 422-()6bII

Puls¢-Sltal!ed lml',h,siol_s on Nuva, 28 R, E, Turner (4 5) 422-8112

Mullil'ralllC (fated ,"_-Rav. Image, ('amcra: The l;a,dlusl Movie, (.'amcra in the W_.'ld, .._9 ,1. Kilkcnnv. (4 5 4..:.3-4."' ' " 13

l)anmye-I_,¢sislalll ()plical Material,',,,, 30 .I, C,anlpL,ell (4 5 4.22-(_4t)7

l.abc.'all.'vX-Ray l+asers,31 ' M. D, Rosen , (4 5 4._-54_7"_'_"_

D,, 1+,IVlalllm,,vs (4 5 -122-536()

Sublfiuosct'ontl 7-TW Tablelt_l_ Laser, .t2 M, Perry (4 5 423-4915

/\VI+INLaser Tcuhnology I'or the Nexl (;eneratitm ot' Microlithogral_liy, 33 11, W, l+:riethnala (4 5 422-2257
. '+)"1 3 tl++", R, Ault (4 5 4,,_-6_()_

/\dvailt'etl I4|,,,;cr ,&l_pliculitw_s, 34 E, V, George (4 5 423-393()

K. R, Manes ('l 5 423-6207

lntlt_slrial-Sealc ,:\VI.IS is Al_l_roa¢llin_ ils Del_h,'¢menl. (hmls, 36 F:, R, Aull (4 5 4._-6_()Y+_ t)

tlranitml AVI.IS Pro+uravn, 38 R, W, ()'Ncil (4 5 422-6222

I_hllt,nituuLaserlsolUlWSClmralitm, 4(I ,I.(i, l larri ' (4 5 422-6157

Mugneliu I:'uxion I"+nel'gy anti Beam l;'.eSeal'ch ((wet'view), 42 A. J, (1]ll.I,s,_ (4 5 422-08()4

N'licrt,wav¢ Tol_ai+nak l]xl_criment, 44 B. I looper (4 5 423-14(19

S./\llen (4 5 423-2676
,D") 3

The lr_ternational "l'h¢rmcmt_t.'lear F_xpcrimcntal Rt.'actor, 46 C?, 1), l lenning (4 5 4_.-(L35

Frec--l+ilectl'tm l.asert.;, 48 T, .I, ()r/,cchcv, vski (4 5 422-67()t)

M. K Shcafl'er (4 5 422-6292

Energy and l.'_arth Sciences (overview), 50 R, N, Scht)ck (4 5 422-6477

i.., W, Younker (4 5 422-(172()

Pl't_ttqYlW ll¢;.tlcr Tesi ul' the t£nvironment art}tllltl lt Sillltlltltctl A, 1., I,tmnirez (4 5 422-69()9

Nuulear-Wtlslc P;.Ickugc, 52

MtUelhI-RadiotmulidcR¢lea:+¢ from NuclearWastcx, 53 (', J, l_rutotl (4 5 423-1936

W, 1+,BOtH'tier (4 5 423-3745

, "Y')IIM-I<_.cuyuled-Solid Rcic)rr l'c,' ()ii Shale Processing, 54 R, .I ('cim (4 5 4..-733b

I'hwirulm_Cntal I+.c._t¢.'atit:m und Waste Managtunertt, .'35 ,l, Yow (4 5 422-3521

l)i+.+crimiuatitlg bulwcen Nt_clt.,ar F.xl>losiotls and l_arlhtluakes, 56 S, R, 'l'ayh,' (4 5 423-(1616

/\ Tesi tri' Newton's lllv¢l',,.;e-Stltltll'¢ l.aw of (;rarity, 58 P, _], KtlstllllCyet' (4 5 422-n4X7

Nulnt'rit.'al %ilntllatitm oi' Solute Transl-n_l't II1 i_ot't_tls Media, 59 A, F, B, T0ml_SOll (4 5 422-6348

R, B, Knapp (4 5 423-332t_

Bi_.ncdjc'al and l!,rwirulm_unlal Soil:nuc ((wcrvicv,,), 60 M, 1., Mcltclelst4m (4 5 422+.5765

A Ilttlnltl_ I)NA l,tepair (;unc with I ligh I'X,olulitmary ('onservltlit_ll, 62 (', A, Weber (4 5 423..8155

I,. II, "l'homlmtm td 5 -. ,..-,t"__ 565_.',,..

z

113



I_&"I'R ,lulv, Aul.y,t,s!11_90 ' ' Index

J

An_dy_isut' Trace Chemictds in Ccunplex Mixlures by IJquid M, Vmlderhum (415 422-5721

Ch rcunalogrlGdLv/Immunoas._Lv,64

DNA lh'ohc's l'rom I ItHilan C'hrcIIlli_.',;t)111L'S,65 Ij. ,I, du' ,I('illg (-I 15 423-,',II`.15
i\MS Villitl_flion iii' Nel.III'III1 i)lISl.',";,66 T, SIrlILIIIIL' ,I (415 4,.._-.51.:114'_''

Flit_cleurildnliculoI' l ligh-l_xl_hisive Wasies, 67 ,I, P, l,lnu'zlwich (415:122-()IJ25
,I, I, l)lUliuls (415 422-_()_)I()

[bigineuring (im_rview), 68 I_,A, l._il'rmlchi 1415 ,.122-.14355

Ali.toriihm,<;Io InGu'm,eAlmo,,.;phuricInuLging,711 'I', W, l,awrence 1415 422-5322

l)eveh_lunenl ul' a 2()-ftllz Inlegrl.ltecl()plic_.ll Mochnl.utor,? l 11.l,nl'uw (415 423-.4("_()4

M, l_uwrv (415 r'>:1-,u_ i
,

l li_li-l)_wer Micrt)wave (k'nc, rnlilul, 72 M, I), l)uc,ha r (415 `.122--V'('ffrl
W,W, llcfl'ur (415 422-Ifl%

lh't,,tlic'iinu.Tllernull l,oads lhul (,Inlst,,Crack (imwth and l;'lliluru, 7,'4 P,, A, l,ticldle (415 423-7541

l:iher ('onil_usiie Materials l'i_r lixlrenlu li{nvirunmenis, 74 S, I:, (;ru\,c,,, (,415 =122-1331

('0nilU!iur-gimulaled She¢l-Mel_d l.lydrul'omling, 75 B,' N, M_ikur (415 422-131,15

Physics (cwu'rview), 76 (', I], "l'arlur (415 422-41fltJ

Flrilli;ml l_el',hlc,s, 78 W, ,q, ,qt-'i_It (4 15 422-72b114

Rel'leciion (;raling Arrtly l'ur tul X-Ray Salullile, 1111 ('. l lailcy (-I 15 422-.-:1511
The I:'I'.;(]ASYS Prttiut,'l _tlSI,Ai'. 81 I:, S, l)ielrich (415 422-4521

' K. ,,'\. van l'lihher (4 15 -123-I-l!14_)

l ligh-TemperaltH'e Stlllu,ru'cilltltlcli_rs:Nim.'l (,)tlilllltlll;t Spin l.itltlid._',', 82 14,l_i,l_au#hlin (415 422.-7354
/\, K. Mc'Milliall (4 IS ,-122-7l lJ_

,l, I], (;l'illlI (4 15 .:123-,:1415

l)c,t,.'rmining Why Clinlalu' i%,li_clelsl)isagrcu, 8.'4 W, I_,(;;.ilcs 1415 ,122-713,:12

,,\dv;.tnc,c,d ModelirLu iii' Therrncm,uclc';.u'I_,..'aclicul('ross Sucli_n.,;, 84 R, M, While 1415 '.-122-t)fl¢_

11, .'\, P,esler (415 42.:1-(14._1
Chemi.,,try alld Materials Science (_wervie,,v), 86 C', (Jitlrotinis 1415 4_,t-_14._I

T, T, Sugiharli (415 423-I,135I

'l'lle (Jllurnisiry lind f_'hysic.scii' Modified Sl.ll_C'rct_lltttlctors,88 M, ,I. I;llls.'.; (415 42J;-6¢_05

II, 171.l,lalhiiisky (415 ,122---1471";

l:ini2Ci'l'wintin_ Petrcdeuvnl'roldu'ms, 90 I], Andrc'.,;un 1415 -122-()t)()3

• _ _ _1 _C'hui_iu'all)vnmuics _I' Stdicl-('c_ml_l.lsliollReactions, 91 ,I. \Vunu (415 4-. -¢_.-,145

l:Hu'clrtHlic,Iglrtlu'Itll'C.'.'.;of SLlrl'ilu'c's,9_ /\. (iuni.s (4 15 422-715()

l:ruln l!',Ic'clroniu,Ig[rtlc'Itlru,l_i lihasc' l:ornliflitui in Alhiy,;, 9,'4 P, 'l'urchi (4 5 .:122-902._

Ci_nil_tmiliorls (lwc,rvicw), 94 R, R, l-lorc,hurs (-I 5 422-_147()

,I, I'L 14anellulli (4 5 4-_-. 714_

Archi\'cd Slurli_u, Sy,_telil, 96 ._.('idumun (4 5 422-'1323

Adapiivu' l%'h.!lhodsftu" l:luid Dynamics in 'l'hreu l)imcnsillns, 97 ,I, Bull (d 5 422-7105

TIiI41'SICII()I,II,.:/\ New F'lasnlal'hvsiu's (,i_.l_.,,98 I),/\ndur.,;un (4 5 422-IJ_114

The SISAl. l:lnuu_Lue I:'rl_juc'l 99 ,I, l-;eu (4 5 422-0._14_J

l.abtli'alllry /\dl]lJnislraliun (m,ervicw), 100 I'. I-, ('oyle, III (4 .S ,123-771414
I;). Ii, l:isllur (4 5 ,122-.43.:I.:I

(;. W, Camld_u'll (-I 5 -122-5217

lA.NI, mid I;'xlltc'alicu_,1112 Su'iellCU'I'_chwali_n I'rugram (-1 5 423-3177
lA.NI, iiilct ('(llllliltlllJl}' Reh.iiiuns, 11t4 I_tlblic t\l'l';lirs (4 5 422-,-15tJtJ

'l'ec:hn_fltiuv'l'riinsl'el': lA.NI, l'arlllersliips with Inth.lslrv, 11t5 (;, "1',I,llliTurl'lc'illll (4 5 4.3.-7_ J3
(' I:, Mi!lur (,I 5 ,123-3(i142

('h;lllenging "l'ilnu's 14uqi.iirulnnl)Villivc, I:{S_II Soluliuns, 1t16 R, (' I_;igaini (4 5 ,123-_1475

('t.,lllOl' I'llr 'l'c,chnicill Sltlclic'sllll Sc'c'tlrJlv, I_I1¢1'_),, illlClAl'IllS ('(lllll'(ll, 108 k'l, Ii, Nlu'd)'ku' (4 5 -12.4--7654
ik'lu'iiStil'Jiiglilt.' Sizu' I)J'_lrJbuli_liltil' 1411thinDcc'nv Pr_ldtiu'l_,l{llJ A, lJJc'rlil;uui (4 5 -122-bi(il7

.(}l'()tlrllhvillCl' Tl'u'itllllU'ill iii lilu' I.llbllrilllll'V. I I0 _'V. Islic, i'xv_u_tl (4 5 42.t-.S()514

Tc'slJll_Sc'lt-('_llllaint'd l;Irc'alllJiil2_Al_l_ai'nlus,il2 .I. ,l(lllllsl_n (4 5 -l..--._'_SIrl5

11,4






