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E XECUTIVE S UM MMI V 

O VERVIEW 

The U.S loSf ns only Cllpablu~ to maniJfacture pnma,Y beryllium metal tO Oclober 2000 
wl'"''' Sro_Sl'I·WeiiiT\Iin, tnc (BW I) motnuatted its beryUtum reduotfon taclfny tor econol\'ltc 
raa10ons Slnc;B 111111'1, BWI bas ~&tiad Of\ a dwil'ldllng supply of lnQj:!tS f(om ih& Nallonal 
Oe1e-n~ StQCkQole ol Sll'a1egie a.nil Onlioal MalerhMs (NOSJ tn lhe Oefense I..OI;rtstlcs 
Agency (OLAI (0 meet delenst'f and otharnesds for high puntv N!rvllluf'l m9tal prO<tucts 
tor Jl.s U S, and 1ntemalionat cuslome.n>- BWI's lorelgn supplle! in K/wlkhstan x:annol 
c.u!1'9r'tlty meat the p>mly ~vel !I reqiJI~ lor these l:ilgh pw IIY berylbtJrn prod vets 
attf!ough tmporls can be emoi<~Yed in prOduction of a lowet ounty metal matrix 
composite W'lll> some C1etMs.e applleallons 

The prqjected depl .. n~··' vt tJumestlo supplt~s or rucn punl}' Qef\I)Jium metal ts i0'11)0ftMI 
IM!cao~e beiYIIium •$ <! st~<~tegro and critical millertal unde' II'IE •oministratlon of the 
Stratag;c and CrJIIC.al Mateoats Stock Piling Aet (50 U.S.C. 98 et seq,) and Is used 
prflnalily lor detense·teliiii..O products ranatna from aJt{;l"cltl to satellttes fl'l ntJotear 
warheads Btot.ouse ot berylllu:rr'ls OrJique properties, •nelueiii'IQ ll.ght wet~ht oorrlblned 
With extl'aot0111i11Y str!li1Q\h llnd stiffness. ll has few if any wbstiMes 111 aoma ¢tits most 
critical strata.glc ano tac11cml applications 111Ciildtng lh~e I!S$3T\tial tor transformational 
warf<~f~ 

BEKJause (lf lhe PfO!eoted deptehon ot 'be'f\ltiiOm metal supplies, Con_gi"!SS has dl111oted 
lhEI Depanment ol Oeiense jDoD\ ro cond1~01 ;; s.IIJdY or the beryUium Industrial base 
anti IO submtf a ~oofl on th~ results of the !11.ldy to C<lngM!Sli nus oooument tnc)udes 
hMfrlQs and !&QOmfllOOdatlons lind mel9 detailed results 01 'l'la totUc;IV 

n-,a stUdy tor.uses on two IS$\JEta inVolVIng 1t1e beryllium lndustnat Oase. First, rn lhe 
si'IOit l\lrl or tr.;nsltl.o11 penoa, 'tllilt~~t Y/1!1 currem U,S ·based supplles lrllfl1 NOS be 
depleted and. can !HI!> elate tiE' ,.,., .. nriE>d by al~Gmatlve &uppl\1 and dl&uiblllion polioic:P'? 
Se~ontl, wfla1 1$ 1he ~~ Jony-tenn sclutton to providing the United States wdl'l s.ttPpliE;s 
ol the matertat? TtJ estrnca.te d!lple•ton ol NOS lnv&ntOries. lt'lft 5iUdy employs a suPiliY 
!lepletion model wt11d1 Ci;lov&ry svpply and demand assuN\PIIOns 

Tnesrudy ao,atude&thet tl'l& <lepletlop data tor doll'Jeslle NOS beryllillm metal supplies, 
based ~ ~n aS!ItJ111ad Mnu~ growth late tn !lemal'ld 01 SIJ< percent ove• aJ lel!SI !ht~ 
net<! ftve to .., , vews. C:outo ae elrterwer;t from a p1o~tad date of 2008 UltUI 20H Jto 

.se<lllre tnwons ol beryllium metal ~~ave quality !ev&ts sutrlelent tot lo'lll PIJ'•'I' 
applications. TI1s depletion Clatli 1;.0utd men be fl)etendM for .. r,.w. mnre Vl.>!lrs ov 
gradual reteasP ol NOS ho.t pressed p.owoer tllllets: nurrenny held In reserve, Ol'Cil 111e 
NOS lnjjot lnvef\tory IS eld1austed 

i<on_gef tano, l tle teaslbflltY cf il new more etfJclent MO OC).j\lpatiiJti.alJy safer p.oauotion 
process lor primal)' beryllium Is now being explored Wl1lle 11 may be lhme ytJats 
belooe the compl!m! r~llftS or that prOj8¢l ale known, BWI has COI'\ducted preltminilry 

1 



R&D worl! Gtven &om;; f;ectera1 Govemmenl R&O funding for whlch ll nas applieil. I he 
111111 .expects 10 know Within i'J year wtlether a new manufacturing l$1:1lnolugy ls leasiQie. 
Howev'er. It could tt~l-e lhree to iive years tQ design, permit consruct. equtp and· test a 
new primary beryll(llm faolltY rt1gatdless or Wlletner auffeni or new ~Tl(!nureotutlng 
tec11notogy is employed Th&rstore, it Is important 11\al tile O'!'(ltet)4)n or NOS li'IWri\OMs 
!Je t:ll!ellilly rnonilo~ b'Y lhe DoD so that J)OIIGr t!etie.ons tq ensure ~ !lflw &ltlrectt ot 
oerylllum metal sopply le~:tve enough lead lime tCI el/01" a ~ortage ol leedsloc!k ior 
beryllium metal nSfltled for detense·reJated app!ic:allone. 

f! ECOMMEtf OATIONS 

Ellen « the quality leVelS Of hYlOOtlO<I lltlrylllum material lrom K.azakhsla,n reach 
a.cce!ltable levels tor high pu!ily apcllr::lllans In tt'ie neld three y&al'!i (~Ue the feasibility 
of new beryllium manufaclunng technology is being avaloaterll the nsks of a sole 
dep.enctentoe on RUMitl toe bel')llrtum teeg~tc.ck end l~<uekr,~an far bttryHium 111go1:r 
(wltl1 China as lhll onfy uniJtcely baclr·up) are too great tor a mat.erial tllat is st1'81EQtc Bt1d 
arltical for m~ems YGqeJtred to meet OoO trar~~orma1Jonal alid str~teglo ~artare 
ob)ecwes. 

MOreO\It<r il tile OoO were 1(). 1iiUII10riU!. BWI ID lranslar Its beryllium manul'aclUI111_g 
letthnoiOQy to l<a:zaJ.ttstan tn ltl'lprove tile quality of hnporu;. thore would lle additional 
nsks ThE U S '~'~Quid have no control over sales of very hiQh purtiY Der}llhum meLll or 
rts mEII'ufacturtng tedlnology to lbrrc eountrles \Mat prodUce Cll' loeel\ to pn:5duce nuclear 
weapons or t:l"'lense-relat&d pnxtucts essential to transrOITMtiOl\al werlilr~t. 

Sonpe II'T\POrts a re oot a vi~e long·term oplton due to purity l~vol llmlletlons and 
c;ornmerclallnvestment .alone rs highly unllllell(. the DoD :;flOtJid begllt multl·year funding 
or ~30 10 ~.4ll TOI~tof! tt.e $6-\:l miiiiO!'I/Yearj tn a c:t.>St snare program wun povate 
lndu..c:lry. oosslbly through Title Ill ef 1t\e Oetetlsfl PIO<Iu.olfon Act, to suQpclrt the design. 
consttuiOlion ;,nd equrr:mlng 01 a new ool1)8stic onrr.arv beryllium factllly monrporelifiO to 
IN~ m!lJCimum elQ.enl possll>te ne'N I'Mf1ufa<:lulflltl teol1no)ogy ,In the rneanllme, 
Incremental R&D tundlog 1101 10 &)oeed S5 illllbon oO~ild tlelefllllne if new more eli!O!Mt 
and oceupattonall\1 "Satsr betylllum maflufactuflng tectlnology c:ould be employed In a 
ne.w l)roilucllon facilitY. 

In addiUon h!g)l punl'l' NOS reserves- ot hoi pressed t10wUIII blUnt nhould only De 
released as a last !t'SOI\ $rvlng as s heuge against delays rn llflngln" lha new faCl1il'r' 
on line. 

' Th>l rob011 cloes no1 ,.,...,..M< " torr,,. l~'!l'lesl fot lll!Q!Jel ~lllr!N'IV nt ~I'>DftltliiMnon= 10 1n1f.ll""'"" ' ,, 
ft•oomontmdilllonL 



FtNOI~GS AND Rt;COMM~NOATIOt-IS 

8AC1<GROUNO .\NO A PPROACH 

Thoo ll S. lost Its only capan11cry ttl manlJ!aorure pfirrery beryltrum metal tn Oclotter 2000 
vm~n Bru&ll·Wollman, Inc. (6Wt) motlttlaUed itS ~ei)'Orum reducllon faQlllty tor economic 
reasoo& Stnoo then, to meet dBIB'lSt' and o111er needs for /ligh puttty be(\'1110m metal 
proclu_o~ !3WI f'\3S relied on a llwinel 11.9 sv(lply ol beryllium IJ\fJO\S from lha National 
Oefense Stoclcnlle of Strategic anti Cntlcal Ml!lflltlll!l (NO!'\) "' 11\!l Oefei'ISe l.Qgis.Ucs 
AQenuy (OLAl for whlbh rt has cor.rraoed. SWI's foreign supplleo 111 Kaw1<11stan 
r urreml'y cannot meet the oumy tevE!I$ requttt!d lcr these ht!ll'l (.lurity beryllium products, 

SeealiSe or ltle atmtnrSI'l•O!J sUpply Qf dMiastic b61)'11tum teedstoo~. the OongreS!> In 
section 824 ot Pubflc Law 108- \2 tr.~ Natlonat Oefei'\se AUtnod:taJiot> Ael far lrtsceJ 
Year 2004 dlt,.,;,,.\.1 llott St<eratary ot ~fense to oontlu¢1 ~ stuay Ot tl'ie t!Cl.equaey Ql !he 
U.S. indul>lnlll ba5e to meet defense l&qllirements Of lhe Unlled Stal&li tor beryllium. 
The Secr.eteny wa~; l!lrected to s1.1hmlt to Congtess bY Marcil 30, 2005 a report on th(l 
tesulrs ot lhe study rlldlunh1~ dJ~t:ussioro of rssues relaung to beryiUum s~ly, the naed 
for modernt:tauon of ti'IQ f1111l'18ry sources ol bGrytlium and the advn;ab!hty of rneetln{,) 
fut1.11e aatensl.l ' l!quttU~I'Ienls and marntalntng 11 stable domestfo indusmal base or 
beryllium ~IJrO!ll) lll~Ugh 1J\Itll~v13te l)<!trnsrshlos. admlnl.!l:ll$11on ot the Nat(()oet 
DP.!ense Sroekplle <ill'i\:1 <any Other roeans the S!l10re1a./'f flnc:ls leasilll(l. 

Thl~> Jnii'Qdvc;IIOO covers 1he finding!. an4 reccmmer1111lttons Of !he study and It Is 
followed by cl'IAAteoS lha1 outline the ctetal(ed results ol the ~uay The sillilY was 
tflltts!ed hy lha Olflr:e ot lhe Undet Seeretary of Oelense for Acq,uisillon, T et.nnOii>QY 
and logllltlos ~USO(AT&W) on OOMI)I\all(lrt \loiln lh~ Department ot EJlo(Q\1 O!Jof to the 
arantng ol me CengreSSoonal tag()l'l tel:lUirement Within the Qulr.iB1ines ol IM 
0~•'19reaSton111 mandah>, ltle ~ explores twv lsSIJes; now slXIt1 are the NOS 
1nventones of 'lleryllium likely m ba depleted end What are 11'\e st\ort and long-lemt 
opllcns for ltle U'.& to tt~AAlluture r;;,qt i•rP<l''"'l$ fbr beryllium IMilll 

l"hf! projecl€0 dsofE.tton ol dofl!~llc 'siJpplfBS or neryliium metal ts tmponant because 
berylllurn iS a strat&gfe antl Clirlr.al rnalertal under the admlnls\ratlotl of the Slrnte~c and 
Crtfieal Malelials Stocll PllmiJ Act (5Q U S.C 98 el ~.l ;~nd Is useo pnroonty for 
defense-rel,alecl protlucfs rang•IIO trom aucraft to sate1fites to nuclear wamear.ts. 
Because ol bel)'ltlun\' ~ unique properties, lnclu(;llng II !Itt Welsht comtll'ned wtth 
extrao(.dlnal) sl,anJJih and stlftnas$, 11 has lew II ilnY sunstlltltes ln some at Its. rno.sl 
ctitlc;t~l ~Slr«!eg..: ~nd tac;ttcel applk.attons <nctuatng those essetlllat tor transformational 
warlare. 

To S•JP~tllt the .<~natyl!l~ wn•cl'i estimates tha cuue- vmen f'llgh putity beryllium metal wtll 
no longet tla .avellltbte Jo ~~u.s. ana tntema1forral lle«l5, tile study tneluClas 11 model 
to 51mulare ti'lt.< u&s ot avaltabt~ supplies 10 meet !\I lUre c;lemands. In parilculor tl\is so• 
called deul4tlo" aoalysts mode.l calculates h<>w long U.S. and allied beryllium 
consumption feQU•r&IT!entS can be rootoaseo on allurnall\le a5&/mp1TMS ol)out l11ie11m 



beryllium sur;!'piJ~ e,nl1 requirements Tl'le su1'1lJt<lfii'IM 9fioW I)OW thO IM(;)tn or tl'i~ 
1nte11m s~p:pry period Wduld be arrec:t6d by ootential foreign supplies, alternative 
schemes tor releasing. ~1ncommJtted NOS inventcnes. 1111d var:lcJtt!r demand scenarro:; 

ro help ensore 11'111" proleCIQns !rom the deplallon mQtJel ~ taliable. tile text pteVideG
extensiVe t;t~r.k.IHilUtl(l lnlormaUon on facto~ tl1at effact -t~lppry ana deiT\Bnd fill 
beryllium lllrQI•gl'l ~020 On rna tremsnd .sida, the 10:00 precoonts an elctanslva lisL of 
present and potenlial rutur~ applications of w,Yitlllm. anaiYus wnsumptlon \llllltt lines, 
notes current demand and estimates IHIEIIY oons-,.onptlon groWJh rates basQI) on 
dl~cussiong with kay D.oparlmenl -ot Deler!S~ (OoOj progrilm ofijoes- ;Woul their 
expemed use oi berYllium .and discussions with BW I shout what Its tuslomers lite 
pla.nn-lng, 

~lnally, lli!Sed em the detailed Si4PPIY and damana data lha ~wdy presents policy 
oplforw lr. " "Rl10l'l to.oommondatlonc !OI' both dhrtribution policy for NOS bll!YIIIum 
lhven.'toritfs In 11)o s)'l.ort run nnd a long run ~o-olutltln \o the- beryllium .s.uppty ISSIJ$. 

f3ERYLLIUM SUPPL 'I' ISSUI!S: 

The fo/T11 ol beryllhJiYI whtch is lhe ·locus ol indUS1rml I'M!St! C'Oiloem Is pr1ma1y b.e:rylllum 
Whitl'l serves as- the laadstoclt> lor both higH pJJIIty tJerytllvm metal and a me~ rf1"alll8 
composit~, AIBaMel wf:lir.h flas mUP.1'1 lower purltV CQnstrarnts lor ba1)'1ilum. B.l'th ot 
lhasa metal products ~re ell'1PII')Yetlln lhEI prodtll;lion of tletsnsEHelat.ed component~! 

There are ll'lree producers ol prlmEiry beryllium in lhe world. The one IJ,S. Slt~pller, 
BWI, ts an llltSgratOid producer that mtn.es. anli pro~sses Clfe In Utah and currently 
prodUcGs bery.U1um metal products In Ohio f!Qm a combinatr;m ol NOS beryllium metal 
tngols Which ft nas acquired and trom scrap. 8ei}'IIIUm matal productton ge.hel'a!!IS-:; 
very ttfgh percentage 1)1 .scrap botl1 at BWI anel amof'lg 1M 111ac1Jinlng shops lliiit M.llk& 
parts BWl collects much o11hls scrap and recycles I hal portion whfeh, whsn mll(ed with 
higher purity leadstock. ·meets rmnimum lltlritv Ieveii. lor t.Jse In the oenarallol'l cf new 
barYIIh.&m meral, Once NO.S hweoiMe~ ate depleted, BWI 1'11\lsl fmn snolhf!r ~ource of 
1\lgtl punty beryllium fe.ed&tock te m1x Wllh sol'ap. Potential saurcl'!S are Imports or a 
r1ew produatlon facility for primarY beryllium. 

TI1e socood producer Is Ulba Melallurgfcal Pranl In Kawklistar• UIL!a procsuees 
b01ryllluro metal rrom bllrylli1'm -ore supplied by Russia BWI s1gn~il a con1!lle1 Wlth Ulba 
•n September ~003 to ;~cqL~fre 25,000 pounds oi vacuum oasl bervlli11rn lngl)f annually 
tor ten years contll]genl on the material meellng minimum purity requirements t]lat 
would allow lot Its 'use a r least ln producJJon nf lhelower p-urity AIBeMet. So la1 BWI's 

• The svalll!blli!Y al ;ej18ble ,;,ppll~ ot Ofll<l'JI•Ici.I~IQQ ll•lrylllul!l ·~ not dl\ l !>iVO since i11e cJomesllt; 
j.lluli!UWr. nwt. ~BS proven i'PSOIV ... II'\ Ulan 11111! $1tO!M lji,el .,, I@S! 7fi Yi':l/b a~ Willi • • a::!Oitn>nal 
oqpiTiv.en re&eNe6. ~)ylliuff><l(lp(l" l mBs!er eillo.y, Ills lorm ol bu'YIIIunt ~counll~ M/ htl>l' 'tiC111\EOIIC 
•:onsillupllon tJella:11•e 111 II• ext91l~lv~ U..<e 111 0[.1011ol'liOII~ ~~~"" ..-e lllli\SI.Ime, elootronlos ~·1(1 
'flhlcQP•m~m""lfon~, I$ ,..wua .. oJ WlthvUI 1JGil1~ llii'OU~Jn ~~~ rJ•Irfl~ry IJe!)lllllt"' pTOCII•C1•on P-"'"""' I'I•IU 
tli~relote.~c 1 1~ll ONIC.S11 ' ~~ lh~ p,_,-,, 61\ldy 



t!lsts of 'iaii1Pie Ulb~ ntaleua~ tm1Jc::il8 ll'lal wtlh ruurnal ramalllng ltle male11al C"aiVIOI 
achleve purUy level!; 1 equtted for US& In pmduet!l'ln of the ~1igh Pl:lril~ berylijurl1 metal 
Tl'lerelore. at thiS time Ulba cannot be a S\'lutee of leedlitoc~ tor me ~rytlium metal 
llf!1Ploy8(1 In molil delense appllcati~ However, sinae t~ tower puruy AlBeMet now 
accounts lor 40 percent ot txrryiiiUtn I'Mial con9ummlon tile avlllhablllty of •IIYIOrTi tor 
ftrl'lrlllellllf' cl AIBeMel will W.l•fltlety BltlOrtd th<i. dopl&tt.IM dale ol' tile remalnrnQ 114DS 
•"9ot 'ieed51Qdt 

Cllillil al5o orodllcti tH!rylhlrm tnetal out SWI has Qo.ncl\j(jed based on p(ll/11 V1Sll$ that 
1b ~·tully level !:. atr;Q ::Jg'1111camlv oeJow WeSlSm stand&«ts Moreovet, it Is mo~tly 
COJISumeo tor lliletnal u.sa tn mll,tary and o1het Droprams 

Oespit& us h1Qt1 txlC'f: t'\1ltttive to other metals ar11i lflr. occupational neatth an(l saJely 
•ssue.s invc>lved '"'' Its tllar•ulactuiB and machil'llng, ooryfJJLIJll '11a&. been emt~toyed tn a 
changing L'lul p(IC!ltlltf'ffl ""'' (If .dAIMSQ JlPptlc:atton~ ever stnoo World War II Cllrl't!ntly 
defensf.' c.one.umpiTun Including 1111em:ttJOf1al saJe.s aocownts for rou.g'nly 85 percent of 
~C(al detnan<l iqr betylllum 'ffl(c\1 a& tllslln~ II'O!Tl other lortns of oe;ylllum such a11 
berytlturn·oopper alloy. The key to iiS Cll!tense demand tS a unique set ol pllysical and 
l'llt!Cll'lenlcal pro~nte:s tllo:;hluiltiJI•yl ·~ ws!Qhl, slltf'1ess.. stranglh, n1gn roetttl'l9 pomt. quiet. 
heat absorption and drss.rlaiiOI'l1 ana ht~ reltecUVIIV tn tnfrared wavelength$. 'These 
properues make beryllhJm metal Wr»etlve In mt1n)' aemspace apptica~ons wt~ere 
struct\Jral lfttl:!lflfY a11d llghl We!Ohlls tmportaol and 111 sensor·(etalell applications 1>1)1-ete 
reslstam:e to illbratlon IS llssenhallof stJUcturel pans or ltle sensor itself is !lasett on thG 
.ntrared spectrum Beoausa !Jf bal)llllum'!l unique nUCJI!IPr propectJiils. rt \s also very 
uf>eful "'I nucle:ar 11!1$0\ors and warne&ds. 

Aller a penod ot decline •n beryllium cJemand in lne 1990s assoeiatoo wltr~ roouceo 
dolenM prt~a~Jramgnll; tiM me temllulltlon In l)!tldUCb(Jrt "' IIIJCteilr weapons, total 
de!Mnd lor tlerY\:•um merat InCluding tnlematlo1'191 sates has growr dlln1'1Q lhe ~000. 
2003 !)eftoo at a rare 01 Ql( oercelil per ~eaJ. reaan1ng a total ot roughly !15,000 oound~ 
in 2003 } Of&CU$!ilO)'IS Wtlll OOD proQTal'l'l oltt¢es and BWI $\JQQ&sl thaJ demand Wlll 
oonunoe ro gmw a1 or ovor <11'1 average rale of silt peroenl annually tor the ne•l fwa 
years. based IOJI;)~Y en tncraased ilP!iliCatlol'ls Ill opl cs ana olh&! sensor sysle111'l, 
.;.alalllles and av•orucs. Beyond 2009 growth In demand IS less r..artaln bUt U'la eyelleat 
llonsumpllon. pattern lr! 1\Qel:ii'atty metal~ suggest lMal at some polr~t MfTI<!nct tor 
berylilvm may stablll-ce o• o;tecltno For exaliiPIO, cl!ineJ:~IIIll' ol one 01 t\110 ma;or 
aircraft ptUgrams Ot.luld elimmate prowtl'l for delense pumosl'& a.tlogethel b\.11 tea.-e a 
sllOstanlial rel!utrtlmentl for thlr metal lilt or l1&iilr 40,000 pounds per y&<l! for tegaey 
vroorems and ongc:~•t •Q requtteroonrs 

Moll:ovet .;atH;,tttr !lepar!ITt~>l'll 01 EnergY (lJCJEI contmgeoc•ea th.lt are defeJ'I!>~t!!IEt!ed 
but unpreo:etente ooutd Q!lntrale lj;rge h•lmelllate Ull:l!ilrametlls tot beryllium melat For 
.,xamp(e, ~ne n~eM WJ;!a[Xl!'S surveillance praces5 couid llfl®ver unel(pected 

'" tl'tl• Flllp<•rt 011~nt•t•ee til be>)'fh~111 Q.,, ... ,n..o • .,. tlllsed on 1"" .,.,,,,,.,., ""'"'' """'"'",. s.~ll""&nls 
rlilllllr llum IN> {110>£ 'He\~ al wrvllll.lu• """1~1 "ii materral clellllo!OIIJ •fofll• lo WI>LIId v8!V ...,.wiiet~ 
1Jt!1VIIh•m tne,W "'tllllfile~r. 



c!elenoration dut! lO aging or olhet pmblem&.. H'Owever Wllilto ~ i&mflllj61le)' could 
general;; o largE! total requirement tor beryllium Wlll'li1 !Me 0 01:. weazro115 program, 
DOE;"s annual consumption would be. lfm~ed lly 1he rnanuracttmhg JB;trS rimes ior the 
weC~Ilons componen\8 and subsystems. 

Til!: n1Cllil ll~el~ .. uppt~rrel ec:enario to~ the enllro p1111111J belween 2004 and :!000 os 
that annual Imports ot 25,000 pounds of bllcyOium ongQt trom Kazakhstal'l •viR be 
avflill'lOie tor use 1n tow PIJrt!Y l)erytllom prodl.Jtls "'' MO'll or all Of lllar periOd and lllet 
l.lerylllum metal demand will oonllnue 10 grow at Btl avera.ge rate of $11. pemem 3 ye;u 
for rougnty the nexl live years (2004· 20091 and lllen level utt or decune ' tiowever , 
even asS~Jmn'lg a mora adverse de~nd sc:enano of she percent g•c>Mn lor the entlfe 
period, Flgun'! F-1 Indicates tl'lal the US wuuta have between seven al'ld litevl!O years 
before b~rylllurn supply \'IE!pletion, dsper1d1ng on avallabitcty ot imports and distribution 
pglicy fo~ release of Ot.A resetyes of billS! alt&r Its sul)jl!ies or tl'lgol are ll•M.ustec. 

fiGURE F- 1 PliOJECTEO BERYLLIUM SIJPPl Y 0EPLEnON 0A IES 

ScllNAAIO 

• 1~ Of 25.000 lb&annually i'IS>Iab•e to uS. 
p~r for erOira panou but no teo:!lf1ol?.'; a! NOS 
billet!< ali? rele~se_q l()r _wl~ 

• Imports 1'101 available to IJ S Pro<luol11 at all, IJUI 
It! FJ81<Jef1l o( NOS b•~ei reso~rvm rtlleased lor 
9 18 WI'ISl'l lnvefltOI!eS 0\ NOS lllQOI!I il«l 
~~~thau•u-tJ 

• lmr;~a!'!li n1 2!0000 IDS annually available to U.S. 
pto&JU:1111'1111'0 llen::e'l'l of NOS b]llslli relea.&eo 
1or $1!18 \'~ 11'\VUniOite.'H>~ NOS ~ ~ 

Es11MATEID DEPI..£lJO!.i O .. n 

July201t 

At11112012 

0Ci[Obor 20 15 

This nmge ot most likely supply depletron dates (20 11 ·20 t 5) shot.ld be suftlciefll 10 
rvsolve !he tong term supp1v problem, Under ou1 reoommend11ll policy proposals 
Involving lhe bUilding of c. oew, more efflcienl, dornesJic Qtbdtlclion laclllty, we esllmall! 
three tCI live year$ for deSign permitting (Including enVii'Mn-ental reviews), ooostruetll)n, 
and testing ot a r.ew ptMuction laolllty Since R&D on 11\e l&<tslbillty ol more efficfef\1 
manuf?c!Uring tedlnolog)' ts liilety 10 \aile at least Ul~Es years a portion ot 1he re(JlatOirtg 

'
1 A recent rs=S!Jn~<rll .;1 ltlli rsle o1 >IJ/hll:h SWI •• ro'""''~'"'O NOS beryiOU<I\ l rl\101& In d5 ~·on 
pl'Clt'eS$ inOI&9t!!E !hot it \1 U31n~ l~"'n d! e,.,gnollealotly ~--~r ~t• lh3n projeeted Ill< <!CI)4 !1>0 l))RI ftll•ls 
llkoly lo tcftlr1\IB •flft'll!olli200S, APiWI II'OIJ' ""'11& t102NIIctl)ollll!!d s01~•, tile ''"'"'256 or CC/""1"1\~ 1'1'1!<1 o! 
II1QOI ~1$ to be ~•e I~ ~ tam011rt11V ·~ •n me mt\111 to !IGtap ralto "' u... pct.O.Jdtltrn .,.~~oo .. ~ 
I>C1!105e ol .a \Efn!JOrary slmrl"')of tA ~ ond !ne un1qu~ P'"~"'"'•$ •lf "'e ~II!Vn boi"Q prO(JIOOOQ Ill' 
l '"' Wejj~> ThleSC\I()e MQVI!>VI'I It .• , ·~"l'd rurn l'a\9 r~r Nos II!JICI•• II' .. ;o,cn IUT (!<nor ~·l~t!MIIQ 
...,.,..,,, ... ~IV ~ftact ll"oe IQr,g !wro e> q-o ~ l'<l' 6UPI'iY deplaltor) "' lha l1!p>tl ;rrce rocern lsedro.oc~ I rom 
~ F'eder<il GCVI>r'V"MI ~;wn dfcu lnthQaiBS the 1-bill• ..,,_. wtlt oe panool\y OIINI DV 
r~d 1/I"'ioc:Mn~ or~ . ...,. """$l'"'t.'"'" ovoo 111a l1eMl fiV'!V'5""J •tl So1fflelllm• prQ!lrllmE 



NOS blUet reserves coul(il be released for sale ro .covel any $honfalls between !tiP 51<10 
of co11siUJOtloo anll a new ptant com,ng on·llne. 

P OLICY OPTIONS ANp R eCOMME-NDATIONS 

w,. tmve consi<leo!lld tf119e brooli Clpoto<&dJes to lht> beryllhln• •tl!'lat :supply DltlbiB11'1' \ lj 
~uthorile BWJ to transfer beryllium manufactonng technology to lila Ka:zalihstan 
produc.er to lht;rease the (>11111\! levels olltle Ulba. product al'ld tfllltl del)enO e~dVSivety 
on loreogfl suppHes. aocompMiiKl uy a larger ®mastic. beryllium •nventorv in .tt1e 
Nati\Jt•al Deler1sa stoe~~P~te (<'I UIIY on a ora!lh A&O program to flnd ref)latlem&IIIS lor 
hlgll punty belylllum metal In defense appllcattMs; or (3) aJJthon:e a Federal 
Govamml!f'lt c6st $1'1are p"l!)t~m Iiiith pnYatt; ln\IU$1/y. po.sstbiY tnmugh Title Ill o1 lh~ 
Defense ProducUilO AGI. tor .tiTe design, coo~trudlon and &'Qutofli•~t~ ol a new aornestrc 
oroduo.llon i'ac!llty as weH a.s pro\llslan of R&D fundong w asses51t1e feasibility ol a more 
e.fficlent or011ur.JIM teoMology. 

J:OREIG~ 0EPEIII06NCE 8ASE'.O· ON TRANSfEfl OF' MAkOFAClU AIN G 

CAPABILITIES 

Tne llrt.l option, 1e;ct.rlology tren!f~r foJIDwert 13'1 total depeodellce on a S~t~Qie source ot 
lmpons, I&Unattradtille lor several reasons, To be sure. the U.S. Is depemfent prllfi3rlly 
01'1 rmpnrts tor lhe feedsmc:k: for sonKl other streteaie mstetlal~ such as ¢OI)all and 
ctlromtom whiCh have hM mtJIItpllt r't!llable fOieign -sol:lrces for e~ecaoes, HOWever, 
plaO!nQ the u.s 111 a slluatlon where the n<~~lon 1s totally <lepet'ldBnl en beryllium metal 
tngllts from Kaz.MhS!Im (With China as an unlikely Mc>k,up~ po:;es sanous ri'Oks, given 
me material's c:nllt..ahly ,,., rl\iln)l strategic el\d tactical p.rograms. 

l'=lrst 11 villuiU 1111 li<;IUI'IIJ ror Ulllll 10 asp~ro IQ Sllll tMre advar1oea OIO(Iuct<; tllllr' 
•vacuum-cast l,SLOts ID <11de1 to 1BCGive lhe oone1ils of the, greate' vatu~oo. T11ere 
could CQme 11 tlme When Ulb;~ wolJlel 11\:.olaee awt as 0'1& proctueler ot <!IOW(lWaam 
Prouuots, Pelllaps by rtalll1'10 tngol .sate to BWf tn '""' e~~se. tne u.s. would be 
Oep&nd(lfl\ on Kam.ll~ Atone fot aU tlerymurn products. Seoo'ld sOle dependei!CEit on 
Kaza~,l1stan to, beryllium metal tngot t:\r eventually all berylltu/11 pro!ludS. M~llld be e. 
double dependll~e because tha Ulba. plsnl Is dei)eodent on Russlfl tor Oi!1VIIiurn 
leedstock Tl\,1(1 tile Ulea taallay parent >JOfTlPilfiY ts QWI)ed by lhEl Ka:ta~r.stan 
Govemmant Govermnertt owMetiol\iu enhances 11'1& rts'ks trat supply could be dl'srlJPie<l 
In tne future tor political rea.sorts. Fourth, ttre OJ'11Y other producer ·Is China arnt BWL has 
eontJIWeQ t.a$e4 on VrSit$ 10 IM Chinese faOIIIly tha1 11!1 beryllium meta) f)Unty r& t!Ven 
low!fr Ulan i<aDJkhs1M's, t(l SOli n¢tl'iirtg o' Chlna's r-eha.blh\Y lh ttl& l{lng .rtlll as a 
supplier of acktquat~ Cl\Wllitlt!S 01 sucn a cr111cal Oeter)se maten8l. 

Allan trorn sole s.oot\;e de~ce Issues tM rransrer ()I mantJ!acrU"I'\9 cBpalllllt~ ha& 
other 11sks and COSts The U.S wogtd nave v11ry IIO.Ie cl.lr!IJOI over the dlttuslon \u tt\ifd 
p;;nl!!» ol very ltit:lh pllflly beryllium metal or 1J)e manulucWrrnQ technology to proP1•ee II 
ono~~' ll:le manulat:IUrti'ICJ (¢1f'IOiogy were tflll)sferrad .S.noe ~f)llllum •s used '" noel ear 
l"'f'Bpons, tNI:; ns~ il'voi\l.as WMD pfCJIIIe!allllfl lsstles as •veil as ollle• llBtlonal ;;eCtJti\y 



II oreats to the U.S ¥oreQv.er, ffle lorGI!Ifl tlependence opUon Would !1;1Ye Sphlflctlnl 
fi/1811claJ oo&s 1o Ill~ Federal Govemrr~l ~ it wouiO be prudeot to ar:'hJOI'tlt;l<Inv 11 
with a NOS aOQuls•liOfl of five vears' pr~ consumption ot betylkum ami an uPQracte 
ot sn~ o1 tna1 ofliYIU~Jm to btlJel low for lhe Stockpile. The oorrlblnea dtltl&r valve ol 
that a<;qvttllion ano upgra•11S eouto re;;ctl $45 m1lllon. ma><ing •he elterr1flllv¥J option ot a 
!leW donl!•~>lll.. !Jiant (al $«1-4!0 million) !)afliolltariy ocmp..thng 

C RASh R &0 PROGflAM FOI! BERYLLIUM SU8STITUTES 

/" second option WDidd lle tor DoD, peti18QS 1n cooperabon wun some oll'let r;aelaral 
11_genc:tes to rely Pflrftarllv on a orasllp~Uq~J~m to tJod svbshtule~>lor oorylli'UIT!ln aote!lse 
ilTIU essentral CIY1IIan appllaailons lo dell! With M lll:l!R'ateo 6tlontall;; but also boc.&~Se' ot 
tne malet!ars ocoupallon$1 h<~a!th and satsly rts-.ks pntnauly dwrono manulacturtng FJI'ld 
mact11nrog. The Mls!llte Oefenss AgenGy Is atreactv IUnditlg several berylk11m 
r;!placamem A.SD prl;Jj~ct:; lur lis Ji•ll!ll'ilf'15 ~et, lhl& option pursiJe(S arone Ill 
highly nsky when g<eilerallzect for all natlo'1a.l o;ec:o~w applleatlons The 110m!Jer ul 
critical defense aot>tro.!l!Ons Is con!':lde.~e alll1 tile llkelltlood 111&.1 an R&D ot'Ogl'al1'1 
eould find ade<luate substilvtet> lor all ot U1em '" 111.8 P•Oballle Umetrame. tor svpoty 
tlepteti~ is 4)®1Qut Because Ill ~~ mts retallve to other metals ami occupallonaJ 
sarery ~s. beryllium has tong been a target lOr ~\lb61Uutes Vet it!> 1!55al'llial 
sopllcalioos persist bec:ause ot tiS 11nlq11e properties. MoreO\~r. the aggra.gattJ oosts nl 
such an A~D progrant 10 Include requ&llfy1ng swres- ot ~ubsystems 111111 currently 
catnptoy beryrllum, may wall e'(Ceed the IolBI GOSI of a new domesllc plant 

F &DERAL C OST S HAfl£ FOR NEW PROOltCT•ON F4CIU TY 

Given \h<3 ns.Ms lind aosts BS!S!XtaiPO wtlh ltr~ o1nar op1ions. a 0;,0 co~t ~hate prllgram 
Wllh pnvete rndu&IJ'Y lo btilht a new domes11e protlllntton facility ts tile r!IOSt anracuve 
el!emauve BWI Mas noted lhel attho\tgf1 Its sales ot tlet'Yiiilt11'1 metal are I\OW orotitable 
at the divls1o11al level confifltJOO sales 01 be!)lllium 1n lhe !lljpeoted $30 to !40 m1fl(u11 
lllogll at operating llfOii1s Q'f $5--$ mlttlnr> I"" ye3r wdl not M sul"cienl for lis parertt 
company, Brust\ EI1Jllne81ed Matenals (SEMj, \o lund a rraw prtmaty metal plant 
Har'l~e. the Govemmem would have to cosl share suc/1 a h!CIIity This IIMOI'lllll 
ass'*'sn.~nl IS realrSI•e based 011 the parentllrm's recent perfom18na& 

Goveml!'em llnandlal supPQrt fl)r a n~<~ production taotll)' irwollla$ a IW0•$1ep process, 
Ar:sl, an rnoremenlal R&D eflor'l no! 10 exceed $5 r'tlliiiPn covlll d.eterm!l'e ~e1he< 1he 
potentially Jn0(8 rost•el19cttve am:t oooupalionalJy safer electrOIYiie tiMll!ldabort fEDO} 
manuractur\!'9 le¢1'1rtt~logy for some other newer t~l'lotogyl •s feasible lor beryllium. 
tile EDO process coUld orovlde important advantages lncll.ldif1Q sr~tHIC!".onttv lower 
eonsiOJcllon anti Qpf!lra0ng ObSts lndt.ralry ShOUld be challelllli!CI ra t.omplete \M !.lMI 
II\ 11\I!~G years JO allow for design, IJ(>tmiUing, and con:>ttuQlrou 01 e neW tatltlty tfl <1 
!a$lw (imetrame ihao projected deplellon ot eurnmt leedstot:k5 

Se0011d pending initlaJ filldlr•g$ from lhe aroremenllot:1ed R&D effOrt, lh9 DoD :houkl 
prepale to lnlllofe: a multi-year prog~arn .of 330 to $'45 million ($6 to 9 mllhor\lvear 1 If' a 



COI'I shar& arr:~ngernenl Wtth priv'Bte tMvstty, possibly \11rtlll!lh lltte Ill Of U1e Defenw 
PtMucfloo Act. ror new oomesttc l)roCIUctlon capaolty baz.--ed on the. b&st a~alfable 
maoutaoturmg technoloStv. It is unlikely tnat Pllll<lte sector tnvestment will occur wtlhout 
'Government cost shar1ng. Tne lirsf year of· funding ~Qtlld be tor Initial plant da&(gf\S 
While the R&D on menufacturll\g 1eohoology Is proooedJng,5 If the EOO toohnology 15 
feasiblet.. consl!OO!Ion apd P.!JI11Prri9nt oods could be DJgn;liC!Oillly less than $41> miUinn. 

'TRANS(TION P ERIOD 

Thereo a•o 1- >;ey ld\llur.s ltlar coulu al1ec11!\8 lengtn ol lr.e transition penod until current 
leedS1ock of high purity oerylttum trom NOS •n(lots is depreted-olha rell!l)IIINy of Imports 
for al least !'lot>-h~ purily sppr.cations end Mure tlemand lor butylt!Um ovet the next 
Ove to seven y..ars. II NOS tngot is about t01 be &J<lmustea ~fore a new facility comes 
on 'line, me depletion date of beryllium feadstooj( sh~!M Dll delayed by Dl!lllOrr~ng OoO 
to release fQr sale SClme ot the NO~ I'I*'E<I'Ifes ol the tli!ll• punty blllqto. OtJrrenll\ell:l tor 
DOE !md OoO cmergenoles. Th!!i a Is suttoeian~ NOS billet to meal likely DoO &flo evoo 
emergency OOE l'le\I'Gs or'! afl allOUal basis 'for se.v01ra1 years. However. DOE stilffets 
t\ave righUy e1ptEitl&ed J::Oneem l!lat ll'le NOS blllel •nventcnes Ideally sliot.dd not De 
used unlec:c " 110W pfitnt'hes comole1ed 11 oe oermlnJng sta.ge and 1S Wltl'llf' a yErar or iwo 
of corning on•ltne. 

Even if soma NOS btlle~ fHUs1 IJ~< relea...~, a prudso1 reserve G! rna Dlllets sntttJid be 
rnalntatned at least IM•.!IliY 5\.llliclent to meet pOI1'!1111a! DOE" CQO~f1~les Ttw 
prudenl ,feserva IM) WOuld r.ot be offer$1.1 tor sale 1111Ualty WQtJb be oasec 00 DOE's. 
flllely ability 10 1:01\SUn'\e 1:/&tvtlium d111i11g a periOd $1artlfiQ '-"lt1 ldenltllcalioo ol an 
e~penov and I!.11Utno wltn the es1eblishmllnt nt U.S access to newly produced 
berylllum met~! 

1~11< 1~ dl:.>u riO I ca~sllll"" ~ •'o/lnal •e•t·.-· Ill• tk!U!r"' QAII11~1<rv m oppfqcmtill•' '" lr• ~111Wir>"'"'' it.: 
I.Ot11meind.?\je"J• 
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CHAPTI:R ON E: BER·YU.tUM SUPPLY 

This chapter asses.se5 the future 5upoJy or beryllium metal Including rhe various lonns 
ol the mater1al, the eum!nt producers wortdwtde, sources of ore as basic feedstock', the 
producuon proooss for bety!liiJm metal lncliJdlng tM Vital rola or scrap, -potl'!nUal new 
produotll)n teGMbiOgy, and !1'!611liilu:; ul FQOI!r.il Government ~nventones In the lllatfom~l 
Oele!lse Stocfq)lfe (NOS). 

THE BERYLLIU M METAL INDUSTRY 

Pli.rnary beryllium Is a raw, llltermediat!l ·torm of tht! metaJ that milS! be !utlher relined 
ani! proeessed, Ths study focuses on !ho!le fortf1S 01 beryll1l•m metal that are da11ved 
from pnmary beryllium The manutaatunng process for primary ner)llllum ts Illustrated 
on Figure 1-t. Beryllium nydroJ<ide, denved mainly from bellrandlte ore mined In Utah 
by Brush Wllllman '""" (OWl) os tha basil; lttt<Liswck used to proouoe primary beryllium 

FIGIIRE 1-1. MANUFAC'rUFIING PROCE SS FOR PRIIIlAHY BERYlLIUM 
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31 the lifiTI'i. t1rr10re, OhJo pl.af)l SOrTII! 111ipottant SWt ~ p/irolltiiY lor 
oommerctal mar~ets. such as beryfftum-copp,er master alloy and berylltum OlClde, also 
Qepend on IM tlydroJtfde faedstoclo, but bypass the pflmary b;ny!llum pmducilon 
procas:; Howaver as d~JP~cted at tire bottom of lhe ehal't. thera ~tra 11 nurnl>~' of 
materials with a high bal)lllum content that depend on a teeO.sloc~ ol prima,ry b&rylllum 
v• IJIUducl~ alfl?a!ly •Cline" fr;:,m primary beryllium ~uc:h ll$ pvrehaaad IngolD or ~f611. 
0 1 the IO!It listed. ~nis stuc!y !O(luses on h[gh puntjl bl!rytiJum metar atld AISaMet son~ 
lha amcu;rll ot E-IT~lerlal produCed is small retablte to ltitt output Ol pure berytUurl'lll"elal 
an" AISaMet, Sheet anrt roll forms represent runner procesSing ol lhe oltlt~r JYPtt1; ul 
beryllium metal, 

Pure beryllium rnellll' is a hJgl'lty retlf'led r>roduct used lor apnlic.:allor.s IMttJ demanding 
partormanca speolflcatlons It Is avail!lt\le In a varlety nt structural. mstrument and 
ool1cal grades !flat 1'\>1}' tn t>UIItY tevet. cornpo~ith)n Of traea lll!!m~nta, a11CI olher 
~ll,ra,cleri;l t[~,' eoryiUum C(We<fil f'ol t)'le j:>llrll m<;lal r.e rougl>ly 99 ;')rt•~EJcr\1 oo <>Vf!!l 
higher tor some gra(les Conversely, AIBeMel 1& an focreasmg}y popular rootal tnattt~ 
tornposlte I With ;)(!IV 62 percent l.leryltlum)ll'lill oftel'l. many of the advenleQes cl pute 
beryllium melal tn root1M'l£1tlon with lhe loVit'lt ~ i111d tha labrtcatiOtl advar,rag~~ of 
a turroinu'll." thiS ro~~~::rllli~tiJttm r,onle"';~rrows ft'IIIU.S15 ot l~s p!He oeJVIIItlm utuutlllll 
lis IJI'OdLICTIOI1. 

U.S. PRODUCERS 

Until BWI tnothballed lis facJitty that produor.d be1YIIIUm tnf.ital '" Or.tober£000. tl was 
itle sola U 9 PrOdllOOr Dl pnmary b$tylllurn, GloballY. lrt•m firs anlV two other 
pl'tl\1llllllrs, Joealeo .in l<.a.z.a~nsm and Cl\lna '1 13WIIs atliii1E!grat~ J)llldvoer thai mines 
and processes. ore Ill Utal'l. produces berylt111m melaltfl Ohto. and dtstrlbufes prooucts 
thrOU9n facllttte.s til ll'la u.s., Europe and Aile! The t11111 ha" wur k"'U 1..lo..ety wllf1 tile 
l]ovem!Tlent. opemttog a govemmeni·OWOed. plan1 '" Lue~l\ey, Onto, loom 1941lto 1958 

· no.. aveoi\JtiiiiiY of reliable ailfllll'" tt o.ryl•u"l-corrtaonong ur~ I• 0111 ~ ;llootem '"' IIIM•estl\i oo 
-~te to<Efsn prooutilon of ~totrl m~l BWI m•ReoaNI~I<IIt•u•e lt'llle tOjlel.Sr;xn McunrAh\ 
"'"" ol Utllll 3nd conVerts 11 lntrl ~"'" ~yii!DA<® concentoal& •I ol• l)o(ta u·an, e-.lraUIIofl lao:tlny 
l"oO'Ien r&Mrrv~J~S In Ula/1 ;,.,. &!lltrllllM "' t&.llOO mlil~ r.:~~ .. to! aato"""oa bo!"'litltm)" See u.s 
S:ro•ct,:JlCal SvNey MlrTI!'f!i ~ 6urrrrroJ~tlfl>i003, J9<'11Ja') 2003 SWI P11Jme~es ilasetl on 19<1lnt 
a\16ta9<' orQtllltA>I>f1 1""'1"1> 1><!11 lh»54' PtQYen 1-IVBS 'fill I~ a! ~Gil n Yo<>•Jr 8110 II ttas t!Je<lt~ill!l 
p-robablY bUI ---~ al'll<l\lf1UI\9 IQ tl}o,.l ~) (1>,-~1 (II "' rl'<>(tn lors.!N!I~ S<36 13.1li!1/1 
Engineertld Me\e...,, !no:. '2002 An01ual RetiO" - ~; F""""'· suostz,ll•l '"'""fWI>itQd oe5<lf\les Ql 
o~her bef\IIINm~rrog cnu "'" l~l!id I" '""' .SA-<e f':fltnsula ot Alaska •"«~ & Yell~lufe In 
OAniida,. Nott._ T.!mfoJv, Ths 'I'EJIIOWI<n'a P'(!uo"l'b' ,lQ<.ataa al TI>or Lake, I• own'll(llt)o t!e•Q M.,.,l9l, 
lr>e. ""''"" .OOf\Sodo&lfO I hi' r.l.lo~sll lo t:e w<lf!ll da!s liN! tt•omedlM 1!001! fo be seeking ootmolhng tO "''"l11"' 
n•lloft l:iev&ICIIlll'i<!nl, See iUJU~'fl!i;?' to., 0.11raeas, beoyl 0/l!. Wod!JCI>(>II CliiPII' tty " 
'~"""""'~"" tn A.~•a and Clo\Jn ... 'A!Itn cSild-t~ ~1ts In ll!Ai!ll .,n;J et_I'Qf\>_ 
f"" """OIJS !Jrades t>f pur• ~ry'•um melal ""'"'" IMV• rhlloi!>n1 ~~rt•~ ...,'lrngltleon !1>1 "lltet"'ll 

~oc.ofiiOIII> The differenc0$10 81•-llsYe llli11!13Cl $0meWtlllt \l'lllf ''"'" 
Olr.,, r:t.,tp;;nl"" have prwuc ... l6oi'1<411 ~¥flt<m-alumtnum ~""'Ud' untll!ril!lfele'll•nsmes. 

' l•llf)M'.; ol befylllu<n loo IIBloonl I'Wi!Dn;& pUrp1.156! ~~~~ •o{j! ....,,.!llad llV lhE Bany ._rMrt41T•~"' 
nn v, e 1:.~K~1 



and also PfOIIIding tnalanats for lhe NOS over the years. For a numbel 1)1 years. BWI 
nas bllen lll!tual!Y the only Westem supplier of .t>Grytlium melD I. 

BWI is a wholly owned 'SIIbsldi!lr~ of BtiHih Engineereo Maler!als (BEM). wntch had 
losse~; of S13 rnlllron or> 200:! ialss of $401 million. OV91al~ the parent COIJ1P<iny l'las 
been orontat\111 lnr only 1wo ol ~ llM11 Ova years. 111 l'rtc BoryltJum "roduots Group, lt1e 
smallast oparaling group of &.1511 proctue<>..s p\.111!1 beryllfum metal, E-m.alerfal. and 
AIBeMel, end acooul!l!!d lot on()l B 8 petCe<il ~ overall sal&$ lo 2003 The AJioy 
PrtldllCUi. Glollp. whose pf(:lduds lrlll iUCie beryllium-copPer. accounts for OVtt 40 peroanl 
ol sat"' Agura ; ·2. ~eluw illuatra1es the 200:3 revenut>S .anll operallng losses. by 
buslnl!'ss se_gmsr lis: 

FtGURf 1-2 BRuSH E.NtltHF.EREC MntERtnLs 2003 

SALF.S, EBIT B> S£ GMENTS, AI<O NE J IN(()M~ 

inci4.!QB 
'"'El.e<l'ltO•t1c. 

1)(0d_Uctil 

•Wfll(."t6 AdYtnOJ.d -""'"-"""" 
t.t .mn.!6 

Molal 

~: 
• 8JI.IItl 'Wo!lmll'l 

• AJkty Prochu:._ 
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BWI ac:kl'lO'MeClges mat the 
8el}'lllum Produel$ Group 
made a rnodDet Oll'o3rolinO 
prtlltt In )999 a!let $eller.tl 
years inltte red and by 2003 
aohieV~?d operaUn9 proflllil of 
$5.u mtlllon on sslaij ol 
Ss5-~ milliOn. Yelil'ie Metal 
Systems segment as a 
whole IOSi ovQr $ 16 milhpn 
In 2003_ ThQ parent ffm'l 
notes that. evtm assurrln!l 
oontlnued annual sales of 
$30 10 $40 million by ltle 
Beryllium PT'oduet& Grtli.IP 
for lhO 19t~ec~uil.l luH)re, 
BEM OO!Jid not )Ustffy e.n 
uwest.rnent of ro\lll1'11.Y ~0 10 
S70 million In a new c:uimarv 
berylliUm laellltv wiihout a 

Sm•Jt'l, I')OCG ~ IOtl;IILlOii/~<l ~ .. ,.,l k"'-101 RB•o~ coSI sham with the Fedellll 
Government. Ttlfs assessrnaru is r~aJiSt/eo given lhe pa.rern !mn's recem ftnanciat 
perlollTlanca, shown above at me corpomte al)d segmenllevel& 

KA.Ut<4oi P ,RODUOEI'l 

rne Ulba Melallurglt:al Plant tn 'Kazal<hslan wa~ tl\e ~lo• SoViet supplier of oeryi!IU/J~ 
aecause ot this trlslory iiOO IO<;ation. Ulba has close fl&s wiln other prodUCt.~ In lhe 
foot mer Sov!lll U•uon (F&U1 Utll<~'s parent . w1111 9D percem OW!lershlp, ls Ka<?aton~Ptom, 
Which 1)1 11.1111 1$ Owrted 1 Og lli!IOenl by I he Ka~~t$11 t)OVemm!'nl. For lleryliiUI111 \Jiba 
depend!; otl Ausslan ores and 111ark,c!t$ and has lormed a msrketlng joint VEir\ltlre wllll 



the Mosww Nontem~us Mslats f'roces;a~ny Plant. I I Thererbte, anv dB!)enoenlle flT1 

Kaz'allhsian bt~'}'llltJrrt ls u double dependence Qfl that ooumry and liuS!.la Moreover, 
Utha's rna"' bvslnEJss Is the produc.i!on o! uranfun!·bal>ed !oef IQt nul:le.ar power plants. 
111 that busmess, Ulba mfn&~> uranium and produces nudeadu£.1 but dilpeMs on Russia 
lor uranlurn enriohmenr Til~ RussTan •nucilear OClf\!llomerste i\/f~ has sho~~vn a 
l)lli iii11UIII!J 11118te,, In Gk'J~Is GO(Jp"11i111on With Ulba II 

Alter the Cold Wat, Uloo entere<J Western mafJI.&ts, selling l'lefYIIILim lo We.stem 
prodtJill'l.., Ml1 oostrtOIJ\ors trom tlS substarutaJ invelltones After an l!-~<lr Clf«M:Ilon 
atbppege, Ulba now offers a range of tllll}'lliom metal products mc:.tu!Ying vaGwm-r.ast 
ongots powt.lef, end hnt-pr.;Ssell poYY<Iet (HPP) b1llers. 

BWI concluded an agreell'1601 on Saptember A, 2,003, to acqulle !lbolll 251000 lbs ot 
\lacuulll-CMI b\lryllillm tl'IQ(XS annually ltvm Ul~ for !er y~r$ CQn(I'1Qenl on 111e 
1"\\>lerlel ,eefil')g QI!M in ITllllimum purity IEI~I•; ten 1100 In v•oduptiOI1 ot AtBtMill IJ Ulb:i 
r:Jalms tllat bery.lllwn content Is alleasi 99 pe1~nt tor it£ II'QPts ard 98.5 percent lt\r the 
pp'WQer and +iPP ~Hels l"lowever, '"::cording 111 BWI $0 far VIM beryllium C'.annot meel 
the purity specilicaJIOn• toe key lmpurntes SliGh as uon alumtnlJIT1 and siliCOI'I that BWI 
HJ\QtNes lor lllgfl puuty a:lettlnS6 ptotllJCis." nt<o Ult>s rnaterll!ll 15 still I>E111Q tasJel:l amlll 
Will be several yea!S belora aWII<noW;. whether Ulba oen even sustain the punty levels 
Ill truM'enrresr samples of beryllium matal However, UlbCJ. Ill rnt;~l(lqg oo~o ettorta 10 
u.pgrade •IS capabillties and P!OdiiCI qualiiY and 11(1DflS Its sales wm r&aen i20-30 mllllun 
r'rl a rew years. '~ Ulba also produ~;es berylfi!J!Tl"COf\fler m~IMPI and components am1 
BWI hll$ a IOI'lg•terrn a_greemant to tlwv beryllturti-Cil>pper o•as1er i!lloy It om Uiba.'" 

' In Saptemb~r Z002 th• ~ co•~pany 911cl Ullin l\llll'l\1e0 a 50150 I'"'" V;l'llvnt ~. prctnrota saJ;s Ill 
"'lied bafYIIIufJ\<QOilP<>r ptt.<J~C!s In the Russian rro•tktit with Ulba pr<tkJI;mq blllol• 11nd lho !'fusser 
W ••J•ol ty 1Jf11ng t~tc "ft&t.e 'I'Oitclll nro(hJ.~t& s,o ~ 1.1 Q.,L."" ~or~. u.o u&C.S rwa"-Z betyt o(S 
WIC1UI o1 abi>UI40 C'N!I)I( ll'iiiS ~~ RYssia -and o"IY • me: •c 1\'11> m ~til\stan, lnUte:l!llt1lJ II1~1 Ult» •!MT•am,; 
htgrOy ~ on 'RIIoo6.t>ln Oft CO"'CeAUa!&~ ·~ \I.S G"lQiO<!IIG!Ii SIJIYII'r' M/1'1«'?1> C<lmf1l0Cllly 
Sl~utw•..s 2003 JalltJII~ 2003. 
"'" oa~o ,..,.g m .,..lX>II..,Icl eo'"'""'& oltna ~~,.,...,.. Mull~ IV oJI A<Ortllc " • .,.,lY n....., AA<t Ka.!11~51an 
"''ll''litCC• Cll'aH ~man\ u"db< \'llllah 'TVEt -.oa ~ """'O"Ilrl ont•~m ·~.-n'"' -.reo rn utllll, yll/ll'lg 
TVEltllio ng111 IQ ""t.o rr.an!>g.n1f!!1 d!toos~ &entllalty, trte tJOidon»•~~ ~oe Qllf1yertlv.l Into 1J 
l' Jl8'C81 ~ O~>,ership sl-afe of lllb• II l!!i not clear lllal.tnos agreemer~l ""' Wfeun•ll!&letl, t:M In Clo,l)ar, 
~ T'IE1. K~WlQmp!Qm and ue IJI!tdlllt.'" Stele P1cpeny Fun<1 tomltlll a jQ!IU~Ief!lul1! cetm(tan~ 1o 
coordlnwla rwofur tuel ~W~ Tt.oa 1111\Jhl !!Voi\IH lnt<l a 11'101• ~!alol'llove o~Uon bY 2005 Sa; 
Ktitshh GWetfttilertl 'laT~<aa 'i<£<eat F1181 J V Agtlilement.' """'. _.,,.. t'OO• 
., The· S:gfl'amaot •~ ~t:'tt.al<t~ ""'~ FlWE Nt.JI<EM. lilt. t'l Ne,. y_,.,., : G~mtlll"''lWII~d n>!!1Jiahy fltal 

iJISI ribute~ Utili'S ~ tn 11\,. U S, 
" llWI """Ml fl)lt~ !<11~<>!1 ,_..ejfMr tho Ult:oU111Pfltr"' I)QUIO lei~Qr require<! puroty lft'lelb ,.u.,. tNIUf1<:! 
rarnellings 1><.'11,.$ _.let Mt ~ Q;ISt4eo:liV<, ~,., ,,.,..,,. • ..,ry ...,.r,; t~diCBIEf '"ulll~o" tf!mAillfi)Q _,IQ lie 
rn •lmMed ..tlfd<Y.,.._ 
" BeQ""'""' "' t!llli; Ulllio t<>oeolteo gy,,e E<O miH<OrT ro lllr...,lr~g Item IJ'ie lt~emaUQO"'I ~ and 
fl!tcllOQIQ{JI OI!Nt>t ltS'TCJ It> v~gr- Its ~- 1~!1 11!1111ttg tecl<no!OQJEA 1"" ISTC ·~ "" 
'111"'ll"'VIliflmtnW Ofe)hnlltltoon o••Oll1"ittod ~ llf!I!\E!!Niol anoOoLQ thtf u.-s .. Ell'-' li• 101)0\ .J.Ilt!'<t!1 .a'ftCt 
'" "''"""" F'sd@raloon m ""'' '"~ ~!>.I.,;'.,- lor ~t:>"-'i'1Yi~l w.fiolJ'\1111- t(>..,..i'<l~.., flo> "'""'''"til •G•en~t!' 
~ BWI r>!!QI)IIatad a ioog-lam• tlgrllllm""' to t•~lllhase llef'illttlit"_,... ,.. •• ,,. aflov ftom Ulbr> 1</llh 
llttltvltiiJI .. IQ .:tnt~ '" 2Q01 In Ju•y 2.0111 ooe ar111t>un~sa • ~ "' '"''" U11ll! ... pano ana UPQI .. '" tt 
p'\'IIJuetlllr• CIIO"cll'f Itt• bery!llo.m~r on>llote> llll~'( WIU• DOE ::<:tfll•tlllillf1'1 wme $1.5 mll; ~~.on UN 

•• 



CHINE:SE PJ:IOOUCE.R 

Cl'llna ts the ttlird global prOdlloer of pnmal'\{ beryllllim. The Nlngxra Nort-Fermus Metal 
R&!i!*lrdllnstrtute ts Cllinlil'll pl'fnoipQJ reli!!al\lti and productJ<m s1(e tor beryllium Cntna 
ti.:Os an iiiUII:m.Omous prod1,1~1o011 ~pobill!y !hat mot .. de~ mlnoog bery1 ora, pouUoliJtoy 
beryllium !Yllllal, and fabricating OOntponents. e&QeciaiJy for tt.s Slfateglc programs 
Oiliness berylltum metal and other berylllum-oonlillnin9 products are sold Ill Western 
11'13tkel!J ro a lirniJecl e~tenr. However, BWI na.s .seri.ous ooubts whether II'IEI Chfnese 
bttov111u11t metal m111 rret>L m~ detnandmg p·wtly tevels ana quantitiee reqUired by most 
U;6 defense applications !lased on vistts 10 the Chinese pro®chon facility. Cllllla li 
on!jiofng capa<:~Ty to mine tlarytlium ore also ts unclaar '' 

B ERYll-IUM P RODUCTION PROCESS AND fHE ROLE OF' SCRAP AND 
R£CYCLJN G 

Factors atiecllng SJJpply deplallon 1.1re basad on lhe production JXP08S5' toe htgh pun tv 
DeryllhJm et Brush Wetlman'r. Ohio ladllny. Pltor to bemg mothballeoa. the nrst stage 
pi!Oill employed ctlemcal tMrmal, ancl lnduellon ptoaess.es to remove ifllJUiiiiP.s: and 
!lOnvert '11\e bar')l11lum hydro)lode into pnrr.ary berylll'um •n II'!E, form of pebbles (lhus Ill!! 
nickname 1)eb.b.les plant") As d•51)1ayedtn Ftgu,. 1-2, lhe pebDies in tum. served as 

FIGURe 1-2 STAGES ... P~<OOlJCTION PROCE-;5 FOR 8EFtVUIU" PJtEl AL 

Jee<1St~ lor a mul il·sl.a,ge prtltess that converl$ J)ell.bles to vmuvfTl"cast 1nQQfs. 1ngot;; 
to baryiJJUm powder, powder to !Joto.pressad (HPPI btliets, which ill turn are rnacMIOed 
into QOmponents. This multi-stage process 1s neces!llry because the coarse grain 
struatult' ol the vacuu~TH:ast Ingot Yields (IO(Ir mechanrt:l'll properties. 

~\!amos Nallanal ub ctllhina leclmocat 8/Ve,..se, Ultra ,...,.,ding S4 !i onlltloo ano alo'/1 lnveslfn!} .5.1 
IJJi 'Qil, Sll.t ·''l<azalll1fJOitt ~ Metaii~JUV !'!at11.: www.n\I,O<'\l, 
" 1>4<"<J IIn:l<IUGJiAA ""'' ~~CL"'IIllid tG be 51) me(Oei- ~"' borylll<lf'\ oorot61o!f In ll196 ·lncl IIi mmnc '""R m 
200.:0 S.IJ.S Gllf.II!.IPICOI &1..-vf!V IJ/o~ral C<»rvr~M/Q' Summal'l~s XiOO. ..i>nllal)' 2000. Mot11 '8CI!nl.ly. 
lt!O•U 111rt rellQ[U.Ih<lt China h;;.&ltiMn •ra>orlonn 08l)1111oolNXll'\ti\flonl) "'"" 
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Macnlnln.Q Is usuaJJy penorrne<l b¥ oom~rciaJ 111acl'line shllb.s Ina! contratll wlllJ 6ll'll 
users to P<Oduce lleryllmm parts.' HowevP.r, BWtttselt doeE a sHIJ~>IMii>JI !IIT10unt ot 
rougll maahrNtng as well For e.(aonQie, 11 convert$ gensrfg billels IIIIo tllllored start1ng 
'.hi'!pes ;;pedJiied by o•Mide rnacnlne sllops ar1d i!ISO U!l&S cXInJISton cind rtilllng 
processes lo oorweJT blllel Into bars, plates. "Sheats or loll 

Flecyolebla SQrii!JIS an 1~nan1 :sow·oe of production rrunerial A. .s• (t:Jstanlial ilfNiint of 
l'/a$tll and sc:tcw Is generaled m the produdl<Xt ol beryllll.lrn metal and 001'11D0flents. 
fhiS teacts to Tltgher tnpi.J! reqyl"'rnents m ltle V3110VS prod~rahon proa6Sl;es At llio 
sa•ne 1•11'18, the ability to renyrlla subsanU!fl amounts of scrilp 1epresenls an trnporranl 
eource 01 P!otlllr.tlon htpuls Therefore lllrs. srudy disUngulsho!3 between sc:mp arrd 
waste designating recyclable maler~aii\S st:IIIP and non-racyelable marerlal as v.aSJe 

In tl'la eal'ly sta~as m the produ~1on pmc~ss ill 6WI '!l Otun tar,sllry, varwljm castii\Qt>ls 
were r.roolod by OOIT!btnlflll t>erylli~o~m rrat;tj i~Js. lr<lm the PlOW molf!b!lll.;t;l pQbblet plant 
w1tfi '·cte:an• b&tyllh'"' ~rap 11.e .. mee!s brt>~Jo lmpvnty lllrest!Oids). The use ol SG!l!P 
red1lces production c.osis by rrl!n1m1zlng ~he iffilOIH~I "'new tlefYUium employed ·~ Whrle 
l.l 50:50 mile ol pnmaty betyliJum and sarap Is Q!111erally claslred, the scl'ap shat~t can tJe 
e_s 111Qn as i0-80 pereent-I)JJI SllDUIO De well illon ot 1 oo percent DSe8liSe nl 
rernalnl11g tmpunllas in Jhe scraf,l With the pebbles plant ~hl,ltdOWil, a P"mat'i beryllium 
~ubsthute lor pebOies, tS need(ld IO ml\ W•lh scrap If f'IW' 1!! II) OOOtifitle prOdUolf10 
vaCtJIJI'!I-Cll$1 •nQot Fpr nOM!. 6WI conli"lves to• operate \he procsss by ;;ubst11t~llr1Q 
National Oetanse Stockpile rngol!.lor Pllbtlle!i as the source lot pnmtlty lletYllium. 

Sclall g~neratlld tfLinng lne betylllum m~tat produetiQI1 p~~~Cess ( f\Om6 scrap'') can ne 
>~ugmented by SCJt;p generated by BWI'e ovstpmiVs I'OUihl(te S.:IBD ') although recydfng 
outside or new strap reolflres a cMcerlfl~ etlon I:IY ElWI ani!! II& C\J${0mers Outside 
sQrap Is ~Jg.,,r.a..t ilb.,(;MU~o< 111e overal( avemge D<JI:o~Ue "SCtao rctl~ ~~~ pi't!bo<lbly .b<:ll"een 
!iO &l'ld 75 pattenr" illld can e.~~ceerJ: 95 pe,~t11 101 )ome al'lltO!II parts l.ll'lldlll:illl ov the 
Ce""MII'>Bfl! of Energy I 00~). 

That !<lld, as beryllium leed.atoc:ka are lncteasingty .:sep1A11!11, I he eliect•ve u!!Q ol out64de 
sor!W bocorne.s even moralnip011dnl Typically. BWI sale> GOntra'ClS ir\l;luct~ proVisl!)ns 
tor bUying back- new scrap thai ll\lslomers w1n general&. fhe Pfl.Cet offered 15 mlicl'\ 
tower then 11'\e sales price tor new nmterl<rl 81\d depenas 011 ll'lf: tOnclilllln ol lhe !>O"<~P 
relut'YiecJ. Cusromers mu51 ta~e caro to mtnlmi~ a'ly Q>OfaminaJJoo 01 tt1e scrap by 
oll\eJ materials Off ell, U•ey inslaJI special t:~lledor,; 10 <:ap1um amJ transler S<irap trnm 
tile momenl d 1s g•mersled One report es1lmeles that 80 percenl e~t the outSide new 

" LD~ A.lentOS Nalion~t t...I'Jo,.lvry ll!l!> ~~~ """ ,_.,.,..._ Clllflll'll""t whlcl\ ca11 !"' ""'~'''W*"' lo ll'Oil<,IC'! 
t!J>.ol mrl$ on a om all """'o lttt ceru..rt I!~>Cieefl• e•~~· ~lr:ano~s 
' Tr. ~ A.IS~et lr!!lOf'l. llltol'l"'~ s ~~ ttl 1111 ~""""" etta•~ IP '""' ,....,., u ... ~"'''~ 
''1'11".-..ms. '"' 1~.~ bEtylllum <1'111'118 .,. "'""' rel'l"e<l "'a~ ll,ho!l hi(lh-ou• •IY ,.'V'II•'"' "'9"1>! "'" m"ltt~ 
.. n... llUISt.<W scrap nola Is ~<o~~·n•'"" IJf ~t'.lc'iQ P"l0&111 '" v s b<>r"""'""' "" Cannte>tts i!l•IJll!>l\j (II 
Eoll<l~ A.:9Tttln$11'a0~~. f'/sti!Jt'M So!>.~ 4!i~sntBI!l t1f 1/le U.S ~Hn s..dar. J11ly 19Q3, 1;2. II f) 
PBl't•"' rAJ~ "' ro~Q'{l;r. ·~ Na!ID<lQI ~~lllllii. Au~lsotV 6Qat<l e.,.'"'" M.u~ S~~ppry Opt/u(t$, 1\1~1\9 
l.S2 I '1111'1, 1>3 
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scrap generered 1s returned lor reeycllng.ll Otd sc:r'llp recovered from used components 
is also available somettmt>s There tl;;ve been lnSla'nces Where even OoO suocessftlll~ 
collected and retv~ned old scrap from weapon &ystems and oon,pQnents that wanl 
beong phased oul ~ However, llery1Jtum I rom c:ompooents may be con.tam1na~ed and 
effleietu colleotfon of old serap can be a problem. 

The overall proooss by which priiTtary De!YIIium is converted to products- usrng ~rap is 
depiCted on Rgur111..S. Home scrap amounts lo 58 petet!lnl ol the total 1nput mwen.aJ
wtlich IS \11en recoverad and used as I!J,Put tor 111e nEillt production cycle :::r Whne the 
gonerestlon aM then recvv"'' y of tnsJde scrap represents a stJbstaolial cost of 
produatlon, lhls reproGesslng or scrap ytelds f!IIJsable malenat eQual to eo pen:em of 
the scrap, 

FIGURE 1·3: PRooucr ooN Cvcu FOR BfRvLUur.o MFTAL 
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A niJmher or pfl:)Clll;llon-relaled tllchflolog,es ltJat may also Increase fllture b11ryl6um 
suopRes are being del'tlfopGd by BWI ana others. lilase fndi.Jde lrr!llrovlng lhe 
production Cl1 Near Net Sh@lng (NNSI Iom1s, entlanclng scrap recQvery, and edaptin9 
the sn-aalled Cambridge pJOductJon prtl<less to beryllium The CsmbJid.Qe Ptocess ls a 

" Set V S Deoafln•,.n d commno·ce, Sw•"u oi ~POrt AMIII11511AII(oo(l, Nalfor>4/ SeaJr4t AU~! 01 
rit .. U. S, Geryf.oum $ector, .ll.<y l993. 66 
,. Tile Oefm• Aer:lflizanon aoo Mark~~ng SI!N,._ (PAMSt ncyelad subsm<olraJ quanlrne$ of b(o~llun1 
~TI'e Powt<lll!t ~· t<roo wirier 11 was:rep!-a by Ota.tllllle "' afttrart braJI!l,, 

fllatltlnotl YslefleO> Ac-•1""'¥ Be>artf BtvyllliJm MD~ SWp!y Op11r;rtt£ NMAB-45a. 19S9. 
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new manulactunng tll(lhnctogy l.l'lal may ne teaslble tor use In a n~ rnanulaCiurtnq 
lacl!ltY to produ~ pnmsry bery11iurn 2

' 

Wh&rll teastb4e. lhe NNS arpr~etl call S•JIS!arrlfally reduce me <lrll')Ut\1 ot ma.teri.Bllhal 
must be mJctltned away, bOth rrrsd~: arnl. OtMioo SWI ~ The use ol NNS .prooiiQitCifl 
l!ti:;lhoti.; te. rrami5ing. White 11'\o: poJenli~l GGVI"9!i from NNS depone! on lt'e shape ot 
the desired pan, an. o<1!!u11q avof!I~W 3Q p$rcent l'l'Clll()!ton 1n the outside ~!liP rate 
$eems re!.lsona~le over th!i na~ 15 yeats. Another araa of manulacruttng fecllnology 
oevetoptnOnl •8 tn reeyCJ,r,g scrap, Fot 9'/CarnphJ, ew I Is Implementing en AteeMal 
r.tupper prolect to tm,orove Its ability lo l'l!!Wfllamrnattl AttleMet scrap arm pnsstt!IY 
lncfease the arf)Ounl re<;ycled by :.000 lb& per year 

Ttle Gambrttlge prO(;oSS 9.9 dascnbed previously Is a new manulliQIUtlng prtlcesa O.wJU 
oo ei&Cf1oly1•e de-allldatlon (EOO). Instead 01 pe.lll'>les such. a prcx:esa wouiO vrodue6 
:spo'l{!!f>lif\G pollbtS ol borylllurn The EOO tli'OCfiSG 1~ a lt~CI'nt ClelleiOj')rnl>nl hy 
researcnars In ihe lJnitad l<tngdom who pa!entsc~ theJr ~pp•oacn gronally '" 199!1 li 1s 
presenUy b~lng deVeloped tQo use In the prodUClloll Of 1ilanlurn anll eould re(!llce tl1e 
cost of that matanQ) oy ao penlrmL" In Marett 2.003. the Defense A~Nancw Raseart:h 
Projects Agency (UI\APA,) awarO!)(J IVOOI'lg for a rour·yt;JQr EOO Ut:tvt~IWtHenl f'l'\:>9l'arn 
lor titanium manutacturlng loa OD(Isorth.rm led by Time\ ana including .e.,~e;h ntan\~tm, 
whldl 1'\otds the lila nit UT1 sutl-~cense for ll'le process. 

Whll& 1t1e feaslbihty l)f EOO for prodllafng beJVIhutTI met& I tlal\ not bt>lln establ..sned, thii 
proceS$ could provtde !I !'Umber ol benefits, lnoludtng lower costii, betler quality. ~ar 
lhrougiJPul, mofe modlllar ta~tory deso~ l/'10 e:a>.1ieo c:ompUal\C;e W!ln Mealllt a.M 
environmental regutatfons.><~ EOO operatong Cl:lsts tnr cotwerllllg be.NIIrum hydtoxidlllo 
onmary oerylltum metal could be 50 peroenl or moce below l.l'le costs Qf the GUfrent 
maynesmm ln~<m~ r!;O.iuGiioo'\ <IIJJ.)foa¢", 1oweru1Qif'" 00111 o i shipped prodU()IG by 10 to 
pan;etlt~ Moreovet. preliminary tiStlmales by BWI oodtc;ate that plant oonslnrCIIM 

- ·-----
1 ~6 ""w 0-· - o~ l!illlelri!IVIW Cle41.-l/~ iilOO), t\a& llti&M <leeelllled es toltol'l Mu•rt 

apoll•d 10 rntao•..n -rite un.o•Wm <llo•lr.l!>" lr"lll611>4 e:.&lhoct!il tn a tuseu call c:.JII ar<lun(l!!r "'' • 4tNII"'I 
cutr&o 11 IHo! ~ ta<M!s ttre .O~t<llt at ~~~~ •0116, doNVM& I<> I he dlld<18 'NNII• "'" d!Qlha~ 'T,. 
til!lmillf• ,..,at ,. ~tnillv IIlli b!IN!lll •fl(l a1 IIG5ta~J& 1M the r•~ I! tha ttlall•um .~ ~~~ ll~tct 01 >01'1ll.O. 
state. T"'s t.i. 11112- ml'JI)' tlilfetellc.a "1111'1 tl,~ f'fj),/Jill~ proo-. s.., 
-t>ntcsl'll!'l~lilll'he&.UfVIoonnotogy ""'~ 
'* E.c;l$11"'""'' DY IIWI Qfl ~~-"'' o.t•l> tn~t<:to:f 11'1al toNS •tO·"""* Ill!! 11vg•a!JB .. ~ ra•• o. 3IJ 
~JQ!nt 
• Th• claim l:>Qllld 1 Ptcte"-"Q'' !Jot&k ~foy, "'ter.hnoll!'}<'218...,ktlrrt>uglr,. "' WNW.i"oSJn o.llfl.at.llk . 

.. Un<:J<>r the OIJ!lSI'G ~ !IWI's mnthtllllted oeilble f)ldf'lfWMe ri.,r11'>9ryltlum r~·"" lllllltl'llllunt 
rturnoi!B w'bcto - lMtt ~"1Lto!@(l Wiltl n;ae~E!,""' '" tile Kr<NI f,ll'o.ae.., Wit~ ceQ lhlJ 16ilUII6fi'P~I to 
mn1o0 tlel}'IUum n...,_, •VI'IO.h l!~(;l!UOIS (Qt QlOUI ··~ .... tl\e O'O.Iil d "'"'OC>IIg Ue~IIIIVI'\, Ill ~illmt\HI"" 
ln<(!Nd, El)O <e:d..ces O<orvliiiJfP "'*'Qe. W!l«oo' Is ~iy PI'>~~'""" ~urn hyflllfll•<l& lnt•\1\Sitlloo 
I'IIO<Jd""' -SS iflcludo O'I(1ICII'I ll)~;)(o<>s .Rn<l OI8(1JICII'il WMI~ tlC51. ,_ -~~~~~1 It•~ f~a)11'1>311!7' uo.d 
I~ ~tie ~tell Arocess. Thil EDO J>I'O<Ms aL<o$ apatslll'!l ~~ tnww IBmtlllnllU,_ C"uUJIII!il With '""" " '""""l"llll 
olltrtl lf>1ll<'!W o!op, ll1is slli:!UirJ ",.;· OO!Qfli'M~I oltwmlo.t~ ""''*WS '11\IQ" e~•' 
,. 'TIU A:I>UH>~~ 1h.41 peWe ope;tllt\cJIII "'"'il:erllol 2:0 10 !10 J)ootufll <A tl'te c ost 0( •~1111~ I)'Odorc:;O; 
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co5ls for a new prtmary b&yiliUm faetntyo ~uiO be 25-40 p!ln:er\1 less u!!lng EDO !all 191 
umn the curn.m maglleSI\Jm lhen'l'~l rt~dUcttbn pr"Oea,ss 

AI lilts. pomt. tlu!l,. 1s 110 oertalnty lhar tne. EOO process Will prove oummercJally leaslbl~ 
tor beryllllim or mat sud! leesJbUIIy Will be deroorfl;tlaled be(ore the depll:rlon c t NDS 
inVentOI'Ifl&. Some esltma~" nmiar:l 11119 co ten V""' s b9itm; lh6 qLIOstion os lo:sOlVed. 
However, becau~ of pret)m,naty W9tK aWl has already hJI'lC!ecl with a pnvate p,ill1)19r. 

lh~ firtn Is opUmtsltc that With Fede<al Govemmen1 supporl 11'\e bas1c feasibility IS&Ues 
can be reSOlved in a year and that 11 •11 aev .. topment WOtk can be C<'fTlliBtl!d to tl')tee 
yoat'E.. 811111 ~ negotutllng for "'"~"""" ITJ tmoW-hoW and lntelle()tuat ~roperty rights 
g1mernte() fly olherG will) ater s¢1ortng lnG aopllca,IJon ot EDO to lltaniJJm It 800 
tea/>IPIIIIY I$ not d'.!rl1Cifllltrat!ld ln 11rne to toi'I$11\Jc:l e new primary IJe!YIIIU/TI fact11ty batore 
NOS rrwe11tor1es ~Droach tleptetfon, ally new produoliGn taelllfY may h;We to be. bum 
ustnp a modified vers1on ot eldsting pi'OCI\ICIIOr1 te~hnotogy 

The existlno ma.Q11eSillm tnermel reductlOI\ ~proech rerMins vtahfe tor a new pr1marv 
berYllium plant PIJI".il~--e of an Increased undersMdlng 01 how the be!Yillum 
manufacu~rlng PNKess aifeds health As a result ()I •ecen\ eooperel!ve r..search w1th 
the lll!lfltltlaf Jn8tltute for Oe<!oJj;lshO"ol Health etnl'l Sateiy (NIOSH) ano me(Jtcal 
surveillance •rrtemaJiy tl.mdee1 f1Y tne llrm, BWI lll Cl01lndent It can design allll tQpGTale a 
now berylllul'tt rTWlal flillllllly ft'l c.:omphanoe wiiiJ OSHA regwa!Jons even usmg 
mrtl)f'lBSlum reduc:1)0M lecMOiogy. The patt or BW I' s plant thai IS Slftt C)pemtlng 15 
meetmg 3 heryttrum wor~~piace atr stan$1111 thai Is an order ot l't!El!'Jrtitur.~e bEllow that 
!)urrently I'!!QUlred Wh!)n tile rr10tht>alled J!'lllble laolllty was d05ed, SWt was lacing 
Rligatlon from both llUrrent and former emp(t.yells and contraaot ~;mptoyees. related ttl 
tl1e toxic hewrds posed by tletylflum ~iowever, the coun declstoo~ ana sememants 
related tO ftlat ht1ga'{lon so 191' svg~t lllat haaftf'l.related !ltigaJton ~~ no! likely to tle a 
n~aiorfinannst ob!'t.lr;l" to BWI'a contlnvs(j v•Gblllty.~1 

N.AHONAL D EFENSE S TOO!SPILE 

BeryUiu"' '"v"'llllrles a1 tne· N06 will fi91P en sum lhPI reQUotllments to1 berylhum c.an b& 
met unlif a 1'\E>WPIIm:a!Y be•vlllum oroc:tuclfon laollly 1savaJtaote. l he vauwo~JJ' ca:st "'got 

., A '*'Ill~ t..efl'li•II'I\~Sii!lJ til lOf AtdiTOO. NJUQ!\!1 t.olle1~10<)1 agr&t:o< \"All> 8Wi t>n •hla ~MI. 
• 8Yif ovmmanu:•' 11"0 ~lj/'!Pf\1 t!.WttS ~ tG'IOwS -111 Utot ltlla t9!!Qi: naarl)' l!OllllDQf~,. v-era lllinQ the 
;wmoeny \Mil\ II! mall ~>rwYIQ !'-I)(J,.,.•I"i!lel~ •IIi f>li/Q!n4 o• IPWW> plal~t.rro ""'re Go:~vornmm 
~trtplbyees.,.. mt1ployee.• ol D;)S~ Man~tge•l'...., 1;1lf>QI)B'a'lt,g Ctut"\C'l"'- The.ll& ~WSI.II'ls-dalt11«l ti1al 
IM O"nlP.dll) 1-.1 fl!!latl rc:l f'lJW'«t~ullle """'"'~S "'"'-'t tlllf\ljl/wrll ~ rtsll C!OIIiptred Wlt1' 1~11 le di\r.ll 
IJOillemrn0!11 t~ t.toe.l~ llallfl""' (jl ~ ba!VIIJ\tm .o•-!<1. & J)lllt!TlM-IiV ta•llll~ ailment trou .;,1tlwe a 
<lrll3ll r!ltoqlltyc af peq:~e wnose ""m•• ~ Q)'$11W'tt~ tlle ....,.,..,lble In lh9 pns twa yoijr<, S'n>!\11 ..,$ 
re.=tJN<ftl iotVO!aW. v•••fl.rJs "' lv.\1 llflV •~s. .&fi/J lavorabill ~ /l•rJQ!'ftM'Is (wile•a l~tl magt~rat~ 
C"'191th~-~110lii~B \\'Q1911t 01 .,.._ llllU ,..,., 3111~ till' JJI9)•Qfl' toy V,a IJ'&•III"t) In ltv!t rna<"' 
ll~rt i/IJS, As a ,.,...,u, ntOSI Ql 11"' "'''irun•nll "'"""' 'lr.!Ye brom se(\1..., IQI JOQmtnal ooai'II•..O....,.,e v•llle). 
Wtu/e a ~~ o·•~ '"""''"· tho. "11!\'llt!.• ' ~cmpnratll! "' '""' pflW'Iw~· ltflllllrt> l:a!!iO lUCid f>IIO< !!<If ... la rge 
i¥ll"barn!QII tn 11\t fare. 19!!01,' 
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oortion nf !he slockplle. ts, to 31aJge e>Qent. already conlraclll411y ClOmmmed to BWI i!Cl 

T!'le retmonder of lhe beryllium metal stoekj:)iiEI is In ll'le form 01 not pressed poWder 
rHPP} billet!>."" Tlie blll5t lnvento!fes must tle carefully managed. Delli ro sente as a 
rese!Ve !Or paten11al future DOE and DoD ert>ergeno!es and, if n~ry. to supPQrt 
lnteffrn consumption requlf9ITII!nts onoe a new proctl.lrtio.'l ta~:~IJly is dose to comln.a on
line 34 

• BWII!QiJall)lla~es d!3tillery anti plY\ 111' lt\e ~ats on(Y DS tnoy ~•• t•oedeO. As ~ +,o,;•cr, 1 ~. 21){);), 
!he,. .... ,e awro•tmately li!.(l(l 000 poun.:b of lf1\)01S fllfl lor jllrrCM$8 Ullt»< 1118' <>:l~IISCI PI,.,. I 0.000 
r,>&;n<.tt Olll'lgQl not yet oll&recl r., bwlie 
' fl)ll NOS holds ~2,000 iPs- oii'IPP t-llelll. TIW NDS QQal for""' ~~""' melaltl'll/entory wa·~ li8l rn 

1.999 by Congress o1100.000 i>OOOOa (50 \!IOriiOn•), T~l$ goal I'QS Cleil~ ~~m.artly to meeli»JG~nill 
POE cO<\tlngenl)je$ ~t>t 1n "s 2003 ~pon 111 ~; oo NOO RPqwl'l!rMntJI. t>oo m!01ml!d 
Congresf t!wt lilt go;a1 aMII!c be ilt~f~ 10 tndud!l all of tr>e M2.0(l0 lb.- ol HPP bllle~>o poodlf19 
fUI1her elartllcatl!lll <II tn. llrtbre supll!y situation 1<>< - Doll and DOe •i!Clulrwner11s H•e HPP ttill"'l 
inven!OfY 1< flOIIII!QlliS!l•dV Yeable by BWI a> HPP pi0!1Mil perse. A small pPI'IIOn of 11\t "•-OIY W<>UIO 
not sa~isoy """"'" Hl'P puriiY .,_ 1\a~h'll n.eu manuladurta to r1o~--'Tllfrrloor0 ~ Otri!Oiete 
specifteall- Atlout \31)(1reGnl of the MPP o'•ll<ts ate <.Jra<l• ~; ano have 01J1V ~ N~"'"""' tt<trylrtllm 
lind •nclude ,....ltvtl!y hiQh orn~vms d ""'Y'''""' Cllltoe, 11on. c:erton. and .;J""'''""' -111, the 
'lli11A'..., of me billet. mal~rrlll WQIIO(I Ill> u33dc ior bfl!VIIruf'l metal aOQiiQllb:.ns t~~ttMr d>TJdl~ '" il "'' 
~ I .e used as Input te>r VICi>""'<a»t 'I!J'(s Of covl$8, r.,.m.,lbnQ ·-ir< scm\1!10$.\ ·oJ m~to~aJ. 
tiS tlll!Ct15_, above. II iE not cte.or 11~><~ ~ ;J t11e •n~enlo<'( COlli!! t>e ~.!Sold willlOilt ..,....,,elllrrw. but ~l<•o. 
~"" m•vJlf be sullable as 1~ ilrecttv lor rnak."!! ~~or to• 101.191t ~ 

11 au1h0~2ed lor re1Mse10 ·~· lilt r.t•e• ru5el'fe£ 1\/0lllll fill\1•111 ~ m- a\l<lila.bl9 thi'Q1>')11 pt"' 
001\tructr In 'l011'1ptlai'Cf1 With ~·o" 2(t\ d t~• stool< Pili"Q' ACJ 



Ct!APTEA TWO : B ERY L LIUM APPLI CAliONS AND 0EMANO 

l"MJS" purpose of 11'1~ chapter Is to Pl'OVIOe estimates of aomest1c end foreign dernand 
thtovgh 2020 for ber(11ium metal trom 1!1e; current ttomes11c; procfuceJ, Btusrt Wellman 
l~tl. (BWI) t=ore;gr~ cUStorne" are Jrnporttml bec~l.lse INS! ot th,elm ~le detanso
rt')l!ltod. P!flor deacnt:.•ng beryllroliH's u(llql.le !Jf'OI)MiBS, TnG 01\apter (e\ltew; llll;!Oncal 
and current Qonsumptlon .and proJectr. 811 average gtowth rate ol six tref'C1!t11 il year 
thf"OlJ~ 2oog tram the currant demand ot 35.000 pounds.-. The estlrrate\J growth rate 
fs balled Qr1 hottom-yl) assessments of dooo.l(!l1.:1 for defens~ at\d es.Mnnat civJI;.,,. 
cusillmers llnoludlnu lon.>•9f1 cu~ome~}. il'le text al50 110tes thai wt1He !he likely grc11111h 
t3\!i will be lower Ot nt<gaove 101 tile years 2010 to 2:0.20, 1he :.1~ pe)oer'll groWih rate Is 
.all'\ptoyed In the analysis ar. an sCI\Ier.;e case SCimarto.~ 

DEMAND LINKED TO S _,RVLLIIJM'S PH)'SICAL ,PAOPEStl_ES 

Beryllfum t& il speoal material wtlo a UIJIQve oomt~lna1ion ol properties Whrle rnatenals 
~uch as alum•nurr1 and :;oppar an~ avallabta lor less than S1 pet pound and 'lhanluil'l 
CM be pi.Jrd1a.Satl tor $10-100 per poUllll. tl'te 1lllerags price for pyre beryllium metalr'< 
atJout 18400 pe.r pound ane1 speetal g~ can QQSI much more aer"YUium is 
nevartheles~ seiBded for usa in a numl'ler <If '-BY do(ense ana olhe• applications tha! 
llfliCI!)etY b<;lnefil !rom 1t> properties. 

Mt.SIImiJQrtantly, be_l)lliiUIJIIS a fight matel one-thrrd llghler lltan ai1Jf111num. ThtS makes 
beryllium a centlldi!le for aerespace ana other ilPPIICSU0/1$" where low weigh! rs 
a~n!Jal However, II ts beryllium .t other propel11eo lhal rna~e It ;stend oUl wunrn 1ha 
group of li~l'll metal5, llrs an mramely SJttf matenal, In both absoJura terms anu relative 
to Its weiuttt Its sutfness-to·Werghr ratio (i.e .. speclfle stllftless) is~ limes greater than 
steel. "'UI1~num, m tllaMium. rts .slren§th-10 well!.ht rado 0.&., speofta Strength) IS 
compa.rabta t(l Sleel :anQ other matenals el mOderate temper!itul1!5 and, With ~:~ htQh 
meiUIIg pOint '' tetains u~eJUt li!r!lhQth at teo11oeratlo~les lar above ll'le fT\eltmg po~nts ot 
aluminum artd magnesium. Tile oomblnat~an "' c:rlft11ess ..,,a strengtl1 r11akes bof't'iUum 
a pnme c:eootdate tor applieatJons Wl\ere stroCi1ural ln1egmy 15 e-ssential , 

Furlllt:l~. beryllhml he!. a moderote ~<JfJIIlclent oi tl't:erl!la.l expansion. tmkrng it 
ttompatible lor ~o~se wl(h steet and other materials !hat e~rl and contract moclera~ly 
Moll'lel WIIUjll.lte r.haraclen~\la et beryllium i:s tl'lf.ll 11 ab$01'tiS aoo dlssl,pat~ Mal 
quttkly, mekrng 11 (.l~eful a~ s (leal \!nit of shi!!IO, tn al'ltllliCII'l, ooryllium is vpry l'lightj 
rellelll•ve to tnfrqted wavel!l!ngln$, I}IVtng 11 Ullllty IJ.S a m1l'f'l)r .In lnilllrell appliCations 3 

" 1•1 llllsSMIJ, ~1110.. 01 ~~~~~IIIJO'IOOm4Q " '8 llB&!C Qf! 1Nl bef\lllkifn (lol(ioj (MI<'m ~ ffiiP'fl'llil!; 
... ~ 1/'!Jjl\ IIIE GJt!S5; "'"•'fihl t>1 c.rylliU!JI Olft~lfii"'J /!1~1 .. <>91 ~~~~~"~ "'I•ICI! 1'/l>Uic.l V"')' J;refWe!NI 
befYiloUitl nletal and II.ISeM~ . 
" 10;~ Three Ql'fflO'I$11;!1••.'>· lh• 111\DOG of 1!011Sitltfii'!J •ll'iffloli ... ~II r~tos !)QII> 'I' t!IO i$!1l'lll -
lcYOg J\/11, 

;• ll••ylllum pciiSIIOil a& i1 fill""' :s l<lq~l, f""e-11~• IO inr"'red ca(I!Ail"" Botj;IOu"' le ,~,o "'~"' o.g < 
JUW;~!Ilit!> ®AIM W~m iiJ!Oih<!f fo•J>i~llllt ll!i!t. IJO"""'v"'" lha 111111bl cibl'f!l<.""' 101 ad.'!1111il, ~~ !81\111:;1 v\li.ble 
II~IIL 



F'or many appiiC<~tlons, gr.~pho!e COI!;IQS1te~ reoresent the Pf!IIC!I)&I' I;Ompetllot for 
bf'!YIIIum CompO.$\t&s c:an be EM~n lighter 01aro l.le,YUium, Wllh rataUyely tngl1 spee1fle 
siti!Mss i111d el<at~llenl nul absot;~lloo and dls~;lpatton Q~•alitles HQw~ver, bery1htu11 
t<~n be f·or'\..0 rr~to shllpes thai are much mor& oontole• than tn:ose ~cttlevable wltli 
l'<lmp.o~t~. 

Tiwre sre also cenaln \l!sai'Jvent!lges to 11s1ng beryllium '" a(ldllion to its hlgl'l 0110e II 
Is e O!\ltle rnatanaJ, wht!:l' can ma~e It ~lf!Ctlll anQ costly to f'llaof11ne tnlc v$8b4& 
oo~ts Al:tii~>Ying 'adeqoare I)(Ofle1111!S oy OBsnng the melal t>as not arways 
proven ltliiSible, ISO oompiBlf Sll8Des otten must be tormed by rn;~dllnlllg large blocks Ill 
the metal and gonemling cons~defaQte 5CrliP In the proCll!SS, Tha df!velopmenl ol 
alumonum-PeryiiJum oomP"slles. such &S BWI's AI Be Mel. h>ls-fle~ Qvercome some ot 
tl'!eSS pro.blems Huwrwe• as notoo earlle•, OafYIIIum Is also rul4c wnen being prodQoed 
t11ld machined aM concerns- -.bout the he~CI.I tl'o ;arn1 an•"ro~"'"' tllik~ n~orjRfS(j Wlll'l 
breatl1ing It will hava some impaor !ilr'l demand In apoll<"ancns Where substitutes are 
avaltab:le.39 COtTIJ)lYIIJO Wi!h retatetl OSHA IIllO EP,A l'egU!a1JOM adds to lile COml)teX~V 
snd cost ol manulaelurlno vlilh beryllium. 

tn addition to the physical anc:l rooahanic.al propet1les uiaous!ied ab.CIIIe, beryllium 1s welt 
lcnown for its remaflt<!I!!Je co!T\blnatlon 01 nuclear propef11es !hal maJ.:e it uselulln nuclear 
tt)ac:tors and warheads."" 

LONG TEAM CONSUMPTION TltENOS 

lfl S1'0RICAL Pt.TTEANS 

t ne pat1er'l '()llleiVJ~um constlrnptton In tne U S n"s lltttt•t vulellltt 11111.1 ~vulvtng over 11-e 
oast !\all c<>rnury FigUre 2· 1 traces all lorrns ot be!Yihum consltJTipllon lnci\Kltng pure 
berylloum metal snd the llerylllttm oonla•ned In AJ~M11t1 Olfi'Na powder and lleryllfum
t'lOiniGr •• Followinl.1 Its aallv use in 111.101631 appllc:;atlons, beryllium metal became a 
oomme~telly available tnatenal in lne 1950s. Mlsatle ""d ~pace flrogl'!l.ms tound uses 

~ S• Qljle""" Comr~ Ml11ilfr-l'l'IN 11,'1"~ ladusl!tal Amolvs•• Ce11le~ 1ile1Yiillun lnrtUSinar !>ate 
Asi:41S..,IRIII, fieplef111ier 2DCI<, 3 
'" DOl" trw•rlng orfiiEilllil$ - •hal rro~alcll<lm ti """"'""" be1Yllr11111 :.ut•~~~ may lead lo llc!IY~'""' 
sensitl>lltY, clo!OI1olur 311•~11 I>EI)I~wm ao~ or tunq ""'"'.., See MpJIVl ~~ d~o>.!JOYAIStrvM,we~ 
nnnl. Flnisll<!d be•ylliU'l't Do~ llil •<tll!>CSE' " 1\oll~lfll " "" Q~ ~ ilbflliill)li " ' ~GrrJ)S)Gn 11'11\l)<! te,la&sil 
be,YIIIUm tnto 11't MVI.,.,I!II! S~ O<it<l~ \l<ltllt'bQI M~~r A~CV lrodU!'JII.O ~''"'I"'"' C.noer, 
"Be!)''liom induslflsl 8a.li8 ~JT•~n1, • SeP'(emtl@r ~- 3 
"' B~fYIIIum oas a verv low or(l<oe .-tiM for ~on <A lllem~aJ III!<~IIOn&. llrf&~lnq 11 "" "'00!1'@"' cl!o>OB 
M" ~-"'n...,rot Jo 1!10()1. IUIWIIDJ\ laalmge '" ~~ •n<t Mlrlloads.. l'.lttoe .a"'" 11111~ It 1\aS <!tf\1!11 
acall&or.ll"""" -lio(l lfl•l ..,,,, to lolo.o~ nautrcn ~..n. a troll! ltlal os llseiul lor nl<fd"'~'"lll te~cro' 
petlomlantos. In tor\luffQIICo<l w.1111 berylliunn low WolOQilf, tho,_. Clllir.ll:!er\91"-" !Pnlkw 11 ra~•Oiola,.tV 
~•11111lts Mr ""'"'" moi>Uo "'"t'lo:;" ano walfl<>a<li. Finally lh OO~MIIOI" "'~" """~~'.......,"'''""IJ m~lerrsl 
~ v Wt~onoum or <afflum tlerylk""' """ oe s .OU!O!l ¢1 MI/IIMa - '"'"" ? mlfloln• 1111 nu~h'"' 
f'04dt0t'fl\ 

1 Th• 114lJI~ Is ba.oad on <S.ihl ,...,..J<t..a u.s Ooologleal s.,...,... ..._.'""'"' Stal,.IIGO 10r Mlrt~.,., 
(;.)(lfmOChUila lr\ fi'loll lJ~Ited Sla1e;;,• Of-01 .(lOt;, 



for berylltum lfl oobsllQu81'\! years, wtlh lha periodic:- demtse ol suet'! programs 
ac.counling for the saw tooth aonsull1tltioo pattem. For example, the 5-year Po~ett;lon 
program aonsurned· 'OIM 400,000 tba '" a lw~ear pertoa li!OlJnd t970 &nd then 
stopp<~d· 

FtC.URE 2·1. APPARENl U S CONSUMPTIO" OF 8ERHUUM (ALL FORM<;} 

l.b(OCIOo) . ..., __ 

-fjr 
I#£!~~::--, 

SlrtlleQ!C programs agEttn ~~~ boost consumption during the 1980s. Yet end U6tlrs 
continued to searchl ft>r new matenals 1hat could surpass beryllium's advantages or 
avoid its disaj:lvantages tn partloutar, c:arbon composites replaced lierytli llm In a 
n~tml:)er of 'aj!pllcsuttns wnen tl1e}' pr'(lveo to be lfghtwerght, stiff, .heat.abS(l(bfog, and 
ellen less ~W For e><.ample. carbon malerials r&l)lllQed berylnum Ill brakes For tl)e 
SQaca Shuttl.e ana mllitary aircraft, In tteat sNekls lor spa~-e caosutes and reentry 
yehldler.. end In ®01l'Mie'ial n~<clear power reouo~, ta, te.:.t ,nt(;d) ut ecanomlu 
reasons .., eut other a~ce ctppticaUons developed slnce beryllium's tow wt!igln. 
Sliflfles1i am.! srnang1h proVIQ.E! s!ruduraJ supr;Jort and dimensional t>l8bi1Tty (~.9 1n 
housing senswve instrumants and optics) Moreover, the hUge qonsumptTon svrg& In 
the. tate 1 9905 rellects trtcreased use of beryltlum-oopper alloy In tetecommunicatfons 
and Hlectronie appl•ea!IQO!l, 

No1e •that over tt1e ciOGades tile ocnE'UrtiPIIon Qf hi~h 'PIJrlly beryllh.Jm metal retattv.: to 
lower purity metal has d!OilPM dramotlcally, With t~eryUi<•"ll--Opper now ilceounttng for 
the majoriiY f)f consumption relle;c:t&d In Fl.gure 2.- t -' 

n NASA.. lor l!>dmpta, «~A;i~dOd 1111.1 r.Oitcn lor toe s"""" ShUHis bnill;it$ - be cheaoer, lighle• 
IDI'IgDr-l•liii"!J, ana Ql~AQ •tt«anr1 br!il<lng tem1Jl"1!M'o•9 ~·S ltJl16S ni\)l'er ~Mill! ~lltum OOUIO. For .the 
c;..sa, Glftiltln nf!al.srlt! to- t,.._ea were soma 400 11:1> t¥,)m<lr \lldn 1M be')llltum ltea!1iinks '-" ott lho 
Co6.A for n\IOII!ar ilOWii• -a"'L 111<> low<>r COlli o• o111PM'E' •sfle<l~ l!oufTf•<f to O!JIV.e,QI> 1~ ladlniiJIIJ 
etttar11ag~ Qf Derytllltlll ,......,nn. See Roektll lr!QmtaiiM Se;v.c.es, (l'>fl l!ir.ortcmics Df ~m f'·Jih 
E tMIOil NJ>v""'be' I 11!1!; • .:if.i-53 
.. See u.s G:eo1Q!J•tli11 aurve, ~..,.. .... v ..... unol.. B~r¥11ium,· 2QilZ. fo• ~PIB. C:OIISUIMflltcln ll0h'1g 
1~ eo~ ·~• pmv!(lo• -Pl•C.YI I:Qikl Ill t$00 aNI \117• ow ~p~on I~ tn~ 101>11 01 uure. 
bGJ'\'IIII./IT1ITioW"""'triU<:tl IOW&rln l~f•a~"' 191i0~nd 1971. 



FigUre 2-2. focuses on ocnsumt•lfnr' of berylliUm metal (lno!udfng AIEieMet) over tne 
most recent decade." Total consumption moved downward over me period, aecllnii~Q 
el an average yearto-ye;1r rate 01 almost loUt peroent As shown in tile !rgl.lle, 

FIG \IRE 2-2: Co N SUMP riON OF SEF<VI.UllM ME l i\L (INCLUIJING AL!3EMET) 
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mtJth ot the aeollr>e retleets IJ'le preclpilous ~rop tn ss.tes to DOE ~s st~tegic pcogr<~m$ 
wound down In U)e early · 1990s. OoD-relalc<l ""ns!Jmplion was more atablf:}, <leollnfng 
by an average year•lo·yeBt rete of onlY I percent and )ump1ng ~llatply at 11le entl o! t!ie 
penod due to htgher spending for detense procurement and tre\\1 progra111s ~Asing 
beryllium The 1ren~ lor corrnnercial t•se's was solidly Llpward lor most of the penod bul 
fell oft afler '999 Overall, comrnerclaltrse ln1he 111110~ rose ~t an averaQfl annuaJ r11IB 
of 13 pa~nt,-alb.eit from a muah lower base than DoE or boo applications rn the earl}! 
t990s 

The ll~line in QoO consumption o! berYllium !TiClal durmg lhe 1990s oecur/13d aunng a 
p'Bl'loti o! relatively weal< defense .spending From l99l to 199?, CoO procursrnen\ ol 
&Y~tems clfOpped oy :31 pe(cenl and DoD consump11an of beryllium metal declined by 
ebo.Lif 1!1 petcenl Much of the tec.ent growth In DuO procureme!'l f'las bgen lor 
bll'Cttonlcs. wn•cn •neluoe!l suosystemslhat t.mllza bmylllum flllltal 

" 1h" wnsumptlot\ ind~ represet~> tile •<lll!llve '-IUdMII~f!s ol ~::<~rytllum c·tmsumad Qllar ''"'" by <ltlh>renl 
OIBtl!JOSI ~rO\JpS. ij i>HXll19ltU~)6<! tliJSG6 Cll Sllle<·<l•la il.tljU~I'>!J 11>1 i>Jl.,..t:l13)1tl'*' afliJ fm· beniliJII~~OrE 
that do <lOI...,fteet mstenal conoumplicm. f;or a~am~e the (nfie• E<<cluclas mateunlprorbJQe<l fol Ina NOS 



CURRENT DEFENSE APPLICATION TREI'IOS. 

Dtscu_ssoa.rll:l With DoD program oltlaes and SWl indlvale lhaJ tla!"!'UIIlm applloatlons in 
the snort iMd rnedlum 1'li!l fall Into IWO Clllaport~ts fn terms gf substllutability as o~tnnod 
'"' Teblw 2-2. T"llp flrct !ilroUD on the table rep•6$Cr!l6 awtJa<oi'UOI!:I for whtoh curtenliy 
tllc!re are no ~ultable sub$11tutes atmouoh R&D o10grarns ars searching lor subslltutes 
l'rl 11 tew oases, betyiiiLtm metal Is essenllill ro aChieving liystem pertorrn<iflce 
reqiJtrerroentS The second group ll'!oluoe;; appiiOiltions forW'Itot1 berylliUm offers the 

TABlE 2-2. AvAtLA!Itun· OF SLiaSTIT1JTF5 r·uR BERvLUUM IN SEL.ECo"o APPLIUITIONS 

Cii~ striJogJa Qppltea~tonswith _no !olilfable sut>slltuw lor t;eryllillnl- I 
Maintenance or rl'le :slrateQ!o nuctear weapons stoa~~'Q!Ie l Surveillance sateitltes -

! Balllrlllc mtsslle delsns.e t>ysierrs 
Gutdano<it._~Stams on e-.uslin~ S'llali!QJC missile,s 

I AtlbOml! FJ..IR svsterra for-li!ihtoru and atlacl< l'leliet~Dt.e~ 
Flellel!ltOI'S for h1!Jh flu• nUClear test reanlot'S 

Merkirt 1.1586 wtlere tle~lliiJrrt or tdgtl-barvlflllm aUoys offer liTe !lest tOOhnK:al 
S01Ullcr.. 

Commun{calions and weattler foreca51ln!l satellites 
t--§Uidance.'COOl!OI and elllCtfO·OQ(icel ~vstemS 

Elec;trome llOI.Intermeasures and av\Q!lles tor ljallaoptem ancl fiQnter aircraft 
Commerctal rObotics, COfllPUl!ltS and oJ!'IE'f fllgh-t&c:.hnology systems cn11caf to 
\tla gvlflan Jn!rasllue1WE ana ol1an SUt!(!O(! military naeds 
Low onetQ\i, ltl9f1 resolutiOn x·ra~ )ma.goOJl ro• soflli..,.ue(e.g, mamrnograpn¥L 

! 
DetiiCfor.s !or ila<tlole phx5k:s researttl 
Fusion eneii,_ 

SOlfrt'fl- ,_...,.trw Oolllf'lt.O-t,tut.A..- ·-
b~l techi\ICal solvnon· substttUUon ot otner mahorlals Is possible. perhaps wtlh some 
degradation of perlo11119nce.. Roughly half of raoellr U.S. berylffutn .shtpments were fot 
defense·lalated ap~tQ41ltai'\S 111 the til'S! gMIJp 

rhe smovnt ol I>Qrylllum ITI~tt~l thai will be neeciP.d lor delense-telatecl r;1urposes 'Ill Ina 
tul\Jre depends 011 lh.e continuing tluten~>.e procurement cycle i'lld lha avollilloo ol 
materials 1l!cllnology ~rylllum wtn fond new users buii0$6 old userS A J!&l. n f speCific 
dEifense svsroo;ms )hat an! key tn llo1l ore b<.>IVIII~tm dem~no ' " tile t.hort and long leom 
llj)peat,g Ill Table 2·3. The Ulbla disHnguolihes bel.Ween 1h(ee tv pEls of aonllmlJons: 

2S 



9<'oll""' lr.aJIUlci!W~..,..Aoa~IOS _ - ------- --- ---

th~e WI!TdiiiQ down, currant applicabons '" advanced development or reCiently 
dep(Dyed all{) tutura ftlng temt a~lieafiQns lor Which be• yUfum me~at fs a ~;~~ncldate 
marenal or beryllium componams 1111! alreadY balr,g tabncatad and tastad Tnasa fatter 
orOQ!liiO'I<•S represent potenU;i\1 aopllcatooos 11lat wllf tlllve OOTI6Urrt)tlon a1 the end ot lh~ 
decade ilf!d onto the MUte. f'Or fl~mple, lhe Jooo! Srllke Fllirter ts l)ottmlielly a 
subS1a11tlal user of bel)lll•um. To be Qlre, dl!octSIPIIS !o II'ICI!AA> or exclude bel)llhum 10 
key systems CO~Jid SIQnific:antry trnpaol the ®nsumpllon total!!.. The level tll beryllium 
consumption wlllllk~y re~in volatile m llle lon~ run. A l:!etanoo dl!SOI'IPI•on bf defense 
applications tl'l.et are lltce})l lg lmo:~d toni) term bel)llllum detnaM 1!ipOMts al 
Appe~ix A. 

Df,FE!oiS~ AND 0THEf! CONSUMPTION OF B EflYLUUM METAL. 

~ noll9\l aoove, DoO '" the (ll)(fll•'l<ml end user for rugn purfty be'Yilltlnl molal 
Howeve.r, some non.n.,o organtzations consuma l:Hirvlflum lor dstense·releted 
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pUrpo~s Of Ct'vtllan apOlfcations of national lmportanca Thts SE!Ctlon tmeliy 
characteme. tile various ~Y?es of users and QOn'IPares defense and non-defllflse users. 

Rsc~I berylllwtTt COtl&umption lor $elecled users Is summarized in Figura 2·3. OoO 
consumption ClllOOUnLed 101 64 percent of the- befliiRUm metal that was stltpped dUI'ing 
2000·2002.>6 Fnretgn govomment UGOI'B (also llnkod in '110'31 cases to delenstt) 
consumao allQUr 1 s pe11:ent 'M!ils CJCI'flmercial o'\}anlmtrona tls.ed abOIJ! 16 p•ueent ol 
1M re~ral. No1e t~at the !Iaure dls1lngutstJes between foreign military sales (PMS), l't1'ltcl1 
are sales .of U.S.·ITia~ mtiUary 6yste11lii that.c:onta:in betylllum to tore•pn governrn.ants, 
t11ld internallooal oc&lb, wlticll are sates 01 U.S.·tTtella beryllium n~atenals 101 use by 
torelgn govemrrent$. 111 NASA and DOE an> lmportatlt betyflii.IITI users bul ttleor recent 
COilSilmpllon level~ have been telativety fOW 

FtGIJRE 2·3 AVEFIAGE SHI.,MHiT SIIARES BY US!:R (2000· 2002) 

~--

Figure :2--3 also oltet& in$lgnl tt'llo th& grow'ong use of bl!rylliutTt metal In 1/le rorm of 
AIBeMet, whicn acoour1\ecl lor soma 39 percrent ot beryllium contenl shippljd. Pure 
beryllium metal domtnaled consumption by DoD but AIBeMel use was also .stgnlficant 
fhe ;;ame palte/f'l Mlds tor non· DoD end commeroial appllcaiiOns, onty DQE made na 
.Use Of i1116eMet dve to lts very weeiah.teO reqUireJ11etlt5 

M~J>.•ure<t'" re~ o1 bt\!YIIIum -~""' (jj thiJ ,,,.,,.,1181., .. ~., 
SalesBro ""'"""''rea OQtllmar<jat ~ IIIP roregn onQ u-.,!! Cl9111mett:IBI o.~llnn 



The prlnotpal rypes of DoD applrcalions by broad CiJtl!gory life Indicated on Figure 2·4, 
Neall~ 'hell o1 DOD's beryllium US<~ge is 101 opt1c.1l applteet1ons- particularly the forward
looking inlrared (FUR) SE~nSQr Qystems Optlcel uses 1'\1!.0 Include the structure lor the 
masHnounted sight oo the 01+580 Kiowa Warrior scout helicopter a11d tl)e 
commander's slght on tne Mt tan~ 011191 key appllnations Include missiles 

F IGURE 2-4. 000 APPLICATIONS FOR BERYLLIUM Mt!Al (2000-2002) 

and sa(Bilites. Upgrades of exisling offens1ve missiles and applications ror llalllstle 
missile defense were ma1or mls.sffe and satellite oonsvmors. Holi.·ever as noted eanier, 
me Mi!!Slle Defense Agency ts actiVely seeking substltut.es lor beryllium Avtonlcs 
aooli.;atlons 11ave also t:oMumed a stgnlflcam amount ol beryllium me1al recently , 
pa!1tet~larlytha FIA·22 Raptor, 

Ftgure 2·5 shows lrllelflallonal and non-U.S. bervUtum apphoatlo11s. For FMS users, 
virtually ~I ol the h!lrylllurn rnatal consumed In 2000.2002 was ftlr or,ti~ T'his. 
especJally lnctuoes bctr}l11lum ,, FLIR.systerns on u.S. -made mltltarv a1rt:tafl, 1 

Fo. naroote. t~e Un!U!d Arab Emllalll$ Ol'doroa SO F·T6 llgmers. to oe d&f!VI!r<!<! Q<>lwe<ll! M~ '"" ' 
2()()7 TN IIIJMello 111oluda an lnlegri!IDO F'lffl IOJVOI•ng sywom ~FIS) tllel """" n .. ryUHnn. Se~t 
...ww.T t sr~rc.,Mom/lacu;/11 6. 4diltml 
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FIGL'IK 2 · 5 In fEIINI\TI'J"tA.l AND NON-U.S. APnLJCA TIONS Of BERYlLIUM Mn Al 
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For lntemat10nal u.sers.. beryllium consump11on Is pnmarily tor optics Qlll also for 
sar.slliles and nuClear usu. lnduaed In nuclear appllcabo•1s are nery111um refteciors tor 
nucleer power plants, test reactors. aM We<!.pons. For eJCample, '"' reeent yea!S file UK 
purcha$e<l a tew t'iuM!fld pPunds ot ~tyllitJm JTI811'\I lor wea¢11'$ applfe~~Uon.; In 
ackii!JOII beryllium us a prtrne candldats tor use as a shl&ldmg material on the 
lnlematiOnat Thermanuclear !:xPertmental Reactor <ITER) project, ~ldl wm ex.plore 
eMrgy prouuct1on ltlrough I'IL•tl&at tusron.4 OJhar fore.lgn pw.:hasers of oeryUtum metal 
Include Israel lot lne Arrow misSile. Ftance for the Damoc;tea targetlng pOd, ,.everat 
Fli1tl'P'18" .:ot.JMifiPS tor IOU!k oplios, (e g . o, me L.oopal'd T oltll<), and tor 1111!1 OSIRIS 
mast-mounted Sight use<l01'1 the Nl+90 helicopter. ~• 

NASA usas ooryltlum melaJ prunarliY lor salelbles <~nd other sp;;aectaft. and also for 
iUiliUIIWiiccd tetesoopes, current b!ll"/lllum metal COI1St11TlPUon at OOE ts primarily tor 
rellactors at test Jeactors. These nuclear reactors are useo 101 resaaroh oo rlUCIEiar 
energy as well as !ol'l)li!:at/Onl! of direct lnlefil$1 to DoD. Fpr aJCampte, the AdVBI11led 
TBS't Reactor (ATFII aJ the Idaho National Enffineering and Env.ronroental LaboratO!}' 
(INE.Elli.s used primarily lor tile Naval NuClear Propulsion Program. The 1est reactors 
represent modest but oonttnwng beryllium f#lQUif:emE!nts slnoe their reftectors must be 
roplaCe.d every· si!C: or sevon yean;.. Nuele<~r we~s p(OdUctlon is !'lOW mmlmal, tlut 
DOt has certain oontlr1gency weapons requirements 11\at could generate a subSlimliel 
rtef!(l for l':leryllium meU;l. as ·dlscus.secl i'Jelow 

.. BeryHiunrs nualear r•I'POI!I'iles "'oto m~lllnp poon~ "''I rwsostance to cr...::lco'11) lr<aM 11 1100J~1 111 oh-e 
•htaldi)1Q bl""~"' Bll too armor ffiQM\111 lac.Jng tns. Jll••ma f!Biwgto oonld1n ami S1lobl'l'>• 11 ITER I• .trt 
'"'""'"""!>alll"'\\Mt 11'181 bogan '" 19@!1 •~o flflW lllt;1~tJ<>~> ltM> e._~ llnlo" l.la~ 11.-.ls, O.O"ada, 
~...0 !he \J.S. fllll!!olo&Ot<lf1S on • 11 "':~<"~' .:>ooell\.ctl<l11 prpjec\ lor <!II IT1>fll,,oJIIty all? 'lOW uo""'r""Y' WHh 
DOE mpr!!>liltlti~ t'* U.& S~<ll www 11J>r "'11 e<WJ W>'IW,ofos.h>S1Cil a.... !)(too 
6 All;f !4;rylltlm' $;!1~ <o IO.fligro Cll-o<od<.ai• f'( V S. ·deslgn<:d •Y">4lllf''< "-'Cll' ~& 1,._ f -16 or !he ja.M 

SUoloa FlQtllet """"" ~1$0 oe ~JlP-l'• et1 onoem.>~ ...res. 



Commarctal users have a tauly wlde assortment ol <~ppllcallon" tor berylllom meti\1. As 
!!NoWI'\ 00 Figure 2,&, ltle largesl single II!>S fOr AIBeMeJ Is lor satellites. OUH~I 
atgnftlcaol uses lnC:IV(Ie seannlng end motiC)n con1ro1s Which lC)ge!ltfltllocoum to1 t~bo!Jt 
26 percent ol c:OmmerclaJ consumptfoo, Ttwse are mainly ~l'dus!nal appllcatiooa. fo, 
emrr.p!e, for manufacumng ano automat11d ln$paQlfort Baryllil•m Is ~~~ In mlrru"' t.~, 
las.er SCM/let~ aod in !rtruntural and robona oomp.onents and ror molten aontl'ol, 
Seel'll"\1?1' applications lf1Ch,de o;emiconductor Imaging and mask •nspqa1ion. plinting, 
cng!9\11'1'lg, Welding, medical 6t!Uipment, an,d &.lantlfic Instruments.. One nDtewortny use 
Is ror 'l.,rgy g!)nerarors ann •oateotnrs, Wtrlcn raK'e aav.antage ol oorv11111m'S U'Elnspatenoy 
lo ~·rays, Ullra·,hln bel)lllillm (oil Is tJ98<J, Jor tM ~-ray IN!nMw 10 t'flerJiet<l lla.VIc'es 
emptoyed, tor exarnp(e, to; marrnnograms. 

FIGURE 2·6: COMMEPCIAL ol.PPLic.ATIONS OF BEilVU.IUJ,I ME1 Al (2000-20021 
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NtJelear power planw oiGo accounf 101' a mod01;1 slmro Of oommorc•;:ll ba>ylllllm 
consur!lPllon. The "Ot11el" ~tegotV on F1Qlll'e la·6 1!'1(:/IJdifs <~ wj(le l'<fnQ(Y of 
aQPiicaliii!TS int!ludlng, tor e-xa•WJ~>, so•ne use 0! beryllium 111 :outomoll\!~ 

Tu E NECESSITY• "YO P LAN fOB DOE C ONTlNGEliCIES 

roe Natlonal Nuclear S'el:ur)ly Admlr\)&traUon \NNS,A) <II OOE IS ~SPOflSiblil :tor lhli 
nuctearweaponsstool!p(le ana has a :sl)eciaJ rclle in lila momlbrlngand r:ll~tfbiahment ol 
e:xiSJing nllclear woapons and I he manul!lch.lre ol nf'-W weapo11r it neo;>ssaty, Us IQ(~ In 
t l1~~e slockj,)ll~ req~itemsml: r~ c:teriMd bylht!o Nt.u:>le~r WeApon~ rlN•t1r-llln-11'1"' Nui'JIE>pr 
Weapon~; 51c•n~pll~ Memorandum. PIJfe beryllium metal ptay::o an lmpot1ant role In tl'l.e 
primary st~>Qe Ql mMY nuclear·"'eQpons In lhe future, lt\e NNSf\•may teQulre beryllium 
lor onMing work nod 111 the $Vent ol tlel'tlit.n'aonlll'gt'hctes 

NNS'A currently plans ta retulblsh and mademtre weapons Itt lh~; nunlear .:otoc~plle 
bag!l'lrd"il in I' Y2006 lor salactad waapon~ A.alurtllshmen\ lnai!Ades the 1aplac;emem cf 



lfmlteet-lile components, out It do fl~ ClNt lnattn•s will Qllnerate subs.lanttal fG(IUirlilltlflf\ls 
tor beryiUvm.so NNSA IS also ·re$ljli0Pslble for ongoing survelllam:e ot weapons 111 tile 
stockpile to aswre that NNSA Cll!l C~<l11!y tnett pefformaMe readlnes$. ftlls ptoces.:; 
lndluctes dlsm.al1tling a sample Qt we~ons so that ltll!lr o.ondiuon can be examined 
NNSA has a requirement to marwfaeowre p.'ls La retllace those that are ulsmantled, 
b<!QtOOII'l!J In I"Y 1'00,_ 'bl HowtaVIN n11" IS Hnfil«~Jy to g-nal& large beryiUUm 
requirements, el>peclally stnr.e NNSA \'18$ ooty a tlrrutoo oopabllil'f to I'I\9MUfactura pits.SP. 

Certain llUC!ear we~ms c:ont[ngenOies could, however ge11eta1e latge Immediate 
requl1eme11~ lbt b!Oir~lllut"· ,., For example. the nUClear weapons surveillance prgce~ 
potentially cuuld unoover un~pewJed aging or othef problems Witl1 me stoc'kpUe 
weapons In the E!"t!IITM> ~ NNSA might nnd llsefl Ul)abla to all'lity me. pel:ior:mance 
of the weapons. to~lrtg an emerJ:~ency requirement rpr refurbiShing large nufl'lbars ol 
exlsllng Wa9.pons l'lr manutac!Uf'ing new 01~~s N~SA'e requirement& ror produ<;.IJOI'l 
ra.edlnuSI> 4nduc1e a su.ue capaall}o teo rapfat:fl ""'"f'"l't"l'liJ\ Jn ar•y n!'le·IYJ'e ot ~on 111 
the rate ol 10 f,1etoenl 01 1t1e START l llmll per year, With the first weapon lo be 
llompleted wllt\11'1' three yeats after rne need •s oeftnod"' OthM potential cooringenp•es 
could. mc:lud.a a 11eed (0 fiWIUiilCIU(e r•ew speo1a.H>urpose weapons or r!leonslllute 
lo~ 111 ll hl~h6r Ievei i., re~pQI'I!Ie IG new n.tt•onat roqfJtre1l1er1t&. WI.Ue '"' i;oHW•tiJ~m;y 
ceulct oem.rate latgl3 total ra~\llremenrs for beryllium, NNSA would t:Je. ·able to eonstJme 
onrv a pan or rllat laf!!e beryrtlum lfl<'lUiremen'l e<tetl y-ear b~usa ol pl'CI<luttion c:apaQtly 
oont!lrlllrlts ~· 

In a conltngency, the DOE mqurremen1 tor oerytllum also will be 1~\ed to a, lesser 
el(ten• t)y lhi! oeoree to WMich t;c;,rep 1ront DOE ma.c;tltning of. berylliUm metal during 
pal1s produnuontor rl(lnlel;lrweapons llOIJid be recycled to purity lavets surtlclentlor use 
In p!'OQuctlan ol new betVIII\1111 metJ.11 by BWI This Is potentially olgotficant because 
DOE sOra[l ~I!!$ l)qt p.Jn e.m r101ad) over 95 perceql o! lno l!llliul bJJ!)'IIIitm !11Eital 
provil:led flY BWl Los Alamos National Laboratory (LANW and 6WI dlsa.gr:ee llbOul lhe 
polenUal lOr reerllllng SCI<if' trom pan~ productton lo maet any !Uhlra weaptJn$ 
conllngenoy 13Med Cln Its poot e>q>atience 1n rscyclln.Q Rooky Fiet!> scrap, BWI Is 
conndent !Mat jr can tE!cyd~ slgritf1eanJ amounts ot sezap trom any OUE. pi! prodi:Jctlon 

"' NNSA no!es thAI ~lnu~>•l .VtJY CQ;npooer,t. mch.•llti!J pil «»'l'lpojll)nla. -:Oi,jltl wqllhP •11pJav.eme~l av~• 
lln ao:tel)(ied IIIOII!lt&. Se$ NNSA, ''l~lraSt!tJC1U"' PMn lot 11>11 NN'lA N!Jr.f""'l C<!mptl!ll\, .t,pni, ~JOO. Ill-! ! 
• Sse IIINSA, ltllr~ellil~lum Plan tor lite NNSA Nuo=lear CM\1"8• 1\p<>l <COO 12. 
'"' ODI:'.& 111~1 ~~ l>toaucllcm l~r.flfty al Rocky ReJs, Colo"'<'IO ~'" ~ -'" ~~~ \W'h 1111! otAQ Ql I hi 
Cold Wot tlfi!Sio ll"'io •~t•bli•heo a llmlleCIIQtenm oeD<lbl~fY ' " ''"'"''~'"" plls a.:td rsl>~•d """"~"'"""'' 
"' LOll AI>"'.., Nlltlo••<ll I.Jibotlltory (LAt-1\.).'' Fol llr<l<IU<>IfOI'I 01 l#l;tl numl>'l'!l< ~~Ill I: .: ._ 'C)IIIOYCIU'I" 
ISllll~ymull t•fll•llt. llol119<! llY DOE lhrl Modern PI Faeillly <MI'f~ 1'11111 hiCIIfiY !'oidtlealf1SIN<:~ t•v 
2CII'O ~ 'OIIdgat 411G'II\OI» II; g)anted anil a deotsion on wi\AIItor ill"~ to el(lleoct~ dum,g 2t'A).i. ol v"' 
MPf -not'-'"'~· apprOIIal lh" tntenm taotlll~ ~· I.ANl. would bl' gri!PlJ9ttY eluJMrllll t>UI 11:11 
to U'O r. •P'o«IY _, tit I'll! MPF 
"'Fo1 v~ ,.._ QSI/rt!SI.es allj)E.!il ttl l..ANL reJ.)<lrt ''B<uyllhllfl Meta) i'I""''Jirsm~~•s '"' Fu•t•>~ ,.._ 
'tj•Hpo11fii IllY' I,~Q~-l!!6 ~~~ 10 2001 t>\1 NplS¢11 S. ~MJnl1 MO SII.'O~en P Abeln. 

Sill> NNSA. ll'lltaliiiUCl•le PI"" l<w tile NNSA I\Mll~1or Com~ " 1\pnJ 2003, I 'I 
Fw &~AO~I>. illheoropas;oo,.P• ldt)' wt .. l>\)111, NNSA wo•M b~ liillhed by 11~ SMnU.BI pit l"fOI.>UCIICIII 

C11JJ!I<\l(V I' itll-~l:y <>~>•ed 1n t"oi al-.v>!l rJ llle MfJF, ~ WI'!IJIO la~e I tOle il>l;a&uf~~ '" '/N•» W 

ln•wll.& ""'"""'"' Clll ;.•odiC !Oil ~"4V 

Jl 



ler.•llly OOE illsa,gle:eJ>, 1:/Ung the rllfferer\CI3s hl'!lween the scrap bE!rylllum pro111d.etl 
from Rocky f;lats.and what woula be prov1d!!d from a new pi I _,toaucrttOII IMIIIIy 

Regaldless at whlctt recycling a.ssessm.enlts correct, the malar p61nlls tf1<1t DOE does 
nw have sufficient prnduttlon faollilles ten certain key cotl'ptlnont~ In tho primary stage 
to meet wl tt1i11 two ye13rs .any large emorgoncy roqulramclii Ia roolar:~ a tntgo 
pe1·cen.tage of U.S. nt•clear weapons ThaJetllrE! II a new domestic beryllium pto<Juctlon 
teclllly WaHl scheduled Ia con1e oo-tlne within a lew years e~f• the depleiiOI'l of other NOS 
tnventarte_s ol ~rylliUm, o'eledse of the. NDS billet ffil>erves ~Uid [fleet bolh normal 
demand and COI'llingent DOE reqUirements on an annue11Jas1s. 

C·LlfiREN·T D !iMAND ArJD FUTIJRE l!EOOIREME·Nl S'~ THE 8 .ASEUNE CASE 
SCENAI'!IO 

P-unng ::!000 2003. lolol oonoumpilbtltOI beryllium mQI!ll oncreaE.etJ 1;1 en av«.rege. ilnniJFll 

ra1e ot about 6 pettanl reaehlf'lg a lolill o~ roughly 35.00() pouoos in 2003. Fm the~ 
part, thls rout-llear grnwih was driven by a 20 parc:am average annual inctea.se 111 
Oefen$e-ret~tetJ c()nsump\ton Consumlli1Cln loT ~lher ourposes generallY cecil ned, For 
tns n~ liVe years, il b percent growth usump!I!JI'I Is VIewed -as a ptausjbj{l assess.rnenl 
lUPPOrte.d by bo!tom-u~ demand and atmlhrnlld by BWI's own lorecastt s; The 
totOfen1jal ror higher oonsumptl'on In non-defem.c oottcsl applications S'e.E!m& solid ·lor Ina 
coming decade Growth In requ•temen~S- ..,eems likely to aont111ue Willi total demand 
estimated at, close to 60.000 pounds by 2008--however, the prnspeats for oontin!!$0 
oroWih beypM 2009·2010 arg less dear FOf eJtampJe, (l'teo caf1¢ell;~ll¢fi or one or twg 
mator <~ll'c(<lfl pr¢gt~rns woUld etir1ii11ale gtowtl1 lor detenf>e ourooses entirely bl.l\ leave 
ll substarJtia1 raquh'emeol tor th:e metal at or near 40,000 po1mds 001 ye.ar for deferrse 
purposes. 

riQI)fe 2·7 fore~SlS shipments lhrou,gh 2010 of beryllium tllalai aontanl, ba!led tl/1 

lli511Ussions w(th DoD proaram ottlOB!!, beryllium suppllars <11,<1 Qlher ol..r~r.r 
partlelpMts. T l)e tor~st IS rl'lOsl rell<~bl~ dullng lhs first raw yeare, when growlll Is 
PfOlel:let! tg 9Vemge SOfTleWniJI mc)le than sl~ petwnl, l1>eten&9 DTC~grams aGJ<ounl fur 
wtually all grovvt/1 Shtpments lo DOE. NASA, and toreiYJl gllvamments. 'll'htdl may be 
<Jefense·relateo. are expeoiAd lo dec:rease someWhat 5hlpmonts to cammeo<'!ii;l t •sers 
~~ro lorocasl urlncrease btltonly .>llghUy, 

"' MliiiV OuO UI'C.gj'dffi otltr.-.. s Jl'& Ml aw•re nl how munh b•fYIIIUm 18 fl'A':':I~~ al10 u..;a Po• the11 
s~slems- At-" "'""" t>1nat!taM~ .,...,., E!Wlll!TNJNIJI 11 •.Gelvl tt.do!DSlo:ilt!tl liilll.IJ)r•~~ lilt~= b,t..erl •<11 
lhel• ~'ften!We\.:liSGlJ""'ohs W~ltt ii>Btl eustomsrs. 



FIGURE 2·7· FORECA5T OF SEA fWUM (2004-201 0) 
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l,JnfnterrupteO growth in demand beyond 20to. althOiJQh IB$5 081'!llln, iS aJSO f) I)OSsibllily 
thai this study must ~~~e 1nto ~l•fll a.s part ol an aejVerse case perspective, Eve<~ ~ 
ltle medium run 12001•20111 wt•en NOS fngots GOuld be exhausted (liepending -on the 
availabilitY of imponsl It is. Important lhal OoO policy be oased on a sumciem demand 
3S$1JI11DIIon tor delense-ml<~tod pro~ms that It nDt lace a beryllium shorlilge. 
HoWever, for the secon!' penod uflder study (2!>tD-2020), the sa percent annuaf growth 
Is a very generous as.sumptcOI\. consldanng that requtrements tor me.tals ttmd to be 
l'}'('lfcal end ~yiOur~• tJ!j•J'IIInO deolltlECl at an average rate ot 3.6 percent during the fast 
down cycle from 1!).91 to 2002. A numoer or factors oould easily lead to stmlfar or even 
grearer oen:entage d~tllnes in oonsu~lton 

Since a oonU"-Ued sJx percent avera.ge amJuat growth lhrCHJgn 2020 !or beryllium metal 
would be unpraoedented. lhe alternative cases ill the next chapter e~<;~lore nol anly 
!ltlemalive groYv1h ta:te.s IOf the en11ra penod but ll'le mol1! llkery oosslb1Uty lhaJ a period 
or tmmedlare hJgh growth t<lle will be !ollowel:l by a dedlmng ot negative gri)Wth rate for 
beryllium metal. 
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CHAPTER T HREE: SUPPL Y DEPLETIO~ E snMAT ES 

This chapter desortb~ projedjed supPly depleti~n dates for beryllium metal emp4oYIMJ:l a 
supply depjerion ITII'Qet The model PIQ~s how soon a. su,pply detic!l will oc:c:yr ror 
v~nous sup(ily/detnaM scenarios .ll.;saa <01"! alfei'I'Jallve ~11pj;Jiy assumplions about me 
ovaolabihly of ilf\por15 and NOS totvo;rotu,jes a,s well 'lS IIB!]OOS !I,SSltlllpll()n!l AbOUt 
demand over l•nte. 611 Th,s fOJJr SCMai!O factors ihat vary are outlined 1r1 the table below 

FIGlJIIE 3·1 . SUPFLV 0EPLE TION MODEL SCENARIOS 

I 
Assll-.IPTION$ 

No lmpot~s evallablt>. 

{ N<l•elease:otNOSbllf&IS } 
Co~n_t_6 percent growl/\ ra(e 

• lmpons only~ 
Additional $1.1Jlllly • Imports and NOS btllei$; 

• NOS blUets PI!"/ 
• Muous.4 PQroent. 
• Plus 1 pe(l:lflnt. 
• Plus 11 peeenr; 

O\'IIQf11'1i growth rate!> 

• Plus 18 perceM 
• Constam rate tor enn111 paroeo 
• Silo, fiOOI E; cel'tlel\t Ill hoCihal o• lower ral!H\t 20 I U 

SO~ IQOlilllle Itt< Dol-. M;,Wocs --------------------' 

B ASE CASE .RE:SULTS 

Table 3• 1 tllustrates flow 11'19 model determines the supply depletion date ustng a Base 
Case. Secause ll'le Base CA'-A ~~J/111!!$ no Imports are <~valtable and no NOS &Jil .. t~ 
hava been reieas44:1 tor !111119, It is used os a basis for comparison wM those 11<lenar1os 
11'\at (!;fleet more ~l~ly ~UO(.IIy .assu~T~Pticns but wflich also embooy pofic;,es coi"Ceming 
tho!'a assumptions Ela~ yea~ the model uses 1lll ol the availabls outslda scrap and 
meets the baJanoe 01 ll'le ir;p.~t MCJ.lllrt'lt)'lent wltll mg¢15- FQr U1e 2004-2007 penod. !he 
total inp\11 rtlQltirement tor tM Ba.s& Cast'! Is safisne(l and BWI produces so(iiOtent 
malenal to t-Ilts: projecrteo 011l'lrs 'o• shlprnents. However, In 2008. tt\.a il'lgot supply 
is finally depllltad al')d a supply llef~at oocurs. 0UI51de scrap and 1he last of lhe fngot 
arE! sufficient to meel s little mOfe than l)alf or tM 2008 requirements tn subsequent 
years, 11\e~ ~ hardlv env oroductioo er.t ell ill> tile ouwde scrap supply quickly 
dl's>!ppf.lil ~'"' 

"file n•odel1s «IMI~Q ~"~ os. an assum"l!611t ol a:r>rHJ&l ~-~,. lor s.~opments of bol)llll.,, f'•elel 
!li'O<i..O:IS 10 all ol BW}'• D .. lllt\OI.<e 9nd fl:loll'lfn CU~I'Cm61"$ b<(lll .. t <Xw/n lli'Op(lrtli>llat;,ty bel'-• Ollre 
oo~il·lfll ..- lllll:l AI~MQ!to; ..... ~. ve&~ a• wo;n ro. tha pe~ oJ Wd> 1n..t can ne ll00$l~e.l te"' 
!lSI stil!flO'CI•""• '"'' t11e ""'o"'~' ol ·~·• """"P ll'l~liallle ~ ~~ 
""'rne ~t~~ella""""'OI ••~yoea oUJ.-d• - r; ~·en '"''"ll!V~I t'll \J'IIP'l'""\$""""9 '~'"''"" ¥~Jar. 



i AllLE 3·1 · INPUT SUPPL V PROFILE FOR B....._~ C~E (000 LBSJ 

I Soaw 
)'~ OMI!l Ream'1 
ma a I 1,00 I 
roo~ i) ',;6 lj 100 
,OW!; ·~ 1ll' 0 1/JQ 
~0~ I) 0 ~ a? a 1.tltl 
?.OilY I~ Q o4 d 66 till u l.(lU 

2008 1& Q so 0 43 70 l7 1Ul1 
ZOO& 6 0 " D B 74 -{!6 Q11 

~ 0 0 .n ::; 19 -Tr o.oo. 
Soli!IIU' ll"l~:'nllie tar-Oait-n~_!.~EIG 

~LTERNAT1VE CASE R ESULTS 

fha diiplatlon oate ot bel'fllltJm metal supplies r.an ~ postpone\'! or aClllelerated 
deoendlqg 011 El.yallabllit'Y of f\IJW 1iDI IIGifiS ol pfOCIUctl¢n Qr dlllete!'ll QtD>\1!1'1 rates fn 
deml!nd. This sectlun assesse.s the lmpaa\ ot different defT111Jld a.ncl §Uppiy 
assttmption~. On the: l!.uppiy stdo, 11 indicates tne etfocl of imoooing ~IUm-cast Ingots 
!rom Kazakhstan h!Ven 1Thmited to. low pul1ly applications) il.nctlor reloa~ng hoi pressed 
l'OWrJar (HPP) billets from remaining NbS irwantones- On the demand 3fd&, It l'el/lews 
the ett!!Pf ot tWo tower growth rates 11nd tWQ higher groWth rates forth!! entire l7 -year 
perlod a11tl groWth rates. 111a1 change atler 2009 Tfle 13-ne.IYsi~ lo¢uses or, t\r'lw tr1e 
alterr>Qiivao vvould ilflecllile d<:plelion date. Altemaltv!! pollt:t~ tqr ovbldlng a dopft!llion 
of beryllium feedstock are reviewed rn the next chapter 

AooE.D SuPPLY souRces~ IMPo~•s ANo Nos 9 iLLETs 

Tl1e m\drlle c:olumn of Tnble 3·2 uses the six paroenl demand growth soenarla ol 
\j;je ease case and applies seven !lii9T[1B11ve scena,r(QS 111 Which 1mports M{llqr 
sales of NOS b111el~ at Wlrious tevets eXIcnd the beryllium supply dijplatlon tlata, 
"'ftle resUitlf\g UE!plel!ol1 dll.\E!S are 'hl_gt)llgtuacl jn tl)e mlddl& of the table. Tha 
tesults lncilcaJe that lt lmpons o~ 25<000 pounds annuaUy provE! reitable ftt1 1ow 
pU!'IIY apf)HCtl!iQh!i, tfje dep(!'l1ioh date WoUld be !!XIended three yea1s until 2011 
(Case 0ne) wllh oo ra1ease ot NOS billet 1eserveso If lhe same lmptlrt 
as:Entmptlon Wllrll l!Upplamuml!d by (()laasQ ol 70 p&tc~nl of lhe bill~! r~:~s~We!ii 
Clfl¢1! NOS 11\!J{)tli '!lr{,! doolsU!o. d1ll ttepletiOI\ dat~ would be ~~tended anottlet 
four years until 2015 (Ca;;e 'fwo). 

Evan )f lmpof16 prove unreliable 'for qUalitY or olhet ~ns, results tor Cases 
Four a11d Flve In lhe mlddle column mdlcate lha4 r?lea.w or p;u1 or 1111 nl lt!(l NOS 



billet reseM~ would extend I he daplellon c:lete to 2012 af'id 2013. rsspectlveJy_ 
Cases Sb< afl<l seven aonsider soenattas trwolV!ng impOrts ot 50,000 pounds per 
yeaJ The r~•Jh$ tlom all thaso oases empJoy;ng a six percent {lr-owth r~!le 
su_ggllsr tt'l~t \l'arl! ;;nould b& surllcient ume to sete¢1 a~ implement a tol'lg-lerm 
solu\1on 10 tM beryllium Sl•pply problem and s1ill allow lor a tew years of R&D on 
b ruaw prjmary beryllium proauclion process as well as oesrsn, peftniltl!'lg, 
ooll6tH.tafton, eQUipping and testing ol a new plant. 
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DIF FERENT DEMAND GROWTH Rill ES 

T 11ble 3-2 also lndlcales me erlecls ot tower 1:1~f11At1d QrtlWih r!lte5 tor 111e enUre penod 
from 20M to 202Ci In 106 SOOOT'd and (hi rtf column" and highllf'gr()Wjh rates In 1he tourlk 
and llfm cotllmns The t.l~ligtrll!d column In lha middle faclhtales co'llpar~son of these 
results With 1he ~>tanda~ 'Sik petcel'l~ groW!h reje Wllh slower growth 1han 6 percent per 
~ear beryllium Input supplies las1 loogor W'id tl~Jplalion ts delayed WMn growth 1s 
limited to 1 garce111 per year (secomt llOfurm), supplies lasl at lea~ot unlit 2014 for every 
ahernauve supply case, lnoJudlng thoss wtthoul Imports. When demand cteclines by •I 
percepf 11111 year sUpplies last al least 111'111 20UI for every allernal1ve supply case. 
01Eiarly • .stowar derna,CI groWth u; I:!Eif!iiflelal rrom tile perso-eollllliJ ol avoiding SJJPiliY 
shortfalls.'" 

"' "'ot~. nawever. lllal ""'""'' Om.wlh oalos t•6<1i!rbale I lie Fll'llb"'"' <i "'""'1 ail avallallle trti\)Utll ......., 
f1'l<ll' \'If':! ·~rlae<lto IA5lo 1n M3oo~lll"'<!llcl•dn onlY~ Such olttO""''"" ,. <Vf'-.1 In Colsa 6111 Tat.Ot 3 ..t 
"""" gfll\WI Is !as~ t11Rn o·•· 



On It'll! 011'1111 llano, If llem8J'\d groW'Jh ls 1<:\SI!Ir 11\311 Sill ~r~all\ l(l' 1!\e el')lt(e 17-year 
period, Input s~pt~.s will be. depleted soQoer As &!I own 1n I he tt>urth ~;olumn ot iable 
i-2. 11 PetllMl growth ac.tvanoas the depletion dale bV two-to-three yeass tor mosl 
.supply r.a11es Howcvet', even wllhout lmpon11. Case 6 lndfcalo& 111<~1 tl DoD 1s WllllntJ lo 
.01T1ploy all I he NOS resotvo al bdleta, beryllium supp(y w111 not be .depleted tJnlil ~0 H?. 
allowing alma~ an ll\91'1l·yac!~ pJ!!Iod lor selection and tmplamantation of a lon);! term 
so1utlon AssUming an even more adve.cse Hi peroent annu;~l growth rrue dlsptey!l(l In 
the Ntlh column ollhe table, lt,g rasul\o for Case 5 wtlh no Imports suggest tbat NOS 
lflvP.n(ottes. wOUI<I tli)t be Q~j:)letei1 tor stx eno a Mil vears, a penoa Mlic)'l siJII coUI<I 
possibly be sutflc:(enl1o desfgn, permit, and build a new domestl!: production fllclllty 
nllhough time avai[l:lbie ·ror tst~siblllty studios ol a new mnnufaclwlng rcc1111ology wcnllu 
he scunewhat r1rnltad. Note. hawevar, that lhe average hlstotlca! growth rata ror all 
forms of beryllium startln~ l1om 1941 has been Mly 2.Tparoem 

G AOWT'tl RA'TES THAl CHANGE' AFTER <!009 

rable 3·3 IS similar to Table 3-2 axaept that the growth rale~ dlspla'jed across the lo)lnt 
!he tal'!te In the· seoQno ana thlrtt ana rourm ancl. IIIU1 oniiJmns ral\-e et!ecl srartl'rlg 1n 
~01 o tn other woros, the si~. peroen1 growtl'l rate is m~lntainsd through 2009 before e. 
IQvver or higher groWlh rates lakes ?ff~\. The m1ddle C!Jiurm h1ghl!ghted In yjjllOW 
allows lhe reader to oumpare the results to lhe stanoarct six percent growth rate fQr t11e 
enUte t 7 -year period In 111051 cases, vefiallons ill !he post-2009 growth raie have on~ 
·a modest• lmpaal on dt:!p1ellon dales. Which are deHermln~>d prlmar11y by 'lhe common 6 
peroent growth rata assumed thrnugh 20.09. In lhE n1Qst adverse mses (Cases t II 4) 
Y.,l\r1 16 pement growth tate 3J1er 2009, there WoUld 9till lle ill!OUI gevcn yaaf& til 
Implement a tong \erm solu\lon If lmpo~ a1'e evatlatlle ol ~me cl the NOS bllii"\S a1e 
•-eleac;a<J fw <5ale 



SUMMARY OF MonEL RESULTS 

4oft~11 j .Jun...Oll Ma12011 

l;lr.t2Q tfi Ocl :ill1• Ma~ 

Overall , the re.s~Jtts ot var~ ooth svooty and demand assumptions In Table 3-2 aro<l 
Table 3-.3 suygas( Jl'1a1 lhe(e SliOIJtd be suffialent time to select end ltTIPiemenl a long
tef!TI solu(!Or. ·io tno borviiiUm GVPJ)t)llrrdO!am even it II ·InvolVe$ R&D on a new prlm<~f'l 
betylliUt11 PIOdUCJion procas& and ''es.gn•ng permitting, coMtWttlon equtpplf'l!J anti 
testing ol a new prtmary beryllium plant However. unless the c:termna lor beryllium 
drops stgntfleanlly m the shorHun anlllor impons beeome avaftable for ntgh rurny 
~ppllet~tloo':l soon telltt~tn<uly SllJdles tor a nE!w pr~dltelton technology '"' primary 
beryllium Will ha\Je 10 l)t'Oeeed expeditiously IO IE~avl} l.!nough tirrle til il11fll911'16nl 
whatever long-tenn snh.1t1on to lh8 beryllium metal S\ARPIY probl8tll is selected.~' 

" .', 19Ce<ll ,_,._,rnenl' ol the rale ar WIIICh &WI It C<llo!itlmolliJ. NOS to~""'" •..go'Jts '" Its production 
prooes.~ tndoca!U tram 11 •• usmg them 011 a ~IJ!III""ntly lester rat« \han Dn>J!I'f«! I« 3104 Nt<I lnat lhl~ os 
fll\aly !a t'«<ll""" "•<CUfil\ zoos. Apantrom ...,.,. U11i111tl(!jpeted sslw.. I"" tnw- on cx.-15Wllpbon rata ol 
li•QOI ~- ~lol W +.JU8 fLl a ternpontry ln~ft18..- In me metal \fO .sc:;,ap rA)II;l frl ~ pil\OtA::uon tlf"'Oe-SS. 

~JE!to~Uoa l,ll •I"""""'I'Y s~O'!aga of 9r.r•p alii! I,.. ""'"ij" ~"'"".A 1h" btlrylltum t>elf19 pr(.oCJW8d for 
11'18 W•lltl T"~ 1-!ow-e•~r. \ho$1~GI!tBRd lJUIII rale IOtM!S t'1Q(IIIM Ill• 91'lof1 rJJ!IIS 1\01. ~o,~$llil 
SIQ~I!It:<t•,Mv llil!'<ll ,,... tong 1e1111 Qroj..r.llon~ for stopPI~ dej>le-..,.. "'t~•• <<!liM stnce oooent-'"'"' 
scM'!~ Fadorat t3atie'!lm,..ul PIOQibMt olilnot lrt.Jioal&s !Ii i! ·~ ~~~ I>Ym rata will ue patllaTIV oil""' 11'/ 
f11<1Uill>4 ptufootl0!15 ol Oltry!hlllll .:tJIIMuTifl4itl11 ()\/•• lh• ns.o.l flvft V'"'" tn ..-..n~o <>lf•s• •piOgram•. 

)9 
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CHAPTER F OUR: P OLICY 0PTIO foi S AND R ECO LH (EHDATION 

The analyses 111 lhe p•GV~ous el\aptef'!i ol tnts study .:onflrm that berylllltm molal I& 
needed lOt a Wtd9 v;uuny cf aorrent ana ptarmeO crtlicat rtetenae apptieatrons lor bath 
strategi" a~1d motte..:~t sySietnS" 1nQilldlrtg thos-e fMl ilf<~ elisentfaJ to lr8!1SioriT\il~oMJ 
WB!Uire ri'M;il\lll'lgtntortrlalfon '""''"<"""'" douJ 11etwvrk•dt<fllnc prlnelples, lnoeGC, tne stk 
pet®~~l average annual lf"!~;rease •n beryllium Ce!11W1d trom 200Q:-2003 Is 111\ety lo oersl.st 
ar laast ~1'1111 2008.. Moreover, Ill& Nst1011al Oelanse Stoollp1le INOS) beryllium ~ngoi 
lnvento!les nr1"1'91tlly committed tot sa•e ra 6WI cmJid lie d~e!ed as soon as. 2008 tf 
anttclpat9d lmpOits pr&ve ume(labl~ 201 I If tmports aJ'e rellatlle Note ltmt !he 
current pu111}1 levels of lolet~ll S4J)p.lts~ wtll 1101 allow ior thEitr usa tn the ffieJOrily of 
dtJfei'ISa applications 81~ they reqwre lt\gh punty bery'illum. Tl1le siWallon posefi 
rortStdetabte risks to t:trtlQral'\s- requ1rtr'l9 tleryiii!Jm in the foreseeable rururn 1:1/Jcalise of 
tl\e abse~ or a aomesho "Pi!"'ltlaty beryllium souree Wtlh 6Wi's fa.etllty mOII1bsfll!!l ;~nd 
lh.U..Iffcleif;l quaOty or tmpo,ts. Tho! tt:olcoso oJ NDS bol\t:tts "01 yel ~uft,orl~eod It" sale 
woUld only r.~fod Ctl11 Clt;~I)JeiiOI'I dalt! .Qy a few years at mos't tf tl\ey ware made avallaot~; 
tor sate. 

'Faced wHI'l tnls stturuton tM D9paf'11'1'enl or 06len&e nt~Jsl t!eve1op both a long-term 
sohl1111n lo the bel"/illum supply Problem anxJ aM tntenm solu1Jo11 11\tll IS Uexible enougr. to 
deal wlth some uncQI1i11r'lliH aboUt wlien tlepiDII~ ol t~~rrent supplies will actuai•Y QI"AUr 
&ntt 'Mien the tang-term t>l'luttm '\'ill prove nte!91tllii arlO r..anlle rutty wnptemel)leq 

Lor·H>· TERM SoLunoNs 

Tl'tere are three broad approaches Ill the berfii•Um matal svpply problem !hal t111ve tleen 
StJ!)geStecl Qlllen the rf10S1 llk.ely tltlie lt<u1'1e of e•QI'rl yl!~rs DefOre NDS le~stoc:l\ n;ns 
aut sl or""' ' ' d"oroontl rai!N> p) t\UihortlG oW• lO ll'&llSter nt!ry'lltuiTl man•Jil!C10ftl)g 
tecilt.otogy ''O ·the t(azaki\Stan llrOCiueet !I> increa5e lne ~111'tty level«> ot tl'le Utua !>f•tduq\, 
r1sl<ti1Q dQVGndenoe ort 11 •,lf'191~ foreign supplier. !21 rely pnrNIIily on a crash R&O' 
prograJn lo- r.n(lr ~I<Jcernsnt~ lpr h~gh Plmtv bervlllum 111 oetense sotlllcations. and (31 
autl'lortze a Fe(fere:l Gnvernrrnml c:>Osl ~;hare pro_gram w•lll onvate fMustry 101 !lle 
ctesfCJil consJructlcn a11t1 ~utppl/l_q ot e naw oomesllc prlmlll)' tla~hurt1 metal fi!Gtllly as: 
w"fl as R&D funding on lite leeslbtlily Of rnore ellioenl manutac;tulli1J:Itecl'ln0logtes. 

F OREIGN DEPENDENCE' S!lS~O ON T AANSf'ER OF MANO f'ACl tJAING 
CAPABII.ITV 

The nm OQitOn. tecrot'ltllogy lranster followed by 1otaJ d&DI!IIde.-.:e on a s;lngje .sourcre ol 
impottr>, l! llnallr.!C'INe lor several reasons To b~ SIJ!e. the U S I~ aeoendenl ptimtu ttv 
Ol' tml)orts IO• !toe fUildstocli for some other alrate!jtc ma\ertale sud! as cobalt and 
ctuomtum wtlic.(' hs\le 1\a<;l multiple reliable foretjJfl st>urces lor <iecades.. However, 
oladf>9 the U ,S tn a lltluatlon where the ntllh>n Is ~tally d~e11dcmt on be!Yihum metat 
IngOt& lrom t<.uakh,lltn wttn Chon11 !IS o~~n unlikely t>ae.IH•P p010es serious r'l!ik!i q;vlllltl'le 
ma(lll'tal's ~·ll•as.llty tn many Slr,awt;tJe :tllll rar;~lcal prog~ 

.. , 
L-------------~-------- --------------------------~ 



National Defense Stcckpite tngots Is depleted- the ,relrabilitl ol tmports lor at leaslnon
hlgl"' purity cwplications and fUture demand for beryllium over t11e ne?<t five to seven 
years If NOS Jogot ls at>Olllto rle exhBUsled betore a new tacilit.Y comes. on line, the 
deptellon date of ber)ltllum lee(lstock sli"uld oe flelayed by aolhnri~ng DoD to release 
!or sale some of the NOS reserves 01 the hfgh purl ty billets current neld lor DOE aTld 
DoD emergencies. This study has demonstrate~ thai lt)ere Is S\JHio:ietlt NO~ billet to 
meal likely DoD and even emergency DOE needs Qrt an annual baSI6 lor several years 
However, DOE staflers have tlghUy e~pfessed concern that the NOS' IJillel fnventones 
lde.elly shoUld not be used unl~ a oaw plant Ms complered the pflrmlltlng stage and Is 
Wrthln a year or two or O('mll1g on-line. 

Even II some NOS billet musl be releal?etl, a prudent rsserve ol \he billets shOuld be 
m3Jnrained, at leaSI initiAlly. sullla'oent to meet potentta1 OOE- conl1nganc1es The 
prtldenr reserve lhat wotild 1161 tle olftlred foo' SiOl)e ln1tiat)y wpuld be· based on DOE's 
lli\P-Iy ability to r:nn~llrMA h'lryltrum ollrill!) ~ r>P.cind ~l!rlll1!l With lriAI'Itltor.atlnn n! -:=~n 
emergency a nd ending With thli esJabllshment o! U.S aec&Ss to newly produced 
b(lrylnvm rnoll'll "' 

·>l An allafl!aliva way lo mlea<!l' ~OS t'lillels <tunny an trleolm p>\riOU ....,did be ttl rnUo" lflel• oel.,.,•e llo• 
On[)llh~ IIIOSI f:rifical O;>lao1!1;e-<ela\9.0 MGL!S 



F £DEAA·L COS.fSriA FIE FiGR NEw PADOOCl iON FAOI~fTY 

Gl\lelllhe rls~s and costs aSS()CIIatetl Wl\0 11\e 0111er opi/Qns, a DoD coS1 shate 11YOQt11m 
"""' po\late IMuSlry to botld a ne\'V dOn1estJC: orodl~Oiibo lodiiiY ts the tl'10Sl allracJJVe 
lllll~>maltvE'! 101 BWI nas nolliQ lh"l <~lltiQVilh it& sat()t ol beryllium metal 111re oo'W 
proflwuta st the diVi!>IOflal level, c.:llliH,ued sates. OJ OliltYIItum tn lhe expeuted $30 to S40 
mllllol) rar19t> al operating proflts 01 $5 - 6 million por year Will not be sultlclent for Jls 
pare Ill cotroa!ly Brush Engineered Mater~>~ I~ CSF.Ml. t·o tuna a n?w 41flm<irY metal plant, 
t-lence, lha aoventrttt:•tl wtl~Jid nave to COSf share sucn a t<IOIIIY This linenclnl 
assessmern '" realish;:; bil~d an the patent 111'11'16 recenl perlorml'l!'lce 

Government Onanc.lill ~PP.~'1 for a new DmdiJClion faotlitytnvorve$ a TWCM:fep p~ess; 
Flrs~, an ltlcrernMIIll AB.O 6llol\ not to 9)(Ceed $5 mtiUQn eollto ae!farmlne Wf!e!Mr tne 
DO!eotially lfll)re OOSI•efl~lve atlCII)Q..;u~Ho.,ally s::~t .. , et .... rrotytle r.Je-o~IC'liill""' (EOO) 
manut~ctvr11\Q reonnotugy (or sO!t!!t other fle'Mlr tecllnoiQgyl IE feasible tor O;.lry\hurn, 
The EOO process ooul\1 provide rmpcrtaol adVentege!!i tllGII.Idlog stgotfloanu:y lower 
constructiM and O(!Sialtll.\1 Clbsts. lnd~ry SfloutrJ b~ cl'lalter\Qll'l Ill COJ'!lj)lor~ tl1e R&D 
in lhres y"ors 10 •lllow kit aeslgn, J"'<mltli,g on,; ~ot tsliuoll\Jtt ul Cj 11ew laCIIfl}' tn a 
iaste.r timeft a me titan pt~lld depletion ol eumml bel)'llittrn feedstock$ 

Secot~d, ~ncllog Initial ~!ldlngs from !M otrtrementttm~ A&O ellort, the OoD snoull~ 
prel)are to lntttate 3 rTlltlll-ye3r program ot $30 111 S<'IS !NIUOI'Ift.tl., $1l to $9 millton/yeat> 
In a eo~ sllat't' arrnngernenr Wllh povate lniJuSlry, tlObSibly tn1ough Tille Ill of ttte 
Oelense f'<odua10n Act, tor new domestiC produ'I'IIOo t•apaary based on IJ'Ie best 
avallable manulactu11ng technotojly II Is unlikely lhl!l private sector IIWestmenr alcll1e 
wlll Clt'.OUt without Gr>vemmenl c~l sharing. The !11'51 'f'eal ol fund109 s"<!llld be fot 01B 
tnl tial flt.ltll rlt'lo:;ign apuon<JO ~H• tf\e ~&Don lnatltltat:IUIInptec:l1nQ~gy IG proeeetf,ng.r.s 
If the EDO techne!ogy t:;. feasible, oonslruc;tlon and equlpmenl C.OSC:l could IJil 
sjgniftGanlly tess. 

'f.RAN.StTlON.PEBI.OO 

As this study has made obunclantly etear, lhere are two key iamors ntal ooutd atiii1Jt tha 
ter1gth ol lhe l rartsltlon p.!liOd until current feec:ls1oot. ol high pUn!}' o91'(1Uum tron t 

,. Re1-~lll1>~ m .. tat r"eductlon 6l 1M"""' A,;ttoo41).oyearoollllt10'Nf •• a ~""~ term Qptll)ll t.ltJI ..,.,. '"' "' 
na!IO~ j!IINI!)ef'<'\1 given tl~ eGOI't>f'l'l'" tnPI~ end IIUIIJCltA!I)311""a'l'oe:!llill ~.,. .. I'Q~wd ttY it1a f&<:"liV 
Wn•IR ,,._~ lrn~•l:111err~et,ta llnv• oeen t!\!01! "'o' ~~~~ Vll~l$- 111a '-''¥ wa~ ci.slg/led wall beltltv 
O'lrTQt~ rf>IIWIIl 11$ we"'~ ,U,IIr,!,nd '" p!Oie(.f ~eallll. t.J~I';, Anlllhe elll/liC!\fiiP'II ~di)1g to BWi. ,.r 
1M hl'!'e l~o f.ocuu, -· ""''"'"'lle<l It ,..,.. ~"'""'"..u ,,...., IQt&lfYBIY tiiOIIt&uu.o~ O&-ylh<tm sens<lll~l""" 
"'"~ awl '-'1!1Jl(O\Iee! ,...., "'"' 'gn 11 was 41>4""'"'0 "' l:'lll'IT!IIJ!fla~t Wllh rn" CSHA wcr~pt;,co~ ~·• 
""'"'"''4 lor t>e,ytl""" l.o. -:J "'"' <M!IIf19, thai •te~r ... ~ M~""" cn~n~tt l'i!NI~Y"'· SWt e>~t»-"1t tllAI rt 
Mil t>o ibiQ 1!1111~~~ p IIIII~~<'' !lil'Qal<f atll:lts alrem'ly O!>lratii>Q<>t dn ll'(Ulr c~ •ttagnlluda below tt•ewr"'m 
~ v lhll D'll1.o o' qo 1\ta•o lf<Ol are .sttlluperllllhq 

'Ths IBI!Qil CtCeei'OI ODIISUIUJ6 6101'n\.ol IVTI•JOOI !Qr llUQ!jfl ""'~··~~ 01' lJ'P!I>P~altO<rf 10 ll>•p4""'e<lt tl .. 
f'o0041 jf'tlef..;14t.~ 



Na:Hnnal Defense Slockolfe Ingots is depleted-tne reJiabuuv of imports tor at least non
high pONIY applieatlMs a11d tuture demano tor neeylltum over tl\e nG!(l !lVe to seven 
yeara II NDS Ingot Is .a.IJot,.O Lo be e.></lausted before a new facility comes on line. the 
depletion date ol beryllfum feedstock should· be delayed by eli.tthllrtzlng DoD to release 
lor sale some of lhe NOS rese-rves of tne htgh pur-Jty 10111ets cunont held lor DOE a-nd 
OcO cmorgendics. This study nos demonstrated th:>t thor<! Is sufficient NDS billet to 
mee1• likely DoO and even emerg~noy DOE needs on an annual basts tor several years 
Howeva~, DOE:: staffer.s have riQhdy expre.ssed concern that the NOS billet inventolies 
Ideally SI)OUid not be US!lil llnless a neW pl!lflt h.BS COITIP)Btt311 the J)SJ'fllll\109 stag~ ~MIS 
IMthln a year or two ot o()ming on-line. 

Even if .some NOS billet mu.st be released, a pnltlent reserve of ttre billets shQt<l(l be 
me:il11;;tthcd, ~~~ )east •nllle.lly suftio1en1 10 m.ee1 potentl.ll OOE contingencies, The 
prudent resarva that would 1101 be afferad tor sale. lnttlally would be based on DOE: s 
likely iibiiUY to oanswna lll'!cylllum durlng a period :Slllrtlr'\g With IG!entitl.catian ot an 
emergency and ending with tlte establishment ot U.S access tn newly pnoduoed 
l>OfYIIIUm meta), 64 

<. l!n elteMalive WRy to •elease NCS blllhte tliiMI'9 &11 lntertM1 pano.t I'/OUIU ,c.,·w ratto11 rnelr releas€' lu• 
lll11\' rn" rna•~ cnnclll d~Jsn-..<e·,elaiad 11BiiltlL 
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Thts Append!~ ;>rov'Joes el<1enswe documentation on the spec1fie sy111ems (laJgeiY Geferlse
relatvd) lhllt :ara projact~d •o be tho baots tor the. major now dem!llld for bety111um met41 In 
tne loreSo;QIIble ruwre These ~91om& Mil grouped into lovr IMJOf auegones• Forwald 
luOkll\g mlrared radars (FLIRr.). ITII~Ie defense, and space (mtOiaty NASI\. ·~fld 
commem1al) The dBSC!lPIIIOJ'I ot these sys'IOO'.s Will t'll!leumel'l\ lhe cnticaJ role ttlat tw~ryiUum 
111etal Pll\YS tn acn1eW1g tmO'li lranslormanonat "'artare oojentrves. Moreover, tJy tl'aQktng 
ov11r lime the ,procuren>e'll bUdgets lor 1Mse SY'J~el'll5 ~nd lhe!f 11m>l deciSllli'IS 011 liSB of 
beryllium metal, the reat1ar will be better able to g;wgo I'I'Oetllar the total annual demand tor 
be1YIIi~1m metal ts hkelv \o slow rlown. l'emalJ! litl'l!lle or ~nlinue 10 grow. 

FUR Anplle:>IIMII 

r orwan:HQOklng lrltrared (FUR~ sensors a~e among 1he major oelense appllcauons tor 
berytllum me1111 FLIRs are typ.c:ally lll<lluded in modem Jargehng anti navigation 
sub&y'!>leto"' fvo tniiiLaJY aircrdlt 'llu•v pmvltle lnlr!ltelltlf\a,get rneu enallle IJIIOIS 10 ooentuy 
larJ~ets tond nalllgalional featvres $ven o'f, tow-t~t oon.dltlons. Ali()9E!lher F~IAs may 
<~ceo uno lor am uno 2ft percent or delenss·rslaled demand for beryllh1m metal. 

Alrt:l'!llt FUfls \al<e iid'l<ll1tll9fi ol the S!!ffrre.ss, dl~oonsl lnteqflty, a11d low wetghl ol 
befYIIJum metal lot woe txllll on s\lllSt!Bies for sensdrB and fer !heir suppoi'Or:lg &Jruclure&- 11 
Is essenllalto avoltl v1l'!liillon ,sod Slrucluraf dlstontons that caro redUce tn9 ctr:ulty ~~ iolrared 
Images. Emerglr~g thlrll·gen&ratt~ FttRs ere daslgned to enatlll! alreraltto stJmd em i\mfier 
lrom ltle target ano requore even gMater s\ablllty to previae clear magnified •mages. This 
chou.ld rclnlo~ tho utility o ! bcm-foJilm ""''"t to T\tfls t>vt' the materiCII os cllll;l!!\1y empluyeLI 
tn almost all fl'311i8d 'FLI R system& 

Table A· 1 lis\$ ttlan~ ol I hE< key sy~lems ana sUbsy~<\Sin& currently 1n oavelopm(ll'll 01 
pr0du0111.1n tnal ·~·o3ud9 1-URf. 1 The list ldenljfie~ ttiB Ollro~<~h pla!f()f'I11S oo wfloQh tn" 
\Srgetlng Eubsystems 111111 be used. Claarty, Fl.IAs are SSl>BntJal enablers for Pla{forms will! 
preolston·Stl'ike capauill~ A. panem ot gen~allonaf transltfoos Is also applloo lrT lhe 
tat!le. Of course, new l~tgehng ~ullS)'Stems ars "'-'''111 developed lor new ~lrcr&lt. sucn 3$ 
tne f'IA- 18EIF SJJpe1 HQtnet 1=~22 Raptor. F-36 Jomt StnKe F'tghler. and AAH-ao 
Comaoehe However, at thG same lfme new targeting systems also !119> beon,g developed 
llll uP!:JIBQe!i to exiSting ·aJnmm. su<;h o;~:; lh& F. HiE ,Strlka Bl_Oie, 11'16 f'..16C/O Fighting 
Falcon. and ltle AH-640 Apache LongbOw fl.;$ requirements al"'d loohr'!ology evolve, FliRs 
are baing ll:DioCiiiCimore frequently I han alro111111 

J;,. on (rllKJaLoi!'IC1ry ~urva\ d 11JFl..slfl9 .-1gat<os, ..ea Gro;g (;oo(ojl, 'T~11!J POd~ & Sm~il 5/lll>llJ 
._ """"""l"'niG/1\I'bomilb,.,.., IVf:N>o" '' 11-., C\~"'octes •• onclu""" lwi• ,. ;z j:IO!J!c,Hll) """~"'"'"' nl U~
"'""'WO«Sn«rylllum rneL!II oulllo ~<121n,. "'"In U.S. mllllluV liM 
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Figure A•1 Illustrates pla11ned OoO pl~cwament s.:hedUIP.s for a number of S'ubsystom!J With 
Fll~s that are e~pected to use berylllum.1 1't1ese scl1adtJtes rallecn tl'le (fl3tUhlY of the 
st1b1,1ystems and e9pectally the &ehedUIM tor prOctJrlrill new or upgradlrtg existing .aJrcratl 
In eevetel eases, illlt'\e( lfle tillrcraf1 or 1/je 1nr9atlng subsystem Is sM In d!Wetapmem so 
pn~~ren'l€lr\l was 001 e~tJI'<,1e\J ~~~ llegill Ylllil ZOO<! ur later For lhe flrsl sh( Phtnaft struwn. 
planned FLIFl pro•"uremenl Will be aornpteted duriry,g the next 11m year~ i!lthough 
sub~equont procurement ts po$'Sible In some cases:' For lhe last three systems, In 
c:ontrasl, the ma)omy of proawement is plar.mec;t to occur aner 2010 OVe(!ln, Rgurl! 5-1 
Indicate& that there will be eonlfnuous reqUirements for FLIRs and tor ll\e· b6r)lllllJrn illoJal on 
which mast FLIAs rely. 

FIGURE A-1: I'ROJE;:JEO PllDCUREMEtJl SCHEDULES POll FLIRS 
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So~.trc~: ln...,ubo L:i, ~in,;,,_ 

Ftoura 111·2 illus1rates I he procurement schedules on Rgure 5-1 from a clffeJerrt perapecll'vtr 
shbwrng ·the number or aircr;~ft pl!lllorms that Will require fURs .eCJCh year Pr:pcursmam 
graws strongly lhCOII!lll 2008 1M a trend rate of 24 percent per year Theraal!,al, 
prwurementdecllne.oHll <1 l teo!U u1te qf · li percent peryea1. By 2020, however, the nurriber 
ol platforms Is still somt. 70 peroent higher lt'lan the nUmber ll'l 2002. ot coun;e, the U9\lr~ 
oilers only a rough lndloat~ol1 of !he pole!llr~J feg\lrrefi'lenl for berytbum metal, For e_xanrpltt. 
I'! does 11ot reflect dlftefenOI18 In I he amount oti:Jerylllum needed tor the v~:ufow~ tt=U Rs, Still , 
tlw tigure does suggest a sl.lbstan\tal future mnrket. 

The r1Qu1'9 ls based •nal"i)' ""' 6e.p~nm•'t(ll <1 OelN!il9. "l)~f~l~ll Budjjvt Mutort!ll& fY ~ BWJil!wl, 
tWI\'/.deloneellnk,mW_,.•rllrlllle ·Nei~s• 

R'll ~ai\IPI•, plllll""d ~'''""'"'""""I allf\e A~rowh""IJ lttr l~ 1\H il!l.!j upiJflldf> tx>ven; I~ ~1!~11 •hau ~~ th» 
~·•rtafl ;, 111~~~ t.. r<•"'ili'U• 0!\itt•tfl¥!' fl<irt!tlil=ll•· ll~dil .gl\n 111• ;>o~f0$0 or 111• ftAI+®. />ISO. WIIJt• t;,r 
fiffi;jator prot:UJS~I\1 l'l(>Y\'r•:l FY ·2no<! •~11 •<iilt It> !>eli"'l~.' 
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Missile Defense Applications 

' . 
I · 
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The Balllstrc:- M®lle Oefe11se System Is ll grOwrng co11sumer ol berylhum. Tl'lere ts a l!>ltong 
t'9(ll!lremenl tor inlrared <1nd opt~al sensor; thilt ~;an detect and !13r.k m•l!SIIr; tnreetll lind 
beryHium nas al~esay been used for e ntJmber ot missile C_efef1Sa aystencs As wtth FUR 
il!lOllcatlons. beryllium ts used boll\ lot sensors and tor suppor1lng strudurer. While only 
one missile defense awlication ranks In the top len for Qllan\IUes t>l batytlrum ~&Clently 
eonsufl'l(!d lor dete~releled 'Jppllcstrons, much larger volumes may tie reqUired '" tha 
ltmger-ran9e tUiure. f'ot U'le moS1 1Jal1, mtssrte oetense systems are atlll eii'OIVIIlQ In 
development and te$1 programs The moe.1 stiMtatltial procurement is likely to ocour after 
the present decade ' FQUoWmg are a 1a\\< examples at mi$Sile def!li'IS~ syst\lmS 111\ely to use 
beryllium. 

The Ground-Based' lrlte11;eptor (G6n 15 designed lor u~>e ag;~lnsl lrllormedlate- and long
range missile threats. The GEII includes a booster ml~!\lle Bl'ld an &liQatrnospherl!: llltl 
vehicle {El<V) that mtJSI track ano collide w'rth hostile targets Tha EKV IS equipped wltM a 
very sensitive long·tar1g~ alec!ro·op(icat inJrared seeker that use.s be,Yillum Up to 20 GBis 
wl~ be prQCurad as pan ol the Initial defensive capability to 1'1& deployad stanirlll In FY04 
Interceptor development for various baslnJJ mode$ will continue Uu•ougll FV 1 o and beyond 
al\d 11 1$ not ele!lr wtletller more GB'Is will be procured •rt til a comtng dE;12de. 

• ""' IWG;S~Ie 0..1811SII A~. Ilk~ SQmi> 011'11' Po\1 0011111)MII!l111 b!lfotll 11 , Is aUemllll~g lb Wmll .JI 
~IVIhufl) wll•r~ r~~ l'leea.Use of l>eaill> ""' ... ''!< In eo&i!. lor tt~l!l11plo , tno agency &QIIOiteU Pf000"4Jt 11)1 

'"" ltJioll1illc•Mnr ami W.l'l<>f'lSltal;o.. cl ~'b!;t.l.JI• '""'"''~~~~ '"~' oot.~ld offer lhe tJe,<l!.apte Dr "'""'' Clih<;:~~l 
inol1411t•cor \IOryll!vm "''""""'the asa:Y.ta!BCI he;illn -'"' s... www.dodsblr Cl'll'l/splfolla•lonlniddOGI 
~·"' 
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Till? SM-3 missile, Who~ Slmklll uses ~S~YI IIIJm, Will elsl'lllE ilepteyau bag1nntng In FV04' II 
IS Clestgned to orovlcle detense agaJnst metliUm·r(lnge missllee- Current clans far FY(l4 call 
lo1 orderil'lQ up 1o 20 SM-3 mfssfles lor lnstallath)fl on thlee Af!gl$ ciiJIS~rs. 

Tl\& Pattlot PAC:-3 1s rles•gned to counter shan· and. medium rnnge mtsslle lhflllils." This 
system. wnlon uses, A.tBeMe1 ·tor elecmtmlo substrates. ~s c;urrently <~l lll~r low·ra'te--lflllli!t· 
pri)(!IJnllt'ln st!l!)!!. Pto.ctlll3lflllnl ot nearly 1000 f'AO.S m1$SII~ IS p1a11J1ed lor the FY02'·09 
penod. TMI'e IS at.so potential lor llitUre prncurement of Theater HIQh·AIIIlude Ar.ea Defense 
('i'HAADl termtnar DfJase mrsslles, bill 11'\e p1ograrn currentlY remains rn tne engineanng 
development phase and p[t)ill.lremant quantlliM 11ave not oeen estatlllshed. The THAAO 
usee; beryllium In an ~ptfcaJ be11otl str\I.Ciure 

l'he Alrhorne. Laset system deploys 11 powetlul Jaset aboaf'!i a t.:onvertee Boelng 747·400f 
alreraJt. The sys1em Includes tha Airborne Laser 1nflared Search and Track sensor-to delacl 
anll lfaGk 111reat ITII<~slles e~~p.e,,fally during lhe(l tnlll!lt boost stage. Boryliium is used In 
structures tMt stablltre tMe optlr.aJ sensoTS The program, whloh Is \n lt'le conoopt 
tlevelopn\ent onase, 11as mocllfi~d and testec;i one !lemonstre.tion alrr.rail and Will begtn 
modttlcatlon ot a .secor•d one in 'FY2005, Cumlnt plans call M se"e" alrcraf\, IM ITIOSt ol 
these Will be pror.ured after 20111 Wei!lht re.tluotion ha& been a ~y I&SUe ana 111e aystem 
makes use ot tompQS)Ies and sorne beryllium. 

Spao&-oased lnfrareil and optloal sensors, are also eandtdales lo1 beryllium use, allllough 
only ii llml\~d nvmt:le•' or satellit~ laUnches are planned for the program by 2010. In F'f0'7 
two test satellites wtlh •lnttared am:l ·wsibte s.ensors ar.; ptenned for launCh to lo~rth 
ottllts. These are pan ol the Spao;! Tracking and SurveHiarwe System tSJSS). p.n Improved 
STSS ~ale!Ute wlll be launcned around 201U, In additiOn, 3•10•5· salelllte.s Will be laUnCIIed 
beglnntng m FYoa lo s11pp.ort ta.stlng or toe spal!!e·bas~d Mnetic energy interceptor. For the 
Spaca·Baseotncrared System-HJgH (S51RS.Hlylt) W!llltlill! ~y~l~tll\ two out o r a planned trw 
satellites are baing manutactured tto.w, w\lh the l!rst raunch sel fm F¥2007 In addltlon, lila 
first of tv¥o SBIRS sensors lh!ll Will be launched on. non·SBII'lS host satellites Is scheduled 
tor delivery this year, The SBIRS•hlgtl program, Whlch Is Ill the l teV(ljopment pl'la~. uses 
some t:letyllium 

Space.ReTated Applications 

SateiOtes Pnd other spaoecrall af'e used extensrvety It;> "'LiiJpon both t'lerense and otl/tlfan 
needs. Tt1ey are used ror aommunlc·attcm as well as ob$ervatloo ,ot lh!l aartli. 1\s weallleP 
-and environment, human actlvlly, !111d the tar reac:hP.$ of 1he universe. Beryllium metal i~ · 
Jtsed Widely in spac;e ti811<!USa tls: light weigh! helps llrt1lt e~penslve founeh costs.s .Due to It:> 
>lllioess and olher PN)fl~rtles, 11 is userJ 

1,.-,.el's o\rrow mt$tt.l sys!.em, which largetelheacc; llaiiiSilu rttl~'>lt~ -tlf.O I~ l'l<V'(IIIum. 
'II""'" cosT 'itll.OOO or 11\P"''! 11l l!iullltll a 111 ot ~·alen;~l t(l .90fl"YI10~IO~ou~ orbll, so JSntg oerylllum •a1Mr llliln 
"oheapar tM I•Q•VIM m~!M~I mav oe 111' 1-t:t>."'IV allamaiiV• Set; ior •x~n1nta l~r. on:vt =t "'ml!J~~ti< •Jtt 
tt 11'\YW,f"'tegrlnet;rop comiPBI'IIJ'IIIe/IJI'lil.lilm S~e allitl th" hlfloH<:iil tow•.l• lfc-"' , 1~\a •• 
~ttr'iiWIVW•Iil<: M~~ ,gpV/IltJ2JI~Jirll:l1 lilml 
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tnr srruc,iures, eleotrvnic MuSing~ Oin~ heat stnkj; <~no espP..<!taolly lot \011$0/B i)l!d 'illt1stJr 
suopons. As ihdlcared on Flgvr~ M . wtllc:tt lltl.ll.1rates .,.;reuue O(IIIJoUI1tPHon -"hares for 
berv~oiJm metal during 2000·2002, DoD aeoounted fOr nearly lwo-lhltllS o1 the sat~lllle 
•eQuorett191tls. NASA and oomonereiat anlllies also made ~·bstar~ttal use or beryllium lor 
~telhtes 1 The split ot berytnurn consumption between pure mellll and' AIBfiMet was 70:30 
for DoO so-..so to( NA.SA. ann 1\.96 tor commercial users :~uggPSIIIIO llodl OoD has the 100sf 
d~noing applrc:aJrore.lor l'ltgh 
"""'Y tmten;:;l TN! rt'lltn"--IO!l 
three sections dlscuf4 Wltlr.e 
applications t()r 060, NASA 
am1 cornmertta!U51!1'5 

Mll!rary Sp~ce 

A nl.lrrober ol m1l1tllry .satellite 
program,. rtiBk~ use of 
bervlllum ottetal Whfle the 
nt<mQel Of satellites IBI.Jnched 
&ac~ yesr tl> telellvelv small, tt 
~~ cl!lat tMI tnodeml7atlon and 
r~nt!'l1111tlnl neeClS w!O .._ 

fn.,UHt A-3: 6C.HYUJU"' CUNSUMPl10" FOR SA TEL!.JT£5 

ensure a ~nnbnutnog Clerl'lai'ICIIO• I ~ lncturo '"" p.,.,..,_ AJ>~••ses .. 
satalllles a!ld the bel'(llium they Ultllle- tor !llrUC'!11res. el!ll::lrom~:; rwv.>1fi!J$ ano ~'leaf 5lnWs, 
ar'la espeaally tor -sen!lO~ and sensor svpports: lnCI'easing· mhamle an ialelllle.s tor mllll<uy 
operations mey suopol'l 1aog·lem1 Qft3wth 111 beryllium requlrpmonts Til~> loliOWtng 
paragr11phs describe &oeal!c satellite programs lhat employ 01 W111 ernPJOy b~,Yihum metal 

Ml LST AR I& a11 exlshng mtlllafY ~:t•mmvnleqltons system oeslgrted to pmlilda mtlltlll)t· untque 
features ana oonnectl\lity tor bOI~ llletiCa' and Sl~c purposes Th!t IIVll ssjelllles 11'1<!1 
ceynsrftute 1hR Mil !':TAR ti1'1~1EIIIat•l'l?l owera lao"nl::l'led dunng lhoo 1004~003 paMd Tl-oe 
ru111re Advanced Ex1rerne1v Hlllh Freq\Jene) (AEHFl cornmuM:~tlo!lS $atellltes Wtli reptemst1 
11'\e MILSTAR consl!!llellon, ClddlnQ enllaflced capal>ll•t•~ T~ AE.HF .sateflllee er'e belr)g 
bvilt now 111 ltle program's system development ana llemoru>ll'!llian Pl1aSP.. Fa.rmcallon o' 
lite hrs &arelllte lor the procurement phase will beglo irt F'l'200fi ll\e AEHF PfOQrilm tJ; a 
::ilCPerawe etfon thil:t lneludl!ls C&r1arta:, tile UK. aml The Natnarlands. 

In ar~othar oommunlc;a!l,ns program, Wldeband Gaptlller S!IJellltes- (WGSt, oao W.ll pr.o.cure 
satolllt.es IP acJqtess a cot<er'll gap ln the high tiata rate capeblflties neecea for wan1gnrer 
svppol1 Three Sltellltes l'lave been ordered and are Si011edulact tpr laltncl\ ll•tfll'!l F'V2{1()5-
l!!IOO An a~rhonaf two $<llelllres will be ordered in P\'2007·2008 wt!1 Gne rr.ay oe oroarer3 
~elJ'J1 ihe WGS whlon augments !he eMisllng lntel1m Wldet)and System ts tlerng ~.oc.urect 
l'Jt\ a nea~-~;ommercull basis u::.rng mainly eliiS11ng c.cmmerclol toonnPiogy 

T~t f!QUIIO ••ilrte& l>e~llum PIOCIIC80 _, I!'F IJS: i1!!NI 
'"'"'~MI~t11, IJ.Q .. lur use tn forEign sat.>rlllea. 
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Tht> NAVSTAR GlObal P0!1UOI\IIl9 Sys111rn (GPSt proviUeEi f!ildlO J\avtga\'Ton slgni!IS 111 
3uppon ol. a raj.Jlilly ii1Plll'dlng 1151 of military and qllillan appll~troos-" lt,e GPS 
consleJiaiJ011 1ncludes 24 satellites W!lh a tlesiQII life ot oJP 10 len years (for Blook IIR} To 
moot the need fQr repl.,l"'l~hmen~ and tl10..!4rHfUltfiJl'o, S\IJT"' &' OPS satelllte5 wars procure.ct 
betweefl H!78 Md :2000. Boeing etJI1111!0y has a enntrnrl lo de\19k:1p a!'ld produce GPS 
Bloc~ IIF Silllellites. DoD will order \0 al ll'tese dt•nr~g tna FY20CJ6..2008 peooo ar.d 
tlt'ldmonal undelennlned quantttJas iherea!ler! A rnodtlml:atlon dew!opmenl elfon is also 
tn process·. 

ll1a Defense Mateorologteal Satelll!e Program (OMSP} provides ~lobal Wealher dala lo 
t>UJ1POI'I li.S lor®s u prolllnes lltstDie and Jnlrared tmagefV and orher enwj)nml!fltal ctata. 
Over the years, some 4!) ~te(IUas have bean procured ln-.lo<fu'IQ four thal nate "~)! ~el 
beM h~unc11ed. Ttle fyllow-Qn to the OMSP Is 11le (lloliOt>AI Pcfar·orbltlng Opomll.1nal 
fi"VlfQnmenlal Satellttll .Sys1~rtl ~NPOESS) 11 tri-agency pn>gra'!l ed9~essed b8161lv '" tile 
section on NASA requii'Smant!., 

n1t< Peltrns11 Siolppon Pf091ilm (05Pt, WhiCh lnCII.IOEI$ lnlliUS!l $f\SOfS, ptovlctes straleglr: 
af\d tactical we:fllfng Ill ballistic mlt'.Bale attack. Some I 9 OSP $Jlefliles hllv$ been launChed 
to geosynohtonnus orbit~ over \he years, 1he lar.1 IWO a1e II' production now and lite 
scliel!Uif,I\J lOf laUnch beginning Ill FY2004 The lQIIQW•on Qtogram to OSP ~s lha SBIRS 
wl11ctll6 menHPI'le<J at~vetn lfle d1scussron ol btlfllslic m,ss1le th~IQI''ifl, 

fhe Navy's UHF Fottuw•on Satellite r.onstella!lon provldes UHF C:OJM'Uiltcallons worldWide 
for OoO Users ltlelUOe the Global Broaclc:ast Servlee T1'1rowgll 2ii03 11 satelltles ware 
laiJnt;iletl. The fOllow-on program Js 11\e Mt>bUe User 0tl)90tlve SySiem IMUOSI saJelille 
of/ort. MUOO will flver~waur ir>ciUde nine sa\ellll~ vmh uu;, to be procut!lcJ &aC!I year rrom 
FY2005to FV20 I 3. 

lihe NuttO'nill Reconna•ssanlle OfhL'e <r~ROI IS. il DoD qgency tflal oest!Jns •. bUilds ~net 
ooeraras me nation's r~Mnatssance s.;a1e1111es. Its sa!ellrtes su~llOrt dGfei,Se ~;mt 
1111Jllllgenoe monilonng survelllantg, ahd reQOnnwssance needs, lncreastn9IY· ltnaglnjJ 
satellite capabilfties Bl'!il being lntegrated 1n1o milttary OPQratlons. f'lr eXiJrnple lor 
reconnai-Ssan'Ce and PfeoiSioo targeUng, This will denniteiy CSIJse a SIJbslatlliaJ mcl'ease ln 
tu1ure reqi.Dre.menls lor tmag1ng ~elllfl!r,, Jn both quanllty and C!apablhiV Cirtd tl'll!retare •n 
1Jer;yl11um tonsumt>tlo11 assoei!lh3d W11t. lhem 

NASA 

NAt; A accounaea '"' allWI 12 pefcenl o.l 1116 bo:lrylllum metal used lot ~tellit~ during 2.000. 
2000 t'lnweve1·, as noteu below. a new NASA teta6CO~ llto,grarn w111 suostanlially lnc;teE~se 
lhfll.ohare fo, a rew yeats. 

"1 ~<! ~PS satgolu~> <!lo;t~ "r.tu~&: ~""""!or lim u, S NW<:IJ>l;>• DelOMfl<'l1 p;;;~,,,, sy"'n'" 
'S&•~ "U.S Mlhl•'l' •1P5. ,l3 Gl'S61o.'~ IIF SnluliH~<>, IJSA,' "'WWI'Il"""'l~a"IJIQ!II'I:an 
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NASA rnal<.es use ofbeJYIII\Im 111 both salelllles and exotarator~ spat:ooroll For exarr,p(e, 011 

the NationAl Polar-c.rtJittng Operatiol131 Environmental Satellite Syslem (NPOESS), beryllium 
l!s used ifl UTe Cross.uack Jntrared So\.onde1 (CJRISl NASA suppons 1he IP·<tiJf.llt:Y 
Nf'OESS togethor wnti 1he U.s Air Fol'ce and me National OooaNit: ana Arm.ospner10 
AdmtniSJratfon (NOAA) Two NPOESS satellites a~ sched.Uied fo1 launch aJ the end al the 
decade to proVtde globet weather Information ror DoD and civilian purposes, JnetudinQ 
sMtles at gtalJal envtrononentat ch<JnQe. Tile number oJ adc!itloral satellite purtJhases 
re-.na!ns to 5e tle!!!rrnrrwo 

One appliOOUOit lllat will tmva a signtfioarit impact 011 consumption in tl'le stJol'1' run Is NASA's 
deci~;lon to uss be,.YUlum mfrro!s In llle James Webb Space Telescope 1JW5Tl. wf11oh will 
replace t11e Hubble Spa~ Telasoope around 20!1 1-19 The JWST w1fl. rake aelvantage Qf I he 
llgh1 weigt'it and the: dimensional stal:!lllty of o.erylllum metaL wlll(,h Was seleclelf 111 
oomp~lllon Willi ult~tow expansion glass It Will be an eldremely sensitive lntrsfl'!d 
te(escoae, designed lo obserVe tlie flrsl mars ami galaxies rormea \n the universe, 1\s 
Primary mtrror will have a 6.5-meler .apenure composed ol 18 lle'Xagonal b(ftyllium 
segments Tl\e diameter or ll'le JWs:r W\11 oo 2.5 times ltlat Of lhe glass-mlrrored Hubble, 
Llit t11~ JWST will welg)1 ni'1Jy one-fhlrd as much. BWI will' hot rsostar(c press (HIP) Its 
advanced optlcaJ,grade 0-30 spherrc!ll powder lo 1\ibricale tne requued sna_pe!i and ll)(pact~ 
tn ship mnre than 1 1,000 IDS ot berylliUm flUrl'!g the 2004-2006 time tram~ t' nus 
tsplesents a sub!'tantisl stJrgo Ill NA8A·9 bllrylliUm c011sumpnoo1 Wl\teh Will tJr<lP pac~o, h)~ 
more rqadest level by i-007' 

NASA cllso uses betyUium in Jl:l planelruy e'l(plora!fon velltde& For ex.ample, ;m the 1997 
MllrS Pathfinder rover, beryllwm was used lor 1ha Y>·ray detectm window Beryllium Is also 
vserJ on tWQ rrew Mars rt>lfers, wnrcn weril launcneo In June a/ld JUly, 2000, Tna ne-xt 
vecs1on of 1he Mar!> r.ovar will be launched In 2009 BeryllUJm is- also used on (he Meroury 
Laser AJUmeter \t-.11-AJ. WhiCI'! will ll'lciU(je !!f1 tnftafed laser to olea.sure ltie topogro,Ph)i of 
Mell;\lry. Tl1e Meraury MESSENGER spaol!cral11s scheau(ad •lor launch rn March, 2004. 
lon engtnes, Which will !lower man~ tulul'e deep.space mlsstons, elsa use beryllium. 1~ Fur 
example, NASA':. :1006 Dawn mtMion In ortxll the Vesta Md Ceres as1-eroor~s Will use ion 
f.iropttl~;ton 

"' S.e..e Ute annQUM®ment dt www ngss. na.. qowNewe. 11 ilWI "xpeo:TS II> Q0119t111e e11d rooycle e11 UIIYSU~IIy larue 'I tete 01 !nettle .._.,.., '" ordarlo meel 11.e '""IV 
H9mundl!!;i nunt.nal fl!Qulr81)1ofll•. A Wb£Tanllal "'110""' oi •UL>Ic:la "'""I> will 'II~ I>'FgeliBiiliSd and tj>l• rn9ll 
If BWI fot l'fl<lyoling 

h• Oclbber, 1998' (IIASA'!! D<>ep Sp- I ml.,lon ,....,., ll1e ll,.,.llo use 1tm iJ!opulslo.> soo«.-1ully_ llrtd.or \~,. 
appf((at~l rhrUI>l if geneMed 1JY ~SOIPirt!l fiJI\~ 111~1 Ill" pruuuo;ett tv ~lecl~c:aJIV ohe~lll(J ~111 tOJ1!1Ba , Tile 
lbntsl •• wea!O b<lllho engln" 9Cf11SUme:ollltle lueiMtrl can fun lot ~"""'· ~e Robert Rqf ur<ll, Mo()rt MIEO<ort 
A"'t fllr Elir<•jte. <O.I.iiUlluh SatliiCltiV." WW\v.op;.oe.oam. S..ptemtwlr <!5. 2003 
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CPmmerdlal satelltle·s acoounte<l lor stJITIE 1 9 pereenl of U1e tlerylllurn metal used lot 
satl!llhtes In 2000-2tl02. Sa1elltuts als-o ra)!fel!fmle:l a 6ignlflc:ar:tt sltaJ& or lh6 commeret<ol 
mark~l tor botylil\lli'!, oocovnl!ng ll'>t abcnlt 1 (:! p6rt.elll ul uve~<~ll commerc•al consumpflOII 
Mo!:tdf I he rTW10flal used was '" tne lorm ')I AIBeMat .-a!Mt lt-lan pure beryllium metal 

Til~ gl01>9t Mumbel Ill eommel1ltally taunct.t!d .satellites ts p~Ji!Cied to grow ~esliiJ ovet 
tne• coming oeeooe. ' '11'"9 II'QI'I'I anou1 g4 In 200310 3~ '" 201~ 1 Wl)lle growth Villi av818!14 
about 4. pereeol per Ylil<!r, lhe number o' new satelhle.s lauf•ched "' 2012 will fl~ve!11ieless 
fall far short of,lie 1991! tl!la~ of 107 satellftAs. Ooriog tile late 1990s. many new .satellites 
w11re launohoo 10 rela!ively low non..geosyoollrof\Ous ~rtll! (NGSO) to llrovcue dlrecr 
communicallont. seMces, e.o Iridium l1'1<1st> venlmes. ho\Ne'lar. qute~ly becarro Insolvent 
ilOO no ~'llf!l>le launct!@~ <il'ti proj&OIEIO Wllktl'llhQ !2004-201 ~ portod 

Some 75 petclll\t ot the projected Net!lO satellites are c:onsldtlred SQieniJIIC and tile rest >Mil 
pro1110& <:ommeretl'll ll'NI!lifl9 servl~s U s .. awneliSIJI~J ts coqeentrale<l among t11a Iauer 
group al'\q acoov1H:. ,.,. oO\iu! Z!l ~roen1 Qt alltl'lll projt;!CIQU CO!l1merolat NGSO sal&lllle, ' ' 

Abuut 75 petoer\l ot .pro,H?cted COmfl'ler~ll!l satellites will be Jatmcnad to geosynctlrtlnOtiS 
ortJit (GSOI htgr'l !lbove lhe aanh fl1ey wtJI provide oomnturllt;ai)Ms, tmaglng. metouro1Q9v 
broa~sllng, and otlw ~&tVIPSS ,_ GJObaUy. soma 6S p~m.mt ol proteeled new GSO 
5atelllte!> a•e commeretal wn1le C 7 j.JQrcent are rnllttary tirld lt'le remainiitg satetl/tB~; w•ll $et'Ve 
olhl!!r !llltlonal purpoaes. 

CornA]elctal satellll«Y3 natUrally !o!!rve <t1a<i1ly Clvtltan IISI!ItS 111 the li S lor j!)lllmt)fe, tl\e 
f ~ral Govermnont ac..--<~••nl~ lor O(lty ~IIJI , 0 JJe• """' ol tlle reve111.1e palO ror comme(Ooal 
satellue ~rvtQe5 " OoO n~>veflhatess benefits glt~ally from tne avallabllitVI)I COflltTlerQial 
servtces. II f'!)Ut tnel~ usas oommerciQI !oalP.111tes lor c:ommunoe~rflons tllal are not m'ssion' 
crlltcaJ and also to aunment military-owned sa1e1111os OUting Desen Shlela/Oils:ert Stotn• 
ror exampte 5llf1'l!! 4S pe,~:snt Df oommunlcmlf011s bet~n ll'tl! U.s anet the IPerstan Gull 
uhflzed w •mne"'a' &atl'!llites. Ounng Ooetalton Joint Endeavor to Bosnlli one ol the leaseci 
oommetclal Satellite transponders was U5eCI fD uplink live trroaiD"ry trom Predator vnmanneel 
ao11111 llehtclesY Since 20CJ(l, 111e Oe!emse ltoformatlon Systems Agency (PIS<\) has 
<;Ot~tra.ete(l lOt $irtlme sorvlcl!s trom lht troubleo Indium sate1tl\e eonstellallon Recently 
CoD's NallOnat Geospa\lat·JnteHigeMP. Agency (formerly tile NEl1t0!1&.1lmagery and Mapgmg 

" Coo>"'•<1llal Sll!GIIff• '""'""'~/!.> ar• ''">1&01..0. '" ~e<Jo!rAI Mli<liOI1 AS!Wf>o.olfatlon and C<lmtl11Htldl SliM& 
TIHflliPOII•I~&< NJ>/ofll.l1y Comrt .. \0!!1 jt.OMSTACI, 'WQ3 Ctl111rhelc~otf S,~U i raf1$0rllfi iOII Ft!-.1!1.' May 
('00~, Tt'l&~ (Mf~IOfHI tf"CU,s. ~ u.,-•tf t,;t ""de lUI !:t!t fml1 'Alfl (le taUIW;:tH tO Of' eotnn~r.ut V.OOitl les 

• The f AAIOOMSf <1\C O>aJI!c.11tlft D•'N 1\lJfo 1'\eMide nnlltllrr tiGSO e tsiiii<!S. 
Fno >&\leral ~\ll&l'lo 111& iJ'fO~')(' 0$0 !OII"'·ota l•ff• giO'IIYI '" ...... -!!'1'-11\IJ/'10~1 Oi 1~1~, ~llf""'-qh ot•• 

'"" tkt3r I hat tlll•t•- !Ioiii 0>11l1nu~< 
• S.e Us Ganij,aiAilPw.•-,<lH•ce. ''Crill'"' ,,.,.....,IICIU•'!I F'toti!Cl~ CCI!Iftllitelat ;:;~"''''" Seamty S!JC'Io.lid 
~ Mo>9 F"'r; .1\alf.resw<l '(if\0.(1; ,781, AUQU&I ~ ~ 

See "3-pijl\1 lnlom•t.,nao ~ C'ttllo~"' ll\tonn9l~ Sysletn;; AJI,"QJ (I'IIIMI.'' ~ .... 121"" """"J'" 
.sslpre.~"' tlt~L 
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Agency) also contracted wllh commercial Hrms lor up to $1 billion In satellite imagery 
seNices.' 8 

' In Jan""'ll ZOOJ, NIMA concluded " lhr-year oonlraet lor up to $$00 million rn CQIM1orolal sntolllle 
lma_gel) !rom OogltaiGiobe and a frltt-V881 c:ootrecl lor up to SSOO mllfl011lor -~de lmi!jjery !rom Sp80'! 
lnmgong, See Federal A~lallon Adml'""ratlon and Commercral Spac.e TIN•<POrtalion ~lsory Oornm~t"" 
(OO~JSTAC), "2003 Comme!Ci~ ~ TrM$po~aiiOn Fo...,ca&$.' May 2003. :JQ-'12. 
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