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U.S. Plutonium Disposition Policy-.. Bombs for Evcrybudy Forever?
Charks D. Bowman

Abstract

IIIc U. S. pulicy on the dispositionof wcqnns andcornmcxial plutoniumby @ogic
stnmgcis cxamimxl andcompanxlwith dcstmctionin uctnm or accclcmtor-tivtm
systenm ‘k ckwe coupling with Russianweaponsplutonium is umsidered. Stmmg
mnpbasii is placed on tho pmfemneoby tcrrori.wsand rogueslum fnr commcxial
plutonium over weaponsplutonium for fati andsirnplcnuckar wcapom acquisition. U. S.
policy facesaow the issueof whetk W plutoniumis going to k with usesscAdly
“forever”or whcthw several technicaloptAOnsfor total destructionwill be supported.
Acc.elcraror-driwntransmutationtechnologyis propnscdm a safe,affordabk and
CcUllf)lCtC 5dUti011to thiSprobkn.

“Ilis pt 1$-1 found myself wearing a heavyskijaelux in thehackof a cnld
confixcnec hall in SL Pc-tmburg, R~sia hcsidea slightly homdRus..ianlhrmw nuclear
weaponscbigncr. Wc wcm them to discw~tttxhnology aflding the futureof the IWO
kinds of plukmium...vwapunsplutonium Mum from nuclearwraponsin slnckpik!
reductionsand thecommctcialplutoniumking producxx!wmldwidu in commercialnuchr
reactors. My Russiancollcagucwas restlessandpnxntly hc 14 ovtirand whispxed,
“[ don’t understandthe U. S. policy at all with rugaal to wapom plutonium. Why mm
-W$ pJutoniuminto c-ommcrcial

v
uloniumwhen it’smucheasierto huitdnuclew

wqons with commercialplutonium.” Ilik was mom intcrwslingthanlhc spkcr%
pa~,wl-tohhmprww.

Ile said, “TWX !cchnologks mwx bc mastcnx!to makea nuclearwqwn OUIof weapous
plu[onium. FIraL you have to masterthe ctrnqmwiun technology..,drivingthe plumnium
into a highly c.ompnxscdhall with conwntionalhigh explosive. SoL!ond.you must
prwduecn burstof neu-s to stan a mpidly growing chain m.actiuriJIndthat’snot soeusy.
And thin& you have h) time thoburstof ncutmnsjust rightor the ncutronbwill come W)
MC or to arly. If you fail at any of thcsothnx rvquin:mbnm,tho bombwill bo a dud.”

e
Eve . gkAdW-tiWpbtidykwWdti-X1b
Dr. 1nWaWbltWM~ti@atk*titilWs, 11 ad
& KCCtltlY#peatod in k bigbly pttbkkd StUdyConducedby the U. S. Natlonid
Academy M .Scicwtx mWh.4 “Managementand Dlspdion of lkxss PIutoniunP”and
similar infnrrnadon haslxx-ncnmmwktcd by Rusakn xicndsts~. So whctwWASk
hca&d7

1* ccmtinucd,“Pm nuclearwqmns from eommemialpluumiumyeu ad art!ythe
compassion tcchnok)gy. Lots of nautromtam aheadypmsuntkxtsc b comtacrcial
plutonium containsklopea Wh&h undergoqmtmuwm fwtion and pmduccacutmnsail
d’ lk Unit%BWUllW tky m’ thclt!&@lriy, Om WmN COntd th thtlhg of the injcclion 0(
rwutrlms,su k explosive puwer is qtutc UncWain, 11mi@t bc tlnywhcmin Ihc run w

\ftura 2~ tons of TN’I’ to 18,()()0 lwI!$,” Well”, i dmugh(, ‘“200(1”tonsis about IOM [inuh.~
IurgorLIUUItic CWhumtt City bmoh which pmduccdno rwfkmctivofidlout,”

Ik went UU,‘WINJ txuuxwhulhprtltc txplosion is 2,(MMJor I LW wns when thodmuagc
k wdy dwul u fhcturd thrM dlffmnl? TCITWiMSwouldn’tand even u mguc nation’swar
plumetx wtJuldtfLCIUUmuuh, So why duesWasbiu&ntmkucp pushingus u) LxMvLwt



ditlicult-to-usc weaponsphmuiuru into easy-to-usecoo.unmcidplutonium? Yuur Pulicy is
influencedroo much by your weaponskigncrs at Las Alamos and Livcnnorc. With the
advancedtechnologydcvdcpcd in the U.S. andRusk sum,weapons pluhnium k k

lxxx kausc ho cqhaive power is highly dqendabk andthcrcfomaiwaysthe maximum.
and you alsocan make all kindsof fancy bombssuchasnucicarartilkry s!ALsand so
forth. But suppmx you don’thave nuclearvvapons and you want m get thcmquickly and
casilyand you huvcthoc4u3iccofcommemiaI orwesponsplutonium.’ Hcnutdcas ifiu
hold weaponsplutonium in the kft handandcommcmialplutoniumin the right hand.
“Your U.S. weaponsdesigrtm bolicvca tcrrorislor~anizationor roguesum will chomc
the wca~ns Phtonhun.” -g LOward Ihf kft hamt “h tk CiCVCf fdkw * hasto
build a bomb for the bosiifastandchtmplyWIII cbooscti commercialplutoniumcvay
LiKw.”

But work on the dcvdqmmt of this now accckrator&ivcn technology has not bccrt
Suppmxi by the Nalionai kademy of sciencesrmmmmcndadrms$and the u. s. policy
ha5bn ratherncutml instead of aupporfivcof suchsludim in othcrcmmtricx~. “lhc U. S.
llc.parlmalcofflncrgyisprof mhlgthc doptionofthcu. s. Natkmal AGuk21ny(lf
sciences rammndm “Onszwhich urge@amlumt (Jfplutonillmof all [
with or without pafvialburn-up. It is nuw in the fii stagesof info
to a &i&m to cmbak on the ixnpkmcntaticmof b Option#,

Quelhlnhlg u. s. J&Ut.onium diqmsiuon polky
BeforctlMu. s.ando

%
Udsstrategy,it would lx useful to questionk

~~-hwti far the SCktiOCt of undwgmundSt(U3~C. Th@c

argumatts arc msuttcd as questions below.

-wf$==mwm~~i~ tnarkotinplulonium’1
I%rhspsthe wdrcst tochnid ckrocnt in totalplutoniumdsructkn ting cxi.sting
*ogy is tho PURE% pmows for scpnmt.ingphniunt fmm spat mwlcar fuel. “Hus
technologywak%dOvckl

r
in h post-warY8ar8and it or itsdcrivatiwx arc now widely

+@OYOd_ in h . S. It is roscntlynntcapahk ofdading with tin. huiid-up 01
iughly mdiodvo consdtucm$of L WaStoprodti & thec-ourscOt”cmmqktcplutonium
&smction. Onc might dcvolopthe tcchniqucfurtherto &al with its skrtcoming~ but it
also hasthe rwblomaticfauum thatitpmduccs (ipm streamd plutonium.llc Swcdtx
LxlllthismN&d “ plutonium. ‘1’hc.qardnn of this nkd pluwnium docxIwt nfccsariiyo
or pmhapsCW, matchpcrkdl the fad into tbcpluuuiium-thxtroyiu~s WIS, ‘ilwtuhc
thcoxccsscuustbestorcdo AnJ [pcrtla m get a bctw hahnw hctw!cn I tow who sum’

ifand tho.wwho usephNnnium,h cd b .sddthcmhycrraling a plutoniumnutdwt. As
with any c43mmodit nmrlmt, it’snoteasy to ~nwcnt .somcof the commodity from tx:in~:

tkxt or stdon. The . S. isconwcton the pouttof avoidinga Inarkt and shouldiwsh on to
preventthe dovdopmcmtof a nuu+mtin plutonium,

‘Ilw solutionKI *tire 0( plutoniumwithout N)(h,Chg a nuuimlNIplutonium is u)
Tpcrfom .sqwruuonxwhich do not producopump utmuutm 10’mnthr ktiinnm~ d imr

.- 2--



work on plutoniumdestructionu k AlWIIX k focushas Ixcw,on separationswhich
allow the dwxrucdonof phxnnium W“fhourthe productionof nakedplutmium7. (My tho
weakly radimctivc zinxnium fuoicladdingand the uraniumarcremovedso [bat the
plutoniumrcrnaimsmixed with the mostradicmtivc ingnxiicmtsof the nuchxr waste, Ilw
concemmtiooof radioaotkity of thisproductis bout NM)times higher thanin commercial
spemf~l and thLs@m can hofcd directly into the tran..utc.r. The IA%AlamM pmccss
sLcoonly makm accauhle as mnch plutmdumM thesystcm burning it can w so M
cxctxssis accmmulatcd.With highly comaminatcdplutonium and nocxces, no mm-kctin
plutoniumcan hedcvckqwd. 1[is almostcertainly fcasihk to dcvciop meansfor dcstmying
plutoniumwithout pmmoling a marketin plutonium.

1splutonium safe in plogic storage?
I%e burial sulutionwould work if h pluionium would s~y put for the periodof over
1OO.(XX)yearsnquired for it to &cay away. Lfit * placed in tbc groundwith suflkicnl
cam and expm% it might not movearound muchof its own wwordobut that&can’t mcam
it will stay put. TLmrcarc a lot of mkxms fix pooplcto want to mover uniquema@riai
fmm tho rcpotdtory. Prof. P. Potcrsonof w Uniwxsity of California 13eddey Nuclcsr
E@uxring Dcpammt baslooked into b qutxtioo of how a subnationaigroupor rogue
Sultomight go aboutObtain@ weaponsIna&iai in thefulud. mey canalwaysattemptKJ
follow the _ routoofcountrics suchasfray cxNmtb Korcmof pducing plutonium
in a reactoror of producing~%J b urmdumearichmerm Added to thesechoicesthem

!will also be the oplioo of miningo plutoniumfmm ~ of tlw many reposiOrieswhich
W40Qwill exist all over tb wodd ifthc w(uld adoptsthe U. S. policy. Dr. Pe companx!

nxovcry of plutonium,from a repositorywith the* two ruutcsand concludodthat it
wasover tenlimes fasterandow M timeslesscxpxmivc to mcovcr the plutcmhun(rum
stun~ thiln@ pursueeither of b Otk two o@On& ~C hWxnationni Atomk -y
Agency (7AM) mcognks the dangcrof tht stud plutonium tdso9imd mkts the @ion
thaf geologicxcpositmiixmust be

F
forow%.11Scz4Usimpmaihlc to avoid gualdsfor

undcrgmmd plutonium in h U. .muchlcssin othcrbsstablccuun&

While znaoma& nuclcaroxplosionsbavobccumca mattcxof major intonational cmxsrn, it
kmw~~nwbqti~ ~ti~~ysm-htitila~
by humans. In a paper qpitly publishcdo we show that it is
tXIlpkd asaafdy aubcn@d con@ttrwioos tu ~

b,*&fo@&&#u

supctcriticalarmngcmcmts.Accidrmtalnuckmrcritkal conflg-ticma ●bmmgmtmdhave
tif-mtit~me-~nxw -~yftikkmtib~
themsdvosW rutntdy with dour consequences.Howewx, wc show thd fur plutonium
undergroundCb poaldw u twgatlw n%ctivily Gxxilmckis pwibk d Uautthepdiw”
rdbdc nkcsnsthatCncrgy * bm Wpcmrhicalily Ica& tu cm highersupermithlity

mcplusiveenergymlcuswis possibk 71e enurgyndeass is furlltet
Cllllanccd ndbythccoufmermat andmaintcnamxof thc~titicti bytk

Lbxuhich or coursecarom hnppenabovegrowui. llw* uncryym
theset-mflbwrudonsam dcuhtwd to Ix in (he (ensto lItmirds of tonsU( inghcxpksivt
equivalent,

our studyof the explosions(,ml invdwd highly enriched uraniumttndwca~
Jphmmium. Huwovc.rPigtkrdl l-l ~andCMoihuvc IMicd tho criticality Isucs fw

cmplacemcnlunder
Y

undof omnmuciai spcmt’uciartdspentmixcd+xido fhuL “llww
invc3tif@orsdctcrrnncd thmbodt waw ty~ ma nxh Critkdity with pusit.bm(cxploshc
driving) fccdhdc even without M! nrationof thuplutoniumfrom the wastucladdin~, tlut

furanium(x the ~LSShilproriwx ‘t My tbrtlk!r Showodthat Ihc pmxltly (mrdigud
contdctx for comnwrcialwawccmplaaxnent in Yucca Moutwin wutddbmwnwCritiud it’
tiiod with water md would showpositivefccdlmckh’the txwcqwnw 01”thocMW~y



dcu wcm to move the wasteoutward from its original titgurruion so that it rnixcswilh
theSIXNwX@ bimklli ‘lhcmf~ it presentlyappearsthatctikality with positwc
IiXdhack is positllo spmancously for perhapsall of the fhsilc was& undertxmsidmuon
for nq)ositorystorage

L!Wcidultal or ptqoscfuircpositolyintrusionirlcmcqwttial?
Ofc.oursGnaturalprums.scsam rm LIWonly ones thatcould Icud to crit.irAconl@raticms.
‘k “W stud~ SUPIMM@h!f$~u~y~nt of F~gy UkILOWWgCh

rpossi ‘[y ofaccidcntal intmsmn
J

as for example in drilling for water or

d
minetala.althmt threestuck hadnot rcco - the possibilityoicriticality with
pnsitivcfeed llw IAEAstudyand the Petemmnstudynmkothccasethattiw
strongmasonsto nxntcr and rccovcrthe plumrtium fmm h rqmitory for thnscwishing
to obtain nuclearweaponscapability. ‘f’berepositoriesmay be M richestIodcavxilablc for
othernnn-ftile materialsof possiblefuture IIIWCSL r~ exarnpk all of theelcnmmsin
tbewastehave isotopiccunccutmtionsdifkrent fmm thosethat occur WIUrdny and have
potentialvalue for thatreasom Mining a rcqxxdmrypurposefully is tttaefom tdmostu
CcztainIy,andiftk mining isnotdmevvith

c
t care uitical cordigurations cnuk! bc

WWc41 accidentally. Finally it is not Oul of. qwation tlwt repository explosions might k
dclkatdy indttcd for mskvokmt rcasoruk tftb prxsibility forspontwwous cdlkalily
could be nxked to an acqmbl~ low vab (and how WOW that be deckkt?). the
-Y of purpmful and wxlcotal, mcon@tration to criticality remairw

Is Coniclaion tothe “spentrid Wndard” worthwhile?
Fur the m~y yearswhile phlonium was stonxl in large inventoriesof nuckar wcupons,
thesaf~ ufweapons ~lutoniumwasnot questioned. WCC Iwlativc peaw hasbrought
majorsto&pilc mducu thedispositionof thecxccasweaponsplutonium.patlimdarly
Rudan @Monhun.has trccomcan issue of maJorfocus. Tkm is good maw to wam to
get Ruwan 7 dut~m Unk alud u quwy us podbk Ill mspllx 10this
wmwxn, theU. . &adcmy of Schmcoscondwed a studyentitled Managcmcruand
-b * %tis$x& Plutimum2 to Cvaluatcpf@blc Opdnna.‘k

dccbtmsofwcnpona pluumhtminthc U. S.and Rrs@
(2) Saf@ardCd

=
ofl&-*d(3) w-htitig-

-~ ~ I)ttut-upit tmactorsbdomstoragcudcrgmd A&actuingon
umkgWndstomgG thcisstmofbuming bcfomatontgc tmdcrgrolmdn~hy
ttrcNASitamputatcstudy withaqmrte Maqomem and DiqMitiorl OfEwcSS
Wcapww PM.onium.,i,Rcactor-Rektcd 0ptions13.

Both repotu wrc strongly,influcrwd by the concwptof M ‘spent fuel staodard.”711c
plutonium in b “u)mmemd spantfuel, as w have almdy stetL is a rnixtum of isotupcs
wldcb k sotnedisadvantagesfor makiug sopldstkatcd uucktM weapuw 10udditku, tk
cWmUtb3AJSptlt CWI & h the fWtU Of Sp2tMflld tWCrnbUeL ~w pn!wmx d tk rwsiuu
product mdbadvhy hithetusemblks wd~ the plumtdum is felt m bc WMIwr cuuskktddc’
detemnt to attemptsto removethe lutonium fbr pwibk weapurMu**. Siiwwthaw is su

Llmuchmomcoinrncmhdplutotdumt n wea~ phrtonhm, tk trausforuuuh d wcq~ Ins
plutonium tocmmemial plutonhnu by hurnmgin a twtor getsAd of the WCqXUM
plutonium but increasestheamount ofccmunercial plutomiutuby uuly Auut W %.
lkrcforu Conwrsb of wexqwr]splutoldum 10Couunelchdplukmiutu by pmtid lmlllill~ ih
sccrI to ha worthwhib.

.- ‘%-



thatin ilbm ale 10two hundredJears theChmdcalseparationof plutunium from lhc Waste
could bc accomplishedwidmut rhomdioactivity beinga signifii bmkr. Watcvcr
A%umlgc fkuu the pmsendyproposedpolicy of conversionto the sfxnl fwl Qandafd
WOldd & UXllpOMryand IUlliIdye tk ~UliOfl Of & pdknl tOflltlUU&%UX’WiOnS.
“ilwy would have the rqxmsihihty for dcsuuctionfollowing LIEprobablyclangeruustask
of rwxwcry.

E the value of Wc.aponsplutonium always negative’}
Of cowso M main objectiveof rhisU. S. policy might not he U. S. wc+ons plutonium
but Russianweaponsplutonium. T& Russians undmtand that weapons pkxtonium !MS
.T@U%tiwtim~m &e.~~bk-tifittik
deWWUon Ot this matrxial. -1’Iwu. s. argues that Wca ns plutonium has negative value!

rciting theenergy VSIUCof the plutoniumwhich is no di fcmnt than for any fkwik matwial
In the U. S. thiscaseis valid Iwcausewc currently haveno technologyavnilabk to oxtracI
muchof the_ CffkiClltiy. Iiowwcr hssia has dcwh# an a(hMXd Icad-cookd
mti-r14wtih dphwmowti& w~~Wwtih-b the
plutoniumwith Si@fbut advantage. In addkion theRussii Umktand Ihat lbc prirmuy
Valucofthcweapons plumhlmisrlo’t inlhefkioa

-P
producedfrutu burning but in

noutmaaitprdccs. Muehoftkm ssoowcaponsputonkniswkdfur
&ktlAwcapooSis* itisancYuxe&l#y ti~ofmtrom si&cethekGylu
lluckretJcrgyis stdniRgachain leactiorLlbc bundngorwcapons pluUmiumdUmces
d.wreactorneutronccouomyaUowiIlgtlmChailltocoduucto opcmtcwhik pclfmUiIlg ;
okd~tiMayhgnu”km~~tim*gti
IEwIwU. sludkl&t LAlsNamosshowthal tkocomm&s of trammutaliofl of CommCmU
XIdear wasteis V- 5i@!iCdy cnhWCed by the burningof W~tL% pht(lllilllll and
highly cmichcdunmiumconcumn ~ylsc

Why is plutoniummom clan crow outsidetalhcr thaninsideof nuclearweapons’!
&1%0sudden~ncy ofdd g whh Ibc Fhmian plutonium,rmti that it iscoming out of

thenuckar wqo~ accmsstmngcwhat the arm urgcIKYwas not in cvidcncc while the
plutoniumwasm k woapoms.Whik the appammdissolutionof controlsin someaqwts
of IUSian srxkty in rcxxntyearsmight gkc mson for concerntbr plutonium in gcnml,
thereshouldbojlw asmuchbasisfor concernnow shoutthe availability of wqmns
plutoniumwhik in wcupms ast.hereis after rmoval mm wcspns.

TIW National Academyof .tinccs thcmt’omhasskcwodor biawd their
mCWUnCndaliOnY~*’3by btutingthumun the following highly qucstioruddcasaumpdon..
l. W-pbkSduak pWtigmlo&- hkWtiit*w
- ~ tocIulOIo@tuCwllpiucly destroythe phluxlium
2. ‘k wcaponaplutomumand ok plutoaium is aafc in geologic storqw.
3. wcaposlsplutwdum hasmqyu.iwValue.
4. Weaponsplutuuiumdwerves priority aucoliun bccausch is mom wcaponswcful thun
cumrnctcid PIutuulumby tuguetmttcsur submuiunafgruu -

e5. Russianplutuuium in nuclearwapuns is auk but outsl of @ wcqmm it is I. MW[C.
6. D@ructiuu by tmnsmutalicmof buth weaponsandcwtunmcia! plutoniumwill be too
cwd y.

TcchIItJlogicu for cutupletc dt?ilruclh d plWmhUU

AIthuugh them mu SCvend prwnisiugWcltnulugie which huvc beenptvposcdfor corn k
!/ldwtructbn d’ plukwium, uutw kc km tkll~~xltulcd yet lkcuusu the plutuoiumpro km

WUYIW1pwuincnl until U. S, und I&situ) slwk~)ilc rcdwlitms urcak’d m cxcw.. of
@lOiliIJIll OIIdh @JkIIM Of fL’~JOSi([JfyNk)l’ti@ Uf L!HlllllC’JCiid@Ih)lJhKll bCWUIIC

thppwenl, Severalupprouchesm lJricfly A3wr bcd bch.w,

—-%”“



“lhis technologyim ~ivcd billions of dollarsof suppmtwoddwidc hecau.scof its
capability (o hrccdplutonium. By opcrutingthemdiffcmntiy il is piisihk alsntn hum

1’
Monium. andthis bchno!ogy is perhaps[he mmuprominentcandidii~ icchnologynow,
bwewr Uwsesystemsam cri[ici7cd fw cril-kalily ssfclynxsons and for thc~ruseuf h

sodiumcoolant which bums actively in oxygen. nitrogen,ad even with concrete. PcdMps
h msirkcritickm of themis that theirdeploymentfor plutoniumdcstmxiua uprm tbc duor
to fulum uscas bmedcmof plulonium and thcmfom for pro!ikmion of nudcar wqxms.
FWhisrewwndevdopmentoftbist ethnology washalted lastycarin the U. S.and the U.
s. go~ t isputti!lgpressureonotherIMtmflSto hall this technolo ‘y development as

kcwell. %ceotdy 15%ww Mti@uwtiha&gkfd1da destmyed,tkse
systems requireremovalof phmmittmand mcyding of thisplutoniumback inw the reactor.
m separationsnocesay for recyclingthis plutonium repwAly to Colnpkte Ixmlup k!!
not been&KwftWated ad LheNatiorud&Xkllly of &&ices bdicvcs thatChCdatiwhi~
Of burn-u m inventory is suchtht a _ &lM-Up @n mighl U&COVW ~ ~ 10

JComp . Ihxc is much to lx ckbittcdabout this tcwltnology,but tho fact thal ithasnot
. afmmorcthan 2Syearsofdc@opmmt spcakstoactidcmbk

&-i@7

‘fhc ~ be ckvc@Cd a &kCnt vmion14 of b fast reWtOtXwhich MllPIOydw
much sakkad-biismuth’ns tlwcooJanL Thc@act=wasdeveloped for useiu.Rusaim
su~wb~~tia~s~t~-~dkds~
Withithave bcldtlwworklsubh

powcrwi
spedrcconlformany years. l’lwmactoriswpcmcd

to have eighty watxur-yatl’sof SwwSSfulOpGtwimwhichSubsumtiauyeweeds thal 01 tk
sodium reactors It Wss (loveIopod pfhnrily to f’sxwlwthefhmmtlbuity prubkm Ofthc
sodium coolant but it avoided the&t reactorvoid cocfkimtt issue as well. Furtkmorc
thepasbmsolidiktion oftbcksd-bkmuth ifitlcaksihsn thcmactorisanadditknal
signMcallt wfcqwldv8neageforcotdW@qsystcmmdiomdivityinnqmaly=idult
conditions. ~~-_m__.butaR~wvumm~y
hx$bualoqyln&d @commcAk k Its dcsi~ allowstlM compktc burn-upof
plutonium and tlw minor adnidcs provided proposal new mm-aqums sqarations
tccbniquesam pmvon to bc psactid II is not suikblc for ckstroyingthelong-lived fuwiwt
Prodwsoatl wwckmuxdriwl systca might be Kldcd to the iafiastructwc to UcWmplish
U& W-dwtiw--wrdbwmdtiuffktim Cllrkkdllrmlillt!t

dmcwutxlfl otuwmpoaste dtwtium. RuSiabas uMckAogyunW4i Iuinthc U.&or
dscwhcaewbkhcaawddrewusswwqwmatmiultugmuadwm~ Ruszia
tbaufom haspmotiad optkuutfor@stmuon ofcxccss msterids which MEunavailablein
lhc U.& ~xtib-~=tiv titi~+~wofdv-nwb
tcchuology over&c@ two docndcsin the U, S. is *ginning m show.

10bum wcupotmplutonium asan
Umcfdkd ntbu!d CJxidcfuel

(MOW* * Qlm‘Wk lb Phttiwu ~~ b Wyti ~= ~~~m(W~fudwr Iducdon*
However. ufter that~~ck existing fuel ruprecessingsystemscunnw copewith&hi h
rttdiwlivity of the rcswhhg tplutouiutuaud its I@ltcr scxiukk pnntucu Compbxc um-

&sefwtlE.nlynxturcqntbiitythut dwU.s.lwwodyA,u iApWlywhich
u Utcrefum{uEMApossibk ahlwugh burn-up to * “spentfuel standard”is possibk.

shwld be dww 10twtnplotews w Iwt al ulL The k!! tltutsonwfiinj w hcdone pwtutps
uw-uuntspwtly (or Utumtrtwit SUPINMin the U. S. fur thisM(X upptwtch. Sinewdw (J.
S, hustto M(Y( fuel hbricstiuu IdunL%,it is cwtshkring twtiportiug the 50. 1(MItunsd’



weaponsplutoniumto &uopc for fabricationimo freshM(.)Xfuel. llw U.S. govenuncm
still will have to pay for conveningk weaponsplutoniumto a form momreadilyuscfui
by mndsfs and row stawathantiM cxi@nalWW,pOllS @UtOlliUM. h MOX OptiOll
offers nothing fa theOlinlkdon Ofconlmmud. plutonium

.
~wmll~ .
Cc~k&&#cs haspumucdk devclapmcruof high-tcmpcratum@s cooledmactmx

commemia.1pruduc%onofnuc!car power. llw Corpnratmnhasproposedco
burnweapons @umniumto compktcncsswithout fuel mpmcaing by burningfhc fuel
first in thciremsting nactor designuntil h macmrcanno Iongermamtincriticality and
hmmo~ti Wma-tirdrivcn sV-_=titi&Mwa
much higher degmc in a subcriticalasscmb1y16.BothsystemssellelectricPOW to pay the
cos~sof this oporation. Tlw resulting 5 %nmmanlof phNoniumand higlX!3Schick
mixtum is not USMulfix nuclearwapons owing m ils poorisotopiccontentand ik high
s~iri dCCUY~ TltcMIIIN33> alsoC4XMIJOtiA toey CMWICWtiplutonium.
-llu5Coqxmtiqbc~k &imwapons @utoniumb a positive wltw in this mode; tk
ecoaumic Shallon “ Commcmd phmxlium owing to theCumpbtions of Ihe
additionalmpme5s@mquired. ‘Tkdcsignofthecomponents ofthissyWmismwlute
fuUo~-~of~- &~-~ butti~of=wktiti
Shownto bemllpedtivcwithligbtwaterrcacum iti fhcproducticmofcommemiidnuclear
power.

Allmaotorsopelacc ascriticdsystems withcritidity trcingacoasi-lcc~ “ on
systmnfunctionand fiwl- 7bcuseofaofckmtors asin&nscncutron suumestoallow
reactor-lik systemsto opcnatoassubdical systemshas* wnsidcmd for marIy ~
~ advanta$jcsam - en SSSUbdiCd S- 0PCratiO13 OWX a wfickx dymmic
rangeof W burn-up,a supcdor neutronumoomy owingto the suppkmmtal ImItrms
suppliedby tk acu%mtor, and thcabtamw ofnculrcmIoiws in control mdslT. Wmsafc
suhhkal opcradonalso_ possibleopcradonwith a liquid fwl whichAIlows
wndnuous rcftding and removal of fissionpmduc~. Tlw iqtdd fuel improvesthe neutron
economy furtherand avoidsthocostand inf’rucm fbr fuc!fa&cation and
rcfahrkuion. TM mactor-likesystemwithits on-lineqtmtiom capability akws onc to
(cod fuwik matca’ialinto hs s&t&tmnm and h mmovcfissionproductrdonc
C@Anuously. lllcmfom md L -up is pnssihk If thcw systemsWcru
deployed asthermal rathwthanfsst spcctmmsystcam W hum-up pm year would bc a
Iargc hxinn of the W inventory. An cxaminatinnofti Iogisficsof plutonium
destructionshowsthat sucha systcmcould dLWOyM commctuialand w-s
plutonium in u @d of aboutsixty yclu# ilLWidof & 200Caltlilwlcuru GLslSpccm’llnl
Systcm.

IIIk pmstthu surelyO( thcsuSyStCXIMwus UIWMYSliroikxl by & ubsmccof sadsfacwry
scdomtur twhruhqy. HOWUVCWdWlOX uw tiw

r
nutddil CM by 1990 that h

ruquim.dacwlcmmm cwuldbc bui14anduwderulw ‘wn mwsmutstiontccbnolugy
(~~l~bmktiy~b-lwtiutitti. lnt.emslltas~ninthk
technology[ho workl over with u law inwrnationul mtxdngtx, ~ ,ScconLIInttwnational
Confonmcoon Accckrator-Driven 1 runsmutatiunTcctrnoiogy”@anncdfor Jutw 1996 in
Kalmar, Swodcn. Mu&s also am undcmiy in Fnmcc,Liurqo, Japan and thuds. “1’lw
Viabitityof a

9
c audcmtor in an induwirdcomxt was ivcn a Mrgc boosthy the (ImS,

ff)cpartmcmtof LntXgy’sAorscmrm of Ilw ounswc~ion o a 1.3 hilliori volt IW rnilhump
protonwxzhmtur producing I3(I rnc$awultsof slcadystalehcam~vwr topnuhw UWium
for k U. S, mwknr wupons stockpdu “fk W%’Ck4NkN’hCW Wd ~RMk’4’ ftt!u[~}rk%
whirthwill hoabsorkd into IIK!hdiunr 3 isotopt.m convcn it to thium (tlydrr~~n ‘!,), ‘1Ilis
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tritituqxoducing aadcrator is largmthanh Iarg=t accekratursconuxnplstedfor
transmutationtcctmology.

At k AbmIS thnx VC&MS Ofthis tCChdOgy am king SWikd. ~ f- (dCd
Accckrator-lkcd Coaw=sion(ABC)is aimedat thetotalburn-upofT plulonium.
lt is cxpcctcdto havecapabiiy for bum-up not only of tk highqdl)f utonium which
tifiYtitim ~_tiho~blit- tio4ytiyti
plutoniumrcrmwmtwhich was left as the 1-10%conmmha ‘Ouofthcwastc fk)mthe
pltUOtiUKUd- ~ T’ldssystcmwouldbavcits pktary applicationin Russia
and tlw U. & wkc he cxccs and wsfc weaponsplutoniumcxk

n’Dcsccdsyscm* Aocd@orlhnsrnutationofWasaC(A~iSaiI-xk
dcstructkM ofcommtid plutonimn. tho minor actinkk and the Imtg.liwd fiion
producls ThO system thcrcfomwould providetbomeansfor daxruction of the world’s
-&-ti@ucotdum ~ would transmuteaway thelong-lived high-levelwaste

L
ommmmalttuckmrpowcr

P
u fh ATWfacilityopuing a h same

ionpm=WasaQptim- pver-orwmdddcsfmy-sfrm
“al Wuteutorsfolx Cotmnaw

~
sinC43themmabout400comrnercialpwcrm-b

theWddtoday. &srucdonof@st thowastefhnn the.mwoddqml~AW
systems. Obwouslythis would be Impossiblyexpensiveunlessthe f=ion beat frctmthe
&wuodonofthcwas@ could hocouvmcd tockstric powerand!mldto ythc

x~ontio~tig-forti~oftimse. lfsll thesccowcould
& “dbycicctric~wefsak$ thedcstrWiOaIof tiwSStC wcu.ddCOStnOthiti&*iC[y
& bly is willlng to pay a modest sumbarge for thedispositk,[~af tlux w-, hut will
notaccqtti wastesol*m@r@am@~ inthcnuclcarebricpow crcost.

~mbyftimtitipl-m ~tititi=is=~>.dy-k
fissicmpmductsbecaa=h~ providcdby theac4Xlcmtnrtor&mcdon by fwion
am suppkmon~ signi&w.ntIy by thonoutmns- ~ ti r- pf0U2$smIt appws
thsttlx5&strumm oftbu utoniumand minor nctinkkcan lwmadocmmmkally
pmcticalbytlhmew L forthefkion r--neutron isrcquimdto
transmuteeach atom of fi* *W ll=@m tmnsmutadenof * fkalon jmxkcts is

momcqxmsivo in Enrlsof mqWenWsonthc=oklWor unksomcuthcr
-Lmlceofnauluas Oaabe idmtifkd. Weapm$plutnniurnandhighly
crmcbedwanium =0 goodm-s for wmapcmmtinly bccsusc they am good SOUIWSof
tllo neumnswassaryco drivothc.exfxm4mtiaUygrowingchain nxctioninanuckar
C.xplOSiW.it* ~ JIME@$ waC USCdtO.wppkmml the Wutmneconomy in
fdonproductbumin& f.hcd—u$=mt of tho Io@ivcd fission productswould hc much
-~Y~- =~ ofal! lon@ivud constiawm of h
was(oisthamfbm made -ViablO@ ti fAing OfsOmC01 h wcspunsplumnhun or
highly ariched umnium into b A’IW qstaa.

- 0“



many bclicvc to ~ the Nation’s wom wasteis imposd on the singk commuuky which is
hosxtothistilxxaitc.

Sciencemight help nxolvc this politicalpmbkm by changingthe chwactcxisticsof the
wastcsmthatitisnot ‘1wXWU% lU pk all of thisWaStCaf orw site. lf the long-lived hi@-
ktd_muld W~tisti~W-dc~ ismwhti, b
Comahtcmcan be readily madewhichWiJloutlasth radhctivity of the WW4G sincethe

%
containcrsamabkto mentthe m

L
“Oaoftkumtq oncdotxnot,havc torclyon

geologic fahucs for “%purpa. 1 omtluun olongcri sasingkhcs tsitcti.the
criteria for storageof the wuac can hcgreatlym.laxcd No statewould hati a technical

bkm identifying a site for itsdativcty innocuous
K

wasfcremnantaflcr traasmutafion.
wm~oftimM( wStitiasw@km mtitbaf_

problem..’lle rok of tho fcdemdgovomnm t would beto help devcbp the technologyand
theli

7
and regulatoryaspectsfw adhenmx by the states, In such a situationthe

challenge c1Wastohandling is gmhtly Ie4kexl and tbepolitics 01 wastedisposition ‘WC
mdic+ll changed and improwxi. Transmutationalsoremovestlw issueof wtxqmas
-d mcolmsyor of undel~roundcriticality.

l%e W componentof the AIY1’T pmjecgAccckmtor-LMven lhrgy Rmh@ion (ADEf9.
k the productkmof nuckar cmorgyfrom thorium*g & mx4e.rater withou the
productionofwpons materialand with concurrentdcstwuion oftheIong-liwxl high-kvei
waste. The energy available from thorium is virlually unlimirud, thwe is no OINpu[stream
of bog-lived high-kal waste,and opmtion asa subchical systcm preventsnuckar
runaway. - three featum3 am sdaothe prima

%*V-Y
01 tusion programs. Wc

believe thatthis tochdqyc-cmld be made wailab in 12-1 yearsand thai thopresent
technicalrnatmityandlikelihood of technicalSUCCOS.Sfar excccckthatof fhsinn.

Up to the prcscnl this_ pmjmX has&n Supporiodonly with internal dknxionary
funds oftk I..osAlam.os National Laboratory. ~ti this limited funding, it is impmxihk
toconduca(kmoMnm on experiments at a sdejustifii hy the pn!senl designmaturity.

oppo6itlon to tmmalllutadoa
If Los Ahmos aodmtor-drivm tmasmutsdontoclmdogy offers suchpmi$~. why has it
Ixwn diffkuh to obIain funding todevelop anddcmonstramthis tochnnlogy? The tochniwd
GppAtkm W I.hCaCCekSU0r4iven WdUtology is weak. hut tk poiitil appositionis
chvcrscand formidabk. Remarkably,@ogic storageis almost wxybod~s solution to
the waste@k2m c-xccptthosewho mu Iivc near thewaslc and binne cnvironmeotal,ists.
l%e various groups which auppm it am the following

Repositwy storagedcvdopme-nt @e4Ukts
71w Ywxa Mountain mpcwilwy stomgcfuciiity haskm fundeduntil nxently at the ,uveral
hundredmillion dollar per year kvcl. W is thmefoma vmy mrongbuilt-in q.wshtiry
storageIohhy within prof’onai orgammtion% @c. wlud has a loud voice cmmparcxlm
tk SdVOC~S Of h IM3Wtr4UWWhUiOtl~hllOiU&y.

Ua!uicutilitils “
SOIW ofthtw in thcckctric utiihy busimss MX gad ‘ hstomgc M an im~iam ~~

7%viatdc solukn to the disposition of h wasteaccwmu ‘ngal their imwcr plums.
Furtkrmom dwy want it [o bo the only sohitkn so thatthe Nation can get M wi[h duN
solution immcdiatoly. ‘Transmutation,whic$ mi@ttIMOVkka much betterwdutiim than
simpleStorug&#As in theway of what they pmcivc 10hc nuw-term geoln~icshwagr
(.lthxs in thiscurnmunitycontzmd aboutthe kmg-tcm polikal aud Whnwal pwbkms d’
gcvJlogicStoragL!am mm Wpportk
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Reactor vcn&’s
-.* bg ~amh new re-actordeployment inhe U. S., the reactorvcndtis have
had a dffii tin-wbuthaw maria@ to designimproved=Ms llc xcdmtcw-driven
tr3nsmufcrs promise to be ewm sakr and dkr a bcnigu wsslc slnmu which the new
mxcmrs cannotmatch The

r
of twaiM3iity of LtIcwtransmutationsystems not far

inlothc fuulmuNNlldnotk fdrk POssibdityof sabs of the H EU@OrSwhich ICiy
m geologic stomge. Ofcom his community is plead with mixed& burning of
“mpcmsplutoldumlocollvwtittot hcspcnlfuelsumdad. ‘illisgroupdocsnul

.ACSWUy reject cransmtttatimttmthcly. butwould preferit to bc pttskd fhrcnough in the
f~tii~mwtim ~ti~tktia-on~dwti
disposition

‘Ik thoughtfulanr.i-ndcar community
‘his small bw inilucntial gro which k prominendy~tcd in tbc Nhnal Academy
.f.~-=k-&ri-lY-Y*~ ~P--~of~-
technology,believesthat nmkar txhnology hashad is omify to povidc solutiamsto
the U’Odd’sCIKXgyprom Sudfeelsthat Otltcrtcchnoiogirs- a b- shot bcfom
nuclear getsachancc totryagaim TMymcognizet hatwmmn’tju!uw dkawmyfromtk
pn=ntm@earpWcanSandwillktosolmd*dfl cargumal& -fheymfp=dly
m~wtok~cof-n-ak~wg~w-pti~
somdmcsitis ~mfi**titi Gmdtit-_lyi$Md=Wm
lhe dcvukqnnmtof IICW nudcar tochnobgy 10 fake cumnt @cdr waste pmhbms.

,

me mcthary Snti-nldcar community
This group does all it canto climinstondear @chnologyby k placcmwuof obstack in
thcpathofany solution tOthunuc*waStC pK&nL somcofthiscommunity al firsl
Wg lik uansmutationtdmdo kaw it compctcs with othcxwastetcchnohgy and

vtosomcdcgmeoonfusesthcissms ymisin another option. m Srchoweverafmidof
J Lrho Lx.ncfk ming to nuclear technology” this means of waste ‘ itkm andenergy

gencradonwcrctobe~

SO kking for ~ issron indeed andtransmutation is&-rLcGdly Vicwwlas
(hslrucdvc m gettingm t%y wi mpositmy _ HCNVOVCrwithin most of h
abow commtmiticsk is grmvin &nrXXIIabq bothdw tcchnii and political viability
Ofthogeologk stomgcsokion. A ze~wkititifdlnti~y~of
the comrncmial plutonium stmd in thczmof tbecasy auzssibility to this Mm4uno of h

&
8Si@icityintheuscofthh utonlum inmEbafwoapon& an.dthcpossi Iityof

aptmtancousor induced und oxploskms of tk kile mauxial S unwokomc
indfxd lfndoubxlly workwdlgoonforsmnc timctotfytomakc ‘“tory storageof

Ti-kik rnatcrialAk HOWCWUplutoniumwillalwaysbe recoverablei it was pos.sihlcto
bwyi~sotho nuclear wcsponsprobbm nevcrgocsaway. Fmnchluwroquinxdtc
cxpcmditumof = much on wasteburning as is spenton logic stom~ Why not spend
intbe U. S.lmlf,oftkt nowhcingsp?nton stomgo to dcnmnslra~ the mans
for total dcsmmwa of b mafuial? We bciicvelhal lhi. tdmology could k availahlc in
12-15yearsWbiChisthC_tiMedUlt9n high-bvtlwastc isscbedulcdtohcpWm

!mposimry scomgean km in k world. I we continue with presm policy, tlfty years
orfrom now when all dwwu.. has &m placed undcrgmund,sckndsls still will M,trying

to convincethopublk that Ihc wasw hasbean -y stored“forever.” If t~UtUtlOll
tczhnology development m pursued now with ~ Scicntkts instcAdwould k Uhlc
tntollthepublk thatthowaato isgomforcvor.

‘riiom it scans that those who would b
’72

utonium am just passingON a dangcnms
problcmto our chi~ to wr+d tM optiono VelOpingthe uxlmoln~y for Compku
dwruction of plutomum. W9ththe repositoryWCpreserve(Iw nmtcrial lor ItXltNH~ywmi

-{o-



for tional or subn~omri groups to build nucl~ WWJW md kave open the danger [o
tltc population and to * environment from sganmoeotts, acticknldy, or purpmcful
eruptions frvm permanent storage of fis.%ilcmater-id unckrgrcmml- h should be
remcrnbercdalw that plutonium ~!l which iS & kcy isotop of wwpom plutonium

&cays inlo W 04,hcrkey weapon ingreciicnl uranium 235, which LMs for 800 million
)w’ars.

Soiving the plutonirxa problem using transmutation
If the Ntiorud Aurdcmy of Sciaux’s kadcadip k nm always provided sound
rccmmuwncb.tti~ what course of action skmlddb tollowcd irwtcad’? “fhc following are
nzommenckd
1. ImpIcmt to k &grec ~iblc the Academy’s call for decktmirm, wmuruing, and
.Wfc storage of c~ccss wc+ons plutonium
2. Continue the U. S. policy discouraging a plutonium economy. the implcrncnration of
MOX burning of plutonium. and the continued w of PUREX-kud processing which
produces a naked plutonium stmun.
3. Rccognizc that trartsfcm.ing Urcapom plutonium to the spcrtt fuel .stmdard rnak (hc
phltorlium MOre dangerous and On!y puL%the Uitimatc scdution off On future g~lOtI\.
4. Announce a% the U, S. na[ional god (k k~~tion of plutonium of any Iilnd Md of Al
other rnatcrial useful for nucbr wc.qmns consmrc[ion.
5. Support demonstrations in the [J. S. of rnm.rtsfor destroying wcaponc plutonium,
commercial pluroniurm and other I-@cr actinidc if the W.hrtology rcduccs the production
of wqmns material and imp-eveson he safelyand pmlifcxationvulnm+hlity ot”pmscnt
dcployut nuclear tcchndogy.
6. if rcp3si[W-/ storage is neceSsary,reserve it for tission prtiucts and themore innrxuaus
rcrn.narm of th.cnuchr waste strca~ and devise rnc.am for interim weapons plutonium

storage for the 3050 year @3d rquirc.d to destroy it using newly dcvclopd Wchnrdogy.
7. Enxuragc the dcvckpmcnt of rmxns for generating mxcl.car c.xrgy which do not
produce weapons material in the fimt pkce.

_lhis plutonium ccmccm d~s not exist only for the U. S. at Yucca .Mcnumin. The U. S. is
advocating the cmpkcc.mcnt of spent m-actor fuel un.dergmmd for the 30 or so other
rmiom which opmo commerdal nd.ear power reztors. Since tk IAEA nxognizcs t.lut
safeguarding tcpitorics forever is rta practical. this hcy clearly kavcs th.c plutonium
problemout of control. The views ex

x
rsscd by the ussian nuclear wcapom< designer

should Ix W. Prcscnr society future gencmtions the world over dcwme ttrc
opportunity nor to & saddled with n disfmsition mum which makes ~wtiblc nuclc-ar
wc+ons for everyone forever,

Rcfcrenccs

[. j, C.mson Mark. “RcacltJr CiW.dcPlt,rlonium’s ~xpl(~slvc propcrtws.”’ Nuckur L’onlrol
lnslilutc ~1990)

2. Mmtngcm.ent ,and Dispcsltiorl of Excess Plutonium, Comrni[[m on Intcrnatmnitl Sccrutlty
imd Arms Control, Narionrd Ac@cmy of Sciencas. National Acackmy Press, N,whtn~ron,
[)C(IW)4)

3. N. V, Ptiwyna, V. 1, Chitaikin, and L. 1. Shihut-shov, “Plutmriurn and lM Chcmicnl
Compounds: The ProblcrlI of Nuckar Wqwn Non-l%olifcrutlon,” Mwwging the
Plutonium Surplus: Applicatiorw and Technical options c.ditcd by R. {.. Gm-wvnct al, pp.
157170. Klicwcr Acudcmic 1%.hlidwm, !W-tcrlwuls [ IWI )



4. Nuclear Wastes. Technologies for Se@ons and Transmutation, Committee on
Sepnratimts Technology. and l’ransmutaliort Systems. Bow-don IL.uliouctivc WmIc
hkagemcn~ Comrnkmn on Ccxmcicn~ Environment, and Resources. National
Fkc-ar& Council. National Aeadcmy ~ Washington.DC (1996)

5. ~ Cxtqtion K ~ U.S. funding of Pr@t 17 of rhc Intcntatiorlal !$cienec tid
“rechnolo~ Centm entitled. ‘qFeasibility Studies of Technologies for .kxe!emtor-lkd
Conversion of hiilitary Pluronium and Lang-ikd Radioactive Waste.” I%is projcrx
suppo~ Russian scicnriws from rrmny imtitutcs including the InuiIute for 13ipuimental

and Thcoretkd Physics and [he Ilc Kureha.tov Insti[ute In Motzow and iruaitutes m
Obninsk .~ Chclyabirr& and other sites, Ahogc.ther about 350 fomwdksian
nuchxr wc+pons scientists are being supported by this project.

6. The nxcipt of public input on the report, “Storage and Disposition of W_s-~!tiblc
Fwsile Materials Draft Programrnatie Eavironrnc.ntal Irnpd Statement” wzs cornplctcd on
May 7, 1996. The dwurnent may be 04tained from U. S Departrncnt of liwrgy, Ollicc of
Fmik Materiak Disposition, P. O. 130x 23786, Washington, DC 20026 -37W)

‘;. F. Vcnneri , C“.D. Bowman, M. A. Williamson, L Ning, T. S. Bhatia, R. J. Jellwn,
B. E. I’4cwnwn, and S. A. Wender, ‘Accckrator-f’kiven T,ansmumlioo 01’Xuclcal- Wade:
Status, Nmv Ccm@pts and Future Dcvclopnwn~” Ims Alarnos Nali{mal I.ahmlwy Rcprl
LA-!Jr 96-5~ (]~) 1

l+. P. F. Peterson. “Lorrg-luM Safcguardh and .Seturi[y t%ramdcrs for Pluhmiulll in
(-iiolrqgic Rcposiwries, - Ccnler :or Nuclcar and ‘r{l~ic W~~tc hliuugcnwnl. ticticptctl t’or
prlblicatim, in Nuckar I’echrdogy (l Y%)

9. G, Linslcy, and A. Fattah, IAEA Buiklin 36, 22-26( IY94)

10. C. D. Bowman and F. Vcruwri, ‘tJndcrgrmmd Supercritimtity from Ptuumiurn und
CXIwr l%sile ,Mattial.” Scicncc and Giobal Security 5, pp. 279-303 (i Y%)

I 1. J, S. Choi and “~. H. Pigford, “Nuclear Cri(ica.li[y in Gcdogic DIqwwi (:1 Rditwiivc
WastC” suhmi[[ed k Nuclear ‘rdm0h3gy (I996)

12. J. S. Choi and T. H. Pigford, ‘[ Jndergrmmd Criticality In Rcpnsltmy S[cxagc,”
lniernational tlmferen.cc on Emerging Nuclear Erwgy Sys[crrw, (Mninsk. Russia, June
1996

13. “Managcrnm{ and Disposition of Excess Weapons PLutonium, Rexror-RelaIcd
Optirms”, Panel on llcaetor-Related U ions for [he Dispmition of Uxccss WeapOnh

rPlutonium, Commil@ on lnmrnaliona security and Mrm CtWrol, NUli(wal Acdcnly (d’
Sciences, National ACaCkmy R=% Washmgtw, DC ( 199S)

14, “Whi[c Land,...Ncw Russian Closed Cycic N~I‘elar Technology for Global
D@oymcnl,” rqxwt prcpati by C. D. Rowman dt,,r auc.mimg u confcwncc m I;UWIA
cn[ltlcd, “I:nt hwrnatiowd “while lad” Clutpwr C’onfcrmcc, %icntiflc u.nd
‘1’ezhnoiogic.ai Basis for Glohi FmqjY Systcm.” St. Peter.shurg.Fch ~-l, I’l)tl

I5. C. D, Bowman and F. Vcnncri, “liigh Value [j* of Wcupons-l}iutmmrm hy l!urnm~
in ,Moltcrr Salt Syskrms or Ite.-aclmx,“ in {;lrhal .&’rumy thrcm h l~isamnanwml, A !$mx’1:11

JH’whhop Sporwarcd by [lx NAlmO IIivliion ut S.cicntilic ~ tmvlrunmcn[d A!lwr$,
Elrow Majoratxi Cxmtcr firr .Scicn[ific CuiuIrc, h-kc, ludy, AUI’USI1924, [~w3



16. A un.succcssiul pro~wal wfis rmdc to [he [1, S. Lkpwlmcnl of Energy’k C)flicc o~
Fissi)c Miiterid Disposition for study of this prospect.

i7. C. D. Ll~wmi\l~q E. D, A[thur, P, W, Lisowski, G. P, bwre.nc.e, K. J. JeIISCI\, J. l..
Anderson, B. Blind, M. Chppiello, J. W. CXtvidson, T. [{, England, L. N. Englc, R. C.
Ilaight, I [. G. IIughcs III, J. It. lit~liil~d, R. A. Krakowski, R. J. lAI.Iauvc, B, [~,
I_.ttcllicr, R. T. [h-y, G. J. Russell, K.P. Siaulhammcr, G, Vcrsamis, and W, U. Wilson,
“Nuclear IhtMgy Ckmration and Wask Transmutatim) Using aII Acxmkra[or-llkivcn lntcnsc
Ilemnal Neutron ,Source,= Nuckar lnslrunlcnL’+ and M4KMLS in Physics Re.WMCIIA32(J,
33(j-367 ( 1992)

IR. The find rnecling in this .scrkw wtis entitled. ‘Intcm.dionill Con[_cwnce on AccclcrAnr-
Driven Transmumticm Tcwhnologics find Applications.” 1x VcgtM, NV, AIF’(’ord”tmmcc
Proceedings .346 (1994)

I
t


