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The I,nw Alamos National l,dwato~ Nuckir VItilon Projmt

E&d D, Mhur und IUchurd L, Wugtwr, Jr.
1AMAlnmms NnliOnill 1,.dwntmy

Los Aktntus, Ne mMAw) USA

AIMtract

I AM Alamos National Ltdwrrdoty has iniliakil u projcd [i) mutminc powiidc fulurcs
:uwciw!! with the ~lobal nt,tclen.rentcrprisoowr h voursc d’ the next llfiy ywrs, All m@r
compcnt~ nrc includxl in this study— weqxm, ncmprolitkrntion, nuclem power. rmclenr
mwwktis, and institutional u,ttdpublic fxxors, To uwnhw kcy iastw. the projw hus kcu
or~lniwd around thrw mnin m:tivity itrc~~—\vdiyh(p, riwwch it~! tiIiid). W, id

development of lirtkogm with other qmrgiwic world w’lotts, This pnpcr dcscrihcs the
cfforl-i19 uurrcnt and pltuumi Wivilicxs well a~ provides di.wussion or projw[
pcrspccliws on nuclear wwporm rtonprolifcrwion, nuclcur wtu~y, und rnwlwr ntutdn19
liW1l.1mm.

[ntroducthm
A Iilk over 50 ycurs WO, IIW lw~inrti~ d diu Nuclrmr/\Me WI inm nwi(m ilmdulmwnl~ in rnililury
andcivil upplic:mms d nuthr xciuncc ,wd tcchndi)gy hit Nhqml hiwry llutN@ si~ni Iiciml imp.w
on inlcmtiliwd. nulioml. d lWIII uspew (f swirly{
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Cornh

The Nuckur Vision i%@wI hs nm uucrnpt LO pnxikx IhC fuIw’ hut rathw uims [u w@orc uhurruuive
futures and Ihcir hnplicntiorw, In doing so, wc hopo 10 @n n dccpcr undcrmmdin~ IIIM will gukk!

ncliuny MI LOSAlanms, wiwm the great mq@i;y of mamruh and dcvelopmcm owum in areusdkcwl)’
linked to nucleartechnology, In addition, WGwould like Projb%lrusulls 10 provide crcdilk infi]mtiuion

rskvtml to wummtati !hura policy diakgum on mqjor nuuhmrImeg,

As will be hcribd, the project seeks to wunk altcrndvc Mums in k rxmtw d’ Importutu
malitics that any implicdons fiw tlw (’umrr: tlw increasingdcmnnd Ihr nuclcm rrwr~y in cml A sill,

the growing gbhl invcntoriosof nucicurmotcrids. an irwrcmhtgdcmnnd for energy COUplad wirh [ho
Ilnitcncssof mnny currcm [M sources,lhe rcducthmof uuperpoww stookpllcs, the lncmdngly rapid
dlllbsion of n~iau technlcul knowlcdp and e~bilities mom the giobct and the risks of ritdcaf
wmponrnPmdifcm[kmand oi”prolihmition d’ oIhcr wenpons d’ mm desrructlou. Ihtdy wtim thesr
current situations may Icud is unknown. hui it is ccrtnin tlun the Mum will bc uhnpcd both by
untu\tMpmcd events Mm! inlcnticmaluctiww. Tk tusk of !hih pmjcct is 10 think hrrmdly nhnut AM i$
ddnblc und pnsnibloin rhccomext ofsomc sa of hturc rdks, whhtmt deputing t’mm Ihc Am m’
pomihility,

Methodul~ ud Approach
Our Ullcuqxs 10 wwmhc u “global visicm”urc condiliunwl by lhu pruAicul nwd lo tiv imqt+uu~u
AJxtlvcs hnckto ncnr-lcnn nulions nml dccisituwilhmw~l~ n~hlc~iddc stt!ps iitd tnilcww. ‘Ihk gtud
1A IfN pucuu !wdwd we illuotrwdwhwrtwicully in Fi~ure 1. AU is indiwmsl, du”prwew sturt~
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wilh tic positing of desimhlc iuturcs (cndstures I X) to 50 years into the fuwtx “1’hc tkcisinn 10
iktdl’t%Sii numinal fO.yCIW horixon represents Mm*&liYliGhound~fy given lhat technology devclopmcm

and in~plwnentaliong~~r~lly take docadcs, SOnm in the c~rgy industry plan at hmt two or ~hrcc
dccndcs ahuad, UJId indivi~~] milhary qrsletns, kludit~ ships, aircram and tmclcm Wwqtms, cull

remain in invemory fir swxal dccadcs, Such pxwcd tirturcs arc intended to include CIICmajor nuclcar-
rclokd oktncnts shown in Figure 1 us WCII us to cxploru reltttionships urnun~ dwm, lirduqw and
impactson outside thctors associtttcd with mens such as global smhility and .securhy or @nhal. rc@onaL
m.i naticmd energy security am under inve~tigution us well, FiIuIlly, thcw- posiled futures till k

wstcd againstsomeseries of scenarios that could lm~ct thcm positively or ncgnrivcly.

(kc o setd nuclear Mums has km pmpmed, the ncx~ sfcp in Ihe process involvrs idcntitying key
technolow. institutional interface, and policy swps but shuuld occur tdong the way, Since exportiw UI
LOS Ahunos Wukmul [,aboratmy lies primarily in Wc!’rent urom of’ wchnnlog} dcvclopmrnt.
idenliticdion of neededscierw and technology is a component of nu$x inWe+t 10 tile pru.jw. Thv
tlrinl step invchw tiing intiwrnalion dcvulqwd M n rcwdt O( the tlrst stcpn 10 identify actions in
technolo~y. instinniorral, UAd policy areas that would rdlow one MI prucwd Crkrnuu ‘Wudmup’g Iovwuds

n desired nuclear tbturc, or some mnjor uornponcnr or such u f~mwc. I;xnmplcsnf wch n prnccNs arc
pruvitkl later in Ihc pupcr,



J1’orhhop

Rrrcc workshops Iwo been held on the topic ttruas mulincd ccrlicr, Erich workshop was dusigru!d M
indtdu cxpcrm who cuntibuw B M Bpccwurn of perspwives and opinhms. nrr@ng from gcnertd
suppofi of the bcnsth N nuclcnr technology to I@imntc cmwms aimut present and futuru nuclcnr

Wivities,

The tkst workshop (AUKUS1 1995) was cmitlecl “Securing Ihc MI&U FUUKU”. IUI obioctivc wus to

launchthe Nuclmr Viakm project by discmslng the pre,sent wtims IInd Iong-[crn] implic.ntimusof the
UIOM nuclear endecvour, M title was chwcn to rcflwx the Ihctm of tnwching fiw dcsimblc nuclwtr
futut’csthnt achieva tha projacl objoctivcsoutlined earlier and which dwtl with cmrcnt tmd cxpedcd

nuclmr wtthies, ‘1’’hugnonprolifcmtion, umut concrol, nwlw,r wcapotw, udctir power. ml nuckor
muk?rinlpoliciesml options were topicsunderemunina[ionduring [his tntcliug.

A .scuondworkshop on ‘Mmprolifemtinn nnd lntemationnl Security” (Novcmlwr 14195) consisted of
proacrttalionsttnd dlscussimton three @or Ioplcs ahncd at tuuwsshigthe nuckar Mum in rho 2015
tinw FrameMm nonprolllkmtion and intcrnwional wcurlty pernpcclivcs. ‘II*W Iupics wwc H) IIw
INUCSad lmplicntiorts associated with llnking UMM control urd nonprolifcmhi: b) rnstdd
conrwclionri involving plutonium, Ihhtw situfiliwns In MC former Soviet I lnicm, ml nucltmr srnuf@ing;
and c) racarch d kvcloptnent priori[ics in nuclcurmutcrkd,prouwtium wmro!, und accuuntttbility
Wls,

“Ihc Ihird workshop on “NutM,r W’Cnpt..Iig tti S[mvnrdship Istiucs”g(April I W6 ) u.w’d IIW pol k~

wuwpt oft@mcs @dhrd to mwn collcctimm of u~cmcnu, UCUIICX.cd urpttbililicrnduu dcwribu u
@M nom) us u mujor thrcud t’brdincumlonl ‘Il]is work~hop vmminwl Ihc condllions, Iknturcx, and
iusuc~unmduled with put. prwmnt. and future nudccr waumms rc~imcu, The rlJk# 0( Ilutkcr

Wcqions in the Ibturu. rmmcialcd CIMUCN pmtcd hy ndcur nrwud!!, mnd lhc ~thulkngc~ ill ddnlll~!
dmimblc rcuimeu fur lhc lburrc m trxurnpluud tLJplcY dlucumswdUI this wkhup,

!:UIUN work!hp phtrw inb’hk (muon @bid nuch!!u mq!)- d nuu[mr nltucriuh fulurm (I} h hdd
later thig ycm, icntntivcly cmikl 9’Nuclwu linc~ ml ( ilobd Sccutity”’. Sonw iwcs wd i~~u
propmcd Ibr dlscuwiun in [his wurkrnhupm dewrilwd Iuler hi M pupcr, Wv illMJ plhu iI mud
wrkshp on path Wminu tnclhmh np~liuahlc m wuuninulinn d’ wcnurio~ und t’ulurw+, A find nwt!lmu

(in [his wddop wrh) will fbcumw tyntl~v~ixinp work frum prcviuu~ wurkxlnq.w (iiid ~uhw prviuct
actlvhirxfl intu n cohcra viniun sm[cmcrw
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links 10 RcIuM ~flvis

A great dwd of work relevant to the .Vuc]mr Vision Projcc( is being conduc Lddoutside of LOS Alomos.

By developing collaborations with uppropriato imiividwds uncl groups throughout the US, und
intcrnatinnally, the pr~jcct CmI ~~~~blifi in~prti~t hnkagcs 10 olhcr institutions tilh! ctmlrcs of

experke associated with fuwre nuclcnr issua nnd systcrns,

Il[scussion
Ulwrc do we stand in our ttpprcvituitm o(’ the nudcur fuIum’? To owmimplii’y mncwhtd, we will
dkidc ‘h discussion into two parts: I ) global nuclear energy und 2] nuclear wcnpcms and
(mm)prolifwa[ion. To the extent [hut these [epics UN linked, it is mainly by [he global nuclcur
nuiteriuisposture~-civil nrtd militmy-und posqihle nppronchcs to manqin~ it, Pm of our rtpprmtch is
(0 study the nuclear twucriwls issucy tls IItcy pcr[tiifl 10 CIWW tuni 10 weapwls mkl then to in[cgmlc
dicm Iutcr in dIc project. Figure 3 provides an rwcrvicw o!’ rcscnrch activities underway or plo.nncd for
the project und illustrates connections between them as well as to glolM! security ml t!rwrgysccuri[y
exlcmalities,
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I@ questions that ~uidc our cmninations include:

● What arc the Iinkagcs and tmdcoffs mwocitucd with thturc global energy security- ~~including

meeting cner~v uml ccwnumic growth ncuds d’ clcwdoping nutions-tmd nuclwr powwr? HOW
dOCS the need m counter negative cnvirmrncntal factors, such LLSincrcwxi grccnhcmsc g~$
cntissiom from ft~wil fuels, impucl such rdotionships?

● ~%tll is Ihc role of plutonium in Iimue global nuclear cmrgy scenarios? \JlmI tcchnologi~ CUII
prove cftkctivc in mnnagtingplulonium—both to utilise its cncr~y conlcnt WI lllil~imis~

invcntwies tit exist in a range of forms during funwioning of the M Gycle and which
cwmtuallymust Iwdisposedof in Iong=tcnngwd@c stomgc?

● WIM is lhc noturc of the rclutionship IW{WWII the ~rowing glottal invcntoq. 01’ nuckur niu[criuls

~rtm~civilian nuclear power and possible future dangers associated \vilh prulifcraliun of nuu!car
wenpcm’) (SW discussion in the Ihtlnwing sccliou on Iiuclcw WCApomI nnil (Ni}n)l’rnlifernlit~n.)
CM pmlifurwwn risks Iiom such material sources b~ quantifiwl credibly so us to allow
mmninuthl comparisons with other rou[cs for m~tlcrinl production ? Arc ~urrcnt .wfcgunrds for

nuclear materials suf’fkicnt m MC eucnsitms nccdcd’! Could an invcntoq rcducli(ln stmtcg)’ k
qrplicd’) Wlud tcclmologics ml institu[iunnl Incwis wtwld I.w nt[roct ivr’!

‘1-0 providd M initial hiisis m mh.!w%sthese Iopics, wc utili,se dw l:drnontq, I{cilly, 1lmncs glohnl

vner~y. ~conomic~ environmental (E9 modrd’ modiikd to providv mom”dtxuil in its mxtnwn; d the
nuclcnr W cycla, purlicularly in the IWCM 01’ nxw@r/thcl qwlr wxmomics ufhl nuckmr mnlcrhds Ild
This I’rwncwmrk ullwvY u consistcm WI of projwxiurw for the amount (U compcwd un the bwis of
economics, rcsnurcc mmilnbil h!, ml projcctcd cncr~y IICMIS) 01’ nuclcw power thnt could hc

iIIlplcIIIcnld in WIChof nirw mnjor w(wld regions, us well us ~lubully. #I’i urc 4 illmlrldes Mmw illiliul

(unbcnchmarkcd) nuclear power nnd pluionium intcntov sccnorio results from this modrt. As

nllw....—... ——. !.
—.- ‘- -

// \+’”’nwT’”‘
[:_- --nT1

.. . . .... . .......-. -------, —..,. ,,L,.-,
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indicutcd by [hcsc rcsuk Ihc mcdel irls~~ computes cxpcctcd miit~riiil gcncralim~ iilid Ilow umcmnts,
[ypcs d’ material (high-level waste. plutonium in spent fuel, sepnnued phnonium. etc. ) for ench major
~gion ~c~ll~ time. The mndcl mn trlso k used to exnmitw other I“uturc irnpactcws on nuclchr power,

such .as (economic) irnpnws of efforts 10 reduce fossil-fuel-produced carbon emissions through *
structures. With lhis Imsis, it is Iwwihlc to cwminc tra&dTq Iw(wccn tlispurntc Vurinhksm SUCI1ils
reduction Of gkixd or regional carbon crnissicms versus iucremtcs in spent-fuel source plutonium. thfiL
might i~cur under energy strnttuics drivcm hy cnvironnmuhl considcrnti(mq (ocid rnin, ~l(dwd wnrrniny,

etc.).

Results from such n model-based approach \vill hc mg~cntcc! with efions involving two o~hcr was,
I“he frrst Im”a dculs witl the assessment und grouping (by hrotid cntcgorics) of m-rent d i“uturc

natimual andhr regional situations regarding energy sccurhy, ‘ChisMorr is a %p-level” imempl (us@
much in[i~mwtion nbl ,Iined via the ~(ht+:i 10 link the [AM Alumos pmjcct with (}thcr synur~i$lic el.for[$)

to bcncr undcrsmnd how nuclear power may tit into energy srmri~ strmcgics, pmriculnrly thnsc
tissocimcd with Asisn nutiuns’ tlmdopInwIL

..I



arc also examining stmlcgics nnd apprcfaches ti}r si[u[~ling tind nwnqjing opem[ions within the nuclcnr

liuel cycle. In summary. wc are building u suiteof tools tit wiU allow us m cviiluutc ahcrnativc future

nuclmr ma[erials postures in the context 0[ a Iange or possible Mum regional uml global security

environments.

.4 desired end result tinm these efforts. M WQ1las those developed in working relationships with other
inwcwted pm-tics, is crearion of a ckarer picture of, CUICIperhaps even a high.level roadmap mwurds, a
desired nuclear power systcm endskuc that would exist in the year 2050, (ASP, Beck phrases it in his
recentIwOkb,“t ., what would u SUUCCSSCUInuclear power industry look like in the year 20507’”) Such
a picu,wc would add~~ fUCl CyCICoptions ~d stmtcgics; institutions thnt might exist m he created to
enhsnce nuclear power in was such us stifety, nlal~rild murwgemen~ wdkgtuirds, reseurch WMI
dcvclopmcn~ etc.; and componcrus and Icchnology nssocimcd with nuclear power in 2050.” An
exfunp]t of one pur, of such u picture and the pruccss Iuding m it is illustrtite(l in l;i~ure 5 wlrw-e u
progression of activities md tcchncdogics nrc idcnriticd for YIK managcmcnr of plutonium from excess
wwqxms und spent fuel.
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Plutoniufn h
SpMt fud (Iannm)

1970 2020 2070

Yonf

I:;guw 5b: Model results fur prujcctul plukmium invcnw-ics ill rwxur spent fuel tus!wmin~ II once
through fuel q’clu).



(imd UwreIbre nuclear~ers) tising f’m lwo principul trends: 1) erosionof the cluwic conditions ul’
&~ce (a hi-polar cnvi~nmcntm U.S. vcrsu5 soviet [ :nion) 10 include multipolar interactions and 2)

Auction d numbersof Iluclw weapons possessedby current nuclear weapon states coupled wilh

pOSSHCexpansion of the numbers of counrncsholding nuclew weapons.SOthnt pos.wwion of a ““fctv”
is amplified in its rvlmive isttpofianca. We are sJsuibcusing retention on the ‘brettkoul” case for several
reasons. First it is simply lc~~ WCII undcrsl~d. (It is also IC.SSundcrstandahie, hecauscit would
presumably develop. if at all. in IIM ftir fUIUSC.d becausethe only historical case--the wrlY
dccadcsof the Cold Wm+s probably a poor mcdd.) iht mow importtmdy, we tiiwlthat, in light 01”
tic destructivenessof nuclearwcapotls, prudence demandslooking at suchlimit cusm.

Attention to lurge scale {rejarrngment scenarios is su~gested also bm.ause. w the global technology base
grows and spreads over our long time horizon. the t4nologY. science, trnd industrial capabilities
needed for nuclearweapons development and production kcomc mm widcsprewl. (hpabililws IU
crtitc subs[anlitilrnunhtwiof nLICICIIrwcqwns (~rh~ps quickly] would Ihus k “lmrti” in ninny nmrc

ndions’ scientific. technological. and indumial bases (as they were in u few nutiuns in I ‘M2. ) One
might say tkt these ni\tit}l\s will ‘htive” ali~t~n[ nuchmr wcopons.”~

Iimvcver, the rrver.w--mcgkt d“ kgc-.scirlc nucktr {rc)arrnamcnt ,sccnm’ios - is tih) ok Ihfi c41se m

lhe currcm ctmvemiomd wisdom, “rhc cmpltasis UII prcrrwiti~ Prulifcrwion idccply wnlxmkkxl in Lhc
cumm, l%nprolilkmfion Trwuyoricmcd rwginm) diwrls nwntinn from developing ways td’ fww,qin~
ils cwtscqucna if it oc.wurs. Also. Ihinkkg abaut how to deal with u rxmunicd prulifmuiun crisis
(including. posaihly, n “next u w“ of nuchxu weapons) ollcn (OCUSCS;dnwst entirely on the immcdimc
outcome. with little uttentiov given m hmgcl .mnn cunscqurmccs involving th~ run mngc ~lf pi.msibk
nuclear dangers.
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control, etc.). Albugh it demands a much more careful look. general considerations seem to indicate
tku thc latter RW Capabili[ics may cxi~ widely in R mom tmhnologically/indWrially advm thlurc,
SO. it till behove us tg uad- in ~~e detail how alternative future nuclear nmterial postures ntigh
dkct nuclear mater-kd availability for weapon purposes in the sccnrwioswc have discuwxl hum.

A principal comidemtion is whe~kr ~tions \VOUld c~stmct dedicitted rnilita.ry tkcilities or

diverthccess figgile material GOM the civil nuclearpower fwl cycle. This national decision would be

the r’csultof a complex setof &ivem in~ludi[~gMtionnl nnd internationalincentivesand disinccn(ivcs, as
well as a number of lhctom -ia~ with rOLWShat could be C- for materiul production. These

fhctors include items such as technical implemcl]tntioll, complexity, cost, tktcctability, capncity, and

quality ofntaterial. Examples~ history arc of interest. bul siwuuiottsmay lx! very dili’”t in the
fitum. For Wnrnplcmwparnticms technologies mny & easier. M monitonnghwmcillmce may be better,
In geneml. the more urg,mt [he felt 1A for ti~. LIICmom weight that could be put on access to

(diversion from) Ihe civil fhcl cyck. either iI- terms of rccovcry of rna~criid from spcm f-wl ur from
reactor MS themselves. Thus. @mt of r: i ,it for evaluating rdwrnativc future apprrmchcs (dedicated
rCMrws, clandestine separations fiililicq uranium cwichnwnt, civilhm rcaclors nnd reprocessing
hcilitics, altenwive fd cycles) should wigh heavily time to acquire materkk and fabricaw weapons
under II vfiriety of nucienr nla[etis pOStUIWI. The ~iwu~siol) 011 nuclcnr poww ,and nuclwu muIcriuls

has highlighted our intended approach to this problcm.

Of particular interest is the ewxtt to which total quantkics of potentially occcssibk mutcrial nttdw u
dilliircnce to SUCIIprolitiira[ion nnd brenkrmt sccnnrios. ’10 what cslcnt, Ihr wrmpk. is 10IuI quaniily
related w the cflicam ofsccutin~ muds? This is onc question. of many, rckttcd w what we bcliuvc
UC the two basic altcmrilivc Mratcgics for nuclear mdcrid Mums:

“ Ilcvelopmcm and inqdementuliun uf (pussibly new) reuwrr Iwhnulogies A fuel uyclcw SUGII
M. mfcr many ckwdw. W.al/rcgmnul quamitius of fissilc m:ucnn! d umccm in the simamns
Jismswxl dww cm bc miaimised (Ihmugh ktng-ww holdup in IIUIAW s} slum vivcs, dwuu~h
rrwc. .nndeventually throughhurndown of materialsI,
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