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Impact of AD’IT Concepts on the Ma~gemcnt of Global
Plutonium Inventories

J. Wiley Davidson
Robert A. Krakmvski

IZdward D, Anhur
bs Ahmos MaIhtd bhrmuory

Los Almos, h’ew$ftxkw 8754SlNA

Abstract. Ttic impacid a nun!tcr nf CUnWIIad f- aucttmsys!an$ at glnbalphtOJIhIM
invmkxicaia ascssduatkrmatiuicfmccasrs datricarttwwgmud. Mwmm41 Syslun.% lwh
a$ tbtW Cmployirlg Acxcicmm Lkiwft Tmftunuwirm Ttxtmjngics (AJWl) d Iquirt *
rcacum show riiguiriirn promise iiw nwcliiig fumrt ptumdum nwmgcuwhr ttcc& “W*
-&3 Mm Imtitw rcquimmcnrsh a higbcrkvcl d &til k: tiw ~ fuel cyc& mnrtcl8kl
t~ CkWqNnml of a rncuic [0 more quarrliwiw4y ~ he @ifenU&n rkk of piuttl(llttm
arisingrmm lbcchliiwr fwi cycle.

:NTRODIJCTION

Ih-ccnl sludies[ 1.2] by p-u(igiom piuwls {~f[k Nu[i~malAcmkmy 4}(Scicnws imd tht
Amcrimn hhdcar Stwi~xy havr kkniilkd ghdwl si(ds O( plu[~mium residing in spnt fuel
SUMUS as ~ing a s@ifl~Un[ ptlt[ilurillittn :ti WML* rna~g~mnl issuu, mk2prnlilivwion
mnccrn can hc chamcrerbed in kmw t}f slhwt-tctm tirncsdes (scvcrid dccadcs involvil~g
&iw SUCII M ma~rj~l di~lxion, ;MWI tiaptili[y f~}r ~~ali~ Of Iq.y amounl% itf JWJCk?M
weapon.~ etc.) or on Ionhwr Unmcalus (ccnlurids. milkmia) whcrr Ihc w’d III safe~utml
nia[eriaL\ CXiSlillg in “p]utoniuni mints”’ nmy exist. W* nmnag&nenl issues relalc to Ilu

vmy long half life (24,(W) yciirs) of IIW major plut(minm iw~ (219Pu) and ils decay into
dM fkwilc ‘%, hoih of which bd m Iong+cml critically cmccms. Fuwlly, underlying
Mh of thew potcdid iwutx arc differing global _tivc.s concemmg the VAX d
@OUhUII Crmtaincd in spcnl fuel ill tcflns rrf its energy content versus COSLSti Ml
dfectivcly use iL

This background enumcraws many O( the reasons dut have promptcxi studies and
analyses within the Nuclear Vision Prnjucl[3) w Los Alamos National !Mmamry aimed at
cxarnination of the Mum dynamics of plutonium inventories and dw irnpacl td rcchnological
options on Ihe.ir mmagcmcnt. This PWWY fmsms m.sulLsfrom models of the nuckar furl
C@ which have hccn used to cxamim* the impx; of accckrwr drivcm transmumhn
technology (AIYIT) systems on plutonium invcnmritx. II also compam ALYIT nxulls wilh
the px%mnancc of Mu-x nuclmr systems on such invcn[nrk The analysis also includes
usc of models to c.stitmrtc [umrr nuclear power gmwdt cma region. msolvcd kis in urdcr to
(Main indicutimas of I“umrc pluhmium gr~wth within muj{n’ wtwld ~mgriqdik ik?gims as
Wcu as globally.

Thi.: ftnpcr pfiwidcs n hid Awrqwm (II Ihc moduh u.wd (tvilh mnphasi$ on the
rqwc.wnmlion of tlw mwlcur M t.yclc ) iIs wrll us pmnrdcrs u.wd 10 provide u lop kvd
description of mpcc(ivc IltJt’k’iU’ sysk’ms ill wsligakd hwc, I{csulls (rtlnl dw inwlySih tilt!
prwmtcd, and Ihc J)CdiWllMtWC d AI )-IT syslcnl~ is companxl with (ulwr slrutcgics for
plulonium invcmory m;uurf~:llhwf old IulLtLotmn, I’inidlyo diwcnon~ hn” l’u[un! n%scamh
acti vilitx and 1uz4!swv .suggcslcd.
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“anrdy.scs irdicatc aaid~wry - plutonium inmwrics of k(m) 10 5,000 tonm!s
discharged in spent fti di3pnding on fd humup kvcls ~mtxl (33,000MWdhkncor
50.OUYMWdhOntM). TO ohmh ftmm k~ of global nuclear power for chc pmxmt
ardysis. an approach built around a global energy tttodeling framcwodc dmlopd by

IMfii MMhvMt lAwratlwy(PN1.)[5] wm used. This mdcl uSCS Lln E’ (cflc~y,
cx-onomics. tmvironrmx) approach that compcxes in a world market fossil. solar (und M&
rencnddes), and nuclear primary energy sources while tracking key cnvimnmenud cmcwms
as.wxk=d with each. Through this tmukl fianwwork and simpler mom amdykd
apprmichc~6J. this analysis dates gbhal energy demands Iwscd up-m relwimships
beuAven populut.kn gmtwth. glotud and tegiomd ocorwrnic ~qmk (gross national product
(GNP} per qita), and energy utilization (annual wwrgy dtmmnd pcr GNP). Tlw Mm-t also
has i.nvolvcd improvin und qxmdiig the simpk strtwturc for &scribing the nudcm fuel
cyck in h PNL mO&l with a more mhus~ aggnqyucd nuclear fuel cycle model that
incmpomcs bothcconornics and nuclear mmcrial IIOW.S. Ihc final com pnncm of this cffon
is lb dcvclopmcm of a muhkgional global nucknr materials tlow mmkl thw is cmhcddcd
in a rdi.stk prtrayrd of energy funmx cstirnmd to the ycm 2 I(M) under wurnptions of
cost competiliwmcss and mat+xt equilibrium.

The second MOCIIAuwxl in this analysis is a mom dctaikd rcpwsentamn of’ k (UCI
cycle associated with a variety of nuclear systems under invcstigmion, “Iltis model
incorpomm.. the various plumnium-mkd compommts and CyKxatimls d [k nuchxr (A
cycle (fl.ssion pmvcr sy,stcms, spm-fud ~ling. mprwt*ssing, Mricatitut. smrugc, #nd
disposal) as WCII as lhc uranium components (mining, milling. txmvcrsum. and
enrichnmnt ). “]k mauti inwmmry f!ows for the phmMium-rchWd cnmpmwnL$ am
illustrated in Figuw I. No[c that the opcmtimm whm plutonium is avuilah!c Ior Axlicmion
to fuel cycle and production alwnalivcs am wxounled for w.paralcly [mm rhal ulilwcd in
I“iscion poww syslcms. Nurkwr power systems am pariinwIricdy modrlcd as ~twcr
syslcms: ruwd power, availability. Miiicncids, pl:ml Ii(c. etc. All fuel qwk OpCIJIIO(I* an:
~wwnctrically modckd L* matiul prom’ssing systcrm: invcnl{wies, ptwt*ss wparutitmh,
wolopic shiics, cooling times. clc. llw nuckwr numxial inv(wtmius am uhw;~”uorimi hy
mu~~ form, clcnwnt or clement ~roup (plutonium, uranium, minor uutmulus. I“wmm
PrOduc’s), and isolopics.

Toud nuclwu sysmm dqloymcnt is pw.wnitwd Wh by a nuclcw pnwur swnario
(growth. mn.stm ICVC1.ddiit” ,.} and Wplwtmwndtkc(ulllllktitl[lilig d’ wtiring syslems,
Mividwd sy,smm dqdoynwnt is Mirwd hy systmn mim:s, ini[iwitm dimx, aud phaw nut
times, Dcph]yntcnt w iIIso comslraincd hy nxoumc (u.g., plutonium) avaikdulily and
n.xinxncnl sclwduks, Fur nuckur sccnurios thul c~mluin nrt consunww of plutonium [1..MI{s
or AIYIT syslcnm). Ihc modd will dcwnnirw UN uwmntotk hunwr dcnlovnuwt SIMILXY

which will
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*
In this

r
the following nuclear system scenarios were madclcdLaasswslhir.

inqwxongk pklaniutn inwmti:

1) SCrJWJ+O/ - bw+mricbcd untnium (LEU} fuckd I@ waler twlctors (LWRs) plus
mixed uraniwrdplumnium oxide (MOYC) fkkd LWRS deployed tx@ming in h
yxir 20MI. MC)X-f’uckd LWRS am built in a 1-to.7 mlio with LEU-f@cd LWRS.
This irnplemtentathn do mirrum tk intcrnutional M(.)X nxyclc stmtogy of trbday
and projws it fomvard in time. This scctmrh is the %kxtc#’ glolxtl plutonium

t case. The hKM-fim4cd LWRS am mmklcd as plumnium singlb
as wilh otw-third cm loadings Of 5% plumnium-bcarirtg hK)X.

2) Scenario 2- LHU-fu4cd LWRS plus an aggtwssiw introduction of the M(}X-
fuskd LWRS hcghning in the year WOO. All IJUJ-ruclcd LWKS that am qlacd
or Iunv nuclear systems that musl cmnc on Iinc [0 mccl twcndl nuclmr pmvcr
capacicics an’ dw MOX-fueled syslctm ksctihcd ahwc.

3) Scmuzrio 3- LNJ-lidcd LWRS plusu mow mwkw inhaducticm {Xl% of ncw and
mplad) of the MOX-fti LWRs hr.girtning in IIW year 2(KM; the MOX-klcd
LWR dcplqmcmt wa.wxsWcr .30 yurs with Suhwqucm phwcout, AdditiMtilJy,
liquid mccd mtcwm (1,MRs) arc dcp!oycd hc sinning in X120 with C@

\deployment of LEIJ. MOX, and LhlR systems. M. I,MW um msumtxl m k
humcr syskmw (rmwwion rmil} m 0,6] with intrgral furl prmx~$in~. Since. tkc
systcxnswv rwl cwu-$umrrsot’ plumnium, their cvcmu;Il dqloymmtt is cmtsttaincd
by k plutonium awuilahility di~lahxl hy LCH~,(u&xI LIV[2 di.schargc and
dcccmmiissimwd systems,

4) Swn{JtiO 4- hkmlicid m ktmuritt .\, IMJI Ih*l-pIwcI -putilucing :kitdcral(w driven
systims am dcph)yml slutiing in 2(12[1inskud d’ the [ .MR~,

All Of h. uhww CW*S w(:ri’ cx:ullinrd under ;t wtw:]t’i(t Ld’ m ,tmwIl IWO ptvcrm[

g~43Wdl Mtc ill nllckw pnvw ghdud[y 4)$’.!1’theIl#)M!lilh! ,)( IiMb;N@’Si,S, ‘Ihik :lS.UJltlpli4Nlk%

Mwccrt the mngc of 1-J pmcnt px ywir gmwth~ 7I ohminod km Ihc XIOIM1 L? rnodcl
kcribl iIhovc. (Ottc pmrcnt is cstimmcxl its Ik Ixuwlinc scenario (iv gnmwh: thltc pcmm
could result tinntcffnrts(carhnn tax im@mncntatiOn) m cutluil gnwthousc gas cmissimts
from burning O:. .assil (wAs). This mn$e Of nnclc.ormwrgy ~mwth Al agms with mstdts
ftlxn otlw mca It annlyscsl~] hi diltcrs Imm nuclw rwgy growth pIo@4xcd for the
Unimd Strum by the Dqxu-tnwnt 0; iltcrgyi The Writnwkvx U*XI m dr.wrk Ilx nucktr
sy.StCtn* tit comprk @ four sixmwios @,~lilwd almwt” us wL41 iLS other t’ud Cycle
invcmmy wumptk arc pmvidcd in Tnhlc 1,

Table 1. Nuclcm systcm pmamctcrs used iii the prrsrnt analysis

Fission Pow.r Systom Paramotau

AWT
Oumw
Cvskm

Wxlmo
700
M 0’

Ww.e
10



RESULTS.

F@ums 2-S illwrmc global plutonium immmtory dynamics pro@cd fw tk f-
~ -Itcd shove &h figure inclucks cuwcs ~tittg atlwr invcatcwy-nhtcd
& Lahls in each figure indiitc the total plutonium itmntoty existing in k loiml
nuckar fid qdc as a result of impkmcnmtifm of agiwmtcchdog

d
JSmlario(to ).the

porlkmof [b plutonium invcntmy resident in nuckar systuna (i ),thatplln oflhutaal
plutcmium invcntnry assutncd in cooling after dkckrgcd fmm LWRSor atha mdcar
- Cmlhg).and& hdlhle” curvewhichisthatmatcxialavailablefor dcdkahn m
ftd cyc& ml pmducxion alurrtativc$ such as fueling additinnnl p!utnnium-htuning
s= In Sccrmricxs3 and 4, which irwlb net plutonium consuming systcm& tlw latter
curve is driven m values close 10 7cm us a nssult of the hunter ckploytncnt assumptions of
h model that were dc.scrihcd ahovc.

llndc.r the grnwfh scenario for nuclear power assumed in [his study. h
in@enwmalhm O( I JW/MOX LWll systems following slnitegies currcnlly u.scd could not
keep pace with predicled plumnium inventory growth. Figure 2 indit.ate$ nol only the lack
of signifwanl impocl hul also shows thal “iiViiiliM!” pluktnium mntimw tn griNV. Ibis
Iwulhs from ilw inahiliiy of ttw MC)X-lmhclwl 1.WR plutonium ulilimlion w consume the
discharged pluhmium produwd (mm the growing nnrnlurs of IJW-fndcd 1.WRS. his
inventory is Icdwd up in spent furl. which n~in~s M some shorklcml imptxlimwm to
prolifcr~lion arc prcscnl. I Iowcvcr, the Iong-lcriu prdillvalion lm7ards and wute disposal
conccrm asuwiti[cd widl Iiq!c plutonium invcnm-ks i~~ not id~;!liiir.ly uddI’t!wd uwtg Ibis
Slrulcgy.

Flgurc 2,
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- invdvhg usc of add- n~~ systcm UXAwhgy would bc needed to minimin, WI
ukhatdy rwhuxeffccthly to mm plutonium in this category. .~ 3 and 4
-ghs dmcd at aggmssk minimkadon of thk availahk Monium pmamemr.

LJ
F&%2

WustmUxplutonium invcntnry impact resulting when Rsamdcploy cdaaducrihcd
ahovc. This stmtcgy cffmiwly minim~, to mr mm the worldwide inwuory of availahk
piutnniurm The im

r
t orIthe mmmllphnonium invcnmry is shout * same as that for Ihc

aggresaivc M(3X- IMled LWR implcmenmdnn .schcrnc discussed previously. In this
sxxlario, most of the plumniurn inventory is Iicd up in Opc.raling mactctr C4Me.. as a msull of
[k Iar@ invcnl~ pcr 1.MR (13 ImmM/GWJ neekd for opemim. (Of all @Mniurn
furns inventory tied up in nuclear system corns is the mnst swum againsi thefddhcrsion.)

FiCurc 3. Inventory rcwulls from aggressive implenwntuliim d MOX-tuelcd
L WK sy~lcnw (Scendo 2)

2
c

0“



.
An additional amsi(kmion is the dativo mix of LWRS and plutonium humin.

J_ ~ mu be impkmcmted to achicvc t.hcmmaultsdc.scrikd cririkr. Figures 7
iklratc * nuder o~ systems ncotkd for Scenams 2-4. la Figure 7 (Corqmnding Ub
&enariO 2) b nunhr of MOX-fheJcd SySttXttS 0~ LEU fuekd-LWRs existing
globdl by k par 2030. so thatIAX that pnim rhccntim global fuel cycle is based cm

rMOX- tmkd SySWtlS.

Figure 7.

4s00

-

f+tm
z=
@
5 2s00

i- ISW
z

lm MOX-Fudd LWR

S00 LEtl-FuoH LWR

Numhcr of nuctcar system types for the aggressive MOX=heled
LWR implemcntdkm (Scenario 2).



.
Tknsulufbrchc AD’rrcaseam givCnia Fi

m- (zeroes) invcmroriMof ax
s.AppkalionofthisSystcmakcl. m andIowcrs * ovwrd plutonium

invenmy by a factorof !hrccto fourby 2050 of* by 2100. Tbrcskhd
levdiscornprisd oftk LWRdkc_amOuntawmed incoolingtwfo mbcingftxlinm
adcmtor s-and the amountin mlckarcoms(inchldingbo thaccokatms and
L~}. Figure 6 shows mds m M wcrd pkumitun invcnfork When h irlvauory
pcrdmtor~misti bya fkctcwof km. The

%
is minimal, indkaing thsc

most of k invcmory is &xi up in the LWRsystems ihat the “i-rsystem’s arc Suppollhg.

loa

o

r!sliiuiifudli:
Yew

lnvcntorv rcsulls from LEW MC)X LW’RS and AIYTT u:tik
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Figure 8. Number of nuclear systcm types for the scenario of LMJ/MOX
LWKs and LMlts (Scenario 3)

4s00

o

Figure ~, Number of nuclear s tent Iypcs for the scenario of I.FXUMOX
FLWlts and AUXTS ( ccnario 4)
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“here). For rxa.mplq h fwl cycle model can and should k expanded to include MOW&tail
in major kl fabrication and fuel repmtxssing com

#’-
“ L%tn indicalc time-@cndcnt

invcnmies of matcrids mxurnng in dwsc steps. “1 is next kwl of dud aiSU would
provide inknalion concerning numbers (und pntemkdly indicadons of Iocatinns) C[ tlm
huge facilides that must suppnn k.w opwuions. For cxamp~ at least .W to 40 Iar&w
reprmmwing plants (IWO mnnes Iuvy mcud throughputiycu) and 3fl(l large W fiwl
fabrication plants (M) mnncs twavy mrxd,lyr) would he quid woridwidc tu im@xrrcnt
maszof k scenarim aarnincd kc. This inkmnmion, cnuplcd witi rmdts coming from
the modit-kd PNL

Y
y m@c![7]. could albw extcmsionOf wock[Ii)] nn h umtruction

of sitin and regional uel cycle .scenwhs. Such intlmnirtinn could also hc coupld with
fotkr c forLc undcrwy. such iu$ the anidy.sis and dctinition ot Inwrna[iorral Monitored

Reuicvablc Storage Sysmm (IMRSS)[ 11] siws [hat could exist in several regions and which
would prtwidc .secum stmagc for spent the! and material needed m (wI ph.rlmwlm burning
systems.

Tk qmmlilalivt! undcrsianding O( how 10 nl~”~wm plukmium pri}lif~ri~tr,~ ri~~s and
waste management irqmcls (in hmn.~01 (ilml, quanlily. and Iurwtion) from such analysis is
a mom fnndankmlal ddtmge. For all sysItvIIA <x-mined here, Ihc amuunt of pluttwiurn
cxisling globally can still Iw viewed as sit:nil-im from proliferd(ion, diversion. and wa.w
dispod pcrspxtives. Taking one view (p~~%ihly vivwcd as cxlmrw but utili~d in recenLIy
publiskd ardyscs[ 12]) p!i-iaininp 10 prtdilkration and divcrsinn. the umnunl of phnnium
existing in the cyuk is ennugh to maku thousxmls d nuclear wqons if a nutitm or sub-
ndlicud group Itwughl Ilk’ civilian fuel L’yi’k’ oihvt?d du’ mm allmc. “vi: rtmlc lJ) *twh ends.
llowcvcr. fntm[. if not all. 0( plutonium r~~iduals am Ihti up inside inacuwihk’ IILKk’ilr
sysmn cnvirtmmcrus (NXWW. Wdrwll(w-luwll SyUcmsl Or in t%riliucs (Sl*Wil#’,

rqwomxsirrg, fdrrk-dtion} lhal wxdd bc under slrong inlrinsiu ntiliinml Ill intlvn;uitmal
sdqq.raril>.

Ilis discussion poims 10 lhc nd ((w dcvchqmwnl d a mdric or IIwlItis M c~wld be
used 10prt)vidc a more ahwlule Iwis ftor iud:ing individual nuclear SySWIII mid idkrliidiuc

fuel cycle performances ur for Mcrvninil!g dw rdmive pdt wnirnm 0( suuh systt-uis in Irmui
0( (heir impacl tm prolilimlion. diver.wtm. find wasw tlisposd. hq!rcditw!s ol such a
medmdology tmuld involve us.wwmml (J [Iw rularive risks a<wwiutd with vdl-ious
cwmponenL$ W’d operatiom’ d lhc nw%xu (UCI qwlc hat w(wld then k projudcd onto a
husis d rquiremenLs funclions. nih gmcrd qqmw”h has Iwcn usd in *sw-ssmwm nf
twahh risks (see Refewrw 13) twtrqwing tmcc Wrough urrd pni[im~ii~~r:tl] .vnt~~;i~i(~l
cycks lbr nudcar wuslc marutg.mcnt tind in liwl cycle Imditiir;ililw Ii.sk ilSWSWiM.n[S (SW

RcfcIucc 14). In k work wdind hy Sil vcnnokn id Viral 14]. a uumlwr (If c~i[cria
wcw dc.llrwd iulaling 10 rc.sources (Iilrk’ id Int Nwy) WI tqyhrrhmilics (Icclmktd t-uw*,
wqmns mmcriid quality) cxisling within lhc ti~ilidn nuclear fuel cydc for tmchwr nw’rids
tlivcrsiOn. !hilily (unctions were dclirwl lhal were wndfml wilh vwitws itmtes iwtwn ing
wilhin Ihe fuel c-yck 10 creak weapons usable mtikxials. These furw.lions Wtri’ drivt*n hy
mti[criul amounls ad. if appkd M lhis ilUillysiS. could lwd 10 siruilw A ivclu%ivt. wwills
bawuse d h Iaw irwcntnq OrInutmids invdvd in AC gldral or regitmdd pI ( Wm.
Uuwever. this work (lcwsprwvidewslcrt [owwrtls dclinirlg J htwrtl nmgc of tmwb ditti t.;tn
be Cxwrlded la Lmlhudy lil[lc-rcktld flrlrcu(ms (c. g.. tilrrc to W,Xpirv mirlerid t’{lr di vrmit m),
llw ccrIwcpLd .“ius(-irl-tinw “’ itlvcltlw’ics (.UI Lliid li!!d (i(w (II lV IJJL*- Iiiilkf’iill mmtijwlldi~m
opaliorrs do uol ensue silualiuns whew invclntllicx inulwmcillly aLTwmLih.) MIMI Iiluolly
mcwurm rdald 10 tisks .ww~iulcd wilh t,tdwr LWIIIpUIICIIL\ d the lhd uyt L’ illvl dvi!lg
Irmrsporlirtion wnong fticililics, rrsidctky iii a ouuk”m sy$krll C(IIC, udin~, t’{c

CONC’l, t: SIONS



‘ “resuhs of this analysis (chaI show Iargc residual kvels of plutonium msnainin in M world
- after sldl systems m ilnplcmenld) indicalc k need for devclofme.n( J suicahh (and
hopefully) quanthadw mc~ for undemanding and evahming rhcir capability IO mmt
prdfcralkn prcvcnuonand waste managcrntmobjccd~

i.

2.

3. .

4.

s. .

6.

7

$
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