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LA-UR 93-3o77

HIGH-VALUE USE OF WEAPONS-PLUTONIUM

BY B(JRNING IN MOLTEN SALT ACCELERATOR-DRIVEN
SUBCRITICAL SYSTEMS OR REACTORS

Ctw-tm D. BOWMAN AND FRANCESCOVENNERI
P- 17, MS H-X)3, Los Alamos National Laborato~
Los Al;~mos, NM 87545 USA

ABSTRACT

The application of thcrrntil-spect~ urn mollen-satt reactors and accclerator-
driven subcritical sys~ems to the destruction ~lfweapons-retum plutonium is
considered from the pcrspcctivc of deriving the maximum societal benefit.
The enhanccmcn[ ot elc:tric power production from burning the fertile fue]
“~111 with the plu[oniun) is evaluated. Also the enhmwcrnent of destruction

ot’ the ;Iccumulutc(l waste from commerce; d nuclctrr rciic(ors is ~.onsidcrcd
using [he neutron-rich weapons plutonium. Most cases examined include [hc
concurrent Irwrsnl[llillion ofthc long-lived tictinidc :md fission produc[ wasIc
(WTC, “91, “TS, “6S11iln(l “SC),

All of [hc fission systcn)s considered arc sized iit .3000 MW thcrn)ill
and i)r-c ilsslin]d I() burn 1200” kg of iictinidc pcr Yciir to produce !his power.
‘1’hc :mnui.11WilSIC il~[inidc production from Commcrciill power rCilC[(;rS is

;Issumcd to h 3(M) kg, The following op[ions l_oI burning 10f) tonnes’ of
wc;lpons plu[t)niu[l] in 30 Yciirs emerge from this s~udy; ( 1) build Icn rCilctors
wh:ch derive 1/4 [~f[hcirpt)wcr I“rom wc;lpons plutonium ;Ind 3/4 (r(ml fission

t~t”thorium, (2) Imild four rcilctors which bum [hc Wciipons pltl[oniunl mixed
with Il]c;klilliclc WilSIL’ l“roll~ six ~’tmlllwrci:ll llllclc:lr ~~t~wcllc:ll.l~)ls. (J) l~uil(l
I]inc sun-(. ri[icdl :lCUCIClillol” (Irivcn syslcllls which hurl) (I]c wc;Ipons pltlt[)-

11111111illl(l lr;msmu[c II IL’ W:ISIC l’1’(~11)25 Corlilllcrc”iill tlUCICilr power LTiiClol%,
:IIILI (4) rCplilCC :111 cxisling l,Wks ill ttlC C[ld 01”[Iwir Iitc will] tl(.cclcr;ll[~r
Invcn systcnls wllic.11tlf’slroy [Ilc plul(miun] ill)(l ;1!1I(mg-livul I, WI< I’issiol]

l]rtxlll~l w;lslc, ( )I)lit)tls ( I ) illl(l (.!) were l~)ullcl l{) Iw IIlu lll(~sl il[lr;lc’ll V(’.

( )p[i(m ( I ) pr~wi[lcs IIIL* grc:IIcsI energy bcnc[’i( fr(ml Ihc plutonium opti~m
(.1) il)ilk~s US(: ot’IIIc plult)l~iulli (;~r)d [IIC high cl~ric’hllwn[ \Ir;IIIIUIIl) [otlCsIIoy”
;Ill Illc I]ighcr ilc’lilli(l~ illl(l I()!lg Iivcd fission pro(lm-l WilSIC l’r(mi (J, S,
(’oilIll N!l’Ciill poWL!l” I’C:ICIOW, ‘l”llC lCUt)llology” [lL’Sl”l’il)L’(1 Imrc ;11S() L’ill) bC IISL’[1

tor pr(duc[i(m f)l’ “unlilt)ilul” nuc’lc~lr energy Irolll th(wiuln in ;1SlltK[iliCill
Syslcln wilh Illc (xmcurrcnt [Irstrtlclitm 01”W;lslc so Itlilt 11)(’ (dl,jrx’lives 01”
t’usi(m lcctlm)logy (lL*vclopIIwn[, ( I ) “utllilllilc(l llowcI”, (2) sullcrilic:~l sys
[(2111,ill)(l (!) 110l(~ll~LICl”ll) Ili$h IL*VCIWilSIC Cilll I)C ilc”lliCVL’(1 wilh strui~lllli)r

Will”(l Cxlcl)siot):: 01” li\Sioll lCC’l; llolo~~y,”



INTI<OI)!J (’’IJ.(1N

The Los Alill~~os Nuli(md Lihrii[ory IWS been studying for scvcml years: accclcr;l-
lor-(lrivcn subcritical syslcms for UMllnlerciill’ nuclear wm[c lrmlsmulil[i(m nnd

nuclcilr energy gcncrtl[ion from thorium with umcurrcnt [rimsmut:tlicm 01 tlw i(mg
Iivc(i WiNIC iKlillidC nnd fission product. The ~lccclcrator performs the vil:d function
of supplying [hc excess ncurrons to [he nuclcilr systcm neccssnry for ~rimsmutiition

of [hc Wilstc. [n rcilCtors [hc ncumm economy is no[ iide~utite for this m-ilcss cnrichcd

2’IJ or 2’”PU i]rC used m supplement the ncu[ron economy. This is impossible for
ntlclciu power over the long [crrn bcCiiusc it Icids k) a rupid depletion ()( the 2’:11

rcsourcc or (JI Ilw ‘l”PU which is Ul[imiilcly derived from the 2J$U. In a(kli[ion [hc
ilccclcr:llor ;illi~ws [he systcrn to [~pcril[c ilt high power in :1subcriticid mode which
CliIllinil[Cs ihc nuclear rl]n-iiwiiy uccidcn[ most fciircd by the public. A study {)( [hc
design l~ilrill~~CtCr spilCc for priictical implcmcn[iuion of these iiCCClcrii[(}r-(lrivcr]

systems IUIS idcntitlccl [hc mohcn S:III systcm studied’ tl[ the Oilk Ri(lgc Nil[ioniil
[.i~boriitory” iis IIIC most priicticd mcilns of deploying [his technology.

In the Illcilntirnc [hc disposition of wciipons-rclum p]u[onium hils bCCOIIIC iin

issue 01 iilkrilii[ionid concern iis IhC dismmlcmcnt Of w~rhcids in thc FSI 1ili~d in [hc
U.S. hils Iwgun I() bc seriously c(msidcrcd. C.’(mccrns ;Ibout weiip(ms plumnium IMVC
ill S() hxl 10 Ihc Iwginnings of il rCCVill UWioll of hC (liUlgCr Of IIIC plul(mium in
Collllll(!lCiill sjxnl fuel. ‘Illc illllollnl of plut(mium in spent IUCI in the world is nluch
lilr~Cr ~llilll [Ill! illllollll~ of WCilponS p] UlolliUlll. If U diln~CroUS Illl(:[Cilr W(!ill)oll Coll]d

be pr(duucd wi[h 20 kg of comrncrciid plutonium, [hc prcscn[ world- wi(lc inventory
w(NI(I ill low [IIL: c(mshwction 01’75,()()0 of IIICSC nuclcilr Wciipons. In [hc 15-20 Ycilrs

Iwlorc repository S[orilgC or (Nhcr lllCi\IIS fo[” Ililndlillg ttlC WilSIC is dCVCIopCd, IIIC
Imillhcr t)l’ pt)ssihlc wCilpo[~s would grow [() 150,()()0. The S[t)riigc Of [his il]itiCriill in

gcologlc” rcposih)rics (I(x?s 1101 ClilllilliilC Ihc possihilily Illill t!lis lllilll!riill might Ix’
rmmwcd I“{wl]l;lli~iotls purposes during IIW millions Of Yciirs [11:][ [his n~ilkmriitl or its
dilliSh[Crs pOSSCSS IhC fci~ttlrcs idlowil~g thC construdk)n 01 [~(lClciir ~Vciil)oris. A
rcccnt I;rcm-ll sludy4 hw highlighted [his c(mccrn :md lliW urged IIw cxpcnditurc 01”
M llllll’1l(’1”[’ ()!”[011 IIIC SIUIIY ()(lilCilllS Ior(lrslrllrli(}llol’[lie” pllltollilllll illl(l oll)l!l’1’l’ilUl(lr
spc II[ I’wl ;Iclilli(lcs higher ;Iulil]idl’s ;1srsisls m~w in stu(lics in Itwl c.ounlry on [111’
pl”ol(l~l(” Slor;l;:l” 01” splwl furl,

II IIK’ il~lllli(l~ W1’l”c (Icslrovr(l, 1111’Ilrld I’(Jr~c(dogic Stol”ilfil” 01 IIlis Ilhlkri;il

Wl)ul(l Ix’ (’lllllilhl[cd were il 110[ I“or [IN’ l(m~!-lived fissi(m imxlu~’1 wlli(”ll l“(’Illilill S,

I kslrm’li(ul (1I Illis (’OIIII)OIIL’111” 01” tllr WilSIL’ illS(), il” doll(! 101111’ 11’VL’I [)1” il (), I ‘fiI or
SII)~IllL*IIL~IIIII~IIII, \voiIl(l t (11[11(’lt~l(h~~tlvI“c(l\Iu~ IIIC (l~lti~cl.i’ioili SI(JI;I}!(.. A Iiillloll I1(Ic(I

110 101’!J,I’1”wm;ll(ll 011[ IIK’ sllli!ll’ Vt’1’V 1~1’slsill” Ill its ~:C(llO1~y,Slll(l~ :1 Wllll }!l”~’;llL’ill”C,
Sl)rll(l 1;11”/!(’S(lllls 10 ou!lit 11,illl(i II ICI1 11;1111Itiis hi; llCl”lill llClllilll\ lll(NISill)ll\ 01” Illilu.;
h)[hlSSlll/!h” tN’St S1[1’, Wilh 111~11’(l(lili(lll~~i’[llr i’illlioil(mli VL” hl)L:CIC’S 1)~ il 1:11”10101”I(M)()
f.}1 Iliol’r, I]il’ lll;ll~’ri;ll Illi}:lll Ill’ 11):1(1(’silt I“il’wl)lly Ix’l)iy.11Illill it (’illl IX’ l)lilL’(’11 Ill 11(’ill’

sill’lilt’~’ hl{~l’~1~:(’Ill Illillly Sill L’ I’)lil(’(’\, ‘1’IICI”(’1(11”(’;1(11’L’X,IIIII)IL”, ill 111(”( 1,S, il S11(’ Ll)lll(l
Ill’ I(ll”ill(’11 Ill illll)OSl (’VCl”v SlillC, !ll[(~l.~lill(~ lli~llsl~l’ 01” [1)(’ II(IC’11”:11”\VAl\l(’ \V()[ll(l

111.(.ollll”lllill(”(’~”ss;lrv ill](l 1111’I’1’111-l’;ll}[OV1’I’I]IIIL’1)[ Illigllt ~~Clotlt ()[” IIW shin;! ;111(1

(1(’\’(’lol)lll(’111 1~1j!col(q:ic rq~(lsil(wirs illl(l itilursl;llc WilSIL’ 11’illlSl)ol’1, l;llllll~! tlilCh lo

ilk’ III(Wr ;Ilqu(liwi;ul’ roll” ()!”litxwsitly. “1”11(’llilL’ll*ill’ l~(mw imlmslry W[jlll(l t~”~’rivr :111

(’1101 lll~~lls IJ!MV41 11”01111111’ll’illl~llllll tllloll ol’(.1)111111(’t’~’i;llW;iS1l’ It) 1111’l)(~illl Wllcl”(’ IIIW



.

IL-VU]“l(x’u]” r;llllk’r IIlilll hi~ll-lrvcl ‘-c’~’lllr:ll” sl(mlgc were rt’quircd.
‘1’hC ililll(Jt’lhC trilllSlllLllilli( J[l progl-iull (Icscribcd hCIC is 10 [rilnS1lllllc lht

wCilpons plutonium, lhc cmmncrci:d ilc[inidc wi]s~~ includin: Np I%. Am. ~m, c[c..
iln(-i Ihc I(mg-livul fission pr(xluc[ sutficicn[ly well to rCilch [he ilbovc objcclivc. The
cosl of Ir;msmulillion is obviously ol grcal concern in Icrrns ot pr:lCliCill dcploymcm;
the cost is gready reduced if the energy produced by fission ol the tic[inidcs can be
c~lpturcd and tnnsformed m electric power with a high thcrmiil-[o-electric efficiency.

The implcmcnta[ion of the ~~ccclcralor-(lrivcn molten still technology was chosen
because it dfcrs the prospccl of u technology which is both pructicid and COSI
effcctivc, The ccrmornics oftl)c syslcms is grcally improved in rnosl scenarios by the
inclusion of thorium for lhc fission energy thut can bc derived from the Th-U cycle.
A brief description of this systcm follows. The pcrformi]nuc 01 this sys[cm is then
surnmiuized in ;I single figure t“ork full r~mgc of dcploymcm options. Four of the
most fiworable deployment options arc then idcntitlcd iln(.1discll’’jcd.

TRANSMUT~C)N TECHNOLOGY DESCR1PTION

The wansrnuta[ion concept dcscribcd here rcfcrrcd to gcncri~iilly as ti~ccleril[or

[rimsmutti[ion Of wiistc (ATW) opcrtikx by providing iln in[cnsc lhCrInid ncu[ron flux
to burn fissilc mii[criill illl(l [(J trilnsi]~tl[c ho(h fission pro(lucl iin(l my (Icriviltivc
ilClillidC llliNCriillS rilpidly wilt] cnlwnccd SiltC[y owing 10 sUbCriliCilli[y imd il low
invcnlory. When it medium energy intense I)cii[n (50- I ()() mA ii~Cr;lgC ill 500 [() 1000
McV ) olpr(mms or dcutcrons in[criwts wi[h il spilllti~i(]n mrgcl, ilholl[ 25 fiis[ neutrons
illC pr(xluccd for CilCh prol(m. A surr(mnding gt-ilphi[~ hl;mkct slows ~hc neutrons
down 10 [hcrnud cncrgics illl(l IIlcy induc-c Iissi(m in lhr ‘.l”tlCl” th:lt is CirCUlillCd

lhrough Ihc hlilnkC1. ‘l’Ill! SYSl(!ill (Iusign is rc(luircd 10 llilVL! 110 possibility 01 il Scll”-
S(l S[ilillC(l L.hilin rCilC[ioll, [; IUXL’S il!i high :1S 5 X 101% 11/CIIl”-S L’;lll hC ilChiCVCd in IIIC

I)lilIlkUl VolUlllC wilh il IICUIIOI1 llllllli~]lic;llitlll of20° orCqlliVillL!ll[Iy wilh illl cl’tcclivc
rcilclivily l“il~l{~lof k,,, - ().95, ilCCiillSC 01”IIIC CXlril power 10 (ywrwc IIIC ilLXYICr;llor.

which n{igh[ hC ilS IllilCll ii!+ 20 % 01”tll~’ clw.[ric:d power gl!llCrillL4 ill IIWSC SySIL!ll)\,

IIIr l)()\vrr c()ilvcrsi()l~ t*t’t’iuicl)t. i~.s IIILISI IW l]]ii(l~ ils lilr~!~ ils possi!dc. M(JIICI] sillt I“ucI
Svslc’l]isc.;lll ol)C1’illC ill higl) lCllll)Clill(ll”C\ wilh(ml (I(!gril(lilli(’dl 01 [Ill” I“lowing nl:llcri;ll
I;sillg sll”lll.1111’illlllill~’l”i;llh willl lIL’IIM)IISII’;I(NI V(’i’~ IOW”C“(Jl”loSioll” I’:IIC’S, illl(l wilh IIIC
\~illtlill)l(’ siIl”(*I~ ili](l Lhtlgil)r(srill}: I(!illil[l’ 01” VL*Iq~ IOW viIl)OI. I)ICSSIIIIY. AS ii UOIISC

lIIIL’IIC’1’, ill) Ck(xdillfilv Villllillll C 1~:11Ul”C(~1”IIIC S;111is Ilk’ Iligll 11)(”1”111;11lo-cl cc[ric
(’(mvrrsi(m cfl’iciutlcy (~1’;llllNll ,1[) ‘iI wl]it’1~ illloW!i llK’ SillIll’ 111’[clc(lriL’ I) OWUI” L)lllpU[

;1s il loi~’l’l.cl’l’i(olrllr~ t.lulvrllll(vl;ll I, WI< (qwr;llin~: :11lllc s;ll]lr I’imioll I)(twcr ill spil(’
t~l”IIlc lNJWLIr(Irdltl l(~r (qJL’I:llllI!: II IL. ;Ict”l.lcl;ll(w. ‘1’11(’IINIltCII Ilh(ui(k’ s; III I ,il; IILSI;,,

iIslxl ill [Ilc ():Ik I{idpc M[)lirl) S;11[ I{c;K.I(w Ilxprri[llclll” (NISRI{) II IiII ()[)~’iii[~(l Ior
I“iv(”~,1’;lrsill 1111’Iil[l’ I(M[)’S ;Ilqw’;l[s I(J 11(’1111’Ix’sl l’mditl;llc c;micr Silll Ii)r lllc :K’11111(11’
iul(l Ilssitm Imhrl I’III(wI(IL’ S;I1l’i,

‘III(’ lll(~st priullisil]~: tll’sl~:ll (’t~ll(”r[)l llslls ii 1110111’11Iii: ilt’l;~ S:l!l lill”~L*l
~tlrlt)lll]tlt’,11 I}y il ur;uliull) I;ly(’t It)r (x)llvrl’si(ul (JI 111’tllr(~ll kilwllc ~“11~’1’~~il]lt)

iltlllili(}ll; ll m’(llr(uw, ‘1’llis 111’1111’(~11~!(’11(’l”illl(~ll l~ill”l01 IIK’ :lSSL’llll~ly IS Slll”ll)lllhllll 1)~ :1

}!l’il]lllil(’ lll(Nl~lilll’d llmllil~lvilq: l~l:lllhl’1 , ‘1’111ssyslrlli IS slunvt) s(.111’ll]i~li~’:llly ill
l~i~ltllc I. ‘1’lw S:lll 111’illlilllll 1:11/!(’1 :Ill(nvs (’11’i~’icllt lIL.ulrIu) I)ro(lutliol]” whl lo\v
Il;u;lsili(’ lwulr~~ll dwul~li(nl 1}(’(wls~’ 01 its \lllilll S1/1’ illl(l 111~1)1’~SL’11(’i’ 01” IIK’
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I:lguru 2 Sho WSkrli VS lhC i’rilcliollo l’l)ll” in il(l”’11+’l’11) ICC(I 10 llS~SIClll (prillillg

;II iil~ow~i”ot’.t(loo MWI whit’h IIIiIy hc ht~rning comlncrci;ll wiIstc. All 01 Ik ilclini(lc

Id to [hc syslcIII Iron) ;iny source is I“issionc(l ;md [he fission producls ‘[”c, 1. Sn. Sc,
ml 1“C’S iil”~[riinsmu[d so tlI;II cnginccrcd l]~ilr~llrt”ilc~ s[or:~gc of [h~ rcmn:m[ wils[~

is prwliu;ll. ‘1’lw ihrcc curves wilh (lill;~ poin[s show the pcrtkmuimcc under Ihc
conditions” (!lhurnirq:, nl(mg with wcilp(ms-rclum plu[lmiurn, the plutonium, higher

il~ Iinidc illld I“ission producl wilslc from cmnmcrcinl spent lucl. The curves refer to
th~ trill~s[]]lltiltiol] of the w~wte in this systcm opcr;uing ilt 3(MN) MWI from two, one.
or zm) 1.WRS which also opcrum ii[ 3000” M WI. II is ilssumd [htit :1 3( MN)-M Wt
SySICIIl01”iiny Iypc hsions 1200” kg of uctinillc pcr Vcilr. II is turtlwr iissumtd thilt i]
.WO!)-MWt I.WR produces a t~ttll oi” 300” kg pcr yc~w Of Np, h, Ain, Cm, ct~. ‘I%c

ilb\Ci SSil is Ihc frilclioll 01 WCilponS plutonium in the [horium plus WCilpOnSplutonium
!ticd. ‘1’hc (m!inatc is kr,f; ii horizontitl” lirw is drilwn iit k,tf = ().()5 which is prohnbly
:1}]t-iicti~id opcriiti[lg Villuc t’or [h~ A’I’W syst~l]l. 11illloWS il high neutron nvlltipli-
l.iltil)n :UN1ycl is fiircnough trom unity 10g~iilriink~ IhiII tt]c system ncvcl can btuomc
criti~’ill, Wc illustriitc [hc usc o!”[his Iigurc with two ~xiitl~plcs.

Ex~l~nJlg_l.
11’WC wish 10 opCriUC :11 il k,,, - ().95. illld to burn [11~ wcilp(ms-return

plul(miunl iiloll~ wi[h the w;lslc pr(duccd pcr yL!ilrI“r(ml Iwo LWRs, wc i(lcnlity Ilw
Ii ().95 Iilw illl(l nl(nw :woss unlil it intersects Ihc two l. WRs/yc:lrcurvc. Wc findrll -
[Iwrc will hc ilbout 40% plutonium in the (-1’1]+ I)U) lLu1. Ibr ii 3( XK)-MIVt sys[cm,
600” kg of [tic 12(K) kg Of il~iinidc fissi(mcd will C(NINJ from tk two l.Wl{S ( 300” kg

x 2 = MO kg). ‘Ilwrcforc Ihc rcmilining fission will k ilpportioIIC(l” M wccn Ilic

WL’il[)ollS pluttmiull], which WC hcrcutlcr ll)il~ rcl’cr 10 illlCHliNiVCly il!i “’’1’11, illlil
Ilvwiul]l. ()1 (xmrsc lhc Ih(wium is ilCIUillly hllrnwl prilllilrily ilS : “[l. ‘1’hcrchwc lhc

I u Iwnwd is600 Kg x 0.4 -’24( lk#y~iir. II wc wishc(l tohunl I (N)t(mncs;Illlolll)t ol”~””‘
(J!’““l% in .10 y~miirs, Ik number 01”A“I’W systcins required woukl h 100/ (0.24 x 30)
= 14. l)(lrillg tllc(lcstnlcli(~ll oflllis I()()l(mlws(d ~“’1}11,lhc plulonium, highcriwt ini(lc
illl(l Iissi(m pro(luct Irom I‘1 X 2 - 21’I I.WRS will nil Vl! IN’CI1 (Icslroyl!d ilS Wci;. Il”ollt”
Uilll”illiltl’S 11]1’ clwirluncl]l of 1!11’ plul(~tliult] Ill tll~’ systclll WIN’11 111(’ Sl)clll I“llcl

I u I“rol]l wciqx)l]s, it is I“oun(l 10 Iw 70 ‘L. It”(ml’ t;lk(:sI)lul(mi(lnl Is Illixd will] IIK ““ )
IIW Iwxt (UII1*III rstill);m. 01” III(’ UOSI (d’tlltw A’I’W systlIItls ;N $.?.5 billioll rm.il. IIN*
Iolili (“;IIIII;II lllV1’Sll’(1 WOUI(I IM’!$.!5 billl(ul ‘1’11(’V~lllll’01 IIIL’ L’IL’(’II”LL” ~)(lWL’1” f~(’llt’l”illl’11

III llw dc\lrl ILIIt)II td’lllis I()()I()I]Iws()l ‘:’’’1’11w(ulhl Iw $1117 I>illl{jll msul]lil]~’. 50 Illils
1)1’1hll(lw’iltt Ilolll”.



M’(II)I(IL> burncxlIrx>n] (me 1.WR pL’r v~’w is .300”kg .M>It]; tl I 200” - .100”= ‘)()() kg (}t”lhc
‘1’1] + “’’PII mlxlurc must ix tlss](mcii pcr yew”. Sinl’c ttw trd~[l(~n 01”~“’l)u In t!lis ‘X)()
kg Inixlurc 1s70 %+ the alll(wnl (~t’‘;’’l)u hurr]cd pcr vc;w II) 111(’rc;ktor is ‘)()() X ().7
= 630 kg. The fissioning 01’100 [(~nncs of ““ P~l in .~OYCiU’SW(JI1l(I require 100/ (().63
,X 30) = 5 (J! these rm)ifcn salt r~’~iutot systctl . ‘1’tlc 1~.:l(tor wOuld c(~ncurrcn(ly

destroy the was[c frmn 5 X 1 = 5 1.WRS. The enrichnwll[ of the plut(mium in [hc
rei~~tor t~iking the isotopic” cwntent o!’ the LWI< plutonium Ir]t(} acxwunt is 90 %.

The perfmmimcc, as derived from Fig. 2, Ot the m(~lterr Sillt systcm as m
;iccclcr:itor-( lrivcn system (ATW) and as a rcac[(x are shown in ‘1’:IIJIc I for bumlng,
up I 00 tames Of weapOns-rctum plut(miurn in 30 yc:irs. ‘I-he rc;~ct(x system misht

not be directly compar:ible to mhcr rcxtor systems for plut(m]urn burning k~i]t]s~
this systcm bums not (ml! [he p‘“PU ;ind the higher iict inidc result ing but als(} the
iissocil]tcd Iong-r:mgc (issl(m pr(xiuct. ‘f’he general i“eaturc of the rcactcr versi(m (~t’
the ATW tcchnol(~gy is th;it fewer transmutati(m systems arc rcquirc(i but thd the
illlpil~t (m c(~mlnerciill spent fuel w:istc is snmll. ‘1’hcrcf~.m Itw usc Ot’ zl“Pu in the
t~ii~tor to bum signific~mt waste frmn the LWRS cxmcurrcntly is of Iittlc impiict.
t Iowever the accelcrii((~r-dri vc~~ystcms arc quite cffrxt lvc in destroying both the
wei]p(}ns plut(mium and the LWR wi~stc. i%rexwnplc nine (~t’thcse systems opcr:~ting
iit 77 ‘%)c!fcctivc enrichment ~itn bum ihc wiistc !“r(m~25 1.WRS while dcstrwyirlg 100
lorlncs of”wc;tp(ms plutOniunl. ‘1’IIc figure (>!’25 1.W’RS i~[ 3000 MWt thcmliii is [10[
fill from lhc mount oi’dcpl(~yc(l nuclwlr cncr{:y in the t;{w[lwr Soviet Uni(m (FSII).
A systcm to dcstr(}y the [J.S. spent fuel would bc f(x]r tinlcs lilrg~r, (w WOIIldtiik~ tour
tllll(!s ilS long. 11Wollld illS() require the usc (11.loo”tonnes ()!’ highly enriched yrilniUIU
(t [111J) in il(l(iitioll to tile ioo” Iflnncs (J! “W%.

Accelerator-driven Systems ( Th+Pu Molten Salt, 3000 MWth, Keff = 0.95 )
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Upon c~wn]ning [his Tublc, four options worth consi(iern[ion erncrgc; two
iisso~iil[d wi[h Ihc ATW-like rc:icmr and two with the uccwlcrator.

Oplion I.

Build km ATW-like reactors for the primary purpose of destroying 100 tonnes of
wci.rpons plutonium.

These syswns would involve no commercial reactor spent fuel. They would
however destroy all of [he higher actinide and long-lived fission product waste
produced in destroying the weapons plutonium and in deriving energy from lhnrium.
The fission energy in the 2JY?uis in effect multiplied by a factor of four since 1/4 of
the power comes from 2JgPuand 3/4 from thorium. This increases the societal benefit
from [he weapons plutonium from the perspective of optimal energy gain by
enhancing the energy ou[put, but does not address the commercial spent fuel problem.

Omion 2.

Build four ATW-like reactors which bum the waste from 6 LWRS concurrently while
cieslroying 100 tonnes of weapons plutonium.

The burning of the commercial wxtc i.uids an additional requirement for
neu[rons which requires the burning of more *%I and therefore fewer systems are
required to destroy the “’l%. However, the impact on commercial waste is negligible
and not worth the additional complexity of dealing with commercial spent fuel. If
getting rid of the wcirpons plutonium as fast as possible is the main objecti~~e, ‘“B
could be substim[cd for the commercial waste. However the usc of l“B would not
op[imize the societal benefit of enhanced energy production which comes in a reactor
with Option 1. Thcrcforc [his option is not tittraclivc either from the perspective of
optimirl energy output or impirct on the commercial wosle problem.

C)mi(m 3.

Build nirw subcritiuiil uucelcriltor-driven systems for hurnirrg I(M) tonnes of weapons
pllil(mium illl(l 1.WR WilSIC c(mcumcnt]y.

‘l-his option” illloWS not only m iillrilC[iVC mullipliwlion Of tiw energy
C(ltlividcnt I() Opti(m 1. but il h) iillows [hc concurrcn( dcstmction of the wils[c from
25 LWRS. This option works WCII tor the 1+$11since by increasing sonlcwhilt the
illllollnt d’ WCilpoIIS plutonium bumcd or sllbs[itu[ing enriched 1J5L1 on iln illnlOSl I: I

hilsis h)r wcii~olls plu[(miu[ll. illl Of tllc LWR wilst~ in Ihi]t rlilti(m CXNII(Ibc trimsmutc(l
[(] innocuous Illil[criill, A })ril~[ic;ll ll]ci~ns otdcployllwn[ wOUld t~ rcplncc th~ energy

supplied by [cn or sooldcrrciwk)rs” with [hcsc A’I.W systems lo~i~tc(l in scvcriil energy
~)ilrkS,

RcplilcC LWRS iis IhC~ go OUI of scrvicc with A’I”WS (m ii 1. I biisis with [hc A’I’WS
burning the wilstc. from Ihc retired LWRS ilnd [k w~ilpons plutonium id its
dcrivii[ivc Wiis[c. In Ihisoplion,” .37 A’I’WS would r~plii(.~ 37 LWRs in burning IIw 100”



lonncs 01’ plulonium. The dr:lwb;lck here is thm I(M numy rc;lc[ors ;irc rcqu ircd Iiw
[IN energy park u(mccp[ so th~lt [hcsc ncw A’I’W sys[mns would have m be sited m(’. c
or ICSSas rcil~l~rs arc prcsen[ly si[cd and the plutonium [riinspofld to [hem. lf no

weapons plu[onium were employed in [hc ATWS, [h~sc syslcms still could burn the

existing LWR wiis[e on it I: I b~sis by simply incrciwing the accclerillor currcnl
somewhal m make up for the iibscncc of [hc wetipons plutonium, I’tie inclusion of
weapons plutonium uppears 10 have little impiict cm these systems and ~be complicti-

tions with it uppear not to make it worthwhile.
Therefore of the four options onl y I i.mci3 dcscrvc further consideration. Both

involve the deployment of a relalivcl y small number otsys[crns and they are theref(mc

both compatible with an energy park concep[. Ile rci]c[or of option I is Ihc simplest
10deploy since no ilCcclcrator or LWR spcn[ Iucl is involved. [t achieves the rclcusc
of substantially more fission energy [him is contilincd in the weiipons plutonium itsclt,
but it does not iiddrcss the commercial was[e problem. The most attractive option (o
the authors is Option 3 which addresses both the wcilp~ns plu[onium and the LWR
waste effectively, The wciipons plutonium subst~n[ii]lly reduces the size of the
accelerator and the friic[ion of the power which must be spent in the accelcra(or
tippiu-ently providing a maximum societal benefit from the weapons plutonium.

The curves from Fig, 2 also can be used [o cstimalc the commerciid viduc for
[hc plutonium. The slope of lhcse curves is the ~hiingc in k,f, pcrchange in Ihc Pu feed
fraction. We know that it takes 55 mA of 800-McV proton beam to drive a k,,, = 0.95
system at 3000 MWt, and [hilt it requires half :Is much to drive it for kcff = 0.975. ‘WC
may then convert thcchimgc in Iqnintoachungc in thccurrcnt rcquircmcnt. Wc know
from our systems studies thut the ciipitiil cost of [hc i]ccclcrutor is iibout $10 million
pcr mA ilt 800 McV id 50mA current. If this investment is pi]i(! OH at il 1070 intcrcs[
rim over a 30-ycur Iifctimc forthc accelerator, the t(][iil debt ret ircmcnt cost is ac[uilily
three times higher il[ $30 million pcr mA pcr 30 y~ilrs or 1$ mill ion/y ciu—mA for [hc

uccclerator. The power cost for the ticcelcrutor opCril[i[lg at 45% efficiency is ilb(~l]t
$0.6 million pcr mA. Neglecting the opcrilting costs. [hc cost of the him~ thcrcforc
is $1.6 million/mA-yciU. Converting the feed frilction [() kilogriims, wc find il V:IIUC

for the plutonium Ior this sys[cm of ubout $0.25 milli(m/kg. A!l t%cc of [hc curves
give ilboll[ the Siiillc Viiluc because the ilbsCissit is (Iilfcrcnt “Ml!+ ot” :lbsolutc
l(ilogril[lls 01” wc:Ipons plutonium bumcd I“or c;lch c.mc. Bloorv” .~. ct. iI1. cs!inullc

illilt tmrning w’c:l]]oll:i-rclllrn plu[(mium in l.W1<S 01” I.MRs w(Ju I(l ~~~l]~[ilt~. il
bcrlCficiill VillUC of $9000 iln(.1 $55,(X)() pcr kilo~,rillll rcspcclivcly.

f%r tll~ I;S(I (NW Ciitl ill]ilgiIlc [hii! IIIC energy PiIrks. where the w~il]~()]]s
plutonium is burnc(l. idso sh(mk] kwc(mlr the SIIL’S whurc [hc LWR W; ISIL! is

[rilllSlllUtCd, ‘I”IK’SC silt.s. wl]ich migh[ h~ I(wnlcr WCil~)ollS lllil[L’riillS pro(.luc(i(m silts.
Sllollld ill!+() I)CL’OIIIC Ilk silts I“or ])lilCClllCll[ 01” [IIC comlllcrciill spent I“UCI. (I1lC
hundred IOIIINS01 w~il~loll!i plullmiu[]l llliltCllUS Iilirlv WCII tllCiilllolllll ot”I. WI{ S1)(’11[
fllCl ii] llIC l:S1l. It’ 110111ot” thl!SC ll)iltCriillS ill”t 10 h’ hl’ollght 10 IIIC%IIIICsilt, [11~
wcilp(ms plulonium could bc dilu[cd imlllcdi:l[cly Ii)r s;lli ill[crlllc(liillc s[or;lgc by

mixing 10 ilC.li(!VC ;I 1’11 cnrichrncn[ 01” ihc 7-1 ‘tiJ rcquirml hy vption 3, ‘I”llc lllil(Criill

W(,wld & dccidcdly llllil[[rilC[l VC for cl;indcs[inc l“CllloVill unlil burning were colll-

plcttd ilbolll 50 ycm I“r(ml How.
‘I”hc :ummn[ 01”spcn[ fuel is [he [J. S. is Ilmx 10 tour linws Imgcr Ill:m th:lt it)

[IIC f:SIJ. Wllll~ [Ill! WCil]N)llS pluloniulll Uollld h! (lCStl”oyCd in lJ. S. 1211L!l”gy f)ill”liS



illoll~ With :ih)llt 1/4 ()!’ [IW Spent I’ll Cl,[h~ lL?TIMiidCr WOUI(! lliiVc to k (icstroye(i
ciscwiwrc, one op:ion is to rcpixc aged re:ic!orx with A-I’WS (onthe s;inw si[e wilici)
bum the wm[c frtml the retired reactor but imt to usc wc~ipons piutonium ;it tiwsc sites.
We scc tronl Fig. -? lha[ [ills is p~~sib]c if’ the waste is bu,-ntxi In so Ycms by using :1

systcm with kc,, = 0.94. (This value is derived !rom the intercept of”ttw i LWRs/year
curve. After the waste from (he rctirmi LWR has been destroyed the systmn cun
convcrl over to the derivation of irli of its energy from thorium. From the intercept
of the O LWRSJ year curve wc find a vwiue of kel~= ().97 during this pcrio(i. It is worth
noting [hat this iutter mode requires the srnailest acceicr:ttor of any of the systems
consicierc(i, no front-end chemistry, a simpier bianket cmnfigulation. and iittie higher
aclinicic flom thorium burning to contend with. “Ilis concept referred to prcsentiy as
the ATW’ cncr-gy producer is thcrcforc technicality tile simpicst to (ievciop and the
casic.. t to n]uke economically competitive.

With the number of different ~‘“PU burning scenarios in hand, it is usefui to
cx)nsi(icr other factors in deployment. Since weapons piutonium is pcrceivcu to ix
more (imgcr-ous than spent fuc!, these systems should be buiit ciose to the weapons-
rc[urn piutonium storage sites rather than [he commercial waste generation sites.
Ciustcring Ihcm into iin energy park wouid iliiow the front-end chemistry fiiciiities to
serve scvcrai systems and thcrctnj rc(iuce costs. However, if there is orriy one site,
prt)bably tot) n]uch power (9 GWC) woui(i bc dumped into one point on the
uon~nwci;ii griti. Prcsumabiy there sh(wi[i bc a few sites with ii cxmtingcnt of two or
three plut(mium burners for each site tot;iiirrg nine burners altogctiwr.

SIIMMARY

‘I-iw A’1’W technology can he Licpioycd for weapons piutoniL]m burning either as m
ATW-like reactor which burns oniy the piutonium with substantial energy muitipii-
cation, (m it can bc (icploycci for the purpose of concurrent weapons piu~wriurn
~icstnlction a]tmg with L,WR waste dcstmction and imgc energy rnuitiplici~ti:m. Both
systcnls ii[l~plii”y the socicti~l benefit from plutonium over simp!y fissioning it iiwiiy

} u for Lics(roying LWR witst~ wtmiti wt~rkin a pure piul{mium systcm. ~Jsing the ~{’)>
l’:qwci;(lly wcil for tiw 1+X(J. ‘1’iw cxislcncc in the LJ.S. (JI’:1 iargcr wnount of LWR
w;ts[~’ ICI; IIIVC tt) wcil])olls piut(~ni(ln] rl};lv bc :dtircssmi by using. in il(i~iiti(~n to ,ile
Syslctll ~)t option” .3, il[] t)rigil];li vcrsi(~ll t~j Ii)(: ilCcci Cl; ltt)l-lirivcll 1.WR W’ilStCbumcr
wl~ic’il (Iili not inco[poriltc” wciip~)]ls piut(mium burning. Or tile l,WR w:istc c~mici b~

(ic’s[r(~yc’(i ii) tiw silll~~ Ari’W systcn]s I)y c(mtinuing tiwir ~)pcriition using 300” tol?ncs
of’ill{ [l,

i )(’n:lturil,~ tile ivc;l~~()]]srcllll”ll piut[mium i?y [iiluli(m t{} ;Itxwt 77 % fissiic
lllil[L}l”l ill ‘“cl)lic’i]rl)c]]t” witl] s~}cnt t’ucl C.iii) b~ (i[mc quit.kiy with ;i n~inilnunl (~f
t~cl]l]{)l~)~~ ~icvclopmcnt so th;lt st~)til&[eoi” tiIC piut(miutl] :It ii[] cncr:y pimk in iln
[tt]iittr;i~tiv~! l~mll for surrcptiti~)us r~l~]ovill itppeiirs pr;lctic;~i. in this l“~m~~with tiw
fissit~rl pro(iuc.t iin(i other i]ighcr actini(ic present, it is unus:ibic fuci tor 1.MRs. (w
I. WI<S, (w CVCn for A’1’WS op~rilting its tciicst(~rs. [[ OWCVC: it is hi~hiy viiihle fUCl for
ti}l: lloll-il(iilCOLIS” ATW systcm in wiji~”il thc ii~~~l~riitor not only iiilows sub-criti~i~i
(Jpcr;ltion, but iliso s~rvcs [hc Vi[ill t“ul]uti(m oi”suppicnwntlr]g lilC neutron ccorromy,

Nine ii~~~i~riitor-ci~ivcll SVSICIIISop~rii[ing iit ii Fowcr l~v~l of” 3000 MWt ~(N]id
(i(SStI(~V i [)() [(~t~il~s01 l“’I)U in .30 y~i~~s by tilis nwuns iilon~ witi~ [hc wilslc from 25



LWRS. The viilucof the weapons rc[urn plutonium is ;ibou[ five times higher for[his
syslem than for other plutonium burning systems. These sys[cms might bc clustered
in[o Cncigy parks which are constructed al cacti weapons storage facility. A very
favorable neutron economy und a high thermal-to-electric conversion efficiency arc
required from any competitive system to reach the performance reported here. Ihc
technology also coukl be deployed as ATW-likereactors which dono[cleal with LWR
was[e. This is less desiruble but it still produces greater societal benefit than any of
lhe other reactor systems proposed.
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