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NEUTRONICS ANALYSIS FOR AN

ACCELERATOR-BASED NUCLEAR WASTE TRANSMUTE

William C. Sailor and Carl A. Beard
Los Alamos National Lalxsratory

Ixss Alcsmos, NM 87545

AB.SlTtAC7’

I%C neumorric analysis for a largcUblank~. :-sign tha[ is
capable of supporting [he high Ievcl waslc slrcam from 2.5
LWR’S is descrihcd, The Iargcl consis[s of a set of solid
lungs[cn and lead plates. cooled by heavy waler and
surrounded by a lc&d amuhss, Ilu annular blanket, which
surrr utds Ihc targel, consists of a act of Ac02 slurry bearing
MM, each 3 meters long, surrounded by heavy water
msxfcnstor. Heat removal from the slurry Iubcs is by passing
lhc rapidly moving slurry through art cxtcmaf heal excharrgcr.
There arc scparsle regions for long-lived fkssitsn product
burning. Using dtc Mrsruc Carlo mdcs LAIIIX and M(XP
we have oplimizcd the design for h minimum hcarn currm of
62.5 mA of 1.6 GcV prolons.

~N~,~@~l~l~N

TM ccmral objcc[ivc of Accclcrakm Transmulalitsn of
Wa..ic (ATW) sysIcms is 10 rcducc lhc risk 10 [he putdic from
Iong-[crm geological storage d cmnmcrcial Iigh[-waler
rcaclor (LWft) nuclear waslc, The Iwo main risks thaI arc
wldrcs.sccl by ATW arc the migrallon nf hmg-lived spccics III
groumfwalcr and Ihc hazard from accidental Intmsion ‘I”hc
risk ill Ihc firsI cirsc can kc Iakcn 10 hc dnminalcd by lhc long.

Ilvcsf fission products ‘%c and 12%. Thcsr spccics have the
untlcrirahlc fn’rsfxmcs of long half-lives, cncrgcIic radiuaclive
decay, soluhility III waler, and non .rclcntion in cmumon smls
by Ion-c xthangr proccsscs [ss lhc artxmd risk cnlcRl\ry,
acckfcmnl inlluslon 11110 Ihc rcposilory, Ihc hazald IS
rfotnlnatcd IIY \pccIcs Ihtrl arc a conlacl hmrd. i r,, Ihr

arxillidcs. ‘I”hc IIIOSI nmahlc ol IIICSC qsccics arc 241 Am ml
24 \An,, ~~”lNl), ~~’~ly #IId ~’loi% ‘Ihr ( “Ill !qsrrlrs irlr ;11s(1
01 CIIIIUCIII Iwcausr lhry ih:cay 10 I’u qnx”ics, I’ill! Wllnldl!s
L’illl ASI) In- c{msidrrrd as ,simvuid mdc~r wcapwls Inulclld,
and lhus a Iurc for imrnli{md iulsusicn inlo Ilw rc)rmililty.

lhr very Ioxi(” slnxics ‘x)$, arwl I ~“l(-s will dtUIIIIIaI~ IIW Iisk

II lhr pIIhlIc II, tlm sr~lrs of ccnlurlcs, rnml lhix 1$ mH

thw~cd hy Al” W. “llw vff v h}II~ II VCII s~x.cirs 2’RII aIId il~
~?2~JR0will d{nllillalr lhr rrlmsil~uydecay (f;ulfdllrrs wch ah

illlrusitm h;lr.ard rs[ Iimr$ grcnlcl Ih:w 105 ycm~, wlsvll thr

rrrtlll]wil%ily IINS Iwwmr vrry low I

“Ihrrc may hc wm)r qwill(lfl its 10 Iltf ncccwily d ll~llli!
mcll rlalsslralc Irchrmlo Y [n rcdurc mall IisL* slill fmllwv,

YQlltl Whelhrl Ihc pnrsll mlillff ur Illr Spm”lrs Will a(”lllxllv
irscrru,rr shmt Icrrn IIsk 10 Ihe pldlr. Ih]wrvrl. III I AI”W’
sysmn hrrc prlkhm$ *II rquivnlcnl Ismoutll 01 clrrliwily sf n
(Ii)lwmnttmal Inulra] p)wrr Wulkm, whllr hitvhl~ srvrlul smlcly
mlvanhsgrs vr!sm Ilrr [ .WR III 1.Ml,llh! III addIIiIm. tlw wnwr

s[rcism from ATW contains no mamiafs that can bc used for
nuclear weapons.

The fcctl 10 [he ATW system (Figure l) is thus lhc
separated actinidcs Np. Pu. Am and Cm plus the long Iivcd
fission products (LLFP’s) 99Tc and 1291. Chcmlcaf
scpamtion capacity is assumed to allow the LWR spcrtt fr.el 10
bc pmilioncd into various streams brforc ATW Is feasible.
No Isotopic separation is used, so that k suble spcics 1271 1s
trrrnsmutcd afong with Ihc 1291. l%c ATW tatxcUblUWI
converts tk LLFf% 10 srable spcclca by rwwsnr capurre aruf
the actinidcs 10 fission pnxkucts by CSPIWCatsd flasks. Thcrc
is a smafl chemical facili[y to remove any LLFP’s crcatcd by
fissmn for rccyclc, and 10 comlnuously mcyclc the achtidcs,
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spallalion produc[s 182Hf, 1“11g, 2°2Pb, ad 2°5Pb are
produced In [hc Largel al a me of 0,020, 0.24, 1.113 and 4,2
moledycar, mspcc~ivcly. II is assumed Ml IIW.W spies will
be continuously recycled inlo re-manufactured targeIs and arc
continuously being transmuwd al she rale al w;iich they are
produced, The ac[ivalion producm from lhe sysicrn arc
adcircsscd in anoUwr paper in lhis confcrcncc 3

In exchange for producing r.hcsc wasIc slreams, lhc ATW
mrgeubharskcl eliminates 3407, 613 and 136 mrrles pcr year of

actinidcs, 9~Tc, and 12711291, respccrivcly, fmm LWR wawc.
The nel clectical production (afler allowing for 2(X) MWC for
opera[ing she accelerator) is 4MI MWC. .

The targe~ consis[s of a SC[ of heavy water cooled
nsngslen and Icad plaIcs, surmrndcd by a lead annulus The
blanket is a heavy waler modcrmcd hclcrogcncous ucsign.
using a flowing slumy of actinidc oxide (Ac02) in zircornum
alloy Iubes. Fission heal is carried away by convcctiml and
tic sh]~ is cwlcd in an ex[emal heal mrchangcr. There arc
separale regions in [hc blimkcl fur LLFP lransmu[a[icm Wc
envision four of ihcsc largcUMankcl asscmtdics ~r 250 mA
accclcra[or ( 1.6 GcV beam), msd Ihus WC I1oM [hc bcmn
Curlfnl pcr l~rgcl/hlwskc[ JI 62,S mA, ovcr;lll syslcm
rrnlmn)ics is tfiscusscd in wwhcr pafxr in tills ccmfcrcncc. 4

MuctI of rhc aqucrms slurry and solu[ion rciscmr cxpcricnm

of Ihc last 40 years will hc applicable 10 our conccp[.5.~

In [his pa~r wc dcscrik [hc conccp(ual design of u
Itirgcmlankcl asscmhly Ihal ~rlorms as pan of a syswm w

dcscrilxd above. Calculations arc for slcady-smte and
[irnc-dependcnl ncutrun economy, coupled wilh
tiu[midc compawilion calculaliolls. Mcrw or our rCSUlIS

rely on Ihc wdc MCNP.7

ACTINIDE REACTIONS

Figure 2 shows the 25 aclinidc species ~a[ we
nomlally take [o mnstitrue tie fuel in a wiisle burrur,
Each of Lhc four elements consiihstes a chain of
species thal musl bc luken 10 Icrminate al some
cndpoinl. Wc alirrw each s~cicfi M bc Iabcled wi~ a

237NP, and 2S impliesnumber, where I implies

249 Cm. The govcming equa[ion for 6he numlxr of
moles of s~cles k implied by Figure I is:

where Nk is lhc numhcr of moles, Fk is liIC feed
ralc, kk [hc decay csmsmni for species k 10 all
chmmcls, @ lhc Ilux, ok Ihc caplurc phss fission cross
scclion. The sumrnallons are feed terms from Uccay
and caphsrc on mhcr ac[inidcs. ThUS (7i. >k IS Lhe
cross .scclion for the capnsre on species i Icading 10
spccics k, and ki .>k is [he decay conslanl for species i
lcwJing 10 spccics k. These conslanls comain Ihc
branching mtios. c, g,, if [he 24 lAm capture cnws
SCclion is 10 born, [hc CMSS scc[ion Icadin 1024 I Am

is II htim id Ihc cress section Icwfing 10 !142rn Am is
? ll:lnl

11}!111(. ? ‘1 Ilr- I .III’IIIJII(NR (1111,.1(11,1 111-\r Iv:ll [l(lll\ ;111(1(11., Jv\ Ill Illr m’lllu(lrs



To model the enlirc 25 species. there arc 25 such
equations coupled by rhc surnrnalion Lcnns. The coupling is
sparse: lhcrc arc al most 2 Ierms in each summation tha[ arc
non-zero, according to Figure 2. NrJw lhe following model
assumptions am made:

(2) $ = &s and Nk=sk

i, e., “k flux in ~c sysmm is fixcu at a skady s[atc value, The
system rcspmds by equilibrming at sxcady stale crsnccnwa[ions
Sk We substimlc lhc assumptions inw the syslcm of
cqua[ions implied by (1) arsd wc ob[ain:

25 25

(3) O = Fk - ~ksk @kSk + i~~i.>k @!$i+ i~}i->k Si

The solulion 10 (3) gives ~c slcady slalc conccnmuirm.
Ttuse concentrations we, in general, much diffcrcm lhan she
ini[ial feed. In Figure 3a wc ShOW Ihc feed ml cquilibnum
amm fraciions for [he commercial waslc bumcr. ‘rhc
equilibrium composition dc~.nds, of uoursc, on tic I-gmtrp
cross scctiom and flux Icvtl in Ihc blisnkcl, as well as Ihc
chemical processing assumptions. The rcsul[s ill [his figure
cor-cspond m lhc. final design prcscrucd here. AIOwsRh tic

feed is 51% ~~vl%, Ihc equilibrium frac[ion is ml al-ml 3%.
1AI equilibrium, shc sfxcics 242Pu, 243 Am, and 2 4Gsl mike

up [he majorily of lhc composition. II is no coincidence lhiII
rhcsc s~wies [cm-l m huvc ristilcr small cross sections.
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Figure lb. Loss riucs of [hc spccics ICI decay, caplurc and
fissiun al equilibrium. The main species undcrgc.ing fission
am 239pu, 241h, and 245cm,

Onc of the basic hyfmlhcscs of ATW is Ihc desire 10

maim;lin a high hxrrral fl~x.~ The pwposc is lo fi.xsion shon
Iivcd Iissilc species bcfom Ihcy decay. A case in point is
2411~. whluh tl~s, in our s~.cmsm, S fission CmSS scc[ion Of

240 h, The flux ICVCI whcm rhc fissiou rime is equal 10 she

decay rmc is 6,3x lol~ ldcm2/s. (ldculalions (Figure 4) of the
cquilibriurn fuel caphsrc ,Io-lission ralio, a, as a furwlion of
Ilux Icvcl show lhal for a fixed spccn’um [hc ratio vark oIIIy
slowly unless (he flux apploaclws this value.
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Most of our designs U.SCPux ICVCIS a! or near lx lo~ 5
n/cm2;~c, whrxc rhc curvc IS fairly ffal al a = ! 6C i 0,01
The coruinuously downward wend in a wir.h ilucasing flux IS
due m rhe incrcasmg fission ram nf mi!lor s~cics such as
238NP

in most of our calculations we assume sleady-slalc.

Howevey, W approach 10 sleady-slslc has also been calcula[d

by coupling MWP wiUr 0RlGEN2.9 in rhc calculations wc
usc a consmnl power densllj iir she aclinide [uci of (la kWlg,
which is rhc same power densi[y Lhal we have ca!nrlalcd al
cquilibn~. lle inilial feed is wm Inm rhc blankci and tic
cross seclloms arc cahxslalcd. These CKSM seclions arc wri!um
m is file [h~l is rctid in by (! RlCiEN2 A lurwa, d ~imc swp IS
iwrfomrcd by 0iiICEN2, solvlng the cnmplc!c SCI Of coupled
ODE’S as defined in cqufi[imi I I). A IICW conccnlr~[io,] is
obtained The.sc nmc SICPS ~rc iypwtill~ a Icw dflys, Alit,
enough of IJWSCsIcps arc wrlormcd, J Iuli y~iir 01 qwris[mn
has been siml~lalcd. The ORICi EN2 calculations arc
icmporanly sLoppcd, a new IvICN’ inwl file is wrimn, and Ihc
CIUSSzccm ns Jrc agflin cdcuksmd. By rcpcis[in~ Ihls prn:cw,
wc cisn tr~ck Ihc cnlirc tipprrmh lo cquilltrnum III a scl(-
CO IISISICIN Iwihiwl,

The lime t!cpcndcncc 01 Ihc Isompir Iraclions i$

ilius(ra[rd in Figure 5. IIIC ICCIJ is 51% 23’)IM, drcrc:lsin~ m

utwul 3.1% al 40 yc~rs. ‘~wo l)[llcr spcclrs, ~ ‘t ~~}U find

2’lbCnl wc dlso stwwn I(li IJwpdrison, ‘rhc~ IS IIIIIC 01 Ihcs-

spccies !wcscnl in Ihc Iced, Iml ,hcy ~~row m slgniflcwll
frwxions al 40 ycfirs hmc. liluilihriwn u ;alm’ 01 JIMWI I .h?
lf rczclml in AIIOUI I X yctirs. ‘1’hc Iumpcd Jvr I il~t [,ssl(~;l
ur~~ss scclim] Inr (Iw ;Ic:IIIIdcs IS iIlmIIl IWICC m 111]:11 ,1[

txginnillg nl Ii[c C(mlp:lrrd h: rqIIIIIIIIIIIm “I’hl. n-lolr, I(I1 J
l.cIrlsl,uu p(twCr Ilcl Iwly, Ilw IIuri *III v;il\ Ijy J lw.((Ir (II IWII

(w(.I Ihc Iil’c (II IIlc :)I;IIII
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El’l-EL-r: OF CONCENTRATION AND PITCH

our basic dcslgn (Figure b) employs a Iaumc O( double-
wafl Tr (97.5 %)-N~2.5%) Iubcs whsch conrain a h:avy water
slurry of S -50 ym acr.inide okide (AcC)2) paticles. Ouls;de
WC tuhcs is a hcav y waler modcra.or, rhcnnally lsolaied fmm
the slurly hy ihe gap klweem Lhe [ulEs. From fission Iherc is
a large Volumclric heal gcncralion. ‘fk heat U caricd aw~y
by convection, and Ihe slurry is cooled in an ex[emal heal
cxchangcr AS Inennoncd in the inu-oduc!ion, h’scre is a
chemical proccssIRg plain 10 remove UM frssmn producrs, and
IW as~umc a 5fI% residcncc hrnr for Am and Cm in Uris

sysmm, and a 2.5% rrsklcncc lime for Pu and Np. Ancrrher
p~pcr is! [his confcrcncc explains in detail the procmslng

assurr1frllon5.to
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l; IgUIr (). (11111L,lII uwd 111IWIICC calrwliuions, Ilscfc arc two
w:Ills 01 “Zr ([)7 5’1, ) N;) (2.5%) ulloy, cdl 3.25 cm ~hick.
“I”lu- Iimcr Iw.llus IS .J.li”l cm. TIIc CCII radius IS 1(}..$3 cm.
U(m(-spolldlllg lo ii pllrh [II 20 cm II; f. Ilcxiig(m;ll Iuhcc.

‘IV:IS WCIIOII Sull,murilcs Ilw rcsulls of cquililwium
hl”!l’l(lKclllwus UIIII (x.11 CUICU1411011S, All lTSUhS tlCfC UsC
M( .N1’, LxmlIlcd with B MI(IC {Iml wives Ihe syslcm implicsl by
C(lUilllllil (1) ‘1’lIc p~rl of [hc pm~rirm which calculams

quilihrlum ill”llIlldC l“(~ilcrlllr:llI(lils w4s IVrillcil so Ihd! IIm

~x~wcI d~IIMiv W;IS hrkl COII$MIII al V(X) MWim3 m Ihc Slurry
IUIWS “llIIs IrlIIrsLvlls a ltscnnal/hydrJulw Iimil, i, e,, Ilk fluId
vcltI(’llv III lhl~ mlllVrL41vr systcnl (wlllcll Is prr}poriiorl~l 10 Ilk
VIII II IIIrl IIL pIvwI IlrmIly) is iilxml 10 1) m/s,

1’11(. IIIIIIIIJ: WI’ USC llJ\ 114 1111(hllrw rh(mrn IIJI a I ! I
hll’;l {Illrlwll I}: [I!l-SMII(. I’lm oulcr I,ullus of (IIc uml crll,
Wlllt’11 Is lrllr(’1111~, Ulll(nynlll(ls 1(1a plllm hclwclvl Iulrs Of 7.()
1111 m # IICX;II!(III;II 14111vI:, olhcr cxllulalIoIM, 1101shown Imrr
III Ilrl,II1. v;IIIrd IIIU I;IdIus 01 Ilk uml rrll andjnr llw IJ,III of
1111’llllw\ llr Ic w(. lur-srnl (IIdy IIIC rrwllls Ill VmyIIIg lhr
(’(II I1”CIIII;III (III [111 4 p,lvl”ll l!r(ll. irlly. ‘1’hr ni(hlclamr Is al
I(UIIII 1(.l~llwl;lllIrr ,111(1(ILVISIIV. whIlr Ihc IJ}() ciulicr Illr Ihc

dllllv w,ll ,11 l(k) ( ‘ illld A IIcmllv of ().’/ fl/(nl ~

“1Ilr II Id IV IIIIIJl Iljsum JIIIl I.aplum UIIIi S SCCIIOIIS nrc
i,rllf.1.llly ,1 (11-.rr4\IIl~ IIIIIuII(III (1I l(lll(clllr~ll[)n ;IIIII

I.l),lllr \ “I”rllw IIrlw.llll [,1111’ :,1 \lllll[, 01 111[.;I1’rlllltlf. ,.II(,! 11.,. Ill 111(lrll..lll~ 1!11111101)(d Illlr-1 1111X- llllch I(lr IIIsI;IIILc, Id a

‘ ““w SYflrvll Al S1.1111111,111!’,1( lllll(lr-\ :111 ‘11’,!, “ ~’~1’u, 1,111ll)l\
(1,111 rIll I~IIIIIII ViIIIiIIIIIII 111.IwI rll 100” ~1 ;IIIII h(Mi ~/1 ,Ilr

,.1
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lowered cross seclions al higher loadings are me rcsuh of
Ihcnnal [Iux depression wi~in tic IUK. Increasing rhc pl[ch
of t.hc cell aoklcns k spccuum, wilh Ltre rcsuh lhal tic cross
section is four times as grcal wi~ a 30 cm pilch as at a 15 cm
pirch. If all cross scclions of imwflanrz varied wirh l/v, tic
capmre-io-fission ratios for each spccics would be
indcfxndcnl of pi[ch or conccruralion. II is found [hal
because of non-I/v &havior, rhcrc arc some departures from
tis, e. g., !he caplurc-m-fission ratio fo~ 239Pu shows a sligh[

increase with concemralirm. while for 241 Psr LI’Iclrcnd is Ihc
opposite.

We have included NW cflcc[ of capmm 01 ncumons on the
fission producss rhal arc prcsenl in lhc slurry. The [raclion of
Muucrns rhal arc Iosl 10 lhcsc capusms varies wiIh rhc flux and
tic mean re+idcnrc Iimc hcforc rcmrrval for proccssmg. Wc
performed model (alculalions using lhc code 0RIGEN2, and
paramelrrized lhc rcsulrs m include in our unil CCH and full
blankel MCNP calculations For Ihc flux lCVC1here and a 26
day residcncc Iimc in [he blmrkcl, k ratio of Ihcsc Iission
product caplurcs m fission cvcms IS iihoul (). 12.

a
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I;lgurc “1, I)lmcml, :Ilrw r:lll(l vuruli(m WIlll l(~llt.cllll:liiorl ill
Ullll Cell l’ill(lslilllnlls ‘Ilk= Ihlwl-1 (Irllslly III Ihc Slully Is -1(x)

M W/Ill ~.

S(llIIC Il; llilrll(”lrl\ 01 Illlll(lllillll’1’ NIL’ pll)lld Vrlhlls
Iwdi,lfi III l; I~urr I ‘IIILO IIIIIIIKII is(!lni(lc (1 vduc m 11;11 llul
Ilm impwsnnl r:ltlt! 1)1 p;Il~Iwl Ic I’qllurc [m Ilw IIIINIIK AIIILI llw
midcrilor) Iwr fI\\IIIII [NIV(’11 IIIC *V IIIIWI u ,) IS n \lI(IIIg

/Iultclmu of rl~ll(”clllr;lll~t[l, d(trc;lwllx 10 lolrr~ dc Irvvls unly
w .!00 #l or nl{)lr. “Ilw trsulllllg h cII fur Ihr lrllrl’1111~ (mid
IIlcrrforc 111s-Inlllll(c INII(T ) l-ml. l\ ;111Illclcirslng [1111(’11(11101
c(}l]cclllrall(lll, l~illlllll~ 4 Villlll’ {11 I 0“/ al /()() }:/1
loLlllulf Lll#wll 011 IIICW :111(1(Uhrl :31(uli IlIons, wr chow ;I
dully Ioildlng (d ‘1(m) IJI ;1[1(1a l)llcll (It :!(I 1111 hrlwrvll IlllM.\

Ill N hrll;l~wrl 1:1111[r ‘Illc 111,1111ICJ!4111 I(1I CII(MNII}! \ll(’11 :1

hip.11 hl,ldiiq! Is 1(1 ICdu(c Ihr rllr[l (1[ Iml,lfilw lqMIIII, ili Is

Illll!.llirlrli ill Ihc Illrvllul$ Ill!lllr “1Ills hl~:h IIINIIIIF ;11s1)lrI1tl\
III IrIluuc Ihr lmi;ILllIL L.Il~lIIIr In 1111 I;IIM-1 lwI lI\,t II III 1’11(,
Iriulli (If lull I)l;lllhrl (’,11(”111.lllllllk ,Ilc Ill J 1,11[’1W(’lllul

SPALLATION TARGET

The ATW wxlcralor Lsrgcl is a modifrcali~ of he splil-

composiw W/l% spallalion IargeI design 11 which is compscd
of solid tungslcn and lead, cooled by heavy wisler. TIE urges
is cylindrical in configuration, wiLh IWO sadlal regions, ‘llw
inner radial mgir.m (O cm < r c16 cm) contains a series of
usngslcn plalcs spacd in order to optimize ner.mn leakage.
rcducc parasl[ic absorption in rhe Iungslen, and axially
dislnhule the nculron source 10 rcducc the axial flux

r*infin the blmkcL The osner radiaf mglon (16 cm < r ~ 7 cm
is a lead m’rnulus which gcnerales neulrons from prolons
scaucred oulside of the nsngsten region. At k back of rhc
[argc[ is a lead beam slop cxlending through Imh mdia.1
regions which is used 10 range OUI fhe Warn. The [arge~ is
shown ill Figure 8.

12 (LCS) was ~scd 10The LAHET Code Syslem
characlcrizc Ihc neulron source genera:ed in the splil-
composile W/Pb Iargel, and also 10 pcrfo~ fully muplcd
LAllET/MCNP caluslalion!; on [he cmire syskm. LAH~
uses lhc Inlranuclcar Cascade/EvafxIraLion model 10 prcdicl
t,igh-energy inlcraclions. and writes a source Iapc of lhe
rcsultirlg patliclcs (bwh ncrsirons and phmons) for subscqucnl

irims~rl in Ihc Moruc Carlo wansport code MCNP3. For
16(K) McV pro[ons, Usc L(X prcdicls a IO(SI nculron source of
4u.32 ncumms/prolon. Table 1 shows tic neu[ron leakage
from (IIC bmc tcsrk!c[,and tic average energy of !hc escaping
nculrons. al[hough nculrorrs which cnlcr Lhe heavy waler
modcra[or arc quickly rhcrmalixcd. Figure 9 slwws Ihe axiaf
thshibulion of the ncumsn Icakagc across Ihc or,uer surface of
Ihc leml armtrlus for lhc bare splil-comgmsile Iargel. llre
lwulron source cmillcd frcm the aclivc portion of lhc target
(beyond Ihc firsl Iungslcn plale) has a fairly even axiaf
dis[ritwlion, cspcci~lly when compared wilh homssgcnem.rs
solid IJIKCIS or liquid hcwy rnclal lwgcm (c. g, liquid lead or
lr-ad llI:,Inu Ih) which produce highly localized sources of
ncuirml~ and lyl)lcully hiwc prohlcms wilh nculwn Icfikagc
(Ill Ihl’ II(MII Iillj:cl lislx- I ~

‘1’djlc I: Nculr(m 1.c;lkflt:c from Bare Splil-(-omlu)silc Wfl’ts
“l”;lr~rl

FL=S7

“IlwIIIJIII dIsiIIlvmllqsc of lhIs Iargcl is IIIC prcscncc of
Ihr Irml wllu.h pr(}ducc$ a II IIRC(I wrrslc. colnplicalih~ Iargct
dlkln)k~l, Wllilc achvaiion ill Ihc Iced is hlw. Ihc s allalmll

lIIu rs$ j[rm.rmlrs Itlc l[lll~llv:d isolopcs t21)21.h, 20. pi,, #,sd

~’~411y W,I,ISC III,, ,IVCS isnd spallal,,w ywlds arc gIvrn in.,
‘1’ilk ? Sllll’c ?.[~5”,qI is IIIr l(IIIg ]ivcll qmclldc prmlucml ill
III(. ~:l(.;lit.~t iIIII(IUIII ~InlI IIIIly duc m IIS IIINII spallalI(m yichf

w SII{!WII I’I “l”uhlr ?., Iml dso dur I ils l)IINI.1(’11011 (mm

(’illllllll- Ill Sl:lblc 2’)’’ 1’11 Wlll(’11 is lll~SCIU Ill llNUIally occsrllillg
1,; :1(1), II:* r(lulllllflum *lll(!unl Wil\ rslimxlr(l u$illg

ChalmuWIIWI(’ ~y~lrm palmrlrrs A lINd d ~.! h~ {If ‘() ’’i’h IS
pIllllll(’\.11 Ill Ills- sv\lclll, Wllh II lcw”hlll~ I;5’L [)1 11s

r(lullil’limn Ill 1 I $ y;.wi
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Figure 9. Axial rlis[ribuiion of radial rrcutrmn leakage

Table 2: Spalla[ion Yields of Long-Lived Isotopes Produced
in rhc kgcl lxad

Isolop IHair-Lirc
I

Spallalion
(yearn) Yidd ‘1

(aloms per
prowm)

Hg194
pb~02

pb205 l,51C+07 0.3628

Scparalc LLIT [ransmuialion regions WC.e incluticrl In
LIlc blankcl, (XU is Iocamd blwccrr ti lead arrnulrm and l.bc
slurry lattice, and Ihc o[h~r is in h outer regions. The inner
region prcvcms Ihc diifusicm of lhcnnal neutrons fmm the
Iailicc into lhc targci region where IIWy would otbcrwisc &
IOSI w parasitic capmrc. The oulcr LLFP rcgicn caphsrcs
neutrons thm would otherwise ~ IOSI 10 leakage,

‘IIIc various dimcrmions of tic blankcl were ad ‘us[cd 10
Ml /c a fission producl/ac[inidc bum rmc of (),2 i, while
lucmpling m minimize parasitic capIurc In the mrgct and

mod .rhlor. This ialio Is sufficient IO bwn the 99Tc and
127. I ~yI fmm LW’R discharge, and fmm tic flsclon ylcldc of

:hc aclinidcs,

I.Esign dimensions arc given in I’atdc 3. A description of
!hc hlankc[ is given in Flgurc 10. Because of Ihc somewhat
hglu puck, wc wcm dtle m Iii IIJti UJlxs into the blankei. Tfw

IW. is 1.7x 1015, producing u ~)wcr denslly of 7(X) MW/m3
0[ slurry.
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Tahlc 3, The final ATW tmgcti~l :mkcl drsi~ll surrlm:lry rm.wd
on couIIld whole-blimkcl NIUNI’ t Jl~:IlmMIOII:S md CqUIIIIMIIIIII
aclinid; conccrslraliom.

spccificd pwcr dcnsi[y, MW/m3
;wcragc flux in Lhc mini(!? rcgimw, r@n2/scc
lcmpmdlure of slurry (~)
tcmpcfilirsm of modcralol [~)
hcighi of blankcl (cm)

oulcr mdius of largcl region (cm)
inner mrlius of cylindrical lead mgmrr (cm)
inner radius of imwr tcchniciurn rcgiml (cm)
oulcr radius of inner wchoicium region lcm)

oulcr radius of multiplying rcgicm (cm)
uulcr [cchnicium region [hickncss (cm)
heavy wiucr m![cr rcflccmr [hickncss (cm)
r:d ius where

aclinidc lubes hcgin
(cm)
pilch (cm)
~clinidc luIIc imwr
radius (cm)
:Iclinidc
ccmccnlrfllion. g/1
7LiTc04

conccnlralion.

mold
Friwlinn 0[ lime in
11X .5000
Frncliorr 01 Iimu in
prmccssing (Np)
l;rilCliOll of linw in
processing (1% )
l’rilClioll 0[ lime in
pt-occssing (Am)

I:rucliun of linlc ill

processing (~m)

Number of diIys for
1:1> proccssinl:

numkr of aclimtlc
Iubcs in hltinkcl
llli]llk~i Aclillldr

Ilwclllury. kg
kgs, “1’c

l(~[;d lllll]lillllL’:1111111
p;lrwilic utipluru I(I lis~l{lll ItIIIII
Ic:lkq:r k).lissmIl I. IIItl

1.1.1’1’ ctip[un: m lIS\IOII I.111~1
Ac coplurc IU lis\I(IIl IJII(I
Aclillidc hufn r;ur, 1.WK CqIIIV
Kcquimd IW;IIII (1111~’111,IIIA

70[!.00”
I -;()~I()15
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Iu).woo
30(!0000”

I5 .So!)(i
I6. 00WJ
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!;iuurc 1(), .1’(uI und side views ol Ihc ATW hlankci. Thc Iarf!cl

ls ‘in [Ill. cclll~.’r, Iollowcd hy n lc:ld illlll UIUS ml inner LLi-’P
rcglon, I’OI1OWCIJ by (IIC Inulliplying Iflllicc, Ihc or.ucr LLF’P
rcgitm. illlll Ill(’:: :!w rrllrclor .Ind oulcr slainlcss slccl wfill.

SI.(II<RY l’Rol’lil{’l’IIiS ANII l: Rf)Slo N

“llwrc IMVC Iwcn IJl)jculmns 10 Ihr hI#l slurry lowlings on
llw hwis ol cll~situl, ‘llIL. power dcnsily lwrc iris{) ~ivcs a high

slurry vclocilv, OUI- Iwulronics r;llculmi~ms II; IVC al-w;lys hskcn
IIIIS 1111(){“[III:~IilL-I;I~ItIII, :IIId wt. llilv~ iilt~rllplct.i If.) k~cl~ IhC f’1[)~
vcltIIIIIcs III 111(”Ill 111/hr.ul~:r,

‘1’hr vrlocily IU[; ‘“wI l[~r IIIC slurry in Illc Iulm!s c:ln lx
C:lll’Ul;ll L’d Il!llll ;111Cll Ill:lll)y lltililllCC (Ill ltlC lUbCS, ilssumil!~
111;11Ihl !“llllilllL1’ ilnd rail llvllpCrillUW hlr Ihc slurry fire fixed
;,I ,1”/f (’ ;Ill(l IJt (’, rrqwl’lfvcly. I’hc rrwrllill~ vc!ocity and

(’(111(’rllll;llllll. s .Ilr Vsscllli;llly Iyl, il’;ll {If lllt)!;~ wllcrc

rXl MOIImr IIIJl \I{)sIInl (’:II;I mr ;It;lil;lldc,

“III(’ ~io.\lllll i~l Ill 1!!”11.11Sl~y slunics 1!;1S lICcll mr;lsurcd

1111(llll(”rllll,lli~llls up III 1$(N) g/lilrr, M Irmlwr;uurcs iVplL’flllV
IWIWW flKl K JIIII r~)ll K, ml lknv vclnOIILw up U1 U) m/s,
III ):tqIt.l,11,llIr rItl\IIuI Imr is ;I slI(mE funrli~nl 01 p;ltlirlc sift

;111(1 ,,h;lpr-, ;111(1 l,. ,111(,(’11,(1 10 il 1(’’l%rl (Ivj!l”tl’ tl.y oxvy.rll
,Iv(,llll(, wlll(,, ,!111, 1(1!1 :11’l(lllv, slltlly rtlll(.rllll;lli~)ll, slurry

Il”llllu.l illlll l., ,111,1 Illlw Vrlol”lly, OIJIIIIIUIII p;lllic.lr sizr Is

lIrl WCiII I .IIIII ~ III I(IINI:. wIlh sIIItl~JllI II,IIIICII-S r;lusin~ Irss
\ l,l!.l (111 I 1~111~: ,l,Il:ILlr\ 1,11.IIt, IIt.11 WI(II Ihrsc cll;ll.u:r-ri ~lics,



* erosion me of 450 g/lim ThOZ al 553 K .md tlowirg as 6
m/s was measured 10 bc Icss ltmn 0.5 mils/yr for zirconium,

and approximately 3 .mils/yr for srzinfe= SIC.CI.14 For 1500
tii~r at 553 K and 12.2 m/s, rhe erosion rate on zirconium
wiM 1 mif/yr.15 Erosion rams for LIt zirconium FIurry IU”NS
in rhe aqueous ATW system arc r.herefore expcclcd 10 k less
rhan 1 mil/year. TIE tubes wilf have 10 be r’cplacd eve~ -10
years.

CONCLUSIONS

in a conceptual design il is possible m bum (tic aclinidcs,
1291 and 99Tc from 2.5 LWR’S in afi ATW tm-gctilankcl
=~~biy Ilsing 62.5 mA of currcnl and aqueous Icchnology.
The heal from [he blankcl is sufficicm 10 gcncrmc fIfMI MW of
elcctriczd energy al [hc cxpcctcd 30% Ihcnnal-io-clcC[ rical
conversion efticicncy. Since alrou; 2!X3 MW is expcctcd [o bc
needed 10 run ~hc acec)cralor (al 50% wall plug cfllcicrwy).
W leaves 4(KI MW of electrical energy “mbe wdd 10 lhc grid.

The wame smeams arc vcty mdioaclivc, bul dw spccics are
lypically shcrr lived. ~c onfy long-lived spccIcs in I.hc wmle
s[reanr do nol pose a migralion or inlrusion hazard [or a
gcologica.f rcfmsilory.

The tools wc have developed 10 analyze this targe@lankct
design will enable us 10 move inm an ever-wider area of
conceptual designs. For inshmcc, the burning of com[ncrLial
wasw can be combined with a fcnile feed, breeding fissile
mmcrial. Olher modcra[ors may give diffc{cm. more
favorable ~peclral characlcrislics. The impr~vcd ncuiron
ccormmy of lhesc changes will transla[c into a Iowcr I:OSI of
producing clctxricily fmm lhc burning of nuclear wm[c.
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