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Dynamic Charactcri~ticw of Mixtures of Plutonium, Nmwta TutT, and Wtitcr

W !vlycrs. S, Rojirs. R, lilmpland. P. Jwgcrs. R, S:lnchc/.. D HWW.

R, P:l[crnos[cr. R. .Andcrson. and W. Slrmlon

Los Al;wnos Natiomd Labcmon

Introduction
Onc of Ihc tcchnicirl options being considered for long tcrrn disposition of wcaporrs gri]dc plutonium is

geologic sloragc at YUCM Mountain. ?vlultikilogram quiltl[ilics of plulonium [50- I ()() kgl ilrc to bc
vnriticd. plrrccd \vl[hin n heavy steel conlaincr. and buried In [hc material knovm ils Ncvildn IUff II Ilils

been postuhrtcd 111-13I lh~I nftcr ilbout lcn or twcnly lhousand years. gcologlc and chcmlcal proccsscs
fvould have disin[cgratcd lhc SICCIcon[aincr and crcalcd the possibility for plutonium 10 form mlxturcs
\\ilh Ncvnda hrff irnd wntcr thirt could Icird to i] nuclcnr cxploslon In lhc “rmrgc of kilo[ons” or “hundreds

of Ions TNT cquivalcnl” %rnchcz ct. al. 141 complclcd ir suncy itnd dcscripuon of critical homogeneous
mix[urcs of plutonium. silicon dioxide. Nc\ild~ Iuff. and water and idcmificd the miwrc regimes where
imtoca[alylic dynamic behavior is possible, This study IS ir follow up of thirt work mrd [hc mirjor objccti\”c
is to cxarnlnc Ihc dynamic bchirvior of the “worst case” crilical mrd supr.rcritical cordigumtions of

plutonium, NcviIrJa Iuff. and \\i]tcr. The indicators for ir damirging pwcr trnnsicni iind the kinetic energy

or “TNT equivalent” yicid from an cscursion for the “WOW cirsc” sccrwios ilrc cxnmincd.
This piipcr dots not considerthe dcmils mrd probirbilitics of [hc geologic nnd chcmkid proccsscs

occurring [hilt Icad 10 the formwion of I hc mixlurcs The calculations irrc to scnc irs an uppx lJmIl of lhc

conscqucnccs if such confrgumtions were 10 bc crcatcd.

Encrrw Ccncratintz $VMcms und Exnlodons
“I”hcstudy firsl cwmincs srrmc chnrilctcrlstlcs of cxplosirms, both in chcmiwl illld fissioning SYSICIUS

nnd Ihc wccptcd con~’crsion fwtor bmvccn chcmicnl explosions :md fission energy rcicii~. The

convctltionill conversion is IOKII fission yield cquirls [hc cquivirlcnt ~hcmi~ill explosion yield. wluch IS
;wccpmblc frrr Iiirgc nuclmr cxplosiorw but fitils complclcly for smnll or slow Iission energy rckilst II IS
sho\vIl by ~~iltllplcs, c.g, IIIC CJodIV~I :Isscmbly [5 I-I(JI IhaI :1mcnsurc of il snmll cxplosioll sho~lld IX IhC
kincilc energy crcn[cd during Ihc fission pvcr Irilnsicnt. nol the fission energy pcr sc

( ‘ondltions Ncccssars for WI Kxolmdon
The ~hiir;lclcristics of fissioning systems IIUN h;lvc Ihc nppcrmrncc of explosions nrc identified nnd

comparisons ilr~ mndc with uitic:d :md supwrilic:d crmtigur:ulons of plmoninm. s[licon dwwl~ . Nw:]d:l
11111illld \\iltcr. ‘1’IICSCirrcludc IhC ncnlron spwrurn, the lrutml illph;l or rcclproc:d pcrmd. ;In(l :1IIMWIW
of IIIC r:lic of prop;l~ilil~t~ ol’ pressure wvcs 111Ihc nssmubly More lmportirntly. :1rclwionshlp dclinwl w
171

fl, inlitirnl syslcrn Iilphn or rccipricid p(wcr period

t’ Clliirwtcristic ilSSClllblY dinwnsion



Comr)utcr Prmwam for Calculation of Encrw Rclww
L;islly. ii dynirrmc cncrg} rclcnsc compulcr program. cur[cd for Ihc purpose ofcv:iluirtmg supcrcrllwil

Iranslcnl rcilctors. cnlic;llity Incldcnls. irnd crmcalily irccldcnts. IS used to antily/,c cwursions wllh crlllcnl

ond suwrcrl[lcirl crmllguril[ions of plulomurn. sillcon dioxide . !Nctilda mfr. and wir[cr,
The compulcr program crc:ltcd for I his study to c\;]llli][~ [hc dyn:lmic energy rclcilsc during an

excursion \vM dubbed IIIC MRKJ Rcirctor Tmnwn[ Code. The MRKJ R~i]dor Trmwlcnl Code IS 10 scn”c

ils :1rnodcrn rcplnccrncn[ for [hc Los Almnos Pajiiriio Dynumics code [81, The MRKJ code uscs [hc

calculaliot-wl [cchniquc kno\\n gcrrcrillly m [hc “coupled nculronic-hydrod! nirrnic method” 191 which

combines [ogclhcr [hc diffcrcntii]l :qumions for thcrmodynilmics. matcrinls motion. and rwum-rn [rilnsporr
Irith rapidly changing :cilcti~it~ to model ii Iramcnt nu~lci]r syslcm, The MRKJ code is fvriltcn In

FORTRAN 77 i]nd u[ilizcs the onc-dimcnsiorml discrc[c ordirmncc Irnnspon XXIC ONED~\NT 1I(II 10

perform the neutron trilnspofl calculations. The MRK I UXIC uscs the lime ilbsorp[ion calcl]lil[ion (illpl):l)

oplion of the ON EDANT code illld dctcrn)lncs (hc power dismbumm of the sys[cm b} cxlrncllng Ihc
rcgionnl fission riltcs from the ON ED ANT ouIpul frlcs “~hclibri)~ of cross scctlons used In the

ONEDANT ~i]lcul~tionsIS ii Hilnscn-Roach 16 energy group cross scclion WI I I 1I Jvith 167 isolopcs
The MRKJ code SOIYCSfor the thermodynamic tind hydrodynamic SKI(Cvariirblcs by Ircming (11c

:mrdysis irs wr initiid \illuc problcm. For lhc kinds of lrirnsicm sys[cms [hilt wc ilrc currcruly s[udylng. lhc
Ihcrmcdynamlc nmdcl wsurncs no hcirt tmnsfcr occurs bclwccn adjnccm coarse rncsh regions, This

ilssutnpikn is bilscd on the fncl thi][ Ihc r;ltc of energy dcposii ion duc 10 rlssion is much. rnuc!l Inrbgcrtlliln

Ihc rntc of h~il[ conduction bcmccn regions bccitusc the chnmcuxishc [imc SGIlC for energy dcpmtion
from locirl fissions is much shorter than [hc ch:w:lclcmstic hmc scitlc for hcnt conduction bctwccn rcglons

The equations ilr~ writlcn ils il systcm of first order mdinirn diffcrcruiftl cquntions i]nd sollcd
simlll[;lncollsly using a fouflh order Rungc-Ku[tir I I 21 lnlcgmtlon schcmc, The cqunlions wc CIMIINXI m

follows,
There is m cqu:uion thilt sollcs for IIIC power of the systcm i~sil function of IIItIC:

(z f,.ml, tcnlpwatllrc clcprmdcnt fixx.lback ( dopplcr broadening ol’ cross srxtions )

AI IhIS IIIIIC w :Irc IICglCrXIIIg Ihc wurlbutmns of dclil~cd nculmns I() IhC pmvcr IWCI h~i~lls~ [tic short
Illllc Swim ol’ Ihc cxursmns Ixltlg wwtlllmYl ,IIC much shmtcr Illilll Ihc clcl:yxl nculrw prwursor cICC;I)

Illllcs,
“I”hcruI!, ;III energy h~lli)tl~~~(lllil[loll used h-rIind IIIC Icnqxr:lturc 01”C:IGIIrqmn dcnvcd frum Ihc Iir\l

l:l\V (II lhwmd~ I1:lIIIIC% I:or :1 lllillCrlill Ill IIIC CU11(ICIIW4PII:ISU,1111SC(lllilllOll llilS Ilk! Ibrlll

111; I “,,
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K- matcriill is(}thcrlllal conlprcssihility

I ~ - re~ion i bvlumc

AII cqumlon of S!:NCnppropri:uc for Ihc Inil[crlill is used [O rclm [hc pressuremrd icnqxr:mm In MCI]
region “1’hccqu:uion of WIIC used IO model solid Ncv:ld:i Iuff is:

1:,,,,,, a /i(i; - 7;,,) + “fi(/),““l),,, )
1?

1:,,,, wmdcnscd pressure in region i

7; rcgiOn i material lcmpwaturc ( 1;,, ‘ rcfcrcncc tcmpcralure)

P, : region i material nominal density ( P,,, - rcfcrcnce density)

(z maturial coctficicnt of expansion

B material hulk modulus

This cqu;ihon of Stiilc is sirnllnr 10IIIC 110S Incniclusedfor ur:mium nWIl inn godi~il I cwursion
simukmon I I I I iind is ii rundml d Ihc vcloci[y OfsoundIhnmgh IhC nmkri:d by IhC rclniion.

\\ here

I “, wlocity of sound through the material

l{(lllil[i(~ns (d’ nwion ilr~ USC(IIO dwrminc IIW rtgioniil hOIIIdiI~ IIIO\WIICINSd[lc 10prcswc
dlt’f’crcnccstwlwwl ;ldJm!nl rquons “!’hcyhm’c Ihc form

lIV I [R,, /!,,,,, ],,,,

(it 2 Iw, I nil,, ‘

illl(l

1:,., Lxmdmwd prvssIIIu in rc~i(m i



The MRKJ code gI\cs csummcs of (hc Iom] fission ylcld and the nmwmumklncllccncrg!} Icld of n

lransicnl. The lcmpcramrc. pressure. bounda~ Iccation. mrd boundan f“cloaly arc calculmcd for cuch
coarse mesh region for each lime slcp urm! :] prcdc[crmlncd code [crmlnauon crl[crlon M mcl, The \:Ilucs
of the kinetic energy yield and stale \ nriablcs help dcicrminc if significant damage occurs to an asscmbl)

during an excursion.

Abdication of MRKJ Code to Pu-Tuff-Water Conligyrationq—A
The MRIK code was used 10 siudy the dynamics of three nutoca[alytlc configurations of

homogeneous mislurcs consisting of plutoruum . Nevada MT. and wwcr. “I_hcsccases rcprcscrucd the
“\\ors[ case” sccrwios as idcn[ificd by %nchcz cl, al. [-II Table 1.() gives general dcscripuons of [hc

initial core contigurnlirms,

Mass (k<P@ c~rc Radius (c@ Ycit!ht Fraction of Wirtcr———..—
63,% 15011 () 09

ION3 1X(),5() (),1()

404.7 28264 (),112

Table 1,() (?rilicnl Pnmmc[crs for Homogeneous Spherical Miwurcs of Plutonium. Tuff, and Wirlcr
Rctlcclcd with Tufl and Wmcr Mlwurcs

The silicon 10 Pu (239) riltio for all [hc cases was 1570 irnd the rnodcl assumes each core is rcflcctcd by
I(M) cm of a tuff and wrtcr mixture “rhc mmu.rrc in the reflector has the same wclght fraction of waler irs

Ihc core, The \\iltcr was wsumcd [o disapptx from Ihc syslcm once II was vaporized during tmiling,

IXrcmcly conscnntiJ c nssump[ions. such as bcginmng the excursions with impossibly high inmal
pcwcrs. were used with [hc MRKJ code wilh the result that no kinctlc energy yields existed at lhc cnd of

the calculations

Conclusion
The paper wamlncd the diffcrcncc Ml!ccn [otiil fission yield wrd hinctic energy in an i]s~mbl~

Chimic[cristlcs from Grxliva I ils~tnbl} cxpcrimcnts were used 10 Illustrmc indications when damaging
pwcr lrinlsicnts tvould txcur. A simililr comparison w[h the chwrctcristics of the phrtomum. MT. and
wutcr sys[cms Indiciiic 111:11these syslcms do 1101rncct Ihc rcquircrncnls for explosive energy rclcasc “k

“worst ~il~” illltocatill~[i~ plu[omum. IuIT. and \va[cr sys[crns ~~crcmralvmd using the MRKJ code with

cwrcmcly ~on~~iltl~c assumphons t}ith the rcwll thnl no kmctic energy yield existed at [hc cnd oi”Ihc

~ill~uli]tions Crlticdl configurations Of plmonium. Nc~~ldil tuff. ilnd Ivil[cr can CWSI. Autoca[:ll~tic

bchii\ior of such sys[cms M pcmblc. but no csploslons would occur Hcncc, should multikilogram
q{l:ln[ilics of plll[olllum 1fo. I(N) kgl :]rc 10 bc vllrlficd, placcd w“.tllln a hci]~y steel conlmncr, iitld burred

III the mn[crud known ils N~~adil IUff, 1)0explosion \vould occur c~cn throughout gCOIOgICIlmc.

I (’ D Ik-wmirn ilnd 1; Vcnrw. “(”I II IUalII} lSWW for ‘I”hcrm:dly I:iwlc M:l[crlidIIIGcologIc Slor:w.c”,
1.A.liR-1)5-504, Jilt)ll;l~. 1°’)5

~ (’ II Ho\vman iin(l 1’ Vcnnw. “~;ndwrnund A(it(rca(aly[ll: (’rlllcallly from PIIIIOIIIUII) i)l](l (Nhcr
I:IMIIC hlwcrirrl”, I.OS AIWIIOS NiNWMl 1,i)h)rilion Rcport, I.A [JI?-V5-W)22, Jilnll~l~, 19’)5

I (“ U Ilowmnn imcl F Vctuum, “Nuclc;lr I(,wlrsmns ,Ild 1’rupllolls from Pllllrll)llllll, illld olhcr I;IWIIU

;111(1
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