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ADS’ITUWT

TimrlMjw o@oalvc ofrIslssnlrJy bstmrm Sooxambtk

~hilsty danuckr m@osicmsbouLd50so NJOkgof
phsSOSdumIx mixed with Si% ~“iuifii pbcd Widsina
kswdcc.f cacdairw. arldbdodhlsb Usakrbl bowlsas
Ncvarls luff. To xcompUs UsAsc&JcUl~ -t havo crcmcd
a burvcy or Crilicd srak.xor Corsfiglmkn.s of mixlurcs or
piutoUrrs, sin*, tuff, d-arKf~tih
lo dCIU-minelhr)saconf@rUi.cm Mm,igfxbcsrrlslablcor
awoc.ntaly[ic. We have ldcarlfkd rcgfons of aidcdily
inslahility wllh k pcdbilky ot’ mlocaIal@c power
behavior. Autocstdylic bchavtor 15 pomblo bu[

irupmlxhlc. for a wry llm.i&d magc of WUSGyr4ams.

I.mDuLn-lw

Ilac nuclear crhlullry characicris!ic” of mix~rcs of

plutonium. CIIICOO dloxidc and wascr (JUrl A) or

P~. sIhcna dioKs& Nevada YWG Mwtin lUt~,

and waicr (IkarI LI), have bxwsc of iafucsi duc to b
~Wnfmmssfpqw sonthcssb bj.a7r.’”11k~
PAula.m [ha! if MKSS weapon.~adc phdomum is vitrifwd

inlu n tilkxla log d burud uadergrouml. 4 KIf sustaining

rwumm tin rcadort my dcvdap fowl SUJllcbaw tmc

md inkractkm with rk burr.sl mcdmm. MIXCOVCr, gjvcu

Spcatic geologic actions mCU1tH16 In plmlulsfed

cnutIguratIcm& [he rcfcrmc-cd papcm state thm nuckw

CIplOEIOLM could occur with kdoion ylcld$’ or ylelrfs

quivakrrt m Isutis of fotM ol TN’f”.l

‘Ilk Obrcclivcl M’ MS pqwr arc m follmw:

WakT (1%1 13) an? C.rilicaf, ICC,.ars Capdbk of sustMinil~ h

cmtlinulng nc4mrorI *in rc=:krn wihoul clmsge of

fii pwcr.

2. To examino k @ LOfind lfmse ~figurtihmh

IM tMy k LrnMshlo M “Wtiylic- (k crilkml W ill

which an increase in Iission power W 10 a ftdcr

ircr-acofqvlly ad, fwrlcG grsxicrfisskrn power); Mnd

3, To ~stablish tfm rcsMtis or amsmkrits cm tl~

dau M arc rcqulrcd fry Crkkafl:y physics, lb il.ruourrl Oi
plulonlurn fmclularod ro bc stored. and pomhlc wakr

cosWsr.tIn dw Nevada ruff.

l%t Aoftbspapcr will crmcmm [f on the p~c SiO1

dlluu WM4 in 1% il. Cd.rfcallry C4nTlfmfatrcas fuw b
Cornplcscd Uslag k *IMJ Cbxllcslraf Coolposir.iors Ld USC

Ncv* Ytmw MOuwmn suit.’ Itiff mxunins ckrrMots thw

MC nCuUOl~ @WnS, WtMl pkc xklinonaf con~nL\ M

Ifu p(xfuf.assd SMSsallonsIn KC.is. 1, 2, -t.

‘1’hc rmmputiirmx in Imu paper Iwvc k n cuIIIpltxcJ

II} use (II the ONIN.)AN’l° nmurw ~mtupon wmptrrcr

plo~ruul, ~ hi MIIW2M lhc mm diulcl~imnal, UIRC

mdewndcnt. mu!tigmup dIs~Icm oilllttm:s mrm 01 [he

Ul)krllall Wlspuri Cquallorl,



TO infrokt k diwuuion of nuclear cri[icnlity

pMmrrMHs fcw a ~nnpwunt sys,rcm, h is useful to

bqin wi[h ill~rdinns O( b criticafiiy pmpatks of a

simple ~ 9yxtem tfrd i* mum fk.iliaf duo
utih(m Of plutonium, S@ w tuff, ad waler. Thu3, in

Fig. 1. &n cfilkal maa d plutoaiura mflal mixed with

w- is ilhmrated as a fuwliorl of the tiSily Of

plutonium in (k waler.6 The mix!ure is idcafld to k

only m-l auf water: actual dullons of pltatodtm

~ WtrM differ M little. R9dl Wa-1’dktcd

(M-ColrJdmeLs) arJdlmrdkkd (bard SytMn.$ m A3wn.

TlmgCUddWaUUWH - - WStratdarcsilrri&fmnCdy

au dilwtts Of fiik rmmrial: u-235. U-233,F41m9. TfM
inhb.1dfm of & diluat (watu in this ~) iri to rc41UCe

the deasity of phloniurn, thus allowiog ~ oatroa

-tiquiriqa~~offid~ to
drscva I& dial x A Wimum airid U (abow

9kgfmthe roflcctod mse)anbexsrr arapwrfriutn
hsity d 6 g/cn#(kg/1) & b nsmkdnt ~ of
hyr$-ogeo stuts to dmninatc tkscloss of rtattron.sduc to

iu~cm * uiU .- diknt fsadded.* lnOdO@@
~udhy-cuc.sthccrltirafms bodcwcasetou
minimum v~lug (abmu 5Lhlgrams -l a frfUtOdUm M)’

of fr.nl kgfl (m h reflected case) M which pm a balar=c

isreaCfvdbCIWxl t&rrrO&mtirlg acdafmqltivc WofMic$

of rhe dilurm Wirh rrmrc Wmitm, tb ahsorfxkm m

s.cdon of hyrkogcm &msiamtc& and the muss rqukd for

Crilicduy ancmasCs und firufly ur asyrrrptdo IS rmchcd,

which cr~blislsa the limiting plubaium density f~

dilution: UoCh the nmu and vnlurnc arc urrbourdcd. Ilw
imriting valun of tfu of [k pl~torriurn density ii un

J~ Fc@y dut Will k usctbl in Iuta diww.ssbrm.
twr plulonium water mixlures. tk asynsptotc ix # tiUl

M07 kgrl and. obvkrmly, Mhthcbwvandr cfktcdca%

coaverga m tk -mc va!uc. ‘1’hcse da& Ma vay WCII

WUMM h} upzrwncnt’ and (k com@afIonal $&me
u wctl csrubtichad by comparing calculatiooat results u~th

cxpmimcnlol results.b

The pmmcc of wata has a signlficaat Cfft.cl on lb

ctmcut M.aM. It ia Lbh shsrp dcpcndcrrcc ut ttro Pu-2Y)

mkid OM$ cm the mudcralw c(mrtc.nl(m thlr. mfitwwc. t~
h)kfro~ti Comm) or ti Symcnl (M makes the smlym 04

cqhcdhy f)knwwm $0 COm~CZ. A W14k %’udcly W’

mwfts am posaibk. k’ar tirmplc, m seen In I:ig. I, Iht
ct;ucrd Irmss of ~ P1U1OIIIUIII meld sphere with u wutcr

rctlc+nw i3 nbout 5,2 kg, whllc dlo crhkd uwss of u
flluurnhutl SoIurlcra .Vllh the m Wrrt?r rcflccwr 1$ mboul

(r.5 k~. Under more unusual ahd uslraordirrary

cmmtmunnccn (non. abw%lng dllueaw nud cryo~cflic

tc~ramu-cc), the crhlcd Ina$s migtn bc !Igrtlricrm{iy
low

III. PAW A’ (RITIC.AI ITY l) ATAPI,I I”lXINIIIW1.

S[1 .KX9?d lXOXlllli, ANI) WAIT:!!



u-2??5cRblKdwitb&Qrkrcfbmd bygmpbil@afc addccffu

Tbc gcacral cbaractcrimics of rbrac dam are

quafi!dwly similar, btx du ~mum aod minimum

CritiCdmfasu rlifk by ~ fmxum aa & LIM bwdensky
asym@olS auacd by wnta, gmphitc, and Si(3~. W

impormnCe oftkaayur@@C uc@Msizd ~ im

dsteaceiaidqmrbl oftk~MiDvaluc (in

turns ofthcfisufc outuialdonaity) ia Vcaydqmdnntm

the maIcrlal and its dcnnity and hclpa W limit Ihc

pMfbMltlas of ~nd critical aWea h fhu fnulbfcm

lafng invcstlgatcd The calculation ~bing U-235

dllud with gra.pbk ~ inchxkd to Ulustralc the wide

~f?C d tilksafily ~sdblllbm

Ii 11 I
I

I I 1

FigUIY2 (h-itictz uuscs ojPrI.H d nururrs rdrcred by

uticr, Pu .S{O, &rues t-q%crcd by graphiw.

P&I aqwlmmtal cdical daM are avahbb to a.wre lhc
mrmclIMu of the cnlcularions for b l’lumrluo-Si CJl,

~yclem. cacqa frM k CMI @tr.t of unrchmcd pJutonlum

metal. Thdra ●r4 no inlegral Msth of Ifw sillcon closs

wxliom. In wMhirm. for dry tilimm ●nd plumnium
mlx[urct, many fluions take p!ucc pilm.amly in the

Inbxmedia$c cnu.rgy rsqw (lm[wca rwlrcm 8ncrEiw of(L I

crnu scdnnti cxifil. ‘hum, f~w Ilw. u dry cvulcmc,

cdrulwkw sfwuld Iw “mmltxl wllh Munc caullon llowcvcr,

IW2WC d“ k Mhuwhllm of(IUW mqwklumll Uh’cal datu

rm Iw4h fam and Wc4rnul plulnnlum h) Aims,h Ilw
ca!culauuns Ios thma theraml und faM Ilu!onitrm Si02

bvsfarm are txpwtd to h’ rchblc.

It, CdUcal dmn ftw PU.SH))-H70

In J’ip,, 3, (he Itkckd crllicul-nmhb hta 10I
Plur.onmm-tlJL) ad Plumnmm.SIOl um rqn.dwed hum

Fl#, 2 Ulorlg V/lIll [h! W.fdl(mll lJr crIUL’ul ddu h
Pluumium.Si07 in whwh woicf hm &en miacd ‘n equal

burwuIL* m IM.Mhthe we and (II.c I(K1 cm tick rc!b,ux.
‘Ihc mudel fur sddm~ watar Msumcs [l@ he volllmo 01
Wmtcr displnum um tqlal vIJlmwc d SK)~ usd plulullil~nl,

dccreaac whhth.c d&cimofwater. This ialb Uucc-

Cmpxcrltmamrial froalrlhtcd in RCri. 1. L 3 that w

Widtmtiyindetail. Aasconin Mg.3, LlwtopcurVc
&m+hun dry Pu-Si~ mixhu-m rcfkkd hy iMkrn+hick

rcfktcd by a 20-CIU Utick Iaycr of wascr, while W
intermcdittc ~ea MO Pu-SiOa cores mixed with

Cucccasivcly gra!cr w&J!!l fmUi.ms 01 m nud rci-klcd
by I mm-thick SiOz with the samo weight fr~tion of

water. The powuhtl uufduating pufwTy of waw is

cvidrr4L Tlx mm win of silicon M pfutatdum fad of

k ‘wet- curves is i~ in Iig. 3 ad this same ratio

Is hcfd coastmu as -C wmor ti Afcd. llmc, in CM

model. plutonium dco.sity dccrwws stoodily a~ w~lcr is

!1
+- -

1~“a,

. I I !L-.. -..”-- / ‘- =-l-”=--”.-’-

‘- ~.:,..,...”i-”’ ‘-—j
1. I I a

I●I*
I

.A
●at ● 8 ,*

?uIww,

Fignrr .4. ~-ritirttl tliw jhr mi atuwc tIf’ piutrwiuht, .’ii(~:,

uttd w’iutrpkrrred w u fUtUYiWt qf@monhm dcnxiryn

Fw rdtivdy low ~m jwim O( *iliLwG to plutonium,

c. g., lti3. 752, 1570, du initial addition od wmcr dccrc#uJ

dK d!.tcd IMU ~d CfftiCd VOhmbc wry $tmqdy, or, onc

cun say tho.t Ma bo-cumptwm sysuxn hut Mgaificmt)y

grcaicr rucli~’ily, RX each sillcoo m pluumium rmuo,

huwcvcr. a minhnusu crlrical maas is rcachcd as wawr il

ddcd, compwlk w he rnhima am In the wo phawr
miaturcs. For ml] Iqcr Wcigh[ fractions ot waler, dw

hydrogca in rf?c Waler becomm D poison (a rwulrun



TlrdaLs pmermdinF ig.3caa&cx ass&d io

XlcAhErmylb isudulln Ukmtdiig h Coumainrs
orlrkpobh mbanrLPigurt4diows kultialnmsst?s

ofphdorLisunlahfrosTrFi&3ma furmiorI ctfskwcighr

Pcrcsat ofw-, tkdrycsitical uusshom Frg. .listlm
U8rting pdntcnlt kkftcudindculd riuwmcrcauu

i~tostw righLI’hc uiricduuss d~ with
.

addsLKd walarrlmdmMM “ @xcqH frx Vay Idgh SW%
atom mrios) unril 4 miuimum is ~ Wills dlitiaml

water coatmr, * critical mass iucrcasu until U
WWUQC wc iS dwxt. r~ * sm m ~tio,
tbo wci@ wkxnl waler at the low-pIn~ium*tiIy

asynptoic is rc.adily seen or tin IX c-d Mb

rewu-mbk Coddcnca% Fm cMMpt% fu Smlr=ul12h is
ll.mdfw 5513 hb3Mb. mfwafiKdsm
rati.otk wacrcorst,cnt abustbclcu IbAntkwnlptotcc4
critidity CaruW W.

~, C.hmlraims cm (lIC pwlblc urlllcsl wnligr.mhms

jum on or very H dis Ii= M Fig. 5 can bc unable and

@bly Corddbe ‘~yk-

Amxdamsmint is ford by fr,wtb csmnhxiosr of

W! lkctiocu in F& 4. RCfari~ to Fig. 4, * dry critical
w for r. Si/Pu rario of 5513 is drouc ti4 b. Tbo
mitimum of rhis iuwion is *I 70 kg M 0,5 WI%

warn. At I@rr con ~n of wakr. b uitiml mass

~ maanuua.uly up to k msymx wm-rc.npomding

to alxult 3 WK$.RCtwcul 05 Wt% and 3 w-r% we, an

unstsblc or psibly sutocaMyiic region exists.

Amxatd@ 1s ltnpc@bLc tMVccsr M M’% d 0.s WI%.

W*, it 18pdbk dy ~ 0.5 m% ad 3,0 Wt%,

‘llw mM.mum of each of M/l% functkms in ldg, 4 is

Pld 00 rig. 5 as rho low8r cm. -fbu UnsMIc w

-Y WtO=~Vk rcgbn ilcs Cdy titwccn ths.$c IWO
cawv~ 00 Fig. 5. Ttu iowa Iimti (unmxr rcprcsmus w
tvaw Cwoniior M lns?abill!y.

&.mr I I I 1

1

I



W= at SiIRs4376 ad 10 W% M SUFu=ZnlZ W lxus

Oftkse@slsicp kOUcdOaFsg.5 ast&tni&Uethrxlim.
lkrcgiono fmctocadytiisnow~m tkrcgirrn
bewcenthclcnwmdt imicldkfun miqtnofFi~5

Thciinal mxWLOfMdimrsMdirs lhia~is
timtsutd amcwmtdwutes inti SK)l smmmdrq“k
Fu-siq mi%mrc. IkcmlygrQMmonx~[d

Ihosoil arrxkaml lmacosalmxs Uremmts d aaal>ms
by tk gcdo@ws, A reaaonablc w limit is 5 w-t%.
Bolh 5.0 W% and 10.0 W% wascr coatmt will be
coddcred to bo ccawwatlvc. Tbmo constraints arc

Illrmralml by Wrtluf Uw m WR, s.

The rrdl picrumof-afl * Cmsuaiarsankmon

fig. 5 as triaagl~ SW on the scmri-iq PM Tk

d&m.ing CLnlxls for 75 kg M 5 W% w-m MJ rdk)ww
SUPu=3SOU. %11 ,CM.S: Si/Rr-3$MM), %HICM.fr; and

sim&!400, %H*5.U. lf the Umkimg asmmnt of wac.r
is 10.0 wI%. lhd &finding points on ifig. 5 arc
SUl%=5tltM, %HJ04M: SVI%4WJ0, %HJC)= 104); and
WI%= :600. %HIW1O.O. Cbr@watbons oursldc rtrcsc

Iintih uru hf no in~- fnr h rewnjtwt devrkqmd.

A. Ndw crkkdity-lkiida tuff

Tlrc luff umrpolitirm UA in b cakutalinos IH
taken thm Ref. 4. l%k composilti diffcrn from SiO, in
that SiU~ rmnm.nl is only 77% try weight widr the

dif(ercrwc nmdc up primnrily by osicb of Aminum.

pota~siurn, sodium. and wi!lr a nurnhcr ~~f minor

mn~ihmnw srxnc of which ●rc ncuti on @.uM.

cwsbk k ‘dry critical” problcm ti w postuld in

Ref. l;75kgofplUmdUm worrklSSCvCrkxUIwcriLkdifl
dryluff.lMludii PU-243m 8110w@fm * by of Prr-

239 m U-235 wcmld @rcase dserntlcal ~cvcllnmrc.

btikw

Figure if. Rcflec(cd cririccl wss i)~ piultmIutrI mtI,Il
mr”xcd with IMff or SIOJ vr phmmiurrt drnmy.

B. Crtil &u la f4s-ruff4110

Tk critkai d- fur a Pu.7uff.il@ rue tllmuzucd iB big, 7

as ~ kusctiucr 0( the wcigln parent of waler. The iruxaasd
Cffoct of k ncumrrr ahorbms lrr h Ml 1s Aeurly MI)

them COmpuirrg CM miairsrum cril.ical Uraaaesudluw

dcnsily asymptaes ~ated in i:ip, 7 to @se m Fig, 4.

MXcth~a xqxrclk sc*wultr&daU tnPip, %thc

SUPu rados for cbc urff arc multi.phcd by l/tJ.77 ~ud
dcnacd by SURr*.

“lhc f.tmirntlon sc[ by the mass foadmg of 75 kp can l-w
rciul from (k WrWkms for CXII of lIK SVIW* mom ratms

on I’lg, 7. The Iocus of tftccc points 1$ plrmcd (m l.Ig, Y ,M
Itw mlddk hnc, compadle to iqg. ? ((11%(>:



A 7S ~. IllE COWdirtatcs of * ~li ~~ UK
sih”=27Ml ad 0,4 Wl%; SVPU%18S.0,5 w%; ad
Si/f%=idfi, 5 VA%.h 10 Wl% WAtH d 75 k% lk

cmrdi.mlM arc: wPu”-2700, 0.4 Ww; Sml”- ISCR3,
IO-Owt%: and SilRr”= 1100. 10.0 wl%. Confignration6
ttullicmll!&f8tkcc burdmim alcmotof sslmostbxuc
arMmaml@c txhwim is MM psihk,

—L
m 7

1

US* -. l--l-- l--! : ! I

I-_L-_rz::l..::’- Ilba -— --+

n > 4 b # la 11 1.

V. REACTIVITY CAKLII.A17C)NS FOR Pu-TIJFF-H#)

The pwious -lion &IEed the po.ssibililim for
cririuf codhioas, givar cutain conmahU lW8 *
will examine Ibc po$sibilitics (or suporcriticd
con!i~ions rhu might be autd and davalopm.f aM a

rctwlt of srmvmwm urd mixing of pMooium, tuff, and

wakr. As sn c.xmrtplc, it’ a cri[iul xtatc is achievti at s

Wab Coaccomwim of 10.0w%,plutoaium Sllas4 of I(M

kg, and at a SWU*Of i 570, dlc resulting fisslort pow

COULCIbat thewrlum.od trmtcfmrt waiu out or the

voltrrcm. Thrs wuld Icad tos rdsctiorr In * wat= mrrtem

of h rnizrure ard art in.crmuc m the remivky or’ the

Symm.

Ilte c- of M hrrcrcst arc ItM data iw a Si./f%*

-*~~Y 1~~--=fJ-~~
in Fig. Y. lk ~ of plumn.lurn d llbC initial watsr
am as foUOws: Cm.c(l14U4,7 kg and 11,2 wt% water;

-) 1~.1 kg ~ 1~.~ WI%; Cc@3) 63.U kg and Yfl
wl% wmm, Cww (4) 45.5 kg nul 8.0 W% WUX * (5)

36.4 kg and 7.0 x% WM, Thcs &ta cl- in tk upper

sigh! tid ~mrnu of lb ~ik~ibla trkogb on l:i~. Il.

Tlih ‘corner” (10 WI% wo,fcr. 75 kg of plutnmum, WUI

Si/F’u” rU.io of IX-MI) is* umdiliun IIuI will Id to Ifbc

highubl MT and the Ug4 Inlugrul ufkmff * u fwwtwa of

wcighi pcrccnl uf waler. lb rawtivh~ fwwtloos of l;ig. Y
m MlraUMfpr’eddy U LllL?Cmrd SpU la Cxmllac WC most

wvuc limiting r-. Ca$.e (1) m l:i~. 9 has too much

plufmkrmandwfwbr;Lhrc(2)cxc.ccdL the mass limit hul
k th.c curs-al Umllinfl arnw.m 01 wafer. Tiw 12tlw Ihrcc

cue uII wi(h.isrpulnissibfc cm-wminls. IILC maxlnsum Lcff

for 75 kg is atmu{ 1.06 (by inwrpola[lon) when

afqrroxirmtcly tlucac-formhs 0[ r.fw w- h (orccc! out or tl~
~yklcm (M Iig 9).



71tciRteni oftlsismdimhaakto cxmnbclhc

cr+imlity qmsts of tb Unuabk rcgh’tns M h *

Pccv”ws StcAon fm MPWllfRHyo W-n. l-k pn-

@.osiomaqWCU,dscumdinM. 3.willbccmmiJldin
s ~ p- on dynticslo given dw mmim.ions

dmlmainu dcw?logd in h dy.

VT. SUMMARY AND CONCLLJS1ONS

This~bmuAlnimd k UAdcCaikalil)’ aspcu of
mixturu of pMonium and Si~: phu.oaiu~ Si02, and

w- plutonium ad Nm~ tuffi ad plutmium Ncda

luff. W m.

A WKSC4_Vd\W-h Was* by ~g tho
plutonium wan pum R&39, hoqeuamsly diuriLuIed

within W mWkrti/a~ ~ in a sphaii fmlrt-

ArIy dovia.hn fmtn W crl-ia. e.g.. suhdtution of
wqrurs-gr4c plutoailml (about 5 w% 1%-240. 9S Wr%
Pu-239) for pum Pu-239 roauhs in low8r ncumon
rwltiplkalh f~ ad higlwr critk.ol ~ lhm bm
dculatal in thu work. laduskm ofckncnuk fouud la lb

NevAa luff aho Iowcrs the calculdod neutron

rnultlplication fxlcrrx All reactivity cdculwions hnvc
irrcludrd Ilw Wmptb of unlfrmm fine-grrdn mixing of

all componcw lhnwghouL

l’lu gcacrnl cMfmlc.rWick or fimilc sykwm dilulcd

with ● trMMkrakM/akXh nula ial were wmuaxf~i~cd.“n o
qu.nlltalive f~ of b pkls of the crilicd ma- of

such synlcmk vwkus Itw tic~ila ckmity am Emcrally
similar. All CXMM ● nraxlmuru Grlfkal mass wkh small

urnmmIs of W.lunt. followed bv a mlalmurn c.ati by ttm

ntodcralmg rffax of the dllucnt. ad fbully ● Iow-dcmty

urr4)undLd critlcd w aaympww -wlbydxraurmm

ahwhing offccl a ncutmn ~ture or the dilucnt.
Lkmflgurabrms mar Iho ●sympmte cao display instahlltly

and pitisible aulocaUlyf IC Mwvior. “I?w quantitati V6
Mturcs, %uh m lb valw! frw the crwcal nwset, the

hxa!inns id the maximum and minimum c-rdical masses.

tird ha lwalion 0[ Wo ixsymptdc depend on UC Iis.mlti
makrid d the ul-d~ mnwialt ~tienl.

.Sevcrd cases wait cxwiood lor lhc ptodial 01
Wmwatalytle khnwor. Wc Oblalllcd h followlug rcsulw:

M kg of Po-239. If weapoas-gr* phxmtium (5 w% Pu-
240) IS considcrcd, tie rcquircmcnts arc much mnrc

tirrgcnl.

b) For puceau chat uld wamr. cridcali~y u gmsibls
for lmth SiO1 md NCVA urff dilueam However. no

autwdy-dc Mlavh u Upcctcd boc8uM k Cye ha

%Wrrr ti to rupcmd co marxrvily ~ by ajc~mn

of Wu. Wbkh ralulx3 mctivlty.

c) h plwoaium enming m wcl srrmum of SiO~ or

Nevada t,nff,aitic.ality and mrtocatalytic tivku Is

pasibk M W/f% ratros fm which this x ocarr arc

ccmstraird bydutotd ~ofplutordmn andbyk
Wuti Coaton[ of tho Stla.ta. Ttwsc coastralmls limil Iha

inccilicm of rtivity wh w- Is removal from Itw

syucm, lltc khnviur of &W wd kyrletu$ will & ~ludicd

in a compmdon paper on dynmni.m.lt)
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