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COMMENTS ON "NUCLEAR EXCURSIONS"' "CAICAL1TY IS 1 ES'

Gmegoy IL Canav Stiding A. Colgatc OMDma P. hdt
Mbat G. Potscbekl, Uomas F. Stw=

Ldw Alamos Kktion alIbomatry

Technicviews ofpapers an crl doa rclsa d from

tmdeqgmwd Age of fisse mate conclbd thekFir y afle of the
uipfl dvnui~a~llandthe prdabfty of ocm~cwe of &II ofd

Is uly zuo E (hycoud occur, any rdoa wowd be too sm1 and
d to guce signiicant cnaeq 1 -P in ft repos*y or on die orface

Ihe LEoa0oY POVIdechnical ws of paper by Dq Bowman ad Vam& The

&a. ened 'Nucai Excions and Erupdos from Plutoim and Ot FPissle Mwial Stosed
Underground' 1 (Iucar ELcurionse) was hevin DW0eW, 1994. mid a wrt rspons

was submL d So to anors trmugh laboraty managmteni he econd coi4;d OCrcaq

lawt for~ Tbe~afy jFbas ?MtAW In Meotogl Sw=Wgs 2 ('Cridoalty suw,?). vblo was a
espoae to the Us= rISed In the DeMbr Mview, wau nwLiwed in Iazazy. 99S. Thb

MvL-wsurm dthe asssment of W& Vary accatly, doe =&a wLad d&d pae,
eitled Tnderp d Autoaaylc Cr Sjhy from Plimaumo and OCh Figge 'MAtcbL3

('Lltdwend A yi a ) w . it is lagly a Monalima, wi cori.
of umaiafithfttwo;t ourccauitapytoIt as w L

The papes pimriy discus die Uw round ofpla t glssy logs co nkg
weqpos plutonim andppmpcrt to dmo=* that after on ht rder of 10,0 yem, geologic
action wl Inae their reat the point e criicaty, a iyc o, and exploiuve
ewr rea are potbable heU aifict W== bee pape is wth first asc

secoml two ascribe de Incre of ractvtyo ft co cewOM W1 of pm=iin in a wet sion

dcixlde 'e vf
Itb. seview conlued tha she discussio finte paers does not descrbe a credible

Sseac of peolo&gi e loed to sup ctdaliy and explsive engW releas. Tha
,probabyOf eac ao fth wneay steps-uem in rativety so awciAly, =W-atyl and

ecposwe enry releaw-Is vnliny Sall and de prb"Iy et 0cUMai oi ia three dl

cendaly Mreoverc vm if bs asto col cur agy camr wu wold be too =sma

an SIOW s p edn~ any igyICAnt eldw In s reposiwy or on f wfafc
Inwdeed any a c mor ffoc wodocd s ers h

uto beoou& de ealofKayc eCw eliw rdio.
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Emnplmet=4 dispcrai an cri ly. Ibc geological dl;um discussed In
NoclIM Ev iSk" wer too ulitic to povide a 4WM (nanwrk for analyala er to valid
fth propo deccnwaio. Tbatv= poted out in thOm mvlw. but those situations =e &t111 used ba
Qcificaliz Jwws.m ONi~Ie &=nloi O postulaftes then~~Qe f fisIle Materi, als

geOoc ormations of PaM o dixcidde whiLc i a we* neum absodwa is t a comon
geolosk mati, and has no been poposed as anpwaory matorial Oth olamc4 preset in adl

gcdo fomnaious ahswb meutrou mnch race sh*g tun re di pMo doid, wi duces

the racivity offt m m A ough the papqs meadon minor s leonswes v4th very large
absoqpdau crsecdoai. he auuladons ipm than The pap= oer ansuppod ewmae
that lcilnda Sthevm wud icrase the cmit~ by 5O. Whqithey ae pinpedy Includedit
may nta be posuible n to ic crality for die assmed cotdidens em wit pume P-239. I is
not posible to be mmor quanditative in our wsponsev it& fwter anadis of weapo u t and
spent bd in realtic media, which is la performed in = rpoct That must be done I a mo
caful sabacqur prc*t

I Papefs perfom most of their ckulzao for pure Pu-239. 'T waps plutonium of

ibw his a sinifican fraction of Pu.240. a arong absorber & cr frt reducespactiy. Even
for tde mamum IadiWgs posmlated w Nuclar Exacuown, weawom pIuW M Wk n ver
divp=s to a cwidkio of crInitial in = dral&y gcposkuiy mated;&ia. t is argued that fth P-240
woud demy, laving Oc more reive Pu-239, but tha would happen o ver several mes the
60 yea hflif of Pu*240. Even t= the Pu-240 would be rpcd by its daughter U1236,
which is a iet r but dll noceable absodx. dfgrad*g thie tmafly sE mixturio

The unpdpon of itMft dignlon of pliamium Ino t zrou geologic
mneim is whout usficaum Geologic pross would tabe milios of year, by whih time
pltonkm would have decayed to wanlu-235, which is Ian ive5& ta Pu-239. We haioo

discovered cdle pcess tha would produc* more apid dispeds A op c oMU
a ulily Wd az bov4rly accomad for In Mpory analyzsi. "CiCality I ==, Argue dha
waft flowhj down troh die repositry would dissolve the glas log in IA)O0 yar and loanra
fagie powder. but its ccaluaion overstatesibe amount of valdaU m-as wase with e

s~stcyby trsi of 1,00D, so the correcttmacak fodsjlz abotailc y4m
Mo~omwovr the =Wm=ea pad==xt driviq the proces ame nvrzmue by an order of

msgit&.and th e abbbst Froes coUl lcav a tesidue as strop as de corgnal log.
Antoa yAL Toe pap ss upti bout te btbvior of h fis e miM= nOm

c ritica s nIt atorA dila baseI a popo tntIMpinvatslui bIesacqusdc= of statok
*Nu les & 9a mn4 NUdshroad Ailtc Cxitc 5" usumad t r°* hL whc .
fisie m aterial is place is rgd& ad woul pevmn fth expansicn of fth material. ROck Is
ccupeadble, W admv at dephS Of several kilmerS. lIthOstuic 9VMsse Rusnai SWi
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anltrqpic, so ta t confmng suesses am smnL Ev= If te mied MaW4became cical J
wood dwaly beat uad expand, which would de ae its rcacmy bdow anticaL Then its mmon
flux would dmp, and it would cool 5 Thus these dry mixm have the neptivcrempccum
coeffienw d of most fisale aseblies, as discussed in detail in tmopen meengs of
the review,, and would not be aocalyic for maS l modnn over pologic time cales

'Cridalt Usues' again arued that fis matedial could diffS to citicaty, alhgh it
shifted Its ument to S102 with high amoum of wam, which have gheractvty.6 Howev,

oe physis for Lgch medIA is esnfta Uhamo as that for dry roc&l7 aft two pats to the

argumet depending on whethr the mbm= approaches anim cality fomn te und xor madmrcd or
over mod td dde. ftma ie im k mod td side, as the mixbre mabod ctcali. it would
heat dighy. T would expel some wa. which would duwe W rtactivity, afi which it would
cooL. This dclosy welad to the stabidaiov of dry medby a negative tempeator coefficicnt

Ftm the ov modeted Ado, as the m gpsdually passed thogh cdtcaity it would

heat altly.-4k-U o enough to expel dgnifit water-hich would causm It1t expand. That
wold rdum Its reacivity, after wlich It would coo 9g T avmr modeaed, haiy hydte
miXm geay SUD have, BWUvti tepmat cofcIem 10 Thus, em b nodn nw in the
papsonwtmedia wehh juSt repeat due stability emrsad in Nuclear Ecrno a

A ey (tur notn desed te papers mviewed isoimpote of the evolam in tme of
he ciicality and pmauu of due mi es. For tlW of Iinresh Xt e scal for te a

of( m iviy is vey kon-tes to hmnreds of thousands of years. 1inu, t mfm lvels of
critCay mad bm de time sca for t eele of eeo arm coac dinl lorg-thunds
to tems or humteds af toads of cconds. Ad th tmperau bcaes ame f ions of a
devree. ITe slow ss of to processes dominate the fter do es poslaed
bit noK mnalyzd in the seporm

13 ae asm e m ciendfically hatesting inwacia betwen ft =efim Wmpeu=
coefficiet of sucb mlxes fom expvnslon and the potenally m positive Coaficiet frm
abso nv ad Pu-239msoe brouden, but th effcs arc delitc ard co abl e at
very igh vsof hydrati Udo aty, tey cana be cvuad fmm tb mca ti In
s~g6cay I whicb we appatently ill Pedo"=d for cold NL PM S102, an pue Pag
239. Al three of to rem iom woul hv o be remomd to prvide an asacfi beyond that
in Tbe Myt of Nuclear ExplSons atWase Dpoal SMW whch pdit OVU qa .

REmr ridm. Even if diRsion and cicality ame asumed, t comauidon tt

caplosion would occu is i sc 'Nuc xcrsm ~ posml*santo-tytic beb avirin
wbie the rele of = glds to greaf cticality, but the disasi abo ghow gua In &Y

o rmaeal, te ela of e=r i mWa heWe ciliy and she reaCto off.
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'c*qriuyls' po =ea ebocay beavior in hydte mbmru~but ft- disuon of
th Amlow sctilon shw tat to ft cxmt thu at tphenomm has beeo quandr4 by erier

wOc UA ewV reduces Ctidculity im tOo peas e kof ebases appear to bc

rimited to ALmost &dons of degre for pbabe disped a Ies.
Ike postlatd n Imsbrfo sxploso Q t credible. Tho essnIfC eof

ove pcess Is U te t which cr is * d Tbe ppes do n calcula i y do not
em estate L They simply assme IL For thi aest falistic mae the ms ta appea possibe
Is beadng ad evapwatf of some waW before a w th shut down. e Mm i credible

meChanis for reeAsIng enew an i tme sca short arim for ev asem # Ciosim A, ulear
C*poem on0st mae fth tInLWOn from Critca to highly superatcul in a fiwcton of a .cood A
creible means to fcme such a nadion In a reposty has n bee fod.12 TS, fthe as on

thaua ieplomion wd ocd is inzTetL
Evn If diperon. iicaity, and energrele are ume wh appar *ualy

Impossie on dte baxis of ft Igr tse abov em would be no serious c q

eLewee In ft poqtoy oron &e rfe. Even if an exploion could cc, creW caculatims

inhce ta the cm relse would be m the orde of few pce of tham am ati]

day of te PN oWe de sme timcale Debtie drodyamic calculai die tat Ihe

cW='lOt voluMcs fiwm udlqpodow'would be way mAE copaud to t nominal Fpcing
batwam voamp olamus:. thesL ther could mo be any couplin betwee swoagp elemun or mny
possiiliy ofi~ gra m" neg reeAse fthouh vyrieglzni

Rdala with other work Ta ft cd mala may be redcd by dilution by
modeg mfie dal as dicused In paper i wl Udtood by de nucrmmunity.

Femiuedit tofull adv w be assembledthfirspile m r andstnd tStaU

&&&=14 P=Ia a tedd anxm sof heeroity in adnimiig ronanc louss in

nnrl aranhm, Alboh that I km utto tew imus of Ai eacvity hee
Th Nal Acdey of u eport dos not s emp ent owespos

PltDZniA gm Cmm dwsmmd by 'Nwom nwmioW althogh it ad commt an ft
adv~laPs of biger fisWle lkadius Db Ademy wu aim to the potmdl for cality and
q=HW its daflow ~ys &a aysis sad diwassion mm need before

dediding dte bet and aftst pdb& dispodion et wapons ad reasor *penfuoeL
Smmy. We shoud always be WM to wikwnded c e S op to

discsiostat Ublnate xpotil ddanesI ulearwast toa tNucea Exnuo'aged
that d = wei daim in pnipo d zepod y p bat vw found the papes

major asupi & lwed And its mJjor cCOcl133ci08 hInood for fudMentaL VWchIcal treuSou
wbich wmr sailed In detil and In writng. *Critcalit taes' did not respond to kise cdddsns;
nsad, ft iuooet a new scnadok in *hit mad f e am techcaw eor In a mew cot
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