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Technical reviews of papers on criticality and release from
mdetgmundw&ﬁmbmmmmdme%ofuchofmc

and the probability of occurrence of all of them
mdm Even éeycouldoccm":mb release would be too small and

sow to mﬁgniﬁmtmeqmlnﬂmeposﬁnryomnﬂmme

mumw_mmwmmofpapmbymawmmvmm
first, entiled "Nuclear Excursions and Eruptions from Plutoninm and Other Fissile Material Stored
Undergroond* (*Nuclear Excursions™) was reviewed in December, 1994, and a written response
was submitted 10 the authors through Laboratory management The second, entit_d *Criticality
Iszuer for Thermally Fiesile Matsdial in Geologlo Storaga*2 ("Criticality Yasuos®), which was a
tesponse to the issucs raised in the Decomber review, was reviswed in February, 1995, This
review summarizes the assessment of both. Very recently, the authors released a third paper,
catitled "Underground Autocatalytic Criticality from Plutontum and Other Fissile Material "3
(" Undesground Antocatalytic Criticatity™). However, Itisluzelyacompﬂahon.wimomeorrecﬁm.
ofmmﬂ:ﬁmmeﬁrnm,&m.wmmmp&ymhuwn. .

Mpapmpdmuﬂydmusdnmﬂagmmdmphmtofghsyhgscmmiﬂng
weapons plutoniam, and purport 10 demonstrae that after on the order of 10,000 years, geologic
action will increase their reactivity to the point where criticality, auto-catalytic action, and explosive
eactgy release are probeble. The significant difference botween the papers is that the first ascribes
the increase in reactivity to the dilution of p. atoniom in 8 dry silicon dioxide mediom, while the
mmom&devwm&mmdﬂmmhawM
dioxide medium.

ﬁelcviewmhdedthmhediscusdouinthepnpasdoesnotducdbuuﬂibh
sequence of geologic events leading to soper criticality and explosive energy release. The
. probability of each of the nocessary steps—{increase in reactivity to criticality, auto-catalysis, and
explosive coergy release—is vanishingly small, and the probebility of occurrence of all three is
cssentially zeso. Moceover, even if these staps conld occur, any energy release would be too small
and slow to produce axry significant consequences elther in the repository or on the surface.
. hdw&wsmeﬁocumddmwdmadmdwamw!ﬁchmwwu
uwhwﬁk&emmammmﬁcm
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Emplaceinent, dispersal, and criticality. The geological situations discussed in
'ﬁm&mﬁmﬁ"mmmﬁsﬁcwmﬁkammmmﬁmmﬁm
the proposed scenario. That was pointed out in tha vaview, but those situations were still used in
"Criticality Issues.” "Nuclear Excursions” postulates the cmplacement of fissile matedals in
geologic formations of pure siticon dioxide, which is 2 weak nentron absotber, is not a common
geologic material, and has not been proposcd as a repostiory matcria!. Othiee clements present in all
geologic formations absorb pautrons much more strangly than pure siticon dioxide, which rednces
the reactivity of the mixtire. Although the papers mention minor soil constiments with very large
absorption cross sections, their calculations ignore them. The papers offer ansupported estimates
that including them would increase the critical mass by $0%. When they are propedy included, it
may riot be poseible to achieve criticality for the assumed conditions even with pure Pu-239, It is
uot possibie to be more quantitative in our respanse without further analysis of weapons Pu and

" spont fuel in realistic media, which is not performed in these reports. That must be dane In a more
careful subsequsu project.

. The papers perform most of their cakculations for pure Pu-239. The weapons plutoninm of
interest has a significant fraction of Pu-240, 2 srong absorber that further reduces roactivity. Even
for the maximusm: loadings postalated in "Nuclear Excursions,” weapoas plowoniom could never
disperse © & condition of criticality in real, dry repository materials. It is argued that the Pn-240
would decay, lezving the more reactive Pu-239, but that would happen over several times the
6,500 year half life of Pu-240. Even then the Pu-240 would be replaced by its davghter U-236,
which is 2 weaker but &ill noticeable shsarber, d2grading the thermally fissile mixtuse.

The esmampilon of significant dispecsion of plutonium into the surrounding geologic
mediom iz without justification. Geologlc processes would take millions of years, by which time
phutonivm would have decayed &0 nraniom-235, which is Less reactive than Pu-239. We bave nat
discovered a credible process that would produce more rapid dispersal. Anthropogenic measures
are unlikely and arc routinely accounted for in repository analyses. "Criticality Issues® arguss that
water fiowing down through the repository would dissolve the glass log in 1,000 years and leave a
fragils powder, but its calculation overestimates the amount of rainfall on-—and water within—the
repository by factozs of 1,000, so the correct time scale for dispersal is sbout a million years.4
Moreover, the kmpentve gradients driving the process ate nverestimated by sn opder of
magnitude, and the leaching process could lcave a residuc as strong a3 the ariginal log.

Autocatalysis, The papers' assuinptions sbout tho bebavior of the fissile mixnre pear
criticality are not credible. Based on their improper tierpretation of publishod equations of state,
*Nucleur Excursions® and "Underground Antocatalytic Criticality” assumed the rock in which the
fisslle material is placed is rigid and would prevent the expansioa of the material Rock is
compressible, and even at depths of several kilometers, lithogtatic stresses are emall and
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. wuﬂddowlyheatmdexpand.whinhwoulddcauseimmm:ybdowamul'menmum
flux would drop, and it would cool.S Thos, these dry mixtures have the negative temperanre
cocfficients characteristic of most fissile assemblies, as discossed in detail in the.open meetings of
the review, and would not be autocatalytc for material motion over geologic time scales.

*Criticality Issves" again argued that fissile material could diffuse to criticality, although it
ghifted its argument to Si02 with high amounts of water, which bave higher reactivity.§ However,
the physics for such media is esscntially the same s that for dry rock.? There ate two pants to the
argument, depending on whether the mixnre approaches criticality from the under moderated or
over moderated side. From the ander moderated side, as the mixture reachad criticality, it would
heat slightly. That would expel some water, which would reduce its reactivity, afier which it would
cool8 This is closely relaxd to the stabilization of dry media by a negative tempegature coefficient.

From the over moderated side, as the mixture gradually passed through eriticality, it would
heat slightly—th~ugh pot enough to expel significant water—which wonld canse it 10 expand. That
would reduce its reactivity, afier which it would cool 9 Thus, over moderated, heavily hydeated
mixtores generally also have negative temperatore coctficients. 10 Thus, there is nothing new in the
papmmwumedu.wbichmstmpmmembﬂztymmdem'mw&mmns ing
different conicxt,

Akey feature not eddressed in the papexs reviewed is importance of the evolution in time of
ths criticality and tempeeature of the mixtures. For those of interest, the time scale for the increase
of reactivity is very Jang—tens to bundreds of thousands of years. Thus, the excess levels of
Mymmmmmfmmmammmmmm—mm
to tens or handreds of thousands of seconds. And the temperature increases are fractions of
ummsbmdﬁmpmmdminmmcfmumapmdmmmm
but not analyzed in the eports,

Memmemuﬁmwmmngmmmmummemgmww
mﬁcwmdm&mmummumﬁmmdﬁemﬁmymmmﬁﬂwmm
absorption and Pu-239 resonance broadening, but thass effects are delicate and comparable even at

* very high levels of hydration. Unforuaataly, they cannot be evaluated from the calculations in
"Criticality Issnes,” which were apparently all performed far cold soil, pure Si02, and pure Pu-
239, Al thres of those restrictions wonld have 10 be removed to provide an assessment beyond that
in *The Myth of Nuclear Explosions at Waste Disposal Sites,” which predicts overall stability. 11

Mrﬂm&mifdhpmonmdmulmmumed.ﬁnmhmnm:n
explosion would occur is incomect. “Nuclear Excarsions® postulates “anto-Catalytic” behavior in
wﬁdzﬁcrdmcfmrgyhdsmmcﬁzmmmbmthedmmmmnhm
repository maedal, the release of energy instead reduces criticality and shins the reaction off.
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*Citicslity Issues" posmlms\ﬁ/m-walyﬁc bebavior in hydreted méxtures; but the discussion of
. the previous section shows that to the extent that the phenamenon has been quantified by earlisr
work, the releass of energy reduces criticality there, too. Temperature fncreases sppear w be
limited to at most fractions of 8 degres for plausible dispersal times. .

The postalated mechanisms for explosion are aot credible. Tho essential featre of
explosive process is the rate at which energy is released. The papers do not calculaze it; they do not
even estimate it. They simply assume it. For the largest reslistic tates the most that appears possible
{s beating and evapocation of some water before a smooth shut down. There is no credible
mechanism for releasing encrgy on & time scale short cnough for even a steam explosion. A anclear
explosion must make the transition from eritical to highly supercritical in & fraction of a seccond. A
credible means to force such a trassition in & repository has not been found. 12 Thus, the essention
that an explosion would occur is incorrect.

- Bvea if dispersion, criticality, and enerpy release are assumed, which appear virtmally
impossible on the besis of the arguments above, there would be no serious consequences
Mmummmmmsmauwmmm.mms
indicate that the energy released would be on the order of & few percent of that from the natars
decay of the Pu over the same time scale, Detaled hydrodynamic calculations indicate that the
coatalament volumes from such éxplosions would be very small compared to the noménal spacing
between storage elements: mm.thuceoulduotbeanycwpﬁngbelwaenswngcclumnouny
possibility of greater energy relcases through syrergisme 13 .

mﬂmomumkmmemmdmmmybemdnudbydﬂnuonby
moderating material, as discussed in the paper, is well understood by the nucear community.
Fermi used it to full advantags whea be assembled the first pile under the grandstand ot Stagg
Stadium.14 Fermi also used the advantagss of heterogeneity in minimizing resonance losses in
natural graniom, although that is trrelevant 1o the discussions of Pu reactivity here,

The National Academy of Science report does not suggest emplaccment of weapons
plutoninm in the manner discassed by *Noclear Excursions,” although it did comment on the
advantages of higher fissile loadings. The Academy was alert to the potential for criticality and
- qualified its recommendations by stating that further analysis and discussion were needed before
deciding on the best and safcst geclogic disposition of weapons and reactor spent foel. '

Surmmary. We should always be slert to unintended conseguenices and opeaito
discussions that iltwninaie potential dangers in auclear waste storage. “Nuclear Excursions® argued
that there were serious dangers in proposed repository concepts, but seview found the paper’s
major assumptions flawed and its major conclusions tnsorrect for fundamental, tachnical reasons,
which were stated in detail and in writing. *Criticality Issues* did not respond to those criticisms;
instead, it introdoced & new scenario, in which it mads the same techrical cros in & new context.
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