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ADSTRACT

The major objective of this study has been w examiue the
possibility of a nuclear explosioa should 50 o 100 kg of
plutonium be mixed with SiQ,, vitified, placed within a
heavy seel coatdiner, and buried in the material kmown as
Nevada wiT. To accomplish this objective, we have created
a survey of critical statcs or configwations of mixturcs of
plutongum, SiQ,, wtf, and water and examined these data
(o determine those conliguratioas that might be unstable or
awocatalytic. We have ldeatlfied reglons of criticality
instability with thc passibillty ot autocatalytic power
behavior. Autocatalvtic bchavier Is possible but
improbable. for a very limited raage of wet systoms.

I INTRODUCTION

The nuclear critlcality characteristics of miktures of
plutonium. sllicon dloxide and water (Part A) or
plwonium. silicon diokide, Novada Yucca Mountain tul,
and water (l'art 1), have become of imterest duc o the
sppearance of recont papers on the subject.! ! These papers
postulale that if excess weapon-grade plutonium is vitrificd
into & silicate log aad bunced uaderground, a self sustaining
ncutron chaln reaction may develop piven sufticsent tune
ard interaction with twe busial medium. Morcover, given
specihic geologic actions resultiag in postulated
coutigurations, the referenced papers state thet nuclesr
explosons could occur with kiloton vields' or ylelds
equivalent 10 hundeeds of tons of TN'Y(.!

‘The abicctives at this paper are as fullows:

1. To crtablish the parumeters (density, nwxlersuion,
retlection. puisa -, and dilution with non-fissile mutenal)
thay deterniine when the mixiures of 'u-249, 510, undd
water (Past Ay aral mixtuees ol Pu. 239, Mevadu wlif. and
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waler (Parl D) age crilical, 1.¢.. are capable of sustwining a
continulng ncutron chain reaction without change of
fission power.

2. To exaniinc these data to find those configurations
that may be unstshlo or “sutocalalytic” (the critical slute in
which an increase In lission power leads W a further
increasc of neactivity and, heace, greater fission power);, and

3. To establish the cestrictions or constralats oa thieae
data that arc required by crtcality phyzics, the amount ot
ptutonlum postulated ro be storcd. and possible water
coatent In the Nevada wit.

P'act A of this paper will coucentrate on the pore Si0Q,
diluent, while In 'art i, criticality computations have been
completed using the actual clemental composition uf the
Nevada Yucas Mouatatn tufl.* Tuft contnins elements that
are neutron: polsuns, which place addinonal conwrain.s on
the pastulated sytuations 1o Rets. 1, 2, 4.

‘The calculanions presentéd 1o this paper assuiie
homogenous sphencal distnbutions with pure Pu-LY as
the lissifc inatcnial. ‘TTis 18 a conservative assumition
because 1he critical mnsses tor pure 'u 29 are
substannally lower than those for U 235 and also lawes
than loar weapons-grade plutagtum. In sddition uny
steniticant he crogencity ol the plutomum is eajrected w
reduwe the reacuvity of the system wgnificanthy tever
enougli to preclude criticality ia some cass).

The computations int tns paper huve ba n cotnplewed
by use ut the ONLDANT aeutron trougport comiputer
pragram,' that solvex the one dintcusional, aume
independent, multipreup disciete otdinmzg toros ot the
Bultanan vanspuont cquanion,



T1. NUCLEAR CRITICALITY-SIMPLE SYSTEMS

To introduce the discuszion of nuclear criticality
pananucters for a thiee-componenl sysem, it is useful to
begin with illustrations of the criticalily properties of a
siinple aystem thel is more familiar than
wirtures of plutonium, Si0q or wilf, snd water. Thua, in
Hig. 1, tho critical mass of plutosiumn metal mixed with
water it illustrated as a fuaction of the deasity of
pluionium in the water.® The mirture is idcalized 1o be
only metal and water; actual solutions of plutoaium
compounds woyuld differ but Little. Both water-reflected
(20-cm thickness) and uareflected (bare) systoms are shown.
The geacral characteristics illustrated are sivnilar for acarly
ali dilucnts of fissile maserial: U-235, U.X33, Pu-2)9. Tho
initial effect of the dilucat (water in thix casc) is to reduce
the density of plutonium, thus allowing greater neutrog
leakage and requiring a larper mass of fissile material to
achicve the critical state. A maximum critical mass (sbout
9 kg for the reflected casze) can be acon at a plutoniut
density of 6 g/om? (kM) where de moderating property of
hydrogen starts to dominate the loss of acutrons duc to
leakage. As still more dilucnt is added. the modorating
power of hydrogon causes the critical mass w decrease (0
minimum veluo (about 500 grams at a plutoslum depsity
of (.02 kgt for tho reflected case) at which pont a balarce
is reachod between the moderating aand absorptive mopertics
of the dilucnt. With morc dilution, the ahsorption cross.
secion of hydrogen dominates, and the mass requirsd for
criticality «ncrcascs until finally an asymptots 15 raxched,
which establishca the limiting plutosinm density for
ditution; bath the mass and volume arc unbounded. The
hmiting valua of the of the plutonium doasity is an
important yreperty that will he usctul in luter discussions,
lar plutoniuim: water rixtures. the asymptote is s about
0.007 kgl and, abviausty, both the burc and reflected cases
caverge ta the same value. These data aro very well
cablished by expenment’ and the computational scheme
15 well estubliched by companny ralculational results wath
expzrimentat results.®

The presence of water has a significant cffect on the
concal mass. It ia this sharp dependence of the Pu-23Y
cTitical ars on the moderator content (1n this nstance. the
hydrogen ¢ontent) of the syttem that makes the snalyses of
crucallty phencewona 30 complex. A wide varlcty of
resules are possible. For éxample, as scen i Lig. I, the
ct:ucal inass ol 1 plutonlutn inctal sphere with u water
reflecior i3 about 5.2 kg, while tho critlcal 1nass ol a
plwonium solution vith the same watzr reflector 13 abouw
0.5 kg. Under more vaussal and oastraordinary
circumsances (non-abrorblng dllueats aud cryopenic
temperntures), the critleal mass might be sigalticandy
lower
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Figare . Critical muss of plwenivm meral as a function
of plutonium density when mixed with waler.

This repeesentation is useful in undentanding the
influence of variocus parmmetert and in cstablizhing
condltions of nuclews criticaliny stability o1 possible
insiability. For example, if a slightly supeccritical
plutonivin-water tnixuire should be created at a density just
a litde greater than the low-density asvmptote (choosc
about 10 kg und a density of about 0,008 ig/l) the solution
wunild heit and luse waier, thus decrcastng ihe voluine and
increasing the plutoniuni deasity. Given only thase (wo
clfects, the systent would now be af a very high resciivity
und power woukl Increase. This comlition is often refemed
to as “unstable” or “autocatulytic.” However, uny decrcase
of volunre cansed by water losy would be balanced by
buoiling and expansion, thus mducing reaciivity. The net
1edull iy bojliag. Just gimalving cntcality. This would
vonitlnue untll ihe tystem is dry enough 1o be suheritdesl.
This illustrides the complerity of comg2iing eflecty which
mny preduce @ variety of resulis. Aauther exnmple,
alilwigh nat an mnstable condiion, is the regiva in Lig |
between ilensities | (1 aml QOB kgl Tf whier, which s o
diluent, unxberaing, uad nhwather, s wided. a supercrntival
kinte i< cremed Hawever, this s ol antnertalyte: Like ihe
Ot exampile; thennal expmasian, pssihly with builing,
wuuld reduce renctivity 10 sewaen (e system
auberiticatity; tittte chianpe af composition woulill ocrw

HL PART A CRITICALITY DATA--PLUTONIUML,
SILWCON DIOXHE, AND WATE !

A Nodew criticalay - «ben inaterinte

As wan niaitined alove, the general Cunn ey af
Fig | vun e seenn when itles noseied o sle uned as n
dituent  Lawnples we illusiraeban Fig 2 in whidh the
crivieal itasses of plutiniuim dduied witls S€0) . aod eothoost
by 100 e a3y, au glatoatum dilsted with aml retlected
by 20 cin il warer se oosented. The eritical wase dwia fin



U-23% dihsted with and reflected by graphite? are added for
conmparison.

The geacral characteristics of these data are
quAlimdively similar, but the maximum and minimum
critical masses differ by large factors as do the low-densly
msymplotes caused by waler, graphite, and Si0);. The
impormnce of the asymptote is emphasized because i
existence it indepandent of the material but ita valuc (in
terms of the fiszile material denaity) is very dependent on
the material and its dcosity and helps to limit the
poasibilides of underground critical siates for the problem
Lelng lnvesupated ‘The calculations describing U-235
diluted with graphitc arc included to illustrate the wide

rangé of criticality possibllltics.
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Figure 2. Critical masscs of Pn-H 0 mixtures reflecred by
water, Pu -850, mixtures reflecied by graphise.

No experimesdal critical data are availablo to asstine the
correcincas of the calculations for the Plutonlum-Si();,,
wysiem, except for the cnd polmt of unreliccted plutoalum
metal. There aro oo integral tests of the sillcon cioss
scclivas. In addltion, for dry silicon and plutogium
mixtures, many fissions take placc piimanly i the
Intcrmediate cnergy range (betweon ncutron encrgics of 0. 1
cv and 100 Lev), where no inlepral tests for the plutonium
cross sectlans cxist. Thus, ir these dry systens,
calculatbing shiulid he Jdeated with smne cautlon tlawever,
tecause il the wbuadance of uther enperimontal critical datn
for both fase and thermal plutontum sy stems,® the
calculauons tar those thermal and fast lutonium SiQ),
syatams are cxpected to twe rellable,

H. Critical data for Pu-S5i),-H,0

In Fig. N the ieflected crnical -muss data o
Plutonium-H;O and Plulonium: $10; are reproduced trom
Fig. 2 ulong v:ih the adiiian of crinest data {0
Nuumium:-§i0), in which woiet has been mized ‘a cquat
wnaunl: in both the core and the 1K e thick reftevior.
‘The inudel for sdding water assuines (st the voluine ot
water displaces un equal volume ol $10; and plutonicm,

For this model, the densities of the plutonion and $i0,
decrease with the addition of water. This is the three-
component material postulsed in Refs. I, 2, 3 thm we
wish (0 study in detail. Asg seen in Fig. 3, the top curve
describes dry Pu-Si0; mixtures reflecied by 100-cm-thick
dry Si0;. The bowont curve is plutomium mixed with aad
reflocted by a 20-cm thick layer of water, whilc the
intermediate curves are Pu-SiQ; cores mixed with
successively prater weight fractions of water and reflected
by 100-cm-thick SiO; with the tame weight fracuon of
water. The powerful moderating property of water is
cvident. The atom ratio of silicon to phrontum for cach of
the “wet™ curves is indicated in 13g. 3 and this same ratio
Is held coastant as morc water is added. ‘Thus. in this
model, plutonium dcasity decreases stoadily as water is

Ortew Mast (g Po-

Pur | loammaly dogd,
Figure 3. Critiindd lata for misrec of pluteniam, SiQ),,
and water plotted as a function of phtonium density.

Fox relutively low atorn ratios of silicon to plutoniuin,
¢ 2. 183, 752, 1570, the ininal addivon of water decrenses
the criticel mass wd critical volume very sharply, or, one
can say that this threo-component syswem s significanty
dreater reactivity. Foc caclt silicon to plutonium ratto.
however, a mindmum critical mass is reached as \arer iy
added, comparablc 1& the minima secm in dhe two phase
miatures. For aull larper welght fracuons ot warer, the
hydrogen in the watcr becomes a polson (a neuiren
absorder) and a water (hydrogen) axympmoie is seen; 1ts
location s a unique function of the plulonium density, ihie
a1om ratio of sillcon 10 ploniu, und waer content As
exanipley, for Si/Pun752 the axymyic plutoniuin dexity
Is 0.0045 K/ for SUPu=26812, i O.0028 Lyl Lfor very
large SvPu nados, greater thun 60N, the mkingon of waer
thydrogen) acvy invariably nx puiton, and the enneal ness
Increases regurdiess of i wiwent of warer ngesdoed



The data presented in Fig. 3 can be examined in
another way that is useful in usderstanding the constrainis
on the problem a2 hand. Figure 4 shows the critical masses
of plutonium waken from Fig. 3 as a {uncton of the weight
percent of warer; the dry critical mass from Fig. 1 is the
starting point on the left ordinatc and the water content
incremes to the right. The ¢ridcal mass decreases with
additicnal water moderatioa (except for very high Si/Pu
atom rarkas) untl a mivimum is reached. With additional
watcr coantent, the critical mass incrcases until s
asymptotic valuc is achicved. For cach Si/Pu atom ratio,
the weight pciceat water at the low-platonium-density
asvmptote is readily secn or can be cstimated with
reasonable confidence. For example, for Si/l'u=2812 it is
11.2% and for 5513 It is 3.0%. Thus, for a fixed Si/Pu
ratio the water contcat must be less than the asvmptote of
criticality cannot occur.
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Figure 4. Critical mass of platonium as o funcilon of the
welglt percent of water for varlows SUPa atow ratlos,

C. Coanraints ou the possible critical configuiations

‘T'he set ol necossary data foc muxtures of plutonium, Si0,,
und wates is complete, and copstralints can be upplied that
Hil de numiber of cases that necd to be cramised in muare
detail. One conwralnt on the critleal configuratuing 1s the
waler-polsoning asympue (Fig. 4) for each SKTu ralw.
For example, if the water cancentration 15 more than 3
wit's, criticulity s not posalble tur ratios vl SUT'u greater
than 5313, repandicss of ow wuch plulontn iz involved.
This constraint, hazed on the water induced asywmptote, ic
illustrated In T, 5: tor & given Su/l'y rauo, the war
conteat muyst he bese, than U upperniott ltno on the rigure
tur criticulity ta be achieved. lior some onxtures ot
plutonwin, 5i0),, and water, a contiguratian ta i fuund

just on or very near this line oa Fig. 5 can be unstablv and
possibly could be “aurocatalytic.”

A sccond construind is found by further examination of
the functions in Fig. 4. Referring to Pig. 4, the dry critical
masg for r. SUPu ratio of 5513 is about 84 kg. Tho
minimum of this (unction is about 70 kg at 0.5 wi%
water. At higher concearration of water, the critical mass
increases continuously up to the asymptoic corresponding
to about 3 wt%. Betwoecn 0.5 wt'h and 3 wr% water, an
unstable or possibly autocatalytic region oxisis.
Autocatalysls is inpossible hetween 0.0 wi% and 0.5 vi%
water; It is possible omly botwecn 0.5 wt% and 3.0 wi'k.
The minlmum of each of SU/I’u funcdons In g, 4 i
plotted oo Ulg. 5 as the lower curve. The undable &
possibly autocatalytic reglon lies oaly between these (wo
curves ob Fig. 5. The lower limit (unction represents the
walcr content for no Instability.

’
8 adn v

Sy kor fate

Figure 3. Limaing values of warer content as a function of
3t/Pu ratio.

The thivd constraint 1%, 0f counc, the avaitable mas ot
plutonium, which hax beea mken 1o be 75 kp. It thin
mibuunt v wsaumed 10 grove o 1 wet sttamm of 8K,
the SiMMu rativ will slowly decrease, The talluwing
e=amples are instrictive. (1 dw water content were, ¢ g,
0.5 wi'} (see Lipg. 4), cnucathy o pussilile iy Si/l'w anun
ratios at 7350 of 6785, but the required nwes are 10K Ly
mind 20U kg, respectively; mly 15 kg sce pvaitulde 11 the
water conceniration were L0 wiss, 75 hy ciibid he cvinenl
at a 5¢/Pu ratig of 3515 Phaceeding a luwer SiPa nduns
ut /> kg on lig, o4 altis sy caatd be erineal fin 40 i



water at Si/Pu=d376 and 10 wi% o SU/Pu=2B(2. The locus
of these points is ploued on Fig. 5 as the middle function,
The cegion of mnocatalyzis is now restricted 1o the region
between the lowest and the middle {unction of Fig. 5

The final coustraint to be discussed in this section is
the assumed amount of water in the SiQ; surrounding the
Pu-Si0; mixture. The only guidedines on water content of
the soil or rock are the actual mcasurcments and aanlyses
by the gealogists. A reasonable upper limit is § wt%.
Both 5.0 wr% and 10.0 w1% water content will be
considered to be comservative. These constraints are
Hlustrated by vertical lines on *1g. 3.

The full picture of all these constraials can be seen on
Fig. 5 as triasglos shaded on the scmi-log plot The
defining corners for 75 kg wud 5 wi® water arc e [oflowa:
SU/Pu=I), %11,0a0.5: SyPu=390, %H,0=5.0; and
Si/Pu=2400, %H,0=50. If the limtiag amount of watcr
is 10.0 wt%, tho definding poinls on ifig. § are
SMu=5400, “H;0=0.3; $/Pu=2800, ®H,0=10.0; and
SUTu=:600, BH,0=10.0. Configurations outslde these
limits are ol no interest fur the reason it developed.

IV, PART B- CRITICALITY DATA--PLUTONIUM,
NEVADA TUFF, AND WATER

A. Niclear criticality—Nes ada tuff

The wff compusition used in these calculatioas s
takea from Rcf. 4. Thi.. composition diffcrs from SiQ, in
that SiQ, conteat is oaly 77% by weight with the
difierencc made up primarlly by oxides of aluminum,
passium, sodium. aad with a aumber of minar
constituents, sonic of which are acutivn polsais.

In Fig. 6. the calculated reflected crithoul musses for
slutoniom wmixed with Nevada uff are shown as & functlon
of plutoniuin Jeasity doag with the cumipmable critical
masses {or plutoninm mixed with pure SiU, The model
wred for mixing plutonion and WIT asswncs that the
volume icupied by tae plutenivom disp’aces a comparable
volume of twiff, Signiflcamt Jifferences can e noticed
iwmnodialely. For instance, the low-density asympiote is

Increaned from 0.001 10 0.003 kg/l. Thus. the number af

highly diluted cases requirlog consideration ie furthe
1estilcied. In wddition. the modorating/ehasa bing cffects that
cercase the crideal mass from 95.7 by at a plutoaninm
deanlty uf 0 184 kp/l 1o 15,1 kg a1 a plutunium deacity of
G ANKE L/ very nearly dhisappear when the ihluent has the
compasition of the wll. With till ax a dilueut, the
niaxinium asd wintmum critical maosses are 112,60 kg and
K3 G K. Thas increase i the inthnnbat critieal mase wihen
thre Navada tult 1s the dilueut ehmanates the nged lo

consider the "dry critical” problem that was postulated in
Ref. 1; 75 kg of plutosivm would never becomo critical in
dry tuif. Including Pu-240 or allowing for the decay of Py-
139 1> U-235 would increase the critical masses even more.

L4 T O T

T T ~T" ™r

- R 1 "Ll'i o=t i a adll
[ bin 1)

O iy P fogrh

—J—I.J.

Figure 6. Reflected critical maxs af  plulomum menl
mixed with wff or 510; vs plutoriund density.

D. Critical duwa lor Pu-wff 1,0

The critical dota fur a Pu-Tufl-11,0 ure 1Husirated ip tig. 7
az a function of the weight percent of water. The increased
cffect of the neutran absorbers in the tuft 15 clearly seen
whes comparing the minimwn critical wasser and low
density asymptotes presented in Fig. 7 w0 those in HFig. 4.
Notc that w compare these data with the dals wa Fig. 4, the
SU/fu ratioz for the wif arec multiplicd by 1/0.77 aud
denoted by Shlue.

C. Constraints on the possble cnitical contigurations

Reternag again to Mg, ). tic mimmum of ¢ach
fuaction is the lowest water conceniration abuve which
instability or awocatalysis s possible. A lower water
concentration cannot lead w inswbihity. The locus it tiese
paints 15 plotted on Fig. # as the tower line, providing a
canstraint on the amount ol water and Sutu® raios w be
considered,

The kmitation set by the wass loading of 75 kg can be
read fromn the functions for cach of the Svi'u* atom ratios
on 1. 7. The locus ol these points ts ploticd ou g, § as
the mlddle hine, comparnble to 11y 5 fur 210;

The tinal coastraing is the amount al waier that wuould
aciuadly be touind in the tutt. This has been exutated w be
5§ wiX: ¥ lowever. twice this aoant will be consicdered i
AYRUTE CONTET VAL,

Ths, abe consiannigs Gonw Pr-tutf FEY can e chetinaed
similanly tu e fin a Pu-SiO L0 T a 5 wi's waier



and 7% kg. the coordinates of the small triangle are:
Si/Pu*=2700 and 0.4 wi%k; Si/Pu*=18350, 5 w1%. and
SifPu*=1450, 5 wi%. For 10 wt® water and 78 kg, the
coordinates arc: Si/Pu*=2700, 0.4 wi%k; SU/Tu*=1500,
10.0 wistk; aad Si/Pu*=l|00, 1Q.0 wi%. Configucations
that lic outsida thege boundaries are not of interost bavgusc

aucocanalytic behavior is not poasible.
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Figure 7. Reflected cnitical mass of plutonium incial mixed
with wif and waler vs welght percent wuter.
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Figure B Limlting vatluet of waler content wa da fung Hon
SUPW ratbo Nete that the SUPu rvths In waff L muldtiplicd
by IM. 77 and dewried (11 S0

V. REACTIVITY CALCULATIONS RFOR Pu-TUFF-Hy0O

The previous section defined the possiblities for
critical conditions, given ccriaiu constraints. This secrion
will cxamine the possibilities far supercritical
coatipuralions that might be cremted and developod ac 2
recult of movemnent and mixing of plutogium, tuff, and
water. AL an exampie, it a critical state is achieved at a
water conceatrutioa of 10.0 wi%, plutonium maxs of 108
kg, and at 3 Si/Fu* of (370, the resulting fismon power
couid heat the volume and transport water out of the
volume. This would lead to a reduction In the water content
of the mizture and an incroasc in the reactivity ot ths
systcm.

The cascs of most interest are the data tor a Si/Pu”
atomn ratio of approximately 1500. Theso data arc Ulustrated
in Fig. 9. The masses of pluwonin and the inltlal water
arc as follows: Casc(l) 404.7 kg and 11.2 wt% water:
Cane(2) 108.3 kg and 10.0 wi%; Case{d) 63.8 kg and .0
wi% watsr, Case (4) 45.5 kg and 8.0 wt% water: Case (5)
36.4 kg and 7.0 wi% walor. Theae duta cluster in the upper
right hand carner of the permissible triangle on Fig. 4.
Thix “corner” (10 wi% watcr. 75 kg of plutomium, and
SUPu* ratio of 1300) is the condition that will tcad o te
higheal kefl and the Lucpest Inteyral of keff ws a funwuoa of
weight percent of water. The reactivity tunctioas of Big. 9
arc almost precisely at the corect spot Lo examloe the 1z0st
scvere limiting rase. Case (1) na lig. Y has too oiuch
plutanium and water; C'ase (2) exceeds the mass tmat but
has the corroct Umiting amout ot water. ‘The othet tluce
are all within pennissible constraints. The maxlmura ket
tor 75 kg l= about .06 (by interpolation) when
appronimately threc-fowrths of the waler Is lorced out ot the
systcm (see lig Y.
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The iMent of this yectivs has been to examine the
criticality aspects ol the unsiable regions defined in the
pevious section for @ Pu-uff-HyO system. The postslated
cxplosion aspocts, discussed in Ref. 3, will be examined in
a companion paper 0a dynamics'® given the restrictions
and constraints developed in this study.

VI. SUMMARY AND CONCLUSIONS

This paper has cxamined the static criticality aspects of
mixtores of plulonium and SiO,: plutonium, SiO;, and
waler; plutonium and Nevada mff; and plutonism, Nevada
tuff, and water.

A comscrvative approach was taken by assuming the
plutoniumt was pure Pu-239, homogencously distributed
wilhin the aualerator/absorber material in a spherical form
Aay doviation from these criteria. e.p.. substitution of
wedpons-grade plutonium (about 5 wi%® 1'0-240, 95 wt%h
Pu-2319) for pure Pu-239 results in lower ncutron
mulliplication factors and highor critical mausses than those
calculated in thix work, Taclusion of clemenis fousd lo the
Nevada twff also lowers the calculated ncutron
multlplication factors, All reactivity calculutions have
included thc assumption of ualfarm. fine-graln mixing of
all components throughout.

The geacrul cnaracteristics of fissilc systoma diluted
with a muxlerator/absorber nuterial were summvusized. Mo
yualitative features of the plots of the critical masses of
such systems vernus the tistilo density are gencrally
similar. All exhiblt a maxlmum critical mass wich small
wnouns of dilueat. followed by a silalmum caused by the
moderating effect of the dilueat, and finally a low-density
unbounded critical mags asymptoic caused by the aculron
absorhing offect or ncutron capture of the diluent.
Conilgurations rear the asymplote caa display instabthty
and paossible antocalalytic behavior. ‘The quantitative
leaturcs. such at the values for the cniucal masscs, the
hwadions of the maximum and minimum cnitical masses.
und the tucation of the axymptale depend ou e lissile
malerial and the moderuior/abeorber materials present.

Several cases were examined for the polcatial of
autocatalylic behavior. We obtastied the fatlowntg results:

a) The system consisting of pure I'u-23% with purc
510, w1 2 diluen exhibits the classic dependence of the
criical mass on the Nastlc material densty. Thus, a cntical
system ix possible, but very lmprubable; autocatalytic
behavior in judged to be posaiblc only if the assumptions
reparded as niposs/ble are accepted. When the Nevada witt
15 the diluent, nuclear criticallty and autocataly'tic behavior
aré not puisible for log loadings of lesy than npproximately

84 kg of Pu-239, If weapons-grade pltonium (5 wi% Pu-
240) s considered, the requirements gre much morc
stringent.

b) For processes chat add water, criticality 1s possible
for both SiQ; and Nevada wff diluenes. However, no
autucatalytic behavior is expectad because the system has
sufficient timo 10 respond to reactivity increases by ejection
of water, which reduces reactivity,

¢) For plutonium enering a wer stratum of SiO,; or
Ncvada wff, criticality and autocatalytic behavior is
poasible, but SiT'u rarios for which thie can occur are
constrained by the total amoumnt of plutoalum and by the
water coatent of tho suata. These coastralats limit the
inscrtion of reactivity whes water is removed from the
system. The behaviar of these wel sysiems will be studied
in a companion paper on dynamics."”
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