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Dynamic Characteristics of Mixtures of Plutonium, Nevada Tuff, and Water

W Myers. 8. Rojas, R, Kuupland. P. Jacgers. R. Sanches. D. Haves,
R. Paternoster, R. Anderson, and W. Stratton

L.os Alamos Nationitl Laboratory

Introduction

Onc of the technical options being considered for long term disposition of weipons gride plutonum is
geologic storage at Yucca Mountain. Multikilogram quantitics ol plutonium |30-100 kg| arc to be
vitrificd. placed within i heavy steel container, and buricd tn the material known as Ncvada wff. 1t has
been postulated [ 1]-]3] that afier about ten or twenty thousand years, geologic and chemical processes
would have disintegratzd the stecl container and creuted the possibility for plutonium to form mixturcs
with Nevada tufl and water that could Icad to a nuclear cxplosion in the “range of kilotons* or “hundreds
of tons TNT cquivalent* Sanchez ct. al. [4] completed a survey and description of critical homogencous
mixtures of plutonium. silicon dioxide, Neviada wff, and water and identified the mixutre regimes where
antocatalyvtic dvnamic behavior is possible. This study 1s a follow up of that work and the major objcctive
is 1o examtne the dynamic behavior of the “worst casc” critical and supr.reritical conligurations of
plitonium, Nevada wifT, and water.  The indicators for a damaging power transicut and the kinetic cnergy
or "TNT cquivalent" vicid from an excursion for the "worst case “ scenarios iire eximined.

This paper docs not consider the details and probabilitics of the geologic and chemicil processes
occurring that lead to the formation of the mixtures. The calculations arc to serve as an upper hmit of the
conscquences if such conftgurations were to be created.

Energy Generatin stems and Explosions

The study first cxamines some characteristics of explosions. both in chemical and fissiontng systeins
and the :tecepted conversion factor between chemical explosions and fission cnergy reicasc. The
conveutional conversion is total fission vicld cquals the equivalent chetnical explosion vield, which s
acceptable for Lirge nuclear explosions, but fails completely for snuall or slow [ission encrpy relcase. 1t
showt by exawmples, ¢.g. the Godiva | assembly [S[-[6] . that 1 incasire of 4 small explosiou shoutld be the
kinetic energy created durtng the fission power trausient, not the fission cuergy per s,

Conditions Necessary for an Explosion

The cliractenstics of fissiomng systems that have the appearance of explostous arc identified «nd
comparisons arc tuade with eritical and supereritical configurations of plutoninm, silicon dioxide , Nevadit
!, and water. ‘T'hese inclide the uentron spectrum, the initial alpha or rectiprocal perod, and a1 micasnie
of the rate of propagation ol pressire waves 1 the assewbly. More uuportantly, a relatiouship defined as
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W hiere
r,  intitial system alpha or reciprical power period
r characteristic assembly dimension

v speed of sound throngh assembly matenal

it be used to wiler when assembly datmage way ocenr B3y companson with the Godus it L ussembly
experttient i, the mitiatmn of ditiipe ocars atromnd 1P 3, bat sipmficant damage woukd ot aeeur unnd
values of I 80 or preater For the “worst ease conlignratons of plitommm, stheon dioxile, Nevida milf,
and winter wentificd by Saunchez ¢t al [4], vatues of “T* vipred from D 2 10 048, to smnll to supest
assetibly damngpe



Computer Program for Calculation of Energy Release

Lastly. 1 dynanitc energy releiasc cotnputer program. created for the purpose of evaluating supercritical
iransient reactors. criticality incidents, and crincality accidents. ts used 1o analy zc excursions with ¢rineal
and supercritical configurations of plutonium. silicon dioxide . Nevada T, and water.

The computer program created for this study to evabuate the dyninimic energy relcase during an
excursion wis duobed the MRKJ Reactor Transient Code. The MRKJ Reictor Transicnt Code 1s 1o senve
as i modern replaccnient for the Los Aliimios Pajarito Dynitmics code |8]. The MRKJ codc uses the
calculationil technique known generally as the “coupled nentronic-hydrodynamic method” [9] which
combincs togcther the differential cquations for thermodynamics. matcrials motion, and neutron transport
with rapidly changirg reactivity to model i transicnt nucleur system. The MRKJ code is written in
FORTRAN 77 and utilizes the onc-diniensional discreie ordinance transport code ONEDANT [10] 10
perform the neutron transport calcitlations. The MRK | code uscs the time iabsorption caleulation calplin
option of thec ONEDANT codc and dctermiines the power distribution of the systeni by extriacung the
rcgionil fission rates troni the ONEDANT ontput files  The library of cross scctions used in the
ONEDANT calcitlations is a1 Hianscn-Roach 16 cnergy group cross section sct |1 1] with 167 isotopes

The MRKJ codc solves for the thermodynamic and hydrodynaniic statc variables by treating the
analysis as an initial vilue problem. For the kinds of transicnt systems that we arc currently studyving, the
thermodynamic model assunics no heat transfer occurs between adjacent coarse mesh regions. This
assumption s bascd on the fict that the rate of energy deposition dute to fission is mich. nuch larger than
the rate of heat conduction between regions becanse the characteristic time scale for ¢nergy deposition
from local fissions is much shorter than the characteristic time scale for heat conduction between regions

The cquations :are written as  system of first order ordinary differeniinl equations :und solved
sinmtltancously using a fourth order Runge-Kntta [ 12] integratton scheme.  The equations itre defined as
follows:

There is an equation that solves for the power of the system as a fitnetion of wine:
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where

a,,. displacement feedback

Q.. lemperature dependent feedback (doppler broadening of cross sections )

At tlns time we itre neglecting the comnbubons of delaved nentrons to the power level becinse the short
tine sciles of the excursions bemg exannmal ¢ meh shorter than the delaved nenttron precursor deciy
s,

There ixcnn energy balance equation wsed to lind the tetperiamre of ¢ach region denved frotm the first
Llaw ol therumdy namies  For o matenial m the coudensed phase, tus equation has the form
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where
/. tewmperatuee in region t
M ONESS AN region §
C, unterial specitie heat at constant volue
I, regiowad power

/1 watertad sobarwe compressibility



A - material isothermal compressibility
I - region i volume

At equation ol state appropriaite for the nuitertal is nsed to relite the pressure and temperautre in ¢iach
region ‘The equition of statc used to wodel solid Nevada T is;

PocaB -1+ B )
\ n
where

P’ . condensed pressure in region i
1' . region i material temperature (7, - reference temperature)
A, ¢ region i material nominal density ( p,. - reference density)
« - material cocfficient of expansion
B material bulk modulus

This cquarttont of state is sinnlar to the EOS wodel nsed for urininm metal in a godiva 1 excursion
simitlatton | 13] and s it fuuction of the velocity of sound thronugh the material by the relation.

B 'p’ .

wlere

I’ velocity of sound through the matenal

Rewntmg ths equittton 1n i form that can be solved as au imtial vitlue prablen we have:
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Lguations of wotion are used to determine the regional boundary wovenients due to pressure
differences between adgacent regious  They lave the forin
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I condensed pressure in region



The MRKJ codc gives estimaies of the total fission vicld aud the maximum kinetic cuergy vield of a
transicnt. The tecmperaturc. pressurc. boundary location. and boundary velocuy are calculated for cach
coarse mcsh region for cach time step unu! it predetermined code terminatton criterion 1s met. The vilues

of the kinctic cnergy vicld and state variables help determine if significant damage occurs 1o iin assembly
during an excursion.

Application of MRKJ Code to Pu-Tuff-Water Configirations

The MRIK codc was used to study the dvnamics of three autocatalytic configurations of
homogcncous mixtures consisting of plutonium . Nevada wiT. and water. Thesce cascs represented the
"worst casc" scenarios as identificd by Sanchez ct. al. [4] . Table 1.0 gives gencerat descriptions of the
initial corc configurations,

Mass (kg Pu) Corc Radius (cin) Weight Fraction of Water
638 150.11 00y
108.3 180.50 0.10
404.7 282 64 n.l112

Table 1.0 Criticul Paramcters for Homogencous Spherical Mixtures of Plutonium, Tuff, and Water
Reflected with Tufl and Water Mixturcs

The silicon 1o Pu (239) ratio for al! the cascs was 1570 and the modcel assumes cach corc is reflected by
100 cm of a wlT and water mixture. The mixture in the reflector has the same weight fraction of water as
the core. The water was assumed to disappear from the systecm once 1t was vaporizcd during boiling.
Extremcly conscrvative assumptions. such as beginning the excursions with impossibly high imual
powers, were used with the MRKJ code with the resalt that no kinctic energy yiclds existed at the end of
the calculations.

Conclusion

The paper examined the difference between total fission yicld and kinetic energy in an assembly
Characteristics from Godiva 1 asscibly cxperiments were used to tllustrate indications when damaging
power transients would oceur. A similar comparison with the characteristics of the plutontum, tuff, and
wilter systems 1udicate that these systems do not micet the requirements for cxplosive cnergy release. The
“worst cisc” mtocatitlytic plutomuni, milY, and water systems were analyzed using the MRKJ code with
extremcly conservitive assumptions with the resitlt that no kinctic energy vicld existed at the cud ol the
calenlations  Critical configuratious ol plutonium, Nevada uifT, and water can exist.  Autocatalytic
belivior of such svstems 1s possible, bitt no explosions wonld occur. Heuce, should mitltikilogram
ananitics of plutomm |50- 100 kgg| are to be vitrified, placed wetlan a heavy steel contaner, and buned
1 the matertal known as Nevida tlT, no explosion wonld occur even thiroughout geologte tine.
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