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

W Mvers. 8. Rojas. R, Kimpland. P. Jacgers. R. Sanches. D. Hayes.
R. Paternosicr. R. Anderson, and W. Stratton

Los Alamos National Laboratory

Introduction

One of the technical options being considered for long term disposition of weapons grade plutonium is
geologic storage at Yucca Mountain. Multikilogram quantitics of plutonium [30-100 kg| arc to be
vitrificd. placed within a heavy steel container. and buricd in the material known as Ncvada tufT. It has
been postulated (1]-[3] that after about ten or twenty thousand years, geologic and chemical processes
would have disintcgratzd the stcel container and created the possibility for plutonium to form mixtures
with Nevada wuff and water that could Icad 1o a nuclear explosion in the "range of kilotons" or "hundreds
of tons TNT cquivalent” Sanchez ct. al. [4] completed a survey and description of critical homogencous
mixturcs of plutonium. silicon dioxide. Nevada tufl, and water and identificd the misture regimes where
autocatalvtic dynamic behavior is possible. This study 1s a follow up of that work and the major objective
is 10 examune the dvnamic behavior of the "worst case” critical and supr.reritical conligurations of
plutonium, Nevada tuff. and water.  The indicators for a damaging power transient and the kinetic cnergy
or "TNT cquivalent” yicid from an cxcursion for the "worst case " scenarios arc examined.

This paper docs not consider the details and probabilitics of the geologic and chemical processes
occurring that Icad to the formation of the mixtures. The calculations arc to scrve as an upper limit of the
consequences if such confligurations were to be created.

Encrgy Generatin stems and Explosiony

The study first cxamines some charactenstics of cxplosions, both in chemical and fissioning systems
and the accepted conversion factor between chemical cxplosions and fission encrgy reiciase. The
conventional conversion is total fission vicld equals the equivalent chemical explosion vield, which 1s
acceptable for large nuclear explosions, but fails completely for small or slow fission cnergy relcase. It s
shown by examples, ¢.g. the Godiva [ assembly [5]-[6] . that a mecasurc of a small explosion should be the
kinctic energy created duning the fission power transicnt, not the fission energy per s,

Conditions Necessary for an Explosion

The charactertstics of fissioning systems that have the appearance of cxplosions are identified and
comparisons are made with critical and supercritical configurations of plutonium. sticon dioxide . Nevada
1T, and water. ‘These include the neutron spectrum. the iniual alpha or reciprocal peniod, and a measure
of the rate of propagation of pressure waves in the assembly. More importantly. a relationship defined as

171

where
r, intitial system alpha or reciprical power period
r characteristic assembly dimension

v speed of sound through assembly materal

can be used to mfer when assembly damage may oceur By comparnison with the Godiva T assembly
expernment s, the nutiation of dimiage oceurs ataround 3, but sipnificam damage would not oceur il
vitlues of ¥ S0 or preater For the "worst case” configurations of plutonm, stheon dioxude. Nevida tall,
and wanter wdentidicd by Sanchies et al 4] values of "F* ranged from 00 10 0 45, to small to sungiest
assembly damape



Computer Program for Calculation of Energy Release

Lastly. a dvnamic energy release computer program. created for the purpose of evaluating supereritical
transient reactors. criticality incidents. and cnucality accidents. 1s used to analy z¢ excursions with critical
and supcreritical configurations of plutonium. silicon dioxide . Nevada wiT. and water.

The computer program created for this study to cvaluate the dynamic energy release during an
cxcursion was duobed the MRKJ Reactor Transient Code. The MRKJ Reactor Transicnt Code 15 10 senve
as a modern replacement for the Los Alamos Pajarito Dyvnamics code [8]. The MRKJ code uses the
calculational technique known generally as the "coupled neutronic-hvdrody namic method” (9] which
combincs togcther the differcntial cquations for thermodynamics. materials motion. and neutron transport
with rapidly changirg rcactivity 1o mode! a transicent nuclear svsiem. The MRKJ code is written in
FORTRAN 77 and utilizcs the onc-dimensional discrete ordinance transport code ONEDANT |10} to
perform the ncutron transport calculations. The MRK | code uses the time absorption calculation (alpha)
option of the ONEDANT codc and determines the power distnibution of the system by extracting the
regional fission rates from the ONEDANT output files  The library of cross scctions used 1n the
ONECDANT calculations is # Hanscn-Roach 16 cnergy group cross scction sct | 11] with 167 isotopes

The MRKJ code solves for the thermodynamic and hydrodynamic state variables by treating the
analysis as an initial value problem. For the kinds of transicnt systems that we arc currently studving, the
thermodynamic model assumes no heat transfer occurs between adjacent coarse mesh regions. This
assumption is bascd on the fact that the riate of cnergy deposition duc 1o fission is much. much larger than
the rate of heat conduction between regions because the characteristic time scale for energy deposition
from local fissions is much shorter than the characteristic time scale for heat conduction between regions

The equations arc written as a system of first order ordinary differeniinl equations and solved
simultancously using a fourth order Runge-Kutta | 12] integration scheme. The cquations are defined as
follows:

There is an equation that solves for the power of the svstem as a function of ume:

P

[ T

]
‘/’ [(IJI.\]'I ' ‘xh'mp ]quw

where

a,, displacement teedback

a,,, temperature dependent feedback (doppler broadening of cross sections )

At this time we are neglecting the contributions of delived ncutrons to the power level beeause the shont
tme sciles of the excursions bemng exannned are much shorter than the delaved neutron precursor decay
times.

There i an energy balance equation used to find the temperature ol each region denved from the first
law of thermuody mattiies  For a matenial i the condensed phase, this cquition has the form

1, |

' T o,
di ome b
where
/" temperature in region i
Mmoo mass in region i
¢, material specific heat at constant volume

regional power

/2 nmaterial isobarie compressibility



A - material isothermal compressibility
I - region i volume

An equation of state appropri:ate for the material is used to relate the pressure and temperature 1n ¢ich
region The cquation of state used 1o model solid Nevada tufT is:

P. abBl -1+ -if(p, “M)
) 3
where

P’ - condensed pressure in region i

1 . region i material temperature (/,, - reference temperature)
£, : region i material nominal density ( p,, - reference density)
¢ - matcrial coefficient of cxpansion
B matcrial bulk modulus
This cquation of stite is similar to the EOS modc! uscd for uriinium metal in a godiva | excursion
simulation | 11] and is a function of the velocity of sound through the material by the relation.
Bopl
where

I velocity of sound through the material

Rewrniting this equation tn i form that can be solved as an imtial value problem we have:

™ al
dt dr 1t

dr dlIl Bl

Equations of motion iare used to determine the regional boundary movements duc to pressure
differences between adjacent regions  They have the form

(l\" ] [I:--n. ,:"“m] {

dr 2 Im, lm,,,]
and

(ll',
dr

".-
where

¥ region i outer boundary velocity

r region i outer boundary radial position

A region i outer boundary surfice area

M, NELSS N TeRion i

I condensed pressure in region |



The MRKJ code gives esimates of the total fission yield and the maximum kinctic cnergy vield of a
transicnt. The temperature. pressurc. boundary location. and boundary velocity are calculated for cach
coarse mesh region for cach time step unti! a predetermined code Llermination criterion 1s met. The values

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

Application of MRKJ Code to Pu-Tuff-Water Confignirationy

The MRIK code was uscd to study the dvnamics of three autocatalytic configurations of
homogcncous mixturcs consisting of plutonium . Nevada tuff. and watcer. These cascs represented the
"worsl casc" scenarios as identificd by Sanchez ct. al. [4] . Table 1.0 gives general descriptions of the
initial corc configurations,

Mass (kg Pu) Core Radius (cimn) Weight Fraction of Waiter
638 150.11 009
108.3 180.50 0.10
404.7 282 64 0112

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

The silicon to Pu (239) ratio for all the cases was 1570 and the modc! assumcs cach core is reflected by
100 cm of a tulf and water mixture. The mixture in the reflector has the same weight fraction of water as
the core. The water was assumecd to disappear from the system once 1t was vaporizcd during boiling.
Extremcly conscrvative assumptions. such as beginning the cxcursions with impossibly high imual
powers. were used with the MRKJ code with the result that no kinctic cnergy viclds existed at the end of
the calculations.

Conclusion

The paper examined the difference between total fission vield and kinctic cnergy in an assembly
Characteristics from Godiva | assembly cxperiments were used to illustrate indications when damaging
power transicnts would occur. A similiar comparison with the characteristics of the plutonium, tuff, and
water systems indicate that these sysiems do not meet the requirements for explosive cnergy release. The
"worst case” autocatalytic plutomium. tull, and witer systems were analyzed using the MRKJ code with
extremely conservative assumplions with the result that no kinctic cnergy vield existed at the ¢nd of the
calculations  Critical configurations of plutonium, Nevada wufl, and water can exist.  Autocatalytic
behavior of such svstems 1s possible. but no explosions would occur. Hence, should multikilogram
auantitics of plutomum [ 50-100 kg are to be vitnified. placed w thin a heavy steel contaner, and bunced
in the material known as Nevada tul, no explosion would occur even throughout geologic timne.
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