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DISCLAIMER

This document was prepared as an account of work sponsored by the United States
Government. While this document is believed to contain correct information, neither the
United States Government nor any agency thereof, nor the Regents of the University of
California, nor any of their employees, makes any warranty, express or implied, or
assumes any legal responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents that its use would not
infringe privately owned rights. Reference herein to any specific commercial product,
process, or service by its trade name, trademark, manufacturer, or otherwise, does not
necessarily constitute or imply its endorsement, recommendation, or favoring by the
United States Government or any agency thereof, or the Regents of the University of
California. The views and opinions of authors expressed herein do not ncccssarily state or
reflect those of the United States Government or any agency thereof or the Regents of the
University of California.
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In our previous theoretical analyses, solubility-limited mass transfer from waste solids applies if a species
is at constant elemental concentration in liquid at the waste surface.! For an element with isotopes that
decay appreciably during the time of interest, a solubility boundary condition results in a time-dependent
boundary concentration of each isotope. Here we present new mass-transfer equations that include the effects
of isotopic decay boundary conditions.

Let there be n isotopes of the element, and ¥; the respective isotopic fraction in the waste solid so that
Si=17 = 1. Because the n isotopes decay at different rates, y; = ¥;(t). However, for simplicity the usual

assumption has been?3
7i(t) = %, Vit (1)

With this assumption, the fractional release rate* f;(t) for an isotope of elemental solubility C,., released
from the surface of a waste sphere of radius r,, by diffusive mass transfer into surrounding saturated porous
rock of porosity ¢, based on the initial inventory M, is®
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where D is the species diffusion coefficient,

K is the retardation coefficient, .

A is the decay coefficient.

Eq. (2) is a suitable approximation for most radionuclides important in high-level waste. It can be used
conservatively for species that decay in the time of interest by adopting v; as the maximum value for that
isotope during the interval. '

A more accurate approach is to solve the mass-transfer equations for time-dependent ¥;(¢). For an element
with two isotopes, the time-dependent inventories M;(t) and M,(t) for the radioactive and stable isotopes
in the waste solid are

‘”‘z"t(‘) = —\M(t) - 472, (—cua——-’v‘g’;"")) , t>0 s 3)
and '
dM, o(Tap,
—d_t(t—) = —4xr2, (_CDQL%L‘_)) . t>0 (4)

where N(r,t) is the nuclide concentration in pore liquid. For short-half-life nuclides the assumption can be
made that

4wrfp (—cDaL‘(a-?-Q) <€ M) (5)

*To whom correspondence should be addressed. Work supported in part by U.S. Department of Energy
contract DE-AC03-76SF00098.



and there is considerable simplification of the system of equations to be solved. (3) reduces to

dM;(t) _ .
— = —A.M,(t), t>0
and (4) to
aM,(t) _
I 0, t>0

and the fractional release rate is
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Table 1. Data used for Illustration

Property Units | 33Sr| °°Sr | Ref.
Decay Constant () peryear | 0 [0.024| 6
| Isotopic Fraction () 04| 06 | 6
Initial Inventory (M) g/MTHM | 3491519 | 7
Retardation Coefficient (K) 200 8
Diffusion Coefficient (D) ~m?/a | 3 x1073 8
Elemental Solubility (C,.) | g/m® 0.01 8 |
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To illustrate, we consider the release of solubility-limited strontium, consisting of radioactive °°Sr and stable
39Sr, from spent fuel waste surrounded by porous rock. An equivalent-sphere radius of 1 m is assumed. The
waste container and fuel cladding are assumed not to be present, and the waste is assumed to contact ground
water shortly after emplacement. Using assumed properties listed in Table I, calculated fractional release
rates of 3%Sr for constant and time-dependent boundary concentrations are shown in Figure 1. Because
%0Sr is the only decaying species, the fractional release rate considering decay is much less than the more
conservative value that neglects decay. Fractional release rates based on the 1000-year inventory, as required

by federal regulations,* can be obtained by multiplying the values in Figure 1 by e!900*,

Isayama® provides additional illustration of these equations, in both near-field and far-field applications.
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Figure 1. Solubility—Limited Fractional Release Rate of Sr—90
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