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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
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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 necessarily 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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THE EFFECTS OF SORPTION AND DECAY ON STEADY-STATE
RADIONUCLIDE RELEASE RATES
W. B. Light, W. W.-L. Lee, P. L. Chambre”, and T. H. Pigford
Department of Nuclear Engineering & Lawrence Berkeley Laboratory
University of California
Berkeley, CA 94720

In this paper we analyze the effects of equilibrium sorption and radioactive
decay on steady-state mass~-transfer rates from waste packages in nuclear waste
repositories. Understanding these processes will contribute to meeting the
Nucleaf Regulatory Commission”s subsystem performance requirement for the

engineered barrier system1 to the design of backfills for nuclear waste

packages.

We considered steady-state dissolution of a nuclide, without precurors, from a
spherical~equivalent waste form surrounded by backfill and porous rock. The
backfill and porous rock are water saturated. We assume. low enoughrflow of
ground water so that diffusion is the dominant process of mass transfer?.
Assuming local sorption equilibrium and constant near-saturation concentration
of dissolved spécies at the waste-form surface, the governing equations for
space-time-dependent nuclide concentrations were solved, and a parametric
study was performed to investigate the effects of sorption and decay. Two
quantities are of interest: nuclide concentration at the backfill/rock
interface, divided by the nuclide concentration at the same lécation when
backfill is replaced by rock, and the mass transfer rate at the backfill/rock

interface, normalized to mass-transfer rate for a stable nuclide at that

location.



Results shown in Figures 1 and 2 are in terms of a modified Thiele modulus,
¢2=r12 }\K2/D,

where r;= radius of spherical-equivalent waste form [L]
)\ = decay constant (r~1)
Ko= retardation coefficient of the nuclide in rock

D = diffusion coefficient [LZ/T]

Figure 1 shows the ratio of steady-state concentration N, at the backfill/rock
interf#ce to the concentration Noe that would occur there if the backfill is
replaced by rock, as a function of the backill-to-rock retardation ratio,
KI/K2° The ordinate also represents the ratio of the mass-transfer rate at
the: backfill/rock interface to the‘maés-transfer rate there if backfill.is
replaced by rock. Because.for a stable nuclide sorption cannot affect the
steady-state. solution ( A =0, ¢ -0),‘the result is independent of the
ratardation ratios; it exceeds unity because of the greater porosity of.
backfill. Increasing the decay constant steepens the steady-state
concentration gradient and can increase the interface concentration ratio if
backfill retards less than rock (K1<K2)e For finite decay and greater
backfill sorption (K1>K2), increased diffusive time in the backfill results in
greater decay in the backfill and lowervconcenttation at the backfill/rock

interface.

Figure 2 shows the mass~transfer rate at the backfill/rock interface,
normalized to the mass-transfer rate M* at that locatiom for a stable_nuclide,

with backfill replaced by rock, as & function of the retardation ratio KI/K2°



Increasing the modified Thiele modulus ¢ increases the mass-transfer ratio
for small Kl/K2 but decreases it for large Kl/Kz, as 1s expected on physical

grounds:
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Steady-state concentration and mass-transfer rate at the
backfill/rock interface, normalized to the case with no
backfill present, as a function of the retardation ratio.
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Figure 2.

Retardation Ratio, Kl/K2

The steady-state mags~-transfer rate at the backfill/rock
interface normalized to the mass-transfer rate for a
stable nuclide with no backfill present, as a function
of the retardation ratio .
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