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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 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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Introduction

Packages of high-level waste are to be emplaced in unsaturated tuff at the proposed Yucca Mountain repos-
itory. Each cylindrical waste package is separated from surrounding rock by a 2-cm air gap. A possible
mechanism for release of radionuclides is the dripping of ground water onto waste packages. Drips are as-
sumed to penetrate cracks in failed container and to dissolve radionuclides as the partly failed container fills
and overflows.! For this wet-drip scenario, with assumed constant drip rate, we have developed analytical
solutions for the time-dependent release rates of radionuclides to the surrounding rock.? Release rates have
been calculated for key radionuclides® using parameter values from references 4 and 5.

Solubility-Limited Releases

For a low-solubility species, the release rate after container overflow is the product of the volumetric drip rate,
the elemental solubility, and the time-dependent isotope fraction of that species. Division by the 1000-year
inventory gives the NRC-defined fractional release rate. Typical results for plutonium isotopes released from
- spent fuel are shown in Figure 1. For the parameters indicated on the figure, it takes about 8600 years to
fill the container. As Pu-240 decays, the longer-lived isotopes dissolve to a greater fraction of the elemental
solubility. The release rate of Pu-239 increases with time until attenuated by decay, after about 60,000 years.

Releases of Readily Soluble Species

Fission-products such as cesium and iodine in fuel-cladding gaps, plenum, and grain boundaries are assumed
to dissolve quickly when contacted by water filling the container. Assuming ten percent of the total inventory
of these species is available for instant dissolution, and assuming thorough mixing of the liquid within the
container, we obtain the time-dependent fractional release rates of these species shown in Figure 2.

Alteration-Controlled Releases

Oxygen in ground water and hydrogen peroxide from a-radiolysis are assumed to react slowly with the
spent-fuel matrix, resulting in an altered uranium structure. Species in the spent-fuel matrix are assumed
to be released congruently with the alteration rate, if not limited by their own solubility. For an assumed
constant fractional alteration rate of 0.001/yr, a linear increase in the fuel surface undergoing alteration as
the container fills, and no solubility limit for technetium, we obtain the time-dependent fractional release
rate for Tc-99 shown in Figure 3.

Other Results



Our. analyses have also included release rates of other key radionuclides and decay daughters of Pu-238 and
U-234, for both spent fuel and borosilicate-glass defense waste.2

Conclusions

The calculated results are conservative to the extent that barriers from fuel cladding have not been considered.
Also, repository-average release rates can be lower if the expected statistical distribution of container failures
is included.

For the parameters adopted here, release rates of low-solubility species are favorably low. Release rates of
readily-soluble species are higher but may not be limiting for repository-average release rates. Spent-fuel
alteration may result in the most limiting release rates. Better experimental data are needed to define the
long-term alteration rates for spent fuel and borosilicate glass.

Possible liquid diffusive pathways from the waste pa.ékage into surrounding rock could augment the releases
calculated from the wet-drip scenario.® Results for such a wet-continuous environment are presented in a
separate paper.”
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Fig. 1. Fractional release rate of plutonium isotopes from spent fuel, wet-drip

scenario (container failure at 1000 years, Pu solubility=2.9 x 10~7 g/m?,

 container void volume=1.5 m®)



100
Soluble Species

Aol 1 1311

4

10°° o . Cs—135

o a il L 1. a2 211311l

'l

10’

1.4t

1

Fractional release rate, year™!
o

| -l
Ol

a1l

i

Flow 0.5 mm/yr
1.71x107*m?* fyr

At st tiaad

'l

10 . T T 1T T VT UIr] T T T T T
10° | 10" 10
Time, years
Fig. 2. Fractional release rate of feadily soluble species from spent fuel,
wet-drip scenario (container failure at 1000 years, 10 percent of

Cs, I inventory is assumed to be reé.dily soluble)
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Fig. 3. Alteration-controlled fractional release rate of Tc-99 from spent fuel
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