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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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In the proposed Yucca Mountain repository, packages of high-level waste are separated from surrounding 
unsaturated rock by a 2-cm air-gap annulus. In a separate paper we analyze the rates of radionuclide release 
to rock qn the basis of ground water dripping onto waste packages.1 However, if a waste package contacts 
the surrounding rock, if the annulus becomes filled with rock and rubble, or if the rock becomes saturated, 
there can exist pathways for release of dissolved radionuclides by liquid diffusion. We have applied the 
analytical solutions for time-dependent mass transfer of dissolved species through porous rock to predict 
the time-dependent release rates of key radionuclides. The expected ground-water velocities are so low that 
mass-transfer is predicted to occur predominantly by molecular diffusion in pore liquid. 2 Conservatively, we 
neglect mass-transfer resistance from fuel cladding and failed metal containers. 

Solubillty-Linlited Releases 

The time-dependent fractional release rate of a low-solubility species from an equivalent spherical waste can 
be calculated from the equations presented by Kim.3 The fractional release rate is the mass release rate 
divided by the 1000-year inventory. Decay within the waste solid is neglected. For a saturated repository, 
or if a significant portion of the degraded container is in contact with surrounding intact rock, we obtain 
the results from plutonium isotopes from spent fuel shown in Figure 1. Long-term release is greater for 
the shorter-lived species because decay steepens the concentration gradient at the waste surface. For the 
parameter values used,4•5 the predicted release rates are far below the regulatory limits but are greater than 
those predicted for a drip scenario.1 

If the annulus becomes filled with rubble and fines consolidated to the same consistency as intact rock, 
the consolidated annulus acts as a buffer. The resulting fractional release rate across the original borehole 
surface is shown in Figure 2 for plutonium isotopes. The 2-cm buffer delays release of plutonium into the 
original rock, and it eliminates the early-time high release rate. 

If the rubble and fines in the annulus do not consolidate, and if the repository is not saturated, diffusion 
through the rubble bed is inhibited by the small area of contact between individual rubble pieces.6 Assuming 
a 10,000-fold reduction in the effective mass transfer coefficient in the rubble compared to intact rock, we 
obtain the resulting time-dependent fractional releases of plutonium isotopes into the surrounding intact tuff 
are shown in Figure 3. The peak release rate is about 500-fold below that calculated in Figure 2. 

Alteration-Controlled Releases 

Soluble species in the spent-fuel matrix can be released directly to the rock by solid-phase alteration of spent-

1 



fuel matrix. If the release is congruent with alteration, the fractional release rate will equal the fractional 
alteration rate of the uranium. If the fractional alteration rate is as high as 10-4 to IQ-3 /year, as might 
occur in an oxidizing environment, alteration-controlled release can be of concern in meeting regulatory 
limits. 

Conclusions 

Radionuclide releases by diffusion through liquid pathways in the porous rock can result in release rates 
several orders of magnitude greater than releases controlled by solubility-limited bulk flow with no diffusive 
release, if the repository becomes saturated or if a substantial fraction of the surface of the degraded container 
is in contact with surrounding rock. The predicted release rates for plutonium isotopes are far below the 
regulatory limits. 

If the repository is unsaturated, and if the annulus is filled with unconsolidated rubble, diffusive release 
through pore liquid can still occur, but the release rates will be several orders of magnitude below those of 
the saturated repository. 
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Fig. 1. Diffusive release of plutonium from spent fuel (waste sphere radius=0.92 m, 

rock porosity=0.16, 100 percent saturation, diffusion coefficient=9.5 x 10-3 m2 jyr, 

Pu solubility=2.9 x 10-7 gfm3 
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Fig. 2. Fractional release rate of Pu-239, Pu-240, Pu-242, spent fuel, · 

wet continuous scenario, release from 2 em of back£11, assumed 

to be like intact rock 
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Fig. 3. ~ractional release rate of Pu-239, Pu-240, Pu-242, spent fuel, 

wet continuous scenario, release from 2 em~ of backfill with 

10,000-fold reduction in diffusion· coefficient 
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