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In Reference 1, the U.S. Nuclear Regulatory Commission (NRC) identified twenty-eight open
items in its Safety Evaluation Report for Disposal Criticality Analysis Methodology Topical
Report, Revision 0. As discussed in Reference 2, many of the open items were addressed in the
U.S. Department of Energy (DOE) Disposal Criticality Analysis Methodology Report,
Revision 2 (transmitted by Reference 3). The twelfth item, dealing with inventory loss through
cracks or pin-holes from intact fuel, is the last remaining open item.

The twelfth item identified in Reference 1 states, "The DOE needs to establish the bias and
associated uncertainty regarding the analysis or model, keeping track of the isotopic inventory
loss, through cracks or pin-holes, within intact spent fuel assemblies." Enclosure Isotopic
Inventory Loss Through Cracks or Pin-Holes is provided in response to that open item. The
enclosure demonstrates that changes in the isotopic inventory from losses through cracks or
pin-holes are accounted for and bounded by using the Geochemistry Model Validation Report:
Material Degradation and Release Model. The DOE, therefore, considers this item closed.
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There are no new regulatory commitments in the body or the enclosure to this letter. Please
contact Neal K. Hunemuller at (702) 794-5081 or e-mail nealhunemullereymp.gov with any
questions concerning this letter or its enclosure.
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Isotopic Inventory Loss Through Cracks or Pin-holes

Open Item #12 from Safety Evaluation Report for Disposal Criticality Analysis
Methodology Topical Report, Revision 0 (Reamer 2000) states:

"The DOE needs to establish the bias and associated uncertainty regarding the
analysis or model, keeping track of the isotopic inventory loss, through cracks or
pin-holes, within intact spent fuel assemblies."

The Criticality Model (BSC 2004a) that will be applied in criticality analyses for
commercial Spent Nuclear Fuel (SNF) uses a subset of the isotopes present in
commercial SNF. The process for establishing the isotopes to be included is based on the
nuclear, physical, and chemical properties of each isotope. The nuclear properties
considered are cross-sections and half-lives (as applicable) of the isotopes; the physical
properties are concentration (amount present in the SNF) and state (solid, liquid, or gas);
and the chemical properties are the volatility and solubility of the isotopes. Time effects
(during disposal) and relative importance of isotopes for criticality (combination of cross-
sections and concentrations) are considered in this selection process. None of the
isotopes with significant positive reactivity effects (fissionable isotopes) are removed
from consideration, only non-fissionable absorbers. Thus, the selection process is
conservative. This process resulted in selecting 14 actinides and 15 fission products
(referred to as "Principal Isotopes" and listed in Table 1) as the SNF isotopes to be used
for burnup credit. The actinide 233U, included in this table, is not significantly present in
current generation commercial SNF. However, for long disposal time periods (beyond
the period of regulatory concern), 233U buildup is sufficient to be a potential criticality
concern. Preliminary analyses supporting the selection of these isotopes are presented in
Principal Isotope Selection Report (CRWMS M&O 1998).

Table 1. Principal Isotopes for Commercial SNF Burnup Credit
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The need to account for isotopic loss from pin-holes and cracks is acknowledged in
Section 3.5.2.1.5 of Disposal Criticality Analysis Methodology Topical Report, (YMP
2003). The isotopic inventory loss from intact SNF (cladding defects such as pin-holes
and hairline cracks) could cause a decrease in the reactivity effect of fission products,
changing the bias and uncertainty values for criticality calculations. This is accounted for
in Geochemistry Model Validation Report: Material Degradation and Release Model
(BSC 2001). The analyses based on this model are to establish the fraction of each of the
Principal Isotopes remaining in degraded configurations for the expected range of
chemical environments. The range of chemical environments is to account for variability
and uncertainties in the geochemical inputs and results. The spent nuclear fuel
configurations span conditions from pin-holes and cracks in the cladding to fully
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Isotopic Inventory Loss Through Cracks or Pin-holes

degraded forms. This can be achieved by varying the fraction of rods (i.e., fuel surface
area) exposed and available for corrosion. The isotopic inventory determined to be
bounding within the analyzed ranges is then used in criticality analyses as determined by
the Configuration Generator Model (BSC 2004b) using the Criticality Model (BSC
2004a).

Based on current analyses, the scenarios having the potential for the most significant
isotopic losses from intact fuel with cracks or pin-holes involve waste packages in a
breached state with an aqueous internal environment, i.e., a bathtub configuration. The
current analyses have found a bathtub configuration with intact fuel to be unlikely.
Breaches of the drip shield are precluded except for igneous intrusion and seismic
faulting scenarios where the waste package and fuel/waste form do not maintain their
integrity (BSC 2004c).

In summary, changes in the isotopic inventory from losses through cracks or pin-holes
are accounted for and bounded by using the Geochemistry Model Validation Report:
Material Degradation and Release Model (BSC 2001), so there is no need for a bias and
associated uncertainty in the isotopic or criticality models.
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Isotopic Inventory Loss Through Cracks or Pin-holes
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