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I. INTRODUCTION 

The Topical Report on Actinide-Only Burnup Credit for Pressurized Water Reactor Spent 

Nuclear Fuel Packages' requires computer code validation to be performed against a benchmark 

set of chemical assays for isotopic concentration and against a benchmark set of critical 

experiments for package criticality. Both sets contain all the isotopes included in the 

methodology. The chemical assays used include the uranium and plutonium isotopes, while the 

critical experiments were composed of U 0 2  or MOX rods, covering the isotopes in the actinide- 

only approach. Since other isotopes are not included in the validation benchmark sets, it would 

be necessary to justify both the content and worth of any additional isotope for which burnup 

credit is to be taken (Le., both the concentration and criticality effect of each particular isotope 
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must be validated). 

A method is proposed here that can be used for any number of additional isotopes. As does the 

actinide-only burnup credit methodology, this method makes use of chemical assay data to 

establish the conservatism in the prediction of each isotope's concentration. Criticality 
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validation is also performed using a benchmark set of UOz and MOX critical experiments, where 

the additional isotopes are validated using worth experiments to conservatively account for any 

uncertainty in their cross sections. The remaining requirements (analysis and modeling 

parameters, loading criteria generation, and physical implementation and controls) are performed 

exactly as described in the actinide-only burnup credit methodology. The following sections 

provide insight into each particular requirement in the new methodology. 

11. ISOTOPIC VALIDATION 

Taking credit for additional isotopes requires expanding the chemical assay benchmark set to 

include samples containing the particular isotopes. The new chemical assays would be 

performed on dissolved samples, analyzed using assembly-averaged data. The isotopic 

validation requirements are exactly as presented in the actinide-only topical report, with 

calculations and analyses performed as previously prescribed. The ratios of the measured to 

calculated concentrations will be defined as before, 

x = Measured ConcentratiodCalculated Concentration 

These values of x will be analyzed for trends due to buinup, spectrum, enrichment, and specific 

power (if the isotope’s rate equation has a strong dependence on a decay constant). Once the 

bias is established, the prediction interval technique is used to determine the uncertainty. The 

procedure results in a conservative correction factor for each isotope,f,,, which is a 
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multiplicative bias used to reduce or increase the atom density used in the criticality calculations. 

Computational details are as discussed in Chapter 2 of the topical report. 

111. CRITICALITY VALIDATION 

The criticality validation confirms the adequacy of both the computer code system as well as the 

cross section data set used. For the actinide-only burnup credit methodology, the validation is 

accomplished by analyses of a benchmark set of U02 and MOX critical experiments. The 

critical experiments contain characteristics representative of transportation casks, with isotopic 

concentrations similar to fresh fuel or discharged fuel. Because of their isotopic makeup, these 

experiments not only validate the code system but also the uranium, plutonium and Am-241 

isotopic cross sections with respect to criticality calculations. 

The cross.section for isotopes not in the U02 or MOX criticals must be validated. This can be 

done by use of reactivity worth experiments. Sets of experiments must be performed on each 

isotope that cover the range of spectra expected in the transportation cask. As performed for the 

isotopic validation, a multiplicative bias would be computed using the ratio of the measured to 

calculated reactivity worth for each isotope. The same statistical procedure as used for the 

isotopic correction factors can be used for the worth experiments, except that trends would be 

sought as appropriate for reactivity worths. A worth correction factor would be determined for 

each isotope, denoted as gbuc. Since all the additional isotopes would be absorbers, the gbuc is 

used to reduce the isotope’s concentration. The final atom density used in the criticality 
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calculations for each of the additional isotopes will be 

Corrected Atom Density =Auc * gbuc * Calculated Atom Density 

In order to get reasonable statistics on the worth correction factors, several experiments must be 

performed. Nevertheless, the described methodology would allow for any number of additional 

isotopes to be included, as desired. 

IV. ANALYSIS AND MODELING PARAMETERS 

The new method’s modeling requirements are as presented in Chapter 4 of the actinide-only 

topical report, except for the specific power value for isotopic calculations. Inclusion of Sm-149 

causes the trend against specific power to reverse (i.e., the lower the specific power the more 

reactive the fuel). Thus if Sm- 149 is included as one of the additional isotopes, a low specific 

power must be selected. Another change is in the ha bias curves. After all the isotopes to be 

included are determined, kea bias curves must be generated. Nevertheless, even though there is a 

more pronounced end effect with additional isotopes, the 18 node analysis presented in the 

topical report remains valid. 

V. LOADING CRITERIA 

The new method would not require any changes to this section. Package loading criteria (Le., 

burnup credit loading curves) can be generated as prescribed in the actinide-only topical report. 
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VI. PHYSICAL IMPLEMENTATION AND CONTROLS 

The new method would not require any changes to this section. The verification of assembly 

average burnup is still recommended. 

VII. SUMMARY 

The methodology used in the Actinide-Only Topical Report under NRC review can be extended 

to add 'any number of additional isotopes. For each additional isotope chemical assay data and 

worth experiments can be used to extend the validation. 
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