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One of the most significant remaining challenges associated with expanded implementation of 
burnup credit in the United States is the validation of depletion and criticality calculations used in the 
safety evaluation—in particular, the availability and use of applicable measured data to support 
validation, especially for fission products. Applicants and regulatory reviewers have been constrained 
by both a scarcity of data and a lack of clear technical basis or approach for use of the data. The U.S. 
Nuclear Regulatory Commission (NRC) staff have noted that the rationale for restricting their Interim 
Staff Guidance on burnup credit (ISG-8) to actinide-only is based largely on the lack of clear, 
definitive experiments that can be used to estimate the bias and uncertainty for computational 
analyses associated with using burnup credit. To address the issue of validation, the NRC initiated a 
project with the Oak Ridge National Laboratory to (1) develop and establish a technically sound 
validation approach (both depletion and criticality) for criticality safety evaluations for commercial 
spent nuclear fuel (SNF) based on best-available data and methods and (2) apply the approach for 
representative SNF storage and transport configurations/conditions to demonstrate its usage and 
applicability, as well as to provide reference bias results. The purpose of this paper and the oral 
presentation is to describe the isotopic composition (depletion) validation approach, detail the 
progress toward the project goals, and outline the resulting observations and recommendations. 
Validation of the criticality (keff) calculations is addressed in a companion paper at this conference. 
For isotopic composition validation, the approach is to determine burnup-dependent bias and bias 
uncertainty in the effective multiplication factor (keff) resulting from bias and bias uncertainty in 
isotopic predictions via comparisons of isotopic composition predictions (calculated) and measured 
isotopic compositions from destructive radiochemical assay, utilizing as much assay data as are 
available and a best-estimate Monte Carlo–based method. Biases and bias uncertainties associated 
with calculated concentrations of 12 actinides and 16 fission product nuclides were based on 
comparisons of calculated to measured nuclide concentrations from 100 irradiated fuel samples. The 
Monte Carlo uncertainty sampling method was used to propagate the uncertainty in calculated nuclide 
compositions to the keff values of the safety analysis models. Sensitivities of bias and bias uncertainty 
in keff to a series of parameters important to criticality analysis—for example, spent fuel pool rack 
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design, fuel assembly type, burnup, cooling time, and axial burnup representation in the safety 
analysis model—were also evaluated and quantified. The full paper will (1) provide a detailed 
description of the approach and its technical bases, (2) describe the application of the approach for 
representative pressurized water reactor and boiling water reactor safety analysis models to 
demonstrate its usage and applicability, (3) provide reference bias results based on the SCALE 6 code 
package and ENDF/B-VII nuclear cross-section data, and (4) present recommendations for 
application of the results and methods to other code and data packages. 
 

 
 


