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Abstract

The Multi-Isotope Process (MIP) Monitor provides an efficient means to moni-

tor the process conditions in used nuclear fuel reprocessing facilities to support

process verification and validation. The MIP Monitor applies multivariate anal-

ysis to gamma spectroscopy of key stages in the reprocessing stream in order

to detect small changes in the gamma spectrum, which may indicate changes

in process conditions. This research extends the MIP Monitor by characteriz-

ing a used fuel sample after initial dissolution according to the type of reactor

of origin (pressurized or boiling water reactor; PWR and BWR, respectively),

initial enrichment, burn up, and cooling time. Simulated gamma spectra were

used to develop and test three fuel characterization algorithms. The classifi-

cation and estimation models employed are based on the partial least squares

regression (PLS) algorithm. A PLS discriminate analysis model was developed

which perfectly classified reactor type for the three PWR and three BWR re-

actor designs studied. Locally weighted PLS models were fitted on-the-fly to

estimate the remaining fuel characteristics. For the simulated gamma spectra

considered, burn up was predicted with 0.1% root mean squared percent er-

ror (RMSPE) and both cooling time and initial enrichment with approximately

2% RMSPE. This approach to automated fuel characterization can be used to

independently verify operator declarations of used fuel characteristics and to
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