
Application of PCM Model Validation 

on Isotopic Prediction and 

Uncertainty Reduction
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x: common physics parameters

u: control parameters for experiment

v: control parameters for application
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Discrepancies between predicted and 

measured responses, including their 

1st order derivatives, adjust model 

parameters to minimize the 

discrepancies
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Adjusted parameters are 

used to predict biases and 

uncertainties of  application
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▪ Assumptions introduced

▪ Discrepancies difficult 

to explain

▪ Sensitive to minimizer
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Mapping Kernel based on 

Simulation Cloud
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Allows one to compare different experimental 

setups, and sensor types before conducting the 

experiment. 



Application:

How to predict isotopics from different irradiation history,

lattice types, reactor types, sources of uncertainties, etc.



➢ Application: Pu-241 concentrations across burnup

➢ Experiment: U-235, U-238, Pu-239, Pu-241 concentrations at 50 GWD/MTU from PWR

▪ Best-estimate values 

follow measurements 

▪ Prediction uncertainty 

reduced with PCM

▪ ~50% uncertainty 

reduction using validation 

experiments from 

different reactor types

Predict PWR using PWR Predict BWR using PWR



• 0.01% measurement 

uncertainty

•

• 98% average uncertainty 

reduction with all parameters 

perturbed

w/ All Para. Perturbedw/ XS Perturbed

➢ Application: U-238 concentrations across burnup from PWR

➢ Experiment: U-235, U-238, Pu-239, Pu-241 concentrations at 50 GWD/MTU from PWR
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➢ Application: Xe-135 concentrations across burnup

➢ Experiment: 

• Single: Xe-135 concentration at 50 GWD/MTU

• Multiple: U-235, U-238, Pu-239, Pu-241 concentrations at 50 GWD/MTU

▪ PCM can be applied to 

fission product predictions

▪ Single predictor at EOC 

provides >70% uncertainty 

reduction

▪ Uranium and plutonium are 

not good predictors for 

fission products 



▪ PCM method is a information theory-based approach guided by physics 

models in support of model validation

▪ PCM allows for transfer of biases directly from experimental domain to 

application domain, greatly reduces prediction uncertainties

▪ PCM provides a simple stochastic approach as an alternative to data 

assimilation/calibration-based techniques, addressing some of challenges 

using current validation approaches

▪ Future work will extend to MSR dynamic validations with liquid fuel



▪ Numerical models and integral experiments data are provided by Dr. 

Ugur Mertyurek from ORNL 



THANK YOU

Questions?

Please contact

huang714@purdue.edu; abdelkhalik@purdue.edu

mailto:huang714@purdue.edu
mailto:abdelkhalik@purdue.edu


Central Problem in Model Validation



Mapping Uncertainties via Classical DA Techniques



Mapping Uncertainties via PCM



Mapping Uncertainties via Machine Learning

Vapnik’s principle

“when solving a 

problem of interest, 

do not solve a more 

general problem as 

an intermediate 

step”


