
Project Summary of Ph.D. proposal: Calibration of fuel performance codes – treating  model 
inadequacies, nuisance parameters and unrecognized systematic uncertainties 

 
The proposed project addresses challenges in the calibration of fuel performance codes. These codes 
include models that predict thermo-mechanical behavior of the fuel and hence, the performance and 
safety functions of the fuel for regular reactor operation, anticipated operational occurrences, 
accidents, and back-end applications. For example, these codes determine the thermal limits for core 
design; the integrity of fuel rods in dry storage; the cladding embrittlement and oxidation during LOCA; 
and the consequences of an RIA. Consequently, these codes are indispensable for the safe and 
economic operation of nuclear reactors.  

There are several challenges with acquiring calibrated predictive models with well-founded 
uncertainty estimates. The challenges include handling interlinked phenomenological models; integral, 
biased and sparse calibration-data; various types of input uncertainties; computationally costly 
executions; and inadequate models. Hence, uncertainty quantification (UQ) is challenging and is not 
applied regularly in the industry, and in many cases, the calibration and the UQ are based on highly 
idealized assumptions. The goal of the project is, therefore, to improve techniques for calibration and 
UQ in the context of fuel rod performance simulations.  

The project will be executed as a Ph.D. project in collaboration between the nuclear reaction group 
(UU), the fission diagnostics group (UU), and Westinghouse. The proposed supervisors represent a 
broad spectrum of competencies with different levels of seniority, maximizing the knowledge building 
capability of the project. The primary focus of the proposed doctoral work is to evaluate the efficacy 
of the state-of-the-art in UQ and calibration with respect to the fuel rod thermo-mechanical model. It 
is anticipated that this is conducted via a staged approach encompassing increasing complexity in both 
applied calibration methods and physical models.  The project will use codes such as TRANSURANUS  
or FINIX;  publicly available data such as the NEA IFPE database and potentially commercial data from 
Westinghouse; and computer clusters at both UU and Westinghouse.  

There is a rapid development in the area of machine learning that provides a wide variety of methods 
from which the project can benefit. The goal is to go beyond traditionally least square techniques, and 
test and implement algorithms such as expectation-maximization, Approximate Bayesian 
Computation, and  Markov Chain Monte Carlo for model calibration;  Gaussian processes to address 
model inadequacy; and Marginal Likelihood Optimization for treatment of unrecognized systematic 
uncertainties and marginalization of nuisance parameter uncertainties.  

To summarize, this project aims to ensure safety via reliable quantification of margins at the same time 
as it enables efficient use of fuel and as such brings benefit to all partners of SKC.  In addition, the trend 
of increased use of machine learning methods within the nuclear industry makes it vital that leading 
competences can be secured within the partners of SKC. The mix of expertise within the project 
enables long-term matching between the industry and regulatory needs and the University’s research 
frontiers.  

 


