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Introduction & Background

• Collaboration with Thor Energy for development of Th-MOX LWR fuel

• Irradiation programme underway at Halden research reactor - April 2018

• Uncertainty & sensitivity analyses crucial next step for safety case
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• ‘Qualify thorium fuel for use in 
existing and future LWRs’

• Norwegian thorium resources 
are ~87,000T

• Can be used in reactors 
operating today – PWRs/BWRs

• High Pu incineration efficiency

[1]

[2]

[3]



Motivation & Scope
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• Objectives:

Ø Perform uncertainty & sensitivity analysis on Th-MOX fuel in an 
ABWR fuel assembly, using both Serpent & WIMS, for comparison 
with UOX & MOX assemblies 

• Motivation:

Ø Uncertainties in U-233 & Th-232 NDLs are higher than U-235/8 –
how does this translate to uncertainties in operating parameters?

Ø Sensitivity analysis will identify the key data to refine further to 
lower this uncertainty



Methodology

• PART 1: Build benchmark models in WIMS & Serpent and verify
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• PART 1: Build benchmark models in WIMS & Serpent and verify

• PART 2: Uncertainty analysis on k"##

§ Run WIMS with multiple perturbed data libraries - TMC

§ Analysis to find mean and 𝜎
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• PART 1: Build benchmark models in WIMS & Serpent and verify

• PART 2: Uncertainty analysis on k"##

§ Run WIMS with multiple perturbed data libraries - TMC

§ Analysis to find mean and 𝜎

• PART 3: Sensitivity analysis on k"##

§ Perturb individual XS to find greatest contributors to uncertainty

• PART 4: Uncertainty calculation from sensitivity data

• Utilise ‘sandwich rule’ to find uncertainties from Serpent

• Compare with WIMS

Methodology
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Methodology - Total Monte Carlo 

• Total Monte Carlo method used to generate 60 perturbed WIMS 
libraries

• JEF3.2 library with all XS perturbed randomly within error tolerances
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Fuel Assembly Benchmarking
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Serpent – simplified ABWR model to match WIMS



Results - Benchmarking

Results for k"## at BOL for different assembly models
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Results - Benchmarking

Benchmarking results for DC and VC at BOL for different assembly models

7th International Serpent User Group Meeting - Gainesville, Florida - Nov 6th-9th 2017



Results - Uncertainty Analysis
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Uncertainty results for k"## and DC using 60 perturbed WIMS libraries



Results - Uncertainty Analysis

Uncertainty results for DC and VC using 60 perturbed data libraries
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• Performed using new Serpent 2.1.29 capabilities

• Investigates the effects of perturbations to specific nuclear data on k"##

• All XS perturbed for individual nuclides in fuel

Results - Sensitivity Analysis
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• Th-232 largest sensitivity is 
capture (expected)

• Largest sensitivity for Th-MOX 
overall = Pu-239(n,fission)

Results - Sensitivity Analysis
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Sensitivity data generated by Serpent

• Five greatest contributing 
nuclides for Th-MOX fuel:

1. Pu(n,fission)123

2. Pu(n,γ)123

3. Th(n,γ)121

4. Pu(n,fission)1:;

5. Pu(n,γ)1:1



Sandwich Rule Application
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• S?/A	calculated by 
Serpent

• Covariance matrix taken 
from JANIS database

• Allows us to compute a 
new nuclide XS-specific 
uncertainty  

Pu-239 (n,fiss) energy-dependent sensitivity from Serpent and uncertainty from NDLs

[4]



Comparison WIMS vs. Serpent
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Uncertainty results and specific nuclide breakdown for Serpent data



Summary & Future Work

• Uncertainty and sensitivity analyses completed for Th-MOX fuel in 
ABWRs

• Uncertainty is found to be ~3X larger for Th-MOX than for UOX or MOX 
– must be reduced before commercial use could be considered

• Sensitivity analysis performed with new Serpent 2.1.29 tools is found to 
match well with results from WIMS

• Most important XS to refine to reduce overall uncertainty in Th-MOX 
fuel is Th(n,γ)121
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Thank you for your attention!

Thanks also to Thor Energy for industrial support throughout the project, 
and Iberdrola/ScottishPower for funding through their scholarship for 

Sustainable Energy Technologies
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