
PWR Fuel Reactivity Depletion Uncertainty Quantification – Methods Validation Tests

PWR Fuel Reactivity Depletion Uncertainty Quantification -
Methods Validation Tests

Using Commercial PWR Measured “Power Distribution” Data

Kord Smith*, Elliot Sykora*, Geoff Gunow*, Hatice Akkurt†

*M.I.T., kord@mit.edu †EPRI,hakkurt@epri.com

1

mailto:kord@mit.edu
mailto:hakkurt@epri.com


Background – The “Kopp Memo”
SFP burnup credit needs the reactivity of depleted fuel at cold rack conditions:

• Reactivity of fresh fuel at rack conditions determined from cold criticals

• NRC’s 1998 “Kopp Memo” allowed applicants to compute the depletion
reactivity change and apply 5% of the decrement as the uncertainty

NRC wants justification and/or quantification of depletion reactivity uncertainty

∆klattice @ 40 GWd/T

5% Uncertainty
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EPRI Project To Quantify Code Depletion Reactivity Bias and Uncertainty 
1) Measure errors in lattice-computed fuel assembly reactivity at hot full power
2) Determine enrichment and burnable absorber trends in hot bias/uncertainty
3) Use regression analysis to determine burnup shape of hot bias/uncertainty
4) Use SCALE sensitivity/uncertainty to determine cold reactivity uncertainty
5) Evaluate “measured” lattice cold reactivity bias/uncertainty

6) Define 11 benchmark lattice’s for applicants to develop lattice code’s and 
SFP tool’s depletion reactivity biases and uncertainties
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Step 1: Determining Reactivity Errors using PWR In-Core Detector Data
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PWR: Monthly Measured 235U Fission Rate Distributions
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Perturbing Sub-batch Lattice Reactivity to Find Best Measurement Fit
1) Compute r.m.s. difference (Calculated-Measured)

2) Perturb lattice reactivity (k-infinity)
3) Re-compute r.m.s. differences
4) Search for perturbed lattice reactivity

that provides best fit to measured data

5) Tabulate sub-batch lattice reactivity bias
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Data Generation
• 4 Duke reactors over 44 cycles of operation
• > 600 flux maps and >8000 sub-batch reactivities
• > 10 million core calculations with CASMO-5 and SIMULATE-3 nodal codes
• No enrichment or burnable poison trends observed

NRC Request: “Can you demonstrate that Step 1 inferred biases/uncertainties are not
influenced by the nodal code and reactivity perturbation techniques?”
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Homogenized Nodal Diffusion vs. Heterogeneous Discrete Transport
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• No Lattice calculation needed
• Lattice-detail model for every pin
• 35-group fine-mesh transport
• Pin depletion of nuclides
• Explicit detector model

• 35-group fine-mesh lattice transport
• Assembly homogenized Data
• 2-Group nodal diffusion theory
• Assembly depletion of nuclides
• Pin-power and detector reconstruction

Shared
Channel

T-H
Model



• Publically available measured reactor data
• Model starts in Cycle 1 (easier for people to get started with analysis)

Analysis Used BEAVRS Two-Cycle PWR Open Benchmark
(Rather than the Duke 44 Cycle Data)
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BEAVRS Full-Core Multi-group Transport Calculations with CASMO-5
CASMO-5 full-core transport in 35 energy groups – about 10 CPU hours per state-point

Reactivity bias/standard deviation using 3D SIMULATE-3 two-group nodal model reduced-
data is the same as with full-core 2D CASMO-5 35-group multigroup transport reduced-data.

• SIMULATE-3 is not the source of any “fortuitous cancellation of error” in the 
inference of sub-batch reactivities

• Little uncertainty comes from nodal method approximations.

Eliminates concerns about approximations
needed for nodal core calculations:
• Assembly lattice reflective boundary conditions
• Assembly-homogenized, two-group nodal data
• Diffusion theory (vs. transport theory)
• Assembly-wise nodal depletion ( vs. pin-wise)
• Macroscopic depletion models (vs. nuclide)
• Detector reaction rate reconstruction
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Nodal and Lattice Code/Library Independence of Results

• WIMS(JEF-2.2)/PANTHER results similar to CASMO/SIMULATE results
• Cross section library and nodal code do not influence results.
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Testing Reactivity Perturbation Techniques

Burnup Fuel Temperature

Reactivity biases using burnup- and fuel-temperature-perturbed data are ~ the same.

Little uncertainty comes from the burnup perturbation technique.
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Remember: we are computing only 18 points out of 8000 in this study 
(full core multi-group transport computer resource limitations)

We have successfully demonstrated that:
• Multi-group transport and nodal method data reduction produce similar biases.
• Burnup and temperature perturbations of k-infinity produce similar biases.
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Current EPRI Project Status: Final 95/95 Uncertainty Refinements

1) Kopp Memo’s 5.0% uncertainty in burnup reactivity change is conservative.
2) Depletion reactivity 95/95 uncertainty is 3.1% at 10 GWd/T and 1.8% at 60 GWd/T.
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EPRI Benchmarks Are Published and Available for Applicants to 
Establish Biases and Uncertainties for Their Specific SFP Analysis Tools

NRC to soon issue an SER regarding applications of EPRI Benchmarks.
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Questions?

This work was sponsored by EPRI and performed 
by Studsvik Scandpower Inc. and MIT
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