
LA-UR-19-25296
Approved for public release; distribution is unlimited.

Title: Sharing of Good Industry Practives and/or Lessons Learned in Nuclear
Criticality Safety: Using Sensitivity-Uncertainty Methods to Improve
Traditional Validation

Author(s): Alwin, Jennifer Louise

Intended for: ANS Annual Meeting, 2019-06-09 (Minneapolis, Minnesota, United States)

Issued: 2019-06-10



Disclaimer:
Los Alamos National Laboratory, an affirmative action/equal opportunity employer, is operated by Triad National Security, LLC for the National
Nuclear Security Administration of U.S. Department of Energy under contract 89233218CNA000001.  By approving this article, the publisher
recognizes that the U.S. Government retains nonexclusive, royalty-free license to publish or reproduce the published form of this contribution,
or to allow others to do so, for U.S. Government purposes.  Los Alamos National Laboratory requests that the publisher identify this article as
work performed under the auspices of the U.S. Department of Energy.  Los Alamos National Laboratory strongly supports academic freedom
and a researcher's right to publish; as an institution, however, the Laboratory does not endorse the viewpoint of a publication or guarantee its
technical correctness.



Sharing of Good Industry Practices and/or 
Lessons Learned in Nuclear Criticality Safety
Using Sensitivity-Uncertainty Methods to Improve 
Traditional Validation
Jennifer Alwin



Using Sensitivity-Uncertainty Methods to Improve 
Traditional Validation
• Selection of Benchmarks

• Rejection of Outliers

• Basis for Margin of Subcriticality

• Quantification of Missing Uncertainties
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Selection of Benchmarks
• ANSI/ANS-8.24-2007:
– “Appropriate system or process parameters that 

correlate the experiments to the system(s) or 
process(es) under consideration shall be identified. 
Automated selection systems that consider isotopes, 
their abundances, energy ranges, cross-section 
uncertainties, or other parameters may be used.”

• Neutronic similarity based upon specific energy, 
isotope & reaction

- Correlation of application to benchmarks
– Example: Pu oxide-water mixture

– 3 cylinders 
– Water, steel reflection
– H/D variation
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Case 1: 
Dry Oxide

EALF=
0.606

ANECF=
1.70

Bias 0.00852

Bias Uncertainty 0.00620

Nuclear Data Unc. Margin 0.00092

Software/method margin 0.00500

Benchmark Ck weight

PMF011-001 0.9905 1.0000

PMF021-002 0.9884 0.9462

PMF036-001 0.9855 0.8753

PMF044-005 0.9847 0.8552

…

Case 67: 
60% Water

EALF=
0.009

ANECF=
0.969

Bias 0.00797

Bias Uncertainty 0.01299

Nuclear Data Unc. Margin 0.00173

Software/method margin 0.00500

Benchmark Ck weight

PCM001-002 0.9383 1.0000

PCM002-006 0.8911 0.8455

PCM002-005 0.8850 0.8258

PCM002-007 0.8849 0.8254

…



Rejection of Statistical Outliers
• ANSI/ANS-8.24-2017:
– “Identification of data outliers may be based on established statistical rejection methods; rejection of outliers shall be 

based on the inconsistency of the data with known physical behavior in the experimental data.”
– Iterative diagonal chi-squared method until χ𝒎𝒎𝒎𝒎𝒎𝒎𝟐𝟐 < 1.2
– 10% of Whisper-1.1 library identified as outliers
– Include or exclude identified outliers to determine impact on USL
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Basis for Margin of Subcriticality
• ANSI/ANS-8.24-2017:
– “The margin of subcriticality and its basis shall be documented.”
• ANSI/ANS-8.24-2017:
– “Margin of subcriticality: an allowance beyond the calculational margin to ensure subcriticality.”

– S/U tools help support MOS basis: neutronic similarity, nuclear data uncertainties, validation weaknesses

– Based upon neutronically similar benchmarks
Quantification of Missing Experimental Uncertainties
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