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Questionable Benchmarks

• Effort at LANL to identify benchmarks with questionable keff results or 
uncertainties

• Selection of benchmark classes were investigated (ie HMF, PMF, etc)
• Multiple methods used
• Brief review of some benchmarks were done, with subjective comments of 

quality of benchmark and uncertainty analysis
• Results are being written as a journal paper, LANL report is >80 pages so not 

all results can be presented here
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Some caveats

• Not official work of the ICSBEP subgroup or SG-8
• Questionable doesn’t mean “bad”, it means it should be investigated further
• Meant at input for those groups to help triage which benchmarks to look at first
• This wasn’t the most thorough review and should not be seen as a final 

judgement
• Original intent of these benchmarks may have been very different than how 

they are used today – some benchmarks may be very useful, but may not be 
useful in a validation suite

• Any statements should not be viewed as negative towards the benchmark 
authors – standards have changed over time
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List of Methods

• Random Forest/SHAP
• Whisper
• Simulation/Experiment (C/E) keff >1.02 or <0.98
• 50 pcm uncertainty cutoff
• Histograms
• Similarity coefficients 
• Related benchmarks
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Methods: Random Forest and SHAP 

• Random Forest and SHAP are machine learning techniques
• Random Forest models the bias in Δkeff between experimental and simulated 

keff values (ENDF/B-VIII.0, MCNP-6.2) as a function of keff sensitivity. 
• SHAP (SHapley Additive exPlanations) is used to assess the importance of 

each ‘feature’ (Sensitivity values and measurement attributes for each energy 
group)
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Methods: Random Forest and SHAP 

• Some examples of results
• PMF-016 has most of it’s results ~1000 pcm for Δkeff (experiment – simulation) 

but one results is >2000 pcm different. 

Plots from D. Neudecker et al., “Enchancing Nuclear Data Validation Analysis 
by Using Machine Learning,” Nuclear Data Sheets 167:36-60 (2020). 
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Methods: Random Forest and SHAP 

• Some examples of results
• PMF-010 and PST-018 have large spreads in Δkeff
• Could be a nuclear data issue, could be a model/benchmark issue

Plots from D. Neudecker et al., “Enchancing Nuclear Data Validation Analysis 
by Using Machine Learning,” Nuclear Data Sheets 167:36-60 (2020). 
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Methods: Whisper

• Whisper computes a 𝜒𝜒𝑚𝑚𝑚𝑚𝑚𝑚
2 related to the degree to which the linear regression 

can fit the benchmark experimental data within the nuclear data covariances. 
• The benchmark with the largest 𝜒𝜒𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑,𝑖𝑖

2 is removed until a certain threshold 
𝜒𝜒𝑚𝑚𝑚𝑚𝑚𝑚
2 value is reached, removed benchmarks are classified as questionable, 

remaining are accepted. 
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Methods: Simulation/Experiment keff <0.98 or >1.02

• These limits are somewhat arbitrary, but any benchmark with large differences 
between experimental and simulation keff values should be investigated. 

• This relates to +/- 2000 pcm difference between experiment and simulation
• Could be nuclear data issues, could be issues with the benchmark or 

benchmark model
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Methods: Cut-off of 50 pcm keff uncertainty

• All benchmarks with keff uncertainties below 50 pcm were listed as 
questionable

• Very likely uncertainty analysis is lacking for these benchmarks
• These low uncertainties may be justified, but a more thorough review is 

needed to determine that



116/30/2021

Methods: Histograms of Classes

• For each benchmark “class” (ie PST, PMF, HMF…) a histogram of keff
uncertainties for those benchmarks were generated. 

• The benchmarks with the lowest uncertainties for each “class” were identified 
as questionable
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Methods: Similarity Coefficients

• Similarity coefficients (based on sensitivities) for all pairs of benchmarks were 
generated. 

• For those benchmarks which are extremely similar to each other (similarity 
coefficient of >0.99), keff uncertainties were compared. 

• If keff uncertainties differed by >50%, the pair of benchmarks were listed as 
questionable

• Again, this doesn’t mean that one of those benchmarks is “wrong” or “bad”, but 
is a method for triaging benchmarks to investigate further
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Methods: Related Benchmarks

• If a questionable benchmark is found by another method, and it was part of a 
series of experiments undertaken by the same group with the same or very 
similar equipment in the same time period, those other benchmarks are 
included as questionable. 

• Likely the same issues exist in both sets
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Results: Benchmarks with questionable keff values
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Results: Benchmarks with questionable keff values
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Results: Benchmarks with underestimated keff
uncertainties
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Results: Benchmarks with underestimated keff
uncertainties
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Brief review of ‘questionable’ benchmarks

• One hour reviewing each benchmark identified as ‘questionable’
• Looked for obvious problems in description, uncertainty analysis, modeling
• Not a recommendation to the ICSBEP – more in-depth analysis is needed
− Can be a starting point

• Examples on the next two slides of the review that was performed
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Summary

• Investigation and initial review of ‘questionable benchmarks’ was performed at 
LANL

• Used multiple methods including machine learning techniques to identify 
‘questionable benchmarks’ and/or benchmarks with low uncertainties

• Those benchmarks were then reviewed for obvious errors
• Not a recommendation to ICSBEP, but can be used as a starting point for a 

more comprehensive review
• Journal paper being written on this work. 
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Questions?

• Nicholas Thompson, nthompson@lanl.gov
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