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Overview

• Various methods and sensitivity/uncertainty tools have been 
developed over the years to assist in determining upper 
subcritical limits (USLs)

• Task – compare calculated USLs from various methods on a 
small set of benchmark problems.

• Benchmark experiments selected (applications):
– HEU-MET-FAST-013-001
– HEU-SOL-THERM-001-008
– PU-MET-FAST-022-001 
– PU-SOL-THERM-001-001

Presenter
Presentation Notes
Task is an NCSP funded task among 3 national laboratories – Los Alamos National Laboratory (LANL), Institute for Radiological Protection and Nuclear Safety (IRSN), and ORNL.
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ORNL Results
• Tools for Sensitivity Uncertainty Analysis Methodology 

Implementation (TSUNAMI) from SCALE 6.2.3 code suite

• Calculational models/sensitivity data files (SDFs) are from VALID

• TSUNAMI-IP used to compare SDFs between selected 
benchmarks and available benchmark experiments to 
calculate correlation coefficient ck

• TSUNAMI-IP also used to generate inputs for the Upper 
Subcritical Limit Statistical Software (USLSTATS) trending analysis

• ENDF/B-VII.1 cross sections, 252 group covariance library

Presenter
Presentation Notes
Out of the benchmark experiments contained in VALID, 428 were used for comparison (those not used for comparison were the U-233 experiments).

All transport calculations were performed with ENDF/B-VII.I cross sections and sensitivities were generated in a 252-group structure.

The SCALE 252-group covariance library, based largely on ENDF/B-VII.I, was used for covariance data.
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ORNL Results (continued)

• USLSTATS – used ck as a trending parameter to determine bias 
and bias uncertainty (no additional margins of safety)
– Evaluated with ck thresholds of 0.8, 0.9, and 0.95 
– USL = 1.0 + bias – bias uncertainty
– No credit for positive biases
– No additional safety margins

• TSUNAMI-IP run with and without option for correction/patches 
to the covariance data (when cross-section-covariance data 
are too large or not available in the covariance library)
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ORNL Results (continued)

• Following slides will go through each case 
– Each experimental and calculated value
– Number of applicable experiments and the USL determined for each ck 

threshold (0.8, 0.9, 0.95) 
– Figure (USLSTATS plot) of the biased keff’s

• Illustrates effect of changing the pool of applicable experiments

Presenter
Presentation Notes
Figure is combined figure of the biased keff’s from each ck threshold USLSTATS plot

Doesn’t include the [k(x) – w(x)] or USL(1) or USL (2) lines
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ORNL Results – PU-SOL-THERM-001-001

• Description – critical assembly consisting of sphere of plutonium 
nitrate solution (73 g/L Pu with acid molarity of 0.2M nitrate)
– Experimental: 1.0000 + 0.0050
– SCALE 6.2.3 : 1.0039 + 0.0001

Minimum 
ck

Number of 
Experiments Bias Bias 

Uncertainty USL

0.8 100 0.0025 0.0105 0.9895
0.9 85 0.0043 0.0108 0.9892

0.95 85 0.0043 0.0108 0.9892

Presenter
Presentation Notes
Remember USL does not include the positive bias so in this table it’s just 1- bias uncertainty for each c(k)

If credited positive bias would be 0.9920 (c(k) of 0.8) or 0.9935 (c(k) of 0.9 or 0.95)

[If just included bias and no bias uncertainty – 1.0025 or 1.0043] - [bias-only-corrected calc value – 1.0014 or 0.9996 –delta k of 0.0014 or 0.0004] 

No difference between dcov and without dcov

No matter what chosen c(k) / resultant USL – calculated value would be considered critical
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ORNL Results – PU-SOL-THERM-001-001(continued)

• Biased 
keff (from 
USLSTATS)

Presenter
Presentation Notes
Large number grouped at c(k) above 0.95

Including more, lesser applicable experiments changes the slope (red line overlaps green line – same points/line)

Remember no credit taken for positive bias – plotted line crosses x=1 at (1+bias), bias uncertainty is not shown on this plot, USL plots include dotted USL(1) line that includes bias uncertainty
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ORNL Results – PU-SOL-THERM-001-001(continued)

• Lots of applicable experiments make for similar trends and very 
similar USLs

• No difference between ck threshold value of 0.9 and 0.95 –
same number of experiments

• Including additional, less applicable experiments (ck threshold 
value of 0.8), changes the slope and the resultant USL 
(negligible in this case)

• Positive bias is well-predicted
– No credit for positive bias
– If credited, resultant USL would be 0.9920 (ck of 0.8) or 0.9935 (ck of 0.9 

or 0.95)
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ORNL Results – HEU-SOL-THERM-001-008

• Description – critical assembly consists of cylinder of highly 
enriched uranyl nitrate solution (146 g/L U with acid molarity of 
0.3M nitrate)
– Experimental: 0.9998 + 0.0038
– SCALE 6.2.3 : 0.9959 + 0.0001

Minimum 
ck

Number of 
Experiments Bias Bias 

Uncertainty USL

0.8 65 -0.0042 0.0095 0.9863

0.9 46 -0.0050 0.0104 0.9846

0.95 43 -0.0042 0.0101 0.9857

Presenter
Presentation Notes
Negative bias – so included in USL

[If just included bias and no bias uncertainty – 0.9958 / 0.9950 / 0.9958]

[bias-only-corrected calc value – 1.0001 / 1.0009 / 1.0001 –delta k of 0.0003 / 0.0011 / 0.0003] 

No difference between dcov and without dcov

No matter what chosen c(k) / resultant USL – calculated value would be considered critical
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ORNL Results – HEU-SOL-THERM-001-008 (continued)

• Biased 
keff (from 
USLSTATS)

Presenter
Presentation Notes
Again, large number grouped at c(k) above 0.95 

USLs are similar because most of the points are in the high cluster

See effect in 0.9 line of including 2 experiments with ck around 0.92
Check to see if these are from HST-014 – if so they are suspect, but TSUNAMI-IP has no way of knowing that

Here when only including the above .95, slope flips (line is increasing trend instead of decreasing trend seen in 0.8 and 0.9
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ORNL Results – HEU-SOL-THERM-001-008 (continued)

• Again we see the cluster of points above the ck threshold value 
of 0.95 

• Again slope changes with different selection of experiments –
trend flips with ck threshold value of 0.95 
– Same bias  as with a ck threshold value of 0.8, but different uncertainty, 

so slightly different USL
– Demonstrates the potential hazard of declaring general ck cutoffs

• Very similar USLs
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ORNL Results – HEU-MET-FAST-013-001

• Description – critical assembly is a steel reflected sphere of 
highly enriched uranium metal
– Experimental: 0.9990 + 0.0015
– SCALE 6.2.3 : 0.9973 + 0.0001

Minimum 
ck

Number of 
Experiments Bias Bias 

Uncertainty USL

0.8 53 -0.0047 0.0090 0.9863
0.9 34 -0.0087 0.0094 0.9819
0.95 9 -0.0032 0.0173 0.9795

Presenter
Presentation Notes
[bias-only-corrected calc value – 1.0020 / 1.0060 / 1.0005 –delta k of 0.003 / 0.007 / 0.0015]
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ORNL Results – HEU-MET-FAST-013-001 (continued)

• Biased 
keff (from 
USLSTATS)

Presenter
Presentation Notes
Values are more spread out, not so many grouped on the high end
Again, slope changes with different ck threshold value 
ck threshold value of 0.95 has different trend – sloped has flipped
Only 9 experiments have a ck greater than 0.95 (USLSTATS requires a minimum of 25 for its normality test)
Bias is smaller but the resultant USL is lower because of its higher bias uncertainty (almost double)
Cluster of ~0.955 points (k~.99) – HMF-086, Godiva IV – are wrong, disclaimer in ICSBEP, when taking apart to move, found discrepancies in dimensions --- point of including/excluding outliers?
Using the option for correction/patches to the covariance data yielded slightly different results
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ORNL Results – HEU-MET-FAST-013-001 (continued)

• Values are more spread out, not so many grouped on the high 
end

• Again, slope changes with different ck threshold value 
– ck threshold value of 0.95 has different trend

• Only 9 experiments have a ck greater than 0.95 (USLSTATS requires a minimum of 25 
for its normality test)

• Bias is smaller but the resultant USL is lower because of its higher bias uncertainty 
(almost double)

• Using the option for correction/patches to the covariance 
data yielded slightly different results

Presenter
Presentation Notes
Only 9 experiments – flagged as ‘unreliable’
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ORNL Results – HEU-MET-FAST-013-001 (continued)

• 6 fewer experiments at ck
threshold values of 0.8 and 0.9
– Vanadium reflector in all 6 

experiments (not in HMF-013-001)
– V-51 scattering reaction is a 

major contributor to the 
uncertainty

– Without the correction/patch, ck
value is 0.94 for all 6 experiments

– With the correction/patch, ck
value is lower than 0.7, with most 
being less than 0.5

Min.
ck

No. 
of 

Exp.
Bias Bias 

Uncert. USL

With correction/patches option
0.8 53 -0.0047 0.0090 0.9863
0.9 34 -0.0087 0.0094 0.9819

Without correction/patches  option
0.8 59 -0.0035 0.0090 0.9875
0.9 40 -0.0078 0.0094 0.9828

Presenter
Presentation Notes
6 fewer experiments with the correction/patch option
6 experiments are HMF-025-001, -002, -003, -004, -005, and HMF-040-001

Correction/patches are applied when the cross-section-covariance data are too large or are not available in the input covariance library

With the correction/patch, this (the V-51 scattering uncertainty contribution) is recognized as not being present in the application, therefore the experiment(s) don’t match the application as well (differing reflection condition that is a major contribution to the total uncertainty) 
(no need to mention but to remember for later – V-51 fast scatter uncertainty is probably more like 3% than the 49% specified as default in input -----maybe try messing with covariance block on this)

Doesn’t result in big difference in USL here – 120 pcm / 90 pcm (less than both bias and bias uncertainty)
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ORNL Results – PU-MET-FAST-022-001 

• Description – critical assembly is a bare plutonium metal sphere 
with a small central cavity
– Experimental: 1.0000 + 0.0023
– SCALE 6.2.3 : 0.9986 + 0.0001

Minimum 
ck

Number of 
Experiments Bias Bias 

Uncertainty USL

0.8 7 0.0010 0.0057 0.9943
0.9 4 0.0006 0.0084 0.9916

0.95 3 0.0006 0.0258 0.9742

Presenter
Presentation Notes
[bias-only-corrected calc value – 0.9976 / 0.9980 / 0.9980 –delta k of 0.0024 / 0.002 / 0.002] 

Still within a couple tenths of a percent
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ORNL Results – PU-MET-FAST-022-001 (continued)

• Biased 
keff (from 
USLSTATS)

Presenter
Presentation Notes
Less than the minimum of 25 for the normality test 
USLSTATS output – ‘satisfied a normal distribution test’ but flagged as ‘unreliable’

No credit for positive bias
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ORNL Results – PU-MET-FAST-022-001 (continued)

• Less than the minimum of 25 for the normality test 
– USLSTATS output – ‘satisfied a normal distribution test’ but flagged as 

‘unreliable’

• No credit for positive bias

• How many applicable experiments are really needed?

Presenter
Presentation Notes
Same message as in c(k) of 0.95 for HMF

Debate/question for another project/task – how many applicable experiments are really needed? Could the answer be application dependent?
Here, if you could take credit for a positive bias, the delta between the calculated value and the experimental values is 0.0024 to 0.002.
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Summary Observations

• Overall, method works well
– Within a few tenths of a percent on a bias-corrected basis in all cases

• Generally, the larger pools (number of experiments) of 
applicable experiments resulted here in smaller bias 
uncertainties
– Larger pools are for lower ck thresholds 
– No similar trend in magnitude of bias

Presenter
Presentation Notes
Calculated value – when bias-corrected –is within a few tenths of a percent of the experimental value

Even in the PMF application with a ‘less than ideal’ number of applicable benchmarks – delta k is 0.0004 to 0.0008 (if could take credit for a positive bias)
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Summary Observations (continued)

• The impact of different ck thresholds depends on the 
system….has potential to be significant
– Important to look at the spread in the data

• None of the ck thresholds used here were low enough to give 
clearly wrong results
– May be that it takes much larger number of bad experiments to cause 

a negative effect
– May also depend on the spread of the calculated keff’s

• Evidenced by switch in slopes
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Future Work

• Compare results with others involved in the NCSP task
– Los Alamos National Laboratory (LANL)
– Institute for Radiological Protection and Nuclear Safety (IRSN)

• Determine 
– What we each do well
– What we each don’t do so well
– Areas we can improve

Presenter
Presentation Notes
(B.J.) would like to look at some additional trending parameters used post ck filtering – not necessarily in scope or out of scope



Questions?

This work was supported by the Nuclear 
Criticality Safety Program, funded and 

managed by the National Nuclear 
Security Administration for the Department 

of Energy.
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