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Wilks first-order 95/95 formula (a commonly used approach
in the nuclear industry for BEPU methods) can be effective
at quantifying uncertainty of results with as few as 59 code
runs, the limiting values will tend to substantially over predict
the 95th percentile, and may lead to overly-conservative
results being generated.

Table I. Summary of Results – Wilks’ Parametric Tests

# of
Trials

Case
Name

Theoretical
Value

α/β estimate
[percentile]

%
error
(Wilks)

59 (95/95)
p=1 1.645 2.313

[99.97th] +40.6

90 (95/99)
p=1 1.645 2.471

[99.32th] +50.2

299 (99/95)
p=1 2.326 2.874

[99.80th] +23.6

459 (99/99)
p=1 2.326 3.011

[99.87th] +29.4

93 (95/95)
p=2 1.645 2.115

[98.27th] +28.6

124 (95/95)
p=3 1.645 2.034

[97.90th] +23.6

153 (95/95)
p=4 1.645 1.989

[97.67th] +20.9

181 (95/95)
p=5 1.645 1.954

[97.46th] +18.8

473 (99/95)
p=2 2.326 2.716

[99.67th] +16.8

628 (99/95)
p=3 2.326 2.643

[99.59th] +13.6

773 (99/95)
p=4 2.326 2.605

[99.54th] +12.0

913 (99/95)
p=5 2.326 2.576

[99.50th] +10.7

The evaluation discussed here and summarized in
Table I has demonstrated that Wilks’ formula is a robust
approach that is comparable to analytical methods for similar
levels of probability/confidence. This work has also shown
that both methods are conservative at predicting upper
percentile values, and the conservatism is reduced with
increased number of samples. The number of code runs is
heavily dependent on the statistical probability requested of
the output, while increased probability is shown to have only
a moderate impact on reducing the relative error and variance
of the results, especially at higher orders.

The order of Wilks’ equation used to generate sample
numbers is demonstrated to have the most impact on
repeatability and accuracy of the results. A trade-off is made
to set the order at a respectable level where diminishing
returns are expected for higher orders. It is therefore
recommended that the SASQUATCH code adopt the 4th

order approach (95/95, p=4), which requires 153 samples
(code runs) to meet the 95/95 probability/confidence
threshold. This approach is recommended to optimize the
number of code runs with a relatively accurate, generally
conservative, and repeatable set of output. While the 95/95

parametric method used in SINDA-SAMPLE demonstrated
an approximately +/-3% error in the computed output at
1,200 runs, the 95/95, p=4 Wilk’s approach demonstrates a
+21% error in the computed output. This is because, on
average, the 4th order 95/95 approach will in fact estimate the
97.7th percentile. This is considered an acceptable increase
in conservatism in exchange for the marked reduction in
number of samples required.

It is therefore recommended that the 153 code runs be
applied for future safety basis analyses using SASQUATCH
to generate safety margin data at the 95th percentile with 95%
confidence.

ENDNOTES

a This is only approximate as the true way to perform the test
would be to directly develop a distribution for s. The
approach here was to develop a distribution for s2 and
estimate what this means for s. This assumption is not
expected to impact the conclusions of this study.
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