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Experiments examined

* WPNCS/UACSA Phase IV benchmark
— LCT-007 and LCT-039
— LCT-007: variable square pitch arrays in light water
— LCT-039: fixed square pitch arrays of different patterns in light water
— Both used the same fuel with 4.74 wt% 235U, performed at Valduc

 LCT-042
— Three arrays of rods in light water
— Different poison panels adjacent to central array
— All used the same fuel with 2.35 wt% 23°U, performed at PNL
— Fuel arrays identical in all seven cases
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Fuel rod placement uncertainty effects

« Correlation is essentially a measure of shared uncertainty

cov(x, y)

0,0,

Recall: p =

e Total system uncertainty can depend very strongly on fuel rod
position, as it controls moderation

* Fuel rod arrays in experiments present a problem:
— Is pitch uncertain, or is the location of each rod uncertain?
— Are rods in the same location in each experiment?

* These are the central questions in the WPNCS/UACSA benchmark
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WPNCS/UACSA results
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Pitch sampled: all pitches are the same and All fuel rod positions are sampled
are the same for all cases independently and differently in each case
Coefficients range from 0.96 to 0.98 Coefficients range from ~0 to ~0.23

(For cases with the same pitch)

Fuel rod position modeling makes a difference!
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LCT-042 results
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42-3 0.52 0.32
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42-6 42-6 0.63 0.37 0.61 0.31 0.67
42-7 427 043 | 019 048 026 049 046
Pitch sampled: all pitches are the same and All fuel rod positions are sampled
are the same for all cases independently and differently in each case
Coefficients range from 0.96-0.99 Coefficients range from 0.19-0.67

Fuel rod position modeling makes a difference,
but it is not the same in both cases
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Monte Carlo uncertainty effects

 Stochastic uncertainty in each realization k¢ calculation contributes
unique uncertainty to each case

* Higher uncertainties drive correlation coefficients lower
 How large Is the effect, and how low must the uncertainty go?
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WPNCS/UACSA results
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Stochastic uncertainty on the order of 0.06% Ak Stochastic uncertainty on the order of 0.01% Ak

Coefficients between ~0 and 0.23 Coefficients between 0.18 and 0.71

Stochastic uncertainty makes a difference!
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LCT-042 results

 There are fewer cases in LCT-042, _
so more different stochastic - '*
uncertainties were examined
« Stochastic uncertainty effect was
examined with the uniform pitch
assumption
* There was a small change between
0.02% Ak and 0.01% Ak
 There was effectively no change e ..« v S
between 0.01% Ak and 0.005% Ak S S S S s S s s S s
—3- 3-5 3-6 3-7 5 —4-6 7 —56 —57 —6-7

Stochastic uncertainty makes a difference, but it
appears to saturate at low uncertainties
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Conclusions

e Critical experiment correlations can be determined in SCALE 6.2
using the Sampler sequence; results are consistent with expectations
and explicable with known inputs

* Treatment of fuel rod pitch is extremely important
 Stochastic uncertainty of individual realizations must be fairly low
« 100-300 realizations generally sufficient for convergence

 Plots can be generated to check convergence; see paper for
examples
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Questions?
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