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Introduction

 What is Whisper-1.1?
 Statistical analysis code included with MCNP6.2 to determine baseline USL

Kess = 1 =
Bias = mean of selected (K, — Keyp) Extreme
Y = \alue
v Bias uncertainty, 95% or 99% confidence Theory
Margin of subcriticality (MOS) [code + data uncertainty]
Baseline USL —¥- \ l
l MOS for area of applicability (AOA) GL'LS
USL

1. Benchmark selection: use benchmark and application correlations (c,)
computed using nuclear data sensitivity profiles and covariance data

2. Compute bias and bias uncertainty based on selected benchmarks
using Extreme Value Theory

3. Additional margin for nuclear data uncertainty estimated by GLLS
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Motivation

« At 2017 DOE NCSP TPR in Washington, D.C. at least two presenters
(Leal @ IRSN and Kahler @ LANL) mentioned poor agreement between
simulated 233U ICSBEP benchmarks

« Whisper-1.1 contains 1101 benchmarks, 158 of which contain
significant amounts of 233U
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Motivation
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Background

« 233U nuclear data and benchmarks
 ENDF/B-VII.1 data
« 158 233U benchmarks

 Whisper-1.1 catalogue data
* 1101 benchmarks with simulated and benchmark K ¢
» 44-group nuclear data sensitivity profiles
 BNL-LANL-ORNL (BLO) low-fidelity covariance data

* Generalized linear-least-squares
« Can be used for data adjustment/assimilation
* Whisper-1.1 uses GLLS to estimate MOS .,
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233U Nuclear Data and Benchmarks

- Example of dated/inconsistent 233U nuclear data in ENDF/B-VII.1
Info on PFENS, taken from JENDL-3.3 based on Madland-Nix model
Actual PFNS, data is energy-dependent Watt spectrum, no uncertainties
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Background — 233U Nuclear Data and Benchmarks

« 158 233U benchmarks and sensitivity profiles from 4 different series

« U233-SOL-THERM, U233-SOL-INTER, U233-MET-FAST,
U233-COMP-THERM (not shown below)

Thermal Intermediate Fast
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Background — Whisper-1.1 Catalogue Data

relative uncertainty

« BLO covariance data

 All 233U sensitivity profiles
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Background — GLLS

+ Goal is to minimize discrepancies between simulated and measured K_
while constrained by the nuclear data covariance matrices

x> =Ak'CL Ak+ A C 1As

Ak = Discrepancy between posterior (adjusted) and measured K

C,nm = Covariance matrix of measured
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Background — GLLS

« With the sensitivity profiles defining how each benchmark Keff changes

with respect to the nuclear data,
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Numerical Results

* The final results of the GLLS minimization process, improved
agreement between simulation and measurement

Ak = CpymCg d

Relative k-eigenvalue deviations

0.02 - ° ®  prior
' posterior
[
0.01 - Y ‘e
. o35 & ¥ TR
o 4§ S ¢ ° . .
o 0.00 1 Sy N R, s %o Prior  Posterior
= e H :
EJ.) 1% X Je ¢ o) e ."o\\ . X2 461 206
[}
~0.01 1 o SPLA T RMS | 0.0106  0.0066
® : ° oe
L Y L) ¢
~0.02 - <o P
.. [ J ‘. PY
—0.03 A s

benchmarks




Los Alamos National Laboratory

Numerical Results

 Reduced nuclear data induced uncertainties in benchmarks (the
posterior nuclear data covariance equation is on the following slide),
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Numerical Results

* Nuclear data and uncertainty adjustments,
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Conclusions & Future Work

* Nuclear data is likely the largest source of bias in the 233U benchmarks
* High energy

* Inelastic scattering 1 and elastic scattering |
« Capture |
Intermediate energy

« Fission 1 and capture |

Thermal energy

» Elastic scattering 1 and capture 1

Fission spectrum
« Tilts 1 above ~2 MeV, | below ~2 MeV

Fission nubar

* No change due to small uncertainties

233U Nuclear Data
Needs Work!

* GLLS using integral experiments to constrain the nuclear data can
identify places where nuclear data evaluators should focus their efforts

 Whisper-1.1 contains all the necessary information to do this work
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