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Introduction

. Eigenvalue sensitivity coefficients Ok / .
describe the change in the eigenvalue _
of a system that occurs due to k,Zx — 02,
uncertainty or perturbations in /Zx

system parameters.

« The SCALE code contains a suite of uncertainty analysis tools
Including the TSUNAMI-3D code, which calculates eigenvalue
sensitivity coefficients for 3D, multigroup Monte Carlo problems.

« The SCALE TSUNAMI methodology has recently been extended
to enable eigenvalue sensitivity coefficients calculations using
continuous-energy (CE) Monte Carlo methods.

 This both improves the fidelity of sensitivity coefficient
calculations and expands the range of applications for sensitivity
and uncertainty analyses.
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Scope of this Study

« This study examines two International Criticality Safety Benchmark Evaluation
Project (ICSBEP) critical benchmarks that produced poor multigroup (MG)
eigenvalue and eigenvalue sensitivity results.

* These systems were modeled using the SCALE CE KENO and CE TSUNAMI tools
to quantify the improvements in accuracy offered by the CE methods.

KENO-3D Model of KENO-3D Model of
HEU-MET-FAST-025-005 LEU-COMP-THERM-010-014

« Sensitivity coefficients were also calculated for these test problems using the
multigroup TSUNAMI-3D code, and the sensitivity methods were compared in
terms of accuracy, efficiency, and memory requirements.

 Direct perturbation calculations were used to obtain reference sensitivity coefficients
for the most important nuclides in each test problem.
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Iterated Fission Probability Method

* The Iterated Fission Probability [ Raymptatic
(IFP) method calculates adjoint- e g
weighted tallies using the notion
that the importance of an event :
IS proportional to the population = : - e |
of neutrons present in the
system during some future
generation that are descendants

of the original event. lllustration of the IFP process. Image
courtesy of Brian Kiedrowski.

* In practice, the IFP method requires storing reaction rate tallies for
some number of generations until the importance of these tallies is
determined.

« Although the memory requirements for storing these reaction rate
tallies can be large, the IFP method allows for accurate sensitivity
coefficient calculations with a reasonable increase in problem runtime.
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CLUTCH Method

« The  Contributon-Linked  eigenvalue  sensitivity/Uncertainty
estimation via Tracklength importance Characterization (CLUTCH)
method calculates the importance of events during a particle’s
lifetime by examining how many fission neutrons are created by that
particle after the those events occur.

« The importance of an event given by:

A

b =5 f Gz, — PF"(r) dr

1%
where...

G(7, —r) = The number of fission neutrons created at r
by a neutron originating in phase space ..

F*(r) = The average importance of a fission neutron
bornatr.
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HEU-MET-FAST-025-005 Results

Sensitivity per Unit Lethargy
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1.0132 + 0.0001 | 1.0040 + 0.0001

09991 +0.0016 11 4196 i) | (0.49% diff)
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HEU-MET-FAST-025-005 Results

« Moving to CE calculations significantly improved the predicted eigenvalue.

« Significant differences were observed in the sensitivity coefficients at energies
corresponding to those of large capture resonances.

» The CE total nuclide sensitivity coefficients were not significantly more
accurate than the MG total nuclide sensitivity coefficients.

HEU-MET-FAST-025-005
Total Nuclide Sensitivity Coefficient Comparison
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LEU-COMP-THERM-010-014 Results

U-238 Total Nuclide Sensitivity

Fe-56 (n,y) Sensitivity

R ——

1.0000 + 0.0028

1.0014 = 0.0001
(0.14% diff.)

1.0021 + 0.0001
(0.21% diff.)
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LEU-COMP-THERM-010-014 Results

* Moving to CE calculations did not significantly affect the predicted eigenvalue.

« Significant differences were again observed in the sensitivity coefficients at
energies corresponding to those of large capture resonances.

« The CE total nuclide sensitivity coefficients were significantly more accurate
than the MG total nuclide sensitivity coefficients.

LEU-COMP-THERM-010-014

Total Nuclide Sensitivity Coefficient Comparison
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B MG TSUNAMI

CE TSUNAMI Performance Metrics = IFP

m CLUTCH
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Memory Increase Compared to Eigenvalue-only Calculation ¢ The CLUTCH method is
consistently more efficient

] MG
than the IFP method.
Experiment TSUNAMI IFP CLUTCH an the n.1e o .
* CE TSUNAMI is sometimes
HEU-MET-FAST- 5007 MB | 1.675 MB 0.16 MB more efficient than MG
025-005 ’ ’ TSUNAMLI.

LEU-COMP- ¢ CLUTCH produces a minimal

THERM-010-014 15,131 MB | 19,509 MB |- 0.29 MB memory footprint.
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Conclusions and Future Work

* Moving to CE physics significantly improved the HEU-MET-FAST-025-005 eigenvalue
estimates and the LEU-COMP-THERM-010-014 eigenvalue sensitivity coefficient
estimates.

« Significant differences were observed in both systems for sensitivity coefficients near
energies corresponding to those of large capture resonances. These differences did not
always translate into significant differences in the energy-integrated total nuclide
sensitivity coefficients.

« The CLUTCH method was found to be consistently more efficient than the IFP
method, offering as much as an order of magnitude gain in efficiency.

» CE TSUNAMI produced higher FoMs than the MG TSUNAMI for several sensitivity
coefficients, which was surprising because CE TSUNAMI calculations use continuous-
energy physics.

« CE TSUNAMI is available in the SCALE 6.2 BetaZ.

 Future work includes:
» Implementing a deterministic approach to pre-calculate the F*(r) mesh.
» Adding a capability to calculate angular scattering sensitivity coefficients.
» Developing the CE TSUNAMI generalized response sensitivity capability.
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Sensitivity per Unit Lethargy
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Sensitivity per Unit Lethargy
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GPT Flattop Foil Sensitivity Coefficients

F28/F25 Foil Sensitivities

F37/F25 Foil Sensitivities
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