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SCALE 6.2 — April 2016
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Nuclear Data from ORNL AMPX Tools

Continuous-Energy
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Resonance
Self-Shielding

Multigroup

Neutron and Gamma
Cross Sections
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Cross Section Data

* New CE cross-section data for neutron interactions, gamma yield, and gamma interactions

« ENDF/B-VII.1 nuclear data
 New MG neutron libraries
« 252-group energy structure
e 56-group energy structure
* |Intermediate resonance parameters

« Extensive test suite
* 411 VALID benchmarks
« 7000 transmission tests
« 5000 infinite medium tests

* New binary format replacing 40+ year-old
AMPX format

AMPX now included with SCALE distribution so

users can create their own libraries!
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Validation with critical benchmarks for many types of systems — VALID suite
* 411 configurations from International Criticality Safety Benchmark Evaluation Project (ICSBEP)

Sequence / Experiment class ICSBEP case numbers Number of $hED (s
Geometry configurations
» Fissile materials
HEU'MET'FAST 15, 16, 17, 18, 19, 20, 21, 25, 30, 38, 40, 65 18 High-enriched uranium (HEU),
HEU-SOL-THERM 1.13.14. 16. 28. 29 30 592 Intermediate-enriched uranium (IEU)
A e Ao Low-enriched uranium (LEU)
|[EU-MET-FAST 2,3,4,56,7,8,9 8 .
) H ) H ) ) ) P| t P
LEU-COMP-THERM 1,2, 8,10, 17, 42, 50, 78, 80 140 el —
CSAS5/  LEU-SOL-THERM 2,3,4 19 (MOX)
KENOV.a  MIX-MET-FAST 5,6 2 X FLI\'Ae' T‘(’“';'E’;)
eta \
MIX-COMP-THERM 1,2,4 21 Fissile solution (SOL)
MIX-SOL-THERM 2 3 Multi-material composition (e.g. fuel
PU-MET-FAST 1,2,5,6,8,10, 18, 22, 23, 24 10 pins — COMP)
PU-SOL-THERM 1,2,3,4,5,6,7, 11,20 81 X N‘;"ttm" spectra
as
CSASE :—IIEIEJU';AIVIIEIETTI-:;AéiT %8, 9,10, 11, 13, 24, 80, 86, 92, 93 227 AT .
- ) ) AK RIDGE
KENO Vi MlX_COMP_THERM 8 28 %National Laboratory




Comparison SCALE 6.1 - 6.2 results for VALID benchmarks
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BONAMI

(unresolved resonance treatment)

WORKER
(prepare multigroup XS for CENTRM)

CENTRM

(compute pointwise flux in resolved
resonance region)

Slow operation

Key
Disk storage (slow) -
In-memory storage (fast) .

Disk I/O slowdowns e

PMC
(generate XS for resolved resonance
region from pointwise flux and XS)

WORKER
(prepare all nuclide cross sections for
use in transport calculation)

NEWT 2D Neutronics Solver
(combine nuclide cross section with
material densities to produce material
cross sections)

Depletion
(outside scope of current task)

SCALE 6.1 Resonance SQIf'ShlEIdlng (somewhat simplified view)

Huge I/O and

Memory use
(10s—100s of GB)
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SCALE 6.2 Resonance Self-Shielding

Efficient operation R

Small memory mmemarysorge o) Q-
footprint

Parallel calculations

XSProc

(unresolved resonance treatment)
(resolved resonance treatment)

Only save
needed
data

NEWT 2D Neutronics Solver

Depletion
(outside scope of current task)
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XSProc features

« XSProc provides capabilities for
— resonance self-shielding of microscopic data,
— macroscopic cross sections for mixtures,

— one-dimension MG transport calculations to calculate eigenvalues and flux-
weighting functions,

— group collapsing of cross sections using flux spectra from the one-
dimensional eigenvalue calculation or user input fixed source spectra, and

— spatial homogenization of cross sections across material zones.

« Supported unit cell types

— repeated lattices without need for Wigner-Seitz approximation
— double-heterogeniety for HTGR, FHR, and FCM analysis
— arbitrary slab, cylindrical, or spherical geometry

* Modern C++ architecture with API
%OAKRIDGE
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TRITON Runtimes for 1470 ORIGEN Reactor Libraries
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MG CE

SCALE 6.2 G| 4.03| 337
Depletion with Continuous-Energy KENO U | 534] 504
U 1.82 1.65

SCALE Driver Input %y | -0.15| -0.15
and CE-TRITON 4 3-D Monte Carlo transport “*py |-10.38|-10.15
> | KENO V.a/KENO-VI (1-group cross sections T, 7 05 5 70

and N group spectrum)
i “*®pu | 3.15| 2.82
 Efficient CE Physics "oy | 0.72] 0.05
247
l-group -group ZS/PU -7.40 -6.91
cross sections mixture fluxe: Np 2.33 | 2.39
**Am | -6.56| -7.35

(CE mode)

, collapsing module (@ JEFF data . | 0671 053
l ST IEL:

v ) Pcs | -2.76| -2.76
grlf?li;tl::i:n Fuel depletion/ “°Nd 2.09 1.98

ORIGEN mixtures) decay “INd | -3.22| -3.15

">Nd | -3.01| -3.09
\ | Modular ORIGEN “*Nd [ 0.18] 0.29
\ "“Nd | -0.03| -0.01

150
Output edits Nd 2.58 2.60

End 2  OPUS (rgfpeat for all requested C/E -1 (%) for Spent Fuel Assay
Mixtures) Data for a PWR Assembly



KENO Improvements

Substantial reduction in memory requirements —
over 99% improvement in many cases

Accuracy improvements through comprehensive
review and testing

Parallel Computations
— Significant speedups with MPI on Linux clusters
Problem-Dependent Doppler broadening for CE

calculations for thermal, resolved, and
unresolved energy ranges

Resonance upscatter treatment
— Significant improvement in elevated temperature CE
Monte Carlo
Source Convergence

— Sourcerer — Hybrid sequence that uses coarse
deterministic solution to accelerate fission source
convergence

— Shannon Entropy diagnostics
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Pin power prediction

1717 PWR lattice pin fission rate
differences at nominal conditions for

TRITON and Polaris
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pin power differences at 40% void
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Eigenvalue prediction for PWR fuel depletion
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Conclusions

« SCALE 6.2 provides many improvements in accuracy and runtime, especially for
reactor physics calculations.

« CE Monte Carlo biases for MOX or burned-fuel calculations have been
minimized with numerous revisions to the CE data and physics implementation in
the codes.

* Monte Carlo innovations enable CE depletion with parallel Monte Carlo and
Integrated problem-dependent Doppler broadening.

* Historical biases in MG LWR calculations have reduced to approximately
100 pcm through many improvements in the nuclear data, group structures, and
resonance self-shielding techniques.

* Runtimes for lattice physics calculations are greatly improved with the availability
of the new Polaris tool as well as numerous enhancements in XSProc and
NEWT as applied in TRITON.

* Custom nuclear data libraries can now be created with the inclusion of AMPX.
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