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What is Multigroup Resonance Self-Shielding Effect? 
 Boltzmann neutron transport equation

• Continuous energy  

• Multigroup

• Multigroup resonance self-shielding effect
 Somewhat different from physical resonance, but mostly from it. 
 Composition
 Geometry
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Representative Resonance Self-Shielding Methods 
 Bondarenko approach

• Procedure
 Prepare resonance cross section tables

• 𝝈𝝈𝒙𝒙,𝒈𝒈 vs. background cross sections (XS)
• High order calculation for flux weighting

o Narrow resonance approximation
o Homogeneous slowing down calculation
o Heterogeneous slowing down calculation
o Continuous energy Monte Carlo calculation

• Estimate background XS 
o Dancoff factor, fixed source calculation …

• Read/interpolate self-shielded XS tables 
 Calculate resonance interference effect

• Bondarenko iteration, Resonance interference table
• Application
 Methods

• Embedding Self-Shielding method: Polaris, MPACT
• Subgroup method: MPACT, HELIOS, DeCART
• Dancoff method: SCALE-BONAMI, CASMO

 Drawbacks
• Fast but less accurate
• Fine energy groups
• Reactor specific XS libraries

 PW Slowing down calculation
• Procedure
 Divide whole domain into constituent cells 
 Global Dancoff factor

• MCDancoff in SCALE
 Adjust cell pitch for each cell

• Global Dancoff factors
 Perform pointwise slowing down calculations 

• Heterogeneous cells
 Obtain self-shielded MG XSs  & scatt. matrices

• Flux weighting
• Application 
 SCALE-XSProc, MC2-3
 Drawbacks

• Accurate but very time consuming
• Poor global effect

 Hybrid method
• Bondarenko + Slowing down methods
 SCALE-BONAMI+CENTRM
 MPACT ESSM-X
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SCALE Cross Section Processing Procedure

 

• XS processing for transport 
calculations and 
resonance data
– Responsible for accuracy of 

SCALE MG transport 
calculations

– XSPROC: XSDRN, NEWT, KENO, 
Shift

– ESSM: Polaris
– ROUX (Irffactor): resonance 

data generation vs. ESSM

• Collaboration
– AMPX and nuclear data 

team: Improve AMPX MG 
library

– Polaris team: Improve self-
shielding method (ESSM)
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SCALE MG Cross Section Processing Procedure
 Standard procedure

• BONAMI based self-shielding calculation
 Bondarenko approach using Dancoff factor
 For all nuclides, all reactions and all energy groups

• CENTRM
 UMR (20 keV) + PW + LMR (0.001 eV)
 Scattering kernels: internal and outside
 Infinite medium, 1-D slab, cylinder and spherical, 2D MOC
 Double heterogeneity treatment
 Multiple cells based on Dancoff factors (McDancoff)
 Compatible to MC except for spatial discretization and UMR 

• PMC
 Explicit group collapsing for MG cross sections 
 Implicit group collapsing for scattering matrices

• Follow-up transport calculations
 XSDRN: 0D and 1D
 MG-KENO: 0D, 1D, 2D and 3D
 NEWT: 2D
 Applications

• AMPX MG library dependent
• 1597-group library for any advanced reactor analysis
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MG Cross Section Capability for Advanced Reactors
 Benchmark suite for verification for library processing procedure

• Various advanced reactors: MADRE benchmark suite
 Light water reactor (LWR) benchmarks

• Pressurized water reactor (PWR)
• Boiling water reactor (BWR)

 Fast reactor benchmarks
• Advanced burner test reactor (ABTR)
• EBR-II fast reactor
• OECD-NEA MET-1000 benchmarks
• OECD-NEA MOX-3600 benchmarks

 Molten salt reactor benchmarks
• Thermal spectrum molten salt reactor
• Fast spectrum molten salt reactor

 High temperature gas-cooled reactor benchmarks
• Prismatic HTGR
• Pebble-bed HTGR

• AMPX MG libraries
 ENDF/B-VII.1 and VIII.0 AMPX 252-, 302- and 1597-group libraries

• AMPX 1597-group library: General purpose, multi-spectra
• AMPX 252-group library: Thermal systems
• AMPX 302-group library: Fast systems

 Standard SCALE procedure using XSProc based on BONAMI and CENTRM
 Reference solution: CE-KENO
 Verification: eigenvalue comparison & reaction rate analysis
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Neutronic Characteristic  
 Comparison of neutron spectra

• Significantly reactor specific
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XSProc Improvement for Advanced Reactor Analysis 
 Benchmark suite for verification for library processing procedure

• Unresolved resonance self-shielding
 Analytic probability table method with narrow resonance

• Pointwise neutron flux normalization
 Improve an interpolation scheme for thermal scattering data

• Increase thermal cutoff energy for HTGR
 5 eV  10 eV 

• Explicit on-the-fly thermal scattering matrices
 Adjust the AMPX MG scattering matrices

• Dancoff adjustment for leakage in Double-het
 CPM based Dancoff capability

• Explicit treatment of nonuniform temperature
 Keep nuclidewise temperature with homogenization

• New ultra-fine energy group structure
 1597-group structure
 302-group structure
 258-group structure for S-wave approximation
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PWR Benchmarks
 Benchmark problems

• Single pins and assemblies
 Mostly covered by other benchmarks

 Benchmark results
• SCALE-MG vs. CE-KENO
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BWR Benchmarks
 Benchmark problems

• Single pins and assemblies
 Benchmark results

• SCALE-MG vs. CE-KENO
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ABTR Benchmarks
 Benchmark problems

• Single pins and assemblies

 Benchmark results
• SCALE-MG vs. CE-KENO
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EBR-II Reactor Benchmarks
 Benchmark problems

• Single pins and assemblies

 Benchmark results
• SCALE-MG vs. CE-KENO
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OECD-NEA MET-1000 Benchmarks
 Benchmark problems

• Single pins and assemblies
 Benchmark results

• SCALE-MG vs. CE-KENO
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OECD-NEA MOX-3600 Benchmarks
 Benchmark problems & Results

• Single pins and assemblies
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Thermal Molten Salt Reactor Benchmarks
 Benchmark problems

• Single pins and assemblies

 Benchmark results
• SCALE-MG vs. CE-KENO
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Fast Molten Salt Reactor Benchmarks
 Benchmark problems

• Single pins and assemblies
 Benchmark results

• SCALE-MG vs. CE-KENO
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HTGR Benchmarks
 Pebble Bed HTGR

• SCALE-MG vs. CE-KENO
 Prismatic HTGR 

• SCALE-MG vs. CE-KENO
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Summary of AMPX and XSProc Capability

Reactor type Spectrum
AMPX library applicability

1597-group 252-group 302-group

Pressurized Water Reactor (PWR) Thermal yes yes no
Boiling Water Reactor (BWR) Thermal - Fast yes yes/no[a] no

Advanced Burner Test Reactor (ABTR) Fast yes no yes

EBR-II Fast yes no yes
OECD-NEA MET-1000 Fast yes no yes
OECD-NEA MOX-3600 Fast yes no yes
Thermal Molten Salt Reactor Thermal yes yes no
Fast Molten Salt Reactor Fast yes no yes[b]

Pebble Bed Gas-Cooled Reactor Thermal yes yes no
Prismatic Gas-Cooled Reactor Thermal yes yes no

[a] Large reactivity bias for very high void fraction > 99 %
[b] Reaction rate error cancellations at high energy
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Challenging Issues & Pending Works 
 AMPX 1597-group library

• Memory burden & long computing time
 Energy group optimization
 Internal energy group collapsing

 Inconsistent energy group collapsing
• Perfect slowing down solver CENTRM
 PW + Scattering kernels + upscattering
 Much faster than MC 

• No angle dependent total cross sections
 Implicit treatment  SPH factor to conserve reaction rate

• No explicit scattering matrix update
 Within-group & Out-of-group corrections only for > 5eV scattering matrices
  Explicit correction for all energy groups and at least for P0

 Merits & Goal
• Explicit high order flux moment weighting!!!
 MC does not support it.

• Reference solutions without statistical error!!!
 CENTRM slowing down solution = CE Monte Carlo solution
 Approximation only on spatial discretization compared to MC
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Conclusion
 SCALE/XSProc module 

• Resonance self-shielding calculation
 Bondarenko approach: BONAMI, Polaris
 PW slowing down calculation: XSProc-CENTRM 
 Works for any advanced reactor analysis

• Various group structure options in SCALE-6.3 
 1597-group: any conventional and advanced reactor analysis 
 56- and 252(258)-group: thermal reactor analysis 
 302-group: fast reactor analysis 

• Benchmark suite for advanced reactors in SCALE-6.3 

 Ongoing and future works 
• Consistent energy group collapsing: equivalence theory using SPH, scattering matrix
• Computational efficiency improvement for XSProc
 Energy group structure optimization for memory and speed efficiency (< 1000)
 Improve Dancoff based Wigner-Seitz approximation
 Internal on-the-fly collapsing
 Improve the lumping procedure for scattering source

• Neutron leakage model for fast reactor application
• XSProc-API development
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Backup Slides
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Reaction Rate Analysis for Verification
 Reaction rate analysis procedure

• SCALE-MG vs. CE-KENO
 Edit MG microscopic cross sections & scalar fluxes

• Convert reaction rate difference into reactivity difference
 Reactivity differences for each energy group, nuclide and reaction type
 Identify the reactions and nuclides causing the observed reactivity difference
 Two options: 

• [1] Only by cross section difference
• [2] By both cross section and flux differences
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SCALE-XSPROC CENTRM Based Slowing Down Calculation I 
 Pointwise slowing down calculation (CENTRM)

• Nuclear data 
 CRAWDAD

• Pointwise cross sections
• S(α,β) thermal scattering kernel data

 BONAMI
• Self-shielded multigroup cross sections and scattering matrices
• Problem dependent AMPX working library

• Pointwise + Multigroup hybrid 
 Upper multigroup range: ≥ DEMAX (default=20 keV)

• Multigroup cross sections are determined by BONAMI
• Convert multigroup data into pointwise data

 Pointwise range: DEMIN-DEMAX (default=0.001 eV - 20 keV)
• Pure pointwise slowing down calculation

 Lower multigroup range: ≤ DEMIN (default=0.001 eV)
• Multigroup cross sections are determined by BONAMI
• Convert multigroup data into pointwise data
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SCALE-XSPROC CENTRM Based Slowing Down Calculation II
 Pointwise slowing down calculation (continued)

• Scattering physics 
 Epithermal elastic scatter

• S-wave approximation assuming isotropic scattering in CM system
• ≥ thermal cutoff energy (for example, 5 eV)
• Discussion

o Not true actually
o Cause some issue at epithermal neutron spectra
o Can be resolved by optimizing group structure

 Epithermal inelastic scatter
• DEMAX ≤ inelastic threshold

o Multigroup inelastic scattering matrices
• DEMAX ≥ inelastic threshold

• Discrete-level inelastic reaction: two-body interaction
• High energy: discrete  continuum

 Thermal scatter
• ≤ thermal cutoff energy (for example, 5 eV)

• Free gas thermal kernel for S(α,β): internal analytic formula
 Bound thermal scatter

• ENDF/B data processed by AMPX
• Prepared by CRAWDAD
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SCALE-XSPROC CENTRM Based Slowing Down Calculation III 
 Pointwise slowing down calculation (continued)

• Slowing down transport solvers 
 0-dimensional slowing down
 1-dimensional discrete ordinates (SN)

• Slab and Wigner-Seitz cylinder and sphere
 2-dimensional method of characteristics (MOC)

• 2D square with cylindrical fuels
 Two-region collision probability

• Double-heterogeneity treatment 
 Consecutive two PW slowing down calculation 

• Perform the 1st slowing down calculation for infinite TRISO array
• Homogenize TRISO and matrix using the PW flux moments 

 disadvantage factors
• Perform the 2nd slowing down calculation 
• Collapse PW into MG
• Slab, cylinder and sphere

 SCALE-6.3 improvement
• Use a Dancoff factor to adjust TRISO pitch to consider neutron leakage effect
• Dancoff factor can be a user input and obtained using MCDancoff
• TRISO pitch can be adjusted to have same Dancoff with input using internal 1D spherical CPM
• Nuclide dependent temperatures and PW data can be at the 2nd slowing down calculation over the 

homogenized TRISO and matrix region

http://www.fnag.eu/Bilder/HTR.png
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