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Brief Polaris Overview
L e a d :  M a t t  J e s s e e
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Polaris is a “fast” 2-D LWR lattice physics code, originally 
deployed in SCALE 6.2 for LWR nodal core simulation 

Simple Input

• Assembly geometry 

• Material definitions

• Range of system conditions

Output

• Assembly-averaged few-group cross sections

• Used as input for nodal core simulator such as PARCS

• Depletion material isotopics

• Used for spent fuel characterization

Modeling Requirements

• Accurate prediction of lattice k-eff, pin power distribution, few-group cross-
sections, depletion isotopics

• Relatively fast: 1,000s of transport calculations per core analysis

Wide range of LWR geometry support

Polaris GenPMAXS PARCS
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ORNL has made significant usability and performance 
improvements to Polaris for ATF/HALEU/HBU investigations.
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ORNL has made significant usability and performance 
improvements to Polaris for ATF/HALEU/HBU investigations.
SCALE 6.3 Enhancements:

• Run-time speedups

• F33 file generation and F71 enhancements

• Gamma detector edits

• ATF materials and compositions
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ORNL has made significant usability and performance 
improvements to Polaris for ATF/HALEU/HBU investigations.
SCALE 6.3 Enhancements:

• Run-time speedups

• F33 file generation and F71 enhancements

• Gamma detector edits

• ATF materials and compositions

SCALE 7.0 Enhancements:

• Geometric buckling search and modular geometry

• On-the-fly energy collapse (still needs rigorous 
assessment)

• Automatic burnup selection and gad/ifba defaults

• Case matrix optimization

• Gamma smearing
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SCALE 6.3 Reactor Physics Validation Report
L e a d :  K a n g  S e o g  K i m
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ORNL/TM-2023/3060 outlines several reactor physics validation cases for Polaris-
PARCS.
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PWR

• Critical experiments: 5 CE and  6 B&W-1810 

• Watts Bar Nuclear Unit 1 (WBN1) cycles 1-3 (WEC 4-loop)

• BEAVRS cycles 1-2 (WEC 4-loop)

• Surry unit 1 (SU1) cycles 1-2 (WEC 3-loop)

• Turkey point unit 3 cycles 1-3 (Wec 3-loop)

BWR

• Peach Botton Unit 1 (PB1) cycles 1-3 

• Hatch Unit 1 (H1) cycles 1-3 

• Quad Cities Unit 1 (QC1) cycles 1-3 

• Monticello (MC) cycle 1 (not included)

ORNL/TM-2023/3060 outlines several reactor physics 
validation cases for Polaris-PARCS
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Polaris calculation for critical 
experiments

• 5 CE critical experiments

• 6 B&W-1810 critical experiments

• Statistical analysis to obtain 
uncertainty for pin power distribution

• Pin peaking factor uncertainty:   
±1.90 %

PWR Pin Peaking Factor Uncertainty
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Uncertainties

PWR Uncertainties for Key Nuclear Parameters
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Uncertainties

BWR Uncertainties for Key Nuclear Parameters
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Multigroup Library Enhancements
L e a d :  K a n g  S e o g  K i m
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List of Accomplishments
 Reduce multi-group biases for LWRs and 

nonLWRs
 New 258-group thermal system group structure

 SCALE 6.1 had 238-group ~400 pcm
 RR analysis led to 6.2 252-group ~150 pcm
 SCALE 7.0 258-group reduces bias for any thermal system
 +6 groups needed to reduce error in S-wave approximation 

at epithermal energy
 Companion 61-group, a subset of 258

 Addresses reactivity biases for depletion, ATF, and high 
voids

 Greatly reduces the 56-group bias
 5 eV  10 eV thermal cutoff energy improves results in 

graphite-moderated systems
 Epithermal up-scattering resonance (DBRC)
 Introduced a ESSM material grouping capability and 

SPH factors
 Produce ENDF/B-VIII.0 libraries

 SCALE 6.3 has 56-, 252-, 302- (fast), 1597- (any)
 For both E7.1 and E8.0 for comparison purposes
 56-group E8.0 not generated for 6.3.0 release due to 

lost recipes—added later

 Address legacy issues affecting quality of 
broad group (56-group) commonly used with 
Polaris
 Even Lethargy widths

 Old 56-group had some very small energy groups 
which was difficult to use in VERA-MPACT TCP0 
calculations

 New 61-group has evenly distributed lethargy 
widths and can be used by VERA-MPACT—i.e. 
Polaris and MPACT can use the same libraries

 Special F-factors
 Old 56-group contained special F-factors for Zr-91 

and Zr-96 making it difficult to reproduce
 New relies on new ESSM material grouping and 

SPH factors and does not need the special F-
Factors—much easier to generate new libraries, 
e.g. ENDF/B-VIII.1 

 Lower biases for depletion, ATF, and high voids
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New SCALE 7.0 61- and 258- 
Energy Group Libraries
 ENDF/B-VII.1 and VIII.0
 No special F-factors (resonance data)
 Based on material-grouping ESSM
 SPH factor adjusted 238U resonance data
 Epithermal upscattering resonance data for 238U
 NLC based 1H transport cross sections
 10 eV thermal cutoff
 Extended heterogeneous F-factors
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New Super-homogenization (SPH) Procedure
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Benchmark Suite For Verification



18

Benchmark Calculations :: (1) VERA Progression problems
 Refined ray options (right) for IFBA and Gd: 1E, 2L, 2M, 2N, 2O, 2P
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Benchmark Calculations :: VERA Depletion I

SCALE 7.0 61-groupSCALE 6.3 56-group
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Benchmark Calculations :: VERA Depletion II

SCALE 7.0 258-groupSCALE 6.3 252-group
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Benchmark Calculations :: WBN1 and PB2
 61-group with and without Epithermal upscattering
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Conclusions
 Validation Accomplishments

 Setup a standard analysis procedure of the SCALE/Polaris-PARCS procedure for LWR analysis

 First complete validation of the SCALE/Polaris-PARCS procedure for the LWR physics analysis

 Uncertainties for the key nuclear parameters for the PWR and BWR confirmatory analysis

 Publicly open repository including all the analysis related documents and input/output files

 Polaris Enhancements
 SCALE 6.3 version is 2x to 3x faster than SCALE 7.0

 Generation of reactor libraries for ORIGEN source term assessment is a key new feature

 ATF input cards available

 Significant improvements implemented in MG libraries for SCALE 7.0
• Better performance for depletion
• Epithermal up-scattering resonance data
• No special resonance data for Zr-91 and 96 cladding material
• 10 eV thermal cutoff for better results for graphite moderator cases
• Transport corrected scattering matrices for H-1 based NLC method
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