q(,OAK RIDGE

National Laboratory

Doing Depletion Diligently: Best Prac
for Depletion Calculations with Orig

Steve Skutnik

SCALE Users’ Group Workshop
ORNL, July 27-29, 2020

ORNL is managed by UT-Battelle, LLC for the US Department of Energy




Gefting the most out of depletion & decay calculations

« Understanding what Origen is — and isn't

e Give me my GUI back
- ORIGAMI and the former OrigenExpress form

e Tips for accurate nuclear fuel depletion calculations

e Best practices for decay calculations
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Origen libraries represent pre-calculated lattice physics

e Origen solves for the time-dependent neutron
flux in the assembly using lattice physics fransport
tools like TRITON

o An “assembly average” flux is collapsed to one
group to calculate reaction rate coefficients for
depletion

— Point depletion (0-D) representing average
characteristics of the assembly

* Places where the flux shape significantly
deviates (e.g., adjacent to poisons or holes) can
be captured as separate libraries

— Pin-by-pin depletion using ORIGAM|
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Give me my GUI back (I want my GUI back
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...out sometimes, you just
need an “express”
solution to calculate UO,
fuel depletion

Hence, the
ORIGAMI UO, Express form!
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Criticality safety analysis using KENO V.a
Criticality safety analysis using KENO-VI
Criticality safety search using KENO V.a

Rutomated criticality safety analyses using burnup credit
3D criticality safety analysis with hybrid starting socurce generation

3D discrete ordinates eigenvalue analysis with Denova

KENO V.a multigroup post processor for fluxes and red®

KENO-VI multigroup post processor for fluxes and reac
Monte Carlo eigenvalue neutron transport module with

Monte Carlo eigenvalue neutron transport module with 5 7 e
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Problem-dependent multigroup cross section processing
1D discrete crdinates transport Seguence

1D discrete ordinance depletion

2D discrete ordinates transport module

2D discrete ordinates transport Seguence

2D discrete ordinates depletion

2D light water reactor depletion with simplified
Monte Carlo depletion using KENO V.a

Monte Carlo depletion using KENO-VI

Shielding analysis with Monaco using automated varian
Monte Carle fixed-scurce neutron and gamma Transport
Depletion, decay, and activation analysis

Depletion module for reactor assemblies

ORIGEN post processing utility

1D sensitivity/uncertainty analysis

2D sensitivity/uncertainty analysis

3D sensitivity/uncertainty analysis using KENO V.a
3D sensitivity/uncertainty analysis using KENO-VI
Reactivity sensitivity analysis

TSUNAMI indices and paramcters for validation
TSUNAMI data assimilation toocl for validation
Stochastic uncertainty analysis for any SCALE sequenc
TSUNAMI sensitivity analysis module
Problem-dependent multigroup cross section processing
Monte Carlo Dancoff factor calculation using KENO-VI
Module to access operating system commands

USLStats Seguence

Criticality safety analysis using using Shift (EKENO V
Criticality safety analysis using using Shift (EENO-V
3D sensitivity/uncertainty analysis using Shift (KENC
3D sensitivity/uncertainty analysis using Shift (KENC
Monte Carlo depletion using Shift (KENO V.a Geometry)
Monte Carlco depletion using Shift (KENO-VI Geometry)
Shielding analysis with Monaco using automated varian
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Tips for more accurate depletion calculations
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» Cross-section sensitivity tends to be
greatest at lower burnups
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— Avoid large timesteps for depletion 2,0

— Use more sub-steps / sub-cycles oo puzea
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Best practices for decay calculations

» Use sufficiently granular
fimesteps to capture o
ohenomena of interest |

* Follow the rule of 3's
(MATREX solver only) o/
~ At < 3Af i)
_ Not required for CRAM solver

e Split up very long decay intervals
across multiple cases

- Example: fracking (a,n) sources

over very large decay times
%OAKRIDGE

National Laboratory




	Doing Depletion Diligently: Best Practices for Depletion Calculations with Origen
	Getting the most out of depletion & decay calculations
	Origen libraries represent pre-calculated lattice physics
	Give me my GUI back (I want my GUI back)
	Tips for more accurate depletion calculations
	Best practices for decay calculations

