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Motivations of the Work @@@@

O

A Burnup measurement is the key to deciding if the pebble should be
discharged or recycled during the operation of a PBR reactor

A Burnup measurement faces two challenges:
A High throughput
A High accuracy

A Obijectives

A Create and validate a workflow for modeling and simulation of both burnup and

gammaray detection
A Build ML models
A Study performance of ML models
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FY23 Technical Tasks

A Modeling and simulation

A Add collimator to the workflow to reduce the flux

A Validation of the simulation workflow
A Develop full PBMR model
A Automate result generation
A Validate the burnup results
A Validate the conversion of Serpent output

A Explore the explainability of the ML model
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Validation of Burnup Model
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Collimation Analysis =E®e

AEjected pebbles from the core are highly radioactive, so
collimator is needed to reduce the flux seen by the detector.

AA few options (MCNP, Geant4, Serpent) were considered based
on ease of implementation, efficiency of simulation and accuracy.

AWe decided to model the collimator directly into the source
model in Serpent, eliminating the need to validate data
translation to/from an external code.
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8 cm Tungsten plate Tungsten plate

Source detector geometry including Photon tracks showing collimator effects

O collimator
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ACompared to the lattice model, a full
core model allows

A More realistic flux and power distribution,
hence resulting in more accurate burnup on
a pebble per its location.

Top view

A Full core modeling generates a potential to
describe the effects of pebble flow path on
the overall burnup

A More accurate simulation to validate or
compare to experimental data

A The effect of control and burnup poisons - -
] . Cut through Side View Pebble in Core
are better described in a full core model

O Full core model of a PBMR design
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Benefits of Using Serpent In Simulation @)=

ASerpent models are defined to represent the realism of the intended
geometry.
AExplicit particle location definitions.

ASensitivity study can be implemented without having to go through the
hassle of generating zonal group creextions.

AYou have the option of switching on and off the reproducibility on a
specific simulation.

AA variety of detector and visualization options.
AFacilitates easy implementation of automation for simulation processes.
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Simulation Results

Pebble Volume Burnup Initial density of U Initial mass of U Initial mass of U Duration of Burnup  Power  Specific power
(cm3)  (MWD/kgU (9/cm3) LY (kg (days) (MW) (MW/Kgy
1 9.8E01 6.98E+01 9.20 9.00 9.00E03 4.66E+02 1.35E03 1.50E01
2 9.8E01 6.20E+01 9.20 9.00 9.00E03 4.66E+02 1.18E03 1.33E01
3 9.8E01 5.15E+01 9.20 9.00 9.00E03 4.66E+02 9.76E04 1.10E01
4 9.8E01 3.86E+01 9.20 9.00 9.00E03 4.66E+02 7.32E04 8.29E02
5 9.8E01 3.33E+01 9.20 9.00 9.00E03 4.66E+02 6.31E04 7.14E02

Average burnup over 5
pebbles: ~108 MW/MTU
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Simulation Results(isotope verification)
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Simulation Results(isotope verification)

Mass ()
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Simulation Results(emission verification) )¢
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