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Introduction to High Conversion Reactors
Design & Modelling challenges
Objectives:

o Comparison of available tools

o Coupling of MC with TH
Computational tools description
Assembly depletion analysis results
Coupling with Thermal Hydraulics

Conclusions & future work
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Introduction to High Conversion Reactors

s Extend energy resources without introducing FBRs

s Use existing LWR technology

o PWR or BWR
o U233/Th or U/Pu cycle
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Introduction to the Seed—Blanket design
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High CR LWRs Design Challenges

m Careful balance between:

o Cycle length
a Positive void coefficient
a Fissile Inventory Ratio > 1

IR — Fissile mass at time t
Initial fissile mass

s Objectives can be met by using heterogeneous fuel
geometry (Seed — Blanket)
a High power peaking
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High CR LWR Modeling Challenges

= High flux gradients

o Diffusion approximation ?
= High spectral shifts

o Many energy groups
= High power peaking

o Couple with TH ?
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Objectives:

m Compare available codes

o Deterministic transport

= BOXER

o Monte-Carlo transport
m BGCore

m Serpent

= Demonstrate coupling of MC with TH
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Computational Tools

m Serpent

a

a

a

a

Woodcock delta-tracking

Unified energy grid

Reduced execution CPU time
Increased memory requirements

m BGCore

a
a

MG approach
Integrated TH feedback

m ELCOS

a
a

BOXER- cell and 2D transport
SILWER - 3D with TH
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2D Neutronic design

Seed

@@
@@

A
m Assembly size 11x11

s Duplex Seed fuel pins
a Inner seed — contains most of the initial 233U (21 Y/,)
o Outer seed — acts as blanket

s Hydride Blanket fuel pins

Blanket
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2D Burnup results

Relative difference in k-inf (Serpent)

Relative difference in FIR (Serpent)
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3D Neutronic TH design

= Radial configuration = Axial configuration
o 3 - Neutronic regions o 16 - Neutronic regions
o 2-TH channels o 16 - TH nodes
o Reflective boundary o Finite boundary
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Neutronic—TH Coupling Methodology
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Neutronic—TH Results
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Fission source convergence
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Neutronic—TH Converged Results
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Summary

= Burnup analysis
- BOXER
v Serpent
v BGCore
s Good agreement between the MC codes
o Neutronic-Depletion
o Neutronic-TH
m Feasibility of Serpent-TH coupling
a Superior source convergence
s Future work:

a Built-in fission source convergence routine
a Full integration of Serpent-THERMO
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THANK YOU
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