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Burnup Material
Characterization

30/08/2022

How do we handle these scenarios?

Hi-Hi coupling
e.g. Serpent-fuel 
performance

Lo-Hi coupling
e.g. neutronics 
secondary analysis

Shuffling
e.g. multi-cycle, 
core-loading pattern

Multi-layer 
geometry
e.g. multi-restart 
configuration

Material ↔ Mesh
e.g. decay heat 
(internal structures)

Material ↔ Mesh
e.g. decay heat 
(internal structures) […]
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How do we handle these scenarios?

Bottleneck StructureIndexing

Re-configuration ???

Burnup Material
Characterization
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How do we handle these scenarios?

Burnup
Framework

Material ↔ MeshMapping

Burnup Material
Characterization

Built-in Sequence
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Step 1: 
Mapping

Burnup
Framework

Parent material
e.g. fuel 

[ pin ]
e.g. fuel-rod, 
dashpot

[ assembly ]
e.g. FA configuration, 
enrichment FA

[ core ]
e.g. cycle, …

Geometry

Depletion zone division

N-Partial materials
e.g. fuel_[…]

N-Universes
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Step 1: 
Mapping

Burnup
Framework

Parent material
e.g. fuel 

N-Partial 
materials
e.g. fuel_[…]

N-Universes

From averaged to independent treatment/values

Depletion zone
division

IndexingRecursive
algorithm

Geometry
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Step 1: 
Mapping

Burnup
Framework

Parent material N-Partial materials Indexing

Black box

N-Universe

Mapping From material to geometry user-readable info

Geometry
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Step 1: 
Mapping

Burnup
Framework

Mapping From material to geometry user-readable info

Geometry

Based on Monte Carlo sampling

Volume
Centre of each 
element (level)

Centre of each 
element (division)

Based on known info
• division structure
• Recursive algorithm

Reconstruction
(reverse-engineering)
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Step 1: 
Mapping

Burnup
Framework

Mapping From material to geometry user-readable info

Geometry

• Who are you?
• Parent material
• Partial material
• Universe index

• Where are you?
• Relative location

• Lattice, pin, division
• Absolute location

• (x,y,z) centre of each 
depletion zone

• What do you got?
• Partial material density
• Partial material burnup
• [Nuclide specific info]

1 2 3
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Step 1: 
Mapping

Burnup
Framework

• Who are you?
• Parent material
• Partial material
• Universe index

• Where are you?
• Relative location

• Lattice, pin, division
• Absolute location

• (x,y,z) centre of each 
depletion zone

• What do you got?
• Partial material density
• Partial material burnup
• [Nuclide specific info]

1 2 3

User output

Serpent
Step 3

Step 2
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Step 2: 
Material ↔ Mesh

Burnup
Framework

Data Mesh

Material
Geometry

Non physical material
Based on activation detectors

one-on-one discretization 

Match level division
(x,y,z) element centre

Procedure is based on Monte Carlo sampling

Data mesh (user input)
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Step 2: 
Material ↔ Mesh

Burnup
Framework

• Who are you?
• Parent material
• Partial material
• Universe index

• Where are you?
• Location

• (x,y,z) centre of each 
element.

• Indexing within mesh

1 2

User output

One-on-One: material ↔ mesh

* If there is material division

* For external or internal use

• What do you got?
• Data mesh handles in 

the information

3
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Step 3: 
Built-in sequence

Burnup
Framework

Geometry 
Re-configuration Geometry

Shuffling

Multi-layering

Burnup mapping

Based on the 
restart feature

Changes / Burnup material characterization
(user input – via input option)
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Thank you!
Ana.Jambrina@vtt.fi

Feedback
Questions

[…]


