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Objective

The Constructive Solid Geometry

(CSG) framework in MOOSE aims to \ J @ @ SE S ( Results)
automate the geometry connection % \ Y4 ) L,
between MOOSE and MOOSE-based

apps and Monte Carlo (MC) codes for
more reliable and efficient cross

section generation, code-to-code
comparisons, generation of S Results]
reference solutions, and

multiphysics workflows.
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Constructive Solid Geometry vs. Finite Element Mesh

Constructive Solid Geometry (CSG) Finite Element Mesh (FEM)

» Spatial regions are defined by Boolean combinations of « Spatial regions are defined by discretized surfaces.
surfaces, regions, cells, and universes. » Surfaces are a collection of discretized mesh elements:
» Surfaces are defined analytically: » Some approximation is required, accuracy depends
» Exact representation without approximations. on discretization parameters.
* Most common Monte Carlo geometry representation. *  Most common MOOSE geometry representation.
CSG

An example of a 2D pin cell
using a CSG
representation (left) and an
exaggerated coarse FEM
representation (right).
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MOOSE-to-Monte Carlo User Workflow

MOOSE Mesh Input File
[Mesh] FEM Model File
[MeshGeneratori] --mesh-on ly
1-=.. . . g .
baran2 - The generic CSG definition is meant
[eshcenerator2] |—»{  generate() to be a MOOSE-equivalent definition
ke i | that can be easily translated to the
(1 | - target MC codes (e.g., Shift).
[) . It may not be strictly a rudimentary
: CSG component-based definition.
Generic CSG Definition
(JSON File)
“surfaces™: { : MC MC
> generateCSG() ——» “surf1”: { ... }, - »  Code-Specific —— Code-Specific
}s ) Conversion Model
“cells™: { .
“celll”: { ... },
--csg-only }s
“universes”: {
“univi”: { ... },
},
. “lattices”: {
. “latl”: { ... },
-MOOSE Framework }
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. Completed
‘« In-Progress

Developmental Status = Future Work
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CSG JSON Demonstration: ABTR using RGMB

[fuel_pin_2]

type = PinMeshGenerator ﬁ i "fuel_pin_1_univ", "fuel_pin_1_univ"],
. reactor_params = rmp c?lls I ) i ...
MOOSE MG [nput pin_type = 2 'Fge].._aﬁseTbly_l_duct_cell_zadlal_?.:1{ . i 1
. pitch = ${fuel_pin_pitch} TFILLY: "fuel_assembly-t-dusnossdiad-fonad
(select snippets) num_sectors = 2 "filltype": "UNIVERSE
quad_center_elements = false region": "(+fuel_asse
“ e =3 SR +fuel_assembly_1_radial_dd

+fuel_assembly_1_radial_dd
${mid_low +fuel assembly 1 radial dt
${mid_soq +fuel assembly 1 radial du
bn}  ${mid_upg +fuel_assembly_1_radial_dd
[fuel_asq fen} ${mid_uprp +fuel_assembly_1_axial_pl:
type fuel_assembly 1_axial_plar
assen ~(+fuel_assembly_1_radial |
backd +fuel_assembly_1_radial_dd
backd s_plen}’ +fuel_assembly_1_radial_dd
duct | +fuel_assembly_1_radial_dd
duct | +fuel_assembly_1_radial_dd
duct | +fuel_assembly_1_radial_dd
+fuel_assembly 1_axial_pl:
fuel_assembly_1_axial_plar
1
"fuel_assembly_1_duct_re
"fill": "rgmb_region_¢
"filltype": "CSG_MATEF
"region": "(+fuel_asse
fuel_assembly_ 1_axial_plar

¥

ply %,
"lattices": {
"fuel_assembly_1_lattice
"attributes": {
"nring": 9,
"nrow": 17,
"pitch": 0.908
s
"outer": "fuel_assemb]
"outertype": "UNIVERSE
"type": "CSG::CSGHexag
[1 "universes": [
["fuel_pin_1_univ",
"fuel_pin_1_univ", "fuel_g

inpud
pattd

P
1,
k.
.
E11"

"fuel_pin_1_univ", "fuel pin_1_univ", "fuel pin_1_univ", }
"fuel_pin_1_univ"],
["fuel_pin_1_univ", "fuel_pin_1_univ", }

55444444455; "fuel_pin_1_univ", "fuel_pin_1_univ", "fuel_pin_1_univ" } H
fuel pin 1 univ", "Fuel pin 1 univ’, "fuel pin 1 univ", JSON CSG Output (select snippets)
extrude = true -
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MOOSE-to-MC Code Coupling Options

Option 1: using a file/object layer

Option 2: direct in-memory coupling

o MOOSE lALCSGBase S h f-l-
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CSGBase will exist as an
external module for easier
Shared functionality.
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Example Use Case:

Cross Section Generation Using Shift Overlays for Griffin

I MOOSE S h@;'if.l.
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Geometry \\] 1 Geometry \\][/

Current
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[ Results ]
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Example Use Case:

Cross Section Generation Using Shift Overlays for Griffin
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Future Work

« Remainder of FY26:

Finish implementation of the CSGBase framework components (transformations and
engineering units).

* Implement the for key mesh generators.
e Implement the initial via Titan.
 Additional:

Demonstrate MOOSE-to-Shift workflow for a regular fast reactor core geometry.

Determine how to support MOOSE-based material definitions and other spatial domain
characteristics (e.g., tally regions, depletion zones, overlay geometries, etc.).

Advise MC code developers on implementation methods.
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