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Local Grid Refinement in CpGrid

Cooperation between:

▶ Bård Skaflestad (SINTEF)

▶ Cintia Goncalves Machado (ex-TNO)

▶ Eduardo Barros (TNO)

▶ Markus Blatt (OPM-OP)

▶ Negar Khoshnevis (TNO)
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Quick glance at CpGrid

Corner point grid ⇝ degenerated and distorted Cartesian grid

Degenerated/deformed cells

(Reg.) Cartesian CpGrid - SPE1 (Irreg.) CpGrid - Norne oil field

▶ Mapping from cells to the underlying Cartesian Index

▶ Each cell can be ACTIVE or INACTIVE
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Goals

Project goals
▶ Support simulation for CpGrid with multiple LGRs

▶ active cells
▶ no wells in LGRs
▶ disjoint LGRs

▶ Provide output files

Talk goals
▶ LGR evolution for CpGrid

▶ How was it?
▶ What has been done?
▶ What’s next?

▶ Intend to summarize more than 68 merged PRs in

opm-grid
opm-simulators
opm-common
opm-test
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LGR evolution for CpGrids
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How it was...
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0. How it was (June 2022)

Geometry⟨3, 0⟩ vector (cells)

▶ Geometrical aspects:

▶ center
▶ volume
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What has been done...
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1. Refine single cell (from October 2022)

All geometries (corners, faces, cells)

▶ Geometrical aspects:

▶ center
▶ volume

▶ Topological aspects:
▶ face to its 4 corners
▶ face to its neighboring

cells
▶ cell to its 8 corners
▶ cell to its 6 faces

Antonella Ritorto LGR in CpGrid



1. Refine single cell
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1. Refine single cell

Main challenge

▶ Create/store topology aspects (numbering matters!)

- corners numbering consistent with CpGrid

Cell to point
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1. Refine single cell

Main challenge

▶ Create/store topology aspects (numbering matters!)

- corners numbering consistent with CpGrid

Cell to face
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2. Refine block of cells
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2. Refine block of cells

Main challenges

▶ Take into account

widths
lengths
heights

of block cells

▶ Keep track on
parent-child
to create
topology aspects
(numbering matters!)
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3. One LGR and its updated leaf grid view
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3. One LGR and its updated leaf grid view

Main challenges

▶ Create/store a level grid in CpGrid

Hierarchical grids
LGR with its geometrical and
topological features

▶ Identify parent-child relationships

▶ Entity::father()
▶ Entity::hasFather()
▶ Entity::geometryInFather() ...

▶ Store/compute/iterate over
leaf grid view
Hierarchical grids and Leaf Grid
View (iterators, ...)

DUNE’s adaptive grid interface
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4. Multiple LGRs and its updated leaf grid view
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4. Multiple LGRs and its updated leaf grid view

Main challenges (also present in one level)

▶ Store on the Leaf Grid View only once each entity

▶ Topology aspects on LGR boundary
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4. Multiple LGRs and its updated leaf grid view
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4. Multiple LGRs and its updated leaf grid view
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5. Simulation
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5. Simulation
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5. Simulation

▶ CARFIN is (partially) supported for CpGrid
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5. Simulation

Main challenges

▶ Extensive and deep analysis in opm-simulators ebos files

- Cartesian index (not unique!)

▶ Assign field properties to all leaf grid view elements

NTG, (relative) permeability, dispersion, thermal props, material
props, HystParams, transmissibilities, poro volume, ...

- Search data via element index or Cartesian index

▶ Refactor element centroids lookup

▶ Refactor face centroids and track parent intersection

- Two-point flux approximation related

▶ Connect LGRs from opm-common with LGRs from opm-grid

▶ ...
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5. Simulation

• Jumps on the simulation on LGR boundaries

Why? Two-point flux approximation
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5. Simulation

• Jumps on the simulation on LGR boundaries
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5. Simulation

• Jumps on the simulation on LRG boundaries

Why? Two-point flux approximation
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5. Simulation

• Jumps on the simulation on LGR boundaries

Solution Track parent intersection
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5. Simulation

• Jumps on the simulation for saturation gas/oil

OPM Flow OTHER
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How far from the goal?

Antonella Ritorto LGR in CpGrid



How far from the goal? - Irregular CpGrid

Two-deformed-cells Expectation
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How far from the goal? - Irregular CpGrid

Two-deformed-cells LGR with OPM Flow
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How far from the goal? - Irregular CpGrid

Two-deformed-cells LGR with OPM Flow
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How far from the goal? - Irregular CpGrid

Single-deformed-cell LGR with OPM Flow

Single-deformed-cell LGRs
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How far from the goal?

Project goals

Support simulation for CpGrid with LGRs

(Regular) Cartesian CpGrid (Irregular) CpGrid

• active cells • active cells
• no wells in LGRs • no wells in LGRs
• disjoint LGRs • disjoint LGRs

• each LGR comes from a
single-deformed-cell

Provide output files still missing!
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What’s next...
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What’s next ...
In progress

▶ Understanding/fixing saturation-gas-jumps on the simulation

▶ Irregular CpGrids for the case of single deformed cells

Not started yet

▶ Provide output files

▶ Allow inactive cells

▶ In DUNE’s perspective

- mark subset of leaf grid view elements to refine or coarsen

- support adapt(), preAdapt(), postAdapt(), ...

▶ LGRs for general irregular CpGrids

▶ Simulation in parallel?

▶ Allow deformed cells with fewer corners (currently, 8 corners)

▶ (audience wishes?)...
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LGR evolution for CpGrids

Thank you for your attention!
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