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Introduction

Grids used for reservoir simulation in geosciences are complex structures with large dimensions: until hundreds of thousands cells. Since dip and faulting are common geometric traits in hydrocarbon reservoirs, the corner-point grid (CPG) geometry developed by [START_REF] Ponting | Corner point geometry in reservoir simulation[END_REF] can represent them appropriately. In this geometry, simulation cells are specified by eight corner points, with boundaries arranged along vertical or sloped directions.

Such complex grids are composite objects, combining classically heterogeneous data, such as geometry, cell activity and continuous or categorical properties. They are thus heavy to store, to visualize and to manipulate. Simulations on large meshes are notably time-consuming. To reduce the number of cells, and thus accelerate simulations, several researches have been performed on upscaling methods, to generate coarser grids for specific purposes. However, creating new grids at different resolutions does not solve the data quantity issue.

This study proposes an alternative to such trending "big data" accumulation problems that impact computational performances in experimental and simulation sciences. It relies on HexaShrink, an original decomposition scheme for structured hexahedral volume meshes [START_REF] Peyrot | HexaShrink, an exact scalable framework for hexahedral meshes with attributes and discontinuities: multiresolution rendering and storage of geoscience models[END_REF][START_REF] Peyrot | H)exashrink: Multiresolution compression of large structured hexahedral meshes with discontinuities in geosciences[END_REF]. The latter provides a consistent and fully reversible dyadic multiscale representation of mesh geometry and properties. It generates a hierarchy of meshes at increasing levels of details, blending coherently different wavelet-like schemes for each mesh component. By exploiting the similarities across scales, [START_REF] Bouard | Décomposition multi-échelles de maillages 3D hexaédriques dans le domaine des géosciences. Étude des performances en compression sans pertes[END_REF] recently showed better compressibility of decomposed meshes, when binary files are further compressed with generic lossless coders (gzip, bzip2, LZMA). Indeed, a benchmark of meshes with different size and complexity shows compression ratios of 2.76-13.35, instead of 1.83-12.52 without multiscale decomposition; hence, smaller stored datasets. Additional benefits reside in the coherency of fault networks, with global shape preserved across resolutions, and in the same time offering an access to a cascade of intermediate meshes at reduced resolutions. This approach was initially meant for storage and visualization. Here, we evaluate its consistency with respect to simulation.

Method

The proposed methodology consists in 1) constructing a representative simulation model, 2) applying Hex-aShrink decomposition on all its components, 3) evaluating the simulation performance on the resulting reduced resolution grids.

The multiscale decompositions used in HexaShrink are based on the broad concept of wavelet transforms [START_REF] Mallat | A wavelet tour of signal processing: the sparse way[END_REF]. Data is split into a dyadic scheme: approximations at a lower scale, capturing the regularity of the information, and details, embedding variations required to reconstruct the data from approximations. Both approximations and details are represented at a reduced rate, by a factor of 2 for each dimension. However, the combination of the forward and inverse transformations is exact, allowing perfect reconstruction. Figure 1 illustrates a resulting 3D decomposition of volumetric data (left) in red. A fraction (1/2 3 ) of the decomposed data in red (right) corresponds to an approximation of the initial data at a lower resolution. Remaining details (the seven transparent subbands) are stored to allow a perfectly revertible transformation. The same decomposition can be iteratively applied to the lower resolutions, generating a hierarchy of embedded approximation levels. HexaShrink can perform up to 5 levels of decomposition with this model. Only the first three levels are represented on the geometry in Figure 2. The faults remain visually coherent across resolutions. The uniformly reduced number of cells across resolutions is detailed in Table 1. The corresponding wavelet decompositions on porosity and permeability are represented in the first two columns of Figure 3.

A two-phase flow simulation is performed on the reservoir grid corresponding to a quarter of five spot model. Two wells, one injector and one producer, are distant from about 300 meters. at opposite places on the surface mesh diagonal: the injector is localized on the lower corner while the producer is set on the highest point of the reservoir. Simulations are performed on the different mesh resolutions provided by HexaShrink. Results are represented on the two last columns of Figure 2. The fourth column is similar to the third, with water saturation thresholded below 0.50.

Results

Simulation parameters are fixed to compare the results obtained on the several decompositions. The injector well pressure is constant at 300 bars, while the producer rate is constant at 300 m 3 per day. This preliminary study focuses on simulation results at the whole grid scale. We for instance observe the saturation property, and especially the progress front of water injection displayed in the two last columns of Figure 3. Its advance is impacted by the properties of the mesh, as well by its structure, notably the fault network. Taking the original grid as the reference, we compare the evolution of the progress front across lower resolutions. Sufficient similarities in the outcome can substantiate the interest of a compressed format providing a direct access to lower resolutions. After 76 simulation days, the injected water (water-saturated at 0.50, see Figure 3, column 4) reaches the producer in the original grid. Its localization is symbolized by the red dashed line. For lower resolutions, water has not attained the producer yet. However, the remaining distance is relatively short for resolutions -1 and -2. It becomes significant after resolution -3. Similar behaviors in the global shape of the progress front are identified. For instance, water accumulates at specific areas against the faults, whatever the resolution considered. Considering the drastic computational gains at resolutions -1 and -2 (with an 8-and 64-fold cell reduction respectively), such scales could be exploited with the purpose 

Conclusions

A two-phase flow simulation has been successfully run on multiresolution meshes generated by HexaShrink, a fully reversible decomposition/compression. Using its original scheme, HexaShrink manages to store and to progressively decompress meshes at increasing levels of details. Visually, the structural coherency of the meshes, especially its fault network, are preserved across resolutions. This preservation is tested in the simulation context, studying the progress front of water injection, affected by the structure of the grid. Using the original resolution as a reference, the impact of resolution reduction is evaluated. If extreme shrinkage of structural details reduce simulation quality, the first two resolution results exhibit similarity with the reference one. As a result, owing to the storage and transfer gain allowed by compression, potential benefits in faster approximate simulations, encourage us to pursue the possibility of embedded grids at different scales with reduced upscaling and upgriding overhead.
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 1 Figure 1: Left: 3D decomposition of a volumetric data (red). Right: decomposed data, consisting of a data approximation (red) and 7 detail subbands (transparent).

Figure 2 :

 2 Figure 2: Performing successively 3 decomposition levels (Di )) on an initial grid (on the left) allows to generate, for each level, approximation data (a grid at lower resolution) and details (det-i). Red surfaces highlight the faults, conserved across resolutions.

ResFigure 3 :

 3 Figure 3: From left to right: meshes with physical attributes (porosity, permeability), and water saturation after 76 simulation days. From top to bottom: original mesh and four levels of decomposition generated with Hexashrink. The red dashed line marks the producer well localization. It is reached for finer resolutions (-1 and -2), and exhibits an increasing delay for lower resolutions (-3 and -4).

Table 1 :

 1 They are placed Dimensions of the initial mesh and meshes generated by HexaShrink.

	Resolution Fine scale model size Total cell number
	0	128 × 128 × 32	524288
	-1	64 × 64 × 16	65536
	-2	32 × 32 × 8	8192
	-3	16 × 16 × 4	1024
	-4	8 × 8 × 2	128
	-5	4 × 4 × 1	16