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Abstract

The efficient recovery of hydrocarbons relies on an accurate prediction of the permeability and porosity of reservoir rocks. Usually, these
properties are determined in a core plug scale by routine laboratory tests known as conventional core analysis (CCA) and special core analysis
(SCAL). However, laboratory tests can be expensive, time-consuming, and destructive. In addition, they cannot represent flow at the reservoir
scale of highly heterogeneous rocks like carbonates. This type of rock is characterized by its complex microstructure, featuring a wide range of
pore sizes and types ranging from sub-micron to meters resulting from the sedimentation and diagenesis processes. Recently, advances in X-ray
imaging technology and computational resources have enabled the numerical estimation of permeability and porosity in digital rocks generated
by non-destructive methods such as X-ray microtomography. This process of obtaining properties from 3D rock images is called digital rock
physics (DRP). A significant advantage of DRP over laboratory methods is the ability to perform multiple simulations on the same set of
images. However, the main challenge of DRP lies in the existing trade-off between image resolution and volume of the sample, being a single
image acquired at a single resolution insufficient to capture all the heterogeneity of carbonate rock samples. Higher resolution images offer a
more precise view of the rock’s microstructure but may only be representative of a very restricted interval (e.g., sidewall core). Therefore,
combining digital rock images at different resolutions is necessary to achieve accurate property predictions. Within this framework, we tested a
deep learning-based generative model called SinGAN and the geostatistical technique called Direct Sampling (DS) with the pyramids method
to generate synthetic rocks. Initial rock generation tests were performed on 2D slices of 3D microCT images to quickly assess the applicability
of the methodology. The goal was to integrate Brazilian pre-salt carbonate images obtained at two resolutions (48 um and 6 pm) available in
the Digital Rocks Portal repository. Compared to other equivalent techniques, both approaches share the advantage of requiring only a single
training image (TI) and the flexibility to insert data at any scale due to their multi-scale pyramidal structure. Tests were conducted using
different quadrants of the same 2D image as the training image, as well as a distinct image but with a similar fraction of phases and structures.
The goal was to evaluate the impact of using similar images or parts of the image as the training image to generate the high-resolution image (6
um), guided by the use of the low-resolution image (48 um) as hard data. The comparison of the simulated images with the original ones
highlights the importance of selecting an appropriate training image to produce results that closely resemble the real image.



