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Abstract

High-resolution modeling of oil and gas reservoirs typically uses geostatistical techniques to simulate the petrophysical properties in large
grids, often with millions of cells. Sequential Gaussian Simulation (SGSIM) is widely used to model petrophysical properties due to its
flexibility and ability to honor spatial variability and statistics. However, its application to extensive grids poses significant processing time and
memory usage challenges, limiting its applicability in sensitivity analyses and uncertainty quantification workflows. This study proposes a
dimensionality reduction methodology combining Functional Data Analysis (FDA) and Principal Component Analysis (PCA) to address these
limitations. FDA transforms the vertical dimension of the data into smooth functional representations, capturing spatial trends while mitigating
noise. PCA is then applied to the coefficients of these functional representations, reducing the number of components needed while preserving
dominant variability. This process enables simulations on collapsed two-dimensional grids, significantly reducing computational costs without
compromising spatial continuity or descriptive statistics. The methodology was tested on synthetic datasets representing petroleum reservoirs
with complex spatial structures. Results show a 90% reduction in computational time for generating a single realization compared to traditional
SGSIM on full three-dimensional grids. Furthermore, the approach retained spatial continuity, variance, and histogram reproduction of the
original data, which is essential for reliable reservoir modeling. Visual artifacts attributed to the FDA's smoothing effect were observed but had
minimal impact on the statistical and spatial characteristics of the model. Beyond computational efficiency, the proposed methodology
improves iterative geomodeling workflows by enabling rapid testing of multiple parameters and geostatistical scenarios. This reduction in
simulation time allows geomodelers explore geological uncertainties better and refine assumptions, supporting robust decision-making in
reservoir management. The flexibility offered by this approach is particularly valuable in workflows previously constrained by high
computational demands.



