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Abstract

Objective-Scope Traditional reservoir modeling methods like co-kriging are effective for conventional assets involving factors such as
porosity, permeability, and saturation. However, for unconventional assets, additional mechanical and elastic properties, such as mineralogy
and geo-mechanical characteristics, are essential for making decisions like well spacing and completion designs. Classical methods are often
time-consuming and can result in inconsistent models. A true multivariate and automated method is necessary to build consistent reservoir
models, reduce modeling effort, and facilitate the rapid generation of model ensembles for better decision-making. Methods We propose a
mathematical framework for joint modeling of multiple reservoir properties. This method involves transforming well data into a space where
properties are de-correlated and unconstrained, allowing each property to be independently modeled using univariate methods like Sequential
Gaussian Simulation (SGS). After modeling, we reverse the transformations to return to the original units, ensuring geological consistency. The
isometric log-ratio transform (ILR) is first applied to properties that must sum to unity, preserving the unity constraint. Next, the Projection
Pursuit Multivariate Transform (PPMT) de-correlates both compositional and non-compositional properties. Each property is then modeled
independently using SGS. Reversing the PPMT and ILR transforms yields reservoir models that maintain correlations, distributions, and unity
constraints. Results We applied this method to a synthetic unconventional dataset derived from a real asset, which included 5 compositional
properties from multi-min logs (quartz, illite, calcite, pyrite, and kerogen) and 3 petrophysical properties (effective porosity, total porosity,
water saturation). Current practice using classical geostatistical methods involves modeling properties based on their correlation strength. Once
a property is modeled, it serves as secondary data for the next property in the sequence via co-kriging. However, this sequence does not
guarantee that the resulting models will honor the desired correlation observed at wells. Our proposed method can handle complex correlations
and constraints, automatically propagating and honoring all correlations and constraints from the conditioning well data across the entire
reservoir grid. This method builds consistent reservoir models that honor geological correlations while reducing modeling effort and
streamlining the generation of more realizations for uncertainty quantification. The workflow has been validated and applied to numerous
unconventional assets, simplifying uncertainty analysis, impacting predictions, and reducing cycle time. Significance & Novelty We have
developed a method for modeling multiple reservoir properties which can handle complex correlations and constraints such as those in
unconventional assets. Our method can automatically propagate and honor all correlations and constraints from the conditioning well data
across the entire reservoir grid. This method builds consistent reservoir models that honor geological correlations while also reducing the
modeling effort which streamlines the generation of more realizations under various scenarios for uncertainty quantification. This workflow



has been validated and applied to numerous unconventional assets, simplifying uncertainty analysis, impacting predictions, and reducing cycle
time.



