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Abstract

Process-based modeling offers a way to represent realistic geological heterogeneity in subsurface models. The main
limitation lies in conditioning such models to data. Multiple-point geostatistics can use these process-based models as
training images and address the data conditioning problem. In this work, we further develop image quilting as a method
for 3D stochastic simulation capable of mimicking the realism of process-based geological models with minimal modeling
effort (i.e. parameter tuning) and at the same time condition them to a variety of data. In particular, we develop a
new probabilistic data aggregation method for image quilting that bypasses traditional ad-hoc weighting of auxiliary
variables. In addition, we propose a novel criterion for template design in image quilting that generalizes the entropy plot
for continuous training images. The criterion is based on the new concept of voxel reuse—a stochastic and quilting-aware
function of the training image. We compare our proposed method with other established simulation methods on a set
of process-based training images of varying complexity, including a real-case example of stochastic simulation of the
buried-valley groundwater system in Denmark.
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1. Introduction

Process-based geological models such as flume experi-
ments Paola et al. (2009); Straub et al. (2009); Kim et al.
(2010); Tal and Paola (2010); Paola et al. (2011); Paola
(2000) and advanced computer simulations of flow and
sediment transport Elias et al. (2001); Giri et al. (2008);
Lesser et al. (2004) are now widely used to study the effects
of geological processes in the sedimentary record. These
models are known for providing more insight into phys-
ical realism compared to rule-based models Xu (2014);
Lopez (2003a), and are the de facto standard for address-
ing fundamental questions in sedimentary geology. One of
the major drawbacks with the application of process-based
models in practice is that they cannot be easily matched
with the data acquired after deposition such as drilled
wells or geophysical data. This limitation is inherent to
any and all forward models, which are fully determined
given well-posed boundary conditions (e.g. sea level rise,
sediment supply). Furthermore, process-based geological
models are complex as demonstrated by Figure 1, demand
superb modeling expertise, great amount of time (com-
putational or laboratorial), and can be quite laborious to
design Briere et al. (2004).

Figure 1: Flume experiment of a delta with low Froude number per-
formed by John Martin, Ben Sheets, Chris Paola and Michael Kel-
berer. Image source: https://www.esci.umn.edu/orgs/seds/Sedi_
Research.htm

In geostatistics, the process of conditioning 3D models
to data has been actively investigated Matheron (1963);
Mariethoz and Caers (2014). Although the research com-
munity has developed various modern algorithms in the
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past 15 years Strebelle (2002); Arpat and Caers (2007);
Zhang et al. (2006, 2015); Honarkhah and Caers (2010);
El Ouassini et al. (2008); Faucher et al. (2014); Tah-
masebi et al. (2012); Mahmud et al. (2014); Yang et al.
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