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Abstract

Groundwater is a significant water resource and in many parts of the world it
occurs in karst aquifers. The modelling of karst systems is a critical component of
groundwater resource assessment and flow. Geostatistical techniques have shown useful
applications in the area of groundwater research because of their ability to quantify
spatial variability, uncertainty and risk. Traditional geostatistical methods, based on
variogram models, use only two-point statistics and thus are not capable of modelling
the complex and, high-connectivity structures of karst networks. This has led to an
increasing focus on spatial multiple-point statistics (MPS) to model these complex
systems.

In this approach, a training image is used instead of a variogram. Patterns are
obtained by scanning and sampling the training image and during the simulation they
are reproduced using MPS. There are two implementations of MPS: (i) gridded and (ii)
non-gridded. In gridded MPS, the training image, templates and simulations are based
on rigid grids, whereas the spatially flexible non-gridded approach does not depend on
rigidly specified grids. The non-gridded approach is relatively new (Erzeybek Balan
2012), and applications, especially in hydrogeology are few; however, the method has
been used to simulate paleokarsts in petroleum applications. Non-gridded MPS has
potential to improve the modelling of karst systems by replacing the fixed gridding
procedure, used in the original form of MPS, by a more flexible grid adapted to each
specific application. However, there are some weaknesses in the non-gridded approach
reported in the literature. For example, the proposed template cannot properly represent
the tortuous nature of a network, and the variation of the passage widths is not taken

into account. In the case of a simple channelised system with a constant width, sampling

Xi



the central line of the passages is sufficient; however, most karst systems have networks
with significantly varying widths. In addition, the variability among the realisations
generated by non-gridded MPS is relatively small, indicating that the realisations do not
cover the full space of uncertainty. In practical applications, it is not possible to know
the exact extent of the full space of uncertainty, but the observed variability of the
geology and geomorphology of similar structures would tell us when the variability
among the simulations is too small (or too large). A lack of significant variability
among simulated realisations makes the method inapplicable. This thesis presents a
modified non-gridded MPS method that increases the variability among realisations and
adequately captures the tortuosities of karst networks. To do this, it includes the width
and constructs an optimal template based on a representative variety of directions
adapted to each network instead of considering only a few major directions using a
generic template as applied by Erzeybek Balan (2012).

The performance of Erzeybek Balan’s (2012) non-gridded MPS method has
only been visually demonstrated, which is not a sufficiently robust measure of
performance. In this thesis, a systematic measure is developed to evaluate the variability
among the realisations. This provides an objective way of comparing an important
feature of the simulations generated by gridded MPS and the proposed modified non-
gridded MPS.

The research starts with an investigation and modification of non-gridded MPS.
A widely used demonstration image, which is based on a channelised system, is used to
compare the performances of the original non-gridded MPS (Erzeybek Balan 2012) and
the modified version proposed in this thesis. A distance-based measure is used to
evaluate and compare pattern reproduction and the variability of the realisations

generated by the modified non-gridded MPS and standard gridded MPS methods. This
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distance measure can be used to compare the multiple-point histograms of the
realisations and training images. Gridded MPS and modified non-gridded MPS are then
applied to two different karst systems—OIwolgin Cave and Tank Cave—and the
realisations generated by each method are evaluated in terms of pattern reproduction
and the extent of the uncertainty space.

The comparison examples demonstrate that the proposed modified non-gridded
MPS generates a larger uncertainty space than that generated by gridded MPS. The
results also confirm that modified non-gridded MPS performs significantly better than
the original version of non-gridded MPS in terms of a larger (and more realistic) space

of uncertainty and pattern reproduction when applied to a complex karst system.
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