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The purpose of this study is to evaluate the pore 
network structure of a Paluxy sandstone using 3D 
X-ray Computed Tomography (X-ray CT) images and 
simulate permeability using pore network modeling. 
The Paluxy formation is a sandstone formation below 
Alabama, Mississippi, and much of the adjacent 
Gulf Coast. It is under consideration as a potential 
geologic carbon dioxide sequestration site, where it is 
estimated to have a capacity to store 380 Gt of CO2. 
This research is being done as part of a larger project 
focused on enhancing understanding of the properties 
and feasibility of using the formations at a natural gas 
powerplant in Kemper, Mississippi, for storage of carbon 
dioxide. The Paluxy formation is of particular interest 
for its commercial potential due to segmentation by the 
many natural low-permeability baffles and barriers that 
will serve as impermeable caprocks and prevent upward 
migration of CO2. In addition to this, the formation 
has an upward-fining behavior, so detailed evaluations 
of samples from different elevations and locations are 
necessary1.This work utilizes methods that allow not 
only for analyzation of the natural, unreacted subsurface 
formation, but for modelling of the properties of the 
formation after geochemical reactions take place.

This model utilized a set of 400 black and white 
segmented 3D X-ray CT images of a core drilled out of 
the Paluxy formation to create a single representative 
3D binary image of the pores and grains. The region 
of interest for this study was from 5086 ft. The sample 
3D image, XCT 5086, was analyzed by the PNExtract 
program, which generates pore and pore-throat sizes 
using a medial-surface algorithm. The connectivity 
was represented by assigning a hierarchy of maximal 
spheres. This program preserves macroscopic behavior 
of porous rocks through its ability to analyzes sub-voxel 
features, including being able to define half-throats and 
corners2. MATLAB® was then used with XCT 5086’s 
distributions to build computational pore networks 
that can represent porosity and permeability.

Pore network models (PNM) are computationally 
efficient and able to model field-scale and pore-scale 

behaviors, such as porosity and permeability3.

In MATLAB®, the pores were randomly sampled from 
the distributions, connected by throats, and separated 
by grains. Figure 1 is a visual representation of a 
10 x 10 x 10 PNM. Image porosity of XCT 5086 was 
determined by the PNExtract code to be 26%. This 
result is consistent with core analysis of the Paluxy 
formation, which averages at 23% and is locally > 30%. 
Permeability has a geometric mean of 220 mD but can 
exceed 3800 mD locally. The PNMs for XCT 5086 used 
an average grain size of 73 μm and was found to have an 
average porosity and permeability of 25% and 1500 mD, 
respectively. This is a high permeability, but it is within a 
reasonable graphical margin for Cretaceous sandstone. 
The next step is to model how porosity and permeability 
of XCT 5086 changes in potential geochemical reaction 
scenarios, such as uniform, random, and channelized 
precipitation and dissolution evolutions.
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Figure 1: Pore network model defined by a system of spherical pores on a regular, cubic lattice and 
connected by pore throats.


