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Smoothing Effect in X-ray Microtomogram and Its Influence
on the Physical Property Estimation of Rocks
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Abstract: Physical properties of rocks are strongly dependant on details of pore micro-structures, which can be used for
quantifying relations between physical properties of rocks through pore-scale simulation techniques. Recently, high-
resolution scan techniques, such as X-ray microtomography and high performance computers make it possible to calculate
permeability from pore micro-structures of rocks. We try to extend this simulation methodology to velocity and electrical
conductivity. However, the smoothing effect during tomographic inversion creates artifacts in pore micro-structures and
causes inaccurate property estimation. To mitigate this artifact, we tried to use sharpening filter and neural network
classification techniques. Both methods gave noticeable improvement in pore structure imaging and accurate estimation
of permeability and electrical conductivity, which implies that our method effectively removes the smoothing effect in
pore structures. However, the calculated velocities showed only incremental improvement. By comparison between thin
section images and tomogram, we found that our resolution is not high enough, and it is mainly responsible for the
inaccuracy in velocity despite the successful removal of the smoothing effect. In conclusion, our methods can be very
useful for pore-scale modeling, since it can create accurate pore structure without the smoothing effect. For accurate
velocity estimation, the resolution of pore structure should be at least three times higher than that for permeability
simulation.
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Fig. 1. Location map of Valley of Fire State Park (inset), and outcrop pictures of the Aztec sandstone (Keehm et al., 2006).
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Fig. 3. Comparison between binary images from a tomogram and
a thin section. (a) Thin section. (b) 2D tomogram. (c) Binary image
by the single threshold classification from the thin section. (d)
Binary image from the 2D tomogram.

Fig. 2. Schematic procedures of the acquisition of 3D tomogram. (a) An example of 2D tomogram. (b) 3D structure by stacking 2D slices.

(¢) 3D tomogram in the cubical grid by cropping boundary areas.
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Fig. 4. Schematic diagrams showing the smoothing effect in the
tomogram. (a) A simple pore structure from regular packing of
spheres. (b) The pore geometry by the single-threshold classification
from tomogram with artifacts near grain contacts. Yellow denotes
grains and blue areas are pore space.
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Fig. 5. Results of physical property simulations: fluid velocity (top
row); electrical current (middle row); and local stress distribution
(bottom row). Figures at the left column are from the correct pore
structure, while right column shows results from pore structure with
the smoothing artifacts. The inset denotes pore structure used in
each simulation.
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Fig. 6. Two thresholds in the dual-threshold method. The dashed
line shows the single threshold in the histogram of tomogram
intensity distribution.
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Fig. 8. Pore structures from different binary classification methods.
(a) Tomogram. (b) Binary image using the single threshold method.
(c) Using the 2D sharpening filter method. (d) Using the 3D
sharpening filter method. (e) Using the neural network classification.
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Fig. 9. Comparison of intensity distribution of real and artificial
tomograms. (a) Real tomogram from X-ray microtomography. (b)
Intensity distribution of real tomogram. (c) Artificial tomogram from
thin section image. (d) Intensity distribution of artificial tomogram.
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Fig. 10. Schematic diagram for the artificial neural network with
3x3 input pattern and 1x1 output. (a) Input pattern (tomogram). (b)
Desired output (binary image).
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Table 1. Estimated permeability, electrical conductivity and P-wave
velocity from numerical simulations on pore microstructure by
different classification techniques from the X-ray tomogram.

Electrical

Permeabili .. v, Porosi

Model Do) o ) .
Single threshold 13.27 0.0878 4.69 23.1
2D sharpening filter 11.96 0.0883 4.67 231
3D sharpening filter 11.60 0.0883 4.66 23.1
Neural network 11.31 0.0907 4.64 23.1
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Fig. 11. Comparison between binary images from a thin section (a),
and from tomogram (b). Due to the lower resolution of tomogram,
the binary image from the tomogram fails to resolve crack-like
pores (shown in circles) near grain contacts.
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