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Imaging of Rock Pores by X-ray Computed Tomography
Yoshito NAKASHIMA ”

Abstract

0O O Three-dimensional measurements of the complex shapes of pores in porous rocks are es-

sential for quantitative discussions of material transport in strata. X-ray computed tomography

0 CTOvisualizes the three-dimensional distribution of X-ray linear absorption coefficients of rock

samples, and is a useful non-destructive technique for measuring pore shape. Some examples of

the application of X-ray CT to rock pore imaging are shown to facilitate petrophysical CT studies

in Japan. The 3-dimensional pore images were obtained for sandy sediment, rhyolitic/andesitic

lavas, and sandstone. Pore connectivity analysis and tortuosity estimate were demonstrated us-

ing sandstone image data.
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Fig. 10 Cylindrical pore model for porous media.
Tortuous equi-radii pipes run orthogonally.
Pore fluid and electric current flow or diffuse
in pipes.
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Fig. 20 Micro-focus X-ray CT system. A sample is lo-
cated in the imaging chamber. X-ray control
and image reconstruction are conducted by a
Windows PC.
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Fig. 30 Principle of X-ray CT imaging. An X-ray fan
beam is irradiated from a finely focused re-
gion. The X-ray penetrates the sample, and
the some fractions of the X-ray photons are
absorbed by the sample. The decayed ray in-
tensity is detected by the array. The sample
is set on a rotating stage. The projection data
set for the ray paths from all directions are
obtained by sample rotation.
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Fig. 40 Criterion of pore voxel connectivity in a
3-dimensional simple cubic image system.
Adjacent voxels are judged to beé' connected”
when they share a face. Voxels are' not con-
nected” when they contact an edge or vertex.
The connected pore voxels form a single pore
cluster, and pore fluid molecules can migrate
within the pore cluster by Darcy flow or dif-
fusion.
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Fig. 50 Results of cluster labeling analysis for
pores in Chichibu sandstone] 450° voxles [
2.6° mm®[1 122,207 pore clusters were identi-
fied. The largest pore clusterd green[] occu-
pies 890 of the pore voxels; the total volume
fraction of the isolated clustersd brown and
purplelis as small as 11 O . The distribu-
tion of the pore clusters is fitted by a power
law function using the least-squares method
to obtain an exponent of 0.79. The theoreti-
cal upper/lower bounds for sufficiently large
clusters are also indicated.
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Fig. 60 3-dimensional random walk(] lattice walk[on percolation pore cluster] green voxels(in Chichibu sandstone.
0 alJExample of a 3-dimensional trajectoryl] 1,000,000 time steps[]l Start and goal of the lattice walk are in-
dicated by arrows[J bl0Mean-square displacement averaged over 100,000 walkers for the originald i.e. 450°0
and 3 over-sampled image systems as a function of the integer time step. A theoretical mean-square displace-

ment] broken line[(Jfor the random walk in the free space] porosity 1000 Ois also shown for comparison.
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