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Abstract Digital core analysis based on micro-CT computed tomography provide a new approach in core
samples’ permeability numerical prediction. Firstly, Minkowski functionals is applied along with the K-means
cluster analysis to separate the sandstone core sample gotten from the micro-CT computed tomography into distinct
classes, well-sorted fine grain, well-sorted large grain and transition area in order to get the elaborate layer system.
Secondly, capillary drainage transform is performed to simulate the distribution of wetting and non-wetting phases
under different drainage pressures. Lastly, LBM method is operated based on the core layer system to model
permeability of each layers and upscaling is applied based on the simulated results with 3 different ways: directly
applying the average method on the prediction values, finding the correlation function of permeability and porosity
with and without thin layers in order to get the upscaling values of permeability and correlation function of
permeability and porosity.
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Fig. 1 Photo of sandstone core sample (a) and XZ slice
of part of that sample (b)
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Fig. 2 Local Minkowski functionals along Z-direction of
sandstone core sample
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Fig. 3 Various textural properties of siliciclastic
grains (after Ref. [25])
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Table 1 Rock-typing results based on K-means
cluster analysis
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Table 2 Permeability calculation based coordinate
and thickness

HIZETTIRRE Z Hh AR AE
ST HAHHA
JER AT G R
1 52 67 64 64 EiiE
2 164 194 117 102 HLRL
3 66 96 281 266 R 3
4 68 98 347 332 Eilipnd
5 86 116 415 400 FUR//3
6 140 170 501 486 EiiE
7 246 276 641 626 HLAL
8 112 142 887 872 R 3
9 204 234 999 984 Eilipnd
10 226 256 1203 1188 biZka
11 123 153 1429 1414 1
12 175 205 1552 1537 i
13 51 66 1727 1712 bick A

1024



XEEFESE TR U7 a0 BB KB B R S LI

1800 1800
1600 | 1600 |
1400 | 1400 |
1200 f 1200
1000 f 1000
N N
800 800 |
600 600
400 | 400
200 | 200
O L L L 1 1 O L L 1 L 1
078 0.80 0.82 084 086 088 090 0.021 0.022 0.023 0.024 0.025 0.026 0.027
v, 4
SIS iR B
1800 : : ‘ 1800
1600 f 1600 |
1400 f 1400 f
1200 f 1200 f
1000 f 1000 f
N N
800 | 800 |
600 I 600 1
400 | 400 |
200 200 |
. 0 . ‘ .
% 7 6 -5 -4 3 -2 -10 -8 -6 -4 -2
V,/10°4 V,/107
OB +4ikX x dEK

4 EF Kmeans BEZHNEREREL S

Fig. 4 K-means cluster result by overlapping the segmentation image
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Fig. 5 Simulation process with capillary drainage transform map based on segmented-images (corresponding XZ slice) with in-

creasing the radius value of X-direction invading
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Fig. 6 Correlation of permeability vs. porosity of increasing the radius simulated by capillary drainage transform
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Table 3  Upscaling results with directly applying Table 4 Index and goodness of fitting curve
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Fig. 7 Cross-relationship of permeability vs. porosity of all layers
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Fig. 8 Cross-relationship of permeability vs. porosity without the thin layers
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Table 5 Index and goodness of fitting curve without
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