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A Study on the Flow Channeling through a Single Fracture as a Heterogeneous Permeable Media

Masahiro Iwano Taisei Corporation
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Fracture conductivity is one of the most important properties of jointed rock. In discrete modeling, the parallel plate model is
most frequently used. Real fracure surfaces, however, are not smooth parallel surfaces. The surface roughness, asperity
contact and infill material may retard flow and reduce the hydraulic conductivity of a fracture. In this study, a fracture aperture
is conceptualized as a two-dimensional heterogeneous system with variable apertures in the fracture plane. Fracture apertures
are generated using geostatistical methods. Fluid flow through a single fracture is simulated with constant hydraulic gradient in
the two-dimensional flow region. The results show that the majority of flow tends to coalesce into certain preferred flow paths
(channels) and that the representative elementary volume with respect to the equivalent hydraulic conductivity of a single fracture

can exist. The relationships between aperture variation, flow rate variation and head variation are examined.
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Number of } Mesh Size |Flow Region] Mean of | Standard Deviation] Mean of Standard Deviation| Auto correlation
Diving Size Aperture | of Aperture Log-aperre { of Log-aperwre Length
WNXN) | (cmXcem) | {cmXcm) 'E(,um) av (pm) .lﬁ)(,um) own (pm) Ac (cm)
Case-01] 20X20 1.0X1.0 20X20 80.0 40.0 4.270 0472 0.0
Mesh 02| 40x40 0.5X0.5 20%X20 80.0 40.0 4.270 0472 0.0
Size 03] 60X60 {0.33X0.33f 20X20 80.0 40.0 4.270 0.472 0.0
Study 04| 80X80 [0.25%X0.25| 20X20 80.0 40.0 4.270 0472 0.0
05| 100X 100 ]0.20X0.20{ 20X20 80.0 40.0 4.270 0.472 0.0
Flow [Case-11] 10X10 10.20X0.20 2X2 20.0 40.0 4270 0472 0.0
Region 12| 20%x20 |0.20X0.20 4x4 80.0 40.0 4.270 0472 0.0
Size 13| 40X40 [0.20X0.20 8x8 80.0 40.0 4.270 0472 0.0
Study 14| 60X60 (0.20%0.20] 12X12 80.0 40.0 4.270 0472 0.0
15] 100X100 ]0.20X0.20} 20X20 80.0 40.0 4,270 0472 0.0
Case-21| 100X100 [0.20X0.20] 20X20 80.0 0.0 4382 0.000 0.0
Aperture 22| 100X100 |0.20X0.20{ 20X20 80.0 20.0 4.352 0.246 0.0
Variation 23] 100X 100 J0.20X0.20f 20X20 80.0 40.0 4.270 0472 0.0
Study 24| 100X100 |0.20X0.20| 20X20 80.0 60.0 4.159 0.668 0.0
25| 100X 100 ]0.20X0.20 20X20 80.0 30.0 4.035 0.833 0.0
Case-31| 100X 100 [0.20X0.20f 20X20 80.0 40.0 4270 0472 0.0
Correlation 32] 100X100 [0.20X0.20] 20X20 80.0 40.0 4270 0472 1.0
Scale 331 100X100 |0.20X0.20f 20X20 80.0 40.0 4.270 0472 2.0
Study 34| 100X100 }0.20X0.20| 20X20 80.0 40.0 4270 0472 40
35| 100X100 |0.20X0.20] 20X20 80.0 40.0 4.270 0472 3.0
a) Bird-eye view b) Histogram
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Arithmetic | Standard Total Flow Analysis Flow Rate Analysis
Mean Deviation Hydrautic Hydravlic
T X 10%om’jsec br by
Aperture Qiotal (X10%am’fsec) Aperture | Mean Flow Rate ( Aperture
pe; of Apremre for Flow for Velocity b &
ba (xm)| ov (um) LR uD Average | bf (um) LR uD Average | bv (um)
Case-21 80.000 0.0 4.140 4.140 4.140 80.00 2.070 2.070 2.070 80.000 1.000 1.000
Apertore 2] B30.048 209 4603 4603 4603 32383 2.333 233 2.3% 24905 1.035 1.06)
Variation 23] 80.051 40.0 5.516 5.516 5.516 88.03 2.906 2.901 2.904 94.726 1100 1.183
Study 24} 80.180 60.0 6.306 6.279 6.293 91.98 3.467 3.441 3.454 103.224 1.147 1.287
251 80.179 80.0 6.645 6518 6.582 93.37 3.793 3.734 3.764 107.758 1.165 1344
Case-31)  80.051 40.0 5.516 5.516 5.516 88.03 2906 2.901 2904 94.726 1.100 1.183
Correlation 32 80.025 40.0 5.504 5531 5518 28.04 2.899 2.914 2.907 94.790 1.100 1.185
Scale 33| 79.557 40.0 5.400 5.343 5372 87.26 2.845 2.816 2.831 93.818 1.097 1179
Study 34] 80.144 40.0 5.530 5.503 5517 88.04 2914 2.900 2.907 94,720 1.099 1.182
35| 80.692 40.0 5.715 5.686 5.701 89.00 3.019 3.000 3.010 96.055 1.103 1.190
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