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The Changes of Aperture Variation and Hydraulic Conductivity
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ABSTRACT

In order to measure aperture variation dependent on normal stress and to characterize on relationship between aperture
variation and hydraulic conductivity this study measured apertures of rock fractures under a high resolution confocal laser
scanning microscope (CLSM) with application of five stages of uniaxial normal stresses. From this method the response of
aperture can be continuously characterized on one specimen by different loads of normal stress. The results of measurements
showed a rough geometry of fracture bearing non-uniform aperture. They also revealed different values of aperture variations
according to the load stages on each position along a fracture due to the fracture roughness. Laboratory permeability tests
were also conducted to evaluate the changes of permeability coefficients related to the aperture variations by different loads.
The results of permeability tests revealed that the hydraulic conductivity was not reduced at a fixed rate with increase of
normal load. Moreover, the rates of aperture variations did not match to those of hydraulic conductivity. The hydraulic
conductivity calculated in this study did not follow the cubic law, representing that the parallel plate model is not suitable to
express the fracture geometry corresponding to the results of aperture measurements under the CLSM.

Key words : confocal laser scanning microsocpe (CLSM), aperture variation, fracture roughness, hydraulic conductivity,
hydraulic aperture ‘
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Fig. 1. Core specimens used for the study.
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Fig. 2. Schematic description of slices of a specimen for aperture
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Fig. 3. (a) Confocal laser scanning microscope(CLSM), Olympus
OLS 1100. (b) The specially manufactured compression device
set on the stage of the CLSM.
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Table 1. Maximum and minimum varjation of the apertures on each specimen

Specimen Max Min Specimen Max Min
GRAIL 0.054 0.041 GRD!1 0.048 0.020

GRA GRA2 0.048 0.023 GRD GRD2 0.106 0.008
GRA3 0.040 0.001 GRD3 0.179 0.101

GRB1 0.139 0.091 GRE1 0.146 0.004

GRB GRB2 0.094 0.025 GRE GRE2 0.061 0.030
GRB3 0.063 0.045 GRE3 0.071 0.048

GRCl 0.034 0.018 GRF1 0.026 0.008

GRC GRC2 0.035 0.015 GRF GRF2 0.024 0.014
GRC3 0.028 0.001 GRF3 0.025 0.008

Fig. 6. Contacted fracture walls under 2 MPa at the 15th point of
GRC 3.
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Fig. 7. Aperture increase with increasing stress level.
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(b) Pt-14/GRD2 under 52MPa
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Fig. 8. Decrease of aperture with increasing stress level and development of new crack.
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Table 2. Hydraulic conductivity calculated by mechanical aperture and hydraulic apertures and roughness effect

Specimen Peont b b Ko K Cceéy
(MPa) (cm) (cm) (cm/sec) (cm/sec)
10 0.0098 0.0096 2.780E-04 2.845E-04 2,627
GRA 15 0.0094 0.0091 1.367E-04 1.404E-04 4,776
20 0.0090 0.0088 6.687E-05 6.884E-05 9,001
10 0.0183 0.0179 9.430E-04 9.630E-04 2,692
GRB 15 0.0170 0.0166 7.616E-04 7.794E-04 2,873
20 0.0163 0.0159 6.821E-04 6.970E-04 2,950
10 0.0312 0.0292 1.311E-02 1.401E-02 490
GRC 15 0.0308 0.0287 9.066E-03 9.718E-03 685
20 0.0305 0.0284 6.358E-03 6.830E-03 951
10 0.0425 0.0422 3.845E-02 3.872E-02 371
GRD 15 0.0417 0.0414 3.424E-02 3.446E-02 402
20 0.0385 0.0379 3.480E-02 3.533E-02 327
10 0.0263 0.0262 1.382E-02 1.390E-02 397
GRE 15 0.0255 0.0254 2.122E-03 2.134E-03 2,436
20 0.0248 0.0247 4.109E-05 4.132E-05 118,915
10 0.0113 0.0112 8.464E-06 8.541E-06 117,828
GRF 15 0.0110 0.0109 1.699E-07 1.715E-07 5,601,406
20 0.0108 0.0107 1.494E-08 1.508E-08 61,023,787
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Table 3. Average, difference and standard deviation of the aperture
under the normal stress from 10 to 20 MPa

e

. Average Difference Standard
Specimen under stress .
(cm) Deviation
(cm)
GRA 0.0094 0.0008 0.0004
GRB 0.0172 0.0020 0.0010
GRC 0.0308 0.0007 0.0004
GRD 0.0409 0.0040 0.0021
GRE 0.0255 0.0015 0.0008
GRF 0.0110 0.0005 0.0002
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Fig. 9. Relationship between cube of hydraulic aperture and flow rate. (a) GRA, (b) GRB, (c) GRC, (d) GRD, (¢) GRE, (f) GRF.
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