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Introduction
The published results on the anisotropic mechanical properties of earth’s material remain scarce at the time of this writing, mainly due to the technical difficulties in acquiring the stiffness measurements at different orientations on the same piece of material. With the simplified assumption that the testing material is Transverse Isotropic (TI), at least five wave measurements at different angles are needed to determine the full set of material constants C in Voight convention. Notably, at least one measurement must be made in a direction neither parallel nor perpendicular to the material’s symmetry axis must be taken to resolve for the C13. Additionally, the material stiffness determined through wave methods is different from the static stiffness for earth’s material. Care must be taken when comparing the dynamic and static stiffness of the materials. 
Methodology
In this study, we measured the elastic properties of the Calcareous shale from the Duvernay formation at western Alberta. The sample is extracted from a wellbore (Latitude: 54.070484°, Longitude: -116.660831°) at a depth of 3435 m (11270 ft.) within the Duvernay formation. X-Ray diffraction analysis indicates that the sample consists of ~30-40% Quartz, 10-20% Orthoclase, Calcite, Muscovite, Ankerite and ~5-10% of Dolomite. The organic carbon makes up for ~7% of the sample’s mass. The sample is cut into the prism (Figure 1a) allowing measurements of P and S waves velocities at different angles and modes (Figure 1b). 
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Figure 1: (a) A sample cut into prisms with piezoelectric wafers attached on the surfaces. Two P wave receivers are placed side by side in the 45° direction. (b) Conceptual drawing of the waves propagating in different directions and modes.
Measurements were taken in the pressurized cylinder with hydrostatic pressures ranging from 0 MPa up to 180 MPa. No attempts to control the pore pressures were made, though the samples were dried in the oven for 24+ hours at ~70 °C and painted with fluid proof Devcon Flexane 80 coating before being measured. Additionally, waveforms from two receivers (P45 and P451) were recorded to account for the ‘beam skew’ effects (Li et al., 2018). Strain gauges were strategically attached on the surface of the sample, in directions perpendicular and parallel to the material’s symmetry axis, to evaluate the static bulk compressibility at different directions. Though one cannot obtain the full sets of static stiffness for these two measured linear bulk compressibility (see Appendix in Meléndez-Martínez and Schmitt, 2016), the comparison can be made for the static and dynamic modulus and anisotropy. 
Results
Figure 2 shows the measured wave velocities from each wave mode and direction and the five calculated material stiffness. P45 and P451 show similar wave velocities indicating the beam is skewing toward the P451. Averaged velocities measured from P45 and P451 are used to determine the velocities of P wave transmitting at 45°. The testing sample generally appears stiffer at higher pressures. Moderate hysteresis is also observed, particularly in regarding the stiffness of the material in the direction parallel to the symmetry axis. Dynamic and static linear bulk compressibility, calculated with measured material stiffness C and recorded by the strain gauge attached on the surface of the sample, appear similar (~80 – 100 GPa) at the direction perpendicular to the symmetry. On the direction parallel to the symmetry axis, the discrepancy between the static and dynamic compressibility arises with static compressibility (~20 – 40 GPa) being considerably lower than the dynamic compressibility (~40 – 60 GPa).
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Figure 2: (a) Velocities of different wave modes at different angles and pressures. Each colour represents wave modes SV90, SH90, P0, P45, P451, and P90. (b). Computed material constants from the measured velocities. 
Conclusions
[bookmark: _GoBack]Through this study, we obtained the full suite of the material constants essential for describing the elastic behaviour of the test sample by measuring the wave velocities with an additional P45 receiver to account for the ‘beam skew effect’ (Li et al., 2018). Considerate anisotropy is observed as waves, transmitted through the sample in different angles and modes, are measured with different velocities. Comparisons between static and dynamic stiffness are made indicating the discrepancy between the static and dynamic stiffness is anisotropic. 
Acknowledgements
The sample analyzed in this study is retrieved from the Core Research Centre in Calgary, Alberta, operated and maintained by the Alberta Energy Regulator. W. Li is supported by China Scholarship Council’s visiting scholar program.
References
Li, W., Schmitt, D.R., Zou, C. and Chen, X., 2018. A program to calculate pulse transmission responses through transversely isotropic media. Computers & Geosciences, 114, pp.59-72.
Meléndez-Martínez, J. and Schmitt, D.R., 2016. A comparative study of the anisotropic dynamic and static elastic moduli of unconventional reservoir shales: Implication for geomechanical investigations. Geophysics, 81(3), pp.D245-D261.
1

2

image1.png
b)
P(0)

Symetry Axis

%
=
©
e

SH(90)-

P(90)





image2.png
a)

a)

Pressure(MP.

200

w
1<}

100

50

0 e &
2000 3000 4000 5000
Velocity (m/s)

Svoo

SH90
PO

Pas
Pas1
P90

6000

K2

150

100

Pressure (MPa)
3

20 40 60
Material constants (GPa)





image3.png
5t International Workshop on Rock Physics 23 — 26 April 2019, Hong Kong SAR

=3

B!
5
=




