Triaxial Compression and Permeability
Triaxial Compression:
Six samples were evaluated in unconfined and triaxial compression. The triaxial loading frame is shown in Figure 1. Figure 2 shows a sample and affiliated instrumentation for measuring axial force as well as strains (axial and in two radial orthogonal directions. Three samples were plugged along the axis of the core (presumed to be nominally vertical) and three samples were plugged perpendicular to the axis of the core. A designation of “V” indicates vertical or the long axis of the plugged sample is aligned with the axis of the core. Similarly, “H” indicates a sample that is nominally horizontal and cut orthogonal to the axis of the core.
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Figure 1: Triaxial compression loading frame use to measure the mechanical properties described subsequently.

[bookmark: _GoBack]Stress-strain curves and photographs from before and after the testing are included in Appendix A. Measurements were made under three confining pressure conditions (0, 2800 and 8000 psi). Typical data are shown in Figures 3 and for Sample GNS-1H. The confining pressure for this test was 2800 psi. A series of tests are being carried out on to define a failure envelope, to provide representative hydraulic fracture design parameters and for future geomechanical assessments. Figure 3 shows the 1.5-inch nominal diameter sample before and after triaxial testing. Figure 4 shows the stress strain data for this sample, indicating that this is an ideal and representative reservoir for effectively testing drilling,  stimulation and production protocols in an environment that embodies strong, crystalline rock. 
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Figure 2: The left hand panel shows a sample encapsulated in a shrink-fit Teflon jacket to prevent penetration of confining fluid. These measurements were made at ambient temperature. Also visible are cantilever devices to determine average axial strain and radial strain in two orthogonal directions. The panel at right shows the same sample configuration mounted on a base plug and a load cell, immediately before being raised into the confining pressure vessel (at top of photograph) prior to testing.

The triaxial compression data are summarized in Table 1. Acoustic measurements have also been made and dynamic values of Young’s Modulus and Poisson’s ratio are being determined.[footnoteRef:1] [1:  The data are being analyzed further and the values for Young’s Modulus and Poisson’s ratio could change slightly.] 


Table 1: Summary of Triaxial Compression Testing

	Sample
	Depth
(ft)
	Confining Pressure
(psi)
	Compressive Strength
(psi)
	Residual Strength
(psi)
	Young’s Modulus
(106 psi)
	Poisson’s Ratio

	1-H
	
	2800
	59,400
	55,400
	10.49
	0.21

	2-H
	
	8000
	90,000
	-
	10.70
	0.22

	4-H
	
	0
	27,000
	-
	7.94
	0.12

	5-V
	
	2800
	61,200
	51,500
	9.49
	0.24

	6-V
	
	8000
	90,400
	82,400
	10.50
	0.25

	7-V
	
	0
	29,100
	-
	7.36
	0.18



The data show no obvious directional dependency for any of the measured mechanical properties. This is further evident from the Mohr’s failure envelopes shown in Figures 5 and 6. 
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	Figure 3a. This is a pre-test view of sample GNS-1H. The H designates an orientation normal to the axis of the core (horizontal).
	Figure 3b. This is a post-test view of sample GNS-1H. The H designates an orientation normal to the axis of the core (horizontal).
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Figure 4. Axial and radial strain recorded as a function of the axial deviatoric stress (axial stress minus confining pressure). The sample failed at an axial deviatoric stress of approximately 56,000 psig. Young’s modulus, Poisson’s ratio and compressive strength are among the properties that are determined.
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Figure 5. Mohr-Coulomb Failure envelope for vertically oriented samples.
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Figure 6. Mohr-Coulomb Failure envelope for horizontally oriented samples.

Permeability and Porosity:
Porosity was measured on Sample GNS 3-H. The porosity and bulk density measured were:

Porosity	0.13%
Bulk Density	2623 kg/m3

Absolute permeability to water was determined using the apparatus shown in Figure 7. The testing chronology is shown in Figure 8, suggesting for this sample, a relatively high permeability of 0.3± microdarcies (300 nanodarcies), at a confining pressure of 2800 psi. This permeability is attributed to partially healed microcracks evident visually.
[image: Milind's machine]
Figure 7. Permeability apparatus for steady state (one- or two-phase) liquid permeability measurements.
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Figure 8. Upstream and downstream pressure and absolute permeability (ambient temperature) a 500 psi backpressure and a flow rate of 0.002 ml/minute





Appendix A

Triaxial Compression Testing


Sample GNS 1-H

[image: ]

	Pre-Testing
	Post-Testing
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Sample GNS 2-H

[image: ]

	Pre-Testing
	Post-Testing
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Sample GNS 4-H
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	Pre-Testing
	Post-Testing
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Sample GNS 5-V
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	Pre-Testing
	Post-Testing
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Sample GNS 6-V
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	Pre-Testing
	Post-Testing
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Sample GNS 7-V
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	Pre-Testing
	Post-Testing
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