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SUMMARY

Rock mechanical strength testing was performed on core samples provided by the
client QGC - BG Group.

The scope of the testing includes single stage triaxial testing. Samples were coarse
and conglomeritic in nature. 1.5” by 3” samples were selected to give a large volume
average for the testing and to enable sufficiently high stress to be generated on the
samples to induce failure. Samples were saturated in mineral oil to avoid any

potential fluid compatibility issues by using a brine.

The results of the tests can be found in the main body of the report. The sample

photographs are located in Appendix A. CT scans are located in Appendix B.
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EXPERIMENTAL PROCEDURES

Single Stage Triaxial Testing Procedure

The following test procedure was followed:

The samples were approximately 1.5 inch in diameter and 3 inches in length.

The samples were plugged and trimmed under mineral oil. The samples were
then ground flat and parallel end-faces in accordance with International
Society of Rock Mechanics (IRSM) recommended procedures. The samples
were vacuum saturated in mineral oil before testing. All samples were cut

parallel to the core axis.

Each sample was placed in an instrumented Hoek cell and loaded axially via
a servo hydraulic load frame and radially via a servo pump. The instrumented
Hoek cell provides a four-arm cantilever system, which gives radial
deformation measurement. The sample was loaded hydrostatically to the
specified confining pressure. Single stage tests were run at confinements of 1,
4,7 and 24.1MPa.

The sample was allowed to stabilise for at least 30 minutes before increase of
deviatoric stress. The axial stress was then increased by loading at

20ms/hour.
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Figure 1: Schematic Showing Single Triaxial Test Configuration
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2. RESULTS

2.1

Single Stage Triaxial Testing

The results of the single stage triaxial tests are tabulated and plotted below.

Core Confining | Failure [Residual Young's . ,
Sample Modulus |Poisson’s
Well Depth Pressure | Stress |Strength 6 .

Number . ) . (20 Ratio

(metres) (psi) (psi) (psi) :
psi)
2938.15 1A1 145 7140 1236 1.67 0.262
2938.15 1A2 580 10945 2955 2.21 0.277
2938.15 1A3 1015 12935 5055 2.44 0.263
2938.25 1A4 3494 22001 14074 3.19 0.280
2956.15 2A1 145 10717 1477 2.73 0.308
2956.15 2A2 580 11476 3754 2.99 0.268
2956.15 2A3 1015 14634 4919 3.07 0.294
2956.25 2A4 3494 27474 13413 4.57 0.453
Magnetic — 1

2968.41 3A1 145 7811 1396 1.97 0.192
2968.41 3A2 580 14800 3284 3.59 0.256
2968.51 3A4 1015 15910 5477 3.20 0.268
2968.51 3A5 3494 29483 13965 4.22 0.245
2992.16 4A1 145 12745 1707 2.88 0.294
2992.16 4A2 580 15895 3767 2.98 0.354*
2992.16 4A3 1015 14771 5171 3.09 0.344
2992.26 4A4 3494 24160 13938 2.95 0.269

Table 1: Single Stage Triaxial Testing Results

*Radial strain measurement system failed during test so data only available at low
deviatoric stress.
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Core

Confining

Saturated

Well Depth Sample Pressure Length | Diameter LD Bulll<

(metres) Number (psi) (mm) (mm) Density

(glcm’)
2938.15 1A1 145 76.28 38.10 2.0:1 2.452
2938.15 1A2 580 76.28 38.04 2.0:1 2.463
2938.15 1A3 1015 76.28 38.06 2.0:1 2.454
2938.25 1A4 3494 76.27 38.05 2.0:1 2.450
2956.15 2A1 145 76.30 38.04 2.0:1 2.577
2956.15 2A2 580 76.25 38.05 2.0:1 2.587
2956.15 2A3 1015 76.27 38.03 2.0:1 2.580
2956.25 2A4 3494 76.24 38.06 2.0:1 2.662

Magnetic - 1

2968.41 3A1 145 76.29 38.04 2.0:1 2.597
2968.41 3A2 580 76.28 38.04 2.0:1 2.608
2968.51 3A4 1015 74.88 38.06 2.0:1 2.542
2968.51 3A5 3494 76.33 38.07 2.0:1 2.542
2992.16 4A1 145 76.28 38.03 2.0:1 2.582
2992.16 4A2 580 76.29 38.02 2.0:1 2.587
2992.16 4A3 1015 76.29 38.03 2.0:1 2.589
2992.26 4A4 3494 76.28 38.04 2.0:1 2.583

Table 2: SST Sample Dimensions and Saturated Bulk Density
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10142: Triaxial (Single Stage) Testing, Elastic Properties at 1MPa
Well: Magnetic - 1; Core Depth: 2938.15m
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10142: Triaxial (Single Stage) Testing, Failure at 1{MPa
Well: Magnetic - 1; Core Depth: 2938.15m
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10142: Triaxial (Single Stage) Testing, Elastic Properties at 4MPa
Well: Magnetic - 1; Core Depth: 2938.15m
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10142: Triaxial (Single Stage) Testing, Failure at 4MPa
Well: Magnetic - 1; Core Depth: 2938.15m
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10142: Triaxial (Single Stage) Testing, Elastic Properties at TMPa
Well: Magnetic - 1; Core Depth: 2938.15m
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10142: Triaxial (Single Stage) Testing, Failure at 7MPa
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10142: Triaxial (Single Stage) Testing, Failure at 7MPa
Well: Magnetic - 1; Core Depth: 2938.15m
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10142: Triaxial (Single Stage) Testing, Elastic Properties at 24.1MPa
Well: Magnetic - 1; Core Depth: 2938.25m
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10142: Triaxial (Single Stage) Testing, Failure at 24.1MPa
Well: Magnetic - 1; Core Depth: 2938.25m
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8817: Triaxial (Single Stage) Testing, Failure at 145, 580, 1015 & 34%4psi
Well No: Magnetic - 1; Core Depth: 2938.15 - 2938.25m
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10142 Triaxial (Single Stage) Testing, Elastic Properties at 1MPa
Well: Magnetic - 1; Core Depth: 2956.15m
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10142: Triaxial (Single Stage) Testing, Failure at 1{MPa
Well: Magnetic - 1; Core Depth: 2956.15m
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10142: Triaxial (Single Stage) Testing, Elastic Properties at dMPa
Well: Magnetic - 1; Core Depth: 2956.15m
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10142: Triaxial (Single Stage) Testing, Failure at 4MPa
Well: Magnetic - 1; Core Depth: 2956.15m
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10142: Triaxial (Single Stage) Testing, Elastic Properties at TMPa
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10142: Triaxial (Single Stage) Testing, Failure at 7MPa
Well: Magnetic - 1; Core Depth: 2956.15m
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10142: Triaxial (Single Stage) Testing, Elastic Properties at 24.1MPa
Well: Magnetic - 1; Core Depth: 2956.25m
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10142: Triaxial (Single Stage) Testing, Failure at 24.1MPa
Well: Magnetic - 1; Core Depth: 2956.25m
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89817: Triaxial (Single Stage) Testing, Failure at 145, 580, 1015 & 3494psi
Well No: Magnetic - 1; Core Depth: 2956.15 - 2956.25m
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10142: Triaxial (Single Stage) Testing, Elastic Properties at 1MPa
Well: Magnetic - 1; Core Depth: 2968.41m
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10142: Triaxial (Single Stage) Testing, Failure at 1{MPa

Well: Magnetic - 1; Core Depth: 2968.41m
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10142: Triaxial (Single Stage) Testing, Elastic Properties at 4MPa
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10142: Triaxial (Single Stage) Testing, Failure at 4MPa
Well: Magnetic - 1; Core Depth: 2968.41m
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10142: Triaxial (Single Stage) Testing, Elastic Properties at TMPa
Well: Magnetic - 1; Core Depth: 2968.51m
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10142: Triaxial (Single Stage) Testing, Failure at 7MPa
Well: Magnetic - 1; Core Depth: 2968.51m
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10142: Triaxial (Single Stage) Testing, Elastic Properties at 24.1MPa
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10142: Triaxial (Single Stage) Testing, Failure at 24.1MPa
Well: Magnetic - 1; Core Depth: 2968.51m
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10142: Triaxial (Single Stage) Testing, Failure at 24.1MPa
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8817: Triaxial (Single Stage) Testing, Failure at 145, 580, 1015 & 34%4psi
Well No: Magnetic - 1; Core Depth: 2968.41 - 2968.51m

2NN
htoo
200010
IO

— 2ENNR

— FarE vy v

w

o

o

w0 200000

w [avivivyy

o

=

]

w

©

o

=T,

-80000 80000 -40000 -20000 0 20000 40000 60000 80000 100000

Axial And Radial Strain (aStrain)

——Axial 145psi  ——Radial 145psi ——Axial 580psi  ——Radial 580psi
——Axial 1015psi —— Radial 1015psi Axial 34894 psi Radial 3494ps

10142 Triaxial (Single Stage) Testing, Elastic Properties at 1MPa
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10142: Triaxial (Single Stage) Testing, Failure at 1{MPa
Well: Magnetic - 1; Core Depth: 2992.16m

14000
12800
— 190bo— -
-E II |II
Y bodo || )
7] |
@ |
Z 600D
= |
-; J
< /4000
\
60000 -40000 20000 0 20000 40000 0000

Axial and Radial Strain (4 Strain)

—— Axial —— Radial |

10142: Triaxial (Single Stage) Testing, Failure at 1MPa
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10142: Triaxial (Single Stage) Testing, Elastic Properties at dMPa
Well: Magnetic - 1; Core Depth: 2992.16m
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10142: Triaxial (Single Stage) Testing, Failure at 4MPa
Well: Magnetic - 1; Core Depth: 2992.16m
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10142: Triaxial (Single Stage) Testing, Elastic Properties at TMPa
Well: Magnetic - 1; Core Depth: 2992.16m
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10142: Triaxial (Single Stage) Testing, Failure at 7MPa
Well: Magnetic - 1; Core Depth: 2992.16m

A0

[ LT av v

12000}

N

N
__,,L;eaell N -

Axial Stress (psi)

-50000 -40000 -30000 -20000 -10000 O 10000 20000 30000 40000 50000 60000

Axial and Radial Strain (4 Strain)

—— Axial —— Radial |

10142: Triaxial (Single Stage) Testing, Failure at 7MPa
Well: Magnetic - 1; Core Depth: 2992.16m
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10142: Triaxial (Single Stage) Testing, Elastic Properties at 24.1MPa
Well: Magnetic - 1; Core Depth: 2992.26m
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10142: Triaxial (Single Stage) Testing, Failure at 24.1MPa
Well: Magnetic - 1; Core Depth: 2992.26m
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10142: Triaxial (Single Stage) Testing, Failure at 24.1MPa
Well: Magnetic - 1; Core Depth: 2992.26m
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89817: Triaxial (Single Stage) Testing, Failure at 145, 580, 1015 & 3494psi
Well No: Magnetic - 1; Core Depth: 2982.16 - 2982.26m
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2.2 Friction Angle, Apparent Cohesion & Mohr Circles Results

Core Samole Confining | Failure Friction | Apparent
Well Depth P Pressure Stress Angle |Cohesion
Reference : ) .
(metres) (psi) (psi) (degrees) (psi)
2938.15 1A1 145 7140
2938.15 1A2 580 10945
37.7 1920
2938.15 1A3 1015 12935
2938.25 1A4 3494 22001
2956.15 2A1 145 10717
2956.15 2A2 580 11476
42.5 2045
2956.15 2A3 1015 14634
2956.25 2A4 3494 27474
Magnetic - 1
2968.41 3A1 145 7811
2968.41 3A2 580 14800
45.3 1905
2968.51 3A4 1015 15910
2968.51 3A5 3494 29483
2992.16 4A1 145 12745
2992.16 4A2 580 15895
32.1 3488
2992.16 4A3 1015 14771
2992.26 4A4 3494 24160

Table 3: Triaxial Samples Friction Angles and Cohesions
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10142: Triaxial (Single 5tage) Testing, Failure Envelope
Well: Magnetic - 1; Core Depth: 2938.15 - 2938.25m
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10142: Triaxial (Single Stage) Testing, Failure Envelope
Well: Magnetic - 1; Core Depth: 2956.15 - 2856.25m
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10142: Triaxial (Single 5tage) Testing, Failure Envelope

Well: Magnetic - 1; Core Depth: 2968.41 - 2968.51m
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10142: Triaxial (Single Stage) Testing, Failure Envelope
Well: Magnetic - 1; Core Depth: 2992.16 - 2892.26m
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10142; Triaxial (Single Stage) Testing, Mchr Circles
Well: Magnetic - 1; Core Depth: 2938.15 - 2938.25m
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10142: Triaxial (Single Stage) Testing, Mohr Circles
Well: Magnetic - 1; Core Depth: 2956.15 - 2856.25m
15000

Z 10000 2 ™.
o \\
i
o
n
5 £ \
2 5000 : —
wn

0 : \ $

0 5000 10000 15000 20000 25000 30000

FracTech Laboratories

34




10142; Triaxial (Single Stage) Testing, Mchr Circles
Well: Magnetic - 1; Core Depth: 2968.41 - 2968.51m
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10142: Triaxial (Single Stage) Testing, Mohr Circles
Well: Magnetic - 1; Core Depth: 2992.16 - 2892.26m
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APPENDIX A

Photographs of test samples
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APPENDIX B

CT Scans of test samples
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