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ABSTRACT: We investigated critical pore pressures that could trigger shearing along a fracture when we injected
carbon dioxide into water-saturated Berea sandstone. We gradually increased pore pressure by injecting CO; into
cylindrical sandstone specimens containing a saw-cut fracture subjected to triaxial compression. Shearing along
fracture occurred when pore pressure reached a critical value higher by 8-133% of that theoretically predicted by
the Coulomb friction law. This result suggests a water-CO,-rock interaction leading to an enhancement of shear
strength of fracture, which may be best described as a chemical-mechanical coupling. To confirm this inference,
we conducted another series of tests, in which the same specimens saturated with both water and CO, were loaded
under triaxial compression to determine frictional properties of the fractures, and found that the cohesion of fractures
increased above that of water-saturated samples. Thus, such a strengthening effect of water-CO,-rock interaction
on fracture can work favorably in CO, sequestration projects.

Key words: CO, injection tests, fracture shear activation, critical pore pressure, Coulomb friction law, wa-
ter-CO,-rock interaction

(Sungbok Lee and Chandong Chang, Department of Geology and Earth Environmental Sciences, Chungnam
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Fig. 1. Experimental setup for two types of experiments
presented in this study: fracture shear tests and CO; in-
jection tests. Cylindrical Berea sandstone specimens
contain a saw-cut fracture at 60° from the top face of
the sample. For fracture shear tests, in which frictional
properties of fracture are measured, specimens are
loaded axially while confining pressure is maintained
constant. For CO; injection tests, in which critical pore
pressure is determined, CO is injected while both axial
stress and confining pressure are maintained constant.
Slip along the fracture is measured using LVDTs.
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Fig. 2. Examples of fracture shear test results for a confin-
ing pressure of 2, 5, 9 and 14 MPa. The relationships be-
tween shear stress and shear displacement along the frac-
ture are initially quasi-linear, followed by decreases in
slope. Shear activation along the fracture is initiated at
the point (marked by circle) where the slope starts to de-
viate from the initial linearity. We define the shear stress
at the slip initiation point as shear strength of the fracture.
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Fig. 3. Shear strength as a function of normal stress at
slip initiation, showing that shear strength increases line-
arly with normal stress acting on the fracture. The data can
be fit by a straight line in the form of 7, = 0.75+0.57¢,,,
from which we determine a cohesion of 0.75 MPa and
a frictional coefficient of 0.57.
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Fig. 4. Example of water injection test result. In this test,
pore pressure was increased in step by injecting water
into a specimen subjected to a constant triaxial com-
pression (confining pressure of 7 MPa and axial stress
of 12.5 MPa). The critical pore pressure (P.) was de-
termined to be 5 MPa, at which shear slip along the frac-
ture initiated.
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Fig. 5. Example of CO; injection test result in a water-sa-
turated specimen. In this test, pore pressure was in-
creased in step by injecting CO, into the specimen sub-
jected to a constant triaxial compression (confining
pressure of 8 MPa and axial stress of 18.7 MPa). The
critical pore pressure (P.) was determined to be 6.9
MPa, at which shear slip initiated and an emergence of
AEs occurred.
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Fig. 6. Comparison between experimentally determined
P. and theoretically predicted P. from Coulomb friction
law for all CO; injection tests. The experimentally de-
termined P, values are higher with no exception than
those predicted from the Coulomb friction law.
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rated specimens (open symbols) can be fit by a straight
line in the form of 7, = 2.1+ 0.570,,, from which we de-
termine a cohesion of 2.1 MPa and a frictional co-
efficient of 0.57. The measured cohesion in water-CO,
saturated specimens is higher by 1.35 MPa than that in
water-saturated specimens.
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termined P. and theoretically predicted P. recalculated
based on the enhanced cohesion by water-CO,-rock
interaction. The measured and predicted P, values ap-
pear to be quite comparable.
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