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Swelling and Mechanical Property Change of Shale and Sandstone in
Supercritical CO,
Chae-Soon Choi, Jae-Joon Song*

Abstract In this study, a method is devised to implement a supercritical CO, (scCO») injection environment on
a laboratory scale and to investigate the effects of scCO; on the properties of rock specimens. Specimens of shale
and sandstone normally constituting the cap rock and reservoir rock, respectively, were kept in a laboratory reactor
chamber with scCO, for two weeks. From this stage, a chemical reaction between rock surface and the scCO, was
induced. The effect of saline water was also investigated by comparing three conditions (scCO»-rock, scCO»-H>O-rock
and scCO»-brine(1M)-rock). Finally, we checked the changes in the properties before and after the reaction by
destructive and nondestructive testing procedures. The swelling of shale was a main concern in this case.
The experimental results suggested that scCO, has a greater effect on the swelling of the shale than pure water
and brine. It was also observed that the largest swelling displacement of shale occurred after a reaction with the
H0-s¢CO; solution.
The results of a series of the destructive and nondestructive tests indicate that although each of the property changes
of the rock differed depending on the reaction conditions, the H;O-scCO, solution had the greatest effect. In this
study, shale was highly sensitive to the reaction conditions. These results provide fundamental information pertaining
to the stability of CO, storage sites due to physical and chemical reactions between the rocks in these sites and scCOs.
Key words CCS(carbon capture & storage), Laboratory experiment, Supercritical CO,, Rock properties, Swelling
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Fig. 2. A schematic of the experimental system for the
interaction between the CO, and the brine
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Fig. 3. A general view of the swell displacement measurement test with the dial gauge
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Table 1. Before and after the difference in the height and
the maximum and minimum displacement of
measured points

Average height| Average max | Average min
difference displacement | displacement
(mm) (mm) (mm)
Case W 0.048 0.057 0.040
Case B 0.037 0.049 0.028
Case C 0.066 0.090 0.040
Case WC 0.100 0.115 0.083
Case BC 0.040 0.056 0.023
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Table 2. The normalized values of the stress thresholds for shale and sandstone

) Peak stress, o Crack closed stress Crack initiation stress Crack damage stress
Reaction (MPa) (0../ o7 %100, %) (5.0/ 7% 100, %) (7./ o7 %100, %)
condition

Shale Sand stone Shale Sand stone Shale Sand stone Shale Sand stone
Case R 138.8 248.4 6.6(£0.39) | 7.2(+1.19) | 55.2(£1.82) | 52.7(£5.73) | 90.5(£2.71) | 84.4(+3.13)
Case W 122.6 265.0 7.1(+1.51) | 3.9(£0.02) | 38.7(£6.91) | 62.4(£2.26) | 62.9(£9.18) | 88.3(£2.14)
Case B 121.9 217.5 4.0(+0.17) | 3.7(+£0.35) |36.4(+2.17) | 31.9(£0.14) | 69.2(+0.66) | 84.0(+ 0.03)
Case C 163.1 276.0 4.7(+£0.68) | 4.7(+0.52) [35.4(+£6.88) | 54.1(£1.91) | 69.9(+ 7.42) | 87.0(+5.13)
Case WC 145.5 262.1 4.4(+0.88) | 3.4(£0.75) |27.2(£7.09) | 47.7(£2.48) | 53.5(£6.21) | 75.6(%5.31)
Case BC 111.8 241.4 7.3(+0.88) | 44(+0.26) |44.1(£12.1) | 56.3(£5.86) | 85.5(£10.9) | 80.5(+5.80)
Normalized stress threshold(%) 1I;Igrxmliycd stress threshold(%)
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Fig. 7. Effects of reaction conditions on changes of the stress threshold in shale and sandstone
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Fig. 10. Young’s modulus and Poisson’s ratio changes in the elastic region for shale and sandstone

Table 3. P-wave velocities measured by stages in dry and saturation conditions

Rock Reaction Before the reaction (P-wave, km/s) After the reaction (P-wave, km/s)
condition 1 (Dry condition) 2 (Saturation condition) | 3 (Saturation condition) 4 (Dry condition)

Case W 3.55 4.38 4.28 3.50

Case B 3.53 431 4.19 3.45

Shale Case C 3.62 . . 3.74

Case WC 3.36 4.10 3.21 3.07

Case BC 3.24 4.04 3.19 2.94

Case W 5.48 5.58 5.59 5.48

Case B 5.57 5.57 5.57 5.57

Sandstone | Case C 532 . . 5.38

Case WC 5.67 5.67 5.67 5.67

Case BC 5.68 5.68 5.68 5.68
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