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Experimental study of the fracture characteristics of granite
under CO, injection condition

1,2 . 2 . 2
XU Chen-yu~“, BAIBing", LIU Ming-ze
1. School of Civil Engineering and Architecture and Environment, Hubei University of Technology, Wuhan, Hubei 430068, China; 2. State Key Laboratory of
Geomechanics and Geotechnical Engineering, Institute of Rock and Soil Mechanics, Chinese Academy of Sciences, Wuhan, Hubei 430071, China

Abstract: The hydraulic fracturing (HF) behavior under CO, condition is a key scientific issue in CO,-enhanced geothermal system
project. The granite specimen was taken from the quarry in Zhangzhou, Fujian province. HF experiments were conducted to
investigate the effects of CO, and H,O on the HF process and crack propagation by using a new independently developed hollow
cylinder. This study reveals that with the decrease of the viscosity of the fracturing fluid, a greater number and more sinuous
microcrack branches form in the fracture process. This indicates that CO, fracturing may be more conducive to the formation of the
crack network, which helps to increase the heat exchange efficiency in the CO,-EGS projects. The fracture pressure of the specimen
decreases with decreasing the viscosity of the fracturing fluid, which leads to the safe operation of the injection well with a lower
value. The experimental results consist with the interaction mechanism of fluid rock from the convective heat transfer perspective,
and its accuracy is verified.
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Cco, @2l CO,

EGS Co, Bl C0,-EGS

CO»- CO,-EGS Brown!"
Co, [4-6] Cco,

2017-11-09
(No. 41672252) “ ” (No. 2014BAC18B01)
CERC (No.2016YFE0102500)
This work was supported by the National Natural Science Foundation of China (41672252), the Supporting Program of the “Twelfth Five-Year Plan” for Sci. &
Tech. Research of China (2014BAC18B01) and the National Key Research and Development Plan (CERC) (2016YFE0102500).

1991 CO, E-mail: xcy378464@126.com
1980 CCUS E-mail: bai_bing2@126.com



4 Co, 1475
CO,
CO, Chen (21
scCO,
scCO,
[7-8]
COZ C02
Morita®”  Oort!!”
Hubbert [ CO,
Haimson "> Hubbert
Morita ¥
CO,
2
2.1
[15] 1
CO, 5cm 2 cm 10 cm
CO;, 2 ISRM [22]
CO,
Li [el
CO, CO,
Lei 7
CO,
Ishida @ Zoback
—6
[5-6] 1
Fig.1 Quarry in Zhangzhou, Fujian Province
CO,-EGS
CO,
Ishida [0
19 cmx19 cm*19 cm
CO, LCO, CO; scCO,

2
Fig.2 Thick hollow cylinder sample of granite



1476 2019
2.2 5 q
MPa
3
4 4
3
O
50 MPa
PC
3 23] -
Fig.3 The photograph of the new developed —
hollow-cylinder tensile equipment'**! %W%
. o
0 5
Fig.5 Schematic diagram of loading
3
CO
: 3.1
7 3
4 (24] CcO, 4 1
Fig.4 The schematic diagram of the new developed 20 MPa
ol . . 124]
hollow-cylinder tensile equipment Co,
CO,
2 ISCO 100D
ISCO 260D Co, 40 mL/min
2 mL/min
1
Table 1 Test condition
/MPa /K
Lame B10 0 288.09
B11 1 287.65
B13 3 288.15
_PR;-PR} (P.—P)RIR; B16 6 288.25
"R -R r*(R; = R}) B20 0 289.25
B21 CoO 1 288.15
PR~ PR} (P.-PR)R'R; 2
0= 3 ) ) 3 3 B23 3 288.25
Ry = R; r(Ry —Ry)
[25]
o, o, MPa 4 km 438.15K
P, P MPa R, R, CO,
m r m CO,
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Table 2 Experimental data

/K /(mPa-s) /MPa /MPa

B10 288.09 1.136 0.00 6.29
BI1 287.65 1.149 1.01 6.92
B13 288.15 1.133 3.10 8.91
B16 288.25 1.129 6.22 12.1
B20 289.25 0.070 0.00 5.34
B21 LCO, 288.15 0.080 1.10 598

B23 288.25 0.080 3.20 7.55
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LCO Table 3 Comparation of breakdown pressure data
2 between published literature and this essay
LCO; /MPa
/(mpa - S) Phmax Prnin /MPa
B20 B21 B23 B20 1.136 0.00 0.00 6.29
1.149 1.01 1.01 6.92
B2l B23 1.133 3.10 3.10 8.91
LCO, 0.070 0.00 0.00 5.34
LCOZ LCO, 0.080 1.10 1.10 5.98
LCO, 0.080 3.20 3.20 7.55
[18-20] 291 LCO, 0.100 1.00 1.00 10.56
Ishida [ LCO, 0.090 1.00 1.00 11.56
(30] 5cCO; 0.050 1.00 1.00 8.44
11 scCO, 0.050 1.00 1.00 9.74
0.770 6.00 3.00 13.01
LCO; 0.790 6.00 3.00 1337
T 316.8 600  3.00  25.05
cn
84.7% 86.4% Ishida [19] 314.9 6.00 3.00 23.08
scCO, 0.050 6.00 3.00 9.10
3 scCO, 0.050 6.00 3.00 10.16
[19-21]
42.1
42 CO,
3

LCO,

[11, 14]
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Table 4 Convective heat transfer coefficient under different initial temperatures
/K /MPa K/(W/(m?* - K)) v/ (m?/s) M/(Pa-s C,/(/(kg - K)) e
10 10 0.5850 1.292x107° 1.297x107 41592
30 10 0.620 0 7.971x107 7.971x107* 41538
60 10 0.656 0 4.744x1077 4.684x107" 4163.6
100 10 0.683 0 2.952x107 2.843x107* 41935
LCO, 10 10 0.1090 1.054x1077 9.703x107° 2338.6 0.129 6
LCO, 30 10 0.084 7 8.565x10°° 6.608x107° 3260.1 0.086 3
scCO, 60 10 0.0393 8.223x107° 2.384x107° 3032.8 0.018 8
s¢cCO, 100 10 0.0313 1.156x107 2.18x107° 1521.8 0.007 9

i  COy
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