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Influence of the Cleavage Anisotropy of Pocheon Granite
on Hydraulic Fracturing Behaviour

Sung-Gyu Jung, Li Zhuang, Sun Yeom, Kwang-Yeom Kim*, Ki-Bok Min

Abstract In this study, laboratory hydraulic fracturing tests are carried out to evaluate the effects of the cleavage
anisotropy of Pocheon granite. Breakdown pressure is smaller when cracks are generated to the direction of rift
plane in constant pressurization rate condition because of higher microcracks density. Besides not only injection
rate changes but also the amount of injection pressure for fracture initiation and crack expansion is detected while
testing due to internal deformation. Pressurization rate is higher while hydraulic fracture testing with constant
injection rate condition in case of the specimen which has rift plane perpendicular to borehole because there are
much flow paths to penetrate compared to the specimen which has hardway plane perpendicular to borehole.
Observation by X-ray CT scanning shows that almost all of cracks due to hydraulic fracturing are generated to

the direction of plane which has higher microcrack density that is rift plane or grain plane.

Key words Hydraulic fracturing, Pocheon granite, Breakdown pressure, Microcracks, X-ray CT
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Fig. 1. Direction of rift, grain and hardway plane of granite
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Fig. 2. Type of specimens for hydraulic fracturing tests
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Table 1. Specifications of hydraulic fracturing equipment and X-ray CT scanning device

Size of specimen

® 50 mm x 100 mm

Max. confining pressure 21 MPa
Max. vertical pressure 51.2 MPa
Max. injection pressure 35 MPa
Volume of triaxial cell 875 cm’

Allowable injecting condition

Continuous & Cyclic Injection
(Pressurization rate control/ Injection rate control)

Allowable injection fluid Water & Oil
Max. size of 3-D CT scanning ® 300 mm x 900 mm (h)
Radiation energy of X-ray 40 kV ~320 kV

Nozzle Plate

O-ring

Specimen

O-ring

Nozzle Plate

O-ring

Bottom pedestal

Fig. 4. Test procedure for hydraulic fracture experiment. a) locating granite specimen on pedestal, b) covering specimen
with plastic membrane, ¢) filling oil inside of tri-axial cell, d), ) applying vertical and confining pressure to specimen,

f) specimen with O-ring installation
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Table 2. Test conditions for hydraulic fracturing tests

Vertical Confining Pressurization Rate Breakdown Pressure
Specimen # Plane Direction Pressure Pressure lrfjt/([:]t)ie(l)/z) ;;te (Maximum Pressure)
(MPa) (MPa) (mm’s) (MPa)
1 Rift 13.6
2 Rift 14.1
3 Rift 14.0
4 Rift 14.1
5 Grain 11.6
6 Grain 12.1
7 Grain > 01 Mpass 11.8
8 Grain 12.8
9 Grain 12.7
10 Hardway 26 12.4
11 Hardway 10.5
12 Hardway 10.6
13 Rift 25 mm’/s 8.1
14 Rift 50 mm’/s 7.2
15 Rift 10 mm’/s 4.2 (Not failed)
16 Hardway 0 10 mm’/s 3.1 (Not failed)
17 Hardway 50 mm’/s 6.0
18 Hardway 25 mm’/s 5.8 (Not failed)
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