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A Study on the Development of Geothermal Energy
Using the Hydraulic Fracturing Method

Hi Keun Lee

Abstract To develop geothermal energy system, hot dry rock reservoirs are to be bored for both
the inlet hole and the outlet hole to a depth at which the temperature is high enough to get the
necessary thermal energy from underground. The inlet and outlet holes can be connected
artificially through hydraulic fracturing process, and then the flow circulation loop is completed.
As the basic experimental tests, the laboratory fluid circulation tests using hydraulic fracturing
models were conducted to investigate behaviors of fracture, and fluid flow. Numerical analysis
using coupled finite element model for flow analysis and displacement discontinuity method for
stress analysis were carried out. The results of permeability tests on artificially fractured
specimens showed that the permeability was increased with the temperature up to 100°C, which
this rate was reduced remarkably with the increase of the confining pressure.
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Fig. 1. A conceptual sketch of a hot dry rock(HDR)
reservoir in hydraulically fractured rock mass.
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Table 1. Physical properties of Machon gabbro

Properties Value
Unit weight (kN/m® 28.14-0.06
Apparent porosity (%) 0.48+0.06
Uniaxial compressive strength (MPa) 120+10
Indirect tensile strength (MPa) 98+1.0
Young's modulus (GPa) 58+1.3
Poisson's ratio 0.2110.009
300 "
>
i 1= ¢26
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S
A {le13
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Fig. 4. Dimensions of the rock specimen showing a
long slot(length:13 mm) and a short siot
(length:7 mm).
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Fig. 5. A general view of the hydraulic fracturing test
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and their inclination in the hydraulic fracturing
test.
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Table 2. Conditions of external pressures and slots.

Sample External P,/Pygiy angle*** Slot length
No.* pressure** (degree) (mm)
Pl P2 P3

LS-1 494 35 2.79 1.77 0.0 13
LS-2 490 35 2.86 1.71 22.5 13
LS-3 4.94 35 2.81 1.76 45.0 13
LS-4 491 35 274 1.79 67.5 13
SS-1 494 35 279 1.77 0.0 7

S8-2 493 35 2.79 1.77 225 7
SS-3 495 35 2.79 1.77 45.0 7
SS-4 490 3.5 2.83 1.73 67.5 7
SS-5 4.80 2.5 0.97 4.95 0.0 7
SS-6 4.89 25 1.92 255 0.0 7
NS 390 3.0 2.00 1.95 -

Key *LS; long slot, SS; short slot, NS; no slot.

**P,, P,, P;; the horizontal maximum, the
vertical intermediate and the horizontal
minimum principal stresses,

***Slot angle; the angle between P, direction and
slot direction.

Blda X1zt 327

& Case IIE Jebd whrol] 4= Case IS veh
Ak ol £X9 Aol H3e AdslFe Ate]
t}. 88-5, SS-62] 79+ Case IVE vjelydcl. &2 4
Holl o3l Py/Pyt 1.70] 3ol &F9] Actat W
9] dgkg wrow A Sl ozl FA-g WA
3%, 2.5 ol4to]ml &Fof| Frolfutz] gka NS9| 7399}
Yo e8] o] Eol] A% FEALAS FRdtE
< ¢ gk
B Aol odol A 27)5k4i9kE (Py), FAMTLE
(P& Aelgk Zo] Table 30|t} o] FoilA] K 23}
shaliorg Mo} 3xtstafigr o] v % b d A2 el
woh. webd 3abstsibE g FENTE o Wl
Ro] ulgz s}t

Fig. 79 Fig. 82 919] o] 714 A9 2% F dix
Hog £¥7Ze] 13mme] 5ol4 7zt £29] 7
0%, 67.5%1 chgt & -A17H548 bl Aot 17
oAlA] B vle} Zho] b -A7H5Al Aol A FHuihEA
7k 9] qtHe] Frtekgo] ALl FAdHololA Py Y
P& 7Zzhel Hujbgd oz AAslr). 18l &%
7to] 0°¢} 67.5°Q) 7395 wlash & uf, Po= 22t 17
MPa, 15 MPa, P& 27} 10.8 MPa, 8 MPa& Jeh}
A Ake] 7397} A vebgeh. &AM 2ol el
TEE HA&F5Y Wkl Hzhog whxdhch=
A mE Y off, #4455 Wkl tiste] 67.5°9
7371 0°Q) 735K} 90%0] 77l A Fdubd el B
Frelgt Aol lev @ P, 9 Po] YA Yehdohe
A& 4A $5¢ F gk

‘..

N

o

Table 3. Breakdown pressures(P,) and reopening
pressures(P,) obtained by the hydraulic frac-

turing test.
P,
Sample Slot angle P, P, P, (MPa)
No.  (degree) (MPa)(MPa) MPa)~, "o " o

LS-1 0.0 494 279 170 109 102 10.1
LS-2 22.5 490 286 163 79 71 69
LS-3 45.0 494 281 137 88 8.0 6.1
LS4 67.5 491 274 152 81 68 66
SS8-1 0.0 494 279 165 104 9.8 92
SS-2 22.5 493 279 169 108 89 81
S8-3 45.0 495 279 168 91 79 71
SS-4 67.5 490 283 176 79 68 6.0
SS8-5 0.0 480 097 118 49 38 3.0
S58-6 0.0 489 192 186 68 58 58
NS No slot 390 200 152 52 52 52
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Fig. 14. Schematic diagram of the hydraulic fracturing test and an acryl model for the fluid circulation test.
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Fig. 15.
60 kg/cm’ on a transverse fracture model.

Table 4. Results of the fluid circulation test on the
transverse fracture model.

c Qn Q..(ave).  Recovery
kg/em® ml/min ml/min rate %

2.7 1.26 47
0 1.08 0.53 49
0.54 0.26 48
0.27 0.17 63
2.7 1.31 49
20 1.08 0.58 54
0.54 0.28 52
2.7 1.30 48
40 1.08 0.52 48
0.54 0.27 50
0.27 0.16 59
2.7 1.29 48
6 1.08 049 45
0 0.54 0.24 44
0.27 0.13 48
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Fig. 16. Finite element and boundary element
meshes for the coupled stress and flow
analysis on a transverse fracture model.
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:[_ 150mm
{a) Fracture aperture at section A-A'
apud0 ' kgien?
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(b) Fracture aperture at section B-B’
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{c) Fiuid pressure distribution at section A-A'

Fig. 17. The results of the coupled stress and flow
analysis on a transverse fracture model.
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Fig. 18. Fluid flow within a transverse fracture model
for Q,,=2.7 mi/min.
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