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Effects of Injection and Temperature Variations on the
Breakdown Pressure of Rocks
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To elucidate the effects of flow rate on the hydraulic fracturing property of andesite, the hydraulic
fracturing tests were conducted under three flow rates. As the tests are conducted with 1ml/min, 2ml
/min and 3 ml/min under the constant axial load of 40 kN, the breakdown pressures of andesite
seem to be constant as 163kg/cal.

The hydraulic fracturing tests were carried out under the temperatures of five stages to elucidate
the effects of temperature variation on hydraulic fracturing properiy of granite. As the tests are car-
ried out under the constant flow rate of 1.7ml/min, with the axial load of 40kN, the breakdown pres-
sures of granite are 168kg/cd at room temperature, and 124kg/enl at 200°C. The breakdown pressure
decreases about 25% than that of room temperature with increasing the temperature. Under the con-
trolled flow rates, the initiation pressures of the microcracks of granite are well coincided with the
breakdown pressures and these results are also confirmed by the levels of acoustic emission.
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Table 1. Summary of the hydraulic fracturing and index property test results of granite

: Index properties
Breakdown A.E
Normal| Flow (room temperature)
Sample Pressure |(precedes
No. Load Rate (Pb)  failure by Temperature Specific | Porosity Water | P wa.ve
(kN) [{ml/min) (Kefom?) | sec) gravity : (%) content | velocity
' (%) | (km/s)
YGP-31| 40 | 17 184 1 Room Temp.| 255 2.00 0.24 5.17
YGP—-12| ~ o 154 2 ” 2.56 1.29 0.23 4.99
YGP—-14| ~ ” 176 1 ” 2.57 0.96 0.15 5.22
YGP—-40| ~ ” 179 1 ” 2.55 2.13 0.29 5.13
YGP—44| ” 145 2 " 2.62 0.84 0.07 5.45
Average 168 2.57 1.44 0.20 5.19
YGP—-41 ” 4 154 1 50C 2.54 2.26 0.18 5.08
YGP-21 ” ” 145 1 ” 2.58 0.85 0.13 5.03
YGP—-54| ” 187 1 ” 2.57 117 0.13 5.29
YGP- 8 ” ” 156 1 ” 2.56 1.66 0.17 5.18
YGP-11 ” ” 134 1 ” 2.58 0.82 0.12 5.37
Average 155 2.57 1.35 0.15 5.19
YGP-58| ~ ” 139 1 100 - - - -
1YGP—-56| ~ ” 168 1 ” 2.57 1.26 0.09 5.30
YGP—29| ’ 142 1 . 253 | 327 | 020 | 516
YGP-59| «~ ” 163 1 ” - - - -
YGP-—22 ” ” 155 2 v 2.55 241 0.22 5.26
Average 153 2.55 2.31 0.20 5.24
YGP—-60| ~ " 153 1 150C - - - =
YGP—45 ” ” 142 1 ” 2.57 1.35 0.16 5.19
YGP—-30| ~ " 140 1 r 2.54 2.00 0.24 5.12
YGP-61 ” ” 142 1 ” - - - -
YGP—43 w w 113 No proc. ” 2.59 0.81 0.09 5.43
Average 138 2.57 1.39 0.16 5.25
YGP-51| &0 ” 128 1 200C 2.54 1.96 0.19 5.12
YGP—-46 40 » 123 1 ” 2.55 1.89 0.19 5.14
YGP-13| ~ ” 123 noisy ” 2.57 0.97 0.15 5.22
YGP—- 5| «~ » 117 1 ” 2.55 2.36 0.21 5.17
YGP- 1 » » 127 1 » 2.57 1.28 0.16 5.32
Average 124 2.56 1.69 0.18 5.20
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Fig. 1 A) Hydraulic fracturing system—547. (1) Load framz, (2) HI—1000 pressure generating system, (3)
AP—1000 triaxial pump, (@) 547 servo controller. B) Sample preparation stage. (1) triaxial load cell,
@ heating jacket.
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Table 2. General specifications of Hydraulic Fracturing System—547.

1. Compression Machine
1) Automatic stress or strain control
2) Loading frame:Model CT —250B
— Hydraulic actuator capacity:300,0001bs
— Actuator stroke:4 inches
— NX—-H-300 Load Cell & 3* stroke
LVDT

2. HI—1000 Pressure Generating System
1) Hydraulic intensifier:electro servo con-
trolled 4:1 ratio
2) Max. output pressure:10,000psi
3) High pressure volume:20 cubic inches
4) Model 5 serve valve:5 GPM at 1000psi

drop

3. Model AP—1000 Triaxial Pump
1) Max. input pressure:100psi

2) Max. output pressure:10,700psi

4. Rockeell Model 10 Triaxial Cell
— Confining pressure to 10,000psi
- Axial loads to 300,0001bs
1) DJC Axial Deformation Jacket
2) Circumferential Deformation Device:
— Max. pressure:60,000psi

— Max. temperature:200C

3) Heating Jacket:Max. temperature—550°F
(2887C)

5. 547 Servo Controller(Dynamic test system)
1) Full conditioning of dual feedback sig-
nals:command signal & AC/DC transduc-
er
2) Selectable parameter for limit shutdown
3) Multifunction readout monitoring
4) Dual full scale static command bias con-

trols

6. Series 7 Displacement Signal Conditioning
1) Six channel LVDT system
2) Individual gain & null seitings for each

channel

7. Servo Amplifier & Interface Module

— 16 channels for data aquisition

8. IBM Computer(486) & Servo software

9. Acoustic Emission System
1) Individual Integral Preamplifier:20 dB
Gain
2) Frequency responses:1—700kHz
3) Gain solution:20—80 dB
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Table 3. Experimental conditions of the hydraulic
fracturing test at phase 1 and phase 2.
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FAENE d¥E B8 78 2 FYsoAe] Ty
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Phase 1 | Phase 2
Duratl;l;egg;ec(km:;)amel 520 ZOéOO Table 4. Summary of the I'.\ydraulic fracturing
Tnitial value 300 kN | 20.00 kN test resuits of andesite
Amplitude 37.00 kN | 0.00 kN : Normal Breakdown| AR
Servo 1 | Waveform Ramp Ramp Sample No.| Load Flow Rate| Pressure | (precedes Remarks
Frequency (Hz) 0.0033 | 0.00083 ' () (ml/min) | (Pb) |failure by
Phase shift(deg) 0.00 0.00 (kg/em2) |  see)
Delay (sec) 0.00 0.00 WAP-9| 40 1 175 1 |Room Temp,
Feedback channel 4 6 WAP-13 " " 173 1 ’
Initial value 0.40 MPa | 0.00 ml WAP-14 ” ” 182 1 .
Amplitude 0.00 MPa | 34.00 ml WAP-24 " ” 124 1 .
Servo 2 | Waveform Ramp Ramp Average 164
Frequeney(Hz) 0.0033 0.00083 WAP-6| '~ 2 17 1 ”
Phase shift(deg) 0.00 0.00 WAP- 8 r L 141 1 "
Delay (sec) 0.00 0.00 WAP-12. ’ 4 152 1 "
WAP-22 ” ’ 170 1 ”
Average 160
A=A gl E9) WAP-3| & 3 198 1 ”
WAP-7 ” ’ 209 1 .
Zoback F(1977)& 449& 53l 7lgES ¢ WAP-10| « " 146 1 ’
5 TEY 27844 gl Erlee, At WAP-18 » 7 134 1 v
B0l 855 o] % e FHol7} tg A= A WAP-19| =~ ’ 137 2 "
£ Bgon o8¢ AL o ® dEg d3As Average 165
(Haimson & Zhongliang, 1991:Cheung &
Haimson, 1989)¢] <olsixE #Hl=Rich mja}a
Zoback & #Ax|¢gvle] LEAHE ANT o A 4 F=YE] Iml/mingl ASdEs 7
At oA SehE AR & oFE o T 4 164kg/cm?, 2ml/mins) X T 160kg/cm?, 3ml/
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Fig. 2 The breakdown pressures are shown at
varing flow rate, 1ml/min, 2ml/min and
3ml/min.
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Fig. 3 The relationships of breakdown pressures
to A) specific gravity B) porosity C)
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Fig. 4 Measurements made during the flow rate
controlled experiment with sample YGP—
40 at room temperature(20°C). Shown
from the top as a function of time are
the injection pressure, axial deformation,
lateral deformation and acoustic activities.
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Fig. 5 Measurements made during the flow rate
controlled experiment with sample YGP—
41 at 50C. Shown from the top as a
function of time are the injection pres-
sure, axial deformation, lateral deformation
and acoustic activities.
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