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A study on the model for effective hydraulic fracturing
by using Guide hole

Mun, Hong Ju

Department of Ocean Energy & Resources Engineering
Graduate School of Korea Maritime and Ocean University

Abstract

Hydraulic fracturing technique has been applied in various fields in
order to improve the recovery of energy resources such as gas, oil and
geothermal energy and research about finding out hydraulic fracturing
mechanism and application has been steadily proceeded. In this study,
for effective hydraulic fracturing, a scale modeling was progressed to
simulate similarly with the actual site. In order to analyze the
development aspect of surface cracks occurring during hydraulic
fracturing followed by different conditions of the injection pressure of
the fluid, the number of guide holes and the main stress conditions,
hydraulic fracturing test was carried out by setting up a hydraulic
fracturing test equipment. Also, through the result, we tried to derive
reliable results by comparing and analyzing the value of numerical
modeling which is obtained based on the physical properties and
mechanical properties with 3DEC, a three-dimensional discrete element
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method program. As a result, numerical analysis from discrete element
method is regarded to be able to simulate well on the hydraulic
fracturing test.

KEY WORDS: Hydraulic fracturing; Guide hole; Discrete Element Method; Modeling.
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Table 1 Property value from the laboratory test

Property Value
Uniaxial compressive 93
strength(MPa)
Brazilian
. 2.34
Tensile Strength(MPa)
Porosity(%) 6.90
Density(kg/m?) 1955
Poisson’s ratio 0.25
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Table 2 Result of hydraulic fracturing test

) . Maximum Maximum ) Flow rate
Guide | Side pressure Time )
pressure flow rate | Time
hole (MPa) (sec) )
(Mpa) (mD (ml/min)
Model 2.5 40.29 144.32 28.49 303.94
#1 0
2.5 40.24 151.00 29.81 303.92
Model 2.5 7.88 341.81 201.95 | 101.55
#2 2
2.5 8.37 362.82 216.34 | 100.62
Model 2.5 6.94 727.34 432.60 | 100.88
#3 3
2.5 7.14 309.02 185.27 | 100.08
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Model #1 (a)

Pressure(Mpa)
48.0201

43.2181
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28.8121

24.0101

18.2080

14.4080

9.6040

0.0000 55 = 3 B T30 638 EE3 HE Z6.21 7348 27
Time(sec)
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Pressure(Mpa)
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33.5558
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Model #2 (a)

Pressure(Mpa)
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Model #2 (b)

76.91
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0.00004 55
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51.27

25.64

Time(sec)
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Model #3 (a)

Pressure(Mpa)

10.0000
9.0000

5768

576.8C

51912
Time

461.44

403.76

173.04 230.72 283.40

115.36
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Model #3 (b)

Pressure(Mpa)
10.0000
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0.0000 55 564 5127 7591 0254 12818 15381 17845 2508 23072 6.
Time(sec)

2 ,;, ) "I"
Vi :.l*'"" pe AN L_'ﬁ'f s La W : . R o ‘x_ >-

Flg 8 Time verse load curve for model #1,2,3
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Table 3 Result of hydraulic fracturing test

] ) Maximum Maximum . Flow rate
Guide | Side pressure Time )
(MPa) pressure flow rate (se0) [ Time
TOU a sec
STotp (Mpa) (mD) (ml/min)
Model 2.5 50.35 609.41 361.27 | 101.21
g1 | O
2.5 57.43 318.65 189.08 | 101.12
Model 2.5 64.67 135.29 80.38 100.99
#2 2
2.5 46.38 129.65 77.19 100.77
Model 2.5 49.49 135.67 80.63 100.96
#3 .
2.5 43.77 143.89 85.95 100.45

b

Zo] & model #19 FHMA

ANFYLE S 90%E AFRS o &
& = model #2, #39] FHo) /A

[A1ZE& 303.93ml/mim, =& 0]

s
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Pressure(Mpa)

Model #1 (a)

57.8950

52.1055

46.3180

40.52685

34.7370

28,9475

23.1580

17.3685

11.5790

5.7895

Collection

=

455 ie610 | 20763 24315 29068

_25_

332.20

377
Time(sec)

4

5.2¢



Model #1 (b)

Pressure(Mpa)
65.9871

59.3884

52.7897

46.1910

38.5923

329936

26.3948

19.73961

13.1974

6.5987 H 4

0.0000 55 2173 vy .20 3 0867 13040 15213 1738  1%e0  217.%
Time(sec)
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Model #2 (a)

_ ...._... o
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. L 3 L i ¢

27.72

18.48

924

Pressure(Mpa)

14.8722
7.4361
0.00004 55

74.3612
66.9251
53,4890
248167 [-----meeeee

52.0528
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Pressure(Mpa)

Model #2 (b)

53.3129

47.9816

42.6503

37.3190

31.9877

26.6565

21.3252

15,9939

10.6626

53313

789 5 TRy

Time(sec)
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Model #3 (a)

Pressure(Mpa)
56.9171

51.2254

45.5337

38.8420

34.1503

28.4586

22.7668

17.0751

11.3834

56917

n
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Model #3 (b)

Pressure(Mpa)

43.5000

44,5500

39.6000

PR, mew— frmereanes froneennne

L e e L
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Table 4 Strength value from laboratory test

Property Value
block mass density 1955 kg/m®
bulk modulus of block 22.43 GPa
shear modulus of block 13.46 GPa
friction angle of block 57.75°
cohesion of block 4.05 MPa
tensile strength of block 2.34 MPa
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Fig. 10 Hydraulic fracturing test sample modeling
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Table 5 Displacement of numerical modeling results

Model #1 Model #2 Model #3
, Displacement > Displacement , Displacement
Point Point Point

(mm) (mm) (mm)
1 14.26 1 10.28 1 7.39
2 18.58 2 8.79 2 6.52
3 21.06 3 12.56 3 12.14
4 6.03 4 11.43 4 16.96
5 10.23 5 13.49 5 7.88
6 21.86 6 8.89 6 5.99
7 18.44 7 9.92 7 18.43
8 13.77 8 10.22
9 6.32
10 7.15
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Fig. 11 Shape of the hydraulic fracturing model & grid point
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Fig. 12 Displacement verse time for hydraulic fracturing of numerical
modeling results
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Fig. 13 Numerical modeling results
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