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2. Natural Fracture (NF)
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1. Hydraulic Fracturing (HF)

2. Hydrostone

3. Differential Stress

4. Pre-existing Fracture

5. Orthogonal

6. Non-orthogonal Approach Angles
7. Shear Strength

8. Frictional Interface
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1. Mortar
2. Epoxy
3. Matrix
4. Host

5. Calcite
6. Austin



oy o S 2Eiole;] anllas
929) sles Folesz 5= (h
diges b slead s
: // Slas ol s
/
//
l i I 'Ir
O )
. |
= \

Hlie sled (&5 S gl slos (G (st Jsho) (RLesT Joe 5 (IS slod ¥ S

(Y U)o ls 8 (ols) (SieSls Sl

Slow—w al

M 5l Gimlel o j5—e lndiges
5 oiolesl lmdiges o saba 8,5 |, 8 agl 4o
o asslw C sl AR 9 )l_w)l.: TN ‘;J)s R_A—AS)J
S)9— 5—“"“ gri"&‘ 9 nri‘)"-a Slogas cl
B ‘rx».»Ja LSLQJ[S_MJ 9 4_’9,“ celw Ls‘)—’ oolax_wl
s5—bate ay slailg il sladised g9, 559
B 5 abiges pdlastcenSs Ko yi> (5,503l
IS ) ool.é.;’_wl“o)_ib fg._u &)"_‘“} L)M_’LA)T )‘ ‘rx...,.la
oolaz_ul Sy9—0 @L@n\w)ﬁc ‘rMS g,«_.ojl.o.n
sloaisei oy (s pimlesl 5l esliul Ly 5
W ASTM 0)‘..\4L._..o‘ d_>Ua.o JS_.a Lglo)_:la g;Luub
D] s slsl D3967-08

1. Polycarbonate

2. Fracturing Fluid

3. Pneumatic Jacks

4. Monitoring

5. Talc

6. Uniaxial Compression Tests (UCS)
7. Young’s Modulus

8. Fracture Toughness

9. Semi-circular Bending (SCB) Test
10. Splitting Tensile Strength

11. Brazilian Tests

12. American Society for Testing and Materials (ASTM)
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1. Rubber Mold
2. Acrylic Spacer
3. Curing
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1. Stress-free 3oundaries
2. Fluid injection rate
3. Glycerin
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1. Breakdown Pressure
2. Stress Intensity Factor
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INTRODUCTION

Hydraulic fracturing is a highly efficient tech-
nique for simulating tight oil and gas naturally
fractured reservoirs. Moreover, it is used to mea-
sure in situ stress and is an indispensable tool
for design in rock engineering and geophysical
research. Hydraulic fracturing involves pressuriz-
ing a well or borehole to induce a tensile fracture
which generally runs perpendicular to the lowest
principle compressive stress. The amount is de-
termined by calculating the breakdown pressure
by measuring the critical borehole pressure re-
quired to induce fracture. Breakdown pressure is
dependent on the in situ stress and the mechani-
cal characteristics of the rock. In addition, factors
affecting fracture propagation and fracture ge-
ometry include the state of the stress, injection
rate, fracture fluid, Young's modulus, fracture

toughness of the rocks (tensile strength), initial
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pore pressure, leak-off coefficient, relative bed
thickness of the formation, and specimen size. In
many regions, the orientation of current in-situ
stresses has not changed from the time of the
formation of the natural fractures. Consequently,
the hydraulic fracture is likely to be subparallel
to the fractures with which it interacts. In other
regions, the natural fractures are a result of a
totally different stress regime than the present
day, so the natural fractures may be oblique or
orthogonal to the hydraulic fracture path. The
properties of fracture cements are distinct from
those for intact rock. Depending on the cement
material (and fracture) properties, the pre-exist-
ing fractures may act as a weak path or a barrier
for further crack propagation [1,2]. This forms a
competition between sealed pre-existing cracks

and the intact matrix for fracturing. [1-3].



EXPERIMENTAL SET UP AND TEST
PROCEDURE

The laboratory tests on the synthetic rock
specimens were conducted using a hydraulic
fracturing test system. Test specimen is placed
between two thick, transparent plates of 25 mm
thickness. In addition, the specimen is a 152 mm
by 152 mm cast sheet of 5.1 mm thickness with
a 3.2 mm diameter hole in the center. Fracturing
fluid is injected in the center of the specimen to
initiate and propagate a fracture. The far-field
stress is applied via pneumatic jacks on two
parallelsides of the specimento give a preferential
direction for fracture propagation. Thin, flexible
layers of polymer-based clear adhesive are used
on top and bottom of the specimen to prevent
fluid leakage. Fracture growth in the experiments
is recorded using a high resolution digital camera.
The monitored field of view is approximately 51
mm by 25 mm with the long side being parallel to
the applied far-field stress. Moreover, an oblique
natural fracture with 25 mm length and variable
thickness is cast around 20 mm away from the

injection port.

RESULTS AND DISCUSSION

Here a total of four fracturing tests are presented.
The specimens in the first three tests had hard
natural fractures, and the specimen in the fourth
test had a soft natural fracture. Changing the
distance between the injection port and the
cemented natural fracture can yield a different
fracture trajectory under the same conditions.
The induced hydraulic fracture is more likely
to cross a natural fracture which is placed at
relatively larger distances. Hard natural fractures
act as barriers or obstacles to hydraulic fracture

propagation. The induced hydraulic fracture
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tends to cross thin, hard natural fractures and
to be diverted by thicker natural fractures with
the same natural fracture filling material. The
strength of natural fracture filling material
relative to the host rock influences the fracture
propagation outcome. Hydraulic fractures are
more likely to cross weaker natural fractures and
to be diverted by stronger natural fractures with
the same natural fracture geometry. Moreover,
the breakdown pressure of test specimens
with soft natural fractures is lower than the
breakdown pressure of specimens with hard

natural fractures.

CONCLUSIONS

Laboratory experiments are conducted in this
study to examine the behavior of an induced
hydraulic fracture as it approaches a cemented
natural fracture. Finally, the results provide a
novel evidence of the impact of natural fracture
filling materials on the outcome of hydraulic
fracture propagation at its interaction with

natural fractures.
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