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Abstract - During multi-stage fracturing in a low permeable shale formation, stress interfer-
ence occurs between the stages which is called the “stress shadow effect(SSE)”. The effect may
alter the fracture propagation direction and induce ununiform geometry. In this study, the
stress shadow effect on the hydraulic fracture geometry and the well productivity were inves-
tigated by the commercial full-3D fracture model, GOHFER. In a homogeneous reservoir mod-
el, a multi-stage fracturing process was performed with or without the SSE. In addition, the
fracturing was performed on two shale reservoirs with different geomechanical proper-
ties(Young’s modulus and Poisson’s ratio) to analyze the stress shadow effect. In the simulation
results, the stress change caused by the fracture created in the previous stage switched the
maximum/minimum horizontal stress and the lower productivity L-direction fracture was
more dominating over the T-direction fracture. Since the Marcellus shale is more brittle than
more dominating over the T-direction fracture. Since the Marcellus shale is more brittle than
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the relatively ductile Eagle Ford shale, the fracture width in the former was developed thicker,

resulting in the larger fracture volume.

And the Marcellus shale’s Young's modulus is low, the stress effect is less significant than
the Eagle Ford shale in the stage 2. The stress shadow effect strongly depends on not only
the spacing between fractures but also the geomechanical properties. Therefore, the stress shad-
ow effect needs to be taken into account for more accurate analysis of the fracture geometry
and for more reliable prediction of the well productivity.

Key words : shale reservoir, hydraulic fracturing modeling, multi-stage fracturing, stress shadow
effect, stress change, geomechanical property
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Fig. 1. Stress shadow effect in horizontal well.
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Fig. 2. Concept of Boussinesq’s linear-elastic theory.

-2 -



Stk o] A

o

=)
(=4

M. Al AH

Solap) PE

e

B AFA A8 FEAIEHCIHE 3‘}
GAEFolEQl GOHFERE P ot} o]=
g F5E %’J%H EASAEE E8 =
Q AZAEE 7blo g &9 TZE

JO}iHl 59 EAT 27 Xl%—%
E} B dFoMe Avbd AE A8
RAS FEIReH, gd #EE <
A aAE EA5H7] 918l Fig. 3% QO] 21
TTE, quLE 9 =40 A ES *pizé%}i’i

AFZe EHJEE 0017 md2 7§ A E3A4
x]io]tq /\l—o 1-?_30__04 HEJ,].H x]zoi EsRel
SEATE FFE2 0095012 A AAL] ALTY &
A X HYE E st o= FolFHlE 0.302,
PEL 5.533x10° psi® AA3IPTE EIF 3 F
-5 (vertical stress, 7,)< 7000 psi©] L stress aniso-
tropy= 359 psiZ EE3IATE AF52] FA= 1,000
fiolm FHAL AlF AF2 FHE7L A% 7,000
ftoll A== AT TH A9 2ol= 6450
ftolx ¥ AL 100 ft2 AR

Tk A It o g oEd At 1A
THA T HE I FAE FUst A
o FEE YA ojoM AHE FES A

_O|L

XN

L o e
o1 2o 18 0

IL.

ftlo ‘g
i

o mlm
S oo o 1

) “
ol 1 o

gl |
r°*‘
(o5

g

[o-

Table 1. Parameters for the study using the hyd-
raulic fracturing model
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Fig. 3. Homogeneous hydraulic fracturing model
in GOHFER.
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Fig. 4. Geometry of generated hydraulic fractures
in 3 stages without SSE.
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Table 2. Fracture half length and width of NSSE
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Fig. 5. Propped fracture volume of transverse
and longitudinal hydraulic fractures for
each stage without SSE.

Fig. 6. Geometry of generated hydraulic frac-
tures in 3 stages with SSE.
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Table 3. Poisson’s ratio and Young’s modulus
of shale formations[19]

Shale formation Polss?n s Young’s mcfdulus
ratio (106 psi)
Range 0.11~0.28 2.32~4.06
Marcellus
Mean 0.17 3.05
Range 0.20~0.37 4.93~8.99
Eagle Ford
Mean 0.30 7.00
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Fig. 12. Brittleness index of Marcellus shale and
Eagle Ford shale[20].
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P, = pore pressure

P, = wellbore pressure

P, = overburden pressure

1 = distance from wellbore

r,, = wellbore radius

0 = angle from direction of minimum stress

E = young’s modulus

Z = distance from the fracture surface

w = fracture width

o, = radial stress

o0, = tangential stress

0}, = minimum horizontal stress

0y = maximum horizontal stress
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