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Numerical Approach for Determination of Shut-in Pressure
in Hydrofracturing Test

Sung O. Choi

Abstract The shut-in pressure calculated in common hydrofracturing test for vertical borehole equals generally to
the minimum horizontal principal stress, so it should be considered as an essential parameter for determining the
in-situ stress regime around the rock mass. It shows usually an ambiguous value in pressure-time history curves,
however, because of the relationship between the behavior of hydraulic fractures and the condition of remote stress
regime. In this study, a series of numerical analyses have been carried out to compare several methods for
determining the shut-in pressure during hydrofracturing. The hydraulic-mechanical coupling has been applied to
numerical analysis for simulating the fracture propagation by hydraulic pressure, and the different discontinuity
geometry has been considered in numerical models to examine the effect of numerical element shape on fracture
propagation pattern. From the numerical simulations with the four different discontinuity geometries, it was revealed
that the shut-in pressure obtained from graphical methods rather than statistical method was relatively small.
Consequently a care should be taken in selecting a method for determining the shut-in pressure when a stress anomaly
around borehole and a fracture propagation with complicate mechanism are considered.
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Fig. 1. Plan view of modeled zone and applied boundary
condition.
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Table 1. Physical properties used in the numerical analysis

Value Units
Block property
Density 2,600 kg/m’
Bulk modulus 15.6 GPa
Shear modulus 11.7 GPa
Cohesion 28.4 MPa
Tensile strength 10.0 MPa
Friction angle 35.2 degree
Discontinuity property
Joint normal stiffness 70.8 GPa/m
Joint shear stiffness 58.8 GPa/m
Cohesion 28.4 MPa
Tensile strength 10.0 MPa
Friction angle 352 degree
Residual aperture 0.020 mm
Zeronormal stress aperture 0.068 mm
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Fig. 2. Different types of an assemblage of blocks and joints; (a) Simple two orthogonal joint sets, (b) Staggered joint sets,
(c) Two diagonal joint sets, and (d) Randomly sized polygonal joint sets.
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Fig. 3. Hydraulic fracture propagation attitude in the simple two orthogonal joint sets (a), the staggered joint sets (b), the
two diagonal joint sets (c), and the randomly sized polygonal joint sets (g). (Thin lines around wellbore denote the
infiltration of fluid from wellbore, and thick lines denote the hydraulic fractures generated from wellbore)
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Table 2. Values of the shut-in pressure for different rock properties and different remote stress regimes, determined by the

various methods

Ps (MPa)

Relationship Method
Test 1 Test 2 Test 3 Test 4 | Test 5 Test 6 Test 7 Test 8
Povs. t Intersection 11.89 12.70 12.89 12.67 12.57 13.18 13.41 11.14
P vs. log(t) Intersection 12.08 12.77 13.54 13.35 13.47 14.14 14.09 11.79
log(P) vs. log(t) Intersection 12.01 12.84 14.06 13.88 13.95 14.85 14.81 11.93
dP/dt vs. P Bilinear decay rate | 11.90 13.28 15.83 16.00 15.88 15.51 15.44 13.18
Mean value 11.97 12.90 14.08 13.98 13.97 14.42 14.44 12.01

1) Test 1, 2, and 3 are for S,;=10 MPa, 12,5 MPa, and 15 MPa, respectively. (S5, is fixed to 12.5 MPa and S, to 10
MPa, and rock properties are same to those shown in Table 1.)

2) Test 4 and 5 are for the various cohesion values. (Double cohesion value in Test 4, and five times cohesion value in
Test 5. The remote stress regimes and the other rock properties are same to the case of Test 3.)

3) Test 6 and 7 are for the various tensile strength values. (Double tensile strength value in Test 6, and five times tensile
strength value in Test 7. The remote stress regimes and the other rock properties are same to the case of Test 3.)

4) Test 8 is for the case when the joint normal stiffness and joint shear stiffness were applied as a double value of Test 3.
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