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A previous study showed that the hydraulic stimulation of a fracture in a petrothermal environment alters the stress field
around that fracture. In the current work the impact of this stress field alteration on the propagation of subsequently stimulated
fractures is investigated for a subsurface geothermal heat exchanger (SGHE) consisting of multiple fractures.

Methods and materials

Tab. 1: Stimulation setup for the nine simulation
variations.

The region of Freiberg (Sachsen, Germany)
is used as a case example. The targeted
geological formation for the SGHE is a
granite intrusion, which is believed to be
located in a depth between 4 and 5 km. Fig. 1
shows the model setup with five predefined
fracture planes perpendicular to σ3.

Fig. 1: (a) Model setup. (b) and (c) indicate the
orientation of the main stress components.

Sim #
1
2
3
4
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Fracture distance
d [m]
100
200
100
100
200
100
100
200
100

Angle
α [°]
0
0
0
0
0
27
45
45
72

Max. backflow
QBF [m³/s]
0.01
0.0001
0.0001
0.0001
0.0001
0.0001
0.0001

Fracture propagation and interaction is investigated for nine simulation setups
varying (1) the distance d between fractures, (2) the angle α between σ3 and
stimulation borehole, and (3) the fluid backflow QBF out of finished fractures (Tab. 1).

Results and discussion
Fig. 2 shows the location of the failed
sub-contacts and Fig. 3 the change in
σ3 for Sim #1. Subsequently stimulated
fractures are deflected away from
areas of increased σ3 around existing
fractures. The final fracture alignment
renders connecting all fractures with a
single borehole impossible. Moreover,
the simulation results indicate that
fracture
deflection
cannot
be
completely avoided.

Fig. 2: 3D representation of the failed subcontacts in Sim #1.

Fig. 3: Contour plot of the change in σ3 in a horizontal
cutting plane (Sim #1).

Though a fracture deflection cannot
be avoided, final fracture alignment
can be optimized by carefully
designing the fracture stimulation
setup. A good example is Sim #8.
Fig. 4 shows the location of the
failed sub-contacts and Fig. 5 the
change of σ3 for Sim #8. The
fractures can be easily connected
by a second borehole.
Fig. 4: 3D representation of the failed subcontacts in Sim #8.

Fig. 5: Contour plot of the change in σ3 in a horizontal
cutting plane (Sim #8).

Conclusions
Due to the stress field alteration around an existing fracture subsequently stimulated fractures are deflected away from areas
with an increased σ3. The fracture deflection cannot be completely avoided. However, aligning the stimulation borehole at an
angle α ≥ 45 ° forces all fractures to be deflected in the same direction.
SGHE designs found in literature propose the engineering of fractures with distances d << 50 m. The results of the simulations
conducted in this study indicate a strong variation in fracture geometries for such a small fracture spacing. The most
consistent geometries were found for a fracture distance d = 200 m and a fluid backflow of QBF < 0.0001 m³/s .
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