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Six hydraulic fracturing experiments were conducted at the Grimsel Test Site
(GTS), Switzerland. The aim was to study the geometry of induced hydraulic
fractures (HFs), their interactions with the pre-existing fracture network, and the
hydro-mechanical coupled response during hydraulic fracturing. All six tests
were performed by targeted injection using a double packer and followed a
similar injection protocol to study the response of the rock mass at different
injection locations and the influence of injection fluid characteristics (Dutler et
al., 2018). For the later, water or a xanthan-salt-water (XSW) mixture were
injected. The viscosity of the XSW mixture was 35 times higher than water.
Except for HF6, all HFs were initiated in borehole section without pre-existing
discontinuities (Jalali et al., 2018).
Several monitoring systems were installed to study transient pressure
propagation, deformation within the rock mass and along shear zones, and
seismic activities during the injection tests. The geometry of hydraulic fractures
was determined by located microseismic events as well as by the deformation
and the pressure response at points distributed within the rock mass (more in
Amann et al. (2018)). The deformation was measured using two different
systems: 1) chains of fiber Bragg grating (FBG) sensors and 2) distributed strain
sensing (DSS) optical fibers.
Figure 1 and 2 show selected monitoring results used to evaluate the geometry
of the hydraulic fracture during HF2 test. The FBG sensor at 5.4 m in FBS1
(Fig. 1, dark blue) followed a few second later by the sensor at 6.1 m (Fig. 1,
black) show abrupt extensions during the propagation cycle of the test HF2. We
interpret this as a direct observation of fracture opening due to fluid flow and
thus permit to track the propagation of the hydraulic fracture. The study of the
microseismicity record and the DSS data suggest that the HF bifurcate and that
the flow path toward the FBG sensors is not unique. One need to note also that
during this test a flow path developed toward the lower part of the injection well,
below the double packer were pressure was also measured (referred as INJBE
on Fig. 1 and 2). Pressure started increasing in this interval after the first
propagation cycle (C21) and exceeded 3 MPa at this end of the main injection.
This allowed developing other links as for example with the FBG deformation
sensor at 7.8 m whose response seems to be strongly dictated by the pressure
record in the INJBE interval. A small pressure response is also visible in the
interval PRP11, suggesting a transient pressure change in the vicinity without
any direct flow path to PRP11. Independent information suggest that the PRP11
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interval is connected indirectly to our system via the shear zone S11 (not shown
in Fig. 2, S11 shear zone is a major structure crossing our experimental
volume).
The position of the microseismic events show a strongly asymmetric fracture
propagation about the injection point with a propagation direction which is
essentially only downward. The events aligns on a plane that agrees well with
the assumed stress field from the stress characterization phase. The plane is
oriented 190/75°, with a minimum principal stress axis oriented sub-horizontal
North.
This contribution gives an overview of the fracture growth from the microseismic
events and deformation observations during hydraulic injection during various
experiments and injection cycles. It allow to track in-situ hydraulic fracture
propagation with a resolution never achieved before. It highlights clearly the
complexity of the fracture propagation processes that in the details involves a
network of fractures while at large the overall orientation of the propagation plan
is consistent with the stress field.
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Figure 2: Fracture geometry of experiment HF2.
Figure 1: Selected data for the experiment HF2, with
FBG sensor data on top, pressure interval observation,
fluid balance and injection protocol incl. injection
pressure response.
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