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Can a bi-lateral stress jump really arrest the height growth of a hydraulic fracture?
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In certain industrial applications, vertical growth of
hydraulic fractures beyond a targeted formation of
interest can cause economic loss and pose a risk to
environmentally sensitive layers [1]. In addition,
when micro hydraulic fracturing is used to measure
the minimum in-situ principal stress in the
subsurface, the vertical fracture growth can lead to
packer bypass, compromising the measurement [2].

In sedimentary formations, the presence of layers of
high confining stress above and below the formation
of interest is a well-known mechanism for the
containment of a hydraulic fracture [3]. As the
hydraulic fracture penetrates the region of higher
confining stress, the stress intensity factor decreases
thus limiting the (fracture)-height growth and
promoting the propagation parallel to the layers
direction. However, a simple 2D plane strain
argument shows that there is a limiting penetration
above which the vertical growth can no longer be
arrested [4]. This raises the question of whether the
vertical growth of an initially radial hydraulic
fracture can really be arrested when penetrating the
higher stress layers.

We consider the symmetrical scenario of an
injection point located at the center of a target
formation bounded by two layers with similar
properties. We assume that the confining stress in
the central layer is lower than in the bounding layers,
while the other properties are assumed to be uniform
for clarity. Using 3D planar simulations and scaling
arguments, we determine under what conditions and
for how long a hydraulic fracture driven by a
constant injection rate can remain confined between
two high-stress boundary layers. We find that true,
albeit transient, confinement exists and under two
conditions. The first is that the radial fracture must
be toughness dominated when reaching the
interfaces while the second is that the dimensionless
confining stress must be above a given threshold.
When these two conditions are fulfilled the radial
fracture transitions to a toughness dominated PKN-

like fracture (see ref. in [4-5]) for which we develop
a new analytical solution following the one derived
in [5]. In all other cases, the propagation velocity in
the vertical direction is only temporarily reduced, so
that the fracture regains its radial footprint at a late
stage. We show that no hydraulic fracture can be
contained indefinitely by a stress jump. Finally, for
the case where the true containment exists, we
estimate, both analytically and numerically, how
long the fracture remains vertically contained.
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