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Abstract

It  is  commonly  assumed  that  most  commercial
unconventional  plays  exhibit  predominantly
vertically oriented hydraulic fractures. At the same

time, there is mounting evidence that hydraulic fractures may propagate
along sub-horizontal bedding planes in some instances. 

This  talk  first  summarizes  field  observations  of  horizontal  hydraulic
fractures,  which  include  measurements  from  tiltmeters,  microseismic,
fiber  optics,  casing  deformation,  as  well  as  observations  of  propped
horizontal fractures in a vertical core. Then, rock properties are revisited
with respect to their influence on horizontal fractures. Shales are finely
layered rocks that typically exhibit elastic, toughness, and tensile strength
anisotropies. Tensile strength anisotropy in particular makes it easier to
initiate a sub-horizontal fracture along a bedding interface, rather than a
vertical  fracture  perpendicular  to  layers.  As  a  result,  it  is  possible  to
initiate a horizontal hydraulic fracture even if vertical stress exceeds its
horizontal counterpart. In addition to this, shales exhibit viscoelasticity or
creep, which leads to stress relaxation and brings the state of stress close
to hydrostatic.  The combination of viscous stress relaxation and tensile
strength  anisotropy  greatly  elevates  the  possibility  of  initiation  of
horizontal hydraulic fractures. 



Operational parameters may also contribute to the creation of horizontal
fractures. As single well  stimulations are being replaced with multi-well
developments,  this  leads  to  an  overall  higher  stress  build-up  in  the
reservoir. In particular, higher fluid loadings and closer well spacings lead
to  bigger  stress  change.  As  the  stress  shadow  accumulates  and  the
minimum horizontal  stress increases, at some point the stress contrast
becomes insufficient and horizontal fractures start to form.

To summarize, it is shown that horizontal hydraulic fractures are affected
by  both  rock  and  operations.  The  rock  has  a  certain  capacity  or
stimulation  intensity  limit  before  horizontal  fractures  start  to  form.
Therefore, operations need to be tailored to a specific location, if the goal
is to avoid horizontal fractures. Several examples illustrating formation of
horizontal fractures are presented.
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