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Preventing frac hits and well interferences with fast
marching simulation using embedded discrete
fracture models constrained by poroelastic
geomechanical modelling of enhanced permeability

A., Ouenes'?, A., Bachir'?, R. Smaoui', C. Hammerquist!, M. Paryani' present a practical
application of Embedded Discrete Fracture Models in a Fast-Marching Simulator where
poroelastic geomechanical simulation provides the necessary enhanced permeability of the
fractures that cause frac hits and well inferferences.

Introduction

Investors are not happy. A recent article by a major newspaper
(Olson et al., 2019) again highlighted the issue of ‘underper-
forming’ unconventional wells’ production targets. It notes that
financial executives from the oil industry state that predicting well
performance is an art rather than a science. Others involved in
the management of billions of shale assets offer their opinion by
noticing that ‘Geology doesn’t line up with Excel spreadsheets too
well, unfortunately.” These sentiments reflect the perceived state of
unconventionals’ technology which is reduced to ‘an art and relying
on Excel spreadsheets’. Such comments have dramatic consequenc-
es on all stakeholders in the unconventional business. A serious
consequence came about shortly after the newspaper article was
published: a law firm started an investigation targeting executives of
an oil company accused of misleading their investors by providing
them with false well performance forecasts. Lawyers and financiers
quarreling about such highly technical matters put the burden on
scientists and engineers to bring practical solutions to this complex
problem. During this decade, great efforts have been made to
better understand the performance of unconventional wells, but the
challenges are overwhelming, and they evolve as our understanding
of hydraulic fracturing progresses. Chief among these challenges,
we find the issue of frac hits and well interferences.

Frac hits are not a novelty and engineers started trying to
understand and model these issues years ago (Lawal et al.,
2013; Guindon, 2015; Ouenes et al., 2017; Paryani et al., 2017;
Vargas-Silva et al., 2018). Now that these well interferences are
affecting the bottom line and Permian shale players see a reduction
0f 30% to 50% in their child and/or parent well productions (Xu et
al., 2019), even plenary sessions in conferences are devoted to this
topic (Jacobs, 2019). These gatherings provide a good opportunity
to reiterate the need for acquiring data to help improve our under-
standing of the stated problems while recognizing the need for an
interdisciplinary approach to develop solutions (Jacobs, 2019).
Unfortunately, the first boom in development of unconventional
reservoirs created these myths that are increasingly hard to dislodge
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from the minds of many stakeholders who convinced themselves
that we do not need to collect data, or model earth heterogeneities
to improve our engineering designs, that there is a magical number
of wells per section, and that it is OK to exchange debt among
private equity-backed shale players who buy and sell billions
of dollars of shale assets using decline curve analysis (DCA)
and type curves. Unfortunately, the tools commonly used by the
industry to design their hydraulic fracturing were invented in the
1980s and 1990s and lack the basic components needed to model
and optimize the well spacing and hydraulic fracturing of the
unconventional wells that will reduce or avoid the impact of frac
hits and well interferences. New tools and technologies are needed
to form the basis of the practical implementation of new science in
unconventional reservoir development.

The science of unconventionals

To properly model the behaviour of unconventional wells one needs
to capture the first order physics that have a major impact on the
well performance. This must account for geologic factors such as
rock mechanical property variation, reservoir pressures, natural
fractures and weak interfaces and their impact on the stress field
which controls the resulting fracture geometry. To capture all these
multi-disciplinary components, we have built a software platform
able to provide the necessary tools needed for any unconventional
problem using a single grid in a single project. As a result, we
created a preventative workflow deployable at field-development
time scales to reduce frac-hit risk and optimize well interference
potential. To address the unconventional production modeling
challenges, the requirement of multidisciplinary tools and rapid
execution of the workflow is critical. A typical industry workflow
to study an interference problem in a pad is an R&D project
that could last 3 to 6 months and use tools that frequently lack
the right physics or do not accurately represent geologic reality.
These inadequate tools perpetuate the idea that the unconventional
business is an art and will keep engineers using only spreadsheets
because nobody has time for a three-month study to understand a
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(A) (B)

Figure 6 (A) Pressure around child and parent wells estimated using FMM and EDFM
at the end of the hydraulic fracture injection period when using a constant fault
permeability. Notice the higher pressure in green along F1 and F3 and inside the
parent pressure field indicating the frac hit (B) pressure estimated using FMM and
EDFM at the end of the hydraulic fracture injection period when using a variable and
higher fault permeability derived from the strain simulation shown in Figure 4.

ask then what preventative measures can be taken to avoid this
strong interference?

Jacobs (2018) described the latest ‘active well defence’
approaches where water is injected in parent wells to reduce the
effect of the depletion when fracking the child well. The idea is
proven to be effective in multiple basins but again the devil is
in the detail and the presence of geologic discontinuities could
greatly reduce the efficiency of this strategy. Figure 7 shows the
pressure distribution after the parent well was pressurized first
then followed by child injection. It appears that the presence of
the faults could be a problem. Thus, the need to carefully design
these water injection defences to avoid injecting in faults which
could create the opposite effect and harm the child injection
rather than help it.

These designs require data and rapid workflows able to
provide quick answers. The use of surface drilling data provides
the necessary information needed to capture the geologic and
geomechanical variability at each well. The workflow described
in this study is extremely fast and allows any engineer to employ
the science of unconventionals and develop predictive models
even for issues involving complex physics such as frac hits
and well interferences which cannot be predicted with Excel
spreadsheets.

Conclusions

The introduction of the EDFM in a FMM simulator allows the
rapid quantification of frac hits and well interferences. The use
of validated reservoir geomechanics allows the estimation of the
fracture and fault permeability required by the EDFM. The results
derived from this new approach match field observations. The
workflow also allows the examination of preventive measures
involving water injection and their impact on the fracking of a
child well. This entire analysis could be carried out on any well
and can be completed in a timeframe counted in hours or days not
weeks or months.
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