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Zahra Esmaeilzadeh, David Eaton, Chaoyi Wang
University of Calgary, Geoscience Department

Summary

On November 30, 2018, an earthquake sequence initiated during hydraulic fracturing operations
in the Septimus region of the Montney Formation in Northeast of British Columbia. At the time
when this sequence was initiated, zipper-fracking was being carried out in two lower-middle
Montney wells. It has been proposed that variations in pore pressure within the Montney
unconventional play reflect fault-bounded pressure compartments. A measured static pressure
difference of 10 MPa between the two wells indicates that they may be separated by an
impermeable fault. This paper characterizes the influence of a lateral pore-pressure gradient on
completion effectiveness and fault activation.

Method

Hydraulic fracturing simulation in the presence of a sealing fault and permeable damage zone is
performed using Grid Oriented Hydraulic Fracture Extension Replicator (GOHFER). We then
perform numerical modelling with Itasca’s 3DEC distinct element code, using a simplified slip-
weakening friction model, to characterize the influence of a lateral pore-pressure gradient and
high permeability damage zone on fault activation and hydraulic fracture geometry. These two
approaches for numerical simulation provide further insight into fracture propagation mechanism
in the presence of complex stress field and faults, and enable estimates of fracture attributes
(geometry, permeability, proppant concentration, etc.). To aid in developing numerical models,
we have compiled and built a comprehensive reservoir model using Petrel.

In Figure 1 epicentral location of the Nov. 2018 earthquake sequence are shown. Figure 2
demonstrates the 10 MPa difference in static pore pressure between the two wells after the Nov.
2018 earthquake which is equivalent to 4kPa/m difference in pressure gradient, or 177 psi/1000
feet. Of these two wells, the north and south wells are named A and B, respectively.

This 10 MPa pressure difference, as well as the seismic events between the two wells suggest
the presence of an East-West extending fault between the wells, located south of the southern
bounding fault of the Fort St. John Graben (FSJG), acting as a pressure barrier. Based on the
seismicity pattern, the small strike-slip events between the two wells probably occurred
aseismically along the subtle faults, triggering dynamic rupture at slightly greater depth (e.g.
Debolt Formation).

The inferred fault is located 150 m from well B with a ~50 m fault throw. The direction of the
maximum horizontal stress is approximately N32E. Consequently, a near-vertical east-west
planar fault is sub-optimally oriented for slip in the current stress field. In this study, the reference
well is a vertical well located 3 km NE of the treatment wells with a full suite of well logs. The study
area encompasses the Septimus field, including the location of the November 2018 earthquakes,
and covers a large part of the KSMMA area.
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Figure 1 Epicentral location of the Nov. 2018 earthquake sequence that are shaded by time. The approximate location of the
FSJG and inferred faults are shown by the dashed black lines. Normal (N), reverse (R), and strike-slip (SS) mechanisms are shown

in different colors.
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Figure 2 There is a 10 MPa difference in static pore pressure between the two wells after the Nov. 2018 earthquake. This
pressure difference, as well as the seismic events between the two wells suggest the presence of an east-west extending fault
acting as a pressure barrier.

A layered isotropic model is assumed for this study. The fracture plane is confined by two stiff
layers preventing out-of-zone fracture growth.
Slickwater and resin-coated sands with 40/70 mesh sizes were used as fracturing fluid and
proppants. To calibrate the model, history matching was performed, calibrated by the breakdown
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pressure, injection rate, total proppant volume, pressure data, as well as total stress with the
actual operational data.

The zipper fracking in the two horizontal wells started in well A on the low-pressure side of the
model, and six and seven stages were completed in wells A and B, respectively. During the
completion of the 7th stage in well B on November 30, 2018, the M. 4.5 mainshock occurred and
operations were halted. For simplicity and due to space limitations, here we only compare the
results of the first stage treatment of each wellbore.

The grid properties defined to set up the model are listed in Table 1.

Table 1 Grid properties defined to set up the model.

Grid Properties
Rock Density, kg/m?3 2650
Biot’s Coefficient 0.24
Compressional Sonic Travel Time, msec/m 195
Poisson’s Ratio 0.25
Static Young’s Modulus, GPa 40
Pore Pressure 1, MPa 38
Pore Pressure 2, MPa 28
Water Saturation, fraction 0.3
Strain, microstrain 400
Matrix Porosity, fraction 0.1
Damage Zone Permeability, mD 1 (10 for sensitivity analysis)
Matrix Permeability, mD 0.01 (0.0001 for sensitivity analysis)
Process Zone Stress (Fracture Net Stress), MPa 7 (20 for sensitivity analysis)
Vertical Stress, MPa 59
Max Horizontal Stress, MPa 128
Total Stress (Closure Pressure), MPa 42

Results

Figure 3 shows the fracture pressure (MPa) of well A hydraulic fracturing which is completed far
from the fault at about 1km distance. If there is no fault in the model a symmetric fracture is
produced. In the presence of the fault at a distance > 1 km, a slight increase in fracture length
and height occurs. Stress rotation around the fault seems to have an impact on the fracture
geometry even at this large distance. The presence of a high permeability damage zone around
the fault results in a slight increase in flowing area and flowing fracture length.
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Figure 3 Fracture pressure (MPa) of well A hydraulic fracturing which is completed far from the fault. Stress rotation around the
fault seems to have an impact on the fracture geometry even at large distance.

In Figures 4 & 5 the results of well B hydraulic fracturing close to the fault at 150 m distance are
shown. As expected, a nearby fault acts as a barrier against fracture propagation and prevents
fracture growth beyond the fault. However, this sealing behavior depends on the fault throw,
injection rate, damage zone properties and the amount of AP across the fault. Faults with a small
vertical offset may not completely seal the fracture plane. Thus, in the intervals where the layer is
still connected on both sides of the fault, diffusion of the injection fluid can result in fracture
propagation into the other side. The amount of penetration however depends on the injection rate.
If a damage zone is present, fluid leakage into the permeable pathways leads to a shorter fracture,
and finally, a sealing fault with a large pressure contrast produces an asymmetric fracture, with
most of the fracture length being in the low-pressure zone. Therefore, fault structural properties,
operational constraints, damage zone permeability and AP are all important parameters
controlling the fault sealing behavior.
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Figure 4 The results of well B hydraulic fracturing with strong pressure contrast and no damage zone.
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Figure 5 The results of well B hydraulic fracturing with strong pressure contrast and permeable damage zone around the fault.

To model fault activation in the presence of a sealing fault, we used Itasca’s 3DEC distinct element
code for discontinuous media to investigate the effects of a large pore pressure contrast across
a fault. The sensitivity of the fault activation was tested based on the presence or absence of a
large pressure difference, as well as the presence or absence of highly fractured and permeable
damage zone on both sides of the fault. In our model, Fault plane with 45-degree strike and 90-
degree dip intersects the hydraulic fracture plane (Figure 6).
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Figure 6 3DEC model geometry in the presence of AP and damage zone.

If both pressure contrast and damage zone exist, the fault is breached during well 1 stimulation.
When the simulation run is complete, it ultimately produces a symmetrical HF fracture pattern.
The effect of the damage zone is more diffuse fault opening. The presence of a damage zone
around the fault appears to channel pore pressure along the fault, leading to a more uniform
distribution of fault aperture and pore pressure than in the absence of a damage zone where the
fault opening is concentrated near the HF intersection (Figure 7).
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Figure 7 Results of the 3DEC model with a 10 MPa pore-pressure contrast across the fault as well as a damage zone. The panels
show the aperture (m) for the hydraulic fracturing (HF) plane and the fault plane. The permeable damage zone appears to
channel pore pressure along the fault, leading to the development of a more uniform fault aperture.
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Conclusions

Our results suggest that the presence of a fault damage zone with pore-pressure contrast across
the fault core influence both Stimulated Reservoir Volume (SRV) and fault activation. The
presence of a highly permeable damage zone around a fault leads to a more diffuse distribution
of fault aperture and pore pressure. In the absence of any damage zone, models with a significant
pressure difference across the fault lead to initial rupture arrest, followed by equilibration of pore
pressure after the fault is breached. Our rupture models predict a moment magnitude of
approximately 2.3, with the rupture process characterized by decelerating moment release. As
expected, hydraulic fractures tend to grow into the low-pressure zone. The length of the fracture
is sensitive to the permeability of the damage zone, as well as the pressure difference across the
fault.

Applications and Novelty

The aim of this research is to quantify the effects of pressure barriers on hydraulic fracturing
effectiveness and fault activation, a topic that has received relatively little attention in the literature.
Results of this research will aid to optimize stimulation efficiency and production performance in
the presence of sealing faults that form a pressure barrier. We are investigating whether the
pressure difference is a risk factor for fault activation, including the rate and magnitude of induced
seismicity.
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