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Abstract 
 
Despite the growth of microseismicity as an imaging tool for hydraulic fracturing, no universally accepted 
interpretational models have emerged quantitatively connecting the monitored microseismic attributes 
with details of a hydraulic fracture network. In this paper, potential conceptual models of microseismicity 
are reviewed along with quantitative characteristics identified through geomechanical modeling. A model 
consisting of microseismically active fractures representing the entire flow system is compared with one 
consisting of an aseismic, tensile hydraulic fracture that activate pre-existing fractures. Various 
characteristics are discussed of these two extreme conceptual models, particularly differences in injection 
pressure and microseismic moment release. The model containing the aseismic, tensile fracture 
represents the lowest energy state and is most consistent with typical microseismic and injection pressure 
characteristics. The conceptual framework provides contextual information to integrate microseismic 
locations, magnitudes, source mechanisms and other attributes with other diagnostic information. 
However, the ultimate benefit of a conceptual microseismic interpretational model is to maximize the 
value proposition of microseismic data. 
 
Statement of the background 
 
Microseismic observations have profoundly influenced the common view of hydraulic fracture systems as 
a fundamental interaction with pre-existing fractures. However, there is a wide variation in terms of how 
microseismicity is attributed to specifics of the geomechanically deforming fracture system, in terms of 
intensity and source mechanisms of the microseismic sources. Disparate scenarios have emerged in 
terms of conceptual interpretation models for microseismicity in relation to the complete hydraulic fracture 
system and in particular the hydraulic flowing conditions both during stimulation and in subsequent 
production periods. The microseismic conceptual models and underlying fracture network characteristics 
are often inferred without consideration of the association geomechanical implications, leading to 
fundamental questions around their physical viability.    
 
Aims and Objectives 
 
This study aims to use a geomechanical model to compare common conceptual models of a hydraulic 
fracture network and associated microseismicity. A coupled hydraulic-geomechanical model is used to 
compare end member conceptual model scenarios, specifically the microseismic and hydraulic 
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characteristics. Ultimately this comparison can be used to help constrain interpretational models and to 
better understand the dynamically deforming hydraulic fracture network. 
 
Materials and methods 
 
Two end-member scenarios are useful for consideration that bound or bracket various microseismic 
conceptual models. Intermediate models are possible between the two, but these end-member scenarios 
are useful to compare and contrast potential microseismic conceptual models. The first, is a scenario 
where the microseismically-active fracture network represents the entire hydraulic fracture system. Flow 
associated with the stimulation would be contained within this discrete fracture network (DFN). In this 
scenario, deformation of the fracture network would be fundamentally linked to flow and quantification of 
microseismic sources, either through intensity or moment tensor, which could then be used to infer the 
flow state of the fracture system. In the contrasting scenario, a tensile, dilating hydraulic fracture would 
form akin to traditional planar fracture models. This hydraulic fracture would grow orthogonal to the 
minimum principal stress direction, which is the lowest energy state for a dilating fracture. As this fracture 
grows, pre-existing fractures could slip if local conditions warrant, generating microseismicity at least in 
certain scenarios. In this scenario, flow would be largely contained to the tensile fracture, with secondary 
flow occurring in the DFN. Critically, no specific intrinsic assumptions of the fracture interconnections are 
required in this second scenario.  
 
These end-member scenarios are then modeled with a discrete element geomechanical model that 
includes intrinsic hydraulic coupling (Damjanac and Cundall, 2016) and the capability to simulate 
hydraulic fracture growth within a discrete fracture network (DFN) and generate a corresponding 
microseismic catalog. In a previous study, the model was calibrated to match recorded microseismicity 
from a Horn River Basin (HRB) stimulation (Maxwell et al., 2016). This model was used here as a basis to 
compare the end member scenarios for microseismic conceptual models. As in the original calibrated 
model a weak, vertical fracture was included orthogonal to shmin direction that dilated in tension during 
the hydraulic treatment from which pressure was able to leak-off and induce localized shear and 
microseismicity as it encountered pre-existing fractures. In an alternative scenario, this tensile fracture 
was set with high strength characteristics such that it did not open and instead fluid flow was isolated to 
only the DFN. Therefore with minor difference in the model characteristics, the same model framework 
was able to simulate the two end members. 
 
Results and discussion 
 
Figure 1 shows a map view of the microseismicity in the two cases, demonstrating a significant difference 
in the microseismic extents in both the principal stress directions. The DFN flowing scenario results in 
fractures shorter in the SHmax direction and extended in the shmin direction. Indeed, the model of the 
DFN flowing scenario was unable to generate significant growth in the SHmax direction in order to match 
the field microseismic extents. Another important contrast between the two scenarios, is the relative 
intensity of the microseismicity. In the lower tensile strength model, the total microseismic moment was 
found to be 48 GNm and the maximum moment magnitude was Mw=0.2.The higher tensile strength total 
moment was 110 GNm and the biggest event was Mw=0.7. 
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Figure 2 shows the modeled net pressure for the two scenarios of the HRB model, confirming significantly 
lower net pressure of about 2,500 kPa for the scenario with the realistic tensile strength compared with 
the high tensile strength case where pressure continuously rises during the injection to about 11,000 kPa. 
The tensile fracture of the second scenario would dilate when injection pressures exceeding the minimum 
stress plus the tensile strength, consistent with net pressures (difference between downhole pressure and 
minimum stress) required for fracture propagation. In the general case of the flow into the DFN, larger 
injection pressures are required to dilate fractures oriented at an angle to the maximum principal stresses. 
Note that fracture dilation is critical to store the large injection volume and proppant of most 
unconventional reservoir hydraulic fractures. If all principal stresses are close in magnitude, this may be 
close to the lower net pressure of a classic tensile fracture. However, in a more general case, the 
microseismic network would result in relatively large net pressures as observed in this case. This 
pressure comparison is really the key aspect of the comparison and points to the creation of aseismic 
primary hydraulic fracture as the lowest energy state and consistent with net pressures observed for 
typical stimulations. 
 

 
 

 

 
Figure 1: Map view of modeled microseismicity for the DFN flow (left) and including aseismic, primary hydraulic fracture 
scenario (right). Dimensions represent estimated microseismic lengths in meters. 

 

 
Figure 2: Plot of modeled net pressure through injection for the DFN flow (left) and primary hydraulic fracture scenario (right). 

Note differences in pressure scale. 
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Conclusions 
 
The scenario with just a microseismically active fracture implies interconnected pre-existing fractures, a 
large injection net pressure and a tendency for more localized microseismic moment release. The 
scenario with an aseismic, tensile fracture component would be expected to have net pressures more 
consistent with field observations. This model also does not require a critical fracture density with 
interconnected fractures to enable flow. Furthermore, the lower net pressures of the tensile fracture 
model would physically favor this model as the most probable, lowest energy state. Although field 
observations of fracture systems are relatively limited, a recent overcoring project of a hydraulic fracture 
system is relevant to this discussion (Raterman, et al., 2017). In this case, a series of parallel fractures 
were found and interpreted as tensile fractures, although the stress state is likely different from the HRB. 
Little to moderate correlation was found between microseismic density and these fractures which would 
be considered more consistent with the aseismic, tensile fracture scenario. While the evidence points to 
the tensile fracture model scenario as the more probable model, intermediate models between these end-
members are also possible and could still occur in specific circumstances.  
 
This investigation suggests interpreting microseismicity as only one component of the hydraulic fracture 
system, and that the majority of the hydraulic fracture containing proppant will be aseismic. Interpreting 
microseismic, including locations, magnitudes or mechanisms, within this conceptual framework is 
suggested as the most appropriate physical scenario. Similarly, conceptualizing a hydraulic fracture 
network including a propped, tensile fracture with fluid leaking off into oblique natural fractures versus a 
dendritic system of natural fractures is considered a more geomechanically appropriate model. 
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