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1 Microseismic Monitoring of the Engineered 
Environment: Principles, Objectives and Outcomes 

Itasca Consulting Ltd. (ICL) is specialised in providing consulting, software and acquisition 

systems for microseismic, acoustic and ultrasonic monitoring of natural and engineered 

structures. ICL services apply over a wide range of engineering applications from Hydrocarbon 

extraction, reservoir stimulation, monitoring of geothermal reservoirs, mining, geological 

storage of RadWaste and CO2, monitoring of civil infrastructure and rock deformation 

laboratory testing. 

The principles of microseismic monitoring and analysis are basically the same as those 

employed by seismologists to study earthquake mechanics and the internal structure of the 

Earth which apply to all engineering-scale problems. These techniques have provided 

information on the condition of a rock-mass and its response to various types of human 

intervention. Advances in instrumentation and computing power have broadened the scope of 

these investigations, and high fidelity microseismic data is now routinely collected as part of a 

wide range of engineering operations. Microseismicity provides first order information on the 

impact of the different engineering operations on the host rock, the surrounding volume and 

infrastructure, delineating the extent and position of any potential induced or mobilised 

fracturing. Therefore, microseismic monitoring applies to a wide range of industries that 

involve engineering operations with the potential to induce fracturing in brittle materials:  

 

¶ Mining  

¶ Geothermal  

¶ Geological storage 

¶ Oil and gas  

¶ Civil engineering 

¶ Material testing 

 

Figure 1: Seismic monitoring across the scales, from laboratory samples to reservoir and regional scale. 
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A microseismic event, also called micro-earthquake, is simply a smaller-scale version of the 

same phenomenon. An event is generated by the rapid strain/stress release due to brittle failure 

when stress conditions in the source volume exceed the envelope of the Mohr-Coulomb 

criterion for the rock. The energy released travels through the medium as mechanical waves 

that are recorded by sensors (geophones, accelerometers, piezo-electric crystals, etc.). 

At the scales generally associated with engineering applications, acoustic methods can be 

broadly split into two categories, depending on the frequencies of the mechanical waves under 

investigation: 

¶ Microseismic (MS) systems monitor energy in the 0.1 to 10 kHz band and are 

suitable for monitoring large volumes of rock (up to several km3). These systems 

are appropriate for monitoring entire mines or the volume round the base of an 

injection well.  

¶ Acoustic emission (AE) systems record higher frequencies (30 ï 250 kHz or 

greater). These are appropriate for high resolution monitoring of smaller volumes 

of rock or specific concrete structures (volumes between 1 m3 and 1 x 104 m3 

dependant on the attenuation properties of the material).  

 

 

Figure 2: Mohr-Coulomb criterion for brittle failure. When stress state is pushed above the envelope for each 

material, rupture occurs to return the material to equilibrium. 
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Figure 3: The óseismic spectrumô.  

At any scale, microseismic and acoustic monitoring can provide the following information: 

¶ Where fracturing is taking place. Using the arrival times of the seismic phases, 

the AE/MS events associated with fracturing or slip on existing fractures can be 

located within the rock with great accuracy. 

¶ Assess the extent and geometry of the fracture. The location of events and the 

event rate can be used to assess the areas within a material where the most fracturing 

is occurring. Further analysis can provide information on the orientation of the 

induced or mobilised fracture network. The velocity of seismic waves within the 

material (derived from passive seismic tomography) can also be used to assess areas 

of damage as, in general, regions of high damage will show lower velocities when 

compared to those from intact material. 

¶ Estimate fracture connectivity and interaction. Considering the location, source 

radius and uncertainty, it is possible to quantify the degree of clustering and 

potential interactivity between induced microseismic events, which translates into 

the potential for damage and creation of paths for fluid migration. 

¶ Determine information on the fracture mechanism. The shape of the waveforms 

recorded at each sensor is a function of the source mechanism and the path effects 

experienced by the acoustic energy as it travels from the source to the receiver. 

From these data it is therefore possible to derive information about the orientation 

and mechanism (e.g. shear, isotropic) of the failure. 

¶ Derive information relating to the stress field. Studies have indicated a 

relationship between zones with high velocity anomalies and regions of higher 

stress and, therefore, increased damage potential. These may be identified by 

passive tomographic imaging and used in conjunction with stress models derived 

from numerical modelling and/or in-situ measurements. In addition, the orientation 

of the principal stresses acting at the source of the acoustic activity can be 

interpreted from waveform processing of the AE/MS activity. 

Frequency (Hz) 
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¶ Determine material properties of the volume. As energy travels through rock, 

concrete or other materials the frequency and amplitude are affected by the material 

properties. Measurements of seismic velocity, anisotropy and attenuation are 

therefore sensitive to changes in these material properties. 

¶ Assess the time-dependent behaviour of the material in response to engineering 

activities. The response of the material may vary with time in response to 

excavation or other engineering activities. The ability of acoustic methods to 

monitor in a continuous and passive manner is one of their greatest assets. 

¶ Validation for numerical models. As geomechanical numerical modelling 

methods become more powerful and more widely applied, the collection of field 

data to provide model validation has become a key aspect of this type of engineering 

study. 

 

 

Figure 4: Example seismic record for a microseismic event induced in an underground excavation. The 

mechanical wave is recorded as a waveform by 16 sensors placed around the monitored volume. The arrival times 

of the different phases at each sensor are used, together with the transmission velocity of the waves in the rock, 

for the calculation of the event source location. 
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Figure 5: Illustration of the propagation of a seismic wave for an MS event induced from fluid injection. The 

difference in propagation velocity between the pressure (P) and shear (S) waves, and the different direction of 

particle motion for each phase (longitudinal for P-waves and transversal for S-waves) is used for the location of 

source of the MS event. 

The combination of microseismic monitoring and analysis applied to field and laboratory 

observations with state-of-the-art geomechanical simulations, offer a unique and powerful 

method of understanding in-situ rock mass behaviour. The modelling allows predictions of the 

rock response to be made based on the properties obtained from laboratory experiments. The 

microseismic data is then collected in the field to validate the model and appropriate 

refinements are made to provide a realistic interpretation of the true behaviour. This 

combination is essential for the concept of Fracture Network Engineering (FNE) which 

involves the design, analysis, modelling, and monitoring of infield activities aimed at 

enhancing or minimising rock mass disturbance. FNE relies specifically on advanced 

techniques to model fractured rock masses and correlate microseismic (MS) field observations 

with simulated microseismicity generated from these models. Hydrofracture stimulation is an 

example where FNE is playing a role, with hydraulic treatments now being widely used to 

optimise production volumes and extraction rates in oil and gas reservoirs, enhanced 

geothermal systems, and preconditioning operations in caving mines. MS monitoring has 

become a standard tool for evaluating the geometry and evolution of the fracture network 

induced during a given treatment, principally by source locating MS hypocentres and 

visualising these with respect to the treatment volume and infrastructure. The integrated use of 

synthetic rock mass (SRM) modelling with microseismic analysis provides a feedback loop in 

which SRM is enhanced and constrained by the information provided by the MS data. 
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Figure 6: Microseismic monitoring integrated in the understanding of rock mechanics 
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Figure 7: Flowchart for a typical microseismic monitoring job. 

 

 

 

 

 



 

 

 

 

 

 

 

2 Seismic and Microseismic Applications for the Mining 
Industry 

 

 

 

 

 

  

 










































































































