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Introduction 
Many microseismic jobs are designed with a single down-hole geophone array in a nearby monitoring well, 
although surface monitoring arrays and multi-well arrays can also be used (Maxwell and Urbancic, 2001).  The 
impact of using multiple down-hole monitoring arrays to record microseismic events is not fully understood -
although it has been suggested that event location accuracy increases with the number of monitoring wells (Rich 
and Kerr, 2012).  However, introducing poorer quality data (for example, from a further, smaller or more noisy 
monitoring array) could degrade location quality compared to locating the same events only on arrays in which 
they are well defined. This question is very important to understand and is essential to determining the value of 
adding multiple geophone arrays.   

Regional Geology  
 

• Deposited during the late Mississippian to early Pennsylvanian Period; believed to be the result of the 
Ouachita Orogeny 
 

• Sediment supplied from the Amarillo Uplift (Figure 1) 
 

• Granite Wash represents alluvial fan, fan delta, and submarine fan facies; greatest thickness surpasses 5,000 
feet on the southern edge of the Anadarko Basin  
 

• Grain size and composition within the wash varies considerably 
 

• Older washes are generally chert, becoming more carbonate rich within the Cherokee section, and becoming 
more arkosic within the Red Fork 
 

• The Cherokee group consists of sandstone and limestone packages 
 

Figure 1: Granite Wash depositional model (Modified from Crawford et al, 2013).  Inset: 

Generalized map of the Anadarko basin (From Ingram et al, 2006) 

Methodology 
 

Event location accuracy will be compared as a function of different variables: number of monitor wells, and the 
inclusion of anisotropy in the velocity model used with the location methods included in the Transform TerraSuite 
3.5 interpretation software. 
 
Multiple Monitoring Well Analysis: Events will be hand-picked and locations calculated using IRIS Antelope 
software. Microseismic event locations will be refined using the double difference method (Waldhauser and 
Ellsworth, 1998). Event corrections resulting from the double difference analysis on multi and single well solutions 
will be compared to determine relative accuracy of event locations.  Finally, migration distances of individual events 
between the multi and single wells solutions will be quantified and compared (Figure 6a). 
 
Velocity Model Complexity and Location Method Analysis: Using the Transform software, event locations will be 
compared by varying levels of anisotropy in the velocity model as well as using different location methods. After 
events have been loaded into Transform TerraLocate 3.5, they will be located using both the Modified Geiger and 
the Probabilistic Octant algorithm. Four velocity models will be tested with both algorithms with varying levels of 
complexity: isotropic model, VTI anisotropy, HTI anisotropy, VTI & HTI anisotropy. The results for each method and 
each velocity model will be plotted in three-dimensional space and statistically compared to one another (Figure 
6b).  

Expected Results 
 

Multiple Monitoring Well Analysis:  Results from Rich and Kerr 2012 show that, for a high quality data subset, 
increasing the number of monitoring wells improves event location accuracy (Figure 7). This study will 
quantitatively compare results of varying monitor well combinations using events of all quality levels to determine 
the value of adding additional monitoring wells to a microseismic survey.  
 
Velocity Model Complexity and Location Methods: Prior research into the effects of anisotropy on location 
accuracy has been studied by Van Dok et al. (2010), King & Talebi (2007), and Billings et al. (1994). The results are 
expected to be similar to their findings, but expand to show how complex  the anisotropy has to be to render an 
isotropic velocity model impractical by quantifying the error between the velocity models . 

Significance 
 

• Precise event locations are 
essential for evaluating 
fracture job efficiency as 
well as avoiding perforating 
water bearing zones in 
monitor-while-drilling 
operations. 
 

• Assigning a value to the 
addition of multiple 
monitoring wells will 
improve cost efficiency of 
microseismic monitoring. 
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Data 
 

The microseismic and 3D seismic dataset for this study was provided as part of the University of Oklahoma 
Granite Wash Consortium. The data included raw microseismic data, microseismic event windows, and well log 
data from the three observation wells and a single treatment well, as well as 3D seismic data for the area (Figure 
3). The data set included 4277 total preselected event windows, of which 182 high quality events were chosen 
due to their higher signal to noise ratio and the presence of the P and/or S waves on all three monitor wells.  
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Figure 3: Map view of treatment stages and monitor well locations (modified from Rich 

and Kerr, 2012). 

Figure 2: Stratigraphic section of Granite Wash (Modified from Evans 1979). 

Figure 4: Examples of good quality data (left) and poor quality data (right) from the dataset (modified from Rich and Kerr, 2012). 

Figure 5: Velocity model  created from the seismic data (modified from Rich 

and Kerr). 

Figure 7: Event locations for 3 monitor wells  (blue) , 2 monitor wells (purple), and 1 monitor well (yellow) 

(modified from Rich and Kerr, 2012). 

Figure 6: Flowchart for determining location accuracy for proposed analysis; a) Multiple monitor wells  b) velocity 

model complexity and location method 

Approximate Study 
Location 


