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Summary 

Azimuthal volumes have often been looked at in 
conjunction with velocity anisotropy to determine the strike 
of fractures or maximum stress direction.  Due to variations 
in the directions of fractures, attributes calculated on 
azimuthal volumes may also provide insight into the strike 
and dip, location, and spatial variation of the fractures.  In 
particular, attributes highlighting the differences in 
frequency, time, and amplitude can effectively isolate areas 
of fractures (Tod et al 2007).  If these seismic experiments 
can detect naturally-occurring fractures in reservoirs then 
why not use the same principles to detect hydraulically-
induced fractures?  The techniques discussed in this paper 
will show how these azimuthally sectored volumes and 
their attributes can be used to map the hydraulically-
induced fractures in the Barnett Shale in the Ft. Worth 
Basin. Areas of pre-existing hydraulic fractures are 
typically avoided because of the potential interference with 
other wells in the area.  We demonstrate how prior geologic 
knowledge of areas of hydraulically-induced fractures will 
be used in conjunction with the azimuthal volumes in order 
to effectively map the fractures. 

Acquisition and Processing 

In April 2009, Devon Energy acquired a wide azimuth 51 
km2 proprietary 3D seismic data over the study area. 
Overall, the P-wave seismic data are of high quality with 
frequencies approaching 100 Hz.  Table 1 summarizes the 
acquisition parameters. Offsets equal to or greater than the 
target depth are acquired. 
 
During processing, we first computed the azimuthal 
velocity variation based on the far-offset azimuthal 
variation in traveltimes. We then prestack time-migrated 
the data, and generated four 450-wide azimuthally-sectored 
volumes centered about 00 (North), 450, 900, and 1350 for 
further analysis.  Figure 1 shows the azimuth (spider 
diagram) of the midpoints inside representative CMP bins.  
Since all azimuths are present in the bins this justifies the 
azimuthal processing.  Although Table 1 shows the bin size 
to be 110 ft by 110 ft (33 m by 33 m), we increased the bin 
size of the azimuthal sectored volumes to generate ‘super 
gathers’ at 220 ft by 220 ft (67 m by 67m) to increase fold.  
This processing has been implemented in other 3D surveys 
in the study area, so the fast and slow azimuth directions 
are known. The fast direction is usually the maximum 
horizontal stress direction, which for the basin is 

approximately N45E. There was no need to use multiple 
azimuths with smaller ranges to first determine the fast and 
slow directions of the data. 
 

 

Table 1: Acquisition parameters used to allow 
subsequent azimuthal processing 

Number of live lines:   30 

Number of stations per line:  120 

Receiver line interval  660 ft (201 m) 

Receiver group spacing  220 ft (67 m) 

Shot line interval   880 ft (268 m) 

Vibrator array interval  220 ft (67 m) 

Patch size 26,180 ft by 
25,520 ft (7,980 
m by 7,778 m) 

Nominal bin size 110 ft by 110 ft 
(33 m by 33 m) 

Number of vibrator sweeps  8  

Number of vibrators per array 3 

Sweep range 10-110 Hz, 10 s 
duration, 3 
db/octave 

Number of geophones per group 6 in a 6 ft (2 m) 
circle around 
station 
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