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When these procedures are completed, a 
velocity model similar to the example shown 
in Figure 5 will be available. This Figure shows 
the original dipole sonic log velocities, as 
well as the newly derived velocity structure. 
In some �elds where we have performed 
numerous mapping tests, the same veloc-
ity pro�les have been derived several times 
and there is little need for additional velocity 
investigations. However, most formations still 
require such detailed analyses to extract the 
most accurate microseismic locations.

In short, whether you have minimal velocity 
data (dipole or conventional logs only) or 
increasingly detailed velocity data (Pinnacle�s 
Perf Timing, VSP, crosswell survey, maps, 3-D 
surveys, etc.), Pinnacle will provide the best 
available velocity model resulting in the most 
accurate microseismic event locations in the 
industry. This is only one factor leading in 
to why we perform about 90% of all of the 
microseismic fracmapping projects today!
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Figure5.  Example 
�nal velocity structure 
compared to original 
dipole sonic log. 
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Developing a Velocity Structure Model  
for Microseismic Location Analysis

G
ET

 R
ES

U
LT

S · Pinnacle-exclusive techniques
· More precise event locations
· Best available frac height 

Even the best quality microseismic data will 
result in poor quality maps if an accurate 
velocity structure is not used in locating the 
events. At Pinnacle, a multi-step procedure 
is used to assure the best possible velocity 
structure for each FracSeis mapping project.

Our starting point usually consists of a di-
pole sonic log, providing both P-wave and 
S-wave velocities, from one of the project 
wells or from a nearby well. The dipole sonic 
logs provide excellent resolution of the lay-
ers, but the velocities may or may not be 
most accurate to use for microseismic analy-
sis.  For example, the dipole sonic log is usu-
ally run in open hole and there may be:

• signi�cant circumferential stress con-
centrations (stress a�ects the velocity),

• considerable �uid invasion (saturations 
a�ect the velocity),

• potentially di�erent pore pressure  
conditions (e.g., monitoring a refrac 
with depletion),

• possible frequency e�ects (the logs 
are run at much higher frequency than 
seen on typical microseismic events),

• possible anisotropy e�ects (the logs 
provide a vertical velocity, whereas a 
horizontal velocity is more appropriate 
on most mapping projects), and 

• frequent logging company mis-identi�-
cation of the S-wave arrival.

As a result of these issues, dipole sonic data 
must be used carefully.  Pinnacle takes the 
dipole-sonic data obtained from the service 
company, correlates it with appropriate 
lithological logs so that it is depth correct-
ed, then breaks the interval into layers with 
appropriate P and S velocities for those lay-
ers. Layer Structure from VSP�s or cross-well 
tomography, if available, are also integrated 
with the dipole-sonic. The modeled struc-
ture may be �at or dipping, or could even 
include faults and pinch outs if su�cient 
information is available from geology and 
geophysical surveys. Although the majority 
of processing uses a simple layered velocity 
model, more detailed models are also used. 
If the geological model of the �eld indicates 
signi�cant lateral heterogeneity, a 3D veloc-
ity model is constructed by interpolating 
between sonic logs in speci�c wells. An-
isotropy can also be included, although a 
precise model is typically not available. Gen-
erally the limitation with the velocity model 
is not controlled by the ability to model 
the arrival time through a 3D or anisotropic 
model, but rather by the ability to calibrate 
the model as discussed below. 

To calibrate the dipole sonic data, Pinnacle 
uses a proprietary and patent pending per-
foration timing method that directly obtains 
accurate timing of the perforation detona-
tion (time zero), along with arrival times at 
each receiver, to extract average formation 
velocities. Since perforations (or a substitute 
string shot) must be monitored to orient the 
tools anyway, this piggy-back timing opera-
tion is now usually performed to provide 
this additional information1.

Pinnacle performs  
about 90% of all  
of the microseismic 
fracmapping proj-
ects today
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