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Time-lapse seismic monitoring of reservoir deformation
Seismic imaging is a technology used worldwide by the oil industry to 
look into the subsurface and determine underground structures and 
their potential for oil and gas production. Time-lapse seismic monitoring 
is a relatively new technology that consists of carefully repeating a 
seismic image months to years after production starts and looking for 
changes that indicate where production did or did not occur to help 
guide future operations. 

Production of oil and gas is often accompanied by a large reduction 
in the reservoir fluid pressure that in some cases leads to compaction 
as large as several meters. The deformation of the reservoir layers is 
coupled to the adjacent rocks and leads to changes in the stress and 
strain fields that extend a great distance away from the reservoir. Time-
lapse seismic measurements through these rocks show large variations 
that are useful for monitoring the distribution of deformation within the 
reservoir.

The compaction induces seismic velocity changes that are observed on 
many different wave types including conventional P-P reflection seismic, 
P-S mode converted seismic, and surface waves such as the Scholte wave 
and refracted compressional waves. Using geomechanical models that 
predict changes in stress and strain fields within the earth we can start 
to understand the factors that control the changes in seismic velocities. 
We find that simple non-linear relationships between velocity and strain 
produce forward models that match many of our observations. 
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