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Reverse Time Migration

The CDP method is based on the application of ray theory to a horizontally stratified earth.  Ideally, the product of the CDP method, the stacked seismic section (2D) or the stacked seismic volume (3D), provides a geometrically accurate image of the subsurface.  However, deviations from horizontal stratigraphy and wave effects both distort the sections and volumes.  In unmigrated seismic data, dipping reflections appear displaced down dip and at shallower dip angles than the actual reflectors.  Sharp bends and truncations in reflectors produce non-physical diffraction tails that interfere with primary reflections.  Seismic migration is the process by which these distortions are removed, producing geometrically correct images of the subsurface.

Since that advent of digital seismic data processing, there have been a number of algorithms developed to migrate seismic data.  The first were based on ray theory, such as the Kirchoff migration algorithm.  Later, methods were developed based on simplified forms of the acoustic wave equation.  These usually treated wave propagation in only one direction and applied only to smooth velocity variations.  The most recently developed approach to seismic migration, called reverse time migration, is based on the full acoustic wave equation.  Because the migrated image is built on a strictly spatial model of the subsurface, the product is an image in depth rather than two-way travel time.  Reverse time migration can treat arbitrarily complex velocity variations and is particularly well suited for dealing with abrupt velocity changes at salt-sediment interfaces.  

The steps to reverse time depth migration are as follows:

1.  A model of the subsurface is constructed that mimics the true spatial variation of the seismic velocity in the survey area in x, (y), and z.  Such models are normally constructed based on initial interpretations of the seismic data, velocity analysis, and well data, if available.

2.  The one-way travel times from surface source locations to a grid of subsurface points is determined by either ray tracing or forward wave propagation modeling.  These “extraction” times are the times at which the reversely propagating wave fields are sampled at each depth point during the migration process.

3.  A wave propagation model run is executed in the normally way forward wave propagation models are run.  This is done using either the finite difference or finite element numerical methods.  The unique feature of the migration run is that instead of impulsive sources, the model surface is driven with the observed seismic traces in the reserve time order that they were recorded.  This causes the observed waves to travel backwards down into the earth, towards the reflectors from which the reflections came.

4.  The migrated depth section is constructed by sampling the reversely propagating wave field at the extraction time at each subsurface point.  The extraction time associated with a depth point corresponds to the time at which a reflection refocuses at the true reflector position.

Purpose

The reverse time migration algorithm shares much in common with conventional forward wave propagation modeling.  In this lab we experiment with the reverse time migration approach, to how it works on synthetic data.  This is done using special features of the forward wave equation model Microwave, added for this purpose.  

Procedure

1.  Run a forward wave propagation model using Microwave, reading model file “Lab10mod1.txt”, source file “Lab10source1.txt” and receiver file “Lab10receiver1.txt”.  This model is 7 km long by 2 km deep and is composed of right-triangles that have side lengths of 10 m, 10 m, and 14.14 m.  The model contains a uniform velocity of 2500 m/s everywhere except at a small (40 m x 40 m) scatterer of 4500 m/s material.  The scatterer is in the center of the model at a depth of 1000 m.  Before starting the model run, select the “Actions->Record Extraction Times” option.  Then select “Go”, to start the model run.  During the model run, this will cause the one-way arrival times of the direct wave to each node location to be recorded for later use during the migration run.

2.  As the wave propagates away from the point source and interacts with the scatter, notice the patterns formed by the forward wave on both the subsurface model and the resulting record section.  

3.  Once the forward model run is complete, select the “Actions->Reverse Time Migration” option.  Then select “Restart”, to begin the migration run.  During this run, the top of the model is driven with the received traces recorded during the forward run.  The resulting reserve propagation (shown in the subsurface model window) causes the received reflections to propagate back into the model.  As the waves focus at the depth points from which they came, the amplitudes of the focused waves are extracted and displayed on the migrated depth section (shown in the trace window).  Observe how the diffraction tails from the scatterer progressively collapse to a band-limited dot and are extracted during the migration run.  Also, observe the shape and amplitude variation of the scattered wave as it approaches the scatter.  How does the scattered wave’s geometry an amplitude compare with that predicted by Huygen’s/Kirchoff principles?

3.  Repeat steps 1 and 2 using the model file “Lab10mod2.txt”, source file “Lab10source1.txt”, and receiver file “Lab10receiver1.txt”.  This model contains a virtual syncline.  The resulting unmigrated section shows a classic “bowtie” reflection pattern in which reflections from the sides of the syncline cross.  During the migration run note where the reflections from the left side, right side, and bottom of the syncline come from in the reverse time wave field.  You might need to repeat the forward and reverse runs several times to fully grasp how it works.  How does the migrated depth section compare with the outline of the original synclinal model?

