Lab 10 – Reverse Time Depth Migration
Introduction


The goal of digital seismic processing is to use seismic waves to generate an image of the subsurface that accurately reflects the geology.  There are several methods used to do this including CDP stacking, Kirchoff migration, and finite difference migration.  All of these methods can be used to generate subsurface maps, however, each one has limitations.  CDP stacking is based on the assumption that the subsurface reflectors are all planar, parallel, horizontal and continuous.  When these assumptions are violated, CDP stacking does not produce a reliable image.  Kirchoff migration is an algorithm based on Huygen’s principle that treats waves recorded at the surface as sources of theoretical secondary waves leaving the surface and traveling into the earth toward theoretical subsurface receivers.  Kirchoff migration is limited by the accuracy of ray tracing through the media and therefore does not accurately correct the amplitude of the wave.  Finite difference migration was developed to eliminate the problems in Kirchoff migration.  This method, based on the acoustic wave equation treats the function as a wave instead of a ray.  However, for computational efficiency, this method used only plane waves traveling in one direction.  Since the spatial derivatives of the velocity field are neglected, this method is limited to areas where the velocity gradient is smooth.  Therefore, this method fails when there is an abrupt change in velocity.

In order to produce an accurate image without the limitations of the other methods, reverse time migration is used.  This method is based on the full acoustic wave equation.  Since mathematics is not limited to only forward time, it is possible to run time backward.  In reverse time migration, a theoretical model of the earth is constructed based on the physical parameters to be represented.  On this theoretical surface are placed virtual sources, where the real seismic receivers were located.  The virtual sources are driven with real traces, which are played out backward in time such that the last signals received are the first to be emitted.  The waves travel back through the earth to the point from which it was generated at the reflector.  When the wave reaches the reflector, the trace is recorded by a theoretical receiver in the subsurface.  In this way, the image is focused at the point from which it originated.

The purpose of this lab is to generate a wave from a reflector in the subsurface, then reconstruct the image using the reverse time migration method.

Methods


The first part of this lab involves a model with one scatterer.  The model is a 7 km long by 2 km deep rectangle.  It is composed of triangular elements that are 10 m by 10 m by 14.14 m.  The velocity is constant through out the model at 2500 m/s except at the location of the reflector at the center where it changes to 3500 m/s.  The scatterer is a 40 m by 40 m square.

The next model has the same geometry and velocity parameters, but contains two more scatterers.  The locations of the scatters are 330 m, 660 m, and 1000 m deep (Figure 1).


The third model has the same geometry, but in place of the scatters, there is a syncline with a continuous boundary (Figure 2).


Theoretical seismic waves are generated at the surface of the model that propagate downward and reflect off the subsurface reflectors using MicroWave.  The traces are saved and used in the reverse time migration that propagates the waves back in time and focuses the wave energy at the subsurface reflector location from which is was reflected.
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Figure 1.--  model 2 with three point scatterers at depths of 
                                            330, 660, and 1000 meters.

[image: image2.png]



                       Figure 2.--  model 3 with a theoretical syncline.

Results

The results of this lab are shown in figures 3 – 12. 
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          Figure 3.--  model 1 with one point scatterer at a depth of 1000 
                                          meters at the end of theoretical forward wave propagation.  

[image: image4.png]





Figure 4.--  resulting traces generated from the wave propagation 
                                            in model 1.
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                       Figure 5.--   model 2 with three point scatterers at depths of 
                                            330, 660, and 1000 meters at the end of theoretical 
                    forward wave propagation.
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          Figure 6.--  resulting traces generated from the 

      wave propagation in model 2.
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          Figure 7.--  theoretical wave propagation of reverse time 
                              migration in model 2.
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                       Figure 8.--  resulting image of the subsurface point scaterers in



                   model 2 generated using reverse time migration.
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          Figure 9.--  model 3 with a theoretical syncline at the end of 

                                          theoretical forward wave propagation.

[image: image10.png]O




                               Figure 10.--  resulting traces generated from the wave 

                 propagation in model 3.

[image: image11.png]



          Figure 11.--  theoretical wave propagation of reverse time migration 

                                in model 3.
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                      Figure 12.--  resulting image of the subsurface theoretical syncline

                                            in model 3 generated using reverse time migration.

Discussion


 The resulting traces produced by the theoretical wave propagation from each of the models do not produce a representation of the subsurface geology.  Migrating the data using reverse time migration focuses the wave energy at the subsurface reflector from which it originated, producing an accurate image of the subsurface reflector.  It is shown, however, that even this method contains some residual effects of approximations of the wave equation.  For example, (Figure 12) it is shown that there are hyperbola tails at the bottom of the syncline.  This is due to the abrupt change in the slope of the edges of the syncline.  Some of the image discrepancies are due to the size of the elements in the model itself.   A band limited picture of the subsurface is produced due to the limitations associated with the finite wavelength of the signal.
Conclusions


The theoretical subsurface reflectors in each model are reconstructed using the reverse time migration technique.  This migration technique, at least in mathematical theory, does a better job of constructing an image of subsurface reflectors than other types of seismic migration techniques such as Kirchoff migration.  The image discrepancies do not interfere with the depth or dip placement of the reflector.
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