Seismic Imaging of Complex Geologies

Salvo, a seismic imaging code for complex geologies developed at Sandia National Laboratories, has won a 1999 R&D 100 award.  Salvo uses a finite-difference approximation to the scalar wave equation.  This is both more accurate and more computationally intensive than imaging by ray tracing, which is currently the most widely used approach to seismic imaging.  MPP computers are part of the solution, and Salvo incorporates several innovative techniques for efficient parallel computation, including a heterogeneous approach to I/O and a pipelined algorithm for the solution of tridiagonal linear systems of equations.  However, MPP computing alone is not sufficient to make finite-difference imaging practical; efficient algorithms are also needed.  Salvo also incorporates a range of algorithmic improvements including a paraxial approximation, improved absorbing boundary conditions, frequency-domain phase correction, reduced source migration and phase encoding.  Reduced source migration is a new algorithm that allows the wavefield of a seismic source to be calculated with as few as four frequencies.  Phase encoding is also a new algorithm that allows multiple shots to be processed simultaneously with almost no cross correlation between shots images.  A patent on phase encoding has been applied for.  

Salvo is the product of the U.S. Department of Energy’s (U.S. DOE’s) Advanced Computational Technologies Initiative (ACTI).  Industrial partners include ARCO, Conoco, Amerada Hess, Oryx Energy, Fairfield, PGS Tensor, GX Technology, Providence Technologies, SGI, IBM, and the University of Texas at Dallas.  It was funded by the Mathematics, Information and Computational Sciences (MICS) program and by the Technology Partnership Program at the U.S. DOE.  (Contact: David Womble or Curtis Ober, Sandia National Laboratories, Albuquerque, NM 87185-1110, dewombl@cs.sandia.gov or ccober@cs.sandia.gov
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Finite-difference (Salvo)

Figure 1 compares images produced by ray tracing (left) and finite-difference (right) algorithms.  The colors indicate the velocity of the medium; pink is salt and green is sedimentary.  The image is shown in black.  Note the improved image of the flank of the salt and nearby sedimentary layers.  The seismic data is provided by Conoco.
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