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Large-Scale Seismic Inversion
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Figure 1: A hybrid triangular and
quadrilateral unstructured mesh
generated by Sandia’s CUBIT for
the Marmousi2 model (a standard
seismic model with many layers,
Reference 3) that conforms

to geological interfaces (top),

and simulated pressure waves
propagating through the model
(bottom).
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Sandia s exploring new
algorithmic approaches
to modeling the complex
geology of the earths interior.
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Much of what is learned about the
geology of the earth’s interior is through
seismic surveys that record reflected sound
waves traveling through the various layers
and structures. In“seismic inversion,”
one estimates the geologic structure and
properties, density and wave speeds, and
then simulates the seismic waves and
surveys to produce synthetic recordings.
These recordings are then compared to the
actual field recordings to improve the initial
estimates. This process is repeated until a
sufficiently accurate earth model is obtained
(Reference 2).

Advances in seismic inversion could
have broad-reaching national impact
for earthquake prediction, oil and gas
exploration and production, carbon
sequestration, nuclear-waste repositories,
and nuclear non-proliferation monitoring.
However, the process is a computational
grand challenge. Discontinuous material
interfaces, attenuation, and large-scale
optimization are some of the major
problems in the field today. Discontinuous
material interfaces occur routinely in
seismic surveys, such as the ocean bottom,
salt structures, and faults (Figure 1 top).
Sandia is leveraging advanced forward
simulation methods, such as discontinuous

Galerkin (DG) methods on unstructured
meshes, along with adjoint-based inversion
algorithms, to solve seismic inversion
problems on distributed-memory parallel
computers.

DG methods are a numerical approach to
solve partial differential equations (PDEs).
They use techniques from finite element
and finite volume methods, and easily
extend to higher-order approximations
for the PDEs. The solution is continuous
within the element, but across element
boundaries it is discontinuous. To handle
these discontinuities, solutions to the
Riemann problem are used. DG methods are
well-suited to hyperbolic PDEs which model
physics with seismic wave-propagation. DG
methods that conform to discontinuous
material interfaces allow strong media
changes to be modeled better, leading to
more accurate simulations. One can also
model the effects of attenuating material
within the earth’s interior with additional
equations. However, these equations,
along with the extremely large number of
inversion parameters, create a tremendous
burden on computational resources.

Sandia is thus exploring new algorithmic
approaches to help reduce these costs.
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Traditionally, discontinuous material interfaces have been Even with peta-scale computers, an inversion could take

smoothed to allow easy meshing of the computational hundreds of CPU-days. An example acoustic inversion using
domain as well as compatibility with high-order finite- the Sandia DG inversion tool is shown in Figure 3. The current
difference methods for modeling wave propagation. work focuses on exploiting the flexibility of the DG method to
However, with Sandia’s unstructured DG methods, these further improve seismic inversion.

interfaces can be better represented, producing more

accurate results (Figure 1 bottom). As noted above, seismic References
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Figure 2: Simulated acoustic wave propagation without attenuation (left), and wave propagation with
attenuation (right) through the Marmousi2 model.

Figure 3: Inversion of the Marmousi2 model where the predicted sound-speed (bottom) is in good agreement
with the true sound-speed (top). Conditions similar to those in Krebs et al. (References 1,2)
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