
Course: Numerical Simulation in Applied Geophysics.

From the Mesoscale to the Macroscale

Professor: Juan E. Santos

Outline of Course Contents

Seismic wave propagation is a common technique used in hydrocarbon explo-
ration geophysics, mining and reservoir characterization and production.

Local variations in the fluid and solid matrix properties, fine layering, fractures
and craks at the mesoscale (on the order of centimeters) are common in the
earth’s crust and induce attenuation, dispersion and anisotropy of the seismic
waves observed at the macroscale.

These effects are caused by equilibration of wave-induced fluid pressure gra-
dients via a slow-wave diffusion process. Due to the extremely fine meshes
needed to properly represent these type of mesoscopic-scale heterogeneities,
numerical simulations are very expensive or even not feasible.

The course will present numerical upscaling procedures employing Biot’s

theory to determine the complex and frequency dependent stiffness at the
macroscale of an equivalent viscoelastic medium including the mesoscopic-
scale effects.

To determine the complex stiffness coefficients of the equivalent medium, we
will describe a set of boundary value problems (BVP’s) Biot’s equations of
poroelasticity in the frequency-domain solved using the finite-element method
(FEM).

The BVP’s represent harmonic tests at a finite number of frequencies on a
representative sample of the fluid-saturated porous material, in the context of
numerical rock physics.

Numerical rock physics offer an alternative to laboratory measurements, since
numerical experiments are inexpensive and informative since the physical pro-
cess of wave propagation can be inspected during the experiment.

Moreover, they are repeatable, essentially free from experimental errors, and
may easily be run using alternative models of the rock and fluid properties.

Applications to characterize the seismic response of fractured hydrocarbon
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reservoirs and CO2 sequestration will be discussed among other examples of
application of the technique.
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[14] J. E. Santos, J. M. Corberó, C. L. Ravazzoli, and J. L. Hensley, Reflection

and transmission coefficients in fluid-saturated porous media , Journal of the
Acoustical Society of America, 91, 1992, 1911–1923.

2



[15] J. E. Santos, C. L. Ravazzoli and J. M. Carcione, A model for wave propagation

in a composite solid matrix saturated by a single-phase fluid, Journal of the
Acoustical Society of America, 115 (6), 2004, 2749-2760.

[16] J. E. Santos, J. G. Rubino and C. L. Ravazzoli A numerical upscaling procedure

to estimate effective bulk and shear moduli in heterogeneous fluid-saturated porous

media, Computer Methods in Applied Mechanics and Engineering, (198), 2009,
2067-2077.

[17] J. E. Santos S. Picotti and J. M.Carcione Evaluation of the stiffness tensor of

a fractured medium with harmonic experiments, Computer Methods in Applied
Mechanics and Engineering, (247-248), 2012, 130-145.

[18] J. E. White and N. G. Mikhaylova and F. M. Lyakhovitskiy, Low-frequency

seismic waves in fluid-saturated layered rocks, Izvestija Academy of Siences USSR,
Physics of Solid Earth, 10, 1975, 654-659.

3


