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Introduction and Summary 
Earth models containing a significant portion of ideal fluid (e.g., air and/or water) are of increasing interest in 
seismic wave propagation simulations.  Examples include a marine model with a thick water layer, and a land 
model with air overlying a rugged topographic surface.  The atmospheric infrasound community is currently 
interested in coupled seismic-acoustic propagation of low-frequency signals over long ranges (~10s to ~100s of 
kilometers).  Also, accurate and efficient numerical treatment of models containing underground air-filled voids 
(caves, caverns, tunnels, subterranean man-made facilities) is essential. 
 
In support of the Source Physics Experiment (SPE) conducted at the Nevada National Security Site (NNSS), we 
are developing a numerical algorithm for simulating coupled seismic and acoustic wave propagation in mixed 
solid/fluid media.  Solution methodology involves explicit, time-domain finite-differencing of the elastodynamic 
velocity-stress partial differential system on a 3D staggered spatial grid.  Conditional logic is used to avoid shear 
stress updating within fluid zones; this approach leads to computational efficiency gains for models containing a 
significant proportion of ideal fluid.  Numerical stability and accuracy are maintained at air/rock interfaces (where 
the contrast in mass density is on the order of 1 to 2000) via a finite-difference operator “order switching” 
formalism.  The 4th-order spatial FD operator used throughout the bulk of the earth model is reduced to 2nd-order 
in the immediate vicinity of a high-contrast interface. 
 
Current modeling efforts address the so-called cavity decoupling problem, where an underground explosion is 
detonated within an air-filled void.  A point explosion source located at the center of a spherical cavity generates 
only diverging compressional waves.  However, we find that shear waves are generated by an off-center source, 
or by a non-spherical cavity (e.g., a tunnel).  Strong resonant signals, formed by repeated reflections at the 
air/rock interface, are a diagnostic feature of cavity decoupled explosions.  
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