Seismic wave interaction with underground cavities
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Motivation

The Comprehensive-Nuclear-Test-Ban-Treaty (CTBT) aim to prohibit any nuclear

explosion on Earth. For its realization a nuclear test verification strategy has to
be set up, consisting of three pillars:
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Analytical approach

Set of equations for incident (Ug)
and scattered fields inside(U; )and outside(Us)of the cavity
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to match the boundary conditions at r = R
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(Valeri Korneev, Geophys. /. Int. (1993))

Objectives from analytical approach

Scattering cross sections:
Ratio of scattered and incoming energy in dependence of frequency
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e Large amplitude variation:
interference of waves running through
the inclusion and those running around it
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e Small amplitude variation:
05 iniﬂi o multiple reflection within the cavity
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Model

In order to investigate the potential of different seismic techniques for cavity

detection, we investigate the interaction of a seismic wavefield with spherical
inclusions.

The simplest description of the problem is an elastic half space that contains
an acoustic (gas filled) spherical cavity.

Elastic wave equation in (): Acoustic wave equation in ()q:
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Lamé parameter:
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Boundary condition at r=R:
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Numerical approach

Higher order finite element method:
NGSolve / Netgen (Joachim Schoberl, TU Vienna)
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€ Approximation via basis functions of higher order
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Forward modeling

e Jotal field for incoming point source at the surface above the cavity

e here: only acoustic case (¢ = 0 inside and outside of the cavity)

Geometry:
Physical parameters:

D=600m d=60m
p, = 1000 kg/m* c,= 3000 m/s

p,=1kg/m*  c,=300m/s

= k,R ~ 1

Future target
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