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Abstract. We review the methods of simulating elastic wave propagation in a bore-
hole. We considered two different approaches: a quasi-analytic approach using the
Discrete Wavenumber Summation Method, and the purely numerical Finite Difference
Method. We consider the special geometry of the borehole and discuss the problem in
cylindrical coordinates. We point out some numerical difficulties that are particularly
unique to this problem in cylindrical coordinates.
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1 Introduction

Full waveform acoustic logging is a method of obtaining the acoustic properties of the
subsurface by lowering a tool into the borehole. The tool generates an acoustic signal
inside the fluid-filled borehole. The acoustic wave then propagates in the earth formation
around the borehole and is recorded by an array of receivers located on the same tool a
short distance away. A schematic diagram of the acoustic logging process is shown in
Fig. 1. A detailed description of the process can be found in Tang and Cheng (2004).

Figure 1: Schematic of the acoustic logging process, from Tang and Cheng (2004).

Because of the particular geometry of the logging process, and the frequencies in-
volved, modeling the acoustic wave propagation is a complex process. In this paper we
will describe two frequently used methods for modeling the wave propagation. One is
the quasi-analytic method known as the discrete wavenumber summation method, and
the other is the finite difference method. We will also discuss other approaches briefly,
and the advantages and disadvantages of each under different circumstances.

2 Theory

We will first briefly review the basic analytic formulation of elastic/acoustic wave prop-
agation in a borehole. Let us consider the simple example of a cylindrical borehole of
radius R, filled with fluid, in an infinite elastic formation.


