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Multiple ray tracing within 3-D layered media with the shortest path method
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Abstract  The purpose of this study is to introduce a multistage scheme incorporating the
modified shortest-path method (MSPM) for tracking multiple arrivals and simulating wavefront
evolutions composed of any kind of combinations of transmissions, conversions and reflections in
complex 3-D layered media. The principle is first to divide the layered model into several different
computational domains, and then to use the multistage technique to trace the multiple arrivals. It
is possible to realize the multiple arrival tracking with the multistage technique because the
multiple arrivals are different combinations or conjugations of the simple incident, transmitted
and reflected waves at the velocity boundaries (or discontinuities). Numerical tests and error
analysis indicate that the multistage MSPM method retains the basic characteristics of the single-
stage MSPM approach, that is algorithm simplicity, numerical stability, high computational
accuracy, fast, global solution and etc. Therefore it is a practical algorithm to track the multiple
arrivals.
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Fig.1 A diagrammatic explanation for computing the transmitted, converted

and reflected arrivals with the multistage MSPM
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Fig. 2 (a) Distribution of nodes and velocity interfaces in Model 1 (Note that the secondary nodes on cell surfaces

are not shown, for details see Fig. 2b); (b) Primary and secondary node distributions in one cell.

The black circles are the primary nodes and the white circles are the secondary nodes.
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Fig.3 (a) The downwind wavefront propagation from source to the secondary velocity interface observed from

surface and lateral views in Model 2; (b) Reflected upwind wavefront propagation {from the secondary velocity

interface to the earth surface observed from surface and lateral views

Wavefront width is 1. 0 s and interval is 2. 0 s.
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Fig. 4 Ray paths for 5 different kinds of multiple transmitted reflections and the corresponding wave types

In diagram subscripts 0, 1 and 2 indicate earth surface, the first and secondary undulated interfaces

respectively. In Figs. 4, 5 and 6 the black circle is the source and black triangle is receiver.
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Fig. 6 The raypaths of 6 different kinds of multiply
transmitted, converted reflections on the common source
point gathers
(a) Direct wave; (b) Reflected wave from Conrad and Moho
discontinuity; (c¢) Converted reflection between earth surface
and Conrad or Moho discontinuity; (d) Multiply transmitted,
converted reflection from Moho discontinuity. In figure the dot

lines are the Conrad (upper) and Moho (lower) discontinuity.
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Fig. 5 Ray paths for 6 different kinds of multiply transmitted, converted reflections and the corresponding wave types

The subscripts 1, 2 indicate the Conrad and Moho interfaces, respectively.
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Fig. 7 The distributions of relative travel time errors reflected from different subsurface interfaces

(a) From the first interface; (b) From the second interface.
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