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Stages of formation seismic ray tomography as a method of studying the subsurface in 
oil and gas industry. Modern modifications. 
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Figure 1. These maps show lateral heterogeneity at three
depths in the upper mantle by distinguishing areas in which
seismic waves travel faster (shown as blue) from those
where they are slower (red). White lines show the surface
boundaries of the major tectonic plates, and the circles
indicate major hotspots, which arc centers of volcanic or
geothermal activity. (Dziewonski, A. & Anderson, D. (1984)
"Seismic Tomography of the Earth's Interior")

The further development of seismic
tomography contributed to interest in its use
as a tool for obtaining additional information
on the structure of deposits. Ehinger and
Lailly (1995) showed the possibilities of using
reflected ray tomography to calculate velocity
models used for seismic imaging of complex
geological structures.

 One of the latest modifications of
the tomography method is the use
of a B-splines (Fig. 1) for the
structural and tectonical modelling
and also for lateral velocity
distribution within the layer.

During the last few decades, inversion
(tomographic) modeling has largely
replaced the bulky forward algorithm
as a faster and more efficient tool for
determining the distribution of seismic
velocities, due to several
disadvantages of the forward method.

The history of the formation of seismic
ray tomography as a method of
studying the Earth’s interior (Fig.1)
begins with the study of earthquakes
as sources of seismic waves that are
registered by seismometers. This
technique turned out to be quite
effective because it allowed
distinguishing the mantle and the core.
After this research seismic tomography
became a method of geophysical
research.
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Modern modification of the algorith,

Determining the velocity model was
always a challenging problem for
geophysicists.
Due to the complex velocity and
complex geometry, the reflected waves
are not hyperbolic and may remain
completely uninterpreted because the
seismic wave has lost its lateral
coherence, and therefore no
continuous reflections can be
interpreted on the time-domain
seismograms. The solution to this
problem was the SMART algorithm
(Sequential migration aided reflection
tomography) developed by Andreas
Ehinger and Patrick Lailly. In this
method traveltimes picked from
migrated gathers (Fig.2) are
demigrated kinematically and used as
the input for tomography.

In (Guiziou et al., 1996), developed ray
tracing based on a primary ray
approximation within a layer and
inversion of the data after stacking.
The authors developed three-
dimensional ray tracing schemes
(Fig.3), which have a certain set of
parameters and can be registered by a
certain number of receiver points.

Figure 1 An example of a cubic B-spline curve

 Further development of tomography
was timed to solve the problem of
lack of ambiguity between reflection
depth and reflected waves velocity.
The solution was turned-ray
tomography. It is an inversion
technique that uses turned-rays
(Fig.4) to iteratively determine the
velocity of turned rays between
sources and receivers (Stefani, 1995)

 Ukrainian scientists were also
engaged in improving the
tomography algorithm (K. Troynich
and S. Vyzhva "Effective algorithm of
seismic ray tomography when
processing large arrays of seismic
data“, 2014). Ray tomography based
on inversion with forward modeling
was chosen to implement the
software developed by the authors.
The algorithm is based on the
diagram below:

Conclusions
The determination of a correct subsurface velocity model is of strategic importance for seismic imaging of complex geological
structures. Analysed algorithms bring about a conclusion that the 3D reflection tomography described in this paper has proven to be
efficient for a geologic synthetic structure.

Figure 3. Model of 3D ray tracing scheme

Figure 2. Traveltime picking on depth migrated gathers

Figure 4. The difference between turning and reflected rays


