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A Soviet look at datum shift

Chuck Sword

ABSTRACT

In the previous paper in this report, Claerbout describes how velocity is more accu-
rately determined if a datum shift is determined simultaneously. A Soviet paper shows
that such an apparent datum shift can be caused by strong variations in velocity. These
velocity variations, quantitatively described by the mean fourth power of velocity, can
be determined from the parameters picked by Claerbout’s Overlay program. The true
(vertical-ray-path) root-mean-square velocity can also be determined from these pa-
rameters. This determination is accurate even when offsets two or three times greater
than the reflector depth are used. The results of the Soviet paper may also have some
application to Stolt stretch.

THEORY

In an article published eight years ago (Malovichko, 1979), a Soviet researcher stud-
led the shape of traveltime curves from a flat-lying reflector in a vertically heterogeneous

medium. His conclusions are relevant to a paper on datum shift that appears in this report
(Claerbout, 1987).

Malovichko states, on the basis of a previous article (Malovichko, 1978), that traveltime
curves in a layered medium are approximately described by the formula
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where o is the two-way vertical travel time, T is the traveltime at non-zero offset, z is the
distance from shot to geophone, S is a measure of velocity inhomogeneity, and v, is the
true vertical-raypath rms velocity. The rms velocity vy, is defined according to:
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where H is the depth of the reflector.
Furthermore, Malovichko states that

§ =5, (3)




Sword 314 A Soviet look at datum shift

where
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That is, vy is the mean fourth-power velocity (it may seem odd that v is raised only
to the third power in equation (4), but recall that v is raised only to the first power
in equation (2), the equation for the mean squared velocity). Thus, once S and v, are
determined by fitting equation (1) to the measured traveltime curve, v 1 is easily determined
from equation (3).

4
vy

Malovichko’s equations can be transformed to fit equation (5) in Claerbout’s paper
(Claerbout, 1987); this equation is reproduced below:
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(Claerbout’s paper defines the notation). The reader can confirm that equation (1) is
transformed into equation (5) by the substitutions

r—a (6)
and

1
Vrms = E’ )]
along with the obvious substitutions T =t and r = t,.

The conclusions, then, are that

i
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and that v.ms, as determined in equation (7), is the true vertical-ray rms velocity.

REMARKS

Malovichko’s derivation of equation (1) was based on the assumption that the medium is
vertically heterogeneous, and that the reflector is flat. Suppose that we have a medium made
up of homogeneous areas separated by linear boundaries with differing dips. Equation (1)
still holds for such a medium, but the interpretation of § and v,m, is more complicated
than for the vertically stratified medium (Urupov and Malovichko, 1979).

Equation (1) is identical to an equation derived by Levin (1985) in connection with
Stolt stretch. Stolt stretch is applied to post-stack seismic data before frequency-domain
migration; this stretch allows Stolt (f-k) migration, which is based on the assumption of
constant velocity, to be used for media with vertically varying velocities. After the stretch is
applied to the data, a modified form of Stolt migration is used. Levin derived the equation
for the time-domain summation path of this modified migration; it turns out to be identical
to equation (1) in the present paper. Since a stretch is applied to the data before this
summation path is used, the S in Levin’s formula does not have the same physical meaning

as the S in Malovichko’s formula. But the correspondence between these two equations
deserves further study.
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SYNTHETIC TEST

How well do these results hold for synthetic traveltime curves? Figure 1 shows a model
that was used (by Malovichko) to generate such a synthetic curve. Notice the velocity
contrast, which is greater than two-to-one. Figure 2 shows the results of different attempts
to determine the true vertical-ray rms velocity. The vertical axis in this figure gives rms
velocity (as measured by curve fitting), and the horizontal axis gives the total length of
the spread used to determine this velocity. Curve 1 represents the results of trying to fit
a simple hyperbolic moveout formula to the traveltime curve. It is accurate for near-offset
data, but not for far-offset data. Curves 2 and 3 represent respectively attempts to fit
three-term and four-term polynomial expansions of t#(z). Neither is too successful. Curve
4 shows the results of fitting equation (1) to the synthetic traveltime curve; curve 5 shows
the correct answer. Note that curve 4 fits the data well even at an offset of 3 km, which is
three times the depth to the reflector.
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CONCLUSIONS

It is seen from the synthetic data that Malovichko’s formula, equation (1), provides
a curve that fits traveltime data from layered media, even at large offsets. Claerbout’s
formula, equation (5), is a transformation of Malovichko’s formula. As a result, Claerbout’s
sloth sp is directly related to the true vertical-ray rms velocity, and his datum shift a
and zero-offset traveltime 7 are related, via equation (8), to the ratio of root-mean-square

velocity to mean fourth-power velocity. Both sg and a can be determined using Claerbout’s
Overlay program.

There are some surprising correspondences between Malovichko’s formula and the time-
domain equivalent of migration after Stolt stretch. It is unknown whether Malovichko’s

results will prove useful in determining the s parameter that is used in post-Stolt-stretch
migration.
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