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Summary

Converted-wave (C-wave) time processing is determined by the C-wave stacking velocity VC and the
P - and S- wave velocity ratio . Here I present a data-driven approach to investigate the possibility
to determine VC and  from converted-wave data alone. This is achieved by reformulating the C-
wave traveltime equation in terms of VC and  in the traditional t2 � x2 domain. The equation
is more accurate than existing three-term Taylor-series approximations in the middle to far o�set
ranges. A double scanning procedure over selected C-wave events may then be used to obtain
initial estimates of VC and  for subsequent processing. Both synthetic and real data are used to
illustrate the procedure.

Introduction

Most current methods for obtaining  rely on the P -wave velocity VP and require event correlation
of P - and converted-wave (C-wave) data. This may introduce sever errors in C-wave imaging if
VP is not reliable such as in gas clouds, where C-waves may also su�er from diodic velocity and
illumination e�ects (Thomsen 1999; Granli et al. 1999). This could be further complicated by the
presence of anisotropy and lateral inhomogeneities. In such cases, a data-driven approach may be
more appropriate for optimizing C-wave imaging.

Under certain conditions, it is possible to obtain  from converted-wave data alone by optimizing
the C-wave conversion point trajectory (Bagaini et al. 1999), or by optimizing the focusing of the
C-wave imaging (Audebert et al. 1999). However, these approaches su�er from the dilemma that
the presence of spatial variation such as dips, faults etc. is essential to resolve , and yet signi�cant
spatial variations may sometimes invalid CCP binning in the �rst place (Bagaini et al. 1999). Here
I present a simple double scanning procedure for obtaining VC and .

C -wave velocity analysis

Converted-wave processing is more dependent on medium parameters than conventional P -wave
processing. Various velocities and velocity ratios are needed to achieve an accurate C-wave imaging.
These may include short-spread rms stacking velocities VP , VS and VC for P -, S- and C-waves,
respectively, and average velocity ratio 0, stacking velocity ratio  and e�ective velocity ratio eff ,
which are related to each other by
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where tp0 and ts0 is the one way P - and S-wave vertical travel time, and tc0 = tp0 + ts0 is the two
way C-wave vertical travel time. Generally speaking, VC and  (or eff ) are required for C-wave
time processing, 0 for depth conversion, and VP and VS for specifying the common Earth model
to perform C-wave migration.

C -wave traveltime equations

To illustrate the methodology, I consider an isotropic medium with a single uniform layer. The



Figure 1: Absolute traveltime errors (residual moveout) for two models: left - VP = 2500m=s and  = 3:0;
right - VP = 2500m=s and  = 3:5. Solid lines - exact solutions; dashed lines - calculated by the Taylor
series equation (4); dotted lines - calculated by the new equations (6) to (9).
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where xc is the conversion o�set.
An approximation to (3) can be found in terms of Taylor series expansion as (Thomsen 1999):
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Equation (4) is accurate up to o�set-depth ratio (x=z) of 1.0 for  > 3:0 (dashed lines, Figure 1).

Double scanning semblance analysis is often a good data-driven approach to determine pro-
cessing parameters. Following this logic, one may try to perform a double scanning analysis to
resolve VP and VS using equation (3), or to resolve VC and  using equation (4). Testing with
model data shows that there is no resolution in the former case since increasing in VP is compen-
sated by decreasing in VS , and vice versa (Figure 2). In the latter case (Figures 3a and 3b), the
relative resolution is improved, but the optimized results (VC=1475m/s, and =3.2) are incorrect,
as compared with the model values of VC=1443m/s and =3.0. This is because equation (4) is
not accurate enough in the middle o�set range beyond x=z > 1:0. To solve this problem, a more
accurate equation is required.

Figure 2: (a) A synthetic C-wave gather calculated for a single layer model: VC = 1443m=s;  = 3:0;
z = 1000m; x from 0 to 5000m. (b) and (c) double scanning semblance analysis for VP and VS using
equation (3) for o�set ranges x=z = 2:0 and x=z = 3:0, respectively.



Figure 3: Double scanning semblance analysis for vc and  for the synthetic data in Figure 2a. (a) and (b)
show the results of the Taylor-series equation (4) for x=z = 2:0 and x=z = 3:0, respectively. The optimized
results (vc = 1475m/s and  = 3:2) are deviated from the model parameters (vc = 1443m/s and  = 3:0).
(c) and (d) show those of the new equation (6), and the optimized results agree with the model parameters.

Reformulation of the C-wave traveltime equation

After some lengthy manipulations, equation (3) can be reformulated as:
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and lp and ls are the length of the P - and S-wave raypaths, respectively.
One of the key variables in equation (6) is f which denotes the ratio of the P - to S-wave travel

distances. If f is evaluated at the asymptotic conversion point (ACP), that is, set z to in�nitive,
f is reduced to 1. And both �1 and �2 become zero. Equation (6) reduces to a hyperbola.
Thus general speaking �1 and �2 are small quantities representing the degree of the deviation
between the true conversion point and the asymptotic conversion point.

Equation (6) is an exact equation if f is evaluated at the true conversion point. For velocity
analysis and moveout correction, it is more convenient to evaluate f using the approximate equation
(9). The traveltimes calculated by this approximation are accurate up to o�set depth ratio of 3.0
for  > 3:0 (dotted lines, Figure 1). Thus, the new equation is much more accurate than the Taylor
series equation from middle to far o�sets.

The double scanning results using the new travel time equations show similar resolution as those
using the Taylor-series equation but the inverted results now agree with the model parameters
(VC=1445m/s, =3.0), as shown in Figures 3c and 3b. Note that the resolution increases with
o�set, but there is a trade o�, since the accuracy of the traveltime equation decreases with o�set.

Real data analysis

To evaluate the methodology further, I apply the method to a 4C data from the North Sea (Yuan et

al. 1998). A double scanning is performed over two selected events at tc0 of 1622ms and 3360ms in
the ACP gather in Figure 4. For the �rst event, two picks of  are possible due to the diodic velocity
e�ects, whilest for the second one, the pick is more constrained. The picked results of  = 2:6 for
the �rst event and  = 2:4 for the second one agree with the velocity ratios obtained from joint
VP and VS analysis (Yuan et al. 1998). The results con�rm that a reasonable good resolution and
accuracy of VC and  can be achieved through a double scanning semblance procedure using the
new travel time equations (6) to (9).



Figure 4: Real data analysis. Left - a ACP gather from a 4C data in the North Sea (Courtesy of Shell
Expro). Right - double scanning semblance analysis for VC and  using equations (6) to (9) for two selected
events at tc0 = 1622ms and tc0 = 3360ms.

Conclusions

In areas with gas clouds where the P -wave velocities may be unreliable, a data-driven approach
for converted-wave velocity analysis may be more bene�cial than joint P and C-wave analysis. For
this, I have presented a reformulation of the C-wave traveltime equation in the traditional t2 � x2

domain in terms of VC and . This leads to a double-scanning procedure to perform semblance
analysis for estimating VC and  from C-wave data alone. Testing with both synthetic and real
data shows that VC is more constrained than , and an o�set depth ratio (x=z) of at least 2.0 is
required to resolve .
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