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Summary

The traditional method to obtain vp=vs ratio is to correlate P -wave with S-wave data, if both are
recorded, or to perform AVO modelling, if only P -wave is recorded. Here, we present a 4C case
example from the North Sea (courtesy of Shell Exploration) and demonstrate how the vp=vs ratio
can be estimated from such data robustly and consistently, without the need of correlation. Our ap-
proach is based on the exact traveltime equation for P -SV converted waves (PS-waves, in short) in
a single-layer medium. For multi-layered media, the PS traveltime can be approximately modelled
using an equivalent single-layer medium with Dix-type root-mean-squared (rms) properties. The
approach leads to the development of velocity ratio spectra instead of the more traditional velocity
spectra. Application of this method to the North Sea data yields a better stacked PS-section, and
quality measurements of the vp=vs ratio across the whole section.

Introduction

Poisson's ratio is completely determined by the vp=vs ratio, and both are important quantities for
lithology prediction and uid substitution for reservoir modelling and simulation (e.g. Tatham
1982; Robertson 1987; Iverson et al. 1989, and among others). For marine seismic data, AVO
modelling has been the only practical method to obtain S-wave information until the emergence
of the marine 4C technology, which opens new opportunities to obtain S-wave information from
P -SV converted waves (PS-waves) recorded at the seabed.

Most existing analysis techniques for PS-waves are based on the Taylor series expansion of PS
travel-time equation (e.g. Tessmer and Behle 1988; Thomsen 1998). This approach yields e�ective
PS velocities, and requires P- and PS-correlation for estimating the vp=vs ratio. Unfortunately P-
and PS-correlation is known to be a major issue of joint P- and PS-processing and interpretation
(Gaiser 1996). Here, we utilize the equivalent medium concept of Zhang (1996) and the concept of
velocity ratio spectrum of Behle and Dohr (1985), and present an improved approach for converted-
wave velocity analysis.

Theory and method

Travel-time equation for a single-layer model. The PS-wave travel time tps (P down and S up)
from a reector at depth z can be written as
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where vp and vs are, respectively, the P - and S-wave velocities of the medium,  = vp=vs is velocity
ratio, and xp is the conversion point o�set. xp can be calculated iteratively by (Zhang 1996)
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An equivalent medium to a multi-layer model. Consider a stack of n layers with a constant
vp=vs, and each layer has parameters(vpk, vsk, �tpk and �tsk), where vpk and vsk are the interval



P - and S-velocities, and �tpk and �tsk are the interval P - and S-traveltimes, respectively, in the
k-th layer. A equivalent medium can be de�ned as
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where tps0, evp and evs are the e�ective PS-wave zero-o�set time, P - and S-wave velocities of the
equivalent single-layer medium, respectively. The PS-wave travel time from the bottom of the
n-layer can then be approximated as
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Synthetic tests

Equation (4) is a non-hyperbolic equation. If known evp, say, obtained from processing of the vertical
component data, equation (4) can be used to perform non-hyperbolic moveout correction, scanning
over  and tps0 to build up a  spectrum to estimate the vp=vs ratio, without the need to expand
the equation in Taylor series, nor the need for correlation.

Although the equivalent-medium approach is developed for models with a constant velocity
ratio, synthetic tests show that for models with a varying vp=vs ratio, the approach can still be
applied with su�cient accuracy for parameter estimation and data processing. Table 1 shows a
�ve-layer model with vp=vs varying from 2.5 to 1.82, and Figure 1 shows the corresponding synthetic
PS-data and vp=vs spectra. The vp=vs ratio can be uniquely determined, and errors are usually
small, less than 2% (Table 2).

k zk vpk vsk
1 500 2000 800
2 500 2500 1100
3 500 3000 1500
4 1000 3500 1800
5 1000 4000 2200

Table 1: Model parameters.

k tps0k(ms)  � error(%)

1 860 2.50 2.50 0.0
2 1540 2.38 2.36 0.9
3 2030 2.25 2.21 1.8
4 2860 2.13 2.12 0.5
5 3580 2.04 2.05 0.5

Table 2: Comparison of estimated � with the model
parameters.

Figure 1: vp=vs ratio analysis: a synthetic
data example for the model in Table 1.
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Figure 2: A common receiver gather from the 4C
North Sea dataset: (a) hydrophone, (b) inline, (c)
crossline and (d) vertical components, respectively.
(Courtesy of Shell Exploration, UK).



A real data example

We present a 4C-data example from the North Sea. Yuan et al. (1998) discussed the data charac-
teristics in more detail. The dataset was recorded by the Geco-Prakla drop-drag cable (Figure 2).
The following acquisition parameters were used: cable length: 3km; water depth: 88.3-90.5m; max.
o�set: 4.4km; source interval: 25m; number of channels (receiver interval in bracket): hydrophone-
60 (25m), vertical geophone - 60 (25m), inline geophone - 120 (12.5m), and crossline geophone - 60
(25m); sampling rate (2ms); recording: 10 seconds.

The processing steps are: 1) processing the vertical component data to obtain P-wave stacking
velocities; 2) binning CCPs (common conversion points) using constant velocity ratio; 3) velocity
ratio analysis; 4) �nal stack and correlation. As shown in Figure 3, high-quality ratio spectra are
obtained which allow unique determination of the velocity ratio. Such analysis may be performed
for a series of CCPs across the survey line, and a contour ratio section can then be built up (Figure
4). The obtained ratio is a function of tps0, and, combined with the P -wave stacking velocities, a
function of tp0, can help in the correlation of P - and PS-stacked sections (Figures 5 and 6). Note
that these stacking velocity ratios reveal the long-wave length vp=vs relationship which can be used
as an initial input for short-wave length inversion based on amplitude information.

Conclusions

The double square-root equation for calculating P-SV travel time in a single-layer medium can be
extended into multi-layered media by the equivalent medium approach. A velocity-ratio spectrum
can then be obtained from the converted-wave data if the P -wave velocities are known. This allows
the unique determination of the vp=vs ratio from multicomponent data. Although the approach
assumes a constant velocity ratio, it can be applied, with su�cient accuracy, to to cases with depth-
varying vp=vs ratio, as demonstrated by both the synthetic and real data examples. This approach
can also be extended into anisotropic media (Yuan and Li 1998).
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Figure 3. vp=vs spectra of selected CCPs for the
data shown in Figure 2. The solid line presents
the picked velocity ratio curve.
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Figure 4. The contour vp=vs ratio section for the
North Sea data in Figure 2, obtained from ratio
spectra as shown in Figure 3.

Figure 5. The �nal stacked section of the verti-
cal component.

Figure 6: The �nal stacked section of the hori-
zontal inline component.


