
1 

EAGE 66th Conference & Exhibition � Paris, France, 7 - 10 June 2004 

 

Z-99 P-WAVE AND CONVERTED WAVE EVENT 
CORRELATION BY CONVERTED WAVE 
MOVEOUT ANALYSIS 

 JINGHUA ZHANG1, 2 AND XIANG-YANG LI1

 1British Geological Survey, Murchison House, West Mains Road, Edinburgh EH9 3LA, UK
2 University of Edinburgh 

Summary 

A reliable correlation between the P-wave and converted-wave (C-wave) events is critical for 
multicomponent data processing and interpretation. Recent studies show that the C-wave moveout in 
layered isotropic media can be determined by two parameters: the C-wave stacking velocity Vc2 and 
velocity ratio γiso. Based on this theory, it is possible to obtain an independent estimate of the P-wave 
stacking velocity Vp2 as a function of C-wave vertical travel time Tc0 from C-wave reflection moveout. 
These estimates of Vp2 in Tc0 can then be compared to the Vp2 obtained from P-wave reflection 
moveout in order to establish the corresponding relationship between P-wave vertical travel time Tp0 
and C-wave time Tc0. Velocity ratio γiso is a key parameter that determinates the reliability of Vp2 in 
Tc0. Semblance analysis is performed to resolve C-wave stacking velocity Vc2 and γiso. An analysis of a 
layered model shows that a reliable correlation can be achieved for layered media. Field 4C data from 
Ordos Basin, China, are used to illustrate the application. 

Introduction 

Acquisition and processing of multicomponent data make it possible to carry out P-wave and C-wave 
analysis simultaneously. However, joint P- and C-wave methods require a good match between the P- 
and C-wave sections (Goodway, 2002), and P- and C-wave correlation is also a major issue in 
processing and interpretation (Gaiser, 1996). 

Several methods (e.g. Garotta, 1985; Behle and Dohr, 1985; Gaiser, 1996) were presented to calculate 
velocity ratio Vp/Vs from multicomponent data to perform P- and C- wave correlation. Li et al. (1999) 
devised a method to determine Vp/Vs from C-wave moveout data. This method is further developed 
here for performing P- and C-event correlation by using the revised two-parameter C-wave moveout 
equation in Li (2003).  

Method 

The revised C-wave traveltime equation for isotropic multi-layered media given by Li (2003) shows 
that C-wave NMO moveout is controlled by two parameters Vc2 and γiso.  
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where γiso is the velocity ratio between squared P- and C-wave stacking velocities. Equation (1) is 
accurate for offsets up to twice the reflection depth. Equation (2) indicates that Vp2 in Tc0 can be 
obtained independently from C-wave moveout data if Vc2 and γiso can be resolved reliably. Semblance 
analysis can be used to obtain Vc2 and γiso. If we minimize the errors between Vp2 in Tc0 and Vp2 in Tp0 
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obtained by P-wave moveout analysis, and 
compare the respective travel times of the P-
wave velocity in Tc0 and Tp0, the correlation 
between P- and C-wave events can then be 
established.  

 
Figure1: Synthetic gather calculated for the 
layered model in Table 1. Traces are muted 
when offsets are larger than twice the reflection 
depth. The red curves are travel times 
calculated with equation (1). 

Model study 

Synthetic data (Figure 1) calculated for an 
eight-layer model (Table1) have been 
generated to test the method. The C-wave 
travel times calculated by equation (1) are 
shown as red curves in Figure 1. Traces are 
muted when offsets are larger than twice the 
reflection depth.  Figure 1 confirms that  
equation (1) is accurate for offsets at least 
twice the reflection depth.  

 Zk 
(m) 

Vpk 
(m/s) 

Vsk 
(m/s) 

Tp0 
(s) 

Tc0 
(s) γ0 

Vc2 
(m/s) γiso γ*

iso 
Vp2 

(m/s) 
V*

p2 
(m/s) 

1 400 2000 667 0.400 0.800 3.00 1155 3.00 2.84 2000 1946 

2 400 2300 885 0.748 1.426 2.81 1281 2.80 2.76 2144 2128 

3 400 2500 1087 1.068 1.954 2.66 1390 2.64 2.65 2257 2263 

4 400 2600 1238 1.376 2.431 2.53 1478 2.50 2.52 2338 2346 

5 400 2700 1350 1.671 2.875 2.44 1552 2.40 2.39 2406 2399 

6 400 2800 1417 1.958 3.300 2.37 1615 2.34 2.36 2468 2481 

7 400 2900 1515 2.233 3.702 2.32 1674 2.28 2.30 2525 2539 

8 400 3000 1613 2.500 4.083 2.27 1730 2.22 2.26 2581 2600 

Table 1: Modelling parameters to examine the accuracy of the calculated P- wave stacking velocity by 
C-wave moveout analysis in the isotropic media. Vpk and Vsk are interval velocities for P- and S-
waves, γ0 is vertical velocity ratio and γ0 = 2Tc0/Tp0 �1. γ*

iso is the obtained value from C-wave 
semblance analysis. V*

p2
  is the P-wave velocity calculated from equation (2). 

 
Based on equation (1), a double-scanning semblance analysis can be used to resolve Vc2 and γiso from 
C-wave data alone (Figure 2). The offsets used in the analysis are restricted to x/z ≤ 2.0. The obtained 
γiso values are shown in Table 1 as γ*

iso. The errors for resolved γiso for all events are less than 2% 
(except the shallowest layer). Figure 2 shows that semblance analysis provides sufficient accuracy for 
resolving Vc2 and γiso. Based 
on equation (2), P-wave 
stacking velocity Vp2 can be 
obtained in the C-wave 
vertical travel time Tc0 
(shown as V*

p2 in Table 1). 
All events (except the 
shallowest layer) have errors 
less than 1% for Vp2. Vp2 in 
Tc0 time can be compared 
with the Vp2 in Tp0 as shown 
in Figure 3. Except the 
shallowest event, all events 
show a good one-to-one 
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(a) (b) (c) 

Figure 2: Double-scanning results for Vc2 and γiso. The picked values
of γiso are shown in Table 1 (γ*

iso). (a), (b) and (c) correspond to the
events 2,4 and 6, respectively, in Figure 1. 
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correspondence in terms of Vp2. The marked 
correlation indicates the minimum difference 
between the values of Vp2 in Tc0 and those in 
Tp0. 

Figure 3: Correlation of the velocity picks. The blue  
crosses are Vp2  in P-wave vertical travel time Tp0 and 
the red dots are Vp2  in C-wave vertical travel time Tc0. 
Tp0 and Tc0 are listed in Table 1. 

 
 
Application to the Ordos 4C data 

The Ordos 4C data (Li et al., 2002) are 
acquired over a horizontal stratigraphy, which 
is desirable for this study. A remarkable flat 
coal layer (around 2.0s in P-wave time) is 
distributed across the region and provides a 
good calibration point to examine the accuracy 
of the application in real data. Two passes of 
single-scanning semblance analysis have been 
used to determine Vc2 and γiso.  Examples of 
single-scanning results are shown in Figure 4. 
The P-wave velocity spectra in TC0 and TP0 
times (Figures 5a and 5b, respectively) provide 
a good correlation among the three events in 
Table 2. For these three events, their Vp2 in Tc0 
matches those in Tp0 very closely. The 
resulted vertical velocity ratios (γ0) are 1.97, 
1.96 and 1.86, respectively. The compressed 
C-wave section using these values of γ0 also 
matches the P-wave section very well, 
confirming the analysis (Figure 6).  

Discussion and Conclusions 

Synthetic and real data examples show C-
wave semblance analysis can be used to 
resolve Vc2 and γiso in layered media. P-wave stacking velocity can then be obtained independently in 
the C-wave travel time domain. The reliability of this Vp2 is mainly determined by the accuracy of the 
stacking velocity ratio γiso. The method can be used as a good reference for P- and C-wave correlation.    

Tc0 
(ms) 

Vc2 
(m/s) γiso 

V*
p2 

(m/s) 
Tp0 

(ms) 
Vp2 

(m/s) γ0 

700 2050 2.00 2899 472 2929 1.97 

1266 2440 1.85 3319 855 3324 1.96 

2865 2970 1.80 3984 2007 3968 1.86 

Table 2: Results from the Ordos 4C data showing the 
comparison of obtained V*

p2 in Tc0 from C-wave 
moveout data with Vp2 in Tp0 from P-wave data 
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(a) Vc2 (b) γiso 

Figure 4: Single-scanning results for Vc2 and γiso in the Ordos 4C data. 
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(a) C-wave (b) P-wave 

Figure 5: Comparison of (a) Vp2 spectra obtained from C-wave moveout data 
in Figure 4 with (b) Vp2 spectra from P-wave moveout data. The vertical time 
is Tc0 in (a), but Tp0 in (b). The crosses indicated the correlated velocity points 
with their corresponding coordinates in bracket (time, velocity).  

 

 
(a) P-wave (b) C-wave 

Figure 6: Final processed sections of P-wave (a) and C-wave (b). Both sections 
are displayed in P-wave vertical time. 

 

 


