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Summary 
Here we present an example of using PP and PS converted-waves for characterizing volcanic 
gas reservoirs in Daqing Oilfield in Northeast China. The volcanic targets are buried at depth 
raging from 2800m to 3600m, which often give rise to incoherent P-wave response. To 
overcome this problem, a multicomponent seismic experiment was set up to evaluate the 
converted-waves recorded by digital MEMS (micro-electro-mechanical system) sensors. The 
experiment includes six 2D lines, passing through ten boreholes drilled for the volcanic 
reservoirs. Several multicomponent VSPs have also been acquired for correlation purposes. 
Analysis the P- and S-waves from the target formation at the ten borehole locations reveals 
very consistent P- and S-wave amplitude anomalies. From the gas producing wells, the P-
wave reflection is consistently weak and scattered, whilst the PS-wave reflection are 
consistently strong and continuous. In contrast from the non-producing wells, both PP- and 
PS-waves show continuous and strong reflections. The gas reservoirs can then be delineated 
from joint PP- and PS-amplitude analysis and the results agree with the drilling results in the 
study area. This provides conclusive evidence demonstrating the benefit of multicomponent 
seismic data from digital MEMS sensors.  



 

 

Introduction 
Land shear-wave data were usually of poor quality that has limited the application of the 
multicomponent technology to some degrees. However, in recent years, the advent of digital 
multicomponent MEMS (micro-electro-mechanical system) sensors has led to the acquisition 
of several land multicomponent surveys. Roche et al. (2005) reported the use of converted-
wave reflectivity recorded by MEMS sensors for mapping gas production in sand reservoirs, 
and Mattocks et al. (2005) presented examples for characterizing fractures in carbonates, 
Furthermore, Calvert et al. (2005) compared two converted-wave surveys from MEMS 
sensors for lithology predication.  

In this paper, we present an example of using MEMS-based converted-wave 
technology for characterizing gas reservoirs in volcanic rocks in the Daqing oilfield in 
northeast China. The Daqing oilfield is the largest oilfield for hydrocarbon production in 
China, and it has been in production for more than forty years. Shallow targets at depth less 
than 2km have largely been exhausted and current focus is to explore the deep targets buried 
at depth raging from 2800m to 3600m, which provides a good potential for reserve growth. 
These deep targets are mostly volcanic gas reservoirs, and often give rise to incoherent P-
wave response. Past multicomponent seismic experiments reveal some potential to use PS 
converted-waves to image these targets, but the results are limited due to data quality issues. 
Recent advance in multicomponent MEMS (micro-electro-mechanical system) sensors has 
rekindled the interests of using converted-wave data to delineate these volcanic reservoirs in 
this area. For this, a multicomponent experiment was set up in 2005, and this paper presents 
the results from this experiment. 

Data acquisition 
The experiment contains six 2D lines with about 90km of full-fold coverage. The six lines 
form several intersection points (Figure 1) passing through ten boreholes drilled for the 
volcanic reservoirs. Multicomponent VSPs have also been acquired from three of the 
boreholes for helping in correlating the PP- and PS-sections. Four of the lines are acquired 
with a split spread with a maximum offset of 6605m, nominal receiver interval of 10m, and 
shot interval of 40m. The number of channels for each component is 1220, giving rise to a 
nominal fold of 152. Two other lines are acquired with a single-side spread with a maximum 
offset of 5805m, a receiver interval of 5m, shot interval of 20m, and nominal fold of 145.  The 
use of MEMS sensors has lead to the acquisition of very high quality shear-wave data (Figure 
2), although some ground rolls can be observed. Dominant frequency is about 40hz for P-
wave and about 20hz for converted-wave.   

Data processing 
Due to the improved data quality, the processing is relatively straightforward. The following 
nine steps are applied to both the vertical (PP-) and horizontal (PS-) components: 1)  
geometry loading; 2) static correction; 3) noise attenuation (ground rolls); 4) CMP bin for PP, 
but ACP (Asymptotic conversion point) bin for PS with binning velocity ratio γ=2.0; 5)  
velocity analysis, 6) moveout correction; 7) stack; 8) migration velocity analysis and 9) final 
prestack time migration.    

 Note that for processing the converted-wave, four parameters are required for 
performing velocity analysis and moveout correction (Li and Yuan 2003). These four 
parameters are the vertical P- and S-wave velocity ratio γ0, the effective velocity ratio γeff, the 
converted-wave stacking velocity VC2 and anisotropic parameter χeff (see more details in Li 
and Yuan  2003). An interactive velocity tool has been developed (Dai 2003) and can be used 
to determine all these parameters (Figure 3). Examples of final migrated PP- and PS-sections 
are shown Figure 3, where the regional events (T06, T1 and T2, etc.) can all be mapped from 
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both the PP- and PS-sections, giving rise to a very high degree of correlation. This is arguably 
one of the best land converted-wave examples reported in the literature. 

PP- and PS-wave characteristics and results 
The presence of gas in the volcanic rock reduces P-wave velocity, and increases the 
attenuation and scattering effects on the P-wave, whilst its effects on the S-waves are 
relatively small (Jiang et al. 2004). This leads to clear anomalies in the Vp/Vs ratio (Figure 
4a) and S- to P-wave amplitude ratio (Figure 4b). This anomaly can be observed from all the 
ten boreholes in the study area. From the gas producing wells, the P-wave reflection is 
consistently weak and scattered, whilst the PS wave reflection are consistently strong and 
continuous; whereas from the non-producing wells, both P- and S-waves show strong 
continuous reflections. Table 1 summarizes the reflection characteristics from the ten 
borehole locations. Furthermore, the reservoir boundary delineating from the amplitude 
anomalies matches very wells with drilling results, as shown in Figure 5 that compares the gas 
reservoirs delineated from the PP- and PS-amplitude anomalies with the drilling results.   

Conclusions 
We have presented a multicomponent seismic experiment for delineating gas reservoirs in 
volcanic rocks. The gas bearing volcanic rocks show a clear reduction in P-wave velocity, 
leading to clear anomalies in both Vp/Vs ratio and S- to P-wave amplitude ratio. With 
borehole calibration, the gas reservoirs can be successfully mapped using these attributes and 
the results agree with the drilling results in the study area. This confirms the benefit of using 
multicomponent seismic data.  
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Figure 1 Survey map and line locations. Figure 2. PS Converted-wave,  X-component, Line 1. 

 

 

(a) 
PP 

 

(b) 
PS 

Figure 3. Final migrated sections from Line 1: (a) PP-wave and (b) PS converted waves. 
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(a) Vp/Vs ratio (b) PS to PP amplitude ratio  
Figure 4. PP- and PS-characteristics for the volcanic formation: (a) inverted Vp/Vs ratio (b) 
calculated PS to PP amplitude ratio from Line 2. 

 

Well # Lithology PP-reflection PSV-reflectios Production 
XS1 Volcanic weak, broken strong, broken industrial gas 

XS2 Volcanic strong, broken strong, broken poor gas show 

XS4 Volcanic strong, broken strong, continuous industrial gas 

XS6 Volcanic strong, continuous strong, continuous industrial gas 

SS1 Coarse sand weak strong with polarity reversal industrial gas 

SS202 Volcanic weak strong, continuous industrial gas 

SS201 Volcanic strong, continuous strong, continuous dry hole 

SS101 Volcanic weak strong, continuous industrial gas 

SS2-1 Volcanic weak, broken strong, broken industrial gas 

SS1 Sands no reflection strong, continuous industrial gas 

Table 1. Summary of the PP- and PS-wave reflection characteristics at the well locations.  

 

Figure 5. Delineating the volcanic gas reservoirs from PP an
reservoirs delineated from the seismic data based on the PP an
The bottom panel shows the reservoir determined by the gas-w

Water DryGas 

PP 

PS 

XS6 XS1

XS6 XS1

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

n

d
d
a

a, Austria, 12 - 15 June 2006 

 PS data. The top two panels show the producing
 PS amplitude anomalies (Figure 4b and Table 1).
ter contacts from drilling results.  
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