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or S-wave tomography and reflection imaging using 

the virtual crosswell data.  This technique is also 

useful for applications that require undershooting 

obstacles, such as near-surface distortions, salt or gas 

clouds. In terms of frequency content, the virtual 

crosswell data is comparable to a conventional VSP 

data. Main advantages of virtual crosswell over VSP 

include wider coverage and removal of time-varying 

overburden effects and hence better repeatability.  The 

price to pay is dual-well recording. 

 

Conclusions 
The concept of the virtual source can be extended to 

crosswell geometry. For similar acquisition geometry, 

virtual crosswell data is comparable to the real 

crosswell data. Because of the way it is created, the 

virtual crosswell data has lower frequency content as 

compared to the real crosswell data at short interwell 

distances. Apart from this limitation, the virtual 

crosswell approach has a number of advantages over 

the real crosswell method, such as the radiation pattern 

of the virtual downhole source, ability of the virtual 

downhole source to radiate only P- or only S-waves 

and well repeatable surveys for time-lapse monitoring.  

 

This study is just a proof of concept for the virtual 

crosswell method, and hence we do not go into the 

details of comparing the reflection imaging and 

tomography results. Apart from that, Figures 3 and 4 

show that comparison of the real and virtual crosswell 

data was reliable only in certain depth range, 

suggesting that the field acquisition geometry was not 

ideal (especially in terms of surface shot distribution) 

to perform virtual crosswell method. In order to 

maximize the benefits of the virtual crosswell method, 

first step is to conduct a proper pre-survey modeling. 

In case of complex overburden best insurance is to 

have wide shooting geometry with areal shots or 

several shot lines. 
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Figure 4: (a) shows the real crosswell data with a downhole source 629.75 ft deep (same depth level as receiver 25) recorded by 

downhole receivers. Yellow line highlights the direct P-wave (for bottom 30 receivers indicated by red bar). The arrows in all the 

panels show the orientation of the (real and virtual) source (Src, VS) and the receivers (Rec). Figures (b), (c),  (d) and (f) show the 

virtual crosswell data, for which the text below the arrows indicate the wavefield used for correlation. Yellow and the solid black lines 

highlight the direct P- and S-wave arrivals, and the dashed black line highlights the reflections.  (e) shows the real crosswell data for a 

deeper downhole source (1513.5 ft; same depth level as receiver 60). Apart from the direct arrival, it shows reflections (dashed black 

line). Compared to (c), Figure (f) is dominated by downgoing waves more than reflections.  

Receiver
1 25 50 75

Receiver
1 25 50 75

Receiver
1 25 50 75

T
im

e
 (

m
s)

a) b) c)

0

500

400

200

300

100

Receiver
1 25 50 75

d)

Receiver
1 25 50 75

e)

Receiver
1 25 50 75

f)

T
im

e
 (

m
s)

0

500

400

200

300

100

total total total direct

upgoing direct total
direct

Rec
Src

Rec
Src

Rec VS Rec VS

Rec
VS

Rec VS

Receiver
1 25 50 75

Receiver
1 25 50 75

Receiver
1 25 50 75

T
im

e
 (

m
s)

a) b) c)

0

500

400

200

300

100

Receiver
1 25 50 75

d)

Receiver
1 25 50 75

e)

Receiver
1 25 50 75

f)

T
im

e
 (

m
s)

0

500

400

200

300

100

total total total direct

upgoing direct total
direct

Rec
Src

Rec
Src

Rec VS Rec VS

Rec
VS

Rec VS

1375SEG Las Vegas 2008 Annual Meeting



EDITED REFERENCES  
Note: This reference list is a copy-edited version of the reference list submitted by the author. Reference lists for the 2008 
SEG Technical Program Expanded Abstracts have been copy edited so that references provided with the online metadata for 
each paper will achieve a high degree of linking to cited sources that appear on the Web.  
  
REFERENCES  
Bakulin, A., and R. Calvert, 2004, Virtual source: New method for imaging and 4D below complex overburden: 74th Annual 

International Meeting, SEG, Expanded Abstracts, 2477–2480. 
———2006, The virtual source method: Theory and case study: Geophysics, 71, SI139–SI150. 
Mehta, K., A. Bakulin, J. Sheiman, R. Calvert, and R. Snieder, 2007, Improving the virtual source method by wave-field 

separation, Geophysics, 72, V79–V86. 
Mehta, K., R. Snieder, R. Calvert, and J. Sheiman, 2008, Acquisition geometry requirements for generating virtual source data: 

The Leading Edge.  
Minato, S., K. Onishi, T. Matsuoka, Y. Okajima, J. Tsuchiyama, D. Nobuoka, H. Azuma, and T. Iwamoto, 2007, Cross-well 

seismic survey without borehole source: 77th Annual International Meeting, SEG, Expanded Abstracts, 1357–1361.  
Schuster, G. T., J. Yu, J. Sheng, and J. Rickett, 2004, Interferometric/daylight seismic imaging: Geophysical Journal 

International, 138, 838–852. 
Shiraishi, K., and T. Matsuoka, 2005, Application of seismic interferometry to cross-well seismic reflection: Proceedings of the 

114th Conference, SEGj, 65–68. 
Snieder, R., K. Wapenaar, and K. Larner, 2006, Spurious multiples in seismic interferometry of primaries: Geophysics, 71, 

SI111–SI124. 
Tura, A., R. J. Greaves, and W. B. Beydouns, 1994, Cross-well seismic reflection/diffraction tomography: A reservoir 

characterization application: Geophysics, 59, 351–361. 
Wapenaar, K., 2004, Retrieving the elastodynamic Green’s function of an arbitrary inhomogeneous medium by cross correlation: 

Physical Review Letters, 93, 254301. 
 

1376SEG Las Vegas 2008 Annual Meeting


