
(a) Classical Checkshot (b) Virtual Checkshot
Copyright 2006, Offshore Technology Conference 
 
This paper was prepared for presentation at the 2006 Offshore Technology Conference held in 
Houston, Texas, U.S.A., 1–4 May 2006. 
  
This paper was selected for presentation by an OTC Program Committee following review of 
information contained in an abstract submitted by the author(s). Contents of the paper, as 
presented, have not been reviewed by the Offshore Technology Conference and are subject to 
correction by the author(s). The material, as presented, does not necessarily reflect any 
position of the Offshore Technology Conference, its officers, or members. Papers presented at 
OTC are subject to publication review by Sponsor Society Committees of the Offshore 
Technology Conference. Electronic reproduction, distribution, or storage of any part of this 
paper for commercial purposes without the written consent of the Offshore Technology 
Conference is prohibited. Permission to reproduce in print is restricted to an abstract of not 
more than 300 words; illustrations may not be copied. The abstract must contain conspicuous 
acknowledgment of where and by whom the paper was presented. Write Librarian, OTC, P.O. 
Box 833836, Richardson, TX 75083-3836, U.S.A., fax 01-972-952-9435. 
 
Abstract 
We describe a new application of the Virtual Source Method, 
the Virtual Checkshot, for accurately estimating sub-salt 
interval velocities of P- and S-waves from walk-away or 3D 
VSP data. Complex overburden may lead to erroneous 
velocity profiles when conventional check-shots and zero-
offset VSP-s are used. The new technique overcomes the 
challenge by creating a Virtual Source at each downhole 
geophone. When both Virtual Source and receivers are placed 
below the most complex part of the section, the obtained 
velocity profiles are not distorted by the overburden. The 
Virtual Checkshot can correct for overburden of any 
complexity since no velocity information between the surface 
and the geophones is required. We apply the Virtual 
Checkshot technique to a sub-salt deep-water prospect in the 
Gulf of Mexico. We obtain P- and S-wave velocity profiles 
that are in excellent agreement with sonic logs in salt and 
below salt. 
 
 
Introduction 
Extracting velocity profiles from checkshots under 
complicated overburden is challenging because: (i) first arrival 
waveforms may be distorted and difficult to pick; (ii) the 
fastest arrival may not come along the shortest path between 
the source and the receiver (Fig. 1a). Both of these problems 
could be alleviated by placing the source in the well, so that 
the travel-path of the first arrival is short and close to a straight 
line between the source and the receiver (Fig. 1b). In practice, 
it is difficult to place a physical source downhole. However, it 
is easy to create a Virtual Source in the well from walk-away 
or 3D VSP data ([1], [2], [3]). Measuring the first arrival 
traveltime from a Virtual Source to a number of receivers 
below it, we can construct a “Virtual Checkshot” that is 
insensitive to overburden complexity.  
 

An extension of this idea would be to create a Virtual Shear 
Source in the borehole and construct a Shear Virtual 
Checkshot. Conventional checkshots measure only P-wave 
velocity from first arrivals. Shear waves, even if emitted from 
the surface source or generated by P-S conversions in the 
overburden, arrive later and are difficult to unravel and pick 
(for a successful attempt see [4]). Bakulin and Calvert [5] 
showed that we could harvest P-S conversions in the 
overburden to create a pure Shear Virtual Source in the 
borehole. The first arrival from such a source (easy to pick) 
would be an S-wave, yielding a shear-velocity profile. 
 
We have tested these ideas on a data set from a sub-salt 
prospect in the deepwater Gulf of Mexico (GOM). We obtain 
profiles of P- and S-wave velocities that are in good agreement 
with sonic logs under salt at more than 7 km depth.  
 
Input Data 
Virtual Checkshots are generated from conventional walk-
away (WAW) VSP data. Our example dataset was acquired in 
a vertical well through a massive salt body in the deepwater 
GOM. The survey was shot in four passes of the same shot 
line, with four receiver tool settings, giving a total of 96 
receiver depths (4x24). About two-thirds of the receivers were 
in the salt, near its base, and the rest were below the salt 
(Figure 2). The receivers were interlaced to provide an 
effective spacing of 50 ft. However, we found some 
systematic time shifts between the acquisition lines. For this 
reason, we performed our velocity estimation using only 
receivers from the same tool setting (100 ft spacing). 
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Figure 1: Checkshot in complex medium 


