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An Integrated Multi-
Component Processing and
Interpretation Framework for
3-D Borehole Seismic Data

DE-FC26-03NT15418

Goal
The goal of this project is to develop, build
a prototype for, and test an efficient frame-
work for processing and interpreting multi-
component 3-D vertical seismic profiling
(VSP) data.   

Performer
Paulsson Geophysical Services
Brea, CA

Results
The product of this research will be a com-
mercially available multi-component 3-D
VSP software tool that can be readily used
for field development and reservoir man-
agement.

Benefits
The application of this processing and dis-
play software will lower the risk of drilling
infill wells and deepening and recomplet-
ing existing wells by improving the under-
standing and delineation of reservoir prop-
erties. The software tool will allow pro-
cessing and display of high-resolution
images that can be used in the identifica-
tion and subsequent production of
bypassed oil and gas. The information gen-
erated will enable effective, economic
reservoir management to increase recovery
efficiency and can be used to outline
drainage areas and identify flooding effi-
ciency.  

Background
In oil and gas reservoirs, a large fraction of
the total oil or gas volume may be bypassed
using conventional imaging techniques. To
estimate reservoir properties for field
development and reservoir management, it
is necessary to achieve greater resolution
than 3-D surface seismic data can provide.
3-D VSP seismology fills the resolution
and coverage gap between 3-D seismology
that has lower resolution and well-logging
techniques that have high resolution but
only measure near-wellbore properties.
Besides high resolution, VSP seismology
has been proven to produce the best multi-
component recordings of any seismic tech-
nique. Seismic signal component compres-

logs, P-S velocity model representations,
rock properties, partially processed multi-
component 3-D VSP seismic data slices
and volumes, and other critical survey, geo-
logic and field information.

The project has executed 4 of the 6 project
phases. Phase 1 identified the data obtained
from the San Andreas Fault Observatory at
Depth (SAFOD) borehole to test the soft-
ware being developed and generated syn-
thetic 3-D borehole seismic data in various
velocity models. In Phase II, the 3-D, three-
component (3-C) display framework for
the 3-D VSP data was designed and proto-
typed. Phase III entailed the design and
prototype communication framework for
low latency and high bandwidth. In Phase
IV, the 3-D/3-C display framework inter-
connected with the parallel computing
environment was designed, and the proto-
type was built.

The software is built upon suitable existing
software and industry standard graphics
and visualization toolkits that are portable
and widely used.  The entire framework
consists of data display and manipulation
components, coupled with a library of
complex data processing modules.

This new VSP software will aid industry
with locating reservoirs by:

• Significantly increasing the resolution of
3-D images compared with surface seismic
surveys.

sional (P) wave velocity information com-
bined with shear (S) wave information pro-
vide detailed information on reservoir
properties such as lithology, mechanical
properties, pore volume, fracture volume,
fracture directions, fracture widths, and
type of pore fluids.

Summary
Paulsson Geophysical is developing a full-
featured, fast, interactive 3-D multi-com-
ponent processing and interpretation tool
for VSP data. Existing pieces of processing
software are being combined with novel
display capabilities and a framework to
perform complex processing tasks inter-
woven with the analysis and interpretation
of 3-D multi-component VSP data. 

The software both processes and interprets
VSP data using a 3-D graphical user inter-
face to drive the necessary processing and
imaging algorithms. The software is being
built to handle large data sets containing at
least 1,000 receiver channels and several
thousand source points. The software
allows the use of auxiliary information,
including well logs, formation tops, seis-
mic ray path computations, and velocity
models. The auxiliary information is com-
bined with data and processing results to
enable interactive model changes and qual-
ity control. The software runs on Linux as
well as Windows XP operating systems.

An interactive 3-D display is being devel-
oped that can display data such as well

This example of the software display shows a multi-well 3-D VSP image dis-
played together with velocity model, well-log curves, well trajectories, and
source points.



62 Oil Technology Program E&P Fact Sheets - February 2006

• Generating high-resolution images below
complex seismic structures.

• Yielding more-accurate depth images.

• Being usable in areas where large seismic
sources are restricted, such as urban or
environmentally sensitive areas. 

• Being faster, cheaper, and less environ-
mentally intrusive than surface seismic sur-
veys.

Current Status (January 2006)
The project has addressed the difficulty
with VSP caused by the lack of a portable
modular processing package. Researchers
have written and proof-tested 3-D seismic
VSP interpretation software.  The final
report was submitted in December 2005. 
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Comparison of a 3-D surface seis-
mic image with a 3-D VSP image
slice at the same location. Note the
increased resolution and detail of
the 3-D VSP image.


