






3D EM holographic imaging in offshore petroleum exploration

Figure 6: Amplitude-versus-offset (AVO) plots of the Troll
Field data at a frequency of 0.25 Hz. The red dots show the
observed in-line electric field data, while the predicted data for
a model obtained by iterative migration are plotted by the solid
blue line.

Figure7: A 3D holographic image of Troll West Gas Province
(TWGP), North Sea, obtained by iterative migration.

the x andy -directions, respectively, and 1.5 km deep in the
vertical (z) direction from 400 m to 1900 m below sea level,
where thex axis of the Cartesian coordinates is oriented along
the MCSEM profile, and thezaxis is directed downward. This
migration domain is discretized in 84×18×60= 90,720 cells,
with the cell sizes having 250, 500, and 25 m in thex, y and
z directions, respectively. Having previous knowledge of the
seismic profile, we designed an a priori model with the top
layer in thex direction being the seismic lines that mark the top
of the reservoir in Figure 5 and with the bottom layer at 1575
m with a resitivity of 3 Ohm-m. We ran 100 iterations of the
migration algorithm. The a priori model was turned on only
during the initial ten iterations. The remaining 90 iterations
were computed without an a priori model.

The amplitude-versus-offset (AVO) plots of the Troll Field data
at a frequency 0.25 Hz are shown in Figure 6. The red dots
show the observed in-line electric field data, while the pre-
dicted data for a model obtained by iterative migration are plot-
ted by a solid blue line.

Figure 7 represents a 3D holographic image of the geoelectri-
cal model obtained by migration imaging.

Figure 8 represents overlapping of migration results with the
geological interpreted section. One can see good agreement
between the migration results and the geological section.

The holographic/migration imaging method, which has been
developed in this paper, has the ability to detect a strong resis-
tivity anomaly in the area of the Jurassic sandstone reservoir.

Figure8: Crosssection of the result of iterative migration over-
lapping on the geological cross section. Grid lines denote the
migration domain.

CONCLUSION

Electromagnetic migration was originally introduced for inter-
pretation of land EM data. However, this technique is most
effective in the case of relatively dense EM surveys, which are
difficult to implement on land. The MCSEM survey with its
dense system of transmitters and receivers, happens to be ex-
tremely well suited to application of the migration technique.
In this paper we illustrate all the basic principles of EM migra-
tion in application to MCSEM data interpretation.

In order to improve the resolution and quality of the migration
image, we apply an iterative migration by repetitive backscat-
tering of the residual field within the background medium. The
backscattered field is computed using a fast parallel IE method.
By including the focusing stabilizer in the iterative migration
scheme, we produce a sharp and focused image of the target
with focusing iterative migration.

The holographic/migration imaging method has been applied
to interpretation of the practical MCSEM data acquired at Troll
West Gas Province by Statoil and EMGS. The interpretation
results also show that migration can be treated as a prospective
method of MCSEM data interpretation.
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