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Figure 8 Close-up of the reservoir section shown in Figure 7. The seismic flat spot caused by the gas-water contact at 3113 m subsea
is clearly observed in this image. © Rocksource
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geology, and further demonstrating that the Luva discovery 

cannot be identified using this approach (Figure 5, lower section).

The next step in the analyses was to provide regional constraints

based on a sound geological understanding of the area. Seismic

data were particularly important at this stage because they

enabled attributing resistivity values to particular intervals. This

part of the process is time-consuming and requires detailed 

geological and geophysical knowledge of the area under 

investigation. In this instance, the well data from Luva were not

used to create the constraints. This was because prior to discovery

such data would not have been available and to best recreate an

exploration scenario the well data should be ignored.

By applying the regional constraints, the inversion was guided

toward what the geoscientist considers to be a more appropriate

solution. The integrated approach applied to the synthetic data

indicated that the Luva discovery could be identified using 

this workflow provided that the input geological model was 

representative (Figure 6, upper section).

The last stage involved using the same constrained approach as

for the synthetic example, but this time with real data. Again, the

inputs to the constraints were taken from regional interpretation

of seismic data and a sound geological understanding of the area.

No well information was used, and no constraints were used for

the target itself (including parameters such as geometry, depth,

thickness, lateral extent and resistivity). The final result shows

that the Luva discovery is clearly identified with a pronounced

resistivity anomaly. (Figure 6, lower section). The similarities to

the synthetic example suggest that the synthetic model is realistic

and consistent with observations from real data. Furthermore,

there is a very clear correlation with the well data and seismic

data, including the pronounced flat spot observed at 3113 m 

subsea (Figures 7 and 8).

Discussion
The process used to develop the results shown in Figures 6–8 is

more rigorous in that all pertinent data, such as seismic data, is

included. The inversion algorithms are combined with a sound

geological understanding of the area. This integrated approach

represents what explorationists are trained to do. CSEM data

represent one piece of information, just as the well data and 

seismic data are. No explorationist would treat seismic data 

in isolation, and similarly, CSEM data should not be treated

independently either. Even the odd exceptions such as the Troll
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Field (Johansen et al. 2005), where there is a very significant EM

anomaly, need to be evaluated against false-positives caused by

cemented sandstones or other resistive bodies.

This is why geologists have a very important role to play in 

analyzing EM responses. Their input to the inversion or 

migration process is absolutely crucial, particularly in 

EM-complex settings. However, integration is not necessarily

easy. Geoscientists worldwide need to educate themselves in the

new technology, and this will take time.

Conclusions
It can be concluded from the current study that systematic testing,

including detailed comparison of subsurface geometries and

likely resistivity distributions before processing and inverting 

the CSEM data, is required to avoid potential false-positive or

false-negative interpretations in difficult cases.

Furthermore, if the oil and gas industry is to succeed with the use

of CSEM technology, it must understand the complexities

involved. Basic analyses form only a starting point for the investi-

gation. Advanced processing and inversion are normally required

to fully understand the data. In complex settings, it is essential to

use all available information such as input from seismic and

borehole data as well as our geological understanding, which

may be based on working a geological province for years. n
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