





IE method for multiple domains

Analysis of the maps of the amplitude of the electric fields ob- Total Ex: Receiver #1 (=5.5 km)
served at sea bottom 10 o pankaround
Figure 5 shows a map of the absolute value ofitti{m-line) § +EWMWRR
component of the anomalous electric field generated by the £
currents induced in the reservoir domain only, calculated by < Resovor
the MD IE method, which includes the return induction effects e S rectiver et 2
from all the other domains (bathymetry and salt dome). It is
clear from this figure that the anomalous field associated with H Al s ‘,.“'_: A
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X ] ceiver #1 k= 5.5 km). The bottom panel presents the AVO
plots of the same fields normalized by the absolute values of
Figure5: Model 1: A map of the absolute values of thein- the normal electric fields.

line) component of the anomalous electric field generated by
the currents induced in the reservoir domain only.

and reservoir domains) normalized by “normal” (layered back-

Figure 6 shows a map of the absolute value ofstt{m-line) ground), “normal + bathymetry,” “normal + salt dome,” and
component of the anomalous electric field generated by the “full” (normal + bathymetry + salt dome) fields. This figure
currents induced in the salt dome domain only, calculated by demonstrates that we can evaluate the horizontal location of
the MD IE method. As in the case of the response from the the reservoir more easily by using the total field normalized
reservoir, the anomalous field is concentrated in the horizontal PY the field which is calculated as a sum of the currents in-

location of the salt dome. duced in all domains except for the target domain (in this case,
except for the field of the reservoir domain). In the practical
- Anonalous Ex(Sal dome) Ampitude Tx #1655 ) Lga1o v data we observed the total field, which includes the EM cou-
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pling effects from all the inhomogeneities. Therefore, in the
numerical modeling one should calculate the response of all
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tric fields
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Figure 7 shows amplitude-versus-offset (AVO) plots of the elec- ! . .

tric fields calculated by the MD IE method for thgin-line) 0s
component. One can see that, due to the EM coupling be- ) T
tween the different inhomogeneous domains, the normalized © Transitter-Receiver Offset k]
AVO plots become very complicated. In this situation it is dif-

ficult to evaluate the horizontal location of the reservoir (or a Figure 8: AVO plots of the total in-line electric field (cal-
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salt dome) from these plots. culated for a full geoelectrical model containing bathymetry,
) _ salt dome, and reservoir domains) normalized by “normal”
Comparison of the normalized AVO plots (layered background), “normal + bathymetry,” “normal + salt

Next, we have investigated the normalized AVO plots. Usu- dome,” and *full” (normal + bathymetry + salt dome) fields.

ally the amplitude of the EM field is normalized by the normal . )
(layered background) field. Because we can calculate the re-Model 2: four-domam_ model (bathymetry, plus two salt
sponse from the EM currents induced in each domain by our d0mMes, plus a reservoir)

MD IE method, we can use any combination of these fields we have calculated an EM field for a model which includes

(not only the normal field) to normalize the AVO plots. Figure  four domains (a bathymetry, two salt domes, and a reservoir)
8 shows the AVO plots of the total electric fields (calculated for g investigate the code performance for a model with many

the full geoelectrical model containing bathymetry, salt dome, domains and to study the multiple-domain effect in the data.
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IE method for multiple domains

A vertical section of the geoelectrical structure of Model 2 is
shown in Figure 9. The MCSEM survey configuration in this
model is the same as in Model 1. Following the main prin-
ciples of the MD IE method for multiple inhomogeneous do-

mains, the modeling area was represented by four modeling

domains,D1, Do, D3, andDy, outlined by the dashed lines
in Figure 9. Modeling domai; covers the area with con-
ductivity variations associated with the bathymetry of the sea
bottom, while modeling domair3; andD3 correspond to the
location of the salt domes. Modeling domdig corresponds

to the location of the HC reservoir.
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Figure9: A vertical section of the geoelectrical structure of
Model 2.

We used four CPUs (Opteron 2.0 GHz) for this calculation.
The calculation time is around 12 min, and the required mem-
ory and the disc space are around 100 MB and 750 MB, re-
spectively. It took just six iterations of the MD IE method to
converge to the given level of the threshale= 104 (Figure
10).
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Figure 10: Corvergence plots for the calculation of the EM
field for Model 2.

Figure 11 shows a map of the absolute value ofxKia-line)
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Figure 11: Model 2: A map of the absolute values of tixe
(in-line) component of the anomalous electric field generated
by the currents induced in the reservoir domain only.
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currents induced in the salt dome domains only, calculated by
the MD IE method. One can see that the anomalous field is
concentrated in the horizontal location of the salt dome now.
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Figure 12: Model 2: A map of the absolute values of the
(in-line) component of the anomalous electric field generated
by the currents induced in the salt dome domains only.
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CONCLUSIONS

In this paper we have introduced a new MD |IE method which
can be used for complex geoelectrical models with multiple in-

homogeneous domains. This method is based on the extension

of the CEMI original inhomogeneous background conductivity
integral equation (IBC IE) method. Contrary to the conven-
tional IE, finite-difference (FD), or finite-element (FE) tech-

niques, the new MD IE method requires discretization of the
domains with the anomalous conductivity only. At the same
time, this method provides a rigorous solution of the EM mod-
eling problem by taking into account the EM coupling between
the different domains. In addition, because the MD IE ap-

proach is based on the IE method, we can analyze the response

of each domain separately, without an inappropriate use of the
superposition principle for the EM field calculations. Using
the new modeling facility, we have examined the MCSEM data
for the models with multiple inhomogeneous domains, includ-
ing bathymetry, salt dome, and reservoir structures. The nu-
merical modeling results demonstrate that the new modeling
method can be effectively used for studying the EM fields in
complex geoelectrical models with multiple inhomogeneous

component of the anomalous electric field generated by the domains.

currents induced in the reservoir domain only, calculated by
the MD IE method, which includes the return induction effects
from all the other domains (bathymetry and salt domes). It

is clear from these figures that both of the components of the
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