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Abstract : We present a new approximate formulation of the integral equation (IE) method for models with variable
background conductivity. This method overcomes the standard limitation of the conventional IE method related to the
use of a horizontally layered background only. The new approximate [E method still employs the Green’s functions for
a horizontally layered 1-D model. However, the new method allows us to use an inhomogeneous background with the
IE method. The method was carefully tested for modeling the EM field for complex structures with a known variable
background conductivity. It can find wide application in modeling EM data for multiple geological models with some
common geoelectrical features, like a known inhomogeneous overburden, or salt dome structures.
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Fig. 1. A sketch of 3-D geoelectrical model with horizontally
layered (normal) conductivity, o, inhomogeneous background
conductivity, o3 = ¢, + Ag, within a domain D, and anomalous
conductivity, o, = 6, + Ac,, within a domain D,. The EM field in
this model is a sum of the normal fields, E”, H", generated by the
given source(s) in the model with normal distribution of
conductivity, &, a variable background effect, E**, H*%, produced
by the inhomogeneous background conductivity, Acs, and the
anomalous fields, E*%, HA% due to the anomalous conductivity
distribution. Ag...
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Fig. 2. A sketch of Model 1 used to test the validity of an inhomogeneous background algorithm. Two cubic conductors of the same size
and conductivity are embedded in a homogeneous background. Panels (a), (b), and (c) present a 3-D view, a plan view, and the vertical cross
section of Model 1, respectively.
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Fig. 3. Plots of the real and imaginary parts of the sum of electric fields E*° and E*% along the x-directed profile at y =0 m. The solid
lines with crosses represent the results obtained by the conventional IE method (INTEM3D), while the circles show the data computed using
a new inhomogeneous background algorithm (IBCEM3D). The unit is V/m.
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Fig. 4. Plots of the real and imaginary parts of the sum of magnetic fields H** and H"% along the x-directed profile at y=0 m calculated
for Model 1. The solid lines with crosses represent the results obtained by INTEM3D, the circles show the data computed by IBCEM3D.

The unit is A/m.
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Fig. 5. Model 1. Plots of the differences (erorrs) between the results obtained by two algorithms, INTEM3D and IBCEM3D, for the real and
imaginary parts of the sum of electric fields E*% and E*% along an x-directed profile at y=0 m. The unit is V/m.
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Fig. 6. Model 1. Plots of the differences (erorrs) between the results obtained by two algorithms, INTEM3D and IBCEM3D, for the real and
imaginary parts of magnetic fields H*% and H* along an x-directed profile at y=0 m. The unit is A/m.
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Table 1. Computational time of IBCEM3D for Model 1.

Description T(sec)

1| Preprocessing

—reading input parameter file 1.7

—setup of 1D layer conductivity 1.3

— sorting receiver parameters 64

- computing E”, H” at receivers 5253
2| Solving IE for inhomogeneous background D,

—computing E”, H" in D, 0.27

—solving system of IE for total electric fields inside D, 765;7

— computing background effect H %, H* at the receiver 1182
3 | Preprocessing for anomalous field calculation in D,

—computing the inhomogeneous background effect inside D, | 1984

— computing the normal electric field E” inside D, 03
4|Solving IE for anomalous domain D,

—solving system of IE for total electric fields inside D, 767.8
5 {Postprocessing

— computing the anomalous fields E2°s, H** at the receiver 1179

— inverse receiver scattering 0.03

— writing output 0.01
Total 2,509.2
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present a 3-D view, a plan view, and the vertical cross section of Model 2, respectively.
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Fig. 9. Model 2. Plots of the real and imaginary parts of the sum of electric fields E*® and E*% along an x-directed profile at y = -.1,250 m
The solid lines with crosses represent the results obtained by INTEM3D; the circles show the data computed by IBCEM3D. The unit is V/m
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Fig. 10. Model 2. Plots of the real and imaginary parts of the sum of magnetic fields H*® and H*% along the x-directed profile at y = ~1,250 m.
The solid lines represent the results obtained by INTEM3D, the circles shows the data computed by IBCEM3D. The unit is A/m.

Table 2. Computational time of IBCEM3D for Model 2.

Description T (sec)

1 | Preprocessing

—reading input parameter file 0.03

—setup of 1D layer conductivity 044

— sorting receiver parameters 21

—computing E”, H” at receivers 513
2 |Solving IE for inhomogeneous background D,

- computing E”, H” in D, 0.07

—solving system of IE for total electric fields inside D, 8733

— computing background effect E*°2, H2 at the receiver 311
3 | Preprocessing for anomalous field calculation in D,

— computing the inhomogeneous background effect E*°? inside 19.9

— computing the normal electric field E” inside D, 0.02
4 |Solving IE for anomalous domain D,

- solving system of IE for total electric fields inside D, 15.8
5 | Postprocessing

— computing the anomalous fields E*°s, H2% at the receiver 5.0

— inverse receiver scattering 0.01

— writing output 0.01
Total 1,001.3
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