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ABSTRACT

Noroozi, M., Riahi, M.A. and Bostani, A.,
modulated electromagnetic wave parameters in
waves from subsurface layers. Journal of Seismi
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We used the Marmousi2 model which is n
including the Marmousi hydrocarbon section.
between seismic velocity and the resistivity
coefficient parameter. According to the lithologi
coefficient matrix. Finally, with this information
code to generate the final output of this mode
induced reflected fields received by the rece
seismological method was prepared and the ou
was obtained for this model.

The comparison of these two outputs with 3
error, structural similarity index, and histogram
joint method, the results of the properties of the
when using the conventional seismic method alo

KEY WORDS: seismic method, electromagnetic
Marmousi2 model, reflection co
structural similarity index.

INTRODUCTION

The use of electromagnetic and se
information about the resistivity and -
Seismic reflection is a highly effectiv
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damping in the amplitude of the reflectior
is so weak that it is in the noise domain sc

The seismic method has all of th
different methods to solve them. In this 1
of electromagnetism has been used to ir
structures.

As usual for solving electromagne
coefficient parameter is assumed t
electromagnetic wave equations are sol
coefficient a parameter, resulting in h
subsurface layers (Bostani, 2020). The i1
the value of this parameter for oil and gas
around the oil and gas is significantly d
exploration process. Also in our model, w
a sinusoidal wave and a square wave th
form. Those waves have different wavel
wavelength can penetrate deeper and w
give us more resolution.

In this study, synthetic data from
used (Martin, 2004). The reasons for usin

synthetic data provide more details in
oiven the fact that the nronnced methe
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Not all Marmousi2 data were used in this study, but some of the
mentioned data were examined. Because the size of the matrices was large
and the amount of data was huge so the production of the dielectric
coefficient matrix was very time-consuming. On the other hand, to show that
the output of the combined method in the hydrocarbon range is more
accurate than the seismic method, part of this matrix was selected to cover
the two hydrocarbon ranges. The selected Marmousi2 model has a profile
length of 8 km and a depth of 3000 meters. The P-wave velocity diagram for
the study range is shown in Fig. 2.
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Fig. 1. Marmousi2. a) Model horizons, b) P-wave velocity (Martin, 2004).
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Fig. 2. The P-wave velocity diagram for the study range.

a)

b)

Fig. 3. Hydrocarbon units. a) Overview shows the location of hydrocarbon units,
b) location of hydrocarbon area 1 shown in greater detail, in which red area represents
gas and green area represents oil (Martin, 2004).

2800



362

In the following, first, the type of
method is explained and then a relation
EM and seismic is expressed. Finally, ¢
seismic forwards model and the combinec

METHOD AND/OR THEORY
Electromagnetic Wave Equation

We send two waves of different
receive two reflections. Consider a sing
pack. We define the equation of the sum ¢

H = Hy[square(w,t) + sin(w,t)]

where w; indicates a low frequency of tt
indicates a high frequency of the order o
the pure magnetic field that is sent. In tl
can be written as follows:

sin[(2n—-1)wt]

square (wit) =),—q 1
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where m is defined as follows:

T—;l = InAn

A loop with current /, » number
(Jackson, 1998).

Because the transmitted wave
Approximately large frequency interve
independently, and it is as if we have s¢
frequencies separately. So we will have:

i 9%Hy .
VZH el@1t — a)fe,u?; et —jw;

; 3%Hy ; .
VZH el®2t — w%e,u?; el@zt — gy

Solving the two equations abovt
magnetic field is cylindrical and its prop:
of the z-vector. In this case, by expai
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sentences e 2 HZ and e'@! are oscill

Seismic Wave Equation

When both density and seismic w
the acoustic wave equation reads:

2 (1 ap) a (1 ap) 1
—_— —_——_—— ] = — S
dx (d 0x + dy \d dy czdp +

where P(x, y, 1) represent the pressure, d
velocity, and s(x, y, ¢) the source term v
body force divided by the density. In eq.
variable denotes differentiation with res;
1982).

The Fourier method solves eq. (10)
time. Yielding a discrete approximation tc
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in each x-line andi = v—1. This operati
into the spatial domain yielding Z—z. In th
the vector 1/d, and again a forward

2 (la—p). When the calculation has been
dx \d 0x

similar process is applied in a second pe

line.

Resistivity-Seismic Velocity Relations
Electrical conductivity is created

through materials with free electrons, suc

electron polarization, which is caused
Electrical conductivity is expressed by the

o=J/E=1/p=L/AR ,
where J represents electric current dens
intensity. The electrical resistivity of a

cross-section A with the resistance R is e»

Unlike seismic waves. EM waves
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Consider a plane wave, propage
velocity a,, that intersects a horizontal in
velocity and density of high and low
incident wave with function f (t —z /ay),
and the transmitted wave by h (t — z /
arbitrary functions that describe waves.
that necessitate continuity of displacer
transmitted waves can be described accor

Assuming that the incident wave
continuity of displacement will have;

fzzO + Gz=0 = hzzO

We use Hooke's law to generate stres
modulus reads:

P(x, )= —K(x) 0(x, 1)

For a heterogeneous liquid, Hook
negative variation of the differential vc
relation is reduced to p = —Kozu wil
displacement and K is the bulk modulus."

the square root of the bulk modulus divid
K = no? Therefore the continnitv of
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Fig. 4. a) The re s convolved with the Ricker wavelet in the time
domain b) location of hydrocarbon is shown in greater detail
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To create a forward model related to the combined electromagnetic
and seismic methods, resistivity and dielectric coefficient matrices were
required. According to the information available about the stratigraphy of
the earth and also based on eq. (14), resistivity matrices were produced by
MATLAB software. Also, the dielectric coefficient matrix was generated
according to the stratigraphic structure of the earth. To generate modulated
electromagnetic wave a square wave with a frequency of 1200 Hz, with a
periodicity of 500 microseconds, which is sent for 5 microseconds, and a
sine wave with a periodicity of 2 seconds and a frequency of 10 Hz was
used. According to eq. (9), we have obtained the value of the magnetic field
and from its spatial derivative, we have obtained the time derivative of the
electric field. From the result of the obtained values, the amplitude of the
electromagnetic field received in the receiver can be obtained. This result is
called the Earth's response to the electromagnetic wave (Fig. 6).
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Fig. 6. The intensity of the magnetic [ield reflected from the ground.



DISCUSSION

Now we must compare two result
comparison, we used 3 methods.

Mean Squared Error (MSE)

To compare two images, we use t
two images. Similar images will have les:
use Python to compute MSE between
model image (Fig. 2) as the reference
magnetic field reflected from the ground
values you would like to compare with
consider the reflection coefficient was ¢
(Fig. 5) as the second image for comparir
computing MSE, the image-matching er
28.339647, and the image-matching errc
45.843910. So we see the result related to
seismic methods is clearly more similar tc

Structural Similarity Index Measure (S

The Structiral Similaritv Index
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noted that the values of this table are extracted from the matrix related to the
outputs obtained from the forward model.

Table 1. Parameter values for gas and oil ranges.

gas oil
Vp model 1028 1640
the reflection coefficient was 015& -
convolved with the Ricker| 0.3&-04 '0 16

wavelet

the intensity of the magnetic
field reflected from the ground -45 -40
in the combined method

In Fig. 7, the histogram diagram related to hyvdrocarbon range A is
drawn. As we can see in the figure and according to the values of Table 1,
the frequency of gas for the figure of the P-wave model is 397, for the figure
of the reflection coefficient was convolved with the Ricker wavelet is 135,
and for the figure of the intensity of the magnetic field reflected from the
ground in the combined method is 345.
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Fig. 7. The histogram diagram related to hydrocarbon range A.
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In Fig. 8, the histogram diagram related to hydrocarbon range B is
drawn. As we can see in the figure and according to the values of Table 1,
the frequency of oil for the figure of the P-wave model is 610, for the figure
of the reflection coefficient was convolved with the Ricker wavelet is 115
and in the figure of the intensity of the magnetic field reflected from the
ground in the combined method is 420.
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Fig. 8. The histogram diagram related to hydrocarbon range B.

According to these two graphs, we can see that the output of the
combined method has obtained the volume of hydrocarbon ranges much
more accurately than the seismic method. Also, the location of the ranges is
roughly the same as the main location of our synthetic data. But in the
seismic method, the locations have been obtained with a displacement of
several tens of meters.



CONCLUSIONS

In the Marmousi2 model, units o
structural model. In Fig. 6, you can see
ovals in the figure. By comparing the tw
the model related to the combination
methods has been well able to identify t
resistivity and especially the value .
hydrocarbon sections is significantly di
amount of amplitude of the returned elect
is significantly different from the surrour
combination of electromagnetic and s
approach to identifying subsurface layers.
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