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Electromagnetic wave lightening technique is an important geophysical tool in geological
prospecting, including kimberlitic tube detection. Development of transmitters and receivers
with the minimal geometrical characteristics allows to process measurements practically
on over all well. Processing such data permits us to construct three-dimensional model
of site of investigation. In the report one of possible techniques of construction of such
model, based on interpolation procedure is presented. KEYWORDS: electromagnetic wave lightening,

interpolation, inverse distance method, 3D model.
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Introduction

This article describes some aspects of radio wave mea-
surement interpretation, when both source and receiver are
placed in drilled wells. Current interpretation of such a mea-
surements based on homogeneous media model [Petrovskiy,
2001]. The model implies source electric field E decreases
with distance R by formula

E = E0
e−κR

R
. (1)

Here E - measured electric field, E0 - so-called “initial
field” - is a constant, derived from data, κ - absorption co-
efficient, which connected with conductivity σ via relation

σ = 2κ(εε0/µ0 + κ2/ω2µ2
0)1/2,

where ω is circle frequency, ε is a rock dielectric constant,
ε0 and µ0 are vacuum electrical and magnetic constants,
correspondingly.

Naturally, on practice we have more or less expressed
trend which allows more likely to talk about tendency than
about exact conformity to the formula (1) (see Figure 1).
Existence of such trend allows to define “initial field” E0

(at the point of the transmitter’s location) and the average
absorption factor κ on the site.
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When E0 is defined, it is possible to calculate effective
fading factor for each measurement:

κ = − ln
E0
ER

R
,

which characterizes an average value of this parameter in
corresponded space between the wells. It has to be noted
that on this stage we face contradiction with the used homo-
geneous model. In fact, we assume that there is a possibility
to describe the electric field by formula (1), but with absorp-
tion coefficient which depends on the distance: κ = κ(R). In
order to prove this assumption we need to place our initial-
state manifold into Maxwell’s equations in order to find the
conditions when the elements which are different from the
right side of the formula (1) can be neglected. In terms
of mathematics such approach is difficult. Instead we can
offer easy and qualitative method to estimate the validity
of homogeneous model. It’s based on fact that in absorp-
tion coefficient definition dependence from an electric field
is defined by “slow” logarithm. Therefore during absorption
coefficient distribution analysis there is a need to pay direct
attention to the relation

1

S
=

E

E0e

−κR
R

,

where S is the so-called screening coefficient. Abnormal val-
ues show significant deviations from the assumed uniformity
of the model as well as an existence of non-uniform parts
between corresponding wells.

It is important to remember that described procedure of
data processing is better when the size of the site is small,
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Figure 1. Dependence of value ln(ER) from the distance
for measurements on “Kyllachsky” site.

because increasing of it’s size also increases probability of
non-uniformity which decrease usefulness of approximation
of homogeneous media.

A Scheme of Construction of Horizontal
Slices. Space Averaging

In a history of evolution of this method, significant period
of time was taken for developing small sized transmitting
and receiving antennas, which allowed to perform measure-
ments on depths with small intervals and provide high level
of discontinuity and informative of the measurements and
also optimization of financial expenses for working intervals
wells drilling. Therefore the important feature of radio wave
measurements is the interval discontinuity and results group-
ing by depth intervals (vertical columns). Such character of
the data is caused by the binding with the wells or simi-
lar to the binding to the locations of seismostation in the
receiver function tomography method. [Vinnik et al., 2006;
Kozlovskaya et al., 2008].

Moreover it is important that even when largest possible
measurement’s step is chosen, registered field is not smooth
(Figure 2). This caused by rock inhomogeneity both in ver-
tical direction and on lateral. To avoid the influence of alias-
ing in construction of the 3-D model [Mitchell and Netravali,
1988] the initial data has to be smoothed. The easiest way
to smooth is to average of measurements in the layer. The
obvious way to select the layer is the selection of so-called
depths “working interval”. The last one is selected on each

well by the value of measured electric field. The average
value of the field within this interval is used for interpre-
tation. Such choice of averaging is physically justified, but
very rough. In particular, it does not allow to receive the
picture of changing of studied properties of the slice with
depth. The formal choice of the layers can be an alternative
which would be irrelative of the physical properties of the
rock from one well to another. Such smoothing allows to
develop the series of maps of absorption coefficient distribu-
tion in horizontal slices of the site for different depths and
to track changes of rock’s properties in the area.

Formally the procedure for developing of such maps can
be defined in the following way. First, we look through all
measurements and define Hmin and Hmax – minimum and
maximum height above sea level, accordingly, for which mea-
sured data happens to be. Here, this is the point: because
of relief of the site and other circumstances, measurements
conducted in different wells can start from different depths.
Therefore in all the wells data happens to be only from some
hight above sea level, which we marked as Hmax. Similar
way, Hmin, in fact the depth of the last count in the mea-
surements of the most “shallow” well. Knowing Hmin and
Hmax, it is possible to define and amount of the slices Ns:

Ns = [(Hmin +Hmax)/∆H]− 1,

where ∆H - layer’s thickness. The square brackets mean
that the fractional part has to be neglected. Each of the
slices will be referred to the height of the middle of the layer.
The value ∆H has to be chosen in a way that from one
hand the layer could contain enough counts for averaging,
on another hand their amount would allow to track changes
of site properties connected to depth.

Figure 2. Example of radio wave measurements – depen-
dence of electric field (µV, horizontal axis) from the height
above sea level (m, vertical axis). Absolute point of well
surface – 607 m.
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In order to draw each of the slices, the following opera-
tions are executed for particular layer: for each measurement
E is an average value of electric field on a layer has to be
found; by calculated value of the average field, the average
square factor E0, is defined, which is needed in order to find
fading factor κ′′ for each measurement according to the for-
mula:

κ′′ = − ln

ER
E0

R
,

Therefore we form the main input array which will be used
to calculate the slice: set of three x,y,κ′′, where x, y are the
coordinates of the middle of the segment which connects to
the transmitter and receiver on which one of interpolation
schemes, described in the following section, is applied.

Continuous site data filtration can be as an alternative for
the layer by layer averaging [Kozlovskaya et al., 2008]. Gen-
erally speaking, the degree and method of smoothing depend
on detalization degree of model, because vertical resolution
has to be coordinated with lateral resolution.

Interpolation Procedure

Let’s d draw our attention to the question of analysis of
absorption coefficient distribution between wells using the
results of field researches. Due to the fact that the Measure-
ments give us the averaged values of the coefficient, so the
task can be formulated in the following way. Let’s assume
that we have to find distribution of some value K = K(r),
and we have measured values in the limited number of points
ri. It is necessary, using these data, to find needed value in
any arbitrary point ri.

Ray Tomography Method

Let’s look at the ray tomography method. The idea of
using it in geophysical applications comes from seismology
[Nolet, 2008]. Let’s look at the site where N measurements
were performed. Then split the site on M cells. Let’s as-
sume that fading coefficient inside the cell does not change,
but during the transition from one cell to another, it can
change, generally speaking. Then for each j-th ray we have

Figure 3. Splitting on cells.

Figure 4. Tomographic calculations result.

an equation
Lj∑
i=1

dkji dl
j
i = κjRj .

After solving the system of such equations, it’s possible
to find the searched values in each cell. However in case
of radio wave lightening this method cannot provide needed
results. Let’s evaluate the site with four wells where six
possible measurements has been conducted (Figure 3).

Minimal practically interesting amount of cells needs to
be equal 16, but the number of measurements in our case
equals 6. Mathematically this means that we have signifi-
cantly indefinite system of linear equations: 6 equations for
16 indefinite values. Further increasing of amount of cells
aggravates the situation even more, because the appearance
of new cells through which no ray is going through. An ex-
ample of such use of ray tomography method on data from
“Kyllachsky” site is shown below (Figure 4).

Interpolation

Another approach to calculate the distribution of proper-
ties of interest is the interpolation procedure. In a general,
linear evaluation of value K(r) in the point r can be found
using measurements performed in L and other points accord-
ing to the formula:

K(r) =

L∑
i=1

wi(r)κi,

where wi(r) are weighting factors. The values of this weights
are defined by the particular procedure of interpolation. In
modern geological and geophysical researches kriging method
is widely used [Krige, 1951] - method which was called af-
ter the last name of it’s creator. In this method the set of
measurements is discussed as realization of random process.
Measurements analysis allows to draw statistical data model
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Figure 5. Kriging method interpolation result.

(correlation factor), which can be used during weight calcu-
lation. Figure 5 illustrates distribution, received by kriging
method for the same data like on previous figure.

From a few lacks of kriging, two needs to be mentioned.
The first one – significant volume of measurements. Hav-
ing great amount of points or need to perform calculations
on private net, these measurements can take long time pe-
riod even if modern computers are used. The second lack
of kriging – need for prior data research in order to find the
statistical model and it’s parameters. If forces us to con-
sider one more interpolation procedure [Liszka, 1984], which
is the result of development of simple method of inverse dis-
tances. In this procedure weighting factors are calculated by
the formula

wi(r) =
1

W
(d(r, ri) + η)1/2.

Here d(r, ri) is the distance between the points r and ri, W –
normalization coefficient, which is found from the condition

L∑
i=1

wi(r) = 1.

The presence of the only parameter η, which is defined gen-
erally speaking from accuracy of data allows us, on one hand,
to take into account inaccuracy of model assumed and, on
another hand, to avoid an effect of “bull eye”, which inherent
the initial method of inverse distances.

Results of application of this method to the same data
from “Kyllachsky” site is shown on Figure 6.

Conclusion

In the conclusion we formulate the main points: physi-
cally proved calculation of distribution of the main studied
characteristics is possible if complex environment models are

Figure 6. Modified method of inverse distances result.

used. Applicability of tomography method for radio lighten-
ing data is limited. The most effective method of tomogra-
phy like picture is modified method of return squares. This
method is more simple and more effective at the same time.
Interpolation procedure realization is possible only for fil-
tered data. Simultaneously with visualization of topographic
slice there is a need to bring the numeric values of screening
factors.
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