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ABSTRACT : DC electrical methods are among the most popular tools for groundwater exploration in both porous and fissured
media. VLF methods less used than previous ones because their depth of investigation is more limited, permit location of conductive
zones through an electromagnetic induction process. The newly developed T-VLF receiver has an advantage of not requiring any
specific orientation of the operator with respect to the direction of the antennae. The VLF electromagnetic induction surveys are
sensitive to ground water quality or in turn the conductivity in a porous medium. The applicability of the VLF method is demonstrated
here through some field examples.

INTRODUCTION

The Very Low Frequency (VLF) method is an
electromagnetic technique of geophysical prospecting that aims
at detecting conducting or resistive zones located at depths of
few tens of meters.

It uses the electromagnetic carrier waves produced
by military transmitters settled in different parts of the world
to communicate with submarines. These waves are called
primary fields in the VLF method and have a frequency of 15
to 30 kHz and are propagated between the surface of the earth
and the ionosphere. In the presence of conductive bodies, the
primary field induces secondary currents inside, and these
currents generate a secondary field that is superimposed on
the primary field. The total field (primary and secondary) is
measured at the surface of the earth, which helps in detecting
conductive structures located in the prospected area.

VLF methods are widely used for prospecting shallow
conductive or sometimes resistive geological formations. It is
of valuable help as a reconnaissance tool to map the geology
of the area. The VLF technique has been used in the present
study to see the applicability of the methods to characterize
the lineaments both conductive and resistive.

The study area is a small portion of a watershed
around Wailpally located in Nalgonda district of Andhra
Pradesh, India (Fig.1). It is a part of Krishna basin, covered in
toposheet 56 K/16 between 78049’ to 79o0’ East and 17o03’ to
17o08’ North covering about 120 sq kms. The geological
formations are archaen and granite. Western side of the
watershed is covered with high hillocks and eastern side with
plain lands. This watershed has recharge area in west and
discharge area in the east with plain lands. In the western-central

part of the area, deep weathered zones of 30-35 m thickness
covered by valley fill deposits are seen with good groundwater
potential. However this area is overexploited, where more than
100 borewells are seen. Many open wells in the valley fill
deposits or dry or the water table is more than 20m deep.
Drainage pattern of this area indicate WNW-ESE lineaments.
The drainage pattern is shown in Fig.1

THEORY

In the T-VLF (equipment used, BRGM instrument)
the magnetic field is measured with three magnetic sensors, X,
Y and Z, perpendicular to each other. Two inclinometers located
on sensors X and Y correct for tilted positions and permit to

Figure 1: Wailpalli watershed showing the study area and the drainage
pattern.
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obtain data referred to a true horizontal plane and a true vertical
axis.

The T-VLF is a radio wave receiver with automatic
gain ranging and digital filtering. Measurements are based on
Fourier Transform, auto spectra and cross spectra
computations. The coherency between components is measured
and the measurements are weighted by coefficients, which
depend on this coherency. The selective stacking which is
performed permits to optimize the duration of the measurements
with respect to the quality to be reached : when the noise
observed during a measurement is weak the coherency is strong,
the quality coefficient tends to 100 % and the weight given to
the measurement is important ; when the noise observed is
strong, the coherency is weak, the quality coefficient tends to
zero and the weight given to the measurement is poor
(Chouteau, M. et al.)

In a first step, the magnetic field is studied in the
horizontal plane: the polarization ellipse in this horizontal plane
is characterized by its half major axis (value of the horizontal
magnetic field, in µA/m) and by the angle that makes this
major axis with respect to the X sensor (in fact, the tangent of
this angle, given in %; the direction perpendicular to that axis
is the direction of the transmitter when there is no strong
anomaly), and by its ellipticity (in %).

In the second step the magnetic field is studied in the
vertical plane, which passes, by the major axis of the previous
horizontal ellipse. The vertical polarization ellipse is
characterized by the tilt of its major axis with respect to the
horizontal (in fact the tangent of this angle, in %) and its
ellipticity (in %) (Ogilvy et al.)

To determine the characteristics of the ellipses from
the measurement of the magnetic components, the following
general expression are used

Tg 2α =  (2k cos Φ) / (1-k2)
ε2 =  (k2 – tg2 α) / (1-k2tg2 α)

Where
k : ratio of components (2nd/1st)
α: angle of the major axis with respect to the first component
φ: phase between components (2nd/1st)
ε: ellipticity: (minor/major axis)

When the second component is weak with respect to
the first one, the general expression can be replaced by the
following approximate expressions:

Tgα = k cos Φ in phase component of the second
component with respect to the first one,

ε = k sin Φ out of phase component of the second
component with respect to the first one.

Apparent resistivity measured in the resistivity mode
is the apparent resistivity: the expression of this parameter is
that of the magnetotelluric method

ρ
a  

 = (1/ωµ) (E/H)2

Where
ω : 2πf, f is the frequency
E : the electric field
H : the magnetic field
µ : 4π. 10-7 permeability in free space.

RESULTS AND CONCLUSION

In the present study VLF survey was carried out using
the frequency from the transmitting stations situated in JJF4
(Japan) at 22.2 KHz and NWC (Australia) at 22.3 KHz which
was in the North-South direction of the geological structure.
Two profiles were covered in the study area as shown in Fig 1.

One profile is taken across a small stream in the north
western part of the basin. The stream has surface flow in the
upstream side and is absent near the profile. The profile is
taken along north-west to south-east direction with 5 mts station
interval and the plot is shown in Fig.2.

The graphs show the tilt angle, fraser derivative values
directly computed by the T-VLF equipment. In this profile an
interesting anomaly is being observed in the fraser derivative.
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Figure 2a: Profile across the stream(transmitter 22200)
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It goes to a maximum of 60 % in the positive direction and 30
% in the negative direction. The conducting body lies at the
mid way of the positive and negative values. So the fracture is
centered nearby the station number 50-60.

In the second profile trending from south-west to
north-east, a dolerite dyke is cutting across a stream. Hence
the profile is laid along the course of the stream, which also
becomes perpendicular to the strike of the dyke. The station
interval is 4 mts. The VLF plot is shown in Fig.3.

In this profile (which was laid at the junction of the
stream) another anomaly is seen which shows maximum
curvature from +70 to –50. The exact position of the maximum
value is not clear. This is well supported by the tilt angle, which
goes from a maximum of 10% to 50% in the negative direction.
As evident from the field layouts the results of the TVLF
measurements well supports the presence of dyke being
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Figure 2b : Profile across the stream (transmitter 22300)
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Exposed Dyke

Figure 3a : Profile across the dyke (transmitter 22200)
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Figure 3b : Profile across the dyke (transmitter 22300)

oriented in southeast direction. The dyke is exposed near the
station 30-35 as evident from the surfacial exposure. And also
the anomaly shows that the conducting body lies near the station
30-35. So it is quite clear that the exposed dyke is acting as a
conducting body and near the anomalous zone there is the effect
of the transported material. Since the VLF technique gives
response due to shallow bodies only. It is possible that the dyke
is acting as conductive body at shallow depths. However, other
methods such as imaging can reveal the nature at deeper depths.

The VLF electromagnetic induction surveys are
sensitive to ground water quality or in turn the conductivity in
a porous medium.

In comparison, the resistivity method has the
advantage that one can adapt the depth of investigation to each
specific case, while the VLF method has limited depth
depending upon the resistivity of the rocks, however VLF
methods are quicker and easier to operate as a reconnaissance
tool in identifying the vertical/inclined conducting/resistive
targets at shallow depths.
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