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Abstract

Some advantages and problems of a new geoelectrical prospecting method, vertical electric current soundings (VECS) are
discussed. This method is based on using a new source, circular electric dipole (CED). The source is instlled in the
following way. One of the wansmitter poles is grounded in the central point. The other pole is uniformly grounded around
with a radius determined by the depth of investigation desired. It can be defined as o noninductive source. The most
interesting CED properties in the low frequency regime are as follows. CED has no magnetic field of its own, It is a pure
galvanic source, which differs from a loop (a pure inductive source) and from a line, which is both galvanic and inductive (a
line" here means a cable or insulated wire grounded at its end points), The normal magnetic field on the earth’s surface (and
above it} of a horizontally layered medium is absent (within the quasi-static approximation), and only a radial electric
component exists. A CED field is at right angles to the loop field and has azimuthal symmetry. The CED field is always
governed by a vertical medium structure (at the latter transient stage as well) rather than by the total longitudinal
conductivity. An interesting resull was obtained: in marine electrical prospecting a sea water layer will not play such a
crucial role when a CED is used as in applying a loop or a line. In a medium with non-conducting basement the decay of the
CED field is exponential. The transient process is more fast than in the case of a loop or a line. The CED can be also
considered us a ground analogee of another known source, a vertical electric ling. Besides, the CED is a pure galvanic
source that does not excite a long-term transient field. Thus it seems 1o be a new wseful means 1o study TP processes, The
mathematical apparatus is represented in the frequency and time domain. The suthors consider the results of the initial feld
Lests,

Kevwonds: electrical prospecting; transient; cireular electric dipole; vertical electric current soundings

1. Introduction

The proposed electrical prospecting method is
principally based on using a qualitatively new con-
trolled source, a circular electric dipole (CED)
(Mogilatov, 1992).

" Corresponding author. E-muil; mogilatov @ peophys.nsk.se

Efficiency of a method for electric prospecting
depends on several components. The choice of elec-
tromagnetic field source may be the key factor. A
correct choice of source creales an optimal space—
time structure for the electromagnetic field that best
interacts with target objects, providing real physical
preconditions for solving the problem at hand.

We propose the new source as an altemative to
the classical sources, a loop and a horizontal eleciri-
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cal line. It seems most reasonable to classify it as a
source with no magnetic field of its own. It means
that we put forward such a geometry of the array on
the earth’s surface that allows us to considerably
attenuate a magnetic field of each conductors making
up the transmitter as a whole. In other words, CED is
a noninductive source,

How should this source be arranged? Assume that
we have at our disposal a limitless amount of wire
segments, AB lines. Each of them is a source both
inductive and galvanic. Connecting and grounding
the segments in various ways we can form infinitely
many different sources inductive and galvanic 1o a
variable degree. Two classes can be distinguished
among them. One is closed ungrounded circuits
({loops), the sources purely inductive and well known
in the electrical prospecting. The other class, dis-
tinctly recognized, will appear if we can do away
with inductive component typical of an indiyvidual
line. The only way to do this is to distribute” lines
with equal currents uniformly in radial directions. In
such a manner we obtain a circular electric dipole —
a pure galvanic source devoid of its own magnetic
field. Fig. 1 illustrates reasoning cited above.

A CED can be described as a focusing source
with more reason than any other source setup. In-
deed, the maximum density of the vertical current
created by a central electrode remains under the
electrode throughout the transient process and merely
goes deeper into the medium.

The CED field is always determined by the verti-
cal structure of the medium, and at the late stage of
the transient as well, not by total longitudinal con-
duction. One interesting outcome can be mentioned.

LINE J- m:umwlwn*

inductive only gakvanic only
LOOP
CED

Fig. I. Three types of sources in electrical prospecting by the
transient field.

In the marine electrical prospecting a sea water layer
will not play such a fatal role in using the CED as in
using the loop or line. In the medium with non-con-
ducting basement the CED field decays exponen-
tially. Generally, the transient process is 5-10 times
faster than that from the loop or from the line.

One can also consider the CED as an analog of
the other known source, namely the vertical electric
dipole (VED).

Any closed circuit (loop) and CED can also be
described mathematically as an assemblage of elec-
tric dipoles. Still, it is more convenient to introduce
physical objects — a vertical magnetic dipole repre-
senting a loop field and a circular electric dipole for
a pure galvanic source.

The label ‘CED' (circular electric dipole) can
seem (o be unsuccessful sometimes. However, it is
difficult to find a replacement. This label is a work
name, which is conformable w0 VED, HED and
VMD.

Taking into consideration a pronounced vertical
characier of the currents under the central electrode
and current circulation in the vertical planes we
propose to lerm the electrical prospecting technique
using the CED the vertical electric current sounding
method (VECS). Some possibilities of the applica-
tion VECS are considered in this work on using
theoretical and field test materials.

2. Theoretical

In this section we give mathematical apparatus for
the CED field in the compact form. It is necessary
for this quile new source.

2.1. Model and vector potential

As indicated in Fig. 2 the model is radial current
sheet j.(r)in A/m locates in the interface between
homogeneous and layered half-spaces. The upper
region, for £ > 0, which we refer to as the air, has
permittivity €, and permeability p,. The lower lossy
region, which we refer as the earth, has permittivity
€;, conductivity &, and permeability p, in the i-th
layer (i=0,1,2, ..., N— 1L N. H (i=1,2, ...,
N, H, = 0) are depths of the boundary. The origin of
coordinates is on the ground surface, the axis is
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Fig. 2. The model,

directed upwards. The objective is to deduce expres-
sions for the fields everywhere terms of the specified
source current j (r).

So, a time factor expl jewr) is assumed where w is
the angular frequency. Because of azimuthal symme-
try, the fields can be derived from the vector polen-
tial which has only a z component. Thus, the non-
zero field components are:

! ‘A

=
F

o+ jwe drdz’

2

= I Tk N A
.= =7+ —| A =-—,
oot jwe ( v dz* * ar

(1)

where ¥ = jweow, + (jwde,. In the air o, =0,

2.2, Excitation of a half-space by a radial current
sheer!

Now we assume that the lower region (ie., the
earth) is homogenous half-spaces and has permittiv-
ity €,, conductivity o, and permeability p,. The
non-zero field components are as in (1)

The first boundary condition is very simple. It
states that £ is continuous through the plane z =0,
thus:

E(z=+0)—E(z=—0)=0. (2)

"In this subsection we used o privale communication from
Jumes R, Wait, reproduced with his permission.

The second boundary condition, following from
Faraday's law, is that:

Hy(z=+0) = H,(z2=-0) = —j(r). (3)

To implement these conditions, we employ the
following integral representations:

A= fﬁ:{s} cexp(—up2) - Jo( gr)dg. 220,
(4)

A= L=f|{3} cexp( +u,z) Syl gr) -dg, z=0.
(5)

where w,=(g*+ ¥3)"/? and w, =(g*+ ¥}/
Notice that Jy(gr) is the Bessel function of order
zero, it is verified that A satisfy Helmholtz equation
(Fi-9yA=0.

The remaining task is to determine f(g) and
fi{g). On using (1)-(5) we obtain:

—Jjuwegu, 5( g)

fol8) = (o, +jwe, u, +jweyu,’
(o +jwe Ju,S(g)
flg)= (o, +jwe, u, +jweu, (6)
were:
S(8) = [ Jr)-r-3(ar)dr. (7

On inserting these expressions into (4) and (5) we
have a formally, exact solution valid for any speci-
fied radial current density j,(r). Corresponding exact
expressions for the field components are obtained by
performing the derivative operations indicated by
(1.

We now specialize the radial density to be:

Jr)=1,/(27r),
fr)=0,

where [, is the total current flowing across the
annular strip. In this case:

forasr=<h,
forr<aand r>b,

(8)

Iy
S(eg)= E.J:,J,(gr]dr

Iy
C2mg’

[Jn': ga) = Jy( Eb}]' (9)
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This form for S(g) would be appropriate for a pair
of circular grounded electrodes of radii a and b. To
preserve the assumed symmetry, they are being ex-
cited by a large number of insulated wires carrying a
total current 7. Of course, if @ — () we have a point
electrode at the center whence J(ga)=1. If we
further allow gb=1, J(gh)=1—gb’/4 and
then:

1B
S(g)=——s: (10)
8

This appears to be a valid approximation, b <= r (i.c.
the radial coordinate of the observe is much greatly
than outer ring electrode). To simplify the subse-
quent discussion, we assume this is the case in what
follows.

For most geophysical applications another sirlipli-
fication can be made. That is, if |y,rl==1 (ie. r
much less than the wave-length in air), u, =g so
that the fields in the upper air region are wvalid
solutions to Laplace’s equation. This is what is
meant by the ‘quasi-static’ assumption. But bear in
mind that displacement currents are not ignored.
However we will say that the lower earth half-space
is assumed to be well conducting in the sense that
|, + jwe,| = e, w. Under these conditions (4) and
(5) simplify to:

ruh: jw'En =
A= — I o
87 o, +jwe, L uy exp( —gz)
.J[Il;gr}dn!L =0, [ll]
Lb =
i Lg-“p{"‘:}'-"u{#fldg. <0,
(12)

To deal with the case = < 0 (i.e. within earth), we
obtain rather simply from (12) that:

ILb* 8

=g
A“Eﬁ—:j; "—Iﬂr’(li|~]'1u{xrldx
Iqrb: I
- 'g?“""}'uﬂ}ﬂw{“?;m- (13)

where R=Vri+:2.

2.3, Solurion for the lavered half-space in the fre-
quency domain

Consider a CED field in the arbitrary horizontally
lavered media. We adopt the model which is indi-
cated in Fig. 2. The vector potential is defined as:

A= [T(8) e —us2) A gr) dg. 220,
(14)

A= f[:f;t g)-2(z) J(gr)dg. z<0, (15)

The function £(z) is defined successively from
the bottom upwards:

in the lower half-space (z < -H, )

£(2) =expluy(z+Hy)]. (16)
in the i-th layer (, = £{(=H), {/ = L (=H)):

£(2) = po - cosh[u 2+ L )]

+£;'—’-sinh[u,-{:+H-‘,}]. (17)
£ oand {'/lo+ jwe) being continuous through the
plane = —H. Here u,=g° + v, v/ =jou +
(jw)e p,.

To implement the boundary conditions on the first
boundary (2) and (3), we employ the following
expressions for f, and f:

— S{g}'jwc,,-:,’;
(e +jwe )yl +jwe, '

fn{ R) <
S(g) (o +jwe) u,
(o +jowe Yu,d, +jwe, L] 1

In the guasi—smtic

s '.':-‘f: +jwo, p, and

flg)= (18)

approximation. &,

S e
fl[ﬂ]=%- (19)

I

folg) =0.

It is a remarkable result. In the quasi-static approach
there is no magnetic response of Liyered earth in the
upper region (air),
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2.4, The time domain solution

The formal time domain solution is the Fourier
transform of the equation in the frequency domain.
We propose here another solution known as a method
of transient spatial harmonicities (Tikhonov and Sku-
garevskaya, 1950; Mogilatov, 1992, 1993). This so-
lution is valid in the quasi-static approach for the
geoelectrical sections with non-conducting or per-
fectly conducting basement. So, if o, =0, a,=0
and € =0(i=0. 1. .... N), for the step function
excitation (turming-off), the time domain solution can
be represented as follows:

(|
elr.z, )= .:_r FT =
1 %A A
e r. :J}=; Py =By
A
hal{r.z,1)=— e (20)
where

A= [ 1(er) Eﬁ{g}::,{::r-cxpf—mn]dg.
i} fo ]

0=z —H,. (21)
A=0if z>00r z< —H, . Here
po_Se)di

oy e 20 M,,
and

[ ]
Mh=J;L [¢(2)] d=

= — [, - B)(8. - [4T)

s I{i:d ¢ & ﬂr]]r
The function (=) is defined successively from
the top down: (0=, =0, {, =g, in the i-th
layer
Li(z) =4y mSh["u{ z+ H.-]]

L

+ -iL -sinh[u,(z+ H,)]. (22)

I

{; and /o being continuous through the plane
r=—H_ Here uj=u= 'H*': = am; gty . The condi-
tion on the lower boundary {(—H,) = {,, = 0 is the
equation for 7,.

All the algorithms described here are realized in
the form of programs for direct current, in frequency
domain and in time domain (in two ways). The
programs are used as a compound of dialogue pack-
ages in IBM PC.

2.5, Electric compeonent af the CED field

So. a radial electric component is the only compo-
nent on the ground surface indicative of the process
of current transition o a steady state in a horizon-
tally-layered medium (in the quasi-static approxima-
tion). We understand that the above mathematical
apparatus is inadequate in actual conditions because
of failure 1o take account of IP effects. However, to
analyze characteristics of the new source in nonpo-
larizing media is the absolutely necessary stage and
will be of practical significance in interpreting the
results obtained in a real polarizing medium.

MNow let us consider the CED field in two layer
{ o-conductivity, d-thickness) medium (with non-
conducting basement). On using general formulae
(20), (21) and (22) we obtain on the ground surface:

*’,{f]=id'j:-f.{£r]~x-5(;:}
}~d;.-.

ir
(23)

where in this case we have an equation for u; in the
form sinhl(u d)/u, =0, ie, w,=jwl/d. (I=1, 2,
o
It is clear that in the late stage (with ¢ — =) it is
enough to take /=1 and integral (23) is determined
at small values of g. So, in late stage on using (10)
for S(g) we obtain:

O L V)
AN " dmed \d) a2

T wit
-exp(— e )~exp[— = d:), (24)
1]

Thus, we demonstrate two properties of the CED

(B e

=1 8~

I
Oy
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field in the medium having insulating basis: expo-
nential field decay in the late stage and its depen-
dency on the vertical dimension of the medium as
opposed to the fields of a loop and line, which are
determined in the late stage only by the composite
longitudinal conductance.

2.6. CED and VED

The CED can be considered as a ground analogue
of another known source, namely, a vertical electric
dipole (VED), The final expression (13) for the
vector potential of CED in the half-space (within
earth) is the same as if the source were replaced by a
vertical electric dipole of current moment (fdz),
located at z = —h. On vsing the conditions h <= r,
lyorl =1 and |#,| = €, w (i.c. as for CED) we have
for VED (Wait, 1982):

h 2
A== 5 (1 +7R) ~exp(—nR).

(25)
where z> k. On Egs. (13) and (25) we see that the
equivalent electric dipole moment relates to the disc
current f, by
(Idz) h=1,b"/4. (26)

Now we shall compare the fields of CED and
VED in tme domain. An expression o asymplotic
behavior (¢ — =) of the radial gradient of the VED
field in a two-layered medium is (Goldman, 1990)

(1d:), _{wh] r (up“d!]’
n -

mod "\ d 2
ahy 1 LA
. - =1, (27
41 ] E-‘P[ ﬂ?‘:nd'] 37)
where #i is the depth of the VED. If & —0, we

obtain that the field of VED (27) is equal 1o the field
of CED (24) under the condition:

(1d=),h=1,b%/4. (28)

d

e(1)=

3. Direct observation of local object fields in VECS

As a rule an anomalous contribution of local
objects or disturbances in the horizontal homogene-
ity of the section in transient field sounding methods

is recorded against an intense background of host
rock mass response. On the one hand, that poses
problems in recording the response and on the other
hampers the interpretation which consists in separat-
ing an anomalous part of the response at the first
stage. The problem of suppression of the normal
background of the host medium can be solved, among
other factors. by optimizing the field source. One can
consider the circular electric dipole as the optimized
source with the lack of the normal magnetic field in
mind.

It is evident that the effect of disturbance of the
horizontal homogeneity of the section when using
the CED-array can be illustrated solely by the three-
dimensional mathematical or physical modeling. Mot
pretending strictess, showing the results of approxi-
mate calculations carried out by the disturbance
method, we examine a host horizontally layered
model of the medium and replace the heterogeneity
with volumetric distribution of transient exirinsic
currents determined by the normal electric field only.
This approach gives a rather flexible computational
procedure also suitable for some estimations under
field conditions,

@50, Fig. 3 shows the diagram of physical modeler

and the results of mathematical and physical model-
ing. The model of the geoelectrical medium is a ‘pit’
in the lead layer (thickness is 6 cm). It is obvious
that we have stated a problem 1o determine the
location and dimensions of a non-conductor body
with respect to the field observed on the surface.
When the source (the 8-ray CED. radius 5 cm, total
current in the pulse 17 A} was fixed, the magnetic
induction (i.e. p,-dH./dr) in the area was mea-
sured by the inductive coil (effective square 0.28
m=m). On the isoling map of the e.m.f. (mathemati-
cal modeling) the heterogeneity has manifested itsell
evident with some degree of definiteness. At the
extrema which indicate the position of elongated
body ends the em.f. values reach +6 pV. The
transient curves have their maximum close to 3.5 ms.
The isoline map is just given at this time. Fig. 3
shows also the physical modeling in comparison
with the mathematical modeling along a profile at
3.5 ms. Here we have offered the results of measure-
ments of the vertical component of the magnetic
induction, and yet the heterogeneity is also well
recorded in the horzontal components.
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Note that having done away with the normal field the CED is used, the magnetic response of the
by means of the optimized source, we at once allevi- medium completely caused by the heterogeneity is of
ated technical problems of response recording. When narrow dynamic range, requirements on accuracy of

Loos ;’/\ = l
o008 | POTE
L] - I/ 0005
3 \
. O0s \
a b0
— \
y 10
TIME (ma)

Y (m)

plo
= 0.1 m),
7 t=35ms
—H@ math. mod.
4 1§ phys. mod.
((m)
M
T
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Sqoss £ | :
1% jao oo ml:-u D00 DO40 DDBD 0080 D100 012D o 'o.;n 0006 am
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Fig. 3. The arca measurement of the magnetic induction in VECS. The results of the mathematical and physical modeling.
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its recording are not strong, This allows contracting
the transmission band of the measuring system
(pickup-meter) and significantly increasing its sensi-
tivity.

However, an experienced reader understands that
having solved some problems of recording and inter-
pretation in the electrical prospecting method put
forward here we did it under certain conditions. To
comply with them is also a problem o be solved.
First and foremost this is sure a possibility of practi-
cal realization of the circular electric dipole as the
array without its own magnetic field. Up to this point
our reasoning (and also mathematical modeling) has
been based on a view of the CED as a source with
ideal axisymmetric distribution of the current sup-
plied into the medium. Actually we replace this ideal
with the finite set of radially {(at equal angles) ar-
ranged lines uniform in length and current. Prelimi-
nary caleulations of the field from this conductor
system and initial field experiments with the CED
array have shown that requirements to the accuracy
of length, angle and current can be judiciously satis-
fied. In the field experiments currents at rather dif-
ferent ground resistivities were equalized by a spe-
cially designed equipment.

The situation with the number of radial lines is
more complicated. The residual magnetic field de-
creases more slowly than one would like to with
increase in the number of lines. Two approaches are
possible here. One is to render the residual “normal’
field negligible as compared to the field of hetero-
geneities increasing the number of lines. The other
provides a trade-off, i.e. recording of the residual
field of the array in interpreting observation resulis.

Table | gives values of a residual e.m.f. for the
same array, host medium and at the same time which
have been used above (Fig. 3). These data are ob-

Table 1

The residual normal magnetic feld (e eml. in uV in the
receiver conl) 3.5 ms for the medium and the configuration
shown in Fig. 3

The number of ruys. Distance (m)
.08 0l 012 014
f .64 0.52 07 .4
8 0002 00036 00039 00028

tained by means of the special procedure of calculat-
ing a transient field from an arbitrary set of electric
lines in a horizontally layered medium. Such a pro-
cedure should necessarily become an element of the
software for VECS. The e.m.f. values are indicated
along such a radial profile where they are maximal
(at the quarter of an angle between raypaths). Note,
that there are 2N (N is the number of raypaths) of
radial profiles where the residual magnetic field
equals 0. Thus, from Table 1 it follows that with a
set of six lines the residual field is 1o be recorded
bearing in mind that a useful signal does not exceed
[ RTAYS

4. Field experimenis

The initial field experiment on realization of the
CED scheme and its operation in the transient mode
was prepared and conducted by us from January 11
to 28, 1993 under severe winter conditions.

The following problems were planned to be solved
in the field experiment:

1. To demonstrate technical potentialiies of realiz-
ing the circular electric dipole. i.e. 1o provide
uniform passage of current through the ground at
various ground resistances of radial raypaths.

2. In solving the above problem, to show that a
magnetic component on the ground surface tends
towards zero which is recorded by e.m.f. value
drop in the receiving loop.

3. To measure a receiver line signal when the CED
is successiully realized.

4. To refine the necessary number of CED raypaths.

5. Finally, to gain initial experience of work by the
vertical-currents sounding method (VCS) and 10
conceive ways of this method development.

To carry out the field experiment a simplified
scale model of the electrical prospecting system of
vertical electric current sounding (VECS) based on
using equipment of the *Tsikl-4" type was devel-
oped. Fig. 4 schematically shows a VECS set.

According to the control program currents in the
lines (raypaths) of the controlled circular electric
dipole are adjusted in the range from 0.1 o 5 A,
Control over the current adjustment in the raypaths is
maintained by block 5. The current diagram in the
CED raypaths is set by GTE-45 current generator of
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Fig. 4. The VECS set. | = outer electrode, 2 = line (raypath),
3= control block of mypath coment, 4 = central electrods, 5=
current measurement and adjustment block, 6 = GTE-45 curment
genermor for the *Tsikl-4" equipment, 7 = meter for the “Tsikl-4"
equipment. ¥ = PC, 9= glectric-power plant.

the *Tsikl-4" equipment. An electric-power plant car-
ries the load (CED). Electromagnetic field parame-
ters are measured by TsEI-4 meter of the “Tsikl-4"
equipment. A personal computer of the ‘Notebook'
lype performs entry of auxiliary information, for
example, date, set configuration, the number of mea-
surement cycles, etc. Data recording through the
RS-232 interface is executed on a PC floppy disk. A
sounding array. a receiver loop and a MN line were
located according to the chart given in Fig. 4.

The work was carried out with an 8-ray array.
The raypath is 500 m long. Eight raypaths were
assumed to be enough for practical realization of
uniform grounding, but we intended to decrease that
number from the experiment results. Theodolite was
used to set angles between the raypaths. Each of the
line ends was grounded by iron stakes | m long
taken three at a ume spaced at 2-3 m apart. Thus,
the central grounding was formed by 24 driven
stakes connected together. Resistivity of the grounded
lines appeared 1o be rather different - from 5 1o 70
1, perhaps due to unevenly frozen (ap to 0.4 m)
upper layer of soil. We did not adjust the resistivities
using the stakes having decided to examine operation
of the current control system under such conditions.

An electric-field component was measured em-
ploying a 500 m long MN line. The MN line was
located radially and symmetrically relative to the Tth
and 8th raypaths of the armay. A conductor from the
array center to the first electrode of the line was 200

m long. Standard nonpolarizable electrodes were
placed in earth below the freezing boundary (0.5 m).

The 100=100 m receiver loop was located (Fig.
4) at a distance (the loop center) of 250 m from
center of whole array.

The first stage of the experiment consisted in
testing the raypath current control system under field
conditions. It is found that the system allows feeding
any current from 0 10 5 A to each of the raypaths and
ensuring stability of the given current distribution, In
particular, in spite of the wide array in the line-end
ground resistances, equal currents have been sup-
plied 1o the lines which means the first realization of
the circular electric dipole (CED) as a new source,

Of special note is the fact that the work has been
conducted in the transient mode with the source
operating under pulsed conditions. Loop and line
receiver signals were recorded with accumulation.

Medium response in the receiver loop was
recorded at various current distributions in the lines.
We have ensured ourselves that surface magnetic
field compensation occurs at equal currents.

At the second stage when there appeared the
assurance of the real realization of the CED receiver
signals were measured. Needless to say we have
expected that the CED-MN array as a purely electric
one will give a response greatly affected by IP
process. However, we have believed that a part of
the curve will be mainly determined by the inductive
transient process which we calculated for the known
medium (Fig. 5. curve ‘transient’). We have actual-
ity obtained the response (Fig, 5, the curve '8 ray-
paths’) radically different of the transient signal and

Geoelectrical
section
Loy G
o) {m)
4 %
5 210
4 10
40 400
5 400
inf inf

TIMEE {ma)
Fig. 5. The electrical response in YECS, The fiekd test.
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having two zero crossovers. Al the end of the pro-
cess the signal we have recorded exceeds the tran-
sient signal 500 times. When a d-ray array is used,
the signal practically does not change (the curve ‘4
raypaths’),

S0, most likely we have detected the complicated
process in which the IP process plays the most
important role that is basic in its second half’ because
of short-duration of the transient process. This signal
interpretation is possible if the mathematical sofi-
ware is developed, taking into account the IP pro-
CessSes,

In view of the unusual character of the receiver
line signal the results of the first field experiments
needed further check, especially as a new transmit-
ting array was used. In summer, i.e. under absolutely
different season conditions, the electric component
was remeasured at the same site. The measurements
qualitatively confirmed the winter results (Fig. 5, the
curve ‘in summer'),

We also performed various tests in which current
pulse and pause duration varied (Fig. 5, the curve
‘other pulse’). So, we obtained experimental data
necessary to develop and correct the mathematical

apparatus taking into account the IP processes in
excitation by the CED-array. This field work has
provided some engineering experience.

The further field tests were not realizing in long
time because of financial problems. Only recently. in
auwtumn 1995, in the Ukraine we had the possibility
to continue a field tests of VECS. In this case we
used the area modification, which is described before
in Section 3,

The field works were executed with the known
object (ore body), which is defined by TEM and by
boring (much approximately) at a depth of 400 m.
The transmitter (CED, 500 m) was disposed 1000 m
from the object. The current in each raypath was (.9
A only because of large resistance of the host medium
(2000 £} m). The measurements were realized by
self-comained synchronized unit. This unit combined
a meter of the equipment 'Tsikl-4" and compact
inductive pickup (the effective square is 10000
m=*m}

Fig. 6 shows results of these field works. Fig. 6a
shows the situation as a whole, the isoline map
{mathematical modeling) of em.f. (at fixed time)
and three profiles, which were used for the measure-

a) \Y Thelsolne mep of emf. (=0Dms) ) Ems. along profiie 1 (t=013ms)
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Fig. 6, The area measurement of the magnetic induction in VECS, The results of the field works in the Ukraine.
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ments in fact. The resulis of the field measurements
along profile 1 are shown in Fig. 6b. The edges of
the ore body have made itself by the maximums of
em.f. (sign of e.m.f. was not registered). Fig. 6¢
display typical transient responses (field and model-
ing) in site 33 of profile 1.

We believe that these field works were successful
and we have obtained a geological result (the edges
of the ore body are specified),

5. Conclusions

We are well aware of a usval response of a
specialist in electrical prospecting to the transmitting
array we put forward — too many wires, groundings
and it is difficult to be installed. This is not entirely
true. If we replace a AB line with the CED-array
then at the same total current we will need the same
amount of wire and grounding in terms of weight for
the CED-array with a radius equal to the AB length.
We should divide the conductive section of the AB
line into N veins (and groundings, correspondingly)
and locate them on radii. However, to reach the same
depth of penetration as that in the case of the AB
line a considerably shorter radius is required.

Thus, the CED device needs much less wire (by
weight) than the AB line or the loop. It should be
also noted that a thin light wire is used. To lay it out
by hand without transport facilities two persons are
enough, one of which controls its laying from the
center using a theodolite.

The most important problem is to ensure equal
currents in the array rays in the pulse mode. We
convinced ourselves that this problem can be settled
and implemented one of the variants in field situa-
tion,
A major disadvantage of the CED scheme as

described above is the need to provide a symmetrical
grounding of the outer ring electrode. A possible
way to avoid this requirement is to adopt an untermi-
nated model (this idea was proposed by LR. Wait in
a private communication). The CED scheme with
ungrounded terminations can be efficient in the high
frequency domain.

It has been our intent to demonstrate basic possi-
bilities of the new source and to assure a reader in
the feasibility of the new transmitting CED-array. On
solving more practical problems already touched on
(namely, the residual magnetic field, surface hetero-
geneities, correction for the IP processes) one may
expect 1o receive a new effective instrument for
geoelectrical investigations,
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