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ABSTRACT

Previous publications by other groups claim that, in order to detect Seismic Electric
Signals (SES) at epicentral distances r=100km, huge current intensities have to be emitted
from the focal area. In this paper, we suggest a model, which explains that, even a current
intensity of 1A, is sufficient to produce detectable SES at r=100km. This model also
indicates that SES can be detectable within certain areas only, thus explaining the
selectivity effect. It is also shown that, for big earthquakes only, i.e., with M=6.5-7.0, a
magnetic field variation becomes detectable simultaneously with SES; this was the case of
the SES that preceded the 6.6 Kozani-Grevena earthquake in Greece.

Also the physical basis of the AV/L-criterion is summarised in an Appendix; we
emphasize that when the long dipoles are appropriately installed (i.e., in configurations
suggested by VAN long ago), their measurements , when compared to those of the short
dipoles, lead to an immediate recognition of noise (due to an artificial source lying up to
several km far away).

In an additional Appendix, we also discuss Gruszow et al.’s [1996] claim that the SES
correlated with the 6.6 Kozani-Grevena earthquake can be attributed to a nearby in-
dustrial source, which emitted a huge current; we show that their claim sharply contradicts
the theory and the experimental facts. For example, if these SES were due to an industrial
nearby source: (a) they should have been accompanied mainly by horizontal magnetic field
variations, while the magnetic signal observed by Gruszow et al. [1996] was mainly on the
vertical component and (b) the electric field variations should have reached an amplitude
two orders of magnitude larger than that observed. Furthermore, Gruszow et al. [1996]
misused the VAN data, e.g., by incorrectly applying the AV/L-criterion; thus none of their
arguments appears to work.

INTRODUCTION

Various physical mechanisms have been proposed (e.g., Lazarus [1993], Slifkin [1993,
1996), Teisseyre [1995], Morgan [1990; 1996, private communication], Varotsos and
Alexopoulos [1986]) for the generation of the Seismic Electric Signals (SES), that have
been found to precede earthquakes (EQs) in Greece (for a recent review on SES see
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Uyeda [1996], while Park et al. [1993] summarized the generation mechanisms). These
signals have been detected up to distances of the order of 100km from the epicenter;
plausible models for their transmission have been suggested by Lazarus [1996], and
Varotsos et al. [1993]. However, some publications (e.g., Bernard and Le Mouel [1996])
claim that a transmission at such distances is questionable, as it requires unreasonably
huge current intensities I in the focal area. It is one of the main scopes of the present paper
to show that even small current intensities of I ~ 1A, can lead to detectable electric field
values, but only at certain regions of the earth’s surface (thus explaining the selectivity
effect, reported long ago by VAN, e.g., see Varotsos and Lazaridou, [1991]).

A second scope of this paper is focused on the calculation of magnetic field (B)
variations accompanying the SES. VAN group repeatedly published that SES are not
accompanied by observable variations of the horizontal components of the magnetic field
(e.g., Varotsos et al. [1996a,b]), thus leading to an easy discrimination of SES from the usual
magnetotelluric (MT) variations. The above does not imply that SES are not accompanied
at all by magnetic field variations (the existence of which is obligatory from Maxwell
equations), but that they are very small [cf. drastically smaller than those, which produce
MT electric field variations having comparable amplitude (and period) to the SES] and
hence are not readily detectable. In other words, there is a question of detectability only of
the magnetic field variations for the usual cases of M 5.0-5.5 at r~ 100km, or so; on the
other hand, it is naturally expected that appreciably strong SES activities could be accom-
panied by detectable magnetic field variations. In the present paper, we show that a value of
Bz~ 1nT, or so, is naturally expected for strong EQs with M 6.5-7.0; this was observed
before the 6.6 Grevena-Kozani, but Gruszow et al. [1996] misused this observation as an
evidence for an artificial origin of the relevant SES observed by VAN. In Appendix II we
summarize additional reasons, which show that Gruszow et al.’s [1996] claim is not valid.
Furthermore, in Appendix I we review the physical basis of the AV/L criterion suggested
by VAN for discriminating true SES from signals of artificial origin; thus, the validity of this
criterion for the SES associated with the aforementioned 6.6 earthquake excludes any
possibility for these signals to be attributed to an artificial source.

THE MODEL FOR THE SES TRANSMISSION AT LONG DISTANCES

Varotsos and Alexopoulos [1986] and Varotsos et al. [1993] suggested the following
model for the SES transmission: when the SES is emitted, the current follows the most
conductive channel through which most of this current travels; if the emitting source lies near
a channel of high conductivity (Fig. 1a) and our measuring station lies at a site (with appre-
ciably higher resistivity than that of the conductive channel but) close to the top of the con-
ductive channel, the electric field is appreciably stronger than in the case of a homogeneous,
or horizontally layered earth; this indicates that signals may be detectable at larger epicentral
distances, but not at shorter. Such a mechanism, as it will be shown below, explains the
selectivity effect reported by VAN long ago, e.g., see Varotsos and Lazaridou [1991].
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Fig. 1.a. The model (not to scale) of transmitting SES at long distances suggested by Varotsos and
Alexopoulos [1986] and Varotsos et al. [1993]. Fig. b shows how the calculation is carried out: a
thin sheet (of 500mx100km) with conductance 50S is considered.
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SELECTION OF THE VALUES OF THE PARAMETERS USED IN THE CALCULATION

Our main interest is focused in the frequency range of 10 - 10* Hz which corres-
ponds to SES durations of the order of 1-20 min. We will investigate the possibility of
detecting such signals at distances of r ~ 100km.

We first discuss the resistivity values. As we are mainly interested for depths up to 5-
30km, we can safely assume that the host rock has a resistivity o, lying between 10° Qm
and 10* Qm. As a first approximation we select the value p,~ 4x10° Qm, because it lies
between the following experimental values for the measuring station IOA: K. Smith
(private communication) found that it lies between 1.5x10° to 5.2x10° Qm, while MT
measurements (Makris [1996]) indicate the range 3x10° Qm to 5x10° Qm. Concerning the
surface layer, say with a depth of d=50m, it may have resistivity values (o) between
190 ~300Qm (Smith, private communication); we select here o,~200€2m.

We finally discuss the plausible values g, for the conductive channel. Many workers
(e.g., see Park [1996]) report that the resistivity o; of a fault is around 10Q2m (i.e., 40 times
more resistive than sea water). We assume the same value for the conductivity o, of the
channel, ie., 0,= (1/g)= 0.1Q'm". Concerning the width of the channel, there may be
contradictory views. We may assume values of the order of 100 to 1000m, but we shall
start the calculation with a mean value of =500m. The same value of 500m was assumed
for the thickness and hence the conductance 7 is (0.1x500)=50S.

As for the current I emitted from the earthquake source we assume the value of
I=1A which, as explained by Varotsos and Alexopoulos [1986], corresponds to an emission
of a current density of the order of j= 1A/km? which is compatible with (but less than) the
recent laboratory measurements (Hadjicontis and Mavromatou [1996]). Concerning the
length / of the current emitting dipole, it depends, of course, on the earthquake magnitude
(recall that for M=5.0 the subsurface rupture length is ~5km, or so, while for M=35.5 to
6.5 is around 7 to 25 km). For reasons of convenience, we present the results by taking /=1
km and hence Il = 1Ax1km = 10° Am which is used as a natural unit in our case, but for
the main text only. The current dipole is assumed oriented along the x-axis and its pro-
jection on the earth’s surface lies at a distance of 100km from the point with coordinates
0,0,0 (which represents the projection at the earth’s surface of the top of the channel, see
Fig. 1b). For the depth of the dipole source (which, for simplicity, is approximated with a
point dipole), we assume a usual value of h=>5km.

In summary, our problem involves a two layer earth (with a SOm surface layer with
resistivity o, = 200Qm, and a host resistivity 0,=4000Qm) and a conductive channel
having dimensions 500m x 500m x 100,000m with resistivity o.=10©22m. The conductive
channel was modelled by a thin sheet of conductance t=50S and results were obtained by
running the EM1DSH program (written by Hoversten and Becker [1995]) on a Hewllett-
Packard 735 digital computer. To help the calculation, the real problem was modelled
according to the “similitude relationship” (Zhdanov and Keller [1994]), that relates the
frequency , the magnetic permeability p, the conductivity o, and the length scale / of a
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real world problem to a model problem,

2
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where the subscripts denote the real world (w) and the model (m) problem parameters.
In the following, we will calculate and discuss the variations of the amplitude of the
electric and the magnetic fields appearing at various points x,y of the surface of the earth.

CALCULATION OF THE ELECTRIC FIELD VALUES

Figures 2 and 3 show plots of points of equal (absolute) values of the field strength.
Fig. 2 depicts the contours of the horizontal component E, of the electric field; for the
schematic diagram depicted in Fig. 2a we used a grid of Skm x Skm, while for the detailed
contours shown in Figs 2b and 2c more detailed grids, 2km x 2km and 2km x 0.5km
respectively were considered. For example the contour labelled “1” shows the region at
which E, becomes E, = 1 mV/km (cf. a symmetric region exists for negative values of y);
Note that, in this example there is a large “shadow zone”, i.e., E, < 1 mV/km, lying
between the two contours labelled “1”. As a second example, we consider the case of
selecting a threshold of E,=10mV/km; again there are two regions, at which E, is
detectable, i.e., a region close to the top of the channel (with average dimensions 16km x
1km) and another one (roughly 8km x 10km) that includes sites lying at small distances
from the source. Finally, if we consider appreciably larger values of E,, e.g. E,=228mV/km,
we find that E, is detectable only at a narrow region close to the top of the channel. Figure
3 shows the contours for E;; we see that the corresponding regions, at which E, is
detectable, have smaller dimensions when compared to those of E,. Figs 4a and 4b show
the variation of E, and E, at various distances (measured from the projection of the top of

the channel on the earth’s surface).

CALCULATION OF THE MAGNETIC FIELD VARIATIONS

A calculation, for I=1A x 1km (see Fig. 5), shows that the three components B,, B,,
B, nowhere exceed the detectable limit, which is usually around a few tenths of 1nT (cf., for
a usual fluxgate variometer). Therefore, in order to achieve detectability of the magnetic
field, a stronger source should be considered having two orders of magnitude larger value
of I; this corresponds to stronger EQs, e.g., with M=6.5-7.0, or so. Note that, in such a case,
the magnetic field becomes detectable at certain regions only, i.e., close to the epicenter
(where B,=B,>B,) or close to the top of the channel (where B,>B,). The first region might
correspond to the observations of Fraser-Smith et al. [1990] (near the epicenter of the M; 7.1
Loma Prieta EQ), while the second to the detection of (B,~1nT) at an epicentral distance
of 70-80 km from the 6.6 Kozani EQ in Greece (Varotsos et al. [1996b,c]).
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Fig. 2. Calculated values of the amplitude of the component E, of the electric field: the contours
correspond (from the outer to the inner): a) E,: 1, 10, 19 mV/km; b) E,: 1, 10, 19 mV/km; ¢) E,:
1, 10, 19, 28, 37mV/km. Note that case (a) corresponds to a schematic diagram, while (b) and (c)
to the detailed contours close to the epicenter and to the top of the channel respectively. (Note
that the electric field values are calculated for a source 1km x 1A). The projection of the source
on the earth’s surface is x=-100km, y=0, while that of the top of the channel (see Fig 1b)
corresponds to the origin (0,0).
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Fig. 3. The same as Fig. 2, but it corresponds to the amplitude of the other component E, of the
electric field; the contours correspond (from the outer to the inner): a) E,=1 mV/km, b) E,=1, 2,
3, ..mV/km, ¢) E,=1,2 mV/km.
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Fig. 4. Calculated values of the amplitudes, of the horizontal components E,, case (a), and E,,
case (b), of the electric field on the earth’s surface along and close to the channel. Different
curves correspond to different values of the y-ordinate. For the sake of comparison, the results
for the layered earth (and hence without the channel) are also depicted.
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Fig. 5. Calculated values of the amplitudes of the three components B,, case (a), B,, case (b), B,,
case (c), on the earth’s surface along and close to the channel. Different curves correspond to
different values of the y-ordinate. For the sake of comparison, the results for the layered earth
(and hence without the channel) are also depicted.
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DISCUSSION AND CONCLUSIONS

When considering that currents emitted in the earth should follow channels of
reduced resistivity, we find a number of interesting results:

The first conclusion reveals that signals emitted from a current dipole 1A x 1km (at a
depth of Skm) give detectable electric field values at distances of r=100km, or so. Such
electric signals are detectable on the earth’s surface at certain regions only, which explains
the selectivity effect, reported long ago by VAN (e.g., see Varotsos and Lazaridou [1991]).

A second conclusion emerging from the present calculation is that, for M=5.0 - 5.5,
the aforementioned electric signals can be observed without being accompanied by any
observable variation of the magnetic field. On the other hand, when considering appreciably
stronger EQs (e.g., M ~ 6.5-7.0), the magnetic field variations become observable (>0.25nT)
at certain regions only, i.e., at short epicentral distances or close to the top of the conductive
channel (e.g., at distances r ~100km); in the latter case, the vertical component B, is
appreciably larger than the horizontal component By;. This feature is important, because it
is quite different than what is (theoretically expected -see also Appendix II- and
experimentally) observed when an artificial source emits current into the earth from
distances of the order of a few km from the observation point; in other words, if magnetic
field measurements show that B, is significantly larger than By, this shows that the emitted
signal cannot be due to a nearby artificial source. Concerning the latter point, note that once
the long (measuring electric) dipoles, if they are properly installed (Varotsos and Lazaridou
[1991]; Varotsos et al. [1993]), show approximately equal AV/L-values (cf. compatible with
those of the short dipoles), the emitted signal cannot be ascribed to any nearby artificial
source; the physical basis of the AV/L-criterion is reviewed in the Appendix 1.

We should emphasize that the present results were derived on the basis of a thin
sheet modelling; we think it necessary to repeat the calculation by using (other) 3D
resistivity and EM modelling codes (cf. we are currently working in this direction).

The following remark should be added: the calculated values close to (0,0,0) could be
questioned as they correspond to sites very near the conductive sheet (cf. we could overcome
this, e.g., either by assuming that the thickness of the channel becomes less as we approach
the measuring site*, or by increasing the depth of the top of the channel). We claritfy howe-
ver, that the aim of the present calculation is just to explain the correct order of magnitude of
the electric field values, and also to show the general feature of the selectivity phenomenon.

The order of magnitude could be alternatively (i.e., without relying, as above, on any
numerical solution of Maxwell equations) explained as follows. We first recall that [abora-
tory experiments indicate that the current density emitted from the focal area (which have
linear dimensions of, at least, a few km) is ~10°A/m? (or more). Second, field experi-
ments show that the electric field values measured on the earth’s surface, at r=100km (for
M ~6.0), are around 10mV/km, and hence the corresponding current density (at the

* The results remain the same if we decrease the thickness by a factor, e.g. 5, and simultaneously de-
crease the channel resistivity by the same factor (so that the conductance t fo be constant, i. €., 50S).



298 ITPAKTIKA THE AKAAHMIAZ AGHNQN

measuring site) is around 107 to 10® A/m? ( if we assume local resistivities of 10°Qm to
10°Qm respectively). In other words, what we must explain is a decrease of the current
density, by 2-3 orders of magnitude, from the focal area to the measuring site; towards this
scope, we may think as follows: Assume a conductive cylinder (o.), with radius R and
infinite length, which is embedded in a more resistive medium (g,); if we consider an
emitting current dipole (inside the cylinder and) along the cylinder axis (x), we can
analytically calculate the electric field along that axis, at various distances r (see Appendix
III). We then find that the value of E, (inside the cylinder) decreases by three orders of
magnitude (for a resistivity contrast g/, ~ 10/4000) when increasing the distance from
1,/R=20 to r,/R=400, or so (e.g., from r,= Skm to r,= 100km, if R=250m). As the electric
field E, inside (in) the cylinder, is equal to that just outside (out) it, i.e., Ej'= E ", it
reflects that j,"/ j°" = gy/0. =4000/10, at r=r,, if the cylinder has an infinite length. If we
assume, however, that the conductive cylinder terminates at r=r,, we then expect a current
density (to have an absolute value) of the order of I i | at some points (r<r,), within the
host medium, lying close to the outcrop. Therefore, if the measuring site lies near the
outcrop, the corresponding electric field | B> | should be of the order of 0x103 xj(r=r,),
which leads to measurable electric field values.

APPENDIX I. THE PHYSICAL BASIS OF THE AV/L-CRITERION. DISCRIMINATION
OF TRUE SES FROM ARTIFICIAL SIGNALS WHEN USING A COMBINATION OF
SHORT AND LONG DIPOLES.

VAN published four criteria according to which true SES can be discriminated
from magnetotelluric (MT) variations and from anthropogenic disturbances (Varotsos
and Lazaridou [1991]) (see Nagao et al. [1996] for a correct application of the four VAN
criteria). The correct application of these criteria requires the simultaneous operation of
short electric dipoles (e.g., with lengths L lying between 50 m and 200 m) and long
dipoles (e.g., with L = a few km to several km). As a general rule, we can state that only
if the sites of the long dipoles are properly selected, with respect to the artificial sources
(e.g., see Fig. 12 of Varotsos and Lazaridou [1991] or Appendix II and sections 3.2 and
3.3 of Varotsos et al. [1993]), can we achieve an easy discrimination of true SES from
artificial signals emitted from distances up to several kilometers. Below we shall review
the physical basis of the AV/L-criterion when long dipoles and short dipoles are
simultaneously operating.

Consider a short (measuring) dipole AB (e.g., L=50m) and a long (measuring)
dipole AT (e.g., L=5km) which lie on a straight line; although we assume here, for
simplicity, that these dipoles have a common electrode A, this never occurs in practice,
because we use independent neighbouring electrodes in order to avoid the simultaneous
appearance of electrochemical noise, e.g., due to rain. We designate with o the distance of
a (point) noise source from the measuring site (which, by definition, is the site of the short
dipoles’ deployment), while ¢ denotes the angle between the position vector of the noise
and the direction of the measuring dipoles. If the noise source is an emitting current
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(point) dipole (grounded on the earth’s surface), 6 denotes the angle between its dipole
moment and the measuring dipoles (see Fig. AL1). In the following we assume that the
two measuring dipoles and the noise source lie on a straight line, i.e., =0 or p=180".
These two cases are separately discussed.

Fig. AL1. Definition of angles ¢ and 6 (and the distance p of the emitting dipole from the
measuring site) when using a long dipole AT and a short dipole AB.

The calculations (static as we are in the near field approximation for £~ 10 Hz) were
performed by using the method of image charges. The series of image charges contri-
butions was summed up numerically so as to obtain an accuracy of 1ppm. The results of
the present calculation were compared to the results obtained by the Berkeley program
(Hoversten and Becker [1995]) and showed a discrepancy of approximately 100ppm. This
small discrepancy is due to the fact that the Berkeley program calculates the fields for
f=10"Hz -and not for the steady-state- and to the integration algorithm that has to be used
in order to calculate AV from the electric fields that are obtained from Berkeley’s
program.

As it is well known (Zhdanov and Keller [1994]), a source at the surface of a two
layer Earth causes a series of image charges sited at an one-dimensional lattice with
lattice constant 2d, where d is the depth of the surface layer, along the vertical line going
through the source and with magnitudes diminishing according to the geometric
progression K", where n is the distance of the image charge from the source measured at
lattice constants and Kgs=(0,-05)/(0;+0s). Thus, the electric potential for a monopole

source of current I is
Pm(x)=(0s1/27) (1/ |x])+Image sources contributions

and for a point dipole current source II, |IT|=1/

@g(x)= (0, /2m) (ILxX/ |x]*) +Image dipoles contributions
The AV/L-value for the long measuring dipole AT, for example, is just {p(A)-@()}/L,
where L is the length (AT). In all the calculations of this Appendix we shall assume I=1A
and /=1m (instead of /=1km used in the main text). The calculation is made in each case:
(i) either by representing the earth with a half-space, having resistivity 0,=4x10°Qm, or (ii)
with a two (horizontally) iayered earth having a surface layer (thickness ~50m) with



300 ITPAKTIKA THX AKAAHMIAY AOHNQN

resistivity 0,=200Q2m (and/or 10Qm depending on the case) and a lower layer with
0,=4x10°Qm.

The following three quantities are plotted in each figure: the AV/L-values recorded by
the short dipole (L=50m) and the long dipole (L=5km), as well as their ratio, i.e., “AV/L of
the long dipole” / “(AV/L of the short dipole)”; the latter quantity, for reasons of brevity, will
be labelled “Ratio (Long/Short)” and is depicted with a continuous line (it corresponds to the
left vertical scale). The former two quantities, i.e., the AV/L-values, are depicted with a
dotted line and broken line respectively (they correspond to the right vertical scale).

Case A (@=0°). The noise source and the remote electrode of the long dipole lie
on the same side in respect to the measuring site.

Figs. AL2a and Al.3a show the results (for a half-space and the two-layer model
respectively) when the noise source is assumed to be a monopole, while Figs. Al.4a and
Al5a correspond to a dipole noise source. In all these cases the results show, as expected,
that at large distances [when compared to the length (AT) of the long dipole, i.e.,
0>>(AT)], the “ratio (Long/Short)” is around unity; as we move from +eoo to the
measuring site and approach the site of the remote electrode T, the “ratio (Long/Short)”
increases at values significantly larger than unity (cf. this is one of the cases recommended
by Varotsos and Lazaridou [1991] for an easy recognition of the noise, see their Fig. 12¢);
for example, at distances two times larger than the (long) dipole length, i.e., o~ 2(AT), the
“ratio (Long/Short)” reaches the value ~2 for a monopole and ~3 for a dipole noise
source. Note that these values hold irrespective of whether we consider half-space or a
two-layer model (in the latter case, if we consider that the upper layer resistivity is very
low, i.e., 0,~10Qm, the ratio under discussion still remains large, i.e., ~2, when p ~2(AT),
for a dipole emitting source; see Fig. Al6a).

At shorter distances from the measuring site, i.e., 0<(AT), Figs. Al.4a and Al5a show
that (for a dipole emitting source) the “ratio (Long/Short)” takes negative values, thus
leading to an even easier recognition of the noise source; at these distances, but for a
monopole noise source, the ratio is appreciably larger than unity, when it lies at small distan-
ces from the remote electrode I', and becomes negative when p<(AT)/2. Thus, we see that,
in any case (i.e., irrespective if the noise comes from a monopole or a dipole current emitting
source N), the “ratio (Long/Short)” is negative provided that o <(4I)/2, i.e., the remote
electrode I' is installed so that for the noise source to lie closer to the measuring site (than the
remote electrode I'); this is the case (IT) recommended in Fig. 22 by Varotsos et al. [1993a] (or
in Fig. 12a,b by Varotsos and Lazaridou [1991]) for an easy recognition of the noise.

The aforementioned figures Al.4a, Al.5a and Al6a show the results when the
dipole moment is parallel to the measuring (long and short) dipoles, i.e., §=0. The study
was extended (for the half-space with 0,=4x10°Qm) to various values of 8, i.e., from 0 to
180° and the results are depicted in Figs. AL7 and ALS, for steps every 10° (except for
8~90°); although the AV/L-values change from case to case, the “ratio (Long/Short)”
retains exactly the same behaviour as in Fig. AL4a (or AlSa); for example, note that this
ratio is around 3 when p ~2(AT), or around 2 when @ ~3(AT) (cf. both AV/L-values, for
the short and long dipole, are positive for 6<90° and negative for 6>90°).
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Surface monopole, Hemispace, 4000 Ohm.m
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Fig. AL2. The “ratio (Long/Short)” and the AV/L-values for a short dipole 50m and a long dipole
Skm (cf. asymmetric dipoles) at various (reduced) distances from an emitting (surface) source. The
calculation was made for a monopole source and a half-space (0,=4x10°Qm); a: p=0; b: p=180°.
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Surface monopole, Layered, 200 Ohm.m(50m) — 4000 Ohm.m
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Fig. AL3. The “ratio (Long/Short)” and the AV/L-values for a short dipole 50m and a long dipole
Skm (cf. asymmetric dipoles) at various (reduced) distances from an emitting (surface) source. The
calculation was made for a monopole source and a two layer earth (0g=200Qm); a: @=0; b: p=180°.
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Surface dipole, Hemispace, 4000 Ohm.m
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Fig. AL4. The “ratio (Long/Short)” and the AV/L-values for a short dipole 50m and a long dipole
Skm (cf. asymmetric dipoles) at various (reduced) distances from an emitting (surface) source.
The calculation was made for a dipole source and a half-space (0y=4x10°Qm); a: p=0; b: p=180".
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Surface dipole, Layered, 200 Ohm.m(50m) — 4000 Ohm.m
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Surface dipole, Layered, 10 Ohm.m(50m) — 4000 Ohm.m "
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Fig. AL10. The “ratio (Long/Short)” and the AV/L-values for a short dipole 50m and a long
dipole 5km (cf. asymmetric dipoles) at various (reduced) distances from an emitting (surface)

source. The calculation was made for a dipole source and a half-space (g,=4x10°Qm); p=180°,

but for various 6, i.e., 8=90°-180°.
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Case B (¢=180°). The noise source lies at the other side, in respect to the
measuring site, from the remote electrode of the long dipole

Figs. A1.2b and AL3b refer to a monopole source, while Figs. AL.4b and AIL5b (and
ALG6b) to a dipole source. In all cases the “ratio (Long/Short)” approaches unity, as
expected, at large distances [i.e., 0>>(AT)]; although this ratio never becomes negative, it
becomes markedly smaller than unity when the emitting source approaches the measuring
site, e.g., 0 ~2(AT’), and hence the noise becomes easily recognisable. This holds
irrespective of the type of the current source (monopole or dipole) and of the model used
(half-space or layered earth). Note that, in the case of the layered earth, although -in Figs.
ALS5b and AL6b- the surface resistivity differs by a factor of ~ 20, the ratio under discussion
remains practically constant at large distances and is slightly affected at short distances only;
more precisely the deviation from unity becomes smaller when the surface layer is more
conductive, a behaviour which is similar to that noticed in case A.

We recall that the above results in Figs AL.4b, AL.5b (and AL6b) hold when the
dipole moment of the emitting source is parallel to the measuring (long and short) dipoles,
i.e., 6=0; the study was extended (for the half-space with g,=4x10°Qm) to various values
of 6 and the results are shown in Figs AL9 and ALL10. An inspection of these figures
indicates that, in spite of the fact that the AV/L-values change from case to case, the “ratio
(Long/ Short)” retains exactly the same behaviour as in Fig. AL4b (or AL5b).

The case of a point current dipole buried at significant depths

Figs. AL.4-6 showed the results for a current point dipole grounded at zero depth,
i.e., h=0; in case of depths of around a few meters, the results remain practically the same;
recall that artificial sources are grounded usually at depths of a few meters.

Current dipole sources at significant depths, i.e., of the order of several km, cannot
represent artificial sources; Figs AI.11 and AI.12 depict the results for depths h=10km and
30km respectively, calculated for a half-space with g,=4x10°Qm. At such depths only, the
results can be summarized as follows:

a) When the dipole source and the remote electrode lie on the same side in respect to the
measuring site: as we move the source from very large distances to the measuring site, Figs
Allla and Al.12a indicate that the “ratio (Long/Short)” remains continuously close to unity
(but >1) only up to a point, the distance of which, from the remote electrode ' becomes
roughly equal with the dipole depth; at shorter distances, this ratio starts to decrease
drastically and then follows the complicated behaviour depicted in Figs Al.11a and AL12a.

b) When the dipole source and the remote electrode lie on different sides in respect to the
measuring site: as we move from large distances to the measuring site, the ratio
(Long/Short) remains continuously close to unity (but <1) only up to a point, having p=h
(see Figs. AL11b and AL12b); at shorter distances, this ratio starts to drastically increase
following the complicated behaviour depicted in Figs. AL11b and AL 12b.

Note that for smaller depths, i.e., h=>5km (which is comparable with the length of
the measuring long dipole), the above behaviour is slightly different, as shown in
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Figs Al.11c and AIL11d.
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Fig. AL11. The “ratio (Long/Short”) and the AV/L-values for a short dipole 50m and a long dipole

Skm (cf. asymmetric dipoles) at various (reduced) distances from an emitting source. The

calculation was made for a buried (h=10km) current dipole and a half-space (0p=4x10°Qm); a:
¢@=0; b: p=180°. For the sake of comparison, the calculation was repeated for a smaller depth
h=5km (c: ¢=0; d: p=180°).
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Buried dipole, Hemispace, 4000 Ohm.m
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Buricd dipole, Hemispace, 4000 Ohm.m

4 02
a
3 0.15
2 / 0.1
//
=1 005
) 1 -
2 /] g
Ll z
1" 4] o]
g e ot
3 m
oy -0.05
T A
-2 p I =30km[-0-!
—
=3 -0.15
-4 L -0.2
0O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
pIAD)
Buried dipole, Hemispace, 4000 Ohm.m
4 02 b
3 0.15
2 \ 0.1
o N 0.05
™~ e
2 = e
4 N\ 2
P [ T o T e e e £
5 0 e 0 =
- ' 2
‘g o T Ll_
m
& 4 -0.05
A s e
=) IF”I"“ ] —-0.1
=
-3 -0.15

-4

-0.2
0O 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

pl(AT) — AVIL-Long

AVIL - Short

Fig. AL12. The“ ratio (Long/Short)” and the AV/L-values for a short dipole 50m and a long dipole
Skm (cf. asymmetric dipoles) at various (reduced) distances from an emitting (surface) source. The
calculation was made for a buried (h=30km) current dipole and a half-space (g;=4x10°Qm); a:

@=0; b: p=180°. :
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Surface dipole at 10km, Hemispace, 4000 Ohm.m
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Fig. AL13. The “ratio (Long/Short)” and the AV/L-values for a short dipole 50m and a long
dipole with variable length (cf. symmetric dipoles) at a distance p=10km from an emitting
(surface) source. The calculation was made for a dipole source and a half-space (gy=4x10°Qm).
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Fig. AL14. The “ratio (Long/Short)” and the AV/L-values for a short dipole 50m and a long
dipole with variable length (cf. symmetric dipoles) at a distance p=10km from an emitting (surface)
source. The calculation was made for a dipole source and a two layer-earth (0s=200Q2m).
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Surface dipolc at 10km, Layered, 10 Ohm.m(50m) —~ 4000 Ohm.m
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Fig. AL15. The “ratio (Long/Short)” and the AV/L-values for a short dipole 50m and a long
dipole with variable length (cf. symmetric dipoles) at a distance p=10km from an emitting
(surface) source. The calculation was made for a dipole source and a two layer-earth (os=10Qm).
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Fig. AL16. The “ratio (Long/Short)” and the AV/L-values for a short dipole 50m and a long
dipole with variable length (cf. symmetric dipoles) at a distance ¢=100km from an emitting
(surface) source. The calculation was made for a dipole source and a half-space (g,=4x10°Qm).
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Surface dipole at 100km, Layered, 200 Ohm.m(50m) — 4000 Ohm.m
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Fig. AL.17. The “ratio (Long/Short)” and the AV/L-values for a short dipole 50m and a long dipole
with variable length (cf. symmetric dipoles) at a distance o=100km from an emitting (surface)
source. The calculation was made for a dipole source and a two layer-earth (og=200Q2m).
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Fig. AL18. The“ ratio (Long/Short)” and the AV/L-values for a short dipole 50m and a long dipole
with variable length (cf. symmetric dipoles) at a distance p=100km from an emitting (surface)
source. The calculation was made for a dipole source and a two layer-earth (0g=10Qm).
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Surface dipole at 100km, Hemispace, 4000 Ohm.m
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Fig. AL19. The“ ratio (Long/Short)” and the AV/L-values for a short dipole 50m and a long
dipole with variable length (cf. asymmetric dipoles) at a distance 0=100km from an emitting
(surface) source. The calculation was made for a dipole source and a half-space (g,=4x10°Qm):

a: @=0; b: p=180°.
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Surface dipole at 100km, Layered, 200 Ohm.m(50m) — 4000 Ohm.m
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Fig. AL.20. The “ratio (Long/Short)” and the AV/L-values for a short dipole 50m and a long
dipole with variable length (cf. asymmetric dipoles) at a distance 0=100km from an emitting
(surface) source. The calculation was made for a dipole source and a two layer-earth
(0s=200Q2m): a: p=0; b: p=180°.
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Surface dipole at 100km, Layered, 10 Ohm.m(50m) — 4000 Ohm.m
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Fig. AL21. The “ratio (Long/Short)” and the AV/L-values for a short dipole 50m and a long
dipole with variable length (cf. asymmetric dipoles) at a distance =100km from an emitting
(surface) source. The calculation was made for a dipole source and a two layer-earth
(0s=102m): a: =0; b: p=180°.
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Comparison of the recordings of two symmetric dipoles (i.e., long and short).
Why the asymmetric configuration should be used.

Let us now consider two symmetric dipoles, i.., a long dipole and a short one, which
have the same middle point (i.e., the point “O” in Figs AI.13-18) and lie on the same
straight line; VAN never used such dipoles, but we shall study this case, because it has been
erroneously reported that they always record the same AV/L-value. We first start with a
relatively small distance, i.e., o=10km, and then proceed to a larger one, i.e., 0=100km.

Case of =10 km: In Fig. AL.13 we assume a half-space with g,=4x10°Qm and a short
dipole (A'B')=50m lying at distance of p=10km from an emitting (point) current dipole
(noise) source (I/=1Am), grounded at zero depth; we also assume a long dipole (AB),
having the same middle point “O” with the short one, and study the “ratio (Long/Short)”
for various values of the length of the long dipole. The results show that when this length is
very small, in comparison to the distance , its corresponding AV/L-value almost coincides
(as expected) to that of the short dipole, thus showing the true electric field. For example,
the “ratio (Long/Short)” remains practically close to unity for AB~1km, but for appreciably
larger lengths (of the long dipole), it increases, e.g., it reaches to ~1.15 for AB=5km and to
~1.42 for AB= 8km. Note that these values (of the ratio) are appreciably smaller when we
compare them to the corresponding case of the asymmetric dipoles (cf. with the same
lengths and the same distance @ from the measuring site) if they are located in a way so that
the dipole source and the remote electrode lie on the same side from the measuring site; for
example, Fig. Al.4a indicates that the “ratio (Long/Short)” is around 3, for the asymmetric
dipoles(ct. for =10km and L=>5km for the long dipole), which is appreciably larger than
the aforementioned value of 1.15 of the symmetric dipoles depicted in Fig. AL13.

The above study was repeated for a two-layer earth having (the same basement with
0y=4x10°Qm but) with a thin (i.c., 50m) surface layer (0,=200Q2m or 1022m); the results
are shown in Figs. AL.14 and AL15 respectively. The general trend is that, upon adding a
more conductive thin surface layer, the “ratio (Long/Short)” slightly decreases (for the
same length of the long dipole and the same distance ); for example, for AB~8km, the
“ratio (Long/Short)” decreases to ~ 1.2 (instead of 1.42 for the half-space in Fig. AL13)
when adding the surface layer of o,=10Qm; note, however that, this value of ~1.2 is
markedly smaller than the value of ~2 obtained (in Fig. Al6a) for the same resistivity
structure, but with asymmetric dipoles.

Case of p=100km: We again study the case of two symmetric dipoles (e.g., a short
one A'B'=50m and a long one AB with variable length), but now located at a distance of
0=100km from an emitting current dipole source (grounded on the earth’s surface). Fig.
AI16 shows the results for a half-space with g,=4x10°Qm, while Figs AI.17 and AI18
correspond to a two-layer earth having the same basement resistivity (i.e., 4x10°Q2m) but
with surface layer’s resistivities of 200Qm and 10Q2m respectively. An inspection of Figs
AI.16-18 shows that, for the usual length of ~5km of the long dipole, the “ratio
(Long/Short)” is around unity.
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For the sake of comparison, Figs AI.19-21 study the relevant case [for the same
distance p=100km from the emitting source, i.e., a short dipole with (AB)=50m and a
long one (AT’) with variable length], but for the asymmetric dipoles (and the same dipole
lengths). By considering the usual length of the long dipole, i.e. AT'=5km, we see that the
“ratio (Long/Short)” is around 1.08 (see Figs Al.19a, AL.20a and Al.21a), if the emitting
source and the remote electrode lie on the same side in respect to the measuring sice (cf.
when they lie on different sides -see Fig. AL.19b, AI.20b and AI.21b- the ratio is smaller
than unity, as expected, i.e., around 0.93); in other words, in all these cases, the deviation
from unity is around (3/2) x (AT')/ only.

Before concluding this section, the following important point should be recalled,
when considering the typical case of a two layered earth, with a (relatively) resistive
basement and a (thin) surface (more) conductive layer: once the distance between the
emitting (surface) dipole source and the measuring site is drastically larger than the thic-
kness of the surface layer (cf. Appendix IILB), the electric field value is (solely or mainly,
depending on the distance) governed by the resistivity of the basement (and not on the
resistivity just beneath the measuring site). This is important in the following sense: when
doing VAN measurements, artificial noise may come from distances of a few to several
kilometers (when the strength of the source is appropriately large). Let us now consider
(the extreme case of) p=~10km and compare the right vertical scales of Figs AL.13 and
AL14; for a half-space (0,=4x10°Qm) the electric field value, produced by a noise source
of ~1Am, is ~1.3nV/m; this value is slightly reduced to ~1.2nV/m, when considering a
two layered earth (with the same basement g,=4x10°Qm, but) with a surface layer (~ 50m
thickness) having conductivity 20 times larger than that of the basement (if o,=10Qm, the
field is reduced ~0.3nV/m, i.e., it decreases by a factor of ~4-5 only -see Fig. AIL.15-
although the surface layer became 400 times more conductive than the basement).

As a general conclusion of this section we may say the following: when using a
combination of short dipoles (L ~50m) and long dipoles (L ~ Skm), there is a substantial
difference between the two cases: (i) symmetric and (ii) asymmetric dipoles (cf. especially
when considering the configurations repeatedly recommended by VAN, e.g., when the
emitting surface source and the remote electrode lie on the same side, in respect to the
measuring site, or simply when the remote electrode is installed very close to the surface
noise source); for noise source distances of o~ 10km, the “ratio (Long/Short)” differs
drastically from unity, e.g. it is ~3, for the asymmetric configuration (cf. the case of Fig.
Al4a), but only ~1.15 for the symmetric one; this emphasizes the decisive role of the long
dipoles (cf. asymmelric configuration) in recognizing the noise emitted from nearby artificial
sources. For large distances, e.g., 0=100km (as in the case of SES, artificial noise cannot be
detected at such distances), the “ratio (Long/Short)” slightly differs from unity and hence
the AV/L-values either of the short dipoles or of the long ones represent the true electric
field (which is mainly governed by the basement resistivity; note, however, that in the
frame of the model of the SES transmission presented in this paper, the SES electric field
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value also depends on the distance from the top of the channel, the conductance of the
latter and, of course, on the measuring direction in respect to that of the channel, see
below).

Study of the AV/L-values when two (almost parallel) long dipoles are operating simultaneously
with a short dipole array.

We now turn to the case of two long dipoles AI" and AT (e.g., with lengths 2km and
Skm respectively) which are simultaneously operating with a short dipole AB, e.g., 50m
(all these dipoles are assumed to be collinear). In order to study the possible sites (and
orientations) of an emitting noise source (monopole or dipole) that produces signals
having comparable AV/L-values (on the aforementioned 3 dipoles), we run a Monte-
Carlo simulation. The position (and the orientation) of the monopole (or dipole) source is
selected randomly within a circle of radius equal to (ATI'); the AV/L ratio is calculated (for
each pair of dipoles) and if found to satisty the condition (cf. for the three pairs of dipoles
simultaneously):

| AV/L ratio -1 | <tolerance

the program plots this solution on a graph, otherwise it continues with a new Tandom
selection of position (and orientation). The program ends when either 10000 solutions
have been obtained or the CPU time limit (2 hours approximately in a CONVEX 3820
supercomputer) has been exceeded. In other words, in the aforementioned example, we
searched for sites at which the following three inequalities were simultaneously satisfied:

| ratio (Long/Short)-1 | <tolerance, when (AI')=5km, (AB)=50m
| ratio (Long /Short)-1 | <tolerance, when (AT")=2km, (AB)=50m
| ratio (Long'/Long)-1 | <tolerance, when (AT")=2km, (AT')=5km

The results of the calculation (made either for a half-space, with o,=4x10°Qm, or
a two layered earth with o,=4x10°Qm and pg=200Qm) are depicted in Fig. AL22,
Al.23 and AI24 by accepting a tolerance of 50%; the emitting noise source is assumed
to be a monopole, a point (current) dipole and an extended (current) dipole (cf. with a
length of 1km) respectively. An inspection of these figures indicates that a (dipole)
noise source -after investigating its possible sites within a circle with a radius equal to
the longer dipole- cannot lie at sites having the following coordinates:

(i) In front of the measuring site, i.e., x>0: a y-value between (AT')/2 and -(AT)/2
with a x-value between 0 and (AT') [cf. the same holds, but only approximately (due to the
small shaded areas depicted in Fig. AL22), for a monopole emitting source]; in other
words, once we assured comparable AV/L-values on the two long dipoles (and on the
short dipole as well), this indicates that the noise source cannot lie within an area having
dimensions almost (AT)x(AT).

(if) Backwards of the measuring site, i.c., x<0: within a semi circle with radius of, at
least, (AI")/2, or so.
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Fig. AL22. Sites of a noise source (monopole) for which the AV/L values recorded by a short
dipole and two long dipoles AT” and AT are equal (with a tolerance 50%, see the text): a: half-
space (0,=4x10°Qm); b: two layer earth (0s=200Qm, p,=4x10°Qm).
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Fig. A1.23. Sites of a noise source (point current dipole) for which the AV-L values, recorded by a
short dipole and two long dipoles AT’ and AT, are equal (with a tolerance 50%, see the text): a:
half-space (g,=4x10°Qm); b: two layer earth (0g=200Qm, 0,=4x10°Qm).
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Fig. AI24. Sites of a noise source (extended current dipole with a length of 1km) for which the
AV/L values, recorded by a short dipole and two long dipoles AT and AT, are equal (with a
tolerance 50%, see the text): a: half-space (0,=4x10°Qm); b: two layer earth (0s=200£2m,
0,=4x10°Qm).
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Fig. AL25. Study of the “ratio (Long/Short)” for the SES transmission model discussed in the
main text.
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Fig. AL 26. Configuration of a short dipole AB and two long dipoles AI" and AT for an easy
recognition of noise; the emitting (noise) source is assumed to lie within the elliptical area.
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Investigation of the validity of the AV/L-criterion in the case of the SES transmission model

S ;';gcsted in the main text.

Figs AL.25a,b show the “ratio (Long/Short)” for the asymmetric configuration of a
long dipole (Skm) and a short dipole (50m), at various distances (of the measuring site)
from the projection on the earth’s surface of the top of the channel; Fig. AIl.25a
corresponds to the case when the remote electrode and the top of the channel lie on the
same side from the measuring site (i.e., the site of the short dipoles), while in Fig. AL25b
they lie on different sides. The (collinear) dipoles were assumed parallel to the projection
of the channel on the earth’s surface, at various y-values, i.e., y=0, 1.0, 1.5, 2.0, 2.5 and 3.0
km. An inspection of these figures shows the following: at short distances from the top of
the channel (i.e., smaller than one long dipole length in Fig. AI.25b, or smaller than two
long dipole lengths in Fig. AL.25a), and/or at small y-values (i.e., y=0, 1.0), the “ratio
(Long/Short)” markedly differs from unity, as expected; otherwise, this ratio approaches
unity (it only deviates from 1 by 20%, or so) in agreement with the SES observations.
(Note that a detailed experimentation is currently carried out in Greece in order to
determine, if possible, the vicinity of the top of the channel).

Concluding remarks of APPENDIX I

Depending on the location of the emitting (surface) noise source (cf. in a
homogeneous half-space or horizontally layered earth), the proper use of the AV/L-
criterion can lead to the noise recognition as follows:

(1) In the case of a noise source N lying in the immediate vicinity of the short
dipoles (Varotsos and Lazaridou [1991], see p.327), it can be easily recognised, because
the cultural signal voltage AV does not generate the same field strength AV/L in
neighbouring (short) dipoles with the same orientation but of different lengths. (This,
of course, also excludes any electrochemical noise, arising from the instability of
electrodes, e.g., due to rain).

(2) In the case of an artificial source the location of which is known and lies a few
km (up to several km) away from the measuring site, the installation of a single long
dipole (cf. in combination with a short dipole parallel to the long one) seems to be
enough for the noise recognition, if its two electrodes are located as follows: one of
them should be close to the measuring site, while the other, i.e., the remote one, should
lic on the same side (cf. in respect to the measuring site) and the same straight line with
the noise source; as for the exact location of this remote electrode, the following two
possibilities are recommended:

(a) the noise source to lie closer to the measuring site than to the remote electrode
[see Figs 12a,b by Varotsos and Lazaridou, 1991, or case II of Fig. 22 of Varotsos et al.
1993]; the noise is then easily recognised, because (irrespective of whether it comes from a
monopole or dipole source) it gives signals with opposite polarities on the long dipole and
on the (parallel) short dipole, i.c., the “ratio (Long/Short)” is negative,
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(b) the noise source to lie close to the remote electrode (e.g., see Fig. 12¢ of
Varotsos and Lazaridou 1991); the noise (irrespective of whether the emitting source is
a monopole or a dipole) is then again easily recognised, because the “ratio
(Long/Short)” differs drastically from unity (cf. in the case of an emitting dipole, the
ratio is negative if it lies between the remote electrode and the measuring site;
otherwise, it is positive, but it has a value significantly larger than unity).

(3) In the case of artificial sources (at distances up to several km from the measuring
site), the exact location of which are not known, it is necessary to install two (almost
parallel) long dipoles (cf. in addition to the short dipole array, one of the dipoles of which
should be parallel to the long ones), with non equal lengths, but having one of their
electrodes close to the measuring site; once the candidate area (for the tentative locations
of artificial sources) can be roughly estimated, say an ellipse, care should be taken in order
for its major axis to coincide, if possible, with one of the long dipoles, while the other
dipole may have a smaller length, e.g., by a factor of 2, or so (see Fig. AI.26). Under such a
configuration, any noise signal (emitted from the candidate area) cannot give, as explained
above, equal AV/L-values (within a reasonable deviation of 50% or so) when comparing
the long dipoles with their (parallel) short dipole(s).

APPENDIX II. SUMMARY OF THE ARGUMENTS THAT INVALIDATE GRUSZOW ET
AL.’S [1996] CLAIMS.

On May 13, 1995, an earthquake (EQ) with magnitude 6.6 occurred in Kozani area
(Greece). A prediction was issued well in advance by VAN, based on SES activities
recorded at IOA (North-western Greece) on April 18 and 19, 1995. Varotsos et al. [1996b]
published the corresponding SES and the relevant variations of the horizontal components
of the magnetic field and commented on the latter that they are not significant. Gruszow et
al. [1996] reported: (a) that they also observed (at a site labelled JAN E, 4.5km from the
VAN station IOA, Fig. All.1a) electrical variations simultaneously with those published
by VAN, and (b) that the observed electrical variations were accompanied by magnetic
field variations of ~InT (measured at JAN M, lying 3.5 km from IOA, Fig. AIL1a).
Gruszow et al. [1996] claim that their observations, as well as those of VAN, could be
attributed to a (nearby) industrial source, with I/=1.6x10° - 4x10*Am. It is the aim of this
Appendix to prove that this Gruszow et al.’s [1996] claim contradicts all the observed
results, including their own. In the main text we showed that it is naturally expected that
very strong SES activities, like those preceded the 6.6 Kozani EQ, should be accompanied
by magnetic field variations of InT, mainly on Z-component. Beyond this point, we shall
indicate below the more definite errors of Gruszow et al. [1996]. (In the next two
paragraphs, we follow their approximation that “the earth is represented by a half space
with a conductivity o(z) depending only on the vertical coordinate”).
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Fig. AIL1. Map showing the sites of JAN E and JAN M along with the long dipoles L, L’, and L-I
at IOA (map a), and the short dipoles at IOA (map b).
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Non compatibility of the magnetic field observations of Gruszow et al. [1996] with

nearby artificial sources

By recalling thar Gruszow et al. [1996] observed that B, is significantly larger than
the horizontal component and following Varotsos et al. [1996d], we discuss below three
possibilities for an eventual artificial source:

a) For a (surface) horizontal point current dipole (with current intensity I and
length [), grounded at both ends (z=0), the amplitude B, of the vertical component
(due to the current flowing in the cable) of the magnetic field is given by the Biot-
Savart law (/< <r):

B, = (1 ll/4nr?) sind (A1)

Assuming the current dipole is along the x-axis, the amplitude of the two
components B, and B, of the horizontal magnetic field By, (arising solely from the

current flow in the earth) are:
B, = (Woll/4nr?) sin20 (A2) B, = (poll/dnr®) cos2d (A3)

Therefore, when varying the angle d between the current dipole and the observation
vector r the amplitude B,;=(B,? + B,?)'? of the horizontal magnetic field remains constant
(if r=constant), but B, varies like sind; therefore, at any angle, we must have B,<By
(except for d=90°, where B,=B,).

b) If the ends of the aforementioned dipole are grounded at a non zero depth |z,
Varotsos et al.[1996d] indicate that the above relations (A.1) to (A.3) turn to (cf. ¢ is the
angle -smaller than 90°- between z-axis and r ; d is now the angle between the current

dipole and the horizontal component of r):

B, = (u ll//4nr?) sind sing (A.4)

B, = (noll/4nr®) [(1/sin’) (1-cosg) sin2d-(1/2)cosp sin2d]  (A.5)

B, = (woll/4mr?) [(1/sin’p) (1-cosp) cos20+ cosg sin’d] (A.6)
These relations indicate that By, exceeds B,, except for a very narrow range of 0-

values (cf. for depths corresponding to ¢>23°23" only), around d=90°, which is

determined from:
sind sin’ (2cos’@+4cosq+1)> 1 (A7)
When this inequality holds, after considering that usually |z| ~m and r~km, we

find that B,/B; exceeds unity [cf. within the angle d=m/2%+2( | zl/r)“2 rad] by ~2 || /r
only. For example, for |z | =2m and r=4km, B, exceeds By, (when 88°<d=<92°, see Fig.
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AIL2) by (at most) 1% ; such differences are below the experimental error, and hence

observations cannot lead to B, that (significantly) exceeds By;.
¢) For an extended current dipole (z=0), detailed calculations (Prof. R. Teisseyre,

private communication) show that only in its vicinity (i.e., r<L) we may have that B,
significantly exceeds By, (see Fig. AIL3); away from the dipole, B,/By; quickly drops to
values smaller than unity (or ~ 1, if =90°, while it approaches zero close to the dipole
axis). Thus, when it is observed that B, significantly exceeds By, this, in principle, could
be attributed to an artificial source, only if situated quite near the measuring site; such a
possibility, however, is excluded (see Appendix I) once the electric observations show
that the (measuring) long dipoles (cf. almost with the same orientation and having one
of their ends in the vicinity of the measuring short dipoles), resulted in approximately
equal AV/L-values (compatible with the corresponding values of the short dipoles).

The above remarks indicate that the magnetic field observations of Gruszow et al.
[1996] are not compatible with any of the aforementioned 3 possibilities of an artificial
source. Furthermore, it is important to note that measurements we have conducted
lately, at the same sites as Gruszow et al. [1996], demonstrated that disturbances from
(nearby) industrial sources actually give By>B,, thus precluding any possibility for their
claim to be correct (e.g., even when considering nearby inhomogeneities); this
experimental result, alone, invalidates Gruszow et al’.s [1996] claim about the magnetic
signals being of cultural nature.
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Fig. A. I1.2. The shaded area shows, at various depths (for r=4km), the narrow angle, within
which B, slightly exceeds By (cf the corresponding value of the ratio By/B, is shown to the right),
for a buried current point dipole. Note that at z=0, at any angle, we must have B,<By (except for

0=90°, where B,=By).
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Fig. AIL3. The ratio B,/By; of an extended dipole (=10km) located at the origin of axis (and
directed along y-axis).
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Non compatibility of electrical observations with Gruszow et al.’s [1996] claim on
nearby artificial sources

Gruszow et al. [1996] state that an industrial source with I/=1.6x10°Am is compatible
with their B, observation (at a distance R= 4km from JAN M). Concerning the distance r
from JAN E and IOA to the source, they claim that “it seems safe to suppose that this
distance is ...4 km”. Varotsos et al. [1996¢] presented the (horizontal) electric field
variations, that would have been produced at JAN E and IOA by such an industrial
source; the calculation was made by Berkeley’s program (Hoversten and Becker [1995])
taking I/=1.6x10°Am, r=4km, for a two-layered earth with a surface layer (thickness ~ 50
m) having resistivity 0,=200Qm and a lower layer with 0,=4x10°Qm (cf. These values are
compatible, on the average, with the geoelectric structure around IOA [K. Smith, private
communication] and with the detailed MT study by Makris [1996]). The results showed
that electric field variations of the order of 1.5 to 2.6 V/km would have been measured at
JAN E and IOA; these values are roughly two orders of magnitude larger than those
measured. We emphasize that, if we change the aforementioned resistivity values with
other (reasonable) values, the calculated electric field values are still far larger than those
measured (the measurements are depicted in Figs AIL4 and AILS, see also below); note
that, even if we consider the extreme case of p,=10Qm (thickness ~50m), Fig. AIL6
indicates that the calculated electric field becomes ~0.3V/km, which is still drastically
larger than that registered. Such a sharp discrepancy cannot be attributed to the
complicated (near surface) geoelectrical structure of IOA (and hence to the
incompleteness of the aforementioned simplified theoretical calculation), because the
experimental results showed (see Figs AIL4, AILS) that the AV/L-values of the long
dipoles were compatible -but not exactly equal, as expected- with those of the short ones.
Thus, in any case, Gruszow et al.’s [1996] claim contradicts all the electrical observations
(including their own).
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Fig. AIL4. SES activity at IOA on April 19, 1995. They are photocopies from the (continuous)
analog recorders at the central station (GLY) of the real-time telemetric network (cf. the polarity of
these recorders, as explained by Varotsos et al. [1993] with several examples, is opposite to that of a
different type of recorders we use for additional dipoles operating at IOA). All channels correspond
to IOA, except those labelled ROD or ASS which refer to other stations. The arrow, labelled
increase, indicates the direction of increasing value of AV (e.g., see p. 324 of Varotsos and Lazaridou

[1991]). All the scales are in mV.
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Fig. AIL 6. The amplitude of the two components of the electric field versus 0 at a distance of
4km from a (point) current electric dipole with I/= 1.6x10° Am grounded on the surface of a two
layered earth (o,=10Qm with thickness 50m, 0,=4x10°Qm).
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Remarks on the validity of the four VAN criteria for the SES of Grevena-Kozani 6.6
EQ

In accordance with Fig. 21 of Varotsos et al. [1993], we have installed, long ago, 3
long dipoles at IOA, depicted as L, L' and L-I in Fig. All.1a. As explained by Varotsos et
al. [1996a,b], the two long dipoles L, L' have independent electrodes and connect Perama
village with the site of the station, i.e., the site at which the short dipoles are operating; an
additional long dipole L-I connects the station to Ioannina town. Six short dipoles have
been operating at IOA, since more than 12 years (Varotsos and Lazaridou [1991]; Varotsos
et al. [1993]). The data from these dipoles are transmitted to Athens through a “real time”
telemetric system.

Varotsos et al. [1994, 1996a,b] explained that, since 1992, a data logger has been
also installed at IOA, and the data, stored in situ, are transmitted to Athens once or
twice per day via dial up telephone lines. Therefore, data from IOA are collected in
Athens in two independent ways: (i) through the “real time” telemetric system (cf.
collecting the data from the aforementioned long and short dipoles) and (ii) through
the data logger. The latter collects data from: (i) 2 horizontal coil magnetometers, (ii)
the three long dipoles mentioned above (cf. by comparing systematically the SESs
collected, in both ways, from the common three long dipoles, no difference has been
noticed) and (iii) a set of short dipoles (different from those used in the real time
telemetric system); the latter are located at the sites a, b, ¢ (see Fig. AIL.1b), which
have different local geological characteristics from the site at which the short dipoles of
the real time telemetric system are installed (cf. the latter lie within the broken contour
of Fig. AIL1b, i.e., between the sites b and c).

Fig. AIL4 shows the SES activity of April 19, 1995, registered through the “real-
time” telemetric system. A study of these records shows that the four criteria published
by Varotsos and Lazaridou [1991] are well obeyed. The following comments clarify a
few points raised by Gruszow et al.[1996]:

(a) Concerning the “AV/L-criterion”; the three short dipoles (in the NS direction)
with L=47.5 m, 100 m and 184 m (IOA, NS, in Fig. All.4a, and NS and N'S’ in Fig.
AIL4b) show almost the same AV/L-value (the dipoles, in EW direction, labelled EW and
E'W, have L=47.5 and 50m respectively). This invalidates Gruszow et al.’s [1996] claim
that the criterion “AV/L = const” fails at IOA. Gruszow et al. [1996] incorrectly demand
the equality of the AV/L -values of the NS-dipoles located at the different sites a, b and c,
which have different directions of the electric field polarisation (Varotsos et al. [1994;
1996a,b]) deduced from MT measurements. We again emphasize that AV/L-test (for the
short dipoles) should not be made in such cases of inhomogeneous ground (e.g., see pp. 324,
328 of Varotsos and Lazaridou [1991]).

(b) Concerning the SES polarity: for an easy recognition of the noise, coming from
artificial sources inside (or close to) the long dipoles array, Varotsos and co-workers
repeatedly emphasized that, for the configuration of the dipoles of the “real-time”
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telemetric network, the following convention is used (e.g., see p. 343 of Varotsos and
Lazaridou [1991]): “In measuring the potential difference between the electrodes of the
short dipoles the following convention is used: E¥W-, N*S-; and for the long dipole:
(Perama village)* - (station). This convention implies that for a true SES signal the
polarity of AV for the long and parallel short dipole should be opposite [on the recording
charts]”. Therefore, Fig. AIL4 shows that the SES polarity on April 19, 1995 is negative.
(The same holds for the SES of April 18, 1995). Recall that the prediction text (see Fig.
13a of Varotsos et al. [1996b]) emphasized that the SES characteristics (polarity, form, etc.)
of the signals on April 18-19, 1995 are the same with those of Sept. 29, 1988 and Oct. 3,
1988 (.f. the polarity of the SES on October 3, 1988 was negative, e.g., see Nagao et
al.[1996]). Furthermore, note that there is an obvious inconsistency in Gruszow et al.
[1996], because in their Figs. 2a, 2b they plot correctly the (negative) SES polarity of the
VAN signals, but in their Fig. 1b they plot this polarity in the opposite way.

Recapitulating, we have assured that all dipoles, short and long ones (directed
almost in the NS direction), consistently show the same (negative) polarity. This fact
excludes any possibility for attributing these signals to the “industrial areas: Perama
village 2.5 km to the south-west of IOA, Ioannina town and suburbs 4 km to the south
of IOA”, because (e.g., see, Fig. 21 of Varotsos et al. [1993]) any disturbance, emitted
from these industrial areas, should have destroyed (see Appendix I), either the internal
consistency between the polarities of short and long dipoles, or it should have led to
drastically different AV/L -values (see Fig. AILS) of the long dipoles L, L' and L-I,
which was not the case.

The misuse of AV/L-criterion by Gruszow et al. [1996] at their electrical measurements

Gruszow et al [1996] mentioned that their AV/L -values (for the SESs of April 18-
19, 1995) on their two NS dipoles are different and considered it in favour of an industrial
origin of the disturbances; this is not so, because, either an industrial source lying at r=4
km (i.e., at a distance far larger than the lengths of their short dipole array), or a natural
EQ source at r=80km, should give AV/L= constant, for their short dipoles, in a given
direction, provided that their area is homogeneous (e.g., Varotsos and Lazaridou [1991]).
Therefore, the inequality of AV/L -values should have instigated Gruszow et al. [1996] to
study the inhomogeneity at their measuring site in a similar fashion as Varotsos et al.
[1994, 1996a,b] did for the areas a, b and c at IOA (and found that their directions, along
which the electric field is polarized, are different). In order to investigate the eventual
inhomogeneity, Varotsos et al. [1996c] undertook a detailed MT survey, inside and just
outside the array of Gruszow et al [1996]. Our results actually showed the existence of
strong inhomogeneities. In other words, Gruszow et al. [1996] misused the criterion
“AV/L =const”, i.e., without checking if their measuring site is homogeneous.
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Concluding remarks of Appendix II

The claim of Gruszow et al. [1996], i.e., the electrical signals on April 18-19, 1995
could be attributed to a nearby (huge) industrial source (cf. no such disturbances were
reported by the Electrical Company), is in sharp contradiction to the theory as well as
to all the experimental facts. First, their magnetic field measurements, detected a
vertical variation, which is appreciably larger than the horizontal; this invalidates their
claim, because, as we showed, a (nearby) industrial source cannot give (cf. at distances
claimed by Gruszow et al. [1996]) a vertical magnetic field variation significantly greater
than the horizontal one. Second, the strength of the (industrial) source, necessary to
produce the detected B, variation, would give an electric signal far stronger than the
registered. Third, the totality of the electric field measurements, at short dipole arrays
and at the long dipoles, preclude any possibility of an industrial origin of the electrical
variations, because not only they all showed the same polarity, but also the long dipoles
registered comparable AV/L-values (which were also compatible with those of the
short ones). Furthermore, note that Gruszow et al. [1996] misused the “AV/L-criterion”,
because they required constant “AV/L-values” (for short dipoles in a given direction),
when comparing sites which (as we experimentally confirmed) exhibit different
directions of electric field polarization.

APPENDIX III. SOLUTION OF THE BOUNDARY VALUE PROBLEMS:
CONDUCTIVE CYLINDER OR CONDUCTIVE LAYER EMBEDDED IN A LESS
CONDUCTIVE MEDIUM

A. CONDUCTIVE CYLINDER INSIDE A MEDIUM WITH SMALLER
CONDUCTIVITY.

Point current source in the center of the cylinder

Let us suppose that the point current source is located at the origin (0,0,0) of a
cylindrical system of coordinates. We also assume that a conductive cylinder (with
conductivity o) has its axis along the z-axis of the coordinate system and that it lies in
the region p<R. The remainder of the space is a medium with smaller conductivity o”,
i.e. 0’<0. The electrostatic potential ¢ is composed of two parts: the primary part ¢P
that is the (singular at the origin) potential of a point current source inside a full space
of conductivity o and a secondary part @* that is due to the existence of the cylinder.
The primary potential can be written as

(pP=I/[4‘R:0'(p2+ZZ)“2]=I/(21t20‘R)]Ko(E_,p/R) cos(§z/R) dg

since IKo(?Lp) cos(Az) dA=mn/[2(p?+z2)!2] (e.g, see Abramowitz and Stegun,
0
Handbook of Mathematical Functions, Dover, New York, [1970]).
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Inside the cylinder the solution involves, the singular part ¢P ,that descibes the point
current source, and the secondary part ¢° expressed in terms of the (well-behaving at the
origin) modified Bessel function,of the first kind Io(§p/R) (J.R Wait,Colorado School of
Mines Quarterly [1978], Vol.73, p. 1-21 ) :

@IN= P +@s= I/(2n26R) ?H(o(ﬁp/R)+A(§)Io(§p/R)] cos(Ez/R) d&. III.1

Outside the cylinder, the potential involves only the (well-behaving at infinity)
modified Bessel function of the second kind K(§p/R) J.R Wait [1978] ):

gout= I/(2n2cR) nj‘B(&) Ko(& p/R)cos(&;/R) dE. L2

The unknown functions A(E) and B(E) are to be determined by the boundary
conditions for the electric field E=-grad ¢ on the surface of the cylinder p=R:

E;n(z.R)=E,our(z.R), 111.3

UEPTN(Z'R)=G’EPOUT(Z‘R)' II1.4
Equation II1.3 implies

Ko(€)+A(&) Io(€)=B(€) Ko(§), IIL5

and Eq.IIL4, using, Ko'(€)=- K1 (€) and Io'(€) = I, (&), leads to:

o Ki(§)-0 A§) 1i(€)=c"B (§) Ki(©). 116
A combination of, Eqs.IIL5 and IIL6 gives:

A(§)=(c-0") Ki(&) Ko(€)/[o 1) Ko(©)+o” Lo(€) Ku(8)], 1117

and

B(E)= 1+A(£) Io(E)/ Ko(E). 111.8

By inserting Eqs.II1.7 and II1.8 into Egs.III.1 and II1.2, respectively, we find the
electrostatic potential inside and outside the cylinder.

The case of a dipole current source
We consider the case of a dipole current source p=1I/, located at the origin. We
first recall the general expression (Zhdanov and Keller [1994]) :
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Qdipole=-P -gfad @Pmonopole /1 II1.9

and then, using the expressions III.1 and III.2 (for the monopole potential), we
can obtain the electrostatic potential for any polarization of the dipole.

For a dipole, |p|=1/, along the z-axis, and for points inside the cylinder (0<R) we
obtain:

QiN(p,z)= Il/(21t20'R‘2) T[Ko(ép/R)+A(§)Io(E,p/R)] §4sin(§z/R) dg, 1IL.10
while for points outside the cylinder (0>R) we have:
pout(p,2)= liA2n?cR?) ?Ko(ép/R)[l +A(E)o(E) Ko(&)] & sin(Ez/R) dE.TI1.11

Fig. A.II.1 depicts, for various values of the distance d=z from the dipole, the ratio
of the electric field E, along the axis of the cylinder at p=0 (labeled E, ) over the electric

field (along the same direction) for a full space of conductivity o" at the same distance
(labeled E, ). This ratio is plotted for various values of the conductivity contrast o/ o’

Note that, for a given conductivity contrast, the ratio E, ,./E; reaches a maximum value
(larger than unity) at a certain reduced distance-denoted (d/R),,, - and then decreases
approaching unity at appreciably larger distances. If we recall that E,, varies with distance

as 1/d*, we reach the following conclusion: when studying (reduced) distances smaller than
(d/R) i the electric field E, . (i.€., inside an one dimensional conductive channel)
decreases (versus distance) more slowly than 1/d% on the other hand, when restricting our
study to (reduced) distances just larger than (d/R),,, the field E; . decreases (versus the
distance) faster than 1/d*. Finally, at distances appreciably larger than (d/R),,, the field
E; . varies as 1/d (approaching E,,).
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Fig. A.IIL1. The ratio E;q./Epos (static) versus the distance d from a current dipole lying inside

a conductive cylinder (with radius R and conductivity o) of infinite length embedded in a

medium (host) with conductivity 0'(0>0"). The curves correspond to the following conductivity
ratios: 0/0"= 4000/1, 1000/1, 4000/10 and 200/1 respectively.
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B. CONDUCTIVE LAYER INSIDE A MEDIUM WITH SMALLER CONDUCTIVITY
Current dipole source inside the layer

We consider a conductive layer, with conductivity o (and infinite surface area), that
is parallel to the xy-plane of our Cartesian, now, system of coordinates; we assume that
this layer has a width R (e.g., the layer extends from z=-R/2 to R/2), and that the
conductivity of the surrounding medium is ¢". For the sake of comparison (with the
results of the previous paragraph), we consider an electric current dipole source (cf.
parallel to the surfaces of the layer) I/ located at the origin. The electrostatic potential
inside the layer can be determined by the method of images (Zhdanov and Keller [1994]):

¢2piN(x)=/ [I.x/(4no| x|3)+Z Kl 15 Lxn/(4nc] xal* )], 1112

where the summation is over all positive and negative integers n; the Kelvin reflection
coefficient is K,,=(0-0")/(0+0") , and x,= x+nR, where R is a vector of magnitude R
directed along the z-axis.

For the electric field inside the layer, Eq.II1.12 leads to:

Eopiy(0)={ {[3(Lx)x-T|x] “Jic4no | x| 2 K", B3(Lx)x,-11 %, 2Vidno | x,1 )} 11113

Considering, as previously, the electric field along the direction of the dipole, we
plot in Fig.A.II1.2, for various values of the distance d from the dipole, the ratio of the
electric field inside the layer (labeled E, ;) over the electric field (along the same
direction) for a full space of conductivity ¢” at the same distance (labeled E, ). Note that
this ratio (is smaller than unity and) increases with distance, thus reflecting a decrease of
E... (versus the distance) slower than 1/d% approximating with E; g/Epq o= d/R (cf.
which approximately holds only for a certain part of the curves depicted in Fig. A.IIL.2)
we find that, roughly, E; 4. o< 1/d%
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Fig. A.IIL.2. The ratio E;./Ep. (static) versus the distance d from a current dipole lying
inside a conductive layer (with width R, infinite surface area and conductivity o), which is
embedded in a medium (host) with conductivity o’(0>0"). The curves correspond to the following
conductivity ratios: o’/o= 1/4000, 1/1000, 10/4000 and 1/200 respectively. Each curve has been
calculated in both ways, i.e., a) with the procedure described in the text (lower four symbols in the
insert), and b) with EM1DSH program (upper four symbols in the insert); in the latter case we
took advantage of the fact that the problem under discussion is equivalent with the following
problem: a current dipole located at the surface of a two layer medium (consisting of a basement,
with conductivity ¢, and a thin surface layer, with conductivity o).
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When comparing Figs (A.IIL.1) and (A.IIL.2) we conclude, as expected, that the
electric field (E,p) within a two-dimensional conductive layer is smaller than that (E,p)
within an one-dimensional conductive channel (see Fig. A.IIL3); for a given conductivity
contrast, the ratio E,/E,, reaches a maximum value at a certain distance, but it appro-
aches unity at appreciably larger distances.

The above can be visualised in the example of Fig. A.IIL.4 in which we have plotted
(cf. curve with crosses) the electric field E,;, inside a conductive layer with a width
R=500m and resistivity=10Qm (embedded in a medium with resistivity=4000Q2m) at
various distances from an emitting dipole; for instance, when increasing the distance from
d,=10km to d,=30km (i.e., from d,/R=20 to d,/R=60), E,, decreases only by one order
of magnitude. The same decrease (i.e., ~10) is noticed when increasing the distance from
d,=30km to d;=90km. In other words, we observe a behaviour E,, o< 1/d?(cf. from d, to
d;), instead of E, e 1/d® For the sake of comparison, we plot in the same figure
(continuous line) the electric field E,, inside a conductive cylinder with R=250m and
resistivity="7.85Qm (embedded in a medium with resistivity=4000Qm). It can be observed
that E,;, again decreases only by one order of magnitude (i.e., roughly E,, o< 1/d?) when
increasing the distance from d,=10km to d,=30km [cf. the reduced distances increase now
from d,/R=40 to d,/R=120, i.c., they are smaller than (d/R),, discussed in Fig. A. IIL1];
on the contrary, when increasing the distance from d,=30km to d;=90-100km, the
decrease of E,j; is (roughly two orders of magnitude and hence) even faster than 1/d® [cf.
the value of dy/R is larger than (d/R),;,]. (Note that the total decrease from d,=10km to
d;=90-100km is smaller than that expected from 1/d*). We draw attention to the following
point: assume that in order to estimate the E, value, at d=100km, one considers the
(true) value at d= few km, and then applies the 1/d* behaviour; such a calculation leads to
an underestimation of E,, (d ~ 100km) by (at least) one order of magritude. This becomes -
obvious from the study of Fig. A.IIl.1 (when restricting to the cases between the two
curves 0'/0=1/1000 and ¢'/0=10/4000): for distances d/R=10-20 the ratio E, ;4/Ep. is of
the order of 10", while at appreciably larger distances, i.e., d/R=300-400, the ratio
Ejsiae/Enose 18 larger than unity; in summary, when increasing the distance, e.g., from 4km
to 100km, Fig. A.III 4 indicates that E,;, (or E,p) decreases by 3 orders of magnitude only
(note that the same decrease is found for E,;, if we consider, instead of an emitting point
dipole, an extended dipole with length of 5km).
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Fig. A.IIL3. The ratio E,p/E,p, (i.e. the electric field inside a conductive cylinder, with infinite
length and radius R, over the electric field inside a conductive layer with width R and infinite
surface) versus the distance d from a current dipole. The curves correspond to the following

conductivity ratios: o'/o= 1/4000, 1/1000, 10/4000 and 1/200 respectively.
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Fig. A.IIL.4. The decrease of the electric field versus the distance. Curve with crosses: E,p, for a
conductive layer R=500m, resistivity=10Qm (in a medium with resistivity=4000Q2m).
Continuous line: E,, for a conductive cylinder R=250m and resistivity=7.85Qm [=(m/2R)/50S]
embedded in a medium with resistivity=4000Qm; for the sake of comparison, we also depict the
Ep values calculated by: a) the EM1DSH program for the titled conductive channel (50 S)

discussed in the text and b) the EM3D program (kindly forwarded by Prof. P. Wannamaker,
Utah University) for a horizontal channel (50 S), with a length of 100km, lying at a depth of Skm
in a two-layer earth (50m surface layer with 0g=2002m on a basement with p,=4000€2m)(cf.

The E,p and E,, values should not be directly compared).
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ITepidnym
Eva mbavé mpérumo yia Ty eEfynon g eEmAexTindtnras 1oV Lelopindv
Hexrourdv Zypdrov (SES)

Ze mponyovpeves dnuoatevoes, dhhes epeuvmurés opddeg duatelvovron O yu va.
aviyvevBouv oelopxd nhextord ofuata (SES) ot smxevrowéc amootdoag r~100km,
TETTEL VOL EXTEUTOVTOL QEVIATO. TEQAUOTIAS EVIOONG, OO TV ECTIOXY TTEQLOYXT] TOV ETTEQ-
XOpEVOU o8Lopol. Ze autd To dnpocisupa TEOTEIVETAL Evar TTRGTUTO, TO oMol eENyel OTL
axdun xou eevpato évraong 1A eivon iava va ddoovy avyvevoa SES ot amdotaon
r=100km. Autd 1o mEdTUIO amodewviel 6t Ta ofuata SES eival aviyvevoa povo oe
OQLOUEVES TEQLOXES,, EENYMDVTOS £TOL TO POUVOUEVO NG emdexTixdtnrag. Emiong amodel-
%vieTar O pévo yio peydhovg oelopovs pe péyebog 6.5-7.0 pmogel va avixvevBel peta-
BoM) Tov payviixot mediov ouvodevovon ta SES. Autd axpiBis magemnfn otov oet-
oud 6.6 g meproyns Kotavng-Toefevav.

Emiong, oe éva Eexwouoto Kegpdhao, didetan epunmaind 1 quowki Béon tov %ot-
motov AV/L=0100g006. Amoderxvioupe Ot, 6Tav ta AerTEoda Twv dutdhwv peydhov
wiovg eyrobiotavion ratdhnha (dnh. pe évav tedmo mou éxer mpotabel amd To BAN
aE®ETA YOVIO TTELY), oL avtioToues Tés AV/L mov ogeihovion Ot TexvnTég mnyEg
EYRATEOTNUEVES OF TOOTAOELS £0G ROl LEKRETA YLMOPETQA QIO TO OMUELD HETENONGS, St
PEQOVY ONUAVTLRE ATt TLG OVTIOTOLYES THIES TWV UKDV DOV %ow WG EX TOVTOU 0dN-
youv o€ pia ebnoln avayvdelon tov Bogupov.

Ze ¢va emmpooBeto Eexmprotd Kepdhato ovinrovpe toug toyvolopotg tmv
Gruszow et al. [1996], dnh. 6w ta SES mtov ovoyetiCovrar pue tov oewopd 6.6 KoLdvne-
TpePeviv prropovy va anodoboiv oe pia xovuvy Bropmyavxd] myn n omola eEémepnpe
€vo, TEQAOTLO PEVUA. ATodeVIOUIE OTL O LOYVELOUOS auTds Eivan 0 duoagrovia. xar e
v Bewpla xay e to melpapatikd omoteléopara. Do apdderypa, ey outd Ta ofpata
ogeihovto oe fropmyavirn Tnyn: (o) cuTd ETQETE VO, CUVOOEVOVTOL PE HOLYVITLRES HETUL
Bolég nupilmg g ogtoviiov ouwaT®ong, evd 1 mapatnonBeioa payvnuxy petofoln
ROTEYQAPY ®UELWG 0TV XoToroQUEn ouviotdoa kot (B) ov petaBorés tov MhextoLrol
Tediov Ba €mpene va €xouvv mAdtog dvo TdEelg peyéBoug peyariTepo amd autd o
mapeTnenon. Exl théov ov Gruszow et al. [1996] dev exenowomoinoay 0pBmg ta dedope-
va. BAN, m.y. dev epriopooay 0pBwg to xortiowo AV/L=0tabeo, ®ar wg ex tovTov
RAVEVQ OTI0 TO. ETUYELQNUATE TOUG dev evoTaBel.




