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POSSIBILITIES OF THE FOCUSED-FIELD SURFACE
GEOELECTRIC METHOD

Pal EGERSZEGI*

The paper investigates the possible applications of the focused-field method. It is shown that,
with some restrictions, the method can be used for the detection of tectonic disturbances from the
surface, for a more accurate determination of the specific resistivity of the basement and for
obtaining almost distortion-free sounding curves in geologically disturbed areas. In mines the
focused-field method should be utilized with appropriate modifications.

d: gcoeleetric methods, mining geophysics, resistivity measurements

l. Introduction

In 1962 the Geophysical Department of the Technical University of Heavy
Industry and the Hungarian Oil and Gas Trust filed a patent on the application
of the focused current well logging technique on the surface and in mines. The
theoretical foundations of the method were reported by Csokas [1963], the
possible fields of application by the present author [1965, 1967. 1980, 1982]. This
article, based on the results of the investigations to date, gives a summarized
evaluation of the application of the method on the surface and in mines.

2. Focused-current sounding

The focused-field method is based on the principle of the Laterolog 7" of
borehole geophysics; that is, it applies a focusing electric circuit besides the
measuring circuit to ensure that the measuring current should propagate per-
pendicularly to the surface down to a depth depending on the electrode spread.
The penetration depth of the geoelectric method is thus increased. In the
focusing circuit the current strength is adjusted by means of the “guard”
electrodes M and M, placed in the close vicinity of the current electrode AQ in
the centre of the spread. The strength of the focusing current should be changed
until the potential difference between electrodes M, M' becomes zero. The
focusing current is introduced symmetrically will, respect to electrode AOat two
or more sides. As an example. Fig. 1shows an arrangement with four focusing
electrodes.
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Pig. /. Electrode arrangement with four focusing electrodes (A,. A2 1,, ,44)

1 abra. Négyterel@s elektroda-elrendezés

Puc. |. YCTaHOBKa 9M1€KTPO/0B C UYeTbIpbMs (DOKYCUPYIOLLMMU 3M1EKTPOAAMU

The execution of the measurement requires special instrumentation. The
focusing- and measuring currents, which have identical signal form, frequency
and phase, are provided by two low-frequency current generators.

The measuring unit contains, besides the measuring amplifiers, a control
amplifier which can reduce to practically nil the voltage difference across the
electrode pair MM" by adjusting the focusing current.

During measurements the symmetry should always be ensured, that is, the
contact resistances of the 2 or 4 electrodes should be equal. This can be achieved
by the proper driving in of the electrodes and by changing a resistance connected
in series.

Either the measurements are performed with short-circuited guard elec-
trodes M, M' when we determine a single specific resistivity with a given
adjustment of the focusing current, or we separately set in four directions the
zero potential difference between the guard electrodes M, M" and obtain four
values for the focusing current and four corresponding values for the specific
resistivity. In the latter case, the determination of the proper values of the
focusing current and of the specific resistivity should be carried out as described
in Section 4.

If in focused-current sounding the guard electrodes M and M' are short-
circuited, the measuring current "beam" perpendicular to the surface will ap-
parently be symmetric. In reality, this “beam” will no longer be symmetric if
there occurs any lateral resistivity change within a circle of radius 2A0A. Indeed,
in this case we had to use in each direction focused currents of different strengths
in order to provide the zero potential difference between the guard electrodes.
Instead of this we apply only an average focusing field strength because of the
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short-circuited guard electrodes, i.e. the measuring "current beam” is left asym-

metric.
Upon inspecting the equation of apparent specific resistivity

N = C\UAU+ r,HUASU+ U AM)\, (1)

where U is the potential at measuring electrode M due to the respective current
electrode, /7, the focused current ratio in the inhomogeneous half-space (the
quotient of the strength of the focusing current and of the measuring current),
Rx the specific resistivity of the upper layer and C is a constant, we find that
the value of the measured specific resistivity strongly depends on the value of

The value rjhcomputed for homogeneous half-space, and the effect of the
resistivity contrasts on tjn strongly depend on the so-called spread quotient («)

AOA
AQ0O

where O denotes the midpoint between the guard electrodes. With increasing
values of n, tlhincreases, and similarly increases the critical depth for which the
density of the measuring current becomes negligibly small, i.e. "penetration”
increases. At the same time, the change of the measuring current density with
depth has a relative extremum, this results in a maximum in the tj, function for
a focused-current sounding and, consequently, the sounding curve becomes
more complex. As an example, we present two sounding curves with two
focusing electrodes, fot the two-layer case; for k = 1.0 and k = —0.98, respective-
ly

(Fig. 2). (Here K E'2+ 2\1 where Rx, R2 are the resistivities of the upper
and lower layers, respectively.)

Processing of the measured data can be done in two ways. In the computa-

tion of the apparent specific resistivity

uaqm
R,=K o (2)
the value of K is

— either computed from rhreferring to the homogeneous half-space; in this case
we get a curve (R@ that is highly sensitive to any changes;

- or it is computed from //, corresponding to the inhomogeneous half-space,
which results in a nicely smoothed but less sensitive R, curve; in its inter-
pretation the curve should be taken into consideration (Fig. 3.).

Figure 4 shows a field a sounding curve computed by the second method.

For the sake of comparison the curve measured by the gradient arrangement

is also plotted.
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rig. 2. Theoretical sounding curves for two focusing electrodes

2. abra. Kélterel6s elméleti szondazasi gorbék
Puc. 2. TeopeTuyeckune KpuBble 30HAMPOBAHWS C ABYMS (HOKYCUPYHOLMMU enekTponamu

Fig. 3. Dependence of focused-field curves on the method of computation of configurational
factor K. (Research Report of the Geophysical Dept, of the University of Heavy Industries,
Miskolc, Hungary)

3. abra. Terel6 aramu gorbék lefutdsa a K konfiguracios faktor szamitasatdl fliggéen (NME
Geofizikai Tanszék, Miskolc kutatasi jelentése)

Puc. 3. 3aBMCUMOCTb (hOPMbl KPMBbIX (DOKYCHPOBAHHOIO NOMsA OT Crnocoba BblUMCIEHWS
thakTopa KoHdurypauyumn J1'(Mo oTyeTy 06 mccnegosaHnax Kadeapbl reotmnsnku TeXHUYECKOro
YHUBEpPCUTETA MO TSHXKEN0 MPOMbIWAEHHOCTH, . Muwkonu, BHP)
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Fig. 4. A recorded 4-focusing-electrode sounding curve. (Research Report of the Geophysical
Dept, of the University of Heavy Industries, Miskolc, Hungary)

4. dbra. Terepen mért 4-terel6s szondazasi gorbe (NME Geofizikai Tanszék, Miskolc kutatasi
jelentése)

Puc. 4. 3apeructpmpoBaHHas B MOMEBbIX YCMOBMAX KPMBas 30HAMPOBAHUSA C YETbIPbMS
thokycmpyrowmmn anektpogammu (Mo otyety 06 nccnegoBaHmsx Kadeapbl reodmsnkm
TexHNYECKOro YHMBEPCUTETA MO TSHXKENON NPOMbILWAEHHOCTK, T. Muwkony, BHP)

In the focused-field sounding method three basic points should be kept in
mind for the proper selection of the spread quotient and of the number of
electrodes:

— “penetration” should be maximum;
— interpretation of the sounding curves should be as simple as possible;
— the effect of the lateral resisitivity changes should be minimized.

3. Study of “penetration”

In the study of “penetration” we have made use of the results of Roy and

Apparao [1971] and Szaraniec [1971]. Roy and Apparao defined the “depth
of penetration” as that particular depth wherefrom a thin horizontal layer exerts
a maximal effect on the signal measured at the surface. Szaraniec [1971]
introduced the concept of “effective spread length”: in the two-layered case with
a resistivity contrast k= + 1.0 or k-—- 1.0 this can be expressed as the ratio of
the depth of the layer boundary to the spread length, taken at the intersection
of the tangent to the steep part of the curve with the straight line RJIRX= 1

For some widely used arrangements (Fig. 5) these quantities are compiled
in Table I and II.

From the point of view of penetration, the arrangement with four focusing
electrodes of great spread quotient is advantageous. At the same time, if we
study the behaviour of the sounding curves, the arrangement with two focusing
electrodes and of spread quotient n=2.22 seems to be the most appropriate
[Egerszegi 1980]. In this latter arrangement for positive resistivity contrasts the
“penetration” is four times as much as for the gradient arrangement, while the
shape of the curves is the same as in a gradient arrangement.
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Fig. 5. Electrode arrangements 5. dbra. Elektrdda-elrendezések Puc. 5. YCTaHOBKM 3N1eKTPOAOB

In the case of a positive resistivity contrast the focused-current sounding
has a further advantage over the gradient arrangement: it yields a fair resolution
even for contrasts as high as R2jR] > 100; that is, it differentiates between the
different high resistivity basement formations [Egerszegi 1980].

All the advantages listed in favour of the focused-current sounding also
apply to the potential arrangement: it has a great “penetration” and a high
resolution power for large positive resistivity contrasts.

4. Study of the “lateral effect”

As already mentioned, the focused-field sounding method is very sensitive
to the lateral resistivity changes within a circle of radius 2 AAO[Egerszegi 1965].
This effect can most easily be demonstrated by a 4-focusing-electrode arrange-
ment if we do not short-circuit the guard electrodes and separately satisfy the
condition AU=0 in the different directions. In the case of a lateral effect, the
condition AU=0 is satisfied for different /7, values in different directions, as
illustrated in Fig. 6 for the arrangement shown in Fig. 7.

During the computations we changed the value of the spread quotient n,
the distance d of the centre of the spread from the boundary of contrast k= 0.9,
and the value of tp; that is, the angle made by the direction through the guard
electrodes and the normal of the contrast boundary (Fig. 7).

The general relationship reads as

fi(n, n) +kpf2(n, n',p,<p)

/3(2, N') +kpfd(n, n',p, 1

where p = AQA/d, the functionsf xandf 3 refer to the homogeneous half-space,
fi(n, n)

- 13(n, «')

while the functionsf 2 andf 4 are the changes due to the inhomogeneity. Func-
tions/2 and/4 assume both positive and negative values with changing o The

(3)

(4)
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equation implies that this change has the greater amplitude, the greater the value
of k. The curves of Fig. 6 however, imply that the amplitude also increases with
increasing values ofp and n. These considerations show, similarly to above, that
in order to reduce the lateral effect one should use an arrangement of small
spread quotient (n=2.22) in the case of focused-current measurements. Distor-
tions due to the lateral effect cannot be checked unless an arrangement of four
focusing electrodes is used.

Fig. 6. Variation of 7, as function of the vertical layer boundary and of the relative position of
the guard electrode pair (p = AOA/d)

6. abra. njj valtozasa a vertikalis réteghatar és a figyelGelektroda-par egymashoz képesti
helyzetének fiiggvényében (p = AOA/d)

Puc. 6. /3meHeHWe Ig, B 3aBUCMMOCTU OT BEPTUKANLHOTO pasfjena v B3aMHOT0 MO0XEeHWs
napbl HabngaTenbHbIX 31eKTpogoB (p = AOA/d)
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A

Fig. 7. Relative position of vertical layer boundary with respect to the 4-focusing-electrode spread
7. abra. Vertikalis réteghatar helyzete a négyterel@s teritéshez viszonyitva

Puc. 7. MonoxeHve BePTUKANLHOrO pasaena no OTHOLLUEHWIO K YCTaHOBKE C YeTbipbMS
(hOKYCMPYIOLMMI 31EKTPOAAMM

Figure 8 presents a field example for the determination of ¥, and Rafor the
separate setting of the zero potential difference between the guard electrodes in
the four directions. The determination is based on an observation drawn from
Fig. 6, viz. the 1j value free from lateral effects should be read off around the
midpoint between the maximum and the minimum.

In conclusion, it can be stated that for the focused-field surface sounding
a 2-focusing arrangement of spread quotient n=2.22 should be used, with
occasional measurements with a 4-focusing arrangement for checking purposes.

5. Focused-field profiling

It is quite another situation if we are concerned with the detection of the
lateral step-like resistivity change (due to a fault). In this case, the condition /1
t/=0 should be set in at least 4 directions, or we could also use two 4-focusing
arrangements rotated by 45° with respect to each other. The spread quotient
should also be increased, an optimal choice being n=5. In this case we can also
obtain a negative X value for ¢?=180° which makes the localization of the
maximum and minimum more reliable. tj(<p) increases from +0 to + 00, then
further, from - co to - O;that is, the negative /7 of small absolute modulus will
yield the maximum. The exact tracing of the maximum and minimum is very
important since this provides the direction of the normal erected to the vertical
layer boundary of positive resistivity contrast.
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Fig. 8. Variation of //, and Ril as functions of the position of the guard electrodes (field example)
8. 4bra. 1jj és 1, véltozasa a figyelSelektrodak helyzetének fiiggvényében (terepi példa)

Pue. 8. N3meHeHwns /I, n J1, B 3aBUCUMOCTM OT MONOXEHWS1 HAGNIOAATENbHbLIX 3/IEKTPOAOB
(Nnpumep nonesoi paboThbl)

The sensitivity to asymmetry of the focused-current arrangement can be
utilized by separately setting the condition /1(7=0 in each direction [Egerszegi
1982], as is usually done in focused-current profiling. This accentuates the effect
of lateral resistivity changes. In the case of a 2-focusing-electrode arrangement,
if the spread direction is perpendicular to the vertical layer boundary, two values
should be distinguished. rjnrefers to the case where, approaching the resistivity
contrast the straight line normal to the boundary and the line across the guard
electrodes form an angle of 180° tjO to the case when this angle is 0°.

The variation of fjn in the case of focused-current profiling is shown in
Fig. 9. The curves were computed for different spread quotients and spread
lengths. The left-hand-side of the figure is linearly scaled in order to plot the
negative values, the right-hand-side is logarithmic so that values less than one
can more clearly be seen.

Figure 9 illustrates that in certain cases, due to the large asymmetry, the
value of// can also be negative and it tends to zero from the negative side.
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Fig. 9. Variation ol' >/, along the protile (A=0.9)
9. dbra.  szclvénymcenti valtozasa (k = 0,9)

Puc. 9. ViameHeHKe ifi no npounto (a-=0.9)

6. Application of “compensating circuit method” in mines

In the focused-current arrangement for positive resistivity contrasts
and if we do not take into account the distant electrodes- we get a relatively
large “penetration” as compared with spread length. This seems ideal for in-
mine applications where there is a quite small surface available for measure-
ments but the electrodes B, BO and A/can be placed far apart along the drifts.
With a 2-focusing-electrode arrangement there is no obstacle to planting the
electrodes in the drifts  the only problem is that a bidirectional focusing is not
sufficient for measuring the whole field. On the other hand, a 4-focusing arr-
angement can be realized only in a restricted manner which is certainly not
satisfactory in spite of the relatively large "penetration”.
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In mines it is advisable to substitute the focused-current arrangement by
the so-called compensating circuit technique [Egerszegi 1979]. This is applic-
able in the first place in coal seams where the effect of the embedding layers can
be reduced by focusing the measuring current or by compensating for the
potential change due to the surrounding layers in order to get more unam-
biguous and accurate results. This solution utilizes the favourable properties of
the potential and focused-current arrangements by means of variable spread
quotients so that the compensating current strength cannot be adjusted by
means of guard electrodes but some other procedure should be applied. The
electrode arrangement is shown in Fig. 10. During sounding the compensating
electrodes A and the measuring electrode M are moving such a way that the
ratio I/AOM is kept constant.

*_A A

[ETEYETREIN -]

A A

Fig. 10. Electrode arrangement with compensating circuit
10. abra. Kompenzalé aramkoros elektroda-elrendezés

Puc. 10. PacnonoxeHue aneKTpogoB C KOMMEHCUPYIOLLE CXeMOi

The measuring current /0 causes a potential

UMi = UMhF U MA ; (5)

at electrode M, where UM is the potential that would be measured over an
infinitely thick layer of specific resistivity R2. The task of the compensating
circuit is to produce a potential at electrode M having the same magnitude but
the opposite sign as that of UNa-

UK = ~ UM\
27A gM. ©)
where
2A0M A
n=—— and y=—
h 10

and h is the thickness of the coal seam [Egerszegi 1979]. /, is the strength of
the current introduced from the side of specific resistivity R through current

electrodes Ax and A2.
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where the indices 1, 2 and 3 refer to the overlying layer, to the coal seam and
to the underlying layer, respectively. By means of Egs. (5) and (6) we can
establish a relationship between k and UM for known values of the resistivities
/?,, R2, R3and for a given value of u (see Fig. 11 for the case Rx=R3=9R2,
n = 1/3). By means of this relationship we can set the compensating current
strength to this initial value of u. For other nvaluesy can be computed by means
of Eq. (6) (Fig. 12), and we have to set this computed value during the
measurement. For actual measurements, focused-current instruments have to
be developed.

Fig. I1t. Potential VMi as function of resistivity contrast (k)
M. dbra. UM potencial az ellenallas-kontraszt (k) fliggvényében

Puc. 11. MoTeHuman VM. B 3aBUCMMOCTM OT KOHTpacTa CONpoTMBNEHWIA (K)

Fig. 12. Compensating/measuring current ratio (y) as function of spread length (1)
12. dbra. Kompenzal6- és mér6aram hanyados (r) a teritési tavolsag (») fiiggvényében

Puc. 12. OTHOLIEHNE KOMMEHCUPYIOLLEr0 Y N3MEPUTENIbHOTO TOKOB (I) B 3aBUCUMOCTM OT
paccTaHOBKM 3/1EKTPOA0B (M)



344 P. Egerszegi

7. Conclusions

It can be concluded that the focused-field method should be applied mainly

in special cases.

In geoelectric measurements such a case is encountered if, for a positive
resistivity contrast, a very large “penetration depth” is necessary compared with
spread length or we have to determine the specific resistivity of the high resistivi-
ty basement. It is advisable to carry out the geoelectric sounding by a 4-focus-
ing-current arrangement if the sounding curves indicate distortions due to
lateral resistivity changes. In such cases the disturbing effects should be deter-

mined and eliminated.
In geoelectric profiling the high sensitivity of the method to asymmetry is

advantageous for the detection of eventual faults. When measuring in mines the
results should be made more accurate and unambiguous by the compensating
circuit technique specially tailored to the surfaces available for measurements.
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A FELSZiNI TERELOARAMOS MODSZER LEHETOSEGEI
EGERSZEGI PAL

A tanulmany a két aramkor alkalmazadsanak lehetdségeit vizsgalva megallapitja, hogy a
madszer korlatozottan alkalmazhat6 tektonikai zavarok felszini kimutatasara, az alaphegység faj-
lagos ellenallasanak pontosabb meghatarozasara, valamint nagyon zavart teriileten kozel zavar-
mentes szondazasi gorbe felvételére. Banyaban csak maédositott formaban alkalmazhato a két
aramkoros eljaras.

BO3MO>XHOCTW HASEMHOIO METOJA
POKYCNPOBAHHOIO MOMA

M. ArepCern

B pe3ynbTaTe PacCMOTPEHUs BO3MOXHOCTE/ MeTofa (hOKYCUPOBAaHHOTO Mons B pa6oTe
0TMEYaeTCs, UYTO JaHHbIA METOA MOXET B OrpaHuM4YeHHOW Mepe MPUMEHATbCA ANS BbIABNEHUSA
TEKTOHMYECKUX HApYLUEHW C AHEBHOW MOBEPXHOCTW, 60Mee TOUHOrO OMNpefeneHus yaenbHoro
COMPOTMBNEHNSA (YHAAMEHT], a TaKXKe AN 3anucK NoYTH CBOBOAHOI OT NOMeX KPUBOM B LLIYMHbIX
paitioHax. B waxtax MeTof (hOKYCUPOBAaHHOIO MOMS MOXET HaikTV NMpUMeHeHNe TONbKO B BUAOMW3-

MeHEHHO hopwme.



