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Vertical steel casing as a monopole transmitter antenna
for electromagnetic prospecting

Erné TAKACS*

A vertical steel casing excited as a monopole antenna could potentially be used as a source
for electromagnetic investigation of the surroundings of a borehole. In this respect the behaviour
of the current distribution along the casing and the surface electric field due to it is treated. Special
emphasis is laid on the frequency dependence, which seems to be of good use in interpretation.
Numerical models developed to simulate the casing response — although considerably simplified
— match the experimental data very well.

Keywords: frequency sounding, E-field excited casing, casing as antenna, surface electric
field of a casing

1. Introduction

The steel casings of two drill-holes used as vertical input electrodes —
line sources — produce a higher current density with increasing depth than
point sources located at the ground surface [Rocroi, Koulikov 1985]. This
procedure (called Tubel) was developed to delineate a partially known
hydrocarbon deposit overlain by resistive layers. Hagrey[1994] presented a
case history for investigating electric anisotropy in a granite basement by
applying the mise-a-la-masse technique. One of the two fixed current elec-
trodes was connected to a fracture via the metal casing of a borehole. Similar
measurements were carried out in Hungary to determine the main directions
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of large karstic water-filled cavities inside the limestone bedrock of the coal
seam in Lencsehegy MiningWorks [Takacs 1989].
Otherwise, in recent years several papers have been published in the
geophysical literature in connection with borehole casing, discussing ques-
tions such as
— the effect of well casings on electrical surveys [e.g. JOHNSTON et
al. 1992],

— communication capability of a casing or a drillstring for measure-
ment-while-drilling (MWD) [e.g. XIA et al. 1993],

— electrical resistivity measurement through metal casing [e.g.
SCHENKEL et al. 1994],

— DC resistivity imaging from a steel cased well [SCHENKEL 1994].

This paper investigates whether the electromagnetic field of the vertical
steel casing of a single well excited by an alternating voltage applied to an
isolation gap that divides the casing into two parts near the top or bottom end
could be used for the exploration of the surroundings of the well. Frequency
domain measurements offer an opportunity to govern the penetration depth
and transform the measured voltages into apparent resistivities.

2. Surface radial electric field of an E-field excited casing in a
homogeneous half-space

If a voltage is applied to an isolation gap near the top or bottom of an
E-field excited casing a complex I(z) current-distribution will arise along its
length. The maximum value of 1(z) will be at the gap, and at the ends of the
casing its value becomes zero. With increasing frequency 1(z) concentrates
itself towards the gap. Taking the casing as an “antenna” the current
distribution along its axis can be determined by procedures known from
antenna theory [King, Smith 1981; Xia et al. 1993].

In practice, E-field excitation can be more or less accomplished if the
top of the casing and surface electrodes around it, or an electrode located
beneath the casing shoe are taken as points of current supply.

A computer program was developed to determine the current distribution
by the method of moments if the casing has perfect electrical contact with
the homogeneous half-space [Varga 1994].
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In Fig. 1 current distributions along a casing can be seen. The casing is
in a homogeneous half-space with specific conductivities of 0.04 and 0.07 S,
and the frequencies are 3.5 and 3500 Hz. Im I(z) values at 3.5 Hz are
negligibly small. They could not be plotted on this scale. The casing emits
radial currents towards the formation in the vicinity that are proportional to
the partial derivative of I(z) with respect to the vertical direction. Elemental
currents along the casing can be considered as elementary vertical electric
dipoles with real and imaginary currents. Their superposed field can be
measured at the earth’s surface. The contribution of an elementary section
of the casing to the surface field depends on both the current and the relative
positions of the elementary sections with respect to the observation point.

Amplitude and phase frequency sounding curves are presented in Fig. 2
for the half-spaces considered above. The frequency dependence of the
surface radial electric field is similar to the field of a vertical electric dipole
placed in the middle part of the casing.

3. Geometrical sounding over a horizontally layered half-space

It is well known that the electromagnetic field generated by a vertical
electric dipole is weaker by a factor of at least 100 for a given separation and
frequency, and that this attenuates more rapidly with the separation than those
fields due to a horizontal dipole with the same source strength [Goldman
1990]. At the same time, the rock volume between the source and observation
point has a larger effect on the field than the section below the source [Takacs
1988].

Owing to the similiarity between the electromagnetic fields of the casing
and a buried vertical electric dipole the rules mentioned above will probably
apply to our case. It is therefore advisable to examine the attenuation of the
surface electric field and the effect of the layering below the casing.

In Figs. 3 and 4 surface amplitude and phase values of the radial electric
field are shown along a profile above a homogeneous and a layered half-space
for 5 Hz and for the top and bottom excitation respectively. In the layered
section a resistive layer —1000 Dm — is embedded into the homogeneous
half-space below the casing.

The surface field is rather sensitive to the presence of the 1000 Dm layer
— which lies close to the termination of the casing — already at relatively
small offset. At R< 3.51y — hxis the thickness of the first layer — the field
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is lower than for the homogeneous case, at R >3.5hb on the other hand, the
values are higher for the layered model. Even at this low frequency — 5 Hz
— the phase grows dynamically with offset and the effect of the 1000 Qm
layer is an unambiguous decrease at R >hx

The difference is more pronounced in the case of the bottom excitations,
and the amplitudes are larger owing to the geometry and to the fact that from
the bottom end of the casing more current dissipates at a given voltage than
it does at top excitation.

The effect of the resistive layer is more clearly indicated by the pa
apparent resistivity curve calculated from the ratio of the amplitude in the
layered earth to the amplitude in a half-space having the resistivity of the
uppermost layer. The paapparent resistivity curves have a false minimum.
At the same time the practical application of this apparent resistivity definition
is not so straightforward as for point electrodes.

Another apparent resistivity determination — pa*— can be made based
on the homogeneous half-space electric number phase characteristic, i.e.
phase curve versus offset normalized to the skin-depth [Takacs 1988]. p*
values are also given in Figs. 3 and 4. It can be seen, that they have a direct
relation to the section without any “undershoot”.

Geometrical sounding data for large offset are needed to obtain reliable
information about the section. It should not be forgotten, however, that the
low signal sets limits to the separation.

Owing to the fact that the effect of the lower 1000 Qm layer appears at
rather small separation it is expected that frequency domain soundings could
have advantages in the exploration of the immediate vicinity of the well.

4. Frequency sounding over a layered half-space

Amplitude and phase frequency sounding curves are presented in Figs. 5
and 6 for the homogeneous and layered half-spaces in the case of a top and
a bottom excitation. The separations are 250 and 500 m, both in the range
where amplitudes respond with a decrease due to the presence of the resistive
layer. The effect of the 1000 Qm layer for both excitations increases with
the offset. However, it is more pronounced in the case of bottom excitation.

So far as the amplitudes are concerned the difference between the curves
for layered and homogeneous half-space is the gratest at the lowest frequency
as a result of the larger penetration depth. On the other hand, the phase
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Fig. 3. Amplitudes, phases of the 5 Hz radial electric field and apparent resistivities ( pa, pa)
on the surface of a homogeneous — 25 fim —and a layered —25 M 1, 250 m;
1000 ihn, 25 m; 25 fim — half-space (top excitation)
3. dbra. Az 5 Hz-es radialis elektromos térerésség amplitido-, fazis-, és latszolagos fajlagos el-
lenallas ( pa, pa ) szelvényei a 25 N T-es homogén és a 25 M T, 250 m; 1000 M T, 25 m;
25 M 1 paraméter(i rétegzett féltér felszinén (felszini arambevezetés)
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Fig. 4. Amplitudes, phases of the 5 Hz radial electric field and apparent resistivities ( pa, pa )

on the surface of a homogeneous — 25 fim —and a layered — 25 fim, 250 m; 1000 fim, 25 m;
25 fim — half-space (bottom excitation)

4. dbra. Az 5 Hz-es radialis elektromos térer6sség amplitdo-, fazis- és latszolagos fajlagos el-

lenallas (pa, pa ) szelvényei a 25 fim-es homogén és a 25 fim, 250 m; 1000 fim, 25 m; 25 fim

paraméter( rétegzett féltér felszinén (als6 drambevezetés)
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difference has an opposite tendency which is connected mainly with the
changes of the lateral extension of the current systems of changing sign around
the casing. Otherwise, the phase values are represented only for the inner
current system around the casing. After the first sign-change they rapidly
change.

The monotonie character of the frequency sounding curves conceals the
information about the layering. However, it will clearly appear in the apparent
resistivity curves calculated by the use of the characteristics of the electric
number over a homogeneous half-space [Takacs 1988]. Such characteristics
can be seen in Fig. 7 for top excitation, where phases and normalized
amplitudes to the DC field are represented as a function of the separation
normalized to the skin-depth (O). Similar characteristics can be given for the
bottom excitation.

For given separation and frequency, knowing the measured phase — or
the amplitudes at the frequency considered and at DC — p,, values can be
calculated.

pavalues determined for the descending branches of the amplitude curves
— where the rate of change is well defined — clearly show the presence of
the 1000 Dm layer near the bottom of the casing. The apparent resistivity
decreases significantly with increasing frequency from 150 Hz to 1000 Hz,
this means that it does not remain constant as it does in the case of a
homogeneous half-space.

5. Field experiment

Numerical models developed above to simulate the casing response
match the experimental data very well.

There is a cased borehole at the Miskolc University campus, which has
offered us a possibility to check the theoretical considerations. The length of
the steel casing is 261 m. Immediately below the casing shoe — from 267 m
downwards — highly resistive Mesozoic limestone basement can be found.
Overlying formations containing the casing are mostly argillaceous sediments
of low resistivity. Apparent resistivities measured in the borehole exceed
20 Dm only in the depth interval 70-132 m.

Phase curve and apparent resistivities deduced from it measured at a
separation R — 250 m are shown in Fig. 8.
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Fig. 7. Amplitudes and phases of the radial electric number (ér) as a function of the induction
number Rf5 (top excitation)
7. abra. A radialis elektromos szam (ér) amplitidé és fazisgorbéje az R/5 indukcios szam
fuggvényében (fels arambevezetés)
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quency dependence of the phase and apparent resistivities (pa) derived from it are shown. 50 V
voltage was applied between the casing and short-circuited electrodes around a circle with 10 m
radius

8. dbra. Egy 261 m hosszlsagu béléscsé felsé megtaplalasaval kapott kisérleti mérés ered-
ményei. A fazis frekvenciafiiggése és a bel6le levezetett pa latszélagos fajlagos ellenallasok
lathatok. Az 50 V-os fesziiltséget a béléscsd teteje és a korilotte 10 m sugard kordn levd
rovidre zart elektrodakhoz csatlakoztattak
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The author’s opinion is that the aim of such measurements is not so much
the quantitative interpretation for layering, but the location of the possible
lateral inhomogeneities in the neighbourhood of the borehole. For that
purpose several measurements have to be made around the borehole on the
circumference of a series of concentric circles.

In our case the signs of human activity prevented us from making more
measurements. Therefore our single test measurement proves only that the
pa(n curve has such characteristic features, that can be used for correlation
between stations with the same separation around the borehole to detect lateral
inhomogeneities.

6. Conclusions

This study has shown that the steel casing of a borehole may be used as
a transmitter antenna. The "-excitation mode — applying a voltage to an
isolation gap that divides the casing into two parts — was selected. Based on
numerical simulations and a test measurement it is to be expected that the
changes of the surface radial electric field around the circumference of a
circle whose centre is the borehole will reflect inhomogeneities in the
neighbourhood of the borehole. Additional work needs to be done since in
reality there are other factors — e.g. contact impedance, dip — that could
bias the results.
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A béléscsének, mint ado- és vevBantennanak hasznalata az
elektromégneses kutatasban

Takacs Erné

A monopol-antennaként megtaplalt acél béléscsé elvileg az elektromagneses tér forrasa lehet
a furas kozvetlen kornyezetének kutatasahoz. A tanulmany ilyen célzattal vizsgalja a béléscsémenti
arameloszlast és az altala létrehozott felszini elektromos térerésséget. Kiilonds figyelmet szentel
a frekvenciafiiggésnek, ami az értelmezésben jél hasznalhatd. A béléscsé elektromagneses terét
leir6 modell — bar sok kozelitést tartalmaz — a kisérleti méréssel jol egyez6 eredményt ad.






