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Figure 4. (a) Synthetic experimental geometry. (b) Sensitivity of potential
to vertical receiver position for a pole–pole experiment. The figure illus-
trates perturbation of the ± 1 per cent/dm sensitivity isosurfaces for a source
electrode at 5 m depth in BH4.
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where the image source is located at ri = xs î + ys ĵ Š zsk̂.

A N A LY T I C A L R E S U LT S

The relative sensitivity of potential to receiver electrode position
in the vertical direction (denoted as gz) for a single source in a
pole–pole experiment is illustrated in Fig. 1. Examples of receiver
position sensitivities for vertical common-hole and horizontal cross-

hole dipole–dipole experiments are illustrated in Figs 2 and 3,
respectively.

To contextualize the sensitivity magnitudes, we note that mea-
surements for ERT experimental setups are highly repeatable to
less than 1 per cent (LaBrecque & Yang 2001). A better measure
of random noise is given by reciprocal data and a common quality
control procedure consists of a reciprocal data check and a culling of
data that do not have reciprocal matches below some critical cut-
off near 3–5 per cent (Zhou & Dahlin 2003). Due to the principle
of reciprocity (Gangi 2000), data error associated with electrode
mislocations are not caught and eliminated by reciprocal checks.
Systematic errors associated with electrode mislocation are propa-
gated via incorrect forward modelling and are, therefore, invisible to
any noise-removal techniques that rely on identifying random noise.

If we assume 3 per cent to be the nominal critical error, then it
is apparent from Fig. 1 that, for a 10 cm mislocation, the data for
the pole–pole experiment will be significantly contaminated if they
are acquired within approximately 3–5 m from the source in the
vertical direction or 3 m from the source in the horizontal direction
(not shown). It is also evident by comparing Figs 1, 2 and 3 that the
sensitivity with respect to dipole receiver position (denoted as Sz)
is greater than that for a pole receiver and also that the horizontal
dipole data are less susceptible to position error than the vertical
dipole data.

Since the homogeneous relative sensitivities are purely geomet-
rical and independent of current strength or conductivity, the highly
localized nature of the sensitivities for these simple examples illus-
trates that electrode position errors are particularly important for
overlapping-scale problems. Significant sensitivities are limited to
the very near-field, a region often occupied in near-surface environ-
mental and engineering geophysical experiments.

S Y N T H E T I C R E S U LT S

For the case of heterogeneous media, we consider a simple synthetic
ERT experiment consisting of four shallow boreholes enclosing a
conductive target at depth (Fig. 4a). The experiment is designed as
an approximation to a general near-surface contaminant detection
and monitoring application. The boreholes are arranged in a square
pattern 6 m on each side and extend to 20 m depth. The target
has a conductivity of 0.1 S mŠ1; the background conductivity is
0.002 S mŠ1. Dimensions of the target are 4 m on each side in
the horizontal directions and 5 m in the vertical direction between
6 and 11 m depth. Electrodes are placed at 1 m intervals in each
borehole from 2 to 20 m depth and we will consider the synthetic
data collected from a pole–pole experiment, a circulating vertical
dipole–dipole experiment with 1 m dipoles, and a cross-borehole
horizontal dipole–dipole experiment using the borehole pairs BH1–
2, 2–3, 3–4 and 4–1.

The heterogeneous conductivity field acts to perturb the sensitiv-
ity of potential to the receiver position. As illustrated in Fig. 4(b),
the conductive body acts to deflect the sensitivity isosurfaces. Con-
versely, a resistive body tends to channel or absorb the sensitivity
distribution (not shown). To quantify the effects of electrode mislo-
cations on the ERT data, we can examine the results for the synthetic
experiments both spatially in terms of measurements down the bore-
holes and holistically in terms of frequency distributions.

The effects of receiver mislocation are illustrated in Fig. 5 for
the synthetic data corresponding to a single source of a pole–pole
experiment. Although the magnitudes of the errors associated with
electrode mislocations are generally smaller than the perturbation
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Figure 10. Distribution of (a) the relative change in the data from a ho-
mogeneous background, (b) the relative sensitivity of the data to position of
the receiver dipole and the positive receiver electrodeM, and (c) the relative
sensitivity of the differenced data to position of the receiver dipole and the
positive receiver electrode for the horizontal cross-borehole experiment. The
legendsx andz indicate sensitivity in the horizontal and vertical directions,
respectively.

distributions illustrate the overall statistical nature of the errors for
a given survey geometry and data type. Overall, vertical dipole data
appear to be the most susceptible to electrode mislocation. The ver-
tical dipole data are most sensitive to vertical mislocation of only
one electrode of the receiver dipole rather than to mislocation of

Figure 11. PoleÐpole conductivity artefact distributions in the planes of
(a) the target (y = 0 m) and (b) the mislocated electrode (y = 3 m) for a
0.25 m vertical mislocation of the uppermost electrode of BH1. Location of
the conductive target is outlined.

the entire dipole. Conversely, the horizontal cross-borehole data are
most sensitive to mislocation of the entire dipole. Perhaps most
importantly, the frequency distributions reveal that the errors asso-
ciated with electrode mislocations may not follow a normal distri-
bution. In fact, we observe complicated, multimodal distributions,
especially for the vertical (Fig. 9b) and horizontal (Fig. 10c) dipole
experiments, that will introduce bias into the ERT data and the re-
constructed electrical conductivity.

The frequency distributions also illustrate the effects of electrode
mislocation on the differenced or time-lapsed experiment for which
the data are considered to be the difference between pre- and post-
event measurements (LaBrecque & Yang 2001). In this case, the
background conductivity Þeld is homogeneous and the perturbed
conductivity Þeld consists of the background plus the conductive
target that could be representative of a contaminant plume that has
migrated into the domain. The postulate of data differencing is that,
if the pre- and post-event systematic errors (or position sensitivi-
ties) are very similar or the same, then the systematic error in the
differenced data will be very small or zero. However, differencing
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