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This workflow is designed to facilitate the interpretacion of
the electric potential data and, in particular, to enhance the
resolution power when the presence of hydrocarbons needs
to be determined.

At low frequencies, an EM field spreads into the geologi-
cal formations and is accompanied by EM and IP effects in
the rocks (e.g., Olhoeft, 1985). These phenomena occur not
only because of diffusion currents, described by the real part
of the conductivity model, but also via currents stermming
from IP (Veeken er al., 2009). Due to the IP effect, polarized
beds behave similarly to a giant capacitor; they store electric
potential energy when the current is turned on and slowly
release it again when the current is turned off. This is also
why the electric field decay, after the current is switched off,
is much slower in polarizable media than in non-polarizable
media (Dey and Morrison, 1973; Mandelbaum er al., 2002).
Displacement currents appear only at very high frequencies.
Currents with frequencies in the range 0.1-1000 Hz are
typically considered in geoelectric investigations.

The DNME methodology was developed to resolve some
critical resolution issues in connection with the delineation
of hydrocarbon accumulations. The presence of pyrite
microcrystals in sedimentary deposits has previously been
shown to influence the measured DNME response (e.g.,
Davidenko et al., 2008; Kudryavceva et al., 2009; Veeken
et al., 2009). In the laboratory, pyrite-induced anomalies are
an order of magnitude greater than those caused by other
mnaterials (Krueger-Reimer, pers. comm.). Although a direct
link between an IP anomaly and the presence of commercial
hydrocarbons in the subsurface has not been proven in
all cases, it still represents a useful working hypothesis,
to be verified on a case-to-case basis. Cultural effects may
negatively influence the IP effect related to rhe hydrocarbon
accumulation (e.g., Carlson and Zonge, 1996}, but in many
cases they can be raken care of. Also, magnetic anomalies
associated with hydrocarbon occurrences have been reported
(e.g., Ellwood and Burkart, 1996; Foote, 1996; Machel,
1996). Verncal hydrocarbon leakage and reducing conditions
at a shallower level in the overburden have been observed in
a number of cases (e.g., Potter et al., 1996). Diffusive leak-
age pives rise to typical local geochemical reactions m the
pore spaces along the migration parh and the creation of a
diagenetic alteration zone may be triggered, characterized by
in situ mineral growth {Veeken et al., 2009).

The DNME method can be applied onshore as well as off-
shore. The equipment can be man handled and the investigation
costs are comparable to those of 2D seismic acquisition. The
observations generally display good repeatability, and reliable
modelling results are usually obtained with a correct prediction
capability (Davidenko et al., 2008). Case studies show that the
predicrive power of the method is high (Legeydo et al., 2009).
DNME surveying represents an attractive option Io assist in
the de-risking of hydrocarbon prospects {Veeken et al., 2009).
It is a complementary geophysical methodology that does not
replace conventional hydrocarbon exploratiou techniques.
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In this article, a description of DNME surveying is given.
The behaviour of the potential difference and its relation to
the ame delay is discussed for various DNME parameters.
Subsequently, a hypothetical example is examined in closer
detail, illustrating the response of two distinct earth models:
m Model 1, a resistive and polarizable body in a matrix of low

conductivity at 3000 m depth.

m Model 2, a resistive and polarizable body at shallow depth
of 300 metres.

The computed electric earth response for the two models is
very similar, which illustrates the non-uniqueness of the geo-
electrical inversion problem. An elegant way to separate the
EM effecr from the IP effect in the inverted model is presented.
Their separation provides essential modelling information and
allows a bertter discrimination of the most plausible scenario,
retained as the solution, for the electrical inversion problem.
Conventional EM studies often only counsider the resistvity
parameter in the inodelling of rhe earth response.

IP logging and well cores have demonstrated that shal-
low pyrite enrichment zones really do exist {e.g., Karus,
1986; Schumacher and Abrams, 1996; Moiseev, 2002;
Kudryavceva et al., 2009; Veeken et al., 2009). These
alteration 2ones are easily polarized and this effect is also
measured by other EM methods. Many EM workers do
not rake rhis into account in their modelling schemes. The
DNME method avoids an over-simplistic approach by con-
sidering simultaneously the contributions made by the two
components of the total electric field. Finally, a real case
history is described and some conclusions on the proposed
methodology are drawn.

Geoelectric DNME investigation method

In the DNME merhod rhe electric response of rthe subsar-
face is measured with the transmitter-receiver set up shown
in Figure 1. A powerful current (up to 400-500 A with a
power of 140 kW) is introduced into the earth via two inpur
electrodes, placed 100-2000 m aparr. The electric current is
transmitted for a time period of 4 s and then turned off for 4
s {or up to § s). The decay of the potenual difference at the
receiver electrodes is registered during the period when the
current is turned off. The receiver assembly is locared 1-10
km away from rhe transmittet electrodes along the survey
line. Several parameters are monitored in time at the
measurement station. These parameters are designed in
such a way that they will bring out anomalies in IP. The
workflow ensures that the right quality of data is retained
and meaningful plots are produced in the field as well as
in the laboratory {Davidenko et al., 2008).

Various elecrrical potenrial differences (AU, and AU,) are
measured simultaneously with a 0.25 ms sampling interval
{Davidenko et al., 2008). Davydycheva et al. (2006) gave a
detailed description of the physical and EM processes that
occur when a layered medium conducts an electric current.
They also provided a concise overview of the patented
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Figure 1 The basic field acquisition set up for a geoelectric survey. Here a marine survey is depicted. The current is passed through electrodes A and B and the
receiver assembly is towed behind them. The receiver registers the potential differences between the pairs of efectrodes MO (AU ) and ON (AU,). Several receiver

geometries that are registered simultaneously are shown in this diagram.

DNME workflow. Several convenient and diagnostic param-
erers are registered and monirored in titne (Legeydo et al.,
1996; see also Figure 1):

AU = AU, + AU, 2)
DU = AU/ AU, (3)
&£U =AU, - AU, (4)
DU = AU/ AU, (5)
B, =AU,/4U, (6)
B =AU[4U (7)
P, =(£U - £U, (U - au,) (8)
D, ={4U)/4(av)-F, )
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The Greek letter 4 indicates a quantity measured in the field,
while the lerrer D indicates a computed quantity. The suffix
zero specifies rhe porential measuremenr that is made ar the
time instant when rhe current is swirched off (i.e., at the start
of the decay curve). The letter P indicates a DNME param-
erer and 2 denores the time differenrial.

Several paramerers are derermined from rhe decay func-
rion rhat may reveal anomalies in the subsurface behaviour.
Inversion processing generates a preferred earth model, with
chargeability and resistivity depth secrions compured at the
same rime. Anomalous response of the decay function is
often ohserved when hydrocarbon accumulations are present
(e.g., Srernberg, 1991). This is generally caused by a diage-
netic alteration zone wirh pyrite microcrystals (e.g., Snyder
er al., 1981; Davydycheva et al., 2006; Kudryavceva et al,,
2009). These crysrals are easily polarized and rerain their
polarization for a short time when rhe current is turned off.
Afterwards the crystals go slowly back to their neutral state.
This phenomenon results in a change in differential potential
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