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The c parameter is the relaxation spectrum width. Although there is
no direct correlation between the resistivity and 'YJ parameters, polar­
izability anomalies are found to be limited to a diffuse halo above the
hydrocarbon-containing deposits. These anomalies are confined to
the third geoelectric layer and located at a depth of 60 through
100 m.

The anomalies correlate well with the location of the deeper reser­
voirs that contain hydrocarbons. The sensitivity of an 17 definition in
this particular area does exceed the depth of 1600 m in the modeled
inversion results. The inversion is rather straightforward and the ob­
tained information speaks for itself. Figure IS shows a part of a po­
larizability coefficient section along a recorded geoelectric line. The
intensity of the anomaly is, in this case, sufficiently high, between 14
and 16% in comparison with 12% outside the closing contour of the
known hydrocarbon accumulation.

The comparison of the geoelectric data map with the structural
contours of the seismic reflection marker horizon nC I up also is pre­
sented. The position of various depth closures from the seismic data
correlate with the location of the geoelectric anomalies determined

by the differentially normalized IP method. The mapped closure of
the eastern structure at top-re fYOir leyel was drilled before the geo­
electric work was carried OUL The well in the closure to the west was
drilled in a later phase upon recommendation made after the geo­
electric survey wa conducted and i inversion results became avail­
able. The geoelectric response is clas ified in a color code reflect­
ing the strength/reUability of the anomaly (red = high, magenta =

intermediate). The new well confirmed the po itive geoelectric fore­
cast and actually proved the presen e of a hydrocarbon-filled reser­
voir.

Often, the seismic information i difficult to interpret and the dis­
tribution of the carbonate reservoir i hard to predict. Geoelectric
data provide an additional mean for outlining pro pects under such
circumstances and might erve aI 0 as upport to update the time­
depth conversion model. The new velocities give a better grip on the
volumetrics and actual hape of the mapped hydrocarbon accumula­
tions. This also allows better ranking of prospects and helps in the
de-risking ofdrilling target (cf. MacGregor et aI., 2007).
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The geoelectric method quantifies the presence of IP effects in the
subsurface. These effects are caused by mineralogical changes in the
rock column. In sedimentary rocks, these change often are related
to an alteration zone with typical epigenetic micropyrite crystals.
The relationshi p between the documented geoelectric anomalies and
occurrence of hydrocarbons is indirect. It is postulated that leaking
of hydrocarbons are the main reason for creating an alkaline envi­
ronment in the pore fluid ofoverlying rocks. This gives rise to specif­
ic conditions under which authigenic pyrite crystals can grow. A di­
agnostic IP anomaly corresponds often with the presence ofa deeper
hydrocarbon accumulation.

It is obvious that this particular relation needs to be verified in in­
dividual study areas before it can be used as a global working hy­
pothesis. It should be realized that if the seal of the trap is perfect, no
hydrocarbons will migrate into the overburden and no shallow IPef­
fect will be detected. Therefore, absence of a geoelectric anomaly
does not necessarily indicate that there is no commercial hydrocar­
bon accumulation underlying the investigated area. When the rela­
tion between anomaly and hydrocarbons is proved in a basin, the
method becomes very effective in predicting potential hydrocarbon
occurrences, and hence the ranking ofdrillable prospects is much fa­
cilitated.

Based on experience with the method in various parts of Russia
and the larger region of the Union of Soviet Socialist Republics
(USSR), the success ratio of the method for predicting the presence
of hydrocarbons is high, e.g., a positive prediction in 124 out of 126
study cases. Other areas with encouraging results for geoelectric in­
vestigations are Peru, China, and the Baltic Sea. Forty successful
wells have been proposed and drilled on IP anomalies defined by the
DNME method. Confidentiality reasons do not permit reproduction
of any specific evidence concerning the validation ofthese statistics.

The quality of the geoelectric parameter inversion is improved by
using detailed subsurface information stemming from other geo­
science study techniques. An integrated approach enhances reliabili­
ty of the output results. The mapped geoelectric anomalies provide
useful support for the maturation of prospects in known hydrocar­
bon provinces as well as in greenfield exploration areas. The meth­
od provides an additional cost-effective means to quickly identify
areas of increased interest. It allows more reliable outlining of
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Figure 13. Resistivity section of Severo-Guljaevskaya oil and gas
field. The first layer is seawater with fixed p = 0.26 ohm-m; thick­
ness is defined by an echo sounding device. The resistance in the sec­
ond layer could change within wide limits, from I through 20 ohm
om, because electric logging data are absent, but as a rule, it should
not exceed the range of 7-15 ohm-m. The third layer is relatively
conductive, and its p ranges between I and 8 ohm-m. The fourth lay­
er is relatively highly resistive, between 8 and 20 ohm-m. The fifth
layer has again a lower specific resistance between I and 8 ohm-m.
In the sixth layer (strata alternation with different p), the increase of
resistance is set in the range of7-60 ohm-m (usually 8-25 ohm-m).
The nonconducting basement tentatively is placed in the base of the
section.
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Depth map with anomalous IP in color density

Figure 14. Geoelectric section of polarization coef­
ficient TJ distribution in the Severo-Guljaevskaya
area (Barents Sea). The IF anomaly is marked in
red. Distribution of polarization coefficient TJ in the
fourth geoelectric layer is based on the top of the
structure of carbonate complex C2-3-P I. Tectonic
disturbances are shown as a red line and the contour
of the water-oil contact as a blue line. The IF anom­
aly is indicated in orange colors.
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Figure 15. Geoelectric section illustrating the polarization coefficient TJ distribution in the mid-Volga basin. The IP anomaly is marked in yellow
and is slightly offset with respect to the structural closure shown in the corresponding map. The productive borehole is represented by a red trian­
gle, and a nonproductive borehole is a blue triangle. Wells are projected to the geoelectric traverse. The comparison is made between the geo­
electric data and a structural map of the reflecting horizon nC Iup. The IF response is classified by various color representations along the pro­
files. The productive borehole is indicated by a red circle; the nonproductive borehole is marked by a blue circle. The well, which was drilled tak­
ing into account geoelectric data, is shown as a red triangle. Outline of depth contours could be adjusted to get a better correspondence between
the geoelectric and the mapped structurally closed area. In addition, slanted leaking of hydrocarbons to shallower levels could explain the offset
of the alteration zone in respect to the mapped accumulation. Green reflects a weaker anomalous response, red intermediate, and magenta is a
higher anomalous geoelectric response. The red curve along the nonproductive borehole is impedance log response, and the yellow curve is the
modeled receptivity of section. Electrical characteristics of section assigned in compliance with logging. Similarity of the modeled and mea­
sured well-log curves makes clear that the geoelectric results have a high degree of confidence in this case.
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mapped prospects, especially in poor seismic data zones (e.g., chim­

ney effect). The recognition of potential stratigraphic traps is facili­

tated greatly. Geoelectric anomalies also are helpful for fine-tuning

the depth conversion model of mapped hydrocarbon traps. The

method provides an independent extra constraint on the subsurface

velocity model, giving a better grip on the volumetrics and shape of

the investigated hydrocarbon occurrence.

Geoelectric surveying is an innovative tool to help the geoscien­

tist in the ranking of hydrocarbon prospects. The technique mea­

sures the electric potential difference between receiver electrodes

and exploits changes in IP. In sedimentary rocks, these changes often

reflect the presence of a mineralogical alteration zone overlying a

hydroearbon accumulation.

Application of the method in deeper and shallow water, along

with the efficiency of the acquisition setup and inversion processing,

make it an attractive proposition in the prospect evaluation proce­

dure.

Diagnostic DNME geoelectric attributes are computed and moni­

tored in time. Inversion of the geoelectric data allows the establish­

ment of a relevant depth model, with basic geoelectric parameters

sllch as the polarization coefficient and resistivity.

Geoelectric data sets cover different geologic settings and have

varying target depths. The method already has proved its added val­

ue under a wide range of working conditions. It is cost-effective and

basically complementary to other hydrocarbon exploration tech­

niques.

For some Russian oil companies, geoelectric surveying already is

part of the standard investigation toolbox. So far, the prediction ca­

pabilities are very promising, and the IP geoelectric method surely

warrants the attention of geoscientists worldwide.
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