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GEOLOGICAL AND PHYSICAL BASES OF
HYDROCARBONS DETECTION

The technique of direct detection of hydrocarbons by geophysical methods has been developed
in the Soviet Union since the 1950s when exploration seismologists I. I. Ballah, I.G.Medovskii
and K. A.Mustafayev first proved the possibility of detecting in a seismic wave field, the effects of
hydrocarbon accumulations: appearance of reflections from fluid contacts and decrease in coher-
ence of reflections from interfaces below the accumulation.

Systemic development of theoretical and practical principles of direct geophysical detection of
hydrocarbons started in the 1960s when theoretical, laboratory, borehole and field studies were
carried out which laid down the geological/ physical foundations of predicting hydrocarbon accu-
mulations. The main diagnostic characteristics of geophysical anomalies related to hydrocarbons
were established.

The geological/ physical basis of direct detection of hydrocarbons is the change in a number of
physical properties of oil-saturated portions of an oil reservoir in comparison with water-saturated
parts: decrease in P-wave velocity and increase in absorption, changes in acoustic impedance and
reflection coefficients at the reservoir boundaries in the vicinity of the accumulation and at gas-oil-
water contacts, decrease in rock density, changes in electric characteristics, etc. @

In addition to this it was ascertained that penetration of hydrocarbons into the host rocks
causes epigenetic variation in the physical properties of the rock both in the vicinity of the accumu-
lation, especially at water/gas interfaces and in the region of the trace of diffusion flow known as
a halo effect. ® The halo effect is observed in many oil fields. It is associated with non-productive
gas accumulations and can affect rocks a few hundred metres thick above the deposit and then die
away.

Thus a hydrocarbon accumulation produces complex geological/physical inhomogeneity
which, as parametric measurements show, can create anomalies in various wave and potential
fields. Parametric measurements conducted in tens of known fields show that under favourable

conditions these anomalies can be registered by modern geophysical instruments on the earth’s sur-
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face. Taking into consideration different dependence of the parameters in different geophysical

fields upon rock properties (porosity, fluid-saturation, permeability etc. ), we may presume that
there are at least necessary conditions for combining of geophysical methods for the purpose of so-
lution of the direct detection problem.® However, a scientifically-grounded and proved approach
to the optimum combination of geophysical methods for direct detection of hydrocarbons has not
been developed yet. It can be explained by the fact that representative, quantitative estimates
(differentiated by the types of geological provinces and fields) of possible accuracy of predicting
accumulations by individual methods, have not been found yet.

Accumulation prediction is sub-divided into a few stages: extracting useful signals from the
data observed; measuring of anomalies, of their parameters, created by sub-surface inhomo-
geneities; identification of the nature of the detected anomalies and quantitative interpretation of
useful anomalies. All this still remains a challenge. Since observed anomalies are related to a great
number of side factors and geological bodies even the extraction of a weak effect of the accumula-
tion from the aggregate anomaly is not always certain and reliable enough. The accuracy and relia-
bility of prediction is not equal for different methods.

Recently some positive results have been obtained in application to the search of sub-surface
geological/ physical inhomogeneities of such methods as high-precision gravity survey, aeromag-
netic survey, telluric sounding and transient measurements in a near zone.?® However, these
methods allow only qualitative interpretation of anomalies and at best determination of possible
outline of the accumulation in plan.

For detailed study, i.e. for defining pool limits in 3-D space, its geometrical configuration
and physical parameters there is only one method of geophysical prospecting for the present. This
method is reflection seismic. That is why below we concentrate on seismic detection of hydrocar-
bons.

The results of studies carried out over the last few years show that the following diagnostic.
characteristics (indicators) can be used for detecting seismic anomalies associated with a hydrocar-
bon accumulation: (1) Decrease in average and effective velocities of reflections underlying the ac-
cumulation; (2) Decrease in interval velocities within the accumulation; (3) Increase in interval
times within the accumulation; (4) Increase in attenuation of waves passing through the accumu-
lation; (5) Changes in the frequency content of waves passing through the accumulation; (6) Re-
duction in coherence of waves passing through the accumulation; (7) Increase in the amplitude of
waves reflected from gas-oil-saturated layers; (8) Appearance of reflections from the bottom of
the accumulation and contacts; (9) Changes in the shape and phase of the wave reflected from the
top of the reservoir accompanied sometimes by diffraction on the flanks of the accumulation.

The above indicators can be subdivided into three groups: (1)~ (3), (4)~(6), (7)~(9).

The first group of indicators (1) ~ (3) reflects the effect of the accumulation on seismic ve-
locities and requires high-accuracy techniques of velocity determination.

The established technique of velocity determination suggests the following sequence of proce-

dures: continuous velocity (vnmo) analysis; vauo editing and elimination of velocity values dis-
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torted by lengthy inhomogeneities in the near-surface; vnmo averaging along the line and over the
area; conversion to interval and average velocities; generation of velocity maps. Iso-velocity sec-
tions of effective and average velocities are also plotted.

The indicators (4) ~ (6) characterize the aggregate effect of the accumnulation and its halo on
the wave field: equal change in wavelet characteristics of primary reflections in the entire broad
time interval below the accumulation. One can expect that relative weight of these indicators will
be greater for accumulations with strong halo and/or large total thickness of productive section.
This is corroborated by the results of field data processing.

The above mentioned character of display of these indicators in the wave field makes it possi-
ble for their evaluation to use techniques (based on calculation of integral averaged in large time
intervals) estimates of wave parameters.® These techniques have less depth resolution but are
more noise-resistant and relatively less expensive.

The indicators (7) ~ (9) characterize the hydrocarbon effects observed in the narrow, local
(in space and time) domain of the wave field. This domain corresponds to the accumulation itself
and its immediate proximity. Among local effects variation of interface reflective power, produc-
ing within the accumulation anomalous amplitude of the reflection from the reservoir top, has the
most exploration significance, especially in the search for gas. The less difference in acoustic
impedance between the water-saturated reservoir and overlying rocks, larger thickness of the ac-
curnulation and higher content of free and dissolved gas is, the larger are amplitude variations. ®

Thus when indicators (1) ~(3), which are interdependent and reflect variations in litholo-
gy, are used alone they cannot serve as sufficiently reliable indications of hydrocarbons. It is nec-
essary to combine them with indicators (4) ~ (9) which mainly characterize the effect of hydro-
carbons on amplitude, frequency content, coherence and waveshape of reflections.

This remains to be studied by evaluation of gathered and new experimental data and presents
a hard problem. Moreover, even theoretical estimates of expected effect of the accumulation on
the wave field have been so far obtained only for a limited class of models. Much work should be
done to study real media and create their models, develop techniques of their study using mathe-
matical and physical modelling, investigate relationships between physical rock properties and
seismic wave characteristics, improve techniques and interpretation of measurements. Use of the
theory of pattern recognition for integrated interpretation of seismic anomalies seems potential.

Thus, the direct detection method by geophysical means is far from completion. It involves a
number of difficult and unsettled problems. Nevertheless, the practical results obtained allow us

to look ahead with optimism.
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Q NOTES TO THE TEXT

1. The geological/physical basis of direct detection of hydrocarbons is the change in a number

of physical properties of oil-saturated portions of an oil reservoir in comparison with water-

saturated parts: decrease in P-wave velocity and increase in absorption, changes in acous-

tic impedance and reflection coefficients at the reservoir boundaries in the vicinity of the ac-

cumulation and at gas-oil-water contacts, decrease in rock density, changes in electric

characteristics, etc.
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