














Petro-elastic modeling deliverables for the Kharyaga Permian...
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Fig. 12. Acoustic impedance distribution by saturation type.
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saturated reservoirs.

however does not almost change, which is confirmed by
the physics of the method.

Apart from that, to study the lithology impact on the
elastic characteristics of the deposits, relationship was
plotted between the volumetric content of calcite in the
rock matrix and density, P- and S-wave travel time.

The actual data confirmed the linear relationship
between the volume of calcite, illite and quartz in the
rock and the bulk density in the Artinskian and Asselian-
Sakmarian deposits.

The relationship between the lithology and P-
and S-wave travel time takes different forms for the
Artinskian and Asselian-Sakmarian deposits, which can
be illustrated in Figure 13.

The modeling of the logging curves response as
a function of different calcite and quartz content in

Fig. 13. Relationship between the P-wave travel time and
calcite volume in rock
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rock supports the assumption that variability in the
relationships between the S-wave travel time and calcite
content in the rock matrix may be explained not only
by non-linear petrophysical equation, but also by the
impact of Atrinskian shales and calcite cement on the
P- and S-wave speed.

Such conclusion confirms the need to use at least
3 different minerals (quartz, illite, and calcite) when
building a 3D petrophysical and petro-elastic model,
and the need to use different aspect ratios of the pore
volume for the Artinskian and Asselian-Sakmarian
deposits, given the difference in the pore geometry and
in intergranular cement properties.
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Permian deposits, it was established that they can be
disaggregated by reservoirs/non-reservoirs using the
acoustic and shear impedance; AVO/AVA inversion
(Amplitude Versus Angle/Offset) was also found
applicable to evaluation of porosity in the space
between the wells. It was also established that there
was no disaggregation by a saturation type, which
may be attributable to the fact that water and oil have
similar properties (density, travel time), as well as to
the high hardness of the carbonate rock matrix, which
alters the effect of the saturating fluid. These results
are correlated with the Gubkin Russian Oil and Gas
University experts’ conclusions that have been made
following the study of the Devonian carbonate deposits
at the West Khosedayu field (Development of a petro-
elastic..., 2018).

Given the fact that the ultimate objective of the
petro-elastic modeling procedure is to predict the
lithology and reservoir properties of the Kharyaga
Permian carbonate deposits, the main efficiency
criterion for the petro-elastic modeling will be the
match between predicted and actual data. As the actual
data, information from both new wells and from wells,
which have not been used for the simulation process
(reference well), may be used. Apart from that, the
resulting volumes and maps showing the lithology and
petrophysical properties distribution, shall be compliant
with the accepted geological concept. For instance, in
case of reef sequences, the lateral distribution of the
reef facies shall have a well defined shape, depending
on a type of the reef structures genesis.

Hence, a conclusion may be reached that these
findings serve as prerequisites for using the seismic data
inversion in order to predict the reservoirs distribution
throughout the Kharyaga field and to evaluate their
porosity. The inversion and evaluation of the findings
obtained constitute the next stage of the study to predict
lateral distribution of the reservoirs and to evaluate their
permeability and porosity.
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