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SUMMARY 

Determining the effective thicknesses of reservoirs in thin-layer anisotropic strata is a rather 
difficult task. Existing methods for determining the effective thicknesses in such strata are 
characterized by a subjective approach and ambiguity of the results. The proposed method is 
based on the determination of the effective thickness by the methods of gamma-ray logging 
(GR) and micro-logging (ML) with its subsequent correction. Adjustment of the determined 
effective thickness of sand layers is based on approximation of distribution of open porosity 
values by triangular distribution, and definition of a share of sand layers with size of open 
porosity coefficient, more than its limiting size. The proposed approach contributes to a more 
accurate (reliable) determination of the calculated parameters in the geological and economic 
assessment of hydrocarbon deposits. 
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Introduction. Studies of oil and gas reservoirs in well sections are usually performed mainly by 
geophysical methods. Moreover, the determination of productive characteristics of rocks at different 
depths is determined with high accuracy by electrical and non-electrical geophysical methods 
(Gritsishin, 2012; Rudko, Sobol, 2020). We studied anisotropic terrigenous deposits that occur at 
relatively shallow depths. However, estimating their porosity and thickness of sand layers is actually a 
non-trivial task. Sediments of the Dashava suite (N1ds) is gas-producing in a number of deposits located 
in the Kosiv-Uhersky subzone of the Bilche-Volytska zone of the Precarpathian Depression. They are 
represented by a sandy-clay molasses layer. Lithologically, the section of the world is composed of a 
sandy-clay stratum with frequent layers of sandstones and siltstones, with insignificant layers of tuffs 
and tuffites (Leskiv and Shcherba, 1979). In the deposits of the Dashava suite, the reservoirs are thin 
and arrhythmic layers of sandstones and siltstones. The thickness of the sandy layers of the Dashava 
suite varies in a fairly wide range. For example, in the section of the Vyshnyansky gas field the thickness 
of layers of sandstones and siltstones is from fractions of a centimeter to a meter, and in the section of 
the Dashava suite of the Letnyansky gas field – from several millimeters to 1 - 5 and more meters. 
Isolation of reservoir layers of considerable thickness and determination of their effective thickness do 
not cause difficulties. It is much more difficult to distinguish sandy layers in anisotropic layers. There 
are a number of methods for determining the effective thickness of reservoirs in anisotropic thin-layer 
strata (Kravchuk, 1963; Gritsishin, 2012; Wang et al., 2018), but they contain the disadvantage that in 
the case where the anisotropic layer consists of sand layers with clay and clay layers with sand, they 
give a "contrast option", i.e. reduce the effective thickness. At the same time, it is observed on logging 
diagrams that all layers of reservoirs have the same porosity and at the same time do not give any 
information on their clay content (Myrontsov et al., 2021). Consideration of the magnitude of the 
porosity of sandy layers in the anisotropic stratum not as a constant value, but as a distribution of the 
porosity value according to a certain law, corresponds to the real situation and creates a basis for a more 
reasonable determination of the effective thickness of reservoirs in anisotropic thin-layered deposits 
(Myrontsov, Karpenko, 2021). 
Method and Theory. For a thin-layered anisotropic terrigenous stratum, the value of the porosity 
coefficient of sandy layers varies from the minimum value of porosity Por.min to the maximum value 
Por.max and averages Por.av. It should be clarified that the average value of Por.av means the modal 
value of the porosity coefficient. Analysis of laboratory studies of core material from anisotropic layers 
of the Dashava suite on seven gas fields: Khidnovytske, Butsivske, Letnyanske, Vyshnyanske, 
Dubanevytske, Vyzhomlyanska section of the Svydnytsia field, Gaiske, in particular the values of the 
porosity coefficient then it showed that the maximum porosity reaches 31%, the minimum 1.0% (Table 1). 

 

Table 1 Results of the statistical analysis of porosity coefficient of the sandy layers, Dashava suite 

Gas Field 
Number of 
definitions 

mean min. max. 
Standard 
deviation 

Khidnovytske 110 11.35 1.0 31.0 7.5 

Vyzhomlyanska site of the Svydnytsia deposit 305 12.94 3.6 30.8 5.2 

Letnyanske 272 16.11 2.7 26.6 5.6 

Dubanevytske 22 11.37 4.4 23.7 5.5 

Butsivskе 62 8.80 2.2 21.1 3.3 

Gaiske 292 19.21 1.5 27.5 6.3 

Vyshnyanske 96 15.90 3.9 26.2 5.8 

All together  1159 15.11 1.0 31.0 6.6 
 

The real distributions of the porosity value are usually approximated by the normal distribution law, 
which is symmetrical with respect to the average value of the porosity value. However, taking into 
account that the porosity of real sandy layers varies from 1.0% to 31.0%, the real distribution law is not 
always symmetric, so the approximation of their distribution density curve by the normal law does not 
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provide the necessary accuracy. In general, in the section, the minimum value of the porosity coefficient 
is limited to 1.0%, and the maximum does not exceed twice the value of the average (modal) value. That 
is, for reservoirs with an average porosity of up to 15.5%, the distribution is almost symmetrical. Thus, 
it can be assumed that depending on the average (modal) value of the porosity coefficient, the range of 
changes in the porosity coefficient reaches from 1.0% to twice the average (modal) value, but will not 
exceed 31.0%. 
If we consider the distribution of the porosity coefficient as one consisting of two parts (left and right) 
separated by a modal value Pr.av (which corresponds to the most probable value of the porosity 
coefficient), we can approximate the left half of the distribution by the left part of the normal distribution 
density curve with the mean value of Por.av1 and the standard deviation σ1, and the right half of the 
distribution - the right part of the curve of the normal density of the distribution with the average value 
of Por.av2 and the standard deviation σ2. This distribution law is called binormal, and as shown in 
(Boganik, 1983), the binormal distribution density law is fairly accurately approximated by a triangle 
(Johnson, 2002); (approximation error does not exceed 0.02) (Fig. 1). 

 
Figure 1 Approximation of the binormal distribution law by the triangular distribution law. 
 

That is why the proposed method of determining the effective thickness, which is based on the methods 
of GR and micro-logging (ML). According to this technique, the fraction of the area in the GR curve, 
which is greater than the average value on the GR diagram in the studied interval, corresponds to the 
fraction of sandy layers. Regarding the ML method, the mean value of the resistivity (ρ.av) and standard 
deviation (σ) of the micro-potential or the micro-gradient probe are calculated within the studied 
anisotropic bundle. And on the basis of these parameters - the area of positive parts of resistivity, which 
corresponds to the particle outside ρ.av + 0,5σ. Accordingly, the selected sandy layers will be 
characterized by certain average values of the open porosity coefficient, and taking into account the 
asymmetric nature of the porosity value distribution - by the modal value of the open porosity 
coefficient. As for the value of the porosity coefficient (its modal value), we assume that it is a priori 
determined, for example, by acoustic or neutron (NGR) methods. 
Given the adopted triangular law of distribution of the porosity coefficient in the sandy layers of the 
anisotropic strata of the Dashava suite, it is possible to calculate with sufficient accuracy the cumulative 
probabilities (shares) of sandy layers with a porosity coefficient greater than its limit value and, 
accordingly, the proportion of sand layers with a porosity coefficient less than its limit value. That is, 
you can determine the part of the reservoirs in the sand layers of the anisotropic stratum. Assuming that 
for the rocks of the Dashava world the value of the limit porosity for reservoirs is 9% (Gritsishin, 2012), 
then at a specific average value of the porosity coefficient we can calculate the fractions of reservoirs in 
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sandy layers in which the porosity coefficient is less than the limit and, accordingly, greater, or equal to 
the limit value of the porosity coefficient for rocks in general and for productive reservoirs (Fig. 2). The 
figure in red highlights the proportion of sand layers in which the value of the porosity coefficient is 
greater than its critical value (9%). 
In the Fig. 3 shows the distribution of parts of sandy layers in the anisotropic stratum to the limit value 
of the porosity coefficient (blue curve), and after the limit value of the porosity coefficient (red curve) 
depending on the calculated value of the coefficient of average (modal) porosity. 

 
Figure 2 Triangular distributions of the porosity coefficient value for the average values of porosity 6% (a), 12% 
(b), 15.5% (c), 25% (d). 

Figure 3 Graphs of the 
distribution of particles of sandy 
layers in an anisotropic thin-layer 
stratum in which the porosity is 
less than the critical value (blue 
curve) and in which the porosity is 
greater than the critical value (red 
curve) depending on the average 
(modal) value of the porosity. 

 

Results. The proposed technique was tested on a number of wells that opened the deposits of the 
Dashava suite at the Lipovets gas field. A fragment of the geological-geophysical plate with the 
calculated values of clay content, content of sandy layers in terrigenous strata, modal porosity and gas 
saturation coefficient according to the proposed method for one of the wells of the field is shown in Fig. 4. 
Conclusions. The proposed method for determining the proportion of sand layers in the anisotropic thin-
layer stratum allows to specify the determined effective thickness of the reservoir layers, thereby 
increasing the accuracy of calculations in the geological and economic assessment of the deposit. 
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Figure 4 A fragment of a geological-geophysical tablet with the results of well-logging data interpretation to 
determine the effective thickness of reservoirs in anisotropic thin-layer strata using computerized technology 
GePoisk (Krasnozhon et al., 2007). 
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