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SUMMARY

Examples of reducing the vertical resolution of the induction method for investigation oil and
gas wells are presented. It is shown that the distortion of the results in the areas of the
boundaries of the reservoirs is associated with the presence of penetration of the drilling fluid
filtrate into the reservoir (transition from 2D model to 3D model).
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Introduction

Restoration of the geoelectrical parameters of a bedding based on logging data is commonly called by
geophysicists the inverse problem of electrometry solving of oil and gas wells. The possibility of an
accurate solving of such an inverse problem of electrometry should be fundamental in the
development and operation of any instrumental and methodological systems, including induction
logging (IL). This follows from the main requirement, which is set by the customer of geophysical
services.

The answer to the questions of where the useful fluid is located, how much of it and at what daily rate
it can be produced, is hidden not in the measured apparent values (apparent conductivity (AC)), but in
the exact geoelectrical model of the bedding, described by the spatial distribution of specific
conductivity (SC), (Myrontsov, 2012; Myrontsov et al., 2020; 2021). A similar problem arises when
interpreting other well logging methods (Karpenko et al., 2021; Sobol, Karpenko 2020; Sviatenko,
2022; Tleubergenova et al., 2023). And also when interpreting field methods of geophysical
exploration (Kushnir et al., 2020).

The inverse problem IL is an ill-posed mathematical problem. Let's see how it can be solved for a
three-layer model in the presence of penetration in reservoirs of limited thickness (fig. 1).

—
2 &
g g
) =
o L
= E
'8 =
= §
L

—_—

Figure 1 Three-layer formation model.
Method and Results

To solve such an inverse 2D problem, the factorization method is used. Its essence is the division of
one two-dimensional problem into a number of one-dimensional ones. Namely, at the beginning we
solve the problem along the axis of the well, as a result of which for each layer values will be obtained
that correspond to the case if its thickness were infinite (neighboring layers do not affect its AC
measurements).

After the introduction of edits that take into account the "skin effect" and the influence of the well on
the measurement of AC, the problem is considered linear. The Fredholm equation of the first kind of
the convolution type relates AC 6 and SC cin the linear theory of Dole in the case of a
homogeneous infinite layer:
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where z — is the coordinate in the cylindrical coordinate system, g— is the vertical geometric factor
of the probe. To solve such an equation, there is a fairly efficient solution method.

However, the high accuracy of the solution for formations without mud filtrate penetration, i.e. tight
formations, (2D model) does not guarantee an accurate solution for the 3D model. Which, apparently,
can be explained by the "approximate" nature of the linearization of the problem.

Indeed, at different frequencies, the logging curves at the formation boundary will have a difference,
as shown in fig. 2.
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Figure 2 An example of logging curves of the probe 10.5 at the boundary of two layers for different
frequencies

This difference seems to arise because the method used is strictly applicable only if the condition is
true:

0

Icn<r)~gn(r)-dr=[Im(r)-dr]-@gn(r)~drj-

0

The results presented in Fig.3-4 allow us to evaluate the limitations imposed on the vertical resolution
of the definition of SC.

Similar distortions of results caused by boundary effects occur in various areas of modeling and
solving boundary spatial problems (Trofymchuk et al., 2014; 2015; 2018; Trofymchuk, Vasyanin
2015).
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Figure 3 Specific resistance: 1 — zones of penetration of drilling mud filtrate; 2 — the part of the
formation that is not damaged by the drilling fluid; restored by probes: 3 —10.5; 4 —10.85; 5 —11.26;
6-12.05
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Figure 4 Specific resistance: 1 — zones of penetration of drilling mud filtrate; 2 — the part of the
formation that is not damaged by the drilling fluid; restored by probes: 3 —10.5; 4 —10.85; 5 —11.26;
6—-12.05

Conclusions

Examples of reducing the vertical resolution of the IL method for investigation oil and gas wells are
presented. It is shown that the distortion of the results in the areas of the boundaries of the reservoirs
is associated with the presence of penetration of the drilling fluid filtrate into the reservoir (transition
from 2D model to 3D model).
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