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productive beds of deposits of the Dnipro-Donetsk depth
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The paper presents examples of application of the method of increasing the vertical resolution
of well electrometry. The method is based on the ability to change the weight of each probe of
the complex depending on its vertical resolution. The BKZ-BK-IK complex widely used in
Ukraine was chosen as the electrometry equipment. The results of comparing this method with
the traditional solution of the inverse problem are presented.
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Introduction

There are many reasons for the problem of defining the boundaries of productive intervals in vertical
and inclined vertical oil and gas wells. One of the main reasons is the insufficient (for many of the
conditions inherent in the Dnieper-Donetsk basin) vertical resolution of geophysical well research
complexes used in practice. The use of asymmetric probes of multi-probe logging probing (BKZ)
equipment is one of the factors of such a problem. To illustrate it, we can cite the well-known
problem of determining the position of water-oil contact, the solution of which is devoted to many
studies.

The error in determining the limits of productive intervals leads to an error in determining the daily
flow rate of useful fluid (due to inaccurate determination of perforation) and, accordingly, is a factor
in the error of the initial conditions of further technical operation of the well as an anthropogenic load
on the environment.

The work is part of a long-term study of the possibilities of improving the efficiency of solving
inverse problems of well electrometry (Myrontsov, 2012, 2019a, 2019b, 2019¢, 2019d, 2020a,
2020b).

The standard complex of electrometry used in Ukraine and CIS countries is considered in the work.
Namely: BKZ + focused probe of lateral logging (BK-3) + compensated probe of induction logging
(IK) 6F1 or 711.6.

Method

A three-layer model (well; drilling fluid penetration zone; formation zone undamaged by drilling mud
filtrate penetration) was chosen as the reservoir model.

As a method of solving the inverse problem, the developed and implemented approach of changing
the weights while minimizing the residual of the functional is used:

2
F(p,T,...,pf): ZK{MJ : (1)

T
im1 pP;

where n is the number of equipment probes; pl.T - calculated values of apparent resistivity (AP) for

the model under consideration; p l‘.D - actually obtained values of AP, K, - the weights of each probe of

the complex, which can be changed by the interpreter.

In the presented example n is equal to &8: probes BK-3, IK, and 6 probes BKZ (A0.4MO.IN,
A1.0MO.IN, A2.0M0.5N, A4.0MO0.5N, N6.0MO0.5A, A8. OMI1.0N, NO.5M2.0A (inverted
A2.0MO0.5N).

Examples

To select the values of the weights in (1), the vertical resolution of each BKZ probe was investigated.
As shown in Fig. 1,a the boundary effects of each of the probes make a significant error in
determining the boundaries of even a single formation. For a pack of several (Figure 1,b shows an
example of a pack of three layers with penetration) the result is even worse. However, it is by
reducing the weights of the probes (with a significant marginal effect compared to probes with a small
one) that the result is significantly improved.

An approach has been used for IK probe to significantly improve the vertical resolution. This
approach is based on solving the Fredholm equation of the first kind of convolution type.

The approach was also used to solve the inverse problem for complex reservoirs (anisotropic,
abnormally low resistance, residual oil saturation, thin-layer, etc.).

In other logging methods, the problem of determining the boundaries of the layers arises to a lesser
extent, and therefore it is desirable to use electrometry methods in combination with others (Karpenko
et al., 2020; Karpenko, 2018; Solodkiy and Karpenko, 2013; 2014; Zelenko et al., 2016; 2017;
Zelenko and Karpenko, 2015).
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Figure 1 Diagrams of BKZ and BK-3: a - for a single formation without a penetration zone opened by
awell (py, =1 Ohm'm); b - for a pack of three layers opened by a well, with a zone of penetration

(py =10hmm, % =6)
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Figure 2 Probe 12.05. Conductivity: 1 - apparent, 2 - restored, 3 - true

Figure 3 shows the results of applying this approach to a well filled with a conductive solution of

resistivity p,, =0.068 Ohm - m.
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Figure 3 Comparison of the results of solving the inverse problem: a - the proposed method,
b - traditional method, c - gamma logging data in conventional units
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Conclusions

The work was based on a simultaneous combination of three approaches:

- use of functional (1) to solve the inverse problem of the electrometry complex;

- study of the influence of different probes on the distortion of the results in the vicinity of the beds
boundaries. With the subsequent adequate choice of their weights in (1);

- the use of the method of increasing the vertical resolution of the IK probes, by solving the Fredholm
equation of the first kind of convolution type.

The main result of the work was a significant increase in the definition of the boundaries of
productive formations in the studied reservoirs, which is important for the environmental assessment
of the possible consequences of the operation of such formations.

Further research will be devoted to the problem of sustainable definition of D / d.

This paper could not be completed without financial support of competitive themes of scientific and
technical project in the National Academy of Sciences of Ukraine. It concerned a various scientific
fields, particularly (Baum et al. 2014; Kaliukh et al. 2015; Trofymchuk, 2002; Trofymchuk et al.
2013, 2017, 2018, 2019).
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