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SUMMARY

The paper presents a method for solving the inverse problem of electrometry of oil and gas
wells. An example of its application is given. For the given example, the data of the widely
applicable electrometry complex in Ukraine were used. The prospects of using the method of
estimating the error of solving the inverse problem depending on the measurement error of
the logging equipment are described.
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Introduction

Restoration of the geoelectrical parameters of a well cut based on logging data is commonly
considered by geophysicists as the solution of an inverse problem. The possibility of an exact solution
for such inverse problem should be fundamental in the development and operation of any instrumental
and methodological system. This is an outcome from the main requirement, which is set by the
customer of geophysical services. Indeed, the answer to the main question, where is the useful fluid,
its volumes and production daily rate, is hidden not in measured apparent values, but in an accurate,
including geoelectrical mineral (rock) model, described by the spatial distribution of electrical
resistivity. It directly follows from the fact that creation of equipment with excellent measurement
characteristics of apparent quantities, for which the inverse problem cannot be solved exactly, is less
preferable than creation of equipment with less precise measurement characteristics, but with a
possibility of more accurate solution for the inverse problem (i.e., bigger number of desired
parameters of the model is precisely defined). It is also pointless, for example, to create lateral logging
equipment for thin-layered high-contrast rocks, which will be subject to the Groningen effect and the
screening effect, since it is impossible to quantitatively restore required geoelectrical parameters of
the section (well section) with required accuracy from logging data. The meaning behind any
interpretation is to select the parameters of the section (well section) in such a way that the readings of
probes in it were closest to those actually obtained. Effectiveness of various methods for solving
inverse problem is determined by the choice of method for determining probe readings for the
selected parameters of the medium; selection of the “proximity” parameter of calculated readings of
probe and the real readings; selection of the method for the model parameters approximation during
selection. In the language of numerical modeling, these questions could be formulated respectively as:
- choice of method for solving direct problem (finite differences, finite elements, total currents, semi-
analytical, etc.);

- the type of the functional minimized when solving the inverse problem;

- a method of iterative process of solving the inverse problem.

Method

We need an algorithm for solving a 1D problem using the "classical" method, and another algorithm
for finding acceptable values intervals of reservoir parameters while using this method. To exclude
possible questions about correctness of its exploitation (and the use of results obtained by the author
with its help), we'll describe it (for the BKZ-BK-IK complex). The first stage is the introduction of
(my option — precise well corrections), as well as the same goes for the “skin effect” of induction
logging. After that, using minimization, the values of the required parameters are found per layer (in
the case of a priori information of reservoir layers location - according to PS, increment of

microprobes, caliper measurements, etc. - for them required parameters are considered to be p,;, p;,

%; for non-collectors — only p, ). In the absence of described information, all reservoirs are

considered to be three-layer, and according to the results of interpretation, non-reservoir reservoirs
will be considered those where condition is met to the maximum (in this case, intervals of their
allowable values).

Further, we enumerate different values of errors 6, and . For example, for the BKZ we iterate over

values in the range from — (0,2 + 0,004(% - ID to + {0,2 + 0,004(% - ID . Since there

are seven probes in our complex, choosing pairwise different values corresponding only to the edges
of measurement range for each probe, we will get 27 different possible potential distributions. If we
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take three values (for example, extreme and central - corresponds to the absence of error), then we get
37 different possible values.
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Figure 1 Well resistivity 0.7 Ohmm; LLD — lateral logging BK-3; CILA - AIKS induction logging
resistivity; SP is the spontaneous polarization potential curve; , p,, p;- resistivity of the formation

and the zone of penetration; % - the ratio of the diameter of the penetration zone to the nominal

diameter of the well; OHMM - Ohm-m designation on the tablet.
W valid parameter values obtained by the proposed method;

— valid parameter values obtained by the "classical” method;

B — reservoir attribute designation in the reservoir properties column.

Finding the local minimum of all these extremum (which, with the modern development of
computers, takes an acceptable time (delete this input in brackets)), we construct an interval of their
possible positions in model parameter space. In the case of a three-dimensional reservoir model, such
area could be represented graphically: Fig. 1-2 shows possible values of three-layer reservoir model
corresponding to the interval 2097.5-2306.6 m. Consider two options for solving the inverse problem:

1. Using a priori information about the location of reservoirs (according to self-polarization
potential measurements and microprobes);

2. Without use of a priori information about the location of the reservoirs.

Figure 1 shows the interval of the model, in which reservoir layers were identified by PS and
microprobes, after which the appropriate corrections were introduced and the 1D problem was solved
for each selected reservoir using the proposed and “classical” method. It turned out that the range of
acceptable values for the proposed method is almost always smaller than for the "classical" method,
and often entirely fits it's range. Figure 2 shows well section interval where all reservoirs were
considered as such and for which after the introduction of appropriate corrections, parameters of the
geoelectric model were calculated for individual selected reservoir. This case is a showcase of
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“sensitivity” for each of methods compared to desired parameters and extent it depends on the use of
priori information. Obviously, without a priori information, result is much more accurate; moreover,
we expel necessity of such priori information, which is also obtained with an error. Despite, perhaps,
excessive formalism and abstract consideration of multidimensional cases, the meaning of presented
approach is still reduced to the illustrated nature of the relationship between the measurement
accuracy and the confidence interval of desired parameters.
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Figure 2 Well resistivity 0.7 Ohm-m; LLD — lateral logging BK-3; CILA - AIKS induction logging
resistivity; SP is the spontaneous polarization potential curve; , p,, p;- resistivity of the formation

and the zone of penetration; % - the ratio of the diameter of the penetration zone to the nominal

diameter of the well; OHMM - Ohm-m designation on the tablet.
W valid parameter values obtained by the proposed method;

—valid parameter values obtained by the "classical” method;

B — reservoir attribute designation in the reservoir properties column.

This work is a continuation of a study that has been going on for several years (Myrontsov et al.,
2021a,2021b, 2021c, 2021d, 2022; Karpenko et al.. 2021).

The work also used approaches to solving inverse problems and modeling applied in other fields of
science (Popov et. al., 2021a, 2021b; Trofymchuk, 2002; Trofymchuk et al., 2014a, 2014b., 2015).

Conclusions

As a result, a conclusion was made about the inevitable necessity to consider the measurement data
error when solving an unstable inverse problem.
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