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SUMMARY

A method is proposed to reduce the error in solving inverse 3D problems of electrometry of
oil and gas wells, based on the search for a solution to the problem for a complex of probes in
the form of an intersection of the solution of individual probes. In contrast to methods based
on the search for a "weighted average" value.
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Introduction

Construction of a geoelectrical model of bedding that are opened by the well is one of the important
tasks of geophysical research of wells (GRW). The model is built on the basis of the data of direct
measurement in the well (logging) of some averaged (imaginary) values.

In turn, any measurement contains an error. Therefore, the result of the measurement is not a number,
but an interval of possible values. The greater the error, the greater this interval.

The task of quantitative interpretation of the electrometry of oil and gas wells is to build a
geoelectrical model of bedding that are opened by the well. But since the measurement data are
intervals of possible values, the values of the model parameters will also be intervals of possible
values.

The task is complicated by the fact that the relationship between the interval of possible measurement
values in the general case is nonlinearly dependent on the interval of possible values of the desired
model parameter.
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Figure 1 Three-layer formation model
The three-layer (Fig. 1) layer model is considered here and further.

So in Fig. 2 shows the dependence of the measured apparent resistance (AR) on the value of the
specific resistance (SR) of an infinite reservoir, which is opened by a well of a known diameter and a
known SR of the drilling fluid (Karpenko et al., 2020; Myrontsov et al., 2020). Dependencies are
given for electrical logging probes (EL) A0.4M0.1N, A1.0MO0.1N, N0.5M.20.A

It is obvious that the given graph demonstrates not only the non-linear nature of the dependence of
AR on SR. It also demonstrates the fact that a small measurement interval can correspond to a larger
interval of possible model parameter values. That is, the problem is a classic incorrectly set. And this
is a simpler example of one infinite and dense (without penetration) layer.

However, it should be noted that logging with some types of equipment and under certain conditions
can be considered a direct measurement: for example, lateral logging with a BK-3 three-electrode
probe — direct measurement of the SR of an impermeable layer without the influence of the well,
induction logging with a 6F1 (or 6FF40) probe is also a direct measurement.
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Therefore, the task of establishing the geoelectrical parameters of the bedding is a typical incorrectly
posed task.

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., 2022).

Let's consider the method of solving such a problem.
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Figure 2 An example of determining the intersection of the intervals of permissible values of
the resistivity of an uninvaded zone by the penetration of drilling fluid for various probes. 1 -
intersection zone, 2 — ranges of admissible values for probes separately (values p , and D

are considered given and known)

Method and Results

Let us have two conditional probes that measure the AR p,, p, (for definiteness, we can take
A0.4MO.1IN and A1.0MO.1N) for the ideal model, while we assume that p,,, D and d are known.
Thus, from the known p,, p, we need to determine p , and p,. For such a model, each pair of p,,
p, corresponds to one and only one value p, and p,. On the contrary, each value or can

simultaneously correspond to different values p, and p .

Assume that we know exactly the value of p, and p,. By solving the direct problem, we can

calculate the corresponding p, and p, . Let us now find the ranges of admissible values p, and p,
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for both these values p, and p, and for some others p, and p, , which differ from each other by

no more than a known error.

To do this, for each pair, it is necessary to find the area bounded by the curves (Fig. 3):
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Figure 3 Range of allowable values p , (uninvaded zone) and p , (invaded zone) : 1 — corresponding
to allowable change p, and p, ; 2 - allowable change p, and p, ;3 - their intersection

!’ !
Specific values of p ,, p, (corresponding to p, and p, ) will generally not coincide with the values
of these parameters corresponding to p, and p, .However, the areas of their admissible values will

always have an intersection (follows from the fact that the values of p, and p, , p, and p,
differ by no more than a known amount of error).

Thus, even for different values of the desired model parameters (which are commonly considered
different solutions), we argue that the solutions presented as intervals of acceptable values have an
intersection and, accordingly, the solutions can be considered equal.

This is one of the possible manifestations of the equivalence principle. This approach is also
applicable to other areas of modeling and solving spatial boundary value problems (Trofymchuk et
al., 2014, 2015, 2018; Trofymchuk, Vasyanin, 2015).
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Conclusion

A method is proposed to reduce the error in solving inverse 3D problems of electrometry of oil and
gas wells, based on the search for a solution to the problem for a complex of probes in the form of an
intersection of the solution of individual probes. In contrast to methods based on the search for a
"weighted average" value.
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