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Radial characteristics of lateral logging in thin-bedded formation

*M. Myrontsov (Institute of Telecommunications and Global Information Space of the National
Academy of Sciences of Ukraine), O. Karpenko (Taras Shevchenko National University of Kyiv)

SUMMARY

It is shown that the simultaneous influence of the borehole and the bedding thinness can significantly
distort the data of inversion of lateral logging in the conditions of the Dnipro-Donetsk depth. Examples
of such influence are given for the main types of reservoirs (water-saturated, gas-saturated, oil-
saturated). The influence of the borehole and invaded zone on the formation evaluation is investigated.
A method has been developed that allows to determine the mutual influence of the accuracy of
determining the geoelectric parameters of the invaded zone and formation.
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Introduction

The Institute of Telecommunications and the Global Information Space is conducting several
interrelated studies (Korchenko et al. 2019; Trofymchuk et al. 2019, 2021a, 2021b; Anpilova et al.
2020; Greben et al. 2020; Kaliukh et al. 2020; Lukianova et al. 2020; ). One of these areas is well
electrometry (Myrontsov, 2020a; 2020b; Myrontsov et al. 2020; 2021).

The problem of determining the radial distribution of resistivity along the formation in vertical and
deviated-vertical wells is of great importance for the subsequent determination of reservoir saturation
parameters. However, the accuracy of this determination is significantly affected by the thickness of
the studied formation. For example: for the classic BKZ-BK complex, even for a layer thickness of 4
meters, there is a significant distortion of the response of most of the probes (Figure 1). This
distortion is due to the influence of adjacent layers. This influence cannot be completely eliminated
because the problem of electrical logging is nonlinear. In contrast to the task of low-frequency
induction logging (Myrontsov, 2012).
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Figure 1: a. — Logging diagrams of the BKZ + BK complex for a single layer with a thickness of 12 m
(formation resistance pz =10 Ohm-m, drilling mud resistance p,, =1 Ohm-m); b. — Comparison of

probing curves for a layer of infinite thickness and the value of the specific resistiviry in the middle of
the layer of 4 m (py =10 Ohm'm, p,, =1 Ohm'm)

Method

The influence of adjacent layers can be significantly reduced by applying the procedure for
normalizing the influence of the probes in the process of minimizing the functional:

n 2
Flp pl )=\/ZK[%] , (1
i=1 i

where is n — the number of probes of the complex; p! — calculated values of apparent resistivity
(AR) for the considered model; p! — the actual values of the AR; K; — weighting coefficients of each
probe of the complex which can be changed including by the interpreter.
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As shown in Figure 2, the change in the influence of the corresponding probes brings the resistance
curve closer to the desired one.

However, well parameters can also have a significant impact on the result. So in Figure 3 shows how
the penetration curve changes depending on the change in the resistance of the drilling fluid (well
diameter d= 0.216 m; curve code 1 — py= 0.5 Ohmm; 2 — py,= 1 Ohm'm; 3 — py, =2 Ohm'm). The

results are given for three types of reservoirs (water-saturated, oil-saturated, gas-saturated). The paper

considers a three-layer reservoir model (well + invaded zone + part of the reservoir unaffected by the

mud filtrate).
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Figure 2 The result of the inversion of the BKZ + BK for a reservoir with a thickness of 12 m (R z -
values of the invaded zone resistivity, R'b — formation resistivity, R""b — formation resistivity
assuming there is no zone, Rp — real formation resistivity): a. — All K =1;b. —K ;4 01055 =0,

K somion =07 ¢ =K y40m05v =0, K gopmi.ov =0 (K7<D1.6 = 1)
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Figure 3: a. — Probing curves in a water-saturated reservoir with increasing penetration (p, = 20
Ohm'm, D/d =6, py =4 Ohm'm); b. — Probing curves in an oil-saturated reservoir with increasing
penetration (p, =30 Ohm-m, D/d =35, py = 6 Ohm-m); c. — Probing curves in a gas-saturated
collector with lower penetration (p, = 30 Ohm'm, D/d =7, pg = 60 Ohm'm). D — invaded zone
diameter
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Examples

The above examples and many other results obtained show that the well parameters can have a
significant impact on the penetration curve for the main types of the studied formations. At the same
time, if the resistance of the drilling fluid can be measured accurately, then the borehole diameter is an
approximate value. At least due to the fact that the cross section of real wells can be far from strictly
circular.

Considered in Figure 3 examples are no longer a two-layer model (well + formation). It should be
noted that non-electrical logging methods may be used to improve the determination of
saturation parameters (Karpenko et al. 2020).
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Figure 4: a — Comparison of the obtained probing curve in the oil-saturated formation and the
real; b— Comparison of the real resistivity profile of the oil-saturated formation and the found
resistivity profile in the coordinate z = 2135 m

It was noted that when selecting the appropriate coefficients in (1), it is possible to get rid of the
influence of boundary effects on the determination of formation parameters and the inversion result
turns out to be close to the values of the parameters of the same formation but of infinite
thickness (Figure 4).
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Figure 5 The accuracy of determining the resistance of the formation when changing the parameters
of the invaded zone

Geoinformatics 2021
11-14 May 2021, Kyiv, Ukraine



An effective method has been created that allows to calculate the error in determining one or another
bed parameter with inaccurate determination of another. The fact of such a connection in the accuracy
of determining the bed parameters is based on the principle of inversion equivalence (Myrontsov,
2019).

Conclusions

In the course of the work materials and approaches were used for modeling, analysis of large arrays of
information, the specifics of the occurrence of productive strata presented in the works (Gomilko,
Trofimchuk, 2001; Trofimchuk, 2002; Trofymchuk et al. 2013a; 2013b; Trofymchuk et al. 2014;
Trofymchuk et al. 2015; Trofimchuk, Vasyanin, 2015).

As a result of the work, the following conclusions were made:

1. Simultaneous influence of a well and thin-layer stratification can significantly distort the data
of inversion of lateral logging sounding in the conditions of the Dnipro-Donetsk depth.

2. Analysis of examples of such influence for the main types of formations (water-saturated,
gas-saturated, oil-saturated) allows to estimate the amount of inversion distortion.

3. An effective method is created that allows to quantify the mutual influence of the accuracy of
determining the geoelectric parameters of the zone of penetration and stratification.
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