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ABSTRACT

Formation microimagers are among the most advanced devices used in wireline logging and while drilling. Using three-
dimensional numerical modelling, the spatial resolution of the first domestically designed device for lateral scanning logging
while drilling (LWD), called the microimager, was assessed. This development marks significant progress in technological
capabilities used in oil and gas field developments. An innovative algorithm has been introduced for constructing a geoelectric
model that reveals the spatial distribution of specific electrical resistance near the wellbore and opens new possibilities for
discoveries. The modelling results indicate that the Lateral logging device offers exemplary spatial resolution, featuring a vertical
and azimuthal resolution of 0.10 m, along with a radial depth that exceeds 0.08 m. This high level of precision enhances its
effectiveness in data collection and analysis.
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Introduction

In recent decades, the number of borehole geophysics
methods has grown significantly. Notably, formation micro
imagers have emerged, used in wireline logging and during
drilling. These devices, instead of traditional logging curves,
enable the capture of images—spatial distributions of the
measured parameter across the borehole wall'>.

In line with import substitution programs, the Research
and Production Enterprise of Geophysical Equipment (Luch),
together with the A.A. Trofimuk Institute, has developed the
“LUCH” hardware complex for logging while drilling®'?. The
LUCH complex includes a lateral scanning logging (LSL)
device, which enables the acquisition of images of apparent
electrical resistance (Ra) during drilling. Software based on the

finite element method has been developed to calculate the LSL
signals''"'4,

This software was utilised to conduct numerical modelling of
electrical microimager signals within realistic three-dimensional
geoelectric models representing various environments'>'°.
Furthermore, the impact of measurement conditions on the
interpretation of imaging results was analysed'”'®. The potential
of using the device to tackle geonavigation challenges was also
demonstrated'**°.

Methodology

The most important characteristic of electrical logging
devices is the resolution in assessing the spatial distribution of
resistivity?'>. In the case of a formation microimager, the spatial
resolution of the device is described by three characteristics:
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radial depth, vertical and azimuthal resolution’**". To evaluate
these device characteristics, a modified classical geoelectric
model that includes the well, the invation zone and the formation
is used. In the model, the invasion zone is divided into blocks
by well depth, z and by azimuthal angle, ¢, with each block
specifying its resistivity value, Ri,j (Figure 1). Such a division,
with a small block size, allows for an arbitrary description of the
resistivity distribution in the near-wellbore space.

Figure 1: Geoelectric model of the borehole environment for
estimating the spatial resolution parameters of the LL device

To estimate the radial depth of the device, geoelectric
models are considered in which the invasion zone is uniform
and its thickness varies from 0.01 to 0.20 m. The resistivity of
the invasion zone ( Ri) and the formation resistivity (Rt) range
from 3 to 1000 Ohm-meter (Q-m). In numerical modelling, the
following parameters are set: the resistivity of the drilling fluid
in the well is 1 Q-m, the well diameter is 0.220 m and the device
diameter is 0.202 m.

The measured signal is expressed as a linear combination of
contributions from the invaded zone and the formation:

R, = J(h)R; + [1 — J(h)IR; (1)

In this context, Ra represents the apparent resistivity, while J
is a pseudo-geometric factor. This factor serves as a normalized
weighting coefficient that quantifies the contributions from
both the invaded zone and the formation zone to the measured
signal®!-%s.,

We will define the radial depth of the device as the thickness
of the invaded zone ( where the pseudo-geometric factor is equal
to 0.5.

Results and Discussion

As a result of the modelling, the dependences of the
pseudo-geometric factor on the thickness of the invasion zone
in geoelectric models at different values of the resistivity of
the invasion zone and the formation resistivity were obtained
(Figures 2-4).
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Figure 2: Dependence of pseudogeometric factors on the
thickness of the invaded zone, calculated in geoelectric models
of the wellbore environment with varying values of Rt and for

Ri of 3 and 10 ohm.m
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Figure 3: Dependence of pseudogeometric factors on the
thickness of the invaded zone, calculated in geoelectric models
of the wellbore environment with varying values of Rt and for
Ri of 30 and 100 ohm.m.
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Figure 4: Dependence of pseudogeometric factors on the
thickness of the invaded zone, calculated in geoelectric models
of the wellbore environment with varying values of Rt and for Ri

of 300 and 1000 ohm.m

The simulation results indicate that the radial depth of
exploration is primarily affected by the resistivity value of the
invasion zone. When the invasion zone resistivity (Ri) is 3 Ohm
m, the radial depth varies from 0.08 to 0.17 meters. However,
when the resistivity is increased to 1000 Ohm.m, the radial depth
exceeds 0.20 meters in all models examined.

To estimate the vertical and azimuthal resolution of the
device, a more detailed geoelectric model is employed. In this
model, the near-wellbore space is divided into small segments.
To determine the resistivity of these segments, an adapted
acoustic image is utilised, which reveals cracks of various
widths*°. The original image’s colors are transformed into
shades of gray, with each shade assigned a specific resistivity
value ranging from 1 to 2000 Ohm.m (Figure 5). The resulting
geoelectric model describes a realistic fractured high-resistivity
medium, where the fractures are filled with conductive drilling
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fluid. The following parameters are specified for the numerical
modelling: the resistivity of the drilling fluid in the well is 1
Ohm-'m, the resistivity of the formation is 2000 Ohm'm, the
thickness of the invasion zone is 0.50 m, the diameter of the well
is 0.220 m, the diameter of the device is 0.202 m, the number of
sectors is 16 and the vertical discretisation step is 0.05 m.
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Figure 3: a) High spatial resolution acoustic image, b) Spatial
distribution of resistivity in the geoelectric model of the borehole
environment, c) Image of apparent resistivity obtained as a result
of numerical modelling

Because of the small size of the device’s current electrode,
its vertical and azimuthal resolutions are each determined by the
sampling step along the well depth and the number of azimuthal
sectors where measurements are taken. The modelling results
indicate that cracks with a width of at least 0.10 m are clearly
visible in the image, which corresponds to doubling the sampling
step in both the vertical and azimuthal directions.

Conclusions

During the course of this research, an algorithm has been
created to facilitate the computation of Lateral Logging (LL)
signals within geoelectric models. This algorithm is capable of
handling environments characterized by a variety of resistivity
distributions in proximity to the wellbore. By accounting for
these variations, the algorithm provides more accurate and
reliable interpretations of geoelectric data, ultimately enhancing
our understanding of subsurface formations. The results of the
modelling show that the Lateral logging device has a high spatial
resolution: the vertical and azimuthal resolution is 0.10 m and
the radial depth exceeds 0.08 m.

Improving vertical and azimuthal resolution involves
reducing the measurement sampling step; however, transmitting
denser data to the surface in real time is challenging due to the
limited bandwidth of the hydraulic communication channel.
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