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Reflection acoustic logging is a new technology for identifying geological structures around the well. It can be used to describe the
geological structure, such as formation interface, fracture, and limestone cave. Based on the acoustic logging tool composed of the
source and array receiver, the method can be used to image the geological structure around the well. Through migration imaging,
the section crossing the well can be obtained in any azimuth. In the current three-dimensional (3D) display technology of
reflection acoustic logging, the reflection plane around the well is always displayed as a reflection arc. The arc surface
correction method can correct the arc surface in 3D imaging into a plane. According to the similarity criterion in a physical
experiment and the need for practical research, we designed a scale model well experiment of dipole reflection acoustic logging.
We obtained the 3D display of the reflection structure around the well by the experiment and realized the arc surface
correction of the 3D display in reflection acoustic logging. The application shows the method can qualitatively describe the
lateral extension length of the geological structure around the well. After the arc surface correction, the geological structure can
be more accurately described.

1. Introduction

Reflection acoustic logging is a new well-logging technology,
which is concerned researched widely in recent years [1–10].
This method can be used to identify the geological structure
and evaluate the fracturing effect in unconventional oil and
gas exploration [11–17]. The resolution of reflected acoustic
logging is near 20 cm, which is better than that of seismic
exploration. The detection depth is nearly 50 meters, which
is much greater than that of conventional acoustic logging.
Schlumberger company first introduced the prototype of
the borehole acoustic reflection survey (BARS) in 1998
[18]. The previous reflected P-wave imaging logging used a
monopole source and receiver. The results can only judge
the distance from the structure to the borehole and cannot
explain its azimuth [19]. In order to overcome the shortcom-
ings of the monopole P-wave method, Tang et al. introduced
the dipole S-wave reflection acoustic logging technology,

which used a dipole source and dipole receiver in reflection
acoustic logging [20–23]. This method uses the orthogonal
dipole source to radiate the shear wave to the formation out-
side the well and receives the shear wave reflected from the
formation to image the structure near the borehole. Through
wavefield separation, synthesis of reflected SH-wave, and
migration imaging, the image of any azimuth section
through the borehole can be obtained. By comparing them,
the trend of the reflector can be judged. With the improve-
ment of geologists’ requirements for the display, more and
more researchers use 3D space to display the reflectors near
the borehole. Li Chao processed the logging data of mono-
pole reflection acoustic logging and obtained the 3D display
of the reflector near the borehole by using the scattered map
[24]. Li and Yue used two imaging sections with different
azimuths to form a 3D display and gave the top view of
one depth point [25, 26]. Kumar et al. used the 3D-STC
method and ray tracing method to process and analyze the
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logging data of Sonic Scanner. Since this method does not
adopt migration imaging, this method only displays multiple
slice results in the 3D window [27]. The inclination and azi-
muth of the reflector near the borehole can be obtained from
the slicing results, but there is no direct image of the geolog-
ical structure. Yevgeniy et al. combined the 2D imaging with
the geological model into 3D graphics for display. This
method displays the logging processing software data and
geological model data in the same software for the first time
[28]. The above methods all face a problem in 3D display
results. When there is a reflection plane near the well, the
3D result is a reflection-curved surface.

This paper studies the method of curved surface correc-
tion in the 3D display of reflection acoustic logging, which
can correct the arc surface to a plane in 3D imaging. Accord-
ing to the similarity criterion in the experiment and the need
for practical research, the scale model well experiment of
dipole reflection shear wave logging is designed. By process-
ing the experimental data, the 3D display of the reflection
plane is obtained, and the arc surface correction of the 3D
display of the dipole reflection shear wave logging is finally
realized. The arc surface correction technique is applied to
process the actual logging data. The results show that this
method can qualitatively describe the lateral extension
length of the fracture near the borehole compared with the
current 3D image display of reflection acoustic logging. After
arc surface correction, the reflector near the borehole can be
more accurately depicted.

2. Method

Dipole reflection shear wave logging can synthesize SH
waves in any direction through four component waveforms.

SH φð Þ = XX sin2φ + XY + YXð Þ sin φ cos φ + YY cos2φ,
ð1Þ

where XX and XY, respectively, represent the waveforms
emitted by the dipole X and received by the dipole X and
Y receivers; YX and YY, respectively, represent the wave-
forms emitted by the dipole Y and received by the dipole X
and Y receivers.φ is the angle of the tool azimuth from the
well logging. There are two problems in the 3D display of
dipole reflected shear wave: first, the actual reflection plane
is displayed as a reflection arc. The other is that one actual
reflection surface is displayed as two reflection surfaces,
and the azimuth angle difference between the two reflecting
surfaces is 180°. In order to obtain the 3D display of the
reflection plane, it is necessary to correct the arc surface
position of the imaging data that cannot be correctly
returned. The specific steps are as follows:

(1) Through dipole reflection shear wave logging, 2D
imaging section and reflection trends θ in different
azimuths are obtained

(2) Take the top view of a reflection interface as an
example. In Figure 1, point O is the center of the
borehole. Point A is the top viewpoint (i.e. imaging

data point) of the intersection of the section and
the imaging reflection (arc surface). Point A` is the
top viewpoint of the intersection of the section and
the real reflection. Therefore, points A need to be
corrected to points A`, and the position information
of A and A` relative to the well axis needs to be cal-
culated in the correction process. The coordinates of
point A in the cylindrical coordinate system are Að
R, θ + Δθ, zÞ. Where Δθ is the included angle
between the orientation of the section and the orien-
tation of the reflector. R is the distance from the
reflector to the point O. The coordinates of the mid-
point A in the rectangular coordinate system are A
ðxA, yA, zÞ. Where xA, yA, z are, respectively

xA = R × sin θ + Δθð Þ,
yA = R × cos θ + Δθð Þ:

ð2Þ

The coordinates of the point A` in the cylindrical coor-
dinate system should be A‘ðR‘, θ + Δθ, zÞ. The coordinates
of the point A` in the Cartesian coordinate system shall be
A‘ðxA‘, yA‘, zÞ. Where xA‘, yA‘, z are, respectively,

R′ = R ÷ cos Δθð Þ,
xA′ = R ÷ cos Δθð Þ × sin θ + Δθð Þ,
yA′ = R ÷ cos Δθð Þ × cos θ + Δθð Þ:

ð3Þ

Correct point A in space to point A` to complete the arc
surface correction.

(3) Perform position correction on the imaging data of
the reflection at all depth points. Return to the actual
position, that is, completes the 3D correction. The
3D image after arc surface correction is displayed
by top view, side view, and multiazimuth view and
can also be displayed as a dynamic image
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Figure 1: Schematic diagram of curved surface correction.
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3. Experiment

3.1. Experiment Introduction. The experimental device is
shown in Figure 2, mainly including a scale model well, dipole
transmitting and receiving probe, water tank mechanical sys-
tem, signal generator, and signal acquisition system. The scale
model well has an outer diameter of 30 cm, a height of 30 cm,
and a borehole diameter of 1.4 cm. The inclined surface on one
side of themodel well is taken as the reflection. The inclination
of the reflection is 75°. The top distance of the reflection is
6.4 cm away from the borehole, and the bottom distance of
the reflection is 14.5 cm. The material of the model well is a
homopolymer, and the P-wave and S-wave velocities are
2300M/s and 990m/s, respectively. During the experiment,
the model well was placed in a water tank, and the dipole
transmitting and receiving probes were placed in the middle
of the borehole. The main frequency of the excitation signal
used in the experiment is 40kHz.
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Figure 2: Physical photos and schematic diagram of the experimental device. (a) The scale model well with a reflection. (b) Schematic
diagram of experimental device. (c) Physical drawing of the experimental device.
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Figure 3: The YY waveform of common offset gather in 10 cm.
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The experimental process is as follows: the model well
top is defined as the depth zero point, the midpoint of the
transmitting and receiving probe is the depth recording
point, and the reflection interface is located in the north
direction. Define the north-south direction as the X direc-
tion, and define the East-West direction as the Y direction.
At the initial moment, the depth recording point is 9 cm,
that is; the depth of the dipole transmitting probe and the
receiving probe is 4 cm and 14 cm, respectively.

(1) Set the dipole transmitting and receiving probe to be
polarized along the X direction, and record a XX wave-
form. Keep the polarization direction of the transmit-
ting probe unchanged, rotate the receiving probe so
that the polarization direction of the receiving probe
is polarized along the Y direction, and record an XY
waveform. Keep the polarization direction of the
receiving probe unchanged, rotate the transmitting
probe to make the polarization direction of the trans-
mitting probe polarized along the Y direction, and
record a YY waveform. Keep the polarization direction
of the transmitting probe unchanged, rotate the receiv-
ing probe so that the polarization direction of the
receiving probe is polarized along the X direction,
and record an YX waveform. At this time, we get a
dipole four-component waveform at a depth point

(2) Continuously move the probe in steps of 0.5 cm.
After each movement, repeat step 1 to obtain dipole
four component waveforms at depth points of 9.5,
10.0, 10.5, 11.0, 11.5, 12.0, 12.5, 13.0, 13.5, 14.0,
and 14.5 cm. That is, 12 depth points were measured
in this experiment, and a total of 12∗ 4 dipole four
component waveforms were obtained

4. Experimental Result

Figure 3 is the waveform diagram of the YY component with
a distance of 10 cm measured in the experiment. Since the
dipole Y polarization direction is parallel to the interface trend,
the YY component can obtain a strong reflected SH wave at
this time, which is conducive to dipole-reflected S-wave imag-
ing. It can be seen from the figure that the dipole wave appears
after 0.1ms and the wave has a good consistency. The reflected
wave appears between 0.24ms and 0.3ms, and it can be seen
that the amplitude of each channel waveform has an obvious
difference in this time period. However, it is impossible to

observe directly the phase axis of the reflected wave. The noise
signals after 0.3ms may come from the upper and lower top-
bottom interfaces of the model well.

The four component dipole waveforms obtained from the
simulation experiments are processed by band-pass filtering,
singular value decomposition (SVD) to separate the borehole
mode wave and reflected wave field, FK filtering to separate
the up and down traveling waves, and deconvolution of the
backlog wavelet. Multidirectional SH wave can be synthesized
by changing at 5° intervals according to formula (1). After pre-
stack, Kirchhoff migration imaging with the same migration
parameters, 36 section images of 0° to 175° can be obtained.
Figure 4 is the N-S sections. The black solid line marks the
actual position of the reflection in the model well. It can be
seen that the amplitude and clarity of the imaging data of
the interface are displayed. In Figure 4, the inverted inclination
of the reflection in the imaging diagram is between 74°to 75°,
and the difference from the actual interface inclination of 75°

is less than 1°. The distance between the top of the reflection
and the borehole is about 10 cm in the image, the distance
between the bottom of the reflection and the well axis is about
11.5 cm in the image, and the fact distance is 9 cm and 10.5 cm,
respectively. The difference between them is about 1 cm.
Figures 5(a) and 5(b) are the comparison images of depth
slices before and after arc surface correction of 13 cm depth
recording points, respectively. Through comparison, it can
be seen that through the arc surface correction method, the
3D displayed arc surface can be corrected into a plane. And
this display result will not change the amplitude of the imaging
data. Figures 5(c) and 5(d) are the comparisons of the true
north views before and after arc surface correction. It can be
seen from the comparison that the top imaging value is larger
than the bottom imaging value because the top is close to the
well axis. In the 3D imaging results, the top lateral extension of
the reflection is greater than the bottom lateral extension,
which is consistent with the actual model well shape.
Figures 5(e) and 5(f) are the due east 30° plan views before
and after arc surface correction. After the arc surface correc-
tion process, the reflector is corrected into a reflection plane
in the 3D display. Therefore, this display method is more intu-
itive for describing the geological body near the well.

5. Application

Well T is located in the southeast of the Sulige gas field cen-
tral area in Ordos Basin. The measured depth of reflection
acoustic logging is 3277m-3943m. Figure 6 is the migration
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Figure 4: Migration imaging of north to south profiles.
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Figure 5: Continued.
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Figure 5: Continued.
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Figure 5: Three-dimensional display of model well experiment. (a) The section at a depth point of 13 cm. (b) The section at a depth point of
13 cm after the process. (c) Front view of the north. (d) Front north view of the north after the process. (e) The vertical view of 30°in the east.
(f) The vertical view of 30°in the east after the process.

Figure 6: The profile migration imaging of north to south 50°.
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Figure 7: Continued.
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imaging result of the N-50-S section obtained from dipole
reflection acoustic logging at 3485-3595m depth. The first
track is the GR curve, the second track is the depth track,
and the third track is the S-wave velocity curve and correla-
tion coefficient obtained after STC processing. The fourth
track is the migration image of the cross-hole axis section.
An inclined fracture (indicated by the red arrow) is shown
in the depth section of 3486-3494m. The total length of this
fraction is 8m, and the dip angle changes with the depth.
The dip angle of the fractures in section 3486-3490m is
about 80°, and the dip angle of the fractures in section
3490-3494m is about 70°. The upper end of the fracture is
about 10m away from the shaft, and the lower end is about
2m away from the shaft. As shown in Figure 6, by compar-

ing the amplitude of the multidirectional imaging data, it
can be seen that the imaging characteristics of this fracture
are the strongest in the N-50-S section. The arc surface cor-
rection method is applied to process the measured data.
Figures 7(a) and 7(b) are the depth slice comparison of
3490m depth without arc surface correction and after arc
surface correction, respectively. Comparing the two figures,
it can be seen that through the correction method in the
paper, the well side arc surface display of a single depth
point can be corrected to a plane display. Figures 7(c) and
7(d) are due east plan views before and after arc surface cor-
rection, respectively. By projecting the data of each depth
into the 3D Cartesian coordinate system, the 3D display of
the reflection beside the borehole can be obtained. Whether
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Figure 7: Three-dimensional display of fractures near the borehole by dipole reflection acoustic logging. (a) The section at a depth point of
3490m. (b) The section at a depth point of 3490m after the process. (c) Front view of the east. (d) Front north view of the east after the
process. (e) The vertical view of 15°in the north to south 140°. (f) The vertical view of 15°in the north to south 140° after the process.
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surface correction arc is adopted or not, it can reflect the exis-
tence of this reflection interface. After the arc surface correc-
tion, the arc surface display of the geological body beside the
well can be corrected into a plane display. Through 3D display
and color code change, it can be observed that the fracture has
a long transverse extension length and strong imaging ampli-
tude at the depth of 3486-3489m. At the depth of 3489-
3494m, the transverse extension length is short and the imag-
ing amplitude is weak. Figures 7(e) and 7(f) are the 15° depres-
sion angle in the N50° direction before and after arc surface
correction. The depression angle map in the 3D display is eas-
ier to express intuitively the orientation, shape, distance, and
other characteristics of the geological body near the well and
is also convenient for the observer to understand. After the
arc surface correction, the reflector is corrected into a reflec-
tion plane in the 3D display.

6. Conclusion

Aiming at the problem of imaging surface in a 3D display of
reflection acoustic logging, we propose a method of surface
correction and apply it to physical experiments and field
data. This method records multiple reflection imaging data
points on the cross-section of different orientations. The
data points are projected into the 3D Cartesian coordinate
system by coordinate transformation, and the positions of
the data points on the curved surface are corrected to obtain
the reflection plane 3D map of the geological body near the
well. The 3D display of the geological body near the well is
carried out by using the physical experiment data and the
field test data, and the following conclusions are obtained.

In the physical simulation experiment, the dip angle of
the designed model well is 75°, and the azimuth is true north.
In the migration imaging results, the dip angle of this reflec-
tion interface is 74°, and the azimuth is true north. The
inversion error of the distance between the top and bottom
ends of the interface and the well axis is less than 1 cm. After
the arc surface correction, the reflection arc surface in the 3D
display is corrected to a reflection plane, and the 3D display
result of this reflection surface is basically consistent with the
designed model well interface.

In the field data processing example, the fracture near
the well is located at the n-50-s profile, and the distance
between this reflector and the well axis is 2m-10m. After
the arc surface correction, the reflection arc surface in the
3D display is corrected to a reflection plane. After the obser-
vation, it can be found that the horizontal extension of the
crack top is long, the imaging amplitude value is large, the
horizontal extension of the crack bottom is short, and the
imaging amplitude value is low. The 3D display result after
the arc surface correction is more convenient for observation
and understanding.

The structure of the geological body near the well can be
obtained by using the 3D display technology of reflection
acoustic logging. After being processed by the arc correction
technology, the geological body near the well can be more
accurately depicted, which is more conducive to the applica-
tion of reflection acoustic logging technology in petroleum
geology.
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