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Abstract: Generally, ground grouting is used to treat confined water areas before mining at the
working face, but there is a lack of testing methods for determining the effectiveness of such a
grouting treatment on the floor of ultrawide working faces. Therefore, we propose a 3D DC resistivity
method for mines and apply it to the detection of the effect of grouting on the mine floor. This
study took the Yongmei Xinqiao Coal Mine in Henan Province as the research object and used a
combination of theoretical analysis, numerical simulation, and measured data analysis to study the
effect of the 3D resistivity method on detecting the effect of grouting on the floor of an ultrawide
working face in the mine. The research results indicated that compared with the 2D observation mode
of same-side power supply and reception, the 3D observation mode of opposite-side power supply
and reception using the tunnels on both sides of the working face was more sensitive to the response
of the water-rich area 60 m below the coal seam’s floor. Regarding the model’s set-up in this article,
when traditional apparent resistivity calculations were used, the apparent resistivity obtained by
the 3D observation mode was opposite to the model’s setting, and accurate electrical information of
anomalous bodies must be obtained through 3D inversion. The measured data showed that although
the ground grouting treatment effectively reduced the water volume in the floor, the treatment’s
result was affected by human factors, and the water in the floor was redistributed.

Keywords: 3D DC resistivity method for mines; ultrawide mining working face; grouting detection;
3D inversion; confined water

1. Introduction

Although the use of ultrawide working faces has a series of advantages, such as less
equipment use, easier management of equipment, fewer operators, and relatively simple
production systems [1], the corresponding roadway layout results in new challenges to the
detection of water-rich areas in the working face’s floor, especially in mining areas at risk of
confined water hazards on the floor. To reduce the threat of floor-confined water in mining
faces, ground grouting is used for the regional treatment of confined water in the floor of the
working faces. However, there is a lack of methods available for detecting the effectiveness
of floor grouting treatments in ultrawide working faces. Usually, in high-gas mines, in
addition to the upper and lower roadways used for mining, there is a roadway located
above or below the working face parallel to the working face’s direction for drainage of
gas [2]. Conventional geophysical methods adopted in mines can meet the requirements
of detecting water damage on the floor and the effect of grouting. However, for low-gas
mines, the layout design of one mining working face with three roadways undoubtedly
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increases the costs and reduces the work efficiency. Therefore, most low-gas mines are
designed by adopting a single mining working face with two roadways as an approach.

The commonly used methods for detecting geological structures inside mining work-
ing faces and roofs and floors include wireless electromagnetic wave analysis [3,4], in-seam
seismic exploration [5–7], the mine transient electromagnetic method (TEM) [8–10], and
the mine direct current (DC) resistivity method [11,12]. Wireless electromagnetic wave
perspective technology uses high-frequency electromagnetic waves to detect geological
isomers inside the working face. Its penetrative ability is dependent on the frequency,
and the commonly used frequencies of 0.3 MHz, 0.5 MHz, and 1.5 MHz have limited
penetration distances [13], making it difficult to effectively detect geological structures at
working faces with widths exceeding 300 m. In-seam seismic exploration has advantages
such as high resolution, but its construction efficiency is low and its labor intensity is high.
Its application in some high-gas mines is limited, and its response to water bodies is not
very sensitive. Therefore, it is limited in its effect when used at ultrawide working faces
and in water-rich areas of roofs and floors. Due to the constraints of underground space,
the effective detection distance of the mine TEM is usually less than 100 m. Therefore, when
conducting TEM detection in ultrawide mining working faces, there are blind spots of
detection inside the working face and on the roof and floor. The mine DC resistivity method
achieves measurements at large depths based on the distance between the transmitting
and receiving electrodes [14], so it can be applied to the detection of ultrawide mining
working faces.

The DC resistivity methods can be roughly divided into two categories: mine DC
resistivity sounding measurements with same-side transmission and reception, and mine
DC resistivity measurements with opposite-side transmission and reception. The source
and receiver of the opposite-side transmission and reception mode are not on the same
measurement line, so it can be regarded as a three-dimensional (3D) observation mode.
Some experts and scholars have developed corresponding 3D inversion techniques for this
mode [11,15,16]. Therefore, we propose applying the mine 3D DC resistivity method to
detect the effect of grouting in areas with confined water in the mine floor of an ultrawide
mining working face. To provide better guidance for actual construction, we used numerical
simulation to compare and study the ability of the 3D observation mode of opposite-side
transmission and reception, and the two-dimensional (2D) observation mode of same-side
transmission and reception to detect the water-rich area of the working face’s floor in detail.
The measured data were processed and analyzed to verify the ability of the mine 3D DC
resistivity method to detect the effect of grouting in the water-rich area of the floor.

2. Basic Principles of the Mine 3D DC Resistivity Method

The mine 3D DC resistivity method uses DC to detect the resistivity of a medium. Its
basic principle is the same as that of the resistance testing method in physics. By supplying
a stable current to a circuit, the potential V and current I are measured on both sides of the
resistance R. The resistance law can be used to calculate the resistivity of the resistance in
the circuit. The DC resistivity law uses the earth as the conductive medium for detection.
To form a DC circuit, the power supply needs to be directly connected to the earth through
a wire, as shown in Figure 1 [17]. In Figure 1, A and B are the power supply electrodes
connected to the power source and the earth medium, respectively, while M and N are the
potential electrodes, which are mainly used to measure the potential difference between
M and N, also known as the receiving electrode.

Figure 1. Diagram of the DC resistivity method.
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According to the relative position between the power supply electrodes and the re-
ceiving electrodes, conventional DC resistivity methods can be divided into those with
dipole–dipole devices, dipole–pole devices, and pole–pole devices. Initially, due to limita-
tions of computer technology, in addition to using 1D and 2D inversion methods [18–20],
the methods of interpreting the DC resistivity method focused on calculating the appar-
ent resistivity, that is, Equation (1) [21], based on the calculated apparent resistivity for
geological interpretation.

ρS = K
∆UMN

I
(1)

where ρS is the apparent resistivity, which is the comprehensive response of the resistivity
of the underground medium; I is the power supply current, which is automatically recorded
during data collection; ∆UMN is the potential difference between the receiving electrodes
M and N; and K is the coefficient of the relationship between the power supply electrodes
and the receiving electrodes. For pole–pole devices, K= 4π · AM, where AM is the distance
between the power supply point and the receiving point.

With the development of computer and electronic technology, including but not
limited to the abovementioned types of devices, an increasing number of instruments are
being developed for 3D observation systems [22]. The mine 3D DC resistivity method
utilizes all the available space in the mining face via the arrangement of electrodes in the
upper and lower roadways, setup room, drilling holes, and other spaces of the working
face, ignoring the constraints of traditional DC resistivity method devices. The mine 3D DC
resistivity method uses a single electrode for power supply and all the other electrodes for
reception (pole–pole or dipole–pole), combined with the information on the position of
the power supply and reception electrodes for interpretation via joint inversion to detect
information in the roof and floor of the working face, as shown in Figure 2. The blue dots
in Figure 2 represent the positions of the electrodes. When detecting geological information
in the coal seam’s roof, the electrodes can be placed on the roadway’s roof. When detecting
geological information in the floor, the electrodes need to be placed on the roadway’s floor.
When one or two electrodes are used as power supply electrodes, all the other electrodes
can be used as receiving electrodes, and the receiving points are not in the same line as the
power supply points, thus achieving a 3D observation system.

Figure 2. Layout diagram of the electrodes of the mine 3D DC resistivity method.

However, due to limitations in terms of the number of channels for DC electrical
instruments, the power supply’s current, the construction space, and underground safety,
during actual construction, power can be supplied from only one side of the roadway of
the working face and received from the opposite roadway, thus achieving 3D observation.
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3. Numerical Simulations of the Mine 3D DC Resistivity Method for Detecting the
Grouting of a Mining Working Face’s Floor

There are significant safety hazards in coal mines due to the influence of confined
limestone water in the floor. Grouting is usually used to treat local water-rich areas of the
working face’s floor. Due to the influence of gravity, pressure, and other factors, the water-
rich areas gradually became thinner during treatment. Therefore, this section simulated
the water-rich zone under different states of grouting by establishing thin horizontal plates
with fixed depths and different thicknesses.

3.1. Design of the Model

Based on the 3D observation mode of opposite-side power supply and reception, and
the 2D observation mode of same-side power supply and reception, a geoelectric model
of a 300 m wide mining working face was established, based on the Xinqiao Coal Mine of
the Yongmei Group in Henan Province, China. Numerical simulations were conducted
with different thicknesses of water-rich areas 60 m below the floor to analyze the ability
of the 3D DC resistivity method with opposite-side power supply and reception to detect
the process of grouting in the water-rich area of the floor of an ultrawide mining working
face. The model’s design is shown in Figure 3. The yellow bar in the figure represents the
space of the roadway, with a width and height of 10 m. The resistivity was set to 10–8 Ω·m.
Each roadway was equipped with a 400 m long measurement line, which included Line #1
and Line #2. The red dots represent the power supply points. When Point #1 is powered,
the potential of each point on measurement Line #1 is calculated to simulate the detection
ability of the 2D observation mode with same-side power supply and reception. When
Point #2 is powered, the potential of each point on measurement Line #2 is calculated to
simulate the detection ability of the 3D observation mode with opposite-side power supply
and reception. The gray shaded area represents the coal seam, with a thickness of 10 m and
a resistivity of 1000 Ω·m. The light blue plate-like body below the coal seam’s floor is a
simulated low-resistivity and water-rich area with a length and width of 200 m. The top
interface is 60 m from the coal seam’s floor; the thickness T is set to 10 m, 20 m, 30 m, or
40 m; and the resistivity is set to 10 Ω·m.

Figure 3. Schematic diagram of models with different thicknesses.

3.2. Analysis of the Results of Numerical Simulation

Due to the fact that the designed model included coal seams, water-rich areas, and
roadways, analytical formulas could not be used to calculate the potential of each measurement
point. Therefore, we used the full-space three-dimensional electrical finite element method [11]
for numerical calculations. The detailed algorithm will not be elaborated on here.
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3.2.1. Characteristics of the Background’s Apparent Resistivity

To provide an explanatory basis for the measured data, first, we analyzed the charac-
teristics of the apparent resistivity in the presence of only coal seams and tunnels without
anomalies, as shown in Figure 4. The horizontal axis represents the positions of the mea-
surement points along the direction of the roadway, and the vertical axis represents the
apparent resistivity calculated using Equation (1). When power was supplied and received
on the same side (Point #1 was powered, measurement Line #1 received, and the power
supply point was located at the x = −200 m position), as the distance from the power
supply point increased, the apparent resistivity gradually decreased and tended to reach
the roof’s or floor’s resistivity of 100 Ω·m. This was mainly caused by the depth of de-
tection determined by the DC resistivity method and the distance between the electrodes.
The potential near the power supply point was mainly affected by the coal seam and the
roadway, while the potential far from the power supply point was mainly influenced by
the electrical properties of the roof’s and floor’s rock layers. The apparent resistivity of the
3D observation mode (powered by Point #2 and received by Line #2) was approximately
100 Ω·m, mainly because the minimum distance between the source of emission (Point #2)
and Line #2 was 300 m, which could not effectively reflect the electrical information of
shallow coal seams and roadways.

Figure 4. Curves of the background’s apparent resistivity.

3.2.2. Influence of the Variation in Thickness in Water-Rich Areas on Apparent Resistivity

Subsequently, numerical simulations were conducted on water-rich areas with differ-
ent grouting states located 60 m below the floor of the mine’s working face. The results
of the simulation are shown in Figure 5, where the shaded area represents the location of
the water-rich area along the measurement line. Figure 5a shows the apparent resistivity
curves calculated by the 3D mode with opposite-side power supply and reception. The
shapes of the apparent resistivity curves calculated by all models were the same, and the
corresponding positions in the low-resistivity and water-rich areas showed a phenomenon
of high resistivity, which was opposite to the model’s setting; as the thickness of the water-
rich zone decreased, the values of apparent resistivity calculated along Line #2 gradually
decreased as well.

Figure 5. Apparent resistivity curves for various thicknesses of the water-rich zone.
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Figure 5b shows the apparent resistivity curves calculated by the 2D mode with
same-side power supply and reception. As the distance from the power supply point
(x = −200 m) increased, the apparent resistivity first decreased, then increased, then de-
creased, and finally approached the background resistivity. That is, the resistivity at the
abnormal corresponding position close to the power supply point was lower than the
background resistivity, and the resistivity at the anomaly far from the power supply point
was greater than the background value. As the thickness of the water-rich zone decreased,
the apparent resistivity gradually tended toward the background value.

3.2.3. Characteristics of the Rate of Change in the Apparent Resistivity

The apparent resistivity curves could analyze only the impact of different grouting
states on the observation data and could not analyze their degree of influence. Therefore,
the detection ability of 2D and 3D observation modes was analyzed on the basis of the rate
of change in the apparent resistivity. The curves of the rate of change in apparent resistivity
are shown in Figure 6. The vertical axis in the figure represents the calculation formula for
the rate of change in apparent resistivity, where ρa is the apparent resistivity calculated
by the models with different grouting states in the water-rich zone in Figure 5, and ρb is
the background’s apparent resistivity calculated by the model without water-rich zones
in Figure 4. Figure 6a shows the curves of the rate of change in the apparent resistivity
obtained from the 3D observation mode with opposite-side power supply and reception.
The rate of change in apparent resistivity ranged from 3% to 14%, and the rate of change
in apparent resistivity of all models had a part that was greater than 5%. Due to the
influence of free current and errors in the electrodes’ position during actual construction,
observation data usually contain 3% to 5% random noise [23]. Therefore, the 3D mode
with opposite-side power supply and reception could effectively detect water-rich areas
with thicknesses greater than 10 m. Figure 6b shows the curves of the rate of change in the
apparent resistivity obtained from the 2D observation mode with same-side power supply
and reception, with the rate of change in apparent resistivity ranging from −5% to 3%.
Regardless of the thickness of the water-rich area, in these models, no areas with rates of
change in apparent resistivity were greater than 5%, indicating that the 2D observation
model could not effectively detect the water-rich area of the size set in this article.

Figure 6. Curves of the rate of change in apparent resistivity.

According to the numerical simulation of grouting via the mine 3D DC resistivity
method at the floor of the mine’s working face, the 3D observation mode with opposite-side
power supply and reception had a greater ability to recognize the water-rich area of the
floor. However, with the opposite-side power supply and reception mode, the apparent
resistivity calculated by the model in this article was opposite to the electrical properties of
the anomalous body. Therefore, we used 3D inversion to obtain the true electrical properties
of the underground target body from the measured data.

4. Engineering Examples

To verify the ability of detecting the grouting effect of the floor of the mine’s working
face through the 3D mode with opposite-side power supply and reception, mine 3D DC
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resistivity detection tests were conducted before and after grouting at the Working Face
21106 of the Xinqiao Coal Mine, Henan Yongmei Group, China.

4.1. Overview of the Experimental Area

The length of the track roadway in the fully mechanized mining Face 21106 is 954 m,
and the length of the belt roadway is 931 m. The inclined length of the working face
of mining is 326 m, and the elevation is −328.1 to −548.8 m. The upper section of the
Taiyuan Formation consists of six layers of limestone from L12 to L7, with an average
thickness of 27.51 m; the karst fissures are developed. The aquifer of L12–L7 is an indirect
water-filling aquifer in Working Face 21106, with an average distance of 57 m from the
floor of the working face. The mine’s Working Face 21106 is separated from the limestone
by weakly permeable mudstone and sandy mudstone, which can provide good water
resistance. During the process of mining the working face, damage to the floor easily
is communicated to the limestone aquifer through faults or collapse columns, which
poses a safety hazard in the mine’s working face. Therefore, in front of the mining face,
the Xinqiao Coal Mine carried out regional management of the floor’s limestone aquifer.
Twenty-five grouting boreholes were designed in Working Face 21106. As of 2 January 2023,
10 have been completed, with a drilling depth of 5394.81 m and 49,940 t of cement injected.
As of 8 May 2023, the ground’s grouting work was basically completed. To compare and
analyze the effect of grouting, the 3D DC resistivity of the initial exploration and secondary
exploration were conducted on the track roadway and belt roadway of the mine’s Working
Face 21106 from 4 January to 7 January 2023 and from 8 May to 10 May 2023 to study
the detection ability of the 3D observation mode with opposite-side power supply and
reception on the floor.

4.2. Instrumentation and Layout of Measurement Points
4.2.1. Instrumentation

The on-site experiment of the 3D observation mode with opposite-side power supply and
reception adopted the internationally advanced Syscal Pro (France) DC resistivity instrument
(Figure 7), which can recognize both strong and weak signals while retaining its stability.

Figure 7. The Syscal Pro DC resistivity instrument.

4.2.2. Layout of Measurement Points

During the initial exploration and secondary exploration, a total of 99 electrode points
were laid along the track roadway of Working Face 21106, and 98 electrode points were laid
along the belt roadway. The electrodes’ spacing was 10 m, and a positive power supply
electrode was supplied every 50 m. In Figure 8, the red circles represent the power supply
points, and the blue circles represent the receiving points. Due to the limited number of the
instrument’s channels, only 36 channels of data, or 350 m, could be received in one trans-
mission. As shown in Figure 8, the power supply was provided at Point #25 of the track
roadway, and the receivers were located at Points #0–35 of the belt roadway. In addition,
the electrodes at Positions #0–35 received the potential generated by the power supply elec-
trodes at Points #0, #5. . . #40 in the track roadway. After the power supply was completed
at Point #40 of the corresponding track roadway for Points #0–#35 of the belt roadway, the
receiving cable of the belt roadway moved to Points #30–#65, corresponding to the electrodes
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at Points #25, #30. . . #70 in the track roadway, and power was supplied. Each time the cable
moved 300 m, the process was repeated to analyze the stability of the data.

Figure 8. Schematic diagram of the layout of construction using the 3D resistivity method in mines.

4.3. Processing and Interpretation of the Experimental Data

When we constructed the opposite-side power supply and reception system, the power
supply and reception points were located on both sides of the working face, which was a
type of 3D DC resistivity exploration. Furthermore, the numerical simulations indicated
that there was an opposite phenomenon between the calculated apparent resistivity and the
electrical properties of the target body during 3D observations. Therefore, 3D DC resistivity
inversion technology could obtain more accurate interpretations of the results than can
directly calculating the apparent resistivity.

4.3.1. Evaluation of the Results of Inversion

The intersection between the measured initial and secondary exploration data at the
mine’s Working Face 21106 and the 3D inversion data is shown in Figure 9.

Figure 9. Intersection diagram of the simulated and measured results.

The blue dots in the figure are the intersection points of the initial exploration, and the
red dots are the intersection points of the secondary exploration. When the intersection
point completely coincides with the black solid line in the figure, the measured data are
consistent with the inverted data. Due to the influence of free current and displacement of
the electrodes in the roadway during actual work, there was some interference with the
measured data. It is difficult for the results of inversion to be completely consistent with the
measured data. When the intersection point between the measured value and the inversion
simulation value is roughly on the diagonal of the diagram, the results of inversion can be
considered to be reliable. As shown in the figure, the intersection points between the initial
exploration and secondary exploration are roughly located on the diagonal, indicating
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that the inverted results of the initial exploration and secondary exploration are relatively
reliable, and that the results of the inversion model can accurately represent the geological
situation of the working face’s floor.

4.3.2. Analysis of the Results of the Initial Exploration

The results of inversion of the 3D observation mode detection data from 4 to 7 January 2023
are shown in Figure 10. Figure 10a shows the results of 3D inversion, and most of the
resistivity in the inverted results is less than 20 Ω·m. Due to the difficulty in directly
visualizing the internal information of the working face’s bottom plate through 3D displays,
data were extracted from different planes to construct the 2D contour maps for analysis.
Figure 10b shows the distribution of resistivity at different depths below the floor in the
body of 3D resistivity inversion data. The origin of the resistivity contour map is the
intersection point of the belt roadway and the setup room, and the low-resistivity area is
represented by blue. The darker the color is, the stronger the amplitude of the anomaly.
The change in the electrical resistivity of the bottom plate of the working face was relatively
small. To ensure that there were no missed areas in the detection of the mine floor, based
on the mine’s water and an electrical resistivity rate of 1–12 Ω·m, the area with a resistivity
lower than 12 Ω·m was considered to be a low-resistivity anomalous area. There were
two areas with a resistivity less than 12 Ω·m at the position of the setup room and within a
distance of 450–900 m from the setup room (the green to blue areas in Figure 10b).

Figure 10. Inverted results of the initial exploration of the mine 3D DC resistivity method. (a) The
volume of the 3D resistivity inversion data; (b) x-y plane profiles at different distances from the
bottom of working face 21106; (c) x-z plane profiles at different distances from the belt roadway;
(d) y-z plane profiles at different distances from the cut of working face 21106.

Figure 10c shows the x–z plane profiles at distances of 50 m, 100 m, 150 m, 200 m, and
250 m from the belt roadway in the volume of the 3D resistivity inversion data. Figure 10d
shows the y–z plane profiles extracted from the volume of the 3D resistivity inversion
data at distances of 0 m, 50 m, 100 m, and 150–900 m from the setup room. According to
Figure 10b,c, the center of the anomaly is located 40–60 m below the coal seam. According
to the drilling data provided by the Xinqiao Coal Mine, the low-resistivity anomaly at the
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setup room is caused by the accumulation of water in the floor. The water inflow from the
drilling hole within a range of 450–900 m from the setup room reaches 128 m3/h, which is
caused by the water content in the large-scale cracks of the Taiyuan Formation limestone
on the floor of the mine’s working face.

4.3.3. Analysis of the Results of Secondary Exploration

Figure 11 shows the inverted results of the 3D detection data with the opposite-side
power supply and reception mode from 8 to 10 May 2023. Figure 11a shows the results of
3D inversion. Most of the resistivity determined via inversion was greater than 20 Ω·m, and
only local areas had a resistivity less than 20 Ω·m. As shown in the figure, the resistivity
determined via the inversion of the secondary exploration data was greater than that of
the initial exploration data and was basically greater than 12 Ω·m, indicating that grouting
had significantly treated the water-rich area of the floor. To ensure that there were no
issues in the detection of the effect of grouting on the mine floor, the area with a secondary
exploration result less than 15 Ω·m was considered to be an area of relatively abnormally
low resistivity. There was an area with a resistivity less than 15 Ω·m within the range of
330–450 m from the setup room (green to light blue area in the figure), suggesting that this
area of relatively abnormally low resistivity was the main water-rich area of the current
limestone floor. The area of abnormally low resistivity was close to the P5 drilling field
of the belt roadway. After verification by drilling Holes 5–5 in the P5 drilling field, the
water-rich area was found to be considerable at a position 48 m below the coal seam of
the area, and the inflow of drilling water reached 53 m3/h. It is speculated that during the
process of grouting, the limestone water in the original area of abnormally low resistivity
was squeezed into the area of abnormally low resistivity determined according to the
results of the secondary exploration.

Figure 11. Inverted results of the secondary exploration of the mine 3D DC resistivity method. (a) The
volume of the 3D resistivity inversion data; (b) x-y plane profiles at different distances from the
bottom of working face 21106; (c) x-z plane profiles at different distances from the belt roadway;
(d) y-z plane profiles at different distances from the cut of working face 21106.

We used the mine 3D DC resistivity method based on a pole–pole device to detect the
effectiveness of grouting treatment on the ground area of Working Face 21106. The results
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of detection indicated that using the roadways on both sides of the ultrawide working face
could increase the detection depth of the mine 3D DC resistivity method, compensate for
the shortcomings of traditional geophysical methods in effectively detecting the interior
and bottom of the ultrawide working face of the mine, and detect the water-rich area of the
ultrawide working face’s bottom. The results of detection were consistent with the results
of verification by drilling.

5. Conclusions

This study used a comparative analysis of numerical simulation results and measured
data to verify the feasibility of the 3D DC resistivity method for detecting floor grouting in
mines. The following conclusions are drawn.

(1) The mine 3D DC resistivity method based on the steady-state electrical method could
effectively detect a water-rich area with a thickness of 10 m at a depth of 60 m below a
300 m wide working face of a mine when using a pole–pole data acquisition device.

(2) The pole–pole device’s data showed that the opposite-side power supply and re-
ception mode often deviated from the actual model’s electrical properties when
calculating the apparent resistivity. The electric field’s distribution was more com-
plex due to the influence of full-space media, so the results of conventional apparent
resistivity cannot be used for interpretation. It was necessary to invert the data to
accurately obtain underground electrical information.

(3) The preliminary exploration and secondary exploration of the Working Face 21106
in the Xinqiao Coal Mine, Yongmei Group, Henan Province, China, were divided
into two areas of abnormally low resistivity. After the ground grouting treatment,
the resistivity of the areas of abnormally low resistivity during the initial exploration
significantly increased during the secondary exploration, but there was a new area
with relatively low resistivity within the range of 330–450 m from the setup room.
According to verification via drilling at the fifth drilling site of the mine’s Working
Face 21106, this area is considerably rich in water, caused by the redistribution of
groundwater during the process of the ground grouting treatment.

6. Discussion

The mine 3D DC resistivity method has high horizontal resolution and applicability for
detecting water-rich areas in the floors of ultrawide working faces of mines. However, due
to the limitations of the roadway space, the minimum spacing for collecting 3D resistivity
data via the opposite-side power supply and reception mode is the width of the mine’s
working face, resulting in a lack of shallow geological information and an inability to
accurately obtain the top and bottom boundaries of the water-rich area. In view of this,
research on the 3D DC resistivity method based on the full-range layout of boreholes and
roadways can be carried out to compensate for the defect that the mine 3D DC resistivity
method implemented on only two roadways cannot accurately distinguish the top and
bottom boundaries of water-rich areas.
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