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Abstract: A comprehensive transient electromagnetic in-
terpretation method based on seismic wave impedance
inversion has been proposed according to the advan-
tages of seismic and transient electromagnetic exploration
methods to mitigate of hidden water inrush disasters in
coalmines. Combined seismic wave impedance inversion
results and resistivity logging data, the method was used
to establish a geo-electric model. The stratigraphic hori-
zon and the stratigraphic electrical characteristicswere de-
termined by thewave impedance inversion data and the re-
sistivity logging data respectively. Furthermore, the struc-
ture and water-bearing property in the stratum were esti-
mated by the analysis of the difference between the mea-
sured transient electromagnetic data and the calculated
data from the forwardmodel. The numerical calculation of
the fault-containing model shows that the comprehensive
interpretation method could determine the water-bearing
capability of the fault as well as it tendency. An advan-
tage of this new method is the effective avoidance of the
influence of low-impedance overburden on the data in-
terpretation. The practical application can accurately ex-
plain the location and the water-bearing property of the
disaster-causing factors of the hidden water inrush in the
coalmines.
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1 Introduction
At present, the disaster-causing factors of the hidden wa-
ter inrush in coalmines aremainly detected by electromag-
netic exploration, which includes the transient electro-
magnetic method(TEM), direct current sounding method,
controllable source audio magnetotelluric method, and
the high-density resistivity method. Among of them, the
TEM is widely used [1–4]. A certain effect has been
achieved on explaining the occurrence range of the
disaster-causing source of the hidden water inrush in the
coalmines by detecting the electrical differences between
the disaster-causing source of the hiddenwater inrush and
the surrounding rock in the coal mines. Due to the vol-
ume effect of the electrical exploration, some factors such
as the low spatial scale precision and the strong multi-
solution influence the determination, it is still far from the
fine detection requirements for a safe and efficient green
mining in the coal mines [5, 6].

In the past decades, coalmines in China have car-
ried out a high-precision three-dimensional seismic explo-
ration in the mining areas and have achieved remarkable
results in the detection of the small structures in the min-
ing areas [7–9]. Based on the difference of the elastic me-
chanical properties of rocks, the seismic exploration tech-
nology excites and observes the transmitting rules of elas-
tic waves in rocks for exploration. It has a high vertical
and horizontal resolution and is highly sensitive in divid-
ing strata and small structures. However, the elastic pa-
rameters of the rocks are not highly correlated with its
aquosity; therefore, it is difficult to identify the stratum
water-rich area by seismic exploration. The application of
three-dimensional seismic in exploration of hidden water
inrush hazard sources in multiple mines is not satisfac-
tory [10, 11].
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Comprehensive interpretation combined with multi-
ple geophysical methods is the direction and trend of the
geophysical exploration development [12–15]. Based on
the respective characteristics of these two methods, this
paper studies whether comprehensive inversion interpre-
tation combined with transient electromagnetic method
and seismic method can be used as a newmethod and the-
oretical basis for the detailed detection of hidden water in-
rush hazard sources in the coalmines.

2 Method
Wave impedance inversion is a commonly used interpreta-
tion method in seismic exploration data processing. It has
good resolution for stratigraphic stratification and struc-
tural location, but it cannot effectively identify the aquos-
ity of the stratum. The TEM can reflect the difference be-
tween underground water-rich area and surrounding rock.
It is a very mainstream method for detecting the aquosity
in coal seam. However, there is a multi-solution for the di-
vision of the position and the location of the anomalous
body due to the volume’s effect of the method itself. The
method in this paper is a kind of comprehensive interpre-
tation method of transient electromagnetic based on the
wave impedance inversion result model.

Themethod flow is shown in Figure 1: Firstly, thewave
impedance inversion is carried out based on themeasured
three-dimensional seismic data and the density logging
data in the work area to obtain the wave impedance in-
version section. Then, the geoelectric model is established
by combining the resistivity logging data in the work area,
and the established geoelectric model is used for a tran-
sient electromagnetic forward calculation.At this time, the
established geophysical model does not contain water. Fi-
nally, the measured transient electromagnetic data and
forward data are combined for comprehensive analysis,
thereby the comprehensive interpretationof the geological
structure location and its water-bearing properties being
carried out.

The comprehensive interpretation of the transient
electromagnetic based on the wave impedance inversion
can be used not only in further identifying the structure
of the exploration area, but also effectively in discriminat-
ing the water-bearing property of the structure in the ex-
ploration area. In addition, it is often susceptible to overly
low-impedance the stratum or low-impedance the anoma-
lies in the process of transient electromagnetic detection,
causing the low-impedance anomalies below to not be ef-
fectively distinguished. However, two methods based on

 

 

  

         

  

  

Figure 1: Flow of the Comprehensive Interpretation Method

a different physical exploration, which are used for com-
prehensive interpretation, can eliminate the influence of a
low-impedance overburden effectively.

3 Results and Discussion
Themethodwas analyzedanddiscussedbynumerical sim-
ulation in this section. In order to ensure the reliability of
the data, we use two methods for the forward modeling of
the same model and verify the method based on the for-
ward modeling data. Wave impedance inversion is based
on forward modeling data in the paper. In the model set-
ting, the seismic explorationmethodmainly considers two
parameters, including stratum thickness and the compres-
sion wave velocity, while the transient electromagnetic
model mainly considers the stratum thickness and resis-
tivity.

3.1 Forward and inversion of seismic
exploration

The settings of the seismic forward model is given in Fig-
ure 2. The overburden compression wave velocity is set to
1,800 m/s, the hanging side thickness 50m, and the head-
ing side thickness 100m. The yellow layer compression
wave velocity is set to 2,400m/s, the hanging and head-
ing side thicknesses 100m. The green layer compression
wave velocity is set to 3,000m/s, the hanging and head-
ing side thicknesses 20m, as well as the thickness of the
fracture zone of the fault 20m, the compression wave ve-
locity 2,200m/s, and the perpendicular throw 50, and the
compression wave velocity of the lowest stratum is set
to 4,000m/s. The fault runs through all of the layers be-
low to overburden, with the model length being in length
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Figure 2: Settings of the seismic forward model

Figure 3: Seismic Forward Results of Fault Model

of 1,000m. The seismic forward is performed using the
Tesseral software.

Figure 3 is a seismic cross-sectional view from the fault
forward, and the displacement of the position is clearly
seen at about the 600m in the lateral direction. In the head-
ing side of the fault, the interface between the positions is
found to be bent near the fault, mainly because the wave
velocity of the fracture zone is smaller than that of the sur-
rounding rock.

Figure 4 shows the inversion results of the fault model.
GeoView software is used for inversion, in which the ab-
scissa is the CDP point number, the ordinate is the time
in milliseconds, and the red curve in the lateral 70 is the
density logging curve. In the lateral direction 61 and verti-
cal 30ms, a significant dislocation of the position occurs,
which takes place in the upper position of the fault. The
fluctuation of the position between lateral 55-65 and ver-
tical 30-200ms is mainly because the wave velocity of the
fault fracture zone is small. While in the lowest part, there
is a clear inclined interface, which is the interface of the

fault fracture zone. There is a great difference between the
setting of the fracture zone and the surrounding rock in
this forward, thus the obvious fault fracture zone to be
seen. However, the general response of the fracture zone
is not so clear.

3.2 Forward of Transient Electromagnetic
Method

Figure 5 shows the forward model established by the nu-
merical simulation of the TEM. The model is the same size
as the seismic forwardmodel,with the aquosity of the fault
considered and the parameters shown in the following
figure. The transmitting coil is a rectangular 600*600m2

transmitting coil, and the transmitting current is 5A. The
center loop device is used for collection, and the measur-
ing point spacing is 20m,with 51measuring points in total.
The fault fracture zone has a conductivity of 0.1S/M and a
width of 20m. Except for the overburden, the fault pene-
trates through all the underlying positions.

Figure 6 is a multi-channel profile from the transient
electromagnetic forward. In the figure, the blue measur-
ing point curve is the measuring channel of the early part,
while the red measuring point curve is the curve of the
later part. The response value of the leftmeasuringpoint of
the early multi-channel curve is higher than the right mea-
suring point. The left side of the late multi-channel curve
is lower than the right side, mainly because the left over-
burden is thinner in the model, and the resistivity of the
underlying stratum is relatively high. Moreover, the early
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Figure 4: Seismic Wave Impedance Inversion Results of Fault Model

Figure 5: Forward Model of TEM

and late multi-channel curves show obvious downward
and upward bending, respectively at lateral −200m and
200m, because the device is in the form of a center loop
device in simulation, and the fault fracture zone has a rel-
atively low resistivity. When the edge of the transmitting
coil is close to the position of the fault, the density of the
magnetic flux line passing through the fault fracture zone
becomes larger, which has a greater influence on the ob-
served data. Meanwhile, the value of the observed data is
affected by the distance between the observed point and
the abnormality. The smaller the distance, the greater the
observation value being affected by the fault fracture zone.

3.3 Comprehensive Explanation

Figure 7 is the fault geoelectric model based on inversion
results. Themodel length is 1,000mand thewidth is 500m.
A drilling data is set for 70 in CDP. The resistivity setting
at the fault fracture zone is consistent with that of the sur-
rounding rock, due to the uncertainty of the water-bearing

Figure 6:Multi-channel Profile of Fault Model of TEM

Figure 7: Fault Geoelectric Model Based on Inversion Results

capacity at the fracture zone, and the resistivity values of
each layer being assigned according to the drilling data.

The transient electromagnetic forward calculation is
performed for the geoelectric model shown above [16]. Fig-
ure 8 is a multi-channel profile, which formulated based
on the forward calculation results. It can be seen from the
figure that the induced electromotive force gradually de-
creasing from left to right in the early stage of the multi-
channel curve, while the induced electromotive force grad-
ually shows an increase from the left to right in the later
stage. These mainly because of the left low-impedance
overburden being relatively thin, and the resistivity of the
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Figure 8:Multi-channel Profile

underlying layer is relatively high, which has similar re-
sults to those in Figure 6.

The difference between the transient electromagnetic
forward result is shown after the comprehensive interpre-
tation is analyzed. Figure 9 shows the position where the
black line of the multi-channel profile of the induced elec-
tromotive force is 0 scale mark after the difference. In the
early stage, the response value obtained by the transient
electromagnetic forward based on the original model is
smaller than that obtained by the forward based on the
seismic wave impedance inversion model, indicating a
negative response after the difference. In the later stage,
the response is larger and positive after the difference, be-
cause the fault model set during the transient electromag-
netic forward is a relatively low-impedancemodel, and the
early response value of attenuation is relatively small. The
fault aquosity can still be discriminated in the case of a
relatively low resistivity of the overburden. Moreover, the
multi-channel curve has different peak points, where the
left peak is smaller than the right peak at lateral of −120m
and 120m,mainly because that the fault model is set to the
inclined state, and the right end of the fault being buried
shallowly, while the left side is buried deeply. The influ-
ence of the fault on the ground response signal is that the
left side is weaker than the right side. According to the
peakpoint andposition, the tendency and extensionof the
fault can be discriminated.

4 Instance Analysis
In order to verify the feasibility of the transient electro-
magnetic interpretation method based on the seismic in-
version model in a practical observation, we combine the
previous three-dimensional seismic exploration data of a
certain work area for a comprehensive explanation on the
transient electromagnetic exploration results.

Figure 9:Multi-channel Profile

The #1 well logs was selected for inversion, and the
seismic data is hierarchically constrained by the #1 well
logs data to obtain the wave impedance inversion results
in the following figure, inwhich theGDPdot spacing show-
ing 5m. As shown in Figure 10, the position dislocation oc-
curs at the lateral 22 and the vertical 200ms based on the
previous seismic exploration data, and it was determined
that the position is a fault. According to the overlying GDP
number, the total length of the line is 500m. According to
the known well logs curve, the maximum depth of the po-
sition divided is 450m.

The seismic inversion results are combined with the
resistivity logging data to establish a geoelectric model.
As shown in Figure 11 (a), the left curve is the density
well logs, while the right curve is the resistivity well logs.
According to the figure, the resistivity change is not too
large in the area where the density of the rock ore changes
greatly, while the density change is relatively flat in the
area where the resistivity change is relatively obvious. The
ground potential model of the resistivity related to the po-
sition is established, thus the wave impedance inversion
is performed according to the density logging data during
the position division to determine the position fluctuation,
and the different position resistivity is divided according
to the resistivity logging curve, with the modeling shown
in Figure 11 (b).

Figure 12 is a multi-channel profile from the estab-
lished geoelectric model for a transient electromagnetic
forward. According to the figure, the response value in-
creases significantly at the position between lateral 4 and
5, while the response value does not change as much as
that in other positions, mainly because the established
geoelectric model is a fault model with a dislocation in the
lower stratum at point 4 and 5.

Figure 13 is a sectional view of apparent resistivity of
the geoelectric model forward calculation. The apparent
resistivity increases gradually with the increase of depth,
which is similar to the results of the sectional view of the
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Figure 10: Seismic Wave Impedance Inversion Results

Figure 11: Establishment of Geoelectric Model

measured apparent resistivity, indicating that the estab-
lishment of the model is similar to the actual situation. Ac-
cording to the figure, the resistivity position jumps slightly,
and the apparent resistivity increases gradually with the
increase of the apparent depth, mainly because the resis-
tivity tends to increase when the depth increases as the
model is established.

Figure 14 is a multi-channel profile of the measured
data. The induced electromotive force jumps between the
points 4 and 5. In the late stage, the induced electromotive
force jumps at points 10-13, and the multi-channel curve
appears to be intersected. Therefore, the measured data
quality at this position is poor.

Figure 15 is a sectional view of an apparent resistivity
of the measured data after the apparent resistivity calcula-
tion and the apparent depth conversion. There is an obvi-
ous high-resistance at the horizontal 350 to 500m and the
vertical −350 to −700m. Combined with the multi-channel
data, it can be found that the data jumps at this position,
which is caused by the poor data quality. Combined with
the seismic inversion results, it can be seen that the posi-
tion of theunderground fault is at thehorizontal 100-150m.
According to Figure 15, the fault and the surrounding parts
are shown as a high impedance, which is initially judged
as a non-conducting water-bearing fault.

Figure 16 is the result of a comprehensive interpreta-
tion, that is, the apparent resistivity calculated from the
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Figure 12:Multi-channel Profile of Geoelectric Model

Figure 13: Sectional View of Apparent resistivity of Geoelectric
Model

Figure 14:Multi-channel Profile of Measured Data

measured data minus the apparent resistivity calculated
from the established geoelectric model. The difference at
the vertical of −100m is small, indicating that the lateral
change of resistivity in the shallower depth range is not
much different from the logging resistivity value, which is
affected by the Quaternary low-impedance stratum. At the
lateral of 350 to 500m and the vertical of -430 to -540 m,

Figure 15: Sectional View of Apparent resistivity of Measured Data

Figure 16: Sectional View of Apparent Resistivity Difference

there are larger positive values, which are mainly caused
by the interference of the measured data of the transient
electromagnetic and cannot be avoided. At the lateral 0 to
350m and the vertical −200 to −540m, there are larger neg-
ative values, indicating that the stratum resistivity in this
range is smaller than the logging resistivity. The red diag-
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onal line drawn in the figure represents the fault location
and direction. It can be found that the difference between
the resistivity at the fault location is larger than the abso-
lute value of the difference between the resistivity of the
surrounding rock. Thus can be judged that the resistivity
at the fault location is lower than that of the surrounding
rock, and the fault of this position is conducting andwater-
bearing through verification.

5 Conclusions
The interpretation method of the transient electromag-
netic based on the seismic wave impedance inversion
model is studied in detail in this paper, with the following
conclusions obtained:

(1) This paper proposes a comprehensive interpreta-
tion method of transient electromagnetic based on
wave impedance inversion for the problems existing
in the interpretation of current geophysical explo-
ration data and introduces the flow of the explana-
tion method in detail.

(2) The typical geophysicalmodelwith faults is selected
to verify the interpretationmethodbased on forward
modeling data. According to the study, this interpre-
tation method can effectively avoid the influence of
low-impedance overburden on data interpretation.
The positive and negative values and the peak value
of the data after the difference analysis are possible
to judge not only the water-bearing property of the
fault but also the fault tendency.

(3) The interpretation method is verified based on an
example. The position and conducting aquosity of
the work area structure are accurately explained.
Through the sectional view of apparent resistiv-
ity difference, the influence of the shallow low-
impedance stratum is eliminated, which better high-
lights the structure and the electrical variation char-
acteristics of the stratum.
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