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system in mine seismicity
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As seismology has evolved, scientists have developed various earthquake
magnitude scales tailored for specific scenarios, including Richter magnitude
(ML) for local, moderate quakes, moment magnitude (Mw) for large-scale
seismic events, energy magnitude (Me), which correlates directly with the
total energy released, and duration magnitude (MD) for quickly assessing
shallow or nearby seismic activities. Despite these advances, these scales were
not specifically designed to address the unique challenges posed by mine
earthquakes, particularly in coal mine environments where seismic events are
typically of lower energy and lower perceptibility but have potentially significant
impacts. This study applies the K-class magnitude system for the first time
to address significant discrepancies in magnitude values for the same seismic
events in mine earthquakes, particularly in coal mines when different formulas
are used. However, because current seismic monitoring systems in domestic
coalmines continue to employ a variety ofmagnitude scales, we have developed
a corrected Richter scale (MLc) specifically tailored to the geological conditions
of coal mines. This adaptation facilitates the conversion to and from the K
class, enhancing the accuracy and relevance of seismic assessments in these
environments. Therefore, we conducted continuous blasting experiments at the
Dongtan Coal Mine and derived the corrected Richter magnitude MLc. Based on
data analysis, we fitted the energy attenuation coefficient and compared the
K values with four types of traditional magnitude results. Finally, we derived
the conversion relationship between the K class and the corrected Richter
magnitude MLc, establishing a mine earthquake measurement system. The
successful application of the K class in coal mines suggests its potential to
be extended to the entire field of induced microseismicity, including mining-
induced microseismicity, shale gas extraction-induced microseismicity, and oil
extraction-induced microseismicity, providing valuable insights and tools for a
broader range of geophysical research and industry practices.

KEYWORDS

k-class,minemicroseismicity, Richtermagnitude, blasting experiment,mine earthquake
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Highlights

• Applied the K-class system for mine seismic events, resulting in a better fit for mining
conditions.

• Conducted eight roof blasting experiments and fitted the energy attenuation
coefficient.
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• Adapted corrected Richter scale for seismic events within a
5-km epicentral distance.

• Derived the conversion relationship between K class and MLc.

1 Introduction

The traditional seismic magnitude is a critical parameter for
quantifying the size of an earthquake. With the development of
seismology, various equations for calculating seismic magnitudes
tailored to different application scenarios have been introduced (Feng
2020). The earliest magnitude scale was developed by Richter (1935).
It defined the local magnitude (ML) as being associated with the
amplitudeof seismicwaves and thedistance fromthe epicenter.Due to
the variability in regional media elastic parameters, different scholars
have proposed various empirical equations for ML. A decade later,
Gutenberg (1945) formally introduced the surface wave magnitude
(Ms) and the body wave magnitude (Mb), thereby extending the
Richtermagnitude scale to teleseisms and deep earthquakes. All these
three magnitudes are empirical relationships directly related to the
amplitudes of seismic waves of different frequencies and types, which
are subject to the phenomenon of “magnitude saturation” (Liu et al.,
2015). Saturation occurs at approximately 6.5 for ML, 6 for Mb, and
8.4 for Ms (Lay and Wallace, 1995). Kanamori (1977) and Kanamori
(1983) proposed defining the moment magnitude (Mw) based on the
seismicmoment (M0). It never saturates and carries profoundphysical
significance. To reflect the dynamic characteristics of the seismic
wave radiation process, which are distinct from those expressed by
the moment magnitude, Boatwright and Choy (1986) introduced the
energy magnitude (Me). In terms of development, energy magnitude
mayultimatelysupersedemomentmagnitude.Theconceptofduration
magnitude (MD) was first suggested byBisztricsany (1958), using only
the waveform duration to represent the size of an earthquake. The
correlation between duration and event strength is significantly lower
than that between waveform amplitude and event strength, which is
one of the primary reasons duration magnitude has not been widely
adopted. Lee et al. (1972) formally included MD in the calculation
methods for magnitude estimation. China’s latest seismic magnitude
national standardGB17740-2017 (GeneralAdministration ofQuality
Supervision et al., 2017) conforms with previous definitions in terms
of ML, Ms, and Mb, which are related to amplitude and epicentral
distance, expressed as the sum of the logarithm of amplitude and
a calibration function, with a minimum epicentral distance for the
calibration function set at 5 km, and is applicable across a wide
range. New additions to the standard include broadband versions of
Ms(BB), MB(BB), and Mw, ensuring continuity in the determination of
magnitudes and consistency with international agencies.

Mine microseismic events differ from natural earthquakes in
several key aspects.The hypocenters ofminemicroseisms are shallow,
and for a given magnitude, the rupture scale is considerably smaller
than that of natural earthquakes.Themagnitude of aminemicroseism
does not directly correlate with the extent of damage to the rock mass
within the mine. Furthermore, the influence of a mine microseism’s
magnitude is limited, with waveforms attenuating rapidly. Mine
microseisms span awide energy range, from10 J to 109 J (Gu2022). In
mines, the most common method of quantifying the sizes of tremors
is through energy calculation (Wang 1994); the primary difference

between the K class and M is that the K class is technically calibrated
to energy.

The domestic mining industry urgently requires a suitable
measurement system for mine seismic monitoring within the sector,
onethat isbothsimpletounderstandandcapableof“applyingapositive
shift to traditional magnitudes” by eliminating negative magnitudes,
which are difficult for coal mine workers to comprehend. Under these
circumstances, the introduction of the K-class system (Rautian, 1958;
1960; Rautian et al., 2007; Bormann et al., 2012) is highly rational.
Utilizing the Russian term “класс,” the scale was defined as K =
log ES (Rautian, 1958; Rautian, 1960; Rautian et al., 2007), where ES
is measured in Joules. The relationship between energy and K class is
established as Es = 10N J, withN representing the K class number.The
initial framework for this scale was introduced in Rautian (1958) and
later refined in Rautian (1960). Despite its challenges, the scale was
straightforward to implement, given the resources and staff available
at that time. By 1961, the K-class system was universally adopted for
measuring earthquake magnitudes across the former Soviet Union
and is still in use today. Beyond the borders of the USSR, the K-
class methodology found significant application only in Mongolia
and Cuba.

Thisarticle focusesoncalculating theseismicwaveradiatedenergy
Es in mine seismic events. We will proceed to calculate Es differently
based on the classification of mine seismic events and discuss the
relationship between K class and magnitude, as well as the prospects
for the development of K-class in mine seismic monitoring.

2 Methods

In an ideal scenario where energy uniformly disperses in every
direction, the equation ES = 4πr2kε (Rautian et al., 2007) applies.
This equation illustrates a shift from focusing on ε, which denotes
the total energy density crossing through a circular wavefront with
radius r per unit area, to depending on the peak amplitude observed
at seismic stations. Such a shift is notably relevant for practical
uses but introduces theoretical complexities. Here, k is a factor that
compensates for various influences, including the topography of
the Earth’s surface and the proportion of the measured component
relative to the entire displacement vector.

To estimate ε, it is necessary to measure the amplitude,
frequency, and duration of the signal. However, performing a visual
spectral analysis on a seismogram is impractical. Rautian (1960)
significantly simplified this process by determining the energy
density with the sum of (Af)2 over the duration τ, where f is the
measured frequency of a given cycle with displacement amplitude
A. A correction, K, is the instrument’s amplification coefficient, and
only a single recorded component is used instead of the complete
vector. The relationship between kε and r is used to normalize
the estimate of ε to r = 10 km. Thus, logEs (10 km) = log4πkε.
Moreover, the amplitude data, encompassing both [AP(r) + AS(r)],
were standardized to a distance of r = 10 km by applying an equation
that correlates amplitude with distance. Taking the measurement
results from the short‐period VEGIK instruments used in the Garm
area as an example (Rautian et al., 2007), the following empirical
equation was derived:

log Es(10km) = 1.8 log[AP(10km) +AS(10km)] + 6.4. (1)
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TABLE 1 Eight blast events.

ID Charge Reference energy (J) X Y Z

Event 1 21 21,525 3921356.89 20490608.58 −637

Event 2 98 100,450 3921354.97 20490621.04 −625

Event 3 49 50,225 3921356.89 20490608.58 −637

Event 4 70 71,750 3921337.63 20490532.39 −621

Event 5 70+70 143,500 3921334.52 20490519.28 −623

Event 6 98+98 200,900 3921354.42 20490624.78 −617

Event 7 126+126 258,300 3921355.25 20490629.67 −619

Event 8 98+98+98 301,350 3921356.79 20490640.86 −618

FIGURE 1
Schematic diagram of the track roadway blasting roof caving profile on working face 63upper06.Q24

In the realm of basic physics, Eq. 1 appears somewhat unusual.
This is because, in the case of wave propagation through a
homogeneous medium, one would typically expect the logarithm
of energy (logES) to roughly equal the sum of the logarithm of
amplitude squared and the logarithm of duration, plus a constant.
In other words, intuitively and according to fundamental physical

principles, the energy of a wave is directly proportional to the square
of its amplitude and also depends on the duration of the wave. This
equation suggests a relationship that deviates from expectations,
making it look a bit strange.

The updated equation by Rautian et al. (2007) clearly does
not apply to the calculation of seismic energy in mining areas.
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FIGURE 2
Schematic diagram of the transport roadway blasting roof caving profile on working face 63upper06.

Therefore, we offer a new approach to calculating energy based on
the classification of mine seismic events.

Whenwe consider generalmicroseismic situations, the energy at
the source is equal to the average of the total seismic wave radiation
energy at each stationwith energy attenuation compensation (Li et al.
2011). According to the theory of natural earthquakes, seismic wave
motion can be decomposed into several simple harmonic motions.
Theenergyofa simpleharmonicmotionwave isdirectlyproportional
to the square of its amplitude.Therefore, the energy of a seismicwave
can be represented by the sum of the squares of the amplitudes of the
sampling points during the duration of the seismic wave.

In coal mines, due to the relatively gentle seismic waves caused
by the fracturing of coal and rock layers and the significant
difference between the seismic wave propagation medium and
rock, considering only the maximum amplitude is insufficient to
accurately reflect the intensity characteristics of the event. It is
also necessary to consider the duration of the energy release from
the seismic source (Lee et al., 1972). Therefore, for microseismic
monitoring using three-component detectors, the equation for
expressing its energy is (Wang et al., 2020):

Ee =
T

∑
t=t0

[
A(t)
m
]
2

. (2)

A(t) =
AE(t) +AN(t) +AZ(t)

3
, (3)

where Ee is the energy of the seismic waves at the measuring
point location, in Joules; t0 is the starting sampling point (first arrival
of P wave); T is the total number of sampling points (due to the
high-frequency band of mining seismic events and their relatively
short duration, in order to fully capture the entire event’s waveform
(including body waves and tail waves, etc.), the waveform window
is fixed at 5 s, which, when multiplied by the sampling rate, yields
the total number of sampling points); A(t) is the average amplitude
of the seismic wave recorded by the station at the t sampling
point in millivolts; and m is the magnification of the instrument
for the electrical signal. The source energy of microseismic events
attenuates and dissipates in the mine rock mass medium.Therefore,
the microseismic wave energy calculated from Eq. 2 is the energy
at the monitoring point and the source energy after attenuation
and dissipation. According to the article by Gao et al. (2007), the
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FIGURE 3
Part of the location of the broken top blasting field diagram.

FIGURE 4
Monitoring system station distribution. The colored dots represent the stations, the white area represents the goaf, the gray area represents the
working/unworking face, and the yellow lines represent the track and transport chutes, using the 6306 face as an example. Deep blue dots represent
stations below the working face, light blue dots represent stations above the working face, and green stations indicate poor waveform quality.
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TABLE 2 Station coordinates.

Sta X Y Z

BDS 3920503.29 20490811.79 −718

HDS 3922838.66 20490545.54 −657

XFJ 3921936.05 20488525.52 −144

CCH 3920445.05 20489323.64 −67

TXL 3923248.1 20490574.74 47.5

SCJD 3921683.42 20490772.16 −658

FPZ 3921358.56 20491064.34 53.1

attenuation equation of microseismic wave energy is

Ee = Esl
−η, (4)

where Es is the energy at the microseismic source, Ee is the
energy attenuated at each station, l−η is the attenuation coefficient of
the source energy, η is the attenuation exponent, and l is the common
parameter, where l is the expression of distance r. l−η is typically an
empirical equation obtained through fitting. Therefore, in practical
applications, we may first select appropriate microseismic events
and calculate the maximum amplitude values, Ai, recorded by each
station. Using Eq. 2, we can solve for the energy of the microseismic
event, Eei, at point t. Subsequently, we calculate the distance, ri,
from the epicenter to each station. By applying Eq. 4, we adjust the
measured energy of the seismic source at each station to obtain
the energy at the seismic source, Esi, and then calculate the average
energy of the seismic source, Es.

We carried out eight blasting tests on the 63upper06 roof of the
track roadway and transport roadway in theDongtanCoalMine and
found the most suitable earthquake magnitude calculation equation
for the Dongtan Coal mine. We then apply the K class system in the
DongtanCoalMine anddiscuss the relationship betweenK class and
earthquake magnitude.

3 Field tests and results

To investigate the true energy size of the seismic source point,
artificial seismic sources are stimulated using verification shots in
the mine site to study the attenuation and dissipation patterns of
microseismic wave energy and to derive an empirical equation for
the attenuation of microseismic source energy.

To ensure the safety of the 63upper06 working face, eight blasting
operations were conducted to alleviate pressure on the track and
transportation roof. Details of these blasting events, including the
chemical energy of the explosives (4100 kJ/kg), the conversion rate
of explosive energy in a single sealed hole to seismic wave energy
(approximately 0.025%), and the amplification gain setting of the
station (12 dB, equivalent to an amplification factor of 4), are
presented in Table 1.

We have precise information on the epicenter locations and
the amounts of explosives used for these eight blasting events.

We will calculate the common seismic magnitudes (Richter
magnitude, moment magnitude, energy magnitude, and duration
magnitude) with the equations for these calculations provided
in Supplementary Material S1, “Calculate the commonly used
earthquake magnitude.” The data are preprocessed before these
calculations. Due to the differences in waveform amplitude
units and frequency bands used in magnitude calculation and
energy calculation, the amplitude for magnitude calculation is
displacement, while the amplitude for energy calculation is voltage.
Magnitude calculation requires high-pass filtering, whereas energy
calculation requires information across the full frequency band
without filtering. Therefore, prior to commencing the calculations,
we preprocess the data by initially detrending and eliminating
the mean. Subsequently, we execute energy computation, remove
the instrument response to convert amplitude into displacement
for magnitude estimation, and conclude with high-pass filtering
utilizing a cutoff frequency of 6 Hz (The selection of a cutoff
frequency of 6 Hz is based on our extensive data analysis and
empirical findings). The K-class system will be applied to evaluate
these eight blasting events.

After clarifying the basic conditions of the working face, the coal
seam, and the roof and floor, we determined the critical stratum
for blasting based on the depressurization effect of blasting. Within
a 52 m range above the coal seam, there are medium sandstone
and sandstone, which are the critical layers for roof blasting. To
meet the roof blasting effects, the design includes a 63upper06 track
roadway and transport roadway cutoff borehole with a vertical depth
of about 50 m, fulfilling the requirement that “the borehole depth
must penetrate at least 2/3 of the thickness of the lower critical rock
layer (National Coal Mine Safety Administration, 2018).

Boreholes for roof blasting were constructed along the 63upper06
track roadway and transport roadway route, and roof blasting
was carried out with no more than three holes blasted at a time.
The construction parameters and site drawings are depicted in
Figures 1–3.

We utilize the self-developed mine seismic monitoring system,
which is equipped with a total of seven three-component stations
with a 500 Hz sampling rate. After roof blasting, the Dongtan Coal
Mine seismic monitoring system is used to calculate the different
magnitudes of blasting event monitoring data. The distribution of
stations is shown in Figure 4, and the station coordinates are shown
in Table 2.

The first four events are single borehole blasts, making
the theoretical energy values easy to calculate. The last four
events involve simultaneous blasting in multiple boreholes, which
complicates the energy variation (including superposition and
cancellation, etc.), so we only use the first four blasting events for
energy attenuation fitting.

As shown in Figure 5, energy attenuation fitting is performed
using the energy records of all stations from four single-hole blasting
events. The expression for energy attenuation is

Ee = Es(3979.34r−1.84). (5)

In the equation, r represents the distance between the
monitoring point and the seismic source, which is within 2.5 km,
making it a small-scale empirical equation.

First, we calculate the energy at each station usingEq. 2, and then
we use Eq. 5 to calculate the energy at the source point. The average
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FIGURE 5
Energy attenuation equation fitting. The blue points represent the fitted event points, and the red represents the fitted energy attenuation curve, with
R2 = 0.9479 and RMSE = 0.006.

of the source point energies calculated by each station represents
our undecayed source point energy. To ensure the reasonableness
of the average, we discard one maximum and one minimum value
before calculating the average. Due to space constraints, only the
energy calculations for Event 5 are shown in Table 3. At the time
of this event, obvious microseismic waveforms were detected by
seven stations, including BDS and HDS, as shown in Figure 6.
The waveforms of the microseismic waves varied as they reached
different stations, resulting in varying degrees of attenuation.

Therefore, we have obtained a multi-faceted standard for
measuring mine seismic events by referring to the source energy
calculated above and the calculation equations for four commonly
used seismicmagnitudes provided in Supplementary Material S1, as
shown in Table 4.

The K class of the eight blasting events ranges from 4.33
to 5.48. The inconsistency between the theoretical energy
and the calculated energy for multiple simultaneous blasts
could be due to the cancellation of energies. Similarly, the
energy magnitude Me, calculated based on energy, ranges from
−0.04 to 0.72, with the magnitude possibly being negative for
smaller energies. The duration magnitude MD ranges from
−2.58 to 0.64 and is severely affected by the quality of the
waveform. The corrected Richter magnitude MLc ranges from
0.02 to 0.92; the gauge function for the small region was
recalculated, making the magnitude more accurate. The moment
magnitude Mw ranges from 1.10 to 1.92, which is larger than the
other magnitudes.

TABLE 3 Example of porous blasting energy calculation.

Event 5

Es(J) sta dist(m) Ee(J)

149,245.9250 BDS 886.30 2239.5645

149,475.1632 HDS 1504.75 846.9229

3373.8039 XFJ 2136.90 10.0260

163,345.0120 CCH 1590.55 835.7378

15566.9184 TXL 2028.41 50.9153

228,454.5485 SCJD 432.32 12,844.6025

128,335.3975 FPZ 868.78 1997.8506

121,193.6832

Repeating the process described above, we obtained the calculated source point energy values
for Event 5 to Event 8, which are 121,193.6832 J, 138,405.2724 J, 190,606.8444 J, and
302,195.9674 J, respectively.

4 Discussion

Given the predetermined quantities of explosives and the
amplitude readings at the station, we can determine the explosion’s
reference energy as outlined in Table 4. In traditional magnitude
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FIGURE 6
Event 5 station waveform recording.

scales, the energy magnitude Me is utilized as a baseline theoretical
magnitude in this study; however, the equation for calculating Me
was developed for natural earthquakes based on teleseismic P-waves
and is used for calculating high-energy events above magnitude 6
(Choy and Boatwright, 1995; Di Giacomo et al., 2008), whichmeans

it lacks generality for calculating mine seismic events. Notably,
MLc, characterized by its minimal deviation from the energy
magnitude, proves to be a more precise equation for estimating
microseismic magnitudes. The moment magnitude Mw can usually
be obtained based on the inversion calculation of the moment
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TABLE 4 Calculation results of the blast event.

ID Es(J) K class T(s) MLc Mw MD Me

Event 1 21,525.00 4.33 1.9547 0.02 1.55 −0.34 −0.04

Event 2 100,450.00 5.00 2.0898 0.33 1.65 −0.08 0.40

Event 3 50,225.00 4.70 2.4302 0.34 1.47 0.49 0.20

Event 4 71,750.00 4.86 1.0868 0.82 1.92 −2.58 0.30

Event 5 121,193.68 5.08 1.931 0.92 1.67 −0.39 0.46

Event 6 138,405.27 5.14 1.8985 0.6 1.22 −0.45 0.49

Event 7 190,606.84 5.28 2.4935 0.52 1.1 0.59 0.59

Event 8 302,195.97 5.48 2.5235 0.86 1.35 0.64 0.72

tensor. However, for earthquakes below M ≤ 3, direct inversion
of the moment tensor can result in significant errors (Li et al.,
2023). The moment magnitude of microseismic events is usually
calculated based on spectral analysis. To obtain accurate and reliable
results of source spectrum analysis, it is necessary to study the
detailed crustal velocity structure of the research area, especially
a reasonable regional attenuation model, as well as a sufficient
number (at least six) of high signal-to-noise ratio teleseismic
waveforms.The conditions are very harsh (Li et al., 2023). However,
due to the complex mining environment in coal mines and the
constantly shifting stations, the application accuracy of moment
tensor inversion in coal mines is limited (Cao et al., 2022). This
renders the microseismic moment magnitude unsuitable for mine-
induced microseisms, as evidenced by the significant disparities
with other magnitudes shown in Table 4. Additionally, the duration
magnitudeMD, also detailed in Table 4, displays extensive variability
and unpredictable behavior, with some readings as low as −2.5.
This metric, reliant solely on the duration of seismic waves, has a
weak correlation with the seismic activity itself and is vulnerable
to interference from extraneous signals and instrument sensitivity.
The extraction of waveform duration faces practical challenges,
especially inmine environments where seismic events often produce
densely packed, short-duration waveforms across a broad frequency
band, leading to potential inaccuracies. Consequently, the refined
Richter magnitude MLc emerges as the most accurate and reliable
measure for assessing the size of microseismic events at the Dongtan
Coal Mine, demonstrating its efficacy amid the complexities of
seismic event analysis.

In terms of energy, we have applied the K class, which intuitively
describes the scale of destruction of mine earthquakes. Because
the energy of most mine earthquake events is relatively small,
using conventional magnitudes can result in negative magnitudes,
which are difficult for non-professionals to understand. The K-class
definition equation ensures that there are no negative numbers in
a K class; the lowest is when the energy is 1 J, at which point
K = 0. However, mine earthquake events do not have such low
energy levels (it is known from long-term experience that mine
earthquake energy ranges from 103 J to 106 J), so using K class

to measure mine earthquakes will not result in negative numbers,
making it more accessible to non-professionals. Additionally, each
difference of 1 in K only results in a tenfold difference in energy,
compared to the magnitude equation in natural earthquakes, where
a difference of one magnitude level corresponds to a 32× difference
in energy (Gutenberg and Richter, 1954), allowing for a more
detailed measurement of a mine earthquake.

In summary, both MLc and K class are good standards for
measuring the magnitude of mine tremors. In order to combine
these two standards, we use the 20 high-energy events fitting MD in
Supplementary Material S1 to fit the curve of K versusMLc, with the
fitting results shown in Figure 7. Events with MLc ≥ 1 are defined as
high-energy events. The 20 high-energy events used for fitting were
continuously monitored on the 6306 working face of the Dongtan
Coal Mine, with monitoring times ranging from 10 September 2023
to 19 December 2023. The magnitudes of these events ranged from
a minimum of 1.06 to a maximum of 2.16 on the Richter scale.

K = 1.5MLc + 3.46. (6)

The fitting results show that R2 = 1.0, indicating a perfect
fit, and that K and MLc have a linear relationship, as expressed
by Eq. 6. Based on the range of K, mine earthquakes are
divided into seven categories as follows (Figure 8): K ≤ 4, Unfelt
mine microearthquake; 4< K ≤5, Weak mine microearthquake;
5< K ≤6, Minor mine microearthquake; 6< K ≤7, Moderate mine
microearthquake; 7< K ≤8, Major mine microearthquake; 8< K ≤9,
Strong mine earthquake; 9< K ≤10, and K > 10, Superlarge mine
earthquake. The largest mine earthquake recorded in China
occurred in 1970 at the Taiji Coal Mine in Beipiao, Liaoning,
with a magnitude of MLc = 4.3. According to classification, the
eight calibration blast events used in this article are weak mine
microearthquakes.

When the epicenter distance is less than 5 km, the
aforementioned Eqs 3, 6 in Supplementary Material S1 can be
combined to obtain the new K-class calculation equation directly
from the seismic wave amplitude and epicenter distance:

K = 1.5 lg (A) + 1.5(Δ) + 0.001476Δ+ 5.196(Δ ≤ 5km), (7)
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FIGURE 7
K class and magnitude curve fitting.

FIGURE 8
Measuring system for mine earthquakes.
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where A represents the average amplitude of the three
components of the station, and Δ represents the epicenter
distance.

5 Conclusion

We applied the K class, which intuitively measures the
size of mine earthquakes using only energy, eliminates negative
numbers, and is easier for non-professionals to understand.
Each level differs by only a factor of 10 in energy, providing
a more detailed depiction of the impact of mine earthquakes
compared to the magnitude formula. The key to the K class
is the calculation of seismic energy; hence, we discussed the
superposition calculation of energy at a single station and
considered the energy attenuation process. Based on single-
hole blasting events in calibrated explosion tests, we fitted the
energy attenuation coefficient. Then, we can perform energy
correction to obtain the seismic source energy Es after calculating
the attenuated energy Ee based on the amplitude at a single
station. From the perspective of magnitude, the corrected local
magnitude MLc for small scales (epicentral distance ≤ 5 km)
can reflect the situation of mine earthquakes well. From the
perspective of energy, K class can also reflect the situation
of mine earthquakes well, and the two can be converted into
each other. From the frequency domain, the calculation of
magnitude considers only a specific frequency band (short-
period body waves, long-period surface waves, etc.), and the
determination of seismic energy should consider the energy of
seismic waves in all frequency bands. However, in complex mine
earthquake events, body waves contribute the vast majority of
energy. Our calculation of MLc accurately utilizes the average
maximum amplitude of P-waves, which gives significance to the
empirical formula for converting K to MLc. Furthermore, the
system for measuring and classifying mine earthquakes is of
practical value.
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