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Accurately predicting the development height of the water-conducting fracture zone (HW) is imperative for safe mining in coal
mines, in addition to the protection of water resources and the environment. At present, there are relatively few fine-scale
zoning studies that specifically focus on predicting the HW under high-intensity mining conditions in western China. In view
of this, this paper takes the Yushen mining area as an example, studies the relationship between the water-conducting fissure
zone and coal seam mining height, coal seam mining depth, hard rock scale factor, and working face slope length, finally
proposing a method to determine the development height of the HW based on multiple nonlinear regression models optimized
using the entropy weight method (EWM-MNR). To compare the reliability of this model, random forest regression (RFR) and
support vector machine regression (SVR) models were constructed for prediction. The findings of this study showed that the
results of the EWM-MNR model were in better agreement with the measured values. Finally, the model was used to accurately
predict the development height of the hydraulic conductivity fracture zone in the 112201 working face of the Xiaobaodang coal
mine. The research results provide a theoretical reference for water damage control and mine ecological protection in the
Yushen mine and other similar high-intensity mining areas.

1. Introduction

With the increase of energy demand and mining intensity,
the change of geological conditions of coal seam roof over-
burden and the development of mining fissures caused by
coal mining activities are the direct cause of damage to key
underground aquifers and the root cause of ecological degra-
dation in mining areas. Coal mining will lead to the destruc-
tion of the overlying rock layer, forming a water-conducting
fracture zone consisting of fractured and caved zones. Once
the HW communicates with the aquifer, overlying old air
water, or surface water body during coal seam mining, form-
ing water channel and causing water damage accidents,
along with ecological and environmental damage issues such
as soil erosion, vegetation death, and ground collapse [1–4].

In recent years, with developments in mining equipment
and coal mining technology, high-intensity mining methods
have gradually received increasing attention. With the shift
of the development centre for coal resources to the north-

west of China, its fragile ecological and geological environ-
ment, along with water shortages, must be focused on
[5–7]. Large amounts of high-intensity mining will inevita-
bly lead to issues regarding green and safe coal mining, in
addition to groundwater resource protection [8]. Therefore,
the accurate prediction of HW is still an important issue in
current research. For several years, researchers have worked
on the prediction of the development height of hydraulic
fracture zones, achieving certain results. According to previ-
ous research results on the development height of water-
conducting fissure zones, the main influencing factors of
HW are the coal seam mining height (M), coal seam inclina-
tion angle (A), mining depth (D), working face width (W),
advancing speed (S), and proportion coefficient of hard rock
(b) [9, 10].

Currently, the methods used to determine the develop-
ment height of hydraulic conductivity fracture zones are
mainly field measurements [11–13], empirical equation cal-
culations [14], theoretical analyses [15, 16], and numerical
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simulation methods such as UDEC [17, 18], FLAC [19, 20],
PFC [21], RFPA [22], and physically similar material simu-
lations [23–25]. Among them, actual field measurements
have the highest accuracy, but are time consuming, labori-
ous, and costly. The theoretical calculation method is too
idealized and deviates greatly from the actual complex geo-
logical conditions. Similarly, material simulation methods
require a high accuracy of material proportioning, which is
difficult to achieve for complex geological conditions. The
accuracy of numerical simulations is closely related to the
geological parameters for which the model is built, which
hinders the accuracy of the results. At present, HW calcula-
tion in China is mainly based on the “Code for the Preserva-
tion and Pressing of Coal Pillars in Buildings, Water Bodies,
Railways, and Main Wells and Roadways.” The factors con-
sidered in the empirical formula proposed in this specifica-
tion are only the mining height of the coal seam and the
hardness of the overlying rock seam; the mining height of
a single coal seam does not exceed 3m, which is a single
influencing factor to consider and is insufficient to reflect
the comprehensive effect of multiple influencing factors, as
shown in Table 1.

In recent years, some machine learning methods, such as
decision trees (DT), support vector machines (SVM), ran-
dom forest regression (RFR), artificial neural networks
(ANN), and multiple regression analysis (MNR), have grad-
ually become mainstream for predicting the development
height of hydraulic fracture zones and have improved the
accuracy of prediction to a certain extent. For example, He
et al. [26] predicted the height of an HW under longwall
mining conditions using a multiple regression approach,
which effectively reflected the relationship between the HW
and different mining conditions. Further, Zhao and Wu
[27] proposed a prediction method for HW based on RFR.
However, the significant diversity and complexity of geolog-
ical conditions in China’s mining areas lead to differing
degrees of influence of mining on the development height
of HW in different regions; the large range of study areas
used in previous prediction models have reduced the predic-
tion accuracy to a certain extent, and the adaptability of the
prediction methods is low. Therefore, the current prediction
model needs to be improved to carry out fine zoning predic-
tions with improved accuracy [26, 28].

In this study, the relationship between HW and M, W, D,
and b was analysed, and the EWM-MNR prediction model

was established, taking the Yushen mining area in the north
of Ordos as the study area.

To verify the validity of the EWM-MNR model, it was
applied to the Xiaobaodang coal mine in the Yushen mining
area. In addition, RFR and SVR models were constructed to
facilitate a comparison with the EWM-MNR model. The
results show that the EWM-MNR model has good predic-
tion performance, and the prediction results are in good
agreement with the field measured data, which verifies the
feasibility and accuracy of the proposed method.

2. Study Area and Data Collection

2.1. Overview of the Study Area. The Yushen mining area is
located in the middle of the Jurassic coalfield in northern
Shaanxi and is one of the main mining areas of the northern
Shaanxi coal base. The total area of the mine is about
5,265 km2, which borders the Maowusu Desert and the Loess
Plateau. It has an average annual rainfall of about 400mm
and an average annual evaporation of about 2,000mm, with
a fragile ecological environment and a shortage of water
resources (Figure 1(a)).

The coal seam in the Yushen mining area has good con-
ditions, excellent coal quality, large reserves, a simple geo-
logical structure, and the dip angle of the seam is <10°.
The burial depth of the main mining seam in the area is gen-
erally greater than 100m, and the further to the west, the
greater the burial depth; the highest depth reaches more
than 500m, and the average recoverable coal thickness is
6.50m. The surface water system in the area is relatively
developed and primarily comprises the Kuye River and its
tributaries in the northeast, the Tuwei River and its tribu-
taries in the middle, and the Yuxi River and its tributaries
in the southwest. According to the groundwater fugacity
conditions and hydraulic characteristics, the water-bearing
rock formations in the study area can be divided into two
categories: the Sala Wusu group and the sandstone aquifer,
as shown in Figure 1(b).

The Sala Wusu group aquifer is the only groundwater
resource with a large-scale water supply and ecological sig-
nificance in the study area under natural conditions. The
region bears multiple strategic responsibilities for energy
supply, water conservation, and ecological protection and
restoration.

Table 1: Formulas to calculate HW.

Lithology of the overburden

Hard Hli = 100〠M/1:2〠M + 2:0
� �

+ 8:9 Hli = 30
ffiffiffiffiffiffiffiffiffiffi
〠M

q
+ 10

Medium hard Hli = 100〠M/1:6〠M + 3:6
� �

+ 5:6 Hli = 20
ffiffiffiffiffiffiffiffiffiffi
〠M

q
+ 10

Weak Hli = 100〠M/3:1〠M + 5:0
� �

+ 4:0 Hli = 10
ffiffiffiffiffiffiffiffiffiffi
〠M

q
+ 5

Extremely weak Hli = 100〠M/5:0〠M + 8:0
� �

+ 3:0

Note: (1) ΣM is the cumulative mining thickness. (2) Formula application range: single-layer mining thickness of 1 to 3m; the cumulative thickness does not
exceed 15m. (3) The ± term in the calculation formula is the medium error.
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2.2. Measured Data Collection. To study the relationship
between the HW and M, W, D, and b after coal seam mining
in the Yushen mining area (Figure 2), among them, the pro-
portion coefficient of hard rock (b) refers to the ratio of total
thickness of hard rock strata to the estimation height of
WCFZ above the coal seam [26]. The calculation equation
is as follows:

b = ∑h
28M , ð1Þ

where b is the proportion coefficient of hard rock, M is the
mining height, and ∑h is the sum of the thickness of the
hard rock strata within the statistical height.

Through consulting literature [29, 30] and actual field
investigation, 20 sets of measured program data for the

HW and other relevant factors were collected from some coal
mines in the Yushen mining area, as shown in Table 2.

3. Prediction Method

Regression analysis is a method that establishes mathemati-
cal relationships between statistical observations, explaining
changes in the dependent variable by changes in the inde-
pendent variable. It helps predict the possible values of the
dependent variable by using the values of the independent
variable [31]. The MNR model is expressed as shown in
Equation (2).

y = α0 + α1 f x1ð Þ + α2 f x2ð Þ+⋯+αn f xnð Þ + β,
β ≈N 0, σ2

À Á
,

(
ð2Þ
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Figure 1: Overview of the study area. (a) Location map. (b) Profile map.
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where y is the dependent variable, corresponding to HW;
x1, x2,⋯xn are the independent variables, corresponding to
M, D, W, and b, respectively; αn is the regression coefficient;
β is the random error.

The least-squares estimation method was used to solve
for the regression coefficients; the procedure for which is
as follows:

f xið Þ = 〠
n

i=1
yi − ŷ1ð Þ2 = 〠

n

i=1
yi − α0 − α1x1i − α2x2i−⋯−αnxnið Þ2,

ð3Þ

where the independent variables are x1i, x2i,⋯xni, and the
dependent variable yi is all specifically known observations.
To find the regression coefficients, the derivatives of α1, α2,
⋯αn are derived, and the first-order derivatives are set to zero
to obtain the set of equations for the regression coefficients.

L11α1L12α2+⋯+L1nαn+ = L1y,
L21α1L22α2+⋯+L2nαn+ = L2y,
⋯

Ln1α1Ln2α2+⋯+Lnnαn+ = Lny,

8>>>>><
>>>>>:

ð4Þ

Working face

H w

H wD

W

M

Figure 2: Schematic diagram of influencing factors of HW.

Table 2: Influencing factors and HW in Yushen mining area.

No. Coal mine Panel/drill hole M (m) W (m) D (m) b Hw

1 Liangshuijing 42101 3.26 120.00 110.00 0.46 45.85

2 Liangshuijing 42102 3.26 200.00 120.00 0.57 64.18

3 Yuandatan 11201 3.50 300.00 332.30 0.70 104.36

4 Longde 205 4.00 210.00 198.00 0.52 76.85

5 Hanglaiwan H3 4.50 300.00 242.20 0.69 114.40

6 Jinjitan Y6 8.00 300.00 283.00 0.65 171.30

7 Hanglaiwan 30105 4.50 300.00 233.00 0.58 96.90

8 Hanglaiwan GT2 4.50 300.00 240.40 0.69 108.30

9 Yushuwan H5 5.00 255.00 346.00 0.68 137.30

10 Yushuwan 30101 5.00 255.00 286.90 0.67 138.90

11 Yushuwan Y3 5.00 255.00 275.80 0.66 117.80

12 Caojiatan 30302 6.00 350.00 279.99 0.59 136.10

13 Jinjitan Y4 5.30 300.00 263.00 0.46 111.50

14 Jinjitan 30101 5.50 300.00 260.00 0.51 115.20

15 Xuemiaotan DZ1 5.70 282.00 244.00 0.63 122.00

16 Jinjitan Y5 6.00 300.00 275.00 0.52 126.40

17 Caojiatan J1 6.00 350.00 268.00 0.62 139.15

18 Yushuwan 30103 5.00 255.00 283.50 0.70 130.50

19 Yuyang 2304 3.50 200.00 188.00 0.57 86.00

20 Hanglaiwan H4 4.50 300.00 242.90 0.65 107.80

4 Lithosphere
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where Lij = Lji =∑ðxij − �x1Þðxij−−�xjÞ; Liy =∑ðxij −�x1Þðyi −�y1Þ.
Since Li1, Li2,⋯Lin, Liy, (i = 1, 2,⋯n) are known, xij, yi, �x1,
�y1ði = 1, 2,⋯nÞ are known; α1, α2,⋯αn are n unknowns with
n equations. Therefore, α1, α2,⋯αn can be solved using the
determinant method or elimination method, which leads to
a value for α0.

In this study, after establishing the MNR model, the
entropy weighting method, from information entropy the-
ory, is used to calculate and determine the weight coeffi-
cients of each factor to improve the regression coefficients
of the proposed MNR model, which is an objective weight-
ing method. The specific calculation steps are as follows:

Ej = −
1

ln nð Þ〠
n

i=1
Pij ln Pij

À Á
,

Pij =
xij

∑n
i=1xij

,
ð5Þ

where Ej denotes the entropy value of the jth evaluation
attribute, and Pij is the weight occupied by the value of the
ith evaluation indicator under the jth indicator. xij is the value
of the jth coefficient of group i in the data of Table 2. There
are 20 data sets and four influencing factors in this study;
therefore, the maximum value of i is 20, and the maximum
value of j is 4. In addition, we specify that, when Pij = 0 or
Pij = 1, Pij ln ðPijÞ = 0.

The weight coefficients of each influencing factor are cal-
culated using the formula

Wj =
1 − Ej

∑n
j=11 − Ej

, ð6Þ

where Wj denotes the weight coefficient of the jth influenc-
ing factor.

Therefore, the multiple nonlinear regression model
based on the entropy method proposed in this study is as
follows:

y = α0 +w1α1 f x1ð Þ +w2α2 f x2ð Þ+⋯+wnαn f xnð Þ + β: ð7Þ

4. Results and Discussion

In this study, a multiple nonlinear regression model was
used to determine the relationship between the development
height of the hydraulic fracture zone and other influencing
factors; finally, the corresponding relationship equation
was derived.

To establish the prediction model, the data in Table 2
were divided into two groups: 80% of the data was used as
training samples to establish the prediction model, and
20% of the data was used as test samples to test the predic-
tion model. Nos.1-16 in Table 2 are used as training samples,
and Nos.17-20 are used as training samples.

Finally, the accuracy of the prediction model established
in this study was verified through a comparative analysis and
field engineering applications.

4.1. EWM-MNR Model. To explore the correlation between
HW and M,W, D, and b, a single-factor regression analy-
sis was conducted using SPSS software to establish 11
basic models for HW and other influencing factors, as
shown in Figure 3. There is a more significant direct rela-
tionship between HW and the regression variables, except
for b.

To eliminate the interference ofM on this factor of b, the
ratio of HW to coal seam mining height (H/M) is introduced.
The larger the value of H/M, the larger the value of HW
under the same coal seam mining height conditions.

Figure 3 shows the relationship between HW and M, W,
D, and b. As shown in Figures 3(a)–3(c), HW increases with
M, D, and W, respectively; however, the rate of increase
decreases and tends to level off. As shown in Figure 3(d),
there is no direct correlation between HW and b.
Figure 3(e) shows that H/M is positively correlated with b,
and the rate of increase gradually increases after the hard
rock lithology coefficient reaches about 0.65.

Table 3 presents the R2 and significance (sig) of the coef-
ficient of determination of HW with other single factors in
each of the 11 models. Based on the R2 and sig of each
model, the optimal relationship between HW and other
single-factor regression variables was obtained. The specific
relationship between HW and each single-factor regression
analysis is shown in Equation (8).

HW = 223:44 − 522:71
M

,

HW = e5:49−208:46/W ,
HW = e5:40−165:84/D,
HW = 96:12b3 + 52:12b2 + 52:12b

À Á
∗M + 20:06:

8>>>>>>><
>>>>>>>:

ð8Þ

Based on the results of HW and one-way regression
analysis, the EWM-MNR model was finally proposed, as
shown in

HW ′ = 0:03e5:49−208:46/W + 0:44e5:40−165:84/D

+ 61:56∗b3 − 81:40∗b2 + 50:50∗b
À Á

∗M −
38:08
M

‐3:09,

ð9Þ

where HW ′ is the predicted value of the height of the
hydraulic fracture zone, M is the coal seam mining height,
D is the coal seam mining depth, W is the slope length of
the working face, and b is the proportion coefficient of
hard rock.

4.2. Error Analysis. Predictive model accuracy assessment is
an important step to complete prior to model application.
To further verify the accuracy of the EWM-MNR model,
the RFR model and the SVR model were established using
the same training samples in a Python environment.
Figure 4(a) shows the reliability of each model using the
canonical equations shown in Table 1, EWM-MNR, RFR,
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and SVR models to obtain the predicted values of different
methods and evaluate the reliability of each model using
two evaluation metrics: the coefficient of determination (R2)
and root mean square error (RMSE).

Among these metrics, the RMSE can reflect the difference
between the measured and predicted values. The smaller the
RMSE, the better the performance of the model. The magni-
tude of R2 determines how closely the independent variable
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Figure 3: Analysis of HW-related factors. (a) M and HW. (b) W and HW. (c) D and HW. (d) B and HW. (e) B and H/M.
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is related to the dependent variable and ranges from 0 to 1.
The closer R2 is to 1, the better the fit of the prediction model
and vice versa. These two indicators are defined as follows:

RMSE HW ,HW ′
� �

=
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
1
n
〠
n

i=1
HW −HW ′

� �2
s

, ð10Þ

R2 HW ,HW ′
� �

= 1 −
∑n

i=1 HW −HW ′
� �2

/ n − p − 1ð Þ
∑n

i=1 HW − �HW

À Á2/ n − 1ð Þ
,

ð11Þ
where HW , �HW , and HW ′ are the measured value, measured
average value, and predicted value of the water-conducting
fracture zone, respectively; M is the mining height; D is the
mining depth; W is the working face width; b is proportion
coefficient of hard rock.

The RMSE and R2 of different models were calculated
according to Equations (10) and (11), respectively, and the
calculation results are shown in Table 4.

The EWM-MNR model has an R2 value of 0.97 and 0.96
for the training and validation samples, and an RMSE of
5.51 and 5.09, respectively. The RFR model has an R2 value
of 0.73 and 0.89 for the training and validation samples and
an RMSE of 15.29 and 6.90, respectively. The SVR model has
an R2 of 0.82 and 0.85 for the training and validation sam-
ples and an RMSE of 12.59 and 8.10, respectively.

Figure 4(b) shows the residual values for the different
methods. It can be seen that the error values for the
EWM-MNR model range from -12.70m to 7.01m, with an
average absolute error value of 4.45m. The error values of
the RFR model range from -37.53m to 37.91m, with an
average absolute error value of 9.13m.

The error values for the SVRmodel range from -33.13m to
25.43m, with an average absolute error value of 8.31m. The
error values for the corresponding medium-hard first formula
in Table 1 range from -116.92m to -3.25m, with an average

Table 4: RMSE and R2 values of different prediction models.

Sample data Evaluation index
Prediction model

EWM-MNR RFR SVR

Training sample
RMSE 5.51 15.29 12.59

R2 0.97 0.73 0.82

Test sample
RMSE 5.09 6.90 8.10

R2 0.96 0.89 0.85

Table 3: R2 and significance of HW and other factor models.

Model
M-H W-H D-H b-H b-H/M

R2 Sig R2 Sig R2 Sig R2 Sig R2 Sig

Linear 0.746 0.000 0.516 0.002 0.652 0.000 0.253 0.047 0.643 0.000

Logarithmic 0.779 0.000 0.539 0.001 0.686 0.000 0.259 0.044 0.629 0.000

Inverse 0.780 0.000 0.527 0.001 0.675 0.000 0.264 0.042 0.613 0.000

Quadratic 0.772 0.000 0.550 0.006 0.703 0.000 0.273 0.126 0.664 0.001

Cubic 0.772 0.000 0.557 0.018 0.770 0.000 0.275 0.124 0.667 0.001

Compound 0.643 0.000 0.650 0.000 0.735 0.000 0.275 0.037 0.634 0.000

Power 0.714 0.000 0.697 0.000 0.799 0.000 0.284 0.034 0.628 0.000

S 0.754 0.000 0.700 0.000 0.811 0.000 0.291 0.031 0.619 0.000

Growth 0.643 0.000 0.650 0.000 0.735 0.000 0.275 0.037 0.634 0.000

Exponential 0.643 0.000 0.650 0.000 0.735 0.000 0.275 0.037 0.634 0.000

Logistic 0.643 0.000 0.650 0.000 0.735 0.000 0.275 0.037 0.634 0.000
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Figure 4: HW comparison of different models. (a) predicted HW
and measured HW. (b) HW predicted and HW measured error
values.
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absolute error value of 64.57m. The corresponding error values
for the medium-hard second formula in Table 1 range from
-104.73m to 0.26m, with an average error value of 58.57m.

The abovementioned results show that the predicted
values of the EWM-MNR model proposed in this study are
very close to the measured values of the training and valida-
tion samples, with lower RMSE and higher R2 values, which
indicate a better prediction performance than the RFR
model and SVR model. This shows that the model is more
suitable for HW prediction under high-intensity mining con-
ditions in the Yushen mine. In addition, the prediction
model proposed in this study will be continuously updated
in the future, with a view to make the model more widely
applicable.

5. Case Study: 112201 Working Face of the
Xiaobaodang Coal Mine

5.1. Overview of Working Face 112201 and Two Investigation
Drillholes. The 112201 working face of the Xiaobaodang No.
1 Coal Mine in Yushen Mining District is the first mining
face of this coal mine. The length of the working face is
4660m, the width of the working face is 350m, the dip angle
of the coal seam is 1°, the mining height of the coal seam is

6m, and the coal is recovered using the comprehensive min-
ing long wall method. 2-2 coal in the working face is located
at the top of the fourth section of the Yan’an Group, which is
the thickest recoverable coal seam in the area. The ground
elevation is 1283–1330m, the burial depth of the 2-2 coal is
300–400m, and the bottom elevation of the coal seam is
+930m–+970m. To accurately detect the height of the
WCFZ, two holes were drilled in the mined area of 112201
working face. Figure 5 shows the locations of drill holes D1
and D2.

5.2. Application of the Prediction Model. Predicting the
height of the WCFZ before mining is necessary. To better
verify the accuracy of the prediction model, the EWM-
MNR model, RFR model, and SVR model were used to pre-
dict the development height of the hydraulic conductivity
fracture zone of D1 and D2 drill holes before the recovery
of the 112201 working face. The prediction results of the dif-
ferent models are shown in Table 5.

5.3. Field Measurements. During mining, the height of
WCFZ at the 112201 working face was observed using a
combination of drilling fluid loss monitoring and downhole
color TV records.
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Figure 5: Drill hole location.

Table 5: HW predicted values of different models for the 112201 working face.

No. Drill M (m) W (m) D (m) b
Predicted value of HW

EMW-MNR RFR SVR

1 D1 6 350 300.37 0.77 163.03 135.01 141.65

2 D2 6 350 300.96 0.74 157.16 134.86 145.25
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Figure 6 shows the flushing fluid leakage and in-hole TV
detection results during the construction of different bore-
holes. From the D1 flushing fluid loss in Figure 6(a), it can
be seen that the top boundary of the HW is 134.80m, and
the in-hole TV detection results show that 138.30m is the

top boundary of the HW in this borehole. The D2 flushing
fluid loss in Figure 6(b) shows that the top boundary of
the HW is 143.58m, and the in-hole TV detection result
shows that 142.18m is the top boundary of the HW in this
borehole.
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When recording the flushing fluid leakage in segments
during drilling, there is an error in terms of observation
lag, which leads to certain deviations in the recorded flush-
ing fluid leakage location. The TV detection in the borehole
involves the continuous real-time observation of the entire
borehole section, and it can intuitively locate and quantita-
tively describe the fracture development and distribution
position inside the rock body with high accuracy. Therefore,
the HW of the in-hole TV detection was finally adopted.

The measured height of the HW is calculated as follows:

H = E1 − E2,
HW =H −H1,

(
ð12Þ

where H is the burial depth of the coal seam, E1 is the
ground elevation of the borehole, E2 is the elevation of the
top plate of the corresponding coal seam, and H1 is the ver-
tical distance from the HW to the ground.

Finally, the H1 of the HW top boundary height of the D1
borehole is found to be 123.30m. The H1 of the HW top
boundary height of the D2 borehole is 142.18m. The D1
borehole E1 is 1281.63m, and the corresponding E2 is
981.26m, which can be substituted into Equation (12) to
obtain the D1 borehole HW = ð1281:63 − 981:26 − 123:30Þ
= 177:07m. The E1 of drill hole D2 is 1288.76m, and the
corresponding E2 is 987.80m, which can be substituted into
Equation (12) to obtain the measured value of the drill hole
D2 HW = ð1288:76 − 987:80 − 142:18Þ = 158:78m. A com-
parison of the field measured results of the D1 and D2 bore-
holes with the prediction results of different models is shown
in Table 6.

The comparison between the field measured results and
those from different models show that the relative errors
between the predicted and field measured values of the
EMW-MNR model proposed in this paper are 7.93% and
1.00%, the relative errors between the predicted and field
measured values of the RFR model are 23.75% and 15.06%,
and the relative errors between the predicted and field mea-
sured values of the SVR model are 20.00% and 8.52%,
respectively. This indicates that the results of the proposed
EMW-MNR prediction model agree with actual models
more than the results of other prediction models.

6. Conclusions

To ensure the safe operation of coal mines, this study pro-
posed a HW prediction method based on the EWM-MNR
model that is applicable to the high-intensity mining condi-
tions in the Yushen mining area, and then applied the model

to the Xiaobaodang coal mine in the Yushen mining area.
The main conclusions of this study are as follows:

(1) The EWM-MNR model was proposed using 20 sets
of measured data from the Yushen mining area,
and the indicators affecting HW in this model mainly
include four regression variables, M, D, W, and b.
This model improves the prediction accuracy and
stability of the HW

(2) The RFR and SVR models were used to compare the
accuracy of the EWM-MNR model using the same
training data. The RMSE of the training and test
samples of the EWM-MNR model were lower, at
5.51 and 5.09, and the R2 values were higher, at
0.97 and 0.96, with RMSEs of 5.51 and 5.09. In con-
trast, the R2 of the coefficients of determination of
the RFR model were 0.73 and 0.89, with RMSEs of
15.29 and 6.90, respectively. The corresponding R2

values for the SVR model were 0.82 and 0.85, and
the RMSEs were 12.59 and 0.85

(3) The prediction model proposed in this paper was
applied to the 112201 working face of the Xiaobaodang
coal mine, and the predicted and field measured values
for the HW were 164.51m and 177.07m for hole D1,
respectively, representing a relative error of 7.10%;
the predicted and field measured values for hole D2
were 157.16m and 158.78m, respectively, reflecting a
relative error of 1.00%. The accuracy and applicability
of the prediction model in the high-intensity mining
area were further verified

(4) The field measurement results of the 112201 work-
ing face show that the EWM-MNR model proposed
in this paper can better predict the HW under high-
intensity mining conditions. The prediction model
has important guiding significance for the synergistic
issues of water damage control and groundwater
resource protection in western high-intensity mining
areas
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Table 6: Comparison of field observation data with prediction data from different prediction models.

Drill Measured value
Predictive value Absolute error (m) Relative error (%)

EMW-MNR RFR SVR EMW-MNR RFR SVR EMW-MNR RFR SVR

D1 177.07 163.02 135.01 141.65 -14.05 -42.06 -35.42 7.10 23.75 20.00

D2 158.78 157.16 134.86 145.25 -1.62 -23.92 -13.53 1.00 15.06 8.52
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