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Abstract: The simulation of mine water inrush spreading serves as a crucial essential founda-
tion for formulating emergency rescue and disposal plans for water disasters. To address the
computational inefficiency inherent in traditional numerical simulation methods, this study
proposes a novel approach for simulating mine water inrush spreading based on water balance
in the control area of coal seam floor elevation. Based on the coal seam floor elevation and spa-
tial distribution characteristics of mining space, this study systematically analyzes the control-
ling effects exerted by localized elevation features Chigh/low points) and hydraulic bifurcation/
diversion points during water inrush spreading. Thus, the mining space is regionally divided,
and the concept and division method of the control area are proposed. The water balance prin-
ciple reveals a corresponding correlation between the accumulated water level within a control
area and the cumulative inflow into that region. The global spreading process of water inrush
within the mine is governed by both the cumulative water inflow volume and the adjacency re-
lationships between control areas. This methodology simplifies computational complexity by
reducing the topological scale of the mining space (using control areas as fundamental units)
and streamlining localized spread calculations through water balance analysis, thereby signifi-
cantly accelerating global simulation speed. However, the depiction of the local spread process
is relatively coarse. To address this limitation, high-resolution simulations of localized water
flow in roadways are conducted using Fluent, a three-dimensional computational fluid dynam-
ics (CFD) software. These simulations quantify flow velocity distributions under varying road-
way slopes during downward water movement and characterize diversion patterns across differ-
ent bifurcation geometries. Regression analysis modeling is conducted using the random forest
method for refined simulation of the local spread process. A case study of the West Well in
Xingtai Mine demonstrates the method’s effectiveness in simulating water inrush spreading
across a working face. The results show that the simulation method of mine water inrush
spreading based on water balance in the control area of coal seam floor elevation enables precise
calculation of mine-wide water accumulation levels at arbitrary time while dynamically tracking
water inrush spreading patterns. Notably, this approach achieved a 60-fold acceleration in
computational efficiency compared to conventional numerical simulations when modeling 12-
hour water inrush scenarios. Furthermore, the framework allows rapid determination of both
cumulative water volumes and critical submersion timelines for key locations along evacuation
and rescue routes, providing direct references for emergency rescue and disposal.
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Fig. 1 Schematic diagram of floor elevation structure of the tunnel network in mining space
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Table 1 Roadway slope statistical chart

e REYE /() . JH Ho /A it/ % REEFL I /() HEBE/A i/ %
0~5 17 327 79. 745 45~50 12 0. 055
5~10 2021 9. 301 50~55 7 0.032
10~15 1015 4.671 55~60 7 0.032
15~20 754 3. 470 60~65 11 0.051
20~25 327 1. 505 65~70 5 0.023
25~30 112 0.515 70~75 1 0. 005
30~35 35 0.161 75~80 3 0.014
35~40 16 0.073 80~85 1 0. 005
40~45 17 0.078 85~90 57 0.262
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Fig. 5 Descending roadway model
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Table 2 Simulation results of flow velocity under different flow and slope conditions

W/ (mes D

=0.17° p=1° p=2" p=3" p=4" p=5" B=7"  p=9° p=10" p=15" p=20
0.016 7 0.35 1.20 1.76 2.21 2.56 2.79 3.22 3.73 4.01 4.64 5.42
0.167 0 0.49 1.48 2.03 2.52 2.90 3.07 3.61 4,26 4.55 5. 40 6.43
0.500 0 0.48 1.71 2.76 3.21 3.43 3.79 3.94 4,08 4.18 5.32 5.53
1.000 0 0.65 2.69 3.18  4.18 4.55 4,92 5.21 5.73 6.17 6.53 6. 60
2,000 0 0.95 3.34 4,27 5.02 5.49 6. 05 6.59 7.35 7.68
3.000 0 1.21 3.71 4,63 5.47 6. 00 6.58 7.28 8.15 8.62  10.00  11.36
6.000 0 1.64 4,41 5.45 6.19 6.83 7.46 8.27 9.32 9.66
10. 000 0 1.90 4.84 5. 89 6.55 7.08 7.85 8. 64 9.79 10,19 12.10  13.47
15.000 0 2.35 5. 30 6.37 7.22 7.68 8.42 9.19  10.19  10.48 12.81  14.26
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Table 3 Simulation results of bifurcation diversion under different flow and bifurcation structure conditions

HEKE 5 15

K7 A E AR

Fig. 7 Bifurcation roadway model

- - - - - -
L R || S R g |
0.016 7 10 0.17 0. 87 0.016 7 30 4 0.12 0.016 7 70 2 0.07
0.167 0 10 0.17 0. 90 0.167 0 30 4 0.11 0.167 0 70 2 0.08
0. 500 0 10 0.17 0.93 0. 500 0 30 4 0.11 0. 500 0 70 2 0. 20
1. 000 0 10 0.17 0.99 1.000 0 30 4 0.11 1. 000 0 70 2 0.19
0.016 7 10 1 0. 84 0.016 7 30 5 0. 10 0.016 7 70 3 0. 06
0.167 0 10 1 0. 86 0.167 0 30 5 0. 10 0.167 0 70 3 0. 06
0. 500 0 10 1 0. 90 0. 500 0 30 5 0.11 0. 500 0 70 3 0.07
1.000 O 10 1 1.03 1.000 0 30 5 0.12 1.000 0 70 3 0.07
0.016 7 10 2 0. 56 0.016 7 50 0.17 0. 44 0.016 7 70 4 0. 06
0.167 0 10 2 0. 55 0.167 0 50 0.17 0. 44 0.167 0 70 4 0.07
0. 500 0 10 2 0.58 0. 500 0 50 0.17 0.22 0. 500 0 70 4 0.08
1.000 0 10 2 0.67 1.000 0 50 0.17 0.25 1.000 0 70 4 0.09
0.016 7 10 3 0.41 0.016 7 50 1 0. 14 0.016 7 70 5 0. 05
0.167 0 10 3 0. 39 0.167 0 50 1 0. 15 0.167 0 70 5 0.05
0.500 0 10 3 0.42 0.500 0 50 1 0. 14 0.500 0 70 5 0. 06
1.000 0 10 3 0.45 1.000 0 50 1 0.17 1.000 0 70 ) 0.08
0.016 7 10 4 0. 36 0.016 7 50 2 0.10 0.016 7 90 0.17 0.12
0.167 0 10 4 0.32 0.167 0 50 2 0.10 0.167 0 90 0.17 0.02
0.500 0 10 4 0. 34 0.500 0 50 2 0.10 0.500 0 90 0.17 0.02
1.000 0O 10 4 0. 36 1.000 0 50 2 0.13 1.000 0O 90 0.17 0.03
0.016 7 10 5 0. 33 0.016 7 50 3 0.08 0.016 7 90 1 0.08
0.167 0 10 5 0.27 0.167 0 50 3 0.08 0.167 0 90 1 0. 10
0. 500 0 10 5 0. 30 0. 500 0 50 3 0.09 0. 500 0 90 1 0.09
1. 000 0 10 5 0. 31 1.000 0 50 3 0.08 1. 000 0 90 1 0.09
0.016 7 30 0.17 0. 82 0.016 7 50 4 0.08 0.016 7 90 2 0. 06
0.167 0 30 0.17 0. 76 0.167 0 50 4 0.08 0.167 0 90 2 0. 06
0. 500 0 30 0.17 0.63 0. 500 0 50 4 0.08 0. 500 0 90 2 0.07
1.000 O 30 0.17 0.67 1.000 0 50 4 0.08 1.000 O 90 2 0.07
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<m¥iﬁi/ﬂ> L:>/ ﬁy\(iﬂ:g/ S L <mzﬁi/*l> ?)j ﬁﬁ(jﬂ;{g/ AR mf‘lthisiw (:>/ ﬁy\(i"ﬁ;g/ Pt
0.016 7 30 1 0.28 0.016 7 50 5 0.05 0.016 7 90 3 0.06
0.167 0 30 1 0.25 0.167 0 50 5 0.06 0.167 0 90 3 0.06
0.500 0 30 1 0. 24 0.500 0 50 5 0.07 0.500 0 90 3 0.06
1.000 0 30 1 0. 30 1.000 0 50 5 0.08 1.000 0 90 3 0.07
0.016 7 30 2 0.18 0.016 7 70 0.17 0.25 0.016 7 90 4 0. 04
0.167 0 30 2 0.16 0.167 0 70 0.17 0.16 0.167 0 90 4 0.05
0.500 0 30 2 0.17 0.500 0 70 0.17 0.10 0.500 0 90 4 0.05
1.000 0 30 2 0.21 1.000 0 70 0.17 0.09 1.000 0 90 4 0.06
0.016 7 30 3 0.15 0.016 7 70 1 0.12 0.016 7 90 5 0. 04
0.167 0 30 3 0.14 0.167 0 70 1 0.12 0.167 0 90 5 0. 04
0.500 0 30 3 0.13 0.500 0 70 1 0.14 0.500 0 90 5 0.05
1.000 0 30 3 0.13 1.000 0 70 1 0.15 1.000 0 90 5 0.05
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Fig. 8 Calculation flow of random forest
regression algorithm
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Fig. 9 Accuracy rate of random forest
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Fig. 11 Plan and floor elevation structure of No. 9101 working face and nearby main lane control area
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Fig. 13 Water inrush spreading process on No. 9101 working face
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Fig. 14 Plan and floor elevation structure of No. 9100 main lane control area
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Table 4 Comparison of simulation calculation speed of different water inrush time
AR SCTT AR — YEEE AR AU FE I
HEBLZ A K /h 4 : :
e/ ME /s R AE /s FIME /s f/ME /s R RAE /s FHIE /s
1 0. 27 0.47 0. 37 1 3 2.67
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