Mine Water and the Environment (2023) 42:546-559
https://doi.org/10.1007/510230-023-00953-3

TECHNICAL ARTICLE q

Check for
updates

Study of Roof Water Inrush Control Technology and Water Resources
Utilization During Coal Mining in a Karst Area

+1,2,3

Wengiang Wang' - Zhenhua Li -Feng Du' - Zhengzheng Cao' - Guosheng Li'

Received: 29 December 2022 / Accepted: 28 August 2023 / Published online: 13 November 2023
© The Author(s) under exclusive licence to International Mine Water Association 2023

Abstract

Roof water inrush at the mine face and shortages of water resources are both problems in the karst mining area in south-
western China. In this study, field measurements, similar simulations, and theoretical analysis were conducted, a physical
model of upward and downward mining in a test mine was constructed, and the dynamic evolution of water inrush and
the mechanism of water inrush in karst roofs under different mining sequences were analysed. As a result, the problem of
water inrush at the mine face was solved, and a method to utilize the karst groundwater water resources was proposed. The
research showed that after downward mining, the maximum development height of the water-conducting fracture in coal
seam 4 was 43.1 m, and the fracture mining ratio was 14.4. A water-inrush pathway formed at the connection between the
mining-induced fractures and the roof karst aquifers, and the safe mining of coal seams 4 and 9 were threatened by water
inrush from the goaf. So, the feasibility of upward mining was determined by the ratio test and "three zones" discrimina-
tion methods, and the evolution of water-inrush pathways during upward and downward-inclined mining were compared.
Upward-inclined mining was proposed to control roof water inrush. Moreover, the quality of the water flowing into the goaf
was compared with the Chinese standards for water use, and the water in the goaf of the lower coal group was suitable for
water resource utilization. This research provides a basis for preventing and controlling roof water inrush disasters and for
appropriate utilization of water resources in these mining areas.
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Introduction

The geological conditions of coal occurrence in China are
extremely complex. Due to distinctly different mining con-
ditions, mine water hazards vary, especially in western and
southwestern China (Dong et al. 2021; Zhang et al. 2022).
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In western China, coal mines are mainly threatened by sand-
stone aquifers above the coal seams (Ju et al. 2018; Li et al.
2022a, b, c), while those in southwestern China are mainly
threatened by karst aquifers (Jiang et al. 2020a, b). Com-
pared with the sandstone roof aquifers in western China,
the problem of karst roof water in southwestern China is
complicated, uncertain, and difficult (Jiang et al. 2020a,
b), which brings great problems and challenges to safe and
efficient recovery of the mining face (Li et al. 2022a, b,
c¢). At the same time, coal mining in the karst mine area in
southwestern China also wastes a great deal of karst water,
which aggravates groundwater loss in the karst area (Suo
et al. 2022).

Studies on evolution, prevention, and controlling water-
conducting fractures in roof strata during coal mining have
been widely reported (Chen et al. 2022a, b; Long et al. 2022;
Qiu et al. 2022; Sun et al. 2021; Xu et al. 2022). Consider-
ing the distribution characteristics of the "three horizontal
zones and three vertical zones" of mining-induced frac-
tures in roof (Cheng et al. 2020; Li et al. 2022a, b, c), the
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development height of different water-conducting fractures
can be obtained under various mining geological and hydro-
geological conditions using a variety of methods, including
the double-end water-plugging leak detection (Zhang et al.
2019), borehole observation (Chen and Zhu 2020), drilling
fluid consumption (Feng et al. 2021), microseismic monitor-
ing (Xiao et al. 2020), transient electromagnetic (Yao et al.
2019), and micro-resistivity scanning methods (Liu et al.
2018). Also, comprehensive similar simulation and numeri-
cal simulation methods (Li et al. 2022a, b, ¢; Zha et al. 2020;
Zhao et al. 2021) can be used to reveal the complete devel-
opment of roof water conduction cracks. Although grout
plugging, perforated suction, and drainage have been pro-
posed to prevent and control roof water hazards (Gui et al.
2018; Ji et al. 2021; Wen et al. 2022; Zhu et al. 2022a, b),
these methods are not suitable for the treatment of roof water
inrush under a karst roof. Indeed, much less research has
been conducted on the development of water-conducting
fractures in karst conditions.

With respect to utilization of water resources in mines,
abandoned mines are mainly used to establish underground
water reservoirs (Chen et al. 2022a, b; Song et al. 2020;
Zhang et al. 2021), to store atmospheric rainfall for industrial
and agricultural water (Dong et al. 2019), to store energy and
generate electricity (Zhang et al. 2020), or to utilize mine
geothermal resources (Kumari and Ranjith 2019; Menendez
et al. 2020; Zhu et al. 2022a, b). In contrast, research on the
using water resources in operating mines is sparse.

Based on the hydrogeological conditions of the Xintian
coal mine and changes in mine water inflow, physically simi-
lar simulations and field measurements were employed to

investigate the evolution of water-conducting fractures in
roof strata during current downward mining, and the fea-
sibility of upward mining was established by theoretical
analysis and physical simulation. A method to prevent and
control karst roof water inrush was developed, along with a
way to recycle mine water resources, improving mine safety
and production efficiency.

Engineering Background
Hydrogeological Conditions of the Mining Area

The Xintian Coal Mine is located in of Qianxi County,
Guizhou Province, China. This area has a typical karst land-
form, so most of the atmospheric precipitation flows under-
ground. The primary fractures and karst caves of the area
are relatively well developed, with the karst development
decreasing with increased depth. There are a large number
of karst fractures and beaded karst caves with connectivity
in the limestone of the Yulongshan Member of the Yelang
Formation. The upper submember is a strong aquifer, while
the lower submember is a weak aquifer. The drilling data show
that irregular fractures are developed in this area, the rock core
is relatively broken and moderately complete; the maximum
width of the fractures is about 3.0 cm, and there are small karst
cavities with a diameter of 0.5-2.0 cm in some parts, indicat-
ing strong groundwater activity. The Changxing Formation is
weakly fractured, making it a weak aquifer. Figure 1 shows the
comprehensive histogram of the rock strata.
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Geological Conditions of the Mine

In the Xintian Coal Mine, coal seams 4 and 9 are the main
seams being mined. The two seams have an average thickness
of 3.0 m, with an average dip angle of 3°. The roof of coal seam
4 1is 30 m and 85 m from the bottom interface of the Changxing
Formation and Yulongshan Member limestone strata, while the
roof of coal seam 9 is 62 m and 117 m respectively from the
bottom interface of the Changxing Formation limestone and
Yulongshan Member limestone. Based on the existing layout
of the mine roadway and contour lines of the coal seam floor,

inclined mining was the only choice. Currently, the upper part
of coal seam 4 has been mainly exploited, as shown in Sup-
plemental Fig. 1.

Analysis of Annual Water Inflow Change of Test Mine

Supplemental Fig. 2 shows the average monthly rainfall data
at the mine site from 2017 to 2020. The mine water inflow
was positively related to the atmospheric rainfall, especially
during June to October. During this period, roof karst water
entering the goaf through mining-induced water-conducting
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fractures threatened the safe mining of coal seam 4. The
average water inflow of the mine from 2017 to 2020 was
81.8, 86.6, 90.0, and 116.5 m>/h, respectively. The annual
average rainfall increased gradually as the area of the min-
ing face grew, causing increased damage to the overburden
in general and the roof limestone aquifer in particular. The
water inflow of the mine increased with the constant mining
and as the annual rainfall increased.

Evolution of Water-Conducting Fractures
in Roof Strata During Downward Mining

Field Measurement of the Height
of the Water-Conducting Fracture Zone in the Mine
Face

After one-month completion of mining in the 1404
working face, the double-end water-plugging leak
detection was employed to obtain the development height
of the water-conducting fracture zone in the mining face
1404 (Zhu et al. 2020). The borehole position was set in
the bottom extraction roadway at the lower part of the no.
1404 mine face. A total of three boreholes were drilled:
borehole 1 and 2 were test holes, and borehole 3 was the
comparison borehole. The ZDY8000LPS crawler-type full
hydraulic tunnel drill was used to construct and test the
three exploration boreholes, as shown in Supplemental
Fig. 3.

Figure 2 shows the water leakage of the different bore-
holes. The change rule of water leakage in the borehole
section was analyzed, and then the development height
of the water-conducting fracture zone of the overburden
was determined. According to the water leakage results
of borehole 3 (left side of Fig. 2), when the roof was not
damaged, the average water leakage in the boreholes of the
test section was 4.7 L/min, and the water leakage within
the testing depth fluctuated, ranging from 3.1 to 5.1 L/
min. Since borehole 1 collapsed during the test, the data of
borehole 1 were ignored. According to the water leakage
of borehole 2 (right side of Fig. 2), the water leakage was
3.5—5.0 L/min within the borehole depth of 68—78 m,
which was consistent with the water leakage of the com-
parison borehole (borehole 3). It indicated that the rock
strata in this section were undamaged. The water leakage
increased within the borehole depth of 36—68 m, much
more than in borehole 3, even reaching 19.2—22.3 L/min.
This indicated that this section was the top interface of the
water-conducting fracture zone. Therefore, the top inter-
face of the roof water-conducting fracture zone determined
by borehole 2 was located at the borehole depth of 68 m,

where the vertical height from the coal seam roof was
43.1 m and the fracture mining ratio was 14.4.

Similarity Simulation of the Evolution
of Water-Conducting Fractures in the Roof
During Downward Mining

In this study, similar materials in the laboratory were
employed to simulate the downward-inclined mining of
coal seams 4 and 9, revealing how the water-conducting
fractures in the overburden and the Yulongshan Member
limestone aquifer evolved during downward mining.

Model Establishment

It was assumed during the establishment of the physical
model of the mine that when water-conducting fractures
developed to the bottom of the Yulongshan Member lime-
stone, that a mine water inrush would be triggered. Hydrau-
lic cylinder equivalent loading was used to simulate the
unpaved rock layer in the model (Shi et al. 2019), using the
geomechanical model support of Henan Polytechnic Uni-
versity. The support was 2.5 m in length, 0.2 m in width
and 1.3 m in height, the geometric similarity ratio of the
test model was 1:100, and the unit weight similarity ratio
was 1:1.5. The height of the model and thickness of the coal
seam were designed as 120 cm and 3.0 cm, and the dip angle
was set as 3°. Fine dry river sand was used as aggregate in
the model, borax was used as the retarder, and light calcium
carbonate and gypsum as the cement. Mica flakes were used
to layer the rock stratum. The 280 m thick overburden was
not simulated in the model; instead, the hydraulic column on
the test bench was used to simulate the equivalent loading
(Sun et al. 2020). Table 1 shows the specific parameters of
the similar simulation test.

A total of 69 displacement measuring points were set at
10 cm intervals in three displacement measuring lines (lines
1-3) at the back of the model. Line 1 was arranged at the
top of the limestone of Changxing Formation, line 2 at the
bottom of the limestone of Changxing Formation, and line
3 at the bottom of coal seam 4. Supplemental Fig. 4 shows
the specific location of the displacement measuring lines.

Simulation Results and Analysis
Evolution of Water-Inrush Pathways in Downward Mining

Figure 3a and b shows the evolution characteristics of
water-conducting fractures in the simulated coal seam 4
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Fig.3 Evolution Characteristics
of Water-conducting Fractures
in Roof of Coal Seam 4 and 9.
a 150 m advancement in coal
seam 4. b 190 m advancement
in coal seam 4. ¢ 85 m
advancement in coal seam 9.

d 190 m advancement in coal
seam 9
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Table 1 Proportioning table of similar simulation test

No Lithology Compressive Tensile strength Strata Model Proportion- Sand/kg  Gypsum/kg  Calcium
strength /MPa thickness/m  thickness/ ing No carbonate/
/MPa cm kg

1 Sand-mudstone  29.9 2.31 20.0 20.0 655 162.9 13.6 13.6

2 Limestone 51.40 5.70 35.0 35.0 437 266.0 20.0 46.6

3 Sand-mudstone  29.9 2.31 30.0 30.0 655 2443 204 20.4

4 Coal seam 4 3.90 0.28 3.0 3.0 773 24.9 25 1.1

5 Sand-mudstone  29.9 2.31 29.0 29.0 655 236.1 19.7 19.7

6 Coal seam 9 3.90 0.28 3.0 3.0 773 24.9 2.5 1.1
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the angles of the two main water-inrush pathways behind
the mining face were 56° and 59°, respectively. The maxi-
mum development height of the water-conducting fracture
was 45 m. When the mining face had advanced to 190 m,
periodic fractures occurred again in the roof, and a new
water-inrush pathway formed behind the mining face.
However, these fractures no longer developed upward,
and the fracture mining ratio was 15.0. The water-inrush
pathway far from the mining face gradually closed, and the
water-conducting capacity gradually weakened. Neverthe-
less, there were always two large water-inrush pathways

behind the mine face through which water in the aquifer
could continuously flow. As a result, the mine face will
always be affected by roof water inflow.

Figures 3c and d shows the evolution characteristics
of water-conducting fractures in the roof of coal seam 9
under downward mining. When the simulated mine face
had advanced to 85 m, periodic fractures occurred in the
roof and the fractures developed to the goaf of coal seam
4. With continuous advancement of coal seam 9, new lon-
gitudinal fractures continuously formed in the roof, which
served as the downward water-inrush pathway of the coal
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seam 4 goaf. Roof karst water constantly affected mine
production in coal seam 9.

Movement and Deformation Characteristics
of Overburden in Downward Mining

Figure 4 shows the movement and deformation characteristics
of the overburden of coal seams 4 and 9 under downward min-
ing. After the downward mining of coal seam 4, the lower and
upper parts of the Changxing Formation limestone aquifer had
moved and deformed to varying degrees, while the displace-
ment of line 3 at the bottom of coal seam 4 had changed little
(see Fig. 4a). Line 1 is located at the top of the Changxing
Formation limestone aquifer, and the rock strata at the position
of line 1 only bend and sink, which is less affected by mining.
Line 2 is located at the bottom of the Changxing Formation
limestone. Under the influence of mining, the rock strata at
line 2 were broken and collapsed, with large displacement and
deformation. The displacement of rock strata near the open-off
cut was obviously larger than that near the stop-mining line.
The main reason is that the rock stratum at the side of the cut
hole slip towards the stop-mining line under the influence of
gravity, which further aggravates the subsidence of rock strata
on the right side of the model. After the downward mining of
coal seam 9, the floor of coal seam 4 was broken and subsided,
the displacement of the rock strata near line 3 changed greatly,
and the rock strata near lines 1 and 2 were further moved and
deformed due to the mining of coal seam 4 (Fig. 4b).

Water Inrush Control Technology of a Karst
Roof

Basic Principle of Roof Water Inrush Control During
Upward Mining

Considering that the two coal seams were threatened by roof
water inrush during downward mining, the spatio-temporal
evolution law of the water-conducting fractures in downward
mining of close coal seams were referred to, and it was decided
to assess roof water inrush during upward mining (with coal
seam 9 being mined first, followed by coal seam 4). Since coal
seam 9 was far from the roof aquifer, the mining face there
should not be threatened by roof karst water during extrac-
tion. Then, during the extraction of coal seam 4, the water-
conducting fractures produced by the extraction of coal seam
9 should serve as a water-inrush pathway; the water could flow

@ Springer

from the roof behind the mining face into the goaf of coal seam
9, avoiding the adverse impact on the mining of coal seam 4.

Theoretical Analysis of the Feasibility of Upward Mining

The ratio test and "three zones" discrimination method were
used to explore the feasibility of upward mining (Liu et al.
2022).

The ratio test: In the ratio test, the mining influence coef-
ficient K is taken as the standard. Specifically, when a single
coal seam is mined at its lowest part, the mining of the upper
coal seam can only be carried out if the mining influence
coefficient K>5.5 is met (Shi et al. 2020), where the mining
influence coefficient X is:

H

K=+ ey
where H is the distance (in m) between the lower and upper
coal seams and M is the mining thickness of the lower coal
seam. According to the geological conditions of the Xintian
Coal Mine, coal seam 4 is 29.0 m above coal seam 9, and
the mining thickness of coal seam 9 is 3.0 m. The mining
influence coefficient of coal seam 9 on the upper coal seam 4
was thus calculated to be 9.7, indicating that upward mining
is feasible.

The "Three zones" discrimination method: The roof strata
of coal seams 4 and 9 are mostly sandstone with moderate
hardness. The theoretical development height of the caving
zone and the water-conducting fracture zone can be obtained
by the following equations.

1002M

Cavi THy=————— +56
avIng zone - ML = 16 sM+36 © &
Fracture zone : H; =20VXM + 10 3)
. 100ZM
C TH =———— 422
WG ZONE = o = 4 7EM + 19 T @)

The mining height of coal seam 9 is ~3.0 m. The height
of the mining-induced caving zone is 6.7—11.3 m, and the
height of the fracture zone is 30.1—44.6 m. Coal seam 4
is 29.0 m above coal seam 9, which is in the upper part of
the water-conducting fracture zone, and coal seam 4 is less
affected by mining. Therefore, this approach also indicates
that upward mining should be feasible.
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Similar Simulation Study on Upward Mining
Feasibility

Overburden Fracture Characteristics of Upward
Mining

To further assess the feasibility of upward mining, a physical
similarity model was built, using the same physical and
mechanical parameters, model size, and ratio number of

rock strata as the downward mining model. However, the
excavation sequence was changed. Specifically, coal seam
9 was mined first, followed by coal seam 4, and the fracture
evolution for upward mining was mastered.

As the mining face of coal seam 9 advanced to 85 m,
the overburden fractured to the floor of coal seam 4, and
layer separation occurred in the floor. As the mining face
advanced to 105 m, the overburden fracture continued to
develop upward, extending the fracture development height
to 27.0 m. With the continuous advance of the mining face,

Mining of coal seam 9

(a) Excavation 85m

Mining of coal seam 9

(b) Excavation 105m

Mining of coal seam 9
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Mining of coal seam 4

(d) Excavation 55m
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Fig.5 Overburden Fracture Characteristics of coal seams 4 and 9 in Downward Mining

Fig.6 Variation Curve of Roof
Subsidence Displacement
during Upward Mining. a the
excavation of coal seam 9. b the
excavation of coal seam 4
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fractures periodically occurred in the roof, but the cracks
no longer developed upward. At that time, the maximum
crack development height was 45.0 m, which is located
at the side of the open-off cut. As the mining face of coal
seam 4 advanced to 55 m, the periodic fracturing of the roof
occurred, and the fractures on the side of the open-off cut
developed to the top of the model, which was connected
with the upper part of the Yulongshan limestone aquifer.
With constant excavation of coal seam 4, the periodic
fracturing occurred in the roof almost constantly, and many
water-inrush pathways connecting with the upper aquifer
were generated. Meanwhile, the goaf behind the mining face
continued to sink and compact, the cracks gradually closed,
and there was always a through water-inrush pathway at the
sides of the open-off cut and the mining face.

Figure 5 shows the movement and deformation
characteristics of overburden of coal seams 4 and 9 during
upward mining. The subsidence on the right side of the
model was greater than on the left. After downward mining
of coal seam 9, the floor of coal seam 4 was damaged and
deformed, and the maximum subsidence displacement of
line 3 was -1.5 m (Fig. 6a). The upper part of the Changxing
Formation limestone was less affected by mining, and the
subsidence displacement of line 1 was small. The lower
part of the Changxing Formation limestone is subject to
bending deformation under the influence of mining, and
the maximum subsidence value was -0.4 m. After coal

seam 4 was subjected to downward mining, the Changxing
Formation limestone was fractured and deformed. The
maximum subsidence value of line 1 was —0.9 m, and that
of line 2 was —2.5 m. Due to the mining of coal seam 4,
the rock mass between coal seams 4 and 9 were further
compacted, and the rock strata of line 3 were further
deformed and subsided (Fig. 6b).

Figure 6 will be inserted near here during the final print-
ing process.

Fracture Development During Upward Mining

Figure 7a shows fracture development characteristics
after the upward mining of coal seam 9. The mining-
induced fracture of coal seam 9 penetrated coal seam 4
and developed to the bottom of the Changxing limestone
formation. Because the dip angle affects the movement
of rock strata to the lower left, the fractures are relatively
developed at the open-off cut. Figure 8 shows the variation
curve of the overburden fracture height of coal seam 9
during upward mining. When coal seam 9 advanced to
145 m, the overburden fracture height reached its maximum
(i.e. 47.0 m), and the fracture mining ratio was 15.7. At
that time, the maximum development height of the water-
conducting fracture was located at the Changxing Formation
limestone floor.

Fig.7 Development Charac-
teristics of Roof fracture in
Upward Mining. a fracture field
of coal seam 9 during upward
mining. b fracture field of coal
seam 9 during upward mining
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Fig.8 Development
Characteristics of Water inrush
Pathway in Roof during Upward
Mining. a 190 m advancement 80
in coal seam 9. b 75 m =
advancement in coal seam 4
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Figure 7b shows a sketch map of the fracture field formed
after the upward mining of coal seam 4. The roof subsid-
ence increased with the extraction of coal seam 4, and the
roof fracture of coal seam 4 completely penetrated the entire
model. The mining of coal seam 4 significantly affected the
stability of the coal seam 9 goaf, and the upper rock of the
goaf of coal seam 9 was further compacted, but there were
still several water-conducting fractures running through coal
seams 4 and 9.

Comparison and Analysis of Water-Inrush
Pathways During Upward And Downward
Mining

The development of water-conducting fractures were
compared and analyzed under different mining sequences.
We concluded that upward mining is superior to down-
ward mining under these conditions. As shown in Fig. 3a,
when coal seam 4 advanced 150 m in downward min-
ing, roof water can flow into the goaf through the origi-
nal and mining-induced fractures, and the roof water
flowed to the mining face until the mining of coal seam
4 was completed. During the extraction of coal seam 9,
the roof water entered the goaf of coal seam 9 through

250

water-conducting fractures from the goaf of coal seam 4,
as shown in Fig. 8a. Due to the inclined mining, the karst
water will flow to the mining face. Therefore, the threat
of roof water cannot be removed from the downward min-
ing of the two layers of coal seams.

As shown in Fig. 8a, when coal seam 9 advanced to
190 m by downward mining, mining-induced water-con-
ducting fractures were only generated above the open-
off cut on the right side of the model and developed to
the limestone floor of the Changxing Formation. As the
mining face constantly advanced, the height of the water-
conducting fractures did not extend to the bottom of the
limestone of the Changxing Formation. This indicates
that the whole mining face will not be fully connected
with the limestone aquifer of Changxing Formation, nor
the strong aquifer of the Yulongshan Member in the upper
part. Therefore, the mining of coal seam 9 is free from
the roof karst water hazard. As shown in Fig. 8b, when
coal seam 4 was mined for 75 m, the mining-induced frac-
ture in the roof developed to the Changxing Formation
limestone aquifer, allowing the karst water in this aquifer
to flow into the goaf of coal seam 4 through fractures.
However, the karst water enters the goaf of coal seam
9 through the floor fractures during the mining of coal
seam 4, avoiding the threat of roof karst water during the
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Table 2 Monitoring results of underground water samples

Total

Manganese
(mg/L)

Iron (mg/L)

Ammonia

Chloride (mg/L) Fluoride (mg/L)

Turbidity Olfaction

Chroma

Test items

dissolved

nitrogen (mg/L)

solids (mg/L)

<1000

<0.1

<03

<1.0

<250

No

6-9

Standard

pungent taste
Weak
No

436.9
337.0

0.01
0.0

0.03
0.03

1.41
1.59

0.48
0.55

6.67
3.0

7.0
5.0

10

8.8
8.4

Sample 1

1

Sample 2

extraction of coal seam 4. Therefore, upward mining can
effectively control the problem of karst water in the coal
seam roof.

The Technology and Process of Water
Extraction from the Goaf of the Lower Group
Coal

Based on the feasibility analysis of upward mining, we
proposed the co-mining of coal and water, where the water
would be extracted from the goaf of the lower coal group.
As the karst water in Yulongshan Member enters the water
storage space of coal seam 9 through the mining-induced
fractures, which can be directly used for mine production
after natural precipitation and simple purification.
Although the annual rainfall is large, the mine is located
in a rocky desert area with a thin topsoil layer, rare surface
vegetation, and large evaporative capacity, leading to
scarce surface water resources. To ensure normal mine
production, attention should be paid to the recycling of
mine water resources.

Water samples were collected in the Xintian Mine goaf
and analyzed. Table 2 shows that the quality of the karst
water is good. The average pH value of the wastewater
in the goaf is 8.6, which is weakly alkaline. The content
of fluoride, sulfate, and nitrate is less than the produc-
tion water standard, and all indicators attained the latest
standard of Code for design of the fire-protecting, sprin-
kling system in underground coal mine (GB50383-2016)
and The reuse of urban recycling water—Water quality
standard for urban miscellaneous water consumption
(GB/T18920-2020). Alternatively, after simple treatment
by surface water treatment plants, the underground water
can be used for domestic water (Fig. 9).

The surrounding rock and coal seam in the Xintian mine
contain very few harmful substances. After simple treat-
ment, the mine water can be used for underground produc-
tion, green environmental protection, mining area drinking
water, gas power plant water, industrial production, and con-
struction water. In addition, the remaining mine water can
be supplied to the surrounding villages for domestic use and
farmland irrigation. Figure 10 shows the process of utilizing
the mine water resources.

Conclusion

1. The coal mining in the karst area of western Guizhou
is threatened by karst water in the roof, and the mine
water inflow is positively related to atmospheric pre-
cipitation. As mining progresses, the damaged area of
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the roof limestone aquifer is becoming larger and larger.
It is estimated that the mine water inflow will increase
with continued mining, which threatens the safe mining
of coal seam 4.

2. By using double-end water-plugging detection, we
determined that the maximum development height of
the water-conducting fracture zone above coal seam
4 is 43.1 m, the fracture mining ratio is 14.4, and the
fracture has developed to the middle of the Changxing
Formation limestone. At the same time, the physical
similarity simulation we employed revealed the
evolution characteristics of water-conducting fractures
and the evolution of the water-inrush pathway that
will accompany the mining of coal seams 4 and 9. The
results show that the mining of coal seams 4 and 9 will
be threatened by roof water during downward-inclined
mining.

3. Two mining methods, upward and downward mining,
were investigated based on the height of the water-
conducting fractures in the overlying formations. The
upward mining method is recommended to avoid the
threat of karst water to the underground mining panels
from the overlying aquifer. Both the ratio test and "three
zones" discrimination methods indicate that upward
mining is feasible.

4. Based on our research results, the co-mining of the natu-
ral karst water and the coal is proposed. Using inclined
fully mechanized mining and upward mining should
avoid the threat of karst roof water to the mining face.
After mining, the goaf in the lower coal group will be
used for water resource storage and utilization. This
technology will improve both mining production and
water protection in the mining area, and also provides
new insight into the potential of coal-water co-mining
in China’s southwest mining area.

5. Since it was not possible to field test the proposed
upward mining method, simulation experiments with
appropriate scaling and boundary effects were used to
research the anticipated height of the water-conducting
fractures. Future research will involve selecting an
appropriate upward mining test site, and testing the
approach using microseismic monitoring, electrical
monitoring, and other methods.
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