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Mechanism of short-wall block backfill water-preserved mining based on water-con-

ducting fractures development-heavy metal ions migration
ZHANG Yun, LIU Yongzi, LAI Xingping, SONG Tianqi, ZHANG Leiming, SUN Haoqiang,
WAN Peifeng, ZHAN Rui
(College of Energy Engineering, Xi’an University of Science & Technology, Xi’an 710054, China)

Abstract: Short-wall block backfill mining (SBBM) technology can effectively solve the problems of coal resources waste, water re-
sources loss and gangue waste accumulation. However, after the long-term effect of mine water, the internal heavy metal ions in the
gangue backfill materials may be leached, which have a certain potential impact on the groundwater environment in the mining area.

Therefore, according to the technical characteristics of SBBM technology, comprehensive prevention of water resources loss and water re-
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sources pollution during SBBM was studied systematically. First, prevention and control of water resources loss in the mining area. Based
on the combination relationship of “coal pillar, backfill body-barrier layer-aquifuge”, The development of water-conducting fractures in
overlying strata under SBBM were analysed. The control mechanism of water resources protection under the evolution of overlying strata
structure induced during SBBM was revealed. Secondly, prevention and control of water resources pollution in mining areas. The migra-
tion model of heavy metal ions in the gob was established. Then, the pollution mechanism of gangue backfill materials to water resources
was revealed, the migration law of heavy metal ions in gangue backfill materials was analyzed, the comprehensive prevention and control
technology of water resources destruction in mining area was summarized, the comprehensive prevention and control technology of water
resources loss-pollution in mining area was summarized, and the design method of filling ratio based on water resources loss-pollution pre-
vention was put forward. The results show that the gangue materials were filled into the gob as the backfill body, the gangue materials
would be the permanent bearing body, which bore the load of the overlying strata accompanied with the protective coal pillar among the
blocks, which could greatly prevents the collapse of the low-level stratum, restrict the water-conducting fractures to penetrate the barrier
layer and protect the integrity of the high-level stratum. In addition, the heavy metal ions in gangue backfill materials were subjected to the
coupled action of seepage, concentration, and stress and then driven by water head pressure and gravitational potential energy to migrate
along the side of the coal pillar and below the floor stratum, during which mine water served as the carrier. The migration distance of
heavy metal ions increased with increasing of the permeability of floor strata, leaching concentration of heavy metal ions/pollution source
intensity, depth of floor breaks and water level heights, and decreases with the increase of gangue particle size and surrounding rock stress.
Based on this, the comprehensive prevention and control technology of water resources loss-pollution in mining area was summarized, it
included mining parameter control technology, backfill parameter control technology, pollution source control technology, transmission
route control technology and in-situ water control technology. and the design method of filling ratio based on water resource loss-pollution
prevention and control was put forward, which can realize the comprehensive prevention and control of water resource loss-pollution in
mining area. This study will provide scientific theoretical basis and guidance for the comprehensive prevention and control of the water re-
sources destruction problems caused by coal mining.

Key words: water resources protection; water-conducting fractures; heavy metal ions in gangue; water-preserved mining; short-wall
block backfill mining
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Fig.1 Layout and equipments of working face in short-wall block backfill mining
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Table 1 Proportional parameters of materials for simulation experimental

= HE FRADUELE /om LD B /kPa Wit /kg TR 5 1 1t kg B R kg K it kg
1 W 228 0.2 179.55 17.96 7.69 228
2 biees 7.3 70.0 57.49 5.75 2.46 7.3
3 HURLRD 20.9 174.4 161.23 8.06 18.81 20.9
4 bl 22 70.0 17.33 1.73 0.74 22
5 AEbE 33 202.0 2228 3.71 3.71 33
6 W s 9.5 103.2 74.81 5.34 5.34 9.5
7 e 113 70.0 89.0 8.9 3.8 113
8 Wb 33 180.0 25.46 127 2.97 33
9 bieess 3.9 70.0 30.71 3.07 1.32 3.9
10 ey 8.5 180.0 65.57 3.28 7.65 8.5
11 e 1.3 70.0 10.24 1.02 0.44 1.3
12 7 2.6 63.2 20.48 2.05 0.87 2.6
13 WEes 2.0 129.2 15.75 0.68 1.57 2.0
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Table 3 Composition and content of ions or compounds in

gangue
(e %y /% (e %y /%
SiO, 59.90 Ba 0.10
ALO, 20.70 Mn 0.094
Fe,0, 6.70 F <0.045
K;0 2.40 Be 0.011
CaO 2.00 Zn 0.009
MgO 1.80 Cu 0.000 6
S 1.53 Pb <0.000 2
Na,0 0.65 As <0.000 1
P 0.05 cd <0.000 1
Ti 0.50
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Table 4 Simulation program

Ihac TR A 64 A B IR R /(mol L7 PG RA/mm  FIAR JI/MPa EARZIEE/m KA E B /m
1 AR A e R 3.2x10° 15~30 6.5 0 3.8
2 v 1.2x107°/2.2x107°/3.2x107°/4.2x10™° 15~30 6.5 0 3.8
3 e 3.2x10° 0~15/15~30/30~50 6.5 0 38
4 e 3.2x10° 15~30 5.0/6.5/8.0/9.5 0 3.8
5 vy 3.2x10° 15~30 6.5 0/5.0/10/15.0 3.8
6 v ey 3.2x10° 15~30 6.5 0 0.8/1.8/2.8/3.8
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