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Flexible magnetic suction impermeable membrane of vertical curtain water

interception technology for strong seepage loose layer of coal mines
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University of Mining and Technology, Xuzhou 221116, China; 3. Inner Mongolia Pingzhuang Coal Industry (Group) Co., Ltd., Chifeng 024076, China)

Abstract: With abundant mineral resources, many types of mining industry and many mines, mining development in China has led to the
decline of groundwater level around the mines, waste of water resources, water quality pollution, surface collapse, land degradation, reduc-
tion of vegetation cover, and different degrees of impact on groundwater resources and ecological environment. In order to solve the prob-
lems of water waste and ecological damage caused by the lateral recharge of water from the strong seepage loose layer to the mine pit, we
proposed a vertical curtain water interception technology with flexible magnetic suction membrane to protect the groundwater resources
and ecological environment of coal mines. We firstly studied the performance of the suction membrane material, developed the magnetic

absorption suction membrane connection process, and carried out indoor tests of different suction membrane connection processes, then we
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conducted a 1 369 m strong seepage loose layer water interception curtain field test application in the test mine. The research results show
that the impermeable membrane has low permeability coefficient, dense structure, high flexibility, resistance to deformation and durability,
and is a good material for water cut, pollution control and seepage control, which can meet the requirements of vertical curtain for the
strong seepage loose layer of the mine. The self-developed magnetic suction joint material and connection process solved the problems of
shallow laying depth, joint leakage and complicated operation of existing connection processes such as overlapping lap, joint lock and joint
box, etc. The construction depth of suction membrane curtain connected by magnetic suction joint is not limited by the connection condi-
tions, and the water interception effect of magnetic suction joint connection process is better than that of overlapping lap and joint lock
(joint box) connection process. Through the test of making, laying, connecting and backfilling the curtain into a wall with 2 kinds of flex-
ible magnetic absorbent impermeable membranes, the gap at the joint of the impermeable membrane was reduced from 5-20 cm to 0, and
the two adjacent impermeable membranes were closely connected as an organic whole, which reduced the water passage of the intercep-
tion curtain at the joint. Through the mine-field site test, it was found that the water catchment pits below the curtain which had been filled
with strong seepage loose layer water leakage for a long time, had dried up, and the water level of strong seepage loose layer outside the
curtain had increased by 5.55-9.12 m, and the water level inside the curtain had decreased by 3.21-5.84 m, so the protection of strong seep-
age loose layer water resources had achieved good results.

Key words: water-preserved mining; strong seepage; loose layer; flexibility; magnetic suction impermeable membrane; vertical curtain
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Table 1 Statistical of physical and mechanical properties of strata
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Table 2 Main parameters of the impermeable membrane
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Fig.1 Microstructure of the impermeable membrane
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Fig.3 Comparison test on the effect of anti-seepage membrane
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Table 3 Anti-seepage effect of different flexible anti-seepage membrane connection techniques
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P 10 1 59 2 g — —
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Fig.4 Schematic plan of water cutting curtain in test area
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Fig.9 Effect comparison of the magnetic suction impermeable

membrane before and after implementation
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Fig.10 Changes of water level of loose layer inside and out-

side curtain in test area

9.12, 6.48. 8.18 I 5.55 m; % PIMVLIIFL N1, N2
(7K A7 5 43 591 A +430.86 . +426.19 m, 43 Il 5K
7 F#A 3.21, 5.84 m,

5 4 oy

1)HDPE Py i3 3 2Ll s % B IR M L i L it
AR PR SRR L AR T SRR R,
B R RGK 1077 env/s, SEHIBUE L K BAE L B
BRI A, SR8 05 . BB 0 R A
L, AT R LSRN BUZ A ) R

2) B V5 MR A I T5 B 4 ~ 8 m, FE [i) Il 5 T 7
e B Z IR BB R e —1K, B S T EA
TSI O B, AR IR R L
KBl . BRAEE LSRR A B TR, ik T g
WS AR St 2 T2, 2038 AR X HE, ek
B T AR T SRR A S T

3) RIS X HEAT T A7 HE NS FoRE 2 Fh I MERE
Bl 35 S | A L o B2 AN [l R B IR 8, By i3 I
SLAREEBTEH 5 ~ 20 cm W/ 0, 0 B2 ) B B AR
e A TOEEBR, AR 2 MR BT 3 B R % A L
FEAA, A S A AR B R K I 1 e KGE I, R
R TR RCR

4) 56 DX RS AT SR FH 2 MG T 97 15 R )
e, MO BT T KB SR B A HUZ B TR K
AR KLE T L oK, MRS MISRIB AN R Z K 1 5
RIHIK AT 5.55 ~ 9.12 m, W A MR B A HUZ
IR R IR KDL 3.21 ~ 5.84 m, FAEREW BB
JS T [ 4 6 B0 XIS R I AR

2% 3L Hk(References):

(1] ZZ0, g, S, BRI E > R %] hE
[ IR HF, 2021, 34(11): 54-61, 83.

ZUO Zhili, CHENG Jinhua, GUO Haixiang. An analysis of
China's mineral resources security in the new era[J]. Natural Re-
source Economics of China, 2021, 34(11): 54-61, 83.

(2] 5% fd, BE9hl, T % &5 bR EAR T 3R E RRUS A JR A ms %
WD P ERREBEBE I, 2021, 36(9): 1001-1009
SU Jian, LIANG Yingbo, DING Lin, ef al. Research on China’s
energy development strategy under carbon neutrality [J]. Bulletin
of Chinese Academy of Sciences, 2021, 36(9): 1001-1009.

[3] e NRILFE v Je NRBUR. [E 55 Bes I A 228 (42
A PR L IR R = AEAT BT ) A &1 BL[EB/OLY]. (2020-4-
28)[2021-11-8].  http://www.gov.cn/xinwen/2020-04/28/content_
550693 1.htm

(4] X1 3k S5, %M, % 2EEARET LSS 28T K
AL ], hEZ AL REAHR, 2019, 15(10): 178-183.
LIU Yi, SHI Xianfeng, WU Peng, et al. Statistical analysis on total

187


http://www.gov.cn/xinwen/2020-04/28/content_5506931.htm
http://www.gov.cn/xinwen/2020-04/28/content_5506931.htm

2023 4F5 9 11

#HEHMFHAK

%51 %

[5]

[8]

[10]

[11]

[12]

[13]

amount status of non-coal mines in China and supervision sugges-
tions[J]. Journal of Safety Science and Technology, 2019, 15(10):
178-183.
ST, SMESE, 32 4, AF. BT i R AR R F b T A SR
DB (1], HEBSAAR, 2021, 46(5): 1417-1427.
FAN Limin, WU Qunying, PENG lJie, et al. Thoughts and meth-
ods of geological environment monitoring for large coal bases in
the middle reaches of the Yellow River[J]. Journal of China Coal
Society, 2021, 46(5): 1417-1427.
FHT, £, Bk, . T ORISR M TR AL R R
ERMAKEARBITE [I]. BERBIEHOR, 2021, 49(4): 49-57.
DONG Shuning, WANG Hai, HUANG Xuanming, et al. Research
on active water conservation technology in open-pit coal mine
based on ecological protection groundwater level [J]. Coal Science
and Technology, 2021, 49(4): 49-57.
JUIL B PROKCRAME I RO} (R D] M54, 2019, 44(3):
667-674.
FAN Limin. Some scientific issues in wate-preserved coal
mining[J]. Journal of China Coal Society, 2019, 44(3): 667-674.
BREAS, X R U, SR AR KRB Z K T SR o P
TRChRERfE T (1] B4, 2021, 46(1): 220-229.
JIN Dewu, LIU Ji, XU Feng, et al. Method of determining of pre-
drainage standard in water-decrease mining of shal-low seam in
Yushen mining area[J]. Journal of China Coal Society, 2021,
46(1):220-229.
FXHL, D5, TEAEA, SF IR AR O TT R A M B AR (1]
AT, 2020, 45(1): 8-15.
WANG Shuangming, SUN Qiang, QIAO Junwei, et al. Geological
guarantee of coal green mining[J]. Journal of China Coal Society,
2020, 45(1): 8-15.
JBR A, 20, A, AR FR R K DR R R R
5 TR [I]. R~#41, 2020, 46(10): 3079-3089.
GU Dazhao, LI Jingfeng, CAO Zhiguo, ef al. Technology and en-
gineering development strategy of water protection and utiliza-
tion of coal mine in Chinal[J]. Journal of China Coal Society,
2020, 46(10): 3079-3089.
BEARE, R, WAL, 55, JuS IR K N /K E T 8E
RELLT]. HERAEAR, 1996, 21(3): 255-260.
XUE Yuqun, WU Jichun, XIE Chunhong, et al. Numerical simu-
lation of ground water drainage for Yuanbaoshan opencast coal
mine[J]. Journal of China Coal Society, 1996, 21(3): 255-260.
ERU, A, N o, AF PEER AR A8 DM AU SR
AR BB A () B K 4 AR R [T]. SR 5 55 2 45 TR 24,
2020, 2(4): 043531.
WANG Shuangming, SHEN Yanjun, SUN Qiang, et al. Scientif-
ic issues of coal detraction mining geological assurance and their
technology expectations in ecologically fragile mining areas of
Western China[J]. Journal of Mining and Strata Control Engin-
eering, 2020, 2(4): 043531.
X, W, WK, AR S AR SCH B AR T R B R
T R R A Oy 4 B (0. B 2 4R, 2019, 44(8)
2427-2436.

LIU Ji, JIN Dewu, JI Yadong, ef al. Numerical simulation analys-

188

[14]

[15]

[16]

[17]

[18]

[19]

[20]

is of closure effect of large curtain work with complex hydrogeo-
logical conditions[J]. Journal of China Coal Society, 2019, 44(8):
2427-2436.

T, i, W2, 45, BN IXORBUK R 5 e s A K P
IKIFREARBITE V], BB, 2019, 44(3): 709-717.

DONG Shuning, YANG Zhibin, JI Zhongkui, ef al. Study on wa-
ter -preserved mining technology of burnt rock aquifer beside the
large reservoir in Shenfu mining area[J]. Journal of China Coal
Society, 2019, 44(3): 709-717.

R, THAE, T W, 45 SRR b AL A R IR e
RSB [V]. BE5 TR, 2021, 53(7): 59-64.

CUI Jianping, PU Zhiguo, DING Xiang, et al. Construction of
clay-based grouting curtain in burnt rock of open-pit coal
mine[J]. Coal Engineering, 2021, 53(7): 59-64.

T, B, RUI, % T RS BRI ERAEE R
HIRBERGPHOAR [J]. 52241, 2020, 45(3): 1160-1169.
WANG Hai, HUANG Xuanming, ZHU Mingcheng, et al. Water-
preserved coal mining technology in open pit based on cutoff wall
with high fly ash content[J]. Journal of China Coal Society, 2020,
45(3): 1160-1169.

sk IR, 52 8, 55 UKL R R S e HE
(R P [T]. S 5e 24, 2020, 45(5): 1865-1873.

ZHANG Yan, HUANG Xuanming, PENG Wei, et al. Applica-
tion of water cutoff curtain in the seepage cutoff and drainage re-
duction of open-pit coal mine[J]. Journal of China Coal Society,
2020, 45(5): 1865—1873.

B0, SEWEE, RN, 45, 58 KR KRR BT 15 R 2 )
TR T 2 (0] JRETH M5 55 4R, 2020, 48(4): 68-73.

LI Wensong, DANG Yakun, ZHU Mingcheng, et al. Construc-
tion technology of vertical concealed laying of anti-seepage mem-
brane for water cutoff curtain in the open-pit coal mine[J]. Coal
Geology & Exploration, 2020, 48(4): 68—73.

EoOE, FERT, INEAE, A5 T OKE L R K BoR
Bk B AR BOR BT [T]. BERFLABOR, 2023, 51(7): 207-
223.

WANG Hai, DONG Shuning, SUN Yajun, et al. Lateral curtain
interception technology and water conservation effect in ground-
water abundant mines of China[J]. Coal Science and Technology,
2023, 51(7): 207-223.

INGEAR, J5a s, A U, A ST B RH R EOR LA IR 15 e L
AR HE g R 0. 4R DR CE L AL R AR, 2016,
43(10): 126-130.

SUN Xiaodong, ZHOU Jiabin, ZHENG Feng, et al. Application
of technology of flexible vertical seepage control block in the
project of the hazardous waste pollu-tion emergency control [J].
Exploration Engineering(Rock & Soil Drilling and Tunneling),
2016,43(10): 126-130.

/R 3 B 5 BOR BB KA D). B R AR
K, 2007: 50-70.

YANG Xiaofeng. Reformation and application on anti-seepage
technique by laying plastic vertically[D]. Jinan: Shandong Uni-
versity, 2007: 50—70.


https://doi.org/10.13225/j.cnki.jccs.YG19.1758
https://doi.org/10.13225/j.cnki.jccs.YG19.1758
https://doi.org/10.13225/j.cnki.jccs.YG19.1758
https://doi.org/10.13225/j.cnki.jccs.2021.0917
https://doi.org/10.13225/j.cnki.jccs.2021.0917
https://doi.org/10.3321/j.issn:0253-9993.1996.03.007
https://doi.org/10.3321/j.issn:0253-9993.1996.03.007
https://doi.org/10.13225/j.cnki.jccs.KJ19.0484
https://doi.org/10.13225/j.cnki.jccs.KJ19.0484
https://doi.org/10.13225/j.cnki.jccs.2018.6028
https://doi.org/10.13225/j.cnki.jccs.2018.6028
https://doi.org/10.13225/j.cnki.jccs.2018.6028
https://doi.org/10.13225/j.cnki.jccs.2019.0933
https://doi.org/10.13225/j.cnki.jccs.2019.0933
https://doi.org/10.13225/j.cnki.jccs.2019.1574
https://doi.org/10.13225/j.cnki.jccs.2019.1574
https://doi.org/10.3969/j.issn.1001-1986.2020.04.010
https://doi.org/10.3969/j.issn.1001-1986.2020.04.010
https://doi.org/10.3969/j.issn.1001-1986.2020.04.010

	0 引　　言
	1 试验区工程与水文地质条件
	1.1 地形地貌
	1.2 工程地质条件
	1.3 水文地质条件

	2 柔性防渗膜垂向帷幕材料与工艺
	2.1 柔性防渗膜帷幕材料
	2.2 垂向隐蔽铺设防渗膜帷幕连接工艺
	2.3 不同柔性防渗膜连接工艺效果对比

	3 柔性磁吸防渗膜垂向帷幕技术
	3.1 柔性防渗膜垂向隐蔽铺设
	3.2 柔性防渗膜接头磁吸连接
	3.3 柔性防渗膜垂向帷幕填充成墙

	4 应用效果及分析
	5 结　　论
	参考文献

