oo A
2026 4% 44 A HENAN SCIENCE Vol.44 2026

DOI:10.3724/j.issn.1004-3918.2026.084

AN B SRERTT I T TS 7K B =S Mg [z 5 AiE
B AR 7K FF R 2R 32

WEE, F T, R

(LA T R = IR & ey, FM 4500005 2. 3 BG4 ARG IERHL G O
G ERYFRIRIRERIAE 7D , SR 450000; 3. W & HAREIRBHTGH PO CR%

Ho B R RE W INTFFT) , HEM 4500005 4. KJFEH T K2 ok TREZERL, KR 030024)

W OE: T ARTBRASATHE BERXRARAEASKEFH LA TZHWAL, AT R BF IR T RF
T Fem A SUBE R R TTR TR 3 I R A 2 30T R A T 23 T KBS = T ALAF 4R 0 B ol , #) R Visual MODFLOW
o TR EALAEDNIAF ML T M F AR BALAER 3K B TR E T RA AT T AL R AR R X T4
R oK BEARACAE R AR T R A BRACRE AL, BN T R FURME 7 Xoad 3 F AR AL i 2 K ALS AL 6 3 w0 v B s
T RERZE ERAFIEGHrn, AT E MADREGAAARD SHOE%, A AR FRART ZERF
&, eKEERERARADIKAZI R T RZHDAEZE B P ERRRBI, RGHTRFERIT RS
AL EABSKEGRETE KRG YR, LG KRIIE ST KA, &3] Hrad X, F LR A AT LR, 2T
4 Gk KR e AR AR, R AB TR RH TR ERT RN, HKRELFHRS T 9863.73 7 m¥/a.9
882.68 7 m*/aF# 9 898.40 77 mfa, KA AT KAk Aok, — AR L LA 45 D TR AT T K6 vh AR T
RFRAGRKE T, — AL LR TIHTRTR, FFRSFTHRTRAKTRTHEEL LA TL0EL,
KEW: TRHX; TR B2 R FAEEN,; KIEEH

FESHES: P6e4l.7 MERFRERD: A

Study on the Impact of Different Mining Methods on the Spatiotemporal
Variation Characteristics of Groundwater

DENG Lixia"*, LI Ning"*’, HAN Peidong’
(1. Mineral Resources Exploration Center of Henan Geological Bureau, Zhengzhou 450000, China; 2. Henan Natural Resources
Science and Technology Innovation Center (Geophysical Deep Exploration Research), Zhengzhou 450000, China;
3. Henan Province Natural Resources Science and Technology Innovation Center (Sky—Earth—Space Remote Sensing Intelligent

Monitoring Research), Zhengzhou 450000, China; 4. Mining Engineering College, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract: Groundwater resources play a crucial role in ensuring the sustainable and stable development of society
as well as maintaining ecological balance. To mitigate the impact of coal mining on groundwater resources, this
study investigates the effects of backfill mining, height-limited mining, and comprehensive top coal caving (CTC)
mining on the spatiotemporal characteristics of groundwater changes. Using the Visual MODFLOW numerical

groundwater simulation software, a groundwater flow numerical model was constructed, with aquifers, aquitards, and
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mining boundaries generalized to develop aquifer—aquitard conceptual models and mining parameter conceptual
models under different mining methods. The simulation analyzed the influence of various mining methods on the
spatiotemporal variations of groundwater levels and volumes. The findings indicate that as mining intensity
increases from backfill to height-limited and CTC mining, the leakage coefficient and the height of the water—
conducting fracture zone rise synchronously, while the hydraulic connection between aquifers and goaf zones
strengthens progressively. The degree of groundwater disturbance increases from weak to strong accordingly.
Height-limited mining and CTC mining have significant impacts on the water levels of the Quaternary and Zhidan
Group aquifers, with the Red Rock Spring water source being more affected as it approaches the mining area.
Notably, backfill mining results in the lowest impact on the Red Rock Spring water source. Under backfill, height—
limited, and CTC mining methods, the phreatic evaporation volume decreased by 98.637 3 million m*/a, 98.826 8
million m*/a, and 98.984 0 million m?¥a, respectively. Backfill mining and height-limited mining can partially
reduce the impact of mining on groundwater, mitigate the loss of groundwater resources, and provide a certain
degree of protection for groundwater. This research holds significant implications for the sustainable development of
coal resources and water resources.

Key words: mining method; groundwater; spatiotemporal variation; numerical simulation; water level variation
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Fig.3 Schematic diagram of strip filling mining and height limit mining
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rock damage after coal seam mining
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Tab.l  Generalization results of mining parameters under various models
P TFRIr AR (1078d ™) TR /km? KRB B m TFRBBEZEU (m-d™")
1 FEIHIFR 5.8 170 55 0.124
2 PR TR 13.3 170 125 0.124
3 LEIOTR 19.6 170 185 0.124
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Tab.2  Model hydrogeological and geological parameter zoning
BiEZAR(m-d™)

aitE X EEROK R SAUKEE T KT
SrIX 1 — 0.15 0.300 3.00
X2 — 0.10 0.124 1.24
B2 X3 — 0.05 0.175 1.75
X 4 — 0.08 0.140 1.40
IHX 5 — 0.12 0.275 2.75
R AKX 1.00x10°° — 1.00x107  1.00x107
X1 1.95%x107° — 0.005 0.05
W2 X2 2.55x10° — 0.009 0.09
J¥IX3 2.15x107° — 0.017 0.17
X1 2.10x107° — 0.005 0.05
FIE X2 2.55x10° — 0.009 0.09
X3 2.35%x10° — 0.017 0.17
A1 2.00x10° — 0.005 0.05
FH)ZE X2 2.00x10° — 0.009 0.09
X3 2.00x10° — 0.017 0.17
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Fig.7  Contour lines of water level in the confined aquifer of coal seam roof at different mining times under backfill mining conditions
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Tab.3 Composition of mine water inflow without coal mining method

WIS A (m* - d ™)

F5 FFRIA EESIWI S W = WRT JF P B IR R/ (m®-d ™)
1 FEIHIT R JE 221 101.8 44539 43 14381.8
2 B e PR FEZE A+ BB 220.9 9780.7 6.9 10 008.0
3 ZRHOTR MR+ EHE A 320.2 14 053.0 8.8 4560.0
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