ISSN 1005 -2763 FLMREFE H 46K F oM 2026 % 9 A
CN 43 -1215/TD MINING R & D, Vol.46,No.9 Sep. 2026

REBEBY FARKEFIESBRVIBEPHIEITR

WA A R R AR R X A L F R
(LK H IR EREEAT, I K 410012;
28R I EEHARERESLEE, WE &Y 410012;
RIS A SR RO R E R AR PO, W KV 4100125
LEZREG BRI TREERMRHFL, W K 410012)

WE . MAELETS LWFRARE G FRAAREN  RKERAAELSHAREIREIAZTRE BER.SGES -HKEHES KRS
BLFRBEABRAR R T RERZEHAE A GAF AR R ER W Fo s S HE R A £ 69 B 08 B X & X VA IR 3%
AFRER., AT RITLUAREARTELAG KM FREL BT LRKEFEMRLE T2 ERGRE, AKEHIE, BN
B GHERRE T RELADRLEZANTBRETT 2ALE, B MKRFREE o8B F EEREIRILEF K
EEAMR L AR LR A AMEER BGEN -BREERATHERRG -BABEARK-K-H-LF EH/E3IA
B, ERIKENRE AR EANA RGBS TR A BIRE RREGE RN MR ER BRI REEHE I
HRTF EFECERSBREEEMNFREFXERR ME N WEE - - TR - BNFREHNAGIEAREZ, FRTH
RIE BT WKEGEHE—RELEOLAFR T RERANALS AXZFRERYHF LR BRER TREKE,
KBRS BT K ERIE R R 5 LK EGIE ;@i 55 RvE 3R

RESES . TD745 XERARIZAD : A X EHS 1005 -2763(2026)09 —0036 —17

Characteristics and Disaster-Causing Mechanism of Water Hazard in Deep Metal Mining and
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Abstract: As metal mining extends to depths greater than 1 000 m, the water hazard occurrence environment and disaster-
causing process exhibit characteristics such as high confined pressure coexisting with weak water yield, high stress-high water
pressure coupling, diverse water sources, concealed water-conducting channels, and significant time-dependent disaster
evolution. The traditional prevention and control mode., which is dominated by static hydrogeological condition analysis and
passive drainage, can no longer meet the requirements of safe deep mining. Based on the long-term research and engineering
practice achievements of Changsha Institute of Mining Research Co.. Ltd in mine water hazard prevention and control, this
paper systematically summarized four aspects: water hazard characteristics, disaster-causing mechanisms, prevention and
control technologies, and coordinated groundwater safety management. Firstly. the types and basic characteristics of water
hazards in deep metal mines were sorted out from the dimensions of water sources, water-conducting channels, and disaster-

causing modes. Secondly, the mechanisms of initiation, triggering, and evolution of deep water hazards were elucidated from
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three levels: geological structure-controlled water, rock mass damage-seepage coupling under high stress-high water pressure.

and thermal-hydraulic-mechanical-chemical multi-field coupling. Finally, key technologies such as fine hydrogeological

exploration, water inrush risk assessment, curtain grouting, sealing of strong dynamic water channels, controlled dewatering.

flooded shaft treatment, and multi-source information monitoring and early warning were summarized. A closed-loop

prevention and control system of “fine exploration-risk assessment-engineering treatment-monitoring and early warning” was

constructed. The research can provide a theoretical basis and engineering reference for the collaborative development of deep

metal mine water hazard prevention and control from single disaster treatment to safe mining, groundwater resource utilization,

and ecological environment protection.

Key words: Deep metal mine, Water-hazard characteristic, Disaster-causing mechanism, Prevention and control of mine water

hazard, Ground curtain, Near-orebody curtain
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Fig.1 Hydrogeological structure of a typical

deep metal mine
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Table 1 Water filling sources and water prevention and control countermeasures of typical deep metal mines in China
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Fig.2 Variation curve of water inflow during the 2019
water-inrush accident in the ventilation-shaft

crosscut of Macheng Iron Mine
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Fig.3 Variation curve of water inflow during the 2019
water-inrush accident at the 430 m level of

Maoping Lead-Zinc Mine
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Fig.4 Variation curve of water inflow during the 2023
water-inrush accident at the —1 465 m level of

the main shaft in Shaling Gold Mine
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Table 2 Water-hazard types and the particularties of deep mining in deep metal mines
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level of No. 3 return-air shaft in Macheng Iron Mine
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Fig.9 Closed-loop prevention and control technology system of “exploration-assessment-treatment-monitoring”

for water-hazard in deep metal mines
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Fig.10 Schematic of curtain grouting at

Fankou Lead-Zinc Mine
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Fig.11 Schematic of near-orebody curtain

grouting and aquiclude reinforcement
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Fig.12 Coordinated prevention and control system for

groundwater safety, ecology and environment
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Fig.13 Active three-dimensional water-hazard prevention

and control technology at Anqing Copper Mine
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