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Disaster-causing mechanism and prevention and control vision orientation of differ-
ent types of coal seam floor water disasters in China

ZENG Yifan"?*?, ZHU Huicong"**, WU Qiang"**, WANG Houzhu"*, FU Xianjie’, WANG Tieji®, WANG Xirui’,
FAN Jiulin®, HU Rongjie’, CAI Xiangjun'®, KAN Xuedong'', GAO Shengbao’

(1. National Engineering Research Center of Coal Mine Water Hazard Controlling, China University of Mining and Technology-Beijing, Beijing 100083,
China; 2. Key Laboratory of Mine Water Control and Resources Utilization, National Mine Safety Administration, Beijing 100083, China; 3. China Uni-
versity of Mining and Technology (Beijing) Inner Mongolia Research Institute, Ordos 017000, China; 4. China National Coal Group Corp, Beijing
100120, China; 5. China Coal Xinji Energy Co., Ltd., Huainan 232001, China; 6.Jizhong Energy Fengfeng Group Co., Ltd., Handan 056200, China;

7.Jizhong Energy Resources Co., Ltd., Xingtai 054000, China; 8. Huadian Coal Industry Group Co., Ltd., Beijing 100035, China; 9. Anhui Wanbei Coal
and Electricity Group Co., Ltd., Suzhou 234099, China; 10. Kailuan Energy Chemical Co., Ltd., Tangshan 063000, China; 11.Jiaozuo Coal Industry

(Group) Co., Ltd., Jiaozuo 454002, China)

Abstract: China 's coal-forming conditions are harsh, the coal-bearing environment is complex and changeable, and the
resources are distributed in a global, multi-geological type and scattered distribution, resulting in frequent occurrence of
mining-associated geological disasters. At the same time, with the optimization and regulation of coal resource develop-
ment layout, the negative orientation of coal seam floor water damage is becoming more and more significant. The syner-
gistic effect of high confined water hydraulic drive and strong sensitive defect structure activation leads to a significant in-
crease in the threat of macroscopic dynamic representation of coal seam floor water damage, which has become an endo-
genous resistance to the high-quality transformation and development of coal resources in China. In order to grasp the de-
velopment situation of coal seam floor water disaster in China in an all-round way and discuss the key research direction
of prevention and control operation based on new technology in the future, the dynamic evolution trend of coal seam floor
water disaster in China in recent years is comprehensively demonstrated from the multi-dimensional perspectives of time,
space and water inrush quantity. The type is divided into ' total-sub ' type, and the mechanical mutual feedback response
mechanism of coal seam floor water disaster in China is discussed by establishing geomechanical model. Based on the
macroscopic representation of disaster, the endogenous disaster-causing mechanism is revealed, and the new development
path and vision orientation of prevention and control technology concept are pointed out. The results show that: The evolu-
tion law and characteristics of coal seam floor water disasters in China from a multi-dimensional perspective are statistic-
ally analyzed, and the main framework of coal seam floor water disasters in China is discussed and established. According
to the accident core cause system and macroscopic disaster-causing representation, the coal seam floor water disasters are
divided into three categories: karst collapse column water inrush, fault activation water inrush and fracture-induced (com-
posite) limestone water inrush, which are further refined into 12 subcategories, such as full-path through incremental wa-
ter inrush (karst collapse column), through coal seam water inrush (fault), single-layer direct water inrush (fracture) with
mining and unloading. The geographical spatial distribution of water disasters in three major types of coal seam floors was
analyzed independently. The mechanism of ground stress and confined water pressure on the alienation development of
confined water conduction path in the process of water inrush from karst collapse column is analyzed. The water inrush
mode of floor karst collapse column induced by dynamic/static load disturbance of overburden roof is proposed, and its
mechanical starting conditions and disaster-causing mechanism are clarified. The generalized model of macro-micro geo-
mechanical structure of coal seam floor fault is established. Based on the identification of the core disaster-causing factors
that induce fault activation water inrush, the mechanical criteria of fault activation water inrush in different types of coal
seam floor are established. Based on the fracture as the basic unit, the critical discriminant conditions for the inrush of fis-
sure-type ascending (composite) limestone water induced by single-layer and composite-layer confined aquifers are estab-
lished by the formula of ' one to n ', and the disaster-causing mechanism of the whole process of this type of floor water
disaster is revealed. On the basis of summarizing the current concept of coal seam floor water disaster detection, predic-
tion and control technology, combined with the frontier development direction, it is pointed out and suggested that the

three-dimensional dynamic reconstruction of the whole life cycle mining-induced mutation characteristics of the back-
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ground geological gene of the coal seam floor, the upgrading of the concept of coal seam floor water inrush prediction and

prediction suitable for the dynamic geological environment of space-time differentiation, the application of low disturb-

ance and strong intervention with mining\water control and mutual grouting treatment technology, and the establishment

of long-term monitoring, diagnosis and treatment platform for geological ecosystem after restoration should be carried out

to build a large system of full-time and space-time prevention and control of coal seam floor water disaster, and keep up

with the development of new formats in the whole coal industry under the background of new productivity.

Key words: mine water prevention and control; floor water damage; karstic collapse pillar; fault; disaster mechanism
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Fig.1 The temporal and spatial evolution law of coal seam floor water disaster and the characteristics of water inrush in China
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Fig.2 Spatial distribution law of coal seam floor water disaster in China
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water disaster in China
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Fig.4 The main structure of coal seam floor water disaster in China

AR v B T b 5 3R 3 22 i 1 23 TR 6 5 R T
R, T R L 5 AR W PR 80T B 2 280
Rl Hordn, 16 H RTC R 0 TR G T R R, KA L
W R IE 2AEAELY, PRI, Yot T WA T AL 28K 2 0 g
143 T 5 R S IR K RE ) R R RIS (R %
A2 (S K RE S . SRl 2 5 Ak 1%
BB I ST RIGOK | WA R A O ST S TR K
o R A0 480 L 55 4 5 T IR AR A 3 24 B 7.
FHEIZOK S 4 AT, AR SR I 2
N 22 3 56 28 AN [ 1 S, T J2 O DR A7 I 2 2 B, X2
A P K 6 I 1 2K PR3 3 A (R R T 52 4
Btk FRMRZ T | SRR A0, I, £ i 2 2
K IR0 53 T 2 T2 5 2 22 ) 25 ) 2o 43 A
e F (HIURT SR | S Ao K 3 S ) B2 T LA R
922 SV LTI, TR R S 43 B SRR
K . BTG B R BE AL 8K . T LIS SR B
1 5 7K R iz 15 M 3R 31 AL B 2K %5 4 AT
S BUBURGOK T 3, B LB R ST oKl 3
I KBTI AR B, HO U R S
W T AL R AR A AR R R 22 5, P Lk R B
b T L B S BT (R 2 it o e

W), HIC B 5 R 4080 . Sk 2 R ER
BN BB IRk, KL 2otk . T
U, #2053 B BRI ELAE LSS OK . 2R BfOR
I ELEERISK | BRI R I JR R OK F 2 258
W RTHA G B9 K 5 4 T2,
1.4 HhIB % 8 BARYHE

TE S T R () B2 JEAROK 5 505 o S F2 R 28
LRI S B NS 1 B e e N OB U e e~ 2 i WD O N
SRR IR AR K 3 11 1 B 25 0 o A R 1E R A T IR A
5%, JETR AN RIS AR 2 IR A K 5 i B 2 [ 8 ok 4% M
A1, Rt — A AR — Bt 300 PR 2 I A S I s i
RPRAILZ A SR AR
14.1 AEFATERZK

Pageit, Fo I B & s b s A 5K S i AP 7E A
KEUR BB 2 TR E AR AR AR X, 43
A XA g L b R AR Vg NS SRS
By (HIAX) 1 20 24N HE0 e fr db 4y 2 3k R
AR GTE R E R OHIX (B 5), ST 4RO X 1a]
DA db—48 B 2R RO B o R R 39.1%. [H]
B, JTAE A A B TR AT K I R IR RS R 2
T, 62.5% M F K EFE 10000 m*/h L E. 74k,



1072 # %

= #® 2025 4E45 50 %

INARAE BRI LR R BRI 7%
TR TR SRR, NS AR X IR SR 1L A
W SRR IRIAF] T 10000 m¥h LA 2%, hE S
AL UL (D3 2 R Sk 20 2 (B 4 T 1 R A IR AR 1,
IR, T A BT 2K S BERAE T AR A R
~ B, AR Z W Rl | B SR A

TRERAR , L1203 1 R R A I A 77 S M P 5t o A
FH I3 A1 DX N 3 B R ™ BE o TR] 390 4 P B 4 )
75.63%, H1T i b Vi A (0 Bt T 7/ B R K i ok
TR GTIRR , TE ZIRE IR 1 A AR,
1 3 A TR AR T B 5 I R T B v A 2K
UM, SRR BE

%1984@ 123180
70020<—20‘03ﬁ:‘ e
IR 20U s00 |
; 112504—20144# ﬁz&hmw E
BEIEULIER", 20104 : L (' | ’

TR
20134

S
} 7k 10020
s

FIELER, 19674

9
8
5
=
%{?4233 3
2 1
0 LN B LN BN
K EE= ® & &
I I EE K LK
T

m
=

0 500 1000 km
I N

Bk e A
20174
W

14520

V- ;) ” S

K5 FRIERZ IR T B AL TR ICH 73 A L
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Fig.7 The distribution law of water inrush disaster in coal seam floor fracture lifting (composite) limestone in China
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Fig.8 Water inrush subclass division of karst collapse column in coal seam floor
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Fig.9 The generalized model of geomechanical structure of karst collapse column in coal seam floor
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Fig.10 Water inrush disaster process of karst collapse column in coal seam floor
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Fig.12 A generalized model of fault geomechanical structure of coal seam floor
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Fig.13 Mining-induced coal seam floor fault activation water inrush disaster-causing process
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Fig.15 Mechanical structure model of confined water in coal seam floor aquifer rock mass interface crack propagation



1084 # % F #® 2025 445 50 %
R o Fllog, 23 B KBS S RE MR e ZABRRRST AT,

TR f Fay FRBALBRHEINE J1, MPa; g, 20
15 E K2 A, (°); PN BRIKORIE S IRIZ KK,
MPa; a; . by 7353 B0 f A BOAS Be i CEE, m;
o) FIRFHUS IR T2 £ by R BRI PEHT T,
MPa,
SEE PR IR, JFERSE A (19) ARG
O 7K J2 TR A 5T 228 B 7 i o7 4 P R il - 2R
S — 2 R KR B BB R R KR K 2
EETKZHQZ, LT “HQOE/KZ", Hfl)z
BLARIRAR 75 7K JZ [ B SEA™ JR A4 S PRI g
Orx1 T 0Lyl Opxl —Opy)
( 2 2
2sin Bo}

cos 2f3, — Pl)

-1

by=a,{sec

(20)

FEXPERQ@E KR, HOK IR Py, &8 BRI B
][] BRI 2 R0 VR 5 T R B S 2 — R A AL
R 7K )2 DX B [ LR 7R s 75 7K J2 A A 4™ e 1) S92 o

ﬁ |

2

OLx1 — O,

21 cos 26, - P2)

(O-Lxl + Opy1
2 2

b2 =a
; 1
2sin S0, |

S€C

X, Py KIZKE, MPa.
WIS, BRI AR R 5 K 2 W S T e B T L3R
K
hy =max [(a;+by);. (@ + by (@ +b), | (22)

K, i for oo s S R R LK J7 1) AN [R) s A Al

(Omax {[a(zn—3) + b(zn—a)]fl > [a(2n—3) + b(2n—3)]fZ 5t

X F “BURABR K 2+ RKOK” )2 2 7 4 & S5 14
M, M RO K2 A AR A&
KR VR B B 24 B 58 42 B 5 2 A R /K 2
i, SR K2 FEEQ S K2 2 (8] R a] g7 K F 8k
Z.o A, EHEOTKEMEQ T KER—N BEALK
R ) FEE e 4™ i S 52 2 B R T Y B SRR .
T, AT LA SO S /K Z R oK R sk s — 2
ARIRIKIZE (RE R L)) il S 50 48

Omax [(@+b1);. (@ +b1);. 2 (ar +by)y |eos fy > Ly
@max [(az +b)) (@ +by)y, (@ H)z)ﬁ]cosﬁ’2 >L,
B(ay +b1)y +(aa+by), > L
(23)
L, fo, fu S BRSSO S KIZREEQ &K EE O
R B [ J2 L A 7 AT — f A7 A S il 4 B 5 B
JCo

A1 20 (23) T4, MO H 2z —i, D
TR ZREEQEKIZZ BRI AT #ET K TR

2) KIKAKRE sh STk is BB, SO EKIZ S 80
ST B AR, Q&K 2K R P T IR & A
BUERHAE o R, 1B K2 AR K R S 1 AR 4
AR (BERE N Ly) Ff B 59 400

Omax [(a3 +bs);. (a3 +bs)g. -+ . (as +bs); |cos py > Ly
@max [(@s+ba);,(@s+ba)y, -+ (s +by)y |cos f > Ly
@(as + bs)f;1 + (a4 + b4)_f\4 =L,

(24)

[ BEAT 0, 55— 1K 2R KR ZE B Sfin — 12
AR (R L, ) Bl S 50 F5 R

Agn-3 *+ban-3 } €08 B3 = Ly

n

., [
(@max {[a(2n72) +bana] ;s [den-2 +bana]ys [dan2 +bana], } €08 By = Ly (25)

3) AR K S8 R Z IR I B BL . #E—24,
YR n)Z A EK)Z Z S K B R G, 455 R 3
A IR PR A 2, mT 058 n K 2 R K
TR (RIRBEARBIAN 2 T HIRRESKIZR) Rn
JEARRK)Z (RNZ)Z 5 7K)Z SRR IR Z
(A1 L) Bl S 25

o [2+/¢ fe—1
o, S L
pe-1 """

+laci-2 +beno];,

= Ln—l
Zi b RBNRACHIR G T (5 BorK R H
I SR 23R AT
X BRI B — SR R 5K )2

2 _
(a+b), + Z [—\/E —cos ! (u)

(2n-2)

O¢

—-——2>L,
e—1 e+1 ye—1)

KB a, b7 R B — R R RS KR R R AR — 2
B f EARBOAAI LAY, m; LK B— 20K
KJZ LA RRRKZ IR, m.

X B+ R * n i 525 TR R R 5 KR



55 2 3 B — LA FE A

IR Z SRR 5 ECRA LS 5 P 5 5 ) 1085

Omax [(a; +by)y, (a1 +b1)y,-
@max (@ +b2);, (a2 +bo) -
®)a, +by)y, +(a+by); > Ly
Omax [(a3 +b3);. (@3 +b3), -
@max [(a4 +by)p,,(as+ba)y, -
®as +bs);, +(as+ba); > Ly

Blagn-3 +bans) s

{Dlagn-) +bopn],  +ho>L,

(2n-1)

2332 KB

2R 2T (ZA) KA K IR, 2
B2 AL T /K I 1 AR R A5 4, S 45 28T K
PE I o R F K2 KRR 16 T T B B,
TESAE AR H K K B E AR SN, &R S K2
ARTOL A T 7 ) B v DX A= 4B, Bk 7R e 7K AR )
UG- T A o (K 16a). T I 224 L
Al ROBE A B, 7R 25 72 8] /O 25 7K 2 5 R sl e i
IRt [B] A R R K J2 I A 5 4 28 1, ATH AR FH A A4y
IKELRE, R K2 Z AR i A B 4 3 Tk
R KER AR [, AR B K 2 )R &K 2
%%ﬁﬂ“ﬁiﬁﬂiﬂ%ﬂﬂT EMAE A S IR A TR . W72

A SR BRI T, Ry Je SR R 5 K 2 ] B A
%%‘Ziﬁ%ﬂ%(ﬁ%@??*ﬂi%iaiﬁ%ﬁr’i&ﬁ}(.?
i

Bl T AR T ER AR, B2 AR I ) 5 1 sl A T Ak

,(a; +b1)fu]cosﬁ1 =L,

@y +by)g |cos f > Ly

(a3 +b3), |cos py > Ly
,(as +b4)f"]005ﬂ2 > L,

Omax {[a(2n73) +ban-3] ;s [d0n-3 +ban-n]ys s [aen-3 +bans] } €08 B3y > Ly
@max {[a(zn—z) +ban-)] I [@@n-2) + ban-)] £ [

+ [a(zn,g) + b(zn—Z)] Fonn

(28)
Aan-2) + b<2n—2>]_f,,} €08 fiay2) 2 Ln-
> Lnfl
FEAS IR B K2 05| R st 17, BB R T

IRIZAE PR TOU R S TR R B ™ e it — A A g, 4
GEME % 7K JZ 2L AL AT B 7 U2 BT ) 1) AR R 25 7K 2 o
1ZIK?$ET’”lﬁ?ﬁ@?f%?ﬁﬁﬁd}lﬁliﬁiﬁﬁﬁ%ml_ii
A0 R 28 015 e O A 2 D A SR o ) i 122 4 D
I ER IR i AR 5 KR KR K R SRS T i 5
AR _ LB EKIZN, BEEPZR AR RS,
PN ST R T 5 K 2 Z [0 0 N7 ke B rh
THKRETI IR G K NG R HE—2, SRR IR
KR Z I K HE R, 2 IR 5 K 2K A
BB T B R AR N B = SRR PR 5 K= R,

HUAH AR T it 24 B S R I 5 SR Bh AR B IR A 1%
HEEE R, X TR IRBUK A R F , RIFK
WIE T e 4 HET, AR IR S KR KRGS 2 58 BB AT
Hhim—F T, TR N2 S AR K FE (K]
16b).

'0 ''

n'. s _
) SIS 3 Og‘

u«/%/(/\"g/\\_”

/l",

Y c$@‘md>

BRI Kz

BURAEERIR

(a) 7R JEIK WG T T+ B

(b) AR /K T R 7K 2 () TR B B

Kl 16 REEARKBR T (6 KAKRME L

Fig.16 Disaster-causing process of water inrush in mining floor fracture lifting (composite) limestone
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