55 50 45 5 P2 R 2 Eird Vol.50 No.5
20254 5 H JOURNAL OF CHINA COAL SOCIETY May 2025

FXARY REXFRKEWN N LB ITRES T

TRE, ELRL 4 BY BEE BAR'

(1. R EE LR WIR S H BBl A0, OO AR 2211165 2. TT954 HUFH 7 58S TR BA, 7195 #0H 221004;
3. A G L2 AR TR BRAS W], TR 7k 476600)

OB AR TR, [2RE R ARG RER TR, RN Z R XH
VA A, KT RIS AR LR A, A ERMRATH = (3D) W& B 4 T k= K ek
wiE, ATeREEESEERS m%w@ﬁ%ﬁmg FRFERAFFMXER, HERT X
Fl g &K-FagRRKERA, REXAMRSF R T RRRGEHERE, FFREAN . BB EERRTY S
3D E?ﬁiﬂ'lﬁf#ﬁkﬁﬁtiﬁ@ﬁf%r%ibfﬂii’éé’ai?ﬁ%ﬁﬁr\ﬁ REAE, MEBRAEF X FRGHED%E KRG
PHARER, RELEINAEFHLSKEN ZHMEGEFRTR, Z R L2ARF EHRK

9.88x10°m’, AP F @R kit A3 5 £ AMA B M EAR KRR 9.35x10° m (RE K fo i
F A A G ARAKARAR S F] A 7.86x10°, 1.49x10° m?), HAbf%sK KA A 0.53x10° m’, &
AL T Z, AR BTZHEAK, ARE A-350~—400 m #9KTF, FKBZAK, %% 134.81 m’/h,
WA % UG R w R KA KL B ) Wl Fh e i A2 R BR . ARk A, ﬁf%m*l?m;l:/a\ L AR EKR
KR F Py BRAKPH, RERERIGK, BREGIKLMAEREH TG, BRAKGE LR
FERAR; BREH, RIBRERERE D, BKESER A ) 63 milik LS, d b FRRBE S X 6
2546 d J& 3 T K¥© It 247 ZH A -350 m 49K T

SR AP R RARK MBI AR BURARAR ; =T R A

FESES . TD745  XEIRE: A XEHS:0253-9993(2025)05-2635-10

Analysis of the prediction and evolution process of waterfilling in
closed coal mine goaf
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Abstract: After coal mine closure, the groundwater level recovers, while the water accumulation process in goaf areas has
rarely been studied. Taking Xuzhou Sanhejian closed coal mine as an example. Based on mine closure reports and bore-
hole data, combined with 3D contour maps of coal seam floor elevations, the water accumulation pathways in goaf areas
were identified. The mine water accumulation volume was predicted by mining-induced space method through separate
calculations for different coal seams and levels. Water inflow rates at various levels after mine closure were determined us-

ing hydraulic theory and related principles, revealing the evolutionary process of water accumulation in abandoned mine
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goaf. Research shows: According to 3D coal seam floor morphology, mine water first flows to deep goaf areas and road-
ways in the north and south wings, then passes through central goaf areas in the east and west wing edge zones, and fi-
nally converges to shallow goaf areas near Longgu anticline and Zhangzhuang fault. The total accumulated water volume
in Sanhejian closed mine is 9.88x10° m®, including 9.35%10° m® calculated by mining-induced space method (7.86x10° m®
in goaf areas and 1.49x10° m’ in abandoned roadway systems), with 0.53x10° m® from other water storage spaces. As wa-
ter level rises, water inflow rate gradually decreases, reaching the minimum value of approximately 134.81 m’/h at —350—
—400 m elevation. The groundwater recovery process reveals three phases: initial stage features small deep goaf capacity,
high inflow rate and rapid accumulation; mid-stage shows increased goaf capacity, reduced inflow rate, and slowed rising
speed with more roadways; final stage exhibits reduced shallow goaf capacity and accelerated water level rise. It is pre-

dicted that groundwater will recover to —350 m elevation after 2 546 days of mine closure.
Key words: closed coal mine; water accumulation in mined-out areas; evolution process; water accumulation volume;
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Fig.1 Structural outline map of Sanhejian Coal Mine!'”!
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Fig.2 Schematic diagram of main aquifers in goaf of

Sanhejian Coal Mine
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Fig.3 Three-dimensional map of floor elevation of the No.7 coal seam in Sanhejian Coal Mine
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Fig.4 Three-dimensional map of floor elevation of the No. 9 coal seam in Sanhejian coal mine

FIE PR A TRER R 2= X M A H, FfR i 20T X AR P Py
L G XA PR A X, e IR B e [ R 5 5k
FEWTZ BT AR R iR 2 X (3. 14 4).

3 RZEXFAKEHN

31 FHiFEE

H A, B E B IR as X UK R ik R 5
375 [ 2R 23 i) v AN BUK 2 ) [l SR s ) s Je e T
RS DX IRIRR, SRAGEIRERE | 0 20 Ay 1 5 1 B S kL,
TEW 58 R 25 K TAE R ERE b, MRS AT 2256
UK RBON A TS 0 R s K BUK AR, I
ST KA R TR [ SR 45 ] 32 TR
25 X BUK 8 R TF SM(M Rk ) B9AEBL, JoH 2 3%

AN EER TAE I AFAEBUK B IE B, KR 23 XK & Fit i)
R WS 5 T ARK 2 ()9 38 T fe KOk Sk BN T
SM, HIKSCHB BT 251 52 2%, sl A RSk IR R A 1
H,

AR =T ISR Bl LI I 5%, 43 R AR TR R
573 m &b B . 606 m ALY . 680 m Ab R
(7 FHE LA ) R 621 m A RUR AL 631 m &b
MRS . 724 m AbAURDE (9 S DREA ) SRR, R
FHH X 2R RS0 . ks % is gh AR i & R 2% 3R
4t 3 3 57 4 R A LT 2 4 R 48 p-Computed
Tomography, p-CT; [ v | tome | xs180 & 240), & H
Z RGN, T R 120 kv, LR
100 pA, F93H 73 HE3R 25 pm. FIFH Avizo A, 25



%54 TR A SRR RS XK B B R A B iy 2639

PR3N = I A G R IR 7 SRR 9 S
B2 a7 240 3D & H A L (81 5 FiiE 6),
TR ORI “ F =" MR (B 7). HES
5E 7AW, 7548 EEA)EN S AT i R
22 Il Rt vl P - ]l s el o R S 6
o7 HERARE THe, B =" 2 T AR R =, 4
M 6.20%; MKl 6 5& 7 TE.LH, 9 SR = LB
o7 LR, 72 “=a7 2 L X3, SRR e, 4
9 7.58%,

0 1x10°um
S F
Els 750 AR A A= s R A

Fig.5 Three dimensional spatial distribution map of the “three

o s o gy
= b =

zones” fractures in the overlying strata of No.7 coal seam

~ 0 1x10° um
— ey —_—
CEARR

Kl 95 BEIAIR “ =l 2 = 2e=s ) oA

Fig.6 Three dimensional spatial distribution map of the “three

o s o
= b =y

zones” fractures in the overlying strata of No.9 coal seam
IR 2 SRR TR P UL o, (H
7 SHAEET 9 SHAF SR PORZ B S 6 5288k
ik 25, H. 9 SRR TR & 22 2 i B T
M, B3 DX S ol A v ek G, S 2 SR B
HIZRIRB R ZE S
WLEER 7 T LA, A =7 R =T B B
DX 9 SR BB AR T 7 ?J:H, “=A E’JTj—BE
I 9 SHEMAB AR T 7 S, HAE =T XN
%5%%@mk¢%Mwmhuﬁﬁ%%%ﬁﬁf

%2 IRERS

ZLR /%

“E%”‘F

Y=
LR IO

B 75 E LA R =R R
WO SR E LA R R R

K7 FoRMZ LEDA TR T AR
Fig.7 Fracture rate of “three zones” in the overlying strata of

main mining coal seam

BC“=07 KRB R, AiE R, SR T p-CT
() FL L B4 e P e IR, T LA R 0 L R A R
BRI “ =" 4B 7 LU L

PRI IS, SR SR B U R 7K ik 3l 174 E 22
AR, ks KBUKERAL T iE . AR (0 XK SCH
FﬁTﬁlﬁlﬁEﬁﬁ% TP T2 IR ok M B

Kim BE AT, TR A ok A2 22 i e R 57K
ﬁ”l@ﬂ?mfﬁ

100M
B =150 2.08 M
LA A P B R A Sk s 6 B
100M
H,; = mﬂ:56 (2)

o MRS, my Hy SRR R, mo
=TI R ZE 7 S 9 S Sk
Bl & B BT g RO (38 2) nT AN 7 2 A
FER IR, Sk 24 R B B RN 31.7~72.7 m;
9 SR oK R L B R E Y 51.8~60.2 m.
QR AR A P B BT SRR e KR E R
5.62 mo Xf LK ZEBRA 155 B 5 SR R IR B ECHE T
SRR S G R A X BUK KT SM, HEH
Je BUIKCH 7 35 A AR, I BUKG R AT & R 2

KREHLERE

Table 2 Development height of water-bearing fracture zones in main coal seam

- TR IR /m SR LB L /m
TS 95 T 9 TEH 95
ZIRIXF Wi 2 N A IR i 20 5.45 2.02 49.8~72.7 54.6
SR F R IR [1:30 2.82 1.77 40.4~61.3 51.8
XX 130 120 2.49 2.67 58.8 60.2
RIEX IR~ i £37:d 1.61 1.81 31.7~49.8 52.3




2640 # %

= % 2025 445 50 %

B3 B LR, BRI, T BE 46 DR 2 (R T RR 25 KRR
K,

KPR R 23 IX KA AR R R 7 36 7K 40 0] )
e a K ARPRA,

0=0+0,=CAM/cos a+C,SL 3)

K. O N =TRE XA UK X SBUKE, m’; 0, W
JERA X BBUKE, m’; 0, W4 BAEUKE, m; ¢
R as KBUK R A AR as X AR B K452,
m’; a A IEE I, () C, MAEERUK 2% S M
AW I A, m?s L oW HE 2K E, m.
3.2 WEITESH

1) Cpo C, REXEUKE V, 5B KRB R AR
V, 1 F AR, R SR 23 X B 00 ARUK 6 1 G B S
BT O HRM I RIR A R TUR A
R e [ Bt ) 2 PR 3PS ) iU AR (B¢
SR Y ELE R 0.25~0.50%, =R TR 7
59 AR Z X R R E R RE SR A, SR A
PEVE DV BTN, C, BN, R R AR AR5, I
H 75 H 9 S Ha 82 EABBAF, oot ¢
B 2 B LR R0 JPRAEBR/NT 5 a, € BL 0.3
TERAERRAL T 5~10 a, C; B 0.2; FERAEFR KT 10 a,
C, Ho.1,

2) Cyo G, FEH Wi LA ¢, — AR 4 B
() s B TR ] B iR i e o TR 1Y G,
B 0.5~0.8, ‘A4 C, B 0.8~1.0%,

3) Ao MRHEHREZ ISR 56 = 26 B B IR i S KT
B, At A SEATIEE . i CAD B, RAEIE
JE SR T ARV T R, IR I 5 v 6 L )
1, T WA AR BE R Sy e B . AR 1 BB B
50 m 25 BEUEA T 43 K- PBIE A, SR 5 4 AR ] K St
FEIHGH. B2 A GOTEE R K 3. =das”
BRI A 1.16x107 m%, 720 4 R 1.07x
107 m%, 9 SR 4 H 0.09x107 m*, PIEBAMHEZ ) 4
Pt G T A KT B v A 2 RS T R S BRI Y
A HTE-600~-650 m, —850~—900 m /K V-4t Hi5
=PI

4) Mo AR AN [A]EE)Z 43 7K B 5 2R A X1 R,
SR JH i B4 IR 23 DX S 24 IR SRy iz e o B B 1Y)
MAEH. &HZE MBS RIE 3, H 7 5857
KIRFEWLEIN 2.00~5.62 m, 7E-500~—550 m /K F-4b
K, 2078 5.62 m; 95 BT R R B E Bl ol 2.50~
4.27 m, 7£-450~-500 m /K F-Abie K, 254 4.27 m.

5) oo FEPE RS X T AL FE Y, AT ARHE A2 R
WG R o, B o REGHSER 5 R 7] — B,
FERAF G — BT . SR o GEiT I 4,
7 5B o Hy 8°~20° 9 SR o Ry 6°~14°,

6)L. L IS Ras X AR A O AR, AR
T e Y s w2 A R KT B R B bR v A, 43K
LA TR A, RIE TEH 4.5 m, R 3 m, I W
AR 13.5 m?, REKE L A E AR L 3, =]
I B E AR AT 1.86%10° m®, 7E—600~—650 m

®3 SHIESIT

Table 3 Parameter value statistics table

IF ML FE /m WE9/C) A/’
7K3F-/m HIE K /m A FYm?
TSI 95 THHE 9 M TSR 9 M it

-950~-1 000 2.00 3.30 8.00 12.00 367 089 97535 464 624 4842 65367
-900~-950 2.50 3.30 16.00 12.00 863428 119 699 983127 11526 155 598
—850~-900 2.73 3.30 11.67 12.00 545056 131195 676251 9438 127417
—800~—-850 2.67 2.50 10.33 14.00 943 768 23938 967 706 8956 120 900
—750~-800 2.40 3.49 20.00 6.00 302615 32748 335363 3330 44 949
—700~-750 3.53 3.49 20.00 6.00 565 838 96200 662 037 7452 100 607
—650~—-700 4.86 3.49 15.33 6.00 1435568 119122 1554691 17558 237026
—600~—650 3.00 3.49 11.67 6.00 2131061 92363 2223424 22444 302 994
—550~—600 4.51 3.49 10.00 6.00 1016722 41946 1058 667 11362 153382
-500~-550 5.62 3.49 8.33 6.00 539 897 101327 641224 9134 123311
—450~-500 3.65 427 10.00 6.00 658 152 93017 751169 14715 198 646
—400~—450 3.65 3.34 10.00 9.00 769 652 4886 774538 7854 106 033
—350~—400 3.65 0 10.00 0 553156 0 553156 9502 128273

Bt — — — — 10 692 002 953976 11645978 138 111 1864 503




553

TR A SRR RS XK B B R A B iy 2641

x4 ZARBYTREXFKERITELER
Table 4 Calculation results of water volume in goaf of

Sanhejian coal mine
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parts of goaf and water volume in Sanhejian Coal Mine
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Table 5 Calculation results of accumulated water volume in

the fissure water storage space of Sanhejian coal mine
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Fig.9 Schematic diagram of water level rise process after the

closure of Sanhejian Coal Mine
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