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Time-lapse change pattern and mechanism of resistivity of coal seam floor mining
damage based on inter-hole DC perspective

YUE Jianhua"? TENG Xiaozhen', HU Shuanggui', XI Danyang', ZHANG Herui’

(1.School of Resource and Geosciences, China University of Mining and Technology, Xuzhou 221116, China; 2.State Key Laboratory for Geomechanics
and Deep Underground Engineering, China University of Mining and Technology, Xuzhou 221116, China; 3.School of Safety Engineering, China Uni-
versity of Mining and Technology, Xuzhou 221116, China)

Abstract: During the coal mining process, the change in the floor stress state of coal seam will produce deformation and
failure. The seam floor failure in different coal mining processes has a certain law. At present, the water disaster monitor-
ing of coal seam floors based on the DC resistivity method mainly focuses on the resistivity response characteristics of

floor deformation and damage. To investigate the temporal changes in the electrical properties of the coal seam floor dur-
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ing mining, this study employs the inter-hole DC perspective observation system and the time-lapse resistivity reflection
coefficient method. Through numerical simulation and field tests, the study uncovers the temporal variation law of the res-
istivity of coal seam floor induced by mining activities. First, this paper compares the results of individual inversion and
time-lapse resistivity change rates for a typical geoelectric model to validate the reliability of the inter-hole DC perspect-
ive time-lapse method. Next, considering the mining-induced damage to the coal seam floor, this paper analyzes the elec-
trical response patterns and charac-teristics of the rise of confined water and the damage zone in the floor during the min-
ing process. It also discusses the feasibility of using a time-lapse resistivity reflection coefficient to assess the depth of coal
seam floor damage, offering a theoretical basis for field construction. Finally, , the on-site monitoring tests reveal the elec-
trical change characteristics of coal seam floor during the coal mining process. The time-lapse resistivity reflection coeffi-
cient R is utilized to determine the damage depth of the rock layer of the working face floor, which is found to be 15 m.
The study results demonstrate that the time-lapse characteristics of the resistivity of coal seam floor mining damage ob-
tained by the inter-hole DC perspective method can mitigate the influence of formation factors and random noise in the
monitoring data to a certain extent. Additionally, the time-lapse resistivity reflection coefficient can be utilized to determ-
ine the depth of coal seam floor failure. This method transforms the detection target from the single study of geological an-
omalies to the full life cycle dynamic monitoring of the floor damage of the working face in the process of coal mining and

then realizes the detailed depiction of structural damage to the working surface floor.
Key words: time-lapse monitoring; mining damage; inter-hole direct current perspective; forward simulation; coal

seam floor
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Fig.1 Schematic diagram of inter-hole DC fluoroscopy
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Fig.2 Verification of time-lapse inversion of inter-hole DC perspective method

B SRR, Ry T AR AR A T S AN AL, [ 2(b)
AT U RSE 3 mx3 m Y-S5 3 4, A BE S FEL R
20 Q + m, B E HL AR 500 Q - m. Fh
FLIH Bk 2 BRI TT LA Y, S PR 7E 2L A H B 3R A
R 23 (8] 1 o0 AR BT ACR, SRl AN B (1B 2(c).
(). R (10) 52 (11) BB L BT 15 3N
FL BH R AR AR 5 R 5 R BT I R (8] 2(e). (D)), o
S5 R BEREEER AG 2 1 S T AR L

2.2 EERRCR BRI R AR MRS
ST A PR R B, B e T 0T R
Ml B AR AL . AT [ R AR, AR
S YRR R S AR . R A A AR 2
I, AR 2 A AR AR AR, A 2 32 TR 5 U A
FLBR . SR N 2 0 T A1 SR, AR
R KRB AR, R A R A R, BRSO
W, W 3 R A KRBT I RS X, B X2



= #® 2024 455 49 %

HOHR X
K3 s R KR
Fig.3 Schematic diagram of floor rock layer damage zoning

HITRZIK X, C X EHT 52X, Herp i S g b
ST AR 36k, ST AR AR S
LS AR 2 ST TRES R S HE AR A, T 5 7 P
PEASAE o IR R BEL Ak T DU R e I AR 2=
PR LB S 15 R Z [A] A 22 5, A B R AR
(AT BT L o pl T A e B v BEL R A
24 I B R RS R 8 o T8 T R AG Sy B R — [+ A,
SE A SR LI) LI F B DI R 52, 76 AR AR AT
BhAL, KBS TREAL D, X R R B AR TR H

-10-5 0

5 10 15 20 25 30
B2 /m
(a)

-10-5 0 5 10 15 20 25 30
P 55 /m
(¢)

Fig4

50
-10-5 0

-10-5 0 5 10 15 20 25 30
PR3 /m
(d) (e)

Kl 4 BUZIRAUR K TR Y

Coal seam floor confined water lift model

FRIRBEAD N 2RI
221 HEIEHREREK T

RSB IR T RRK )2 B &K 2 St
K IZWER K Z R E R S T ) Eis e, 25t
IR K e LB 5 A 25 5 B R, i e nT DA S —
AL (A IEHA (1] 4), R FHAL ] LI HL 32 e D
JEEMUR K B TH i R, IF-45 6 it B8 T 3 B LBt Fsf
] 19 A8 AL RRAE , BERLEE T oINA T 3% R BEALIG S .
Bl 4(a) Ris 5eBR, T A PH AR 100 Q + m, FK)Z
HLBH 2R A 20 Q - m, B 7K )2 HBH R A 500 Q - m.
4(b)~(e) NAEHKIFRIHFIaH R, HA K 4(d)
k5% R SR 5 B K 2 24 B K BB L T KGE I, AR
FEAKWT SR 0 it &l S IR AR R 1) 5
SEEL, B AR R K BRI T, Hi B R AR AR fz i 4
BERA R S (R R TR SRR 22 W RE R, i 4
SHAEAE SRR TR R BT 5, [RI IR T ik
B S R RIS S B GE R,
PATS S (18] 4(a)) M FEAE, 13208 B BH R S AT &R
R Wi (& 6). HHIE 6 AT LA N bR 537 Kb
PUME TS SZ MR I, TR TR S B2 e, e 245 8 1 5+

500
100
20

5 10 15 20 25 30
2 /m
(b)

.
Y

L Z/(Q + m)

50
-10-5 0 5 10 15 20 25 30
PE 25 /m



5518 A FET LR B B I A2 IR AR sl I v B 2R A RS AR AL L S ML R 607
o @ (b)
-5 “10F
—10 } -15
-15 0
g2 E-25
-25
Jgé30 E§_30'
35 -35
—40 40
—45 —45
-50 50 et | 2
—10-5 0 5 10 15 20 25 30 —10-5 0 5 10 15 20 25 30
B /m P B /m B 2/m
(¢) (d) (e)

K5 BRI K ST R AR S W T

Fig.5 Cross-sectional view of time-lapse model inversion of confined water in coal seam floor
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Fig.8 Sectional view of time-lapse model inversion of coal seam floor mining damage
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