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Characteristic analysis of anomaly responses in floor multi-aquifers
using a 3D DC pole-dipole array
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Abstract: To ensure the safe mining of the lower coal seams in North China-type coalfields, it is essential to
improve the accuracy of water-rich zone detection in the floor strata. To address the issue of potential
misinterpretation when mine direct current (DC) resistivity method is used for direct delineation of low-resistivity
zones, this study constructed a geoelectrical model of low-resistivity anomalies within the Xuhui and Ordovician
limestone aquifers based on the characteristics of the floor strata of the No. 15 coal seam in Zhaizhen Coal Mine,
utilizing the COMSOL full-space simulation platform. It then analyzed and summarized the response
characteristics of the DC method to multi-layered low-resistivity anomalies. The results indicate that when a low-
resistivity anomaly exists in the Xuhui aquifer, a significant low-resistivity response is observed regardless of the
presence of an anomaly in the Ordovician limestone aquifer. However, when a low-resistivity anomaly exists only
in the Ordovician limestone aquifer, the response is weak and can easily be masked. Based on these response
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characteristics, an analytical approach combining the current density ratio method using a pole-dipole array with
3D inversion data was proposed to investigate the anomalous response within the Ordovician limestone aquifer.
Taking the 11503E working face in Zhaizhen Coal Mine as a case study, this study generated an apparent
resistivity iso-ratio contour map at a depth of 60 m below the coal seam floor (corresponding to the top of the
Ordovician limestone aquifer), and delineated the low-resistivity anomalous zones within the Ordovician
limestone. Field verification confirmed the consistency with the analytical results, showing the feasibility and
applicability of the proposed method.

Key words: water abundance detection; DC method; response characteristics; pole-dipole array; 3D inversion;

ratio method
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Fig. 2 Schematic diagram of the geoelectric model



« 76

D AAE R FFROA RO

2026 % 3 7

Sk E 5 1 LA A AN [R) S 50T A i
FROE A8 T LR 3 AMBEAY 455 A0 ) [fi 7 2
a3 iR,

D R 1, AV b )E & R AR,
B AR Ay B B 7K 2 A AR AR B S5 8 1k, 1
IR KB A AEARBE 55 K . 7 Ml L BERY
TR B — SR AR, 5 IR X R 50 m X
30 mX 10 m, J&HF &L 0,0,16) 4k, F &
RELPHREE R 1 Q* m,

2) FERL 2, WIS HLE Y SRR I
AP AR AR Ay A% K L B 5 7K J22 TR) B A E A B
SR, TERTAY 1 Al b, BOROK 2
T — I B 5 44 L 37 F 45.(0,0, — 15) 4k,
SEAREHREERN T Q- m,

3) BEAL 3, AR ML S SR AR
AP AR TR Ay BRI 55 7K 2 A AR AR BH S 8 1K, 1
IR EIKBATEAEAR P 55 K . 7EREHY 2 1
SERb b R AR K K S AR

L]

@4444444
=

wom
#* o
=t
TTT I I I O I
|
\l\
e
b

B3 #HEIAEREE

Fig. 3 Schematic view of the model section
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