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Abstract

In direct current field exploration, two-dimensional current field forward modeling is generally
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carried out by point power source through Fourier transform. Compared with two-dimensional
current field forward modeling by line source, its calculation is more complicated. At the same
time, the element-free method solves the shortcomings of the traditional finite element method.
The element-free Galerkin method only deals with nodes and is not affected by the grid. The pre-
liminary processing is very simple, and it has the advantages of accurate calculation values and
quadratic continuity. In this paper, the objective function of potential field is established based on
the element-free Galerkin method by deriving the differential equation of linear source direct
current and applying the imposed boundary condition (the first kind of boundary condition). Then,
based on the classical underground half-space model, the effectiveness and accuracy of this me-
thod are verified by comparing the forward simulation results of element-free Galerkin method
with the theoretical calculation results. Finally, on the basis of the uniform underground half-space
model, the high and low resistance abnormal bodies are established. Through forward calculation,
the potential distribution and charge density distribution were obtained. The results show that
this method is suitable for forward modeling and analysis of underground structure, and it can
accurately find the location of underground anomaly, which lays a foundation for inversion of un-
derground media information by DIRECT current electric field in practice.
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Figure 1. Grid layout of uniform half-space model
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Figure 2. Potential contour map of homogeneous half-space model
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Table 1. Comparison between theoretical potential value and numerical solution of homogeneous half-space model

1 5 EER R AR E S M ERI

X/m A fiRIv HIBEINV LS IRZEIV
1 102.37 102.46 0.09
80.36 80.39 0.03
67.46 67.49 0.03
51.21 51.23 0.02
10 29.162 29.166 0.01

K3 N R B I E S, MR AE Y, i a iA O IE RR I, BEET IR s, i

e ey S N5 N N TS e N e
HOR, o BRI, AR N, SRR A, AT S RGO 0. JRAIR IR AT
N . 4y Fohe N Y AV o A
VAN, B AT S, FFEB s = m A o ataEol. LS RS ELM LY &, H
AW N — e s = a > - —
RERUERS ’ >~ L4 A ’ > °
FE A3 BT A A LRI, RN R 3 B R A O R A, PR IA R BIOE A )
0
————— I—————I”’,’I’////J,// T \\\l\\\\~l~~~~~l~~~~~l----~
,,,,,,,,,,,, el LSy NN N N N NN N s s s s s e s s
,,,,,,,,,,,, Llli00220) AT I
,,,,,,,,,,, AR/ NN
L R I R A A a2 NNN N NN N N N N N s N s s s s s s s N
zzzzzzzzzzzz s ////////// NN N N N N N N N N Y N s s s s s s s s s e
zzzzzzzzzzzz <SS S S A\ N T T T T R R T R R
rrrrrrrrrrrrr A A N T T T e T R T
,,,,,,,,,,,, P A e N A A N T T T R T R L S
[ I O S R P N T S e T T S S R -

P L P N N NN NN T T T

gE |- P N

= R AR A S

% ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

R T R O A T R NN -

v [ T T
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

B I IR T
25 R Lo o o e Le o o o s Lr s o s L~ s~ s s L~ s s s - R L - - - - L - .
25 20 -15 10 -5 0 5 10 15 20 25

Distance(m)

Figure 3. Current density diagram of uniform half-space model
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Figure 4. Abnormal body position in half space
B4 FZEFEFRGER

K5, 16 7 nlhm R AR ARBEL R AR AL A . DAL 5 AU e, R BELAR (o 10 3 3
Horfr S Ao 4, ALZEA N, HAEFTE W AL BLAL I A SR 2 LS o, 1 SR i s i,
FC UL KRN ZURIES - BB e LR K AR R S H s K A% 3, IR LS R 38 Sez, ANIET 6 T
LA, AERLREIRTH S Em R H AL, RS, mhirERR, HAEME R WA EALK
LA SR N LS i, (AL YR A B il LA AR NG IR AR e, i AU PR B 1 St 5 AR 48 5 FRL 3
ML, IRz BT 32

0

-10

-15

Elevation(m)

-20

-25

Distance(m)

Figure 5. Isogram of potential of abnormal body with high resistance in half space
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Figure 6. Isogram of half-space low resistance abnormal body potential
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Figure 7. Current density diagram of high resistance abnormal body in half space
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Figure 8. Current density diagram of low-resistance abnormal body in half space
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