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Electrical Resistivity Survey at the Ground with Micro-subsidence
by Excessive Pumping of Groundwater
Sung-Ho Song", Kyu-Sang Lee", Hwan-Ho Yong" and Jin-Ho Kim"
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Abstract : Because the minute displacement of ground accompanied by excessive pumping of groundwater at specified
site is mainly generated from ill-balancing of water budget within groundwater basin, it is necessary to monitor the
variation of micro-subsidence for a long time at representative points. We made up the conceptual model using two-
dimensional electrical resistivity survey and three-dimensional soil profile consisted of loam and sand. In verifying the
reliability of this conceptual model using numerical modeling for ground settiement and groundwater flowing, two-
dimensional electrical resistivity survey with short distance of electrode following soil sampling with hand auger would

be useful for interpreting hydrogeological structure related to the minute displacement of ground consisted of loam and
sand.

Keywords : excessive pumping of groundwater, micro-subsidence, numerical modeling for ground, numerical modeling for
groundwater flowing, electrical resistivity survey
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Fig. 1. Geographical location map including survey lines and points of extensometer.
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Fig. 2. Three-dimensional soil profiles in the study area (50 x 100 m?).
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Fig. 3. Inferred old stream bed by soil profiles at 18 sampling points
with several types of extensometer. (abbre: T.S; top soil, L; loam,
S.L; sandy loam, S; sand, large letter; category of soil type, small
letter; sampling point, $S-1,2,3; surface extensometer, LS-1; layer
extensometer)
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Table 1. One-dimensional inversion results of vertical sounding at 9 points.
point‘ depth(m) rg)sll]?:llfrlntg point depth(m) r(eoslllitglg point depth(m) r(?)sﬁit:};lntg’
0~0.5 141 0~0.5 153 0~0.5 148
A 0.5~1.5 224 C 0.5~1.5 219 F 0.5~1.5 440
1.5~44 120 1544 99 15-44 142
0~0.5 118 0~0.5 173 0~0.5 183
G 0.5~1.5 250 I 0.5~1.5 341 L 0.5~15 123
1.5~44 86 1.5~44 142 1.5~44 235
0-~0.5 116 0~0.5 122 0~0.5 194
M 0.5~1.5 100 (¢ 0.5~1.5 124 R 0.5~1.5 208
1.5~44 152 1.5~4.4 157 1.5~4.4 144
Table 2. Estimated effective porosity and formation factor calculated at 9 points.
estimated p P estimated
depth (m) (ohm-m) (ohm-m) F effective porosity
(%)
50 183 22.08 829 153

50

153

2849

537

20.9

50

116

11.25

10.31

24.6

13.1

2 150

219

33.22

6.59

18.1

7 150

100

23.70

422

248

3% Shadow region means sand-dominated formation.
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Fig. 5. Location map of wells from Fig. 1.
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Table 3. Interpretation results of pumping test using radial collective well.

well pfr‘;“;‘;‘;‘;evf;‘l’l“zm) T (cm¥s) S at;‘llﬁfek?esicgf) K (m/s) soil type
B-1 14.30 24.52 0.002651 263.0 932x 107 Loamy sand
$S-1 15.75 18.47 0.002031 216.5 8.53 % 107 Loamy sand
SS-2 44.87 22.54 0.003723 189.0 1.19% 107 Loamy sand
$S-3 64.25 17.96 0.025510 235.0 7.64 %107 Loam
SS-4 89.63 124.4 0.023130 116.0 1.07 x 1072 Loamy sand
B2 62.50 48.67 0.001556 350.0 139% 107 Loamy sand

Fig. 7. Numerical modeling results using visual MODFLOW. (a) Equi-potentiometric surface at steady state, (b) Equi-potentiometric surface
at 4 hour later after pumping start, (c) Q = 1,200 m*/d, (d) Q = 1,440 m’/d, (¢) Q = 1,320 m*/d, (f) Q = 960 m*/d, (g) Q = 1,200 m*/d using

periodic pumping.
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Table 4. Measuring results of each extensometer.

number of distance from maximum settlement drawdown settlement recovery  final settlement  depth of anchor
extensometer pumping well (m) (mm) (m) (mm) (mm) (m)
SS-1 15.8 14 1.128 12 0.2 6
SS-2 449 0 0.5 0 0 6
SS-3 643 05 0.125 0.5 0 6
SS4 89.6 - 0.065 — 0 6
LS-1 250 1.3 0.8 05 6
LS-1 250 0.6 0.6 0 5
LS-1 250 0.6 0 0.6 4
LS-1 250 13 0 13 3
X|HEElISE A= ciHoj| cfst A=Kl ed Table 5. Mechanical properties of each formation.
7 |d|xEtEt IR} &S] o= Z3} vl mechanical properties sandy loam sand
Young's modulus (MPa) 20 150
A} ASS 9B AZ7lE SYVRES} WFA 15 Poission ratio (MPa) 03 04
L N densi 3 1.58 143
mel BTN WAGRAL A melE Ason, s E) on o5
°l& 7122 FLAC™(ltasca, 1997)2 |8 HSIF ASE 91 permeability (cmi) 10x 107 10X 107
So) WA A FHOZ W 200m TG RUT  friction angle () 2 &)
cohesion (Pa) 2.2 x 10* 1.6x10°
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Table 6. Comparative results of numerical modeling data and
measured data.

distance from estimated maximumn measured
number of . il N
tensometer  PUPPINg well settlement maximum
& (m) (mm) settlement (mm)
S8-1 158 0426 14
LS-1 250 0.268 13
SS-2 449 0218 0
SS-3 64.25 0.213 0.5
SS-4 89.63 0.168 -
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Fig. 8. Vertical section of conceptual model for numerical modeling using FLACP.
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