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ABSTRACT

This study describes the results of laboratory model test on settlement of soil contaminated with heavy metals, in order
to evaluate the applicability of VMS to the measurement of gound settlements generated during the purification of
contaminated soil. The measurement results for settlement of contaminated soil were compared using a 3D—Visual Monitoring
System (VMS) based on digital photogrammetry and a total station. The test result showed that the settlement of the soil
contaminated with heavy metals occurred a lot in the experimental condition in which the hydrophilic filter was applied.
The minimum and maximum error ranges of VMS were calculated as +0.36mm and +0.87mm, respectively, and the error
of VMS was satisfied in all experimental conditions. The average error rate of VMS was lower in the hydrophilic filter
condition than in the hydrophobic filter condition. Therefore, it was evaluated that VMS can be applied to measure the
settlement of contaminated soil.
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Fig. 2. Measurement analysis procedure of VMS (Han et al., 2012)
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Fig. 3. Experimental apparatus and materials
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Table 1. Soil properties

LL (%) PL (%) LL (%) UsS.CsS.

422 33.8 8.4 ML
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Table 2. Test cases

Classification | Contaminant Filter type Water content (%) | Voltage slope (V/cm) | Measerument | Measerument time (hr)
Case 1 o Hydrophobic
—_——— u
Case 2 Hydrophilic
: 30 0 (Initial)
Case 3 - Hydrophobic a
Case 4 Hydrophilic ) 24
C 5 TW— 1 4 point 48
ase U ydrophobic 9%
Case 6 Hydrophilic 50 192
Case 7 Pb Hydrophobic
Case 8 Hydrophilic

% Measurement apparatus; Total station, VMS

1 0.5m |
I i

Heavy metal : Cu | Heavy metal : Cu
e Filter : Hydrophobic | Filter : Hydrophilic @

V 1 @ Anode

@ Cathode

== Electric current direction

0.5m

s P
@ Heavy metal : Pb Heavy metal : Pb @
Filter : Hydrophobic | Filter : Hydrophilic

[X] Fixed point

Measurement point

Fig. 4. Model test schematic
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Table 3. Summary of measurement value

Water Filter Elapsed Total station (mm) VMS (mm)
content | Contaminant time
(%) type (hr) point 1 | point 2 | point 3 | point 4 | point 1 | point 2 | point 3 | point 4
0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
24 0.0 0.0 0.0 0.0 0.2 0.2 0.1 0.2
Hydrophobic 48 0.1 0.1 0.2 0.4 0.2 0.2 0.3 0.5
96 0.1 0.2 0.4 0.5 0.3 0.3 0.5 0.6
cu 192 02 0.3 0.5 0.5 0.7 05 0.6 0.7
0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
24 0.0 12 1.3 19 0.2 1.4 1.4 1.8
Hydrophilic 48 0.3 18 25 2.6 05 1.8 27 2.8
96 29 3.0 26 54 2.4 29 3.1 4.3
30 192 3.1 34 35 41 3.3 38 41 45
0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
24 0.0 01 01 02 0.0 0.2 0.1 0.3
Hydrophobic 48 0.1 0.2 0.1 0.2 0.0 0.2 0.2 0.3
96 0.2 0.2 0.4 0.5 0.3 0.2 0.5 0.6
Pb 192 0.3 0.2 0.3 05 0.2 0.3 0.5 0.7
0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
24 01 0.4 04 11 0.3 0.6 05 0.9
Hydrophilic 48 02 1.4 12 1.3 05 17 16 15
96 1.3 15 2.1 1.9 16 19 2.4 2.6
192 2.3 25 2.3 32 2.1 3.0 31 34
0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
24 02 01 0.0 0.5 02 02 0.3 0.6
Hydrophobic 48 0.3 0.3 0.4 0.8 0.4 0.5 0.6 0.7
96 0.3 0.6 05 12 05 08 0.8 14
cu 192 0.6 0.5 0.7 15 0.9 1.0 11 17
0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
24 05 11 1.3 25 0.4 0.7 11 2.1
Hydrophilic 48 2.4 2.9 32 36 2.8 3.0 35 41
96 48 55 76 7.4 47?2 51 78 8.1
50 192 71 7.4 85 91 6.8 82 9.1 9.6
0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
24 01 01 0.2 0.3 0.2 0.2 0.1 0.3
Hydrophobic 48 0.2 0.2 0.3 0.6 0.3 0.4 0.5 0.9
96 04 0.4 04 0.8 05 05 0.6 1.0
Pb 192 0.4 0.5 0.5 1.0 0.6 0.7 0.9 12
0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0
24 01 0.2 0.4 0.7 0.3 0.4 0.5 0.8
Hydrophilic 48 1.6 1.3 2.1 2.6 1.4 1.9 2.3 2.4
96 29 35 43 59 32 42 41 55
192 53 55 6.4 74 47 52 5.8 6.8
z70] Hlste] 250%~1,600% =LA WA= Ao, VMS = EEG XA BEoA] B2 Fstee] WAs= A
of oJ5f ASE etk 2eA e 204 200%~ & 5 ATk EI VMS ASA] ofgk Hslg St
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T} VMS7} 2+ 100%~
HokFe B

1,330%, 150%~840% 2] &
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Fig. 7% 4% L& 204 g=eolof wE VMS
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Fig. 7. Difference between VMS and total station

Table 4. Average error rate calculation of VMS

Water Average error rate (%)

content Cu Pb
(%) Hydrophobic Hydrophilic Hydrophobic Hydrophilic
30 84.0 71 27.3 19.2
50 496 14 39.4 19
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error range = (measurement distance[camera-target] x

target pixels ) / total pixels of image (1)
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