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ABSTRACT

In Incheon area, 1960s of economic development planning and heavy industry center of efforts industrial park and port
facilities, It is industrial land reclamation by coastal landfill, these industrial park has the characteristics of Low permeability
lipid is embedded in the silty sand that was dredged. In this study, To evaluate the heavy metal adsorption ability to filter
of drains that have been developed as environmentally friendly materials by applying the effective zeolite to heavy metal
adsorption for soil pollution purification suitable for geological characteristics of Incheon. soil pollution Survey data and
Literature search, which is the current through the industry, the most problematic was set to Cadmium (Cd) and Copper(Cu),
Lead (Pb). and Using the Numerical Analysis using the Visual Modflow, was presented the most efficient drains set interval

and format.
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Table 1. Classification of contaminats and reactants applicable to each component (Kim, 2013)

Classification Pollution source Elements Reactant Reaction mechanism
PCE Fe°, GP Dust -
' Desalination
Chlorinated Industrial area, gas station, TCE HRM Sludge
organics oil refinery, military facilities Pd/Fe Bimetal o
PCBs Nanoscale Fe Desalination
L Total
Leachate from landfill site, Nitrooen Zeolite lon exchange,
livestock wasteater g adsorption reaction
Nutritive salts Ammonia—N
Livestock wasteater T-P Waste Lime Adsprptlgn reactpn,
SM Slag precipitation reaction
) R |
ot HRM Sludge, Reduction
) i ) SM Slag
Heavy metal Exhausted mine, acid waste liguor o4 7n oot ‘ "
. Zn, Cu, eolite on exchange,
Pb, CN, As, Hg SM Slag adsorption reaction
. . . Al(OH),, SM o .
Sulfate Exhausted mine, acid waste liquor Sulfate Slag \/\/as(te Lime Precipitation reaction
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Table 2, Physical properties of the vertical drain boards (Kim, 2013)

ltem Unit Condition Standrad Experimental conditions Result
extent mm 100+5 KS K 0505 103.0
thickness mm 3~5 KS K ISO 98632 2 kPa (pressure) 564
weight g/m more than 70 KS K ISO 9864 11.9
Core | tensile strength KN/width more than 0,98 KS K ISO 10319 2.24
300 kPa 106
e | e | Tl RGO | oonnares | e | Gt
(hdraulic gradient) (flexion)
penetrability cm/sec 1x107° over Head loss 20 mm 23 X 10°
tensile strength N more than 200 KS K 0743 2358
e apgz‘ziv;ze /m below than 90 KS K 18O 12956 Oy 48
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(a) Ready for contaminted soils

(b) Filling contaminated soils

(d) Capping (e) Collecting contaminated water (f) View of experimental device

Fig. 1. Remediation process if contaminated soil by using reactive drains

Table 3. Heavy environmental standards applied to the experiment (unit : ppm)

« Qu
ltem 1 region 2 region 3 region
Risk of soil contamination standards 150 500 2,000
Measures of soil contamination standards 450 1,500 6,000
P
ltem 1 region 2 region 3 region
Risk of soil contamination standards 200 400 700
Measures of soil contamination standards 600 1,200 2,100
» Cd
ltem 1 region 2 region 3 region
Risk of soil contamination standards 4 10 60
Measures of soil contamination standards 12 30 180
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Fig. 2. Results of purification test in contaminated soil with Cu
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Fig. 3. Results of purification test in contaminated soil with Pb
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Fig. 4. Results of purification test in contaminated soil with Cd
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Table 4. Contaminated soil remediation experimental results according to shape of PVD and pollutant

Pollutant Initial concentration (ppm) Shape Removal ratio of pollution
cylinder 40.0%
200 - - - -
a applied reaction material cylinder 59 5%
A
cylinder 40.5%
800 - - - -
applied reaction material cylinder 58.8%
cylinder 52.0%
250 - - - -
n applied reaction material cylinder 61.6%
cylinder 54 4%
800 - - - -
applied reaction material cylinder 61.9%
0 cylinder 59.5%
a applied reaction material cylinder 69.5%
20 cylinder 45 0%
applied reaction material cylinder 55.0%
18 18 18
B Experimental (Cu) B Experimental (Pb) B Experimental (Cd)
16 {| -+ --Langmuir (Cu) 16 |f - -+ Langmuir (Pb) u 16 } -~~~ Langmuir (Cd) L]
Freundlich (Cu) Freundlich (Pb) Freundlich (Cd)
- . 14 7 TN TP O DN DOE g, S
- —— & ——
12 T nf B R 1
P =
I L) e s n
3t/ 5 r/ FIR
gu i /m ;E_n 8L/ E 8|/
4 ] /i, 4 5_# & ] l
i i
2 f- 2 {. 2 ‘
0 1 1 1 I 0 I I I I 0 1 1 L 1 1 L
0 200 400 600 800 1000 0 200 400 600 800 1000 200 400 600 800 1000
Ce(mgll) ce(mgll) Cg(mgll)
(a) Cu (b) Pb (c) Cd

Fig. 5. Adsorption isother

S AR gl A9 Telet SRS oF 60%,
oF 62%2] A7 &S et 7o) 2 Agle] me
HESE] Hodd Aif= Table 49} L.
Fig. 5 (a)= F2|(Cu), (b) H(#), (0) 7F=s(Cd)y& U
ehil o2, 098 Wa 2] S vk 1e g3
22 Freundich®} Langmuir&2}F 522 A3} H|w st 7l o]
oh gAY A3 B FHRYL st FRI gt
FAY 712717t Hadhe S-S Holal glem, o= &
o) Ewlol AR WEH 2AR AYA Fhs 9
o] a8ty wiZolw, o]et FEFE W w=olA F2t
Alof] Hot ZstA Adksh, w27t Skl wet 2494
o] oFe|A= AL & 4= Stk Ao AL Py > €d”

=
> Cu? w02 e

o
-

lo

m model according to pollutant

4. 2X|SMS S T MAH P HA
178
Aol g olgslo] 28 YL Akl e
HEEAS RET AF eSS A9 5849
BEE AT, A=Al ML AR 5
o gl vl g EHR A 9-0) IS Shelstad)
7k Sm, A2 Sm, Zle] Im9] 19| ol Hatgirt.

1709] e 712 @il ofa) wa A

Bhel 574
A5} 0. (Park, 2006),

Table 59| THA Aol o) AR AR A2t =& T
lemz 1749] QIS sk, 149 vt e
agicka 7bgat Aol 23t Fig 63} o] £

7} LImE A4

=9k 92
2 s, B degon

A

E}. 0]

]:q/\L_
fuly

S|

QLA o] el
O

dAstR e I



Table 5. Equivalent Diameter Equations for Reactive Drain

Equivalent diameter equations

Reference
2w+t
Hansbo (1981) g - %
+
Atkinson and Eldred (1981) d = (w2 t)
Fellinius and Catonguay (1985) d = [4(“’:”}

Long and Covo (1994)

d,= (0.5w+ 0.7t)

Table 6. Contaminated soil remediation numerical input parameters (Kim, 2015)

Parameter Input
Mock area 5mXbmX1im
Permeability, k(m/sec) 10 X 107
Efective porosity S, 10 x 107
Storage coefficient, S, 0.27
Cultivation volume (mm/year) 0
Boundary condition constant head permeability
0.08

Longitudinal dispersivity
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(a) One—column array

(b) Zigzag arrangement

Fig. 8. Range of heavy metal absortion (distance of PVD ; 1.1 m)

(a) One—column array

(b) Zigzag arrangement

Fig. 9. Range of heavy metal absortion (distance of PVD ; 0.5 m)

Table 63} 242 573_011*1 E%‘% FAsHAAL, Edul
f

A A H Qofxl E
2 3ol 19 wgel 39
&2 Bl o
o, il 1

SR RERCE ]

=
= v

S
aAE AR Ao] § B AFddrh

o AWE kGO %m i

A7) Sfate] wlis=A e 7H4 o) 0.5mel A 1

72, 2.0mQl Aol 19 HH“# A1 wjE= U
o] Al A T-S X3stGict. Fig. 9of vehd At
aj gt 74

o
ol
l’—_
of zro] uj=A) EHAI7HA 0] 0.5me, 1%
i3
%
_]

RS

W7} oF 5.8m, HjAle] WS AA 1 B
8917} oF 6.0me AP E S ol HleA] B
o] 1.1mQl -0} npA A =, X1 e

i)
o
N
s
é
-l
=>.“=
L
ue
mlo
rLIR
t
=
ne
et
o
o
Kl
Jo
juiid
o

x]g HH‘I‘XHE X]:LXH:L o= g3t Fe7t gl
FoE E oyt 7P Zee| deFE 2
of 7 mgo] £ gAztAc s wohE).
Hj<=A)] el 7+A0] 2.0m¢l AL,
A g 19 widet 39 23S

2
aQ
_
-
7
my
3
=)
-
»

2 REREL
& AL Y A9 S@EAs] 0]
=giek. ®ak ofje} HjAS 19R AT AuTt @
GB29] §40] got FFA L] Wolt AOR BT

T
=
i
flfo
)
ron
re
2
p=]
12
10
ofM
oy
e
50)
o2
Hm
02
0z
o
=2
e
rot
re
-
[6)]
w



G Tlow

(a) One—column array

B8.7m

(b) Zigzag arrangement

Fig. 9. Range of heavy metal absortion (distance of PVD ; 1.5 m)
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