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Abstract

In-situ soil remediation mechanism through the vertical drains (VDs) is analyzed with numerical model
as the error and complementary error function. Results from in-situ test and analysis indicate that the
contaminant concentration ratio as initial one ( C/ C,) increases as the radius ratio (»/R) increases from the
injection well, and also increases as the depth ratio ( z/ H) increases from the top of contaminated area. The
elapse time needed to attain 50% and 90% clean up level (¢4, ¢y) increases as the radius ratio ( »/R) and
the depth ratio (z/H) increase. As above results, the procedure of soil flushing in contaminated area using
vertical drains makes progress from the top of injection well to the bottom of extraction well.

Keywords : In situ, Remediation, Contaminated area, Vertical drains, Contaminant concentration ratio,

Elapsed time.

LM &

Syele e HlE 4 FEHFOE
sto] dlmic} oF 1% had) ¥AAV FH, EE,
AR 507 HALHT gy YOBT olg
& gL A&y Aoz AL Stk tgo)

A AARoE FZr} W Agulgdg qlgle] W

*

FHNFAL oEA T

o AgUstE sdAFTEG 27 -
AELETEE A

* Corresponding author. Tel.: +81-31-400-1782

Fax: +81-31-400-1611

E-mail address: hwlee@karico.co.kr

Aske 88t 7122 At B¢ 9 A3ty @
o] A Aol gk I ASE I
Ak e 82049 49l w4 wiE A, 2,000
o A HFE B4, 12,000049) FHa, TR
2 e, F FEA B g8t FEAN A
ZbapAl 99T Qlom o] wWE QIEAE v
$- gzkst)

ARYFo e @At Bdd 2 FHE
o] AMuse] AgsEw gk LEYeME F
A7|MEFALA AJE BFEAT ERGEAAY
o] gtE SEANt A3t FAEZ REuH1 9l
th.” AN EABATHolE nAEAS), A/
37N1FE, ESAF W To] ddrh olg IS

63



A uprA(VDs)l 93 eAdx kg g dAUE 47

F2 Z%A4k(coarse grained soils)] AMEE
Aoz, APANt(fine grained soils) 3 #o] F
ol w8 G oM QHEEAY o)F W &
of oJEgo] itk AHEY =L wj$ njisp)
ol MHA 2 g2A7L B £02 FUHA
U F2Ee o A7 7] digolth uj8EA s
9 AflE 28R U2 d¥rE FYske
olgigo] Qith. wetd egd AFAE Aol
olg FHE ALY go oY TARE A
& F Qe ko] ZFE ool dth ol g W}t
9 R 71EY AEAN AFTHOE AHLEHT
AE AAu=EH(VDs: Vertical Drains) S &4
& AZuEYd T (VD remediation system)o©]
A= et

2 AFME Gabr 5(1996)0] F=atn 34
A& EZdAd AupERAe] dste] g ek
Az RS sty AEHATE B3 A
FAE 43 oF@AM Y] FRAZE £43
A8 .

olN
et
>
Y
Ir
¥ of
=
v

B 3o uFold 1995HERE AU
HPAEE Boto] w2 A7 YR 1995
dollA 1997d71A wls wYolthlelA A3
Z3} yegst ARuA Y FrEA Fa 2
8, QEEA3 A dist dFAE L FAHA
29 o] FEQy, 1997ddE 23] T
oA F A9 dFFEAHo] FYHAG 1
2 1998l EALA @ ARITislelA )4
A AA 2 9 AR getEA ] vk
o thgt A7st FEATky

AujsEdaHe 299 APANE sk
5ol A go] AMREHT e Hd71&9

el o4 4 X239 (pumping and treatment
system) 3} FARSE A2HES JpAch B o3He
Fig. 13} 2ol At el Ad4e] ¢ &
= 2% AP 29E BE 71245 479 o)k

9 2% gl o]F2 FIMA LY9E4Y AAE

A N71A Ak

Treatment
reame Blower

-

GW.T —
A AN
Extraction inj
P b s %
"\ \}&'\ q —’l
e
Contaminatad

Fig. 1 Concept of using vertical drains for subsur-
face liquid retrieval

S eF e =g A47d A55, 2005



. 2¥=23olF =Y

1L 2

AEAoly TEL W2 sAEo 9sle] AP
HJAoh 2F dEFQA o) w3 EPAY &, 37,
Erg4d B4 ojErHe NAPL Simulator, 3

49 234 frteArdel MOFAT-2D, *—r;HEHJﬂ
¥AT4 (Pacific Northwest Lab.) oA 7pdgt ot
A EHlolFREel STOMP, EX3AHtA
3k, @ olFEde TOUGH ¥ o]9 Ajz&
2¢l TOUGH2, &3}l A¥3 MODFLOW
o] 2t} Gabr M. A 5(1996) &} AAFAE o
&% 2FAN] AEARdSs Adsigion,
Collazos (2003) ¥ Bowders %(2005)& 13
HeAE QA dxjste] @R AaEA
538 243190

ol 1—n >

2. REHLTA 3 shedsh

LEEHY A, T FEE FEBAM
9sled e AEAo] o]l&EsH= —Erﬁ’—‘.‘%(dispersion)
T AL ogt o] 734 (advection), 2
Ho| FUAY EHo| Fas= 7@‘:"1] UJrE} ‘?'i?ﬂ
o Auhfiell 2 HE ?4_" s
oyt Zafel st AFAxE
L2 b3y WAE F sz 24
I} o] o]F-EA 9 F&o
.96

d:C

aC ac = Qe (1)

Rd ot uéTéhDG aEZ

714, R, AQAF
C: Aol 2HdES F&
£ AR
u$3 0]-049]

o
Ds 999 & ¥ L%

Journal of the Korean Society of Agricultural Engineers,

4 (DN AQAF R B 4 (D9 2o
uehd & 9ok
R,=1+ pbfd N 7))
A7NM, oy FY $HLUE
K B39 §99 ByREAS
7&%%
% A 43S DRI 4 9F 4 O

o thgistod "l{P Asle] fE LT ERSFS 4
Zatd o go

d%C 1 ueO) 1 3o K0
9t =n FX3 7 ot

-(3)

Al S Q@A ke 24 )
Aelo) W £2 Fig 2014 HEuig} Zo] Qi

|‘f,"

e — 7
3

l (

l radial Drain well
H ﬁ vertical

l /Injectian well

l
——

(b)
Fig. 2 Schematic diagram of a vertical drain system:
(a) cross-section with circular boundary and
(b) seepage profile.

47 (5), 2005. 9 65



AA e A(VDs)oll g e dA A fAVUE A7

Wt Lol ML 2 Az & gk et
A QHELY o], FAF Y | diF a4 U
A e Ag Gl A (3)o] diglshd

o8Cc _ 1 _a ~9C 8¢ _ 1
t T ar(D* 87')+DZ 3z 2 nr
a(ru,0) 1 w0 1 9(pKL)
or n 02 n ot
............................................................ (4)
74, C: LR
F A WY W

Uy uy WA H AR SE

Gabr %(1996)—"— A (4) 2] Alzkell #igle|

LEEE HEFE o 7Y 734 Agsh A

A4 A ‘“ﬁu e ot FHY 49E

o] g3} 2 (5)9 2] error ¥ complementary
error function” & $E31ath

a2
fil

-

Clz.r.) 1 T.+1
Co 2[6#(277‘/P )

(5)

T.—1 3M,N,
—erf(m)]erfc( 7R, )

4714, erfx): x &l W& error function

(erfix)= 727 foxe _Ezdé)

erfe(x): x o gt complementary
error function gk

(erfe(x) =72; f:oe _fzdé')
T, P, N, M, < XA3AFE 037 2ol 1}
Ebdic},

66

s
TZ:_?%; .......................................... (6)
pP,= az R
2
a, v
N,= nH(r—ry)*® ®)
M,= ()3 (9)
A7IN, ¢, FINLFEE
Qo: %‘%% (mB/h)

@, @ K 9 AL A ()

ES
7’0: ZIL‘CQX&]‘OA ‘_{‘73 (m)

IV, MAbzZ 2 8ol yjjudt
|, Mit=ET8el JHet

2] (5)9 error function{erf) ¥ complemen—
tary error function(erfc) #<2 EF series +4
o7 &2 FoA seriest wWiZBASFY WY
Agshe Aol wet 4ol #st A HFAD 3%
Foh=d ol go] ok mEA] 2 ATA e
A erf(x) ¥ erfe(x) #E T8t L& o

AL s7]¢fste] AL E g3 FLUSHE 7
T Fig. 32 e Z2e 58501
AHEE Languages Visual C++(6.0)0]t}

2 Z2739 YHARE Tabe 1904 Ben)
S} o] Q. AARIY] EARE, 49 o]f, #
Al Fabe) Bd AR %7234 %, 4
49 vb3 Foloh Edh edEd FxAES 4
S P 28+ 9 FExd TF gyt 2
HAEZ 79 FLUSHZ #48 Ag= 999 9

(Ze], ¥R Mg Az 2| edsEe dig
HEEH(c/cyelth

e 1o 2 fjo

o

]-o

BEFTHI=EF A7 A5E, 2005

OH



5 - FE - BE - A

o

(sTaRT 2 FLUSH 28io| M2
TR B A7oA Ae AAZz e gL A
L S ted E37] 9)5}e] Bowders S(1995)0] A&st 23
@t =0) o] 243}t Bowders < QA u|SEAF ol
S os 298A AAEAE AWK Yk 2o
@+ 0.78 m, Yulg FA7F 0.67 mQl A AFEEE
MEea il ol Zope] 1749 FYRH $AM WO 5
i S N 223e AXeATY. FUNY 23y =
Mo 32 mm, 57 3 mm& WEAS Aew, 794
G| XpXpX, O o= 138 kPa®) Z7|¢S sFekn 2&Ael= 98
c/,f_\ ] et ) kPad AZAL AT FYATY 2549 58
Mo s =7 EE 4T 332 oIRES stk N80 A
E\'/{/ 2o 1000 mg/ld FES /1A d3EE £
. N —0 oz ARG 2P YL Foko] £%

R o > e o Zgn 929 224¢ T o

—~ l T

pumme In(x)

T
P Y

oY 229 od5dM @2 FE
3 ASATY 2YM A" F3 2¢94d
AxE AARY FLUSHO| <lgste] HA%
A YA Fig. 48 22 27124852

ELH(C/Co) & EAIET

ol

.7,4,CIC,)

\Str )

Fig. 3 Flow chart for FLUSH

pol % g e v g U i B
S ofe to o njw

Table 1 Description of input data for FLUSH

Classification ~ Parameter Description
Soil data n Porosity
s Bulk density (kg/m’)
Solute data u, Seepage velocity in the radial direction (m/h)
U, Seepage velocity in the vertical direction (m/h)
a, Radial dispersity (m)
a, Vertical dispersity (m)
K, Equilibrium distribution coefficient (m*/kg)
Well and (9 Total well discharge rate (m*/h)
sectional data 7 Radius of injection well (m)
H Thickness of contaminated area (m)
R Distance between injection and extraction well (m)
Nsr Number of slice in radial direction
Nsz Number of slice in vertical direction
Convergence Conv Convergence value between C and Co
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Table 2 Input data to FLUSH for case study site
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