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2 HEAs 4% BeTgel A A3
A9 8,000 B2 Fhk % A3t 47 v
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Remediation Technologies of Contaminated
Soil and Groundwater

etk 954 %5 Hrlsled o Mg A &
Hafiof gt}

°4dd ExY EQe "Egoly Aarl o
HAUE 5ol 1 Fgo] AL 2 AefA B
W 2522 s 2 9FS Faslep) s
o9 EXE i A9 Ay 2L AP
Aolde g SEAFE Fg o He & ¢ 9
o} a2t Egelu el o9 1 28
o] UFs-1, Bt Al £ - 3134 A
Aolu QFHEZY] A weA i Tt &
A e glo] 1 99e 4A wel7] oldm
99 EYS Bshet] go Hg # o}
18] 7lgo] 27EH

A QHEYS Bdtel glo], AxSA
o] Y3d Edrled daide H3Ho=
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2H BEY - A

o 2A7E

AR5 olgd ©
o,

olo] RN BA 209 EF D A5l
2 N FEdel Be8)m g B
52 ol Had AEA AL A7IA @
B A4 g THd daHR Lohwng}
ath o 4% OUEY) ASdE 2e 22

48 2402 g Aws ook

ARG $4jo] aslolo} 34

b o

e ER

BV|eY $Fe 1 SHolv Aoy 11
HE Ah B wehA o A Wies FRE
T slon, 92 vk e Y, ¥ #
A el Al|E FollA A8 Aistn
ony  ZUFAATA (nier.go.kr) AFAME
2 EY/AB/7kxe] Ay disid @3

(In-situ) A2jet B (Ex-situ) A2]THeE
wrol A3 AdHsta gl

A 20018 U.S. EPAYA 2EE “Treat-
ment Technologies for site cleanup: Annual
status report(10th Ed.)dl¥e B971&S &
gz odY 2AdAd (source control), A3k¢
(groundwater), B3l(no action) & 3712 &%
o2 FA FE3A olE ] thy & 29 2o
127K AFgEe s Aelela JItkE 1 3=2).

127} &5 FoMe M E X LHE
F A7 7, 2F Astke A E T
7t Zgso] gler, oA 4z digiA el
et AlEstE T gl

3 Shakelford & Jefferies(2000)= £
EY 2 Asire] BAV1e9 FHE X 29 2o
Aol w3 (in-sitw) @ B (ex-

H 1 Identification of remedy and ROD types at Superfund sites(EPA, 2001)

Source control Remedies :

1. Source control treatment

Physical, chemical, thermal, bioremediation

2. Source control containment

Capping & Cover, bottom liner, drainage & erosion
control, onsite landfilling, off-site landfilling, Vertical
engineered barrier

Institutional confrol, Engineering control, sourece
3. Source control others .. . .
monitoring, Population relocation
4. Source control
monitored natural attenuation
Groundwater remedies :
5. Groundwater in-situ treatment Physical, chemical, thermal, bioremediation
6. Groundwater pump & treatment Physical, chemical, biological
7. Groundwater containment Vertical engineered barrier
Institutional control, Engineering control. sourece

8. Groundwater others

monitoring, Population relocation

9. Groundwater
monitored natural attenuation

10. Groundwater extraction

11. Groundwater discharge

No action remedies :

12. No action or no further action
(NA/NFA)
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% SPEIN AF7A L HEAY F
29839 55 9 £840 938 1%

1\'%_
<X 34 2. gitdez JEd,
BB

Afsh e

= 3ol 33 BEH(boiling point)o]
‘7%7] Iq]?_—o]]‘ _TL%‘E-Q] 73@‘”’3 3%% an =

L] YaiMe g22rrt 350T nlgkla &4
g Aed9®(Low Temperature Thermal
Desorption, LTTD)AH|7t Agtsic}, ¥, &
g% ey FH Zo] Wl An FeA
(boiling point)°] ¥ F&f<~= 350~650T o
A HEe 228984 (High Temperature
Thermal Desorption, HTTD)Adu|7} Agsic,

¥ 2 Example of the classification of remediation technologies of contaminated soil and groundwater
(Shakeiford & Jefferies, 2000)

Treatment{ Technology Technique/
Location Category Process Example(s) Comment(s)
Ag7e = 71 . On-site vs. Off-site,
(Containment)| (Disposal) Landfills New vs. Existing
3 & 3 Neutralization Treated soil may
(Chemical) | Solvent Extraction require disposal in a
age) | E o & | Sol Washing, Vitrification Stabilization/ lri‘tldrf“l; O may be
(Ex-situ) | Aerie (Physical) | Solidification, urned to the site.
(Treatment) | qg8ta | Biopiles
(Biological) | Bioreactors
g A Incineration
(Thermal) | Vitrification
o} -
TF A Vertical wells BOt.h passive and
(Pump & . active containment
Horizontal wells e
Treat) are possible: In
¥ 7R Traditional & Alternative covers pump & treat,
HAore (Capping) | Geotechnical covers pumping is used to
(Conts‘a—inmient) o )z}t Slurry walls, Grout curtains contrlol hydraulic
(Vertical | Sheet piling, Biobarriers gradient and collect
Barriers) | Reactive Barriers contaminated water:
WA freatment is ex situ
(Horizontal | Grout injected liners
Barriers)
& A 3k 8 A | Oxidation Technologies which
(In-situ) (Chemical) | Chemical Reduction (*) require removal
Stabilization/Solidification of gas and/or liquid
2 a3 Soil Vapor Extraction(SVE)* phases and
(Physical) Soil Flushing*, Vitrification treatment: Both
ysica Air sparging(AS)* passive and active
e 7le Electro-kinetics(EK)* treatment are
(Treatment) geem | Monitored Natural Attenuation possible
> = Bioventing, Bioslurping
(Biological) Bi .
iosparging
9 P Steam injection*
- H *
(Thermal) Radio Frequency Heating(RF)

Vitrification
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29 B} As5e) Bas)e

ofglgl B4 7|45 A4 1 A4 Sloq o
B3 ohel EAEY, ddd nela A4

3. X2|7|=(source treatment or source
control)

14 /\Lil 2o B _]_;,qgo}o} o}uq o/ _4 A » } _

e o 7188 39 wRLE Aeae Alee 298Ee A | 5 #igolu}
A9E Hu Be AEIN AEAE Bop| LY BE B 558 D fada
folol Rolgel NeEe ZHae Agare o0 SooE el Fe slaRd, 26 59
Jo] el Asko s Uehia oidh 1 Agee) 8ol Qlojd Hrk A=A ol

org T @A 233l/bE 3K Solidification/Sta-
O i

bilizataion, S/8), &ldH(Vitrification), EY
%7152 (Soil Vapor Extraction, SVE), &7}

AB7A AR ule} Zo] EQIHe o
Waog BHEE 4 glouma B o 71tk
A9l AHAQ A (source treatment or

A EEF & 3E (R 3
source control)9 299 A(source con- (1nc1r:erat10n dga Ez;g(Bloventmg)
| &
tainment) .2 Yol 4 AgydEzE & o & 7]::*’1‘_(A1r Spargmg = 1]4(5011 ﬂushlri:,’
(chemical treatment) § B& 7]&°] 71250l
A3 9l
o] FoN ENZVIFEFWU(SVE), nsl/ekgst

H 3 Typical remediation technologies of soils contaminated by petroleum, oil & grease, and lubricant

LdEd B 0] 9] % Q o= £ =3 Bl
= = 291 29dx: HE 7t Bdns
- 247 (w/ PRB+EUE L)
2] & 2] A (Phytoremediation) [(BE]
In-Situ E%Z7|52(SVE)+ulo] 2 IE [E+AE]
23 A H . Air Sparging/ Stripping [Ed/8%)
(tea, e Soil Flushing [5}3}]
AE) Bio Slurping (BE]
AFE =727 (Land Farming) [HE]
Ex-Situ AL 4€A(LTTD) [44]
AFE N N = e
E A A (SW) +3 53 2] [(E3]+3%]
. AFE AARN7Z (w/ AE+EUEHE)
Z A % In-Situ -
(a2 —= -
oujo o) Ex-Situ AsE X& E}HTTD) [84]
R . 4 X-
IvE 22 ALH(HTTD) [€4]
Asx -
In-Situ
ZFAG + IFE -
&2 Ex-Sit ANErx 224G 32(HTTD) +i 7} =) (&3 +3}stH]
x-Situ
' TEE | LA (HTTD) +0 7 %A (23 +3}8}]

_27_



Holty, B9 &

R i‘1°

T

¢

N

b

‘6

334 A3

A6E 2001 114

(8/9), 2439 5 7|12d 4L A& AHE
7RI glen, AT Bol A4H1 e ¥

& g¥se 924 3

F3 71 PBES AAT F gleH,
3}/ gel/aet Wies o9l

o] o] AL ARIAY uHAT e FHLEA]
2 3% AAZ Y8iM gol F8=1 ot
239l a5 2 FdlM st

7|2 gt

w5 oo B o= HogE: AESA

Eol 2 (hioremediation), A% 3P (monitored
natural attenuation: MNA) 133 A& o]
23 2329 (phytoremediation) ol 3ith.

AAdRsEE 2F WIARA A AAHA

M glo] ePREe] AQHoE Wik &
2 - 5 AZHAQ Ao SN FHolt #
2, N3 BU9ES S B
o Sl £ Aekrlel e9gRe] Agol}
557t AR o2 BadES
2}

e EF g F

fEshe 398 @

3% 1 Asked gs e ek

(chlorinated volatile organic carbon: CVOC)
g FrAEY

< Agald AAske FHAA

Uncertainty
reduction

Engineered
processes

Uncertainty Engineered
reduction processes

AP e 73 | 4a A2aHE v
& Alglele}. 23 (a)e 53X B3R5 ppb)7HA
A% deAlys A48 Ao, ofw A
g 28717k 50deR Jepgth ¥ 18 (b)
dAE 200 ppb7HAE FFAEE SR TH o7t
Al &8 717 179), YR FE& Ad%st
Hol| & H2she 7ttt TN FEH
717l sldete A8 SHA wi¢ B3t
AYg o & 3tk

v AR AARe|x, FFo] gt
ol Wkl 22 2REAe ¥l At wed
HleA] B3] 34548 94wl skedl, A
A AzbEE H43e) Slde (1) =43 52
B3 odE, 72 9 549 b (2) diA
Qo] FeixAe B4, 23 (3) AAARY F
ARg 5& #3438l s, 4F 2"“3"‘
o] AFolr olFolut £ (fate)d] U FEI
o229 ojale} sl 71xg %‘ﬂ%%(risk—
based corrective action, RBCA) &2 7]El ¢
A B/l Z2a¥ 52 o83l HERXE
ARsln dAH s BE AAlE 1 4
A3 184S AFsTE AAEY Ao B.
sty =3 AdRsez 44 FdE F de

Natural
processes

Contaminant uncertainty

i

Cumulative costs

CVOC concentration
Dollars
CVOC concentration

CVOC concentration

Annual cost

»

4 X g

fs

Cumulative costs

Dollars

CVOC concentration

-----------------

Y

mn nual cost

-

Time from start of project

121 1 hypothetical of cost versus cleanup
case] (Rice and McNab, 1998)
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Ao gl e 3] R A4 oz

A Aol v 7len W] Adgstke A
2

NE8HA 2 (bioremediation) & EE|Elo},
Zo](fungi), &, &4(enzyme) 59 AET}
A Bl Bl Agkr, 371Fd 284
o] Zgo} EAS ZHaA7led ARREE A
et BB EdydMe RS O
A2 upiole v 5 dde] e
S-& o] &3l WES}E E3f(biodegradation) e}
75 59 WREY 7] eSS AEEE
Zujzg-0 2 BMIAA T B ol8se AE
gtd WK biotransforming) ¥ 7H7F glew,
7129 v 7145 Erhke A v g5
U 2%xe §7148% 183 o 7R edAE
Bo] EAF] Sl A%de gt W AeR
2adu gk & AR e e £
o] #7)4(aerobilc) Z7oIA olitsletael E,
#7714 (anaerobile) Z7oA wgoz W=
2 ole|gt AR Ralohgol SJaiA R Feol
A EXo] wi=A] AREdae & £ gl a2
22 e A4S Byl dE0R AMHE
At AESE 55 (bioventing, BV),
BSL(bio- slurping), E¥37132% 59 02
713} WEEo] AME T Ytk

B o8t Asbie AEska Bl
UzA 28] AAAAF ESleA Bk &
g - 38} - AYESA ZRo o3 I, && 5L
eky3} B S ol B - Asklle o A
g Azlsle 71ed Wt URE viEd o4
Z NBEL 3 28, a2ln Beed A7 o
E ez ] e¥EAE AHE e,
M9} 2 7 55 ol8siM Tl 24
X O AL A5t @At

tlo Mz

¢
-r-‘r-r‘

>4

[e2

o
T Reapentipn

gl 2 Contaminant Fate in the Soil-Plant-At-
mosphere Continuum (EPA, 2001)

AE 2m M2 A= de Gl A, &
ES 0|43l 6m~14mTiel disiME A8
& A7skn glor, 1 A dede A4 3
J% g Aoz ogdrt. AL FE2 2EY
o} B2 (cottonwood tree)7F Zo] AMEE R,
a2 olgjd=  sfuler](sunflower),
mustard, 18|31 EZF(ryegrass and prairie
grasses) 5°] Utk

Indian

4, @YX A |2(source containment)

A (containment)71&S  LFGAAEA  thaliA
313ka Ado] Wloly #3 52 oA ¥ &g

A& 4= g3, AAA7Hnatural attenuation) =
g 4 e Aol itk E=3 2 - Ay
Soll WA £ e QPEAT HAE 4 3l
o} wEb FH(53], I eMe o 209d A
RE Adr|es gl AR ftoH, w=odxz
2 JARE oo Ul FAo] mxH T Y= AE
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224 3 Thin slurry cutoff wall with geomembrane
(Manassero et al, 2000)
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FgHo] ool FAH ez A FEF 3

Me F7HQ A7t aes
Al g3 DAl FL FTH R PR FHA F7)
2 #2E AFPshke Atelrh. U (slurry
wall), #lo]ExU(sheet pile), ¥ (soil
mixing wall) &°] $Itt.

A dAzMe 29 49 2 B4 uks
¥4 (permeable reactive barrier: PRB)7} Sl
or PRBY AlgWye 7|& AdHA Ao}
A1 g PRBeIME 3% wheAlE A9 o
AE Pgsin, WA T4 dAp 2AY
Flofeit}, WhSHA9] Yele whAlg g R
o &3 A, 34 W3 o] B -5y W
S-S d2AA BAA|E Wt vksAlZE O
7h A, Beo] o4, ALlE, HE, HEl]o]
%27, 33 7}(ground rubber) §°| AREE 1L
Aok,

PRBE] AAAe 4t AdEol vhR3EA
el Helgle 7153 F371%H(attenuation
mechanism)Z ©l3l& 4 glojob it} d=2A
ol2uBlo|u} FANES o]8sle] Aaljol k=
7$olle FolLuds (cation exchange ca-
pacity: CEC)olv} F2-&8¢] Holt A ezlo|E
5 AEE AR WREHAE e F=

o] )5k, A (precipitation)d Z-$ollE

A o

SHAE E3sle AA9 pHE VRIA £
Ae AXE(Ca0), dolomitic quicklime(Ca

O+ Mg0O), monohydrated dolomitic quick-
lime(Ca(OH) - MgO) 52 A Azld wEy
olE, attapulgite HE AMEE /W6 F= Aol
sttt

ARz e f71498Y F3e “AF(hydro-
phobic) &I @/l Qe FolAe #7] 4
of <=t AA o] Sl wEbA HAe] £7]

gae F& PIA FH $8F w1l
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|
GROUNDWATER
FLOW DIRECTION

FOBVIEW

T2l 4 Schematic of simple treatment wall sys-
tem(Vidic & Pholand, 1996)

leaned Water

Tlwe: geatnent P Shmy Wal‘l ar
colls each with " Reactive fow-k i Barriet
different

treatingt

Fliny
12! 5 Funnel-and-gate  system(Shackelford &
Jefferies, 2000)

et FzPsEo] F71E 4 Sih ol AH8E &
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22! 6 The principle of thermal desorption
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