EGAREL o8 47 QALY B
Remediation of Petroleum Contaminated Soils by
Soil Washing

EYo] f3 #71dEZ 2 FFE S dstd 29HA A= B, oE
7‘13]01-—: PHe AA RE YUE F A A, HEAdel E EHA 3
Aol Qe AFodeE EUZF7]FE(Soil Vapor Extraction)2 o] &3t 32
7‘] o gM AAsE Aol H83tH(Gomez-Lahoz et al., 1994). Z#Y in-situ¥d
71gol7] Wi ¢ -?—17]' He ZAf 74 F7 &Yl st EYY E
TYs EX " & AA @, 4, AN E SHERH] HETH
o7 Ro|3tA EaMEHE 7$olt bioremediation 71go]l A3 =31 oH(Caplan,
1993). Bioremediation 7Ig& 19874 vz G# &It bl dojd A&
FEAY W EFALE 55]-01 ¥353 A4E UYeERAR], BE e L4
Edd o8 FHASHA 2d8® AFe] aRHoz ALY
£57F =gl FH #AAJAZ g3 AgdHF FES dE F
sjdstoior & FAHo]l Bh(Day, 1994). AA, A3ud 29
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Hol Qe A9l EFe 2ol - Mo HAAE EFAH W (soil wash-
ing)o] fShTh. EE kA AAW BAW W ozt FLY B3 U *§—rsﬂ he
@ 2ASE ARRGoE S0 P4HoE AAY £ JOBE BFH §718

EF 9 FF5 vdFez HEH e @ AAd HFY Hop #F ;51%"301
A3 AAHCEZLE FE&Ao Hold A dtUE AAHT A (West et al,
1992).

EFAH7IHE A3 A ZA(flushing agent)E AH8-3t EFYA | Ad o]

de F3l FrIedEZY EUAFE dNIIAY FEEHE Ao E HIAH
EYYAZRE F3 fVeEERD 2 FEEE 2YANA Agsie 7oz
g wat jn-situ EGAR7E (in-situ soil flushing)® ex-situ EFAHH
719 (ex-situ soil washing)2.2 tEd & JTHUSEPA, 1990). In-situ EFA 3
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e Ege Badel Be A 21 ANY od2del 943 23 299
#

2 s+ ﬂ(surfactant), A 47, #49E A (chelating agent) S}

ditd oz AlgdHY. EL A5 2FEEZE, AWEAAT AFAH LEERS,

ey F2 ol&dt. AHFHEL&H

(flushing solution)®} 2 BE Edo] HESA HE 2dEZS &332 (solub-

ilization), -+594¢ &4 (formation of an emulsion), £t A& E&A7} E -

sletd g ojste] EFoZRE] AHEHoR olFdAl Hol AFH fFEF

(contaminated elutriate)7} AA E| 22 (USEPA, 1985), 232 ¥ A3t Hs)
A ol g A A=t dasih

ARSHAE EAW S8 854 FE71& A =224 ELFAA
Aol e 254 FVILFEAY BEUAHS AdFAA olF EYLERH
FAAG. 229 gufd digk &EE F7HAII7] WEA Z-&mli(cosolvent)
Fi%x 52 (Grasso, 1993).

ARG AE Fig. 17 2ol I54971(54 2871 head groupd 254 7](H]
FA4 ZAE7)Q taile] F REOF o]FojA glon, AFAIIE AFAHVIET AWE
A E4e o & FFE PR JAFAE7Y TR w AWELAE EF
stoh A7 Fol&(cation)?l S, &°l(anion)Q! S, ]2l oid A
$-(nonionic), Fol+H Fol2& #o] 7FA I A+ A F(zwitterion)7} 2w, °o]&
& 77} ool 27, ol Hlol2 A R FAgolA AREAAZE FE

ABgRA e EAELE 589 WollA vl d(micelle)olstn B¢+ 4 $3A
(molecular aggregate)® A&t} vl systemQte] o] & JlEd ZAAWHo] ¥
HAE wW FAFEH, Fig. 29 Zol &4 A9 454 FEL2 $3AAY ¢Fe=

Fobn A4 HEL wPEoT A THE o2
]

£ oA mAE FA3r AFAsE AWREHAY FEE IARNE F:
(critical micelle concentration, CMC)&txz %t} weld CMCR#HET 92 5%
e ABZAA EAEL dEFdH(monomer)e] FEER EAFcE vjAe] FA
gol uet AHGHA &do g {UILEEZY e S/, o A4

S 1A &3l (micelle solubilization)@}t 3t}
ARgAdale] 7Tz T4, 2% o2 E L fAGAe FUILFEZY EA F
Bl So] CMC#E Z2AAE 8% AAo|tH(Rosen, 1978).
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298 Ege] B ARBAAN ¢ ARFEL roll-
mechanism®2 4¥¥ & itk Fig. 3¢ AQLAA vl 4ol @
L2

bac
EgoznEd 254 #7109Ed AARES VHun Jth EFYRe
F49 2544 f7129880] FA4sE FHZHcontact angle)e AR A
Zasth 3 @Ezo) 243 AVIHAY A0 f710gEdel Egoz
2 4 AAY 5 Jom, wd Pg2zol F25E EYH 254 4710
2909 A8l AA F7109BAS AR TR BD oD 299l §7)
SPBAL AUBHA FA2 §F FAE EF YAl 2RHA Do mep
% P& CYEFH 254 F/10PEAY FFO WE UF 5L 2F
Mg & Qe F2F Aol

=@ ARBAA B A5V &84 AoH =27)) we ARBAA

o &3 EAol AAHAY. dE £, vlo|A AWHBAHA AF polyoxy-
ethylene oleyl ester# = [CxHZx—ICOO(CHZCHZO)yH]’] A4S 7Rl Q)
o]gidt BATFE F oleyl esterZ7lE B|FAHOZAN AFAI¢ wbA  ethylene
oxide7] = Aol I4A4E Wl & ethylene oxide”]1d & Ueld & ygto] &
AREAALTE A4S JeEdY, AE&T8E 2948 JA €9
HLB(hydrophile-liphophile balance)3t-> AW&EAIA] Exe] FAz2E7)9l w|ZA
28719 AdiE Z7bE Yehde Es5E, AR uds 848 9 A8FHE
ABRGAA BzLe] &4 (aggregation number) @ A2FA F71ogEA L=
of g A NEZ AP HRosen, 1978]. HLB#S dutz o2 0~20 A}o]
o FAZ Yl 32 FAFE IA/FAHE =275 AF4ES YUEEH(Table
1). HLB3Y ®3= AREA4A {99 a7 83 54 & 7o
Polyoxyethylene oleyl esterdl AlA&Ad A9l 3¢ 4328720 ethylene oxide”] 7}

242 HLBRo 74 ARNTAAY S840 =783, ARZHA &9
A5 27487 A
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The Basic Chetnical Nature of Surfacc Active
Molecules
Chemical Extractioni/Soil Washing

Fig. 1. The Basic Chemical Nature of Surfactant Active
Molecule (Grasso, 1993)
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Fig. 2. Cross Section View of Micelle (Grasso, 1993)
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0it Removal Mechanism
Chemical ExtractioniSoil Washing

Adsathed aily sail, difficult 1w remove by mechameal sciion.

Surfsctant adsorplion af OfW and Sn’W interfaces acts (O WL
drop deformalion (a). followed by “necking™ (bi, and evemual
pariial ail removal (0). 1f the onginal contact angle of 0! on the
surface is less than 90°, a 1esydual drop af oil 1nay be left; i the
angle exceeds %)%, complets soil ;removal may e attaned.

The “roll-back™ mechanism far vily soil removal

Fig. 3. Oil Removal Mechanism (Grasso, 1993)

Table 1. Surfactant Characteristics according to HLB Number

; HLB number
E
M 011 2 3/4 |5 |6 |7 (819 |10|11]|12]13;14|15}16( 17|18} 19| 20
non-soluble
c nondispersity
(0] .
. emulsive
N dispersity after
II) violent mixing
T stable emulsive
CI) dispersity
N transtucent
transparent
U W/0 emulsifier O/W emulsifier
S
E surfactant




A4 F71LG9ERLE Bo diFy wg ¥ LIEE YEWAITE AW
FHAZ HE3e AS 254 F7ILEERC U &d=w FUtEd AW
A 9% L3x F7F 29E Yehlle F8 ¥7 MSR(molar solubility

ratio)Zt# EulAl$=(partition coefficient, Kn)olth. MSRE2 &AW AHZAA]
29 {3l Bg 25 /Ue9EFY &3: ¥3 AEE Ugdn. agx
BuAlFe 254 f712dER0] nddT FE&AGA EAstE B E YEAT

ARSYAE %o wl$ usA g oA AWEREAE 2=7t
Yol | &alxrt HelElnz vde] PAHe HA F=d CMC# olstzt HA
gk CMC#ell =29 o] &:2 Krafftiolgr dFh(Myers, 1992). ®]o]24
ARZHAE oA AWEHAY L7/ dE2ER 2E7F s @&
LIt B4, FEAQ A 23 AWM AY AE 2 (phase separation)”t
dojdrt. 0|2 g @AAS coacervationol 8t 30, olde] &% & cloud point} o
a8y Ak EGAEH ZAAdAME x4 g% JFE agA EFAC HA
&=t (West and Harwell, 1992).

2 AHFTHoE Hrted qEAHY LIEHEITH

» petroleum and fuel residues

* radionuclides

* heavy metals

» polychlorinated biphenyls(PCBs)

+ pentachlorophenol(PCP)

» pesticides

« cyanides

* creosote

* semivolatiles

» volatiles
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Fig. 4. Application Range of Soil Washing by Particle Diameter



AARZE AA 2 A%

B AT gA . AT ARG E 47 3PE2 oPW B mgHew

AF Aget7] 98 o153 A5 EFAARA T Fig. 55 LAET) AF F
Hxolt.
HER Z2—n
2831
E27Y [ELES: SAN 59 Polymer %8 85
l l 23
EY%Y EYN% 1% 34 % 21t
3 3 RES T g3x g3x amx
SAZR 79 T
pH 53
388 €9 3%d E9 0K €9

Fig. 5. Schematic Diagram of Soil Washing System

Table 2. Design Criteria of Washing Device

A 4F 5 ton/day °l%

EgSdADARA EGod 977|F
80mg/kg °l3t =& Aa& 90% o4
SS FX : 100mg/L o3 E& A& 90% o4

AR

A fEs F

1Awas 4 TPH ¥ & : 30mg/L olst E& A& 90% °l%
SAu L 109H/E ©|3}

SEXRIEE 27hg 1%
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Picture 1. The Washing Device on a Vehicle

Picture 2. The Washing Device on Site




1. A8 ARA FUFE

dA4Ee) AREAA S0 UF =8 8 AHEE YW (Fig. 62 58
o HA) ANBAA BEES JAGAT. AVLAA A9 FE7 01% olart
99 43 AAgel gasts AW ¥+ AT 001% CMCEHAAE o
42%9) AALE Uebdch ol EFUS vIAESS f718e) FFol oJshel CMC
@uth el Yool AREAL 9t Aoz BVID AVYHAES Wrh
A ke ARAIME o 3% AAEE ehith ol JIAHU hEHe| osto]
FF7 BN 2HE Aoz BoUT ANDAA £ 01% HEA AN A
Ag EW o 0% RO UBhgm 1 o d AgAdE AAgAE 2 W
ooz A4 nestd ADBYA 9 01%E A EAd
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Fig. 6. Batch-Scale Washing Test

2. A3 Q5
AH F TPH T+ 43mg/kgl. 2 96%2 AAEE RAK(Fig. 7).
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Fig. 7. TPH Concentration after Soil Washing Treatment
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Fig. 8. Removal Efficiency of SS in the Washing Effluent
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Fig. 9. Removal Efficiency of TPH in the Washing Effluent
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4. A75x 2 9745
> A+ZF
H7te 5 b: A 4 QAT W 1
8A 7k
2] 8- 5 ton/day ©]4 10 ton/day ©] A

Eded FeEE
A3 (80mg/kg) ]38t
E= AAL 0% %

A8 FE : 43mg/kg
AAE : 96%

SS&X : 100mg/L °]3}t

T 90% o]

SSEFXE : 91mg/kg

TPH &% : 30mg/L °]3}

= 90% o4

TPHE %= : 15mg/kg

*Hu & 10 /& o] 3} 7F %
d&EEH 9 2784 o] AAF o] &
> Az o}
. . &=t .
A8Y (A GHAY| T L&A 9 |5 A
<=3 A
AQ 7.25[kW] | 1[kg/ton] | 500[g/ton] | 5[g/ton] |1[m®*/ton]
S7H Y] | 3,740/kW 2,500/ton 250/kg 5,000/kg 360/m’®
48 7|
27,115 2,500 125 1 360 30,101
[€d/ton]
T AEIA
1) - FAHZA : 37kW
- AAHAZA : 15kW
- EYFAAA - 35kW
- F A8 =9

2) AMEAA
3 7718

4) AEASHA FYHF : 5mg/L

5) AR : 2y 11 FNEDG AFY Im® £9)
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