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Surfactant enhanced in-situ soil flushing was performed to remediate the soil and
groundwater at an oil contaminated site, and the effluent solution was treated by the
chemical treatment process including DAF(Dissolved Air Flotation). A section from the
contaminated site(4.5mx4.5mx6.0m) was selected for the research, which was composed of
heterogeneous sandy and silt-sandy soils with average Hydraulic conductivity of 2.0x10 em
/sec. Two percent of sorbitan monooleate(POE 20) and 0.07% of iso-prophyl alcohol were
mixed for the surfactant solution and 3 pore volumes of surfactant solution were injected to
remove oil from the contaminant section. Four injection wells and two extraction wells were
built in the section to flush surfactant solution. Water samples taken from extraction wells
and the storage tank were analyzed by GC(gas-chromatography) for TPH concentration with
different time. Five pore volumes of solution were extracted while TPH concentration in soil
and groundwater at the section were below the Waste Water Discharge Limit(WWDL). Total
18.5kg of oil (TPH) was removed from the section. The concentration of heavy metals in the
effluent solution also increased with the increase of TPH concentration, suggesting that the
surfactant enhanced in-situ flushing be available to remove not only oil but heavy metals
from contaminated sites. Results suggest that in-situ soil flushing and chemical treatment
process including DAF could be a successful process to remediate contaminated sites
distributed in Korea.
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HAZ IUHY 22 AFoA FFe BEE EY 2 A, 280 FLT 3 EAR
AFEEAM, 29 AFNA FF LFGEY X9 ol5E AHste ol Ui A7t &43
APoix oh!? o)es FIYHE FoA D)X EY AAH(In-Situ soil flushing) &
F2 249 ESF AseE FA A $Ho2ZAN, 71EY Ae-FYH(pump and treat
method) FElE IdE {FAFHAA 2@ Qe FH FAE WUIAIA &3 ELH AsTE
A A 5 Avhs FHE M A, = ER/A S A3t ALl ojn] &#3] A}
£50A gton, 53] AMEHAE ol &3 UHAA EF AFE L s Al A3 @ A
| APEEZRE 1 284S AT IdAME A Y 29 ELH A+ E Aststen
AT kY B AFdME ARGA 24L o] 8F A9 EY AAYPOE RAAY ¢
2% 77 28 A9y EXH X5 E AGF2LEN ofA7A] IFU o #AAA A AA
HA FATE AUEEA dHX ES AU @7 H3 288 AHsaA P, =3 &
EF7I7FGFAAZX7E 23 E ste A X3 AFE AR EA, AdAAA A MY T &
2 A& A A9 e FY B 7Y FES(E] o2 2dE L9AYY ¥
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AstrE AEHRFoRA, 0@ X3 HSE AT MHIHY FF A7 F2A AL E &
Z g 2 713 FERE AFI}IA e Aol B A7 EF o,
2. A3t AY FH] AF

B 2d #8FA EF AR MY Aty ddEHe AUEHAS A9 ¢
3le], Hlo] 2 AHEA Al sorbitan monooleate ZUjAt 27) A E 3 ulF Akzo noble 3)AMAE
9] Oleamide® ©]&3ld, A LHES 7I&d, 57, A2 AEs 4 dig 3279 A
HAEHA &9 &% F7F APE AAEA, A=rt 2, 7MFHo] A3, £40] gl Celnon
3]AL A F2l sorbitan monooleate® AF-83}E, Oleamide®}t ¥l &= E3E A7) sy
2% ¥ B o)&dtm, =HRZA Alfo] ey HEE 22U F YE oaAZzY ¢F 0.07%
Cgste] HF AA Qo2 ALgESATH
g B2 EY E4H QHE X ¢4S Hosl7] A3, Geoprobe FRE o] &3}
10 EG ANEE 4719 A AHAAM A= 6m 71A AFAGAeH, EY W TPH 9 BTEX 4
1% son, EFUETN S AATtY EY FAEE FAFAG(Fig 1).
> S-1 3H5-¢} S-2 Fo] 7HY Wol LEEH e, o] EHozAN H3 AH RAE
45m>45mx6.0m 2 MR, Ast FA Yo FAA 67018} A+A 370 A& HRe}
53 tH(Fig. 2).
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Fig. 1. Soil cross section of Fig. 2.In-situ soil flushing system
the remediation site (scale 1 : 30) in the remediation site
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¢ AN AN FAFR ASFL A¥SA ddstn, A4 712FS AAD 29
2ol 3¢ A¥Hoz ANs, A 2L Fol7] Astel 09 A% A FHe) A5US 4
Ao, oF Foh FA W EF AF 2w At
79 Azde AYd 29 2A A9e A5 g AHgstel ARBHAG olaxzy FIS E
ool A4gAE Vel 2YHD, dBY FYTUSOT/mnZ Aol £UFA FUCA
el A% FYHJG A5 AL 24 AFPL ol §de], RI-141Z, FU-30% BHL
= G4 BEZE ogeel AEHASN, NG 094, 17490 A2%el ALAOZIH A% (200m0
e AAFAT AAE AREL H2AREIRNGOR BHH AP AAL
FR(TPH)Y F¢ Adste] egAel 182 AEstdth 29 2HAR0 datg 739 53
Aog NBE H¥se FFE F=2 Pt
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4. §FEF717M A7 289 38 A FTA

2 dFdMe 299 A3 E dHeAHgMEI LT oFdE Aty Hstd &EF
7GR E, X, $3E, pH 2RAZE 2FF e AHEYgITH Al2"Ewg 4939 d g
Zo A& NaOHE #H7Istd pHE d71gEHlE2 AT o8, $3AY PACPoly Aluminum
Chloride)& H7l3to AAE ZA TAA FozH AAE EolaA st £FA pHe 3
Aol Fe HA3 37 A3H Jar TestE: A3 Hdgd gz &9 WHS Adsio, £3
€S FUd d9d $3FE Z89(Polymer)E SHBRZAZ H7Mstg9en, Jar Test 4%
o ¥tE S Fao $HAA PACS $HEZAY Polymerd FUFS MASIA, Ao =g
P MEe= Azt NEE AAF4AT. pH 2AHAZAA #FE FFHA A5 pHE oA
F4082 23 viE3PT
5 27 4 B9

Fig 3. AM+A P29t PIZRH AFd AeFE 24 s X9 FFANH22Z e
wol, Mg Azt B& Z e TPH w28 dveid adz2A, Ad §% 5T+ P37l
1761ppm®] i1 P27} 364ppm &2 A oF 488 Aol& Eo|w, AA 7| F<¢ AM+F P3oA A5
Y TPH &7l P2R¢ R A Jdeud. 12 ofe &9 A4 fFedEo o B3
A E¥sa gl7] WEez Agd Fig 48 2 E¥ AR A AFdA Hy Adsde
o]-&3 AAe Ageok AUGAHAAE o] &% AL AE 73 A §d FTE vag Aol
o AHEAHAE o] L3RS Beol Adtertg ol &d AAEY w71 HI 1508 ol EU®
om, F AA FFH F 80Hl o]FeIUEF o] ARE HA 2F AN AYVGAHYAE o
43 492 EGAAYG #E A nFEY fF LAELGS Asisted w$ gl
T AL 9ug. AFE Aedy 525 722 3o AN T4 AAY £ TPHY ¥&
AMetd S o F 185kge - F(TPH)7F Al A= Ah
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Fig. 3. Effluent TPH concentration from extraction Fig. 4. Comparison of effluent concentration between
wells (P2 and p3) during soil flushing surfactant solution flushing and only water flushing

Table 1. Comparison of heavy metals concentration between injection solution and
effluent solution during soil flushing (unit:ppb)

Cd Cu Cr Mn Ni As Pb
Injection solution (pretreated groundwater) 0.1 8.0 19.3 | 1564.3 | 10.3 3.0 0.5

Effluent solution WB-1 05 | 305 | 142.8 | 4952.1 | 22.8 | 766 | 504
Effluent solution WB-10 06 | 432 |319.2 47634 | 196 | 1523|1215
Effluent solution WB-16 05 | 262 [ 339364945 | 253 |1345] 60.2
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SEF77HE AR 2eE 38y A Fgoz MM 2P EFY RHEL FEE I
THEHEVEAE H1 59 ol zFHstg oy, A3 Ha F < 50ppm o)t Fe FEE
FAGROH, n-d4 FEEA TESG Pby ALdE EF uE3E 7EA o2 anHo
2 A8 39} (Fig 53 Fig 6).
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Fig. 5. Comparison of n-hexane extracted material concen- Fig. 6. Comparison of Pb concentration of treated
tration of treated water(TW) and original groundwater(TW) water(TW) and original groundwater(IW)
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