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ABSTRACT

Surfactant enhanced in-situ soil flushing was performed to remediate the soil and groundwater at an oil contaminated site,
where had been used as a military vehicle repair area for 40 years. A section from the contaminated site (4.5 mX4.5 m X
6.0 m) was selected for the research, which was composed of heterogeneous sandy and silt-sandy soils with average K, of
2.0 X107 emy/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 contaminated 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 on a gas-chromatography (GC) for TPH concentration in the
effluent 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). The effluent TPH concentration from
wells with only water flushing was below 10 ppm. However, the effluent concentration using surfactant solution flushing
increased to 1761 ppm, which was more than 170 times compared with the concentration with only water flushing. Total
18.5 kg of oil (TPH) was removed from the soil and groundwater at 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. The removal efficiency of surfactant
enhanced in-situ flushing was investigated at the real contaminated site in Korea. Results suggest that in-situ soil flushing
could be a successful process to remediate contaminated sites distributed in Korea.

Key words : surfactant, TPH, soil remediation, groundwater remediation, in-situ flushing, sorbitan monooleate.
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Fig. 1. Schematic of in-situ soil flushing system for soil and
groundwater remediation.
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Fig. 2. Typical micelle forms (modified from Israelachvili, 1985).

(a) spherical, (b) columnar, (c) lamellar.
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Fig. 3. Diesel oil phase separation of sorbitan monooelate solution
(from left, 0.5%, 1.0%, 1.5%, 2.0%, non-surfactant solution; O:
oil phase, E: emulsion phase, A: aqueous phase).
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Table 1. Physical and chemical properties of two surfactants
Viscosity Interfacial tension Density
(10* kg/msec) |with PCE (dyne/cm) (g/cc) eMC HLB Color
Distilled water 0.9779 444
Sorbitanmonooleate 1.0351 11.1 1.08 0.0039 wt% 15 White-yellowish
Oleamide 1.3042 10.5 1.002 0.004 wt% 10.6 White-yellowish
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. ‘ T monooleate 1% 898 0]83) Z¢] AF-S- AA|si, A
0 0.5 1 15 2 25 vh* ;ﬂnq%p\%xﬂ‘: ] EH:} Eok ,q]xq/] ;qg]_ Egol g—a%

Surfactant concentration (%)

Fig. 4.1. Solubility increase of gasoline in surfactant solution.
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Fig. 4.2. Solubility increase of kerosene in surfactant solution.
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Fig. 4.3. Solubility increase of diesel in surfactant solution.
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Fig. 5. Soil cross section of the remediation site (scale 1:30).
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Fig. 8. In-situ soil flushing system in the remediation site.
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Fig. 9. Sample bottle (500 ml) from a extraction well (P3) during
soil flushing.

Fig. 10. Color change of effluent solution due to bio-degradation
at room temperature.
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Fig. 12. Comparison of effluent concentration between surfactant
solution flushing and only water flushing.

ppm olEldemE  Hul gQl 10 ppmeE 7FE)et AA
A E o83 e ATEYY s Ae B3
B30 A% T, A7PE 73 Ao fR9 TS
2819982 vlngh Aotk gl Fre AHTX
AE o839 E AF ETE o839 wRt i
1508 o3 =okoH, & AA fFel &2 80ul o)t
olgtt. ot Aul= AA 9 AHM AHEAA)
£ o8 A9 EFAAHe] Fe Al aFEe
T SHESS Akt uig a9¥olge Ae o
k=g

E9F Ao 23 A3} axE JAHow A=)y
s, AgE A FEE 7I1ZE Sl ARV F
Q AAE F TPHY ¥ ARSI Table 2= Al
7R B MY P29k P3E BE F2F TPHY 3&
Year lom, A 7I7F B 2F FAA ¢k
18.5kg® F(TPHY} AA=A. A2A855Hs 0§

i

o F

Table 2. Oil amount removed during in-situ soil flushing at the
remediation site (unit: kg)

TPH removed from|TPH removed from)Total TPH removed
extraction well P2 | extraction well P3 at the site.
35 15.0 18.5

Table 3. TPH concentration in soil before and after soil flushing

Depth TPH concentration TPH concentration
m) (mg/kg) at the site (mg/kg) at the site
before soil flushing after soil flushing
0-1 381 110
1-2 5671 1762
2-3 2623 60
34 1020 28
4-5 26 3
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Table 4. Comparison of heavy metals concentration between injection solution and effluent solution during soil flushing (unit: ppb)

85

Cd Cu Cr Mn Ni As Pb
Injection solution (pretreated groundwater) 0.1 8.0 19.3 1564.3 10.3 3.0 02
Effluent solution WB-1 0.5 30.5 142.8 4952.1 228 76.6 50.4
Effluent solution WB-10 0.6 432 319.2 47634 19.6 152.3 121.5
Effluent solution WB-16 0.5 26.2 339.3 6494.5 253 134.5 60.2
*N.D.: below detection limit.
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