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ABSTRACT

Column and box tests were performed to investigate the removal efficiency of NAPL using the
surfactant enhanced flushing in heterogeneous medium. Homogeneous Ottawa sand and
heterogeneous soil were used to verify the increase of remediation efficiency for the surfactant
enhanced flushing in column test. Box tests with two different heterogeneous sub-structure
were performed to quantify the capability of the surfactant enhanced flushing as a remediation
method to remove NAPL from the heterogeneous medium. Two different grain size sand layers
were repeated in the box to simulate the heterogeneous layer formation and the modified fault
structure was built to simulate the fault system in the box. O-xylene as a LNAPL and PCE as
a DNAPL were used and oleamide as a non-ionic surfactant. The maximum NAPL effluent
concentration with 1% oleamide flushing in the homogeneous column test increased about 460
times compared to that with only water flushing and about 250 times increased in the real soil
column test. In heterogeneous medium, the maximum effluent concentration increased about
150 times in 1% oleamide flushing and most of NAPL were removed from the box within 8 pore
volume flushing, suggesting that the removal efficiency increased very much compared to in
only water flushing. Results investigated the capability of the surfactant enhanced remediation
method to remove NAPL even in heterogeneous medium.
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Table 1, Solubility of NAPL in water and 1%

oleamide sodium

Aqueous solubility| Solubility in 1%|  Solubility
Compound . .
(mg/) oleamide (mg/1) ratio
PCE 200 34,000 170
o-xylene 165 16,000 97

Table 2, Result of grain size distribution of real soil and F-110 Ottawa sand

Soil A F-110 Ottawa sand
Sieve no. Mesh size Remained soil Percent finer Remained soil Percent finer
(mm) in mesh by weight ‘ in mesh by weight

(g (%) | ® (%)

#10 2.000 0.15 99.63 — 100
#20 0.850 4.33 83.82 — 100
#40 0.425 11.98 58.92 0.08 99.83
#60 0.250 7.30 40.67 0.44 98.87
#140 0.150 8.59 19.22 | 2.39 93.63
#200 0.075 5.69 5.01 40.75 427
fan — - 2.00 0.51 1.94 0.02

Total — 40.04 — 4560 —
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Table 3, Information of each column test

. Pore volume ‘ . Contaminant(g) Flushing Flow rate
Porosity Medium . )
(cm®) PCE o-xylene solution (ml/min)
F-35
Column A 0.35 26 — 1 oleamide 1% 0.5
Ottawa sand
F-35
Column B 0.39 28.58 — 1 water 0.5
Ottawa sand
ColumnC 0.47 345 Soil A 1 1 oleamide 1% 05
l
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Table 4. Information of each box test

- Heterogeneous | Pore volume Contarninant(g) Flushing \ Flow rate

i structure (cm?) PCE ‘ o-xylene solution J' (ml/min)
Box A Layer system 1,335 8 8 oleamide 1% | 1.0
Box B Layer system 1,750 8 8 water ! 1.0
Box C Fault system 1,300 8 8 oleamide 1% ; 1.0

Fig. 1. Box A with heterogeneous layers.
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= geloz Agsel P, FUAD WP
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g o g HE G2y oo Ll QCE BAME

At Table 45 d¥d AH&€ Wast AgEe 5
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Ay g gadA fEHe §99 PCES o
xylene X5 AR &N g3 Hlmee =R
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Table 5, Result of column and box test

Maximum effluent Total
concentration (mg/1) flushing amount
PCE o-xylene (pore volumes)
Column A — 7400 60
Column B — 16 100
Column C 5,100 2,500 36
Box A 1,370 1,120 24
Box B 28 30 3.6
Box C 4970 3,930 8

FFAA o]F B o|FolE 10 mg/l older
FAEE 235 BAFoEN, AMSPARAS o
&3 Ao A3t 584 FUHE EHAFTH(Fig
3). Column Ce AAl EYS ol&sky Haslx o
1, PCE® o-xylene 1g A& &3t3}d 03*1735}
Column CelA¢] Hd#FE5EE PCEY 72+ 8400
mg/l, o-xylene®] 7% 4020 mg/124 SHFTE ©l
3 AR AHot ok 2508 FUatl o, oF 40

FSAA AF T Uiy NAPLO] A A= ATk
(Fig. 4. A4 E4zde] 724% 42 nd Zdhdgs
o244, 20 - 30 23 Zﬂ;ﬂoﬂ/ﬂ Tailing &/3°] et
=, o] AL HA edAdgY] H A3} 7S
st g A ST dRlo] HY, FE
ESke Bvd 54 oo gAgith o3t Edd

Aol gz Brstn, dA Bl #e AW
AAE ol & A HAAQ 3 5& Ade

i =7 debsten, et NAPLZ e9d &A
4 Ec}: %‘EMI AEAE o] 87 dHA AR

Fig. 5= &
X PCE$} o-xylene— ‘é"]ﬂ =, 1 % ARZAA
LAY FRFE AR 244E BT Qv AW
244 Aoz A A5, HANFE5E7t PCES
5140 mg/l, oxylene & 4425 mg/1E& YERNH, <k

FSAHA ol HsltE, SHTE AFE AH
NAPLS %7t & 30 mg/l o|3te vehln =43
oz i@ o EAjstn US5S vebdch -r-l“qo
2 Badd 52 o|FofR ofgd FRIAME, ¢

Journal of KoSSGE Vol.6. No.4 51~59. 2001

(A)

Effluent Concentration (with 1% oleamide)

8000
7000 A

6000
5000 A
4000 A
3000 A
2000 A

1000 A
04

0 20 40 60 80
Pore Volumes

Concentration(mg/L)

B)

Effluent Concentration (Only water)

-~ 20
~
g 15 - —e— 0-xylene
T
R
E 10 ~
|5
o 97
c
O
© o0 . .
0 50 100 150

Pore Volumes

Fig. 3. (A) Result of Column A with 1% oleamide
flushing, (B) Result of Column B with only

water flushing.
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