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The removal Efficiency of SVE(Soil Vapor Extraction)

for VOCs(Volatile Organic Compounds) in contaminated soils

HvunMin Kang
Department of Applied Geology, Graduate School

Pukyong National University

Abstract

Column and box tests were performed 1o evaluate the removal efficiency of
soll vapor extraction (SVE) for TCE (tetrachlorocthvlene), toluence and
gasoline in soil. Remediation experiments using an active carbon sorption
tower and a hiofilter were also performed (o treat VOCs(volatile organic
compounds) from extraction well. Homogeneous Ottawa sands and  real
soils collected from contaminated arca were used to investigate the effect
of soil propertues and SVE operation conditions on the removal efficiency.
In column tests with two different sizes of Ottawa sand, the maximum
ctfluent TCE concentration in a coarse sand column was 442 mg/L and
337 mg/L in a fine sand column, However, altter 20 liter of gas flushing,
the cffluent concentrations  similarly  decreased and more than 90 %6 of
mitial TCE  mass  were removed from  the column. For two real
contaminated soil columns, the maximum effluent concentration decreased
half, compared with  that 1 the homogeneous Ottawa  sand  column.

However, 99% of mitial TCE mass were extracted from the column within

= viii -



40 liter air flushing. To investigate the effect of contaminant existing time
on the removal efficiency, an Ottawa sand column was left stable for one
week after TCE was injected and the gas extraction was applied into the
column. Its effluent concentration trend was very similar to those for other
Ottawa sand columns excepl thal the residual TCE after the air flushing
showed relatively high. Column tests with different water contents were
performed and results showed high removal efficiency even in a high
water content sand column. Toluene as one of BTEX compounds was used
in an Ottawa sand column and a real soil column. Removal trends were
similar to those in TCE contaminated columns and more than 98% of
mitial toluene mass were removed with SVE in both column.

Box experiment with un disturbed soils was performed for SVE removal
efficiency. Ninety five percents of initial gasoline mass were extracted from
the bhox within 100 liter air flushing, suggesting that SVE is very available
1o remove volatile NAPLs in the contaminated soil.

To treat VOCs from extraction wells for SVE, an active carbon sorption
tower and a biofilter were attached to SVE process and their removal
efficiencies were measured.  Active carbon sorption tower and  biofilter
svstems lowered gasoline concentrations to helow 10 ppm within 10 days.
The average remediation efficiency was 98% of gasoline for an active
carbon sorption tower and 84.1% for a biofilter. The maximum removal
capacity of a bioftlter was 10.7 g/L/hr, which was ten times higher than
general biofilter removal capacity.

Results suggest that the active carbon sorption tower and the biofilter
would be available for the post-treatment  process 1o remove VOCs

generated from SVE process.

kev words! SVE, NAPL, VOCs, Active carbon sorption tower, Biofilter

soll remediation
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Table 1. Properties of TCE and toluence (Montgomery and Welkom, 1990)

Molecular | Molecular | Specific Aqueous Henry's constant
Formular weight density | solubilits-{mg/1.) (atm + m/mol)
TCE Co1ICT 131.59 1.464 1100 (0.0099
toluenc CHI 82,14 0.867 Hlo 0.0067




Table 2. Composition of Soil A and Soil B from XRF analysis (weight 26)

Material [ Soil A-1 | Soil A-2 | Soil A-3 Soil A S
Name (1/3) (2/3) (3/3) (average) -
Si0). 60.72 60.66 60.68 60.69 ().0346
AlOy 17.94 17.95 17.95 17.95 0.0038
Ti0): 0.55 (.56 1.5 0.55 (.0015
Fe Oy 2.43 5.43 5.43 2.43 0.0047
MnO 0.11 0.11 0.11 0.11 0.0003
MgO 0.86 0.85 0.85 0.85 0.0055
CaO 1.06 1.07 1.06 1.06 0.0043
NaO 1.68 1.69 1.67 1.68 0.0093
K0 2.82 2.82 2.82 2.82 0.0023
[-0s 0.09 0.09 0.09 0.09 0.0003
LOI 7.12 7.12 7.12 7.12
Total 98.39 98.34 98.33 98.35

Material | Soil B-1 | Soil B-1 | Soil B-1 So1l B

Name (1/3) (2/3) 33 | (average) | 2D
SiO- 655.20 65,79 65,01 6580 | 0.0115
ALO, 16.20 16.18 16,13 1619 | 0.0096
TiO. 0.82 0.32 0.82 082 | 0.0022
Fe.Os 140 441 141 141 ] 0.0027
VRO 0.0 0.0 0.00 0.09 | 0.0004
MeO 0.00 1.00 1.00 1.00 ] 0.0009
Ca0 0.91 001 0.91 091 | 0.0022
N0 113 117 113 118 | 0.0031
K0 289 229 580 089 | 0.0022
PO, 0.03 0.03 0.03 0.03 | 0.0003
LOT 505 505 505 506
Total 98,35 98,34 98,36 93.35

« S, ¢ standard deviation
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Fig. 2. Grain size distribution curves of real soils.

Table 3. Physical characteristics of activated carbon for packing material

Physical characteristic Activated carbon
Apparent density 1.38 g/cm3
Packing density 0.08 g/cm3
Void volume ratio 0.42

Water holding capacity 46.30 %5 (w/w)

Mesh size 5 7 mm
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Fig. 3. Photograph of TCE contaminated column for SVE column

experiment.
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Fig. 4. Photograph of column experiment svstem.
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Fig. 5. Sampling to take an un-disturbed soil section for box experiment.
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Fig. 6. Photograph of un-disturbed soil box.
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Fig. 9. Gas Chromatography with the purge and trap for VOCs

concentration analvsis.
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Fig. 10. TCE chromatogram on GC {(capllary voc-column, length @ 30m,

diameter © 23U, film thickness @ 3um).
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Fig. 11. Toluene chromatogram on GC (capillary voc column, length @ 30m,

diameter @ 230gm, film thickness @ 3pm).
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Fig. 13. Calibration curve for TCE on GC analvsis.
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Table 4. Summary of column experiment results.

. Residual amount in
Maximum effluent col i )
; : olumn after air
concentration (mg/L) Total air extration .
amount (Liter) extraction
TCE toluene Mass(mg)| %(wt)
Ottawa F-35 sand 442.1 - 199.3 - -
Ottawa F-110 sand 3374 - 280.4 - -
Ottawa F-35 sand
384.1 - 157.8 - -
(15% water content)
Ottawa F-35 sand
y 364.6 - 150.9 . -
(55% water conient)
Soil A 246.3 - 212.4 1.6 0.04
Soil B 179.1 - 2254 -
Soil A with one week
. . 181.1 - 2176 7.8 0.195
later air extraction
Ott F-35 sand
awa san : 65.7 24522 0.007 [0.000175
(toluene)
Soil A (toluenc) - 60.4 3309 0.017 10.000425
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Fig. 17. Results of TCE column experiments with real soils.
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Fig. 18. Results of different water contents column experiments.
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Fig. 19. Resulls of column experiments with different existing tme
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Fig. 20. Results of column experiments with toluenc.
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Fig. 21. Results of box experiments with real soils,

- 35 -



43 VOCs A|A T2 ¢4 43 43

Z 159 EoF SVEE o &8 ¥ AgS Attt 003 L/min ¢ 5%

/) el uteh Lhebdl Aolvh of 6437 7b F& FBIL) FEHOR

Hatd e, HT Eres 48 ppmS FAsHrh wg SdAdgr FEds

9%t em®% il Sem hAe] Zloji ARE skl edEe] B
e vtk Ao mM, FHekte] il el FhE) = ol fiz, SVE

gol 4 Fl 4} F54e

shel wA7F 57 g Aow Absilch

AoAE A RS Wolrindl Wi 080l el e W mas wof

#Th Fig. 253 340 FAEel R o) el Wk A7 &
Sou Ao, AASTEE FYE: AEve] w7l worE dgdon @

_36_



FhAIZE el thEke]l VOCs A atge] 7hadke s dEso AAH7] ol

FaE NE vbze) VOCs BEE $E/ 9 avdolds FAeRA A

we FA e WLe e

22 AW el VOCs Wl &7t~ sl 87|39 45
wAd 3pelE el =17t Sippm LS FhorE o), B AF Ads EUSV|FES

- 37 -



Concentration (mg/L)

0 150 300 450 600
Extracted gas (L)

—8— Concentration of gasoline from extraction well
—0O— Concentration of gasoline from an active carbon sorption tower

Fig. 22, Result of SVE box test with an active carbon sorption

tower.
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Fig. 23. Distribution of gasoline remained after box experiment.
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Table 5. Removal efficiency of active carbon sorption Lower

Inflow Outflow

- Injection | Injected lnﬂo_w [nflovw Extraction Outﬂf)w Outfkl')w Removal | Removal

Sample time gasoline accumulated gasolme. gasol_me time gasol me. gaso!lne efficiency | capacity

No. (tm) mass (g) mass (g) |concentration| loading (tr) concentration | loading (%) (L)

{mg/L) (/L/hr) (mg/L) r}

1 1 0.13 0.13 122.8 0.20 1 207 0.00 98.3 0.20
2 5 3.11 3.23 789.8 1.29 5 5.21 0.01 99.3 1.28
3 6 1.65 4.88 692.9 1.13 6 5.36 0.01 99.2 1.13
4 7 1.50 6.38 626.3 1.02 7 4.04 0.01 99.4 1.02
5 9 1.49 7.87 597.5 0.98 9 2.73 0.00 99.5 0.97
6 10 1.70 9.57 618.4 1.01 10 434 0.01 99.3 1.00
7 11 1.15 10.72 598.5 0.98 11 2.54 (.00 99.6 0.98
8 13 1.38 12.10 660.9 1.08 13 4.46 0.01 99.3 1.07
9 15 1.92 14.02 631.4 1.03 15 3.70 0.01 99.4 1.03
10 16 2.00 16.01 579.7 0.95 16 3.39 0.01 99.4 0.94
11 17 1.16 17.18 6324 0.92 17 3.31 0.01 99.5 1.03
12 18 1.33 18.51 581.4 0.93 18 3.80 0.01 99.4 0.95
13 20 1.92 20.43 560.9 0.91 20 6.31 0.01 98.9 0.51
14 22 1.42 21.85 566.2 0.95 22 8.21 0.01 98.6 0.91
15 23 1.71 23.55 497.4 0.95 23 6.61 0.01 98.7 0.80
16 25 1.11 24.67 517.0 0.94 25 6.82 0.01 98.7 0.83
17 27 1.87 26.54 578.8 0.94 27 597 0.01 99.0 0.94
18 28 1.06 27.59 5743 0.88 28 4.05 0.01 99.3 0.93
19 29 1.26 28.85 572.2 0.88 29 4.05 0.01 99.3 0.93
20 30 1.30 30.15 540.3 0.84 30 3.96 0.01 99.3 0.88
21 32 1.63 31.78 5373 0.70 32 3.73 0.01 99.3 0.87
22 34 1.85 33.63 515.1 0.71 34 2.31 0.00 99.6 0.84
23 40 4.94 38.58 426.5 0.80 40 2.81 0.00 99.4 0.70
24 43 2.53 41.10 434.5 0.76 43 2.90 0.00 99.3 0.71
25 45 1.63 42.74 488.7 0.77 45 321 0.01 99.3 0.79
26 47 2.06 44.80 464.8 0.55 47 5.57 0.01 98.8 0.75
27 49 1.34 46.13 472.6 0.64 49 4.61 0.01 99.0 0.77
28 53 2.92 49.05 338.7 0.63 53 4.13 0.01 98.8 0.55
29 54 0.89 49.94 391.3 0.60 54 2.47 0.00 99.4 0.64
30 56 1.57 51.51 385.1 0.55 56 3.66 0.01 99.1 0.62
3 59 1.77 53.29 367.9 0.53 59 2.15 0.00 99.4 0.60
32 61 1.39 54.68 335.8 0.51 61 1.01 0.00 99.7 0.55
33 65 2.13 56.81 322.7 0.46 65 1.76 0.00 99.5 (.53
34 69 2.19 59.01 313.0 0.47 69 2.18 0.00 99.3 0.51
35 74 2.73 61.74 2825 0.44 74 2.27 0.00 99.2 0.46
36 82 4.07 65.81 289.1 0.4 82 1.70 0.00 99.4 0.47
37 83 0.93 66.75 266.9 0.38 83 1.58 0.00 99.4 0.43
38 86 0.98 67.72 241.1 0.31 86 2.22 0.00 99.1 (.39
39 89 1.62 69.34 234.9 0.29 89 1.69 0.00 99.3 0.38
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Table 5. continued

Inflow Outflow

. Injection | Injected lﬂﬂo,w Inﬂc_w . Outﬂ?w Outﬂ?w Removal | Removal

Sample time gasoline accumulated gasolme. gasol'me Elxlrachon gasol me' gasol.me efficiency | capacity
No. (hry | mass (g) mass (g) |concentration| loading | time (hr) | concentration| loading (%) (/Lihr)

(mg/L) (g/L/hr) {mg/L) (g/L/hr)

40 99 3.84 73.18 190.9 0.27 99 1.56 0.00 991 0.31
41 104 1.41 74.59 174.2 0.26 104 1.22 0.00 99.3 0.28
42 108 | 1.30 75.89 162.3 0.23 108 1.30 0.00 99.2 0.26
43 110 | 0.70 76.59 160.3 0.22 110 1.36 0.00 99.1 0.26
44 118 [ 2.20 78.79 142.0 0.21 118 1.20 0.00 99.2 0.23
45 122 | 0.82 79.62 136.1 0.20 122 1.00 0.00 99.3 0.22
46 127 1.30 80.92 126.3 0.20 127 1.40 0.00 98.9 0.20
47 130 | 0.60 81.51 122.1 0.15 130 1.83 0.00 98.5 0.20
48 133 | 0.01 82.28 123.5 0.14 133 1.83 0.00 98.5 0.20
45 141 0.01 83.82 91.2 0.10 141 1.50 0.00 98.4 0.15
50 144 0.00 84.22 88.3 0.10 144 1.30 0.00 98.5 0.14
51 155 | 0.02 85.69 63.8 0.09 155 3.76 0.01 94.1 0.10
52 158 | 0.01 86.06 60.6 0.09 158 1.67 0.00 97.3 0.10
53 163 [ 0.01 86.55 57.2 0.09 163 1.75 0.00 97.0 0.09
54 168 | 0.01 87.05 54.6 0.08 168 1.70 0.00 96.9 0.09
55 171 | 0.01 8743 56.2 0.07 171 1.50 0.00 97.3 0.09
56 178 0.01 88.04 51.5 0.07 178 1.24 0.00 97.6 0.08
57 183 0.01 89.27 45.7 0.06 183 1.39 0.00 97.0 0.07
58 193 0.02 86.70 40.3 0.05 193 1.20 0.00 97.0 0.06
59 199 | 0.01 90.70 33.9 0.04 159 1.12 0.00 96.7 0.05
60 217 0.03 91.05 27.7 0.03 217 0.94 0.00 96.6 0.04
61 225 0.01 92.65 26.2 0.02 225 0.87 0.00 96.7 0.04
62 264 0.07 93.34 18.4 0.02 264 0.77 0.00 95.8 0.03
63 288 | 0.04 93.55 13.3 0.02 288 0.80 0.00 94.0 0.02
64 297 | 0.02 93.66 13.3 0.01 297 0.80 0.00 95.2 0.02
65 302 | 001 93.66 11.4 0.01 302 0.64 0.00 94.1 0.02
66 303 | 0.00 93.70 8.7 0.01 303 0.68 0.00 93.1 0.01
67 304 0.00 94.07 6.0 0.01 304 0.60 0.00 93.6 0.01
68 311 0.07 95.65 4.8 0.01 311 .39 (.00 92.0 0.01
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Fig. 24. Removal efficiency of gasoline under inlet concentration in

active carbon sorption tower.
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Fig. 23. Removal capacity of gasoline under inlet loading in active

carbon sorption tower.
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Fig. 26. Photogragh of gasoline removal using SVE ((a) Distribution of

gasoline before SVE, (b) Distribution of gasoline after 1.5 days of SVE,
and (c) Distribution of gasoline 4.3 days of SVE).
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Fig. 27. Result of box test with a biofilter.
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Table 6. Removal cfficiency of biofilter

Inflow Outflow
s . Inflow Inflow . Qutflow Qutflow
Sampie ln]t_mmn In}ed_Ed accumulated gasoline gasoline Em_admn gasoline gasoline Re_m‘aval Remo‘_ml
No. t(ll;: ;: f;izh?e mass (g) |conceniration | loading fime concentration| loading efficiency | capacity
& gy | @img | M ) gy | @umg [ | @
1 1 9.4 9 1124 12.3 2 29 3.2 74.1 9.1
2 2 14.6 24 1139 124 4 204 2.2 82.1 10.2
3 5 37.5 62 1090 11.9 5 182 2.0 83.3 99
4 6 13.6 75 933 10.2 6 145 1.6 84.5 8.6
5 7 14.5 90 945 10.3 7 96 1.0 89.9 9.3
6 8 11.4 101 804 8.8 9 72 0.8 91.1 8.0
7 10 12.1 113 788 8.6 10 65 0.7 91.8 7.9
8 12 18.4 132 578 6.3 11 56 0.6 92.9 5.7
9 14 12.8 144 543 5.9 13 32 0.4 94.4 5.6
10 20 14.7 159 205 2.2 17 23 0.3 95.7 2.0
11 26 14.0 173 20 22 24 3 0.0 98.6 22
12 43 10.8 184 53 0.6 30 24 03 97.9 0.3
13 44 1.0 185 67 0.7 3 16 0.2 92.0 0.6
14 50 2.6 188 39 0.4 46 10 0.1 95.5 0.3
15 53 1.1 189 30 0.3 48 4 0.0 94.1 0.3
16 56 2.5 191 58 0.6 51 6 0.1 93.9 0.6
17 59 0.7 192 25 0.3 55 5 0.1 94.7 0.2
18 62 1.0 193 24 0.3 59 5 0.1 78.8 0.2
19 68 1.7 195 24 0.3 72 5 0.1 79.3 0.2
20 78 1.9 196 16 0.2 74 4 0.0 81.2 0.1
21 79 0.1 197 10 0.1 83 3 0.0 08.4 0.1
22 83 0.6 197 14 0.2 99 6 0.1 58.5 0.1
23 103 2.6 200 11 0.1 106 4 0.0 62.6 0.1
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Fig. 28. Removal efficiency of gasoline under inlet concentration

in biofilter.
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TAeAXE, M35z, M35, 221-227, 2002
Econ. Environ. Geol., 35(3), 221-227, 2002

E2kE7|3&(Soil Vapor Extraction)& 08t £2f i Trichloroethylene
(TCE)2} Toluene M&} Al

oj2iE* - Z{a
AW A GAS

Laboratory Tests for Trichloroethylene (TCE) and Toluene Remediation in
Soil Using Seil Vapor Extraction

Minhee Lee* and Hyunmin Kang

Department of Environmental Geosciences, Pukyong National University, 599-1 Daeyondong, Namgu, Pusan
608-737, Korea

Column experiments were performed to evaluate the removal efficiency of soil vapor extraction (SVE) for TCE
(trichloroethylene) and toluene in soil. Homogeneous Ottawa sands and real soils collected from contaminated area
were used to investigate the effect of soil properties and SVE operation conditions on the removal efficiency. In
column tests with two different sizes of Ottawa sand, the maximum effluent TCE concentration in a coarse sand
column was 442 mg/L and 337 mg/L in a fine sand column. However, after 20 liter gas flushing, the effluent con-
centrations were very similar and more than 90% of initial TCE mass were removed from the column. For two real
contaminated soil columns, the maximum effluent concentration decreased 50% compared with that in the homoge-
neous Ottawa coarse sand column, but 99% of initial TCE mass were extracted from the column within 40 liter air
flushing, suggesting that SVE is very available to remove volatile NAPLs in the contaminated soil. To investigate
the effect of contaminant existing time on the removal efficiency, an Ottawa sand column was left stable for one
week after TCE was injected and the gas extraction was applied into the column. Its effluent concentration trend
was very similar to those for other Ottawa sand columns except that the residual TCE after the air flushing showed
relatively high. Column tests with different water contents were performed and results showed high removal effi-
ciency even in a high water content sand column. Toluene as one of BTEX compounds was used in an Ottawa
sand column and a real soil column. Removal trends were similar to those in TCE contaminated columns and more
than 98% of initial toluene mass were removed with SVE in both column.

Key woaords . SVE, TCE, Toluene, NAPL, Scil remediation

EYE7]52(Soil Vapor Extractiom)¥-g o]&&le] tiE3 %24 NAPL(Non-aqueous phase liquid)s! TCE
(trichloroethylene)s} toluened EOFO 2HE AAS = 243 492 AAIS T} #43 Ottawa sandsk AA 2 HA]
do| EGFEo] AHHACH, EUEA © F73E xAEe] AR nAE 9% sk A4 25em, 4
o] 30cm$) #¢] o] AHHRIY, Bedor 48 TCE &+ toluene 4 grame] FYHAR 549 2717 93
3t &g 2 o =98 AEE 37 FHAE MRS 003 Lming 2A% £28 F70F FYS=E &
o, }A2] FHg dHsle] 2 F719 $EES 9% oMo fXaHch. oY &8s iy AE )
A ERY WEAAE o]fs strarnviE LD Y R FYHA std, FID 42712 /& 7kS T8 8
Msiath Ottawa sand= 52" ZIWgaM e Mide) ga=27], &5, EY W 298 ARAD 58 4534 H
ARLe NEEET TCER 299 MHA Ottawa sand AL A 52 2719 Ho 5= =¥ Ottawa sand
Ao £ FHol oF 20% A= TR, 29X G AHAEY AHAgAE AUHEsert 298 Ottawa
sand ZHH 9] TR} o 50% Aol 200hter §7) T FREE 2F ¥5d R34 848 veRge

*Corresponding author: heelee@pknu.ac kr
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m 27 FYL] 90 % ool AAHAG. F-EFVI w2 FEFVY T FaAaE A JshA] dsgten,
TCE 5¢ ¥ 78 &< HA 5tk SVEE AAd 47 d¥d94x %3t TCEY e ozt S71siXT 20
liter F7] £& Fov 27 FUFY 90% 75, 40 liter F71 5 £ol= 98% ol4o] AAHUT. Toluene 2.&
29 23 HA¥oMx TCES Hlxdt AlA A%E Jepden 200 liter 57 & Fde 298 27 FY9%9
98% oldel AASZUTH B 43 Azariy 75342 o[&% TCE, toluene A8 F&AFe] FHsELH, AW
4] NAPLE e9¥d A4 Edg B95198 SVEYS Hesbe4e g9d = Uik

#20{ : TCE, toluene, SVE, NAPL, 2% s}, E%, 7|55

1. M = 3 498 =2 4 1= g3 ubdel dA HAd &
32 Axg Aggel 1 240 At
EoF=7|32(SVE : Soil Vapor Extraction}e E
¥ W F7IEES R, EYerRE Y £ 2. AlEEH
7] &% EE(VOCs:volatile organic compounds)S
7 Ao g &sles vhdo g, Bl VOCs SVE 438} A8& ¢sky, 2s=9] TCE(Tchloro-
AAsh=d A3l oz AR ET ACHEPA, ethylene: Sigma-Adrich Company #}3#)$} toluene
1991; EPA, 1995; EPA, 1999). 39Joj4)= 53] &  (Sigma-Adrich Company AE)e] SFEA= o8 u%]
F248 ¥35F UST(underground storage tank) 5 o Ottawa sand(US Silica Company #E), Zr‘ﬁ‘-’r
o] VOCs 7ol o3t EFegsl | o853 28 2RO A 2F Eo]l A7 2.5cm, 4] 3
glew, o 42 9] =18 4ia H18o] A, eam?l 2 2ol A=A, TCEY Doluened <
A7} golaln, EF B4 A sk AlE 4908 g ElA gdAHE diiEES) VOCs LHE23ER,
o] A7) ujFd FF} FEEAER 299 U B 25 &g A7 0.0001 atm - m¥Ymol BTt 84 i
deod Azt vbHe) sz 7€y Yt (Johnson ef tHMontgomery and Welkom, 1990). 2gEAZ A}
al., 1990; Frank and Barkley, 1995; Poppendieck £ TCE% Toluenes] E#1/38H3] B3 E¢] Table
et al., 1999; Kirtland and Aelion, 2000). 84 2% 1] viehigitl. Sudan IVE H24e2 I4% TCE
A|<eA SVE A3 585 Hd= xo|7] elr= ‘—Jr toluenee] FFFALZ|E o]Balqd B o 4g

ES UlelA] 2 982E sk 7lAe AEe] 5% A ZAHAHFEg 1). AZ AdoEEE 99.9% o7t
< F= BN BEAS) ¢]80] SVE 43 G849 o] %J?‘ofﬂ g A ol F9E £ U2 37 3
A= Gkl tist AzRAel drt E sk (Wilkins, Aar flow meter: Cole-Parmer Company #%)Z

1995: Kaleris and Croise, 1997; Fscher e 4., AR5k 003 Lming] A £27 3717 =Y

1998;: Sawyer and Kamakoti, 1998; Yoon ef 4f., TE 3k, $9 719 FE=Humidity)E 9% |
2002). F9)olAl= apdoiel] o]n] SVES] @7t &84 doz fA5) Askd HA FHE AAsEc). g
N8 & L o] ARE MR sl HA 28R Yo2Re fEHE JkAE AF VAR FYdR
oefiA o]fHw glon), felMe ofF olEF 2 ZA 8 olgsld FAazmEalEZHI(GC: Aglent
B4 dgel] @3 A drt £59 dAfech 6800 Plus with FID)o| 4 U= F9skd §F 7}
@47, 1995). B =22 EY B4 0E SVEY £ FEE EASETF. 2). 2o gy dEeict
Azl B&o HIlE A F3 4¥E Sl 7HE 9 371 wE §F Jk: 5 HEE mAsk
ou M AA SEESS] SVES A4 o oo F Az 8L 2], SVE HF 3 492 ojgks

Table 1. Properties of TCE and Toluene (Montgomery and Welkom, 1990).

Molecular Molecular Specific Aqueous solubility Henry's constant
formula weight density (mg/T) (atm + m%mol)
TCE C,HCly 13139 1.46 1100 0.0099

Toluene C;Hg 92.14 0.87 515 0.0067
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Fig. 1. Photograph of TCE contaminated column.

Fig. 2. Photograph of column experiment system.

2 A4 (flushing)sted GCE BAtomA) 49 3o H3ted =W @t AEd Ottawa sand, QHEE}OZ

goltls 298d) %2 A4s9n. A7 pAse B3 AYE HRIAT. 2¢2
el Purt F3t Aol A= FFS ) Ottawa sand(F35)= A 75 3l ¢xte] AAq]
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Table 2. Composition of Soil A and Soil B from XRF analysis (weight %).

Matenial - Soil A-1 Soil A-2 Soil A-3 Soil A Soil B-1 Seil B-1 Soil B-1 Soil B $D
name (1/3) 2/3) (3/3) (average) (1/3) (2/3) (3/3) {average) o
Si0, 60.72 60.66 60.68 60.69 0.0346 65.80 65.79 65.81 65.80 0.0115
AlsO3 17.94 17.95 17.95 17.95 0.0038 16.20 16.18 16.18 16.19 0.0096
TiO, 0.55 0.56 0.55 0.55 0.0015 0.82 0.82 0.82 0.82 0.0022
Fes05 543 543 543 543 0.0047 4.40 4.41 441 441 0.0027
MnO 0.11 0.11 0.11 0.11 0.0003 0.09 0.09 0.09 0.09 0.0004
MgO 0.86 0.85 0.85 085 0.0055 0.99 1.00 1.00 100 0.0099
Ca0 1.06 1.07 1.06 1.06 0.0043 0.91 0.91 091 (.91 0.0022
Na,O 1.68 1.69 1.67 1.68 0.0093 1.18 117 1.18 1.18 0.0031
K,0 2.82 282 282 2.82 0.0023 2.89 289 2.89 2.89 0.0022
P>0s 0.09 0.09 0.09 0.09 0.0003 0.03 0.03 0.03 0.03 0.0003
LOI 7.12 712 7.12 7.12 5.05 5.05 5.05 505
Total 98.39 98.34 98.33 98.356 98.35 98.34 98.36 98.35

*S.D. : standard deviation.
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Fig. 4. Calibration curve for TCE on GC analysis.
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Table 3. Summary of column test results,
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Hg. 9. Resulis of column experiments with toluene.

Maximum effluent . X
concentration {mg/!) Total air extraction

Residual amount in column

1 after air extraction
amount (liter)

TCE toluene mass %
Ottawa F-35 sand 442.1 - 1993 - -
Ottawa F-110 sand 3374 - 2804 - -
Ottawa F-35 sand (15% water content) 384.1 - 1578 - -
Ottawa F-35 sand (55% water content) 364.6 - 1509 - -
Soil A 246.3 - 2124 1.6 0.04
Sail B 179.1 - 2254
Soil A with one week later air extraction  181.1 - 2176 7.8 0.195
Ottawa F-35 sand (toluene) - 65.7 245.2 0.007 1.75x10*
Sail A (toluene) - 60.4 330.8 0.017 425x10™
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Remediation System Using the Chemical Treatment Process Including DAF
(Dissolved air Flotation) for a Contaminated Groundwater
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Table 1. Concentration of TPH and Pb in groundwater at
the contaminated site.

Monitoring TPH concentration Pb concentration
Well {mg/L) (mg/L)
w1 72 43
w2 8.0 4.0
w3 9.0 4.0

AHyd(free phasee] AZEH oW, o] 47 A=
FAAE 3 FFAES TPH(Total petroleum
hydrocatbony’t BFAEHIE 71ES 2APo =AM, 2
4 EY 39 Askgrt 2951 d&s 4 4 At
Table 12 £ AY A3pre] Y 24 Axjeltt

3. Xjgt+ X2l 3

FRP] AMH = EE-e] B A A e 4E
A FABThs LFE Aol £ 544 Wt A
¥ FHE FEHAM AMEShE shke] EBR A 38
ANzglog gEt B A7 Ade 298 54
9 842 s, oF ASSE HATATEH
B o)akE AEtal st on, L3 7IRA
I, WheE, SRE, pHEEEE APE shie] A
4 AERE 2HEY, T 29EH] A AR
2 D EE AFLEES FEEEE g AA
ATh Fig. 12 & A7) 288 A A7 34 A

2l AfHlolm, 7 9] 248 B4 st o,

31, =

Aoz A7 FAE 7SS A% 9eEEaE
o= Fog 20 mx50 mx5 me] 279 fH3]
E 72E2 5o 9lon 4Lk oF 50 ton ©]
o} AR 2 3] Fetelrt AR He glor, - 7k
slole @A Askedt B f9lHE BAF 2 HlE
o] & BEEL 1A o= AN 4L ) 4
R Zhobolz H-REE 9 AR olEE Al 98
& gt £ 09 A9 Askre A F 58 W
¢l MZe| s AARE THOE F 2 m, 4ol 4 m,
Aol 50 m TF22] A3k A4d EAAE MAsk
AFE F, %r HEE olgsld AIZFE 10 miY) A)F
8 AL FUANFY. AR 28] Asees 3
22 58380 AAF Floating Oil SkimmerE ARS8}
o A F, AREol Bo)] yhez2 olFgoj

23 #3-2 $3 (coagulationf 52 (flocculation)e]
T dAZ PR, R v Hed £ 9
(saltel] ©J3t YrFEe] EFAEPY (destabilization) 02
A E9HEE F YAkee] HEE ME BEEH He
ZAolm, $AL2 HrIMe T 5G4 e B¢
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L} Aojgo] g FAskE EH(fleeys FAshe &3t

Fig. 1. A unit treatment system to remediate contaminated groundwater at the site.
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Table 2. Properties of contaminated groundwater used in
Jar test.

Conductivity Turbidity COD
(us/em)  (Degree)  (ppm)

775 1,780 1,660 266

pH

Tested
groundwter

Table 3. Results for PAC injection amount decision in Jar
test.

Test item Test 1 Test 2 Test 3 Test 4

Injected concentration of 60 80 100 120

PAC (ppm)
Injected concentration of

polymer (ppm) 1 1 1 1
(model: A-101)

Reaction rate order 3 2 1 1
Floc size (D) D, Ds Dy Dsg

Turbidity of weated water 55 4.2 38 16
COD (ppm) of treated water 15.6 142 142 102

Table 4. Resulis for the best polymer type decision in Jar
test.

Test item Test 1 Test 2 Test 3 Test 4

PAC (ppm) 100 100 100 100
Polymer type PA-333A PA-300 PA-600 A-101
Polymer injection

concentration (ppm)

1 1 1 1

Floc creation order 3 2 1 2

Floc size (D) Dy Dys Dg Ds
Turbidity of treated 32 16 38
water

COD (ppm) of meated |, 154 192 142
water

AP-E #1% Jar test HE A3}o]l, Table 4=
Fze BHE 2EA 44 E/5E Adgsls]
A4 AFAE e f9k 2 Jar test A
of whEg &3t $3AQ PACH Polymerd] F

g AABetEem, 02§ Ao FRste] 98
vhg-Eek SFze] #HA Zzods Az 88
Table soll Vel AAz A7 eA]= ]
test FE Vel e st @A mt 23
wa dLA0] Ag A g HAEd

m[o R A 1 A ] 010

B He

Ja

43

=

1—)4 m!n

Table 5. Results for the best operation program and removal efficiency.

Injection concentration
Selected program Jection concentraty

Floc size (D)

Removal efficiency of Removal efficiency

(ppm) turbidity of COD (ppm)
PAC 80~100 99.9% 96.2%
polymer (PA-600) 1~2 (1,660—+1.0) (2261-+0.2)
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Fig 2. Sludge concentration tank (right) and dewatering
filter press (left).

Fig. 3. Injection tanks containing each treatment material.
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Table 6. Wastewater discharge concentration limit (WWDL) (Water Quality Preservation Regulation, 2001).

lte H SS BOD COD n-hexane extraction Pb
m P {mg/L) (mg/L) {mg/L) concentration (mg/L) (mg/L.)
Limit range or concentration 5.88.5 120 120 130 5 1

Table 7. Concentration of pollutants in groundwater before and after the treatment system (IW: original goundwater, TW:

treated groundwater).
n-hexane
1:er Dat)e pH SS (mg/L) BOD (mg/Ly  COD (mg/L) extraction (mg/L) Pb (mg/L)

w ™ w W w

™ w ™ w T™W I'w ™

(01/9/20) 709 669 2995 319 6.6
(01/9/22) 694 689 3642 323 7.4
(01/5/24) 684 662 5214 392 42
(01/9/26) 691 653 3442 414 5.1
(01/9/28) 682 656 3264 445 5.8
{01/10/4) 677 662 3334 392 6.9
(01/10/6) 088 689 402.1 35.1 5.4
(O1/10/9) 674 674 2669 294 4.1

3084 304 7.3
3884 391 5.4
4132 412 6.4
3026 225 7.2
2664 304 6.9
5203 84.0 7.1

(01/10/11) 0.67 7.01
(01/10/13) 6.8 712
(01/10/22) 7.01 678
(01/10/27) 693 681
(01/10/29) 684 698
(01/10/31) 709 695

(01/11/2) 688 674 4837 378 57
0111/5) 698 711 3257 413 6.4
017117 713 662 4216 405 7.3
(01/11/9) 688 710 3558 333 4.4

(01111/12) 624 619
(01/11/14) 672 623
0111/16) 6.74 664
0111719} 6.87 633
(01/11721) 691 654
(01/11/23) 676  6.55
(01/11/26) 688 7.00
(01/11/28) 686 6.77
(01/11/30) 6.88 6.74
(01/12/3) 698 6.88
(01/12/5) 6.89  6.76
(01/12/7) 7.01 0684

2054 312 34
6193 329 4.1
3784 429 6.2
3208 437 6.9
3445 354 6.7
2668  36.2 4.5
2884 3306 4.7
3158 337 6.9
3447 348 5.9
3047 208 4.8
369.7 298 6.4
3216 296 6.1

1.6 12.6 7.2 4.2 04 099 017
2.6 14.4 10.1 6.9 0.8 126  0.14
1.4 10.6 6.8 5.1 0.7 1.22 0.24
1.1 8.8 5.1 35 0.6 0.87 0.26
1.6 16.3 84 4.7 1.0 0.98 0.19
1.2 16.4 7.8 5.8 1.0 1.23 0.12
0.9 11 6.6 36 0.8 1.54 0.25
1.3 11.9 7.0 37 0.9 045 0.09
1.3 14.5 7.9 49 0.8 0.69 0.18
1.8 12.6 9.1 5.8 0.8 0.96 0.22
1.6 13.9 8.4 6.4 0.9 0.87 0.21
1.7 16.9 9.6 3¢ 0.4 1.65 0.28
0.9 15.2 5.4 4.1 0.3 0.98 0.21
1.4 14.8 8.4 0.7 0.5 1.77 0.24
22 12.4 101 5.1 0.5 0.87 0.14
09 13.5 5.6 36 0.4 1.23 0.17
2.1 13.9 7.7 0.7 03 1.33 01l
20 8.8 4.9 1.2 0.6 1.45 0.26
1.5 7.2 5.0 2.3 0.5 0.69 0.14
1.3 78 6.1 6.2 0.9 0.85 0.07
1.7 13.9 84 6.6 0.7 1.77 0.23
22 13.4 6.9 5.1 0.9 211 0.13
1.6 13.5 7.8 4.8 0.7 1.31 0.24
1.1 10.1 5.6 39 0.5 1.05 0.08
16 9.2 6.1 4.1 0.4 0.87 0.15
23 14.5 8.9 52 0.3 1.52 0.7
1.4 13.2 1.6 53 0.4 1.24 0.21
1.8 10.6 6.1 6.4 1.2 1.45 0.32
22 14.7 79 88 2.1 2.31 0.24
1.9 123 7.6 6.3 1.1 2.14 0.44
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Table 7. Continued.
ttem Date pH S (mgl)  BOD (mgll) COD (mgl)  TIEE - pb (mgil)
(Y/M/D)

W T™W w TW Iw ™ w ™ w ™ I'w ™
(01/12/10) 706 723 3835 23.6 6.1 54 7.8 72 3.7 33 2.19 0.32
(01/12/12) 7.04 7.2 2694 214 6.1 52 8.2 6.9 3.7 2.1 222 0.21
(01/12/14) 7.01 724 3442 18.8 6.2 52 8.0 52 4.1 22 224 041
01/12/17) 7.02 698 3267 20.1 64 53 7.8 4.8 43 29 236 0.31
(01/12/19) 699 721 253 192 59 49 83 6.0 4.0 24 244 039
(01/12/21) 698 7.01 3689 23.6 6.2 4.8 84 58 3.9 3.0 231 0.24
(01/12/24) 6.97 T.11 3445 16.2 6.1 5.6 89 6.1 39 20 226 0.21
(01/12/26) 7.06  7.05 2894 184 5.8 44 78 6.2 38 24 214 029
(01/12/28) 699 7.03 2803 21.3 6.2 5.1 8.1 56 37 19 218 0.16
02/1/2) 694 688 3648 2.6 6.6 59 39 22 8.4 25 237 021
(02/1/4) 698 711 3449 184 6.3 52 8.2 56 42 24 244 028
(02/1/7) 7.04 698 3126 22.9 6.4 5.0 8.8 54 4.1 2.1 242 0.19
(02/1/10) 692 699 2664 185 6.2 4.6 8.6 53 43 22 236 021
(02/114) 688 712 3442 224 0.3 43 88 3.6 5.5 2.6 254 019
(02/117) 7.05  7.74 2536 33.7 1.9 1.4 20.6 15.6 1.2 1.0 0.74 0.08
02/1/21) 733 686 1412 226 13 0.9 10.3 72 0.3 02 088 0.10
(02/1/24) 725 705 3341 405 2.4 21 254 98 1.6 0.6 1.05 033
(02/1/28) 719  7.14 3002 388 23 1.8 24.1 8.1 1.4 04 0.84 0.12
(02/1/31) 715 732 3498 42.5 28 2.2 293 10.3 1.8 0.7 0.69 0.09
(02/2/4) 709 735 7023 79.9 4.6 318 48.2 235 52 14 0.77 0.10
(02/2/7) 713 776 4092 502 33 2.8 34.6 16.4 2.1 1.1 0.66 0.08
02/2/14) 127 699 4024 478 35 29 354 17.6 23 1.2 0.84 0.12
(02/2/18) 733 7.04 3564 434 2.6 23 27.6 15.4 1.8 1.0 1.18 0.21
(02/2/21) 7.15  7.22 3348 41.9 24 2.1 25.7 11.2 1.6 08 0.64 0.09
(02/2/25) 720 734 4051 48.5 3.0 27 334 13.4 1.9 1.0 0.88 0.12
(02/2/28) 720 7.05 6928 78.2 438 3.7 524 21.5 54 1.2 0.74 0.08
02/3/11) 7.18 7.01 3396 421 29 2.4 294 18.4 1.8 1.2 0.86 0.13
(02/3/14) 7.26  7.55 189.7 26.7 1.5 0.9 18.4 11.9 1.2 08 0.81 0.13
(02/3/18) 747 750 3040 38.8 22 1.8 24.8 13.8 1.2 0.9 0.61 0.05
(02/3/4) 721 7.22 3514 415 29 2.4 30.5 17.0 1.9 1.1 0.68 0.09
02/3/7) 725 715 3269 399 2.7 2.5 28.6 10.4 14 0.7 0.75 0.06
(02/3/21) 719 737 3214 391 23 1.7 25.6 11.5 1.1 0.8 1.13 0.39
(02/3/25) 715  7.00 2846 359 2.0 1.5 224 10.4 1.0 0.7 0.87 0.11
(02/3/28) 732 746 3984 459 2.6 2.1 312 16.5 1.8 1.2 0.68 0.09
(02/4/3) 774 7.23 558 237 - - 134 8.1 0.6 04 0.08 0.07
(02/4/6) 796 7.09 124.6 6.0 - - 10.2 8.2 0.8 0.5 0.10 0.09
(02/4/9) 824 723 432 223 - - 16.7 92 0.7 05 0.08 008
(02/412) 696 738 329 26.4 - - 11.5 7.6 04 0.2 0.07  0.04
02417} 544 713 103.6 17.8 - - 10.8 8.6 0.2 0.1 0.00 0.00
(02/4/20) 7.65 735 28.6 18.4 - - 12.6 7.4 0.5 03 0.12 0.10
(02/4/24) 775 7.1 94.3 31.7 - - 14.2 8.3 0.8 04 0.10 0.09
(02/4/27) 7.84  7.26 242 18.8 - - 16.2 8.2 0.6 03 0.11 0.10
(02/5/03) 772 7.24 6504 39.1 - - 16.8 5.4 0.5 03 0.18 0.03
(02/5/7) 726 7.83 92.8 37 - - 12.8 7.6 04 0.6 0.02 0.03
(02/510) B78 735 50.1 224 - - 124 9.0 0.7 0.6 0.07 0.09
(02/5/13) 762  6.80 458 19.8 - - 12.4 8.6 0.3 0.3 0.07 0.06
(02/5/20) 772 1.58 343 10.2 - - 14.0 8.6 0.7 0.2 0.07 0.06
(02/5/24) 907 737 54.7 31.1 - - 16.0 8.6 04 03 0.08 0.07
(02/5/30) 9.15 7.85 80.5 26.6 - - 14.6 8.2 04 04 0.08 0.09
(02/6/4) 862 6.82 249 223 - - 104 8.4 1.2 04 0.08 0.09
(02/6/12) 721 7.22 325 29.1 - - 328 30.0 0.6 0.7 0.08 0.10
(02/6/25) 673  6.63 38.8 245 - - 1480 86.2 76.4 39 0.04 0.06
(02/6/28) 761 6.97 42.4 25.6 - - 844 78.8 54.5 3.2 0.08 0.06
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Trichloroethylene (TCE)# Toluene A3 £ & 43
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8 % ¥
E%Z 7|33 (Soil Vapor Extraction)¥ 2 ol 43%a] tiE3A #HY/d NAPL (Non-aqueous phase
liquid}¢! TCE (trichloroethylene)$} toluene2 =Y 228 e A= #Y YL A3 ELE
d 2 FN3E 2UEC AR “i"‘]% dare TFHsted, ¢33 Ottawa sand® "’ﬂl 2929
o] EES AAH 25 cm, 2ol 30 cm? £ ZHYe] FAZon, ByA AAg TCE & toluene
4 go] FA=A}. 7 FEA8 HAso 003L/ming ¥AT £E2 TV FUHES stn, #F
FAZ dajstd F2Q F7)9 F4EE PI% olPLR {HAEYDG trARelEnYgHE F£F s F

EE BMagth Ottawa sand® 28 8o M= slde A=y, g5&, 24 U 295 A7
A 5L MGAA 48 dEagn TCER 99 AYa Ottawa sand ZHHEFPANA F3F #7]9
ZAt s =YA Ottawa sand THY #F =T 9 20% IE 7 fa“-ffl'iif’—, LPANYG S HAEY
gusdgelds HYSEE 7 2UH Ottawa sand 2P0 FERo oF 50% Ao, 20 liter
27 ¥ FREE £F v58 s 842 Jehdslen, 27 F9F9 90 % ool MAHU
o d=gE7te 4E fE22v)e ¥ AaE A el gted, TCE #49 F 7€ ¢ w8
A7 SVES HAS 23 MYedA % FFate TCES o) okzh Zrtsta A9k 20 liter 71 5% F
ol = ol Fke) 90% 7F 40 liter F7] F& Folx 08% o]dol AlAxgcl Toluene 23 2 F ¥

Io -

Zg d¥elMds TCES 8l%3 A4 A%2 Jetdos 200 liter 371 FF Foll& 298 27 74
skl 9R%; o)4te]l AAEIRY B A AR RE F7iFEYUS o|&3F TCE, toluene A3t &840
Ao FWA NAPLE Qs 44 EE RUs7] Alg SVEHS HE754dE 89 & o
A,

key word . TCE, toluene, SVE, NAPL, 2933 B¢ 715549

k2732 (SVE : Soil Vapor Extraction)2 E% ] 271388 S5, Eghe #Ha

Z 3l W o|tHEPA, 1991,
EPA. 1005 EPA. 1999). Foleid = E3 F8422 ¥35 UST (underground storage tank) 9]
VOCs r&Eel o3t Bk AAsle] dal ol odon hE Asjwbyrct LQqulfe] Hdstn, 4o
b hAEin, B B 2T 5 A AFalse] Ay Wi AU friedEAs o8y
T Eed s wye sy g nEyds @dti(Johnson, et al, 1990; Frank and Barkley, 1995;
Poppendieck, et al, 1999; Kirtland and Aelion, 2000).
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2.1 gy

SVE A3 49L& 33, Ottawa sand (US Silica Company #E), Ff4 2 Z8d A 2
xR =Yl A8FHU2w, 2EEe TCE (Trichloroethylene : Sigma-Adrich Company #5)9
toluene (Sigma-Adrich Company Al&)o] ¥ EA=2 o &=} AR 25 om, o] 30 emel Fal 2y
of E¥g WA & Sudan V2 F49 TCEY toluened AEFFAZ|Z o] 83t 4g4 F AT
Az deo] (£ 99%°14)7t Y48 £52 4d Wd FUY ¢ AEZ Air flow meter(Cole
-Parmer Company AF)E 2339 003L/mineZ F£YP3hed, ¢ 279 &% (Humidity)2
Mol o2 F25t7] 95t Purge B2 & A3 WP Yx7l Y& Gl v dae F
Hats) fste] =¥ 47 M YA Ottawa sand, LHERC T 2tz FHsle 24y YL 839y =
#72 Ottawa sand (F-35)& A 7M€ st Uxty 7ol 085 mm ©T 0425mm o4l =H2 &
A ol BER, oF EYELS T4 2 FHd 299 (o]a “Soil A" % “Soil B"E % H)ol
M 2% EE2E 10 -30cm AAT F 500 ml #2 §7] (Teflon k7)ol headspace’t Q=T A&
Foutz 4 T elst A 2asiydon #y 48 A8 70 T LBAA 647 B¢ FEF F 2mm
A2 @ AbRatgd Zo WA W gL vEe 298 wEEo Fdae sl e JHas
& vuetHen, 298 Y ol FA Az ¥ SVE Y3 el g 4% zAEQ
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5 FYNERAE o) gste aARMEINY (GC : Agilent 68% Plus with FID)e] 2@ Wz 9
stel F@ 2Aglon SVE 4% T #Y¥L Wee2 A4 (flushing)dtel 2¥ Fof dolgle 29
g4 YT GCE BHadn

2 A% 2 B

220 ofhd 9dx ¥ 49

Fig. 1= TCEZ 29" Z=H€A Ottawa sand (F-35)8} A ¥ & Ottawa sand (F-110) &9
SVE H& f&2 Hafd U&7t geldd mek Ao §% 327 ZH4sE A02 Yoy 5
Y OEF oF 20 liter 7] £%F Fole % b ulEshy 40 liter 3% Folli= 2EF 27] TCEY
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Fig. 1. Results of Ottawa sand column Fig.2. Results of TCE column experiments
experiments contaminated with TCE. with real soils.
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Fig. 3. Results of different water contents Fig.4. Results of column experiments
column experiments. with different existing time of TCE.
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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.omx=4.5mx6.0m} was selected for the research, which was composed of
heterogeneous sandy and sili-sandy soils with average Hydraulic conductivity of 2.0x10 dem
/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 twe 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 atl the section were below the Wasle Water Discharge LimitWWDL). Total
18.5ke 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, suggesiing that the
surfactant enhanced in-situ flushing be available to remove not only oil but heavy metals
from conlaminated sites. Resulls suggest thal in-situ soil flushing and chemical treatment
process including DAF could be a successful process to remediale contaminated sites
distributed in Korea.

key word : surfactant, soil flushing, TPH, DAF
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Table 1. Comparison of heavy metals concentration between injection solution and
effluent solution during soil flushing (unil:ppb)

Cd | Cu Cr Mn Ni | As | Pb
Injection solution (pretreated  groundwater? 0.1 2.0 193 | 1564.3 | 10.3 3.0 0.5
Effluent solution WB 1 05 305 | M428 49521 1 228 | 766 | 504
Effluent schition WB-10 06 | 432 1319247634 196 | 1523|1215
Effluent sclution WB 18 0.5 26.2 [ 3393 (64945 | 253 | 1345} 60.2
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