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Enhanced Removal of Benzene—NAPL in Soil using
Concurrent Injection of Cosolvent and Air

Chung-Hyun Song - Seung-Woo Jeong'

Department of Environmental Engineering, Kunsan National University

ABSTRACT : Nonaqueous phase liquids (NAPL) are the continuous source for soil and groundwater contamination. The first objective
of the study was to verify the effect of co-injection of cosolvent and air on NAPL removal from soil-column system. The second ob-
jective of the study was to investigate the effect of alcohol-partitioning property on the NAPL removal by the co-injection process of
cosolvent and air. Enhanced removal of benzene-NAPL by the co-injection process of ethanol and air was also verified within the soil-
column system. However, the co-injection process of Tert-butanol (TBA) and air showed no enhancement of benzene-NAPL removal.
This study found that the viscous pressure of TBA was so higher than the capillary pressure and TBA easily displaced the benzene-
NAPL and air present in soil pores. Air of the coinjection process did not work for NAPL removal but hindered NAPL mobilization.
NAPL partitioning property and viscous pressure of cosovlent should be considered for application of the co-injection process of cosol-
vent and air.
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Table 1. Properties of column experiment

Cosolvent injection

T

A injeetion
Fig. 1. Scheme of making mixture of cosolvent and air.
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Z7] 40CoA 387 53 & 3C/minlE 50C7HA <
LA A Carrier gas 32 1~3 mL/min®| 3, Air

Diameter of column Length of column  Total volume  column
(cm) (cm) (mL) material 32 300~350 mL/min, Hy 3+ 30~40 mL/min®]%{ch.
>3 16 380 stainless 2] ) NAPL Zrjd#e %7] NAPL ¢ dA#(12.6
Table 2. Soil properties used on column experiment
Media Grain size Bulk density Poro§ity Permeibilitzy k Throat radil}s of the porous
(um) : (w/w) (g/mL) (ratio) (X107 em”) medium(cm)
<250 : 0.85%
250~355: 4.80%
Joomoonjin sand 355~425:34.33% 1.53+0.01 0.422+0.00 4.67+0.85 0.0392

425~500:41.01%
500~600:19.01%
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Fig. 2. (a) Porous media pattern of micromodel used in the study.
(b) Numbers of investigation cells for image analysis.
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Fig. 3. Comparison of dissolved benzene and free phase of
benzene discharged from the soil column; 70% ethanol
alone: 70% ethanol-cosolvent (0.25 mL/min) flooding; 70%
ethanol with air: 70% ethanol-cosolvent (0.25 mL/min)
flooding with air (0.75 mL/min).
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Fig. 4. Effect of co-injection of air on 70% ethanol-cosolvent
(0.25 mL/min); m/mo is the ratio of mass of NAPL
to the initial mass; cosolvent: air=1:3.
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Fig. 5. Comparison of dissolved benzene and free phase of
benzene discharged from the soil column; 40% TBA
alone: 40% TBA-cosolvent (0.25 mL/min) flooding; 40%
TBA with air: 40% TBA-cosolvent (0.25 mL/min) flood-
ing with air (0.75 mL/min).
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Fig. 6. Effect of co-injection of air on 40% TBA-cosolvent
(0.25 mL/min); m/mo is the ratio of mass of NAPL
to the initial mass; cosolvent :air=1:3.
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Fig. 7. Change in the viscous pressure of the displacing fluid
on benzene-NAPL desaturation. The viscous pressure
and capillary pressure were calculated by Eq. (2) and
(3), respectively.
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Flg. 8. Captured microscopic images dunng micromodel experi-
ment; (a) At 4.1 PV injected with 30% TBA and air,
(b) At 6.1 PV injected with 70% ethanol and air.
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Fig. 9. Variation in the number of air bubbles entrapped in
the micromodel; The images were divided into five
horizontal rows shown in Fig. 1, The experiment condi-
tion: 30% TBA (0.5 mL/h) flooding with air (1.5 mL/h).
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Table 3. Properties of aqueous phase

Density ~ Viscosity Benzene IFT Benzene con-
(g/ml) (cP) (dyne/cm)  tact angle (°)

water 1.002+0.000 1.01+0.06 32.58+0.110"" 48"

benzene (0.5 g/L
Oil-Red dyed)
70%(v/v) ethanol 0.862+0.012 1.85+0.12
40%(v/v) TBA 0.917+0.016 3.07+£0.19

Aqueous phase

0.86+0.01 0.65+0.01
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Fig. 10. Variation in the number of air bubbles entrapped in
the micromodel, The images were divided into five
horizontal rows shown in Fig. 1, The experiment
condition: 70% ethanol (0.5 mL/h) flooding with air
(1.5 mL/h).
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