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Abstract: Steam Enhanced Extraction is a newly developed and promising soil remediation technique for non-aqueous
phase liquids (NAPLs) in vadose zone. Mixture of steam and air is injected into the contaminated soil to promote the
volatilization of the pollutants. The remediation is a process of NAPLs transformation in unsaturated porous media un-
der artificial engineering condition. Removal process and efficiency may be greatly impacted by medium heterogeneity.
In this study, trichloroethylene (TCE) removal using Steam Enhanced Extraction was carried out in a 2-dimensional
sandbox with three different layered sand structures under unsaturated conditions. Three kinds of sands (coarse, fine and
silt) were used to simulate heterogeneous media. The results show that SEE perfectly improves “tailing” effect com-
pared to soil vapor extraction (SVE). And the removal ratios from the three experiments in 100 minutes are 89.5%,
88.2% and 85.2%. Meanwhile, there were by-passing flows when gas through the coarse sand and fine sand area, which
affected the total removal ratio and process. The layered structure with finer sand, in which the steam and air convection
was faster, resulted in faster removal rate and larger removal ratio compared to that with clay sand. In the experiments
packed with finer or clay sand, a small amount of NAPL phase TCE was cumulated, which also reduced the total re-
move ratio.
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Table 1. Basic physiochemical properties of the porous media
® 1 TR ARE YRR

Hw i ikl gt bRt
H % 10~20 20~40 >100
HiA%(mm) 0.83~1.7 0.38~0.83 <0.15
%ﬁ*ﬁm@%{ 2.56 2.61 2.44
(g/em’)
mﬁigi 022 0.14 0.05

Table 2. Basic physiochemical properties of NAPL used in the ex-
periments

< 2. SCISFTA NAPL BYIBILIE R

ek C,HCl3

TR 131.4
#JE(20°C)(g/em’) 1.46
HIFIZEISE(20°C)(kPa) 7.16
W E(C) 86.7

TKIEARE 20°C (mol/mol) 2.34E-06
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Figure 1. Schematic of 2D sandbox and experimental setup
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Figure 2. Schematic of layered sand structure and contaminated
areas (marked in brown) in the three experiments

2. ZREBR T HARAAFEEARBEER AI5RE)

Table 3. Basic physical properties of different areasin experiment
1,2and 3
+® 3 ZRLW T HRXBOE L E AR R

K WP IXI AR XAk D X 5
T4 H (g/em’) 1.6 1.8 1.8
EIREES 0.38 0.31 0.26
7K (em’/em®) 0.02 0.04 0.04
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24. ATE

SR HHATIS AR, fERF AR, &% S min, M
BV AR 0.2 mL Ak, MiEEF 2] GC HH FID
Wk . ARSLIG AT MR iy DB-5
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Table 4. Overall removal ratio in the three experiments

|4 SRR RS EBRME

SR ERRSH Seh—  sEE T SR =
TCE )& (mg) 43,860 43,860 43,860
TCE B & & (mg) 39,239 38,679 37,388

SEIGHEST 100 min, TCE 2% 89.5% 88.2% 85.2%

F Rk B 85.2%) FH I [ (min) 86.3 90.6 100
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fli#3 TCE M2 R
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B, G R BRI PR, HAA
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PRI AR BIE TG Y X 3k, 76 SL B (R Y IE <A 4 T
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B B et 2 R R (U ) By, B R B
e, 7 WA B ARSS S R A T R, SEER
S = TCE W T RS AW, B 1 0 i 2
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VR B FESEIRIEAT 15~50 min N, =X
SUIG 2 BRIM TCE WK FZ R g 7E 350~450 mg- L™, LAAH
FIm 6 N 3R 20.2°C, TCE WK %R E T4
AMANIREE, X U BB 2R BIAT P X, 2RI
SR B A AR R IR BE Ty, AT By 1 AH 8] e Hk
R, WINT MG E, 325 T TCE LRacE, £
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Figure 3. Measured TCE concentration of the gas sample collected
at the outlet of 3 experiments
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Figure4. Total removed TCE in vapor phase of 3 experiments
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