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Abstract: Light Non-Aqueous Phase Liquids (LNAPLs) in vadose zone is of multi-phase characteristics, while

factors such as heterogeneity and groundwater fluctuation are expected to significantly increase the complexity of

WimHER: 2021-05-18; 1EITHEA: 2021-07-06 sk . www.swdzgedz.com

HEeUH: ERARMEILEINHE (418771815 41831283); 111 51415 H (B18006)

1 WU (1998-), B, W05 4, M FH T KIS YWF5E . E-mail: 202021470021 @mail.bnu.edu.cn
BIRAEE: AH(1981-), I, M+, 2P T, FENFH K5 Jedhl 5B EZ 5 . E-mail: zi@bnu.edu.cn


https://doi.org/10.16030/j.cnki.issn.1000-3665.202105027
https://doi.org/10.16030/j.cnki.issn.1000-3665.202105027
www.swdzgcdz.com
mailto:202021470021@mail.bnu.edu.cn
mailto:zr@bnu.edu.cn

2022 4F

I, 45 RO 8 T AL B SR S LNAPL 1252 ) B B 5T

- 155 -

LNAPLs contamination in vadose zone. Previous studies have mostly focused on revealing the contamination
process of free-phase LNAPLs, few have explored deeply the influence of the heterogeneous structure on the
migration and phase distribution pattern of LNAPLs when the water table fluctuates. A numerical model of
multiphase flow in vadose zone is established based on TOUGH2 to reveal the migration and phase distribution of
LNAPLs under the joint effect of different lithological lenses and water table fluctuation. The results show that (1)
the migration and distribution regularity of LNAPLs in vadose zone is predominantly controlled by the variation in
water content, which is presented under the effect of heterogeneity and water fluctuation. (2) In the steady
groundwater scenario, LNAPL migrates in an “accumulation-lateral expansion-flow bypass” pattern around the
fine-sand lens, while the coarse-sand lens acts as the "preferential route" for the vertical movement of LNAPL.
Flow around the fine-sand lens is significantly enhanced by the variation in water content induced by groundwater
fluctuation, and the coarse-sand lens further exhibits the "preferential space" effect. (3) When the water table is
steady, LNAPL are concentrated inside and below the lens body in the fine-sand and coarse-sand lens models,
respectively. In the fluctuating groundwater scenario, a greater range of LNAPL is presented in the vicinity of the
lens with the distribution area in each model is 51% and 63% larger than that in the steady scenario. (4) Volatile
flux of LNAPL, affected by the LNAPL-gas exposure conditions and the distribution of LNAPL, shows a
"decreasing-then increasing" pattern in both models. The three-phase equilibrium state is disrupted by groundwater
fluctuation, which is manifested by the enhanced volatilization during the stage of groundwater elevation, when
the average volatile flux in the two models is 124% ~ 126% higher compared to the steady scenario.This research

provides a theoretical basis for the understanding of LNAPL pollution process in heterogeneous contaminated

sites.

Keywords: LNAPL; vadose zone; heterogeneity; numerical model
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Fig.1 Schematic diagram of the conceptual model
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Table 1 Medium-relevant parameters

el ik i bk
FLERRE 0.35 0.40 0.30
HIAIEER/(m”) 237x10" 1.48x107 2.26x10 "
Ok LL T/ (kgm ) 1 650.00 1510.00 1 749.00
S 0.05 0.15 0.03
MXtBER Sar 0.04 0.08 0.03
Stonefi %Y Ser 0.00 0.00 0.00
n 2.93 3.00 3.00
m 0.66 0.67 0.67
S 0.02 0.12 0.02
FE4IEJjvan- ) » » ;
Genuchtentéi Py 5.105x10 3.75%10 6.02x10
P 5x10° 1x10 5x10°
Sis 1.00 1.00 1.00

# Z Y (BTEX) &%k # UL i) LNAPLYS 4 4 %7,
AR SR ZRAE S B 5 B LNAPL V5 428, 2% 1E
AR R B Vs i S A A AL T B, A S S 80N 3% 2
N BRI 817, IREEE N 25 C,
F2 BEFEMExsyHx™

Table 2 Toluene-relevant parameters

B8 SMPYEES AP R NAPLHIPHIR Kby
= fm’s ™) [m*s™) Ho/(ms ™) /(mol-mol )
Hfti  8.8x10° 6.0x10" 6.0x10" 1.01x10"*

13 H AR B s &

A 0 T90 3 B4 0 4% 1B 52 b K <l B ( Dirichlet i1
L), G Z=0~ 5 om, JE I {E1H E KSR
1.013x10° Pa, S FIEE H7 0.9, HELEIEHE— )2 BATTH
b 7€ E Dirichlet 1 4¢, FEREEVE FEl Z=—100 ~ —105 cm, #]
U6 R JTEFZ BEH T K47 —100 em &I E R 1.017 9%
10° Pa, 52 0 b 8 52 J i B S35 45 B 90 46 K 4 4
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Fig.3 Distribution of LNAPL saturation at different moments in the fine-sand lens model
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