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The numerical simulation study of the impact on DNAPL distribution in heterogeneous media due to fluctuation of water
table. CHEN Hang'?®, YANG Jie**", DU Wen-qiang®, HU Li-tang®*, SONG Quan-wei' , LIU Jun® (1.State Key Laboratory of
Petroleum Pollution Control, Beijing 102206, China; 2.College of Water Science, Beijing Normal University, Beijing 100875,
China; 3.Engineering Research Center of Groundwater Pollution and Remediation, Ministry of Education, Beijing 100875, China;
4.Petro China Urumgqi Petrochemical Company, Urumgqi 830019, China; 5.Advanced Institute of Natural Sciences, Beijing Normal
University, Guangdong 519087, China). China Environmental Science, 2025,45(10): 5796~5810

Abstract: To accurately characterize the impact on DNAPL contaminant migration under the background of groundwater level rise in
the coastal areas of North China in recent years, a case study was conducted at a NAPL contaminated site in Tianjin. Utilizing the
multiphase flow numerical model TOUGH/TMVOC, a simulation was constructed to analyse the migration characteristics of
DNAPL in both homogeneous and layered heterogeneous media under varying groundwater levels. The focus of the study was on the
variation of DNAPL movement above and below the water table interface. The key findings were as follows: the NAPL phase was
the primary form in which DNAPL migrates in groundwater. In homogeneous saturated media, DNAPL migration exhibited both
vertical infiltration and horizontal diffusion. In the unsaturated—saturated aquifer system, a significant increase in DNAPL saturation
was observed below the water table interface, with an increase of 47.5% compared to the initial leakage stage. Under water level
recovery conditions, the phenomena of sudden increases in DNAPL saturation and vertical migration of contaminants were weakened,
with the extension rate decreasing by 1.5~1.8 times compared to low water levels; simultaneously, the phase change of dissolved
components to gaseous state was inhibited, resulting in reduced amount of gas phase DNAPL. The dynamic changes in the water
table, in conjunction with the layered heterogeneous stratum structure, jointly regulated the DNAPL migration process.
Low-permeability layers impeded DNAPL migration. Although DNAPL saturation increased after crossing the water table, its
maximum saturation still decreased by 6%~7% compared to the saturated conditions, and the mass of contaminants decreased by
13%~15%. It is recommended to implement contaminant interception when DNAPL reached minimum saturation near the water
table to improve remediation efficiency.

Key words: dense non-aqueous phase liquids (DNAPL); water table; TMVOC; numerical simulation
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Table 3  Physicochemical properties of TCE
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Table 4 Parameters of different media
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Table 5 Settings of scenario models
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Table 6 Result of sensitivity of key parameters
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Fig.2 Distribution of NAPL phase saturation with time in saturated sand soil
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