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Fractal Characteristics of Capillary Finger Flow for NAPLs Infiltrated in Porous

Media

LI Hui-ying'”*, DU Xiao-ming”, YANG Bin’>, WU Bin*, XU Zhu*, SHI Yi*, FANG Ji-dun®, LI Fa-sheng"*

(1. Engineering Research Center of Groundwater Pollution Control and Remediation, Ministry of Education, Beijing Normal University,
Beijing 100875, China; 2. State Key Laboratory of Environmental Criteria and Risk Assessment, Chinese Research Academy of
Environmental Sciences, Beijing 100012, China)

Abstract ; Non-aqueous phase liquids (NAPLs) like petroleum hydrocarbons and chlorinated solvents have resulted in contamination of
soils and ground water, which aroused widespread concemn. It’s quite important to delineate pollution area for remediation according to
different soil types with pollutants properties in consideration. In this paper, a two-dimension visual sand box apparatus was
constructed,, with four typical NAPLs selected for infiltration experiments conducted in initially dry porous media. The main driving
force was identified and fingering patterns were compared. The fractal dimension was used to give quantitative description. The present
work indicates that the main driving force was capillary forces and the mechanism was the capillary fingering. The fingers varied from
skeletal patterns to fleshy patterns and the infiltration area increased when the capillary number and the bond number decreased for
NAPLs with the same level of viscosity. The high viscous force resulted in larger finger width and infiltration area. The same change
between fluids happened in finer media. Fractal dimensions were positively correlated with the finger width and infiltration area, which
is helpful in the pollution area characterization.
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Fig. 1 Particle size distribution
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Table 1 ~ Physical and chemical properties of fluids(20°C +2°C )

NAPLs?
RS S % 1,2-DCA  PCE
WK p/g-cm ™3 0.82 0. 87 1.22 1.62
BN FHE uy/mPas 3. 11 0.6 0. 88 0. 86
WS o/mN-m ™! 23.9 25.6 32.7 31.4
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Fig. 2 Schematic diagram of experimental apparatus

ARERR NS 2 FER. 7K ki B SR 54 R 10§
ISR, T2 8 2 UK IR 2 08 R A S5
.

x2 NREERY

Table 2 Permeability of porous media
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Table 3 Fitting results of fractal dimensions of sweep area

of the fluids at the end
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