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ABSTRACT

Capillary fringe divides the groundwater and the vadose zone controlling the diffusive mass transfer of contaminants and
gases. The thickness of capillary fringe is of great importance for the rate of contaminant mass transfer across the capillary
fringe. Application of surface active chemicals including surfactants and alcohol-based products into the subsurface
environment changes the surface tension of the aqueous phase, which in turn, affects the thickness of the capillary fringe.
In this study, a bench-scale model was used to assess the quantitative relationship between the surface tension and the
thickness of the capillary fringe. An anionic surfactant (Sodium dodecylbenzene sulfonate, SDBS) and an aqueous
solution of ethanol were used to control the surface tension of the groundwater. It was found that the thickness of the
capillary fringe is directly proportional to the surface tension. The air entry pressures measured by the Tempe Pressure
Cell at different surface tensions using SDBS (200 mg/L) and ethanol (20%, v/v) solutions were in good agreement with
the thicknesses of the capillary fringe measured by the model. A simple method to correct the conventional Brooks-Corey
model for estimating the air entry pressure was also presented.

Key words : Aquifer, Capillary fringe, Anionic surfactant, Groundwater, Remediation
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Fig. 1. Schematic diagram of the experimental set-up used in this
study.
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Table 1. Surface tensions for the aqueous solutions of SDBS and
ethanol used in this study

Concentration .
Surface tension

Description SDBS: mg/L

ethanol: % (v/v) (dynefem)

0.0 72.10

25.0 57.88

. 50.0 48.76

SDBS solution 100.0 46.44

150.0 43.46

200.0 41.78

0.0 72.16

5.0 57.58

10.0 51.04

Ethanol solution 15.0 47.02

20.0 43.96

25.0 41.84

30.0 38.20
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Fig. 2. Water retention curves for the sands used in this study.
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