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Abstract: Subsurface contamination by non-aqueous phase liquid (NAPL) has become a serious environmental issue.
Therefore, it is necessary to estimate the NAPL content (fy4p;) in unsaturated soil to detect and monitor the NAPL
contaminations in soil and groundwater. The objective of this study was to investigate the relationship between 0p,p;
and permittivity (K) in unsaturated sandy soil as a fundamental study to estimate the Oy,p.. An ADR (Amplitude
Domain Reflectometry) method was used to measure the K in the soil including the NAPL which was a castor oil as
light NAPL or a HFE-7100 as dense NAPL. The experimental study indicated the linear relation between 0y,p; and
JK in unsaturated soil with soil-NAPL-air. Using this relationship, we can estimate the Gyyp;. On the other hand,
although we obtained the relationship between Oy p;, 6, and K in unsaturated soil with soil-NAPL-water-air, it was

not possible to estimate the Gy,p; using this relationship.
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Table 1 Physical properties of materials used in

experiments
Density Viscosity Permittivity
(x10%kgm?)  (Pa's) )
Castor oil 0.961 0.7 4.40
HFE-7100 1.520 5.8x10™ 6.87
Distilled water 0.998 0.001 80.1
Toyoura sand 2.64 —_ 4.27
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Fig. 1 Relationship between volumetric liquid contents (0, napr, OpnapL » and 0,) and K in

unsaturated soil which is a 3 phases system of soil-NAPL-air.

Symbols (A, @, and X) show experimental data, and solid lines represent equations (11) — (13).
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Fig. 2 Relationship between 0, yap. (0r OpnapL), 0y, and

system of soil-NAPL-water-air.
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Symbols (H, O, @, and []) show experimental data under the conditions of constant water content
(60,=0.05, 0.1, 0.2, and 0.3 cm’cm™). Solid lines represent equations (14) and (15). Dashed and dotted
lines also represent equations (11) (or (12)) and (13), respectively.
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