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ABSTRACT

Although various methods have been proposed to assess groundwater vulnerability, most of the models merely consider
the mobility of contaminants (i.e., intrinsic vulnerability), and the attenuation capacity of vadose zone is often neglected.
This study proposed an evaluation model for the attenuation capacity of vadose zone to supplement the limitations of the
existing index method models for assessing groundwater vulnerability. The evaluation equation for quantifying the
attenuation capacity was developed from the combined linear regression and weighted scaling methods based on the lab-
scale experiments using various vadose zone soils having different physical and biogeochemical properties. The proposed
semi-quantifying model is expected to effectively assess the attenuation capacity of vadose zone by identifying the main
influencing factors as input parameters together with proper weights derived from the coefficients of the regression results.
The subsequent scoring and grading system has great versatility while securing the objectivity by effectively incorporating
the experimental results.

Key words : Attenuation capacity, Groundwater vulnerability assessment, Index method, Multiple linear regression
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Fig. 1. Schematic diagram of a batch reactor for simulating diesel
contamination in an unsaturated zone.
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Table 1. Major bio-chemical properties of soils used in this study

Sample OOM TN TP TBN \ Fe
% % mg/kg CFU x 10%/g %
Soil A 426 0.247 1599 112.9 2.83
Soil B 5.09 0.172 104 49 1.65
Soil C 3.49 0.124 134 26.2 1.65
Soil D 1.23 0.068 582 82.9 3.31
Soil E 0.24 0.014 113 3.8 2.25
Soil F 0.09 0.006 338 12.7 3.37
Soil G 0.56 0.027 247 353 2.87
Soil H 1.08 0.055 271 0.8 3.20
Soil T 2.46 0.164 889 332 2.80
Table 2. Major physical properties of soils used in this study
Sample S(;a/:d So;:[ Col/iy 11131;:1 r]r)lfrol C, n Soil texture
Soil A 70.0 19.2 10.8 0.068 0.200 100 1.423 Sandy loam
Soil B 81.0 6.5 12.5 0.200 0.680 436 1.610 Sandy loam
Soil C 73.7 14.5 11.8 0.053 0.400 250 1.454 Sandy loam
Soil D 91.0 23 6.7 0.330 0.775 32 2.527 Sand
Soil E 80.6 9.6 9.8 0.180 0.607 303 1.643 Loamy sand
Soil F 79.7 12.8 7.5 0.130 0.477 159 1.654 Loamy sand
Soil G 71.6 14.6 13.8 0.048 0.465 465 1.416 Sandy loam
Soil H 23.6 40.6 35.8 0.001 0.014 54 1.420 Clay loam
Soil T 90.0 6.0 4.0 0.110 0.500 100 2.571 Sand
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Fig. 2. (a) Attenuation rate constants of diesel in various soils under different saturation degrees and (b) measured £ vs. calculated & based
on multiple regression analysis using lab.-scale diesel removal experiments.
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Table 3. Coefficients and weights for selected diesel removal
impact factors in vadose zone from multiple regression analysis
with normalized scale

Factor Coefficient Weight
oM 0.001467 1
TP 0.003962 2.70
Ds -0.0012 -0.82
C, 0.001363 0.93
n 0.001198 0.82
SD -0.00082 -0.56
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