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Abstract: To capture the heterogeneous flow pattern and enhance the prediction accuracy of preferential flow
in unsaturated soil, the iodine-starch staining method was applied to visualize the preferential flow pattern
from the background in this research. The digital imaging procedure was conducted to obtain the heteroge-
neous distribution pattern of preferential flow paths, and soil sampling was conducted to obtain the heteroge-
neous distributions of soil water content and solute concentration in the preferential flow region. The meas-
ured distributions of soil water content and solute concentration resulted from preferential flow were simu-
lated and predicted using the active region model (ARM) and the mobile-immobile region model (MIM). The
modeling efficiency using ARM and MIM were quantitatively evaluated and compared using the relative root
mean square error (RRMSE) analysis. The model evaluation and comparison revealed that, ARM produced
more accurate infiltration depth, and soil water and solute concentration distributions predictions, showing
the ARM captured the macroscopic behavior of preferential flow and transport well.
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Table 1. Soil physical and hydraulic properties
# 1. RERGHROYEEE RS %

- . 3T /% N . N .
+ ek A /em A H/(grem™) FLBRRE/% AR 35 T ((emes™)
>50 um 2~50 pm <2 pum
0~10 35 55.0 445 1.44 40.2 58x10°
o 10~20 4.4 51.5 44.4 1.50 42.7 2.1x%107°
RS L .
20~50 43 51.4 443 1.50 44.8 2210
50~100 4.7 50.7 44.6 1.59 45.1 14%x10°
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Figure 1. Diagram of experimental set-up for iodine-starch staining
experiment
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Table 2. Hydraulic and solute transport parameters for modeling

+® 2. FEAEMS RS NNEREBRMASTRE

U PAE 2 BIIEHZH TAHESHL
6,/(cm’-cm’) By/(cm®-cm®) a/(cm™) n K/(cm's™) p;,/(g-cm%) Dgl(cm*s™) D//(cm) y R
0.12 0.443 0.019 1.31 2.15%x107° 1.54 20x%107° 1.0 0.74 0.923
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Figure 2. Predicted distributions of soil water content in the stained region after infiltration using the ARM and MIM
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Figure 3. Predicted distributions of Br~ (a), CI~ (b)and NO;j (c) concentration after infiltration using the ARM and MIM
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Table 3. Simulated results from ARM and MIM for the iodine-starch staining experiment
% 3. FESNRHER M ER R EE R
Zmax/om + 37 /K% RRMSE Br™ # ¥ RRMSE CI” #J¥ RRMSE NO; # % RRMSE
S ARM MIM ARM MIM MIM ARM MIM ARM MIM
94 86 70 0.17 0.37 1.22 0.51 0.75 0.73 1.02
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