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Extended abstract

Introduction

Understanding the solute transport processes through porous media is
important in the sciences of soil, hydrology, and environmental engineering.
The wide range of soil and water factors can affect these processes, in which
the sizes of particles of granular media play a key role by influencing
physical and hydraulic factors, including porosity, pore size distribution, and
saturated hydraulic conductivity, and solute transport factors such as
dispersion, adsorption, and mobility. Although particle size variations
impact the transport of solute and water, the water movement in the media is
controlled by the hydraulic gradient, which produces a fixed water velocity
in different media. In this regard, modeling can help to better understand the
impact of particle sizes of the medium on solute transport. Currently, several
models have been developed to predict and simulate solute transport through
porous media based on sorption/desorption, advection, and dispersion
processes. These include uniform porosity models (such as equilibrium, one-
site kinetic, and two-site kinetic models) and non-uniform porosity models
(such as dual-porosity and dual-permeability models), all of which are
incorporated into the HYDRUS-1D software. Among these models, uniform
or single porosity models are more widely used due to their simplicity and
fewer unknown coefficients.
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Therefore, the current study aims to simulate the effect of particle size of the
granular medium on solute transport under saturated conditions by equilibrium,
one-site, and two-site sorption models using HYDRUS-1D—a widely used and
advanced model for simulating water and solute movement in soils— at
experimental column scale.

Materials and Methods

Nine PVC columns with a length of 25 cm and an inner diameter of 8 cm equipped
with mesh screen were filled with the granular media with particle size ranges of
0.6-1.2, 1.2-2.4, and 2.4-4.8 mm. Before filling the columns, the media were
thoroughly washed multiple times to eliminate initial salts, and after filling, the
columns were leached again. Next, 180 cm? of distilled water containing 1 mmol of
potassium nitrate (KNOs) was injected into the columns using a peristaltic pump
with a saturated flow rate of 75 cm3/min. This was immediately followed by a
leaching phase using deionized water.

To simulate the salinity breakthrough curve, the advection-dispersion equation
coupled with equilibrium, one-site, and two-site sorption models was applied in the
HYDRUS-1D program. The initial conditions of the soil profile, bulk density,
porosity, and breakthrough curve data were input into the model to obtain solute
transport coefficients, including the distribution coefficient (KD), the fraction of
equilibrium sites (F), and the first-order rate constant (o). To evaluate the accuracy
of the model simulations, statistical indicators such as Root Mean Square Error
(RMSE), Cumulative Relative Mass (CRM), and the Coefficient of Determination
(R?) were used.

Results and Discussion

The experimental results revealed that the breakthrough curves of the coarse- and
medium-textured media (PV=0.5) appear to arrive earlier than fine-particle media
(PV=0.75), due to the higher pore water velocity and larger pore sizes.
Additionally, the slope of the breakthrough curve in the fine-textured medium was
steeper than that of the others, indicating a more uniform pore size distribution in
the fine-textured medium and dilution of solute through lateral pores by transverse
flow in coarser media.

The results of modeling showed higher accuracy for the two-site model
[RMSE=0.01, CRM=-0.07-0 and R?>=0.97- 0.99] compared to the one-site model
[RMSE=0.01-0.03, CRM= (-0.3)-(-0.07) and R>=0.86- 0.97] and equilibria model
[RMSE=0.01-0.09, CRM= (-0.65)-(- 0.1) and R?>=0.54-0.97]. Therefore, it can be
concluded that the solute sorption and desorption processes in the above-mentioned
media are governed by a combination of equilibrium and kinetic mechanisms.
Accordingly, employing multiple sorption mechanisms in solute transport
modeling is recommended to improve accuracy and better understand the nature
and intensity of the governing transport processes. The values of F and KD also
indicated more equilibria sites with less sorption capacity in coarse media due to
less favorable sorption sites. Sensitivity analysis of the solute transport parameters
of the best model showed that the coefficients of F and KD, with sensitivity values
of 0.87 and 0.84, had the strongest influence on fitting the breakthrough curve.

Conclusion

This study was conducted to examine the effect of medium particle size on the
solute transport at the experimental column scale by various models. The
experimental results showed fast displacement of solute through coarse medium
with lower concentration due to the solute dilution with water placed in less active
lateral pores. The modeling result confirmed the occurrence of both instantaneous
and kinetic processes in solute transport through the granular media. Therefore,
employing the two-site model can recommend enhancing the accuracy of fitting

and a more realistic understanding of the processes involved in solute transport.
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Table 2. Coefficients Obtained from Simulating Breakthrough Curves
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Fig 2. Sensitivity Analysis of Model Parameters.
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