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Abstract

Dispersion is one of the most important measurable properties of porous
media. This important parameter is used in the Advection-Dispersion
transport equation related to pollutant transfer in the study of groundwater
resources. In the past studies, the dispersion coefficient was considered a
constant coefficient for the whole porous media, but many studies over
the last few decades have shown that it depends on many parameters,
including the transmission distance. Since most of these studies have been
performed in homogeneous porous media, in this study, experimental
study was carried out to investigate the effect of transfer distances of 20,
50 and 80 cm on the dispersion coefficient in layered soils which
containing coarse, medium and fine sand. The results of this study showed
that at all transfer distance, the volume of porous water before reaching to
the relative concentration of 0.5, reached to one and the rate of pollutant
transfer decreased with increasing transfer distance. This result
consistence with finding of other studies. Numerical modeling by
HYDRUS- 2D model also showed that this model was able to calculate
the value of diffusion coefficient for transmission distances of 20, 50 and
80 cm with RMSE error equal to 0.061, 0.063 and 0.057, respectively,
which indicates its high accuracy in simulating and movement of
pollutants in the porous media.

1. Introduction

With the uncontrolled increase of population in recent years and as a result of over-exploitation of
groundwater aquifers and limited surface water resources, irreparable damage has been done to the
country's water resources. In addition, various pollutants have entered the groundwater aquifers in
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agricultural and industrial activities. In order to prevent the continuation of quantitative and qualitative
decline of available water resources, management and protection of groundwater should be considered
as a principle in water resources management planning. Dispersivity is one of the measurable
parameters in the porous medium used in the Advection—dispersion transport equation. One of the most
important parameters affecting the values of dispersion coefficient is the transmission distance. In
addition, homogeneous or heterogeneous soils can affect the dispersion coefficient. The two-
dimensional Hydrus model is one of the most powerful simulation models that is able to simulate the
movement of water, salts, heat, root water uptake, as well as root growth under saturated and unsaturated
conditions in the soil. In this model, the Richards equation is numerically solved to study the movement
of water in the soil, as well as the transfer-diffusion equations to study the movement of solutes and
heat in the soil. Literature reviews show that there is no study were done to investigate the dependence
of dispersion on the transfer distance in layered sandy soils, so in this study layered heterogonous soil
with coarse, medium and fine layers in the horizontal direction was investigated.

2. Materials and Methods
In this research, a laboratory model was constructed as a rectangular tank made of unbreakable glass

with a length of 110, a width of 10 and a height of 80 cm. The rectangular tank consisted of three parts:
inlet, porous medium and outlet, which were separated by lattice plates in order to make the flow one-
dimensional. The distance of the first port of sampling in the horizontal direction from the inlet part
was 20 cm and the next two ports were 50 and 80 cm apart, respectively. Sodium Chloride was used as
a contaminant with a concentration of 14 dS / m. Also, the flow velocity in the range of similar studies
was 17.58x 10°m /s. Sand in three sizes of fine, medium and coarse was used for this study. After the
start of the experiment, the concentration of the solution from the samples was measured at intervals of
approximately 2 to 20 minutes. Sampling was continued until the concentration of the samples reached
the final concentration (14 dS / m) (C/Co = 1). Breakthrough curves (BTCs) were then plotted for each
experiment and dispersion values were calculated by the Fried-Combernous model. Finally, the
transport of water in the porous media was simulated using a Hydrus-2D model.

3. Discussion and Conclusion
In this study, laboratory study and numerical modeling were used to study the effect of transfer distance

on the dispersion coefficient in layered heterogeneous soils. The experiment was performed in layered
sandy soils with three textures of fine, medium and coarse at three travel distances of 20, 50 and 80 cm.
The dispersion coefficient obtained from the physical model using the Fried-Combernous model for the
travel distances was 3.8, 3.5 and 6.3 cm, respectively. The results of the study of the effect of travel
distance in this study were consistent with previous studies such as Al Tabbaa et al. (2000), and Younes
et al. (2020). In this study, at all travel distances before reaching a relative concentration of 0.5, the
porosity of the water reached to 1 and the contaminant transport velocity decreased with increasing
travel distance. Then numerical modeling was performed by Hydrus software and a comparison was
made between the results of the physical model and numerical modeling using RMSE error calculation.
RMSE error was obtained for travel distances of 20, 50 and 80 cm equal to 0.061, 0.063 and 0.057,
respectively. These results showed that the simulation of the contaminant dispersivity in the porous
media by Hydrus is accurate.
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Study of the Effect of Transport Distance on Dispersion Coefficient of
Sodium Chloride in Horizontal Stratified Sandy Soils and its Simulation
with HYDRUS- 2D

Hamed Mahdipanah !, Askari Tashakori* 2, Samad Emamgholizadeh 3, Eisa Maroufpoor*

Abstract

Dispersion is one of the most important measurable properties of porous media. This important
parameter is used in the Advection-Dispersion transport equation related to pollutant transfer in the
study of groundwater resources. In the past studies, the dispersion coefficient was considered a constant
coefficient for the whole porous media, but many studies over the last few decades have shown that it
depends on many parameters, including the transmission distance. Since most of these studies have been
performed in homogeneous porous media, in this study, experimental study was carried out to
investigate the effect of transfer distances of 20, 50 and 80 cm on the dispersion coefficient in layered
soils which containing coarse, medium and fine sand. The results of this study showed that at all transfer
distance, the volume of porous water before reaching to the relative concentration of 0.5, reached to one
and the rate of pollutant transfer decreased with increasing transfer distance. This result consistence with
finding of other studies. Numerical modeling by HYDRUS- 2D model also showed that this model was
able to calculate the value of diffusion coefficient for transmission distances of 20, 50 and 80 cm with
RMSE error equal to 0.061, 0.063 and 0.057, respectively, which indicates its high accuracy in
simulating and movement of pollutants in the porous media.

Keywords: Dispersion, Fried-Cambernous model, HYDRUS-2D, Porous media, Transport
distance.
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