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Abstract

The world's urban population growth, indiscriminate use of fertilizers and chemical poisons are
actually threatening groundwater resources. The main target of this paper has been tracking of
distribution of a conservative tracer in a porous media and in a laboratory-scale model, to estimate the
longitudinal and transverse dispersion coefficients. In this study non-cohesive sands were used to
create the porous media body in the laboratory model with a grain diameter of 1-2.5 mm. Salt (NaCl)
with concentrations of 5, 7.5 and 10 g/l were used as a tracer. The results of 5g/l concentration tests
are reported in this paper. An EC-meter apparatus was used to measure the EC values of the tracer to
monitor its plume migration. Then the collected and recorded EC data were used to calculate the
tracer concentration data in different points over time, for each test. The calculated concentration data
were compared with values which were obtained from the analytical solution using Fickian second
law. According to the results, for instance, in the case of 5 g/l of the tracer, the obtained values of the
longitudinal and transverse coefficients are equal to 3.36e-6 and 6.58e-7 m2/s, respectively.
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1 Introduction

Groundwater is the main source of drinking, agricultural and industrial water in many arid and
semiarid areas; therefore, its quality has a significant impact on human health and the environment.
Groundwater quality has been generally threatened with industrial activities, pests and herbicides,
underground reservoirs leaks, oil and gas extraction, and landfill dumping.

Therefore, an important issue facing engineers and experts today is the conservation of
groundwater resources from the introduction of pollutants and the reduction of specific pollutants in
these valuable resources. In order to control the entry of pollutants into aquifers it is necessary to
know the sources of pollution and their transmission and distribution processes in porous media.
Pollutants are gradually transferred to the groundwater systems and they are part of the flow. The
most important parameters affecting the transfer of pollutants are: density, solubility and viscosity of
pollutants.

Several models have been used to study groundwater flow systems. The groundwater collections
can be divided into three general groups including physical model, analog model and mathematical
models.

Nowadays, using laboratory models to capture the realities and understand the phenomena better
and to make the right decision about every phenomenon is very common. On the other hand,
mathematical groundwater simulation models are used widely by many researchers in many countries
and, by the mean of verification; the predicted data are basically compared to the laboratory data. The
laboratory model is a simple explanation of identity or a complex process. The use of the model
provides many background questions for quick, precise, and economical responses.

Gaggins et al. (2004) determined the longitudinal and transverse dispersion coefficients of
groundwater contamination. The results of their research indicated that for a number less than two, the
length of the dispersion decreases with increasing velocity, and for the number of cases greater than
two, the longitudinal distribution remains constant. Also, by increasing the number of particles, the
amount of transverse dispersion decreases almost uniformly.

McNeil et al. (2006) used an image analysis technique to diffuse pollutants in a heterogeneous
porous medium. In their study, in order to reassure the results of the image analysis method, the data
conforms to the data of a laboratory model and were calibrated. One of the limitations of the image
analysis method is that for each porous medium, a separate calibration curve should be considered,
based on the particle size and distribution of different states.

Chitarella et al. (2015), after constructing a physical model and photographing the distribution of
pollutants, obtained a relation between the glow emitted from the detector (fluoresin) and its
concentration at each point. To verify the validity of the obtained relationship, calibrate the results
using a numerical model. The final result of their research is the presentation of a new relationship to
determine the longitudinal playback coefficient, which is very consistent with the experimental data
of past research.

Fadai et al. (2016) used the least squares criterion and photographic processing technique in a
laboratory study and estimated the longitudinal and transverse scatter coefficients for different speeds
and grading. The values which they presented are equal to 0.001-0.003 m2/s.

According to the literature, the dispersion coefficients depend essentially on the speed, grain size,
pollutant concentration, pollutant type, and so it is not possible to provide a coefficient for use in all
states. Even in similar studies, the values of the coefficients were somewhat different. In general, it is
recommended that, it be consider a length of 500 meters for a longitudinal dispersion and a width of
600 meters in width for scattering, in the field studies.
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The main purpose of this study was to trace the contamination migration in the saturated porous
media state and in a laboratory scale in order to estimate the relevant longitudinal and transverse
dispersion coefficients.

2 Materials and Methods

In the present study, a homogeneous and saturated porous media based on hypothetical physical
models was designed and developed in the central laboratory at the Irrigation and Reclamation
Engineering Department of University of Tehran. Figure 1 illustrates a general view of the laboratory
model.

As shown in Figure 1, the constructed laboratory glass model had a length of 1.8m, a width of
0.7m and a height of 0.4m, and was sited in a level and stable situation. Dimensions of the model
were selected based on the results of the initial experiments and our previous experiences.

Figure 1: Laboratory Model

In the present study, salt (NaCl) was used as a tracer. This tracer is easily soluble in water, cheap,
available, environmentally friendly, and it is also possible to monitor its expansion in the model easily
by an EC meter device. According to the results of the initial tests, which were carried out in this
research study, the selected concentrations of tracer were equal to 5, 7.5 and 10g/l. The results of 59/l
concentration tests are reported in this paper. To make a solution with 5g/I concentration, 12.71 grams
of NaCl was dissolved in a liter of distilled water. The tracer device comprised a wide low-depth
reservoir, connective a flexible tube with a nozzle fixed at the end of the tube. The above mentioned
nozzle had a valve to achieve a constant of tracer discharge. The nozzle was fixed at the central point
of the model top-wide, inside the constant level head-water and closed to the soil; to release the tracer
freely penetrates into the soil with a discharge of 2 ml/s. The sand was saturated with the constant
head-water before releasing of the tracer. It worth noting that, all experiments were repeated three
times to obtain reliable data.
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2.1 Fick's law and its analytical solution

In the context of the transmission of contamination in a saturated porous medium the Fickian
second law is used. If the flow of groundwater is two-dimensional and moves in the direction of the x-
axis with a uniform velocity U, then the Fickian law can be presented as follows:

0°X o’y ., oC oC

DXW_‘_D),W_U&:E (1)
Where;

D, =, *U @
D, =a, *U )

and Dx is the longitudinal dispersion coefficient, Dy is the transverse dispersion coefficient, al is
the longitudinal dispersion, at is the transverse dispersion, U is the velocity in the direction of the axis
x and C is the concentration.

In this research study, an analytical solution method was used to obtain scattering coefficients.
The relevant equation of the analytic solution for the case of a source of pointwise and continuous
pollutant is as follows:

C(x y,t)=XY 4)

where:

C x—Ut
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x)= Gert| 278 .
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B is the width of the source of the pollutant, and other parameters have the same concepts as
before.

3 Results and Discussion

The collected and recorded EC data were converted to concentration, using the following formula.
b
ppm = a(EC) @)

To obtain the values of a and b, solutions were first prepared with different concentrations, in the
laboratory, and the relevant EC values were then recorded for each solution. Then, the coefficients
were calculated by plotting the graph and the fitting of the exponential function curve as presented
below.
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ppm =138.77(EC)"*** ®)

After converting data and calculating the concentration values at different times, considering that
the data were recorded by the device with fluctuations and jumps, first all the concentration data were
taken from the moving average with a period of 7 seconds and then using MATLAB software
concentration graphs were plotted, involving Fourier equations or 9th order equations, see figure two
below.

Experimental data

Moving Average 7 Sec

0 200 400 600 800
Time (Sec)

Figure 2: Concentration against time in section B (see Figure 1)

According to figure 2, the contaminant has been reached to the first recording point (well which
installed at section B, Fig. 1) after approximately 50 seconds and then the concentration has increased
dramatically. Following by that and after about 200 seconds, the contamination increased to a
constant level of 3500ppm. The result of the analytic solution using Fick's law (Equ. 4) showed that
has a Fourier series relationship type. It was used to obtain the analytical data and has a shape similar
to the figure 2, i.e. s-curve. Also, as previously mentioned, the measured data were compared with the
Fourier series using Matlab software and the comparison gave an encouraging level of agreement.

The following equation was then used, Zoe and Ekstine (1995) which is based on a statistical
study of laboratory data.

a, =0.83(log L)*** 9)

where ¢, and L both have similar unites of m.

These data were compared with the actual values obtained from the tests, and the relevant value of
RMSE was calculated. Using the solver tool, by changing the longitudinal and transverse
fragmentation values, the lowest RMSE and optimal scatter coefficients were calculated.

The results of the inverse solution for longitudinal and transverse dispersion coefficients are
presented in table 1, below.

Concentration of Tracer(g/l) Dy (m?/s) Dy (m?/s)
5 3.362*10° 6.583*10"
Table 1: Distribution Coefficients
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These results are similar to Olsen's and Gaussian results.
Also with applying the Surfer software, the diffused tracer was graphically plotted, which is

illustrates in Figure 3.
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Figure 3: Tracer distribution at 500s, 100s, 1500s, concentration of 5 g/l

4 Summary and Conclusions

A laboratory model was constructed to study the movement of a tracer in saturated porous media,
to estimate the longitudinal and transverse dispersion coefficients. Non-cohesive sands were used to
make the porous media surroundings with a grain diameter of 1-2.5 mm. NaCl with concentrations of
5, 7.5 and 10 g/l were used as a tracer. The expansion of the salty plume was monitored using an EC-
meter apparatus and the EC data were recorded. The collected and recorded EC data were used to
calculate the tracer concentration data in different points over time, in gridded points. The measured
data were compared with values which were obtained from the analytical solution based on Fickian
second law. This comparison demonstrated the accuracy of the obtained results with an encouraging
level of agreement. According to the results of the 5 g/l of the tracer, the obtained values of the
longitudinal and transverse coefficients are equal to 3.36e-6 and 6.58e-7 m2/s, respectively.
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