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Abstract

Introduction: Operation of the efficient models for contaminant transport through different
media is one of the most important topics among environmental researchers. In so many types
of surface flow, operation of the classical ADE equation is not accurate because of the existence
of the more extended residence time parameter. In the present study, it was tried to evaluate
the pollution transport in the interconnected reservoirs by deriving a theoretical solution
based on the TS model partial differential equations (PDE) as well as conducting an
experimental model. Due to the creation of the long residence time parameter in the reservoirs
in series system, and also because of the complexity of the previous solutions of the TS model
(exhibition of the modified Bessel function), it was tried to present a simplified version of TS
model which behaves like the original solution.

Methodology: The study is followed in two different parts. Firstly, the analytical solution is
derived by operation of the Laplace transform to the PDE equations of the TS model and by
imposing sudden mass release as an initial condition. In the last step of the derivation, one
term is neglected in comparison with another one to achieve a standard template of the inverse
Laplace transform. The other step of the study is followed in the laboratory by the creation of
an experimental apparatus. The rockfill dams in the laboratory flume have been produced
using three different median diameters of the 1.1, 2.3, and 3.6 cm. The other experiment
variables were the entrance discharges as 7, 9, 11, and 13.5 1/s and linear source concentration
of the 100, 140, and 200 gr/l. The data acquisition apparatus was consisted of 8 EC sensors
which have been positioned in different locations. Two of them have been installed inside the
dam bodies, but the others were installed before and next to the dams. The experiments have
been initiated by the mass release across the flume and upstream of the first dam. The data
recording has been started with an interval of 2 seconds, and then the EC data has been
transformed into the concentration using calibration equations. Finally, by the depiction of the
concentration versus time, the experimental BC curves were extracted in different locations of
the flowing system.

Results and discussion: Extracted experimental BC curves in the first sensor location were
somewhat oscillating but, by the downstream motion, the general trend of them become

Journal of Hydraulics
14(3), 2019
49


https://doi.org/10.30482/jhyd.2019.101685.1253

Derivation of an analytical solution for evaluation ... Chabokpour & Zabihi, 2019

apparent, and any fluctuation was observed.

Three parameters of the velocity, mass exchange, and the dispersion coefficients have been
extracted based on the derived analytical solution. After that, by classification of them, it was
tried to fix a favorable statistical distribution by presenting the mean, and standard deviation
of them. The Pe number as relevant to the dispersion and convection activities has been
depicted versus different model parameters, and the trend was interpreted. It was found that
the increment of the Pe number increases both the convective and the dispersion time
parameters. Also, the skewness coefficient has been decreased by the downstream motion.
Other additional information like different orders of the central temporal moments and the
mean velocities have been extracted and interpreted from the analysis of the BC curves. Using
extracted parameters and the general framework of the derived solution, the theoretical BC
curve at all eight positions created and compared with the experimental ones. To achieve a
simpler parameter estimation procedure, four theoretical equations were extracted which by
simultaneous numerical solution of them, four model parameters can be obtained. The mean
values of the velocities, dispersion coefficients, and the logarithm of the mass transfer
coefficients between the storage area and the main flow have been determined as 4 cm/s, 2.4
cm2/s, and -10.5, respectively. Moreover, the corresponding of the experimental breakthrough
curves with theoretical ones have been assessed and confirmed using statistical parameters of
the RMSE and Nash-Sutcliff, having the values of 0.21 and 0.7, respectively.

Conclusion: The applicability of the derived model was verified using a series of experimental
data and the model parameters, and their variation has been extracted and analyzed. It was
found that all parameters of the area ratio, velocity, dispersion coefficient, and mass exchange
parameters are important in the recreation of the theoretical BCs. As it is presented by the
previous investigators, the skewness coefficient has been reduced to the range of (1-1.2) by
downstream motion. Finally, it can be said that the presented model is efficient and can be
operated in transport modelling. The values of model parameters can be chosen in the range
of presented magnitudes.

Keywords: Reservoirs in series, advection and dispersion of the pollution, storage model,
Laplace transform.
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