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Abstract

Introduction: Density current is one of the factors influencing the
transfer of sediments to reservoirs of dams. One of the practical
methods to control sediments is to build an obstacle in the path of
these currents.

Methods: In this laboratory research, the behavior of the Density
current under the effect of cylindrical obstacles made of wood with a
diameter of 1.5 cm and a height of 30 cm (more than the height of the
body of the Density current) was evaluated. Therefore, by
considering variables such as floor slope, concentration and
discharge, the values of the density current head were determined.
Machine learning algorithms such as adaptive neural fuzzy inference
system and artificial neural network were used to model the results.
Findings: Based on the results, the density salt flow head was
modeled using machine learning algorithms such as adaptive fuzzy
neural inference system and artificial neural network and the
performance of these two methods were compared. The results
showed that machine learning algorithms are useful in modeling the
density salt flow head. And the regression of the adaptive neural
fuzzy inference system for the training and test data was 0.99 and the
regression of the artificial neural network was 0.94 and 0.91,
respectively.

Conclusion: By comparing the two methods, it was found that the
adaptive neural-fuzzy inference system is more effective in modeling
the percent reduction of the head of Density current than the feed-
forward artificial neural network method.
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Modeling the behavior of density current with machine learning algorithms

Extended Abstract

Introduction

Sedimentation behind the dams is an
important problem in the world (32), which
causes the loss of storage capacity of
reservoirs, blockage of dam outlet
structures, and reduction of nutrients in the
downstream ecosystem. rivers, which
causes the loss of coastal lands and
agricultural problems (32). The amount of
sediment transfer to reservoirs and as a
result the loss of its useful volume depends
on various factors such as soil type, grain
size  distribution, morphological and
hydrological parameters, but  the
effectiveness of these parameters is different
(5). For example, reservoirs in China lose an
average of 2.3% of their storage capacity
annually (36), while Swiss reservoirs in
critical conditions only 0.2% reduction in
capacity (7). Recent decades of research
showed that turbid currents are the main
factor in transporting suspended sediments
in reservoirs, the main movement
mechanism in these currents is the
difference in density between sediments and
clear water. They are also called thick or
dense currents (3). Such currents are usually
formed during the annual flood and carry a
large part of the sediments. Reservoir
operators who deal with sedimentation and
its problems are always looking for
techniques to reduce or prevent the impact
of sedimentation, for this purpose many
management techniques have been studied
and tested (4). Through the studies
conducted, the researchers realized that the
construction of obstacles in the reservoir of
the dam has a good efficiency in controlling
the density currents, which increases the
useful life of this structure (2). In a
laboratory study (37) investigated the effect
of square cube obstacles on the head velocity
of density currents and the results showed
the proper performance of this obstacle in
controlling the velocity of density currents.
Oehy and Schleiss (28) investigated the
effect of permeable obstacles on density
currents in a laboratory design. By
considering different variables such as
concentration and flow rate, they realized
that the effectiveness of this model of

obstacles is very effective on the behavior of
density currents. Oehy et al. (29) stated that
obstacles with a height of twice the body of
density currents are efficient to control or
block these flows, the research also showed
that the density currents by a geotextile
sheet is significantly decreases. (19)
Experimentally investigated the effect of
inlet Froude number and bed slope on the
sedimentation behavior of density currents.
The results showed that the effect of the inlet
hydraulic jump on the behavior of the
density currents increases with the increase
of the inlet drop number.

Materials and Methods

All the tests were done in Khuzestan water
and electricity laboratory. In this research, a
rectangular flume with a length of 12.5
meters, a width of 30 cm and a depth of 47
cm with the ability to change the slope was
used. A movable plexiglass inlet valve was
installed at the beginning of the flume to
separate the density and clear fluid, and a
drain was created at the end of the flume to
drain the excess flow. Before the start of the
experiments, a density saline fluid was
prepared by adding permanganate to trace
the fluid in 4 cubic tanks with a capacity of
5000 liters. After preparing all the devices
and laboratory equipment, the flume was
filled with city water and the density fluid
was pumped through a pipeline from the
tanks to the tank behind the inlet valve, after
leveling the level of the density fluid behind
the valve and The water in the flume was at
a height of 35 cm, the valve suddenly opened
to a height of 5 cm. To determine the density
currents,

Findings

In this section, the modeling of laboratory
data has been done using the adaptive
neuro-fuzzy inference system (ANFIS), the
inputs introduced to this network include
floor slope, discharge and input
concentration, and the output of the network
is the reduction percentage. The flow head is
a density current. In the adaptive neuro-fuzzy
inference system (ANFIS), the number of
clusters is a parameter that is necessary for
the design during the modeling stages and it
is necessary to determine it optimally.
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Discussion

In this section, the performance of the
intelligent method of the ANFIS system has
been compared with the advanced artificial
neural network method in modeling and
predicting the percentage of head flow
reduction in order to determine which
modeling method has better performance,
the result showed ANFIS has less prediction
error and It has more predictive power.

Conclusion

This laboratory research is one of the new
researches that has modeled the percent
reduction of concentrated flow head flux.
Therefore, the effect of concentration, inlet
flow rate, and floor slope has been
investigated by considering cylindrical
obstacles with a diameter of 1.5 cm on the
head of concentrated saline flow. In the first
part of this research, the values of the head
flux of density current were calculated for
the states with and without obstacles, and
then the values of the percentage reduction
of the salt density current head were
determined, in the second part, the data of
the percentage reduction of the head flow
were determined for modeling purposes.
The density salt current has been used using
the ANFIS system and the feed-forward
artificial neural network method. With the
comparison, it was found that the ANFIS
system performed much better than the
artificial neural network method.
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the device's flow meter was used with an
accuracy of 1,000 liters per second. With the
opening of the inlet valve and the entry of
density currents, a little disturbance was
created in the flume, therefore, the location
of the obstacles was placed at a distance of
2.55 meters from the valve so that the flow
reaches a stable state, and the distance from
the valve to the end of the obstacles is also
4.7 meters. By piercing the rectangular
plexiglass, cylindrical obstacles made of
wood with a diameter of one and a halfand a
height of 30 cm were installed on the
plexiglass with a distance of 3 cm from each
other along the length and width. The
obstacles were chosen in such a way that the
flow head does not rise above the obstacles.
A total of 120 density currents experiments
were performed, of which 60 experiments
were with obstacles and 60 experiments
were without obstacles.
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