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Water surface profile computation for compound channel with vegetated
floodplains

Marzieh Mohseni!, Fatemeh Tavakoli Nezhad?

Abstract:

Water level determination during a flood is always a challenging task for river engineers. During the
flood, river channel becomes compound consisting of the main river channel which carries low flows
and floodplains that carry overbank flows. Flow velocity and structures are affected by vegetation, the
degree to which depends on vegetation density, flexibility, type, and whether it is in a submerged or
emergent condition. Water surface modeling help for the study of flood waves, water level calculation
during flood, stage discharge relation, design of water work structures. This work develops a model
which can be used to simulate water surface profile in compound channel with vegetated floodplains
with various vegetation covers. To predict the water surface, experiments have been conducted in the
laboratory for different hydraulic conditions. It can be seen from the results that the trend of stage-
discharge relationships is found to be an exponential function giving a high value of R2. A multivariable
regression model (MRM) has been developed to predict the water surface profile for such channels. The
dependency of water surface profiles on four different non-dimensional parameters such as canopy
arrangement, canopy density, relative depth and relative distance are analyzed. Using the relevant
experimental data, non-linear regression has been performed. The results obtained from the present
water surface profile model shows good agreement with the observed data.

Keywords: Water surface profile, Compound channel, Vegetation, MRM: Multivariable
Regression model
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Water surface profile computation for compound channel with vegetated
floodplains

Marzieh Mohseni!, Fatemeh Tavakoli Nezhad?

Introduction

Currently, floods have been become one of the natural disasters that occur frequently in Iran and most
parts of the world. During the flood, river channel becomes compound consisting of the main river
channel which carries low flows and floodplains that carry overbank flows. Most waterways suffer from
the infestation of aquatic weeds that cause numerous problems such as water loss, blockage and reducing
the efficiency of hydraulic structures. Therefore, it is important to investigate the effect of vegetation on
water surface profiles to control the flood. In most studies, the effects of vegetation on the general
characteristics of the flow are investigated. For example, many researchers have attempted to quantify
the effects of vegetation on flow depth by using a roughness coefficient. Very few research has
considered the water surface profiles in vegetated channels. Osman (2003) conducted an experimental
study in the hydraulic laboratory of the Egyptian National Research Institute. In his research, the water
surface profile was estimated in five different discharges and sluice gate openings with two different
densities of 0.25 and 0.0625 (1/m?) in a simple rectangular channel. The results show a sudden and
significant drop in water depth at the beginning of the vegetation, but after that, the water surface
remains constant during the vegetation (Osman, 2003). Abd Elhalim used flexible, emergent aquatic
plants in the trapezoidal concrete flume to simulate vegetation. In this simulation, the water surface
profile was examined in 6 different sluice gate openings and it was found that for each fixed opening,
the flow depth in the upstream vegetated area increases compared to the non-vegetated area (Abd
Elhalim, 2005).

Abdeen is one of the few researchers who has studied the water surface profiles in order to estimate it
in a simple vegetation channel. He has used the dataset of Abd Elhalim(2005) to develop a neural
network model. The results showed that the neural network predicted the flow behavior in the vegetation
channel successfully (Abdeen, 2008). Das and Khatua used multivariate regression to estimate the water
surface profile in a non-prismatic compound channel (non-vegetated case), they modeled the flow
characteristics successfully (Das and Khatua, 2018).

This study is an attempt for providing water sueface model for compound channel with vegetated
floodplains. Moreover, no study exists in the literature yet to model the water sueface profile in
compound channel with vegetated floodplains using regression models. In this research work, there are
two main objectives. Firstly, the variation of non-dimensional water surface profile with four different
hydraulic conditions are examined by analyzing the experimental results. Secondly, a multivariable
regression model (MRM) has been developed to predict the water surface profile in compound channel
with vegetated floodplains.

Methodology

In order to develop a water surface profile prediction model, first the water surface profile should be defined as a
dimensionless parameter. The dimensionless water surface profile is introduced as the ratio of water
depth in the main channel (H) to bank full height (h) and defined as ¥ = H/h. The dependency of water
surface profiles on four different non-dimensional parameters such as relative depth, relative distance

' Assistant Professor, Department of Civil Engineering, Sirjan University of Technology, Sirjan, Iran.
mohseni_m@sirjantech.ac.ir

2 M.Sc. Graduate student, Department of Civil Engineering, Sirjan University of Technology, Sirjan, Iran.
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and vegetation arrangement and density are analyzed. Using the relevant experimental data, non-linear
regression has been performed.

The experiments are performed in the hydraulic structures laboratory of Sirjan University of
Technology. The flume is 8.6 meters long, 0.8 meters wide and 0.6 meters high with a fixed slope of
0.0012. The straight compound channel is a rectangular cross-section with main channel dimension of
0.24 m wide, 0.6 m deep with 0.28 m wide floodplain which has a recirculation water system. Vegetation
were simulated by wooden dowels. The wooden dowels were 140 mm tall and 7 mm in diameter. The
dowels were attached to a PVC sheet bolted to the bottom of the floodplain in linear and staggered
arrangement. The spacing of the dowels varies from 2.5-10 cm in both lateral and streamwise directions
forming stem density of 100, 400, 1600 stems per m?, equals to density of 0.41, 1.64%, and 6.04%. The
flow discharge was measured by an ultrasonic flow meter. For a given discharge, the water depth in the
flume is controlled by means of a revolving gate at the end of the flume. Water surface elevations were
measured directly using some point gauges installed in 0.1 m intervals along the flume.

-Discussion and Conclusion

This work develops a model which can be used to simulate water surface profile in compound channel with
vegetated floodplains with various vegetation covers. It can be seen from the results that the trend of
stage-discharge relationships is found to be an exponential function giving a high value of R2.

The variation non-dimensional water surface profile for a compound channel having vegetated
floodplains with relative flow depth, relative distance and vegetation arrangement and density has been
analyzed and they are found to follow a non-linear relationship.

A multivariable regression model (MRM) has been developed to predict the water surface profile for
compound channels with vegetated floodplains. The results obtained from the present water surface
profile model shows good agreement with the observed data. Various statistical error analyses are
performed to verify the reliability of the developed multivariable regression model. The strength of the
proposed model is tested from the error analysis results and MAPE is found to be 2.31% (which is less
than 5%) with a coefficient of determination, R2 as 0.96, which shows the efficacy of the present model
in predicting water surface profile for the compound channels with vegetated floodplains.
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