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Abstract

Due to the complexity of hydraulic and sedimentary problems in rivers, it is not
possible to solve the equations analytically, so numerical methods are used. In
the present study, the HEC-RAS 5.0.3 model was used to simulate the sediment
flow of the Khondab River. For this purpose, using the topographic map of the
route, DEM and TIN of the River route with a scale of 1: 2000, in the HEC-
GeoRAS extension package in ArcMap software, 200 sections along 5 km of the
river were prepared. Relevant information was inserted to introduce the river
geometry to the model. The flow rate was calculated with 25-, 50- and 100-year
return periods and was used for river hydraulic simulation. Quasi-volatile flow
conditions, boundary conditions and granulation of riverbed materials were
introduced to the model. Using sediment transport estimation relationships, river
sediment transport capacity was calculated. The results showed that the Mir-
Peter and Miiller relationship with 26% error is closer to the observed sediment
values than the other relationships. Moreover, the study of erosion and
sedimentation status of the river using Hjulstrom and Shields criteria showed
that a part of the sections of this river is in erosion status and another part is
being sedimenting.
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Introduction

Extraction of sand from the country's riverbeds
has increased in recent years. The study of
previous research works indicates that sand
extraction has caused different changes in the
hydraulic pattern of rivers, changes in
morphology and changes in sediment balance of
rivers. On the other hand, recognizing the flow
and sediment status and analyzing the hydraulic
parameters of flow and sediment in different
conditions is the basis for studying the behavior
of rivers and deciding on engineering measures
and their impact. The study of erosion and
sediment in rivers is usually very complex and
the practical application of the results of the
studies requires great care and attention.
Recognizing this phenomenon in rivers is
important for studying river behavior and
predicting possible future changes. Extensive
research works have been done to understand this
phenomenon, and  various mathematical
relationships  for modeling erosion and
sedimentation in rivers have been proposed by
various researchers. Due to the complexity of
hydraulic and sedimentary problems in rivers, it
is not possible to solve the equations analytically
and usually numerical methods are used.

Materials and Methods

In this research, a part of Shara River, located in
Khondab city, where is subjected to excessive
sand extraction, was studied. In the present
study, HEC-RAS 5.0.3 model was used to
simulate the sediment flow of Khondab River.
For this purpose, 200 sections along 5 km of the
river were prepared using the topographic map of
the route, DEM and TIN of the Shara River route
with a scale of 1:2000, in the HEC-GeoRAS
extension package in ArcMap software. After
preparing the cross sections and taking the
distances of the left and right shores of the main
canal, the relevant information was inserted to
introduce the river geometry to the model (HEC-
RAS 5.0.3). Moreover, using the measured
discharge with a statistical length of 40 years at
the Khondab hydrometric station, the discharge
with a return period of 25, 50 and 100 years was
calculated and used for hydraulic simulation of
the river. After calibrating the model for the
hydraulic conditions of the river and modeling
the quasi-volatile flow conditions, the boundary
conditions and grain size of the river bed
materials were introduced to the model. In order
to implement the model, it was necessary to
introduce the boundary conditions upstream and
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downstream. For this purpose, normal depth was
used for the upstream boundary conditions and
the flow-discharge relationship of Joshirvan
hydrometric station was used for the downstream
boundary conditions. After simulation, changes
in longitudinal profile of river flow energy level,
velocity, shear stress, flow strength, landing
number, sediment transport capacity at different
stages were investigated using sediment transport
estimation relationships, river sediment transport
capacity Calculated.

Results

Analysis of the sediment statistics of the
river at the site of the selected hydrometric
and sedimentation station (Joshirvan) in
order to determine its sediment load.
Considering the power relationship between
sediment suspended solids and daily
discharge, sediment sampling statistics of
suspended  sediment  collection  and
discharge-sediment relations were calculated
by three methods of sediment measurement
curve, FAO and co-concentration cap,
Joshirvan station valley and finally co-
method. Concentration was selected as the
most appropriate method. Using this
relationship and the daily discharge statistics
of the hydrometric station, the sediment
values of this station during the existing
statistical period have been determined.
Using this relationship and the daily
discharge statistics of the hydrometric
station, the average annual discharge was
equal to 5.406 (m’/s) and the sediment
values of this station during the current
statistical period have been determined. The
average annual sediment of suspended river
materials at the site of Joshirvan hydrometric
station is estimated to be 10172.26 ton and
the specific annual discharge of its sediment
is estimated to be 3.67 (ton/km). The studied
watershed does not have bed load statistics,
so in this study, according to the slope and
physiography and geological conditions of
this basin, the amount of bed load is
proposed to be about 20% of suspended load.
Total suspended load 10172.26 (ton/yr) and
bed load 2034.5 (ton/yr) The total load
12207 (ton/yr) during the census period was
obtained. Changes in sediment transport
capacity (ton/day) at Khondab station using
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eight sediment transport functions in the
simulation period showed that Ackers and
White method shows the average changes in
sediment transport capacity along the river
during the simulation period are very high.
The results also showed that during this
period, the average output data of Meyer-
Peter- Miiller, Engelund-Hansen, Toffaleti
and Wilcock methods are closer to the
observational data. The average volume of
outflow sediment including suspended load
and bed from this river station is about
12207 ton/yr. Flow parameters including
hydraulic depth, velocity, shear stress, flow
strength, landing number and flow surface
width for average annual discharge along the
river interval and at different sections do not
have analyzable changes and are almost
uniform. In order to determine the status of
erosion, sedimentation or river equilibrium
using the results of model implementation
and determine the average flow velocity in
20 sections, sampling and Hjulstrom diagram
were used. The results showed that out of 20
sections sampled from the range, eight
sections of the river are in an erosive state
and nine sections are in sedimentation and
three sections are in transition. In addition,
the study with Shields criterion showed that
in eight erodible sections, the value of
Reynolds shear number is greater than 400
and the value of Shields parameter is greater
than 0.056, in other words, according to
Shields criterion, these sections are in the
state of erosion.
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Conclusion

The results of the model showed that the
sediment carrying capacity in the study
period of the river, by selecting different
relationships, is variable. Nevertheless, a part
of the river is being eroded and a part is
being deposited in the form of sedimentary
ridges. Removal of materials from sediments
or sedimentary ridges of the riverbed can
help to improve the cross section of the river
and increase its drainage capacity. According
to the results of the model for seven
sediment transport functions, the sediment
values calculated by the Meyer-Peter and
Miiller relationship are 26% closer to the
observed sediment values with 26% error.
The Meyer-Peter and Miiller method
hypotheses also refer to the type of sand
deposits and coarseness. The Ackers-White
method shows very high changes in the
average sediment transport capacity along
the river during the simulation period.
Therefore, the Meyer-Peter and Miiller
method was selected as the most appropriate
relationship for this station.

Data Availability

In the final report, the research project with
the same title will be presented in the
Agricultural  Research, Education and
Extension Organization (AREEO) and will
be made available to readers.
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