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Introduction

Numerical models are powerful tools for analyzing the effects of sediment transport and
exploring various scenarios under different conditions. Among the most prominent models
in this category are HEC-RAS (US Army, 1989), HEC-6 (US Army, 1982), MOBED
(Krishnappan, 1981), GSTARS (US Army, 1998), MIKE-11 (DHI, 2003), FLUVIAL
(Chang, 1998), and SSIM (Olsen, 1993). The HEC-RAS model is particularly renowned for

its versatility in simulating a wide range of river phenomena. This software is capable of
accurately modeling both steady and unsteady flows in one-dimensional and two-
dimensional scenarios. It also effectively simulates transverse structures such as bridges,
diversion dams, reservoirs, and spillways. To visualize the study area and extract essential
information—such as flood zones and water inundation depths derived from hydraulic
analysis—the integration of ArcGIS software and its HEC-geoRAS extension is essential.
The combination of ArcGIS and HEC-geoRAS provides river studies specialists with a
highly effective tool for making informed decisions, accurately determining cross sections,
and managing sediment (US Army, 1989).

Materials and Methods

The data for this study were collected through field research conducted along five
consecutive intervals of an 11-kilometer stretch of the Talar River. The intervals were as
follows: 24.7-22.4 km, 18.2-20.5 km, 17.5-18 km, 16.75-17.5 km, and 11.5-16.75 km,
measured from the urban area of Malakala-Najjarkala to Arab Roshan. The study area is
geographically located between 36°34' to 36°38' north latitude and 52°48' to 52°46" east
longitude, within the Simorgh city region. Data collection took place between the years 1395
and 1400 (2016-2021). Table 1 provides detailed information on the intervals studied. To

simulate flow and sediment hydraulics, the HEC-RAS model requires three main types of
input data: Geometry data, Hydraulic data, and Sediment data. Additionally, the model

incorporates seven sediment transport functions, primarily focusing on coarse-grained
sediments, to simulate sediment behavior in rivers. This feature enhances the model's ability
to accurately replicate changes in river morphology and composition, making it a robust tool
for sediment transport analysis.

Results and Discussion

The simulation results indicate a strong agreement between the observed and simulated water
level values across all river flow rates, as evidenced by an R? value of 0.74. Additionally, the
Root Mean Square Error (RMSE) values were minimal, measuring only 0.4 meters, while
the normalized RMSE (nRMSE) was calculated at 18%. This level of error is considered
insignificant, especially when compared to potential measurement errors arising from
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inaccuracies in data collection. The findings also reveal that the river is prone to erosion in

most scenarios. This is supported by the fact that the total sediment input at the beginning of
the simulation period was 0.9 million tonnes less than the total sediment at the end of the
period. This discrepancy highlights the erosional tendencies of the river under the studied
conditions.

Conclusion

The Tofalti equation was identified as the most suitable sediment transport relationship for
the study region. Discharge-sediment data from the Shirgah station were analyzed using a
power equation (Y = 22.8X"1.8), yielding an R2 value of 0.85, which falls within the middle
limit curve. Analysis of the river's upstream sections and comparison of depth variations
between 1395 and 1400 (2016-2021) revealed a significant increase in the riverbed level
during the initial period, with this trend becoming more pronounced downstream. Limited

erosion was observed in the second, third, and fourth intervals, and the sedimentation
patterns at the beginning and end of the simulation period were consistent. However, in the
fifth interval, downstream of the studied section, a notable decline in the riverbed level was
observed, which intensified further downstream. In this section, the increased gradient and
water velocity led to the erosion of sedimentary materials transported from upstream. Based

on these findings, it is recommended to collect sediments during the early stages, considering
environmental, economic, and social factors. However, in certain areas where the river
exhibits a steep slope and reduced width, erosive behavior makes sediment harvesting
unsuitable. These results align with the findings of Asadi et al. (2016) and Kivanlu (2013).
In summary, it can be concluded that the river's sediment-carrying capacity decreases
progressively downstream..
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