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understanding the ecohydrological relationships of the watershed and the useful life of
dams. The structural complex in watershed management, including the management of the
bed slope and banks of waterways, always has a significant impact on the sediments
transported to rivers and dam reservoirs.

Method: In this paper, hydraulic and sedimentological data from 11 stations in the
Zayandeh-Rood Dam basin were analyzed (1960 to 2019) to select the best methods for
estimating suspended load and bed load, and to determine the cumulative effect of
sediments stored by watershed management check dams that prevent the transport of these
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sediments downstream, by province and structure.

Results: Sediment gauge curve methods without correction factors estimate values lower

than the actual sediment discharge, and among these methods, the single-line, bilinear, and
Keywords: median curve methods have estimated the lowest sediment amount, respectively. On the
Zayandeh Rood Dam, other hand, the results showed that the FAO correction factor in all gauge curve methods is
Suspended Sediment, overestimated compared to other methods. Measurement and calculation of sediment
Bedload, trapping show that the sediment storage volume by the total watershed dams was
Sediment Gauge Curve, approximately equivalent to 4 years of sediment transport in the 2001s or 5 years of
Watershed Management, sediment transport in the 2011s in the Zayandeh-Roud Dam basin.
Check Dams Conclusions: The volume of sediment storage behind of check dams of watershed

managent in the Zayandeh-Roud Dam basin indicates the importance and role of these
structures in managing river sediment and reducing inflow to the dam reservoir.
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Abstract

The study of the amount of sediment transported by rivers is one of the fundamental issues in river
engineering and ecohydrology of watersheds. In this study, with the aim of determining the most
accurate methods for estimating suspended load and bed load, hydraulic and sedimentological data from
11 stations in the Zayandeh Rood Dam basin were studied over a 49-year period (1960 to 2019). The
contribution of the cumulative effect of sediments stored by watershed management check dams were
investigated in the two provinces of Isfahan and Chaharmahal Bakhtiari, by types of structure. The
results of this study show that the Lane, Kalinske, and Brooks methods have higher accuracy in
estimating suspended load. Measurement show that the sediment stored behind the watershed check
dams is about 1,023,000 cubic meters, so in general, the volume of sediment storage by the total
watershed check dams was approximately 4 years of sediment transport in the 2000s or 5 years of
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sediment transport in the 2010s in the Zayandeh Rood Dam Basin. However, given that about 45 percent
of the check dams have been damaged, there is an approximate risk of transferring 50 percent of the
stored sediment to the dam reservoir.

Introduction

Assessing sediment transport in rivers and accurately determining suspended and bed loads provide
crucial information for sustainable water resource management. Various empirical relationships and
models are used to estimate sediment load. However, the complexity of sediment transport processes and
their spatiotemporal variations necessitate the development and evaluation of different methods. This
study evaluates and compares various hydraulic and sediment estimation methods using data from
monitoring stations in the Zayandeh-Rud Basin. The research aims to estimate and assess sediment
transport variations (suspended load, bed load, and total sediment) over a long-term period at
hydrometric stations in the Zayandeh-Rud Dam Basin. The objective is to identify the most accurate
methods for estimating suspended and bed loads, given their significance in hydraulic structure design,
erosion control, and watershed management. Also, In this study, by accurately measuring all watershed
management structures and Check dams and the volume of sediment trapping, the effectiveness of
watershed management check dams in reducing sediment entering the Zayandeh Rood Dam reservoir
were investigated and evaluated. This valuable research clearly shows the effectiveness of watershed
management measures in sediment management in the Zayandeh Rood Dam basin with a field and
accurate perspective.

Materials and Methods

This study utilizes hydrometric and sediment data from 10 stations in the Zayandeh-Rud Basin,
including Chelgerd, Dareh Namaki, Vahdatabad, Dimeh, Khorasanak, Eskandari, Ghal’eh Shahrukh,
Heydari, and Mandarjan, over a 49-year statistical period (1970-2018). To determine the most suitable
statistical method for estimating suspended load, streamflow and sediment discharge data were collected
and analyzed. Suspended load estimation was conducted using single-line, two-line, and intermediate
rating curves, both with and without correction coefficients. The estimated values were compared with
observed values (20% of total data) using RMSE and MAE efficiency criteria. Due to the lack of direct
bed load data, indirect methods based on physiographic parameters and suspended load statistics were
used for its estimation. Initially, the location and characteristics of the watershed dams in each sub-basin
and upstream of the sediment measurement stations were determined and investigated, and the effect of
watershed management measures on sediment storage was evaluated, as well as the relationship between
the sediment transport values recorded at the sediment measurement stations and the sediment storage
values by the watershed dams. It is worth noting that the sediment storage values by the watershed dams
are related to field measurements in the early spring of 1402, and it is not possible to relate sediment
storage to sediment transport values during the long-term statistical period, and only the cumulative
effect of sediment stored by the watershed dams that prevented the transport of these sediments
downstream is presented. The watershed management measures implemented in the Zayandeh Rood
Dam basin include mortar rock structures, concrete dams, earth dams, gabions or stone mesh, and
drywall dams. It is worth noting that in addition to the above, a large number of embankments have been
implemented by local communities with the goals of feeding wells and aqueducts, diverting water flow,
sedimentation, etc. in the course of the waterways. Also, watershed dams were examined based on the
volume of sediment storage, separated by each structure and province, as well as the stability status. One
of the important factors for preventing the transfer of sediments stored in the reservoir of watershed
dams is the stabilization of sediments by vegetation. Watershed dams were categorized based on the
percentage of protective vegetation cover on the surface of the reservoir behind the dam.

Results

Findings indicate that sediment rating curve methods without correction coefficients underestimate
actual sediment discharge, with the single-line rating curve providing the lowest estimates. In contrast,
rating curve methods with correction coefficients performed better, although the FAO correction
coefficient resulted in overestimation across all methods. Based on RMSE and MAE efficiency criteria,
intermediate rating curves with MVUE and Smearing correction coefficients and two-line rating curves
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with QMLE and MVUE correction coefficients exhibited the best performance in estimating suspended
load at various hydrometric stations. The analysis of suspended load variations showed that the highest
sediment transport occurred at Eskandari and Ghal’eh Shahrukh stations during the 1970s and 1990s.
Eskandari and Ghal’eh Shahrukh stations recorded the highest sediment transport in the 1970s, with
75,000 and 240,000 tons, respectively. In general, 1645 dams in Isfahan province and 904 dams in
Chaharmahal and Bakhtiari province are completely filled with sediment or permeable structures that
lack the capacity to store water. It is worth noting that a very important issue regarding sediment storage
and transport is related to the state of destruction and stability of watershed dams. In general, 1289 of the
dams in Isfahan province are completely intact and 612 dams have been destroyed from 5 to 100 percent.
Of the dams in Chaharmahal and Bakhtiari province, 764 dams are completely intact and 299 dams have
been destroyed from 5 to 100 percent. One of the important factors for preventing the transfer of
sediments stored in the reservoir of watershed dams is the stabilization of sediments by vegetation. In
general, 1737 dams lack protective vegetation behind the reservoir. This has led to increased structural
instability and sometimes their destruction. Based on the results, 781 sections have 5 to 20 percent
coverage, 388 sections have 20 to 40 percent coverage, 43 sections have 40 to 60 percent coverage, 7
sections have 60 to 80 percent coverage, and one section has 80 to 100 percent protective coverage.

Discussion and Conclusion

This study demonstrates that selecting an appropriate method for estimating suspended and bed load
depends on the specific hydrological and physiographic conditions of the basin. The use of appropriate
correction coefficients improves estimation accuracy, but caution is needed when applying the FAO
coefficient. Intermediate rating curves with MVUE and Smearing correction coefficients, as well as two-
line rating curves with QMLE and MVUE correction coefficients, were identified as suitable methods
for estimating suspended load in this basin. The findings of this research can assist in selecting
appropriate sediment estimation methods, improving water resource management, and mitigating the
negative impacts of sedimentation in the Zayandeh-Rud Dam reservoir. Future studies should consider
direct measurement methods for bed load and develop more comprehensive sediment transport models.
Additionally, analyzing data over shorter time periods and investigating the effects of climatic and
anthropogenic factors on sediment transport can provide a better understanding of these processes. Then,
the contribution of the cumulative effect of sediments stored by watershed management dams that
prevent the transport of these sediments downstream has been investigated. It is worth noting that the
sediment storage values by watershed management dams are related to field measurements in the early
spring of 1402, and therefore, there is no possibility of relating sediment storage to sediment transport
values during the long-term statistical period. In general, the volume of sediment storage by all
watershed management dams was approximately 4 years of sediment transport in the 1380s or 5 years of
sediment transport in the 1390s in the Zayandeh Rood Dam basin, which is a significant volume. In total,
the sediments stored behind watershed management dams are about 1,023,000 cubic meters, so these
structures have led to a reduction in this amount of sediment to the Zayandeh Rood Dam reservoir.
However, given that about 45 percent of watershed dams have been damaged and destroyed by between
5 and 100 percent, if they are not repaired and organized, there is an approximate risk of transferring 50
percent of the stored sediments to the downstream and reservoir of the Zayandeh Rood Dam, as well as
intensifying the risk and damage of floods in the coming years.
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