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Objective: Check dams play a significant role in watershed management by reducing
sediment transport and controlling erosion. Accurately estimating the volume of sediment
accumulated behind these structures is crucial for effective watershed planning and
sediment management. This study aims to compare four different methods for estimating
sediment volume behind check dams: the geometric, pyramidal, trapezoidal, and
prismatic methods. The study area is the Rhein Shirabad watershed in the Maneh and
Samalgan region of North Khorasan Province, Iran.

Methods: Field data collection involved measuring sediment volume and geometric
characteristics of the check dams using topographic surveying techniques. The geometric,
pyramidal, trapezoidal, and prismatic methods were applied to estimate sediment volume.
To enhance the accuracy of the estimations, bias correction was implemented on the
computed values. Statistical performance metrics, including the coefficient of
determination (R?), normal root mean square error (NRMSE ), and mean bias error
(MBE), were used to assess the accuracy of each method. The calculated values from
each method were compared with actual field measurements to determine their reliability.
Results: The findings indicate that the geometric and prismatic methods provide higher
accuracy in estimating sediment deposition compared to the pyramidal and trapezoidal
methods. Before bias correction, the NRMSE values for the prismatic and geometric
methods were lower (0.30 and 0.31, respectively) than those of the trapezoidal and
pyramidal methods. The MBE values suggested that the prismatic method had the least
estimation error. After applying bias correction, the NRMSE values for all methods
decreased significantly, indicating improved estimation accuracy. The mean bias error
(MBE) values for all methods approached zero after correction, demonstrating a closer
alignment between estimated and actual sediment volumes.

Conclusions: These findings have practical implications for watershed management,
enabling more precise assessment of sediment deposition and enhancing decision-making
in soil and water conservation projects. Future research should focus on refining these
estimation techniques and exploring advanced methods, such as remote sensing and GIS-

based modeling, to further improve sediment volume assessments.
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Introduction

Watershed degradation and accelerated soil erosion are among the most critical
environmental challenges in arid and semi-arid regions. Rapid land-use changes, overgrazing,
deforestation, and the increasing occurrence of high-intensity rainfall events have significantly
intensified sediment production and transport in many watersheds. Excessive sediment delivery
not only reduces soil fertility and agricultural productivity but also shortens the service life of
reservoirs, deteriorates water quality, increases flood hazards, and negatively affects
downstream ecosystems. Consequently, the implementation of watershed management
practices, particularly structural measures such as check dams, has become a widely adopted
strategy for reducing sediment transport and enhancing watershed sustainability.

Check dams are designed to decrease flow velocity, dissipate Stream Energy, and trap
transported sediments before they reach downstream channels and reservoirs. Their efficiency
depends on several factors, including watershed characteristics, hydrological conditions,
channel morphology, sediment properties, and the geometric design of the structures. Although
numerous studies have confirmed the effectiveness of check dams in reducing sediment yield,
their performance varies considerably between watersheds due to differences in climatic and
geomorphological conditions. Therefore, periodic evaluation of sediment retention efficiency
is essential for improving future watershed management projects and optimizing the design and
placement of conservation structures.

The present study evaluates the sediment trapping performance of check dams constructed
in the Nehzatabad watershed. The research focuses on quantifying the volume of sediments
deposited upstream of the structures and investigating how geometric characteristics of the
dams influence sediment storage capacity. By applying field measurements and geometric
calculations, the study aims to estimate the retained sediment volume and compare the
efficiency of different structures within the watershed. The findings provide valuable
information for improving sediment control strategies and enhancing the effectiveness of
watershed management practices in similar environments. Overall, this research contributes to
a better understanding of the role of check dams in mitigating soil erosion, conserving land
resources, and extending the operational lifespan of downstream hydraulic infrastructures.

Method

The study was conducted in the Nehzatabad watershed, where several check dams have been
constructed as part of watershed management and soil conservation programs. A field-based
investigation was performed to assess the sediment accumulation behind selected check dams.
The research involved systematic field surveys, measurement of the geometric characteristics
of each structure, and estimation of sediment deposits retained upstream of the dams.

Field observations included measuring the height, crest width, upstream sediment wedge
dimensions, channel width, sediment length, and other relevant geometric parameters. Standard
surveying equipment was employed to obtain accurate measurements of the sediment wedges
formed behind the structures. The collected data were subsequently analyzed using established
geometric relationships for sediment volume estimation. The deposited sediment was
approximated using appropriate geometric models that represent the shape of sediment
accumulation behind check dams. These models allowed the calculation of stored sediment
volume with acceptable engineering accuracy while maintaining simplicity and applicability
under field conditions.
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To evaluate the effectiveness of the structures, sediment retention volumes were compared
among the investigated dams. The relationships between dam dimensions and sediment storage
capacity were also examined to identify the primary factors influencing trapping efficiency.
Descriptive statistical analyses were performed to summarize the measured parameters and
compare the performance of different structures throughout the watershed.

The adopted methodology combines direct field measurements with practical geometric
calculations, providing a reliable approach for estimating sediment retention where advanced
surveying technologies are unavailable. This method is cost-effective, repeatable, and suitable
for watershed management agencies responsible for monitoring the long-term performance of
soil and water conservation structures. The methodological framework also enables future
comparisons with similar watersheds and supports the development of improved design criteria
for check dams under comparable environmental conditions.

Results

The results demonstrate that the investigated check dams have played an important role in
reducing sediment transport and promoting sediment deposition within the Nehzatabad
watershed. Considerable amounts of sediment were retained upstream of the structures,
confirming their effectiveness as sediment control measures. However, the trapping
performance differed among the evaluated dams due to variations in structural dimensions,
channel geometry, watershed characteristics, and local hydrological conditions.

Field observations revealed that sediment accumulation generally formed wedge-shaped
deposits extending upstream from each structure. The geometry of these deposits was strongly
influenced by dam height and channel slope. Larger structures with greater storage capacity
retained substantially higher sediment volumes, whereas smaller dams reached their storage
limits more rapidly. In some locations, significant sediment accumulation indicated that the
structures were approaching full capacity, suggesting the need for periodic maintenance and
sediment removal to maintain long-term effectiveness.

The analysis further indicated that geometric estimation methods provided practical and
sufficiently accurate estimates of stored sediment volume. These approaches can therefore be
effectively employed in routine monitoring programs where sophisticated remote sensing
technologies are unavailable or economically impractical. The observed agreement between
field measurements and geometric calculations demonstrates the suitability of this method for
engineering applications and watershed management projects.

Comparison among the investigated structures highlighted the importance of appropriate site
selection and structural design. Dams constructed in locations with favorable channel
morphology and sufficient upstream storage space exhibited greater sediment retention
efficiency than those installed under less suitable conditions. These findings emphasize that
successful watershed management depends not only on the construction of check dams but also
on careful planning based on geomorphological and hydrological analyses.

Overall, the results confirm that check dams significantly reduce sediment transport, stabilize
stream channels, decrease erosion intensity, and contribute to the conservation of soil and water
resources. Their cumulative impact enhances watershed resilience, reduces downstream
sediment delivery, and increases the sustainability of hydraulic infrastructures. The outcomes
are consistent with previous national and international studies reporting the positive role of
check dams in sediment control and watershed rehabilitation.
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Conclusions

The present study demonstrates that check dams constitute an effective structural measure
for controlling sediment transport and improving watershed conditions in the Nehzatabad
watershed. Field measurements confirmed that these structures successfully trap substantial
quantities of sediment and reduce the movement of eroded materials toward downstream
channels and reservoirs. Their contribution extends beyond sediment retention by decreasing
flow velocity, stabilizing channel morphology, and supporting long-term watershed
rehabilitation.

The adopted geometric approach proved to be a practical, economical, and reliable technique
for estimating sediment storage behind check dams. Because the method requires relatively
simple field measurements, it can be readily implemented by watershed management
organizations for routine monitoring and performance assessment. Such periodic evaluations
are essential for determining the remaining storage capacity of check dams and identifying
structures requiring maintenance or sediment excavation.

The study also highlights the importance of appropriate design, location selection, and
regular maintenance in maximizing sediment trapping efficiency. Future watershed
management programs should integrate detailed geomorphological analyses with continuous
monitoring to improve the long-term performance of conservation structures. Furthermore,
combining field measurements with modern technologies such as UAV photogrammetry,
remote sensing, GIS analysis, and numerical modeling could further enhance the accuracy of
sediment estimation and facilitate comprehensive watershed assessments.

In conclusion, the findings provide valuable scientific and practical evidence supporting the
continued application of check dams as an effective watershed management practice. The
results can assist engineers, planners, and natural resource managers in optimizing future
conservation projects and developing sustainable strategies for erosion control, sediment
management, and environmental protection under changing climatic and land-use conditions.
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