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Introduction

Reservoirs are crucial for water supply to human societies, making their proper and planned management
essential. Dams serve multiple purposes, including urban water supply, agricultural irrigation, flood control, and
hydroelectric power generation. In order to properly manage and monitor the consumption of these important
reserves, it is inevitable to know their capacities. Using water stage and the reservoir's initial volume-area-elevation
curve, which is prepared with the hydrographic operations, is a common method for estimating the storage capacity
of reservoirs at different water levels. Over time, the occurrence of numerous sedimentations, often due to factors
such as floods, can alter the initial volume-area-elevation curve of a reservoir, requiring it to be updated.
Hydrographic operations, using tools like eco-sounders, are conventional methods for updating this curve; however,
these methods are both expensive and time-consuming. In recent years, various studies have focused on remote
sensing techniques aimed at estimating the volume of water stored in reservoirs, using water levels to establish the
surface area-elevation curve. The basis of these studies is the separation of water-land masks using spectral indices,
the calculation of water levels, and the development of reservoir surface area-elevation curves through linear or
polynomial relationships. However, the main limitation of these methods is the inaccuracy of linear or polynomial
relationships in fitting the surface area-elevation curves at the beginning and end points of the water stage change
interval, which correspond to the empty or full states of the reservoir. This inaccuracy arises due to factors such as
drought or flood events. In this research, the limitation of linear and polynomial relationships in accurately predicting
the points of the reservoir surface area-elevation curves, where observational data are unavailable due to non-
occurrence, was addressed by using the Modified Strahler method to draw the hypsometric curve. This method allows
for the calculation of the storage capacity of the reservoir between successive water levels and the determination of
the final volume of water stored in the reservoir. By comparing the volumes of water stored at the present and initial
reservoir capacities, the sedimentation rate and the useful life of the Negarestan Dam reservoir were estimated.

Material and Methods

Negarestan Dam (Kabudval) is located on the Qarasu (Zarin Gol) river, 45 km east of Gorgan in the Golestan
Province. This dam is used for purposes such as supplying urban water to Aliabad city and supplying water needed
for the agricultural irrigation network of Qarasu. In this study, landsat8 satellite images were used to estimate the
useful life of the Negarestan reservoir. The required images of the ROl were downloaded through the USGS database
and pre-processed in Envi5.3 software. Using visible and infrared spectral bands, water indices NDWIMCFeeters,
NDWIGao, MNDWI, AWEISh and TCWet were calculated to separate land-water masks. After evaluating the
accuracy of the obtained water level results by comparing it with the initial volume-area-elevation curve of
Negarestan reservoir, the MNDW!I index was used as the most accurate index to calculate water levels. In this study,
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the modified Strahler method was used to obtain the hypsometric curve of the surface area-elevation of the reservoir,
which has high accuracy in extrapolating the beginning and end points of the curve. By using the hypsometric curve,
water levels were extracted for arbitrary water levels, and with the help of the prismoidal method, the volume between
consecutive water levels was calculated. The sum of these volumes equaled the current storage capacity of the
reservoir. To estimate the sedimentation rate of the Negarestan Dam reservoir, the current storage capacity was
compared with the initial storage capacity in 2015. Based on this comparison, the useful life of the reservoir was
accurately predicted.

Results and Discussion

Validation results for calculating water surface areas using NDWIMCFeeters, NDWIGao, MNDWI, AWEISh
and TCWet water indices showed that the MNDWI index with an average water surface areas calculation error equal
to 5% is more accurate than other indices. Therefore, the MNDWI index was used in this study. Additionally, the
comparison of the volume of water stored in the Negarestan reservoir with its initial storage capacity at the time of
operation revealed that, over a period of 9 years, the storage capacity of the reservoir (at a water level of
approximately 189.5 meters), which is close to the overflow crest level, had significantly decreased. It has decreased
from about 24 to 20 million cubic meters, based on which the average annual sedimentation rate of the reservoir was
estimated, to about 1.6%. The results showed that in a period of 9 years, the average level of the bathymetry of
Negarestan reservoir has increased by 10 meters due to the accumulation of sediments, and the minimum level of the
batymetry has reached from 160 to about 170 meters. According to the statistics of the International Commission on
Large Reservoirs (ICOLD), the average annual sedimentation rate of the world's reservoirs is reported to be about
0.95%, and the results show that this amount in the Nagaristan Dam reservoir is almost 2 times the average rate. It is
universal. According to the results obtained from this research and assuming constant climatic conditions, the useful
life of the Nagarestan dam reservoir was estimated to be about 53 years from the beginning of 2024.

Conclusion
Considering the increasing importance of water resources management, including dam reservoirs, this study
employed a fast and cost-effective method based on remote sensing to calculate the volume of water stored in dam
reservoirs and estimate their useful life. In addition to providing appropriate accuracy, this method was able to
overcome the limitations of previous approaches in estimating the volume of accumulated sediment in the deeper
parts of the reservoir. As a result, it offers a reliable tool for the effective management of water resources.

Keywords: Dam reservoir, Landsat8, Remote sensing, Sedimentation rate, Storage capacity
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Figure 5- Chart comparing the average annual sedimentation rate of reservoirs in different countries
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Figure 6. Separation Land-water masks in region of Negarestan reservoir using spectral water indices.
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Figure 8- Flowchart of applied processing steps of estimating sedimentation rate of reservoir
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Table 2- The results of computed water surface areas using MNDWI index of Negarestan reservoir.
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Date Water level (m)  Computed Surface area (Km?)  Original surface area (Km?)
2018.06.11 188.00 1.40 1.60
2020.01.28 171.62 0.51 0.56
2020.10.14 173.22 0.70 0.75
2021.09.23 171.29 0.33 0.56
2022.03.30 182.03 117 1.30
2022.07.17 178.47 1.06 1.10
2022.08.25 174.41 0.79 0.81
2022.10.05 171.69 0.64 0.57
2023.04.30 185.69 1.32 1.77
2024.02.15 175.60 0.89 0.94
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Figure 9- Hypsometric curves of Negarestan reservoir for different exponent z
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Figure 11- Comparing of original and computed hypsometric method water
level-volume curves of Negarestan reservoir, at 9 years’ time range
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Figure 12- Water level-area-volume of Negarestan reservoir using suggested method
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