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1. Introduction

Abstract

This study investigates the impact of sedimentation on the storage capacity of the
Tupalang Reservoir, located in Surkhandarya, Uzbekistan, over a period of more than 30
years. Sedimentation poses a significant challenge by gradually reducing reservoir
capacity, affecting water availability for irrigation, hydropower, and drinking supply. In
the study, sedimentation was evaluated using GIS-based geostatistical methods using
USV data in the reservoir. For the bathymetric data processing that was collected in 2023,
four interpolation techniques—IDW, RBF, OK, and EBK —were applied, with RBF
demonstrating the highest predictive accuracy. Results indicate a capacity loss of 28.05
million cubic meters (Mm?), or 5.65% of the total volume, primarily in the dead storage
zone between 830 m and 890 m above sea level. Using bathymetric surveys conducted
in 2003, 2007, 2010, and 2023, this research assesses changes in reservoir volume and
identifies sedimentation patterns. The findings highlight a decline in sedimentation rates
from 1.51 Mm? per year in the early years to 0.3 Mm?® per year after 2010, attributed to
effective management practices such as hydraulic washing. The study underscores the
importance of proactive sediment management strategies, including dredging and
sediment traps, to sustain reservoir functionality and recommends ongoing monitoring
using advanced geospatial techniques.

performance, emphasizing the need for reliable and
resilient water management strategies [5]. One of

The unique geographical features of Central
Asia (CA), such as its moderate climate and diverse
landscapes, have historically shaped economic
activities like irrigated agriculture and livestock
breeding [1]. The economy of CA heavily relies on
irrigated agriculture, particularly the Amu Darya and
Syr Darya rivers. In the CA, Soviet-era infrastructure
still affects water distribution and management [2-
3]. Reservoirs are pivotal in managing water
resources, facilitating irrigation, and supporting
hydropower generation in the region [4].

Climate change impacts, coupled with population
growth, are anticipated to affect water reservoir

the prerequisites for formulating a management
strategy for water reservoirs is the accessibility of
data regarding their capacity volume. Precise
reservoir capacity volume information is attainable
through design specifications or the most recent
bathymetric survey findings [6,7]. However, the
capacity volume changes due to sedimentation over
several years of operation. Sedimentation poses a
significant challenge to reservoir functionality and
capacity volume of reservoir [8,9].

Sediment accumulation, practiced by factors like
changing hydrological conditions and land use
practices, leads to a gradual decrease in capacity
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volume, impacting water management, flood control,
and energy production [10]. Sedimentation in
reservoirs primarily stems from several factors such
as land use changes, climate change impacts, and
anthropogenic activities like overgrazing and
deforestation [11,12]. These activities lead to

increased sediment loads in rivers, gradually
accumulating behind dams [13]. Reservoir
sedimentation poses challenges for water

management, flood control, and energy production
[14]. The sedimentation process is complex,
influenced by factors like reservoir bottom shapes,
sediment textures, and river discharges [15].
Sediment in reservoirs commonly exists in both
dissolved and solid forms, exhibiting properties of
non-cohesive and cohesive materials. Sedimentation
rates vary significantly by region. Some regions,

particularly those with high erosion rates,
experience more rapid sedimentation in reservoirs
[16].

The rate at which capacity volume diminishes is
contingent upon several factors, including the
sediment yield of the river upon which the reservoir
is constructed, the morphological characteristics of
the reservoir, and the operational framework of the
project [17,18]. The determination of reservoir
capacity volume loss and periodic sedimentation
rates relies on historical and new bathymetric

survey data or assessments of sedimentation status
[19,20]. Determining the size of water reservoirs is
especially important for Uzbekistan, especially
during the drought of recent years. It is considered
one of the main factors in the proper distribution of
available water, estimation of electricity production
and most importantly in developing dam safety
criteria. Sediment accumulation in reservoirs poses
significant challenges for water management, flood
control, and energy production. This means that such
reservoirs will lose half of their capacity in 25-50
years, and in 50-100 years they will completely silt
up and fail. Figure 1 below shows capacity volume
loss due to sedimentation in some reservoirs in the
Republic. Bathymetric surveys were conducted by
the Bathymetric Center under the Ministry of Water
Resources of Uzbekistan during 2000-2006. The
surveys used a moving boat equipped with GPS, an
electronic depth sounder, and an automatic data
recorder (CEEDUCER®). Depths were calculated by
subtracting the depth device constant from the
water surface elevation, synchronized with
positional data to map the reservoir basin. The basin
profile was generated in a specialized program, and
reservoir volumes were calculated from these
profiles. However, this process was time-consuming
and yielded moderate accuracy.
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Figure 1. Decrease in total and dead volume capacities due to sedimentation in some reservoirs in Republic of
Uzbekistan.

Bathymetric surveying of reservoirs involves
measuring water depth and sedimentation to assess
storage capacities and water quality [21,22]. Various
methods like satellite bathymetry, sonars, and echo
sounders are utilized for this purpose [23].

In recent years, the application of Geographic
Information Systems (GIS) and Remote Sensing (RS)
has significantly enhanced the management of
reservoirs, providing valuable tools for monitoring,
planning, and optimizing their wuse. These
technologies play a crucial role in various aspects of
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reservoir management, from sedimentation control
and flood risk assessment [24] to water quality
monitoring, operational optimization, site selection
for new reservoirs [25,26], coastal erosion and
sediment accumulation [27], watershed
management and environmental impact evaluation
[28,29]. Including, modern techniques, such as using
hydrographic survey boats equipped with SONAR
devices and GIS software, provide accurate and cost-
effective ways to quantify reservoir storage
capacities [30].
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The research's primary objective is to investigate
how the Tupalang reservoir's dead volume and total
capacity volume have changed during its years of
operation. In the implementation of the research, the
data of the bathymetric research conducted in the
water reservoir was used. Bathymetric data were
processed by geostatistical analysis.

2. Study Area

The toppling Reservoir, situated on the
Tupalang Darya River within the Sariasi district of
the Surkhandarya region, is characterized by its
geographical boundaries. To the west, it is delimited

by the Surkhantau ridge, while to the east, it is
bordered by the Machetli southern spurs, located in
the western region of the Gissar ridge. The
catchment area of the Tupalang reservoir is 3080
km? and the weighted average height of the
catchment is 2270m (Figure 2). The construction of
the Topalang Reservoir started in 1980 and was
completed in 1994, with the gradual commissioning
of the Topalang Hydroelectric Power Plant. The first
power unit, with a 30 MW capacity, was
commissioned in 2006, followed by a second phase
in 2023 that added a 145 MW capacity, making each
unit capable of generating 72.5 MW of electricity.

Republic of Uzbekistan

Karakalpaksian

N Tupalang reservoir N

A A

\:l Tupalang reservoir
——— Streams of Tupalang river
DEM
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- High : 4533
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Figure 2. Location of Topalang Reservoir.

As a Class I structure, the Tupalang Reservoir is a
critical element of the region's infrastructure,
significantly contributing to addressing water
shortages and energy demands. Furthermore, the
construction of a 361-kilometer main water pipeline
from the reservoir began in September 2021, aimed
at supplying drinking water to 1.7 million people
across Sariosia, Denov, Shorchi, Kumkurgan,
Zharkurgan, Bandikhon, Kyzyriq, Sherabad, Angor,
Muzrobod, and Termiz districts, including Termiz,
the regional center. The Tupalang Reservoir has thus
emerged as a key factor in the socio-economic

development of the Surkhandarya region, serving as
a vital resource for energy production, water supply,
and regional growth.

2.1. Climate

The climate in the plain areas of Surkhandarya
region is arid, with significant annual and daily
temperature fluctuations. In winter and transitional
periods, weather conditions are heavily influenced
by cyclones from the southern Caspian Sea and the
upper reaches of the Tejen and Murgab rivers. The
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powerful mountain ranges in the eastern part of the
region create diverse climate patterns, causing
variations in temperature and precipitation. These
ranges, which intercept moist air masses, intensify
weather fronts and lead to significant localized
moisture. The average annual temperature is 15.7°C,
with extremes reaching as high as +47°C and as low
as -25°C. Temperature distribution across the region
varies due to rugged terrain and considerable
elevation differences. Relative humidity ranges from
47-58%, lowest in summer and highest in January,
with high temperatures combined with low humidity
causing air dryness. The annual precipitation is 360
mm, peaking in March-April while the summer
months are dry. Mountain systems significantly
influence wind patterns, creating local circulations
and seasonal wind variations; in the cold season,
northeasterly winds predominate at speeds of 2-4
m/s. The annual evaporation rate is 1374 mm.

3. Materials and methods

3.1. Bathymetric surveying of Tupalang
reservoir

The bathymetric survey of the Tupalang
Reservoir utilized single-beam and broadband echo
sounders with acoustic pulse systems, alongside
geodesic shoreline surveys, conducted in multiple
stages for comprehensive data collection and
analysis.

In 2023, LLC "Center for Safety Assessment and
Monitoring of Hydrotechnical Facilities"
("HYDROTECHMANITORING") carried out a
bathymetric survey of the Tupalang Reservoir using
the USV Apache3, Chcnav i90 GNSS, Leica TS 09
electronic tachymeter, and Trimble Dini 0.3. Prior to
the survey, the APACHE 3 USV underwent a thorough
evaluation, confirming its precision within a range of
+1, ensuring the reliability and accuracy of the
bathymetric data collected.

USV Apache3: A versatile unmanned surface
vehicle (USV) designed for conducting hydrographic
surveys and water-based data collection. It is
equipped with sensors and GPS for precise
positioning and data acquisition.

Chcnav 190 GNSS: A high-precision GNSS (Global
Navigation Satellite System) receiver used for
accurate positioning and surveying. It provides real-
time corrections for geospatial data collection,
ensuring reliable coordinates in challenging
environments.

Leica TS 09 Electronic Tachymeter: A high-
precision total station used for measuring angles and
distances in surveying. It is commonly used in land
and water surveying for topographic mapping and
geospatial data collection.

Trimble Dini 0.3: A high-performance depth
sensor or echo sounder, often used in bathymetric
surveys. It measures the depth of water bodies with
high accuracy, helping to map the underwater
topography.The reservoir under study spans an area
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of 8.85 km?, with a width varying from 200 to 1200
m, and a length exceeding 14 km. The boundaries of
the reservoir and the flight path of the UAV,
consisting of 106 cross-sections, were established
using the Autoplaner application and an online map.
In addition, the topographic survey of the banks was
conducted to enhance the accuracy of the
bathymetric model of the reservoir (Figure 3).

Figure 3. Collected measured topo-bathymetric
data during Tuplang reservoir survey.

3.2. Bathymetric data processing

Bathymetric data processing involves various
methods to analyze and interpret underwater depth
information. Different studies highlight the
significance of data reduction techniques for efficient
analysis and visualization of bottom surfaces [31]. In
their research, Claudio Parente and Andrea Vallario
used interpolation methods such as Radial Basis
Function and Kriging to process single beam echo
sounder data to create accurate 3D bathymetric
models [32]. To estimate reservoir shape and
compute water volume, a few researchers processed
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bathymetry data using wavelet decomposition,
interpolation techniques, and 3D modeling [33,34].

In processing UAV and USV data and evaluating
the accuracy of topographic or bathymetric maps
created on the basis of this data, research results are
positively affected [35].

Therefore, in this study, two deterministic
methods (inverse distance weighting and radial
basis function) and two geostatistical techniques
(Ordinary Kriging and Empirical Bayesian Kriging)
were tested and evaluated in the processing of USV
data collected in Tupalang Reservoir, because the
field measurement work consisted of both
underwater and dry parts, as the sample density was
different.

3.2.1. Inverse Distance Weighting (IDW)

IDW interpolation is a deterministic technique
used to estimate values atlocations where data is not
observed. It calculates the value of an unknown
location by comparing it to the values of nearby
locations [36]. IDW assigns weights to the nearby
locations based on their distance from the
interpolated point, with closer locations having
higher weights. The weighted values are then used to
estimate the value at the unknown location. The
values of the variable of interest to be interpolated
are denoted by Z and are evaluated by the following
Equation 1 [37]:

Z(x,y) = XL Wi(x 0)Z; (1)

Where: Wi - the weight for each observation and
is expressed as Equation 2:

_ _diey)7P
Wit6y) = SN giom® (2)

p is the positive power parameter (The higher
the value of p, the more the weights are influenced
by the inverse of the distances raised to the power p)

di - is the distance between the prediction
location and the sampled point and is defined as
follows Equation 3:

di(x,y) = (x —x)? + (v — y1)?

(3)

3.2.2. Radial Basis Function (RBF)

RBF interpolation is a powerful deterministic
method in geostatistics and GIS, commonly applied
to smooth scattered data and estimate values at
unsampled locations by using observed data points,
with additional applications in interpolating implied
volatility surfaces in financial modeling [38]. There
are several basic functions used in interpolation,
including the thin-plate spline, spline with tension,
completely regularized spline, multiquadric
function, and inverse multiquadric spline [39].
Bishop’s book [40] is recommended one common
form of the RBF interpolation Equation 4 is:

K(x,y) = eColx=yI® 4)

Where: o - is a parameter that controls the
width of the Kernel, ||x — y|| - the Euclidean distance
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between the prediction location and the sampled
point

3.2.3. Ordinary kriging interpolation (OK)

OK - is a geostatistical interpolation method
used for estimating values at un-sampled locations
based on the observed values at sampled locations. It
incorporates spatial autocorrelation, considering not
only the distances between sample points but also
the spatial structure or variability in the dataset. The
Ordinary Kriging interpolation Equation 5 is as
follows [41]:

2(So) = Xila MZ(S) (5)

Where: Z(si) = the measured value at the it
location, A; = an unknown weight for the measured
value at the it" location, so = the prediction location, N
= the number of measured values
The empirical variogram is calculated from the data
to explore the spatial dependence and serves as a
basis for fitting theoretical models such as spherical,
exponential, and Gaussian variograms [42].

3.2.4. Empirical Bayesian Kriging (EBK)

EBK s a geostatistical interpolation method that
combines the principles of kriging with a Bayesian
approach to estimate variogram parameters [43].
Unlike traditional kriging, which requires prior
knowledge or assumptions about the variogram,
EBK uses observed data to infer the variogram
characteristics [44]. Variograms are calculated
based on the Equation 6 [45]

y(h) = -3 {Z0a) - Z(xi + )} (6)

Where: h - distance, Z - different values, n -
number of data samples

3.2.5. Cross-validation statistics criteria

The evaluation of interpolation techniques is
typically conducted using cross-validation statistical
criteria, including root mean square error (RMSE),
mean absolute error (MAE), coefficient of
determination (R?), and standard error of prediction
(SEpred), to assess and compare the performance,
accuracy, and reliability of different methods for
robust predictive analysis [46,47]. Cross-validation
is a widely adopted and effective statistical practice
for this purpose [48]. It allows for the estimation of
model performance by assessing how well the model
generalizes to new data that was not used in training
[49]. By using cross-validation, the models' ability to
capture both variance and bias can be evaluated, as
no single metric can adequately capture both [50].
By comparing interpolation techniques through
cross-validation, an effective and widely adopted
statistical practice, a comprehensive assessment of
the models' predictive capabilities is achieved. Table
1 below presents the main objectives of using RMSE,
MAE, R?, and SEpred, along with their corresponding
equations and value ranges.
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Table 1. Tabular comparison of RMSE, MAE, R2, and SDpred.

Metric Formula Reason for use Range of Values
Provides a measure of how from O to oo
well the model captures the Aslow as possible. Lower
spatial distribution of the values indicate better
RMSE RMSE = bathymetric data. It is model performance.
sensitive to the magnitude of
errors, making it useful for
understanding the overall fit.
Useful for understanding the from 0 to oo
average magnitude of errors Aslow as possible. Lower
nL P — M in the 3D model. Particularly values indicate better
MAE MAE = ———— relevant to minimize the model performance.
impact of extreme values in
assessment.
1 2 A higher R? suggests a better 0Oto1
) / EZ?(ML- - M,)(P; — B,) \ fit, indicating how much of the Close to 1. A higher R?
R? R* = 1 1 variance in the data is indicates a better fit.
\/ﬁ XM — Myn)? \/7_1 X3P = Pm)Z/ accounted for by the 3D model
SEpred provides a measure of from 0 to oo
the uncertainty associated SEpred value of zero
with the interpolated or would imply perfect
SEpred SEpreqa = SD/(1 — R?) predicted bathymetric values.  precision, meaning that

the predictions match
the observed values
exactly.

In the above equations: M; and P; represent, respectively, the ith measured and predicted values for n observations.
Mm and Pw are, respectively, the mean values of Mi and Pi.

4. Results

4.1. Results of the chosen interpolation
methods

Field surveys within the Gissarak reservoir
encompassed both underwater and dry sections,
leading to variations in sampling densities. To
effectively  interpolate data and generate
comprehensive representations, four distinct
techniques were employed: RBF, IDW, OK and EBK.
The performance of these interpolation methods
was rigorously evaluated based on statistical criteria
of verification, including RMSE, MAE, R? and SEpred.

For the RBF interpolation, ArcGIS 10.8.2
software was employed to optimize kernel
parameters, selecting "Multiquadric" as the kernel
function, with s=0.31 determined via cross-
validation, a neighbor range of 8 to 64, and both the
major and minor semiaxes set equally under a one-
sector configuration.

The IDW interpolation method was
implemented using the same software, focusing on
tuning the optimal search radius and power values
(p) as specified by Eq. (3), with optimal results
achieved by adjusting the power parameter between

1 and 3, ultimately increasing it to 8 for fine-tuning;
the number of neighboring points in the search
radius was set to a maximum of 50 and a minimum
of 5, with the sector type configured to 1 sector.

OK employed three variogram models—
spherical, exponential, and Gaussian—to fit the

spatial variations

from

the topo-bathymetric

surveys, selecting the most suitable variograms
through the optimization of variogram parameters
and performance criteria via cross-validation. Table
5 presents the ranges of increments that define the
appropriate variograms for the reservoir, with a

steering angle of 45°,

while the number of

neighboring points in the search radius was set to a
maximum of 50 and a minimum of 5, utilizing the
standard neighborhood type and an 8-sector

configuration.

(EBK) method was applied to optimize the
kernel parameters as defined by Eq. (6), with the
number of neighboring points in the search radius
set to 64, while the search radius itself allowed for a
maximum of 50 and a minimum of 5 neighboring
points, utilizing the standard neighborhood type and
an 8-sector configuration, with a total of 100
simulations conducted. The optimal reservoir results

are recorded in Table 2.
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Table 2. Results of the chosen interpolation methods

Metric RMSE MAE R?  SDpred
IDW 2.45 0.019 0.976 2.32
RBF 161 0.008 0.997 1.57
OK 151 0.009 0.994 1.56
EBF 1.54 0.009 0.993 1.59

The table compares the performance of four
interpolation methods—IDW, RBF, OK, and EBF —
based on key metrics: RMSE, MAE, R?, and SDpred.
Among the methods, RBF has the lowest RMSE (1.61)
and MAE (0.008), along with the highest R? (0.997),
indicating superior accuracy and predictive
performance. OK follows closely, with slightly higher
RMSE (1.51) and MAE (0.009) but also performs well
in terms of R* (0.994). EBF and IDW show higher
error values and lower R?, with IDW performing the
least accurately based on all metrics. Overall, RBF
and OK demonstrate better precision in the
interpolation process compared to IDW and EBF.

The best result was obtained using the RBFs
method (Figure 4).

Beicoma; M
<= 830
0 - 835

Figure 4. Bathymetric model of the reservoir bowl
created using the RBF method (2023).
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By modeling bathymetry, researchers have
proposed that they can calculate reservoir capacity
volumes and create 3D models that facilitate
capacity volume estimation [51,52]. A 3D model of
the Tupalang reservoir was developed based on the
spatial model obtained based on the RBFs method
(Figure 5).

Figure 5. 3D model of the reservoir bowl (2023)
4.2. Tupalang reservoir water storage

The "Function Storage Capacity" tool of the
ArcGIS program calculates storage area capacities
and volumes based on input stage heights, with the
option to use a mask for limiting locations. It
presents a table of total storage area and capacities
with step marks and generates a summary report
including tool parameters, a map of the study area,
and storage capacity tables and graphs. Users can
select the desired stage height by adjusting
parameters such as maximum (960), minimum
(828), and incremental values (1m). The z-factor
ensures accurate storage capacity calculation when
surface z units differ from ground x and y units.

The total volume of Tupalang Reservoir was
468.27 Mm3, and the reservoir surface area was 8.34
km? at FSL (960 m.a.s.l.). The Surface area - elevation
and capacity volume - elevation relationships play a
crucial role in reservoir analysis, sediment



International Journal of Engineering and Geosciences- 2025; 10(2); 231-243

prediction, and understanding seasonal water
storage variations [53,54]. The obtained results are

10.00 9.00 8.00 7.00 6.00

presented in Figure 6 in the form of "Area elevation
curve and capacity volume elevation curve".
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Figure 6. Surface area - elevation and capacity volume - elevation curve

4.3. Totaling reservoir sediment storage

The comparison of recent bathymetric survey
results with the original design parameters of the
water reservoir revealed significant sedimentation
over a 30-year operational period. The analysis
indicated that the volume of sedimentation
amounted to 28.05 Mm3, constituting approximately
5.65% of the reservoir's total capacity volume.
Additionally, this sedimentation led to a reduction in
the reservoir's surface area by 0.1 square kilometers.

The analysis of capacity volume changes in
levels indicates that sedimentation has reached a
critical point, with the sediment level reaching 830
meters above sea level (masl). This signifies that the
dead volume of the reservoir is now filled with
sedimentation. Sedimentation processes within the
reservoir occurred between the levels of 830 masl
and from 888 to 890 masl (Figure 7). This
distribution is attributed to the dead level being
situated at 830 masl, while the water inlet to the
reservoir, particularly in the initial stage, is
positioned at 890 masl. Operational experience
underscores that the primary sedimentation

processes typically occur at the reservoir inlet and
more at the dead level.

The findings of the analysis underscore the
critical state of sedimentation within the reservoir,
with the dead volume now completely filled with
sediment. Admittedly, Sediment accumulation, a
natural process occurring over time, has reduced the
reservoir's ability to store water effectively.
However, this reduction in capacity volume can have
implications for various water management
activities, including water supply, irrigation,
hydropower generation, and ecosystem services.
This highlights the urgent need for intervention to
mitigate further sedimentation and preserve the
reservoir's functionality. To address this issue, it is
essential to implement sediment management
strategies, such as dredging or sediment traps, to
prevent further accumulation and maintain water
storage capacity.

In addition to the bathymetric survey conducted
in 2023, several were conducted in the Tupalang
Reservoir, including those in 2003, 2007, and 2010,
to assess turbidity deposition and its impact on the
reservoir's capacity volume (Figure 8).
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Figure 7. Curves of the dependence of reservoir capacity volume on water levels (1980 and 2023)
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Figure 8. The results of bathymetric surveys conducted in different years determined the volume of
sedimentation and the capacity volume of the reservoir.
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As previously noted, the reservoir's capacity
volume was 100 Mm3 until 2007, increased to 120
Mm3 by 2010, and expanded further to

approximately 496.32 Mm3 by 2020. Table 3
presents a summary of the bathymetric analysis
results.

Table 3. The analysis of results of bathymetric surveys conducted in different years.

Capacity Percentage

. Total capacity volume of total Sedlmer_lt Anual Sediment
Period Years volume . volume in 3
(Mm3) loss capacity the period volume (Mm3)
(Mm3) volume
1st Period 1992-2003 100 16.65 16.65% 16.65 1.51
2nd Period 2003-2007 100 20.35 20.35% 3.7 1.05
3rd Period 2007-2010 120 24.15 20.13% 3.8 1.08
4th Period 2010-2023 496.23 28.05 5.65% 3.9 0.3

By analyzing the results of all bathymetric
studies, an examination of the capacity volume loss
of the reservoir during the exploitation period was
conducted. The bathymetric survey was partitioned
into distinct periods based on years.

First period (1992-2003). Findings from the 2003
bathymetric research revealed a capacity volume
loss of 16.65 Mm?3 due to sediment deposition,
constituting 16.65% of the total capacity volume.
This translates to an average annual loss of 1.51
Mm3.

Second period (2003-2007). The 2007
bathymetric survey identified 20.35 Mm3 (20.35% of
the total capacity volume) of silt sediment in the
reservoir, indicating a capacity volume loss of 3.7
Mm? over 3.5 years, equivalent to an annual average
of 1.05 Mm3.

In the third period (2007-2010), with the
reservoir capacity volume at 120 Mm3 in 2010, the
bathymetric survey revealed 24.15 Mm3 (20.13% of
the total capacity volume) of turbid sediment. This
denotes a capacity volume loss of 3.8 Mm? over 3.5
years, averaging 1.08 Mm? per year. Additionally, a
sediment level was recorded at 830 mas], indicating
the complete filling of the reservoir's dead volume
with muddy sediments.

In the fourth period (2010-2023), with the
reservoir capacity volume reaching 496.23 Mm3 by
2020, the 2023 bathymetric research determined
28.05 Mm? of mud sediment, accounting for 5.65% of
the total volume. The reservoir experienced a
capacity volume loss of 3.9 Mm3 between 2010 and
2023, averaging 0.3 Mm?3 per year. This notable
decrease can be attributed to the removal of muddy
sediments from the reservoir by hydraulic washing
following the filling of the dead volume in 2010

The analysis indicates consistent average volume
loss in the second and third periods, a comparatively
higher loss in the first period, and a substantial
reduction in the fourth period. The initial abundance
of turbid sediments observed in the first period,
evidenced by the displacement of grunts during
reservoir filling, stabilized in subsequent periods.
The significant decrease in volume loss in the fourth
period can be attributed to the removal of muddy
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sediments through hydraulic washing following the
complete filling of the reservoir's dead volume in
2010.

5. Conclusion

This research aimed to analyze changes in the
dead and total capacity volumes of the Tupalang
Reservoir over 30 years using bathymetric survey
data. Four interpolation methods—IDW, RBF
(deterministic), and OK, EBF (geostatistical) —were
evaluated based on statistical criteria such as RMSE,
MAE, R?, and SEpred to assess their performance and
accuracy in predictive analysis. .

The results showed that the RBF method
outperformed the others, with the lowest RMSE
(1.61), MAE (0.008), and the highest R* (0.997).
Ordinary Kriging had slightly higher RMSE (1.51)
and MAE (0.009) but still achieved a strong R? of
0.994. In comparison, the IDW method had higher
error values and lower R? making it the least
effective. These findings highlight the importance of
choosing the right interpolation method for reliable
and accurate spatial models in hydrological studies.
A 3D model of the Tupalang Reservoir, created using
the RBF method, was developed to visualize
sedimentation patterns and capacity changes. .

The analysis reveals a notable decrease of 28.05
million cubic meters (Mm?®) in the Tupalang
Reservoir’s capacity, primarily due to natural
processes and human activities influencing sediment
accumulation. Sedimentation is occurring at an
average rate of 0.3 Mm? per year, a small proportion
of the reservoir’s total capacity of about 500 Mm?,
This suggests that effective reservoir management
and flow regulation have helped reduce
sedimentation impacts. While sedimentation is a
natural and inevitable process, strategies like
dredging, sediment traps, and watershed
management can significantly reduce sediment
inputs and mitigate its effects, ensuring the
reservoir’s continued functionality for water storage
and irrigation.
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