ISSN: 2229-6972 (Online)
ISSN: 2347-7237 (Print)

Journal of

Control & Instrumentation

G

STM JOURNALS

Volume 12, Issue 3, 2021

DOI (Journal): 10.37591/JoCI

http://stmjournals.com/index.php?journal=JoCI&page=index

Assessment of Reservoir Storage Capacity and Silt
Deposition Using Advanced Instruments:
A Case Study

Selva Balan M.!, Raghuchandra Garimella®, Sreekanth Sampath’, Mahender Singh Bist®,
Jitendra Kumar Singh’

Abstract

Reservoirs on the upstream side of sediment-laden river dams fill with sediment over time, lowering
their storage capacity. This research focuses on advanced instrumentation techniques used to analyse
storage capacity and estimate the quantity of sedimentation deposited in the reservoir at Kadana
Dam, Kadana Village, Mahisagar District, Gujarat, India. During the research investigations, a
multi-frequency acoustic system with frequencies of around 33 KHz and 210 KHz was employed to
assess the reservoir bed level. In addition, Hypack was used to process the data. A Knudsen Chirp
3260 single-beam echo sounder with frequencies of about 3.5 KHz and 200 KHz was also employed to
determine the reservoir's sub-bottom profile. MATLAB and Sonar Wiz Software were used to examine
the sub-bottom survey data. During the results analysis, Surfer Software was used to generate 3D
sections, contour maps, grid maps, isopach charts, and isoline maps. According to the findings, the
current gross storage capacity at FRL 127.7 m is 1243.58 MCM, while the intended gross storage
capacity is 1543 MCM. As a result, at an FRL of 127.7 m, there is a 19.40 percent loss in gross
storage. The research also revealed that the annual rate of silt is 2.73 ham/100 sg. km/year.
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The Kadana reservoir project is located 3
kilometres upstream of Kadana village in the
Mahisagar region of Gujarat, India, and is built
over the Mahi river. The reservoir's initial gross
storage capacity was 1,543 MCM for a surface
area of 165.92 sq km and a depth of 127.71 m
FRL. It serves 156 villages in the Mahisagar
District's Santrampur and Kadana Talukas, as well
as the Panchmahals District's Godhra Talukas. The
building of the Kadana project began in 1968, and
the majority of the work was finished in 1979.
Stage | and Stage Il were the two stages of
construction. In stage Il, the cost of the Kadana
reservoir project was around 9,995 lacs INR.

Using hand-held GPS, the CWPRS Hydraulic
Instrumentation Division team conducted a
reconnaissance survey in November 2019. The
survey area was examined, and bathy boundary
bench mark points were recorded.
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The survey was then conducted by the CWPRS team in February-March 2020. The work was
interrupted due to unforeseen circumstances (i.e., COVID-19), and the final survey was continued
from the last week of October 2020 to the first week of January 2021.

The sedimentation survey was carried out by the CWPRS Hydraulic Instrumentation Division to
estimate reservoir storage capacity and other characteristics such as sedimentation, area elevation
curve, and so on. Furthermore, a single-beam dual-frequency (210 KHz and 33 KHz) echo-sounder
and a Differential Global Positioning System (DGPS) were used to conduct the hydrographic study.

The investigations were carried out with sophisticated instrumentation, an Integrated Bathymetric
Survey System (IBS), at a reservoir water level of EL 127.7 m and a grid spacing of 100 m,
encompassing a 160 sg. km region.

The contours of the reservoir bed at 1.0 m intervals, the reservoir's living capacity, and the sediment
volume of the reservoir were plotted for data analysis.

For the analysis, Navisoft, Hypack, QGIS, Surfer, Global Mapper, Google Earth, Auto-CAD, TCX
convertor, and MATLAB were used in the analysis. Until FRL, the contour was created at 1 m
intervals. The dam's current storage capacity is expected to be 1243.58 MCM at EL 127.7 m.

LITERATURE REVIEW
Reservoir Sedimentation Process

In a reservoir, sedimentation studies are essential for optimum reservoir operation based on a
realistic evaluation of available storage [1-6]. A reduction in storage capacity beyond a certain point
prevents the reservoir from serving numerous functions [7-10].

Figure 1 depicts the sedimentation process in a reservoir. Reservoir capacity surveys are conducted
on a regular basis to determine the rate of sedimentation and storage capacity loss [11-17]. This
facilitates the effective management of reservoirs as well as the decision-making process for the
treatment of catchments if the rate of siltation is too high [18, 19].
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Figure 1. Process of Sedimentation in a Reservoir [20].
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An Integrated Bathymetry Survey System (IBS) with DGPS mounted on a boat is an advanced
technique that generates precise information among the many bathymetric survey methods [21-24].
The data for this study was collected using the Integrated Bathymetry Survey System (IBS), which
was then analysed and the results were obtained. For a submergence area of around 116 km? the
reservoir was built with a gross storage capacity of about 1,543 MCM at a FRL of about 127.5 m.

FIELD INVESTIGATIONS

The Kadana dam project is providing irrigation water for 2,69,150 hectares of land across a weir
crossing the Mahi River. It also generates water for about 300 MW of hydropower through reversible
turbines. At Latitude 23° 18' 30" North and Longitude 73° 49' 45" East, it is a composite dam.

Figure 2 shows an aerial view of the Kadana dam reservoir on Google Earth [25].
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Figure 2. Kadana dam reservoir on Godgle Earth.

Instruments Incorporated During the Studies

In order to conduct the studies, the Integrated Bathymetric Survey System (IBS) was employed,
which is composed of highly advanced electronic equipment such as a DGPS, Echo Sounder, Discus
Antenna, Sensor, and a Fixture to hold the sensor.

An echo-sounder made by Knudsen with dual frequencies (210 KHz and 33 KHz) and Trimble's
DGPS were used in the survey. Hypack was used for data collection, processing, and calculations.
Results were more accurate due to the advanced Integrated Bathymetry Survey System. At a FRL of
127.7 m, the survey was carried out.

Differential Global Positioning System (DGPS)

To derive the position through satellites, the positioning system used during the studies uses a
transponder or DGPS unit. This device is highly accurate, reliable, and state-of-the-art [26-29].
Additionally, the GPS receiver is able to track over 12 satellites in order to obtain maximum
positional accuracy. A satellite-based position determination system also integrates information from
the reference station with satellite signals for a more accurate calculation of the position [30-33].

The DGPS display interface unit from Trimble, which also includes an antenna during the study, is
shown in Figure 3.
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Figure 3. DGPS with antenna.

The mobile antenna was used to record the GPS satellite location data from available satellites and
correct satellite introduced errors with the help of beacon correction and sub-meter accuracy.

As part of the studies, an integrated bathymetric survey system was adopted, which was compact
and could be carried in a smaller boat. Figure 4 shows an integrated bathymetric survey system (IBS)
that consists of an echo-sounder, a laptop, and a DGPS interface that is mounted on the boat during
the study.
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Figure 4. Survey Boat with Equipment.

Laptop Runnning Navisoft
As shown in Figure 5, the real-time position and depth data were captured by the laptop using
Hypack Navisoft.

Dual Frequency Echo-Sounder

Figure 6 illustrates a single beam dual frequency echo sounder which was used during the research
studies for depth measurement using an echo-sounder with a range of -0.2 m to 200 m and an
accuracy of 0.01 m +/- 0.1% at 210 kHz and 0.10 m +/- 0.1% at 33 kHz. During the studies, a dual-
frequency echo-sounder was used to distinguish between the top depths and the consolidated bottoms
of the reservoir.

Under favourable conditions, the low-frequency signal (of about 33 KHz) penetrated the bottom
and showed information about the bottom profile. The high-frequency signal (210 KHz) detected the
top layer of sediment, and the low-frequency signal (of about 33 KHz) penetrated the bottom layer.
Furthermore, the echo-sounder system has the capability of setting the energy levels of the beams
being transmitted underwater. Based on sound velocity calibrator readings, the velocity of the echo-
sounder was set at 1500 metres per second. This velocity was verified against the echo track sensor.
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Figure 5. Data logging through Hypack Navisoft.

Figure 6. Dual frequency echo sounder.

Sub Bottom Profiler System

A sub-bottom profiler was used to assess the bottom profile of the reservoir and the sediment
deposition type and classification, viz., sand, silt, and clay, with further sub-classifications of coarse,
medium, and fine. A sub-bottom profiler, a Knudsen Chirp 3260 single-beam echo sounder, was used.
A low frequency was used to penetrate the seabed, and a high frequency was used to track the level of
the bed.

Data from the sub-bottom profiler survey was processed using MATLAB and Sonar Wiz. In the
MATLAB-based analysis, depth contours were displayed on the sub bottom profile and a 3D image
was generated from the depth contours. Similarly, bed level and the bottom of the silty/sandy clay
layer are digitized in Sonar Wiz, along with an overall thickness measurement. ISOPACH maps are
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RESULTS AND DISCUSSION

At CWPRS, the data collected at the dam site was analysed using Hypack, Surfer, Autocad, and
MATLAB. By applying krigging to the uneven data, the noisy spikes have been eliminated, and the
useful data samples have been obtained (depth values). To remove the spikes in bathymetric data,
special filters were applied. In general, noises result from boat motion, underwater vegetation, engine
noise, and wave disturbance from the waves on the surface. Initially, the depth data was processed for
preparing grid files, and then the processed data was used for further analysis in Surfer. Moreover, the
grid files were used to prepare contour plots and surface plots as well as estimations of surface area
and volume based on standard formulae, including the Trapezoidal Rule, 1/3 Simpson's Rule, and
Simpson's 3/8 Rule. Results were obtained by interpolating depth data acquired by an echo sounder in
dual frequency mode. Interpolation is performed using the krigging method for the zone that lies
between two survey lines. This process generates the grid data set that is used for the analysis. A
bathymetric survey at FRL 127.7 m with echo sounder channel 1 frequency (210 KHz) found the
volume to be 1243.58 MCM and the corresponding area to be 141.17 square kilometres.

As shown in Figure 8, the Area-Capacity Curve for Kadana Reservoir compares with the original
design, the 2000 Survey Results, and the 2020-21 CWPRS Survey Results.
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Figure 8. Area-Capacity Curve of Kadana Reservoir.

CONCLUSIONS

An assessment of the sedimentation capacity of a reservoir and what amount of silt is deposited in a
reservoir are crucial components of sedimentation survey. For the investigation of reservoir storage
capacity and silt deposition, it is critical to have strong knowledge of the latest instrumentation, sub
bottom profile, and software expertise. It is generally recommended to conduct sediment-related
surveys every three (03) to five (05) years. These surveys are necessary because the ramifications are
quite significant, such as an increase in dead storage because storage capacity is diminished. In order
to maximize storage capacity, regular sedimentation surveys and an automated process are essential.

As a result of computing the results, it was observed that present storage capacity of the reservoir
had decreased by 299.42 MCM, or 19.40%, as measured at FRL 127.70 metres.
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Deviations in the reservoir capacity are within the specified limits of 1SO 6421:2012(en),
“Hydrometry—Methods for assessment of reservoir sedimentation”, 1SO 4366:2007(en),
“Hydrometry—Echo sounders for water depth measurements”, 1ISO 19115 and IHO STANDARDS
FOR HYDROGRAPHIC SURVEYS (S-44) [37-40].
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