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1
Abstract

This study explores the feasibility of using CCTV cameras to estimate Total Suspended Sediment (TSS)
concentrations in the Khlong Suan Mak River, located in Kamphaeng Phet Province, Thailand. Climate
change has led to prolonged dry spells and intense precipitation in Thailand, causing significant sedi-
ment transport and deposition issues in river systems and water infrastructure. Traditional methods for
monitoring TSS have inherent limitations, prompting the investigation of RGB image processing as a
cost-effective alternative.

Time-series RGB images were captured at multiple weir locations along the river, and pixel intensities
were analyzed to estimate sediment concentrations. Synoptic and spatial sediment sampling estab-
lished baseline TSS values and sediment grain size distributions. Additionally, bathymetric profiles of
three major reservoirs were developed to assess sediment accumulation patterns.

Preliminary results demonstrated correlations between RGB intensity values, particularly in the green
channel, and TSS under controlled conditions. However, field applications faced challenges due to
fluctuating light intensities and minimal variability in TSS concentrations. These findings suggest that
while RGB imaging shows promise for sediment monitoring, improvements in camera positioning and
lighting control are essential. Future research could enhance accuracy by integrating advanced imaging
technologies with this approach.
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2
Introduction

Due to climate change, Thailand is increasingly experiencing longer, drier periods and more extreme
rainfall events with higher precipitation levels. These conditions significantly impact agriculture, indus-
try, and flood management efforts.
To regulate water flow, reservoirs and weirs have been constructed in regions with intensive agricul-
ture or areas vulnerable to flooding. These structures are essential for controlling water supply during
extreme weather events and ensuring adequate water availability during periods of high demand.

In the Kamphaeng Phet region of Thailand, several hydraulic structures have been built to address
these challenges. The primary source of water in this area is rainfall, with the main streams receiving
runoff primarily from the national park. Reservoirs located at the border of the national park temporarily
store this water. From these reservoirs, water is distributed through canals to agricultural areas. After
irrigation, the water flows into the Khlong Suan Mak River, eventually draining into the Ping River.

During extreme weather events, rainfall can erode stream banks, carrying soil and other materials into
the river. The increased water velocity provides sufficient energy to transport sediment downstream.
This sediment becomes part of what is known as Total Suspended Solids (TSS): particles suspended in
the water. TSS consists of a mixture of soil, organic matter and fine particles that remain in suspension
until settling occurs.
Total Suspended Solids (TSS) accumulation is a big bottleneck in water infrastructure that negatively
affects the functionality of hydraulic constructions. When rivers with a high TSS value reduces its ve-
locity, TSS has the time to settle. This often happens when a river encounters a construction, like a
weir or dam. When the sediment settles it can build op and causes complications. For example, it
reduces water conveyance and can cause structural failures. Irrigation canals are particularly prone
to blockages from TSS, which not only restrict water flow but also hinder agricultural productivity [5].
Waters that have a high level of TSS can shorten a hydraulic pump’s lifespan by corroding its compo-
nents, raising the possibility of pump failures [8]. Additionally, sediment buildup can result in significant
storage loss within reservoirs. What can lead to an increase of water level upstream and enlarge the
risk of flooding.[16]. whereas this is the mean concern in our region.

TSS can enter the river along its entire length, but the two sources likely to have the most impact are
the Khlong Lan National Park area and the agricultural land, both contributing through soil erosion.
The national park is classified as having a moderate landslide risk due to the combination of frequent
heavy rainfall and dense vegetation [9]. While landslides are not common, these conditions increase
the chance of localized events during intense weather. In addition, a big part of the land in the Kam-
phaeng Phet Province is used for agriculture, where cassava and rice are the primary crops. Cassava
is an environmental steady crops which is favorable in tropical regions. However, cassava is often cul-
tivated through mono-culture, where large gaps between individual plants leave the soil exposed. This
increases the risks of soil degradation [6]. This has negative effects on the soil. Some reports have
showed that the loss of farmland soil is significant especially when cassava roots are harvested.[17]
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2. Introduction

Although TSS may originate from both national park and agricultural sources, it is difficult to determine
how much influence each source has on the TSS levels in the Suan Mak River. It is also important to be
able to document the amount of TSS build up in the reservoirs or in front of the hydraulic constructions.
These interests inspire researchers to find new advanced monitoring technologies capable of measur-
ing and tracking TSS levels over time. While remote sensing is already used for water quality tracing,
This technology is partly not fully cable in tracing TSS [18], this is due the fact that data collection is
limited because of the limitation of the satellite orbit speeds. What results in gaps in available data,
especially during cloudy weather or high turbidity events that occur over short timescales.[10]. Due to
these deficiencies there is a need to look into different fields of technology to obtain these kind of data.
Where there is a growing interests in a low cost and easy to apply in the field.

Previous studies have viewed the possibility of using image processing techniques for river monitoring.
This includes the traditional image processing methods from computer vision, but also new techniques
with AI [13]. Modern hydrological stations are increasingly being equipped with optical cameras, like
Closed-Circuit Television (CCTV) cameras for surveillance. The imagery collected from these systems
can be usedmore broadly than only surveillance. Researchers are currently developing a systemwhere
the RGB value of these images can be analysed in order to identify correlations with sediment concen-
trations in water. This approach aims to estimate sediment levels and monitor suspended sediments
within river systems more effectively. This method allows for continuous data collection, when imple-
mented correctly it can offer a broader and maybe more reliable alternative than other techniques. [13].

Given the presumed sediment buildup at various locations within the study area and the potential of
this new sediment-tracing approach, this research assignment was developed.

The research aims to determine whether it is feasible to trace and detect varying concentrations of TSS
in the Suan Mak River near designated hydraulic structures. The study also seeks to identify the TSS
source within the water system and assess accumulated reservoir sediment, allowing for the selection
of a location within the study area where further research on elevated turbidity and TSS concentration
can be developed.

Research Objectives

Is TSS traceable? Capture a series of RGB images over time at four designated locations to monitor
and analyze sediment transport in a natural setting, aiding in understanding sediment dynamics over
time.
What is the source of TSS? Identify the origins of sediment causing reservoir siltation in front of hydraulic
structures using spatial sediment sampling and synoptic TSS sampling.
How much are the constructions already influenced by TSS accumulation? Create a bathymetric map
of the reservoir to establish a baseline for studying sediment deposition.
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3
Area description

Before the explanation, the setup of the research, and what experiments are executed where and why,
it is important to first visualize the flow and behavior of the relevant water bodies. Understanding the
water flow will provide insight into the transport of TSS, sedimentation patterns, and potential sources,
and give a better understanding of why hydraulic construction locations are chosen. Throughout this
chapter, locations in the research area are described. To assist the reader in visualizing the locations,
an overview of the area has been made and is visible in Figure. 3.1.

3.1 Geographical classification
The Khlong Suan Mak River Basin is located in the Kamphaeng Phet Province, Thailand, and plays a
vital role in both agricultural and ecological systems. It is situated near important natural areas such
as the Klong Wang Chao National Park and Khlong Lan National Park.

3.2 River basin
The Khlong Suan Mak Basin, a sub-basin of the lower Ping River, is located on the right bank of the
Ping River in western Kamphaeng Phet Province and spans over an area of around 1200 𝑘𝑚2. The
main river in this Basin is called the Suan mak. The basin is divided into three segments based on
river slope. The upstream first part of the river extends over a distance of 20 kilometers and flows
through the national parks Khlong Lan and Khlong Wang Chao. Here the river has steep slopes of
approximately 1:25 due to the mountainous terrain. The midstream has a flatter slope of 1:150 and a
length of around 20-70 kilometers. The final segment has a flat almost zero slope running from 70 km
to the river’s confluence with the Ping River at 110 km.
The basin covers a diverse landscape, with upland forest areas making up about 40% of the basin,
while the midstream and downstream sections transition into agricultural plains. These lower regions
are prone to flooding and drought.

3.3 Reservoirs
In the research area, seven large reservoirs have been constructed. The locations of the reservoirs
are assigned with the letters A to F in the graph 3. The reservoirs are all located on the border of
the national park and at the start of the cropland. Two reservoirs, B and C, differ from the others as
they are located farther from the national park area and closer to agricultural land. The majority of the
water collected by the reservoirs, therefore, originates from the national park. The reservoirs that have
been analyzed for this research are reservoirs A, B, and C. Reservoir A is the largest, with a maximum
length and width of approximately 1700 meters and 912 meters, respectively. Reservoir B has a length
of 1200 meters and a width of 290 meters. Reservoir C measures 715 meters in length and 604 meters
in width.
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3.4. Hydraulic constructions 3. Area description

3.4 Hydraulic constructions
The hydraulic structures are situated along the Suan Mak River, the primary focus of this study. These
structures are placed here by the irrigation department for flood prevention and research purposes.
These locations are of interest for our research because they are already equipped with CCTV cameras
for surveillance, which can be used by us as time series data for sediment flow. Below are the names
of the locations, listed in order from 1 to 4. Location 1 is situated downstream, and location 4 is the
most upstream of the river.

• Location 1: Tha Kra Dan Weir

• Location 2: Tha Kra Nae Weir

• Location 3: Nong Ping Kai Weir

• Location 4: Khlong Suan Mak Weir

Figure 3.1: Overview of the research area.
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Methodology

4.1 Sediment experiment procedure
An amount of Suspended Sediment (SS) was collected from the study area. Known quantities of this
suspended sediment were dissolved in a white bucket. The concentrations were increased from 0 to
0.7 g/L in steps of 0.1, and then further increased to 1.0, 1.25, and 1.5 g/L. A camera was positioned at a
0-degree angle (vertical) at various distances to observe the effect of increasing distance on suspended
sediment detectability.
For each photo image, the water surface was cropped which excluded disturbances as light reflectance
or turbulence. The average Red, Green, Blue (RGB) pixel intensities (Pixel Intensity (PI)) were deter-
mined according to Equation 4.1.

𝑃𝐼average,𝑖 =
∑(𝑖Pixel Intensity)

∑(pixels) with 𝑖 = Red, Green, Blue (4.1)

4.2 RGB images constructions processing procedure
In Figure 4.1, the schematization of RGB image processing is presented. Initially, data collection was
conducted in the field, followed by two simultaneous steps: laboratory tests of water samples and RGB
image processing. The output data from both steps are then combined and visualized in 5.2.

Figure 4.1: Schematisation of processing of RGB images
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4.3. River sampling 4. Methodology

Image extraction
Photos were collected from water surfaces at three locations near weir constructions: location num-
ber 1, 2, and 3 (see Figure 3.1). Images were taken hourly during two time periods, 6:00-12:00 and
15:00-17:00, over two days. Two types of cameras were used, see Appendix A for specifications. In
each photo, a section of the water surface was cropped to exclude reflections, turbulence, and other
disturbances. Since it was not possible to crop the exact same area in every image at each location,
the R, G, and B intensities for the cropped area were averaged based on the number of pixels selected.
In Appendix B the crop coordinates of each image part and the code for deriving the RGB intensities
is given.

Radiometric calibration
The radiometric calibration of the pixel values collected by the photo cameras was performed according
to the methodology outlined by by Miglino et al. [14]. Since the distance between the water surface
and the camera did not exceed 100 meters, atmospheric influences were assumed to be negligible [4].
A radiometric calibration panel with reference values Red (255, 0, 0), Blue (0, 0, 255) and Green (0,
255, 0) was used in the field and positioned on the water surface while collecting the photo image. The
panel is used to eliminate the effect of the sun, environmental effects and the reflectance of the water.
The radiometric calibration is performed according to Equation (4.2).

𝑃𝐼𝑅𝐶 = {1,
𝑃𝐼
𝑅𝑉𝑅𝐶

} (4.2)

Where 𝑃𝐼 represents the normalized pixel intensity value (Red, Green or Blue) of the cropped water sur-
face and 𝑅𝑉𝑅𝐶 denotes the normalized pixel intensity value (Red, Green or Blue) of the reference panel.

The pixel intensities values were normalized using Min-Max normalization, with RGB values ranging
from 0 to 255 (4.3).

Normalized value = 𝑋 − 𝑋min
𝑋max − 𝑋min

= 𝑋
𝑋max

= 𝑋
255 (4.3)

4.3 River sampling
To find an answer to the research question of what causes the high values of TSS in the SuanMak River
that lead to sediment accumulating in front of the hydraulic structures and silting up the reservoirs, two
different approaches were used: synoptic TSS sampling and spatial sediment sampling. The locations
of these samples have been carefully selected to determine the influence of both the national park and
the agricultural areas. Therefore, we have chosen locations that are situated on the border with the
national park, at a reservoir at the start of the agricultural area, or where two rivers converge.

Synoptic TSS sampling
Synoptic sampling is a method used to create a spatial overview of the water quality and sediment
concentrations spread out over the river basin, and thereby identify the sources contributing to the
high value of TSS in the Suan Mak River. The method involves collecting water samples from multiple
points, typically upstream and downstream, including the main river and its tributaries, over a short
period of time.
The locations that were chosen to collect the samples are as follows. The sample is taken at a hydraulic
structure, for example, Location 2: The Kra NaeWeir, where the samples are collected upstream and/or
downstream from a hydraulic structure near the CCTV cameras. The sample is taken at a location
where a tributary connects with the Suan Mak River. Here, the sample is taken upstream in the main
river, upstream in the tributary, and downstream in themain river. Samples are collected from reservoirs
that are influenced either solely by agricultural activities or exclusively by the national park.
The samples were collected by throwing a bucket down from a higher point along the river or, when
it was possible to come close enough to the river, with a bottle connected to an extendable stick. A
turbidity measurement was performed on the spot. Then, the water samples were put in a 0.5 L plastic
bottle and wrapped in aluminum foil to prevent light from getting in. The samples were then transported
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4.3. River sampling 4. Methodology

to the lab to estimate the TSS through a Total Suspended Solids Measurement Experiment. A filter with
a pore size of 1.2 µm was used.

Spatial sediment sampling
Obtaining sediment samples was challenging due to the high water levels in the rivers. Samples were
collected at locations where access was feasible. Most of the samples were taken from the riverbanks,
as it was difficult to reach near the middle of the riverbed because of the high flow. However, at smaller
streams further upstream, it was possible on one occasion to collect a riverbed sample directly from
the middle of the stream.
The samples were collected by digging up the top layer of soil and placing it in a Ziploc bag. The
samples were taken to the soil lab, where they were dried at a temperature of 60 degrees and sieved
into eight different grain sizes: 180, 𝜇m, 150, 𝜇m, 106, 𝜇m, 75, 𝜇m, 63, 𝜇m, and 0, 𝜇m.

Data processing
With the sediment- and TSS samples collected from the locations near the hydraulic constructions and
reservoirs. We can make an estimation for sediment deposition. The boundary layer shear stress
determines whether sediment remains in suspension or settles. When the shear stress is higher than
a critical value, 𝜏𝑐, the sediment can remain in motion. However, when 𝜏𝑏 < 𝜏𝑐, the flow lacks the
energy to carry the sediment, causing it to settle. For calculating deposition, we need to examine the
relationship between 𝜏𝑏 and 𝜏𝑐.
After that, a further examination can be conducted to determine the amount of sediment that settles
inside the reservoirs. The following steps will be taken:

The settle velocity

First the settle velocity is being calculated.

𝑉𝑠 =
(𝜌𝑝 − 𝜌𝑓) ⋅ 𝑔 ⋅ 𝑑2

18 ⋅ 𝜇 (4.4)

where:

• 𝑉𝑠 [m/s] is the settling velocity,

• 𝜌𝑝 [kg/𝑚3] is the particle density,

• 𝜌𝑓 [kg/𝑚3] is the fluid density,

• 𝑔 [m/𝑠2] is the gravitational acceleration,

• 𝑑 [m] is the particle diameter,

• 𝜇 [Pa�s] is the dynamic viscosity of water.

The settling distance (𝑑𝑠)
By using the settling velocity, the settling distance 𝑑𝑠 can be calculated that each particle can travel in
the residence time:

𝑑𝑠 = 𝑉𝑠 × residence time (4.5)

where:

• residence time [s]

• 𝑑𝑠 [m] settling distance
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4.4. Reservoir bathymetry 4. Methodology

Calculate Settling Efficiency

The settling efficiency is determined by the ratio of the settling distance to the water depth. If the
settlings distance is less than the water depth the particle will not settle in the reservoir.

Efficiency = (Settling distanceWater depth × 100%) (4.6)

Calculate the Mass of Settled TSS

Once we know the settling efficiency, we can calculate the amount of TSS that will settle:

Settled TSS = TSS Concentration ×Q × Settling efficiency (4.7)
where:
• TSS Concentration [mg/𝑚3]
• Q [𝑚3/s] Flow rate at location

Integrate Over Time

To find the TSS deposited over a given time period, integrate the settled TSS rate over the period.

4.4 Reservoir bathymetry
To provide an initial estimate of the reservoir storage volume, this section details the process of collect-
ing bathymetry data, followed by the steps taken to process this data into a bathymetry map and the
accompanying elevation-area-volume graph. This baseline will support ongoing research on sedimen-
tation and volume changes within the reservoir.

Data collection
The water depth data for the bathymetry map of the reservoirs was collected using the Deeper Pro
2+, see Figure 4.2, an affordable commercial fish finder that also records water depth along with GPS
coordinates, as shown in Figure 4.3. The device operates in conjunction with the ‘Fish Deeper’ mobile
app, which could be installed on a smartphone or tablet. Within the app, users can customize scanning
settings. For this experiment, the following settings were used: sensitivity at 20 percent, scanning angle
at 20 degrees, and auto switch range enabled. In addition to sonar data, the app provides water depth,
latitude and longitude. This raw bathymetry data can be exported in CSV format for further analysis.
For the specifications of the Deeper Pro+2, see Appendix F .

Figure 4.2: Deeper Pro 2+ [1]

Figure 4.3: Fish Deeper app [2]

9



4.4. Reservoir bathymetry 4. Methodology

To measure the water depth, the Deeper Pro 2+ was attached to the side of a boat, which maintained
a maximum speed of 4 km/h to minimize measurement disturbances. A custom mount, see Figure
4.4, was designed to keep the Deeper Pro 2+ consistently oriented downward, ensuring the signal
transmitted vertically to the riverbed and minimizing the impact of waves on measurement accuracy.
The mount was constructed from a foam board with a hole in which the Deeper Pro 2+ was securely
placed. The foam board was held in place from the boat to maintain stability during the measurements.
To prevent significant interpolation errors during data processing, contour lines were followed during
data collection, based on the assumption that depth values along each contour line are similar. The
routes for these contour lines were pre-planned using ’MyMaps.nl’. An example of the navigation lines
can be seen in Figure 4.5, with the spacing between lines determined by the reservoir’s size: 100
meters for Reservoir A, 25 meters for Reservoir B, and 50 meters for Reservoir C.
As water depth depends on water levels and this study focuses on the elevation of the bed, establishing
a reference point is essential. This ensures that future measurements can be conducted and compared.
For Reservoirs A and C, the elevation of the reference point was measured relative to Mean Sea Level,
while for Reservoir B, a separate local reference point was used. Details regarding these reference
points are provided in Appendix H.

Figure 4.4: Foam board with Deeper
Pro 2+

Figure 4.5: Route reservoir B in MyMaps

Data processing
The raw data obtained in the CSV file contained measurement errors caused by shallow water, fish
interference, or poor connectivity. As a result, detectable errors were removed during the initial pro-
cessing step. With 15 data points collected per second, the dataset contained a high volume of data.
To improve the efficiency of the analysis, the data points were grouped by distance: 10 meters for
Reservoir A, 5 meters for Reservoir B, and 2.5 meters for Reservoir C. For each group, the mean wa-
ter depth and the average latitude and longitude coordinates were calculated. This grouping method
enhanced the accuracy and efficiency of the interpolation process during subsequent data analysis.
Figure 4.6 illuustrates the grouped data points for Reservoir B.
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4.4. Reservoir bathymetry 4. Methodology

Figure 4.6: Cleaned datapoints Reservoir B

Figure 4.7: Sail Path Reservoir B

To create a bathymetry map from the collected data points, Inverse Distance Weighting (IDW) interpo-
lation was applied with a power value of 2. In IDW interpolation, it is critical that the data points are
evenly distributed in both the x- and y-directions to ensure consistent and accurate results. Uneven
point density can lead to distortions, where closer points exert disproportionate influence. To address
this, the data points were grouped by distance, maintaining a 1:10 ratio to ensure that for every point
in one direction, there are 10 points in the other direction.
UsingQGIS, a shapefile of the reservoir area was created, and the IDWplugin was applied to interpolate
the data points within the reservoir boundaries. Since it was not possible to sail near the shorelines,
see Figure 4.7 , it was assumed that the reservoir sides drop vertically without a slope and maintain
the same depth as the outermost sailed contour line, as shown in Figure 4.8.

Figure 4.8: Assumption reservoir sides

After the interpolation, an Elevation-Area-Volume diagram was generated for the reservoirs. The sur-
face area at each elevation was calculated using QGIS. First, contour lines were created at 0.5 m depth
intervals using the contour plugin, and the corresponding surface areas were determined. The storage
volume was then calculated using the trapezoidal formula:

𝑉 = (𝐴1 + 𝐴2)
2 × (ℎ2 − ℎ1)

Construction drawings from 2012, provided by the Royal Irrigation Department of Thailand, were avail-
able for Reservoirs A and C. These drawings can be used for validation purposes.
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5
Results

5.1 Sediment experiment results
in Figure 5.1 the results of the sediment experiment described in 4.1 are visualized.

(a) RGB intensities vs. TSS at 54 cm (b) RGB intensities vs. TSS at 73 cm (c) RGB intensities vs. TSS at 92 cm

(d) RGB intensities vs. TSS at 112 cm (e) RGB intensities vs. TSS at 132 cm (f) RGB intensities vs. TSS at 154 cm

(g) RGB intensities vs. TSS at 171 cm (h) Legend
(i) Correlation turbidity and TSS concentra-
tion

Figure 5.1: RGB intensity versus concentration at an angle of 0 degrees (vertical) for various distances.

Across all distances, RGB intensity generally increases with TSS concentration, with the red channel
showing the most noticeable rise. The red intensity remains consistently higher than green and blue,

12



5.2. RGB images constructions results 5. Results

and is less affected by distance.

At shorter distances (5.1a, 5.1b), the differences between the RGB intensities are more distinct. As
distance increases (> 92 cm), the differences in RGB intensities diminish, though red still dominates.
At even greater distances, all channels show less intensity variation, indicating reduced signal clarity.
Beyond 1 𝑔/𝐿, RGB intensities tend to stabilize.

As SS concentration increases, it appears that particles scatter or absorb blue light more strongly
compared to red light, leading to an increase in red intensity and a reduction in blue intensity.

5.2 RGB images constructions results
Location 1 – 05/10/24 and 06/10/24
In Figures 5.2 to 5.15 the fluctuations of the RGB intensities and turbidity over time are visualized for
location 1, followed by the correlation plots of each intensity (Red, Green, Blue) with the TSS concen-
trations.

Figure 5.2: Location 1 - 05/10/24 Single band values over time Figure 5.3: Location 1 - 06/10/24 Single band values over time

Figure 5.4: Location 1 - 05/10/24 Turbidity over time Figure 5.5: Location 1 - 06/10/24 Turbidity over time
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5.2. RGB images constructions results 5. Results

Figure 5.6: Correlations of PI and TSS for Location 1 - 05/10/24 and 06/10/24

Figure 5.7: Location 1: PI red vs TSS
05/10/24

Figure 5.8: Location 1: PI red vs TSS
06/10/24

Figure 5.9: Location 1: PI red vs TSS
05/10/24 and 06/10/24

Figure 5.10: Location 1: PI green vs TSS
05/10/24

Figure 5.11: Location 1: PI green vs TSS
06/10/24

Figure 5.12: Location 1: PI green vs TSS
05/10/24 and 06/10/24

Figure 5.13: Location 1: PI blue vs TSS
05/10/24

Figure 5.14: Location 1: PI blue vs TSS
06/10/24

Figure 5.15: Location 1: PI blue vs TSS
05/10/24 and 06/10/24

The green band shows the highest pixel intensity values for this location and exhibits the best corre-
lation with TSS looking at the datapoints combined over 05/10/24 and 06/10/24, making it the most
reliable option for detecting sediment at this location. The red and blue band have slightly weaker cor-
relations, indicating limited effectiveness for sediment detection. Although the green band suggests
some detectability of sediment, the low R² values imply that this correlation is not strong.
Temporal variability is evident in the pixel intensity (PI) values over time. The fluctuations in PI through-
out the day indicate this, with peaks occurring between 10:00 and 14:00. This is likely due to sunlight
interference, which affects sediment detection accuracy. Meanwhile, turbidity remains stable, indicat-
ing consistent sediment conditions.

Location 2 – 03/10/24 and 04/10/24
In Appendix D.1, the results for location 2 are visualized. The RGB intensity values show variability
throughout the day, with observable fluctuations in all bands on both 03/10/24 and 04/10/24. The pixel
intensity values of the green band generally maintain the highest levels, while the red band exhibits
some fluctuations, and the blue band remains relatively low. On 03/10/24, all bands display a moderate
negative correlation with TSS, suggesting that higher sediment concentrations may lead to lower pixel
intensity values. However, the overall predictive power remains weak across all bands, even when the
data points from both days are combined.
Turbidity measurements show a steady decline throughout the day, which aligns with a decrease in
TSS. In contrast, the RGB intensities do not show a clear trend over the day.
Again the midday peaks in pixel intensity values indicate the influence of sunlight on the RGB bands,
which interferes with the accuracy of sediment detection.

Location 3 – 07/10/24 and 08/10/24
For Location 3, the results can be found in Appendix D.2. Across both days (07/10/24 and 08/10/24),
the correlations between RGB intensity values and TSS are very weak. This indicates that sediment
detection using RGB is not reliable at this location under the observed conditions. While the green
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band shows slightly better correlations with TSS compared to the red and blue bands, the overall
effectiveness remains limited. The RGB intensities show fluctuations throughout the day, but these do
not correlate well with changes in sediment concentration. No clear trends can be observed in pixel
intensity values over time.
Again peaks during midday in intensities suggest that sunlight is influencing the RGB values, potentially
masking the sediment signal.
The generally low sediment concentrations at this location make it challenging to detect sediment using
RGB intensities, as insufficient variation in TSS limits the potential for strong correlations with band
values.

Validation of RGB images results
The correlation between TSS and turbidity values obtained is quite strong, as can be seen in 5.16. This
strong correlation indicates that the turbidity trends observed throughout the day are consistent across
different locations for TSS, suggesting that turbidity is a reliable proxy for TSS in the context of these
measurements.
Furthermore, Figure 5.17 shows that the average light intensity is highest around 11:00 and 12:00,
coinciding with peaks in the RGB intensity values for each location. This suggests that the increased
light intensity during these hours may significantly interfere with the data captured in the RGB images,
underscoring the importance of considering light conditions when analyzing RGB image data.

Figure 5.16: Correlation between Turbidity and TSS Figure 5.17: Light intensity fluctuation during the day

5.3 River sampling results
Below, two diagrams are visible for the synoptic TSS sampling. The diagram in Figure 5.21 gives an
overview of the sample results taken during a time period of 7 days of dry weather. In Figure 5.22, the
results of a rainy period of 2 days are shown. Additionally, a graph is visible for the sediment sampling.

Filters TSS lab experiment
During the TSS experiment in the lab, different types of TSS were visible on the filters, indicating
variations in the composition and particle sizes among the samples. Some filters showed a very uniform
and smooth residue, where the TSS appeared very fine, while other filters contained larger grain sizes.
The variation of residue samples is shown in Figures 5.18, 5.19, and 5.20.
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Figure 5.18: Residue of TSS on a filter
from sample Location 8 upstream 2. This
is a side river.

Figure 5.19: Residue of TSS on a filter
from sample Location 7 upstream 1. This
is a main river.

Figure 5.20: Residue of TSS on a filter
from sample Loc 8 upstream 1 river. This
is a main river.

Dry weather 5/10/2024 till 11/10/2024
The graph indicates that TSS values in the main river start relatively low, around 9 mg/L, at the bound-
aries of the National Park. As the river flows further, the TSS values increases, peaking at 90 mg/L.
This is due the inflow of tributary with a concentration of 111 mg/L.

Figure 5.21: A schematic overview of the TSS values during a dry event over a 7-day period in the research area

Rain event 3/10/2024 and 4/10/2024
Figure 5.22 shows a schematic overview of the water sampling area during a rain event. The river
starts relatively low upstream on the left side near the national area. The value then increases to a

16



5.4. Spatial sediment sampling 5. Results

maximum of 359 mg/L.

Figure 5.22: A schematic overview of the TSS values during a rain event over a 2-day period in the research area.

5.4 Spatial sediment sampling
The results of the spatial sediment sampling are visualized in Figure 5.23. Most of the data points
cluster near the sand-rich region (bottom side of the triangle), indicating that the majority of the soil
samples contain a high percentage of sand. The points are far from the grind (gravel) axis, indicating
that the soils have very low amounts of gravel or coarse particles. Only a few samples show somewhat
higher percentages of silt. This went against our expectations, as it was thought that there would be a
high amount of TSS.

Figure 5.23: A graph showing the ratio percentages of grind, sand, and silt within the soil samples taken at different locations in
the research area.

This can be explained as follows. While the flow force is capable of carrying all grain sizes along the
river, as shown in Figure 5.24, almost all particles are in suspension. However, what the Shield graph
does not show is that some particles have a higher chance of settling than others. For example, at
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Location 1, a particle of 2.36 mm has a 100% chance of settling within the reservoir [E.1], while a
particle of 63, 𝜇m has only an 11% chance [E.1]. This could explain why a lot of sand is found at the
reservoirs at the hydraulic structures.
However, when we look at the settling efficiency of the particles in Reservoir A, which has a much larger
volume than the river, it can be seen that all particles have a settling efficiency of 100% [E.2]. When
calculating the volume of the settled sediment, we arrive at a total of 16,000 kg/year. It should be noted
that a concentration of 19 mg/L was also used for particles with a grain size greater than 0.001 mm,
even though these were not present in the suspended sample.

Figure 5.24: Shields Diagram illustrating the relationship between the particle Reynolds number (𝑅𝑒𝑝) and the dimensionless
Shields parameter (𝜏∗) for various sediment particles in water flow. Blue points represent calculated values for particles of
different sizes and densities, showing their propensity for movement under the given shear stress.

5.5 Reservoir bathymetry
Bathymetry maps and corresponding Elevation-Storage-Area Diagrams were generated for Reservoir
A, B, and C. Additionally, cross-sections were created for each reservoir. For Reservoir A, the depth
profiles from the 2012 construction drawing were incorporated into the cross-sections for comparison.

Reservoir A
Figure 5.25 shows the bathymetry map of Reservoir A and Figure 5.26 depicts the corresponding
Elevation-Area-Volume Diagram.
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Figure 5.25: Bathymetry map Reservoir A

Figure 5.26: Elevation-Area-Volume Diagram Reservoir A

Subsequently, the created Elevation-Volume-Area diagram of 2024 was compared to the diagram
based on the construction drawings from 2012.

Figure 5.27: Elevation-Area Diagram of Reservoir A: 2012
& 2024

Figure 5.28: Elevation-Volume Diagram of Reservoir A:
2012 & 2024

Several cross-sections of the reservoir were created to get a first impression of how the reservoir bed
profile has changed in comparison to the construction drawings. The exact locations of these cross-
sections can be found in Appendix G.
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Figure 5.29: Cross section 1 - Reservoir
A

Figure 5.30: Cross section 2 - Reservoir
A

Figure 5.31: Cross section 3 - Reservoir
A

Figure 5.32: Cross section 4 - Reservoir
A

Figure 5.33: Cross section 5 - Reservoir
A

Figure 5.34: Cross section 6 - Reservoir
A
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Reservoir B
Figure 5.35 shows the bathymetry map of Reservoir B, and Figure 5.36 depicts the corresponding
Elevation-Storage-Area Diagram.

Figure 5.35: Bathymetry map Reservoir B

Figure 5.36: Elevation-Volume-Area Diagram of Reservoir B: 2024

Several cross-sections of the reservoir were created to get a first impression of the reservoir bed
profile. The exact locations of these cross-sections can be found in Appendix G.

Figure 5.37: Cross section 1 - Reservoir
B

Figure 5.38: Cross section 2 - Reservoir
B

Figure 5.39: Cross section 3 - Reservoir
B
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Reservoir C
Figure 5.40 shows the bathymetry map of Reservoir C, Figure 5.41 depicts the corresponding Elevation-
Area-Volume Diagram.

Figure 5.40: Bathymetry map Reservoir C

Figure 5.41: Elevation-Storage-Area Diagram Reservoir C

Subsequently, the created Elevation-Volume-Area diagram of 2024 was compared to the diagram
based on the construction drawings from 2012.

Figure 5.42: Elevation-Volume Diagram of Reservoir C:
2012 & 2024

Figure 5.43: Elevation-Area Diagram of Reservoir C: 2012
& 2024

Several cross-sections of the reservoir were created to get a first impression of the reservoir bed
profile. The exact locations of the cross-sections can be found in Appendix G.

Figure 5.44: Cross section 1 - Reservoir
C

Figure 5.45: Cross section 2 - Reservoir
C

Figure 5.46: Cross section 3 - Reservoir
C
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6
Discussion & Recommendations

The discussion and recommendations chapter is divided into three sections: RGB image collection,
bathymetry measurements, and river sampling.

6.1 RGB data collection
Requirements for RGB trends detectability
Camera position optimalization

To ensure clarity in detecting different RGB intensities, position the camera as close to the water sur-
face as possible, ideally within 100 cm, as greater distances (over 92 cm) produce inconsistent trends
(5.1). A vertical angle (0 degrees) is recommended, as this minimizes reflectance disturbances in the
image based on fieldwork observations.

A possibility for obtaining this small distance would be implementing floating or amphibious drones
equipped with cameras and sensors to capture water surface data. For instance, research by Cheng
et al. (2021) [3] describes a six-rotor floating UAV designed for monitoring water quality. This drone
captures consistent, close-range images and data from the water surface, which can help reduce in-
terference from ambient light and environmental disturbances.

Requirements for Suspended Sediment (SS) concentrations

For low TSS concentrations and minimal variability in TSS concentrations, detecting differences in the
RGB intensity bands becomes challenging. Therefore, a minimum concentration of 0.3 g/L is recom-
mended to effectively distinguish differences in RGB intensities, as shown in Figure 5.1. In the field, the
maximum range of TSS detected was approximately 0.24 g/L, which resulted in still a weak correlation
between TSS and pixel intensity. However, in the sediment experiment, where TSS ranged from 0.3
to 1.5 g/L, a clear trend was observed.

A difference of approximately 1.2 g/L in the field should provide a better correlation between TSS and
pixel intensity. Therefore, it is recommended to focus on collecting time series of RGB images during
periods with significant fluctuations in TSS concentrations, such as after rain events.

Given the limitations of RGB images for detecting TSS due to minimum concentration and variability,
advanced imaging technologies like photo-spectral cameras may be more effective. These cameras
capture a broader range of wavelengths beyond the visible spectrum. As highlighted by Nayak et
al. (2023) [15], photo-spectral cameras, especially those using NIR (Near-Infrared), can provide more
detailed data for detecting sediment particles. This allows for more precise TSS detection, particularly
when sediment concentration and variability are low.
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Effect of light intensity fluctuations
The effect of light interferes with the RGB intensities derived during midday, from 10.00 to 14.00. The
use of the reference colors unfortunately does not filter out this light intensity fluctuation, therefore an-
other way to get rid of this interference must be implemented in further research.

To enhance the accuracy of TSS concentration estimates from RGB images, under varying ambient
conditions, a protocol similar to that developed by Leeuw and Boss (2018) [11] could be adapted. Their
method, designed for smartphone-based estimations of SSC, provides a way to account for ambient
light effects. This approach involves capturing a series of images of the water surface, sky, and a grey
reference standard to correct for ambient light effects. Using these images, remote sensing reflectance
can be calculated (see Equation 6.1), which helps normalize the RGB values.

𝑅𝑟𝑠 =
𝐿𝑡 − 𝜌𝐿𝑠
𝜋 ⋅ 𝑅𝑟𝑒𝑓 ⋅ 𝐿𝑐

(6.1)

with 𝑅𝑟𝑠 the remote sensing reflectance, 𝐿𝑡 the radiance leaving the water surface, 𝐿𝑠 the sky radiance,
𝑅𝑟𝑒𝑓 the reflectance of a standard reference, 𝐿𝑐 radiance leaving the reference standard and 𝜌 the sea
surface reflectance factor.
Another way to reduce the effect of fluctuating ambient light, would be by establishing controlled or arti-
ficial light conditions, they help reduce the effects of ambient light variability that can distort reflectance
readings. Studies, such as those by Liu & Zhang (2019) [12], have shown that controlled lighting mini-
mizes interference from changing sunlight or weather conditions, leading to more consistent reflectance
data that closely correlates with SSC levels.

6.2 Reservoir bathymetry
Recommendations for bathymetry measurements
This study provided valuable insights into conducting depth measurements using the Deeper Pro+ 2. It
can be concluded that a custom-made construction, consisting of a foam board with a hole for the depth
sensor, is an effective and cost-efficient method for minimizing wave disturbances and ensuring the
depth sensor remains downward-facing. This setup is recommended for future depth measurements.
Additionally, the generated bathymetry maps and their corresponding Elevation-Volume-Area diagrams
can serve as preliminary estimations of reservoir storage capacity. However, to improve the accuracy
of these estimations, the following recommendations are proposed:

1. Navigating Contour Lines: When mapping contour lines, it is recommended to navigate the out-
ermost contour line as closely as possible to the reservoirs outer bank. This approach provides
valuable information about the depth near the shoreline and contributes to a more accurate esti-
mation of the reservoir’s total surface area.

2. Gaining Additional Depth Profile Data: To gather more detailed information about the depth profile
between the shoreline and the outer contour line, it is suggested to use amanual depth device that
can accurately measure shallow waters. This method would enable more reliable assumptions
about the depth profile than the simplified square profile assumption used in this study.

3. Exploring Advanced Interpolation Techniques:To improve the accuracy of depth data processing,
alternative interpolation techniques should be considered. For instance, geostatistical methods
such as Kriging, which consider spatial autocorrelation, could provide a more accurate represen-
tation.

4. Alternative Sailing Routes: Navigating contour lines may not always be the most effective method
for depth measurements. Therefore, exploring alternative sailing routes should be considered.

Discussion for Bathymetry measurements
During the measurements, it was not always possible to navigate closely along the shorelines of the
reservoir. This was due to the presence of dense vegetation, people fishing near the outer banks, and
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areas too shallow for the Deeper Pro+2 to measure accurately. Consequently, limited information was
obtained about the depth near the shorelines, as well as the total surface area and the shape of the
reservoirs.
In processing the data, a square depth profile was assumed between the outermost contour line and the
shoreline. For large and deep reservoirs such as Reservoir A, which has amaximum depth of 20meters
and a surface area of 1.2 km², this assumption significantly impacts storage capacity calculations. The
outermost contour line encompasses a large storage volume, the choice between the assumption of
a square profile or a sloped profile (45-degree angle) could result in a difference of approximately 4
million cubic meters in estimated water storage for Reservoir A at the measured water level.
Additionally, IDW interpolation was used as the interpolation method for processing the data. However,
IDW is less suitable for unevenly distributed data along the x- and y-axes because it only considers
distance without accounting for spatial relationships. Furthermore, IDW tends to over-smooth data,
as it does not account for clustering or directional patterns, which can reduce the accuracy of the
bathymetric map.

6.3 River sampling
The application of synoptic sampling has shown that, during rainfall, the agricultural area has a signifi-
cant influence on the increase in TSS concentration in the Khlong Suan Mak River. When comparing
dry days and rainy days, the national park area shows relatively low values in both cases and therefore
has little influence on the sediment concentration downstream. It is possible, however, that TSS has
had time to settle before Construction 4, resulting in a low value measured in front of the weir. It should
also be noted that sediment sizes from 1.06 × 10−4m till 2.36 × 10−3 m at Locations 1 and 2 have a
100% chance of settling and accumulating in front of these structures. This means that this sediment
is trapped behind the weirs and cannot accumulate at the next structure. Nevertheless, the dams up
to Location 2 are visibly filled with sand. This sand should be collected in the segments between the
structures.
The dominant grain size of sediment found in the dams is 4.25 × 10−4m; however, according to Table
5.23, this is the main contributor to the silting up of the dams. This conclusion is based only on sediment
found at the side of the reservoir. Research indicates that sediment settles in layers, which means that
the composition of sediment may differ in the middle of the reservoir [7]. This could be confirmed in a
follow-up study by taking a sample from the center of the reservoir.
Additionally, calculations for Reservoir A indicate a sediment build-up of 16,159.0 m³ per year. This is a
low number compared to the bathymetry measurement, which showed a storage difference of 4 million
m³. It should also be noted that, in calculating settled particles, the TSS concentration was used for all
particle sizes. From Figure 5.24, we can conclude that particles with a grain size of 2.36 mm are not
present in this layer. Therefore, it is possible that the concentration of particles outside the TSS range
could be higher or lower in the water, which could result in a different calculation. Additionally, a por-
tion of the reservoir was not included in the bathymetry measurements due to vegetation obstructions,
which may have introduced uncertainty in the measurement of changes in reservoir storage.
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7
Conclusion

RGB images constructions
Based on the findings, RGB imaging for sediment detection has limitations, especially under field con-
ditions with low and minimally variable TSS concentrations. The correlation between RGB intensity
values and TSS is weak, and a minimum variability of 1.2 g/L in TSS is recommended for more reliable
detection. No specific RGB band emerges as the most consistent indicator, and environmental fac-
tors, particularly light intensity fluctuations, must be considered, as they significantly impact detection
accuracy.
To improve sediment detection, it is recommended to position the camera within 100 cm of the water
surface and at a vertical angle (0 degrees) to reduce reflectance disturbances. Using floating drones
for close-range imaging can help minimize interference from environmental factors.
For more precise TSS detection, photo-spectral cameras, which capture a broader spectrum including
NIR (Near-Infrared), may provide better accuracy, particularly in conditions with low sediment concen-
tration. Additionally, turbidity measurements, which show a strong correlation with TSS, can serve as
a reliable proxy for estimating sediment concentrations in various conditions.
In addition, to further investigate the TSS concentration in the study area, it is recommended to do this at
location 2. At this location, the concentration fluctuates the most, increasing the likelihood of detecting
differences in concentrations. It is also advisable to conduct measurements during early mornings and
afternoon when the light intensity is lower, which minimizes reflections from the water surface.
In conclusion, while RGB imagery provides valuable insights, it is important to account for environmen-
tal variables and camera positioning to improve detection. Future research could focus on combining
RGB data with other imaging technologies, such as photo-spectral cameras or turbidity measurements,
to enhance sediment detection accuracy under varying field conditions.

Reservoir Bathymetry
The Elevation-Volume-Area diagrams provide a preliminary estimation of the reservoirs’ storage vol-
ume . The storage volumes measured on the observation day are summarized in Table 7.1, along with
any available previous measurements. From these results, it can be concluded that the measurements
fall within the same range as the initial observations, providing a reasonable estimate of storage vol-
ume. However, these measurements do not provide insights into the deposited sediment. To improve
measurement accuracy, it is necessary to navigate closer to the shorelines of the reservoirs.
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7. Conclusion

Table 7.1: Storage volume at different water levels

Reservoir At a water level of Year Storage Volume
A 183 m MSL 2012 11 million m3

A 183 m MSL 2024 14 million m3

B 0 m relative to reference point 2012 No data
B 0 m relative to reference point 2024 1.4 million m3

C 152 m MSL 2012 1.8 million m3

C 152 m MSL 2024 0.8 million m3

Cross-section analyses indicate that the lowest point in Reservoir A has risen by 5 meters. This obser-
vation suggests that sediment deposition has occurred, resulting in a significantly smoother reservoir
bed. This provides evidence of sedimentation and its impact on the reservoir’s morphology.
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A
Camera specifications

Table A.1: Camera Specifications

Type of camera iPhone 12 Mini OnePlus 10T 5G

Resolution 3024 x 4032 pixels (12 MP) 3072 x 4096 pixels (12.6 MP)

Bit Depth 32 bits 24 bits

Aperture (F-stop) f/1.6 f/1.8

Shutter Speed 1/121 second Not specified

Focal Length 26 mm 5.59 mm

Table A.2: GPS Coordinates of RGB Image collection per location

Location number GPS Latitude GPS Longitude GPS Altitude

1 16° 26’ 57.33” 99° 25’ 22.54” 90.77 meters

2 16° 25’ 11.21” 99° 22’ 37.44” 102.31 meters

3 16° 24’ 49.79” 99° 21’ 15.87” 108.41 meters
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B
Crop coordinates RGB images

B.1 Crop coordinates sediment experiment

Table B.1: Crop coordinates of sediment experiment for angle of 0 degrees over various relative distances

Angle Relative Distance Left Upper Right Lower Pixel Count Cropped

0 54 750 1250 1850 1800 605000

0 73 1160 1250 1850 1800 379500

0 92 1360 1300 1850 1800 245000

0 112 1600 1300 1850 1800 125000

0 132 1700 1400 1900 1700 60000

0 151 1800 1400 1900 1700 30000

0 171 1830 1400 1900 1700 21000

B.2 Crop coordinates fieldwork

30



B.2. Crop coordinates fieldwork B. Crop coordinates RGB images

Table B.2: Crop coordinates for fieldwork images - part 1

Image
num.

Image Title Left
Water

Upper
Water

Right
Water

Lower
Water

1 3_06.00_07.10_16.53_63_3.71_refl.turb.shad 2000 0 3072 1300
2 3_07.00_07.10_15.46_5300_3.67_refl.shad 2000 0 3072 1300
3 3_08.00_07.10_22.53_43000_3.61_refl.sun 2000 0 3072 1300
4 3_09.00_07.10_15.66_90000_3.63_refl.sun 2100 0 3072 1300
5 3_10.00_07.10_16.40_128000_3.62_refl.sun 1600 0 1900 1000
6 3_11.00_07.10_15.72_45000_3.61_refl.shad 1600 0 1900 1000
7 3_12.00_07.10_16.97_198000_3.61_refl.sun 1500 0 2300 1000
8 3_15.00_07.10_16.80_14500_3.66_refl.shad 2300 0 3072 500
9 3_16.00_07.10_15.61_13500_3.68_refl.shad 2600 0 3072 500
10 3_17.00_07.10_17.91_5900_3.65_shad 2000 0 3072 1000
11 3_6.00_08.10_13.79_120_3.88_shad 1600 0 3024 800
12 3_7.00_08.10_14.93_12315_3.75_refl.shad 1050 200 1200 800
13 3_8.00_08.10_15.06_52901_3.88_refl.turb 2400 1250 3024 1500
14 3_9.00_08.10_16.04_68000_3.94_refl.shad 2000 900 3024 1300
15 3_10.00_08.10_13.31_134124_4.02_refl.sun 2250 1500 3024 1700
16 3_11.00_08.10_11.52_130264_3.98_refl.sun 2500 1200 3024 1400
17 3_12.00_08.10_13.92_42000_3.91_refl.turb.sun 1000 800 1200 1600
18 3_15.00_08.10_14.00_7800_3.89_refl.turb 1300 0 1450 1750
19 3_16.00_08.10_14.62_23900_3.91_shad 2000 1300 3024 1850
20 3_17.00_08.10_12.73_16186_3.90_refl.turb.shad 2200 0 3024 900
21 1_06.00_05.10_56_860_5.17_shad 0 0 1500 850
22 1_07.00_05.10_54_10900_5.17_shad 0 0 1500 1350
23 1_08.00_05.10_53_32000_nan_shad 0 0 1500 1700
24 1_09.00_05.10_51_47000_5.25_sun 0 200 1500 1900
25 1_10.00_05.10_46.28_50000_5.25_refl.turb 0 200 1200 1200
26 1_11.00_05.10_46_120000_5.27_refl.sun 1300 1700 1800 1000
27 1_12.00_05.10_47_113000_nan_sun 1300 1770 2000 1900
28 1_15.00_05.10_44_43000_5.3_refl.shad 1300 2000 1700 1600
29 1_16.00_05.10_39_23000_5.33_refl.turb.shad 1150 1800 1450 1500
30 1_17.00_05.10_41_19300_5.37_sun 2200 800 3600 1400
31 1_6.00_06.10_20.48_297_5.44_shad 0 0 1400 1600
32 1_7.00_06.10_22.12_1091_5.5_shad 0 1400 1200 1700
33 1_8.00_06.10_19.49_1673_5.53_shad 1300 1200 2300 1900
34 1_9.00_06.10_19.64_4300_5.56_refl.sun 1500 1200 2200 1200
35 1_10.00_06.10_21.64_3200_5.56_shad 1000 0 2100 1400
36 1_11.00_06.10_20.53_3100_5.58_shad 1100 0 2000 1200
37 1_12.00_06.10_20.24_9500_5.58_shad 1500 0 2000 1200
38 1_15.00_06.10_20.03_4500_5.56_shad 0 0 2100 1500
39 1_16.00_06.10_19.27_3400_5.58_shad 0 200 2200 1500
40 1_17.00_06.10_19.58_2200_5.58_shad 0 0 2200 1500
41 2_6.00_4.10_152_700_5.02_turb.shad.jpg 1400 500 1600 900
42 2_7.00_4.10_127_4000_5.04_turb.shad.jpg 1320 570 1410 850
43 2_8.00_4.10_98_5300_nan_turb.shad.jpg 1320 1100 1510 1350
44 2_9.00_4.10_90_37000_nan_shad.jpg 1330 1300 1480 1700
45 2_10.00_4.10_87_40000_5.17_refl.shad.jpg 1400 1450 1550 1900
46 2_11.00_4.10_84_71000_5.28_refl.shad.jpg 1400 750 1550 1200
47 2_12.00_4.10_86_52000_5.28_refl.shad.jpg 1400 750 1550 1000
48 2_15.00_4.10_72_28400_5.33_turb.shad.jpg 1300 1300 1400 1550
49 2_16.00_4.10_69_13700_5.32_turb.shad.jpg 1400 920 1550 1130
50 2_17.00_4.10_67_11900_5.36_turb.shad.jpg 1400 1200 1550 1400
51 2_6.00_03.10_160_150_5.33_refl.shad.jpg 1450 300 1600 1000
52 2_7.00_03.10_151_23200_nan_shad.jpg 1300 200 1450 800
53 2_8.00_03.10_144_106000_nan_refl.shad.jpg 1400 300 1550 800
54 2_9.00_03.10_129_14000_nan_shad.jpg 1450 0 1620 500
55 2_10.00_03.10_109_15600_nan_shad.jpg 1400 0 1580 800
56 2_11.00_3.10_97_13200_nan_refl.shad.jpg 1400 700 1560 1000
57 2_12.00_03.10_91_25700_5.35_shad.jpg 1350 0 1500 1000
58 2_15.00_3.10_63_22800_5.47_refl.shad.jpg 1350 0 1450 1000
59 2_16.00_3.10_61_23100_nan_refl.shad.jpg 1470 0 1620 700
60 2_17.00_3.10_59_4300_nan_refl.shad.jpg 1220 0 1350 1000
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B.2. Crop coordinates fieldwork B. Crop coordinates RGB images

Table B.3: Crop coordinates for fieldwork images - part 2

Image
Num.

left
Red

upper
Red

right
Red

lower
Red

left
Green

upper
Green

right
Green

lower
Green

1 1840 1460 1910 1490 1840 1390 1910 1420
2 1810 1610 1860 1650 1810 1530 1860 1560
3 1720 1690 1790 1720 1690 1620 1760 1650
4 1650 1610 1710 1650 1630 1550 1680 1580
5 1730 1640 1810 1690 1730 1570 1810 1620
6 1760 1670 1830 1710 1730 1600 1800 1640
7 1560 1580 1620 1610 1530 1510 1590 1540
8 1860 1720 1930 1760 1860 1640 1930 1680
9 1820 1610 1920 1640 1800 1540 1900 1570
10 1860 1510 1930 1550 1860 1430 1930 1470
11 2330 970 2380 1000 2250 940 2310 970
12 1710 1640 1760 1670 1660 1570 1710 1600
13 1610 1620 1660 1650 1580 1530 1630 1560
14 1850 2140 1900 2170 1810 2070 1860 2100
15 1850 1710 1910 1740 1810 1640 1880 1670
16 1730 1590 1810 1600 1720 1500 1800 1520
17 1730 1420 1800 1450 1800 1350 1850 1400
18 2140 1705 2180 1755 2090 1650 2130 1700
19 1900 1770 1950 1820 1850 1720 1900 1770
20 1450 1710 1510 1740 1420 1640 1480 1670
21 2040 1290 2080 1320 2000 1250 2040 1280
22 690 1570 730 1600 730 1600 770 1630
23 670 1590 710 1620 730 1590 770 1620
24 870 1740 910 1770 930 1740 970 1770
25 1080 1600 1110 1630 1130 1620 1160 1660
26 1080 1760 1110 1800 1120 1800 1150 1840
27 1160 1580 1190 1610 1200 1600 1240 1630
28 1490 1900 1520 1930 1550 1900 1580 1930
29 1270 1660 1300 1710 1320 1670 1350 1720
30 2370 570 2400 600 2410 600 2450 630
31 1070 1260 1130 1290 1070 1310 1130 1340
32 1420 1330 1450 1390 1370 1330 1400 1390
33 1100 1820 1130 1860 1170 1820 1200 1860
34 1280 1340 1340 1370 1280 1400 1340 1430
35 1350 1360 1380 1420 1400 1360 1430 1420
36 1440 1380 1490 1410 1440 1440 1490 1470
37 1310 1640 1340 1680 1350 1670 1390 1710
38 1370 1470 1400 1510 1420 1460 1450 1510
39 1350 1300 1380 1350 1410 1300 1440 1350
40 1080 1430 1110 1470 1110 1470 1140 1510
41 1430 1120 1480 1140 1430 1060 1480 1090
42 1340 1010 1400 1040 1340 950 1410 980
43 1340 890 1400 920 1320 840 1380 870
44 1390 1080 1420 1110 1360 1040 1390 1070
45 1350 1130 1380 1150 1320 1080 1350 1110
46 1470 1400 1500 1430 1470 1350 1500 1380
47 1390 1600 1420 1630 1370 1550 1400 1580
48 1260 1200 1290 1230 1230 1160 1260 1190
49 1470 1280 1500 1310 1440 1240 1480 1270
50 1470 1070 1500 1100 1440 1030 1470 1060
51 1690 1240 1720 1270 1640 1210 1680 1240
52 1420 1000 1470 1030 1400 950 1450 980
53 1540 1000 1590 1030 1500 950 1550 980
54 1470 730 1530 760 1470 670 1530 700
55 1400 1040 1460 1070 1400 1000 1460 1030
56 1470 1180 1500 1210 1450 1130 1490 1160
57 1370 1215 1430 1240 1370 1165 1430 1190
58 1370 1170 1440 1195 1370 1115 1440 1140
59 1570 915 1640 940 1570 860 1640 890
60 1270 1290 1350 1310 1270 1230 1350 1260
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B.2. Crop coordinates fieldwork B. Crop coordinates RGB images

Table B.4: Crop coordinates for fieldwork images - part 3

Image
Num.

left
Blue

upper
Blue

right
Blue

lower
Blue

1 1820 1310 1890 1340
2 1810 1460 1860 1490
3 1690 1550 1760 1580
4 1600 1480 1670 1510
5 1730 1500 1810 1540
6 1710 1530 1780 1570
7 1520 1440 1570 1470
8 1830 1580 1900 1620
9 1780 1470 1880 1500
10 1840 1360 1910 1400
11 2190 910 2240 940
12 1630 1500 1680 1530
13 1540 1480 1590 1510
14 1790 2000 1840 2030
15 1780 1580 1860 1600
16 1670 1450 1740 1470
17 1860 1320 1910 1350
18 2040 1600 2070 1650
19 1800 1660 1850 1700
20 1390 1570 1440 1600
21 1980 1210 2020 1240
22 790 1600 820 1630
23 780 1600 810 1630
24 980 1740 1020 1770
25 1180 1630 1210 1670
26 1160 1830 1190 1870
27 1250 1630 1280 1660
28 1600 1900 1630 1930
29 1370 1690 1400 1740
30 2440 630 2480 660
31 1070 1360 1130 1390
32 1320 1330 1350 1390
33 1210 1800 1240 1830
34 1280 1440 1340 1470
35 1450 1370 1480 1430
36 1440 1490 1490 1520
37 1400 1700 1430 1740
38 1470 1450 1500 1500
39 1450 1280 1480 1310
40 1150 1510 1180 1540
41 1430 1010 1480 1040
42 1340 900 1410 930
43 1300 800 1340 830
44 1340 1000 1370 1030
45 1260 1080 1290 1110
46 1430 1310 1460 1340
47 1370 1500 1400 1530
48 1200 1120 1230 1150
49 1410 1200 1440 1230
50 1400 1000 1430 1030
51 1590 1190 1630 1220
52 1380 900 1430 930
53 1470 910 1520 940
54 1470 620 1530 650
55 1400 940 1460 970
56 1440 1080 1470 1110
57 1370 1115 1430 1140
58 1370 1065 1430 1090
59 1570 805 1640 830
60 1270 1180 1350 1210
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C
Code retrieving RGB intensities

import os
import pandas as pd
import numpy as np
import ma t p l o t l i b . pyp lo t as p l t
import ma t p l o t l i b . image as mpimg
from PIL import Image
import cv2

from google . colab import d r i ve
d r i ve . mount ( ’ / content / d r i ve ’ )

## D i rec to r y to images

d i r e c t o r y = ’ / content / d r i ve / MyDrive /MDP/ FW_10days / RGB_results / RGB_useful_photos ’

# Get a l i s t o f image f i l e s i n the d i r e c t o r y
image_extensions = ( ’ . jpg ’ , ’ . jpeg ’ , ’ . HEIC ’ , ’ . he ic ’ )
image_ f i l es = [ f for f in os . l i s t d i r ( d i r e c t o r y ) i f
f . lower ( ) . endswith ( image_extensions ) ]

## Creat ing Dataframe

# Create a pandas DataFrame wi th the image t i t l e s
df = pd . DataFrame ( image_f i les , columns =[ ’ Image_Ti t le ’ ] )

# Use a regu la r expression to remove mu l t i p l e extens ions
df [ ’ Image_Ti t le_cleaned ’ ] = d f [ ’ Image_Ti t le ’ ] . st r . rep lace ( r ’ \ .
( jpeg | jpg | HEIC | he ic ) $ ’ , ’ ’ , regex=True , case=False )

# S p l i t the cleaned Image_Ti t le by ’ _ ’
d f _ s p l i t = d f [ ’ Image_Ti t le_cleaned ’ ] . st r . s p l i t ( ’ _ ’ , expand=True )

# Assign the s p l i t columns to t h e i r respec t i ve names
col_names = [ ’ Locat ion␣ [ − ] ’ , ’ Time␣ [ h ] ’ , ’ Date␣ [ day . month ] ’ , ’ T u r b i d t i y ␣ [NTU] ’ ,
’ L i gh t ␣ i n t e n s i t y ␣ [ l ux ] ’ , ’ Distance␣camera−water␣ [m] ’ , ’ Ext ra␣notes ’ ]
d f _ s p l i t . columns = col_names

# Convert ’ Date [ day . month ] ’ to ensure proper two− d i g i t day and month
d f _ s p l i t [ ’ Date␣ [ day . month ] ’ ] = d f _ s p l i t [ ’ Date␣ [ day . month ] ’ ]
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C. Code retrieving RGB intensities

. apply ( lambda x : ’ . ’ . j o i n ( [ f ’ { i n t ( pa r t ) : 0 2 } ’ for pa r t in x . s p l i t ( ’ . ’ ) ] ) )

# Convert ’ Time [ h ] ’ to a proper format and rep lac ing ’ . ’ w i th ’ : ’
d f _ s p l i t [ ’ Time␣ [ h ] ’ ] = d f _ s p l i t [ ’ Time␣ [ h ] ’ ] . st r . rep lace ( ’ . ’ , ’ : ’ )

# Opt iona l l y , conver t the data to numeric where necessary
d f _ s p l i t = d f _ s p l i t . apply ( pd . to_numeric , e r r o r s= ’ ignore ’ )

# Add Image T i t l e s i n
d f _ s p l i t [ ’ Image_Ti t le ’ ] = d f [ ’ Image_Ti t le ’ ]

d f _ s p l i t . t a i l (50 )

## Determining crop coord ina tes

from google . colab . patches import cv2_imshow

# Loading image
image_path = ’ / content / d r i ve / MyDrive /MDP/ FW_10days / RGB_results / RGB_useful_photos
/3_7 .00_08 .10_14 .93_12315_3 .75 _ r e f l . shad . jpg ’
image = cv2 . imread ( image_path )

i f image is None :
pr in t ( ” E r ro r : ␣Could␣not␣ load␣ image . ” )
e x i t ( )

he ight , width = image . shape [ : 2 ]
pr in t ( f ” Image␣boundary␣values : ␣Width␣=␣ { width } , ␣Height␣=␣ { he igh t } ” )

# Def ine cropping box ( l e f t , upper , r i g h t , lower )
box = (1050 , 200 , 1200 , 800)
l e f t , upper , r i g h t , lower = box

# Check i f box f i t s w i t h i n image
i f r i g h t > width or lower > he igh t :

pr in t ( ” E r ro r : ␣Cropping␣box␣exceeds␣ image␣boundaries . ” )
else :

cv2 . rec tang le ( image , ( l e f t , upper ) , ( r i g h t , lower ) , (0 , 0 , 255) , 2)

sca l e_ fac to r = 0.3
new_width = i n t ( image . shape [ 1 ] * sca le_ fac to r )
new_height = i n t ( image . shape [ 0 ] * sca le_ fac to r )
resized_image = cv2 . res i ze ( image , ( new_width , new_height ) )

cv2_imshow ( resized_image )

## Giv ing access to goolge spreadsheet

from google . colab import auth
from goog l eap i c l i en t . d iscovery import bu i l d
from google . auth . t r anspo r t . requests import Request
import gspread
from google . auth import de f au l t

# Authen t i ca te user
auth . au then t i ca te_user ( )
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# Connect to Google Sheets
creds , _ = de f au l t ( )
gc = gspread . au tho r i ze ( creds )

## Loading i n spreadsheet and adding DataFrame

# Loading Google Sheet
spreadsheet_ur l = ’ h t t ps : / / docs . google . com/ spreadsheets / d
/11 I_nMunAvRNbzhQ0jHxXkY1qCBZUIqJMiZK−RzZ8yTg / e d i t ?g id=0#gid=0 ’

# Ex t rac t the sheet ID from the URL
sheet_ id = spreadsheet_ur l . s p l i t ( ’ / ’ ) [ 5 ]

# Open the Google Sheet by sheet ID
sheet = gc . open_by_key ( sheet_ id )

# Selec t the worksheet by name ( or index )
worksheet = sheet . worksheet ( ’ Blad1 ’ ) # Change ’ Sheet1 ’ to your sheet name

# Get a l l values from the sheet
data = worksheet . ge t_a l l _va lues ( )

crop = pd . DataFrame ( data [ 1 : ] , columns=data [ 0 ] )
crop . head ( )

## Merging dataframes
# Assuming ’ crop ’ i s the f i r s t DataFrame and ’ d f _ s p l i t ’ i s the second DataFrame
merged_df = pd . merge ( d f _ s p l i t , crop , on= ” Image_Ti t le ” , how= ” l e f t ” )

# Disp lay the f i r s t few rows of the merged DataFrame
merged_df . head ( )

## Determining RGB i n t e n s i t i e s

# Paths
i n pu t _ f o l d e r = ’ / content / d r i ve / MyDrive /MDP/ Experimenten / Sediment_experiment
/ Photos_sed_exp ’
ou tpu t_ f o l de r = ’ / content / d r i ve / MyDrive /MDP/ Experimenten / Sediment_experiment
/ Photos_sed_exp_cropped_0 ’

# Ensure the output f o l d e r e x i s t s
i f not os . path . e x i s t s ( ou tpu t_ f o l de r ) :

os . makedirs ( ou tpu t_ f o l de r )

# Funct ion to ca l cu l a t e the sum of R, G, B values and p i x e l count
def calculate_rgb_sums ( image ) :

# Convert the image to a NumPy ar ray
img_array = np . ar ray ( image )

# Get p i x e l count
p ixe l_coun t = img_array . shape [ 0 ] * img_array . shape [ 1 ]

# I f the image i s RGB, ca l cu l a t e the sum f o r each channel (R, G, B)
i f img_array . ndim == 3: # RGB image

sum_R = img_array [ : , : , 0 ] .sum ( )
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sum_G = img_array [ : , : , 1 ] .sum ( )
sum_B = img_array [ : , : , 2 ] .sum ( )

else :
sum_R = sum_G = sum_B = img_array .sum ( )

return sum_R, sum_G, sum_B, p ixe l_coun t

# Funct ion to crop and save an image , a lso re t u rn the cropped image
def crop_and_save ( image_ t i t l e , output_name , l e f t , upper , r i g h t , lower ) :

inpu t_path = os . path . j o i n ( i npu t_ f o l de r , image_ t i t l e )
output_path = os . path . j o i n ( ou tpu t_ fo lde r , output_name )

t ry :
# Open the image
img = Image .open ( inpu t_path )

# Def ine the reg ion to crop ( l e f t , upper , r i g h t , lower )
box = ( l e f t , upper , r i g h t , lower )

# Crop the image
img_cropped = img . crop ( box )

# Save the cropped image
img_cropped . save ( output_path )

pr in t ( f ” Cropped␣ image␣saved : ␣ { output_path } ” )

return img_cropped # Return the cropped image f o r f u r t h e r processing

except Except ion as e :
pr in t ( f ” E r ro r ␣cropping␣ { image_ t i t l e } : ␣ { e } ” )
return None

# Convert the cropping columns to numeric ( f l o a t s or i n t s ) , handl ing e r r o r s
numeric_columns = [ ’ l e f t ’ , ’ upper ’ , ’ r i g h t ’ , ’ lower ’ ]

# Convert the columns , s e t t i n g i n v a l i d values to NaN
crop [ numeric_columns ] = crop [ numeric_columns ] . apply ( pd . to_numeric , e r r o r s= ’ coerce ’ )

# I t e r a t e over DataFrame rows , crop images , and ca l cu l a t e RGB sums and averages
for index , row in crop . i t e r r ows ( ) :

image_ t i t l e = row [ ’ Image_Ti t le ’ ] # Image t i t l e i n the DataFrame

# Create unique output names f o r each crop
output_name_RGB = f ” cropped_RGB_ { image_ t i t l e } ”
output_name_R = f ” cropped_R_ { image_ t i t l e } ”
output_name_G = f ” cropped_G_ { image_ t i t l e } ”
output_name_B = f ” cropped_B_ { image_ t i t l e } ”

# I n i t i a l i z e columns in the DataFrame f o r sums , p i x e l counts , and averages
crop . a t [ index , ’sum_R_RGB ’ ] = crop . a t [ index , ’sum_G_RGB ’ ]
= crop . a t [ index , ’sum_B_RGB ’ ] = np . nan
crop . a t [ index , ’sum_R_R ’ ] = crop . a t [ index , ’sum_G_R ’ ]
= crop . a t [ index , ’sum_B_R ’ ] = np . nan
crop . a t [ index , ’sum_R_B ’ ] = crop . a t [ index , ’sum_G_B ’ ]
= crop . a t [ index , ’sum_B_B ’ ] = np . nan
crop . a t [ index , ’sum_R_G ’ ] = crop . a t [ index , ’sum_G_G ’ ]
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= crop . a t [ index , ’sum_B_G ’ ] = np . nan
crop . a t [ index , ’ Cropped␣pixel_count_RGB ’ ]
= crop . a t [ index , ’ Cropped␣pixel_count_R ’ ] = crop . a t [ index , ’ Cropped␣pixel_count_G ’ ]
= crop . a t [ index , ’ Cropped␣pixel_count_B ’ ] = np . nan

crop . a t [ index , ’avg_R_RGB ’ ] = crop . a t [ index , ’avg_G_RGB ’ ]
= crop . a t [ index , ’avg_B_RGB ’ ] = crop . a t [ index , ’avg_RGB_RGB ’ ] = np . nan
crop . a t [ index , ’ avg_R_R ’ ] = crop . a t [ index , ’avg_G_R ’ ]
= crop . a t [ index , ’ avg_B_R ’ ] = crop . a t [ index , ’avg_RGB_R ’ ] = np . nan
crop . a t [ index , ’avg_R_G ’ ] = crop . a t [ index , ’avg_G_G ’ ]
= crop . a t [ index , ’ avg_B_G ’ ] = crop . a t [ index , ’avg_RGB_G ’ ] = np . nan
crop . a t [ index , ’ avg_R_B ’ ] = crop . a t [ index , ’ avg_G_B ’ ]
= crop . a t [ index , ’ avg_B_B ’ ] = crop . a t [ index , ’avg_RGB_B ’ ] = np . nan

# Crop and save using the provided RGB values
img_cropped_RGB = crop_and_save ( image_ t i t l e , output_name_RGB , row [ ’ left_RGB ’ ] ,
row [ ’ upper_RGB ’ ] , row [ ’ right_RGB ’ ] , row [ ’ lower_RGB ’ ] )
img_cropped_R = crop_and_save ( image_ t i t l e , output_name_R , row [ ’ l e f t _R ’ ] ,
row [ ’ upper_R ’ ] , row [ ’ r igh t_R ’ ] , row [ ’ lower_R ’ ] )
img_cropped_G = crop_and_save ( image_ t i t l e , output_name_G , row [ ’ l e f t _G ’ ] ,
row [ ’ upper_G ’ ] , row [ ’ r igh t_G ’ ] , row [ ’ lower_G ’ ] )
img_cropped_B = crop_and_save ( image_ t i t l e , output_name_B , row [ ’ l e f t _B ’ ] ,
row [ ’ upper_B ’ ] , row [ ’ r i gh t_B ’ ] , row [ ’ lower_B ’ ] )

# I f images success fu l l y cropped , ca l cu l a t e RGB sums , p i x e l count , and averages
i f img_cropped_RGB is not None :

sum_R, sum_G, sum_B, p ixe l_coun t = calculate_rgb_sums ( img_cropped_RGB )
crop . a t [ index , ’sum_R_RGB ’ ] = sum_R
crop . a t [ index , ’sum_G_RGB ’ ] = sum_G
crop . a t [ index , ’sum_B_RGB ’ ] = sum_B
crop . a t [ index , ’ Cropped␣pixel_count_RGB ’ ] = p ixe l_coun t
# Ca lcu la te averages
crop . a t [ index , ’avg_R_RGB ’ ] = sum_R / p ixe l_coun t i f p ixe l_coun t > 0
else np . nan
crop . a t [ index , ’avg_G_RGB ’ ] = sum_G / p ixe l_coun t i f p ixe l_coun t > 0
else np . nan
crop . a t [ index , ’avg_B_RGB ’ ] = sum_B / p ixe l_coun t i f p ixe l_coun t > 0
else np . nan

# Ca lcu la te average RGB
crop . a t [ index , ’avg_RGB_RGB ’ ] = ( ( sum_R / p ixe l_coun t ) +
(sum_G / p ixe l_coun t ) + (sum_B / p ixe l_coun t ) ) / 3
i f p ixe l_coun t > 0 else np . nan

i f img_cropped_R is not None :
sum_R, sum_G, sum_B, p ixe l_coun t = calculate_rgb_sums ( img_cropped_R )

# Only R channel
crop . a t [ index , ’sum_R_R ’ ] = sum_R
crop . a t [ index , ’sum_G_R ’ ] = sum_G
crop . a t [ index , ’sum_B_R ’ ] = sum_B
crop . a t [ index , ’ Cropped␣pixel_count_R ’ ] = p ixe l_coun t
# Ca lcu la te average R
crop . a t [ index , ’ avg_R_R ’ ] = sum_R / p ixe l_coun t i f p ixe l_coun t > 0
else np . nan
crop . a t [ index , ’avg_G_R ’ ] = sum_G / p ixe l_coun t i f p ixe l_coun t > 0
else np . nan
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crop . a t [ index , ’ avg_B_R ’ ] = sum_B / p ixe l_coun t i f p ixe l_coun t > 0
else np . nan

# Ca lcu la te average RGB
crop . a t [ index , ’avg_RGB_R ’ ] = ( ( sum_R / p ixe l_coun t ) +
(sum_G / p ixe l_coun t ) + (sum_B / p ixe l_coun t ) ) / 3
i f p ixe l_coun t > 0 else np . nan

i f img_cropped_G is not None :
sum_R, sum_G, sum_B, p ixe l_coun t = calculate_rgb_sums ( img_cropped_G )

# Only G channel
crop . a t [ index , ’sum_R_G ’ ] = sum_R
crop . a t [ index , ’sum_G_G ’ ] = sum_G
crop . a t [ index , ’sum_B_G ’ ] = sum_B
crop . a t [ index , ’ Cropped␣pixel_count_G ’ ] = p ixe l_coun t
# Ca lcu la te average G
crop . a t [ index , ’avg_R_G ’ ] = sum_R / p ixe l_coun t
i f p ixe l_coun t > 0 else np . nan
crop . a t [ index , ’avg_G_G ’

## Def ine the output Excel f i l e path

ou t pu t _exce l _ f i l e = ’ / content / d r i ve / MyDrive /MDP/ FW_10days / RGB_results
/ merged_output . x l sx ’

# Save the DataFrame to an Excel f i l e
merged_df . to_exce l ( ou tpu t_exce l _ f i l e , index=False )

pr in t ( f ” DataFrame␣saved␣ to ␣ { ou t pu t _exce l _ f i l e } ” )
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D
Results RGB images constructions

D.1 Location 2 - RGB images results

Figure D.1: Time fluctuations of Location 2 - 03/10/24 and 04/10/24

Figure D.2 Figure D.3

Figure D.4 Figure D.5
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D.2. Location 3 - RGB images results D. Results RGB images constructions

Figure D.6: Correlations of PI and TSS for Location 2 - 03/10/24 and 04/10/24

Figure D.7 Figure D.8 Figure D.9

Figure D.10 Figure D.11 Figure D.12

Figure D.13 Figure D.14 Figure D.15

D.2 Location 3 - RGB images results

Figure D.16: Time fluctuations of Location 3 - 07/10/24 and 08/10/24

Figure D.17 Figure D.18

Figure D.19 Figure D.20
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D.2. Location 3 - RGB images results D. Results RGB images constructions

Figure D.21: Correlations of PI and TSS for Location 3 - 07/10/24 and 08/10/24

Figure D.22 Figure D.23 Figure D.24

Figure D.25 Figure D.26 Figure D.27

Figure D.28 Figure D.29 Figure D.30
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E
TSS deposit

Figure E.1

Figure E.2
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E. TSS deposit

Figure E.3
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F
Characteristics Deeper Pro+ 2

Figure F.1: Specifications Deeper 2 Pro [19]
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G
Locations Cross sections reservoirs

Figure G.1: Location Cross Section Reservoir A

Figure G.2: Location Cross Section Reservoir B
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G. Locations Cross sections reservoirs

Figure G.3: Location Cross Section Reservoir C
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H
Reference point Location B

coordinates: 16.490471, 99.309137
Distance between reference point and water level: 6.35m

Figure H.1: Measured distance reference point to water level
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H. Reference point Location B

Figure H.2: Location reference point
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