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Abstract

During the operation of the water reservoirs in common conditions there occur the processes of the
siltation as the result of the erosion in the watershed and also the processes of sediment displacement
within the reservoir or sediment escape out of the reservoir as the result of the inflowing water during
the floods or higher water discharges during the spring snowmelt. These processes are forming the
shape of the water reservoir and this process affects the depths of water and total amount of stored
water. The changes of the topography of smaller water reservoirs are not monitored periodically or
occasionally and the methodology for the measuring is not made. For the larger reservoirs there is
used the method of periodical measuring of the reservoir profiles as the cross-sections of the reservoir
bottom. The comparison of the identical profiles is then used for evaluation of the siltation processes
and calculation of the water capacity and sediment quantity difference during the revised time period.
The method works with the depth measuring (echo sounding, level staves, calibrated lead line) and
measuring of the distance of depth measuring in profiles. The goal of this paper is to assess the new
method of monitoring of the reservoir topography with non-contact system of sonar and GPS receiver,
which measures and generates the field of points with known coordinates at the bottom. These points
can be used in GIS software for the creation of the TIN model that represents the reservoir bottom
shape. The assessment of this method is done as the assessment of the accuracy of the created TIN
model. This is done as the comparison of the geodetically measured elevation of points and elevation
of points extracted from TIN model. The method was tested at the swimming pool, where steady and
mostly plain bottom can be measured with geodesy tool — GPS measuring and compared with the TIN
model created from data collected with non-contact measurement with GPS and sonar during the sail
with small vessel. The comparison of the modeled elevation and the real bottom elevation offers the
evaluation of the accuracy of the method. The results lead to conclusion that modeled elevations
(calculated from data of TIN model created from the non-contact measured input data) differs from
the direct GPS measurement in approx. 20mm in plain parts and 70mm in sloped parts of the
swimming pool bottom.
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INTRODUCTION

Small water reservoirs are reservoirs with water volume max. 2 mil. m’, maximum water depth is 9m
and volumetric flow rate for hundred years (Qiq) is not larger than 60 m’. s™. (STN 73 6824).In
accordance to Ministry of Environment of SR (2002) document “General document of water
protection and usage of water” there are 198 small water reservoirs in Slovak Republic. Reservoir
siltation is causing the problems related to the reduction of the flow capacity, deterioration of the
sailing conditions related to the reduction of the volume. Bottom sediments create important part of
the river ecosystems, which has the potential to accumulate various pollution (toxic/ heavy metals,
radionuclides and organic matter) from the water (Hucko, 2007).Erosion and the transporting effect of
the flowing water are the most important natural processes are. These processes lead to the production
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of the eroded material that is carried by rivers and then it is accumulated in the water reservoirs, where
the eroded material can settle at the reservoir bed. In the longer time period this effect can lead to the
partial or full siltation of the reservoir. Flowing water allows eroded material to move and settle, but it
also affects the particles, that are actually presented in the reservoir, by lifting them from the reservoir
bed (result of the larger discharge during the snow melting or during the floods) and then relocates
them in the reservoir bed (reshape of the reservoir bed) or allow the existing sediment to escape from
the reservoir (reshape of the reservoir bed and also change of the volume of the captured sediment and
volume of the accumulated water). The shape of the reservoir bed is also formed by anthropogenic
processes, mostly by the maintenance work, when the bottom sediments are extracted and removed
from the water reservoir. Various tasks of the water reservoir management can be done with the use of
the topography of the reservoir bed, such as creation of the cross-sections, assessment of the actual
water capacity, periodical measuring of the sediment quantity development or relocation. Reservoir
bed topography can be represented in various forms, such as contours, set of points with known
coordinates, set of cross-sections or as the digital terrain model in raster or vector format. This paper
deals with the possibility of the creation of the water reservoir bed TIN model and assessment of its
accuracy.

MATERIAL AND METHODS
Surveyed site

Measuring was done in the swimming pool in Topol’éany. The dimensions of pool are 50m x 21m,
minimum depth 1,6m, maximum depth 2,3m. The bottom of the swimming pool is horizontal in two
levels (1,6m and 2,3m depth), with the slope that connects the horizontal parts. Deeper part is about
30m long, sloped part length is about 10m long and the shallower part is about 10m long. This
swimming pool was selected as the testing locality because of its configuration of the parts (two plain
parts and sloped part), that will offer the assessment of the methodology in different conditions: deeper
plain bottom, shallower plain bottom and sloped part.

Equipment

For the GPS data collection of the point position we used the GPS rover Leica 1200+, that allows the
RTK surveying. Global positioning system (GPS) is the positioning system consisting of the cosmic
navigation satellites, which emits the radio signal, that is received and processed by the receiver.
Receiver calculates the time difference of the signal emitting of and signal receiving and from this
difference the distance to particular satellite is calculated. The position of the satellites is known, and
with the distances “satellite — receiver” is calculated the position of the receiver (Rapant, 2002).

RTK surveying is the differential GPS surveying method which uses the carrier phase observations
corrected in real time. The accuracy of RTK surveying is about 2cm. This method requires the radio
connection with the base station for the obtaining of the real-time corrections (Gopi, 2005). For the
depth measurement we used the Garmin GPS Map 421s sonar system. Sonar transducer was mounted
on the pole of the GPS rover. The principle of sonar measuring is in the emitting and receiving of
acoustic pulse, that are propagated from the transducer to the target (or the bottom of sea or water
reservoir and lake) and back. Signal is received and processed and in accordance to known velocity of
sound in water with known temperature and time of sending and receiving of the pulse is calculated
the distance to target (Lurton, 2002). Connection and communication of the GPS system and sonar
system was made with the NMEA connection, when the depth measurement from sonar was sent via
NMEA interface to the GPS controller. NMEA specification (National Marine Electronics
Association) categorizes ASCII data stream in the comma-separated sentence based on the information
contained in each sentence. It is necessary to know the structure of the NMEA sentence, because it
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will be divided for obtaining of the desired part of data (Thota, 2006). GPS rover with sonar
transducer was mounted to the raft boat transom with the set of clamps. Raft boat was propelled with
the trolling electric motor.

Data collection

The goal of the work is assessment of the methodology for creation of the TIN model of the water
reservoir bed and assessment of its accuracy. TIN model is created from the points collected with the
geodetic GPS receiver and low-cost sonar system. This method was tested in the swimming pool in
Topol'¢any. The depth of water is varying from 1,6m to 2,3m, where the elevation of the bottom and
slope is uniform at both longer sides of the swimming pool. That allowed us to create the TIN model
of the bottom and to compare the model with the bottom elevation measured with the GPS receiver.
The evaluation of the swimming pool bottom model accuracy offers the estimation of the accuracy of
the method that can be obtained in the further field work in the proper water reservoirs (fish ponds,
irrigation reservoirs, etc.). TIN model is 3D representation of the terrain surface, that is built of the
non-overlapping irregular triangles (TIN=Triangulated irregular network). The points of these
triangles have known x, y, z-coordinates and these points are laying at the surface of modelled terrain
(Longley et al., 2005). For the creation of TIN model, there were used two groups of points. First
group of points was collected with the non-contact measuring (points in the inner part of pool), the
second group was collected with the direct measuring. The idea of non-contact data collection is the
measuring of the point coordinates as the measuring of the GPS position (X, y, z-coordinate) of the
sonar transducer and depth measuring with the sonar during the sail from raft boat. The combination
of these measuring results in the coordinates of the point at the bottom of the water reservoir, where x
and y-coordinate are measured with GPS receiver and z-coordinate is calculated in accordance to
Equation 1 and its graphical expression at Figure 1.

Z — coord.= Hgps + 0,1m — Dsopnar [1]

where
Z-coord. = z— coordinate of the point at the bottom
0,1m = distance from GPS pole tip to the sonar transducer
Hgps = z — coordinate of the tip of the GPS pole

Dyonar = depth measured with sonar

Direct data collection was done as the measuring of the point at the swimming pool margin with
the GPS receiver and the measuring of the distance from the margin to the bottom with the geodetic
level staff. The combination of these measuring results in the coordinates of the boundary point of the
TIN model of the bottom of the water reservoir, where x and y-coordinate are measured with GPS
receiver and z-coordinate is calculated in accordance to Equation 2 and its graphical expression at
Figure 1. This point does not represent the true boundary of the swimming pool, but it is suitable for
the creation of TIN model of swimming pool bottom.

Z - COOY‘d. = HMARGIN - DSTAFF [2]
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where
Z-coord. = z— coordinate of the boundary point
Hyarain = z — coordinate of the tip of GPS pole = elevation of swimming pool margin

Dgiar = depth measured with level staff (distance from margin to bottom)

Accuracy of the created TIN model was done as the comparison of the elevation of the control points
at the swimming pool bottom directly collected with the GPS receiver with the elevation extracted
from TIN model. These points were collected only for the purposes of the accuracy assessment and
they were not used for the TIN model creation. Data collection of the control points at the swimming
pool bottom was done in the emptied pool in 16. april 2013. The points were collected in the area of
the swimming pool and the line of the start and end of the slope was estimated by visual checking of
the swimming pool bottom.
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Figure 1. Scheme of the non-contact measuring of the z-coordinate of the point at the bottom (right)
and direct measuring of the z-coordinate of the boundary point (left)

RESULTS AND DISCUSION

During the data collection procedure in the 9th September 2012 there was collected 213 points with
the non-contact method during the sail and 22 points with direct measuring method. These points were
used for the creation of the swimming pool bottom TIN model. The characteristics of the collected
data are shown in the Table 1.
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Table 1. Characteristics of collected data

Category of data Amount GPS accuracy of collected points [mm]
collectiont of points Min. Max. Average
Non-contact method

(GPSt+sonar) 213 49 23 33
Direct measuring

method (GPS) 22 300 12 42

The accuracy of the sonar measuring is quite sufficient, but the accuracy of the direct GPS measuring
method is lower. The revision of the collected data has shown, that the accuracy of two points (Point
nr. 12 and 13) is worse than 200mm. That indicates the failure of the RTK measuring, which occurred
during the data collection. This problem was solved by adding of the same elevation — average
elevation of the properly measured points from direct measuring, to all GPS points.

The 3D point data were loaded in ArcGIS 9.3 and the TIN model of the bottom was created. The TIN

model and collected 3D points are shown at Figure 2.

Control points were loaded in ArcGIS 9.3 as the 2D points (elevation of the points were not added as
z-coordinates of the point). For the evaluation of the TIN model accuracy the input points were

divided into three groups (as shown at Figure 3):
- Points of the shallow part
- Points of the sloped part
- Points of the deeper part

Legend

®  Direct measuring
4 Non-contact measuring
|:| Pool boundary
TIN model
Elevation [m]
166.1 - 166.2
166 - 166.1

Il 159 166

Il s55- 1659
165.7 - 165.8

Bl s56- 1657
165.5- 165.6
165.411 - 165.5

Figure 2. TIN model of the swimming pool bottom and input data — 3D points
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Each group of points was evaluated separately, as the evaluation criterion was selected the difference
of the true elevation of the control point (collected with GPS at the bottom of the emptied pool) and
the elevation of the control point extracted from TIN model. The elevation of the points from TIN
model was extracted and added to attribute table of the control points (Add Surface Information tool)
and the difference of elevations was calculated in accordance to Equation 3.

dZ = Zrin — Zrrur [3]

Where
dz = difference of the elevations
Ztin = elevation of the control point extracted from TIN model

Ztrug = true elevation of the control point

Legend

A Points in slope
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Figure 3. Control points for the evaluation of the TIN model accuracy

The values of the elevation difference calculated in accordance to equation 3 can be positive or
negative. Positive value indicates that the model in the revised point is above the true bottom and
negative value indicates that the model in the revised point is under the true bottom. The assessment of
the accuracy — assessment of the elevation differences is shown in Table 2, where the results of
statistical functions calculated in MS Excel 2010 are shown. The statistics are done in accordance to
work of Halva (2012) for the comparison of the modelled and measured values of the characteristics of
bottom elevation.
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Table 2. Comparison of the differences of elevation

Part of swimming pool

Statistical function

Sloped part Deep part Shallow part
Count of revised points 16 16 23
Average vertical accuracy 0.021 0022 0.020
of direct measured points [m]
Minimum dZ -0.136 -0.050 -0.051
Maximum dZ 0.014 0.014 0.013
Average dZ -0.076 -0.017 -0.025
Standard deviation of dZ 0.041 0.018 0.018
Variance of dZ 0.002 0.000 0.000
Root mean square of dZ 0.087 0.025 0.031
Range of dZ 0.150 0.064 0.064

Legend

From the results shown in Table 2 it is significant, that the average elevation difference as the main
characteristic shows quite sufficient accuracy of the created TIN model in the plain parts (both deeper
and shallower part), but the accuracy of the sloped part is worse than 50mm and varies from -136mm
to +14mm. For the analysis of the sloped part accuracy there was created the map of the control points
of sloped part, where the categorization of points was done in accordance to the elevation difference
dZ, as shown at Figure 3.

mmm = Bottom slope change Points in slope

D Pool boundary

TIN model

Elevation [m]
166.1 - 166.2
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165.411 - 165.5

dZ [m]
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-0.124 - -0.100

-0.099 - -0.075
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. -0.024 - 0.000
. 0.001 - 0.025

Figure 3. TIN model of the swimming pool bottom and input data — 3D points
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The greatest differences of the elevation are in the middle part of the swimming pool bottom slope.
These findings shows the need of the verification of the data collection and TIN model creation in the
field experiments at the water reservoir with rough bottom with the presence of the slopes or convex
or concave shapes of the bottom. The verification should be done as the depth measuring from the
vessel with sounding line or sounding pole for the depth measuring and multiple GPS measurements
of the vessel position and elevation. From the results of this work we can presume the accuracy of the
non-contact measuring and TIN model creation in values 75mm in sloped parts and 20mm in plain
shapes of the reservoir bottom. It is also interesting paradox that the larger depths of swimming pool
had shown better average accuracy than the shallower parts of the swimming pool.

CONCLUSIONS

Topography of the small water reservoirs is changing in time as the result of the natural processes and
artificial effects in the watershed or directly in the water reservoirs. These changes may lead to
negative effects to the reservoir functions and purposes, but these changes are not monitored
periodically and also the methodology of this kind of monitoring is not made.

The purpose of this paper is to propose the basic principle of the monitoring of the topography of the
water reservoir and to evaluate the ability and accuracy of this methodology. Principle of the work is
in the collection of the coordinates of the points at the bottom with the non-contact measuring with
sonar and GPS receiver during the sail with small vessel propelled with electric engine.

This method is available for use at the most of the small water reservoirs of Slovakia, where it can be
proficient in many tasks, such as monitoring of the actual elevation/depth of the reservoirs, calculation
of the water mass content and so on.

The accuracy of the method is about 20mm in plain surfaces of the reservoirs, but the accuracy of the
method in sloped parts is about 70mm. Further testing of the methodology shall be done to evaluate
the accuracy in the common field conditions.
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