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ABSTRACT

The objective of the study is an assessment of a Ratka small water reservoir in Slovakia by using two
main aspects, i.e., the hydrotechnical, geotechnical and environmental aspects.

An evaluation of the actual state of a small water reservoir was solved in a complex way. Based on
the field measurements, the quality of surface water was controlled in order to check if the surface water
quality indicators meet the requirements of government regulations. In addition to the terrain mea-
surements, laboratory measurements were performed. The results assess the actual state of the small
water reservoir in details, including an assessment of the water quality with proposed measures for
improving the condition of the water reservoir.
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1. INTRODUCTION

It is well known that water is the one of the most important substances for the planet’s
ecosystem and human beings. Water in natural environment contains not only molecules of
H,O, but also is defined as a complex of organic and inorganic substances and contains
materials of chemical (inorganic substances) and physical (electrolytes and non-electrolytes)
compositions [1].

There are different sources of water, i.e., rivers or lakes, springs, surface water, rock
catchment areas, rock holes, excavated dams, rainwater tanks, and artesian bores. Nowadays,
the oceans hold 96.5% of all the Earth’s water; the fresh water on the planet amounts to 2.5%,
and the remaining 1% is part of the groundwater [2]. All of water on the Earth, less than 1%
is drinkable. Fresh water can be further separated into three main segments. The first one,
where the water is stored, represents the cryosphere, which includes about 68.5% of all the
fresh water on Earth (ice sheets and glaciers). The second segment includes land reservoirs in
the form of surface water (lakes and rivers) and contains approximately 31% of fresh water.
The last segment, which is called the atmosphere, represents the smallest amount of fresh
water (only 0.1%). In these segments, 99.9% of the water exists in the form of vapor, and only
0.1% of the water in the atmosphere is stored in clouds in liquid and solid forms. These tiny
quantities of water have a significant influence on the water energy balance of the planet and
impact on the fluxes to and from all the other water reservoirs as well [2]. Because the quality
of water resources is decreasing, water management plays an important role in ensuring their
protection, control and sustainable development [3]. The quality and quantity of water re-
sources is directly connected to the quality of life for humans, plants and animals [4].
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Therefore, the fundamental concept of water reservoirs lies
in the water supply, the protection from floods of valleys
downstream, scenic beauty, fish and wildlife habitats, the
establishment of an aquatic environment, and control of the
natural character of water flows.

According to [5] a water reservoir can be of natural or
artificial origin where water can be filled in or emptied at
certain times. Water reservoirs can be divided into large and
small reservoirs. It is obvious that large reservoirs have
strong impacts on hydrology on regional and global scales
and have an impact on decreasing global runoff of approx-
imately 2% [6].

However, small water reservoirs and lakes (with areas of
less than 0.1km?) cover in total larger area than large res-
ervoirs [7] and influence the natural water cycle that would
occur without reservoirs. In order to understand how small
reservoirs can affect river flows on a basin scale, it is
necessary to understand the operation and behavior of every
single reservoir [8].

Nowadays, like other elements of a natural or artificial
character, water reservoirs are also affected by climate
change. The response to climate change is different between
natural and artificial water bodies, since the storage and
outflow of artificial water reservoirs are actively managed
[9]. Climate change impacts water reservoirs in several ways,
i.e., biological changes in the phytoplankton community
[10] and increasing water temperatures [11] boost the pro-
cesses inducing the eutrophication of water bodies [12].
Most of these changes can lead to decreasing water quality
[13] and to reinforcing global warming [14]. The aim of the
study lies in the evaluation and assessment the current
hydrotechnical and geotechnical condition of the Ratka
water reservoir, together with the water quality analysis in
the reservoir and its surroundings. The intention of the
study is to assess the individual components of the small
water reservoir in the sense of their technical condition and
the purpose for which they were built.

2. STUDY SITE AND INPUT DATA

2.1. Characteristics of the village of Ratka

The village of Ratka is located in the southern part of the
Slovak Republic in the district of Lucenec and the region of
Banska Bystrica. The size of the area is 24.05 km* with its
lowest altitude of 190 m.a.s.1. and with the highest altitude
of 390 m.a.s.l. The village is located in the western part of
the Cerovd highlands. The research zone belongs to a
continental climate with warm summers and cold winters
[15]. The research area falls into the basin of the river Ipel’
with Babsky creek as its main water stream; it is a left
tributary of the river [15]. The length of the Babsky creek is
10.04 km with 33.35km? as the total size of the catchment
area [16]. One of Babsky Creek’s tributaries is the Cerova
tributary (the hydrological sequence number of water
stream 4-24-01-111) on which the Ratka small water
reservoir was built [15].

Table 1. Technical parameters of the Ratka small water reservoir

Characteristics of the Ratka water

reservoir Value
The length of the dam crown 83 m
The width of the dam in the crown 32m
Maximum height of the dam in the axis 45m
The total volume of the dam 3,500 m>
Location of the discharge object 355 m
Length of the footbridge 11 m
Width of the spillway 20m
Location of the spillway 13 m
Length of operation shift 6.5 m
Depth of slope 1.54 m
Length of spill 26 m
Depth of spill 50 cm
Length of stilling basin 6.5 m

2.2. Characteristics of the Ratka small water reservoir

The Ratka water reservoir was built in the years 1965-1966
for the main purpose of accumulating water for irrigation.
The water structure was never used for this purpose, because
the irrigation systems were never built. Other purposes of
the water reservoir are flood protection and fire protection.
The constant accumulated volume of the reservoir is
17,000 m® at the maximum level. In 2008, a reconstruction
of the water reservoir was carried out, and it was found that
the reservoir was considerably clogged with sediments 70-
80 cm thick. Nowadays, the reservoir is used for fishing. The
administrator and operator of the water reservoir is the
Slovak Water Management Company [17]. The character-
istics of the technical parameters of the Ratka reservoir are
shown in Table 1.

3. MATERIAL AND METHODS

3.1. Field measurements

Field measurements were performed in order to evaluate the
characteristics of the water properties as an important
component of the ecological evaluation of the Ratka small
water reservoir.

Three sampling points were selected (Fig. 1). The first
point is represented by the Cerova water stream, which is
located 300 m before the estuary of the Ratka small water
reservoir. The second point was set directly in the water
reservoir. The last measuring point is located approxi-
mately 300m under the water reservoir. The measure-
ments were performed at monthly intervals in 2019. In
order to ensure a higher level of accuracy, the field mea-
surements were repeated three times. The measurements
were carried out using the portable Pocket Pro + Multi 2
multimeter. The following characteristics of the surface
water’s quality were evaluated: the water temperature, pH
reaction, salinity, and total amount of dissolved sub-
stances.
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Fig. 1. Location of the Ratka water reservoir and sampling points
(Source: sk.mapy.cz)

4. RESULTS

4.1. Hydrotechnical and geotechnical evaluation of
the Ratka small water reservoir

One of the main elements of evaluating the landscape of a
water reservoir includes the current state of the water body
and its surroundings. Significant logging was identified as a
long-term and persistent activity in the area under consid-
eration. As a result, deterioration of the small water reservoir
is expected in the coming years. The negative effects of the
logging are increasing sediments, water pollution, and flood
risks. The environment around the water reservoir is also
polluted by waste, which impacts the quality of the water in
a negative way.

4.1.1. Crest. The body of the dam (Fig. 2a) is formed by a
loose, homogeneous embankment that contains clay and
sandy soils. The dam crest is reinforced by gravel, and the
upstream side is formed by a stone plain. The windy slope is
humified. The dam body should be maintained and
machined every year. The responsible institution for the
maintenance of the Ratka small water reservoir is the
Municipal Office, which is located in the village of Ratka.

Fig. 2. a) Crest, b) operation shaft, c) spillway d) slip, e) stilling
basin, f) footbridge

4.1.2. Operation shaft. The operation shaft is shown in
(Fig. 2b). It is obvious that its functioning and security is not
satisfactory. The shaft is covered with a very poor quality
iron grid and does not provide sufficient protection. The
shaft is connected to the discharge structure below the
minimum reservoir level.

4.1.3. Spillway. The spillway (Fig. 2¢) represents one of the
most important elements of the design of the water structure
with its main purpose being to protect the area under
consideration before maximum peak flows [18]. A spillway
is a safety measure against overtopping and failure. It is a
permanent structure that must be regularly maintained,
observed, and cleaned. During research on the spillway’s
terrain, significant contamination with biological material
was found. Therefore, disinfection must be performed.

4.1.4. Slip. The slip (Fig. 2d) is contaminated with sedi-
ments and deposits. It is assumed that it has not been
cleaned for a long time; it is therefore highly recommended
to perform maintenance and cleaning of the slip in order to
restore its proper functionality.

4.1.5. Stilling basin. The stilling basin (Fig. 2e) is a struc-
ture for damping the kinetic energy of the falling water and
connecting waste from the drain to the riverbed under the
dam. Based on the field measurements, it is highly recom-
mended to clean the element of sediments and biological
material.

4.1.6. Footbridge. In 2008, the reconstruction of the foot-
bridge was performed (Fig. 2f). The device for control and
maintenance of the discharge structure is located on the
footbridge. Since the reconstruction was carried out in 2008,
no refurbishments are needed at this time.

4.2. Ecological evaluation of the Ratka small water
resemoir

In order to evaluate the ecology of the Ratka small water
reservoir, the quality of the surface water was measured and
analyzed. This subsection contains the results of the field
measurements for the selected water quality indicators, i.e.,
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the water temperature, pH reaction, salinity, and total
amount of solutes.

4.2.1. Water temperature. The water temperature is one of
the basic indicators of the quality of surface water, and other
water quality indicators directly depend on it. With an
increasing water temperature, chemical processes occur in
water reservoirs that create negative impacts resulting in
deterioration of the water quality. During the period eval-
uated, the average temperature of the water above the small
water reservoir was 10.15°C, 14.92°C directly in the
reservoir, and 14.26°C on the bed of the reservoir. The
minimal temperature of the water was recorded in
December (2.77°C), and the maximum water temperature
was found in July with a value measured at 27.17°C. The
course of the water temperature is shown in Fig. 3.

The recommended value for the temperature of water
according to Regulation of the Government of the Slovak
Republic No. 269/2010 is <26 °C. Based on the measure-
ments, 93% of the results analyzed meet the given require-
ment for the temperature of the water.

4.2.2. pH reaction. The values of the pH reaction repre-
sent a significant element, which affects the chemistry of
water directly as it relates to nitrification and impacts the
life in the water as well. High values of a pH reaction are
toxic for fish and plants living in the water. Therefore, it is
important not only to monitor this value but also to keep it
at the optimal level. Based on the measurements, the water
in the reservoir belongs to the neutral and alkaline group of
pH reactions.

The lowest pH value of the reaction occurred at the first
sampling point in November. The highest pH value
measured was recorded in August at the second sampling
point with a value of 8.97 (Fig. 4).

According to Slovak Government Regulation No. 269/
2010 [19], the recommended values should be in a range
from 6-8.5. Based on the results, only 66% of the mea-
surements meet the recommended values. Most of the re-
sults that do not meet the recommended values were taken
from the second collection point, i.e., directly from the Ratka
water reservoir.
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4.2.3. Salinity. The lowest salinity values were found
directly in the Ratka water reservoir (Fig. 5). The highest
values were measured at the first sampling point (above the
small water reservoir). Based on the results, it is clear that
the water located in the water reservoir is considered as fresh
water (fresh water is limited by salinity measured up to
0.50%). The measurements were taken in unit parts per
trillion, which represent very small values when converted to
percent values.

4.2.4. Total dissolved solids. With an increasing water
temperature, the total amounts of soluble solids increases.
The highest values of Total Dissolved Solids (TDS) were
recorded at the first sampling point in March with the value
of 678 ppm. The lowest values of TDS were found at the
second sampling point in January with a value of 279 ppm.
Figure 6 represents the course of the total amounts of soluble
solids during the analyzed period. According to the theo-
retical recommendations, the water in the Ratka water
reservoir is considered as a mineral water with a high
amount of minerals.

5. DISCUSSION

During the monitoring period no significant damage was
observed at the Ratka small water reservoir that would have
a major impact on its functionality and operability.
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Fig. 5. The course of the salinity during the analyzed period
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From a hydrological point of view, the period evaluated
is classified as a very dry year. A lack of rainfall occurred in
the months of June, July and October; during this time
period it was not possible to perform field measurements
due to the lack of water in the Cerova stream [20].

According to [21], five main impacts of a water reservoir
on natural water bodies are specified, i.e., reduction of mi-
crohabitats, transport of sediments, changes in trophic po-
tential, changes in the flow and temperature regime, and
disruption of the aquatic animal migration. In addition,
water bodies have the ability to affect the surrounding
environment [22].

The Ratka small water reservoir is a water reservoir that
is not well known and where no measurements have been
undertaken to analyze the surface water quality. Since the
measurements were performed only in 2019, it would be
suitable to repeat the measurements in the future and
thereby evaluate the changes that could occur in the quality
of the surface water.

From an ecological point of view, the water quality in the
Ratka water reservoir does not meet the recommended
(limit) values of Government Regulation No. 269/2010 [19].

The second sampling point, which is located directly in
the reservoir (increased water temperature, increased values
of pH reaction) is in the worst condition.

It can be said that each water reservoir represents an
important landscape element and a necessary part of the
growth of the human population. Damming streams and
rivers are one of the oldest human activities [23]; however, it
is also a potential source of danger that can cause fatal
damage [24]. Therefore, it is very important to pay attention
to each water reservoir by maintaining it on a regular basis
and assessing the environmental impact of water construc-
tions [25].

6. CONCLUSION

Based on the results, it can be concluded that the Ratka small
water reservoir represents a safe construction that is capable
of performing the function for which it was designed. From
a hydrotechnical and geotechnical point of view, several
deficiencies were found, i.e., contamination of the spillway

and slip and operating shaft with an unsuitable cover, and
pollution of the environment around the water reservoir.
The Ratka small water reservoir is a water reservoir that is
not well known and where no measurements have been
undertaken to analyze the surface water quality. Since the
measurements were performed only in 2019, it would be
suitable to repeat the measurements in the future and
thereby evaluate the changes that could occur in the quality
of the surface water.
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