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ABSTRACT

The aim of this paper is to determine the degree of threat in the floodplain of the Hornad river basin
and to propose measures that can be used in practice at the time of the flood. The methodology is based
on the principle of FEIRA (Flood Environmental Impact Risk Analysis), where the probability and
consequence of the negative impact of floods on environmental components is determined on the basis
of the analysis of selected stressors. From these indicators, the degree of risk in the Hornad river basin
in the event of a flood is subsequently determined. Since there are several industrial sites in the solved
area, which can cause extensive pollution of watercourses in case of floods, the work also presents the
calculation of the threat according to the point evaluation of pollution sources. The combination of
the FEIRA process and the proposed methodology for the assessment of flood environmental damage
determined the overall risk of environmental damage due to floods in the Hornad catchment area. This
paper is a proposal for measures to protect against floods in the area in case of floods.

Keywords: flood, environmental impact analysis, risk analysis, Hornad river basin.

1 INTRODUCTION

A wide range of models and case studies are used to assess flood risks. However,
internationally, these models have significant economic differences. The authors Jongman
et al. [1] call for the development of a consistent European framework that will apply
procedures from existing models. The assessment of the economic and social impacts of
floods can also be carried out using models made from topographic data of the area [2]. At
the beginning of autumn 2003, a flood risk assessment study was carried out in the German
Research System for Natural Disasters [3]. Flood risk is on the rise [4]-[6]. A study by Tincu
et al. [7] estimates the direct damage caused by the occurrence of three floods at different
times, which speaks of emphasizing the need to improve spatial plans. A study by Mishra
and Sinha [8] proves that floods are one of the most devastating natural disasters, causing
enormous damage to property and, in some cases, loss of life. Climate change has an impact
not only on individual components of the environment, but also on the social sphere [9].

Slovakia belongs to the countries that are increasingly being affected by floods [10], [11].
In this work, the main goal is to identify and assess the impacts and impact of floods on
environmental components. The impact and assessment is focused on the territory of the
Hornad river basin located in the territory of the Slovak Republic. The case studies describe
the methods for dealing with flood impact assessments in some countries, as well as the
methods used, resp. proposed solution methodology. The following section is devoted to
the description of the solved area: the partial catchment area of Hornad, to which the practical
part of this work applies.

2 STUDY AREA
The Hornad river basin (Fig. 1) covers the territory of the Slovak and Hungarian Republics
with a total area of 4,414 km? and a length of 193 km in Slovakia and 93 km in Hungary.
The area of the Horndd sub-basin is characterized by the occurrence of impermeable and
poorly permeable rocks, which have a moderate to low permeability. Rocks with good to
high flow can be found in the KoSice Basin and in the areas of the Slovak Karst and the
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Spis-Gemer region. The rocks in the area of the Slovak Ore Mountains and Branisko are
poorly permeable with a predominant fissure permeability. Atmospheric precipitation is the
main source of groundwater in this area [12].

Part of the Hornad basin is located in the province of the Western Carpathians, a
sub-province of the Inner Western Carpathians, and a smaller part of it belongs to the
sub-province of the Outer Western Carpathians.

The sub-province of the Inner Western Carpathians includes the area:

Slovak Ore Mountains,
Fatra-Tatra region,
Lucensko-KoSsice reduction,
Matransko-Slanska area.

The areas belonging to the sub-province of the Outer Western Carpathians are the Eastern
Beskydy and the Podh6lno-Magurska area.

The highest altitude of 1,401 m asl. occupies the smallest area of the solved area, the
largest area lies at an altitude of 300—500 m asl. [12].

Due to the geographical location of the Hornad sub-basin, there are up to 3 climatic areas.
The warm to slightly dry climatic part, characterized by a cold winter, includes the southern
to south-eastern area bordering the Sabinov area. The middle part of the basin is characterized
by an average total precipitation from 700—900 mm. The climatic conditions in this district
are slightly warm, slightly humid to humid. The area bordering the Volovské vrchy is
characterized by a slightly cold climate. The air temperature here ranges from 4—5°C. The
annual total precipitation also exceeds 900 mm [12].

B Water bodylif;,
B Municipality =

Figure 1: Study area: Hornad river basin.
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The Hornéd river basin covers an area of two states. In the territory of the Slovak Republic,
together with its tributaries, it occupies 81% of its total area. The most important right-hand
tributary is the river Hnilec, which flows near the village of Margecany. Hnilec springs on
the slope of Kralova hola at an altitude of approximately 1740 m asl. It flows into the
Palcmanska Masa reservoir, which is also the largest reservoir in the Slovak Paradise
National Park. The flow of Hnilec continues from the dam in an easterly direction to the
Ruzin Reservoir.

The most significant left tributary is created by the river Torysa near the village of Nizna
Mysla. It springs in Levocské vrchy, northwest of the village Torysky at an altitude of
approximately 1215 m asl. Torysa flows south, flowing through the city of Presov [12].

The Hornad river basin has a wide representation of different soil groups of geographically
related soils. In the forest parts of the basin, there are mostly acidic varieties of cambium
soils. These soils are very skeletal. Soils that occupy a large area in the Hornad basin are
characterized by an acidic to strongly acidic soil reaction. These are soils with an insatiable
sorption complex. In the Torysa basin, pseudogleies in particular are widespread. In this area,
pseudogleys are arranged alternately — sorption or acid glues [12].

In the western part of the Hornad catchment area in the vicinity of Spis, there is the Slovak
Paradise mountain range, which is classified as a national park. The territory is located in the
cadastral territory of the village SpiSské Tomasovce. This location is rich in remarkable
natural and historical monuments. The area of the Slovak Paradise National Park is 328 km?,
as a protected landscape area was determined in 1964. There are 11 national nature reserves
and 8 nature reserves on the territory of the Slovak Paradise [12].

The following part of the work is devoted to the methodology of assessment and analysis
of individual factors affecting selected components of the environment. The final part
summarizes the final values of the assessment and the overall assessment of the impact of
floods on the area, as well as the assessment of flood risk.

There are several industrial sites in the Hornad sub-basin, which may pose a risk of
environmental pollution in the event of floods. Summary Table 1 lists these sources
of pollution. In the event of a flood at Q100, several industrial sites pose a direct threat to
humans but also to the environment. Namely, there are:

e Areca of VSE, Company of mechanical production Krompachy, group unclassified;

e  Wastewater treatment plants (WWTP): WWTP Harichovce, WWTP Vajkovce,
AGROKOV PLUS Kosice, WWTP Rozkovany, WWTP Jakubova Vola — group of
wastewater treatment plants up to 2,000 equivalent populations;

e WWTP Spisské Vlachy, WWTP Flood yard Krompachy, WWTP IMUNA PHARM
Sari§ské Michalany — group of wastewater treatment plants from 2,000 to 10,000
equivalent populations;

o  WWTP Spisska Nova Ves — group of wastewater treatment plants from 10,000 to
100,000 equivalent populations;

e KOVOHUTY Krompachy — group probable environmental burden,

e SEZ Krompachy — Electrical Production Plant — group of remediated or
reclaimed locality.

Each pollution source is assigned an appropriate number of points according to the
categorization.
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3 MATERIAL AND METHODS

Flood risk assessment according to the FEIRA process (Flood Environmental Impact Risk
Analysis) consists of the following steps [13]-[15]. FEIRA is based on the methodology of
procedures defined in ISO 31000 — Risk Management — Principles and Guidance. The FEIRA
process begins with a description of the current state of the environment and the definition
of sources of pollution in the area. The next step is the identification of stressors — sources of
risk that pose a danger in the assessed area and represent a potential impact on environmental
components. The consequence is determined by the significance of the stressor’s action on
the selected evaluated component. The sum of the products of these two indicators is the
obtained value of the risk index [11].

The IR (risk index) is measured by the product of the probability and the consequence of
individual stressors expressed by the following eqn:

IR = Pi * Ci. (1)

The probability Pi expresses the value of each selected stressor effect, and the
consequence Ci expresses the value of the stressor effect on the individual components.
The value of the total risk posed by flooding in the event of floods is determined by the
following eqn:
R =SUM (Pi*Di) * Hi. 2)

The hazard Hi presents the sources of pollution in the river basin [12], [13].

The goal of this contribution is effective flood risk assessment and management in the
studied location which is based on current state of the environment and presence of sources
of pollution in the study area. According to the proposed methodology the there are
three steps:

e To calculate risk index which presents impact of stressors (floods) on components
of the environment based on determined probability and determined consequence.

e To calculate risk based on hazards in the area; hazard presents point or diffuse
sources of pollution in the area.

e The selection of effective measures for flood protection.

The result is the proposal of possible flood protection measures which will be effective
from the viewpoint of protection (economic as well as environmental).

4 RESULTS AND DISCUSSION
Probability is an expression of the possibility of the occurrence of a certain phenomenon. The
starting point of this methodology is the qualitative determination of probability from the
lowest value = 0.25 to the highest value 1. Level, resp. the probability value represents a
certain expectation — whether the phenomenon will happen or can happen. How the negative
stressor affects selected components of the environment is expressed by the consequence. It
is expressed qualitatively — as well as probability.

All assessed effects with values of causes Pi and their consequences Ci are summarized
in Table 1.

According to the proposed category, the total risk level in the addressed area of the Hornad
river basin is determined by a value equal to 5.5 — medium risk.

If a flood occurs in any area, it can also cause pollution of environment. There are several
industrial sites in the Hornad sub-basin, which may pose a risk of environmental pollution in
the event of floods. According to the categorization, each source of pollution is assigned the
appropriate number of points — the Hi score (Table 2).
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Table 1:  Summary of the probabilities and consequences of the impact of the flood on
the environment.
Impact of stressors o ..
Determination of Determination of
ID on components of s
the environment probabilities consequences
. Health
Impact of flooding P1 Local poFentlal for C1 consequences of
1 . flooding (-) . )
on the population flooding (point)
0.5 medium ! >5
Number of
announcements of .
Impact of ﬂooding P2 highest level of C2 CapaCIty flow Ql’l
2 . . (m3.s-1)
on water conditions flooding (per year)
©)
e >4 0.75 > Q50
The status of flood Permeability of
Impact of flooding | P3 | protection facilities C3 o
3 . soil (-)
on soil )
0.5 good 0.5 Less permeable
Vulnerability of
Impact of flooding P4 Local potential for ca fauna and flora
4 | on flora, fauna and flooding (-) and their habitats
their habitats )
0.5 medium 0.75 medium
Impact of flooding
on landscape — Local potential for Changes in the
P5 . C5
5 | structure and land flooding (-) landscape (-)
use, landscape
character
0.5 medium 0.75 significant
Impact of flooding Local potential for Location of.the
P6 . C6 | proposed activity
6 |on protected areas flooding (-) )
and their buffer
zones . within 3 and more
0,5 medium .
protection areas
Imp agt of the The status of flood Impacts on TSES
ﬂoqdmg of the P7 | protection facilities Cc7 p .
7 | territorial system of (point)
) . )
ecological stability
(TSES) 0.5 good 0.5 6-10
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Table 1: Continued.

D I(I)r:lp: gfnoiit;::(ffs Determination of Determination of
the en\fironment probabilities consequences
P8 Local potential for cs Local potential for
Impact of flooding flooding (-) flooding (-)
8 | on urban areas and
land use 05 medium > 101
Number of
Impact of floodin announcements of Number of
onlz:ultural and & P9 highest level of Cc9 affected values in
9 | historical heritage, flooding (per year) the area (-)
intangible cultural )
values - S
Number of
Impact of floodin announcements of Number of
on I;rchaeol ogi calg P10 highest level of C10 affected sites in
10 | and paleontological flooding (per year) the area (-)
sites and important ()
geological sites -4 .5
5.5
n=10
IRi
i=1

The sum of the values of individual causes and consequences represents the value
IR = 5.5, which is subsequently multiplied by the value of danger Hi = 19. The product of
these two values is the resulting value representing the total risk R = 104.5. It presents very
low risk for the Hornad river basin.

The goal of selecting effective flood protection measures in the studied territory include:

e the removing of soil deposits from the water channel and vegetation from the bank
of the watercourse, thus securing the overflow capacity of the watercourse,

e for the unaltered sections of the watercourse to make modifications, e.g. to reinforce
the slopes of the water channel,

e if necessary construction of a reservoir above the town which lowers the maximum
overflow during increased water stages.

The construction of reservoir — dry basin above the municipality seems to be the most
effective flood protection measure in the area.
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Table 2: Pollution sources with assigned number of points.

Category of source . . Point
o pelllntian Source of pollution Criteria evaluation Hi
Area of VSE — Enterprise of
Industrial enterprises mechanical production unclassified 5
Krompachy
WWTP Harichovce, WWTP <2.000
Vajkovce, AGROKOV PLUS o u’lation 1
Kogice, WWTP Rozkovany, 1; Eivalem
WWTP Jakubova Vola q
Wastewater o
treatment plants WWTP Spisské Vlachy, 2.000 — 10.000
(WWTP) WWTP Povoditového dvora ’ o ulati(;n 2
Krompachy, WWTP IMUNA 2 Eivalen :
PHARM Sarisské Michal’any d
10,000 — 100,000
WWTP Spisska Nova Ves population 3
equivalent
. . 10-40% of
Agriculture Crop production flooded area 1
KOVOHUTY Krompachy | Lrvironmental g
Environmental burden is likely
burden _ :
SEZ Krompa.lchy Ent.erprlse Land reclamation 3
of electric production
10—40% from all
Urban areas Population without sewerage | population in the 1
study area
Sum X 19

5 CONCLUSION
The first part of the practical solution of this paper was devoted to the analysis of individual
stressors — floods, that have a negative impact on selected components of the environment.
For each stressor impact, the probability and consequence of its effect was determined. The
values were then multiplied by each other and the sum of the resulting values represents
the resulting risk index. The risk index in the addressed area of the Hornad river basin is
determined by a value equal to 5.5, which represents a medium level of risk level.
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In the next part, the hazard was state according to the proposed methodology [14],
[15]—FRIAR. In the solved area, sources of pollution were identified, to which a point value
was assigned. The resulting value represented the sum of the partial results. In the Hornad
sub-basin, a low threat rate applies with a hazard value is 19.

The final part was devoted to determining the overall risk. The resulting value of risk is
the product of the resulting values of probability, consequence and threat. According to the
FEIRA methodology, the first category of risk level is estimated to 104.5, which means a
very low level of flood risk.
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