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1. INTRODUCTION

The FramWat project aims to strengthen the joint regional framework for mitigaifon
consequences of floods, droughts and pollution by increasing absorption capacity of the

landscape.

This will happenby systematic use of nature close (small) measures for water retention in the
country. Project partners will develop methods which apply existing knowledge of nature close
(small) retention measures water management practices in river basin managemeesulhwitl

improve water balance, reduce sediment transport and restore nutrient cycles.

The project will be provided by the executive appropriate instruments to incorporate the nature
of nearby measures to retention of water in the country to the necle cgf river basin
management plans. It will also support and provide guidance on the horizontal integration of
different strategic documents and plans in this area.

For pilot area in theatchmento f S| a ntie alRlitywofeHEGRAS was used as th@imary
tool to determine hydrodynamic ruoff. In terms of simulation of the flash flood formation, time
and spatial distribution, the 2D HERAS 5.0.7 option waschosen

HEC-RAS 2D flow modeling can be used in a variety of different situations:
1 detailed2D channel and floodplain modéig,
combined 1D channel flow with 2D floodplain flow areas
combined 1D channel and overbank flow with 2D flow areas behind levees

simplified to detailed dam failure (i.e., dam breach) analyses

1
1
1
1 simplified to detailed leee failure (i.e., levee breach) analyses

1 1D flow that suddenly expands laterally into the floodplain overbank,area

1 flow outside of weldefined single channgl

1 interconnected or braideateels, meanders, loops

1 alluvial fans and estuaries

1 and many othesituations
To develop a 2D flow area model, an understanding of how the 2D flow model works is required.
This study covers the basics of 2D flow modelg. HEC-RAS provides two methods for
computing the flow field in a 2D mesh, both of which may be del@drom the Unsteady Flow
Computational Optionsglialog box available from the Analysithbon menu.
The 2D Diffusion Wave computational method is the default solver and allows the computations
to run faster and with greater stability. Most 2D mduwg situations, such as flood modgig,
can be accurately modeld using this solver, where inertial forces tend to dominate frictional and

other forces.



The Diffusion Wave computational method can be used in the following situations:
flow is mainly driven bygravity and friction

fluid acceleration is monotonic and smooth (i.e., no waves)

compute rough global estimates (i.e., flood extents)

assess interior flooding (i.e., levee breach)

= =4 A -a -2

quick estimate for using the Full Momentum computational method
The 2DFull Momentum computational method, often referred to as the Saint Venant equations for
shallow flow, can account for turbulence and Coriolis effects, making it applicable to a wider set
of conditions. However, solving the 2D Saint Venant flow equatiomsires more computational
power and thereby results in longer run times. In addition, the 2D Saint Venant flow equations can
become numerically unstable in regions of the 2D mesh where the water surface profile or flow
direction is changing rapidly. To aub an unstable model, a finer mesh and a corresponding
smaller time step will need to be used.
The Full Momentum computational method should be used in the following situations:

1 dynamic flood waves (i.e., dam failure, rapid rise and fall)

1 sudden expansionr contraction of flow with high velocity changes

71 detailed flow solutions around hydraulic structures and obstacles (i.e., bridge openings,

piersor abutments)

1 detailed mixed flow regime (i.e., hydraulic jumps, critical flow, efc.)

1 wave propagation (&., waves reflecting off walls amstructure$,

1 tidal boundary conditions (i.e., sfreamwave propagation)

1 super elevation around river bends
Both the 2D Diffusion Wave and 2D Saint Venant solvers use an Implicit Finite Volume solution
algorithm. Theimplicit solution method allows for larger computational time steps than explicit
solution methods. In addition, the finite volume method provides a greater degree of stability and
robustness over traditional finite difference and finite element methoddobhis computational
algorithm is very robust and allows 2D cells to wet and dry. 2D flow areas can start completely
dry and can handle a sudden rush of water into them. In addition, this algorithm can handle flow
regimes that change with time:

1 subcritical flow,

1 supercritical flowor

1 mixed flow (contains both subcritical and supercritical flow, including moving hydraulic

jumps)

For the HEGRAS 2D computational methodology, the following modded guidance and
assumptions are provided:

71 vertical fluid motion is negligible

1 velocity is vertically averaged at the cell cem{depth averaged flow)



1 energy head is computed at the cell ten

f Manningds roughness assigned on celite face U

1 Manningds r oughnetasrosseachwaldate, althbaughteach cell face can
have its own value

71 rain on grid is applied uniformly to all cells of the 2D flow area

71 rainfall initial abstraction and other losses need to be accounted for prior to assigning
precipitation data

7 atleast one external boundary condition must exist on the 2D mesh

1 time step selection should consider cell size and wave speed.

In addition to hydraulic modelling using HERAS 2D 5.0.7also hydrologic simulations were
accomplished to describe catchmenarfr the hydrologigpoint of view. Furthermore, predictions
of daily flows are possible by this type of modelling. Two hydrologic models were evaluated for
this purposei GlS-based distributed watershed model WetSpa (Liu et al., 2002), which uses
digital terain model and various spatial input data (raster layers). The second model used was the
conceptual hydrologic TUW modelTUW model is a lumped conceptual rainfallnoff model,
following the structure of the HBV model. The model runs on a daihe stepand consists of a
snow routine, a soil moisture routine and a flow routing rou{iParajka et al., 2007)his model
showed more precise results, and for this reason, only the TUW model version of hydrologic
modelling is presented in thigtudy



2. CATCHMENT DESCRIPTION

T h e SRivarb&sin is affected by floods, there have been identified 31 geographical areas with
significant flood risk which are connected with 8 water bodiest this step the creatign
calibration and validation took place to determine the effects of flash floottee catchmentThe

pilot areahas 271 kriwith 26 naturalsubcatchmensi n t he r egi o+Rimoafv sTke§p | Se
ofSI an8 catchment .

0 10 20 40

Fig. . Localization of Bl h River pilot area wi
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Fig. 2: Pilot areaof Blh River(Catchment othe Slan§ River)

2.1 Creeks and Rivers

Several significant rivers andreels are located in the areaith numerous tributaes and
unnamedcreels. The most significant tributaries of majatcreek Blh (51.3km) areCer ov ®
(39km) , Radreek@dsrkim) , Hnojn2k (8. @reek(hYk m)TomBPgagyhs
creek( 9. 1 km) creeR@é.i © kk m)creekV&@ Ok k m) , HKamgl,a Buldd ke v
creek(6.1k m) , St rcieek @ 8 s BT k m) ,creék(42 km)n s k T
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Fig. 3: Longitudinal profile ofthe Blh River withsignificant tributaries
2.1.1 Description of the flow regimein period 2003- 2017

There are thred@ischargegauging stations in the area of interest, on the basis of which it is
possible to describe the flow regime of the given area. These are the gaugiognsgati Dr i e n |
TeplT Vrch andFigR). mavsk§sg Sel
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In this chapter flow rates were anadd for the period 2008 2017 according to availability of
hydrologic data. Due to shortness of the period we do not present results of the trend analysis.
Data were checked by standard test of homogeneity with result to be accepted as homogeneou:
Furthemor e , t he anal ysi s of represented (uni nf |
performed. In Figh there are presented mean monthly flow rates, the course of them shows in the
second part of the given period radicalization of reached maximum valuessiftilar reality

shows Fig6,when evaluating annual fl ows in Drienl|]an
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Fig. 5: Average monthly flowsg. 6:Eval uati on of annual fl ow

In Fig. 7 there is showrthe variation of monthly flow rates as they were recorded in the period
200371 2017. Flow rates are evaluated by boxplots which repres@neach month minimal,
maximal measured flow rates and other characteristics of the data set. BiEiflustrated time
development of these flow rates in the observed period. lllustrated trends for individual months
are statistically not significant, neither the trend in February data is practically caused by one

exceptional flood in 2016 and therefore it cannotgle@eralized.
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Flow duration curve of average daily flows Driencany 2003-2017
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Fig. 99 Fl ow duration curve in Drienil20ldy usi ng

2.2 ReservoirTep!| T Vrch

Water Structue Tepl T Vr ch i s | ocat ed o n inflowe of thé v er
Hosti govskl creek and should be considered as

area with its functionality, position and operating capabilities.
Owner and administratof the water structure:
SLOVAK WATER MANAGEMENT ENTERPRISE state enterprisédoranchBanslg Bystrica
Parti z8&8ns,d4c &8t Batis kg8 Bystrica
Operator:
SLOVAK WATER MANAGEMENT ENTERPRISE state enterprissoranchBans k8 Bystr
Administration ofthe Slar8 R iBasénr

Cukrovanmdslsg 84 Ri mavsks8 Sobot a
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Fig. 100 T e/ch rkservoir

Main functiors of the water structure:

- Flood wave mitigation and flatteningransformation)

At the maximumwater level elevation of 2220 ma.s.l, i.e. during the trarison of flood
wave thedischargefrom thereservoirwill flow through theemergencyspillway. Thecapacity of
bottomculvertsis 8.0 n¥.s.

In the sense of the aboweentioned the individual levels of minand max. operating levels on
the waterstructureand the volumesre determined for tts purpose foreffective flood retention,

aswell asfor re-evaluated proceduren relation towaterlevel operationin the reservoir

- Utilization of hydropowerpotental

There is a mall hydropower plan located beneath thevater structure usingminimum
dischargefrom reservoirQsso = 87 I/s.
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- Ensure supply of irrigation water

Spring and summeflash floods areaccumulatd in the reservoir with subsequent uséor
irrigation purposes n t he i rri gat i eRimasvysskt sdmBefash B4l hactaesh
of agricultural land werdrrigated with atakeoff security of 85%, wht nowadaysusing the
current technical state of the irrigation system is enyiradt possble. This fact(non-operation of
the irrigation system) is also conitined by the current situatiom agricultural productionn
Slovakia as well as the fact that in recentays thee have been implemented onkporadic

irrigation water takeoffs that did not affect the e s e 15 waier redime.

- Recreation

Due to climatic conditions and the natural environmen¢ treservoir provides very good
conditions for recreatiofthe temperature of the water up to 3B). Water reservoir is determined

as so called Bathing Water profile.

- Fishing

The volume of theeservoirwill be used for fish farming in the form of sporsfiery.

The water structure was created the Blhriver in the river km 57.2. With its location and

technical solution, ihas mergedn the surroundingatural environment.
Water Structure composition:

- levess,

- associated functionadtructure,

- emergency spillway

- waterlevel anddischargemeasurement devices

- reservoir

- control centre,

- small hydropowemplant,

- dyke dam

- Bud?2 kolvacnrseke k ingepositi on

- drainagesystem.

From the point of view of the efficiency of retention of theOl@ear flood wave and current
capacities ofstructuresas well as water management aaperationwith water, the following
levels of water are set0.00 m a.s.l. the minimum operatingelvel. From the bottom of the
reservoir210.00 m a.s.l to a minmum operating level of 212.00 m a.sthe volume is70 000 n¥.

Floodedarea at 212.00n a.s.l.is 7 000 M, 0.50 ma.s.l.the maxmum operatinglevel is set in



18

autumn, winterand spring months, that is, at the time of the expediegher flow rates.
Consideringthat an unshielded safety strap is only capable of transferringitQs necessary to
set the maximum operating level this period to 21860 m a.s.l.and thereby create a space for
sufficient accumulation of higher floods in tlieservoir The volume at the surface of 258 m
a.s.l. represents 727 mil. m® with flooded areaof 770000 m?, 0.10 m a.s.l.is the maximum
operating level set in the summer mon{dsine, July, August) with regard to fulfilment of one of
the functions of thewater structure- securingsuitable conditions for recreation. Theater
structureoperator will maintain the levein the reservoirranging from 2190-219.10 m a.s.l.
according to the current hydrologicaind meteorological situation. The volume of the storage
space is 3130 mil. m® at minimal level 21900 m a.s.l.and 3215 mil. m® at the level of the
219.10 m a.s.l.Flooded sirfaceat the altitude219.00 ma.s.l.is 840000 n?, at dtitude of 219.10

m a.s.l.is 850 000 m, 221.20 m a.s.l.is the maximum allowedvaterlevel where the total volume
is 5282 mil. m® with flooded area D45000m?.

Volume of retention with respect the max. permittedvaterlevel is:

- 2485 mil. m® at max. operating level (spring, autumn, winter) at .308nm a.s.l.7
mil. m® at max. operating level (summer) at the elevation .20 m a.s.l.

- 2082 mil.m® at max. ograting level (summer) to the elevation 0f&230 m a.s.l.

Fig. 11: VolumeE|l evati on curve of TeplT Vrch
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2.3 Landcover
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2.4 Climatic conditions in period 2003- 2018

20

The Blh River is a mountaifowland type river in SouttEast part of Middle Slovakia. It
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According to Climatic Atlas of Slovak Hydrmeteorological Institute(SHMI) belongs the
river basin of the Blh River to region where:

- the mean annual precipitation sum580-800 mm
- the mean seasonal number of days with snow cover is app6ix.77 days,
- the mean annual temperaturegis 9 Co

- the mean annual wind speés 2.57 4 m/s.

2.4.1 Precipitation

In the BlhRiver basin there are several precipitation gauging stations operated by SHMI. For
characterization of precipitation conditions two stations were select®dat Kk ovs k® By s
Bottovo (Fig. 13). In this figureare illustrated another stations, as wdlhe basic characteristics
of these precipitation gauging stations are presented in ILdbifferent precipitation in these two
stations is possible to compare in Figl a 15. The precipitation courses do not shaoany
tendency.

Tab. 1: Basic information on precipitation gauging stations used for evaluati@st column
presents the mean annual precipitation total for perkaD3- 2018

ID SHMU Name LAT LON Z Mean. annual prec. total
4 [ e] [m as.l] [mm]
53200 Rat kovs k 48,6461 20,0597 402 843

54280 Bottovo 48,3139 20,1519 195 604
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Monthly precipitation totals Ratkovské Bystré 2003-2018
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Monthly precipitation totals Bottovo 2003-2018
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Fig. 15: Precipitationregime in the Bottovo station in the perio

2.4.2 Temperatures

From close surrounding of the BIRiver basin two climatic stations were selected for the
assessment of temperature conditidns t at i ons Rat kov 8 a balh oRthema v s
operated bySHMI. (Fig. 13). The first is located in the hilly part of the river basin and lower
temperaturex an be observed there comparing with dat
located in the southern lowland part of the river baSemperaturedata show in the given period
a gentle but statistically significant tendency, therefore the developmembpothly temperatures
are illustrated in following figures. Basic characteristics of these two climatic stations are given
in Tab.2. The different air temperature regime in these two climatic stations is possible to
compare in Figl6 and Fig.18. Fig. 17 and 19 demorstratethe trend characteristics in individual

months.

Tab. 2: Basic informationon climatic stations used for evaluation. Last column presents the
mean annual temperature for the period fr@®03to 2018

ID SHMU Name LAT LON Z Mean annual temperatures
[e] [e] [masl [ C}
11941 Ratko\8 48,5922 20,1000 311 9,2

11942 Ri mav s k § 48,3739 20,0106 215 10,3
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Average monthly temperatures Ratkova 2003-2018
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Fig.

Development of monthly temperatures Ratkova 2003-2018
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Development of monthly temperatures Rimavska Sobota 2003-2018
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3. MODELLED CONDITIONS

2D flow areas are created by constructing polygon areas representing the regions to be
modeled. Along the 2D flow area polygon mesh boundary, boundary condition polylines are
defined to represent different flow conditions or constraints that are to deedgp the 2D flow
area.Two main boundary conditions were applied for the purpose of hydrodynamic simulation of
runoff i n the Rielcatdhmemtr ea of Sl an§

3.1 Precipitation

One type of boundary condition is precipitation. Precipitation is "area 'typle boundary
condition set for every computation node (mm per time unit) in the doniéa. precipitation
boundary condition should be set either as constant or time depantedefined time step

3.2 Outflow

Outflow boundary condition represenftux boundary where flow leaves the 2D flow area.
(Boundary conditions can also be defined within the interior of the 2D flow area, to represent
additional discharge that enters the 2D flow areauch as flow from a wastewater treatment

plant.)
Examples of flux bondaries are:

- Inflow hydrograph

- stage hydrograph (time series)

- fixed water surface elevation

- normal depth (given usedefined energy slope)

- tidal (time-series)

Thenormal depth boundary condition was set as the outflow.

3.3 Computational mesh

An important aspect of a 2D model is a computational mesh. The-REE program can
handle a structured mesh or an unstructured mesh. A structured mesh is comprised of rectangule

cells, and an unstructured mesh is comprised of cells that have an irrebalze.
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Fig. 20: Generated computational mesh

The resolution of the 2D model grid will impact the results in that it will determine the scale of
physical features and flow behavio Cell size depends on a variety of factorsluding:

The spatial reslution of the topographic data,

the level of detail needed in the modnrlitputs,

run timeand

size of the study area.

Recommend starting out with a larger cell size. This will hegerto identify issues quickly
rather than runnig the model for eight hours before discoveringrablem. Itis important to note
that when modeing areas where water surface and velocity changes, a small cell size should be
used. A smaller cell size will minimize errorK.is important to note that it should be transition

from larger cell sizes to smaller cell sigeaduallyin order to improve computational accuracy.
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Fig. 21. Generated computational mestietail

The breaklines are used tefme the computational mesh and force the cell faces to align along

a specified line. They ara critical part of realisticepresenting flow through an area.
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4. CALIBRATION

The goal of the model calibration procedure was to quantify the mathematical moclaiacy
of an actual parameters setup, compare it to the fieddl measurements and decide if the
modeling is accurate enough to be usedaa®levant modding tool. Basically it is a process of
accuracy guantification and representativeness of madktieal model compared to refield data

from possible utilization perspective.

Besides #&ndcover/landuse parameterslso simulation setup (numerical scheme, mesh
resolution and existing structures parametrizatiprecipitation reductioriactor) were calibrated
to obtain most accurate results. At the stage of calibration also the correct time step increment
method and limits were developed to ensure calculation stability and results reliability.

Fig. 22 Ri ma visnko8itor®g profile
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The Blh pilot catchment was under heavy rain at the beginnindwfe2010. The event was
taken as calibration time window and lasts about 40 days. déia were collected and

triangulated from 3 different hydrological stations. Peak discharge at the main monitoring profile
was determined asQflood discharge.
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Fig. 23: Calibration - precipitation event
Flow hydrograph for the profile Rimavska Seé, Blh
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Fig. 24: Calibrationi Comparison between measured and simulated results
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5. VERIFICATION

Verification is the process of comparison of already calibrated model on the other set of

precipitation data and the results with réi@ld measuremets.

The Blh pilot catchment was under heavy rain at the beginning of May 2010. The event was
taken as verification time window and lasts about 30 days. The data were collected and
triangulated from 3 different hydrological stations. Peak discharge amthie monitoring profile

was determined assQ@lood discharge.

Precipitation

25

20

Precipitatin (mm)
1
v

o
5]

0 5 10 15 20 25 30
Time (days)

Fig. 25: Verification - precipitation event

Flow hydrograph for the profile Rimavska Sec, Blh
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Fig. 26: VerificationT Comparison between measured and simulated results
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6. LONG TERM PRECIPITATION EVENT

For determining the worst possible flood event for the catchment of RBiker at current
conditions the water level of { had to be reached at the location of the main monitoring profile.
As thehighestrisk the total volume of floodvave should be taken into accouiihe water level

of Qooa t Ri mavsk§g Sel momhmagli ng profile is 161

Flow and stage hydrograph at the profile of Rimavska Se¢, Blh

Fig. 27: Flow and stage hydrograph for proposed evérnbng term precipitation event

Precipitation

Fig. 28: Designed precipitation for proposed evédntong term precipitation event
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/. FLASH FLOOD PRECIPITA TION EVENT

For determining the flash flood as possible flood event for the catchment oRBiér at
current conditions with the war level of Qoo reached at the location of the main monitoring
profile. As the biggest risk short time of flood wave formation should be taken into account. The

water level of Qeoa t Ri mavsk§g8 Sel mombmagli ng profile is

Flow and stage hydrograph at the profile of Rimavska Sec, Blh

Fig. 29: Flow and stage hydrograph for proposed evérftash flood precipitation event

Precipitation

Precipitation {mm)

Fig. 30: Designed precipitation for proposed evénflash flood precipitation event
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8. RESULTS

The primary objective at current project stage was to develop, calibrate and verify simulation
model of the pilot area in Slovakia. The pilot area is located/SInan 8 cat ¢ h meThd ri
areahas271kii n t he regi onRionfa vTsekp8l TS eMr.c h
2D hydrodynamic model HE®RAS 5.0.7 was adopted to simulate precipitation runoff and the
flood formation due the heavy rain event. Despitethe simplification of landcover/landuse
parameterization only through the roughness evaluation it can be concluded that the calibration
and verification process was successfully realized. The results are reliable for the flood formation
simulations and prepared for xtepossible exploitation such as

- floodplain mapping,

- velocity mapping,

- flood intensity mapping,

- potential of erosion and sedimentation in the catchment, stream power

- assessment of flood protecting objects already constructed / planned to be realized

- proposal and optimization of the flood protectisgyuctures,

- other objectives in relation to the flood formation with spatial and time

distribution

The secondary objective was to propose measures and management procedures for flood wav
transformation athe level equal to study/pilot report. It is needed to point out that this study has
not proposed the flood protecting measures in detail. Optimization and othesesmale needed

to propose flood protectiorffectively.

To effectively determine the fhest possible risk in terms of spatiahd time discharge

distribution it is crucialto divide catchment into smaller logical unitsSpatial Planning Units

(SPU).


https://www.interreg-central.eu/Content.Node/FramWat/Pilot-Catchment-in-Slovakia.html
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Selected: 'hranice_SPU_40_sjtsk’

Fig. 31: Catchment of BIfRiveri SPU units

The catchment of BllRiver was divided into the 40 SPU units with parameterpr@sented in
Tab.3.

Tab. 3: SPU Units parameters

17197618 4-31-03-128 25244

10 13268821 4-31-03-134 17748
33 11565808 4-31-03-119 23480
17 10291550 4-31-03-127 21266
13 10095789 4-31-03-136 22240
3 9359132 4-31-03-118 24765
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8.1 Current state

Current state represents tltatchmentbehaviarr during designed heavy precipitation event.

The goal is to identify and determine thepresentation of discharge runoff from every SPU unit.

Flow hydrograph for the profile Rimavska Sec, Blh
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Fig. 32: Current state- Determination of flow hydrographs for each SPU unit
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Fig. 34: Current statei map of depthgVieska nad Blhomi) long term precipitation event
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Fig. 35: Current statei map of depthg Ri ma v s ikl@ng teren|pnecipitaion event

Based on the results of 1§ precipitation even the mostxposed SPU units were defined
(Tab.4), it means the SPU units with highest amount of modelled discharges were identified



0 5.98

1 13.29

2 10.04

3 25.94

4 5.90

5 8.41

6 0.35

7 1.78

8 2.00

9 1.37
10.1 1.04
10.2 0.48
111 0.30
11.2 0.30
13.1 1.65
13.2 0.16
14 1.40
15 2.02
17 5.85
18 1.96
19 2.29
20 2.03
21 0.79
22 2.78
23 1.66
24 2.46
25 1.98
26 2.92
27 4.25
28 1.30
29 1.83
30 4.29
31 1.96
32.1 1.57
32.2 0.93
33 4.07
34 1.20
35.1 0.39
35.2 0.40
35.3 0.49
36 2.38
37 0.45
38 0.97
39.1 3.11

39.2

0.55

Tab. 4. SPU unitspeak discharges
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With the aim to mitigate the flood risk for these SPU units, afternatives of natural small
water retention measures recommended by Slovak experts in the field of flood protection were
proposedand their effects were modelle@here are best (standard) experiences with design of

polders (T1)in Slovakia to gain multienefits for targeted areas.
There were two options modelled:

- if the flood risk is eliminated in the SPUs with highest flood risk located in upper
part of the pilot catchment and
- if the flood risk is eliminated in the SPUs with highest flood risk located in

downstream part of the pilot catchment

For bothapproachesombination of measures located in different combinatiohSPUs were

proposedand their effects were modelled

8.2 Management measures of areas suitable for the natural or artificial

transformation of flood wavesi alternative 1

Alternative 1 is analsing the possibilities and effect on flood wave transformation by using
management measures of areas suitable for theralaor artificial transformation of flood waves
at the upstream SPU unit¥he main philosophy was to develop the flood protection in SPU units
which aregenerating the highest risk and are located in the upper part of the catchlithemivo

cases werexaminedi for long term precipitation event and for flash flood event.

Severalpolders(T1) in seven different SPUInits determined as with the highest riskere
proposed (unit: 17,0, 7, 5, 1, 2, 4).



Panick# potok

Dra¥ick® potok

Belénsky potok,

Fig. 36: Proposed poldeprofile locationsi alternative 1
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Tab. 5: Polders basic parameters

0 371.75 358.00
1 300.00 295.0
2 255.50 247.50
3 250.00 245.00 0.5
4 246.50 234.70
5 223.50 211.90
6 202.7 193.90
Flow hydrograph at the profile of Rimavska Se¢, Blh
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8
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o —
5/27/2010 0:00 5/29/2010 0:00 5/31/2010 0:00 6/2/20100:00 6/4/2010 0:00 6/6/2010 0:00 6/8/2010 0:00 6/10/2010 0:00 6/12/2010 0:00 6/14/2010 0:00 6/16/2010 0:00
Time (days)
Current state Transformed

Fig. 37: Alternative i FI1 ow hydr ograph for pr oiplangterch e v e n
precipitation event
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38: Alternative 1i map of depthg Ri ma v s kl@ng terenlpecipitation event
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Fig. 39: Alternative 1i map of depthg T e p |
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Fig. 40: Alternative 1i map of depthgLipovec)i long term precipiation event
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Flow hydrograph at the profile of Rimavska Seé, Blh
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Fig. 41: Alternative 1T F| ow hydr ograph for pr oipflashfodd event
precipitation event
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Fig. 42: Alternative 1i map of depth¢ Ri ma v s ikfgsh 8aodlpjecipitation event
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Fig. 43: Alternative 1i map of depthg¢ T e Wrth)i flash flood precipitation event
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Fig. 44: Alternative 1i map of depths (Lipoved)flash flood precipitation event

Based onthe amount of retained water ¢an be assumed that polders are more efficient for

flash flood events.
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8.3 Management measures of areas suitable for the natural or artificial

transformation of flood wavesi alternative 2

Alternative 2 is analying the possibilities and effect on flood wave transformation by using
management measures of areas suitable for the natural or artificial transformation of flood waves
at theupstream SPU units. The main philosophy was to developmnassiveflood protecton in
SPU units which are generating the highest risk and are located in the upper part of the
catchment.The two cases were examinédfor long term precipitation event and for flash flood

event.

Several polderqT1) in ten different SPU unitsdetermine as with the highest riskvere
proposed (unit: 17, 0, 7, 5, 1, 2, 4, 9, 39, 3). It was considered to propose the polders with the
highest possible retention volume to obtain an overview on the efficiency of such an object at

given locations.

Tab. 6: Polders basic parameters

0 371.75 358.00

1 300.00 295.0

2 255.50 247.50

3 250.00 245.00 0.5
4 246.50 234.70

5 223.50 211.90

6 202.70 193.90

7 295.80 271.00

8 245.00 232.20

9 194.30 189.90
10 192.30 180.95 0.3
11 240.00 228.90
12 310.00 293.60



Fig. 45: Proposed polder profile locationis alternative 2
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Flow hydrograph at the profile of Rimavska Seé, Blh
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Fig. 46: Alternative 2i F| ow hydrograph for pr oiplangterch e v e n
precipitation event
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Fig. 50: Alternative 2i map of depthgLipovec)i long termprecipitation event
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Flow hydrograph at the profile of Rimavska Seé, Blh
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Fig. 51 Alternative 2i FI1 ow hydr ograph for pr oipflashéodbd event
precipitation event
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Fig. 52: Alternative 2i map of depthg Ri ma v s ikfgsh 8aodlpjecipitation event



Fig. 53: Alternative 2i map of depthg T e p | Ti flssh flood precipitation event

Fig. 54: Alternative 2i map of depths (Lipoveg)flash flood precipitation event
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