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Abstract

Existing river valley development methods whiché&éeen used for a significant period
of time, as well as the use of land for constructid residential developments, have led
to negative consequences for the environment. Treuwtural use of land and its
protection with hydraulic structures has restricted natural flood area of the river.
According to EU law, the risk of catastrophic flaegl should be reduced, and its effects
minimized. Sustainable water management determihes effectiveness of flood
protection in the whole river basin.

The paper presents the flood protection on the ®drar in the segment between Nowa
Sol and Cigacice, with special emphasis on theipidiss of reconstructing the former
flood polders in the Middle Odra Region that exiskefore the year 1945, including the
polder in Milsko.
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1. INTRODUCTION

The occurrence of flood risks and floods in rivdes depends on a number of
hydrological, meteorological, and morphological téas. These include land
morphology, afforestation, soil retention levelsegpitation levels, river bed
filling, and surface runoff from the river basinrpmit of time.
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In recent years, this risk has increased in a nundfecountries despite
impressive technical achievements, among othergshidue to the huge
economic and social pressure that has forced lavdladpment in floodplains
[Bednarczyk, Jakbinska, Mackiewicz, Wotoszyn 2006].

Floods in the Middle Odra Region are characteripgda mild increase and
decrease of floodwaters resulting in a small arehedecline in the river level,
which in this area amounts to 0.22 + 0.27 %.. Dutlmgysummer floods in 1997,
the Odra River flowed at a relatively slow speesglthan 2 m/s), which was the
main reason for the long-term flooding (42 days) aesulted in the softening
and washing away of material from the levees. Gorisains caused a rapid rise
of the water level, and floods occurred in a nundddowns and cities including
Opole, Wroclaw, Ktlodzko, Nysa, and Raciborz. 54 eo died and
approximately 1,500 families lost their houses. évfial losses were estimated at
$3.5 billion. As a result of the floods, seven thaod people lost their houses
and about 40,000 people lost all their property.rédthan nine thousand
companies suffered losses due to property damale.water destroyed or
damaged 680 thousand houses, 843 schools, fowsahdlridges, more than 14
thousand kilometres of roads, two thousand kiloesetof railways, 613
kilometres of levees and almost 666 thousand Hamaf, i.e. more than 2% of
the area of the country.

In the then Zielona Gora voivodship, these flooffected 25 administrative
communes. The following towns were partially floddeBytom Odrzéski,
Nowa Sol, Krosno Odrzskie, and Stubice — by the Odra River, and Szprataw
— by the Boébr River.

26 school buildings, 894 km of roads, 26 bridgesks of levees on the Odra
River and 26 km on the Bobr River needed renovadéiod reconstruction. In
addition, over 10 thousand hectares of land wered#d, which accounted for
10% of the area [#k, Duda 1998].

Knowledge of flood prevention problems is the bafis effective flood
protection in the future. The authors of the agtiattempted to identify this
problem in the Nowa Sdl-Cigacice area. The reseah based on a study of
archival materials, including maps of hydrotechhitzilities from the 19th
century, as well as current fieldwork.

2. HYDROLOGICAL CHARACTERISTICS OF THE RESEARCH
AREA

The Odra River is the second largest river in Raldts total length is 854.4 km,
742.0 km of which is the section of the Odra Riflewing through Poland. The
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riverhead of the Odra River is located in the Cz&dpublic, in the Odra

Mountains (East Sudetes), 634 m above sea level.

The river's length is calculated from the mouthtted Opava River located in
Ostrava, 92.4 km from the riverhead, and is reghiae 0.0 km of the river’'s

length. Near the village of Chatupki, on the 20th &f the river, the Odra River
crosses the Polish-Czech border.

Over the distance from 408 km to 620 km, the ril@xs through the area of the
Lubuskie Voivodship (Central Odra River). The Nowal-Cigacice section

consists of a 44 km length of the Odra River. Theme three tributaries there
(Table 1).

Table 1. Hydrological characteristics of the OdregRsub-basin in the Nowa Sol-
Cigacice section

Distance of The Ier_19th of the
_ _ tributaries Odra river at the The area of thg
Name of tributaries [km] mouth of the catchment basin
tributary [km?]
[km]
Krzycki Row 73.5 433.2 558.9
Slaska Ochla 38.2 4427 316.6
Obrzyca 65.9 496.4 808.4

This section the Odra River has a regulated rivast. At the end of the 13th
century, the first embankments of the Odra Riverenearth levees protecting
local land and its owners. In the sixteenth ancgst®enth centuries, there were
a number of levees that had been built so chalgtithht according to the
opinions of the time, they did more harm than gdodring the second half of
the 17th century, levee associations appeared wgrigdually rebuilt the old
levees, and, after the great flood of 1903, theedsvwere strengthened and
expanded. The levee system was supplemented, teeslealready existing
before the great flood were heightened, and a nundfepolders were
constructed in the Odra River valley [Radczuk 2008]

The water gauges in Nowa Sol and Cigacice are it The largest volumes
of flowing water are recorded in March (on aver2§6-350 n¥s) and in June
(400-600 ni¥s).

During the flood in 1997, the maximum flow rate thie Odra River was about
3,000 ni/s, which was a 30-fold increase in the flow ratecomparison with
long-term average values from the previous yearste¥Mn this segment of the
Odra River, except during the periods of high wated floods, remains at low
and medium levels, only reaching high levels madhlying the spring thaw and
summer floods. They are determined by the wateanta indices, whose
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average annual values are: precipitation - 587 mmainage - about 133 mm,
drainage loss - 454 mm.

3. POLDERS IN THE MIDDLE ODRA RIVER BASIN

Reducing the height of the flood wave, i.e. flaitbgnit in a given river valley
cross section, is possible through rational, irdesgt rainwater and surface water
management in the river basin carried out above ¢hass section [Mikulski
1996].

Construction of polders in Western Europe is quadenmon. They are usually
located in the middle of the river length, due he telatively flat terrain. It is
also an important ecological aspect because byasang soil retention and
proper use, they can play a useful role in theystes.

Polders are intended to retain floodwaters andaegheak flows during floods.
They are areas with inlet and outlet closures @yedulverts, levee dams),
surrounded by embankments and covered with vegetdfiyminski 2012].
Rainwater and floodwaters are difficult to draiarfr the polder. For this reason,
drainage ditches are necessary in this area whiltlinain water into the river
through the bottom drain at the outlet. In excamlaases, pumping stations are
used to drain water. Polders are usually submesged in a few or a few dozen
years, which is why they are used as arable laadwell as meadows and
pastures [Depczgki and Szamowski 1999].

Before the First World War, there were 12 poldemsboth sides of the Odra
River with a total area of 12.7 thousand ha andgacity of 104.6 million m3.
At present, there are 10 polders on the Polish@idke Odra River with a total
flood area of 6.4 thousand ha and a retention dgpaic75 million m3. During
floods, they are flooded by inlet sluices or levgsllways [Rast, Obrdlik,
Nieznaiski 2000]. There are three polders in the LubuSkiszodship (Fig. 1):

- Kiefcz-Tarnéw Bycki with a capacity of 15.0 millian?,

- Potupin with a capacity of 70.0 million3n

- Krzesin-Bytomiec with a capacity of 20.0 millior’m

All the polders were constructed at the beginnihghe 20th century. Today,
most of them do not serve their original purposeabee they are often used as
arable land, and in some cases, they are evenupuiireas [Kotodziejczyk
2002].

Polders are only effective when water managementoissistent across the
whole river basin [Majewski 2004]. In order to demse possible economic
losses caused by the lack of water, and at the samemprove the structure of
the water balance, it is absolutely necessarydtre and increase the retention
capacity of the river basin [Mioduszewski 2005]. gbod example is the
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reconstruction of the floodplain polders built bgr@an engineers and existing
in the Middle Odra Region in the 1940s and 1950®ws€ polders are: Milsko
(300 ha), Tarnawa (220 ha), Pomorsko (200 ha), BRrddki (180 ha),
Nietkowice (310 ha), 816w (180 ha), and Potupin-Szczawno-Laski (2800 ha).
Currently, the following polders exist in the Luku®dra River Basin: Kietcz-
Tarnéw Bycki (815 ha), Potupin (4125 ha) and KraeBjtomiec (1200 ha), and
the following polders are planned to be constructdcad (30 million ),
Stubice Gérzyca (60 million frand tugi Gérzyckie (30 million B - Fig.1.
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Fig. 1. Flood protection facilities in the Lubuskieivodship
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4. FLOOD PROTECTION FACILITIES IN THE NOWA SOL -
CIGACICE SECTION

The flood of 1997 exposed the lack of sufficiewfll protection in our country,
therefore, a number of tasks were undertaken tiegrthe threatened areas.
After the flood, action was taken to repair the dgmwith the objective being to
restore the condition of the levees to before thedf A serious obstacle to the
reconstruction of the levees was the lack of acoEsss and the water remaining
in breaches and collapses. In the first step, teadhes formed in the substrate
of the levees were filled using the frontal methadhich consists in dumping
soil masses directly into the water and then dgimgjfthe embankment formed
above the water surface. Further work consistedreshoving the upper
(damaged) part of the body, densifying the existady, rebuilding the
damaged parts and covering the entire body withbbaeed geotextiles with
grass seeds or turf. In a number of cases, geasicgrand vibroflotation were
used and the side facing the water was sealed Witim thick PVC foil. The
crown of the levee was raised from 3.0 to 5.5 mictvirs over 0.5 m higher than
before the flood, and the angle of the slope wdsaed to 1:3.5. Additionally,
in some places, 4.0 m wide benches were built [#zkjczyk, Asani 2012].
Another objective was to provide flood protectiar the town of Nowa Sal.
This was achieved by constructing a linear strggtgonsisting of a body of
earth with a reinforced concrete wall on it in foem of a 955 m long ring levee
beginning in the area of the intersection betweawz&niowski Street and
Zwirko and Wigura Street at the entrance to the pasin, and ending on the
high ground in the south-eastern corner of the pasin [Project 2004] - Photo
1. This protective structure contributes signifitamo improving the protection
of the historical part of the town with an areaabbut 27 hectares and protects
this area against direct flooding by the Odra Riesen when flow rates reach a
level that can only occur once in a hundred ydarswith a probability of p =
1%. Another measure taken to protect the town ofidN&4l against flooding is
reconstruction, extension, and demolition of theistgxy structures and
construction of new structures in the district dé26wek (left bank of the
valley of the Odra River and the Czarna Struga RRifgtp://nowasol.pl].
The scope of the proposed investment project irdud
- extension of the left bank levee of the Odra Rigleng a length of about
3.00 km, in the river section: km 429.85-432.40luding the related
buildings,
- regulation of the Czarna Struga river bed in thetise: km 0.000-7.618,
including expansion of the levees on both banksthadelated objects,
- construction of a flood pumping station (for watesm the Czarna Struga
basin and water seeping through), including a pamptation canal.
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Photo. 1. The flood wall - the river port in NowélS May 2017 (Photo M. Hudak)

Photo. 2. Floodplain “Milsko” — April 2015 (Photo ®arczmar)

From among the old polders, the Milsko polder istieely easy to reactivate.
The land, currently used for agriculture (Photo @),drained through the
Jasieniec stream. At the mouth of the stream, tiseaepumping station which
directs the water to the canal, the Jasieniec vesemnd then on to the Odra
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River. The capacity of the existing pumping staii®.30 n¥s (being 2 pumps
with a capacity of 0.15 s each) and the impact area is about 90 hectares.
The Milsko polder will be a dry, controlled tankttvian area of approximately
300 ha and an estimated capacity of 5 to 10 miliidn It will be reactivated
according to the design specifications of the histb floodplain (Fig. 2), which
was filled through a levee spillway. In order tactvate the polder, it will be
necessary to reconstruct the levee spillway, rdbthie pumping station, and
clear the drainage canal.

Fig. 2. Historical floodplain near Milsko [http:ffepbig.com]
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It will be located between a natural slope (the aimwr of the Weichselian
glaciation) and the Odra River levee. The elevatibrihe slope ranges from
85.00 to 90.10 m a.s.l., and the elevation of tbklgr ranges from 56.50 to
59.50 m a.s.l.
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The height of the levee along the river sometinezchhes 4 m but most of it
remains at 3 m. The levee is a relatively inexpangliood protection solution
but has a negative impact on the flow of the watéhe river. The cross-section
of the inter-levee area is narrowed which resultan increase in the floodwater
level. The levee cuts off the floodplains, whicleaty reduces retention in the
river valley leading to an increase in the volurhéadwaters.

5. CONCLUSIONS

In order to reconcile the most important idea beéhiine construction of the
levees, which is to protect people’s lives, withe thhydrological and
environmental requirements, it absolutely necessacpmply with levee design
and construction principles. It is necessary tovalthe flood wave to spill in
certain places in order to reduce it. Levees shalvdys be constructed as far
from the riverbed as possible. This increases #padty of the inter-levee area
and retention in the river valley while loweringthigh-water level and the flow
rate of floodwaters. New polders should also bét nkierever possible because
they provide an opportunity to restore the unigoesgstem of the river valley
and to reconcile flood protection with nature comagon.

An example of such solutions is the project to nstauct the Milsko polder,
located in the Middle Odra Region. The area, whishused today for
agriculture, and drained by a local pump statiauld be filled with floodwater.
It is possible to gather about 1C¢° mf water in it. Reconstructing the polder
would require relatively little investment, congigt in rebuilding the levee
spillway and the pumping station as well as cleative drainage canal.
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ZABEZPIECZENIE PRZECIWPOWODZIOWE ODRY NA ODCINKU
NOWA SOL-CIGACICE

Streszczenie

Stosowane od wiekdw sposoby zagospodarowania doticznych oraz wykorzystanie
obszaru pod budownictwo mieszkalne doprowadzitmegatywnych konsekwenciji dla
srodowiska. Przeznaczenie terenéw pod rolnictwo orabezpieczanie ich przed
powodzi budowlami hydrotechnicznymi ograniczyto naturalogzlew rzeki. Wedtug
prawa naley zmniejsz¢ ryzyko wystpienia katastrofalnej powodzi oraz
zminimalizowa jej skutki.

Spéjna gospodarka wodna warunkuje skute@znochrony przeciwpowodziowej
w calym dorzeczu. Rozwzaniem tego problemu me by odtworzenie dawnych
polderéw zalewowych funkcjomagych naSrodkowym Nadodrzu przed 1945 r., w tym
polderu Milsko.
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