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1 Summary

The Sava White Book (Schwarz, 2016) describes threats and restoration potentials for the river Sava.
Basedomi KS Tl Oda FyR AYyF2NNIGA2Y fAAGSR Ay GKS {I @
LYGdS3aNI G§GADBS Dbl GdzNNF dzY LI | ydzy 3¢ LINB LI NS RuropeBm & F S|
Nature Heritage Foundation. Riverbed incision is a huge problem, ebpéatihe river stretch around

Zagreb. This feasibility study describes possible causes of the depression and near natural measures to
stop riverbed deepening.

The river Sava is a typical alluvial river. Without regulations of the riverbed, the rivew8alhbe in

a transition zone between a braided mutthannel river system (upstream of Zagreb) to a meandering
river (downstream of Zagreb). Due to human influence, morphology and the geometry of the river and
its riverbed have changed in the last cerng¢srand decades.

From the Slovenian border to downstream of Zagreb the river Sava is completely channelized. Around

the city of Zagreb, the channel has the form of a double trapezoidal profile. The width of the riverbed

is about 100 mContinuous dikes and wide river forelands are typical for this river stretch. The distance
between the dikes is about 300 m.

526y aA0NBIY %I 3INBoI FNBY | NHzOGAOF (2 wdzaABAOF 6N
anabranching stretch of the river Sain the project area, but it is also severely suffering from the

bedload deficit.

Canalization and river regulation lead to poor or very poor hydro morphological status of the river
Sava. The hydro morphological condition within the project area ranges Blightly modified
(downstream of Zagreb) to severely modified in the river stretch through the City of Zagreb.

Another factor for riverbed incision is the lack of sediment coming downstream, caused by dams of
Hydro Power Plants upstream the project area

This feasibility study describes one possibility to stabilize the riverbed in a nature friendly way.

In a first step the optimal river width to stop riverbed incision was calculated based on different
variables like channel geometry, discharge, meapesknd granulometry.

In a second step the project area was divided in five sections, to which similar measures can be
assigned. In addition, two intervention areas to stabiles the riverbed with technical measures were
defined.

The feasibility study showkadt it is possible to stop riverbed incision with some initial measures like:
f 0dZAf RAY3 aGAYAGALIfT OKIFIyySftat¢
9 restoring soft banks
1 widening the river
T flattening or lowering areas
1 reinforce and reset bank protection

After implementing these measures integratigeals like riverbed stabilization, increased discharge
capacity, improvement of the ecological situation and discard capacity as well as new recreational
sites, can be reached.
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2 Introduction

2.1 Project area

Theproject area includes the Sava and its surrounding area in the section between Rugvica (Croatia)
rkm 673,8and NB OA OS rkin{738,2 @dusEl). The riversection under consideratiois around
53 river kilometres longn the middle of the project area is Zagreb, the capital cit@oétia.

The project area is extended by a small area aroundSheaOdra derivation channel, that is an
important flood protection measure for the city of Zagreb.

Briezice

Zapresic

Sesvete

Velika Gorica o C
Zagrebacka zupanija

Figurel: Project area, river Sava fromdza @A O 6/ NRF GAF O NJY c BXHomyditgi2z . NBO
surrounding area
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2.2 Problem definition

2.2.1 Current situationof rivers inEurope

In the 19th and 20th century, when the demands for cultivatable land, infrastructure and settlements
increased and flood protection gained importance, mdfyropeanrivers underwent systematic
regulatiors. The channelisation works straightened the riveurse and constrained the flow into a
narrow channel between protected riverbanigidabersack & Piegay, 2007)

Accordingly, the capacity sledimenttransportingwas strongly decreased by river regulatipasd
hence causedhassive riverbedhcisions

The incision was accelerated by decreased sediment supply from upstigarmissing sediment is
the result of barriers like hydro power plant§he technical and ecological consequences of river
regulatiorswere noticed in the late 20th centyyas they are:

1 decrease of habitat diversity and availability and hence a loss of biodiversity and biomass,
1 separationof the riparian floodplairirom the river/ water bodyby dikes

9 drop of the groundwater level,

1 aggravation of flood risk downstreadue to less dampeninigighwaterpeaks,

9 scouring of bridge piers and bank protections, etc.

These consequences of river regulatiomscessitate the implementation of countermeasurts
improve the existing situation aratevent further negative consequees(Kléschet al. 2019.

2.2.2 Current situation of riverSavain the project area

The river Savawith a length of 926 km and a catchment area of over 97,800 tkim3argest tributary
of the Danube by dischargéid not escape thismegativedevelopment either.

The middle and lower Sava is internationadlgognised for its huge hardwood forests, the large near
natural flood retention system around the famousngko Polje Nature Park in Croatia. The river
attracted international attention due to a historic flood in 201#%he alpine upper Sava in Slovenia
crosses severdbreakthroughsstretches and small basins, and today is partiaihpounded by
hydropower damsBelow Zagreb, the Sava valleyisad,and the river continues with a smaliope

all the way to the confluence with the Danube in Belgrg@ava White Boo2016).

Theapproximately53 km longSavastretchfrom . NJ @#m38, Slovenianjo Rugvicgrkm 673,8
Qroatia) is considered in more detail in this feasibility study.

2.2.2.1 River reglation

First major Sava river regulations started in 1899 and lasted until 1941. Historical flood in 1964 initiated
additional regulations that werémplemented in 6&ies and 7@&ies of 20th century. The planned
flood-protection system was never completely finaliz&bper middle Sava was regulated upstream

Y NXblutavith the construction oHydropower plantiiPR. NB OA OS ( KAeéncanfl€@igr 2y KI
flooded by the hydropower reservoiince 2018
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ThesectionR 2 ¢ y & (i NB |torPodsis&ideégdieded but regaining meandering powéctive and
former floodplain areaarepartly protected asa specialornithologicalreserveanda Natura 200Gsite,
whichoffers somespace foreconnection with Sava river.

Throughthe city ofZagreb the Savaiveriscompletely channelizeoh the form of a double trapezoidal

profile. Continuousdikesand wide river forelands accompany the river. The distandevéen the

dikesis about 300 n{Figure2). However,in the river surroundingsome floodplain areas still exist

which offerspace for reconnection witthe river Sava A derivation channelSavaOdrawas builtin

late 60tiesfor flood protectiors & G F Nlia Ay %l ANBo6 | NRPdzy R (KS [ dz6] 2

Downstream Zagreb, froth NHzOt Ruvica (rkm 675) there is the last remaining braided and
branchedstretch of the Sava River in the project ar€agred). It is protected as a Natura 2000 site.

Figure2: Current situatiorof Sava rivein Zagrebl(JK 2 i 2 06 &Y). al NA2 (Af SO

[ Project Area

Sava White book
 Threats

@ [mpoundments

@ River regulation

P

Figure3: Current alterations and threats (impoundments, river regulatiaiong the Savaround Zagreb (Source:
Sava White Book / SWB, B)1
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meander typegHrst military surveyof Habsburgmonarchy(1783,1784)

2.2.2.2 Hydromorphology

Hydromorphological conditionsithin the projectareaare diverse Whereas the stretcthroughout
Zagreb city i®xtensively modifiedFigure6), in some areas even sewy modified other stretches
are moderately but also slightly modified, especiatiythe areal NHzOt© Ru@vica in the east of
Zagreb Eigureb).

ot e

Sava White book

Figure5: Hydromorphological assessment of the Sava around Zg@wilrce: SWR016.
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Figure6: The Sava in Zagreb, strongly altered, with trapezoid cross section, detached floodplains and ramp for
retainingcooling water Class 4 (extensively modified) (Souiielg Virtual Earth

2.2.2.3 Sdimentbalanceandriverbedstability

A key element ofhe natural dynamic river ecosystem of thiger Sava isedimenttransportand river
bed stability Currentlythere is ahuge lack of sedimerdue toHPP dams in thepstreamof. NBE OA O S

Normally gravel and sand is transported constantly atbegiver. In order to transport material along
the river,the water loses its power. In case there is ho materialulager has no pssibility to lose
power, this leads to rivened incision and fast currents

Regular water level measurementsthe Sava gauges drew attention to the riverbéelepeningdue
to river regulations and HPP constructiavhich is still ongoing.

Geodetic surveys of the Sava riverbadhe section from rkm 673.00 to rkm 728.52 km were done
the periodfrom 1985to 2003 The survey of thprofiles at water gauging stationdisw the following
picture:

1 In the section from Jesenice gauging statiorZagreb(rkm 702), the riverbed deepened
by about 25 m in the period 1982009(Figure?).

1 Inthe section frongauging statioZagrebto the riverbedsill atTETO Zagrefrkm 697.00
there are no significant changes in the riverbed height due to the influence of the sill.

1 Downstream from the sill atkm 697.00, theriverbed deepens significantly, due to the
influence of the sill and the increased removal of gravel.

1 Inthe section ofjauging statiorRugvicgrkm673,8, there is deposition of bedload and a

rise in the riverbed of the Sava.
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