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The main objective of thisOutline of the Sediment Management Plan is to provide an analysis of

existing sediment management practices in the Sava River Basin and define further steps for
development ofthe full-fledged Sediment Management Plan for the Sava River Basin.

The Protocol on sediment management to the FASRBnN force since October 2017, regulates the
procedures of mutual cooperation related to sustainable sediment management to protect the
integrity of the water and sediment regime in the Sava River Basin.

The Protocol obliges the Parties to the FASRB to cooperate in development of the Sediment Management
Plan for the Sava River Basin.

The Protocol emphasizes the importance of the sustainalddiment management for maintain the
water regime, promote active international cooperation to enhance appropriate policies and to
reinforce and coordinate action at all appropriate levels for promoting sustainable sediment
management related to quality andquantity and to promote sustainable sediment management
solutions, which carefully balance the soedmonomic and environmental values to be set within the
whole Sava River Basin.

In line with the provision of the Protocol the ISRBC accepted the PrograrorfDevelopment of
Sediment Management Plahin the Sava River Basin which provides a list of activities and actions
required for the development of the Plan in line with the Protocol. In the Programme it is foreseen

that the Plan will be developed throughOEA OAAET EAAT AOOEOOAT A xEOQOE
Groups.

The two main contributions of thisOutlineare:

1 An analysis of sediment management practices ithe Sava River Basin (Slovenia, Croatia,
Bosnia and Herzegovina and Serbia).

1 Aproposal of a detailed work plan for preparation of the fulfledged Sediment Management
Plan.

1 Protocol on Sediment Managemernb the Framework Agreement on the Sava River Basin, International Sava River Basin
Cormmission, signed in 2010 and entered into force on 27 November 2015.

2 Program for development of Sediment Management Plan in the Sava River Basin, accepted at the 55th Session of the
International Sava River Basin Commission (280th September 2020)
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a.s.l. Above sea level

ADCP Acoustic Doppler Current Profiler
ARSO Slovenian Environment Agency
BA Bosnia and Herzegovina

BLT Bedload transport rate

DHMZ Meteorological and Hydrological Service aRepublic of Croatia
DIKTAS Dinaric Karst aquifer System (project)
FASRB Framework Agreement on the Sava River Basin

HPP Hydropower Plant

HR Republic of Croatia

ISI International Sediment Initiative

ISO International Organization for Standardization
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IWM Integrated Water Management
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Q Discharge

RB River Basin

RBMP River Basin Management Plan

RHMSS  Republic Hydrometeomlogical Service of Serbia
RS Republic ofSerbia

Sl Republic of Slovenia

SST Suspended sediment transport rate

SMP Sediment Management Plan

SSC Suspended sediment concentration

WFD Water Framework Directive

WMP Water Management Plan
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1 Introduction

The Sava River Basin e most significant sulbbasin of the Danube RiveBasinwith a total area of

97,272 kn®. It is located in South Eastern Europd AOx AAT po8oex =Z% AT A ¢m8uy
AARAOxAAT 1¢8t0 =. AFighel). th8 SBayeRBarea i$ shaddl nddAghsix countries:

Slovenia, Croatia, Bosnia and Herzegovina, Serbia, Montenegro, and Albania. Except for Serbia and
Albania, its watershed covergrom 45 to 70% of the surface area of the other four countries. Its water
resources constitute nearly 80% of the total freshwater resources in those four countries.
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Figure 1 Location of the Sava River Basin within ti&nube River Basin

Slovenia, Croatia, Bosnia and Herzegovina, and Serbia are Parties of the Framework Agreement on
the Sava River Basin (FASRBTIhe implementation body of the FASRB is the International Sava River
Basin Commission (ISRBCwhich is responsible for development of joint plans and programs
regarding the sustainable water management among others. ISRB&s developed the Protocol on
Sediment Management to the FASRBhich affirms the need for efficient cooperation among the
Parties and for promotion of sustainable sediment management (SSM) solutions.

To respond to the above mentioned needshe core expert group has been establishedpon the
initiative of UNESCOVenice Office ad ISRBCGo analyse existing sediment monitoring system and
institutional settings and to prepare this Outline of the Sediment Management Plan for the Sava River
Basin The existing national systens were analysed(Chapter 2) for a deeperunderstanding of the
organisational and institutional settings an sediment monitoring systens and related activities
(water regime management, reservoir management, biodiversity and ecosystem monitoring, etc.).
The group conductedan in-depth overview of existing sediment monitoring systemsand identified
monitoring and sampling gaps(Chapter 3). Data uncertainties were recognised based on which a
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proposal for sediment monitoring improvement was given (Chapter 4). Also, dfferent sediment

management measure (erosion control, water regime, navigability, preservation of wetlands and
biodiversity, reservoir sedimentation) were considered andpresented (Chapter 5) with a proposal
for their improvement (Chapter 6). Collected information were basis on which a pmosal for

Sediment Management Plan was presented (Chapter 7).

1.1 Main characteristics of the Sava River Basin

1.1.1 Topography and land cover

The Sava RRovers a total area 087,272 kmz2. It encompasses 12% of the Danube basin and it is the
second largestDanube tributary catchment by area size. The Sava represents the third longest
tributary of the Danube and its largest tributary by discharge.

Terrain in the Sava RBsignificantly changes from the source in the west towards its confluence with
the Danube Rver in the east Figure 2). The elevation ranges between 71 m a.s.l. at the mouth of the
Sava River in Belgrade (Serbia) and 2,864 m a.s.l. (Triglav, Julian Alps). Tean elevation of the
basin is approximately 545 m a.s.lThe dominant slope in the basin is moderately steep. The mean
value of the slope in theéSava RBs 15.8 %.

Legend

Elevation classes (m.a.s.l.)
[ <200

[ ]200-500

[ | s00-800

[ 800 - 1200

[ 1200 - 2000

[ |=>2000

Figure 2 Relief of the Sava River Basin

High mountains dominate in the upper part of the basin which belongs to Slovenia. A remarkable
distinction in landscape exists between the southern and northern part of the basin. The southern
part is hilly and mountainous, with mountains up to 2,500 m a.shigh, particularly in Montenegro
and Northern Albania. The northern portions of the middle and lower part of theSava RBare
characterized by low mountains and flat plains. This area is part tfie Pannonian Plain, a lowlying,
agricultural region.

Figure 3 represents slope gradient of the terrain in theSava RB(derived from the Shuttle Radar
Topography Mission), which is one of the main factors influencing the sedent yield and transport.
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The two dominant land cover classes are forests and sematural areas (more than 50% of the basin
area) and agricultural lands (40% of the area), while artificial surfaces, wetlands and inland waters
cover 3,6% of the areafigure 4).

Sawa RB_Slope gradient. classes (%)
According to FAO clasification (2006)

Wo-02 Flat

W0.2-0.5Level

0.5 1 Nearly level

11 - 2 Very gently slaping

[12 -5 Gently sloping

15 - 10 Sloping

2110 - 15 Strongly sloping

[ 15 - 30 Moderately steep

1 30 - 60 Steep

1> 60 Very steep

Figure 3 Slope gradient in the Sava River Basin

Legend
Main land cover classes : . e
- Artificial surfaces ‘

Agricultural areas

{ Forest and semi natural areas

- Wetlands
- Water bodies

Figure4 Land cover classes in the Sava River Basin
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1.1.2 Climate

The Sava RBis situated within a region characterized by the dominant moderate climate of the
northern hemisphere, which is modified by the influence of relief. Thus, mountainous zonal climate
characteristics are present especially in the eastern and southern part tie area. Cold and hot
seasons are clearly defined. The winter can be severe with abundant snowfalls, while the summer is

hot and long. Average annual air temperature for the whol8ava RBvas estimated to be approx. 9.5

J#8 - AAT 111 OEI dua®fllis ® ApprdxG080Lh EA h *AEET OO0 ET * Ol U
J#38

There are three types of climate conditions within the basin:

1 Alpine or mountainous climatés prevailing in the upper Sava Basin within Slovenia and also
in Dinaric Alps at higherelevations;

f Moderate continental climateAT | ET AOAO ET OEA OECEO OOEAOOAC
Croatia, Bosnia and Herzegovina, Serbia and Montenegro;

1 Moderate continental (midEuropean) climateis dominating in lower elevations of the left

tributarie 08 AAOAEI AT O AOAAOG OEAO AATiTi1c¢c O OEA O0AT
Dividing lines between these climate types are not sharp.
1.1.3 Precipitation and runoff
Average annual rainfall in theSava RBs estimated around 1,100 mm. Precipitation amount is very
variable within the basin fFigure 5). Precipitation is higher in mountainous parts of the basin (2,200
2,300 mm) than northern and eastern regions (606700 mm). Most rainfalloccurs in the late summer
season or during autumn. A significant portion of precipitation falls in form of snow which then
causes a relatively high spring runoff.

An average annual evapotranspiration for the whole catchment area is estimated to 530 mm.

An average discharge at the confluence to the Danube River is about 1,708 which results in the
long-term average unitarea-runoff for the complete catchment of about 17.5&1®m-2.

The runoff in the Sava RBs diversez it is very high in the mountains, while being low in the north
eastern part of the catchment (
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Figure 6). The runoff varies from 2,020 mm (the Sava Bohinjka catchment) to 218 mm (the Bosut
catchmenf) giving the water yields of 64.2@1®m2 and 6.87 [31®m-2 respectively. All right
tributaries (except the Kolubara and Tinja rivers) have high water yields (>15@1®m-2), while left
tributaries (except the Savinja River) have lower average runoff.

Floods usually appear in the spring and in the autumn. Sprirftpods are the result of snow melting
while autumn floods are caused by heavy rainfall. Depending on the cause, these types of flood exhibit
different features. Springfloods are longer, while autumn floods have shorter duration and very high
extreme flows.
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Figure5 Mean annual precipitation in the Sava River Basin (The Danube and its Baliydrological

Monograph, 2006)

Runoff (mm):
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B 2700-2100

Figure 6 Mean annual runoff in the Sava River Basin (The Danube and its Baditydrological

Monograph, 2006)
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1.1.4 Hydrography

The Sava River is formed by two mountain streams: the Sava Dolinka (left) and Sava Bohinjka (right)
in Slovenia. Than it flows in direction NWZSE throughSlovenia,Croatia, forming the border with
Bosnia and Hercegovina, and on the lower stteh runs through Serbia. The total length of the

watercourse is cca 94%m.

Tablel Basic characteristics of the Sava River sections
Upstream Specific flow

Section basin area A
Upper Sava (aRugvica, km 658) 12,680 31
Middle Sava (at the Drina River mouth, km 178) 86,154 20.1
Lower Sava (at the mouth to the Danube, km 0) 97,713 175

The longitudinal profile of the Sava River from its mouth into the Danube River in Belgrade to the
hydrological station Radovljica (410 m a.s.l.river km 890) is shown inFigure 7. The most obvious
detail on the longitudinal profile of the Sava Riversi theturn point around river km 660, close to the
City of Zagreb. The average longitudinal slope of the Sava River between Radovljica (river km ~890)
ATA 20COEAA j OEOAD Ei ouuwq EO x cph OPOOOAAI i &
(this Sava River part is definitely of a pronounced torrential character). The average longitudinal

i EI' ouyC

Ol 1 PA ET OEA 3A0A 2EOAO AAOxXxAAT 20COEAA
Sava_DZ May 2011 Plan:
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Figure7 The longitudinal profile of the Sava River between the mouth to the Danubg éR&Radovljica

(Sh
There is a common understanding that the course of the river can be divided into 3 sections:

13
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1 Upper Savabetween the confluence of Sa Dolinka and Sava Bohinjka and Rugvica (km 658).
The catchment area of the Upper Sava comprises mountainous and hilly relief;

1 Middle Savabetween Rugvica and the mouth of the Drina River (km 178) is a lowland, alluvial
section, characterized by wide fhodplains, and mouths of numerous tributaries;

1 Lower Savadownstream of the mouth of the Drina River, is also alluvial section. There are no
significant tributaries on this section. The most downstream, 100 km long section is under the
influence of the Daube.

It should be noted that changes of the Sava River alignment due to fluvial erosion are not pronounced.
The unstable banks were present in sharp river bands, but numerous river structures were built to
prevent further bank erosion.

1.1.5 Overview of the Sava River tributaries

The river network in the Sava RBs well developed with 18 tributaries of the basin wide importance
(Table 2), and of which 16 sub-basinshavethe catchment area >1000 kra (Figure 8). The basin is
asymmetric with right tributaries covering approx. 70% of the area.

Figure 8 Tributaries to the Sava River

The most importantright tributaries  are: Jubljanica, Krka, Kolpa/Kupa, Una, Vrbas, Ukrina, Bosna,
Drina and Kolubara Rivers. Common feature of almost all right tributaries of the Sava River is their
torrential behaviour, particularly in their upper sections. River channels are often deeply cut ta the
hard rocks, with very violent flow through gorges.Rivers Ljubljanica, Krka and Kolpa with karstic
catchments, react on precipitation with the delay and also sediment transport is not as high as in
some other tributaries of the Sava River.

The mainleft tributaries are Savinja, Sotla/Sutla, Krapina, Lonja, Orljava and Bosut Rivers. Except
in Slovenia, left tributaries drain mostly flat areas and low hills of the Pannonian basin. Consequently,
the slopes and flow velocities are smaller and the strean@se meandering.
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Longitudinal profiles of the main Sava River tributaries are presented iRigure 9. It can be noted that
the slope increase in the upstream sections B common feature for all tributaries.

Table2 Rivers of basirwide importance in the Sava River basin

‘Tributary ‘ Basin Countries sharing
order area sub-basin
| (km 2)
Sava 97,713 SI, HR, BA, RS, ME, AL
Ljubljanica 1 1,890 |SI
Savinja 1 1,848 Sl
Krka 1 2,315 Sl
Sotla/Sutla 1 584 SILHR
Krapina 1 1,237 HR
Kupa/Kolpa 1 10,226 HR,SI,BA
Dobra 2 1,428 HR
Korana 2 2,302 HR,BA
Glina 2 1,427 HR,BA
Lonja 1 4,259 HR
I AOi A 2 3,253 |HR
Glogovnica 3 1,302 |HR
YT T OA § 4¢ 1 1,796 |HR
Una 1 9,829 BA,HR
Sana 2 4,253 |BA
Vrbas 1 6,274 |BA
Pliva 2 1,326 |BA
Orljava 1 1,618 HR
Ukrina 1 1,504 BA
Bosna 1 10,810 BA
, AHOA 2 958 |BA
Krivaja 2 1,494 BA
3PDOAEA 2 1,948 |BA
Tinja 1 904 |BA
Drina 1 20,320 ME,AL,BA,RS
Piva 2 1,784 ME
Tara 2 2,006 ME,BA
GAET OEI 2 1,237 |ME,BA
00AeA 2 1,018 |BA
Lim 2 5,968 |AL,ME,RS,BA
Uvac 3 1,596 RS,BA
$OET EA¢A 1 1,091 |BA
Bosut 1 2,943 |HR,RS
Kolubara 1 3,638 RS
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Figure 9 Schematic longitudinal profiles of the Sava River and its main tributaries
1.1.6 Geology and hydrogeology

The very important geological characteristic of theSava RB influencing the regime of water and
sediment is the presence of the karst phenomendarst region spreads from the Italian to the
Albanian frontier and covers in the southern part of the basinKigure 10). Karst regions are present
only in the southern part of the river basin. This terrain mostly belongs to the zone of the External
Dinarides. The rest of the basin belongs to the Inner Dinarides zone and Pannonian basin. In this
zone, limestone is less present with prevailing other lithological units: sarsdone, marls, claystones,
intrusive and extrusive igneous rocks (diabase, spilite, dacite, andesite etc), metamorphic rocks
(serpentinite, phylite, argiloshist etc). The main aquifers are formed in alluvial deposits. The aquifers
characterise large reserve of groundwater, especially alluvial deposits.
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Figure 10 Dinaric karst regions in the Sava River Basin (overtaken fratKTAS poject)
1.1.7 Dams and hydropower plants

Five hydropower plants (HPPs) were built on the Upper Lower Sava Slovenia: HPP Moste (1952),

(00 -AAOT AA jpwvogqh (00 -AOGéEéA jpwypeq AT A) (00 ¢
have been built on the Lower Sava in Slovenia: HPPI A G2005EF HPP ArtoBlanca(2008), HPP

+OHET jc¢mpoqh (00 "OALEAA jgmpxq AT A (00 -TEOEAR
Spatial Plan was approved in 8gust 2013). All hydroelectric power plants are of the rurof-the-river

and reservoir type with daily flow regulation regime.

A4EA 17100 Al x1 OOOAAT OAAOCEIT 1T &£ OEA 3AOA 2EOAON
under the influence of the Iron Gatel HPPoperation regime (HPP was built in 1970, 227 km
downstream of the Sava River mouth, at km 943 of the Danube River). This section is a shallow part

of the Iron Gate reservoir, where the water levels and flow velocity during low and averad®ws

were changed, thus influencing the sediment regime of the Sava River.

A large number of dams and hydropower plants were built on the tributaries of the Sava Riv@iable
3 presents the most important ones. The most of reservoirs exist in the Drina River Basin.
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