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Sediments are a natural part ahaquatic - T
system such as the Danube Riyavhich

has been greatly altered by huma

activitiesover the past centuries River
bed straighteningflood protection and
the construction and operation o
hydropower dams have led tanajor
changes in the sediment load. & Hgies
resulting sediment imbalancéheightens S
the risk of flooding and worsens the
conditions for shipping ahhydropower
generation It also leads to the loss of
biodiversity within the Danube Basin.

The Danube at Hainburg, AustrigPlfilipp Gmeiner/IWA-BOKU

To tackle these challenges, 14 proje
partners and 14 strategic partnergave
come togetherfor the DanubeSediment project. The partnership inclsidemerous sectoral
agencies, higher educatiahinstitutions, hydropower companies, international organisations
and norrgovernmental organisations from nine Darnabbcountries.

Closingthe knowledge gapsIn a first step, the project team collectethta onsediment
transportalongthe Danube and its main tributarieShesedatawere used to maka Danube
wide sediment balanceassessmentbased on an analysis dhe sinks, sources and
redistribution of sedimerg along the full length dhe Danubeg from the Black Forest to the
Black Sealn order to betterunderstand the impacts and risks afsediment deficit and
erosion, the project partnerslso examinedthe key drivers and pressurdéBat may cau®e
sediment discontinuity.

Strengthening governanceOne of the main project outpus is the Danube Sediment
Management Guidance (DSMG). It contains recommendationallfariatingthe impact of a
disturbed sediment balancen the ecologicactonditionsand flood risk along the river.
Together withthe Danube RiveBasinManagement Plan (DRBMP) and the Danube Flood Risk
Management Plan (DFRMP), issued by the International Commission for the Protection of the
Danube River (ICPDR), tipeesent project directly contributes to transnational water
management and flood tksprevention.

International Training Workshopgere held tosupport the transfer of knowledge tilne key
target groups throughout the Danube River Bagigy. to entities in charge dfydropower
generation navigation, flood risk and river basin managemamcludngecology. The project
addressed these target groups individually(irk Sedit¥ent Manual for Stakeholdé€¥he
second main project outd). This document provides background information and concrete
examples for implementing good practice maees in each field.

DanubeSediment was danded by the European Uniéh&RDF and IPA fundsthin the
scopeof the Danube Transnational Programme. Further information on the projecgsults,
and on relateceventsare availableat: www.interregdanube.eu/danubesediment
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Project Reports

The DanubeSedimemroject is structured into six work packagg®/Ps) The main project
publications are listed below.

A detailed list of all project activities and deliverables is availabla@projectQ &ebsiteat:
www.interregdanube.eu/approveeprojects/danubesediment/outputs

Saliment Monitoring in the Danube River

Analysis of Sediment Data Collected along the Danube

Handbook on Good Practices in Sediment Monitoring

Data Analyses for the | Y dz&eslidént Balance and Letgrm Morphological
Development

Sediment BalancAssessment fothe Danube

Longterm Morphological Development of the Danube in Relation to the Sediment
Balance

Interactions of Key Drivers and Pressures ongte y' dzM&phddynamics
Risk Assessment Related to the Sediment Regime of the Danube
Sediment Management Measures for the Danube

Key Findings of the DanubeSediment Project

Danube Sediment Management Guidance

Sediment Manual for Stakeholders
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1. Introduction

Sediments are a natural part of a rivefhe Danube and its tributaries have begreatly
altered over the past centuriey human interventions made for floogrotection, power
generation and navigation purposes through the constructmihydraulic engineering
structures(e.g. dams an@arrierg and thenarrowing and shortening of the Danube channel
etc. These interventionshave caused changes (0 K S  Nskd#remiRansportregime
resulting ina sedimentmbalance along théull length of theDanube Such changesnayin
consequenceancrease the risk of floodingvorsenthe navigationalconditions reduce the
capacity of reservoiror hydropowerproduction andcausealoss of biodiversityTherefore,
the basic questiorof how the sediment balanchaschanged over time haked the project
partners of the DanubeSediment project ake a sediment balancassessmentor the
Danubeand its selected tributariedn so doing, they focused osstablishing a sediment
budget identifying thesurplusegsources) and deficits (sinks) of sedingi@ind proposing
sedimentredistribution within various spatial and temporal units.

This report represents one of theutputs of the DanubeSediment Interreg DTP project. It is
divided intosix chapters.In addition tothis introductory chapterthe report containsfive
more chapters. Chapter Presentsthe basic concept of the sediment balanassessedits
definition and composition Chapter 3containsa brief analysis ofthe basic hydrological
conditions in the DanubBiver Basin basedon the datasetgrovidedfor the project. Chapter

4 coversthe datasetsthat were usedo establish a setup fahe sediment balancehapter 5
describesthe sediment balance setupThe main results andconclusionsare included in
Chapter 6.The eport hassixseparateannexes
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2. Sediment balance z general information

A sediment balances theresult ofaccountingfor the sources (surpluses), sinks (deficits) and
redistribution pathway of sediments within various spatial and temporal unitsWork
Packaget, Activity 4.2 focusd on quantifying themain components ofhe sediment balance
of the Danubeand itsmajor tributaries, usingvarious spatial and temporal scales.

As theschemein Hgure 2.1of the RhineRver Basin (Frings et al. 2@)shows,the sediment
balanceequation includs the following components) inputs ¢ sedimenstransported from
the upstream stretches sedimens transported from the tributaries, sedimens from
riverbank erosionsedimens fed artificially into the riverchannej b) outputs and storage
sedimens transported to downstreamstretches river-bed sedimentgsemoved bydredging
sedimensin the floodplains and/or groyne fielgsver-bed materialabrasion

L ’m +hirisutary *+ Ibonk.erosion + Isediment. feeding —Odownstreom —
g OMM’OMIW'OM =As

Figure 2.1 Scheme of sediment balance componégRtings et al. 204)

The full version othe sediment balance equation reads follows

lupstream* kributary + bank erosiont kediment feedingG, Odownstream€ Odredging

¢ Oroodplains/groynefieldsg OabrasionrI na (2.1
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na rgpaomi i s@p)e[ @ (2.2

where:

lupstream ¢ Sedimens transported from the upstreamstretches

lributary ¢ S€dimens transported from the tributaries

Ibank erosiorG, S€diments as a product of bank erosion

Isediment feeding; Sediments artificially fed into the rivehannel

OdownstreamC Sedimenstransported to downstreamstretches

OudredgingG Sediments dredged fromhe riverchannel

Oroodplains/groynefields, Sediments deposited ithe floodplains and/or groyne fields

OabrasionG river-bed materialabrasioncausedby sediment transport

N & changein the storage okedimens

n Icp icriverbed change duringi A YS Ay G SNBIFE pi

W ¢ width of theriver channel

L ¢ length of theriver stretch

" s ¢ specific weight of sediments

p ¢ porosity ofthe bed material

In our case, suspended load and bedload data were provided witi@nscope ofWP 3
Bediment DateCollectio®® Other components, neded for the sediment balance setup, e.g.
river-bed changs, sediment dredging and/or feedingtc. were collected and quantified
within the scope ofActivity 4.1. Pata analyses for the sediment balance and Harm
morphological development of the DanuQe

Owing to the lack oflata onriverbank erosion(not yet quantified)and river-bed material
abrasion the equationfor the DanubeRver Basinhas beemmodified as follows:

lupstream*+ kributary + kediment feedingG OdownstreamG OdredgingrI na (2.3)
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3. Hydrological characteristics

Along its coursdrom the spring area ithe Black Foresin Germanydown toits delta and

rivermouth atthe Black Sea in Romanile Danubeis supplied withwater from itstributaries

on both sides.The iver basinareaincreases in the longitudinalrofile, as it is illustrated in
Hgure 3.1.
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Figure 3.1 Longitudinal development of the DanuB&er Basin

The bngitudinal profilein Fgure 3.lillustrates the contributions of the most important
Danube tributaries:

1 In the Upper Danube sectioq the Isar (confluence with the Danubat river km
2,281710), Inn (rkm 225.200), Traun (rkm ,224.730), Enns (rkm,211.830) and
Morava/March (rkm 1880.260)rivers;

1 Inthe Middle Danube sectioqthe Drava tkm 1,382500), Tisza/Tisa (rkm214.500),
Sava (rkm 1.70.000) and Velika Morava (rkm1D3.000)rivers;

1 Inthe Lower Danube sectianthe Jiu (rkm 69550), Iskar (rkm 63@00), Arges (rkm
432.000), lalomita (rkn244.000), Siret (rkm 15%00) and Prut (rkm 13240)rivers

There are several characteristic years in the investigated datasets, which detetineine
method of their analyses:

The Sediment Balance of the Danube River page9/148
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1956¢ the initial year of the available historical datasets
1972¢ the Iron Gate Hamwas put into operation
1986¢ the first year of thedatasetsavailablefor project,

1992¢ the Gal® fdvodamwas put into operation

= =2 =4 4 =2

2014, 2015, 2016 the last years of the available project datasets

The nean annual discharge was computed for gauging stations with complete datasets for the
following perods, respectinghe characteristic yearbsted above

1 1956-2014 (59 years), 1958972 (17 years), 1978992 (20 years), 1993014 (22ys).

The length of three partial time periods is almost the same, vatyatgyeenl17 and22 years.
Themean annual discharge of the Danuisallustratedin the longitudinal section (between
Neu Ulm andhe Danube Deltpin figures 3.20 3.5. Anoverview ofthe values for selected
gauging stationgs availablen Table 3.1.

Table 3.1Mean dischargeof the Danubet selected gauging statioria differenttime periods

Qa (nt.s?)
Gauging station river km
19562014 19561972 19731992 19932014

Neu Ulm 2,586.700 124 120 127 124
Ingolstadt 2,457.850 314 300 325 316
Engelhartszell 2,200.660 1,412 1,433 1,407 1,401
Hainburg 1,886.860 1,921 1,906 1,922 1,933
Bratislava 1,868750 2,052 2,026 2,047 2,077
Y2Yt Ny 2 1,767.800 2,205 2,280 2,250 2,107
Nagymaros 1,694.600 2,286 2,301 2,242 2,314
az2zKt Oa 1,446.900 2,350 2,366 2,278 2,404
Iron Gate 1 943.000 incomplete data incomplete data incomplete data 5477
Turnu Severin 931.000 incomplete data 5,692 5,454 5,459
Zimnicea 553230 incomplete data 6,231 5,821 5,929
Braila 167.000 6,223 6,275 6,132 6,265
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Figure 3.2 Longitudinalprofile of the mean annual discharge in different time periods
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Figure 3.3 Longitudinalprofilesof the mean annual discharge in different time periods

¢ Upper Danube

pagell/148

The Sediment Balance of the Danube River
www.interregqdanube.eu/danubesediment



http://www.interreg-danube.eu/danubesediment

m.e
15 8 & 8 3 = 3 8 2 =] 3 8 3 8 2 =] 3 8
- ~ © (o] ] (3] <t < (] (3] o o™ wn ~ ~ (] © w w
(o))
VJm RERRENERERRENT = RENERERERNRRARRNEERRNRE ARRRRNERE .m 0 ! Lo | !
o 2inio - Q2
D - | | | | | | = [ I I
c I I | I | Qo [ I I L
=5 006 Q
] 006 | | | | | L ® | | |
e 2 - ULIRARS NWIN I [ I [ | | | L
a — 19 uoj| | | | | £ eadoes| Ileus2| lejead |
= | | | | pt 00k | | |
- +—
- ﬂ | | | | o | L
= g 0004 o I
@y & L I L
S =
2 e - 4
£
0041 ) i
(@]
S -
© T 1
R Bl
3
00z} 5 i
T3 -
e e 4 41
c c
| [~
00El © = —
g o i
[ORNe]
e T
oorl o = L
< v 1Binisy |
Y
5 L
2 i R " T
005} [ uoquiod bS] [ ! eiqelo)
| | = | | I
| | .m. Py | | B
I o | c o3 3 I I B
| ooy soteAlneung S M 8 S 1 1
09k — -~ | 2geag|n T T T T S T 8 b [ [
| 0@ @ o e = (=} @ [ I =
| aLwrao (@] [ -
I o222 c m ﬁP I I
m | - (@] | | -
4 | M — -l MQQ* | | |
0oLk — — - wo.*t < | | L
™M I I
) | |
Mq I
T

(,-5°:w) pouad ayy ur aBieyosIp [enuue uesw

o
o
wn
~

7000 —— —

6000

(.-s°cw) pouad ayy ul 8B1eYdSIP |ENUUE UBSW

5500

5000

QoL

00g

oog

oor

00s

009

00L

008

006

Figure 3.5 Longitudinalprofile of the mean annual discharge in different time periods
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The nean annual dischargen the maintributariesof the Danube argiven inTable 3.2.

Table 3.2Mean annual dischargen the man tributariesof the Danuben the period 1992014

Tributary Gauging station Qa (nt.s?) Tributary Gauging station  Qa (nf.s?)
Isar Plattling 175 Velika Morava  Ljubicevski 220
bridge
Inn Passau 755 Jiu Zaval 93
Traun Wels 124 Iskar Oriahovitza 44
Enns Steyr 209 lantra Karantzi 47
March/Morava  Angern 107 Arges Budesti 41
Drava Donji Miholjac 516 lalomita Tandarei 37
Tisa Titel 843 Siret Lungoci 203
Sava Belgrade 1,542 Prut Oancea 100

The table above clearly indicatéisat the Sava, Tisa and Imivers are the most significant
tributaries of theDanube in the terms adischarge

The ariability of the mean annual dischargethe Danubds well demonstratedy figures
3.6t0 3.9. Themost significant (the wettestjear inthe rA @ Saidd@n sectionvas 2002 This
yearwas alsamportant in the Austrian and Slovalver sections, but there were two other
years witha higher mean annual discharge1965 and 1970The yar 1965 waslsothe
wettest year forthe whole Danubesection between Bratislava (rkm868750) and Mohcs
(rkm 1,446.900). For the Romaniaiver section only thetime series oflischargefrom Gruia
was available for avhole period under reviewThe wettest years in that river section were
1970 and 2010
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Figure 3.6 Time series of the mean annual dischairgthe Danube; Germany

Figure 3.7 Time series of the mean annual dischairgthe Danube; Germany, Austria, Slovakia
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