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Project Introduction

Sediments are a natural part of aquat
systems. During the past centurie:
humans have strongly altered the
Danube River. Riverbed straightenin
hydropower dams and dikes have led f
significant changes in the sediment loajgss
This sediment imbalance contributes
flood risks, reduces navigatio®
possibilities and hydropower productio
It also leads to the loss of biodiversit
within the DanubeBasin.

To tackle these challenges, 14 pmc EEE ==

partners and 14 strategic partners cantehe Danube by Hainburg, Austria. (Philipp Gmeiner /-IWA
together in the DanubeSediment projectBOKU)

The partnership included numerous sectoral agencies, higher educatisiitutions,
hydropower companies, international organisations and nongovernmental organisations
from nine Danube countries.

Closing knowledge gapsn a first step, the project team collected sediment transport data
in the Danube River and its main tributs. This data provided the foundation for a
Danubewide sediment balance that analysed the sinks, sources and redistribution of
sediment within the Danubefrom the Black Forest to the Black Sea. In order to understand
the impacts and risks of sedimedéficit and erosion, the project partners analysed the key
drivers and pressures causing sedimeiscontinuity.

Strengthening governanceOne main project output is the Danube Sediment Management
Guidance (DSMG). It contains recommendations for reduttiegimpact of a disturbed
sediment balance, e.g. on the ecological status and on flood risk along the river. By feeding
into the Danube River Management Plan (DRBMP) and the Danube Flood Risk Management
Plan (DFRMP), issued by the International Commidgionhe Protection of the Danube

River (ICPDR), the project directly contributes to transnational water management and flood
riskprevention.

International Training Workshops supported the transfer of knowledge to key target groups
throughout the Danube Rer Basin, for example hydropower, navigation, flood risk
management and river basin management, which includes ecology. The project addressed
these target groups individually in its second main project output: the Sediment Manual for
Stakeholders. The dament provides background information and concrete examples for
implementing good practice measures in each field.

DanubeSediment was danded by the European Union ERDF and IPA funds in the frame of
the Danube Transnational Programme. Further informatonthe project, news on events
and project results are available hergww.interregdanube.eu/danubesediment
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Project Reports

The DanubeSediment project wssuctured into six work packages. The main project
publications are listed below.

A detailed list of all project activities and deliverables is available on our project website:
www.interregdanube.eu/approveeprojects/danubesediment/outputs

1)
2)
3)
4)

5)
6)

7)
8)
9)

Sediment Monitoring in the DanuliRiver

Analysis of Sediment Data Collected alongDa@ube

Handbook on Good Practices in Sedimanitoring

Data Analyses for the SedimeBalance and Lorggrm Morphological Development of
the Danube

Assessment of the Sediment Balance of Erube

Longterm Morphological Development of the Danube in Relatiothe Sediment
Balance

Interactions of Key Drivers and Pressures on the Morphaayesof theDanube
Risk Assessment Related to the Sediment Regime @dhebe

Sediment Management Measures for tBanube

10) Key Findings of the DanubeSedim@nbject
11) Danube Sediment Manageme@uidance
12) Sediment Manual foStakeholders
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1 Introduction

This report presents the main results @ata collection & analysis for sediment balance

I & &S a aciwhyi41.) which contributes to the overall assessment of the Danube
Sediment Balance in the DanubeSediment project. The main tasks were to collect, sort and
analyse data required for the quantification of downstream sediment fluxes and for the
identification of sednent surpluses (sources) and deficits (sinks). They provide key data and
information, supported by the results of basic analyses, necessary for the establishment of a
sediment budget for the Danube and its selected tributaries, as well as for the asseés¥men

AL GALE YR GSYLRNIXt QGFNRAFGA2ya Ay GKS NRAZ
contribute to the followup reportsd ! a4 SaayYSyd 2F GKS &aSRAYSyd o
AG& YI 22N as faflthadS R2tgliENdomplzibdichlBeseiopmenf the Danube
WADBSNI AYy NBflFGA2Y. G2 GKS aSRAYSyd obFflyOSté

We calculate the sediment balance by applying the sediment budget equation (Figure 1.1).
This includes the followinga) inputs ¢ sediment transport from upstream stretches,
sediment transport fom tributaries, sediments from river banks erosion, and sediments fed
artificially into the river, and) outputs and storageg sediment transport to downstream
stretches, removal of riverbed sediments by dredging activities, sediments in the floodplains
and/or groyne fields and abrasion of riverbed material.

Oires o, gl —O'..”“.: ’ ..Ms_n. =AS

.A$=£Zt£’-lwtp,(1'—p)

Figure 1.1: Scheme of sediment balance components (Frings et al. 2013)
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Besides suspended load and bedload, which were provided by previous work in the Danube
SedimentLINE 2SO0 64SS NBLERNI G{SRAYSYylG az2yAid2NRy
components of the budget, e.g. riverbed changes, sediment dredging and feeding, need to

0S ljdzr YGAFASR® LY I|RRAGAZ2YE FdzNOHKSNJ RFEGE 2
sediments are needed to assess the spatial and temporal variations in the morphology of the
Danubechannel.

The present report is structured as follows: Chapter 2 focuses on the delineation of spatial
and temporal scales for sediment budget amdrphological analyses. Chapter 3 consists of
two parts: the first part contains information about data availabilityncluded in a meta
database based on preliminary investigation (Annex 1) and data that were actually collected
and provided for the pr@ct (Annex 2). The legal framework for the supply of data (by
countries) is also included in this part. The next important part, focused on the monitoring
methods applied (measurements, observations, assessment,cetathymetry, dredging,

bed material smpling, lowflow water level), was compiled from information supplied by
the project partners. On the basis of these data, homogenous data sets were selected and
recommendations formulated for improving the methods of morphological monitoring for
the future. The last part of the report includes the results of basic data analyses, including
their graphical interpretation (published in Annex 3).

2 Delineation of spatial and temporal scales for
sediment budget and morphological analyses

The quantification ofdownstream sediment fluxes and the assessment of surpluses and
deficits in specific river stretches require that the fluvial processes (erosion and deposition),
which are highly variable in both time and space, are identified.

A river is a morphodynamigstem (Figure 2.1) in which the interaction between the water
flow and sediment transport tends to cause morphological changes. Higher or lower
amounts of sediments transported into a river stretch, compared with the amounts
transported out of that stretch may give rise to aggradation/degradation. The
morphological changes will in turn affect the flow conditions and sedirtransport.
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> w ater flow

sedimenttranspor

L morphology
Figure 2.1: Scheme of a morphodynamic river system

Therefore, spatial and temporal scales were set up to compile homogenous dattosein
analysis of the Danube channel evolution and for sediment budget calculation.

2.1 Delineation of the spatial scales

The project covers the Danube River from river kilometre (rkm) 2,500 in Germany to the
Danube Delta. Thdelineation of large scale units on the Danube takes into account the river
OKIFyyStQa Y2NlLXK2ft23A0If OKINIOGSNAadAOa YR
Middle and Lower Danube sections (Figure 2.2).

Legend
DanubeSediment tributaries
lower Danube

mes. middle Danube

upper Danube

:] Danube River basin I [E— Tkm
0 125 250 500

Sourpze, Bui, LSGS, NOAA

Figure 2.2: The three sections of tharibbe River considered for analysis

Similarly, the delineation of alluvial rivers (upper, middle and lower sections) usually reflects

the morphological characteristics of the river channel, in particular the natural evolution of

the longitudinal profile glope changes) and the corresponding river pattern (river type).
CKSNEF2NB:Z GKS f26SN) 02dzy RFNE 2F GKS ! LILISNI
Figure 2.3) where the slope of the riverbed changes, as well as theypeer
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The ICPDR assumes (ICPDR, 2015) that the lower boundary of the Upper Danube is at the
NA @@ mlieace with the Morava Riverat rkm 1,880 (Figure 2.3), i.e. 90 km upstream of

DIye£ S@PSy GK2dzaAK (GKS Of S NJ ONR GSNAR I

T2NJ (KA

Upper and
Middle Danube )

boundary used by s SLOVAKI

.. Bratislava

ICPDR rkrtt880

AUSTRI

C?‘gbéikovo

Proposed boundary
\._ Medvedov = between Upper and
X Middle Danube
Q}anuhe

FEE T L Jkm w i
0255 10 15 " tay Sources: Est orme/ HERE, TomTor map, increment PCor,
o)

i, DeLo m. Intermap, inc:
Ordnance Suryey, Esn Japan. METI, Esri China (Hong Kong): swisst

po. ai

Komarno

.. GEBCO, USGS, FAO; NPS, NRCAN, GeoBase. IGN. Katiaster ey
nd the GIS User Community

=

Figure 2.3: Map showing the original and proposed boundaries between the Upper and Middle Danube

AaK2NI 20SNIBASE 2F GKS YIFIAY LINAYOALX Sa

2T

profile is presented below for a better understanding of the reasons why the lower edge of
the Upper Danube is situated not at Morava river confluence (rkm 1880) hiut DI y & /£ & NJ

1,790).

Basic morphological outlinesThe longitudinal profile (Figure 2.4) shows how the gradient of
a river channel changes between its source and mouth (e.g. the sea). The longitudinal profile

shows the height of the riverbe@bove thebase level, along the entire length of the river.

The base level is the lowest point that a riverbed can erode to. The base level of a river is
usually sea levebr the water level in the lake the river flows into. The erosion base is the

hard (rocky) rierbed that controls the evolution (shape) of the longitudinal profile

The amounts of erosion and deposition over the entire length of a river are balanced (total
erosion equals total deposition). However, the rates of erosion and deposition vary aleng th

course of the river. This may lead to the formation of various landforms such as waterfalls
and lakes (where erosion is greater than deposition), producing an uneven longitudinal

profile. Because the rate of erosion equals the rate of deposition oves, ihe NA @S NI &
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longitudinal profile changes from an uneven curve to a smooth curve, which is known as a
graded profile.

Figure 2.4 illustrates the division of a river into three sectiqrhie upper (close to the
source), middle(transitional) and lower section (near the mouth). Typical processes
responses within sediment system linked to Figure 2.4 can be described as follows:

1 Uplandcg upper valley: vertical erosion of the riverbed prevails, bank abrasion, local
areas of chanel aggrade, narrow or very constrained floodplain (confined upland
river reaches)

1 Transfer¢ middle transitional reach: lateral erosion (bank erosion) prevails and
vertical erosion of the riverbed decreases; bars accrete, floodpldievsloped

1 Lowland¢ lower reach: processes of deposition higher than erosion, bank erosion/
sedimentation followed by collapse; creation of channel forrbars and islands; fine
sediments transported to theea

, Middle .
Upper valley | transitional reach | Lower reach
Cross profiles M M . \
Characteristics River channel: E River channel: : Riyer channel:
& processes V shape | deeper & wider E Widest & deepest
Vertical erosion E Vertical erosion decreasing, | Deposition higher than erosion
[ & abrasion, | more lateral erosion ' Fine material deposited
400 ' Sediment size and deposition ' Sediment size smaller and

CI>.) ) large and angular! Sediment size smaller and | more rounded

= 300 4 & ' more rounded "

8 . " '

S 200 e :

o D :

> 100 — S I

1) e : .

9 base leve : e ——— Seal/ Ocean

@© 0 —

) i A '\

o} ' :

+ -100 : ‘

. % 3 Source ®© cool geography.co.uk, modified
1S increasing distance downstream

Source » Mouth

CAIdzNBE HodnY S5AFINIY 2F GKS GeLAOIE aSOirazya 2F |y |1
channel shapes

I NAGSNNaE Ff2g @St20A0G8 YR RA&AOKINBHS INBE |7
downstream from the river's sourd® its mouth, you can observe an increase in discharge,

while flow velocity, riverbed slope and bed sediment size decreases. Discharge increases
2gAy3 2 GKS NAOGSNID& (GNARodzilF NASa 6aYlftSNI NAR
inputs from surace runoff as you go downstream. The river's flow velocity is directly
influenced by its gradient, discharge, and channel characteristics.
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The diagram (Figure 2.4) also shows the typical esesions and changes in the different
sections of a river's longitudinal profile. Vertical erosion creates narrow valley floors and
steep vshaped valleys in the upper section. Lateral erosion prevailing in the middle section
creates wider valleys. Floodplains are formed on the valley floorutjinodeposition. Wide
valleys with gently sloping sides and wide floodplains caused by continued deposition are
GBLIAOCIE F2NJ I NAOSNRAE 2SN aSOGA2y @

Fluvial erosion and deposition process&seate various river patterns depending on the
specific geomorphological and flow conditions. A schemevef course evolution between
0KS NRAGSNDa &a2dz2NOS yR RStGF OFry ©6S aSSy Ay

Upper
Course | Middle

|
I Lower
Bl Course

X /55

Figure 2.5: Schematic evolution of a river from source to delta and examples from various rivers (lllustration:
Oxford University Press, modified)

The river channel inhie upper courseis mostly straight or slightly sinuous. It is often
combined with braiding (the channel is divided into multiple channels separated by unstable
islands/gravel barg located closer to the river source as a rglsteep gradient) and/or with
anastomosing stretches (the main channel and side arms are divided by more stable
vegetated islandg mostly located closer to the lower edge of an upper courseoderate
gradient). Both river types usually occur because of a drop in the riverbed $tdipgjed by
increased deposits of transported sediments. A straight or slightly sinuous river channel in
the upper course is often created under confined or partly confined conditions with no or
spatially restrained floodplains.

The erosion and depositioprocesses form larger river bends and/or meanders in partly
confined and/or unconfined stretches of the middle and lower river courses. Alternating
areas of deep water (pools) and areas of shallow water (riffles) are formed along the sinuous
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or meandering stretches of gravel bed rivers in thieldle course Sediments eroded during
floods are deposited across wider floodplains, the coarser sediments are deposited close to
the river channel, or they build up on the riieanks and form natural levees.

In its lower course,a river has a lower gradient but sufficient energy and erosive power

(bank erosion prevails) to form meandering, sinuous or, more frequently, anabranching
channel patterns (the main channel and side adinsgded by more stable vegetated islands)

within wider floodplains. When the river reaches the ocean (or another river), the slowly
flowing water absorbs its energy, and thus transported sediments are deposited (alluvium)

and the river channel is split mthumerous distributaries forming a riveelta.

hy GKS olaira 2F (1y2¢fSR3IS 2F (GKS ylFida2NIt S@
(Figure 2.4) and of the river pattern (Figure 2.5) and the corresponding morphological
characteristics of the Daube (Figure 2.6 2.9), the lower edge of the Upper Danube has
0SSy aKAFOISR G2 AdGa FT2NN¥SNIf20FfAGe G DIyeA
NADSNDBSR OKIFy3aSa KSNB &aA3IyATFAOFLyOGfezs FNRY
anabranching rigr pattern changes into transitional wandering downstream of the gradient
change (Figure 2.9). As a result, the spatial boundaries are defined as follows: Upper
Danube: rkm 2,60€1,790, Middle Danube: rkm 1,78®843 and Lower Danube rk&d3c0.

200
_' 2 Longitudinal profiles Thalweg
_}F‘ § § 8 £ & Dams
%\,L = r = I Longitudinal I11.
1 v v v
ﬁlﬂkqﬁ v
_ "y
%1\? Previous boundary (ICPDR)
150 — \] Upper- Middle Danube rkm 18¢
o,
I Mo Lt
: g i
- 1 £ IQ Real boundary
c 1l 5 1M Upper- Middle Danube rkm 17¢
5 3 i @
I \"M
100 — i
i ¢ 2
i G
i Upper Danube Middle Danube
AT K SK/HU HU
50 I\II‘II\I|\III\II|I\II‘II\I|\III|I\II|I\II‘II\I
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Figure 2.6: The longitudinal profile of the Danube River between rkm 2,600 and rkm 80 and the boundaries
between Upper and Middle Danube

DanubeSedimenData analyses for the sediment balance and Hergn pagel3d/192
morphological development of the Danube
www.interregdanube.eu/danubesediment



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

©)

interreg

Danube Transnational Programme

Figure 2.7: Anabranching stretch of the Danube River between Hainburg and Bratislava (3rd Military Mapping)

Austria

Figure 2.8: Anabranching stretch of the Danube River, Viedavin (2nd MilitaryMapping)

_ Austria
Slovakie

Hungary

Anabranching Transitional wandering
river type river type
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