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Danube River Basin District: Hydropower Plants (HPP)
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Sediment deficit

Longitudinal variation of mean annual suspended sediment load (1986-2016) vs. preHPP period
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A Reduction of sediment input to Black Sea by about 60 %
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Sediment (Dis)balance

Sediment budget:

) Sediment output to
9 the downstream area

Sediment input
by tributaries

1, Ou aDrcdgmg and

rtificial supply Oq
. *Sediment exchange
with groyne fields

ly+ i+ 1T 4@ Oy T Og,T G OB

= sediment input from upstream

IU
;= seiment input from tributaries
|, = artificial sediment input

4= Sediment output to downstream
Oy = dredging
Oyyp = Sedimentation on floodplains
O, = abrasion

= change in bed elevation

(based on Frings et al., 2014b)
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Existing
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Morphological types of the Danube River

Section

From (rkm) To (rkm)

Length -
reference
state (km)

River type (REFORM)

single-thread meandering 175

Length -

Length i osity index (Si) SinuoSity index (Si)

reference state present state

-15 15 [meandering 1,4 [sinuous

confined single-thread - straight/sinuous

sinuous sinuous

g—‘_ confined single-thread - straight/sinuous 9 sinuous 1 1 sinuous

S 2136 2082 |multi-thread anabranching (high energy) sinuous

2050 2030 |multi-thread anabranching (high energy) straight

confined single-thread - straight/sinuous 24 24 0 14 sinuous 1,4 sinuous

multi-thread anabranching (high energy) 84 76 -8 n.a. 1,1 [sinuous

upper&middle transitional wandering 52 51 sinuous 1,1 |sinuous

1712 1692 |confined single-thread - straight/sinuous 19 19 0 1,4 sinuous 1,4 [sinuous

@ 1692 1515 [multi-thread anabranching (low energy) 172 172 0 n.a. 1,1 |sinuous
1=}
g

£ 1433 1383 [transitional wandering 65 49 - 1,6 meanderm 1 2 sinuous

1383 1040 [multi-thread anabranching (low energy) sinuous

middle&lower multi-thread anabranching (low energy)

lower

(DanubeSediment, 2019)

low ener

multi-thread anabranchin

meandering

* in anabranching reaches Si is not aplicak

reference state (km) present state (km)

457

straight
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Morphological types of the Danube River at reference conditions
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Morphological Change

Sediment
alteration 1
river bed change

Erosion: 56 % (29 %)
Sedimentation: 34 %
Equilibrium: 10 %

Short-term erosion and sedimentation reaches based on synthesis
of all available morphological data combined with expert judgement
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Alteration of Sediment Balance becomes
Management Issue at the Danube

a Significant Water

Interim Overview: ICPDR

Significant Water
Management Issues in the
Danube River Basin District

International Commission
for the Protection
of the Danube River

Interim overview on the Significant Water Management Issues
to meet the requirements of WFD (Directive 2000/60/EC)
Article 14 regarding public information and consultation in
preparation of developing the 3rd Danube River Basin
Management Plan for the implementation cycle 2021 to 2027.

Significant Water Management Issues in the Danube P

continuity and to »
species. are °

e
~edand a
. and in case of

-eate ecological corridors for
_.uating protection measures along the
_uclude the mapping and identifying of key
wology for migratory fish habitat mapping and the
Lor restoring blue and green corridors.

cration

_.ut quantity in the Danube River Basin was already mentioned in the 1st DRBMP
.idered as potential Significant Water Management Issue in 2013. Based on key findings

_anubeSediment project (Danube Sediment Management - Restoration of the Sediment Balance
-« the Danube River) the alteration of the sediment balance is now identified as new sub-item of the
Significant Water Management Issue “Hydromorphological alterations™. First results of the project are
used for the description of the issue and the preliminary identification of actions and coordination
requirements for the basin-wide level. The results of the project will be further discussed under the
umbrella of the ICPDR with the aim to fully integrate them into the development of the 3rd DRBMP
Update 2021.

The issue:

The sediment balance is disturbed in particular by interruption of sediment transport caused by
transversal structures (such as weirs or dams due to e.g. hydropower use. water supply or flood
protection). The sediment balance is furthermore impacted by river regulation works for flood
protection and navigation (river strengthening and building dykes often leading to cut-off meanders
and shortening of the river length), as well as commercial dredging. land use on the entire catchment
and other infrastructure projects. These measures reduce the river width, increase the riverbed slope
‘whereas bank protection measures prohibit side erosion. This leads to a sediment deficit and increased
sediment transport capacity in the free flowing sections as well as to coastal erosion. In impounded
sections, floodplains and groin fields a swrplus of sediments is dominating. Disturbed
morphodynamics cause a deterioration of type-specific habitats and may cause a lowering of
groundwater levels. In general this may lead to severe impacts on the type-specific aquatic
communities and water dependent terrestrial ecosystems and thus on the water status.

ICPDR / International Commission for the Protection of the Danube River / www.icpdr.org

1t )}
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Danube Sediment Management (

General Recommendations

U Development of a basin-wide sediment management cc
U Improvement of legal regulations and governance
U Preservation of the sediment continuity and the morphc
U Restoration / Improvement of the sediment continuity
U Reduction of surplus and deficit reaches

U Development and implementation of sediment related n

! Danube
Sediment
Management ™
Gwdancg

hydropower and flood risk management
U Defined refeeding of the dredged material

U Catchment-related measures

(0 Establishment of harmonized sed. monitoring network g - =

U Sediment quality needs to be included

U Sediment related risk analysis

I sElens Available on:

VRWAGCETINY/E] https://dtp.interreg-danube.eu/approved-

projects/danubesediment/outputs

Danube Transnational Programme
DanubeSediment Project co-funded by European Union funds (ERDF, IPA)
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Danube Sediment Management Guidance (DSMG) —nioireg -

Location of selected measures
within the basin

Catchment scale

o Land use — optimized cultivation
9 Land use — afforestation
e Improved sediment continuity

Reach / sectional scale

impoundment / reservoir —
flushing, sediment bypass,
turbidity current

free flowing section —
widening, side channel
reconnection

Local /point scale

at the dam -
weir height, sediment turbine,
large bottom outlets

free flowing section —
feeding

= = = Hijstorical situation

Helmut Habersack



Sediment management measures
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DanubeSediment

Change of
sediment regime

Measures against erosion in free-flowing sections

Increase of

bed resistance

Reduction of

energy slope

Minimisation of
bed shear stress

I I I | I I I | I I I |
g Granulo- Opti-
5 ed?nr'lt;ﬁn??ll 1 Activation of Bed Open Adding || metric Bod Increase | | |Improved|| River E?i?; ized
{feadin P natural pave- c (?ver coarse bed fixation Steps Weirs || of flow inunda- wid- of dis hydraulic
e edingg'} sediment input ment material | |improve- length tion ening charge struc-
ment tures
I I
I | I I
Upstream input Reduction of Reduction
Side (continuum sources — Rock Cascade longitudinal of lateral
erosion torrents — Steps [amDs step pool- structures structures
power plants), p ramps (e.q. guiding (e. g. groynes,
no gravel pits walls) chevrons)
7= g B Ry S 7= _ Ry S n= <] RpS
. (s-1)d 8, 8. (s-1)d 6, 0, (s-1)d 8,

(modified after Habersack et al., 2013)

Change of
sediment regime

Route sediments

Increase of

energy slope

Measures against sedimentation in reservoirs and impoundments

Increase of

bed shear stress

Helmut Habersack

| | | I I
Optimized
Drawdown reservoir -
avacion/ || pawal’ Sedment || sedment | | ofwator || P0G || g | | "o |josometryor| | (el
relocation sediment input flushing height and dams discharge T structures
resenvoirs
Turbidity
L;]':jngze Flood current || Modify
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men% channel sediment| | rules
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Sediment Manual for Stakeholders (SMS)

Part C Good practice examples and potential
measures for sediment management

Description of Measures and recommendations for hydropower,
navigation, flood risk management and for river basin
management, land use and ecology

Part D Factsheets

A Catchment scale

A Reach / sectional scale
- Local /Measures in reservoirs/impoundments

- Measures in free-flowing sections

A Local / point scale
- Measures at the dam
- Measures in free-flowing sections

Available on:

https://dtp.interreg-danube.eu/approved-
projects/danubesediment/outputs

Sediment
Manual

for
Stakeholdet

“Interreg

Danube Transnational Programme

DanubeSediment Project co-funded by European Union funds (ERDF, IPA)
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Sediment Manual for Stakeholders (SMS)

Catchment scale

Measures in the catchment

» Sediment management concept

» Raise awareness and capacity building

» Minimize urbanisation and construction of buildings on sloped terrain (RBM1)

» Minimize anthropogenically caused excessive debris flow, mass movements and landslides (RBM2/F1)
» Improve or adjust land use and management (RBM3)

» Reduce surface runoff through infiltration and retention (RBM4/F2)

» Reduce undesired (fine) sediment input (RBM5)

» Controlled sediment transfer at barriers (improve sediment continuity) (F3/H1)

Catchment scale

» Adapt to impacts of climate change

Helmut Habersack



Sediment Manual for Stakeholders (SMS)

Danube Transnational Programme
DanubeSediment

Catchment scale

FLOOD PROTECTION / HYDROPOWER

Controlled sediment transfer at barriers (improve sediment continuity)

Head water stroams, toments

Gravel and boulder bed rivers
Head water streams, toments

Improve sediment continuity, reduce riverbed erosion in the downstream reach and reduce bedload deposition upstream
of, or at the bamier.

Substrate (quantity and size), bedload transpart continuity, transpon rates, large woody oebis

Reactivating bedioad transport and ennancing sediment continuity
Sediment
Reducing the need for bedioad removal upstream of the barrier
m Ensure mass stabilization 1o prevent landslides, rock fall etc. through speciflc structural or planting measures
L
Water lewel L decreased at high flows L evenhsally increased
Hydro- Flaw velocity increased during high flows m‘“ah"'””*“d during high
Shear stress increasad during high flows mtualrm:reased during high
sediment- Transpart capacity ncreasad meare available for transpont
dynamics Continuity increased [esp. bedload material) improved bedioad supply
Morpha- . B ) increased morphodynamics (esp.
aynamics River morphology increasad marphodynamics bedipad tra P gd'" lesp.
Habitat diversity / . .
Ecology refugial habitats L minar effects improved due to supply of bedioad
Man-recurring Racuering
State of the art Tested (mplemented at least once) Stata of science no field tast et}
Local scale Reach scale Catchment scale
Spatial
Upstream affects Downstream effacts
Temporal Shart-term Mid-term Long-term
Flood protection Hydroporwer
River basin managament ind. Eoolagy Navigation

Survey of the downstream riverbed; survey of the sediment deposits upstraam of the barriers.

Traditional check dams only provide temporal storage and can become potentially unstable and costly to maintain.
Retrofitting the barriers i a good option but more expensive than incorporating this measure eary into ihe planning or design phase.

Proper design necessary since large boulders and woody debris should be frapped during events to reguce the natural hazard. However, the
transter of begload matefial needs to be enabled.

Easy access for heavy equipment, since there is still a need for maintenance after larger events. Trapped sediments should be removed and
reinsened aownstream. To reduce downstream impacts, especially conceming fiood protection, integrated planning is necessary, especially
together with water and ficod risk management.

Sediment management concept, all other measures in the catchment, sadiment bypass, bedioad drift, wet or dry dradging
and insertion, minimize feed weir sill heignt, local sediment bypass, enlargement of fluvial space of rivers, river widening,
increase rver length to reduce siope, modily resp. remave Darriers

FLOOD PROTECTION / HYDROPOWER

u POSITIVE

Bedload material can pass
the barrier, while boulders
and large woody debris are
trapped.

!:I NEGATIVE

Check dam

Bedload transport is
completely stopped at
the barrier.

© GnananiA-B80KU

© Steinwsndinar

@ selt-fiushing barrier at the river Isar near Wackersberg, GER
| (see Project Report 5.3, factsheat cade in annex 2: E_FF_FP_T_P10}
(® Dissipated check dam, AT (Institute of Mountain Risk Engineering, BOKU Vienna (2003): WLS report 50 / Band 2}
| © Dissipated barier, JPN
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Sediment Manual for Stakeholders (SMS)

Measures in reservoirs or impoundments Measures in free-flowing sections

Reach/sectional scale

Reach /sectional scale

» Minimize width (by hydraulic structures) (H2)

» Sediment bypass (tunnel, channel) (H3)

» Off-stream reservoirs (H4)

» Sluicing (H5)

» Venting of turbid density currents (H6)

» Environmentally-friendly flushing (H7)

» Flood-conditioned flushing (H8)

» Optimize flushing or sluicing strategies for dams
in series (H9)

» Prevent sedimentation by artificial turbulence
(jet screens)

» Wet or dry dredging and reinsertion (H10)

» Bedload drift (H11)

» Enlarge morphological space of rivers (RBM6/F4)

» River widening (artificial or self-forming) (RBM7/F5)
» Riverbank restoration (RBM8)

» Increase river length to reduce the slope (RBM9/N1)

» Reconnection of side-channels or enhance floodplain
erosion (RBM10/F6)

» Opening or removal of flood dykes (RBM11/F7)
» Relocation or set-back of flood dykes (RBM12/F8)

» Removal of natural near-river levees (bank erosion or
mechanical) (RBM13/F9)

» Restore wetlands (RBM14/F10)

» Coarse particle feeding (granulometric bed improvement)
(RBM15/N2)

» Break-up of bed armouring (artificial flood or mechanical)
(RBM16)

» Intelligent dredging and feeding management (N3)
P Fairway shifting or narrowing (N4)

Bathymetric survey

Minimize or stop commercial dredging

Helmut Habersack




Sediment Manual for Stakeholders (SMS)

Reach/sectional scale

HYDROPOWER

“
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HYDROPOWER

Minimize width of the impoundment or reservoir (by hydraulic structures)

Measure Minimize width of the impoundment or reservoir (by hydraulic structures)
Location Impoundments and resenvoirs in the near bank zone
icati Existing and newty built reservoirs and impoundments
Gravel and sand bed river
Main aim Reduce sedimentation, improve sediment transport capacity, improve sluicing and flushing efficency
Parameter Sediment transport, water level, flow velocity, shear stress, habitat diversity
Sediment Prevent / reduce sedimentation due to narrowing efects in the impoundment and improve sediment transpont capacity
Improve ecological cenditions at riverbanks when siructures made of gravel or sand
Create refugial habitats for aguatic fauna 1o find shefter from fizod events and vessel-nduced waves
i protection Ennance fioad protection through reduced sedimentation
Hydropower | Ensure long term mydrogledinic power production by presenving ihe resenvoir capacity, reduce maintenance works
L Low
M Medium | Parameter Effects impoundment / reservoir)  Effects (riverbanks)
[ Hign
Water level L  increasad higher divarsity [bars and islands)
Ij - Flow velacity noreasad higher diversity (bars and islands)
g Shear stress noreasad L decreased
Sediment- Transpart capacity noreasad L eventualy decreased
dymamics Continuity noreasad L eventualy decreased
Morphe- - noreased morphodynamics in the . )
dynamics Rivar marphology L main channe L increased morphodynamics
Habitat diversity / .
Ecology rafugial habitats increased
Type of measure Han-recurring Recurring
Categories State of the art Tested implemented at least once) State of science no field test yet)
Local scale Reach scale Catchment scale
i Upstream effects Downetream effacts
Tempaoral Shart-term Mid-ierm Long-term
Flood protection Hydrapower
elation with
River basin management ind. Ecology Hawigation

Bathymetric sunveys and surveys of the structures
Badload and suspended sediment load (especially when measure part of flushing operation)

Water levels

Structures made of gravel or sand: Grain sizes, fish, macrozoobentnos
Priysical or numerical models to plan and assess the functionality in tenms of sediment transport and to obtain optimal operation rukes

Neotes | Risks Assessment

Wiatn reduction of the impoundmentreseneoir (ariginal width of the river can senw as a baseline for the required narrowing effects)
In a cascade of dams, analyse the potential influence on downstream gams and the need for their incorperation into an overarching sedi-
ment management.

Risk of bedioad deposition directly downstream of the dam, if not mitigated by addiional measures.

Flushing should be performed in an environmentally friendly way (ie. sediment concentrations that the environment can endure).

Can reduce deposition of coarse sediments and flood risk in the head of the reservoir / impoundment. Risk of enfanced erosion in the head
of impoundments if tod much namowing oocwrs and if an upsineam bedload supply is missing.
Especially in the head of impoundments with nearly free flowing conditions, there is a possibility for habitat enhancement. Risk of fine sedi-
ment deposition in areas not influenced by the main stream cument after food events.

li POSITIVE

A dynamic equilibrium is reached {short-term erosion and
sedimentation processes, but stable riverbed in the long run).

Guiding wall

Gravel bar

m NEGATIVE Excessive river width leading to long-term sedimentation processes.

Excessive river width causing sedimentation

|

All measuras redated to yoropower, bathymetric sunveys

Implementation of a guiding wall a HPP Ering-Fravenstein {Inn, AT/ D)
Further examples: See Project Report 5.3, factsheet code in annex 2: S_R_H_T_GP53
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HYDROPOWER HYDROPOWER

] .

Reach/sectional scale Sedimen bypass e, channe) I | Sediment bypass (tunnel, channel)
Resenvoirs and impoundments — upstream part or close to the dam u POSITIVE
Existing and newly built reservoir or impoundment

Gravel and sand bed river

Route sediments around the reservoir io reduce sedimentation and maintain transport

seiment transport continuity, substrate, transport rates, water deptn, water leval, reservoir capacity Sediment bypass tunnel
Prevent reservoir sedimentation
Improve / restore sediment continuity
Flood . . . Outlet structure
Enhance fiood protection througn reduced sedimentation
protection P g
Hydropower | Maintain reservoir capacity and reduce damages at tne dam and the nydropower plant
Dam
!:I NEGATIVE I
Water level L decrezsed L eventualy ncreased
¥ Flow vedocity no effects na effects i
LT Shear siress R oo In case of no sedlmgnt bypass : Sediment deposition
- - tunnel, sediments might deposit
Sediment- | Trenspart caparity maeased in the reservoir.
aymamics Continusity increassd increased supply
River marphol L minor effects improved MBS
dynamics phology mgroved morphodyna
Habitat dwersity / . . .
Ecology m;al habiu’?'g L minar effacks improvad when bedkasd supplied
Non-recuming Racuming
Stete of the art Tested (mplemented at least once) State of science (no feld test yet)
Local scale Reach scale Catchment scale
Spatial
Upstream affects Dowretream effects e — )
(Sedlment bypass bauned)
Temporal Shart-term Mid-term Long-term Bypass tunnel; 1998 Leugth 2340m
- 1) Turbid water bypassing Slope 134
Flood protection H Diar
yedrap 2) Sediment bypassng
River basn management ind. Ecology Navigation > ——
B
¢

Maonitaring of potential damages in the bypass tunnel dee to abrasion

Eathymetric suneys of the riverbed downstream and in the resenvoir

Assessment of effects on ecalogy and plant operation.

Phiysical or numerical medels to plan and assess the functionality in terms of sediment transport and to obtain optimal operation rules

Despite the pros, the number of realized SBTs in the world & limited primarily due io high investment and maintenance cosis.

Eig agvantage since sadiments do not enter the resenoir but are rowted around, allowing also coarsa sediments to pass.

Depends on topography; ideal site: Sharp turn of the river to have shori bypass. A ceriain bed slope & also necessany.

Weir or guiding wall might be necessary to divert sediments into the bypass.

Can be useiul to retrofi at dams without appropriate outlets for sediment management (e.q. sluicing, environmentally friendly flushing)

Hign maimenance costs are caused by istinctive invert abrasion efects as a result of significant seaiment transport rates at high velecties,

putting the sustainable operation of these tunnals at risk.

Emvironmentally friendly. Downstream impact is lower than other sediment management strategies since sediment concentration below HPP

i= nat signincantly nighar than at the inflow.
All measures in the catchment; minimize wigth by hydraulic structures; all measures in the downstream frea-fiowing secti-
ons that enhance the retention time of sediments (e.g. river widening, riverbank restoration, increase river length io reduce
slope, set back or removal of flood dykes)

© Sumi and Kantouss, 201

(® sediment bypass tunnel at Solis Dam, Switzerland [Auel, C. and Boes, R. 201, Sediment bypass tunnel gesign — review
and outicok. Dams and Reserveirs under Changing Challenges. Editors: Schieiss and Boes. Taylor & Francis Group,
London, ISBN 978-0-415-68267-1)

See Project Report 5.3, tactsheet code in annex 2: S_R_H_O_GP59 (ntips:/bit.ly/sedbypass)
() Asani Dam, Japan (Sumi, T. and Kantoush, S.A. 2011 Comprenensive Sediment Management Strategies in Japan:
Sediment bypass tunnels.)
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Reach/sectional scale

HYDROPOWER

Off-stream reservoir

HYDROPOWER

Bypass (off the main channel)

Newiy built reservoir
Gravel and sand bed river

Route sediments to reduce sedimentation in the resanair and maintain transport

Reservoir capacity, water depth, sediment inflow, sediment size

Prevent reservoir sedimentation by reduced inflow of sediment-laden water
Sediment
Increase sediment continuity in the main channe!
Hydropower | Ensure and projong operability of mydropower plants, bypass sediments beyond the intake
L
Water level reguced increaze of water level reduwced during lowear fiows —
and depth consistent dunng higher discharges
Hydro- . reduced during lower fiows —
aymamics Flaw velocity no effects consistent during higher discharges
reduced during lower fiows —
Sear stress no efects consistent during higher discharges
Sediment- Transpart capacity decrezzed sadiment input presarved at higher dischamges
dynamics Comtinusty no effects preserved 2t higher discharges
Morphe- . redwced during lower fiows —
dynamics River marphalogy no efects consistent during higher discharges
Habitat dwersity / redwced during lower fiows —
Ecoiogy refugial hatitats 7o effects conststent durng higher discharges
Mon-recuring Racuering
State of the art Tested (mplemented at least once) Stata of science (no field test yat)
Local scalke Reach scale Cairhment scale
Spatial
Upstream effects Dowrstream efects
Temporal Shert-tarm Mid-term Long-tarm
Flood protecton Hydrapower
River basn management ind. Boology Wawvigation

Bathymetric surveys of ihe riverbed and in the reservoir, discharge measurements, suspended load and bedlioad

Proper location (e.g. on the outer bend) and censtruction of the intake to awoid sediment transport into the intake.

Very fine sediments {wash load) will still be frapped; supplementary measures in the reserveir and in the catchment.

Amount of water abstraction especially during low flow periods and downsiream impacts need 1o be considered — assessment of necessary
amvironmental fiow needs to be done. Vegetation encroachment in the residual flow reach can kead to reduced morphodynamics and can
reduce the discharge capacity during fiood stage.

Risk of stranding or wash-out jdrift) of aguatic species, iherefore hydro-peaking (rapidiy changing water levels| needs to be mitigated; for
ayample by hydropower operation or retention basins.

All measures in the catchment; all measures in the downstream free-flowing sections that enhance the retention time of
sediments (2.g. river widening, riverbank restoration, increase river length to reduce slope, set back or removal of ficod
dykes). minimize fixed weir sill height, construct local bypass

li POSITIVE

Intake structure .
Resenir

Power house

Retention basin

l:l NEGATIVE

Excessive water abstraction, leading to reduced
water discharge in the main channel.

Low residual flow

Hydropeaking
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HYDROPOWER HYDROPOWER
Measure Sluicing ‘Measure Sluicing
Location Resenvoirs and impoundments u POSITIVE
Existing and newty Duilt rasenvoirs of impounaments
Gravel and sand bed river Water level drawdown
— - - - . - coordinated with arriving flood
Main aim Route sediments inrowgh the reservoir to reduce sedimentation and maintain transport Large gates or outlets
Parameter Sediment continuity jmainty Tne sediments), sediment transport capacity, fiow velocity, shear stress, outlet/ gate capacity and low foced weir sill neight
sediment Prevent sedimentation tnrough water level drawdown during fioods, Which passes sediment-laden watar througn the
resenvoir / impoundment
Long-term increase of aod pratection by reducing sedimentation in the resarvoir
5 protaction g 2 prate Xucing sedime are
! Hydropower | Ensure sustainabie long tarm oparability of the mydropower plant, reduce maintenance works
L Low
-h_ Parameter Effects (upstream of the dam) Effects (downsiream of the dam) m NEGATIVE
- High Wrong or no sluicing procedure leads sedimentation in the reservoir.
Water level decreased increased
m‘ ;Iow velacity 1C|'BEE: ?rcreasz
fear siress T Ease INCTeas| drawds
_ _ . ar 1Sl Sramcion) small gates or outiets and
Transpart capacity ncreased increased high fixed weir sill heignt
aynamics Continuity ncreasad [mainly fine sadiments) :F;rﬁlased (mairdy fine sedimert
. . increased morphodynamics
mmmﬁm River marphology L increased morphodynamics - Evspe:al','wl'; g;?ue is sluiced
Habitat diversity / . . transpart duwing flood where koad is Sediments settie
Ecology refugial habitals L de-colmation effeds, less silting naturally high inthe resarvoir
Type of measure Hon-reurring Recuring
C-m.'- State of the art Tested (mplamented at lezst once) State of science (no field test yet)
Local scale Reach scale Caichment scale
Spatial
Upstream effeds Downstream effecs
Temporal Shart-tarm Mid-ierm Long-term
Flood protection Hydropower
Interrelation with £ - i p,
River basin management ind. Bclogy Nawigation

Eathymedric sumveys
Monitering of suspended sediment concentrations and bedioad

Manitoring of water levels to coordinate hydropower operaticn with approaching fiood
Impact on environment due to (changed) sediment management operation

Prysical or numerical models to plan and assess the functionality in terms of sediment transport and to obtain optimal operation rukes

Applied during periods of high discharges and sediment loads, with partial or Tull water level crawdown. Sediment transport capacity througn

the resendir / impounoment needs to be nigh.

Works on all sizes of reservoirs / impoundments; highest efficiency in long and narmw ones.

Awailability of excess water and lange capacity gates neaded to discharge lange flows and to successiully siuice sediments. Retroditing of
such gates is expensive, therefone consider sediment management sirategy already during planning phase of the HFR

Fine sediments transported more effectively than coarser ones.

Flushing can l2ad to sedimentation in the downstream resamnoirs and SNowlk therefone be coondinated with ail iyarepower piants in tne
cascade. The potential for excessive downstream sedimentation needs to be considered 5o that it does not inder 1o protection. In resar-
woirs with the purpose to attenuate flood waves, dam operations need to consider impacts on downstream water levels.

Coordination with inland navigation to avoia potential conflict.

Comparably low impact on the enviranment, since sediment 10ads are naturally high during siuicing.

Notes / Risks

Intemelationwith |~/ mcasures in the catchment; minimize width by yoraulic stuctures, iood conditioned fushing, optimized Mushing or
other measures sluicing strategies Tor dams in sefies, minimize fed weir sil hedght, install lzrge battom cutiets or gates; batnymatric sunsey

© HSE hwst dos

opr— )

© Bacura, 20%

@® sluicing at hydropower plant Melje, Drau River, SI (http:/Awww.dem.si|

(® .Wendepegelkonzept™ at HPP Leoben, Mur River, AT (enhanced procedures regarding water kevel lowering in the
reservoir in order to improve sediment management (Badura, H. et al. 2016. Wendepagelkonzept zur dynamische
Sedimentbewirtschaftung von Flussstauhattungen am Beispiel Kraftwerk Leoben, Wasserbau — menr ats Bauen im
Wasser. Beitrage zum 18. Gemeinschafts-Symposium der Wasserbau-Institute TU Munchen, TU Graz und ETH Zurich
vom 29. Juni bis 1. Juli 2016 in Waligau, Oberbayem. ISBN 978-3-940476-10-3, Nr. 134, 400 Seiten.)
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HYDROPOWER

Measure Venting of turbid density currents

Resanveirs and impoundments

Existing and newdy built reservoirs
Gravel and sand bed river

Route sediments hrowgh the reservoir to reduce sedimentation and maintain transport

Sediment oontinuity (ine sediments), Niow velocity, turbulence

Prewent / reduce sedimentation by reufing turbid density currents throwgh and out of ihe resenvoir

Long-term increase of flaod protectien by reducing seaimentation in the resanair

Ensure sustainabie long term cperability of the mydropower plant, reduce maintenance works

Sediment
Flood
protection
Hydropower
L Low
- Medium | Parameter Effects (upstream of the dam) Eftects {downstream of the dam)
[ ign
" —— increase depends on entesing
Water lewel no drawdown necessany discharge
Hydrg- S : I increase depands on entering
dynamics Flow velacity maintained, by apening of outlets dacharge
. I increase depands on entesing
3 Shear stress maintained, by opening of outlets discharge
Sediment- Transpart capacity maéntained, by apening of outlets dapending on the downstream reach
dynamics Continuity maintained, by opening of outlets . increased (fine sediment)
dynamics pho- River marphaology
Ecology Habitat dersity / L Concentation naturally high during L Sadiment concentration inflow ap-
refugial habitats floods prow. equals outflow concentration
Type of measure Non-recuring Recuring
Categories State of the art Tested (mplemented at least once) State of science [no feld test yet)
Local scale Reach scale Caichment scale
Upstream effecis Downstream effects
Temporal Shart-term Mid-term Long-term
Flood protection Hydropower
Interrelation with
River basin management ind. Ecobogy Navigation

Bathymetric suneys

Manitoring of suspended sediment concentration upstream and ciese to the dam, to manage resamnvoir operations

Monitoring of water temperature

Impact on environment due to [changed) sediment management oparation

Pirysical or numerical models to plan and assess the functicnality in terms of sediment transport and to obtain optimal operation rules

Turbid density currents must aiready exist and they must reach the dam.

The measure can also be applied at large reservoirs.

Dutlets with a certain capacity are needed for successful venting. Retrofitting is expensive, if feasible at all, therefore include them aiready in
the dam design.

Impertant is an adequate and in time operation of the outlets, which is coordinated with the inflowing turbidity current. Ideally based on real-
time monitaring of concentrations close to the dam cutlet

Obstacies / roughness that disturd the approaching turbidity current should be remaoved.

Efficiency of the measure will decrease when resenvoir fills.

Suspended sediments are reuted downstream during flocds winen the concentration is naturally nign, reducing the environmental impact.

Notes/ Risks

Interrelationwith | ! medsures in the catchment; Sediment bypass tunnel, sluicing, flood conditionea / environmenally friendly Musning,
prewent sedimentation by arificial turoulence, wet or dry dredging and reinsertion, install large bottom outlets for venting,

SR route sedimants through turbines, apply local artifcial turbulence

li POSITIVE

Low-level outlet

Turbid density current

m NEGATIVE The turbid density current might deposit near the dam if a) the low-level outlet is undersized,

b) the low-level outlet is dosed or not opened in time or ¢} in case of insufficient slope
because of increasing depositions over time.

Undersized or closed
low-level outlet

Sediment deposition

44|Ennﬂ. i

Sediment outfliow
downstream of the dam

I -unge poirt_|

© Beagle Exth

Reference Dos Bocas dam, Puerto Rico [Source: Google Earth)
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Reach/sectional scale

HYDROPOWER

Environmentally-friendly flushing

Resenvoirs and impoundments

Existing and niewty built reservoirs or impoundments
Gravel and sand bed river

Remaowe / remobilize sediments in a reservoir or impoundment to reduce sedimentation

Sediment continuity, sediment fransport capacity, water level, fiow velocity, shear stress, suspended sediment concentration

Sediment Reduce segimentation by kowering the water level to remabilize sediments
Ecology Limit impact on downstream envirenment (limit suspended sediment concentration during fushing), supply gravel
Increase f maintain flood protection by reducing sedimentation
protection P a
Hydropower | Ensure sustainabie long-term operability of the myaropawer plant, maimtain resarvoir capacity
L
Water level decreased increased
m‘ Flow velacity ncreasad increased
Shear stress ncreased increased
Sediment- Transport capacity moeasad increased
dynamics Continuity increasad Bl ircresse
m‘ River marphalogy L increased mosphodynamics
Ecology Habitat diversity / low effect (depends on concentration
refuigial habitats = and duration}
Non-recuming Racuming
State of the art Tested (mplemented at laast once) State of science [no feld test yet)
Local scale Reach scale Catchment scale
Spatial
Upstream efiects Dowrestream effacts
Temporal Shart-term Mid-term Long-term
Flood protection Hydropower
River basin management ind. Boology Navigation

Bathymetric suveys of the riverbed

Monitering of suspended sediment concentration (real time), oxygen and femperature during flushing

Assessment of the downstream hanitats; grain sizes, deposition of e Mushed fine material, abundance of aguatic species

Phiysical or numerical models to plan and assess the functionality in terms of sediment transport and to obtain optimal operation rules

Flushing can strongly affect ecological conditions (2.0. long duration and nigh concentration of suspended sediments can have negative
impacts on fsh and macrozoobenthos like ceygen depletion, stress or mechanical damage / wiater guality is degraded).
Emvironmentally-friendly fushing is: to send downstream only the concantration and duration of sediment that the environment can with-
stand™ and not to flush higher amounts. Flushing is performed under restriciions conceming duration, concentration of suspended sediments
and season of the year (e.0. spawning time).

CQutlets f gates need to be large enowgh o pass the necessary discharge. At larger dams, outlets installed at different heights can be wsed fo
control suspended sediment concentrations to a certain degree.

Flushing can lead to sedimentation in ihe downstream resenvoirs and therefzre should be coordinated with all ydropower plants in the
£ascage. The potential far excessive downsiream segimentation needs to be considersd so that it does not ninder feod protection. in reser-
vioirs with the purpose to attenuate flood waves, dam operations need io consider impacts on downstream water levels.

‘Coordination with intand navigation to avoid potential conflict.

All measures in the catchment; minimize widgth by nydravlic structures, siuicing, iood conditioned Tushing, optimized
Nushing and sluicing sirategies for dams in series, wet or dry dredging & reinsertion, bedioad dritt, minimize fved weir sill
height, install large bottom outiets, open ship Iocks sor Iocal remobilization, optimize operating rules

HYDROPOWER

| Environmentally-friendly flushing

Water level drawdown more frequently at lower discharges to reduce ecological impacts.
An additional gate for clear water discharge can reduce the suspended sediment
concentration in the downstream section.

li POSITIVE

Monitoring of suspended sediment concentration upstream and downstream of the dam

Aaditional gate

Low-leval outlet

|

Remobilisation of

deposited sediment Monitoring of suspended sediment

concentration during operation

Excessive water level drawdown might cause high sediment
concentration over a long time.

! I NEGATIVE

Excessive water level
drawdown

High suspended
iment concentration

© Fruchard and Camenon, 2002 © Poseul ot al, 2016

Environmentaily-frienaly fiushing at Genissiat cam on the Rnone River, France (Fruchard, F. and Camenen, B., 2012.
Resenvoir Sedimentation Different Type of Fushing — Friendly Flushing Exampie of Genissiat Dam Rushing. / Peteuil, C. et al,
| 20%. Feedbacks from Asia and Europe for designing sediment passing facilities in hyaropower cam projedts.)
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HYDROPOWER

HYDROPOWER

]
Reach/sectional scale [meue | reoscomiioned using Measure | Food-condiioned fushing
Location Reservoirs and impeundments
Existing and newty built reservoirs or impoundments n POSITIVE Water level drawdown according to flood events.
Application Gravel and sand bed river
Main aim Remaowe / remebilize segiments in a reservoir or impoundment to reduce sedimentation
Parameter Sediment continuity, sediment transport capacity, discharge, Tiow velocity, shear stress, water level Water level drawdown

Reduce sedimentation by lowering the water level to remobilize sediments

Limit impact on downstream envirenment (Aushing when concentration is already high during Nood), supply gravel Water level increase

Sediment
Ecology
B Increase / maintain flood protection by reducing sedimentation
! protection = ap oy 9%
Hyaropower

Ensure sustainable long term operability of the mydropower plant, maintain resenir capacity Remobilisation of
L Low geposited sediments
"M Medium | Parameter Effects (Upstraam of the HPP) Effects (downstream of the HPP)
[ Hign
Water level decreased; dapending on drawdown | L increased; depending on drawdown !:I NEGATIVE
m Flow velacity ncreased; depending on dravedown increased; depending on drawdown
E Shear stress ncreased; depending on drawdown increased; depending on drawdown
Sediment- Transport capacity ncreased; depending on drawdown increased; depending on drawdown ;
dynamics Confinuity ncreased; depending on drawdown . increased; depending on drawdown = Noor low watef level drawdown '1 ;
T - River morphology L ::;E:Zﬁ :rnz-rgoru-\::‘si::pzlied T
Eoogy | L v sty s rovel s shed
Type of measure Naon-recurring Recuring
Categories State of the art Tested [mplamented at least onc State of science (no field test
Local scale Reach s:a::ll:’ . Catchment s—:alnI = No mmlsaum o
Spatial depaosited sediments
Upstream effects Diawrstream effacts
Temporal Shart-term Mid-ierm Long-term
ion with Flood protection : Hy\drcp.mer
River basn management ind. Ecology Navigation

Eathymetric suneys

Monitoring of bedload, suspended sediment concentration. oxygen and temperature during flushing

Assessment of the downstream habitats: grain sizes, deposition of the flushed fine material; abundance of aguatic species

Fiysical or numerical models to plan and assess the functionality in terms of sediment transpor and to obtain optimal operation rules

Flushing can strongly amect ecoiogical conditions T C e
impacts on fish and macrazoobentnos like cxygen depletion, stress or mechanical tamage / watar quality is degraded).
Floods are a good oppariunity to organize Nushing since suspended sediment concentration & generally high. The measure may only be
feasible in daily o weekly {shori-tem) resenoirs.

Awailability of excess water and lange capacity gates needed 1o discharge large flows and successiully flush sediments. Retrofitting of such
gates i expensive. Therefere, a sediment management sirategy should already be considerad during ihe planning phase of the HPF.

.. long duration and nign concentration of suspended sediments can Nave negative

Notes | REks

The potential for excessive downstream sedimentation needs to be considersd so that it does not hinder Hood protection. In reserairs with
the purpose to attenuate fiood waves, dam cperations need to consider impacts on downstream water lavals.

The effect and success also depends on the geomedry of the resenvoir and the degree of ihe water surface drawdown.

11 flood flushing is the only measure, it might not be applied often encugh. Therefore, the combination with other sediment management
MEasures can be necessary.

Flushing can lead to sedimentation in ihe dewnstream reservoirs and therefore shoukl be coordingted witn all mydrepower plants in the cascade.

Interrelationwith | " measures in the catchment; minimize width oy Mydrawlic structures, siuidng, oed-conditioned fushing, optimized
Nushing and sluicing strategies for dams in series, wet or dry dredging & reinsertion, bedload dritt, minimize fed weir sil

other measures heignt, install large bottom outlats, open snip locks for local remobilization, optimize operating mles

Hydropower piant Aschach, Danube Rver, AT (https://wwwyverbuna.com)
See Project Report 5.3, tactsheet code in annex 2: S_R_H_D_P&1.
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Reach/sectional scale

HYDROPOWER

Optimize flushing or sluicing strategies for dams in series

Resenvoirs and impoundments

Existing reservoir / dam
Gravel and sand bed river

Route or remobilize sediments at a chain of resenvgirs / impeundments {0 reduce sedimentation and maintain transport

Riwer continuity, sediment transpert capacity. water depth, fiow velocity, shear stress, discharge, resenvoir geometry

Reduce sedimentation and improve sediment continuity

Limit impact on downstream environment {fiushing when concentration is already high during fiood), supply gravel

Increasa / maintain food protection by reducing sedimentation

(i

Ensure sustainable long term operability of the Mydropower plant, maintain resenvoir capacity

HYDROPOWER

| Optimize flushing or sluicing strategies for dams in series

n POSITIVE

Coordinated water level drawdown with adequate timing
batween two or more hydropower plants

Water level arawdown

Remobilisation of

!:I NEGATIVE

Water level drawdown

Remobilisation of
deposited sediments

Uncoordinated water level lowering might lead
to depositions in the downstream reservoir

Sediment deposition

Water level decreased; depending on drawdawn increased; depending on drawdown
mli Flows veldacity increased; depending on drawdown increased; depending on drawdown
Shear stress mcreased; depending on drawdown increased; depending on drawdown
Sediment- Tramspart capacity mcreased increased
dymamics Continusty mcreasad increased
wli River marphology mcreased; depending on drawdown increased; depending on drawdown
Ecology r}ub;ztl gemmag.l’ mcreased, depending on drawdown increased; depending on drawdown
Non-recurring Racuring
Stete of the art Tested (mplemented at least once) Stata of science [na fiald test yet
Local scale Reach scale Cairhment scale
Spatial Upstream afiects Downstream affects
Temporal Shart-term Mid-term Long-tarm
Flood protection Hydropowar
River basin management ind. Ecology Navigation
Eathymedric suneys

Monitaring of pedioa, suspended sediment concentration, ooygen and temperature during flushing

Assessment of ihe downstream habitats: grain sizes, deposition of ihe flushed fine material; abundance of aguatic species

Imipact on emvironmant due to [changed) sediment management operation

Piiysical or numerical medels to plan and assess the functicnality in terms of sediment transport and to obtain optimal operation rukes

Harmonized operation of two or more dams to opimize sediment remobilisation and routing.
Flushing can strongly affect ecological conditions (2.g. long duration and nigh concentration of suspended sediments can have negative
impacts on flsh and macrozoobenthos like aeygen depletion, stress or mechanical damage / water guality is degraded).
Availability of excess water and large capacity gates needed to discharge large flows and successiully flush sediments. Retrofitting of such
gates & expensive. Thereforne, a sediment management sirateqy should already be considered during the planning phase of the HPP.
The potential for excessive downstream sedimentation needs to be considered so that it does net hinder fiood protection. In reservairs with
the purpose to attenuate food waves, dam operations need to consider impacts on downstraam watar levels.
Coordination with inland navigation to awoid potential conflict.

All measures in the catchment; minimize width by hydraulic structures, sluicing, fiood-conditioned flushing, optimized

flushing and sluicing strategies for dams in series, wet of dry dredging & reinsertion, bedioad drift, minimize fed weir sill
neight, install large bottom outlets, open ship locks fof local remaobilization, optimize operating rules

© Rond) TWAG © RondVTIRAG

(@ Flushing MGMT at HPP Kircnbichl ana Langkampten at the Inn River, AT (Reindl, R., 2017. Fachtagung Sedimentmanage-
ment 2017: Heraustorderungen an das Sedimentmanagement bei den Flussstaukratwerken des Tirokr inn.)

() Flushing and Sluicing operations at two dams in Japan (Sumi, T. et al. 2017. Reservoir Sediment Flushing and Replenish-
ment Below Dams: Insights from Japanese Case Studies.)
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Reach/sectional scale

HYDROPOWER

Measure Wet or dry dredging and reinsertion
Location Reservoirs and impoundments
Existing reservoir
= Gravel and sand bed river
Main aim Reduce segimentation in the resenvoir / impoundment and riverbed erosion in the cownstraam reach by refeeding
Parameter Watar lavals at fieod stage, tridge clearance at hignest navigable discnarge, grain sizes

Improve sediment continuity

Increase { maintain flood protection by reducing sedimentation and flood water levels

Remove accumulated sediments 10 maintain capacity and cperability

Ensure water depth in the tainway at low navigable discharge and bridge clearance at highest navigable discharge

HYDROPOWER

(mp

interreg M

Danube Transnational Programme

Measure Wet or dry dredging and reinsertion
/ POSITIVE ‘
- Reinsertion of the dredged dredging and reinsertion
X material downstream of the -
nydropower plant I ™ /\
Check dam
Wet dredging with vessels and Fine sediment transfer Dry dredging at check dams and

reinsertion downstream of the HPP

augmentation downstream

Parameter Effects impoundment) Effecis (downsiream of the dam)
Water level decrezsed water leval | increasad L increased water lavel / decreased
leriene water depth waies depth
Florw vedacity no effects na effacts
E Shear stress no effacts na effacts
Transport capacity L Reduced at dredging lecation
Continuity - Increased duse to refeeding
Rivar marphology Depands on amouwnt and type of Depands an amount and § badioad

sodiments {grawvel or fines)

supplied downstrezm

Habitat dversity /
refugial habitats

Depands on mode of operatian and
suspanded sadment concentrations

Depends an mode of operation and
suspended sadiment concentrations

Wet dredaing (hydrosuction) and transferring
fine sediments to the downstream reach

! I NEGATIVE

Excessive dredging

degrading river systems. Local disturbances for e.g. fish at
dredging spot must be considered.

Fine sediment transfer

Excessive fine sediment
concentration

and selling on the market, especially in

Excessive fine sediment concentration over a longer period
during low flow discharge when continuously dredged.

Type of measure Hon-recuring Recurring
Categories State of the art Tested implemented at least once) State of science [no field test yet)
Local scale Reach scale Catrhment scale
Spatial
Upstream afiects Downstream effects
Tempaoral Shart-term Mid-term Long-term
Flpod protection Hydrapower
Interrelation with B - d p_
River basn management ind. Boology Manwigation

Batmymedric suneys

water levels

GQuality of the sediments

Monitoring of quantity excavated and reinserted [sediment volume)

Single soluticn or complements other sediment management methods
Mo change of resenvair cperations nacessary for wet dredging or mydrosucdion
5 Cosks depend on site-spedillc conditions
== | Presence of contaminants can lead to very high dispesal costs (no reinsertion of dredged material)
i Seasgnal limitations can mitigate the impact an the ecology (e.g. fish)
Continuzus downstraam discharge of dredged sediments can impact the envirenment; this can be mitigated by instaling settiing basins,
where remodilization 1akes place at higher discharges.
Augmentation sirateqy to awoid impact on navigation or flood protection, e.g. feeding a large amount at places with higher water depths

Interrelation with | ! Me25UrES in the catchment; minimize width by hydraulic structures, siuicing, lood-conditioned fushing, optimized
th flusning and sluicing strategies tor dams in series, wet or dry dredging & reinsertion, badkead dritt, minimize fed wieir sil
hizight, install large bottom oudiets, open ship locks tof local remobilization, optimize operating rules

© Remilors

© WWA Trsunsisin

© LiU |Bavanien Environmart Agency)

(® Buech River, Saveur dam, FR (Remi Loire, Case study: restoring sediment continuity in the Bugch, IV CONVEGNO
ITALIANO, SULLA RIQUALIFICAZIONE FLUVIALE, Hymocares session, Bolagna, 22-26 otfobra 2018).

(®) Danube River near Vienna, AT. (©) Saalach River at Kibling, DE. (D) Isar River (rkm 142.9), DE.

See Project Report 5.3, factsheet codes in annex 2: E_R_H_T_GP24, E_R_H_T_GP25, S_R_H/FP_D_GP6S5, S_R_H/FP_T_
GP67, S_R_H_O_GP58 (nttps:#ibit.ly/hydrosuction)
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Reach/sectional scale

HYDROPOWER

“
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Danube Transnational Programme

HYDROPOWER

Bedload drift

Water level drawdown

Water level increase

Bedioad arift

Measure Bedload drift Znzazsmts

Location Impounament POSITIVE \
Existing reservoir / dam
Gravel bed river

Main aim Reduce / remove sedimentation in the resenvoir and riverbed erosion in the downstream reach

Parameter Bedioad continuity, bedioad transport capacity, water depth, flow welocity, shear stress

Sediment Increass badload continuity

Increass / maintain flocd protection by reducing sedimentation and increasing gischarge capacity

S protection . ap 0% g aiCharge tap

! Hydropower | Remove accumulated coarse sediments to maintain capacity and operability

L Low
- Medium | Parameter Effects (upstream of the dam) Effects (downsiream of the dam)
[ Hign
Water level decreased L increased
m‘ Flow vedacity nireasad L gacreased
E Shear stress nireased L | decreased
Sediment- Transpart capacity ncreasad increased
aynamics Contimuity ncreased increased
Morpho- - . ) improved morphodynamics by
dynamics River marphology L increasad marphodynamics badioad supaly
Ecology Habitat dearsity . improved habitats on tha long term
refugial habitats | decolmatian effecs by bediaad supply
Type of measure Non-recuring Recuring
Categories State of the art Tested (mplemented at least once) Stata of science [na field test yet)
Local scale Reach scale Catchment scale
Spatial
Upstream afiects Dhownstream effacts
Temporal Shart-tarm Mid-term Long-term
Flood protection Hydropowar
Interrelation with £ - i p_
River basn management ind. Ecology Hawigation

Bathymetric suney of the river

Bedload measurements
Phiysical or numerical models to plan and assess the functionality in terms of sediment transport and to obtain optimal operation rules

Weir gates are opened when a certain discharge is reached for a certain duration. The discharge can be induced by floading or by upstream
water supply. A protocol defines when gates are operated, Le. discharge amount and duration.

Controlied siow water level drawdown fo ensure the retention of ine sediments and protect upstream riverbanks and fish {in the referenced
praject: max. 60cm/h)

Badioad not transparied with the drift must be dredged and reintroduoed downstream.

Goal is to mainly transport bedioad through the impoundmeant, whike tne sediment remains settied.

Interrelation with
other measures

Dry or wet dredging & reinsartion, environmentaiy-Triendly nusning, fioog-conaitioned nushing

m NEGATIVE Stopped bedload drift due to a) insufficient time period of weir gate opening,

b) excess river width or ¢} insufficient bed slope.

Stopped bedload drift

Bedioad drift at HPP Bad T0lz, DE (see Project Report 5.3, factsheet code in annex Z- S_R_H_T_GP54)
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Local/ point scale

Smm—
Measures at the dam Measures in free-flowing sections
» Minimize dam width (H12) » Sediment feeding (RBM17/N5)
» Minimize fixed weir sill height (H13) P Optimisation of river engineering structures to
» Construct local sediment bypass (H14) reduce sedimentation (N6)
o P Modify weir fields to increase sediment continuity 4 Optimisati0|:| of river engineering structures to
S P Install large bottom outlets or gates for venting, reduce erosion (N7)
,2 sluicing or flushing (H15) 4 !nstall bedlo?d traps (as part of intelligent dredg-
‘o » Route sediments through turbines (H16) ing and feeding management) (N8)
= b Pressure scoufing » Remobilisation of consolidated gravel bars
© S (RBM18/N9)
b » Open ship locks for local remobilisation .
- ) _ P Local bank protection (F11)
» Apply local artificial turbulence ) . .
o » Modify or remove barriers (weirs or ramps)
P Local di Z—_ZI..|'.:_||| 1g at i itake structures (RBM19[F12)
» Optimize operating rules
» Innovative hydropower plants
» Remove dam or weil

Helmut Habersack
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Local/ point scale

HYDROPOWER

Minimize dam width

Cam / weir

Existing and newty built reservoir / dam

Gravel and sand bed river

Reduce segimentation in the resenwir and rivered erosion in the downstream reach

Shear stress, sediment transport capacity, now velocity, water levelioeptn, bed slope

Sediment Improwe sediment continuity by increasing shear stress and sediment transport capacity near the dam
Increase f maintain fiocd protection oy reducing sedimentation and flocd water levets
protection p 0
Hydropower | Increase / maintain flood protection by reducing sedimentation and flood water levels
L
Watar level decrazsed at high flow increased at high flow
m‘ Flow velacity mcreasad increased
Shear stress mcreasad increased
Sediment- Tramsport capacity mcreased increased
dynamics Continuity increased increased
Morphao- ) B ) increased morphodynamics
dynamics River marphology increased marphodynamics ially when gravel is supglied
Habitat dwersity / - - improved, when gravel supplad
Ecology refugial hatitats mcreasad reduced colmation) downstream
Non-recuming Racuring
State of the art Tested [mplemented at least once) Stabe of science (na field test yet)
Local scale Reach scale Catchment scale
Spatial
Upsiream effects Downstream effects
Temporal Shart-term Mid-ierm Long-term
Flood protection Hydropowar
River basn management ind. Boology Nawigation
Bathymetric suneys of the riverbed
Bealcad transport
Water levels

Thits is a construction measure that ennances sediment transher and remabilization, since it increases snear stress in the cose range of the

mydropower plant.

Hydraelectric generating compaonents of the nyanpower plant (2.g. turbines) are positicnad at the ket and rignt side of the river by the

riverank.

Thits is basically an option for newty built mydropower plants; nigh implementation effart at existing mydropower plants.

All measures in the catchment; minimize wigth by nydrawic structures, sivicing, Nood conditioned flushing, optimized Mus-
ning and sluicing strategies tor dams in series, wet or ary dreoging & reinsartion, bedioad drif, install large bottom outiets,

minimize Mxad weir sill neignt, open ship locks for local remobilization, optimize operating rules




