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1. Brief overview of environmental impacts and
problems of reservoirs in the context of erosion
and sedimentation
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Interrelation between sediment management and
other players in sustainability

- national Hydrological
Programme of UNESCO



Aim of the sediment management

,

Method used










Environmental issues related to
sediment and Iits management

development of delta by
bed load and suspended
load deposits

deposits by turbidity
currents
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Reduction of river slope due to the prolongation of
the river length by the deposits in the delta area.
o Reduction in discharge and transport capacity

o Disturbance of the surface/groundwater
interaction
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Loss of storage capacity due to sedimentation
resulting in reduced water availability for water
supply, hydropower and flood control.

Water quality can be negatively influenced by the
storage of contaminated sediments contributed from
upstream or primary produ-cers in the reservoir. The
bottom water can get anaerobic due to the oxygen
demand.

Sediment removal can mobilize contaminated
sediment.







Modification of the hydrological regime

o Reduction of peak discharge

o Change of the seasonal flow variability

o Creation of pulsed flows

o Reduction of discharge and transport capacity (Lateral
sediment input, vegetative encroachment)

Modification of the river hydraulic

o Changes in slope and width

o Change of the sediment balance

o Bridges, river training works can be undermined

o Riverbed will coarsen and may become unsuitable for
spawning.






















Problems caused by reservoir sedimentation

- Blocking of water outlets

- Abrasion of turbines
- Static problems of the dam construction

- Reduction of sediment transport in
downstream areas resulting in river bed
erosion
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- Water losses due to spilling of sediment out of the
reservoir

- Interruption of power production during flushing

- Modification of hydrological regime

-  Change in sediment balance, deficiency and surplus of
sediments

-  Effects on the habitats typical of the benthic community
-  Lowering of ground water tables
- Water pollution by contaminated sediments
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2. Determination/estimation of necessary
information and basic sediment data
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Morphometry
Geology
Soil, soil cover, land use

Hydrology/
Meteorology

Geomorphology

Estimation of sediment
potential




System of a torrent

sediment production

sediment delivery

sediment transport

sediment accumulation

sediment input into
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a receiving water




Monitoring systems

In operation since 1982
Area 0.74 Km?

60 % meadows, 40 % forest
Altitude: 1110 - 1655 m asl
Precipitation: 2300 mm
Geology: Flysch



INSTALLATION DE MESURE D’'ERLENTOBEL. ALPTAL
APERCU SCHEMATIQUE
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Sediment retention basin with wood retention

Grain size distribution in the reservoir
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Specific sediment yield of floods and debris flows in
Swiss mountain streams
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Sediment yield from Swiss watersheds classed by geology

Sediment yield from swiss watersheds classed by geology
(49 retention reservoirs)
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Specific sediment volumes of flood events related to catchment area and
geological formations

Molasse Calcareous Alps
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Measurement of bed load in rivers

BfG bed load sampler, 1.5 mm
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easurement of bed load with the Helley-
Smith sampler
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Comparaison of bed load samplers in the Rhine

river
Geschiebemessungen
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River bottom investigation

Special boat for bottom sediment sampling
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Measurement of suspended sediment
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Monitoring devices for automatic suspended
sedlment samplmg
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Suspended sediment measurement devices

Turbidity meter
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Measurement of wood debris/driftwood

Blocked water intake of the water
power station Massaboden




ion of

Evolut

ine
delta

the Rh

rrver




Bathymetric survey of artifical reservoirs

0 100 200m

Ritom Reservoir

44




LAKE DEPOSITS AT
SIHL RESERVOIR,
1937 - 1979

Legend

—— -56.cm Erosion at cross section
—— + 35 cm Accumulation at cross section

37 Point measurement
>44 Point measurement, but ground not reached
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Measurement of turbidity flow

Measurement chain with
three current meters

(1) Sub-surface buoy
(2) Recording unit

(3) Flow direction device
(4) Current meter

(5) Ballast
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Example Grimsel lake
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Ablagerungen und Erosionen eines im Grimselstausees simulierten
Trubestroms (Hochwasser vom Oktober 2000)

(Schleiss, 2007)



Sediment cores from reservoirs in the Aare
basin
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Problem of representativity of random samples
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Observation in different water depth
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Increase of suspended sediment concentration from surface to bottom
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Influence of the monitoring devices
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Correlation between turbidity and discharge
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Accuracy problem

Relation turbidity - suspended sediment concentration

(Binderheim, 1999

- Precipitation
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System

catchment area

A}

sediment "
source \ ‘

sediment production

sediment delivery

sediment transport

sediment accumulation

sediment input into

a receiving water

(GHO, 1996)

Method: LEHMA

Procedure:

— Estimation of sediment
potential of specific
reaches
of the torrent

— Determination of
transport
process and
calculations of
transport
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Assessment of sediment yield in mountain streams

cross section # 1

cross section # 2
Fliessrichtung des Baches '

|| 10000 >{ 3000 I e
cross section #4

mm \

Sediment output at cross
section (=sediment yleld)

cross section# 3

Estimated sediment potential N
between cross sections L 000 4000

Estimated deposit potential ‘
between cross sections ’ f

Calculated actual deposit (in units of mY) @ '
Sediment transport capacity =

Level of operation:
— Handbook

000 00V

Procedure:
Determination of sediment balance for
each channel section

— Theory book
— Computer program for calculation




Procedure to
assess sediment
yield in mountain
streams

(GHO, 1996)

Preparations

Collect data I

Study and interpret data I
First evaluation of mountain stream I

Collection and processing of
discharge information

Field Work

Check results of prepartion work against
field conditions

Assign mountain stream to a category:
- no debris flow stream

- debris flow stream with deposits

- debris flow stream without deposits

Record parameters applicable to
category

Analysis

Calculation of sediment yield at the cone
for the corresponding categor

Plausibility check and sensitivity
analysis




Estimation of sediment transport in small mountain streams

Sediment transport during a 100-year flood in the Guppenruns
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2.4.3 Sedimentaustrag/
Sediment yield

Sedimentlieferrate /
Sediment delivery ratio

Jahrlicher Feststoffabtrag in
Abhéngigkeit von der GrélRe des

Einzugsgebietes A und der Region
(Schréder et al., 1984)
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|. Sediment budget and balance in rivers

Sediment inflow and sediment balance of the Rhine river between
Lake of Constance and Basel
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Mean annual change of the average bottom niveau and bed load
balance
between 1981 and 1990
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Sediment budgets in the Himalayas with special
attention to Jhikhu Khola and Yarsha Khola

The PARDYP catchments, Jurg Merz
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Seasonal soil loss Jhikhu Khola
1998 - 2000
(Plots monitoring)

a) Mean soil loss b) Maximum soll loss
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Monthly soil loss Jhikhu Khola

a) Mean soll loss
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Suspended sediment delivery from some Himalayan
rivers (Lauterburg 1993)

1 Kabul 18 Manas
2 Kurram 19 Champamati
3 Soan, Kishanganga, Kunhar 20 Tipkai
4 Kunar 21 Puthimari
5 Jhelum, Chenab 22 Subansiri
6 Ravi 23 Jia Bharali
7 Gilgit, Shyok, Indus 24 Ranganadi
8 Setiriver 25 Bamadi, Noanadi, Dhansiri
9 Upper Kamali 26 Borgong
10 Lower Karnali, Bheri 27 Kuisi, Deosila, Dudhhoi, Jinari, Krishnai
11 Sethi Khola 28 Kopili
: 12 Marsyangdi 29 Dhansiri
AN 13 Upper Trisuli 30 Besang, Dikhow, Jhanji, Bhogdoi
\ 14 Upper Bagmati 31 Buridihing
| 15 Sun Kosi, Dudh Kosi 32 Dibang
I___I Very low (<10t/ha/y) ;g:ﬂm i Lohit
amur Dihang

D Low (~15t/ha/y)
. Moderate (~35t/ha/y)
B High (~65t/hayy)
Bl very nigh (>80t/hasy)




3. Possibilities and effects of measures for the
reduction of sediment input into the reservoir

Reduction of erosion
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Contour planting

For reforestation of dry or snowy
steep sites, the construction of
terraces/Berms may be required
iIn many cases.




Afforestation with mixed planting
To accelerate forestation, woody
species that are suited to the site
are set out on barren areas at
distances as required (1-3m)
using various planting methods

Ingeneurbiologie, 2007



Lebendverbau Lebendverbau

mit mit
Spreitlage Uferfaschine
(mit Aufforstung)

lebende Astlagen
(z.B. Weiden- Aufforsten mit
aste) hochstammigen Laubbaumen

Hochwasser

aus Iebenc[en
und toten Asten

Befestigung
mit Steckhdlzern

-0
Fuss-Sicherung “ o

durch
Natursteinbldcke Armierungseisen und Rundholz
zur Verankerung

Hartverbau
mit Blocksatz beidseitig
(mit Weidenstecklingen)

Aufforsten mit
Strauchern und
Laubbdaumen

Weidenstecklinge
zwischen den Steinblécken

Freibord g
Hochwasser NN
/ s-h{' ;

Blocksatz mit Natursteinblécken
Steingewicht ca. 1,2-1,5 Tonnen
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Rock groyne for bank
protection. They guide the
line of maximum velocity,
generate scours and still
water zones and protect the
embarkment




Reduction of sediment input into reservoirs




Sediment retention basins




Sediment retention basin with wood retention

unten im Geschiebesammler

unten im Geschiebesammler

Anzahl Steine

68 810 10-12 12-15 1520 20-25 2530 30-35 3540 40-50

Klassen [cm]

34 48 68

810 10-12 12-15 1520 20-25 25-30 30-35 3540 40-50
Klassen [cm]

dso =1 cm; dsp = 2 cm; dgo = 6 cm; n=200; Lange der Probe 5.7 m; Feinmaterialanteil 10.5 %
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£COLE POLYTECHNIGUE
FEDERALE DE LAUSANNE

WP8 Pilot Project Tourtemagne

. kd

Forces Motrices
de la Gougra

= a
Service des
Forces
Hydrauliques
reservour Tou rtemagne (CH)
A S .....n"'l‘m- - = - .
Giovanni De esar
Laboratory of hydraulic consg_tyct_lons LLCH, EPEL Llausanne, Switzerland
. Pierre=Benoit Raboud
formerly Service des Forees¥iydrauligues SEH - VS, Sion, Switzerland
Interreg |1IB ALPRESERYV - Final Conference p - ﬂlﬁ
March 6, 2007, Kloster Seeon, Germany ‘_,_ g



Auslass Riickhaltebecken

Ruckhaltebecken und Speichersee
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. |4 Contents: technical part (De Cesare)

Presentation of the Gougra HP scheme
and Tourtemagne reservoir

Objectives of the study

Description of the various alternatives
Technical and economical analysis
Conclusions and perspectives



+ Overall analysis

[@ Economie

O Environnement et paysage
@ Durabilité

X J N o ,_/"‘ o .\.__A =
100% Transit fine, downstream majority in transit
deposits deposits bedload deposits
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[CHF]
6'000'000

5'000'000

4'000'000

3'000'000

2'000'000

1'000'000

100% Transit fine, downstream majority in transit
deposits deposits bedload deposits
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: |4 Economical analysis

Répartition des colits non capitalisés jusqu'en 2039

m Colts d'exploitation totaux non capitalisés
m Colt de construction initial
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Répartition des colts jusqu'en 2100 capitalisés a 2%

[CHF]
8'000'000

m Colts d'exploitation totaux capitalisés

7'000'000 m Colt de construction initial

6'000'000
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4. Reservoir sedimentation



- 56 cm Erosion at cross section

+ 35 cm Accumulation at cross section

37 Point measurement
>44 Point measurement, but ground not reached
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Governing the sedimer

NETWORK OF
SEDIMENT
OBSERVATION IN
THE LUZZONE
BASIN

Chain of turbidity meters at the ground of the retention basin.
Points A, B und C indicate the positions of the chains in the basin.

1) Subsurface buoy 2) Reader 3) Flow direction

4) Flow velocity 5) Weight



« Transport equatien for sediment cohCentration,
Cc¢; of fraction j with settling velocity, v;:

a(p csx) a(p [U +513V551] 51) a ( - J SE _S.Dl
b

Ot Ox, " OX:

1

e Equilibrium Concentration < Pick-up and Settling Rate
[Van Rijn (1984)] [Garcia and Parker (1993)]

SE_SD‘b:vss(csb*_csb) SE_SD‘b:VSS(Es_Csb)




Main factor for the sediment transport in reservoirs
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Obstacle (Dam) ~— & ‘ Geotextile curtain

Water jet ' | Bubble jet
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Iscretization of the reservoir
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— Berechnetes Hydrogramm nach
Stauspiegelschwankungen
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Example Grimsel lake

(Schleiss, 2007)

(Gravity Dam)

\

pIans
(Arche Dom)

Seeuferegg
(Gravity Dam)

z

Q
v

0

o

Spitallamm
(Arche Dom)

[STSR ]

] :

0000CO000 X
AUN <D =NU» D

QUOLoO

|
o

Deposition [m] Spitallamm (geeu‘leroenn)
(Arche Daom) R,

Erosion [m]

A\

Ablagerungen und Erosionen eines im Grimselstausees simulierten
Trubestroms (Hochwasser vom Oktober 2000)



5. Procedures for the removal of sediments
from reservoirs and impacts on the ecology



Overview

Reduction of

Sucking off
sediment by piping

Removal of
sediment by means
of turbidity currents

Flusing of reservoir
under pressure

Flushing the entire
reservoir contents

through the bottom
outlet



Effects of sediment flushing on fish and
invertebrates in Swiss Alpine Rivers

Aqguatic systems are especially sensitive to flushing

Most Swiss dams are located in alpine and
prealpine regions, where, even under natural
conditions, fish and macroinvertebrates are
exposed to a harsh environment



* Mechanical damage to the gills hinders oxygen
transfer in the gills

* Oxygen concentration in the water is reduced
because reducing substances are released
from the flushed sediment

* Hydraulic stress increases the oxygen demand
of the fish because of increased swimming
activities
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Scanning electron micrographs of rainbow trout gills (Oncorhynchus
mykiss) in a laboratory experiment (Petz-Glechner et al. 1999):
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g/l for 24 h (lower left) and 10 g/l for 24 h (lower right). 103



e |f flushing cause an abrupt increase of water flow,
invertebrates do not have enough time to move into
the interstitial spaces, and their abundance may be
greatly reduced.

e Residual flow changes the composition of
macroinvertebrates taxa.

Figure 2: Percentage
composition of
macroinvertebrate taxa in three
microhabitats (lentic, lotic,
indifferent) in a prealpine brook
without anthropogenic impact
(left), and in a comparable
brook under a regime of
residual water flow (right). Data:
Gerster&Rey (1994).

. _ lotic taxa

natural, uncorrected residual water flow

104
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e A general threshold for harmless suspended sediment
concentrations does not exist — however, 5-10 g/l is generally
tolerable for fauna and flora.

e As unplanned events often occur during flushing operations
and often provoke unacceptably high concentrations of

suspended sediment, there must be a possibility of braking off
and restart flushing.

e Frequent flushing operations with low impacts are tolerated

better than rare operations with unacceptably high quantities
of sediment.

e |ncreased post-flushing operations using clean water, and
accompanying monitoring programmes are necessary.
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Strategy

* flushing itself
« observation program




as much as possible a natural flood.

5. After flushing, rinse the channel bed with clear water to
wash out the sediment surplus downstream.

6. Before and after the flushing, a comprehensive biological
and sedimentological observation has to be executed.

7. The sediment concentration has to be checked before,
while and after the flushing.
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6. Modification of the hydrological regime
and changes in erosion and sediment
downstream of reservoirs



Reduced peak Drance de Bagnes - Le Chable
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Situation before construction of power station

Situation after construction of power station



Dischm?bach, Davos (unbeeinflusst/ non influencé)
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Displacement of summer runoff into winter due to water power plants

(Storage in reservoirs during summer time, energy production during
winter time)

; 3
gbsgharge [m/s]
700 — 1931-41, from Meyer-Peter u. Lichtenhahn (1963)
600 | — 1974-88, Landeshydrologie
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100 - |
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River bed alteration
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7. Difficulties by the determination of the
impacts of reservoirs on downstream areas
Example Grimsel reservoirs

EAWAG, SWISS FEDERAL INSTITUTE
OF AQUATIC SCIENCE and
TECHNOLOGY

GEOLOGICAL INSTITUTE, ETH-ZURICH
JACKLI AG, ZURICH
INSTITUTE OF INTEGRATIVE BIOLOGY
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Rapid decline of whitefish (Coregonus sp.)

70

S
(=}

w
(=]

D
o
1
m2)
nN
Q

(63}
o
1
prhnia (g/
L]

X 1995 ' 1996 = 1997 1998 1999 2000
Year

S
o
1

Fishing yield (t/yr)
w
o

N
o
!

10-1

O1—930 1940 1950 1960 1970 1980 1990 2000
Year

Annual whitefish (Corregonus sp.) catch in Lake Brienz (commercial fishery
only) since 1931. The 90% drop in 1999 — was accompanied by a virtual
disappearance of the Daphnia. Inset: Monthly wet biomass of Daphnia (g/m?)

integrated over the top 100 m water column at the center of the lake. -



Lake production
ecology

Nutrients
primary production
phytoplankton
zooplankton

Conceptual model of the factors affecting Lake Brienz’s ecosystem. Arrows
point in the direction of the major effects.
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Retention in
reservoirs

Input from
the air Discharge Aare
Input from Eintrag aus
the area der Luft Abfluss Aare

1.0 >

| (. Oberflachenschicht

Sprungschicht’50m

Tiefenwasser

Sodimend

v

Storage of 2 tons of bio-activable phoshorus per year. 8 tons flow into the

lake, deposited in the lake sediments after the death of the alges .
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A: Grimselsee

Erosion rate: 0.94 mml/y

10ms (=7.2m)

200 m VISR Sasd i 48
E i . . -,;&"S-.._;':g‘x“

Sediment and erosion budgets of Grimsel area. Infilling times are calculated under the assumption of constant
sedimentation

Sediment volumes  Infilling times (yr)  Eroded bedrock-volumes  Solid particle mass

(10°m?) (10°m?) (kt)
Oberaarsee (49 yr) 934 2990 607 1579
Grimselsee (71 yr) 5300 1270 3445 8957
Riterichsbodensee (50 yr) 3584 350 2294 5965
All three lakes (71 yr) 9818 6346 16,501
retained in reservoirs per year (71 yr) 138 89 232
Annual suspension in Aare 15 39

Total annual input from catchment 104 271




§°% G
4

Réterichéb

230 000 t/y of glacial till retained in the reservoirs. Only fine particles
(<5 to 20um) arrive in Lake Brienz 125
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Summer: warm temperature and intensive sunshine result in a maximal production of algas
(orange/yellow).
High discharges with a let of supended sediments raffle the water resulting in a

limitation of plankton growth to the uppermost to meters.
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e Daphnia population size has been decreasing in the
90ties as a result of phytoplankton density

e There was a collapse of Daphnia population in 1999
resulted from a combination of

e flood-induced higher washout rate
e |ower temperatures

e |t was found that due to climate variability already
around 1955 we have had a period with similar
productivity as today.

e As aresult of Lack of Daphnia in 1999, the whitefish
apparently starved and did not grow. They were to
small and to slim to be caught by the gillnets used.

e The particle concentration in the lake did not have a
negative effect on the fitness of Daphnia 127
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