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Large alpine reservoirs

. —

® Drawdown Flushing
® Sluicing

A Bypass

X Pressure Flushing
® Check Dams

A Dry Excavation

© Dredging

O Storage Operation



Example: flushing efficiency
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Figure 2 - Plot of flushing projects from diverse environments showing that successful cases are characterized by impoundment ratios of 0.4 or less.
That is, reservoir storage capacity divided by mean annual runoff (inflow to the reservoir) should be less than 0.4. (Kondolf et al. 2014)

EPFL Sediment management options for Alpine reservoirs : current practices and innovative solutions
Dr Pedro Manso

P

ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNE



Questionnaire SCOD 2018 &

Context of the survey

- Survey regarding sediment management

- 105 operators contacted

- Universe of 120 large dams

- 69 answers (1%t round)

- 67 exploitable results (15t round)
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Swiss Committee on Dams

CQuestionnaire problématique des sédiments
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Groupe de travail "Purges et Widanges"

Nom du barrage Rossinid
Année de constuction] 1372 yuuy
Céite du couronnement| 862.5|mem
Hauteur du barrage| 30|m
Tupe denploitation|H JHIS intrajournaligrefintrahebdomadairelzaisonnire
Miveau denploitation max| 860 msm
Miveau dexploitation min| __ 855|msm
Wolume total (4 l'origine]|  3E+08]m*
Wolume wtile (3 lorigine]|ZE+08|m? [volume original entre max et Nmin]
Walume nen-utile [y compris velume mart, & l'origine]|  1E+08(m* [entr le lac vide et le Miveau min]
Céte de la prise deau (sevilinférisur ot bard supérisun)| B4TIE50 msm wnlzz
Céte de la vidange de fond [seull inférieur]]  845| msm
Céte dune sventuelle deuniéme vidange de fond (seul inférisun]| 845 msm
Localisation de |a vidange de lond [p.eu. directement sous | prise d eaul?| prise d'2au en RO, VOF dans le corps dubarrage
=stitution des eaus de vidange ou tubinges directement 3 [aval dubarrage?| N i
Passibilité de restituer & ['2val de leau claire (pour diution] 7|7 Vi
Waleur énergétique de l'eau dans les aménagements en avsl|  0.13[kihim®
Capacité de lavidange defond (3 lac pleinl]  133|m®ls [sinan, danner NI
Capacité de |a vidange secondaire (3 lac plein)]_ 133|mPis [sinan, danner f(i]]
Prise d'eau débit d'équipsment de |a centrale & laval 40| m*ls
Céite dufond d= la vallée alongine]  839| msm Ttalveg auprés du barage]
Bassinversant direct|  398[km® [naturel]
Biassin warsant indirect km* [.des captages]
Présence de glasiers dans le bassin versant? B km? [direct + indirect]
Erasion de moraines en cours ou A risque 7| M i
Présence de fronts actils (éboulements, glissementsI7|H Vi
Aégime des apports solides au barage: en continu etlow pendant les crues?| crues [p.ex. pendant fonte glaciaire]
Jours estiméesimesurés de ranspont salide] 50 jourslan
Tiueau des sédiments actuels auprés dubarrage pointle plus haur|_854.3| msm
Miveau des sédiments actuels auprés dela prise d'eau| 848 mem
Tiveau des sédiments actuels auprés delavidange defond| 850/ mem
Valume des sédiments actuels| ZE+08m?
Opérations d évacuation des sédiments déja iedlisées| 200HZ0TT [années snfzzluwl..]

Mesures constructives liges aux sédiments déjd iéalisées|

| Ip.ex. sevils fives, tunnel de bypass. mur guide, etc. ]

Type de sédiments 315 1acine de 13 retenue]

sable graweleus

Wolume de ces sédiments 4 laracing,

o

Tupe de sédiments prés du barage

liman argileus

T

Volume de ces sédiments prés du barrage m
Les sédiments ont posé des problemes dans le passé?|¥ il
Les sediments posert un probleme actusllement?| ¥ il
On géte [a sédimentation qu aves des mesures aotives dans le temps7| M il [actives = mesures d enploitation]

Lesquelles?| purges partielles | pompages
Les sédiments poseront wiaisemblablement des problémes dans le utur? | ¥, I
Pourquei?| Alluviennement de 44000 malan
Wolume Suacué estimé dans |a purge historique ls plus sfficace| 5000]m?
Iy 2 =u de grave dégats 3laval?| N il
Lesquels? [décrie]
Jurée d acoumulation de sediments avant la purge historique |2 plus efficace anrées
Auez-vous déia réalisé une vidange complte | M il
Raizonis) e la [des) vidangels] complte(] [d2crire]
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Schweizerisches Talsperrenkomitee

L]
Comité suisse des barrages
Comitato svizzero delle dighe
Swiss Committee on Dams

Purges / Spulung
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Emptying experience

»

Flushing experience

Photo J. Stamm/KWO (2015)
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Seasonal reservoirs

Monthly filling level of all Swiss hydropower reservoirs, 1996-2014
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Reservoirs Month

Yearly cycle / seasonal transfer / Typical of Alpine reservoirs
Lower filling ration in winter time / Higher filling ration in late summer / autumn
Bed load in springtime mainly

Fine sediments also from glacier melt flows and from short floods
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EPFL Innovative methods

In the reservoir At the dam

| |

Goal: routing the Routing Venting of
maximum amount of through the turbidity
sediments without power waterways currents
reducing turbine thr?lu?h bOtiﬁm
T outlets, on the
ifetime | wake of floods
; }
Operational Forced stirring
stirring (SEDMIX)
(inlet/outlet
interplay)
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Goal: routing the
maximum amount

of sediment with
minimum water
losses



EPFL Innovative methods

In the reservoir At the dam

Routing Venting of
through the turbidity
power waterways currents

through bottom
outlets, on the
| wake of floods

' | }
Operational Forced stirring
stirring (SEDMIX)
(inlet/outlet
interplay)
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Operational stirring
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 Make use of the interaction between in-flows and reservoir hydrodynamics
« Hamper settling of fine sediment particles
* Apply in the design of new HPP/PSP outlets
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Towards
downstream
stage

New PSP

From upstream stage
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Operational stirring
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Outflow-jets have major influence in deep reservoir hydrodynamics and turbulence levels.

Adequate jet orientation can significantly reduce sediment deposition
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EPFL Innovative methods

In the reservoir At the dam

Routing Venting of
through the turbidity
power waterways currents

through bottom
outlets, on the
| wake of floods

' | }
Operational Forced stirring
stirring (SEDMIX)
(inlet/outlet
interplay)
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Forced stirring

Sketch of SEDMIX princi

~

J. Jenzer-Althaus ™™=

Mauvoisin (CH)

Outflow-jets in swirling flow, Customized operation (space, time, flow rate)

ascending effect Potential energy or pumped supply
On-demand operation Modular
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Case study: new Trift reservoir, periglacial context

Evacuated sediment ratio (ESR), ratio between evacuated and supplied sediment,
is increased by five.

Next steps : 1. build large scale demonstrator facility, 2. operate and monitor, 3. replicate

20.11. 2018, Olten => azin.amini@epfl.ch

EPFL Sediment management options for Alpine reservoirs : current practices and innovative solutions
11/8/2018 Dr Pedro Manso 13
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In the reservoir At the dam

Routing Venting of
through the turbidity
power waterways currents

through bottom
outlets, on the
| wake of floods

' | }
Operational Forced stirring
stirring (SEDMIX)
(inlet/outlet
interplay)
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Venting of turbidity currents

. Plunging

point Suspension

Reservoir

@
@ Bottom outlet
®

Downstream

Bed load in river

delta region Upstream

river

Sediment deposits at the Dam
vicinity of the dam
Downstream

Inflow Delta Reservoir river

. >

A

Dr Pedro Manso

EPFL Sediment management options for Alpine reservoirs : current practices and innovative solutions

P

ECOLE POLYTECHNIQUE
FEDERALE DE LAUSANNE

Rhone river plunging into
Lake Geneva (De Cesare
et al.,, 2001)
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Venting of turbidity currents pho Tthesis s. chamoun 2017)

Numerical model; validation

F \ |
S - ’

I | times faster
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Venting of turbidity currents: outlet position and height

» Venting efficiency in linked with the height of aspiration h, {

» Developed by Gariel (1949) and Craya (1949) based on saline currents.
» Fan (1960) adapted it for turbidity currents

¥

h c 1/5
Ap g(ZL) — K
IOW Qoutav

Ambient water
p\\-’

Upper limit of hy

Pt

Aspiration of turbid water only,
no loss of clear water

'hL QVI"NT

Qutlet central axis

Aspiration of clear
and turbid water

Where to place the outlet to increase the efficiency of venting? |
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Venting of turbidity currents

* Influence of Outlet level from bed

4 _
3.5 4 Ioutlet=OCrn
~ 3 4
= =12cm
2 25 A
= 2
L 1 —
S loutiet = 24 CM
O 15 .- )
1 .
0.5 -
0 n T

0 50 100

The outlet should be placed at the lowest level possible,

150 200 250 300 350
Ty (s)

minimizing the dead storage, for which the venting
concentration remains the highest, the longest.
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Ioutlet =12 cm

Lower height of aspiration
only reaches 8.5 cm above
the bed
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Venting of turbidity currents

4 1 h =3cm

outlet

* Influence of Outlet height B
houtlet_ 6 cm

| houtlet =12cm
+ (houtlet/ 2)]/ H = | B
1.0/ 1.1'/1.2and I.5 :
for increasing heights |
0 50 100 150 200 250 300 350
t'Tvi (S)

The height of the entrance of the outlet should be chosen in a way that the

height of aspiration encloses the turbidity current body.
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Routing

through the
No water losses power waterways
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Venting
through bottom
outlets, on the  NAAARNEIEE [oi(Els
wake of floods

' ;
Operational Forced stirring
stirring (SEDMIX)
(inlet/outlet
interplay)

From conception
(HPP expansion)

Customization
(life cycle)

From conception
(greenfield / brownfield)
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