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The Rhone river

One of the largest european rivers

First freshwater input to the western Mediterranean basin

560 km in France
(800 km in total)

Watershed: 98 000 km?

Mean discharge at the mouth:
/ 1700 m3/s

Annual flood :
4000 m?3/s

J.M. Olivier et al., 2009
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O The Rhone river

Flash-flood events
(few hours to days)
occur regularly on
the Alps —
and §
Massif Central
Mountains
(= 60% of the annual
discharge)
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Poor knowledge of the
time and spatial scales

and fluxes of sediment
transported or stored
within the river !
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- Plan d'eau et lacs

D Secteurs d'étude OSR
Relief (altitude en m)
Elevée : 4799

Faible : 0
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Regulated between 1850 and 1930
for navigation purposes...
(embankments, groynes, walls)

Photo Pawl Jacquin — Valence

... then dammed for producing electricity
(1948-1986: 19 hydroelectric dams)
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Embanked reach
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Hydroelectric power plant

« Old Rhone » or by-passed reach




((J ' Why an observatory on sediments ?

‘ Le Rhone inonde prés de 8 000 |
habitinrtisr au nor(j d’Arles

Succession of
damaging floods
1993-1994-2003

Stakes and questions related
to the sediment transfer and morphology.

€ \What is the impact of the river geometry and existing infrastructures on the
looding risk or the ecological potential of the river ?

How has the geometry of the channel evolved over the last two centuries?
What is the annual bedload transport ?

€ What is the impact of development and management activities such as dredging,
channel maintenance or sediment flushing ?

€ What suspended sediment and contaminant fluxes are transferred to the
Mediterranean Sea ? Where do they come from and what are their temporal
patterns ? Are they stored on the continuum and do they affect the geometry of the
bed?

€ Can we predict the sediment transfer and deposition ?
€ How can we share data and information for public ?
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Objectives jointly built by scientists and managers

/4 |
Multidisciplinary scientific team \
\\é = Hydrologists
SO Geochemists
Cerege oty Geomorphologists
R —— Sedimentologists
/ ‘ Modelers
IRSN Ifremer / Geophysicians
il b Database manaagers
ZABR ENTPE/ :
Europe

2015 - 2020 LEUROPE

S'TENGAGE
il sk e

UNION EUROPEENNE

La Région @

Auvergne-Rhéne-Alpes

Donnons un avenir a notre fleuve

Région

ﬂ,m}] OCCITANIE
LA REGION
—ﬁ Pyrénées

Provence-Alpes-Cote d'Azur | Méditerranée

Water agency and

ghadders
agence

\ *leau W]
RHONE MEDITERRANEE ‘ D
CORSE | ‘ ‘ e DF

& établissement public de I'Etat

Regional councils




WP | — Bedload and river channel

geometry
Benthic habitats, flood, chanel restoration
(dredging, sediment replanshiment)

/

WP Il — Sedimentation and
floodplain morphology

Benthic habitats, restoration of channel banks and
re-erosion, stock of past contaminants in the

overbank fine sediments

WP Il — Fluxes of suspended
particulate matter and associated

contaminants

Past and present SPM fluxes
Contributions from tributaries

WP IV — Sources of contaminants

Tracking contaminant sources
Knowledge on emerging pollutants

/]

WP V.a — Modelling and web tools
Prediction and construction of scenario for decision
Database and metadabase

WP V.b — Coordination/Dissemination
Communication, dissemination of scientific knowledge




WP | — Evaluate the bedload transfer: sand and pebbles

V)

Development of technics to quantify and understand the bedload transfer ‘

Creation of artificial pebbles with passive
and active RFID to monitor their transport

SPM extracted from ADCP signal
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WP | — Understand the long term evolution of river bed elevation
|

Reconstruction of the talweg altitude from bathymetric charts to evidence the
influence of the various phases of management

= PL période d'implantation casiers Girardon (1897/1907-08)
——PL période dimplantation des barrages (1953/1999)
PL période actuelle (2008/2010)
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Dams constructions :
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WP | — Understand the deposition of sand on delta and adjacent coasts
Y4 1
Development of a hydrosedimentary model to predict the transport and deposition of sands
on the delta, including the influence of floods and marine storms

total transport: sum of all fractions £
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WP Il — Define the long term evolution of the river morphology

Reconstruction of the
surface of the active
channel from 1860 to
present using
historical maps and
pictures

Bande Active
2007
1976
H 1955
1945
I 1&60
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Reduction of = 50 % during the period of regulation for navigation (1860-1954)
Reduction of 10-20 % during the period of dam construction (1954-2008)




WP Il — Knowledge of sediment and contaminants stored in the river network

Geophysical surveys, sediment coring and geochemistry to better evaluate the
volume of sediments and contaminants stored in the alluvial margin and the

risk in case of margin reactivation.
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] WP Il — Evaluate the fluxes of suspended particulate matter and
? associated contaminants along the whole river

|
A network of permanent and temporary stations has been developed to measure SPM
transfer and to collect samples for the analyses of contaminants and geochemical tracers

2 automated stations gL
with centrifugation MG

e Precise estimation of the annual SPM flux
(85 % of SPM flux at the mouth is transported during floods = 5 % of the time)

e Good evaluation of the interannual variability : 2 — 8 Mt/yr
e Evaluation of the inputs from tributaries

e Compare the influence of floods vs flushing operations

(2008-...)
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(floods or month sampling)

@ Continuous Turbidity measurement
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The SPM values and contaminants concentrations are available through a specific
website (https://bdoh.irstea.fr) where fluxes can be calculated and data exported

o |
Recherche avancée

Période de recherche

Period of interest

N'afficher que les chroniques ayant des mesures: = de Effacer a Effacer
Afficher 10 j lignes par page Mots-clés :
Station en activité j Commune j Sites expérimentaux j  Paramétres étudiés - Producteur j
Arles (13200) Co. en Cadmium
Type j
Bassin j Cours d'eau j Selectlon Of Statlon
Début Nb
Code chronique Paramétres étudiés Unité Producteur Type [utc] Fin [UTC] mesures
Station ARLES - Arles (13200) 80 chronique(s)
« Rhéne_Arles »
CCD Co. en Cadmium mg/kg Cerege Discontinue 20/09/2011  31/08/2016 131
CCD-2 Co. en Cadmium mg/kg Cerege Continue 20/09/2011  17/12/2015 518 ol

Selection of dataset



https://bdoh.irstea.fr
https://bdoh.irstea.fr
https://bdoh.irstea.fr

Contaminant concentrations are combined with SPM data for the calculation of fluxes.

Anyone (including partners and public) may now use the same values .

Période: de 07/02/2012 a 17/07/2014 Effacer

Export ‘ Txt f| |e Visualisateur

Pour revenir au niveau de zoom initial, double-cliquez sur le graphe.

Station Rhone_Arles - Flux de cadmium particulaire
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WP llI-1IV EXxpertise on the state of contamination

Contaminants provided into BDOH :

- Co, Cr, Ni, Cu, Zn, Pb, Cd, Hg

- PCB

- artificial radionuclides associated to the nuclear power plants
(134C,137CS, 54Mn...)

Other contaminants or tracers measured :

- Numerous TME, rare earth elements, methylHg
- PHA

- PBDE

- Pesticides

- « Urban tracers » : pharmaceutics + pesticides °
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/(d The important dataset for metals (>500 samples of SPM) allowed to distinguish those

associated to the geochemical background from those still affected by anthropic inputs.
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The characterisation (diagnostic ratios) of PAH and PCB signatures help
to understand their origins

Origine | Combustion i Combustion
pétrogénique! de pétrole i de charbon, de bois
06 - : : ou de prairies
0.5 - ¢ 5 | .
— ' | | ’Q
£ : *g Traffic + Arles
Y 04 | "" - -#.0 routier = Jons
g __________________ T T !3""‘#"*_6 ___________ A
@ 03 : : Combustion * Saone
.-&" [ | de charbon _ BOUI‘br‘e
g 0.2 __________________ Jl. _______________________ JI. __________________________ .
i i Gier
| |
0.1 i i Origine + Arve
; : pétrogénique
0 i i
0 0.2 0.4 0.6
IdP/(IdP+BghiP)

* PAH mainly issued from road trafic and house heating system
e PCB issued from atmospheric deposit and waste water treatment plants (urban and industrial)




WP V.a — Modelling and web tools

%

The objective is to model water
and SPM transfer and fluxes over
the whole river:

545 km
21 hydroelectric dams
6 major and 26 minor tributaries

~

1D hydraulic model : MAGE
1D sediment model: ADIS-TS

/ Very fast calculation !
5mn running time for a 16 days

simulation over 300 km
(Lyon = sea)
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Usine hydroélectriques
1: Verbois

12: Péage-de-Roussillon

2: Chancy-Pougny 13: Saint-Vallier

3: Génissiat 14: Bourg-lés-Valence
4: Seyssel 15: Beauchastel

5: Chautagne 16: Baix-Le Logis Neuf
6: Belley 17: Montélimar

18: Donzére-Mondragon
19: Caderousse

7: Brégnier-Cordon
8: Sault-Brénaz

9: Cusset 20: Avignon
10: Pierre-Bénite 21: Vallabrégues
11: Vaugris
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Another objective is to reproduce the transfer and deposition during floods or flushing
operations

Simulation of the SPM content in Arles — compare to real measures X
during a flood in 2008 due to Isere and Durance tributaries

SPM x Mesures
/| — Simulation : 5 :
g D |sere S At } ---------------------- e R
w= Durance :
. : o
d-_ """"""""""""""""""""""" 'i' """"" r

Concentration en MCS [g/1])
Ll
]

!
27/05/08 29/05/08 31/05/08 02/06/08 04/06/08 06/06/08 08/06/08 10/06/06




A final objective will be to combine three hydrosedimentary models to get a source-to-sink
simulation : RIVER—> ESTUARY 2> CONTINENTAL MARGIN

Y R WATER
By . PARTICLES
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+ADIS-TS o o o e s v i s v s s
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WP V.b —Dissemination

A metadatabase allow to find the producers of data and products: http://elvis.ens-lyon.fr

[ Altitude (28)
) Occupation des... (35)
) ortho-imagerie (29)
) Géologie (3)

10 plus
MOTS-CLES
) Eaux intérieures (124)
) Rhéne (118)
) Environnement (115)
) Informations... (71)
@ OSR (84)

10 plus
CONTACT DE LA RESSOURCE

] UMR 5600 EVS - ENS... (161)

) GEOPEKA (18)

) GRAIE (16)

[l CEREGE (16)

] UMR 5600 EVS -... (14)
) IRSTEA Lyon - HH (7)
) UMR 7362 LIVE... (6)
_J ENTPE (5)
~J IMBE (3)
~] UMR 7300 ESPACE -... (3)
"] UMR 8586 PRODIG (2)

] IRSN (2)

) UMR 6143 -... (2)

] IRSTEA Grenoble -... (2)
| Ecole élémentaire... (1)
| IRSTEA - UMR G-EAU (1)
] santa Clara... (1)

—) UMR 5600 EVS - EMSE (1)
) UMI 209 UMMISCO (1)

) UMR 151 AMU-IRD (1)

) IRSTEA Lyon - MAEP (1)
16_moins

FOURNI PAR

] Catégories & w

£ Archives topographiques du
Rhéne en aval de Lyon (1900-1907)

Ce  dossier
documents
représentant la ligne deau

Ay '(-.x

comprend 4
topographiques

détiage et le fond du lit du
Rhone de Lyon a Donzére-
Mondragon (du pK 0 au pK
190), entre 1900 et 1907, levés
Elsa Parrot

Hervé Piégay A

[ Catégories@®@ wWw
£ Bases de données de I'IGN

IGN

NSTITLT NATIONAL
DE L'INFORMATION
GEOGRAPHIQUE
ET FORESTIERE

Ensemble de couches
vectorielles et raster acquises
auprés de 'GN, couvrant tout le
territoire francais ou certains
départements de la région
Rhone-Alpes : BD CARTHAGE®

(reseau

Kristell Michel

hydrographique

] Catégories @ ww

@ Plan topographique du camp de
Sathonay et de ses environs (1875)

Carte non-géoréférencée, en

noir et blanc, camp de Sathonay
et de ses environs réalisée en
1875

Hervé Piégay

[[J Catégories & m

£ MNT de I'embouchure du Rhéne
(2012-2013)

Couche raster représentant la
bathymétrie (MNT) a
I'embouchure du Rhéne de 2012
a 2013 (4 campagnes)

Francois Sabatier

Benjamin Kulling %+

[J Catégories & | WWWYY "“
£ Levé LIDAR sur le Vieux Rhéne
de Donzére-Mondragon (2014)

Levé LiDAR (MNT) réaliseé en
2014 par Opsia pour le compte
de la CNR sur le Vieux Rhéne
de Donzére-Mondragon

Dad Roux-Michollet
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http://elvis.ens-lyon.fr/
http://elvis.ens-lyon.fr/
http://elvis.ens-lyon.fr/

A webmapping system provides an access to some geographical informations:
maps and figures
https://websig.ens-lyon.fr:3344/webappbuilder/apps/39/

Site web de |'Observatoire des Sédiments du Rhéne

¢ Observatoire des Sédiments du Rhéne
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Liste des couches A X

- Les Granges
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Réactivation dynamique des marges fluviales du
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Liste des couches

Couches opérationnelles

|+ Mesures .
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The results presented here were obtained by the numerous scientists
involved in OSR 1to 4




