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> Program

14h00 Introduction, Riverly research group, M. Coquery
14h05 Presentation of the Rhone Sediment Observatory (OSR), M. Coquery
14h15 Sediment transport measurements in rivers, G. Dramais

14h45 Retrieving suspended-sediment concentrations from acoustic backscatter signals, B. Vincent,
J. Le Coz

15h00 Dune tracking, J. Le Coz

15h10 A simple physically-based model for predicting sand transport dynamics, J. Le Coz, G. Dramais
15h30 MRC Project, R. Sayasane

16h00 Discussions
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> Sediment transport in rivers

Sediment transport plays an essential role
in the functioning of rivers

e Life and habitats

 Geomorphology



> Some issue with sediment transport

Since we change the balance
* Security (flood risk, infrastructures)

e Lost of biodiversity
e Channelsilting

* Loss of water storage capacity
upstream dams (high dredging cost)

We need to measure sediment fluxes to
help to anticipate those problems

Isere dam flushing (© EDF)

Transfer of goods between two boats following the grounding of
one of them on a sand deposit, 2023 ( © Jacques BRUYERE - DL)

P.5

Glen Canyon dam, Colorado River (avril 2019)



Steps for sediment transport monitoring

Sampling different compartments (Washload,
Suspended load, and bedload). Ponctual surveys or
countinuous measurements ?

Laboratory analysis (concentration, flux, grain size,
quality)
Data base

INRAZ
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2 An overview of sediment fluxes measurements

Fine suspended load (silt/clay) (<63um)
Graduated suspended load (sand/silt) (>63um-2mm)

Bedload (gravels/sand) (>2mm)
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> Suspended-load (fine and sand)

Millimeters (mm) Micrometers (um) Phi (¢) | Wentworth size class Rock type
4096 -12.0 Boulder
256 — ~ — — — — — — - 80|~ — — — — — E
Cobble @ Conglomerate/
64 — - — — — — — — 60— — — — — — — 0} Breccia
Pebble
4 = = = = — = — ] 20 |- = - — — —
Granule
2.00 -1.0
Very coarse sand
100 — — — — — 00 —|— — — — — —
Coarse sand
1/2 050 — — —-50——— 10— — — — — — — ©
Medium sand S Sandstone
1/4 025 ~ — — - 260 — — | 20— — — — — — — @
Fine sand
1/8 0126 — — — - 495 — — 4 30— — — — — — —
| Very fine sand
116 0.0625 4.0 >
wudlae Sl
1/32 0031 — — —-31 — — 4 50—— — — — — —
Medium sitt .
1/64 0.0156 — — — 56— — 60— ——— — — — o Siltstone
Fine silt
1128 00078+ — — - 78 — — | 7T0—|— — — — — —
Very fine silt
1/256 0.0039 3.9 8.0 -
0.00006 0.06 140 | Clay 3 | Claystone

Classification, C. K. Wentworth (1922)

* Fine (

e Suspended sand (>63um)

* Organic particles, plastic, pollutants...

<63um)

Rhone sand - Port Saint Louis (2016) —8 m
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2 1. Washload - Turbidity is a good proxy for fine
sediments

Silt-Clay Distribution in X-Section
935 910 915 910 860 Discharge=32ms
Meanvelocity = 1.34 m's

@ Mean concentration 941 930 942 920 932 907 Median silt-clay
in vertical, in mg/L concentration = 930 mg/L

O Concentrationat 880
surface, in mg/L

0 -----

"? ¢ N

i E Mean;Values' :%
% %) 4

BC is “Box Coefficient”
X-Section SSC/Point SSC

GraySedimentology.com ( )

GraySedimentology(@gmail.com
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> Turbidity measurement stations

installation)

j:,;i:?;.7‘ - 4‘ J’ Ak "’m. h ‘ F z ‘«F;.M ¥ I.\b : R e
Protection case, electricity supply, datalogger - Green River (2019)

Turbidity sensor

LS

+ datalogger and
communication device

&) - SR e, ISl S 3
DR R —h e LR

Stainless protection tube — Drome Rivef




> Turbidity measurement stations

Extra cost

 Maintenance (sensors are delicate)
* Laboratory analysis

e Data validation, post-processing

* Data management

INRAZ
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Conc. en MES (mg/L)

? Turbidity measurement - Calibration with samples

1000
Le Rhone a Jons
100
y=1.0726x
R2=0.967
10
)
3
1 : , ;
1 10 100 1000

Turbidité (NTU)

. After laboratory analysis (concentration) we can build a relationship
between concentration and turbidity

*  Variable with grain size, tributaries contributions (geology), intensity
of floods, human activities (dam flushing, dredging)
INRAZ

MRC visit
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> Example : Rhéne River

Several stations in the Rhone watershed for fine sediment and

pollutants

K 29, Chusciry

L

(2008-...)

A;mk’\’ P oA

27 Léman

Arve (2012, (‘

9,
I’e

/2%:..
S

Arles

34

~ B MesuRhp (2009-...)

https://bdoh.inrae.fr/

INRAZ
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19 stations for fine suspended sediment flux monitoring :
B 3 main stations for fine sediment en pollutants

O

B 3 stations for fine sediment only (Arve, Fier, 5 CNR stations)

14

p. 14



> Fine sediment budgets computation

Discharge x Concentration = Fine sediment fluxes

Fine sediment fluxes x pollutant concentration= Pollutant fluxes

P| Concentration fine sediment (mg/L) Discharge (m3/s) |

fﬂwm e WW‘MMW h |1 M MM&M N

I

Fine sediment fluxes (t/s) 3= Pollutant concentration (mg/kg)

—+— U
\ J
Y
Pollutant flux (g/s)
NN 'Y hJumW~.Mu J 15
INRAZ
MRC visit p. 15

11/02/2026



2 Il. Graduated suspended load (sand)

Sand Distribution in X-Section

o ConcentljatiOl‘l at 640 770 690 880 660 350 Discharge = 3.2 m3s
surface, in mg/L Mean velocity = 1.34 m/s

® Mean concentration 1220 1350 1400 1600 1420 1190  mean sand concentration
in vertical, in mg/L {essentially all material

betwaen 0.062-1.0 mm| =
130 mgiL

BC is “Box Coefficient”
X-Section SSC/Point SSC

dimentology.com (LLC

GraySedimentology@gmail.com
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Suspended sand can be difficult and expensive to measure S
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> Samplers deployment



? Graduated suspended load

Sampling strategies with boats

Home made horizontal bottle, p.18
DH 96 sampler, Colorado River (2019) Amazon River (2014)



> Sampling from cables or
bridges

Science of The Total Environment
Volume 657, 20 March 2019, Pages 485-457

ELSEVIER

A multi-technique approach for evaluating o
sand dynamics in a complex engineered D‘Tpk’\émer_‘t in Diamond Creek,
piedmont river system Colorado River (2019)

21
B.Camenen ® 2, =, G. Naudet ? ", G. Dramais °, ]. Le Coz %, A. Paquier ° P-19




Elevation above sea level [m]

155 165

145

> Suspended sand flux computation

SDC method for suspended-sediment gaugings, we combme
samples and ADCP measurements Tl ST ,_

0 50 100 150
Distance [m]

Sampling distribution in the cross- section

INRAZ
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Depth (m)

> Suspended sand flux computation

SDC method for suspended-sediment gaugings

Lateral and vertical Error estimation

Lo b

| GUM, Bayesian approach !

Sampler
vV Niskin
AQCP multi-transects Distributed sampling iR atHOHS
v 101 = = X
3 mLsE S
§ N
6x102" ) ‘ N
i , ,  ILaboratory analysis with } 1 1S0 4363, FISP reports, |
\ 1 MAP processing tool t | sand separation '
| Earth Surf. Dynam., 12, 1243-1266, 2024
10 1 L ¥ =]
hitps://doi.org/10.5194/esurf-12-1243-2024 Earth Surface ¢ EG U
© Author(s) 2024. This work is distributed under Dynamics 8
12p the Creative Commons Attribution 4.0 License. 2

Suspended-s:

River suspended-sand flux computation with uncertainty
estimation using water samples and high-resolution
ADCP measurements

Jessica Marggraf'-® | Guillaume Dramais'-®, Jérome Le Coz', Blaise Calmel', Benoit Camenen',
David J. Topping?, William Santini®, Gilles Pierrefeu®, and Francois Lauters’

scharge with
tion

ion and
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2 Suspended sand flux computation

After computing data from the suspended sand gauging we can build a rating

curve

INRAZ

MRC visit
11/02/2026

Suspended-sand discharge [kg/s]

— Suspended-sand rating curves

—_— Z,=1620m
z,=1625m

— Z,=1628m

— Z,=163,4m

Parametric uncertainty

Suspended-sand gaugings

500

400

200 300

100

I I I |
1000 1500 2000 2500 3000
Water discharge [m?/s]

Suspended-sand rating curve in Lyon Perrache

More details in the last presentation



2 Computing suspended-sand budget

By combining rating curve and discharge time series

INRAZ
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Sand discharge [kg/s]

2 Computing suspended-sand budget

* Uncertainties calculated on the flux time series

600 —Qss --- Unéertainty ;’q‘.‘
500 - !
400 -:
300
200
100

0
«,;@“q o %&"“4 @;@“Q

01/2018 Suspended sand budget :
INRAZ * 0.175 Mt [0.120-0.226]

MRC visit
11/02/2026
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2 Surrogate technologies for suspended sand
measurements

e Acoustic backscatter (gaugings and continuous
measurements) -> Bjarne and Jérdme’s presentation

e Laser diffraction
* AOBS (mix of optical and acoustic)

* Pressure difference

AN

Hydroacoustic station on the Isere
River in Grenoble (2023)

INRag  LIST SL2 (USGS)

MRC visit p. 26
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> lll. Bedload

Suspended load

-
-
o s

Ardeche river - Chauzon

© Meunier

 Some samplers
e Surrogate technologies
e Sound (Hydrophones)
Nraz  * Bathymetry (dune tracking) -> Jérébme presentation

MRC visit p.28
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> Bedload sampling

Helley-Smith sampler

The sample is collected in a bag (mesh sizes 0,25 — 2mm)

INRAZ

MRC visit p. 29
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Sampler in Fischbach (AT) Rickenmann Ehrenberger sampler on the Danube River
et al. 2014 (Camenen et al. 2011)

BTMA sampmn the Loire River

~ (Le Guern) j/




https://water.usgs.gov/fisp/publications.html
> Bedload sampling

Total cross-section method for computing bedload discharge from
samples collected with a pressure-difference bedload sampler.

® SEWI or MEWI
Method Used

Wy
W, W,
2 S, Sq
' /I"
|
| |
| |
| |
|
IR,
|Rs |
Re { {
| I
| I
| [
l I
o | I
Special Condmons '
|

Qg = Bedload Discharge
S, = Station of Sample Vertical ,
K = Constant
M, = Mass of Sample at S,
t, = Sample Time at S,
Wy = Width of Cross-Section
n = Number of Verticals ‘ ‘ p.31

R, = Transport Rate at S, Edwards and Glysson, 1999, TWRI



> Surrogate technologies for bedload measurements

Sediment-Generated Noise (SGN)

Principle SGN = The sound a particle emits when it hits another particle while in transport.

(Wren, Goodwiller, Rigby, from different US agencies, FISP)
INRAZ
MRC visit p. 32
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2 Sediment-Generated Noise (SGN) for bedload
measurements

There are different applications such as (Hydrophones,
geophones)

Passive Methods

Hydrophone ; -

T\ Sediment
A

~7\' 8generated noise

MRC visit

11/02/2026 Nasr, 2023

P. 33



2 Hydrophone method (ules Le Guern et al.

Left bank ' Right bank

é%AQAAAAAA
| | |

||

|

|

|

, Acoustic profile

I 1 . e )
Meas. transect g @°® ®®®
J— —— e e s e s e s — O .@’ .
T T S| ® ®
21 °
E O 1 | 1 1 1 »
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Distance from left bank

x1 x10
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2 Hydrophones for Bedlooad measurements

Results in different rivers (slopes, d50, width)
Geay et al. (ESD, 2020), Le Guern et al. (ESD, 2021) & Nasr et al. (JHE, 2023)

104

10°

10?

Bedload (g/mis)

10t

10°

@ Loire River data (Le Guern et al., 2021)
© Gravel-bed rivers data (Nasr et al., 2023)

1012

1013 1014
Acoustic power (pPa?)

101 5

1015



2 Hydrophones- Processing the bedload

Acoustic profile —

Calibration curve
(Le Guern et al., 2021)

Acoustic |,
Power

3

Bedload

AN

P
L

Distance from left bank

Acoustic Power

Bedload |

Bedload rating curve

[

. . =
and Qz Qﬁ

Discharge

MRC visit
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Continuous proxy
measurement

Proxy
(Q ou H)

(Jules Le Guern et al.) P36




2 In-situ measurement for sediment transport requires :

e Expensive equipments (samplers, boats, samples storage
capacity)

* Trained teams to sample and measure in good safety conditions

e After measurement there are a analysis to do
* Analysis validation

* Flux computing

INRAZ
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> Laboratory analysis — Concentration

For sediment concentration from a bottle with
water and sediment

* Filters preparation
 Sample volume measurement
* Separation of sand and fine by sieving

* Filtration on filters

* Drying in oven (104°C)

* Mass measurement with a laboratory scale

INRAZ

MRC visit P. 38
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Measurement of the
volume |NRAZ

MRC visit
11/02/2026

Mass measurement with a laboratory scale P-39



> Laboratory analysis — Concentration

The separation of sand and fine by 60
sieving is mandatory for good analysis

R? = 0,6406

40

20 -

Difference between NF EN 872 and ASTM [%]

0 20 40 60 80
Sand amount [%]

If we don’t do the sieving, the errorin
conc. Is increasing with the amount of
suspended sand

Comparison of standardized methods for
suspended solid concentration measurements in
river samples (Dramais et al. 2018, River Elew)

11/02/2026



> Laboratory analysis — Grain size distribution

Lazer grainsizer for small fine
samples (particles < 2mm) (Malvern
Mastersizer 3000)

Laible, J., Camenen, B., Le Cogz, J. et
al. Comparison of grain -2
distributic \pixing effect of sand-
silt mixture - using laser diffraction
systems. J Soils Sediments 23, 2310
Manual sorting by size 2325 (2023).




> One example of grain size distribution on the vertical

) f—
)
| |

0,1 1 10 100 1000
Taille des grains [um]

Grain size distribution from a laser diffraction system

Suspended sand from the Rhéne (2016)

MRC visit p. 42
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> Data Base example — OSR Data base
https://bdoh.inrae.fr/

INRAS

Observatories

“ Base de Données des Observatoires en Hydrologie ”

Presentation . ~rli =

Observatoire des Sédiments du Rhéne F oY ag

ﬂ LW, Py

Arc-lsére The Rhine Sediment Observatory (OSR) was established in 2009 to address issues that had emerged in the i-_-";",- '-,'.r“.r

integrated project Plan Rhdne. Over the 500 km-long Rhéne river from Lake Geneva to the Mediterranean Sea, )
e the Observatory aims at producing, collecting and managing data for documenting stocks and fluxes of Observatoire

ralx sediments and the associated contamination. T
des Sédiments

GU',-"EIH'E d'..l Rhé‘ne

0S5R is a project funded by the Plan Rhéne and several partners, and supported by the European Fund for -
Haute Loire Regional Development research program. Itis a research platform that combines scientists (CNRS, Irstea, Go to the observatory

EMTPE, IRSN, Ifremer) and the main managers of the river (governmental authorities, water agency, CHNR, EDF
- - and the regional councils of Auvergne Rhéne-Alpes, Provence-Alpes-Cote d'Azur and Occitanie). Itis one ofthe
Lones de I'Ain obsemvatories ofthe Rhéne catchment research community (ZABR).

Cbservatoire des Sédiments du Rhine ) .

To cite these data you may refer to the following DOls:
OHM-CV « Thollet, F; Le Bescond, C.; Lagouy, M., Gruat A; Grisot, G, Le Coz, J.; Coquery, M., Lepage, H.; Gairoard,
5., Gattacceca, J.C., Ambrosi, J.-P; Radakovitch, O., Dur, G., Richard, L., Giner, F., Eyrolle, F., Angot, H.,
Maurier, D., Bonnefoy, A, Dugué, ', Launay, M., Troudet, L., Lahille, J., Kieffer, L. (2021) Rhine Sediment

Cracle
Observatory (OSR); INRAE. hitps:/idx doi orgM0.17180/0B5.03R

Real Collobrier « Lepage, H.; Gruat, A; Thollet F; Le Coz, J.; Coquery, M.; Masson, M. Dabrin, A; Radakovitch, O Eyrolle,
F; Labille, J.; Ambrosi J.P; Delanghe, D Raimbault, P, 2021. Concentrations and fluxes of suspended

Site Atelier Ardigras-Morcille particulate matters and associated contaminants in the Rhéne River from Lake Geneva to the
Mediterranean Sea” hitps:fdx doi org/https:fdoi.orgM0.15454/RICQZT
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> Data Base example — GCMRC Data base

https://www.gcmrc.gov/discharge _gw_sediment/stations/GCDAMP

science for a changing world

Grand Canyon Monitoring and Research Center

Grand Canyon Stations

Water Quality > Grand Canyon Stations
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2 Questions ?
* You have already some good instruments




