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The description of a river is often based on its noise

Luka and the fire of life - Salman Rushdie (2000)

m"'.‘({’& . ! | g ) o o o - ) 2 : . ; ¢ ; i o
B )L'cau, quand ‘élle-colile; n'est jamaisisilencieuse. Lesnuisseaux babillent

, les cours d'eau gazouillent et un fleuve plus grand et
plus large raconte des choses plis profondes et plus complexes.iLes
grands fleuves s'expriment sur une fréquence trés basse, trop basse pour
I'oreille humaine, meme pour, Poreille des chiens qui sont mcapables de
saisir les mots qil'ils prononcent le Fleuve du Temps racontait -ses
histoires sur:la plus basse de‘toutes les frequences, et seule“une oreille

\\)>

d'éléphant pouvait en percevonr les chants.
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The description of a river is often based on its noise

Baudolino - Umberto Ecco (2000, trad.
Jean-Noél Schiffano)

La, par une fente, presque une blessure entre
deux monts, on voyait le Sambatyon prendre
sa source : un bouillonnement d'arene, un
gargouillement (gurgling) de tuf, un
égouttement (dripping) de boue, un
cliquétement (clicking noise) d'éclats, un
grondement (rumble) de limon qui
s'encaillotte, un débordement de mottes, une
pluie d'argiles peu a peu se transformaient en
un flux plus constant qui débutait son voyage
vers quelque immense océan de sable.

Carte d’Ebstorf (vers 1300)



Measurements are needed for diagnosis, modelling, training ...

GH about sediment budget application to
modelling:

« estimate sediment load in case there are no
measurements »

® ex. 1: calibration of a morphological
model of the Danube River

“*grains size differences and hidding
effects are most important near
beginning of transport
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Measurements are needed for diagnosis, modelling, training ...

®ex. 2 : estimation of the annual
sediment load

... and its longitudinal gradient

le-pont des-Molettes-a Montmélian Isére-Montmellian / ca. 1980 - doc. B. Lefevre




Bed load mesurements are difficult, hasardous, expensive...

Helley-Smith exercices in a mountain creek

Arc River during flushing operations - June 2011



But what do we need in term of data?

1. When ? Critical discharge ? Rythms ?
2. How much (solid discharge)?
3. What ? Grain size ? Transport type?

4. Where ? within the river, within the X-section
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many techniques are available for bed load measurement

Philippe Belleudy — March 2015

Légende

@ Position initiale des traceurs
© Position finale des traceurs
Zone prospectée
@ Traceur de diamétre 181 mm
(mobile)
(O Traceurs de diamétre 256 mm
(non retrouvés)
O Traceurs non pris en compte
dans les analyses
<« Direction de I'¢coulement

The dispersion of radiotracers on a bar of the Durance R. by a flood - 16/06/2010

Recovery rate 41%
(Chapuis — 2012)

Trajectoire des traceurs (m)
Transect initial
—— amont

100 Metres

e EDF'2008

€ example :
radiotracers

mechanisms of
transport,

spatial variability

ERS : ’:,. \
" Photo F. LiéBﬁ
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many techniques are available for bed load measurement

from H. Habersack

specific bedload
di?.z»cbfa rge

transport process bedload discharge

~®=radiotracer

o . otal bedload ~®-bedload trap
initiation of motio transport
~*basket sampler
temporal variability o "E)atial variability of ~#—geophone
bedload discharge bedload discharge

each one is adapted, but for different goals
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Bedload monitoring with hydrophone technique

oo
—Q> .-"'\_

. ,c"‘tx.:\\

characteristics: specific bedload discharge
+++ Continuous mesurement

=o—radiotracer
—#-bedload trap

=>~basket sampler

edload dischargé™geophone

++ feasible during floods =e=hydrophone

+- Space integrative

initiation of motior®e— otal bedload transport

-- indirect measurement,

needs theoretical development temporal variability o patial variability of bedload

bedload discharge discharge
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hydrophone setup ot

bedloac ; ; ;

sill with geo

Yo

dipped in the water
N from the bank
4= on the sampler
1+ from a bridge
on the bottom -
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small and large rivers

Salman Rushdie:
@ creeks babble
@ smallrivers tweet
@ largerivers use low frequencies

¢ —
) & SepF bige:= ,@
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1. When ? Critical discharge ? Rythms

16 cm

Video at the entrance of the sampler

Philippe Belleudy — March 2015

from Thomas Geay PhD Thesis
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1. When ? Critical discharge ? Rythms

Philippe Belleudy — March 2015

Rhine River at Leimersheim

50000 +
40000 -

30000

20000

particle movement from the video
——— number of pixels during 0.04s
—— moving average (10s)

——— visual estimation

frol Thomas Geay PhD Thesis
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1. When ? Critical dischagrge ? Rythms

bfg e

|

sound pressure level [10-70kHz — At=0.035s] (dB re 1 uPa)

moving average (10s)
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Philippe Belleudy — March 2015

300 3

from Thagnas Geay PhD Thesis
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1. When ? Critical dischagrge ? Rythms

%  bfge=
/| ' i 2
Rhine River at Leimersheim " 1] A

sound pressure level [10-70kHz — At=0.035s] (dB re 1 uPa)
moving average (10s)

=> detection of the beginning of
transport

-> seems to be integrative of a

large surface of bed
|
=> comparison/calibration needed |

||
particle movement from the video |
number of pixels during 0.04s | i TN VXA | T T s, AT A s
—— moving average (10s) 0 50 100 150 200 250 300
visual estimation time (s)

W
fro Thomas Geay - PhD Thesis




ge ? Rythms 250
’qa ‘( ‘}3
Vénéon River 7635

flood : 12-14 August 2014
Pulses of SPL above threshold during 30s of signal.
in the frequency range > 1kHz
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from Teodor Petrut - PhD Thesis
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2. How much (solid discharge) ?

spectral power (dB re 1uPa.Hz?°5)

Arc River (Savoie) during flushing operations

120

100

80

* [200-1350 Hz]

@ Helley-Smith

2 3 4

surface velocity (m/s)

Philippe Rel'~-*

1,00€-02

1,00E-03

1,00€-04

1,00€-05

1,00E-06

=> need for comparison/calibration

h 2015

bedload flux (m3/m/s)
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3. What ? Grain size ? Transport typ

Drau River (summer 2013)

PSD(B) ., |
120 a |
- bedload
m § ik transT>ort
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8" water and
0 & 101 . structures
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period A: high waters — snow melt + rain | period B: snow melt, %
| daily variations &



3. What ? Grain size ? Transport type

median PSD(dB re 1 pPa’/Hz)
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Bedload frequencies may be related

to particle diameters diameters

using empirical Thorne’s laws and

critical Shields stress 2
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frequency (Hz)
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< Bedload dominant frequency depends on
water depth (and discharge)
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Geay et al. (in prep)



PSD (dB)
period B: snow melt,
i 1 daily variations
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Geay et al. (in prep)



Sound Pressure Level (dB re

. 1uPa)

Arc River (Savoie) during
flushing operations
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« Water level - 101 PSD (dB)
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one could see coarser particles during peak flow...
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Acoustic wave guide

SOUrC€ transfer function re.ce.ivs

1 M "1 f(range, depth, fres‘i ! Ror s

3 OV
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Acoustic wave guide

Pekeris model
Air

Water, ¢,

Bottom, c,

GG,

AD\C? -C/

/’ AN .
sound speed in
water depth (m) sound speed in water (ms™)

sediment (ms") => only high frequencies can propagate

f cutoff =
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3. What ? Grain size ? Transport type ?

Arc River (Savoie) during flushing operations
Air h

Water, ¢,

Bottom, c,

102 l '
CC, N, |Iiil| . -q Mg

Frequency (Hz)

f cutoff =

4D\/C22 _ C12 08:00 10:00 12:00 14:00
/ T N sound speed in Time (UTC+2)
water depth (m) water (ms™)

sound speed in
sediment (ms™)
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4. Where ? within the river, within the X-section

KU

Drau River (summer 2013)
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- hydrophone is integrative of a large portion of the X-section &
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Bedload monitoring with hydrophone : summary & conclusions

# the soundscape is a combination of different " "m
sources of noise and of propagation properties
® needs adapted signal analysis methods ‘
time-frequency analysis, statistical analysis, 5 A
correlation betwenn several hydrophones, etc. N

@ needs calibration

# continuous / integrative [ easy to deploy [ cheap
a good alternative for large rivers

@ operational for monitoring if bedload continuity &
through dams
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thank you for your attention

philippe.belleudy@ujf-grenoble.fr



