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ABSTRACT: Two numerical models (1D and 3D) have been used to reproduce significant deposits 1
been observed in two secondary channels located next to the Beurre island on the Rhéne River, France.
models yield relatively good results compared to the measurements but are sensitive to the upstream boul
condition for the concentration, which is poorly understood. Several issues also arose thanks to this ma
ling. Computation of discharge repartition in the two secondary channels appeared to have a strong i
long-term estimation of fine sediment deposits, and is an interesting challenge for 1D modelling. Dischar
in the Rhéne River above the one year return period flood yield approximately 50% of the fine sediment m
transiting in the secondary channels, which represents approximately 1% of the total SSM fluxes. And 1
10% of these fine sediments appeared to settle down. Also, erosion and deposition laws that are impleme
in 1D and 3D models induce different strategies for calibration and validation.

1 INTRODUCTION

Flood risk is a major economical issue in many? PRESENTATION OF THE STUDY SITE
countries. When the flow is out of bank, i.e., typi- .
cally during a flood, there is a significant increase ir?-1 Location
the complexity of flow behaviour, even for relatively The Beurre and Chévre islands are located on the
straight reaches. This complexity results in an eveRhone River, France, approximately 40 km south of
larger complexity for the dynamics of fine sedimentsthe city of Lyon (Fig. 1). It consist in two secondary
in a compound channel. While many studies exist oghannels: the Chévre channel (or “Grande lone”),
river overflowing to the flood plain since the work of which is 2700 long, and the Beurre channel (or “Pe-
Sellin (1964), only few studies exist on the finetite Idne”), which is 350 m long. The Rhéne River is
sediment dynamics (James, 1985; Fraselle et ain average 200 m wide along this reach.
2010; Hu et al., 2010). However, consequent dam-
ages of a flood are often aggravated by fine sedimeglg;ﬁ‘;'
deposits, especially in urban areas. Moreover, thi"'
fine sediment deposits may be a source of pollutan®
such as PCBs or heavy metals ¢
This study deals with the estimation of long-termg\
deposits in active secondary channels that are col’\.
nected to the main channel for relatively low dis-/%z
charges. The Beurre island is a protected area I¢/%
cated on the Rhéne River. Since significant
deposition of fine sediments with potential pollution?
and clogging effects was observed (Pb, PCBs), thil{i{§
site is surveyed since 2002 with regular bathymetrig i
measurements as well as deposited sediment charggz 24/ Z _dhy =
terizations. Two numerical models solving the ad-; g
vection-dispersion equations were applied and conjgl/s | ; 28
pared to this system: a 3D model (Telemac3D) and {AX. /’
1D river network model (Mage-AdisTS). he' & &l
Figure 1. Location and plane geomet
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2.2 Experimental data and 2009, a large erosion occurred, which may be

ue to the effects with the downstream connection to

The Nature Observation Centre of the Beurre islang‘Ie Rhéne River in the lowaer part of this secondar
achieved several bathymetric and sedimentologi pannel P g

surveys since 2002. Measurements were carried ofi
yearly on the Beurre channel, and in 2002, 2004, . . . . .
2005, and in 2009 on the Cheévre channel. They con- T s
sisted in a description of the two secondary channels | | 2009
thanks to 30 cross-sections more or less regularly
distributed along the channels (Fig. 2). The spatial
position uncertainty is estimated to 30 cm approxi-
mately and the vertical uncertainty of these meas-
urements equal to 5 cm. The bathymetric and topoga)
raphic description of the site was completed thanks
to cross-sections of the Rhone River and scattered
elevation points taken from the RhoOne data base
provided by IGN (Institut Géographique National).
Two additional campaigns (2009 and 2011) were
achieved to collect samples and characterize sedi- % 10 _ 20 300 400 500 600
ment grain sizes at different locations. Distance to the Rhone (m)
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Figure 2. Topography of the Beurre island and position of the =
measured cross-sections. 0 1a2a

2.3 Morphodynamics of the Beurre Island

=
n
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In Fig. 3 are represented the measured bed evolutio((r?
of the two secondary channels. To obtained these re-
sults, an active channel was defined for all cross-
sections excluding margins and only bed evolution
within this active channel was compared. The mid-
dle part of the Chévre channel is not studied because A 2000 2100 2200 2300 2400 2800
of the lack of temporal data. It can be observed that Distance to the Rhone (m)
significant deposition occurred these last 10 years ofjgure 3. Bed evolution of the upstream part (a) and down-
both entrances of the secondary channel (Fig. 3a argieam part (c) of the Chévre channel (Grande 16ne), and (b) the

b) with an total deposit thickness up to 0.5 and 1 m
locally for the Chevre and Beurre channels, respec- o qin size characterization indicates a clear down-

tively. On the Beurre island, it appears that the depQseam fining with the two secondary channels. The
sition rate tends to decrease with time. On the dowrl]pstream part of the Chévre and Beurre channels are

stream part of the Chevre channel (after th ainly composed of medium (0.2 — 0.5 mm) and
confluence with the Beurre channel), even if deposifas “sands (50 — 200m). In the middle part of

tion is prevailing, the morphodynamic behaviour ofy,aqe channels, medium sands are replaced by coarss

this sub-reach is not as clear. The later depositiog; _ :
(between 2005 and 2008) may be attributed to gllts (20 = 50 m). And finally, at the downstream

downstream transfer of sediments. Between 2008

Mean bed level {
2

141.4

141.2

urre channel (Petite lone).
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part of the Chevre channel, coarse and fine (2 € = aQ"® 1)
20 pm) silts (clay) are prevailing.
Much better documented and complete data sets
exist upstream on the Sabne River and on the Rhbne
2.4 Hydrology River next to Lyon; and no significant SSM input
can be assumed between these two stations and the
Discharge time series were obtained from a hydrostudy site. Hence, an estimation of the SSM concen-
metric station located at Ternay, approximatelytration at Ternay was possible by applying calibrated
20 km upstream to the Beurre island. The charactepguations (based on Eg. (1)) for the Sadne and

istic discharges are the following: Rhone river for different set of discharges, and so es-
— low flow: Q = 280 ni/s; timating the resulting concentration for the sum of
- 1 year return period flood: © 2500 ni/s; the two discharges. The obtained results yield an ad-
- 2 year return period flood: © 3200 ni/s; ditional series of potential data points in Fig. 5 (grey
- 10 year return period flood: ©4200 nf/s. zone). It was then possible to fit an Eq.(1)-type equa-

The discharge time series are presented Fig. 4. tion with a = 8x10" andb = 1.5 (fit 1 on Fig. 5). A
can be observed that two decennial flood occurrelpwer value fora (a = 5x10°, fit 2) was tested to es-
during the first part of the studied period (Marchtimate the sensitivity on the concentration. Finally,
2001, and November 2002). Then, four biannuain order to take into account possible increase of
flood occurred from 2004 to 2008. And eventually, SSM concentration during flood of the upper Rhone,
discharges never exceed=2500 /s from 2008 to  a third fit was us_ed (fit3 In Flg_. 5). Based on the dis-
2010. Deposit dynamics in the Beurre channel apcharge data series, a estimation of the averaged an-

pears to be well correlated to this hydrology. nual SSM flux is then possible, which is in the order
of one million of tons:
5000 - - - - - fit 1D @Psgu = 1.64 Mt;
a0l g ] - fit2: Py =1.02 Mt;

- it 3: Psgy = 2.17 Mt.
If the highest occurrence for the discharg®is
400 n/s, the discharge that induces the largest
amount of SSM flux is G= 2000 nis.

model SR ) ’
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Figure 4. Daily stream discharges measured upstream to tt >
study site. o

2.5 Fine sediment suspension

Suspended Sediment Matter (SSM) measuremen

are lacking close to the study site. However, in orde 10'13
to understand the dynamics of the sediment deposit Q (ms)

it is fundamental to have an idea of the SSM time Serjgure 5. Relationships between daily discharges et average
ries at the upstream boundary. Some scattered me&SsM concentrations.

urements were made at Chasse-sur-SadrsR, (

close to Ternay) but the quality of these samples is There are very few data on the grain size analyse
poor since the SSM concentrations were observedf the SSM in the Rhéne River. Based on Sogréah
very heterogeneous throughout the cross-sectio2000) and data provided by CNR, it appears that
Other measurements were collected at St VallieB0% of the particles are silt and clay ahd is ap-
(&V), which is located nearly 100 km downstream.proximately equal to 10m. In the following study

As observed on Fig. 5, there is a very poor correlafor the 1D modelling), we will assumed three
tion between the SSM concentrations measured atasses of sediments to describe the SSM in the
these two positions and the flow discharge. The onliRh6éne River:

possibility to build long time series is to provide a - class 1: d=8m, 65% in mass;

direct relationship between the concentrati®mand - class 2: d=20m, 25% in mass;

the discharge @ollowing a power law such as: - class 3: d=50m, 10% in mass.

4

10
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3 DESCRIPTION OF THE MODELLING 3.2 3D modelling: Telemac3D

3.1 1D modelling: Mage-Adis- TS Telemac3D (http://www.opentelemac.org/) was used
The 1D models used for this study are Mage anf r the de'galled_ modelllng of t_he site. It solves the
Adis-TS (Faure, 2009, 2012). Adis-TS solves the 1§OD advection-dispersion equations where the_source
advection-dispérsion ’equaticl)n Both models wer ermsD-E correspond to the exchange of sediments
' %etween the water column and the bed. For the ero-

developed for long river networks and Iong-termsion’ a Partheniades (1965)-type law is used:
modelling (implicit schemes, parallelization...). For

this reason, both models are fully uncoupled and bed T

elevation is assumed constant. The mass of fin&zM(—‘ j (4)
sediments available on the bed as a source term is

thus fictional but allows a mass conservation withyih M = 2.4x10* kg/nP/s a erosion coefficient. For
the sediments depositdd or erodedE (Andries et he deposit term, it is estimated using the settling ve-
al. , 2011). The source terms are estimated for bot city of the sediments (given by the us®¥, =
main channel and flood plains using a decomposiz gx10* m/s for the present study) and the bottom
tion of the flow discharge (Nicollet and Uan, 1979). s5ncentration I

For both main channel and flood plain, they are

computed using Eq. 2, which is based on the equaP =W,C, )
tions of Partheniades (1965) for the erosion an
Krone (1962) for the deposition:

cr

%ig. 6 presents the final plane mesh used for the 3D
calculations. The total length of the model is 6 km

: W, long. The size of the mesh varies from 10 to 30 m in
(E_ D)W = app gk (Ceqic =€) H W, @) the secondary channels to 300 m in the flood plain
“ and on the Rhoéne River. In total, the 2D mesh is

whereW is the width of the riverapp is a calibration composed of 8254 nodes, which means 82540 nodes
coefficient, egs a coefficient indicating the sediment for the 3D mesh since 10 layers were used.
availability on the sub-channdd (k yields for main
channel or flood plain)ess, = O if there is erosion
and no sediment available on the beslg = 1 oth-

Pl
&
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e
kﬂg
e

there is erosion if the equilibrium concentratiGg,

is larger than the average concentration compute
thanks to the modeC. The equilibrium concentra-
tion may be estimated for each sub-channel as
function of the effective bed shear streswade di-
mensionless with its critical value for inception of

erwise, Gq the equilibrium concentratiolys the set- -
tling velocity (computed for each class of sediment: 14 e
using Camenen, 2007} the averaged depth. It is s SadEss B
assumed here that the concentratibis homogene- iz w:fic@j%:%“ el
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whereac andbc are calibration parametersg(= 1~ 5=
as a first approximationks = 0.24 N/nf is used as a Figure 6. Unstructur
typical value for silt sediments (Ternat et al., 2008).

The 1D model is 36 km long, from Ternay hydro-3.3 Calibration of the models
metric station to the Saint-Pierre-de-Boeuf damrpe gownstream boundary condition for the model is
(15 km downstream). It should be noted that thgaseq on a simplified stage discharge relationship for
Vaugris dam is located approximately 3km Up-he saint-Pierre-de-Boeuf dam (see Fig. 10b). The
stream to the Beurre island. For the long-term siMuyoqel calibration has been achieved by adjusting
lation, this induces some additional uncertainties agrickler coefficients on the main channel (low dis-
the precise dam management is unknown. Thgparge) and flood plain (i.e. margins, islands ...) in
Beurre and Chevre channels were introduced in thgqer to simulate similar water level as observed. As
1D model as independent secondary channels withighseryed in Fig. 7, obtained results are satisfactory
the river network instead of being included in thety, |5rge discharges. It seems that some uncertainties

floodplain to better describe their dynamics. may be observed for lower discharge as the down-

sh for Telemac3D.

(1]
o

m

D
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stream dam influence may be not very well reproin the Beurre channel may also influence this flow

duced. repartition.
Both 1D and 3D numerical model do not compute
148 5 mmome. 000mPe bedload transport. However, for sediments smaller
1475 © meas. 2200m’s than 0.1 mm, it can be assumed than suspended loac
e | largely prevals.
— mod. Mage 900m°/s
146.5 == mod. Mage 2200m°/s
o 146 | ng: jggggi;:g 4 ANALYSES OF THE BEURRE ISLAND
g 1455 ' MORPHODYNAMICS
f’a 145 4.1 Estimation of the SSM fluxes in the system
1445 Although, there are significant uncertainties on the
™ flow discharges in the two secondary channels de-
— pending on the discharge in the main channel, it is
1438 "o possible to estimate the amount of fine sediments
transiting into these channels. Using fit 3 for Eq. 1

143 - -

34 36 38 40

PK (km) and the 1D model, a first estimation of the total

Figure 7. Calibration of the 1D model using measured wateamount of fine sediment transiting yearly in the two

levels at different discharges. secondary channels is 18,000 and 30,000 tons for the

. Beurre and Chévre channels, respectively. It repre-

A important challenge for the 1D but also 3Dgents only 29 of the total yearly SSM flux in the

models when the description of the bathymetry is Nokngne River (22x10tons). In Fig. 9, one can ob-

precise enough is to properly describe diffluencessapye that how significant is the input of major

Flow repartition at diffluences is very sensitive t0f50ds. Thus. most of the SSM input in the occurred

the flow direction and amplitude before and after the, o001 and '2002 during the two decennial floods.

diffluence, and so very sensitive to the bathymetry ’

and roughness repartition. Results from 1D et 3T .

modelling are presented in Fig. 8. 12

@ ©- Beurre
& Chévre

200

— Beurre (Mage) .
1gol © Beurre (Telemac)
== Chévre (Mage) ¥

¢ Chévre (Telemac) ,

160}
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5

s8]
(=]

100}

80}
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e
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Figure 9. Estimation of the annual SSM fluxes entering the two
secondary channels

0 .
2000 2002

20

0 & +
0 1000 2000 3000

Q. (ms)
Figure 8. Comparison betvcgen 1D and 3D modelling for the A comparison can be made between this first es-
water discharge repartition in secondary channels. timate of SSM transiting in the two secondary chan-
. . iy _ nels and the volume of sediment depositdef 4(1-

If both_ mod_els yield similar critical discharges forp)v where p=2650 kg/m3 is the sediment density
overflowing in the secondary channel® (=  gng p=0.4 the porosity of the deposits). It appears
1000 ri/s), for larger discharges of the Rhdne Rivernat around 10% of the SSM transiting in the Beurre
the 1D model yields discharges in the secondanhannel deposited within the reach. However, a more
channels two to three times larger than the 3Qyetajled study of Fig. 3b indicates that the mount of
model. Even if one may expect more accurate resuligsposits within the Beurre channel is not much lar-
from the 3D model, since there is no discharg&er during the year 2002. This may suggest that lar-
measurement to validate one or another model, it i§er ped shear stress occurring in the Beurre channel
difficult to conclude on this point. It should be ”Otedduring large flood limit the amount of fine sediment

that the significant sediment deposits that occurregeposits_

4000 5000
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4.2 Bed shear stress calculations In tab. 1, a sensitivity analyses is presented on

. e effect of the choice @pp andac (with app x ac
To better understand the impact of bed shear streé'%lxloﬂ,) on total amount of sediments deposited in

on the fine sediment deposits, they were compute e different sub-reaches reaches for 1D computa-
for different values of the Rhone River discharge us:. ) . P
ing the following equation: tions. It appears thadpp (_jlrectly influences the
amount of sediment deposited or eroded whereas the
.o choice ofac impacts the net tendency for erosion or
r= K 2H V3 deposition. In general, Adis-TS tends to predict de-

_ _ posits 5 to 10 times larger than Telemac3D for this
where 0=1000 kg/!ﬁ is the water dengit g the ac- test case. It also tends to overestimates deposits in
celeration of gravityK is the Strickler coefficient , the Cheévre channel compared to the Beurre channel
andH the section-averaged water depth. _ since data show an opposite behaviour (see Tab. 2).

It appears that bed shear stress is proportional tthe 3D model appears more accurate for the reparti-
the Rhone River discharge in the Chevre channefion of the deposits. As observed in Fig. 11, these
For the Beurre channel, a maximum of bed sheafeposits would be located mainly on the main chan-
stress is observed f@ = 2000 ni/s. For a larger pe| margins and close to the entrance of the Beurre

u* (6)

discharge, the water level after the confluence witlsecondary channel.

T | [ .
Evolufion im): 0 0.02 004 0.06 0.08 0.1 0.12 0.14 0.16 0.16 0.2
T T T T T T T T

the Cheévre channel seems to limit flow velocities
and so bed shear stress. However, a comparison ~
the 1D and 3D models indicates that for the sam
discharge in the secondary channels, the 1D mod
tends to overestimate bed shear stresses especially
the downstream part of the Chévre channel.

3500

4.3 Common test scenario for the 1D and 3D
modelling

3000

A common scenario has been tested to compare tl
two models based on the 2009 bathymetry. The uf
stream hydrograph (Fig. 10a) has been built based ¢
a discharge frequency analysis and using a flooc
shape hydrograph (flood rise and fall), which lasts °
days. In order to get the yearly averaged bed evolt
tion, the final bed evolution from this test scenario
have been multiplied by a factor 50.

2500

L L 1
2500

I L |
3000

3500

2000

@) (b) Figure 11. Bed evolution obtained using Telemca3D

5000

5000
Table 1. Estimation of the deposits (in tons) in different sub-
reaches for the test case (7 days); sensitivity on the coefficients
app andac for the 1D model.

4000 4000,
Q
2 3000

£

£ 3000
«

& 2000 o 2000 Adis-TS Chévre Cheévre- Beurre Beurre Beurre
1000 1000 amp | ac up mid up mid  down

. . 0.1 1x10° 76 149 14 1.7 2.6

R e (dys) 7 By mier) T 0.2 5x10*| 179 266 67 79 56

Figure 10. Upstream (a) and downstream (b) boundary condi- 1.0 1x10%| 557 582 284 288 133
tions for the test case. Telemac3D 0.4 1.3 0.2 0.2 0.6

_An interest of the 1D model is to present the re-

Results obtained for the 3D model are in agree Its for different class of sediments. In Fig. 12, one
ment with measurements (10 cm of deposits in the! ' 9. L2,
an observe that the coarser class (class 3 dvith

Beurre channel and 5 cm in the Chevre channel) aj 0 .
though some underestimation is generally observe Opm) represents 30% of the total deposits whereas

especially in the downstream part of the Cheyr&©nSISts in only 10% of the SSM total mass. On the
channel (Fig. 11). It also showed that most of thé)ther hand, the f'nfSt class (classdl= 8um) )
deposition occurs for discharges between 1000 arjgPresents only 30% of the total deposits whereas

3000 ni/s. For larger discharges, one can observ
locally some erosion, especially in the upstream pa
of the Chévre channel. Significant erosion occurre
during the flood rise but is often compensated by
larger deposition during the flood fall.

¢

g_elocity (which is basically a function of the grain

8onsists in 65% of the SSM total mass. These results
gre in good agreement with experimental data and
ive an indication of the sensitivity of the settling

Size) on the amount of sediment deposited.
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Figure 12. Distribution of the deposits in the three main parts o¥ 1000

the secondary channels using Adis-TS as a function of the size
of the particlesdpp = 0.2 andac= 5 x 10* g/l).

500

Mass deposited / eroded (tons

4.4 Long-term simulation using the 1D model

. . . . . -500 - - - -

Using Adis-TS model, it was also possible to di- 002 2003 2004 2008 2006 2007 2008 2009
rectly simulated the amount of sediments deposited 2500 : : : :

in the two secondary channel using the real dis- e

charge time-series from 2002 to 2010 with an ge-
ometry based on the 2002 topography. For this simu-
lation, the following coefficients have been used:
app=0.2 andac=5 x 10* g/l. In order to compare
directly numerical results to experimental results,
experimental volumes of sediments deposited ofb)
eroded were calculated using the following equation:

2000

1500

(53]
=
=]

Mass deposited / eroded (tons)
g
=

1
vV=—" Z .. —2Z . . )LAX 7
(Tj _Tj_l)z( mj,J mi,j 1) i i ( ) 0
where T; is the year of measuremenis,;; is the %0z 2003 2004 2005 2006 2007 2008 2009
mean bed level of the active channel for the cross- ss0 Years
sectioni and year (see Fig. 3)|; the width of the : : : : = daa
active channel, andAx, = (x,,, —%_,)/2 the char- 3000 |

acteristic streamwise length for the cross-sedtion
Results from this simulation are presented in
Fig. 13 for the three main part of the secondary
channels. Results are very encouraging for the up-
stream part of the Chevre channel and Beurre chaiy)
nel. A similar order of magnitude may be observed
for the yearly bed evolution. However, the model
seems to be not sensitive enough to the input from
large flood. Also, as there is no update of the 1
bathymetry, no feedback from the deposits on the M}
dynamics can be observed on the contrary to what shoz 2003 2004 20'05{ 2006 2007 2008 2000
the eXperim-ental results suggest. Indeed, after tl“__el ure 13. Yearly bed evolutioneacl)rfsthe upstream part (a) and
large (_Zl_epOSItS that occurre_d f.r(.)m 2002 to 2004, thgc)gwnstream party(c) of the Chévre channrél (Gran(?e I6r(1e)), and
deposition rate dropped significantly. On the othefp) the Beurre channel (Petite lone).
hand, Adis-TS did not reproduce correctly the depo-
sition in the downstream part of the Chevre channel. Global results for each sub-reach using Adis-TS
This may be due to an underestimation of the watefre presented in Tab. 2. It appears that the calcula-
stage on the Rhone River next to the downstreanion based on reference test case tends to overesti-
connexion, which has led to an overestimation of thenated deposition compared to the calculation based
velocities and bed shear stress, and so, an underegf the discharge time series although the geometry
mation of the deposﬂs._ The impact of the St-Pierre(hased on 2010 bathymetry) would lead to opposite
de-Boeuf dam regulation on the water level doesesults (all other parameter are identical). Compared
reach the Beurre island despite of the distance to the experimental data, as observed previously, it
appears that deposition is overestimated in the up-
stream part of the Chévre channel and underesti-
mated in the downstream part.
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Table 2. Estimation of the deposits (in tons) in different sub6 REFERENCES
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Some additional data (discharge measurements in
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sults. The calibration of the source term in the Adis-
TS model may also be improved using a more exten-
sive sensitivity analysis.





