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|. Context and objectives Il. Study sites

The hydro-sedimentary processes of the Rhone [t e 6 study sites located along bypassed channel of
River have been severely altered by human | Ve S 4 diversion dam systems

activities since the 19th century (i.e., incision, e e

armouring, sediment supply interruption).

Several restoration actions have been == —— = o e ———
implemented to mitigate the physical effect (i.e, BEEEEE= = S L= e a reach being starved of sediment

gravel augmentation, groyne fields removal to B emacaioti b gl el it e o onepor, a-UHFtags CON-HC & 20 90

i /bank 4 PDR (MaTch 2017) (reference reach) and continuity
promote bank re-erosion and sediment supp[y) , . ‘ , Evaluation of bedload transport a-UHF tags: COIN-ID  January 2017 (100)

PIT tags 23/32 mm Dec. 2016 (888)

(reference reach)

| Gravel augmentation (6885 m®) in

2 sediment-starved reach PIT tags 12/23/32 mm March 2017 (991)

February 2019
(999)

Groyne fields removal in a

sediment-starved reach PIT tags 23/32 mm

Gravel augmentation (30000 m°)

i 2 sedimentstarved reach PIT tags 23/32 mm  April 2019 (1199)

totaling 6385 miat PDR (March 2017) - Following completion of the project (April 2017)

Objectives of this study: ,

- measuring gravel displacement by RFID particle tracking in a multi-site context V. Example of PDR : 2 sites, 3 surveys
(which differ according to their natural setting and human impacts)

- monitoring and evaluating the restoration projects 2 tracer seeding sites:

3000 —

wn
o
w
=
w
o

2500 —

4
<

- 991 tracers in the gravel augmentation

site (GA), including 100 tracers around the

[ll. Material & methods augmentation site P
- 999 tracers in the side channel (SC) 1

RFID particle tracking using: | | — formed by the removal of groyne fields o

1/01/2017 1/01/2018 1/01/2019 1/01/2020 1/01/2021
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Restoration work (phase 1)
Restoration work (phase 2)

Discharge (m?¥s)

[ =
o ul
o o
o (@]

- PIT tags

Tracer seeding site (S0)

Gravel augmentation site [:|

Cassel et al,, 2017

Grain size classes (mm)
8-16 16-32 32-45 45-64 64-80
Gravel augmentation e ) ® ® @
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Main thalweg ° ) O

Calculation of: _ > f
* travel distances (mean, max. + four <+ flow metrics: Ea. | N =
grain size classes) between individual - unit stream power (w; Bagnold 197) e, o | o
tracers found: - Cumulative excess stream power

- in two successive surveys (S, and S); (2(w, - w ) ; Hassan et al, 1992)

- in a given survey (S) compared with - dimensionless unit stream power (w™; o \ _

the initial tracer seeding position (Sy); Eaton et Church, 207]) e W o = -
* virtual velocity P S
_ -~ "Groyne fields removal "~ .

Grain size classes (mm)

<—Removed groyne fields—>

- Tracers spread over
-1/ 3690 min5yrs

— 82

Gravel

—— 83

/

ISR Comparison of local virtual velocities shows major

Am ° ®

A< , S disparities between the different parts of the channel

Centr

V. Reach comparison

Travel distances are higher in dynamic reaches (LYM, NEY, CHA) than in sediment- "!.5;-" S3vs. S0 Gﬁg:?ltﬁ? )
starved reaches (PDR_GA, PDR_SC, DZM) S3 (Feb. 2022) Period length (yrs) | 51

N - - Tracers displaced Time @ > Q, (h) 6012

IS § over short distances O (/) 3021
A CHA < y=3.31x-66.14 1| ACHA S Number of 317

R2 =0.998 3 :ﬁ;

o pon ror s SR _ Grain size effect recovered tracers
- - - urain size efrect on :

¥ Number of mobile

@ DZM :
tracer travel distances |iracers 317

S3 vs. SO (n : 508) e |njection "Am"
o
e Injection "MidAm"

MidAv o
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‘ % of mobile tracers 100

o Injection "Centr" Mean distance

o |njection "MidAv"

o Injection "Av" between 53 and SO 915
(m)

_ _ o Virtual velocity
A .':‘ 2 S ..,‘.‘.' ............. < RZ = 0.537 :\ 2 ' °° X (ITVI")
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Unit stream power of Q.. (W/m?) Cumulative excess unit stream power (W/m?) Distance (m)
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Sy =2.878x-54.42
: R? = 0.811
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A y=0.509x - 36.32

b-axis {mm)

Mean distance between S,and S, ; (m)
Mean distance between Si and SO (m)
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Mobility is also controlled by particle arrangement and bed texture: 15t survey after
tracer seeding (unconstrained exp.) vs. other surveys (constrained exp.)

1000 J A . A CHA unconstrained VI B} 0 u t CO m es

“A A A CHA constrained
O A

A LYM unconstrained Data from literature

. ) D%MA A%, " | ANEvunconstrained  (Vzquez-Tarrio et a, 2019 This study provides a better understanding of bedload transport in the Rhone River and
A 5?%@2 g %@: . A NEY constrained * P (‘Constrained' exp.) highlights its specific features according to the natural setting and human impacts.

A PDR unconstrained © SP ('"Unconstrained’ exp.)

SO APDR_GA constrained  * RP (‘Constrained' exp.) It also provides:
_ A et ed o) - useful information for evaluating the success of restoration projects
M o T T ADZMunconstrained - PB('Unconstrained" exp.) - recommendations for designing gravel augmentation projects in terms of site
ADzMconstrained - MT (Uneonstrained exp. selection (sites with sufficient shear stress; not upstream of point bars), volume of
gravel (1-2 X the mean annual bedload transport capacity), etc.
- methodological feedback for applying such technique in a large non-wadable rivers

(i.e., decrease in recovery rates over time, suitability of tracer types and sizes)
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Mean dist. between S, and S, , (m)

Dimensionless unit stream power w*




