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Context & gap of knowledge Aims Methodology | | Modelling transport at the SW1

Advanced numerical methods are coupled 1n an innovative way to solve the
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» Pesticide contaminations are ubiquitous in surface waters, including in rivers 1/ Developing a physically-based reactive Aim 1/ governing equations without any specific treatment of interfacial conditions.

transport model at the SWI:

* The Sediment Water Interface (SWI) is a highly reactive boundary of rivers where , , , -
 Without interfacial conditions

degradation occurs®” Flow:

e Navier-Stokes (NS) \
* Darcy-Brinkman (DB)

Non conforming
Crouzeix-Raviart

 Horizontal & Vertical fluxes

e Increased residence time

 Favourable redox conditions for microbial and chemical degradation 2/ Investigating the effects on solute Aim 2/ finite elements
e Its reactivity is mainly controlled by transport of dissolved species into the sediment bed® transport of: | | | n T‘”f“{‘;}f’;’rtf Discontinous
« Hydrological forcing A representative hydrological forcing : iffusion | % Galerkin
. L e Sorpti _ * Dispersion + advection ,
» Horizontal water velocity (river flow) | ¢ d d t. f orption finite element
* Vertical water fluxes (ground-surface) > n-stream egra alon o Reactivity:
* Geomorphologic structures pesticides still unresolved Ongoing * Sorption
 Large scale (meanders, dams, etc.) Aim 3/ p p 5
« Small scale (bed forms, vegetation, etc.) m KU T S35 (uV)u — s, gv (Vu) Vp = —pgV2z
3/ Understanding the relationship between 7/ . ,
e Modelling transport at a fluid-porous interface is still challenging® transport and degradation at the interface + (81,82, 53, 54) are used to switch from NS to DB, (u, p) are the state variables
- for water velocities and pressure and (p, €, v, K') the porous medium characteristics
Tracer experiments The effects of water flow and sorption on transport at the SWI
Tracer experiments are used to investigate transport of dissolved species and validate the model Water flow controls mass exchange rate but not capacity alongside a bounded river transect. Sorption favours pollutant removal by the sediment bed
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Results at 3.5 cm deep e Export = incorporation 0.1

Concentration
 Water flow dependancy Adsorption Conservative

Y Temporal rates:
Varying exchange rate &
Flow Penetration/export pace

Tracers:
Conservative - Na(C'l
Adsorptive - Azo dye
(Kd = 7.7mL.g_1)
Flow:

15<u<4.5 cm.s™1
150 < Re < 500
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e High flow Time required to reach 90% . 0
Low flow of the equilibrium:

Configuration 9 < Tgo% <30 h 0.05 . . 0.2 0.25 (cm)

o Export

A Incorporation X Equivalent length scaling * Sorption effect River bed
Constant exchange capacity

Configuration:

Percentage of
equilibrium concentration (%
6))

o

N
)

Export - groundwater
Incorporation - surface water

SN CUN NN N CON NN N
o NN | )

NN NN NN SNSNNNYNT

N OSSN SNCIONSNDNSAN]

NN N NN M N

Y

| | | Enhanced/ hampered mass exchange
1000 2000 3000 L . :
Equivalent length - L, (m) Leq 00% ~ 2000 m Limited penetration depth sink

Model validation

Simulations fit well with experimental data & reveal that dispersive transport 1s dominant COIlClllSiOnS & Persp ectives
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‘ -o- Model -o- Experiment‘ ¢ Numerical details

Closed mass balance < 0.01%
Mesh size sensitivity negligible < 2mm

 Parameter sensitivity

Interface layer thickness
Grain size = velocity penetration

' ° Dispersion coetficient
' vl Dispersion driven transport
| I ¥ 10! < Pe < 109
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Percentage of equilibrium concentration (%) Dy,

e Suitable model for transport at the SWI Caffeine

For conservative and sorptive species
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Contaminants sorb on the upper sediment
— Influence on degradation ? Oxic

* Flow independant mass exchange R
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Contaminant source (surface/groundwater) * Short half life
Exchange capacity per river length S e Organic
— Simplified risk assessment in rivers ? . contaminant




