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Evolution des services rendus par les sol

V4 L] . V4 \ ’. (]
Prédire la capacité des sols a: Sous I'impact des:
- servir de filtre protégeant les aquiféres ~ -activités humaines,

-supporter I'agriculture -pratiques agricoles
-changement climatique
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Contaminant Soil

transport evolution

models

models

\/

generic models of water, solute & colloid
transport in soils

T

transport mechanisms



Contexte

transport de colloides dans les sols

® Acteurs d’un

) rocessus de
® contaminants p

contaminants .
) formation des
adsorbés

® Vecteurs de

Groundwater quality

natural soil colloid mobilization mechanisms ?
colloid retention mechanisms ?



Contexte

preferential macropore flow

Matrix:
A - Capillary pores,
- Darcy-Richards law
applies
1 mm
)

4 phases:
water, immobile soil, colloids, air



Contexte

preferential macropore flow
Macropores :
M - earthworm burrows,
- space left by decayed roots

— gravity driven water transport
—water bypasses the soil matrix




Contexte

preferential macropore flow

>300 pum
e —

4 phases:
water, immobile soil, colloids, air

- relation macropore network geometry and transfert ?

- how does macropore flow affect colloid mobilization?
retention ?



Macropore flow...

relation macropore network geometry and transfert

modeling macropore flow

Colloid transport

relation macropore flow natural colloid mobilization

magnetic resonance imaging



Preferential macropore flow
relation macropore network «— water & colloid transfert ?

Number of earthworms

Capowiez et al. Pedobiologia, 2014




Preferential macropore flow
relation macropore network «<— water & colloid transfert ?

Colloides:
Aucune relation statistique entre
qguantités de colloides naturels élués et
caractéristiques des galeries !

Eau ~
E 300 | | | | |
E 250 ° .
Distance s 5 | " )
géodésique & o0 | ° |
moyenne > o | .
E 0 | | | | | |

0O 5 10 15 20 25 30 35
Vp=intensity X breakthrough time (ml)

Explique seulement 14% de la variation de V, :

Tous les pores ne sont peut étre pas actif !
Capowiez et al. Pedobiologia, 2014



Preferential macropore flow

Macropore network
imaged with X-ray CT




Preferential macropore flow

vers une identification du réseau de macropore actif

Macropore network
imaged with X-ray CT

Time lapse X-ray CT imaging

Sammartino et al. Vadoze Zone J. 2012



Preferential macropore flow

Total macropore Functional part of the Water-soil interfacial area
network macropores network

x=1cm

>
Detection frequency

Sammartino et al. Vadoze Zone J. 2015

stephane.sammartino@univ-avignon.fr

improved qualitative knowledge of flow processes
Useful for models ?




Preferential macropore flow

x=1cm

A

wo T

e macropores: taille > 0.3 mm
e |a capillarité ne s’applique pas:
le modele de Darcy-Richards n’est pas une option.
e |a gravité est le moteur de I'écoulement
e |es macropores ne sont pas saturés
e |'eau s’écoule sous forme de films

Quel(s) modele(s) ?



Preferential macropore flow

Film flow in a macropore

Equations de Navier-Stokes prenant en compte
mouillabilité et échanges avec la microporosité

iy
Assumptions
®Low macropore saturation
—> No capillary liquid bridge x ¥
© Axisymmetric problem (scale separation between r and x )

® longwave approximation Navier stokes equations are reduced
to a low dimensional model

Physical parameters Matiére

organigque

® Viscosity

® Surface tension

® Wettability - partial wetting.
® exchange with microporosity

Beltrame. Europhysics Letters. 2018 échange eau ou matiere
philippe.beltrame@univ-avignon.fr
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Interaction Sol — Eau
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Interaction Sol — Eau

Modelo de las Ondas Cinematicas
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Beven &Germann, 1981
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Interaction Sol — Eau

Modelo de las Ondas Cinematicas

Equivalent
macropore

At =t ti=Llcy

At=t4t,=Licy

(b)

Di Pietro, Ruy, Capowiez, J. Hydrol. 2003




Preferential macropore flow

Modelo de las Ondas Cinematicas Ecuacién de Darcy-Richards
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Interaction Sol — Eau

Simulador de lluvia
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Preferential macropore flow
Linking model X-ray CT images

Using the 3D images
to determine a priori
values of model
parameters:

d = f(z)
Omac_max = f(2)

K(h) 0—h B

*TTTd X Td O
- n"améliore pas la reproduction des données
expérimentales
- Diminue l'incertitude sur les valeurs des
parametres déterminés par modélisation inverse
Lissy, PhD Thesis, 2018



rainfall, one hour
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La durée d’une période seéche entre deux pluies influence t-elle la hauteur du pic ?



Majdalani et al. Eur. J. Soil. Sci. 2008, 59, 147-155
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Majdalani et al. Eur. J. Soil. Sci. 2008, 59, 147-155
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Constant rain interruption duration does NOT reproduce the pattern



capillary pressure
r=100nm: 10° Pa
r=10um : 10° Pa

\ rheometry:
\ .. 102 Pa<yield stress<10° Pa
?OO rr\1m T 1 mm T 0.01 mrﬂ Ghezzeheli et al , 2001

Hypothesis:  differential capillary stresses weaken the walls separating
an empty and a full pore.
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end rain # n before rain # n+1 infiltration rain # n+1

Michel et al. Vadose Zone J., 2010



natural soil colloid mobilization

Zarzycki, et al. Journal of Material Science
Synthesis of glasses from gels: the problem of

monolithic gels.1982 Pa

end 1‘2&1\\ Sketch adapted from Garcia-Gonzdlez et al. 2011.

Michel et al. Vadose Zone J., 2010
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natural soil colloid mobilization

Michel et al., Eur. J. Soil Sci., 2014, 65 (3), 336-347.
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natural soil colloid mobilization

Michel et al., Eur. J. Soil Sci., 2014, 65 (3), 336-347.
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Strengthen the hypothesis of mobilization by differential capillary stresses.
Link between pore structure modifications & leaching.

Provides a physically based regeneration mechanism
_Eliminates the necessity to estimate the initial size of the pool of leachable colloids




natural soil colloid m="
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Figure 7. Sediment entering a soil pipe by interception of runoff by a
pipe collapse feature in Goodwin Creek Experimental Watershed
(GCEW).




Open the black box !

Transport of colloids monitored by MRI

Lehoux et al. Water Research, 2017,123, 12-20
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Open the black box !

Transport of colloids monitored by MRI
Lehoux et al. Water Research, 2017,123, 12-20
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Open the black box !

Transport of colloids monitored by MRI
Lehoux et al. Water Research, 2017,123, 12-20
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Open the black box !

Transport of colloids monitored by MRI
Lehoux et al. Water Research, 2017,123, 12-20
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Open the black box !

Transport of colloids monitored by MRI
Lehoux et al. Water Research, 2017,123, 12-20
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Open the black box !

Transport of colloids monitored by MRI
Lehoux et al. Water Research, 2017,123, 12-20
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Open the black box !

Transport of colloids monitored by MRI
Lehoux et al. Water Research, 2017,123, 12-20
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Open the black box !

Transport of colloids monitored by MRI
Lehoux et al. Water Research, 2017,123, 12-20
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Open the black box !

Transport of colloids monitored by MRI
Lehoux et al. Water Research, 2017,123, 12-20
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Open the black box !

Transport of colloids monitored by MRI
Lehoux et al. Water Research, 2017,123, 12-20
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Model permits a quantitative use of the MRI profiles
Abundant time-lapse MRI profiles permit to test the models to their very limits !




Outline

Imagerie fonctionnelle
obtenir des informations
qualitative et quantitatives a <
I"intérieur du sol au cours de
processus dynamiques

Expériences
transport d’eau de solutés de colloides a
I’échelle de la colonne de sol non
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Perspectives : [1] macropore flow

Does water flow impact macropore structure ?

Volume (cm3)
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Gonflement des parois des macropores
au passage de I'eau ?




Perspectives [2] Transport de solutés et IRM
Substances perfluorées : PFAS

Les substances perfluoro —alkyles, C_F, ,,—X....

1- ... sont utilisées dans une nombre important de procesus y produits ...

FABRIC
HUTECTO}_

——
s §

S—

2-...et sont
persistentes bioacumulables toxiques....

3- ... elles sont présentes dans tous les compartiments environnementaux




Perspectives [2] Transport de solutés et IRM

Substances perfluorées : PFAS

1000\\\\\\\\\\\\\\\\\\\\

® PFAS - worldwide °
- O PFAS - France o |

100

nombre d'entrées dans
le WebOfScience pour
la recherche (PFAS ou
"perfluoroalkyl
substance*"; rouge),
ou glyphosate (gris)
dans les catégories
environmental
sciences ou
engineering
environmental ou
toxicology ou public 1 \\\\\\\\\\\\\\.1\\\/\\\\\\\

environmental 1970 1980 1990 2000 2010 2020

occupational health ou ) )
water resources ou Publication Year

agriculture

mutidiscipiinary [N @cessité de prévoir I'internalisation par les plantes des PFAS,
leur devenir dans le sol,
les interaction PFAS-sol

%
\\\\\H‘

H
)
L 4

e Om
o e
°

number of scientific papers




Perspectives [2] Transport de solutés et IRM

Interaction sol — PFAS non comprise completement

familles des PFAS
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Interaction Sol — Eau - Contaminant

van den Bogaert et al. Geoderma. 2016, 275 40-47.
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predominant macropore flow predominant matrix flow

after short rainless period after long rainless period

'dﬁion i’iton .

increasing retention




