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Contaminants bypass soil matrix
® Long-term goal: coupled models of:

Modified from Christophe Salin

Earthworm
Population 1=
Dynamics

N Burrovy 44 Water _|_|Contaminant
characteristics Transfers Fate




How does macropore flow affect transfers?
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Current coupled models of macropore & matrix flow

“Double permeability models” ® 1D compartment models

ematrix and macropore characterized by
effective parameters

® Interface macropore—matrix not described
explicitly

N

® Water transfer model outputs

e water content 0 = f(z,t)
e flowrate g =f(z,t)

macropores matrix .
in each compartment

Cey et al.
J. Cont. Hydrol., 2009



Current coupled models of macropore & matrix flow

“Double permeability models” e Water transfer models

ematrix : Darcy-Richards: K(0), 6(h)

e macropore: Kinematic (Dispersive) Wave: a, b, vy

® Water transfer model outputs

macropores matrix e water content 6 = f(z,t) _
00 a(h —2) e flow rate g = f(z,t) in each compartment
Gma = —bOma — Vo —2 Qmi = —Kmi(0mi)
0z Y
a0, 0q,



Coupled models of macropore matrix flow

“Double permeability models” e Water transfer models

ematrix : Darcy-Richards: K(0), 6(h)

e macropore: Kinematic (Dispersive) Wave: a, b, vy
® exchange term: 15t order approximate diffusion

equation: d, O, max

® Water transfer model outputs

macropores matrix e water content 0 = f(z,t)
e flowrate g =f(z,t)

in each compartment

Kpi(0) —h g
S — mi\“mi X X ma
d d 6ma_max

d = effective diffusion pathway
= half distance between macropores



Current coupled models of macropore & matrix flow

“Double permeability models”

macropores matrix

Kpi(0) —h g
S — mi\“mi X X ma
d d 6ma_max

d = effective diffusion pathway
= half distance between macropores

“The initial "values of d for the different layers
based on visual observations of the soil structure
were increased considerably to obtain a better
fit”

Lars rvis, J. Hydrol., 1999
(% i](?1 (}/1{1 for d 1s consi ere(l large in

relatlon to the size and scale of aggregation in the
Lanna clay soil. This suggests that some process or
feature which restricts mass exchange between different
pore classes is not included in the model.”

(Saxena, Jarvis, Bergstrom, J. Hydrol., 1994)



Current coupled models of macropore & matrix flow
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Coupled models of macropore matrix flow
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Coupled models of macropore matrix flow
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Current coupled models of macropore & matrix flow: bottom line

® Measured d values lead to
overestimated water transfer from
macropore to matrix

Experimental data
Another model

e d has a physical meaning, but is
calibrated to fit the data.

® Precludes the possibility to determine
d values from:
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® Issue stems from the form of the first-order exchange term:
Does not capture completely the exchange dynamics.

e Way out: 3D model ?




A new — pseudo 2D — model of macropore & matrix flow

N

macropores matrix

Cey et al.
J. Cont. Hydrol., 2009



A new — pseudo 2D — model of macropore & matrix flow

Two representations of matrix to keep memory of water distribution in the matrix
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A new — pseudo 2D — model of macropore & matrix flow

Besoin de connaitre la surface d’échange en fonction de la teneur en eau des macropores




A new — pseudo 2D — model of macropore & matrix flow

Besoin de connaitre la surface d’échange en fonction de la teneur en eau des macropores
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A new — pseudo 2D — model of macropore & matrix flow

seven parameters: d(z), Om..(2), a, b, v, p and Petermined from X-ray CT calibrated
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A new — pseudo 2D — model of macropore & matrix flow
seven parameters: d(z), Om.~(2), a, b, v, f and Petermined from X-ray CT
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DS_Loamy DS_Loamy

4.0e-06 4

soil initially dry

3.5e-06+4

0.015 3.0e-064

2.5e-064
0.0104 2.0e-06 1

1.5e-06 4

0.005 + 1.0e-06 -

5.0e-07 4
0.0e+004

0.000+

0 2000 4000 6000 0 2000 4000 6000

FC_Loamy FC_Loamy

4.0e-06 4

soil initially wet
3.5e-064

3.0e-06 4

Water amount stored (m)

0.015+
2.5e-064

0.010+ 2.0e-06 4

o]

0.0054 ’ \ :
Q

0.000+

T L T T

0 2000 4000 6000

Time (s)

1.5e-06+
1.0e-06 -

5.0e-07 4 :
D.DE"‘D'D' —
0 2000 4000 6000

Time (s)

Profile cumulated exchange flux density from macropores to the matrix (m/s)




Conclusion

The new model:

e considers the horizontal heterogeneity of water content in the soil matrix without
computationally-intensive and difficult to parameterize full 2D or 3D models

® opens up the possibility to use measured or modeled d values, that Ea"th;”Ofm Burrow Water | | Contaminant
. . . i > —t— =
can evolve as the soil macroporosity changes under the influence of PDprn”azji':s” characteristics| |Transfers Fate

roots or earthworms.
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® Features the value of combining transfer
modelling with the rich —but partial—
spatiotemporal information obtained by X-ray CT.
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