
Flow processes investigation in soft clay shales
from tracing experiments at the laboratory scale

Project SISCAGeneral Assembly 2011
Vienna, Austria, 03 – 08 April 2011

Vincent Marc, Stéphane Ruy, Olivier Poilleux, Thomas Madre, Michel Daniel, Bruno 
Jouaud and Roland Simler



Recharge processes in soft clay shales
General Assembly 2011

Vienna, Austria, 03 – 08 April 2011

Project SISCA 

S
ho

rt
 r

es
id

en
ce

tim
e

Lo
ng

 r
es

id
en

ce
tim

e

?

?

α β γ



0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

9/10 10/10 11/10 12/10 13/10

[B
r-

] (
m

g/
l)

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

9-oct. 10-oct. 11-oct. 12-oct. 13-oct.

[B
r-

] (
m

g/
l)

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

9-oct. 10-oct. 11-oct. 12-oct. 13-oct.

[B
r-

] (
m

g/
l)

0 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

9-oct. 10-oct. 11-oct. 12-oct. 13-oct.

[B
r-

] (
m

g/
l)

Recharge processes in soft clay shales
General Assembly 2011

Vienna, Austria, 03 – 08 April 2011

Project SISCA 



marl block

I=15,6 mm/h
I= 16,7 mm/h

TDR probe
gutters

Rainfall simulations in the lab

tensiometer

Recharge processes in soft clay shales
General Assembly 2011

Vienna, Austria, 03 – 08 April 2011

Project SISCA 

57 cm

66 cm



2-3 juin 2010 29-30 juin 2010

Recharge processes in soft clay shales
General Assembly 2011

Vienna, Austria, 03 – 08 April 2011

Project SISCA 

17,2 h

I=15,6 mm/h

10,2 h

I=16,7 mm/h

0

5

10

15

20

0 500 1000 1500 2000 2500

Fl
ow

 r
at

e 
(m

m
/h

)

0

5

10

15

20

0 500 1000 1500 2000 2500

Fl
ow

 r
at

e 
(m

m
/h

)

-80

-60

-40

-20

0

20

0 500 1000 1500 2000 2500

δ2
H

 (
‰

)

Time (min)

Rainwater D

0

50

100

150

200

-80

-60

-40

-20

0

20

0 500 1000 1500 2000 2500

[B
r]

 m
g

/l

δ2
H

 (
‰

)

Time (min)

Rainwater D

Rainwater Br



24
26
28
30
32
34
36
38

0 5 10 15 20 25 30 35

Vo
l. 

w
at

er
 c

on
te

nt
 (%

)

Time (h)

Soil water content
TDR2
TDR8
TDR17

-0,6

-0,4

-0,2

0,0

0,2

Pr
es

su
re

 h
ea

d 
(m

)

Pressure head - experiment 01/06/10

T1 T10

T11 T3

Recharge processes in soft clay shales
General Assembly 2011

Vienna, Austria, 03 – 08 April 2011

Project SISCA 

Tensiometer

ouflow

Marl block

TDR probes

Rainfall area



δ2H rainfall= + 8,50 ‰
δ2H pre event water = -66 ‰
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Proportion of rainfall contribution = 11 % 
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Conclusions

o Infiltration phase :
 steady state flow, no surface runoff
 pre event water dominates outflow

o Recession phase :
Poor drainage within the matrix
No increase of pre event water contribution

(poor drainage from microporosity) 

o Role of marl blocks :
layering structure and weathering level make it
possible water storage in the blocks and preferential
flow through them
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More on soft clay shales…
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