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Excavation damaged zone
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Excavation damaged zone

Callovo-Oxfordian claystone (COx)

Sedimentary clay rock (France).
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Excavation damaged zone

In situ evidences (Andra) : (Armand etal. 2014)
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1. Constitutive models

1.1 Strain localisation with regularization - Coupled 29 gradient model : (chambon et al., 1998 and 2001)

The continuum is enriched with microstructure effects. The kinematics include the classical one
(macro) and the microkinematics (Toupin 1962, Mindlin 1964, Germain 1973).

Biphasic porous media : solid + fluid (coliin et al., 2006)

- * 2 *
B-alanc.e equations fo_r I o, %+Zijk o’u, do =IGideQ+I(fU: +T_iDui*)dF
biphasic porous media : % OX; OX;OX, o r

j(ﬂ P, —m,, apWJdQZ Qp,dQ+[gp,dr
Q " OX, Q I,

b
Bishop’s effective stress : oy =05 —b;S,, P9I Double stress : 2 =T {B, aa ;i J
X OX
ik

Constitutive models 8



1. Constitutive models
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1. Constitutive models

1.3 Flow model :

Advection of liquid phase (Darcy’s flow) :

k.. k
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Water retention and permeability curves (Van Genuchten’s model) :
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2. Fractures modelling

2.1 Gallery //to g}, :

Anisotropic stress state, isotropic model

HM modelling in 2D plane strain state (LAGAMINE-UIq) :

Anisotropy (Andra URL) :

-> hydraulic permeability anisotropy
Knornvert = 4 10720/ 1.33 1020 [m?]

- initial anisotropic stress state
Pwo = 4.5 [MP3]
Oy0 = Oho = 12 [MP3]
GH,O - 1 3 OV,O = 156 [MPa]
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2. Fractures modelling
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2. Fractures modelling

Fractures Total deviatoric strain Convergence
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2. Fractures modelling

2.2 Gallery //to gy, :

Isotropic stress state (0=12 MPa),

anisotropic model

HM modelling in 2D plane

strain state
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2. Fractures modelling

Cohesion evolution :
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2. Fractures modelling

Anisotropic stress state, anisotropic model

Opo=1.30,9>0,0=0,0=12 [MPQ]
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3. Permeability evolution

3.1Large-scale experiment of gallery ventilation (SDZ) Lo 2 L3 L 4
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3. Permeability evolution

Permeability variation in fractured zone

HM coupling in the EDZ.

Saturated permeability in boreholes

S

----- Shear fractures

..... Tensile fractures
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3. Permeability evolution

Evolution of intrinsic water permeability

Various approaches: deformation, damage, cracks...

- Relation to deformation

Volumetric effects = increase of porous space

0(Kozeny-Carman)

. & &
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W w,0 &
0

- Fracture permeability

Cubic law for parallel-plate approach
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3. Permeability evolution

Modelling of excavation and SDZ experiment

] _ Plasticity Total deviatoric strain
HM coupling in EDZ

- Gallery excavation
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3. Permeability evolution

Modelling of the SDZ experiment

- Water pressure in the cavity air

W

. . : RT .
p,, (suction) corresponding par = PuR T In(RH )+ P P =RH p?
to RH and T (Kelvin’s law). M,
Imposed at gallery wall through hydraulic boundary condition.
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3. Permeability evolution

20m

- Drainage / p,, reproduction
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3. Permeability evolution

- Desaturation EDZ / w reproduction

Horizontal boreholes At gallery wall
9 9 .
----- Experimental —Numerical
. 8 1 + Experimental
Numerical:
— T e —2 years 7
% 6 - —4.25 years 6
= =
3 = 4
3
= 3
]
=
1 ]
O T T T T
o 1 2 3 4 5 6 7 0 500 _'1000 1500 2000
Radial distance from gallery wall [m] Time [days]
- Desaturation: overestimation in long term - Good reproduction at gallery wall

- Vapour transfer (o, = 10 m/s)

Permeability evolution



Conclusions

Damaged zone -> strain localisation zone similar to in situ measurements

- modelling provide information about the rock structure and evolution within this
zone, as observed in situ.

—> rock anisotropy and properties modification

----- Shear fractures
Tension fractures

Total
deviatoric

0.85%d
0.35%d 1000 dase

" 1E03

Conclusions



