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Infiltration test

- Focused on modelling of saturation process in bentonite MX-80
under constant volume condition (clay and quartz sand in dry
weight proportions 70/30). It is mined out in Wyoming.
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Experiments — Step O

- Focused on modelling of saturation process in bentonite MX-80
under constant volume condition.
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Experiments —Step O

- Focused on modelling of saturation process in bentonite MX-80
under constant volume condition.
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Experiments — Step O

- Focused on modelling of saturation process in bentonite MX-80
under constant volume condition.
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Experiments — Step O

- Focused on modelling of saturation process in bentonite MX-80
under constant volume condition.
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Experiments — Step O

- Focused on modelling of saturation process in bentonite MX-80
under constant volume condition.
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Mathematical model
H unsaturated flow

> Richard’s equation

> inputs: saturated and relative
permeability, retention dependence

M Elasticity (linear/nonlinear)

HM coupling implemented COMSOL
> Biot-Bishop model,

» effective stress, water squeezing due to
porosity change

> permeability change (Kozeny),
> retention depending on deformation

> swelling deformation
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Richards’ equation

- represents the movement of water in unsaturated soils, and
was formulated by Lorenzo A. Richards in 1931

(PSwpw)  0(Oypw) kik
aV; 2= \gtw =V-| pw rusatv(pw'l'pwghe) + Pwqw,

w

- Capillary pressure p. =9, —py
* Entries:

¢ 1@ +layepgp™™ = (L + [@yepl™ =™ if p<0,
€ 1 if p=0.

- Relative saturation k,(S) = S¥
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Results ,
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Experiments —Step 1

Similar to previous Step 0 - modelling of saturation process in
bentonite MX-80, but under unconstrained volume condition, HM !
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Experiments —Step 1

- Similar to previous Step 0 - modelling of saturation process in
bentonite MX-80, but under unconstant volume condition.

(1) Initial saturation (2) Recovery of void (3) Confinement
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In situ
WT1 test
PT-Al test
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Results
3D model of the SEALEX WT-1 experiment

Effective saturation in rock 1 day and 35 days after borehole opening,
pressure on the borehole wall p=-25 MPa.

‘ Time=3.024e6 s Sligﬂe__‘.:,-»Eﬁective satUration\(1)

1 day after opening 35 days after opening [Pa]
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Experiments — Step 2 - results
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Results — boundary conditions

Point Graph: p_wall (MPa)
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Host-rock

Intersection of PT-Al experiment

Step 3 —PT-Al experiment A

NE SW Wi % 1 e :annularvoid
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Martin Hasal, Hydro-mechanical Modelling of SEALEX Sketch of the experlment

Experiments
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3D model with nonsymmetric gap and with variable
retention curve depending on dry density
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Pressure (suction) 50 days
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Pressure (suction) 50 days
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Effectlve saturation 50 days

/ Time=50.d |Surface: Effective sattiration (1)

o

N

Vvi0.5111
Note: minimal value of saturation is Se=0.51, which is below the initial state Se=0.57
for pdd=1.94 Mg/m3. Seems to be due faster swelling expansion than saturation.
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Relative humidity - computations
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Thank you for your attention

Questions?
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Considered processes
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Water retention curve

o Argillite - water retention provided data
g for hydratation/
5 Q\ dehydratation
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Argillite - elasticity with effective stress
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Bentonite — nonlinear elasticity

Start of the test
E(1-v) ’

Tt (1—2v) Y

Op=

e =-¢ey+,(1+ep),
E=E(e)=A-105¢

(1)

Void ratio
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Bentonite — effective stress
and pore space change

o=0 —agywx(p)-I, o'=C:¢

Pw  DPw >0,

x(p) = maxipw, Pa} ~ { 0 otherwise.

b a0 (o +tr(e)) 0(tr(e)) (1 — o)
ot ot\ 1+tr(e) /] ot (1 +tr(€))2'
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Evolution of the saturation — 1 and 40 days

Time=1d Surface: Effective saturation (1) Time=40 d Surface: Effective saturation (1)
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Thank you for your attention !



