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Reminder

Porous medium

Homogenization

Representative elementary volume (REV)
Porosity

Darcy’s Law
— Hydraulic conductivity
— Piezometric head

Average pore velocity X Darcy velocity




Plans

Darcy’s Law in 3D — differential form

Full system of flow equations (+balance)
Characterisation of the hydraulic conductivity K
Boundary conditions (for diff. eq.)

— Cases for groundwater flow configurations



Water flow velocity — reminder
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Vv ... Particle movement
from point to point

g ... Amount of water
(across unit area]

g ... “Darcy velocity”
(flow rate density)

v ... (average) pore velocity



Differential form

* Experimental column ... infinitesimally small
distance

e Spatial coordinates
* Generalized Darcy’s Law
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Hydraulic conductivity

e Controlled by
— Porous medium properties (microstructure geometry)
— Fluid properties (viscosity)
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Pore geometry ... anisotropy ... K
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Properties of rock/soil

Fractured ) A A
Intrusive igneous and metamorphic rocks

Limestone with cavernous openings

Unfractured

Solid

I Limestone rocks

Limestone without cavernous openings

Mudstone

Well sorted,

Poorlysorted,
little cement

abundant cement

, Sandstone

Conglomerate

e Glacial till

i Siltand cl
Unconsolidated ilt and clay
i Sand
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Full system of governing equation
for porous media flow
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Both fluid and solid matric are incompressible
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Elliptic partial differential
equation (PDE)

Instant reaction to external condition change = “perfect inelastic”
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Model approximation as a sequence of steady states



Compressible case

Changing fluid density
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Boundary conditions
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Zero flux for
- Isolated boundary
- symmetry



3rd kind b.c'.
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Examples — natural groundwater systems

Hydrogeological Infiltration/recharge,
aquifer / isolator discharge/drainage Surface/undergroun
POAMY 2 WDRO6. KOLEWOR INEILTMACE DOTRCE = POVROH 002
[20LATOR DRENAY Pod2. =7 PONRGY

< \QLNOV /NAPIATOY {LADINGY




Spring
position?

Boundary condition for unknown
mflltratlon/dramage area

Artesian
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Nonlinear = depends on unknown
guantities

variants:
Saturated ... linear... variable domain

. Unsaturated ... nonlinear ... fixed dom.
Dupuit approximation
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