
Transport processes in rock and soil

Lecture 3

Doc. Ing. Milan Hokr, Ph.D.
Technical University of Liberec

Preparation of the international Ph.D. study programme “Environmental Engineering” CZ.02.2.69/0.0/0.0/16_018/0002660



Topic introduction

• Quantities and equations for variably 
saturated porous medium

– General case

• How related to previous?



Reminder – natural groundwater systems

Hydrogeological 
aquifer / isolator

Infiltration/recharge, 
discharge/drainage Surface/underground

Groundwater table

Unsaturated / 
variably-saturated zone



Balance equation - revisited

System of equations
- Darcy’s Law
- Balance equation (mass

conservation principle)

quantities

Fully saturated pores

Partially saturated pores

Balance: change inside the volume vs 
flux across the boundary

mass
Transform to volume integral

Sources/sinks

Volumetric source



Unsaturated/variably-saturated medium

Quantity: „saturation“
CZ: „nasycení“

Fluid volume

Pore volume

Water amount
Volumetric ratio

Assumption

Capillarity 
phenomena

New constitutive relation needed



Capillarity
… Retention curve

Capacity

Water amount

Volumetric ratio



Retention curve

Wider 
Vs
narrower

Suction … 
“negative 
pressure”

Equilibrium
Non-equilibrium



Curve shape related to statistical distribution of pore sizes
Granulometry –
particle size 
distribution

Dimension

Count / 
volume

Empirical formulas



Various soils



Changed water volume
X
Dependence on 
“connectivity” of filled pores

K for saturated

Relative hydr.c. Empirical

Complete equation

Strongly nonlinear

“Degenerated (parabolic) equation – parameter value 
controls the equation type



Finished

• Next: solute transport (dissolved mass)


