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Organizing matters (PhD study)

e Lecture only (excercises optional)
e E-learning course

— Literature (incl. electronic resources)
— Example exam problems

* Exam
— Oral with written preparation
— According to PhD study rules



Geosciences / Earth sciences
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Aims of course

* |[ntroduction to selected areas
of geoscience and (geo-)engineering

* Basics of application of computational methods and
theoretical solutions in cooperation with other experts

* You should finally
— Recognize the physical principles in practical situations

— Distinguish simple and complex problems

— Understand the need in (input) data and evaluate their
availability and accuracy




Processes in rock materials (study fields)
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* Phenomena
— Rock/soil: porous medium
— Mechanics (stress/deformation)
— Heat
— Groundwater
— Chemical reactions (water-rock)
* Applications

— Water resources,
contamination/remediation, civil
engineering (tunnels), mining,
geothermal energy, spent nuclear fuel
disposal o S

Water stored
underground in

(((((((
cracks and pores




Terminology (context-dependent)

* Earth sci. / engineering / life sci (agriculture)

English Czech
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Course schedule

Water flow in porous media
Solute transport (dissolved species)

Intro to heat transport and elasticity
(compared to common material)

Methods of laboratory and field measurement
(overview)

Coupled phenomena
Fractures (discontinuities)



Porous medium

Solid phase grains
Free space (pores), filled with fluid (gas/liquid)

Microscopic view
= heterogenetity

!

,Homogenization”

|

Macroscopic view Continuum Microscopic
= continuum




Macroscopic 1

quantity

Definition of quantities in
homogenized concept

Condition:

- Pore dimension
o= — /amm dV much less than body
V v dimensions
Average over point
neighbourhood A
Domain of
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elementary volume

- Enough small wrt problem scale
- Enough large wrt pore scale

Condition for validity of
homogenization
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Porosity (cz: Porovitost)

Pore volume / — V(pores) (In homogenized sense)
body volume V(porous body)
O<n<l1

0<n<100% Typical natural materials: n<0.4

no unconnected connected
pore spaces pore spaces pore spaces

non-porous porous porous
High porosity - large spaces  Low porosity - small spaces non-permeable  non-permeable permeable




Example values

Soil T'ype

Porosity, p:

Unconsolidated deposits
Gravel
Sand
Silt
Clay

Rocks
Fractured basalt
Karst limestone
Sandstone
Limestone, dolomite
Shale
Fractured crystalline rock
Dense crystalline rock

0.25-0.40
0.25-0.50
0.35-0.50
0.40-0.70

0.05 - 0.50
0.05 - 0.50
0.05-0.30
0.00 - 0.20
0.00-0.10
0.00-0.10
0.00 - 0.05




Other soil parameters

* Dry density (CZ: sucha objemova hmotnost,
objemova hmotnost susiny)

* Solid density

* Void ratio (CZ: Cislo porovitosti)



Pore size distribution
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Water flow in porous media

e Darcy’s experiment (1856)

| | "

S - (h-l — hg)

Q=K 7

m?/s]  [m/s] [m*]]m)

(m]

Iﬂhhlhz
- |
B |
£ ﬂa,:;’f’%,b h2
drry"exp
ery,
B i

ﬁ/]

/ Experimental apparatus for the illustration of Darcy’s law.
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Darcy’s Law, quantities
Q=K- S (I = hy) _—— 7 Hydraulic conductivity
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After Freeze and Cherry, 1979
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Water flow velocity
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g ... “Darcy velocity”
(flow rate density)

v ... (average) pore velocity



