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Groundwater can be a long-term reservoir of the natural water
cycle. Groundwater is naturally replenished by surface water from

precipitation, streams and rivers.
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1. Introduction

freshwater: 35 million km?3
2.8 9% of the total

3
Fetter 1994

total water resources on Earth: 1400 million km3



total water resources on Earth: 1400 million km? ]
1. Introduction

surface water: 0.1 million km?3
0.3 % of the freshwater
0.007 % of the total

arctic ice and glaciers:
26 million km3

75 % of the freshwater
2.14 % of the total

groundwater: freshwater: 35 million km3
7.5 million km3 2.8 % of the total
22 % of the freshwater
0.61 % of the total z

Fetter 1994



1. Introduction
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Groundwater is the water present beneath Earth's surface in soil
pore spaces and in the fractures of rock formations.

A unit of rock or an unconsolidated deposit is called an aquifer
when it can yield a usable quantity of water.

The study of the distribution and movement of groundwater is
hydrogeology, also called groundwater hydrology. >



2. Groundwater flow basics
[s the groundwater stagnant or flowing?

What drives the groundwater flow?

Energy differences

GROUNDWATER LEVEL
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(pressure head)
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(hydraulic head)
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(elevation head)I
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2. Groundwater flow basics
[s the groundwater stagnant or flowing?

What drives the groundwater flow?

Energy differences caused by hydraulic head differences

— Gravity!

e-education.psu.edu



2. Groundwater flow basics

What drives the groundwater flow?

hydraulic head difference (not pressure difference!)
structure of the medium

Madl-Szényi 2011 3




2. Groundwater flow basics

What drives the groundwater flow?
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2. Groundwater flow basics

What drives the groundwater flow?

Unit basin with linear water table

water divide

streamlines  Téth 1962




2. Groundwater flow basics
What drives the groundwater flow?

Unit basin with linear water table
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2. Groundwater flow basics

What drives the groundwater flow?

Composite basin with undulating water table

Engelen & Kloosterman 1995 after Toth 1963, in Madl-Sz6nyi 2011

- water divide

__—

regional flow system

12

Toth 1963




2. Groundwater flow basics

What drives the groundwater flow?

Composite basin with undulating water table

Engelen & Kloosterman 1995 after Toth 1963, in Madl-Sz6nyi 2011
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2. Groundwater flow basics

What drives the groundwater flow?

Composite basin with undulating water table

Engelen & Kloosterman 1995 after Toth 1963, in Madl-Sz6nyi 2011

river water divide

™)

T~
local flow system

intermediate flow system

-

regional flow system

14

Toth 1963




2. Groundwater flow basics

What drives the groundwater flow?

Composite basin with undulating water table

Engelen & Kloosterman 1995 after Toth 1963, in Madl-Sz6nyi 2011
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R: recharge area D: discharge area Toth 1963




2. Groundwater flow basics

What drives the groundwater flow?

water table ~ topography

.

Basin of Ghost Pine Creek, Alberta, Canada 16



2. Groundwater flow basics

What drives the groundwater flow?

water table ~ topography
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3. Consequences of groundwater flow

Flowing groundwater as environmental agent

water table R  recharge area UL xerophyte vegetation ﬂ surface erosion

equipotential line D cold discharge area 2 phreatophyte vegetation ___J,/ landslide

streamline lukewarm discharge area it¢ halophyte vegetation accumulation zone

cold spring D thermal discharge area groundwater-dependent 't traces above accumulation
lukewarm spring  -AT negative temperature anomaly ecosystem i saline precipitate

thermal spring +AT positive temperature anomaly

Natural conditions and phenomena due to environmental agency of flowing
groundwater in drainage basin (T6th A. et al. 2016 modified after Téth J. 1999)
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3. Consequences of groundwater flow

Water level

Composite basin with undulating water table

water divide

local flow system™

intermediate flow system

regional flow system

R: recharge area D: discharge area

Engelen & Kloosterman 1995 after Toth 1963, in Madl-Sz6nyi 2011
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3. Consequences of groundwater flow

Vegetation - groundwater-dependent ecosystems
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Brown et al. 2007
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3. Consequences of groundwater flow

Vegetation - groundwater-dependent ecosystems

September 2011
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3. Consequences of groundwater flow

Vegetation - groundwater-dependent ecosystems

Tihany Abbey

January 2011
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3. Consequences of groundwater flow

Vegetation - groundwater-dependent ecosystems

Local and S
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Brown et al. 2007
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3. Consequences of groundwater flow

Vegetation - groundwater-dependent ecosystems

Soil alteration

Biro et al. 2003



3. Consequences of groundwater flow

Landslides

dry slope wet slope

ground

groundwater groundwater

igppweb.ucsd.edu
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3. Consequences of groundwater flow

Heat transportation

/. I




3. Consequences of groundwater flow

Heat transportation
Madl-Szényi & Téth 2017

Hot springs in Budapest
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3. Consequences of groundwater flow

Heat transportation

Madl-Szényi & Téth 2017

Hot springs and spas
in Budapest

Lukacs Spa

Budapest
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3. Consequences of groundwater flow

Heat transportation

Madl-Szényi & Téth 2017

Hot springs and spas
in Budapest

Kiraly Spa
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Heat transportation

Hot springs and spas
in Budapest

Rudas Spa

3. Consequences of groundwater flow

Madl-Szényi & Téth 2017
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Heat transportation

Hot springs and spas
in Budapest

Gellert Spa

3. Consequences of groundwater flow

Madl-Szényi & Téth 2017




3. Consequences of groundwater flow

Cave formation - speleogenesis
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Madl-Sz6nyi & Toth 2015
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3. Consequences of groundwater flow

Cave formation - speleogenesis

Budapest is the capital city of caves

J6zsefhegy Cave
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4. Human impact on groundwater
Groundwater abstraction

TN Slovakia

Hungary

Water level decrease 1950-1990:
0Om
>0-<20 m
20—<40 m
30 km 40-<60 m
60—-<80 m
80-100 m
>100 m

Madl-Szényi & T6th 2015




4. Human impact on groundwater
Groundwater abstraction

TN Slovakia

Hungary

River US

2011.07.20.

Water level decrease 1950-1990:

0Om
>0-<20 m
20—<40 m

30 km 40-<60 m
60—-<80 m
80-100 m

Location of mine dewatering >100 m

Madl-Szényi & T6th 2015 _




4. Human impact on groundwater
Groundwater abstraction - subsidence

San Joaquin Valley

Francisco 8

CAuTONIA
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4. Human impact on groundwater
Contamination

EnviroSouth

Polluted groundwater is less visible, but more difficult to clean up,
than pollution in rivers and lakes.
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4. Human impact on groundwater
Contamination

Learning Geology

Fertilizer Farm animal sewage Garbage landfill Waste
containers

Acid mine
waste
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(a) Various sources of groundwater contamination.

Groundwater pollution most often results from improper disposal
of wastes on land. Major sources include industrial and household
chemicals and garbage landfills, fertilizers and pesticides used in
agriculture, industrial waste and wastewater from mines, leaking

underground oil storage tanks and pipelines and sewage sludge.
38



4. Human impact on groundwater
Contamination — waste disposal

What is the difference between municipal and radioactive waste?

discharge throughflow recharge
> < > <

river

water divide

streamlines




5. Case Study - Tihany Peninsula

strike-slip fault

Lake Balaton

Holocene deposit

Mio—Pliocene sandy gravel, siltstone
Mio—Pliocene siltstone, sand
Mio—Pliocene clay marl
Mio—Pliocene volcanics

Miocene limestone

~20x% vertical exaggeration

Topographic and geologic characteristics of the study area
(a) Aerial photo of the Tihany Peninsula, Hungary, Europe
(b) Geology along the cross section indicated in (a) (after Sacchi et al., 1999)

(Téth A. et al. 2016)
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5. Case Study - Tihany Peninsula

Aerial photo of the Tihany Peninsula with the imprints of flowing groundwater (T6th A. et al. 2016)
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5. Case Study - Tihany Peninsula
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Hierarchical interpretation of simulated gravity-driven flow field displaying local and intermediate flow
systems with their characteristic flow lines (T6th A. et al. 2016)
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5. Case Study - Tihany Peninsula

Human impact
- water demand cannot be supplied
—> high potential of contamination

Climate change
- local flow systems mostly affected
—> wetlands are extremely vulnerable

Water management and policy

peninsula

diffuse groundwater-dependent ecosystems, phreatophytes diffuse discharge

discharge lope instability, landslide
slope instability,

landslide A ) = = Blocrene g Iake

~20x vertical exaggeration

(Toth A. et al. 2016)
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6. Conclusion

What is groundwater?
Groundwater is the water present beneath Earth's surface in soil pore
spaces and in the fractures of rock formations.

What drives the groundwater flow?
Energy difference = hydraulic head difference = water level difference

~ topography
gravity

What are the consequences of groundwater flow?
Vegetation type, soil alteration, landslides, heat transportation,

cave formation, transport of contamination

Thinking in Systems

44



Regional Groundwater {8e Regional Groundwater
. . Bome®  Flow Commission
Flow Commission

CALGARY SYMPOSIUM 2017

regionalgwflow.iah.org Vs 1 o G oG 1 g o ok w2
9

GET INVOLVED

Linked [T}

Jozsef & Erzsébet Toth
Hydrogeology Chair

tothprofesszura.elte.hu




