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1. Motivation

Flowing groundwater as environmental agent

water table R  recharge area " xerophyte vegetation ﬂ surface erosion
equipotential line D cold discharge area 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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2. Aims of the study

Natural environmental phenomena
- numerical simulation

Complex geologic framework and/or
A priori information is restricted
—> geophysical measurements

Integrated model construction
—> geologic-hydrogeologic-geophysical data

Groundwater flow model
—> depicting the hierarchical flow and discharge pattern
-> understanding the environmental features
- revealing the potential effect of climate change and
anthropogenic activity
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3. Study area

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)




3. Study area
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Geologic data: 3. Workflow
* volcanological studies

* geologic maps, sections
* boreholes
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Geologic data: 3. Workflow
* volcanological studies

* geologic maps, sections
* boreholes

Hydrogeologic data:
* pumping test
» water level
* potentiometers
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Geologic data: 3. Workflow
* volcanological studies

* geologic maps, sections
* boreholes

Hydrogeologic data:
* pumping test
» water level
* potentiometers

Geophyswal data:
gravity
* geomagnetics
* reflection seismics
* electromagnetics



3. Workflow

Electromagnetic methods

RMT

max. ~200 m*

AMT
max. ~5.000 m*

distinguishing units

VLF-R multidirectional
max. ~200 m*

VLF-EM
max. ~200 m*

localization

revealing fracturces

VLF-EM-Grad
max. ~200 m*

structural pattern

* note that cffective depth depends
on the resistivity and applicd

frequency

Geophysical information

Es
Electrostratigraphy

permeability

hydrogeologic sequence

F

Fracturing

structures

1w

Tectonic elements

permeable/impermeable

2D

T

Hydrogeologic model input

Hs
Hydrostratigraphy

G

Geometry

BC

Boundary conditions

+ geologic/hydrogeologic data
profiles, borcholes, maps; pumping test, water levels

Flow chart of the applied scheme from applied electromagnetic methods via geophysical information to
groundwater flow model input (Téth A. et al. 2016)




Geologic data: 3. Workflow
* volcanological studies

* geologic maps, sections
* boreholes

Hydrogeologic data:
* pumping test
* water level
* potentiometers

Geophy51cal data:
gravity
* geomagnetics
* reflection seismics
* electromagnetics

Field mapping:
* vegetation
* slope instability
* springs



Numerical simulation:
* groundwater flow pattern
* groundwater flow systems
* hydraulic connection

Geologic data: 3. Workflow
* volcanological studies

* geologic maps, sections
* boreholes

Hydrogeologic data:
* pumping test
* water level
* potentiometers

Geophysical data:
* gravity
* geomagnetics
* reflection seismics
* electromagnetics

Field mapping:
* vegetation
* slope instability
* springs

0 pogresonninl 8
aaaa a0 || ek
'Y Y Y B ' I



Integrated model

construction

Numerical simulation:

groundwater flow pattern
groundwater flow systems
hydraulic connection

Geologic data: 3. Workflow
* volcanological studies

* geologic maps, sections
* boreholes

Hydrogeologic data:
* pumping test
* water level
* potentiometers

Geophysical data:
* gravity
* geomagnetics
* reflection seismics
* electromagnetics

Field mapping:
* vegetation
* slope instability
* springs
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4. Results - Field mapping
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4. Results - Geophysical prospecting

palustrine
wetland Legend

RMT site
AMT site
permanent lake VLF-R-bidirectional site
VLF-EM profile
Tihany Peninsula VLF-EM-Grad profile
AMT section

Lake Balaton
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(d) the palustrine wetland
(Toth A. etal. 2016)




4. Results - Geophysical prospecting

RMT sites
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electrical
resistivity
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v seasonal lake

Resistivity maps indicating electrostratigraphic units based on RMT measurements for
(a) the palustrine wetland, (b) the permanent lake, and (c) the seasonal lake
(Téth A. et al. 2016)




4. Results - Groundwater flow model

Lithostratigraphic Unit Electrostratigraphic Unit Hydrostratigraphic Unit

depusitional svironuiE electrical resistivity | thickness
p (Qm) d [m]

LsU 10 Pleisto—Holocene deluvial, proluvial. eluvial VA

siltstone, sand Mio—Pliocene delta plain

carbonate platfrom, lagoon, shelf |

sandstone alluvial fan EsUI =100 | HsU B AF

Integration of lithostratigraphic, electrostratigraphic and hydrostratigraphic information: units and their
characteristics of the Tihany Peninsula based on boreholes, seismic section,
electromagnetic survey, pumping tests and literature data
(Téth A. et al. 2016)




4. Results - Groundwater flow model
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Numerical simulation input of the hydrogeologic model
(a) Boundary conditions and tracks of 2D cross sections
(b) Hydrostratigraphic units and their geometry on 172000 55 000
block and fence diagram = r - s ;
(T()th A et al. 2016) Base ten logarithm of horizontal hydraulic conductivity (K[m/s])




4. Results - Groundwater flow model

a

Elevation

(m asl) seasonal lake permanent lake
3

EOV X
560 000

EOVY 174 000

562 000

Elevation
(m asl) palustrine wetland seasonal lake

0 e

'500‘////// / / \ \\\\\\-‘“
172 000

EOVY
560 000 174 000

5 EOV X

Ed 176 000

N 559 000

C C

Elevation
permanent lake palustrine wetland

- :
S o Sageeapa

N

558 000

174 000
560 000
175 000 EOVY

176 000 562 000

Base ten logarithm of Darcy flux (q[m/s])
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Simulated flow field along 2D cross
sections displaying intensity of flow by
colours, and direction of flow by
normalised 3D vectors for

(a) seasonal lake-permanent lake,

(b) palustrine wetland-seasonal lake,
(c) permanent lake-palustrine wetland

Boundaries of regional
hydrostratigraphic units (B AF, C AF,
D AF, G AT and H AF) are indicated.
(Téth A. et al. 2016)




4. Results - Groundwater flow model

permanent

palustrine Dike

wetland | 115
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water table
elevation
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—¥ local flow system

—» intermediate flow system .

Elevation
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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. Discussion

Aerial photo of the Tihany Peninsula with the imprints of flowing groundwater
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5. Discussion

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
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Thank you for your attention! 6. Conclusion
Questions?

Scheme of integrated model construction
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construction

Groundwater flow pattern of a
geologically complex area

Environmental imprints of groundwater
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~20x vertical exaggeration

This lecture was based on:
T6th A, Havril T, Simon Sz, Galsa A, Monterio Santos F, Miiller I, Madl-Szényi ] 2016:

Groundwater flow pattern and related environmental phenomena in complex

geologic setting based on integrated model construction _ = Dnmm
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