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The hidden water resource for the world and Europe

A comprehensive framework for sustainable adaptation to the changing blue planet
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The United Nations World Water Development Report 2022

GROUNDWATER
Making the invisible visible
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Europe's groundwater — a key resource under pressure

Europe’s groundwater — a
key resource under
pressure

hope?

Fresh-wéter
35 million km3

Fetter, 1994 ¢s Shiklomanov, 1999

Groundwater accounts for 99% of the liquid
freshwater.

Social, economic and environmental benefits
50% domestic use, 25% irrigation (UN 2022)
65% drinking water, 25% agricultural irrigation in
the 27 EU Member states (EEA 2022)

95% of drinking water (35% bank filtration) from
groundwater in Hungary (OVF)

Widespread pressure from pollution,
abstraction and climate change



Outline - Questions

ELTE research topics in sustainability and EU strategies for groundwater
1. Contribution to the ,big picture” of the topic

2. Research related to blue planet issues (on the EU level)
- What problems and possible solutions do we see?
- What are needed to implement the solutions?
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The modern water cycle vs aquifer-based thinking h“o »e 2

3 | | >
REvBrEmocst Astbslnads anglvolgroinanesgprgs el i The problem: Practice and regulation cannot handle physically-based
il complex groundwater flow systems. The unit of interpretation is the

Yy vy vyl aquifer/aquifer system/water body (WFD). Less attention is paid to flow and
A4 f ;/‘/\ transport processes in groundwater and their complex connection with
. ) — j surface water bodies and groundwater-dependent ecosystems (GDEs).
—
Vertical model: Precipitation and dew as the origin of springs and rivers ExamQ/e.' TranSboundary AqUI:fer SyStem 'f/OW does nOth//OW the OqUIfer
boundaries!
i A /1’;/} 3 4 % il Multiple aquifer %mmm >
: N stresses W
b o i NL%'*J‘N*;;%"Y*“ 4
v P — Discharge from »};‘_ﬁ . \;}:‘\‘,“
transboundary flow A
Modern View 7 // ///,

Ity YV ] M JL:;;L::?:
' g . NN k//?b(\ _

Ay Multiple aquifer
Y <
. P S f / \ J‘ flow syste
%& £ Prresh <

(Christopher J Duffy 2017) 3D bulk flow

(modified from Puri and Arnold, 2002)



Consider the ,still missing” system approach ]f()PQZ

ELTE Hydrogeology ~ Jozsef &

water divide Research Group rzsébet Téth

recharge

Endowed Hydrogeology Chair Fundation

|.|Durne\.l of Hydrology X 17 (2022) 100142

Contents lists available at ScienceDirect

Journal of Hydrology X

ELSEVJ_ER journal homepage: www.sciencedirect.com/journal/journal-of-hydrology-x
Review papers )
From basin-scale groundwater flow to integrated geofluid research in the e

hydrogeology research group of E6tvos Lorand University, Hungary

Brigitta Czauner ® , Anita Eréss®, Szilvia Szkolnikovics-Simon , Abel Marké ®, Petra Bajak ?,
Timea Trasy-Havril *, Mark Szijarté”, Zséka Szabé °, Katalin Hegediis-Csondor®,
Judit Madl-Szényi *

Recommendations:

* More attention should be paid to reveal flow and transport processes.

e This can provide sound background information on sustainability
issues, climate change, and anthropogenic intervention.

Regional
Groundwater Flow
Commission of
International
Association of
Hydrogeologists




Outline - Questions

ELTE research topics in sustainability and EU strategies for groundwater
1. Contribution to the ,big picture” of the topic

2. Research related to blue planet issues (on the EU level)

2.1. Groundwater as multiple resources (ENeRAG H2020 project)

2.1. Groundwater as a climate buffer for extreme events (Hungarian National
Laboratory Project, ClimEx-PE Water4All 2022 Project)
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2.1. Groundwater as multiple resources, the ENeRAG H2020 project

Groundwater is the most abundant geofluid in the Earth’s crust, down to 10-15 km.
Revealed problem:
Besides domestic, agricultural, and industrial use, groundwater serves as:

- Heat source (geothermal energy) to reduce greenhouse emissions and adopt renewable energy systems
- Hydrothermal mineral resources (Li and critical raw minerals) for the rapidly developing green technologies, etc.

European and Hungarian legislations do not provide an alignhed framework for managing and using different
geofluids in the Earth’s crust. The increasing production of geofluids can influence their utilisation for different
purposes, cause interactions and unforeseeable conflicts, and have complex environmental effects in

underground space.

Example: In Hungary, the Mining Law (modified in 2023) regulates geothermal

IS

energy production, although groundwater transfers heat to the surface. The
Water Management Law regulates thermal water use in SPAs and agriculture.

Reinjection is a crucial practice to ensure the sustainable utilisation of thermal
water, so the WFD requires reinjection from 2027 Dec. Problems: 500 thermal
water wells use geothermal energy, but only 50 reinjection wells are operating.
There is strong social and economic resistance from agricultural users against
reinjection. There are scientific and technical problems with reinjection etc.
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Groundwater as multiple resources, possible solutions

. water m\py

Concept Paper
Groundwater Flow System-Based Dynamic System Approach
for Geofluids and Their Resources

Brigitta Czauner -*(%, Ferenc Molnar %3, Marco Masetti *(, Teppo Arola ° and Judit Madl-Szényi !

1 Department of Geology, Institute of Geography and Earth Sciences, ELTE, Eotvos Lorand University,
1117 Budapest, Hungary; judit.szonyi@ttk.elte.hu

2 Mineral Economy Solutions, GTK, Geological Survey of Finland, 02150 Espoo, Finland;
molnar.ferenc@ttk.elte.hu

3 Department of Mineralogy, Institute of Geography and Earth Sciences, ELTE, E6tvos Lorand University,
1053 Budapest, Hungary

4 Dipartimento di Scienze della Terra “A. Desio”, Universita degli Studi di Milano, 20122 Milan, Italy;

marco.masetti@unimi.it

Energy and Construction Solutions, GTK, Geological Survey of Finland, 02150 Espoo, Finland;

teppo.arola@gtk.fi

*  Correspondence: czauner.brigitta@ttk.elte.hu

Recommendation and implementation :

* We proposed a new scientific-based ‘Dynamic System Approach
for Geofluids and their Resources’ for handling fluids and their
resources in the Earth’s crust.

Workflow:
displays key concepts and summarizes the related methodology

* Guideline: demonstrates practical application and provides
knowledge transfer to public

Available at https://zenodo.org/communities/enerag/

Petroleum
systems

© ENeRAG

MAR site g




2.2. Groundwater as a climate buffer, Hungarian National
Laboratory Project, ClimEx-PE Water4All 2022 Project

Groundwater can serve as a natural climate buffer: ﬁj\ HUNGARIAN NATIONAL

- Transit time from days to million years L LABORATORY

- Huge storage capacity from the surface to some km (not only in the soil!)

- The amount of naturally stored water can decrease or increase due to natural or
anthropogenic effects

Effect of climate change and water abstraction: Recharge areas are sensitive to

drought, and discharge areas for flood. Short-local systems are more sensitive
than longer regional ones.

RECHARGE AREA
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Reaction of groundwater for climate change, @ HUNGARIAN NATIONAL 1{0],92
Hungarian National Laboratory Project -
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Groundwater: 3 climate buffer for extreme events oWater:Al 'f()]) 02

Az idoszakos foly vizének felfogasa és az
allivium viztartéba vald beszivarogtatasanak Parti sziirés
elbsegitése, majd vizkivétel az alsobb alkalmazasa az
folyoszakasz mentén allaviumra szlrdzott
kutak segitségével

Eséviz 6sszegyijtése és
beszivarogtatasa, majd
visszanyerése lakossagi
kutak segitségével
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és
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viztartéba téli
tarozasként, majd
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médszer (Aquifer Storage and Recovery)
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* Droughts and floods are
severe consequences of
hydroclimatic extreme .
events. e
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e * Inthe ClimEx-PE project, a
= ZKG | new approach is developed to
mitigate the impact of

extreme events.
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« Aquifers can receive (Dillon et al. 2009)

excess water to store it
for periods of water
shortage

[ |
* MAR s alocal
engineering approach to I
\/

* Ensure a safe water supply for
humans and ecosystems.

the intentional recharge
of groundwater.



Groundwater: NaBa-MAR approach

The ELTE group developed a so-called nature-based NaBa-MAR approach/trademark.
* It combines the natural groundwater flow processes with MAR solutions.
 The invention extends current MAR solutions to landscape and regional scale

MAR: excess water from local MAR:
treated wastewater flows feeds groundwater infiltration pond
or urban rainwater infiltration dependent ecosystem
| ]
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MAR system in
prz'\fg::sr%z:vﬁ:er excess water from regional SOMpIcE arourieter oy
intrusion flows has a positive effect REIEIE HOIOIL O
on the water balance of the city (Modified: ClimEx-PE 2022)

* Intends to improve national and international science-based public policy and decision-making
* Enhance education, public awareness and stakeholder perception of groundwater.
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Wrap-up

e Consider physically-based groundwater flow systems

* Do not neglect the groundwater interactions with surface water and all
other geofluids

* More attention to the invisible groundwater in the Missions
e Support inter- and transdisciplinary cooperation in the topics
* More focus on the synergies of different projects
* Improve education and communication on groundwater



Thank you for your attention!

ELTE-Dunakéke Surface and Groundwater Field table
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The research is supported by the ENeRAG project that has received funding from
the European Union’s Horizon 2020 research and innovation programme under
Grant Agreement No. 810980.

The research was funded by the National Multidisciplinary Laboratory for
Climate Change, RRF-2.3.1-21-2022-00014 project.

The authors would like to thank the European Commission and the Ministry of
Culture and Innovation of Hungary from National Research, Development and
Innovation Fund; the Irish Environmental Protection Agency; the Dutch Research
Council and the Agencia Espafiola de Investigacion, for funding in the frame of the
collaborative international

consortium ClimEx-PE financed under the 2022 Joint call of the European
Partnership 101060874 — Water4All.
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