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GeoERA 3

The European Green Deal — a high priority goal

6 ambitions of the von
der Leyen Commission

Mobilising research
and fostering innovation
@ A European Green Deal Transforming the
Increasing the EU's Climate

EU’s economy for a A zero pollution ambition
sustainable future for a toxic-free enviranment

The European Green Deal

ambition for 2030 and 2050

2 An economy that works for people / \
— Supplying clean, affordable Preserving and restoring
and secure energy The ecosystems and biodiversity
3 A Europe fit for the digital age ' European 1
Mobilising industry Green From ‘Farm to Fork’: a fair,
for a clean and circular economy Deal healtt]y and environmentally
o 2 friendly food system
4 Protecting our European way of life \ /
Building and renovating in an Accelerating the shift to
— ¥ energy and resource efficient way And leave ili

sustainable and smart mobility
5 A stronger Europe in the world No one behind

Leave no one behind

Financing the transition (Just Transition)

6 A new push for European democracy

The EU as a A European
global leader Climate Pact

- European |
Commission
2020 research and

innovation programme under grant agreement No 731166 Geo€RA
GROUNDWATER




GeoERA

Integrated, sustainable and just exploitation of water resources is required
to meet the objectives of the "EU Green Deal” and the UN SDGs

THE GLOBAL GOALS Water use in Europe by economic sector, 2017

For Sustainable Development
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Households

I Service industries

B Mining and quarrying, Manufacturing and
Construction

Bl Elcctricity, gas, steam and air conditioning supply

E 16 ﬂi‘.’.‘&ﬁﬁf e _g‘"% I Agriculture, forestry and fishing

https://www.eea.europa.eu/data-
Sustainable management of water ]?r';‘:hr\?;'f;'?:;itfcresé use-of
resources plays an important role in 3/assessment-4

nearly all 17 SDG’s

s
This project has received funding from the European Union’s Horizon 2020 research and Foa
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innovation programme under grant agreement No 731166
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https://www.eea.europa.eu/data-and-maps/indicators/use-of-freshwater-resources-3/assessment-4

GeoERA

Planetary Boundaries

Groundwater quantity and quality is affecting and/or is affected by all 10
Planetary Boundaries

RISKS
Climate change
Genetic
Biosphere integrity diversityy -
. J Novel entities >
Functional
diversity )

~ 10 D00 chemicals
f=irly well characteriz=d for

& subset of their hazards and =xpo=ures
Land-system Stratospheric ozone depletion
change ~ 20 000 chemicals
with limited characterization for
their hazards and exposures
?
Atmospheric aerosol loading
Freshwater use
Phosphorus - s 70 UDrE ch |er|_1is:E_|I5ﬁ:|
Nitrogen Ocean acidification il ;’:;:.L:r
Biochemical flows
B Beyond zone of uncertainty (high risk) P Below boundary (safe)
In zone of uncertainty (increasing risk) Boundary not yet quantified Source: EEA report'zozo

https://www.eea.europa.eu/publications/soer-2020

Steffen et al., 2015. Science 347, 1259855.

This project has received funding from the European Union’s Horizon 2020 research and
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https://www.eea.europa.eu/publications/soer-2020
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“Fresh water—the bloodstream of the biosphere—is at the center of the planetary drama of the
Anthropocene. Water fluxes and stores requlate the Earth's climate and are essential for thriving aquatic
and terrestrial ecosystems, as well as water, food, and energy security.” (Gleeson et al., 2020).
- -
b) Earth System components and stores of water Most water functions are

not represented in
current freshwater
use boundary

ATMOSPHERE

Pracipitation

. | |

Evaporation a /

\ .

LAND Current planetary
BIOSPHERE boundary
OCEAN Streamflow ; :
planetary
LITHDSFHERE bl}l,lﬂl:lﬂr_"l l:lnhl' -E-Ipliﬂ.iﬂ}ll" ﬂﬂ-nEidErE Gleeson et aI., WRR, 2020,

" - h h 10.1029/2019WR024957
rivers' environmental flow requirements
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a) Core water functions for each water store b) Dividing the water boundary into six
sub=boundaries based on water functions
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Gleeson et al., WRR, 2020,
10.1029/2019WR024957

SOJL MOISTURE SURFACE WATER GROUNDWATER FROZEN WATER
(hydrodimrate) (hydroscology] {hydrescobgyl [sorage)

This project has received funding from the European Union’s Horizon 2020 research and
innovation programme under grant agreement No 731166 GQQERH
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Thematic Cluster 6: Food, bioeconomy,
natural resources and environment
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OUR MISSION: _
TO CONTRIBUTE TO EU AND UN SUSTAINABILITY GOALS BY DEVELOPING A WORLD

LEADING SUBSURFACE INFORMATION PLATFORM (EGDI)
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The four GeoERA groundwater projects and their main contributions to EGDI:

Groundwater quality
travel times, vulnerability and age

Laurence Gourcy, BRGM,
l.eourcy@brgm.fr
HOVER
(BRGM)
/ --__-__--- \

- Groundwater quantity
» = Pan-EU groundwater
resources map

Hans Peter Broers, TNO,

/ hans-peter.broers@tno.nl

\ Peter van der Keur, GEUS, pke@geus.dk

Groundwater vulnerability
to deep energy -
related activities \

Marco Bianchi, BGS,
marcob@bgs.ac.uk)

Groundwater and climate change
impacts and adaption


mailto:l.gourcy@brgm.fr
mailto:hans-peter.broers@tno.nl
mailto:pke@geus.dk
mailto:marcob@bgs.ac.uk

GROUNDWATER

ydrogeological processes and
Geological settings Europe controlling
dissolved geogenic and anthropogenic
elements in groundwater of relevance to
human health and the status of dependent
ecosystems

This project has received funding from the European Union’s Horizon 2020 research and » ‘<
innovation programme under grant agreement No 731166 G@OEBH ' :f’
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The project

WP 1
PROJECT MANAGEMENT AND
SCIENTIFIC COORDINATION (BRGM)

WP 2 GEOERAINFORMATION PLATFORM AND CROSSTHEMATIC
COORDINATION, DATAMANAGEMENT AND DISSEMINATION
(coord. GEUS)

geogenic

WP 3
HYDROGEO
CHEMISTRY AND
HEALTH

(coord. GBA)

o

o

WP 6
GW AGE
BISTRI-
BUTION

Coord.
GEUS

L

L

anthropogenic

WP 7
GW WP 8
VULNERA- EMERGING

BILITY CONTAMINANT
(coord. BGR) (coord. BRGM)
WP 5 Q
NITRATE & WP 4
PESTICIDE
TRANSPORT =
TRANS.ZONE

(fooed- B3] (coord. GEUS)
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GW vulnerability is driving the project

WP3 - Water contamination by elements of natural origin
Origin and concentration of elements are linked to the depth and travel time of
groundwater and intensity of water-rocks interactions

e

ﬁ European exposure maps of F, As, hydrogeotoxicity indicators (HGT)
. —— o T
_ TN i .\ ANRA
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GW vulnerability is driving the project

WP5 — Nitrate and pesticides

transport from soil to groundwater
Presence of pesticides and nitrate in
groundwater depend on the pressure but
also on the processes that occur from soil to
GW such as denitrification — upper GW
levels are more vulnerable but deepest part
of aquifer can reflect OLD pressures

ﬁTravel times for nitrate in the
unsaturated zone

low permeability

low permeability
superficial deposits

at0.3-3 m/year

Moderate to thin

Piston flow
through matrix

Saturated zone

310

[ ] Low permeable deposits
Nitrate travel time (year)
-2

[s-5

[ ]e&-10

I 11 - 20

B 20 - 50

I -50
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GW vulnerability is driving the project

WP6 - Groundwater Age DIStributions and residence times (“GADIS”)
Linking groundwater “age”, travel time, and e.g. nitrate trend interpretation and
vulnerability to pollution

ﬁ Conceptual models, maps, cross-sections for pilot sites

SW
T AREY (i) ] 2P | (B Quatemary gciotectoni
. i "o | complex (sand uclay)

. Made (clay)

Miocene sand

s
| Miocene clay

Direct age [years)
W -
1 S000 10000

e |} 3 lime
= === Border Miocene-Pleistooene

density corrected head
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GW vulnerability is driving the project

WP7 - Vulnerability to pollution mapping of upper aquifers
=> Groundwater Vulnerability Map to Pollution (DRASTIC, COP) in pilot
areas and pan-EU

d) Intrinsic vulnerability - P e) Nitrate-specific vulnerability - 4 f) Nitrate-specific vulnerability
DRASTIC P iy DRASTIC-N 2 :
Very low '
Low
Moderate

Il High

X class-breaks based on
the theoreticaly possibie v Y h L H index value distnbution
~ N with respect to SCANVA
0

o B

Voutchkova et al. (2020

WPS8 - Effective monitoring of emerging contaminants
Linking the presence of emerging contaminant to the vulnerability of aquifers,

groundwater age and today’s pressure -> review of conditions affecting the
presence of CEC




Groundwater vulnerability is driving the project

HOVER challenge — From local hydrogeological understanding to pan-EU
overview helping GW management

Travel time, groundwater age, vulnerability concepts important for
management :

Protecting the areas of high vulnerability

Linking pressure and impact taking into account lag times for
contaminants travelling from soils to aquifer

Recommend monitoring of specific contaminants depending on
hydrogeological settings

Understanding spatial distribution of geogenic and anthropogenic
contaminants

Proposing efficient programme of measures

-> links with TACTIC (vulnerability to climate change, recharge) and
RESOURCE (groundwater depth/volumes) and VoGERA (vulnerability to
pollution)



RESOURCE GROUNDLUATER

RESOURCE

Resources of groundwater, harmonized at cross-border and
pan-European scale

________________

=2

GmuEﬂm

NELSURCLGRCUNDLUATEA i'
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WP 1
WP 2
WP3
WP 4
WP 5
WPG

——T

RESOURCE Work packages

Coordination

Interaction with the IP project
Cross-border H30-PLUS
Cross-border TRANSFLUX
Karst & Chalk pilots CHAKA

Pan-European map of
groundwater resources

o

RESOURCE: HARMONIZATION OF
GROUNDWATER RESOURCES INFO AT CROS55-
BORDER TO PAN-EU SCALE

WP 2: DISSEMINATION, COMMUNICATION
& LINKAGETO INFORMATION PLATFORM

E WP 3
- CROSS5-BORDER |
_< H3O PLUS Cj—tb WP &
n EUROPEAN
30 WP 4 GROUNDWATER
O CROS5-BORDER 11 & RESOURCE MAP
(@] TRANSFLUX (YOLUME AND
v DEPTH OF FRESH
WP 5 WATER)
KARST & CHALK
CHAKA &

Figure 1 Overall siructure of the RESOURCE project

o

Geo€RA |

-
RESCIUACE GROUNDILLATER i
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Rationale

+* Harmonisation of information about groundwater
resources across borders

*  Towards 3D groundwater information

+ Quantitative figures on volumes and depths

Depth to saline groundwater Principal aquifers _ i g S
N 5 * | T ,‘ o nn e
[, e International Hydrogeological Map of Europe




GeoERA - GROUNDWATER

WP 6 Pan-EU map of fresh groundwater resources

* Pan-EU map of . o
— Depth of the active fresh groundwater systems - i :
— Depths and thicknesses of aquifers and aquitards T'_; i L
— Volumes of fresh water storeld in aquifers *ﬁf 3
— Towards a first estimate of the water balance of LR R i
principal aguifers in Europe -e;':-_' L ok Ty ey
ol Iy
* Harmonized approach ! TN B X 64 1
— Based on a 10 x 10 km grid | T e
— Common language and criteria Lﬁe&gﬁpamdpam

Regional WPE Participant
GeoERA partner but not WPG participant
Countries not part of GeoERA

* e,
W
RESOUSCE GROUNDLLATER ’
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Estimated Groundwater Storage

km3 per 1010 km grid cell
| <=1.1
Moi-1
-5
-1
M =10

Estimated
Groundwater

Storage

Serbia en UK
expected 2021

(km?)

Geo€RA
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Total

Weighted Transmissivity {m2/d)

- - Transmissivity
| 50-200
5 2000 - 1000 k,D
B - 10.000
(m?day™)

-

& w o
: _ Geo€RA",
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Volumes
Productive and minor aquifers

Estirmihind Geourdmater Storsgm

il o CRIE L ] el

snki

| ERy

[_I&

PR i

- . Auquifier Ly pe

o # " Minor agusers with lite groondemies
ks [T Minor adquiiers with sscentihy nog groundmales

0 Lesally productive inbergranular aoquifers
I Highly produciive ingergranalar acpifens
[ Lixally prochactiee Masured aouifers

I Highly prochictive fissmed aquifers

¥ Geo€RA
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Aquifer type

| Minor aguifers with little groundwater
[ Minor aquifers with essentialy no groundwater
I Locally productive intergranular aquifers
Bl Highly productive intergranular aquifers
" Locally productive fissured aquifers

B Highty procuctive fissured aquifiers

5
e

Aquifer types
and importance

Highly productive aguifers
= Volume = 0.1 km? or k,D > 200

Locally productive aquifers
» Volume < 0.1 km3 or kD < 200 m*d-*

Minor aguifers with little groundwarer

Clays & marls

Peat & raised bogs

Glacial fill

Fissured maristone, mudstone, shale,
slate & flysch

Fissured igneous and metamarphic rork

Minor aquifers with essentially @@’
gmunmmrer

Compact igneous ar" %@ Jphic
rock

Anhydrite/gyr
Mudstone @,@ dle . claystone

@%ﬁ

@;ﬁ@ 1 : T
GanEHH'I d

RESDDACEGROUNDLATER P i



TACTIC

- Tools for Assessment of ClimaTe change ImpacT
on Groundwater and Adaptation Strategies

GROUNDWATER

This project has received funding from the European Union’s Horizon 2020
research and innovation programme under grant agreement No 731166

/nnovation Fund Denmark



TACTIC -

GRQUNDUWATER

Climate change challenges

“...observed climate changes are already having widespread “More extreme weather conditions are
impact on ecosystems, economic sectors and human health anticipated...and the impact is expected to
and well-being in Europe.” - European Environmental Agency increase in the future .” - JRC

* Impacts of climate change experienced today
* Impacts expected to increase in future
* The cost is immense

“Cost of climate change in Europe could reach 4 % “The Greatest Threat To Global Security: Climate

of GDP if no policy measures are adopted” — Change Is Not Merely An Environmental Problem”
Horizon, the EU research and innovation Magazine — UN Security Council



TACTIC -

GRQUNDUWATER

TACTIC contribution

* Numerous CC studies already

» But most ignores the TACTIC Vision
groundwater system

— Impact on groundwater
mprove use and access 1o

knowledge acquired by the GSOs of

— A freshwater buffering system

— Can enhance or dampening
impacts from extreme weather
events and vital for assessment of
the CC impacts

the subsurface system in CC impact
assessments and adaptation

This project has received funding from the European Union’s Horizon 2020 research and S L 7
innovation programme under grant agreement No 731166 GeoEﬂﬂ tf’

GROUNDUATER a ‘




TACTIC .

GRQUNDUWATER

TACTIC impacts

/ Advance \ / Harmonise \ / Access \

- Local/national assessments - Common approaches Assessments by GSOs
- Support EU policy on - Cross-comparison Third parties “on-top” services
member state actions New research and innovation

Experiences varies among GSOs Multiple tools Data, results and knowledge currently
and approaches available difficult to access

This project has received funding from the European Union’s Horizon 2020 research and 8 H
innovation programme under grant agreement No 731166 G@OEHH : :/’

GROUNDUATER a
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GRQUNDUWATER

TACTIC objective and approach

[ | o bl 2 adlfiorid D00Edlri 20100 C 'V E .O.l C
collaboration to advance and harmonise climate change assessments within the GSOs.

TACTIC Toolbox and guidelines
 TACTIC Toolbox o

*EUROGEOSURVEYS
5. ¢ E

» |dentify usable tools

. Guideline The Geological Surveys of Europe
» Selecting approach and Harmonising p— S
PiIOts TACTICTpo_Ibox = “ e
« Demonstrate in pilots (41 pilots) L = = =
« Different challenges i |
« Facilitating knowledge sharing % PN b — | .nformat,onp.atfmm |
: ments and adaptation strategies
Guidelines
Interaction with GIP gy | o
« Collect and harmonise data I oy —

» Provide easy access to data and results in GIP

This project has received funding from the European Union’s Horizon 2020 research and
innovation programme under grant agreement No 731166

GROUNDUATER a ‘
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GRQUNDUWATER

TACTIC outputs — infra structure

* Collect and develop tools and approaches Model ensemble
* 15 models (3 RCP x 15 GCM)

* Provide specific guidance . GCM biascorrected

* Harmonise assessments

U

* Develop standardised TACTIC climate change scenarios | = reed’
RCP 6.0 (17)
1 = RCP85(30)

B
1

* Identify standardised outputs

w
)

N

-
|

Global surface warming (°C)

o
|

,'l_ =

assessments, make assessments accessible

! LT (T L LT | LT T
1900 1950 2000 2050 2100
Time (year)

This project has received funding from the European Union’s Horizon 2020 research and

innovation programme under grant agreement No 731166 Geo€RA
GROUNDWATER 0 ‘
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GRQUNDUWATER

TACTIC outputs - Pilot assessments

Change in groundwater heads

* Assess CCimpact on
— Groundwater levels
— Groundwater recharge
— GW-SW interaction
— Flood/drought

» Effect of adaptation strategies
* Pilot reports
e Collaboration with authorities and stakeholders

regional authorities and stakeholders

summer

This project has received funding from the European Union’s Horizon 2020 research and
innovation programme under grant agreement No 731166
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GRQUNDUWATER

European recharge map and satellite data

Combining pilot assessments and satellite
data for recharge estimate at EU-scale
P /

Recharge estimates —
from national scale ?&_
b e g

models / f TE=

1 g7 Curdpan ) recharge - combining pilot
il ™\ T re‘cha@@ By T e assessments and satellite data
: y analysis

from lumped

models \

Recharge from
Hydrogeological
models

Tﬁ(“( Recharge values
obtained from

GHQ.NNHTEB other WPs

This project has received funding from the European Union’s Horizon 2020 research and > g/’
g

innovation programme under grant agreement No 731166 G@OGHH
GROUNDWATER
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GRQUNDUWATER

The TACTIC team visiting GEUS, Copenhagen

This project has received funding from the European Union’s Horizon 2020 research and
innovation programme under grant agreement No 731166

GROUNDWATER 0 ‘



VoGERA

VoGERA ™

Vulnerability Of shallow Groundwater resources to
deep sub-surface Energy Related Activities

m}g?ﬁ}'g“"" /((: ﬁliarﬂ’éﬁ: CK" ﬁ%‘? -

G EUS

o
e et

This project has received funding from the European Union’s Horizon 2020 research and
innovation programme under grant agreement No 731166

GROUNDWATER 0 '



Vo GERA 37

Energy related activities in the sub-surface

1. Conventional oil and gas 4. Geothermal (low/high enthalpy)

2. Shale gas 5. Energy and gas storage
3. Coal bed methane

* induce physical and chemical changes in the subsurface
* introduce new chemical substances
e cause the movement of pre-existing fluids (brine, hydrocarbons)

!

Impact on groundwater quality?

This project has received funding from the European Union’s Horizon 2020 research and
innovation programme under grant agreement No 731166

GROUNDWATER ﬂ '
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Objective of the VOoGERA project

To improve scientific understanding of the
vulnerability of shallow groundwater from
deep sub-surface energy-related activities. - o

Wastewater treatment  gm

— Protect groundwater resources —

Abandoned wells

Intermediate-depth

— Allow informed and responsible use of the
deep sub-surface

Conventional oil and gas

— Develop a European-wide approach that is T
consistent across energy activities

Shale

This project has received funding from the European Union’s Horizon 2020 research and

innovation programme under grant agreement No 731166 GGOERH )
GROUNDWATER




VoGERA

Project structure

GW4 VULNERABILITY OF SHALLOW GROUNDWATER
RESOURCES TO USE OF THE DEEP SUBSURFACE FOR

ENERGY RELATED ACTIVITIES 6 Partners
i BGS
pd
PROCESS UNDERSTANDING % N
> = O
ow 4z2w SCK CEN
- = ~
£ 58 2L MBFSZ
0% 202 Z GEUS
o = WP 4 E’I Og=
8 CONCEPTUAL FRAMEWORK FOR RISK n 50
9 CHARACTERIZATION g _Z
<

This project has received funding from the European Union’s Horizon 2020 research and
innovation programme under grant agreement No 731166

GROUNDWATER ) fj




VoGERA

Corallian Group

Sherwood Sandstone Group

—— Fault

Conventional + unconventional O&G

This project has received funding from the European Union’s Horizon 2020 research and
innovation programme under grant agreement No 731166

0 5000 10000 15000 20000 25000
distance (m)

Storage + Geothermal

GROUNDWATER

40
[
WP 3 — Process understanding
Geothermal
Used evidence to assess possible pathways between deep
systems and shallow groundwater (e.g. fault zones,
abandoned wells) at pilot locations
450‘000 4601000 470.000 ‘80.000 ‘”‘Nﬂ soo‘ooo 51“:00 : = 2 - =
\ Ve woors \ 1 - > 5 _ >
\ - ° \\
°
£ N * * ’ |
2 ° ° % N h
\T.hm ."'—‘—‘:::... ‘:o ickering @ @ sc":o’:u:" . ete catchment v ‘ Meuse catchment —
° 8 o Tt s o L ﬁ' [ Water flow
g.. ° © Kirhy\ulsponon oo T S 4= irectionin
¥ :::::f:*'—o%\\oj;&-———o—gi—.o‘&- IO \\ the aquifers
:";’\\_‘_. ° 50’..\:.9.;'\\".“52\41 - et t e Direction of
g —.\.:\ 8 BB e 8- % e ° pressure
£ /,\._—_\\h > /5 - ° ° ﬂ gradient
450000 460000 470000 480000 490000 500000 510000 through the
0 5 10 20 km e Boom Clay
L 1 : ! I's 1 T | Contans Oranance Survey data © Crown Copynght and database V‘ s 2016 aquital’d
o BGS 2015 water monitoring site locations (2015)
| e T— Mol, Belglu m'
Chalk Group Kellaways & Oxford Clay formations 0 5 500 1 000 .
Hunstanton Formation Ravenscar Group _: Kllometers
Speeton Clay Formation Lias Group
Ampthill Clay & Kimmeridge Clay formations Mercia Mudstone & Penarth groups
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WP 4 — Conceptual framework for vulnerability
characterisation

Developed a set of
conceptual models for
potential contaminant
pathways between
iIndustrial activity in the
deep sub-surface and
shallow groundwater
resources.

This project has received funding from the European Union’s Horizon 2020 research and
innovation programme under grant agreement No 731166

=
%
GROUNDWATER A o
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WP 4 — Conceptual framework for vulnerability
characterisation

Intrinsic Specific Risk Group

] vulnerability vulnerability score
Developed a consistent e m— | e | RG = SpecV &
) ntV =3V V.. Vi * Ha
screening methodology
for characterizing the

Vu I n e ra b I I Ity Of S h a I I OW Geological factors, pathways Nature of activity Potential receptor
(V1, V2...Vi=rating * (H1) * Driving (PR) classification
g rO U n dwate r fro m d ee p weighting for each factor) head (Hz) AtoD
N d u Strl al aCtIVItI €S Specific vulnerability score
Potential
receptor <250 250-500 500-750
" 1 1 classification
Testing ongoing at pilot . ——
] A Medium/Low | Medium/High
S |te S B Low Medium/Low | Medium/High
C Low Low Medium/Low | Medium/high
D Low Low Low Low
e
-

This project has received funding from the European Union’s Horizon 2020 research and
innovation programme under grant agreement No 731166
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VoGERA

Anticipated outcomes

* Improved understanding of groundwater vulnerability related to a range
of energy related deep sub-surface activities in Europe

e Consistent approach for assessing groundwater vulnerability across
Europe

* Improved sub-surface spatial planning and decision making to protect
(shallow) groundwater

This project has received funding from the European Union’s Horizon 2020 research and
innovation programme under grant agreement No 731166

GROUNDWATER /’ [(_
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Sustainable development and use of the
subsurface requires an easy and FAIR* access to
subsurface information and data —

*FAIR = Findable, Accessible, Interoperable and Reusable
https.//www.go-fair.org/fair-principles/
Wilkinson et al., 2016. The FAIR Guiding Principles for scientific data
management and stewardship. Sci Data 3, 160018.

E G D I Please check out GeoERA contributions to FAIR
“ data at the GeoERA website: https://geoera.eu/
and EGDI: http://www.europe-geology.eu/

Onshore Geology Marine Geclogy Mineral Resources Geohazards Energy Soil Groundwater All Content Metadata
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