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European policy on groundwater

A The Water Framework Directive (WFD, 2000/60/EC) establishes
the objective of reaching good groundwater chemical and
guantitative status across Europe by 2015.

A In order to reach this aim the daughter directive Groundwater
Directive (GWD, 2006/118/EC) lays down detailed quality criteria for
the assessment of groundwater chemical status in Europe. These
Include groundwater quality standards set at Community level (Annex
| of GWD) and threshold values set by member states.

Event/ date: WS Groundwater systems Europe, Aug2013, Berlin European Topic Centre
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GWDarticle5.2:

Member Stateaa K| f f X P D

reverse trendsSwhich present a significant risk of harm tine

guality ofaquatic ecosystems or terrestrial ecosystems, to human
health, or to actual or potential legitimate uses of the water
EnvironmenX X ®adbderyprogressively to

reduce pollution angrevent deterioration of groundwater

|.E.Groundwaterquantitativeand chemicalstatus
relatesnot only to drinking water protection, but
alsoto the ecologicalstatus of dependent or
associatederrestrial and aquatic ecosystemsnd
other groundwater legitimate uses
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RIVEer trends anagnemicalstatus
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phosphorus

Nitrate

Source: EEfeportno
9/2012




Groundwaterlnd riverchemicalstatus are
relatedto eac C cnemicalstatus

Percent of classified surface water bodies with failure
to achieve good chemical status for transitional and
coastal waters

Source: EEA [[] <10% | 50-70% [ | MNodata
report no 8/2012 [] 10-30% [l 70-90 %
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The WFD and GWD recognize the link between
groundwater quantitative and chemical status and
the status of aquatic and terrestrial ecosystems
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Atmospheric

We understandthis conceptuallybut it is very
difficult to quantify all relevantfluxesande.g to
establishgroundwaterthreshold valuesfor
protection of dependentterrestrial and associated
aquaticecosystems

Source: EEA
report no 8/2012
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Qutlineof presentation

Examplesof researchneedsfor costefficient
methodsto:

A Evaluateandimprovegroundwaterchemicalstatus:
A Evaluateandimprovegroundwaterquantitative status

A Integrategroundwatersurfacewater-ecosystem climateand
socioeconomienodels atlocalto paneuropearscale

A Mitigate and adaptto climatechangefor protection of water
resourcesecosystemsnd thebuilt environment

A ShareandvisualizeGroundwater monitoringand modelling
datac ICT solutions (hardware and softwatevelopmenj

A InternationalcollaborationbetweenEurope and the rest of the
world X
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Groundwatechemicalstatus

Examplesf important researchissues

Optimizationof monitoring systems ananodellingtools

Methods for derivation ofroundwaterthresholdvaluesbasedon good
ecologicaktatus of dependenterrestrialand associatedaquatic

ecosystems

Naturalbackgroundevels(NBL$ for toxic elements andpotentially
humaninducedcontaminantse.g As, Ni, Cd etc.

Emergingcontaminantse.g transport ofpharmaceuticalsandtheir fate
in aquifersand groundwaterg surfacewater/ ecosysteninterfaces
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Groundwater threshold values based on good status
objectives  for associated aquatic ecosystems 1 are data
hungry and requires specially designed monitoring
networks to estimate fluxes

© GEUS

£ Confining layer (clayey til) & Aerobic TR SRS
"1 Groundwater body (sand) 4 Anaerobic R g
~41 Riparian Area Aquifer --= Redox boundary @ Measured concentrations and runoff in streams

Modeled stream nutrient loading to estuary (including
retention in lakes, etc.) by the model complex DK-QN

© Measured values in the estuary and empirical models for
relationships between load, climate and concentrations

@ Model output for atmospheric deposition
® Measured nutrient concentrations for the adjacent Belt Sea
® N retention in streams, lakes and wetlands

@ Modeled N leaching from field blocks to drains
and groundh and expert judg for P

@ N loading from groundwater directly to estuary
(assumed negligible in this system)
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What to do with new scientific informationg How to close knowledge gaps?

(2) Occurrence of pharmaceuticals, and theirimetabolites innGermany

WWTP outflow | surface water groundwater drinking water
4 (111 pharmaceuticals | (131 pharmaceuticals | (55 pharmaceuticals | (23 pharmaceuticals
detected) detected) detected) detected)

[+2]
o
|

number of active pharmaceutical
substances detected
N £
o o
| |

0
0 - jj—
<01 01-10 >10 <01 01-10 >10 <01 01-10 >10 <01 01-1.0 >1.0

max. measured environmental concentration [ug/L]

Number of pharmaceuticals-detected in\ WWIT P foutflow; surface water, groundwater
and drinking.waterin.Germany (Bergmann.et ahodified, 2011)

Conference of the Review of Annex | & Il of the Groundwater Direcg\Brussels 09.10.2013




Groundwateguantitativestatus

Examplesof important researchissueson Watertable decline/ rise and:

A Environmentaflows (Eflows) tosustainterrestrial and aquatic
ecosystems

A Seawateiintrusion (enhancedby sealevelrise)
A Landsubsidence

A Groundwaterflooding
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DONANA NATIONAL PARK

Protectionof dependentterrestrial ecosystems
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Groundwateguantitativestatus and
protectionof aguaticecosystems

Groundwater
ESTADO NATURAL ESTADO PERTURBADO POR BOMBEOS qu antitative Statu S:
SR S S S !
[.Q Trends inwater tables
ﬂ\t ¢ and:
\ ,1— v 1\ r % <
TS -2 4 Andreducedbaseflow
\ ﬁrﬁgf | e-flows, ecological
/ Ir"" 7|1 status of dependent
7LV\< o terrestrialand aquatic
$,5/z/z/:—/L ecosystems
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Integrated, models

Exampleof important researchissuesrelated to
developmentof improved models of:

3D distribution ofaquifers aquitardsandgeological
features in thesubsurfaceas the backbone of:

Integratedgroundwaterand surfacewater models and
ultimately integratedgroundwatersurfacewater ¢

climate¢ ecosystent, sociceconomicaimodels atiocal
to paneuropeanevel
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Calculations of climate change impact on
hydrology and groundwater

Present G
Climate A
Future U
Climate L2

Global Regional Hydrological Models
>

Down -
scaling
Bias
Correction

100-250 km  10-25 km 50-500 m Skala

Continuouslystrive to reduceuncertaintiesin integrated
climate, hydrologicaland geologicalmodels !!!
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Improved tools for/mappingand modelingaf//ng of
density,dependent flow dmcoastabaquifers forrs for
asses;smmmgfammpac%@(ﬁ and:sea Mallewzl rise

S Sl
. AEM measurements for

L4 / location of fresh / salt water
boundaries at local to
regional scales

Examples of data used to
develop the density
dependent groundwater
(seawater intrusion) model.

Borehole logging for detailed
location of fresh / salt water
boundaries and sediments
around boreholes

Enwronmental tracers for estimation of il
groundwater ages and flow dynamics

Baltic Sea

Rasmussen et al., 2013 7 in Hinsby et al. 2011,
~special issue: http://www.hydrol-earth-syst-
sci.net/special_issue149.html
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Groundwateand CCmitigationand
adaptation energysupply

Examplesof important researchissuesrelated to
aquifer usein urbanenvironments

Aquiferthermal energyuse storage(heating orcooling
CQ storage

Shalegasexplorationand coalmining
Managedaquiferrechargeto control seawatenntrusion

Managedaquiferrechargeto ensuredrinkingwater and
Irrigationneeds

EUI'OGGOSUNGYS = The Geological Surveys of Europe



CO2storagein deepaquifersoimpact:
on shallowgw chemicalstatus®

Geological Storage Options for CO, : Produced oil or gas
1 Depleted oil and gas reservoirs = Injected CO,

2 Use of CO, in enhanced oil recovery BT stored CO

3 Deep unused saline water-saturated reservoir rocks 2

4 Deep unmineable coal seams

5 Use of CO, in enhanced coal bed methane recovery

6 Other suggested options (basalts, oil shales, cavities)
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Develop new innovative web service

Download License Agreement Language : O et e o 1 T ey £ = () o ™ 5 2
m Map Viewer :m
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A
L A
¢ Modify Opacity

Scale : 1: 25000 000 @ SRS :WGS 84 @

¥ : 60.95



ICT - cloud computing for data
analysis, modelling  and visualization




Examples of international groundwater
research collaboration between Europe and
the rest of the world

Eutrophication /
algal blooms / fish
kills

Overabtraction and

water table decline
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