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INTRODUCTION

Groundwater dependent terrestrial ecosystems (GDTE) are ecosysiteneety upon groundwater, e.g.

fens, spring flahes, swamp forests. Significant changes in groundwater chemical composition (quality)
and/or groundwater levels (quantity) can damage the quality of GDTE or even destroy it. GDTEs provide
important ecosystenservices such as regulation of water cyclenking water and other resources,
pollution filtering, peat and carbon accumulation, unique biodiversity, interconnection with other
ecosystems (landscape functioning), recreational and scenic value, andhthétitage.

According to the EU Water Framewobirective (2000/60/EC), the whole groundwater body (GWB, a
management unit set by each Member State) is considered in poor status if anthropogenic pressure on
groundwater causes significant damage to GDTE. Then, spetibics (in WFRQ programmes of raasures)

must be planned and carried out to improve the status of GWB and thereby, restore the quality of damaged
GDTE.

Groundwater is a dynamic system which cannot be divided by human drawn boundaries such as country
borders, and many valuable GDTEs dapen the quality of these water resources. From a hydrological
viewpoint, the transboundary Gaujéoiva river basin has a joint water cycle. It means that human induced
activities (e.g. water extraction or pollution) on erside of the border can affect gundwater and
associated ecosystems on the other side. Thus, without joint activities and cooperation it is impossible to
sustainably manage transboundary natural resources in the long term.

A theoretical approach on howtidentify, assess, and monitor GBs has been previously developed in
Estonia. Similar climatic and hydrogeological conditions allowed us to adapt the methodology to Latvia and
jointly update it to fit the needs of both neighboring countrigEstonia and.atvia. During Interreg Estonria
Latvia project Esf F ich aW2Ayd YFyF3aSYSyid 2F 3ANRdzyRgl GSNI R
GaujaY 2 A @ NRAGDSNJ ol aAyé 2NJ DNRdzyR90O2 LINRB2SOGx 22Ay
GDTEs was developed whialas used to identify GDTEs inrsboundary Gauj&oiva river basin. The
methodology and best GDTEs assessment techniques were tested in two pilot &@és spring fen in
Estonia and Kazu leja valley in Latvia. Finally, recommendations for bettes GDMmEoring and future
works weredeveloped. All results will be used to support the development of 3rd cycle River Basin
management Plans (2022027) for Estonia and Latvia.
We hope that this report will be useful for many habitat and hydro(geo)expeotking with assessment
of GDTEs itine with European Water Framework Directive as well as serves as a good starting point for
better understanding of GDTEs functioning and linkage with groundwater resources.
Authors:
Retike, 13> Y I { @ Pyeder AD) Tarros, $), Terasmaa, @~ ¢ NOE| = AW dD&riidkoWh
Koit, 0@ Y NG DALYIE, E25d t NWIPApovsVK), Vainu, M@, Valters, K, Abreldaal, 2,
Babre, A% . o @ CauheZKY, IMdrandi, A, Polikarpus, M, Raidla, V), Rieksta, M, Sisask, K

1. Latvian Environment, Geology and Meteorology @e(jt | GOA2Ia xARSaz fS2t2fA

YSUS2NREf 2 A2l a OSYyuN&A
2. Tallinn University, Institute dicologyd ¢ | £ £ Agly |  « £ A1 2

3. University of Latvia, Faculty of Geography and Earth Sciefice 4 gA 21 & | yASSNEA G
%SYSa | Ayni@ada) FI {dzf GdndSov

4. Ministry of Environmen{KeskkonnaministeeriungEstonia)

5. Nature Conservation Agenéy5 + 6 & | AT &l Bvap ol & LIn NI f RS0

6. Vidzeme Planningregian+ A RT SYSa LI n/avi@l yI & NBIA2Yy a0

7. Geological Survey of Estorfizesti Geoloogiateenistus) (Estonia)

This document reflects the views of the authors. The managing authority of the programme is not liable for how
this infomation may be used.
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1. Description of GroundEco project

Project&Joint management of groundwater dependent ecosystems in transboundary -Gaiya river

basin (GroundEdpé A& 0SAy3a AYLI SYSy i SR-A #&Esoni# atvia KrésbarddrLILJ2 NI
cooperation programme 2012020.

Total budget of the project is EUR 411,764.72. Interrefy Estonia_atvia croséorder cooperation
programme contributes EUR 350,000.00 EUR and partnerstatibution is EUR 61,764.72. Project
duration is 26 months (10.0801809.07.2020). Main matials developed during the project are available

at the project homepagéttps://www.bit.ly/GroundEco

The objective of GroundEco projee to enhance sustainable management of coomrgroundwater
resources and associated ecosystems in the transboundary Baiya river basin.

The project's main activities are:

identification and exchange of data necessary for project implementation;

devdopment of a joint methodology and its implemtation in Gaujaoiva river basin;

pilot studies and development of conceptual models (Matsi spring fen in Estonia and Kazu leja valley
in Latvia);

recommendations for better management of transboundary Ga{ga/a river basin and project
result dissemiation.

The project partnershionsists of seven partners from Latvia and Estonia:

1. Leading partner is Latvian Environment, Geology and Meteorology Centre (LH@M{HY Vides,
fS2t2fA2l & dzy trxBtisFa@viBnetofiviiZl & KESYINR 2S5 0iG 02 2 NRA
(inga.retike@Ivgmc.ly

2. Tallinn University, Institute ofdlogy (TU)X I £ f A Yy I «-fjakepvBetehduste[irdtRuit dz
https://www.tlu.ee/eco), the coordinator from TU side is Jaanus Terasmaa
(jaanus.terasmaa@tlu.ge

3. University of Latvia, Faculty of Geographyldrarth Sciences (UL) (l @A 2 & | YA BSNRBRA (n
dzy »%SYSa 1 A yhttp$:Fudew.deb. iz B nii €S O22NRAYIF 2N FNRY |
(andis.kalvans@|iy);

4. Ministry of Envirament of EstonigMEE) (Keskkonnaministeeriutitips://www.envir.ee/et), the
O22NRAY I (2N FNRY keStburkerRiGerA a YSNRBRGA ¢NNJ] 6

5. Nature  Conservation Agency, tha (NCA) XKl ol & AT &F NRf ool &
https://www.daba.gov.lv/publicj, the coordinator from NCA sideis leva + SA {1 OA Y|
(ieva.veiksina@daba.qgowv

6. Vidzeme Planning Rieg, Latvia (VPRY(A RT SYS & LI nyhtpOwwhilvidzeneB/j, the v &
coordinator from VPR side is MaiRieksta nfaija.rieksta@vidzeme Jv

7. GeologicalSurvey ofEstonia (GSEEé€sti Geoloogiateenistusttps://egt.ee/et), the coordinator
from GSE side is Siim Tarrsignf.tarros@egt.ep
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GroundEco activities in a nutshell:

transboundary GaujKoiva river basin

WP

Descriptionof activities

Main results

WP1 Data exchange,
mobilisation and
collection

Data exchange and
mobilisation;

Pilot studies and data
collection (Matsi spring fen anc
Kazu Leja valley).

Data exchange report provides an insight into
the data identification, secification, exchange
and storage processes during the GroundEco
project. Duing pilot studies tools and
approaches were tested to find best parameter
and data analysis techniques for GDTE
assessment, as well to collect data necessary
GDTE identific&n and assessment
methodology testing (including assessment
schemes).

WP2Development of
joint methodology and
implementation

Development of common
structure of groundwater and
habitats data;

Development of joint
methodology;

Identification of groundwate
dependent ecosystems in
GaujaKoiva river basin;
Development of conceptual
models and assessment of pilc
groundwater dependent
ecosystems.

As a result, a joint methodology for GDTE
identification and assessment was developed
including quantity and quali assessment
schemes. According to the methodology, GDTI
were identified in the Gauj&oiva river basin.
Conceptual models were developed for pilot
areas (Matsi spring fen and Kazu Leja valley) &
their status was assessedcacding to

developed joint nethodology. All results are
incorporated in this report.

WP3
Recommendations and
dissemination of
results

Recommendations for
transboundary groundwater
monitoring and groundwater
dependent ecosystem
assessment;

Development and
dissemination of informative
materials for target groups;
2 2N] AK2LJ aLydn
development of conceptual
Y2RSt aeT

Seminar on groundwater
dependent ecosystem
assessment;

Special conference session fol
groundwater dependent
ecosystems;

Knowledge exchange and
training at European
Geosciences Union General
Assembly 2019.

The recommendations for better GDTE
assessment and monitoring, and future
prospects are incorporated in this report. Durin
the project 3 main public events were organize
to introduce target groups with project progss,
main results and to train to usé¢ developed
methodology. Experience exchange and
presentation of main results to the experts all
around the world was done during the EGU201
conference in Vienna, Austria. Additionally,
materials were developed fdarget groups to
raise awareness of gopmdwater and associated
nature protection. Main project materials and
organized/ attended events are available at

bit.ly/GroundEco
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2. Background for identification and assessment of groundwater
dependent terrestrial ecosystems (GDTEsS) according to tlki¢ater
Framework Directive (WFD)

2.1. Role of groundwater dependent terrestrial ecosystems in the Water Framework
Directive

Water Framework DirectiveVFD, 2000aims to protect all water resources, including groundwater. For
groundwater, environmental objectives are set in Article 4 and the main goal is to achieve good
groundwater status which is a combination of both, good quantitative and chemical status.

Terrestrial ecosystems that are directly dependent on groundwaterT@&Dcan affecthe status of
groundwater body (GWB). If a significant damage to GDTE is caused by anthropogenic alterations of
groundwater level or chemical composition (groundwater chemistry or concentrations of any pollutants), a
whole GWB is in poor dizs.

In orderfor the terrestrial ecosystem to be a part of GWB status assessment, it must be directly dependent
on GWB. This means that existence and quality of such terrestrial ecosystems relies on groundwater input
(flow, level, certain chemical comptein). Criticd dependence upon a GWB is most likely where
groundwater supplies GDTE for a significant time period of a year (continuously or for most part of the year)
(EC 2011)

2.2. How to determine whether a terrestrial ecosystem directly depends on
groundwater body

There are cases when the dependence of GWB is easy to identify, for example where a spring is clearly
visible. Still there are many situations where terrestrial wetland ecosystems depend or partly depend on
other water sources such as surface araprecipitaton or distance from the sea.

Member States might use available knowledge base ftooalizedsite assessments for thElabitats
Directive (1992)If it is unclear whether the site is GWB dependent, a staged approach for screening out
the ecoystems usingcologicaland hydrogeological information as wellexpert judgementmay be used

to rank them in terms of likely dependence on groundwater.

First step in such a screening approach is to identify whether certain terrestrial ecosystems tladigretic
can be @pendent on groundwater resources. Member States may use lists of vegetation communities and
habitat types under Habitats Directive to rule out sites which do not have groundwater dependent
vegetation. Then a conceptual model of a GWB mayskeel to identfy if groundwater in a GWB is likely to

be discharging to and supplying a GDTE.

Conceptual modeléEC, 201Pmay include information on habitat type, the ecosystem and the GWB and
their linkages, or approximate understanding of the linkagesyall as thalegree of dependence on the

GWB. Considering the large number of GDTES, conceptual models may never be developed for all sites. The
priority should be given to significantly damaged ones and to GDTEs in GWBs with significant pressures. The
conceptual modéremains open to revision, as more data becomes available.

When no monitoring results or conceptual models are available, expert judgement may be used. Member
States may have lists of plant communities occurring in the particular countrythairddependnce on
groundwater can rely on expert knowledge using certain principles. If no data is available, adaptation of
existing knowledge base fromeighboringcountries with similar climatic and hydrogeological conditions
may be considered.
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If anecosystem isurrently no longer groundwater dependent, due to lowering of groundwater levels, but

has been dependent on groundwater in the past, it should also be considered as GDTE. GDTEs can be
damaged also by rising groundwater tables, for exampéewiétland idlooded after construction of a dam

that obstructs the discharge of groundwater. Article 4 \&fD (2000)requires that all bodies of
groundwater are protected, enhanced and restored. However, priority should be given to preventing
deterioration of sites wiich are currently considered groundwater dependent, to avoid damage in the
future (EC, 2011).

UKTAG (2004uggest two simple complementary techniques which may be adapted to identify GDTES:

identify ecosystem types that depend upon groundwatend then ientify which of these
ecosystems are most ecologically significant in the particular country;

identify points where groundwater interacts with the land surface and assume that any terrestrial
ecosystem present igtilizingthis water.

2.3. How to determine whether there is a significant damage to groundwater
dependent terrestrial ecosystem

According toEC (2003¢xpressio@ A Ay A FAOF yi RIFYF3S¢ A& o6F &SR dzalkRy
the ecological or socieconomic significance of thterrestrial ecosystem. The magnitude of damage
depends on whether GDTE continues to fulfill its ecological or satpnomic function. A GDTE which is
crucial for regional tourism might be considered to have secionomic significance, thus any changes in
groundwater quality or quantity supplying the GDTE may lead to its damage and reduced visitor numbers.

If a GDTE belongs to the Natura 2000 network, the failure to meet its conservation target can be interpreted
as significant damage (as far as groundwatmtusis concerned). For GDTESs that are not part of Natura
2000 network, formulation of targets and derivation of groundwater requirements (chemical and
gquantitative) may be developed by Member State and then comparison between actual and desirable
situations @n be performed.

Member States are strongly encouraged to carry out analysis of significant damage to GDTEs in
multidisciplinary teams as both good ecological and hydrogeological understanding of the sites is required.

2.3.1.Threshold values and triggeralues

To protect groundwater, quality standards and threshold values (TVs) should be established, and
methodologies based on a common approach developed, in order to provide criteria for the assessment of
the chemical status of GWBs. The requirements detting up of threshold values (TVs) are fixed in
Groundwater DirectivGWD, 2006 NJ a2 OF f £t SR 4aRI dzZAKGSNJ RANBOGABS¢
establishment and application of TVs is set out in European Commission guidance do@@)ez109)

TVsmust beestablished in such a way that any exceedance at representative monitoring point will indicate

a risk that environmental objectives under Article 4 of WFD are not being met in GWB. When establishing
TVs Member States must consider not only pressumhydogeological conditions and geochemical
pathways, but also the extent of interactions between groundwater and associated aquatic and dependent
terrestrial ecosystems. When establishing threshold values, it is particularly important to consideapathw

as br example, reducing conditions may remove nitrate, but high calcium content mayecipitate
phosphate.

C2NJ adzNFI OS 4+ GSNJ adzOK ljdz- €t AGeé ONRGSNREF | NB O ff
GKS SELINB & & A 2 gfentost cahndayubkd. @ krijgdeSalués are exceeded in the GDTE (not
GWB), significant damage to it could be caused. To determine trigger values, it is necessary to understand
the levels that different types of GDTEs can tolerate in terms of chemicalsinghithdo not result in
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significant damage. After that TVs for GWB can be determined by taking into account dilution and
attenuation between the GWB and the dependent terrestrial ecosystem through understanding of the likely
pollutant linkage.

Annex Il ® GWD (B06) states that for the purposes of investigating whether the conditions for good
groundwater chemical status are met, Member States should (where relevant and necessary) on the basis
of relevant monitoring results and developed conceptual mdoelGWB,assess: a) the amounts and
concentrations of pollutants being or likely to be transferred from the GWB to GDTEs and b) the likely
impact of the amounts and concentrations of the pollutants transferred to the GDTEs.

2.3.2. GDTEs that depend on concentratis of raturally occurring substances above threshold
values

Some ecosystems are adapted to higher concentrations of naturally occurring substances and according to
WFD this is not pollution. Faxample,in a region of the Netherlands, zinc naturally occurs ghhi
concentrations and local ecosystems have adapted to those conditions and differ from ecosystems
elsewhere. Such ecosystems may also develop if high zinc concentrations come from anthropogenic
pollution, but such a case should be considered pollutiondardage to the currently existing ecosystem.

2.4. How to determine the groundwater quantity and quality needs of groundwater
dependent terrestrial ecosystems

When GDTE has been identified, there makely will be key periods during a year when groundwater
input is critical to the functioning of the individual GDTESs. Ecologists in Member States may understand the
water quantity needs of specific GDTESs, but as quantitative requirements are speciéicht&®TE, the
necessary knowledge base may be absent. Whrantitative information is available, hydrological
modelling can be used to link groundwater resources to a GDTE.

Characterizatiorprocess should determine what groundwater chemical pressures lmeagcting on the
GDTE. The information from chemical growatler monitoring should be used to identify pollutants. If such
data are lacking, then potential pressures from the initial GetiBracterizationprocess may provide
necessary information. For exgha, if the area is intensively used for agriculture therstiikely pollutants
will be nitrates and phosphates.

However, different GDTE categories can have large tolerance ranges to specific pollutants. Some GDTE
vegetation types only occur in certaincktions due to the unique chemistry of water supply in theaa

still others are more or less tolerant to elevated concentrations of substances such as nutrients. Further
investigation is needed to understand the effect of elevated pollutant concentratmm each GDTE
category. This information can further be alst® develop trigger values and help to establish TVs for GWB.

The information exchange between Member States is strongly encouraged to identify both, quantity and
quality requirements of specifiéDTEs.

2.5. Characterizatiorand risk assessment

Typically characterizationof GWB is &wo-steprisk assessment procedure. During iniihhracterization

the uses of GWBs and the degree to which they are at risk of not meeting the environmental objectives set

in Article 4 of WFD are assessed. If GWB is conside@Bto ¢ & NRA&1é¢ 2F y20 YSSGA
further, more detailedcharacterizationprocess is needed. In many cases it would be appropriate to
combine both risk assessment procedures into one stage.

Initial characterizatioomay gather available infmation on diffuse and point source pollutiocharacterize
overlying strata (define vulnebdlity to pollution) and assess the pressures from water abstraction and

10
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artificial recharge. One of the outcomes of this process should be identification of @Giddgs for which
there are GDTEs. It is recommended to use GIS techniques in cases wheretrasny possible GDTEs.

If a GWB is at risk due to negative effects of GWB pressures on GDTES, an inventory of terrestrial ecosystems
with which the GWB is dynanailty interlinked is needed. Even though Wgilbritizes ecosystems, in

practice it might benecessary, if large numbers of GDTEs are connected to GWB. Guieahce003)
provides practical guidelines farioritizing terrestrial ecosystems. Stepwise appoh suggests firstly
focusing on Natura 2000 sites and those ecosystems which may expesigmifcant damage (either
ecological or socieconomical). Inclusion of anthropogenic pressures analysis can focus the risk
assessment, for example for furtheharacterizationa sourcepathwayreceptor approach could be used

to conceptualizegroundwaterflows and anthropogenic pressures.

Classification of the status of GWBs under the GDTE test, for both quantitative and chemical status, is a
decision based on thaformation and data from the monitoring networks, gathered in the previous 6 years
(reporting period under WFD). There might be different levels of certainty in the risk assessment depending
on the amount of available evidence available about each sitkages to GWB and pressure action on
GWB. Only those defined as being at risk of failing-\W&bvironmental objectives undeharacterization
process should be considered as potentially putting GWB at poor status. For those GWBs where there is
significantdamage of a GDTE after tbhkaracterizatiorprocess, additional investigation and monitoriisg
required according to WD and GWD.

2.5.1. Stepwise approach

Firstly, a screening process should identify those terrestrial ecosystems which are (likely) interatting wit
GWAB, which are significantly damaged and the damage is caused by pressures dnv@§tBations may

be used to provide evidence if GDTE is significantly damaged and if this is caused by pressures on GWB.
During investigations a magnitude of damage éassdamage magnitude in combination with ecological
studies), linkage between GWB aB®TE and relative importance of groundwater for particular ecosystems
should be identified. Where there are many GDTEs, it is suggested to use already available oriprmati
undertake simple ecological walkover surveys of the site or use expert judge®elytfor significantly
damaged sites a more detailed investigation should be carried out to design measures for status recovery.

There may be GDTESs interacting with th&B5 where there is not sufficient information to allow for clear
distinction whethetthese are significantly damaged or not and/or environmental supporting conditions are
not quantifiable with a significant degree of confidence. In that case GDTE wilinreineisk of being
significantly damaged and could hwioritized for further investigation. Where the information and
knowledgeare insufficient, the status assessment procedure can be stopped and GWB is classified as of
good status under this test, butill remain to be at risk.

If the first step confirms that GDTEsignificantly damaged and interacting with GWB, then the second step
should identify whether environmental supporting conditions are not met due to anthropogenically
induced changes in theWB and if that is the case, which ones are not being met. lfi¢parture from

the environmental conditions is the result of groundwater abstraction, then GWB is classified to be at poor
status. For chemical assessment developed GWB TVs can be usednakitie based on GDTE trigger
values.

Many GDTEs may have not bemibject to rigorous status assessments and could be damaged by a wide
range of pressures such as afforestation and land development, many of which may be unrelated directly
to the quality o quantity of groundwater supplfKTAG, 2004)

11
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2.5.2. Consideration of gpundwater threshold values

When ecosystems with different sensitivities for a certain substance depend on one GWB, the TV used is
proposed to be based on the most sensitive GIHE, 2009)f in the first step of status assessment all
monitoring resultsfall under TV, all GDTEs in a GWB are deemed protected. If there are exceedances at
some monitoring points, this does not automatically lead to poor status. Appropriate investigations can
confirm that the objectives of WFD are still being met and suggestededure is:

Derive TVs based on most sensitive GDTE based on GDTE trigger values and dilution and attenuation
along the flow path;

Compare monitoring results from points where the GDTEp&endent on the GWB to this TV (based

on conceptual understandg);

If the average of concentrations in each of these monitoring points is lower than the TV, the GWB
is of good chemical status for that particular substance in relation to the GDTE test;

If the average of concentrations in these monitoring points ar@édrighan the TV, an investigation

is needed. Depending on the result, assign either good or poor chemical status for this substance
for the GDTE test;

If a single GWB contains ecosystemshwlitigh sensitivity for certain substances as well as
ecosystems wth low sensitivity for the same substances, the investigation should focus on the high
sensitivity GDTE.

If a GDTE has been identified as significant and is significantly damaged fronvgaimatessures, GWB
is at poor status independent of the size@¥B or GDTE.

2.5.3. Investigations

For GWB where TV is exceeded, but significant uncertainty exists, more detalsplesitic assessment or
expert judgment may be used. It is also important &org out detailed site investigation in the most cost
effective way. The investigation showbivays be guided by the conceptual mo¢eC, 2010)

Some methods that are considered to be ceffective are:

targeted ecological surveys (vegetation survegsdetect changes in abundance of species
indicative of chemical damage such as nutrient enrieht or significant drop in groundwater
table);

walkover hydreecological surveys to determine the locations of springs and seepages in relation
to critical groumlwater dependent ecological features and hydraulic relationships between
groundwater and surface water (e.g. ditches, ponds, watercourses);

establishment of shallowlip wellsto measure water levels in the neaurface deposits and their
hydraulic relatioships with the underlying GWB;

remote sensing data to predict water leggh GDTES.

Other suggested techniques are geophysical surveys (resistivity, gpmnedrating radar to predict
stratigraphic relationships and location of wateearing/conductive sata; drilling of deeper piezometers
into underlying GWB and measuremeot other sources of chemical pressure such as atmospheric
nitrogen.
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3. Methodologies used for assessment of groundwater dependent
terrestrial ecosystems in the European Union

3.1. Results fom joint questionnaires

LY HAaMH | 1jdzSadA2yyFANS gFa RSOSt2LISR YR RAAGNRG
the member states of the European Union in order to gather information on how the member states have
assessed their GDTEs. Thepmse of it was to sharexperiences and to learn from best practices
(EC,2014) Neither Estonia or Latvia responded to the questionnaire because GDTEs had not been
determined nor assessed yet. In the GroundEco project these experiences and best praetedasken

into accountfor the development of the joint methodology for GDTE identification and assessment.

A total of 21 countries responded to the questionnaire. From these 19 were Member States and two were
non-Member States, who indicated that théyave national GDTE desaions and have an interest in
sharing their knowledge and experience. Although the majority of Member States responded (19 from 28),
the compilation of answers does not currently provide a complete overview of the situationapézand
the work should b continued as there are still many uncertainties and knowledge gaps among the countries
(EC, 2014)
In TABLE & compilation of the most significant results from the joint questionnaire and approaches used
in Member States are psented. Full answers froeach country are available BC (2014)

TABLE

Summary of responses to joint questionnaire on national GDTESs identification
and assessment approach¢EC 2014)

No. Question Summary response
1 How GDTESs were identified UsingNatura 2000 (90% or 19 respondents)
in yourcountry? Using additional protected sites (48% or 10 respondents)

All 19 Member States rely on Natura 2000 designations when identifying Gl
Approximately half of the countries indicated they had additional lared
designations in addition to those declared under Natura 2000 and that tt
were also considered for GDTE assessments.

Seven countries identified the Annex | habitats typologies that they used v
selecting GDTEs for assessment.

2 How has yourcountry Expert judgement (100% or 21 respondents)
identified that terrestrial All countries indicated that expert judgement played a key role wil
ecosystems were determining groundwater dependence. Few countries struggleddtermine

groundwater dependent? groundwater dependence, but included wetlands in country GDTE assessn

Four countries have elear assessment criterioend other four countries use
field assessments (bottom up approach) to carry out dependency analysis.
half of the countries relyon the combination of field studies and general wetla
characterizatiorcriteria to determine groundwater dependency.

3 How has your country Use of nationaimonitoring network (71% or 15 respondents)
assessed if GDTEs were Specific habitats studies (19% or 4 respondents)

damaged and what criteria. Many countries responded that this assessment was rather complicated to «

were used to determine the out and in most cases was subjective. Eight countiée®loped specific damag

magnitude ofdamage? criteria for wetland assessment. Other countries rely on the conservation st
from Habitats Directive reporting, sigpecific assessments of damage (if a
where available) and expert judgement.
Five countries were not able tdetermine significant damageoBr countries
have considered abiotic factors (pressures, trends) to determine if groundw
has the potential to cause damage to a GWDTE, rather than focus on dam.
the wetland itself.

4 How has your country Using information coming from differentrganizations (76% or 16
coordinated gathering of respondents)
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No. Question Summary response
relevant data ard who was Local level (33% or 7 respondents)
responsible for The assessment coordination wagmarily undertaken at a national level. Sevi
coordination? countries indicated tht the assessments were undertaken by working groi

and three countries did not have any specific coordination approach.

5 What are the lessons Developing significant damage, gralwater dependency anc
learned from the first prioritization criteria and/or assessment methodologies (43% o1
assessment of GDTEs and respondents)
what changes will be made? Gathering additional monitoring data (33% orespondents)

Better coordination (19% or 4 respondents)
To sum up, further work is required regarding: deyghg significant damage
and groundwater dependency criteria; improving GDTE condition assess
methodologies and developing abiotibreshold criteria; gathering additiona
monitoring data; improving knowledge of the pressure source and groundw
pathways to the wetland and then linking this back to measures.

6 What are the remaining Lack of shared methodologies (52% or 11 respondents)
constraints to GDTE Exchange of experience within working groups (52% or 11 respond

assessment in yourountry?  Most of the countries report that there is a lack of supporting guidal
documents at EU level. Better linkagestween ecologists and groundwate
experts at EU level and greater sharing of experiences between countrie
necessary.

There were requestsof sharing on how GDTEs were selected, criteria
determining groundwater dependence and significant damage, the overall
assessment approaches, the use of screening criteria and monitoring dai
GDTE assessments.

In particular there were requestsr the establishment of baseline conditions fi

GDTEg what are the reference conditions in terms @fology and the abiotic
factors that countries should achieve.

The main outcomes from the questionnaire cansoenmarizedas follows:

3.2.

All countries relyon Natura 2000 designations when identifying GDTESs. About half of the countries
also consider additicd wetland designations;

Expert judgment plays a key role in GDTE identification process and only a few countries have clear
criteria for identificationprocess;

Most countries acknowledge that the assessment of the significance of damage to GDTE is
subjective. Countries rely on the conservation status from the Habitats Directive reporting, site
specific assessments of damage (if and where available)egpert judgement. Some consider
abiotic factors (pressures, trends) to determine if groundwater hagptitential to cause damage;
Majority of countries admit that there is a lack of guidelines at EU level on how to perform
assessments and not enough coogiion between ecologists and hydrogeologists. The necessity to
share knowledge and good experience weén countries is also highlighted. Some countries
request to establish joint baseline conditions for GDTEs.

Methodology for identification and assessménof groundwater dependent
terrestrial ecosystems in Estonia

In Estonia a preliminary methodology for identification and assessment of groundwater dependent
terrestrial ecosystems was developed in 2@TBrasmaa et al., 2015)he report on the methodologyas
written in EstonianTherefore,the following section presents the translation of the relevant parts of the
report, which have not been published in English before. Thespigting Estonian methodology was taken

as a strting point in the GroundEcorgject for the development of joint methodology for Estonia and

Latvia.

14
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3.2.1.1dentification of terrestrial ecosystems depending on groundwater bodies

Two principal mechanisms for the dependency between GDTEs were consielgs&s ).
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FIGURE Conceptual maels for two main types of terrestrial ecosystem dependence on groundwater in
Estonia (and also in Latvia): (A) the ecosystem is fed by the groundwater body, (B) the ecosystem is
supported by the groundwater bodyTerasmaa et al., 2020)
Thesetwo mechanisms may be combined and may be absolute or partial and can affect different parts of
the ecosystem (wetland) differently. For example, a mire that is mostly fed by precipitation may have a
section that is fed by springs.

In the case of Estonithe ecosystera considered depending on groundwater are mires, including paludified
forests and grasslands, but not alluvial forests and grasslarfiz)systems that depend fully on
groundwater are spring fens, which have formed on the locations of peaésaepagesprings. Although

some spring fens are probably fed by Quaternary aquifers that do not belong to groundwater*boties

larger spring fens are totally or partially dependent on water coming from GWBs. Spring fens may be
affected both by chages in the quatity and quality of the groundwater bodies. All the largest spring fens
and spring fen groups were selected to the list of Estonian GDTESs.

Minerotrophic mires also have a significant connection with GWBs, as their water regime and
hydrochemistry depend mdy on groundwater. The dependency is more significant in the alkaline fens of
western and northern Estonia, as the Quaternary cover is thinnest tfigensition mires and bogs are
usually not fed by groundwater, and therefore they are assumed to not &awect dependency. However,

the water in the peat layer may not be fully isolated from the groundwater aquifer. A drop in the
groundwater level mayause a drop in the bog water level, if the peat layer is not separated from the
aquifer by a continuousnpermeable aquitard. That theory is supported by modelling results in some bogs
in the vicinity of olshale mines in northern Estonjalm & Kohv, 2B; Marandi et al., 2013)The list of
GDTEs includes all mires (including bogs) with the size ovafr Ba that are located on GWBs in a bad and
endangered status (Quaternary Vasavere @wdovician O K £ S 6F dAy0®d hy &KS vd
Pelgurannagroundwater body all mires, including bogs, were included. On Ordov&iiarian Pandivere

I Y R t pafAdasiereGWBSs (designated nitrate vulnerable zones accordMiytdes Directive (199))
larger minerotrophic mires with higher ecological value evéncluded. On other GWBs only larger
minerotrophic mires (also some transitional mires) with highenegical value were included in the list of
GDTEs.

! Since 2019, all Quaternary aquifers have been joined to groundwater bodies in Estonia
15
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Identification was fully based on thexpert judgement. Altogether 71 mires, mire systems or groups of
mires were identified as GDTEs depending on GWEBSJRE)2 Some of thentould be dependent on
severalGWBs. In many cases the dependency is hypothetical because of the lack of hydrogeological data.
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FIGURE Rientified terrestrial ecosystems dependent on groundwater bodies in Estofuialy the
groundwater bodies mentioned in the text are showifJerasmaeet al., 2015)

3.2.2. Indicators and criteria for the evaluation of quantitative and qualitative effects of
groundwater bodies (GWBs) on groundwater dependent terrestrial ecosystems (GDTES)

According to theVFD (2000kriteria have to be set for GDTESs in orderwaluate the effect of GWB on
the ecosystem. In order to maintailavorableecological status, GDTEs need to maintain groundwater
discharge. If a GDTE is inuarfavorableecological status and it is causedthg pressures on GWBs, then

it affects the satus of the whole GWB.

Groundwater body can have a negatiygantitativeand/or qualitativeeffect on the GDTE:

Quantitative effectc human influence has lowered groundwater levels, so that the GWB does not
provide enough water to sustain the GDTE $miatural state.

Qualitative effect¢ human influence has affected the GWB in such a way that its chemical
composition causes the deterioration of the ecological value of the GDTE.

3.2.2.1. Indicators and criteria forhe assessment of the quantitative effect

Thefirst step to assess whether the contributing GWB could have a negative effect on the GDTE, is to
determine the status of the GDTE. If the statusrifavorable then potential other causes have to be ruled

out first. Often theunfavorablestatus is causetly surface drainage and not lwfavorablechanges in
groundwaterbody. In the case of spring fens, the impact of surface drainage is usually smaller than in

16



%
20 inerreg
‘4?[ Estonia-Latvia

European Regional Development Fund

minerotrophic mires. In sprindens, the effect of drainage is mitigated by the constant inflow o

groundwater.

The negative quantitative effect of a GWB on a mire nagxpected if there have been no changes in the
surrounding surface drainage network and other surface water bodies, but the mire water level has
dropped, and discharge from the mirea$ decreased. It is important to also take into consideration
meteorologh OF f O2yRAGA2y &Y gKAOK F2NJ a2YS LISNA2R 27
Groundwater dependent mires are affected by the amount of water in the GWB. Suitable ardiéat a
potential change are mire water level and annual minimal wkeel compared to longerm average levels
(TABLE) For spring fens, the amount of groundwater flow is also an important indicator. It can be assessed
by measuring the dischargessfrface water bodies (streams) that originate from the fen. The watel |

EUROPEAN UNION
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dynamics in wells of the GWB that feeds the mire can also be used as an indicator. If the groundwater level

drops, then it could result in a decrease of groundwater inflow to @&TE and the deterioration of its

status.

3.2.2.2. Indicators and criteria for tle assessment of the qualitative effect

There is no data suggesting that groundwater quality has led to the deterioration of the status of terrestrial
ecosystems in Estonia. Generalllge amount of nutrients in spring fens and minerotrophic mires is
O2YLRaAlA2y 2F YANBQa
consequent release of nutrients, assimilation of nutrients by vegetation and outflowdghreurface water
discharge, also by the dilution ¥fA NB Q &

relatig S f &

KAIKDd ¢KS OKSYAO!I ¢

& | preipitationk NP2 dz3 K

Threshold values (TVs) for nitrates in GWBs have been developed in the United Kingdom to assess their

effect on various types of wetland ecosystefd&KTAG, 2012)n terms of phosphates, the development of
TVs is still ongoing. In Estonia, there is not enough relevantatathe hydrochemistry of groundwater
dependent mires to develop TVs. The role of nitrates and other substances in groundwater in the
functioning of e@systems and their effects on biota is also uncl&aerefore thorough hydrochemical and

ecological studies have to be conducted if these TVs are to be develbpEd )2

TABLE 2

Criteria for assessing the status of GDTES

Terrestrial ecosystems

Effect - — Comment
Indicator Criteria
itati A) Mire water level A) Annual mean or In orderto determine possible lonterm
Quantitative
A piezometric well is installec Minimal water level effects, changes in biota have to be
to the centerof the mire compared tolong-term monitored even before permanent
massif, where mire water average water level. monitoring of water level is started.
level is measured. If the status of the habitat is
B) Groundwater level athe B) Annuamean water Qeflterloratlrg, tthebnaéu;e of_the d. Th
same location level compared to long g‘ﬁ:;ngfetrhe Zaci)na(;e i;srtrgir?ecﬁanges i
i term averagewater level. . " '
I t?here IS kngwn fl ¢ g meteorological conditions have to be
31“ é(\)/sggemc n uengs 0 assessed. If there are no lotgym
gr?)undwaiﬂé\r?ellr;eih Ojg be measurements, then proxy methods
. have to be used to determine
mgasured .?J.SO k? Utj.' de qf thg approximate historical water levels
tmhgein::l?:r?cel?t e direction o (maps, photos, wtien sources).
Qualitative A) Nutrient content(nitrates, Currently none Based on current knowledge it is not

Pot, Not) both in surface and
groundwater

possible to define criteria for
determining theeffect of changes of
groundwater quality to GDTESs. Bent
studies to produce such criteria have to
be carried through.
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3.2.3. Evaluation schemes of quantitative and qualitative effects of groundwater bodies on
groundwater dependent terrestrial ecosystems

It isnot possible to develop a simplistic and universaleation scheme that gives a higéliability answer
without the acquisition of additional datarherefore,the developed schemes enable to pinpoint the
ecosystems for which the effect of GVW&Bnnot beruled outas the cause for thenfavorablestatus. In
thesecasesmore thorough studies have to be performed to determine the actual effect of the GWB, the
size of the effect and suitable mitigation measures.

3.2.3.1. Quantitative effect

The assessmersicheme for the potential quantitative effect of a GWB on GDTEsists of the following
steps(FIGURE)3

1. GDTEs depending on the evaluated GWB have to be determined.

2. National monitoring and inventory programmes for terrestrial ecosystems do not incluter wa
level monitoring.Therefore there is no data on their watdevel and its dynamics. Generally, the
deterioration of the status of mire habitats is caused by a decrease in the mire water level.
Therefore, the only possible indicator currently availdledetermining the potential water level
decrease is the detasration of the conservation statugccording to the assessment of habitats
listed in Annex | of the Habitats Directive (hereafter Annex | habitats). As repeated inventories have
been performel only in some mires and permanent monitoring is also carriealtin only in some
areag, then it is difficult to find trends in the status of a specific miftaerefore,the most
reasonable solution in this step is to select areas, whose ecologicas stdess than good (B). These
areas move to the next step.

3. The perequisite for changes caused by groundwater is the occurrence of intensive groundwater
abstraction in the vicinity of the GDTE and the subsequent drop in the groundwater head. As the
sizeof the cone of depression depends on the properties of the aquiféensity and time since
commencing the pumping and depth of the wells, it is impossible to give a universal radius of threat.
For the evaluation scheme the following solution is proposett a 10 km radius of the GDTE at
least 1000 /d of groundwate is abstracted, then the effect of abstraction on the water level drop
in the ecosystem cannot be ruled out. The limits are rather conservative in order to assure that no
potential case ofhe negative effect is ruled out in this step.

4. The next step is tassess if the annual average groundwater level in the aquifer feeding or
supporting the GDTE is lower than its ledegm average water level. A groundwater level drop in
the recharge area fothe GDTE will likely cause a drop in the amount of water regcttie
ecosystem. On the other hand, a drop in the groundwater level downstream of the GDTE, could
cause an increase in the amount of water seeping out from the ecosystem. In both casgs,jm@ dr
GKS SOz2aeaisSyQa gl (SN t Ssgsfin dogsinbt feedlidbhgiolindviater, T 2 f f
but its water level is kept high because of the pressure from the underlying aquifer, then also, in
that case, a drop in groundwater level couldcause RNR LI Ay (G KS SOz2aedaidisSyQa
level).

5. If the assessment shows that the water levels in the ecosystem and in the groundwater aquifer that
the ecosystem depends on, are lower than they should be, and groundwater abstraction is taking
place in the vicinity, then it is possible that the groundwater ledrelp is caused by the abstraction.

To prove or deny it, a preliminary, fieldork based study should be carried out, in order to evaluate

2 Since 2017 permanent monitoring in Estonian mires has Baspended (see Chapter 4.3.4)
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whether the water level drop in the ecosystem coblel caused by groundwater abstraction and a
decrease of the wateelel in the GWB.

6. If the preliminary study proves that groundwater abstraction and a water level drop in the
groundwater body most likely have affected the ecosystem, a thorough situclyding fieldwork
and analysis of meteorological data, should beiedrout to determine the functional connections
between the GDTE and the GWB.

7. After that a monitoring and action plan should be prepared and applied in order to survey possible
FdzZNIIKSNJ OKFy3aSa Ay (KS SO2aeadSyQat Thatidtep dzd | Y F
especially important for GDTEs situated in nature protecticeas of national importance and
Natura 2000 areas.

1. Are there GDTEs that are located on the
groundwater body or in its vicinity?

'YESJr

2. Is the annual mean or minimal water level of
some GDTE considerably lower than it has been
previously or is typical to analogous ecosystems,
or the status of the biota indicates water level

decrease? NO

YESL

3. |5 there groundwater abstraction in a 10 km
radius of the GDTE with abstraction rate of at = NO
least 1000 m’ per day?

YES|

4. I= the annual mean water level in the GDTE's
groundwater level menitoring well lower than the | — | N O
leng term mean water level?

YES

effect on the GDTE.

>
5, Conduct a preliminary study to determine
wheather the water level drop of the GDTE could NO

be caused by groundwater abstraction.

The quantity of the groundwater body does not have a negative

YES
&. Conduct a thorough study to determine the
functional connections between the GODTE and 7. Preparation and
groundwater body. \ application of monitoring
and action plans.

FIGURB Assessment scheme for the quantitative effect of groundwater on groundwater
dependent terrestrial ecosystems

3.2.3.2. Qualitative effect

The assessment scheme for the potential qualitative effect GVdB on GDTESs consists of the following
steps(FIGURB):
1. GDTEs feeding from the evaluated GWB have to be determined. GDTESs that are only supported by
the groundwater body are lebut in this step.
2. National monitoring and inventory programmes for terréatrecosystems do not include water
chemistry monitoringTherefore,there is no data on water and peat chemistry and its dynamics.
The only possible indicator currently availafide determining the potential negative effect of the
water chemistry, is theleterioration of the conservation status according to the assessment of
Annex | habitats. As repeated inventories have been performed only in some mires and permanent
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monitoringis also carried through only in some argahken it is difficult to find tends in the status

of a specific mire. As the quality of GWB cannot have had a negative effect on the ecosystem, if the
SO24884i8yQa o! yySE L KI 0 fefork theéymost teastndtde sdludion Inti £ S
this step is to select areas, whoseodpgical status is less than good (B). These areas move to the

next step.

3. The next step is to assess whether the deterioration of the status of the ecosystem could be caused
by changes in the water chemistry (increased concentrationsig@fdfand Ro, nitratesetc.). That
step is impossible to perform, because of the lack of data. Additionally, there are no TVs for nutrients
set for mires and other terrestrial ecosystems. Atke,relations between the chemistry of different
types of mires and their atus are not clear enough. If such TVs existed, then ecosystems where
they are exceeded would move to the next step. But even without the TVs, the ecosystems whose
worse than goodstatus could be explained by other effects then changes in groundwater body
(drainage, peat extraction, alkaline pollution etc.), may be removed from the assessment in this
step.

4, ¢KS 3INRdzyRgl GSNJ ljdzt t AGe Ay GKS SO2ak#&ihsyQa (
concentration of TotN, TotP, nitrates or other relevant substaincthe groundwater monitoring
well of the GDTE is two times or higher than the threshold value for the specific ecosystem type
(2*TV), then the GDTE moves to the next step. Thékothreshold value is proposed to take into
consideration potential dilutio of groundwater, as groundwater might not be the only water source
for the GDTE.

5. If it has been determined that the water quality in the ecosystem and inféleeingaquifer, is
inadequate, then it is possible that the inadequate quality of the water in the ecosystem is caused
by the quality of the groundwater. To prove or deny it, a preliminary,fiedtk based study should
be carried out, in order to evaluate whether the gethan the good status of the ecosystem could
be caused by loading from the groundwater.

6. If the preliminary study proves that the water quality of the groundwater most likely has affected
the ecosystem, a thorough study, including fialdrk and hydrochmical analysis should be carried
out to determine the functional connections between the GDTE and the GWB.

7. After that, a monitoring and action plan should be prepared and applied in order to survey possible
FdzZNIIKSNJ OKIFyasSa Ay { Kfifd oStGreans farlindphowng it. Thiat stepzds | Y F
especially important for GDTEs situated in nature protection areas of national importance and
Natura 2000 areas.

3 Since 2017 permanentonitoring in Estonian mirelsas been suspended (see Chapter 4.3.4)
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1. Are there GDTESs that feed from the [
groundwater body? > NO

YESl

2. Is the ecological status of the GDTE worse than
good according the assessment based on the
Habitats directive (Natura habitats)?

—|NO
YES'

3. Has the deterioration of the ecological status of '
the GDTE been caused by changes in the water
chemistry (TotN, TotP, nitrates etc,)?

YES|
4

4. |5 the concentration of TotP, TotN, nitrates or

some other harmful chemical substance in the

GDTE's groundwater level monitoring well higher NO
than two times the typical level for the ecosystem

type?
YES

L
5. Conduct a preliminary study to determine
whether the bad ecological status of the GOTE * NO
could be caused by loading from groundwater.

—| NO

effect on the GDTE.

The quality of the groundwater body does not have a negative

YES
T
8. Conduct a tharough study to determine the :
functional connections between the GDTE and 7. Preparation and
groundwater body. \‘ application of monitoring
and action plans.

FIGURE Assessment scheme for the qualitative effect of groundwater on groundwadependent
terrestrial ecosystems

3.2.4. Application of the evaluation schemes and conceptual models of groundwater dependent
terrestrial ecosystems

The assessment schemes were tested on the 70 significant GDTESs in Estonia, but none of them reached the
end ofthe scheme.

In sane cases, groundwater abstraction was identified in the vicinity of GDTEs with worse than good status.
But because of the lack of water level monitoring wells in the GDTEs and also lack of adjacent groundwater
level monitoring wells, the gtential effect d groundwater level lowering could not be detected. Still, most
probably there are GDTESs in worse than good status because of too low groundwater level.

The qualitative effect could not be assessed at all because there are no keimtiic thresholds ©
OKSYAOIf &addzmadlyO0Sa Ay 9altz2yAiAl o 1faz2xy GKS OKSYAO
According to the existing knowledge, there are no GDTEs in Estonia whose status is worse than good
because of groundwater quality.

Based on the testsgonceptual models were compiled for two mires (Selisoo mire and mire near Kurtna

{ dzdzZNENNIO GKF G | NBE LINBidity GWB an® Soull$ sufes fyoin arghyopogenick A 3 K
influence via the GWB (by the water removal fromsbiale nines and groundwiar abstraction from an

intake).

3.2.5. Monitoring scheme for groundwater dependent terrestrial ecosystems

Determination of GDTEs and assessing the effects of GWBs on the ecosystems is complicated in Estonia,
because the present monitoring netw@ have not beeestablished with the goal to enable determining
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interactions between groundwater and surface water. Currently, the parameters monitored from surface
water or terrestrial ecosystems are relevant only for these ecosystems and parameter®mdrirom
GWBs ee relevant only for groundwater. Also, groundwater monitoring points are located mostly in places
that are not representative from the perspective of dependent ecosystems.

Monitoring of the quantitative dependency/effect of GDTEs (mig#g)uld be basedro observations of

mire water level and their ecological status. Mire water level should be monitored in piezometers equipped
with automatic loggers. That data enablesaialyzewater level dynamics and to compare the data with
meteorologcal data. In addion to the mire water level, also the water level in deeper peat layers and in
the underlying Quaternary sediments is a good indicator and should be monitored in piezometers equipped
with data loggers. If the water levels in the deepeapkayers or inle mineral sediments are lower than

the mire water level, then it is an indication that water is seeping into the underlying groundwater body.

In parallel to mire water level monitoring, the groundwater level in the influencing groundwadidy
should be nonitored as well. That should be preferably done in monitoring wells as close as possible to the
mire. In addition to the establishment of the monitoring network, the ecological status of the mire
ecosystem has to be determined, based be methodology deeloped for Annex | mire habitat types. If

the drop in the mire water level has already been determined, the habitat status assessment has to be
made regularly, in order to determine the actual effect of water level drop on3l@2 & & Btat&GSQ &
possble, these mires should be included in the national monitoring programme for Annex | mire habitats.
¢CKS ydzYoSNJ 2F YANBAQ 4FGSNI Y2YAG2NAYy3 adFdAzya |
the monitored mire, for example: isize, distributdn of different habitat types, the location of pressure(s)

etc. For a small and compact area, probably one station would suffice. If the pressure affects the mire
through the groundwater body only from one direction, then the monitorirggishs should bénstalled to

the side of the mire that is closest to the pressure and to ¢kater of the mire. For larger mires, the
monitoring stations should be installed on transect(s) leading fromcémter of the mire towards the
pressure(s).

In the selection proess of mires that have to be equipped with monitoring networks for observing the
effects of GWBs, areas that have the highest ecological value, are located in nature protection areas of
national importance and/or Natura 2000 areas and vadopfesumably suéir most, have to be preferred.

These areas include mires that potentially depend on the OrdoviciawitdeOitShale Basin groundwater

02R& 06adzNI} 1+ YANB O2YLX SEX {StAaaz2 YANB:Z tdKlI idz
already beenesiaf Aa KSR Ay {StAd22 YANB |yR Ay adaNI 1t YANEF
Y2NIKSNY LI NG 2F tdzKlFddz YANBQa O2YLX SEX Ay 2NRSN
opencast mine on the mire ecosystems.

As a scond priority anonitoring network should be established in the mires depending on the Quaternary

+ Al SNB 3INRdzy Rl GSNI 602Re& OYANB ySIN YdzNIy Il { dzd
bpYYSZ2NNIIZI (NI yaA-iorestsyatodnd ke NKBriuTheyyare srivaft Bid have lower
ecological value, but are a part of the Kurtna Kame Field landscape complex, belong to the Kurtna Landscape
Conservation area, and partly to the Kurtna Natura area. It is reasonable to develop a common monitoring
network for the mires andakes.

¢CKS YANBa 2y (KS-PalgdrannaSOWBInbER anc iN Tafliin]adz likely affected by its

jdzt yGAGEFGABS STFSOGd ¢KSNBF2NBX Fa | GKANR LINR 2N
bog, where relatively natal mire habitatst § A f f SEA&AGZ | yR Ay t NN&{Nfl 02
but is under municipal protection.

Other groundwater dependent mires are most likely not significantly affected by groundwater quantity.
According to the current knowledgehere are no valable or protected mires depending on other
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groundwater bodies that are threatened by groundwater level decrease caused by groundwater
abstraction.

The proposed scheme for monitoring the potential effect of groundwater on a GDTBvarigt
Determinethe groundwater catchment of the GDTE.
Establish at least one groundwater monitoring well (level and quality) on the groundwater
catchment and preferably also one monitoring well (only level) downstream of the GDTE. If the
GDTE isnly supported by the G®/ then the well should be established in the direction of the
potential pressure.
Establish monitoring well(s) for mixgater level and quality on the GDTE.
Measure water quality in the wells four times a year. If the GDTE ieddiyfthe groundwater bay
but is just supported by it, the water quality measurements are not needed.
Measure the water level in the wells using automatic sensors every 3 hours or manually at least
once a month.

3.2.6. Conclusions

Based on existing data, a total of 71 mires, mire caxgd or groups of mires were determined that
probably depend on GWBs. 26 of these depend on GWBs that had the highest priority according to
the project scope statement (in northeastern Estonia andiirate vulnerable zones according to
Nitrates Directivg1991). A map layer and attribute table for GDTEs were compiled.

Criteria for evaluating the effect of GWBs on the mires were developed. In the case of the
guantitative effect of the GWBSs, the critarare annual average or annual minimum mire waterlleve
compared to longerm average mire water level and annual average groundwater level compared

to longterm average groundwater level. In the case of qualitative effect, there are no monitoring
dataofY ANBAQ 461 G§SNI OKSYA &l NB Statls bf¥aious riir8 tydeSand-thieih 2 y &
hydrochemistry are unknown. According to currently available data and the level of knowledge,
there are no terrestrial ecosystems in Estonia that are in a batlistbecause of groundwater
quality.

Methodology and ealuation schemes for assessing the potential quantitative and qualitative effect

of groundwater bodies to GDTEs were developed.

Tests on the potential effect of groundwater bodies on GDTEs were peaxtbas far as there was
available data.

Conceptual modél ¢ SNB O2YLIAT SR F2N) g2 YANBa o{StArazz2
are probably dependent on a higiriority groundwater body and could suffer from anthropogenic
influence via the GWB (kthe water removal from oishale mines and groundwatebstraction

from an intake).

Principles for monitoring schemes for GDTESs were given.

3.3. Delineation of threshold values for groundwater dependent terrestrial ecosystems
in United Kingdom

Threshold valuegl'Vs) are needed to determine the limits for pollutsmthich, if exceeded, would indicate

a pressure that could be or is causing damage to GDTE. A combination of damaged GDTE (such as the failure
to meet conservation objectives) and exceedance of themaait TVs may require further investigations to
confirmwhether damage has occurred, to define hydrogeological and hydrochemical pathways between
GWB and GDTE and finally assess the status of GWB.
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UKTAG (2012have derived GDTE TVs for British wetlands and sets out how these values should be
improved in the fture and what kind of information and knowledge is lacking. At the beginning it was
proposed to develop TVs for nitrates and phosphates as the macrontgiffieand P are the major chemical
pollutants that impact GDTEs, and nutrient pressures are the magspread pressures in UK GWBs.
Standards for other pollutants may be developed in the future as more information (monitoring data)
becomes available.

3.3.1. Nutrients as a risk for GDTEs damage

In general, higher nature conservation value is given to wetlandeacteristic of low nutrient settings as
they tend to be associated with a high species diversity per unit area and support more rare species that
wetlands in higher nutrient settings.

Changing nutrient conditions may change the relative competitive pliliindividual plant species and can
result in degradation or complete loss of high value species and communities; may change plant
communities wihin GDTE; may increase dominance of particular plant species that are responsive to
elevated levels of nuteints (for example, common reed, nettle) and may change the structure of particular
plant communities (such as reedbeds) that affect their functiera habitat for birds or insects.

Nutrients can enter GDTEs by various pathways: aerial deposition, suvédee (during flooding) and
through lateral water movement in the soil, groundwater, direct deposition (such as spreadattjlizfer)
and remineralizednutrients within GDTE.

Main factors affecting the sensitivity of wetlands to nutrients are: vegetathanagement (cutting and

removal of biomass will remove nutrients); water management; reversibility impact (it is very costly and

time consumingi 2 NBGJSNI SO2aeéaid S yYmmmobikzatian{for letampke,iphosplieied Ty d
immobilizationby ironand calcium).

3.3.2.  Nutrient related wetland categories

Different wetland types will have different dominant water sources and thus different exposure t
nutrients. For example, wetlands fed by regular eiapping of rivers in comparatively fertile lowland
situations tend to support productive vegetation dominated by a relatively few nutrient responsive species.
Groundwater fed wetlands are less liketytie exposed to high nutrient pressure and willdbaracterized

by less productive vegetation. Finally, poadinantly by precipitation fed systems (such as bogs) are not
naturally exposed to elevated nutrient concentrations thus will tend to be highdytilef and acidic.

UKTAG (2013roups wetlands into 11 broad categories that take into account trophicedaasd ecology
according to the following criteria:

Dominant water source (precipitation/ surface and groundwater);

Landscape setting (valley bottg slope etc.);

Intrinsic wetland sensitivity (based on expert judgement).
The categories are: 1) quaking lsog. wet dunes; 3. fens (mesotrophic) and fen meadows; 4. fens
(oligotrophic) and wetlands at tufa forming springs; 5. wet grasslands; 6. wehd$ie@t peatbogs and
woodlands on peatbogs; 8. wetlands directly irrigated by springs or seepage; 9. swaaspsr@phic) and
reedbeds; 10. swamp (oligotrophic); 11. wet woodlands.
These categories are adapted from a functional wetland typology developegtfiiland SNIFFER009)
and relate to the more detailed National Vegetation Classification and wider &l2Q00 feature types.
The resulting wetland classes are still quite broad and it is therefore possible that the same category can
contain adifferent set of species or species dominance at different altitudes.
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3.3.3. Factors affecting the relationship between ntient and wetland conditions

Large variability around the mean nitrates or phosphates concentrations and its associated condition for
each \egetation category was observed. Initial analysis of such a large variance pointed out differences
between countrieswhereby nitrate values in GDTEs of the same type were often much lower in Scotland
and Wales than they were in England.

It was decided tatudy if the variability was due to catchment related factors such as catchment size, land
use and geology. As thgossible reasons for a variance were identified: dominant land use (arable,
woodland, grassland, heath, urban, coastal); mean altitude @fwhtland above ordnance datum (above

or below 175 m); catchment geology (using WFD generic geology types; categoganic, calcareous,
siliceous and salt); catchment size (using WFD generic catchment size types; categories (extra small, small,
mediumand large)); mean annual recharge to the groundwater (used categories: {2@0(hm/annum);

medium (206400 mm/annum); high >400 mm/annum).

Several reasons were pointed out why some GDTEs were observed to have a good status, though they were
fed bygroundwvater containing nutrient concentrations that looked elevated at first sight:

Wetlands at lower altitudes have chasdydue to historic nutrient changes;

The wetland categories used were broad and included a range of National Vegetation Classification
communities within the categories;

Groundwater nitrate and phosphate concentrations were lowered in the pathway fronfeadoi
wetland in situ groundwater due to chemical processes, and the potential GWB pressure had
therefore not been transferred to the wettal vegetation;

Phosphate may be limiting plant growth. Probably GDTEs in the lowlands that experience elevated
nitrate concentrations in the groundwater feeding the site were not ecologically impacted because
the low phosphate concentrations curtail growdind restrict ecological change;

Probably some wetlands under elevated nitrate concentrations were already damageadeast
approaching a point where ecological enrichment would become apparent, but this was not yet
recognizedn the site condition assessment.

3.3.4. Development of thresholdralues for groundwater dependent terrestrial ecosystems

Threshold values were dewgled using three sources of information: 1) empirical correlation between
wetland condition and chemistry data for hydrogeologically linked GWBs across the UK; 2) site specific
investigations and 3) other published databases ditetature. Step by step dmeation approach is
described iITUKTAG (2012)
TABLE 3
Proposed groundwater nitrate (N©mg/l) threshold valueUKTAG, 2012)

Altitude

GDTE category
<175m AOD  >175m AOD  Anyaltitude

Quaking bog 18 4
Wet dune 13
Fen(mesotrophic) and fermeadow 22 9
Fen (oligotrophic andvetlands at tufaforming springs) 20 4
Wet grassland 26 9
Wet heath 13 9
Peatbog and woodland opeatbog 9
Wetland directly irrigated byspring or seepage 9
Swamp(mesotrophic) and reedbed 22
Swamp (oligotrophic) 18
Wet woodland 22 9
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The analysis of phosphate concentrations was more problematic due to low variability of phosphate
concentrations between wetlands in good and poor conditions and mighber of values under detection
limit. The main factors or theicombination leading to such results are: the wetland ecology might be
predominantly impacted by nitrate coming from the groundwater, whereas phosphates are more likely to
be transported thraigh surface waters and the wetlands investigated may be nitréigated.
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4. Development of joint methodology for identification and assessment of
groundwater dependent terrestrial ecosystems in Gatlaiva river
basin

4.1. Groundwater monitoring in Estonia and Latvia

4.1.1. Groundwater monitoring in Estonia

In Estonia regular obseations of groundwater regime were started in 1946, the planned development of
a hydrogeological observation network began in 1960. The general coordinator of the monitoring
programme is the Ministry of the Environment in cooperatiwith the EnvironmentaBoard, the
Environmental Inspectorate, the Environment Agency and the Environmental Investment Centre.

The water monitoring programme prepared for the second period (22081} of the river basin district
management plans help® tmonitor the achievemenof environmental objectives, assess the impact of
human activity and gain reliable data on the actual environmental status of water bodies. The water
monitoring programme is an activity plan prepared in accordance with the WHRDlisking a framework

for Community action in the field of water polic¢WFD article 8, Annex 5, and the requirements from the
legislation Water Act and Minister of the Environment regulation no 49 Sampling methods. Monitoring is
used to evaluate the cheical and quantitative sttus of groundwater. The monitoring programme provides

an overview of the methods used for planning monitoring and the planned monitoring locations, monitoring
frequencies and indicators to be monitored.

4.1.1.1. Monitoring of the quantitative status of groundwatebodies

The number and location of monitoring points for the quantitative status of groundwater bodies is chosen
in the following manner:

1) it allows to consider the lonrgnd shortterm changes in the recharge of groundwater bodidslev
measuring the groudwater body water levels;

2) the number and location of monitoring points for the quantitative status of groundwater bodies at
risk must additionally allow to evaluate the impact of water abstraction and water discharge on the
groundwder levels;

3) the number ad location of monitoring points for the quantitative status of transboundary
groundwater bodies must additionally allow to evaluate the direction and quantity of groundwater
flow across the state border.

On the basis of the abovemtoned, the spatialdeda A 1 & 2F GKS 3ANBdzyRglF GSNJ 02F
depends most directly on the level of human impact on groundwater (water abstraction, intensity and
nature of industrial activity, including mining and agriculture) in differeniaes}

For this reason, denser network of groundwater monitoring wells has been designated for the Ordovician
IdaViru and the Ordovician lediru oilshale basin groundwater bodies, where the pressure on
groundwater is the highest due to oil shale miniAgelatively dense mdtoring network is also designated

for the Cambriarvendian type groundwater bodies, as these are subject to the most intense consumption
of groundwater which have caused the formation of extensive cones of depression in groundWater
cones of depressiomay increase the risk of saltwater intrusion from the Baltic Sea or from the underlying
crystalline bedrock.

The gquantitative status of the Cambridfendian, the Cambriakendian Gdov, the Cambriafendian
Voronka and the Ordovai-Cambrian groundwatebodies from the WesEstonian river basin, the

4 http://www.envir.ee/et/vesikondadeveeseireprogramn?016-2021
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OrdovicianCambrian groundwater body from the Ed&stonian river basin, the SilurkmNR 2 @A OA | Yy  t |
and the Quaternary Vasavere body are at risk because of groundwater overdraffdreethe changes in

the groundwater levels of these layers need to be monitored meticulously to avoid saltwater intrusion or
RSGSNA2NI GA2y 2F D2.Qa ljdz yaAGlrGA@S aidl Gdza O2y RA
groundwater overdraftThis allows us to impleemt timely measures to maintain a good quantitative status

of the groundwater body and to avoid overdraft of groundwater.

If the good status of a GWB or a group of GWBs is not at risk and the GWBs have similar hydrogeological
conditions, the monitoring ofhe quantitative status of groundwater may loptimized This means that

not all GWBs need to have at least three moniigripoints. This is why the Egsti 1 2 Y A 'y NR @S N,
Quaternary aquifers (except for the Quaternary Vasavere and Quaternary Mskisgreundwater bodies

which are in a bad state) have one bore well each for the monitoring of quantitative status. The GW
Quaternary Prangli, Middle and Lower Devonian Kihnu and Middle and Lower Devonian Ruhnu located on
islands also have one bore liveach for monitoring the quantitative status of groundwater.

In general, the monitoring wells were chosen from the eéxgsbnes. The reliability of evaluating the status

of groundwater bodies with the existing monitoring network was evaluated, conamgléine heterogeneity

of groundwater bodies and spread of monitoring points. As a result, it was decided to restore stivae of
monitoring wells conserved during previous years in areas with insufficient coverage and add additional
monitoring wells. The véical coverage of groundwater bodies is ensured with groups of monitoring wells
with different open intervals.

The monitomg of the quantitative status of groundwater bodies includes measuring the water levels of
groundwater bodies and, if necessary, tpgantity of water flow in springs and gaining watercourses.

For monitoring of groundwater bodies quantitative status thare 247 monitoring wells where water level

data is gathered with the frequency of 1 time per year, 1 time per month (manual measotenoe with
automatic sensors 8 times per day (in 163 monitoring wells). To ensure that the water level data collected
during the monitoring of the quantitative status of groundwater bodies is comparable with meteorological
measurements, the automatic ssors are set to measure simultaneously in every three hours.

4.1.1.2. Monitoring of the chemicalstatus of groundwater bodies

The dectrical conductivity of groundwater and its chemical composition need to be measured for the
evaluation of the chemical status ofagmdwater. Before taking samples, water needs to be pumped out
of the bore well at least until the values of field paramest (pH, electrical conductivity, dissolved oxygen
concentration, temperature) havstabilized This ensures that samples are takeonirgroundwater and

not from the water that hasemained in the well. However, it is desirable that at lea6twell volumes are
pumped out of the observation well to ensure that sampled water originates from thieagund not from
stagnant water in thewell casing. According to the regulation .M® of the Minister of the Environment

a{ I YLI Ay 3P the BilokiryRn@asurements must be taken on site, together with water samples:
water temperature; contents oflissolved gases.g.oxygen,; electrical aauctivity; pH, i.e. the negative
logarithm of hydrogen ion concentration.

The network for monitoring the chemical status of groundwater is prepared in a way that would allow a
reliable evaluation of the chemicalatus of each groundwater body. The momit@ network must also

allow to describe the natural and anthropogenic changes in the chemical composition of groundwater and
the significant and constant changes in pollutant concentrations, and to evaluate thevaoient of
environmental objectives fasreas that are dependent on groundwater and need protection.

5 https://www.riigiteataja.ee/akt/108102019001
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Furthermore, the monitoring points must be evenly spread across the groundwater body vertically as well
as horizontally. The evaluation of the chemicaltss of groundwater deptiwise has been rsured in
Estonia with groups of monitoring wells with different open intervals. The representability of monitoring
points is ensured by choosing an appropriate open interval at an observation point typical of the
groundwater body, i.e. with the bore wetlonstruction and water abstraction. The layouts of monitoring
points must consider the size of the area that an observation point is representative of. Local sources of
pollution (point source pollution) need indétal monitoring.

Water samples for moniting the chemical status of groundwater bodies are taken during the summer
minimum period of groundwater levels in shallow groundwater bodies and at any time from the confined
groundwater bodies formed in the CamémniVendian, Ordovicia®Cambrian, LoweMiddle Devonian and
Silurian GWBs underlying the Lowdiddle Devonian GWBS.

According to the recommendations of the European Commission, the following elements are considered as
the main elements of groundwater, whiallow to designate the hydrogeochemictdss of groundwater

and check the quality of monitoring analysis: Na, K, Ca, Mg, LNGOHCQ, Fe, Mn, NiH Changes in the
hydrogeochemical type of groundwater is the first indicator for changes in grourdwatised by either
anthropogenic or natral factors. The abovementioned ions also allow us to check whether the analysis
results of water samples are reliable. This is why these indicators are monitored in each and every
groundwater body.

In each groundwizr body, the following data is collected least once per year: electrical conductivity, pH,
dissolved oxygen concentration lOhardness, chemical oxygen demand on the basis on Mn-{{QD
concentration of ammonium ions (M, nitrate ions (N®), cHoride ions (C) sulphate ions (S8), macro
components characteristic of the chemical composition of groundwater ¢HC@&*, Mg?*, Na and Fe),
which are necessary for establishing the chemical type of groundwatesin@INd-ions serve as indicators
of saltwater intrusion and increase elfectrical conductivity.

Annex | of the Groundwater Directive establishes groundwater body thtéstadues for nitrates (50 mg/l)

and the concentration of pesticides, including their metabolites, degradation and reaction products (0.1
x 3kt | YR tomkdappliedzerdss theylnion. The concentrations of these pollutants need to be
monitored in d groundwater bodies.

According to Annex | of the groundwater directive, the concentration of pollutants in groundwater bodies
formed from the deeper well mtected layers of groundwater, may be measured once in every two water
management plan periods (y2ars).

In Estonia, the threshold values for monophenols, petroleum products, benzene and sum of PAHs have
been designated on the basis of pollutant concatibns in some groundwater bodies. Therefore, water
samples must be taken from these groundwatedkes to measure the concentrations of these pollutants.

Pursuant to Part B of Annex Il of the Groundwater Directive, at least once during the duratioratdra w
management plan, data about the following pollutants must also be collected from each graterdwdy:
arsenic, cadmium, lead and mercury, and also trichloroethylene, tetrachloroethylene and other synthetic
substances.

For monitoring of groundwater ddies qualitative status there are 227 monitoring wells where water
chemical analysis is gatheredth the frequency of 1 time per year.

4.1.1.3. Additional monitoring of groundwater bodies in nitratesensitive areas

Additional monitoring of groundwater bodiesiiitrate-sensitive areas is carried out in the main monitoring
points (in 53 locations) as well asglditional monitoring points (in 72 locations) which differ in terms of
monitoring frequencies. Koiva water basin is not considered as a ngmtsitive ara.
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2 KSy GF1Ay3 ANRdzy Rl GSNI &l YLX Sa (SY L)SpoMaria Btkdsal 6 (i c 0 =
conductivity is measured on site. In nitradensitive areas the monitoring frequency for nitrate compounds

(NH; and NQ) is }4 times per year, fophosphates (P£) 1-2 times per year and for pesticides2ltiimes

per one water management plandg (6 years). In 8 main monitoring points petroleum products, benzene

and sum of PAHs analysis are taken once per one water management plan cycle. Théatoteof

other relevant chemical substances are measured once per year for the main and ralditionitoring

points.

The concentration of pesticides, pesticide ingredients, including their metabolites, degradation and
reaction products is measured eyeyear in relevant main or additional monitoring points for groundwater
bodies located in nitratesensitive areas.

To ensure the reliability of the monitoring data, the parties fulfilling their contractual obligations are
required to hold a certificate ohttestation for taking water samples in order to guarantee that water
samples are taken as requiteAll water samples must tanalyzedn a laboratory which has accreditation

for the analysis of the given water type and indicators. A quality system Hikeshall guarantee the
reliability of data from the moment of taking the samples till the analysis results of data, as the attestation
and accreditation system shall guarantee control and supervision over the entire data supply chain.

Groundwater monitomg in the Koiva River Basin District is carried out in 7 wells. Of these, groundwater
quality observations are made in 5 wells, whiteughdwater quantity is monitored in @ells ANNE)G).

4.1.2. Groundwater monitoring in Latvia

Regular surveys of groundwaterality in Latvia have been conducted since 19898 objectives and scope

of the groundwater monitoring network varied over timaainly due to changes in regulatory documents

as well as global trends in groundwater monitorifipe groundwater monitoring nevork was mainly set

up between 1959 and 1991, initially to assess the water quality of deep pressurized aquifers and their
changes, as these aquifers began to be used intensively for centralized drinking water supply not only in
cities during this periogbut alsoin populated rural areasGradually, it was supplemented by the addition

of "level principle"” monitoring stations, whicconsist of welplaced boreholes with filters at various
intervals up to a depth of 20800 meters, and the installation dbdlance stations" with shallow boreholes.
From 2004, the groundwater monitoring network also includes springs. Thidrigpantant improvement

in the monitoring network, as springs with high water flow mostly represent water quality in much larger
catchment areas than wells and are an important indicator of diffuse pollution.

In Latvia, groundwater monitoring simultaneouglifills the requirements of the Nitrates Directive and the
Water Framework Directive (WFD, 2000/60/EC). The primary objective affenitronitoring in Latvia is to
detect any nitrate contamination to ensure good drinking water quality throughout the cguas well as

to reduce the impact of nitrate pollution on small and large rivers whose waters flow into the Baltic Sea. In
the current reporting period (report of the Nitrates Directive 262015), 68% of all monitoring observation
points represent confied aquifers which in Latvian hydrogeological conditions are less vulnerable to
nitrates pollution compared to shallow Quaternary aftectured aquifers. Thus, regarding the Nitrates
Directive, sampling of shallow wells and springs should be the prioritglaeper wells could be monitored

in cases when pollution is found in the upper aquifers.

Under the constraints of limited fundingaé¢ groundwater monitoring programme is being adapted to the
requirements of the two directives (Nitrates Directive and \)/RBhich are not equivalent. The WFD
requires the identification of the background level of natural chemical composition and trenithe in
aquifers used in the main water supply of underground water bodies, which in the case of Latvia are deeper
confined water. The current groundwater monitoring programme is more adapted to fulfill the
requirements of the WFD than to fulfill the requiremts of the Nitrates Directive.
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Groundwater monitoring provides data on the status of the groundwater body. It is the andistrategic

goal of monitoring in any year of the monitoring programme period. Achieving good groundwater status in
all groundwaterbodies and assessing the risk of failing to achieve this goal is the main objective of
groundwater resource managementr@sindwater monitoring is primarily done at groundwater body level,
while integrating river basin management into a common strategyafdrieving environmental quality
objectives.

Groundwater status within the monitoring network is observed in 311 welBlattations and 30 springs.

Of these, quality (chemical composition) observations are provided at 53 stations in 218 wells and 30
springs, while quantitative (water levels) observations at 60 stations in 305 wells. Accordingly, groundwater
monitoring in the Gauja River Basin District is carried out at 6 stations in 23 wells and 12 springs. Of these,
groundwater quality observations areade in 21 wells and 12 springs, while underground water quantity

is monitored in 23vells ANNEX B

The frequency of motoring observations during the sipear cycle of monitoring of river basin districts
includes a detailed breakdown of monitoring stats by groundwater bodies and types of monitoring.
Monitoring points that are monitored each year and observable paranseter groundwater quality can

vary according to the annual monitoring plans developed. The frequency of groundwater monitoring is
variable: the frequency of quantitative observatiogéwvo times a day (automatic level measurements) up

to four times a yearand the frequency of groundwater chemical observations is four times a year, up to
once a year (over a spear period, it changesdm one time in six years to one time each year).

Groundwater quality monitoring parameters are traditional field measuretse key ions, nitrogen
compounds and their ionic forms, heavy metals, chemical pollutants, and pesticides (atrazine, simazine,
bentazne, MCPA, promethrin, propazine, 24 MCPB, isoproturon, aclonifene, bifenox, aldrin, dieldrin,
heptachlor, heptachlorepoxide, dimethoate, cypermethrin, alpteypermethrin, trifluralin). Chemical
pollutants are monitored only in urban areas, artifiiakeplenishing groundwater resources, as well as in

the areas of water extraction and associated potential cones of dspra. Pesticides are monitored in
agricultural areas, including monitoring stations that coincide with the nitrate vulnerable zoinearly
pesticides are analyzed in the first sensitive and unprotected ldyieg aquifer, and in the case of pesticide
detection, the deepest aquifers are sampled. Other observable parameters are observed at all monitoring
points (both wells and springs).

The frequency of monitoring observations and its determination in the following years may change, taking
into account thenew monitoring data obtained, experience gained, developed scientific projects in
connection with the implementation of the WFD, anew requirements of EU and regulatory enactments

in the Republic of Latvia. This will be assessed by developing a ngipdein for each specific year.

4.1.3. Comparison of groundwater chemical monitoring in Estonia and Latvia

In general, Estonian and Latviammgndwater monitoring programmes are quite similar, but there are some
differences in the observed water quality indicaqif ABLE ¥4 The main difference is that in Estonia until
now, total phosphorus and nitrogen are not measured in the groundwater.i§ ko problematic from

the GDE (groundwater dependent ecosystems) point of view because in surface water monitarégg, th
are one of the main parameters for deciding the ecological status of the habitat (Terasmaa et al., 2020).
Marandi et al., (2019)dve suggested that threshold values of total phosphorus and nitrogen should be
established in the GWBs strongly influericithe GDEs in the area and that these parameters should be
gradually integrated into the existing monitoring strategy.
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TABLE 4

Theaggregated list of observed water quality indicators of GWBs in Estonia (EE) and Latvia (LV)
(Terasmaeet al., 2020)

Parameters LV EE Parameters LV EE
Traditional measurements Nitrogen compounds and their ionic forms
Temperature Yes Yes NHg+, mg/l Yes Yes
Conductivity 20 ¥ « { k O Yes Yes NGOy, mg/l Yes Yes
pH index Yes Yes NG, mg/l Yes Yes
Eh, mv Yes Yes Niot., mg/l Yes
Faot., mg/l Yes Yes TOC, mg Cl/l Yes .
O dissolved, mg/| Yes Yes DOC, mg Cl/| Yes
Key ions UV absorption, cri Yes .
Na', mg/l Yes Yes Permanganate index, mg/l Yes Yes
K+, mgl/l Yes Yes Heavy metals
ca&*, mgll Yes Yes / R x3«kt Yes Yes
Mg?*, mg/l Yes Yes toX x3Ikft Yes Yes
Ct, mgl/l Yes Yes bAXZ x3kf Yes -
SQ%, mg/l Yes Yes | 3% x3kf Yes Yes
HCQ, mg/l Yes Yes lax x3kf Yes Yes
ays x3Ikf Yes Chemical pollutants
Pot., mg P/l Yes. ¢ NAOKE 2NB(GKet Sy Yes Yes
PQ3, mg/l Yes Yes ¢ SGNI OKf 2 NRPSGKef Yes Yes
Total hardness, mmol/l Yes Yes ¢ NAOKE 2NRYSGKLI Y Yes Yes
1,2-dichloroethan& « 3 K f Yes Yes
.9 X x3IkE Yes Yes
Pesticides Yes Yes
4.2. Groundwaterassessment in Estonia and Latvia

Groundwater body (GWB) is a management unit established in the Water Framework Directive (WFD) to
ensure good groundwater status and to protect grounderatesources and associated ecosystems from
further deterioration. Dudo large heterogeneity of European aquifers, there is no unified methodology on
how to delineate GWBs. The approaches vary between Member States and often also be¢igdroring
countries with similar hydrogeological conditions. According to WFD, compriogiples are needed to
manage groundwater resources in transboundary areas. Within a transboundary river basin, water
management activities should be jointly coordinated for the wholehe river basin district between
involved Member States.

At the beginning of WFD implementation, it was encouraged to harmonize approaches how each Member
State delineate GWBs. However, the harmonization process could lead to not only changed baunfdarie
GWaBs, but also to changes in lelegm monitoring networks, whichonsequently would increase the need

for extra investments in new monitoring stations and review of whole RBMPs. Now Member States do not
plan to harmonize GWBSs, but only exchange GWlBehtion strategies to take that into account when
analyzing GWB gtas differences in transboundary areas.

This section contains a summary of the implementation of groundwater monitoring in Estonia and Latvia,
paying more attention to monitoring of growlwater quality (chemical composition). The aggregated list of
observale parameters for groundwater quality between countries is attache@NINEX 3
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Currently there are 31 GWBs delineated in Estdri&URE). From these 8 GWBs are at r{skGURE).

In Estonia the GWB status assessments have been made in62814 | | NI | f abhdN@B®] ( =
(Perens et al)In the Gauja&oivariver basin there are 2 GWBs that have a good status based on both
guantity and chemical compositiof(GURE)5At the monent (20192020) there is in progress a new GWB
status assessment report that is prepared by GSE as conducted by Estonian EnviabAgenty.

215019143 o 15 i
1 p o G f 1

i Pdjaves ssisud 2014 halb ) ) J

2 o D © &km
¢ 5 3 " IriesTy i m N USGS,
ioo.o.! PHjaves ssisurd 014hea Py NS NACAN Gerthtes 10N Kechmr N Geberes Suni £t

Jepen NET), Esil Orira (Horg Korg), (© QrerStresfdpartinuos ardte
ty

heskkoTERCET LY
Esl, FAQ NOWA |

FIGURE Status of groundwater bodies in Estonia, based on 2014 assessment
(orange color marks GWBs in bad sta)
In Latvia, the status assessment of the GWBs was updated in 2015, taking into account the old boundaries
of GWBgpreviously 16 GWBs have been identified). Based on this assessment, all GWBs were in good
gquantitative status and three regional areas hiit those GWBs (which were not identified as separate
GWBs but as part of the respective Pos) were in poor quaktatatus.

In 2018, the boundaries of the GWBs were reviewed and a total of 25 GWBs were delineated, of which 3
GWBs were assessed beingaor quality status (GWBs at risk) and the remaining 22 GWBs will be assessed
within the 39 period River Basin Management Plan cycle (22@27). Currently, there is only one GWB at

risk in the Gaujdoiva river basin, where poor quality status is noteee(Chapter 2.2, FIGURE )0

4.2.1. Groundwater body delineation approaches in Estonia

The methoalogy used in the delineation of Estonian GWBs is based on the guidance documents by
European Commission on the common implementation strategy of the WFD and @ratendirective.

A detailed description about the Estonian delineated GWBs and their boigsdean be found in a GSE
published reportPerens et al (2012)n 2018 and 2019 GSE, as commissioned by the Ministry of the
Environment, synthesized informatiomliected on Estonian GWBs and updated their conceptual models
according to the new datas¢iMarandi et al, 2019)
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In general, the delineation of GWBs in Estonia was carried out by taking into account the following general
criteria: natural baseline qualitof groundwater, hydrogeological parameters of aquffaming rocks, the

extent of vertical water exchange betwedlifferent aquifers, possible anthropogenic pressures and socio
economical aspectéerens et al. 2012)The delineation of the GWBs wasrged out by combining the
borders of the existing hydrostratigraphic units (aquifer systems), the coastline, &stanid border and

the limits of river basin districts in Estor{lid.). In deeper aquifer systems the chloride concentration of
350 mg/L vas chosen as a limit to the extent of GWBs due to the fact that more saline waters do not comply
with drinking wate quality standardglbid.).

GWBs in Estonia are delimited in three dimensions, which means determining the aquifers overlying and
underlyirg strata, surface elevations and the overall thickness of the groundwater bodythiée
dimensional nature has le& achieved by creating cressctions for each GWB.

In most cases, the aquifers that form the GWB are separated by aquitards. In the elodenc aquitard
between different GWBSs, the boundary between them is defined by different lithological compacesittbn

the resulting water type differences. Due to the different nature of groundwater flow, a distinction is made
between porous aquifers, védre groundwater flows mainly through the pores of granular rocks
(sandstones), and fissurddrstic aquifers (carbmate rocks), where groundwater flows along fissures and
interconnected crevices. This different behavior of the hydrogeological systemesatisrin different
measurement frequencies for groundwater monitoring and determines the need to distinguish GWBs
composed of carbonate and siliciclastic rocks in the hydrogeological section. As the geological setting of
Estonia is characterized by widatdral distribution of different bedrock formations and similar
hydrogeologic conditions in aquifers in differenarfs of the country, the GWBs comprising bedrock
aquifers have quite a wide lateral exteftlGURE, FIGURE, FIGURRB).

From the EstoniategislationWater Acf it is predefined that GWB has to be delineated if one of the
following conditions isnet: (1) a groundwater resource allocation has been calculated and approved for a
part off or for the whole of the aquifer; (2) the aquifer suppléggking water to at least 50 people; (3) at
least 10 M of water per day can be abstracted from the aquiéé present or are planned to be abstracted

in the future; (4) the natural chemical composition of groundwater is such that it can be used fkingrin
water. Marandi et al. (2019) have suggested that due to a large number of GWBs that would have to be
edablished (mostly in Quaternary aquifers of local extent) when these conditions are followed by the letter,
the legislations should be changed saitlthe GWBs can be determined if one of the above conditions is
met but there is no obligation for it.

Amongmany smaller changes to the existing GWB network in Estonia, Marandi et al. (2019) suggested two
general ones to the initial GWB delineation deyed by Perens et al. (2012). The first concerns the deep
OrdovicianCambrian GWB in the East Estonian rivasin district. It was recommended that this GWB
should be split up into two separate GWBs due to different anthropogenic pressures affectingrdiffer
areas underlain by the GWB (potential effects of current oil shale and future phosphorite mininghin nort
eastern Estonia and groundwater abstraction in sea#istern Estonia).

The second general change to the GWB delineation is broader and conber@uiaternary aquifers in
Estonia. In the delineation developed by Perens et al., (281%[113 Quaternary GWBs were established
based on the areas where groundwater from the Quaternary aquifers forms an important source of water
supply. Other Quaterngraquifers were not considered as part of the GWB framework in Estonia. However,
as Quaternary guifers all over the country can affect the formation of groundwater quality, the infiltration
rates and the transmission of anthropogenic pollution from thedlaurface to the subsurface, it was
suggested that all Quaternary aquifers should be considasea part of the Estonian GWB framework. The

6 https://www.riigiteataja.ee/en/eli/527122019007/consolide
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delineation of all Quaternary aquifers with a potential for water abstraction or having an important
influence tothe groundwater dependent ecosystems as separate GWBs would have led to formation of
hundreds oreven thousands of new Quaternary aquifers, which would not have been administratively
manageable. Thus, simplerapproach was implemented. All Quaternary dqts were joined with the
underlying bedrock GWB. This approach is justifiable, because incasest the Quaternary aquifers form

a unified hydrogeological system with underlying bedrock aquifers and have the same anthropogenic
pressures affecting themt &also greatly facilitates the calculation of groundwater budgets for different
GWBs. Four Quateary aquifers which have a more regional importance to the water supply systems or
which are located on islands and do not have an underlying bedrock GWBkeyeras separate GWBs in

the new delineation. In the future new independent Quaternary GWBsheadelineated when water
abstraction from an aquifer increases or when it is shown that they exert an important influence to the
groundwater dependent ecosystgs in the area. However, before such new GWBs can be delineated, a
comprehensive monitoring netwrk has to be put in place in the area in question, so that the quantitative
and chemical status of the GWB can be properly asséséacndi et al., 2019)

01 Cambrian-Vendian Gdov GWB 11 Silurian-Ordovician Matsalu GWB 22 Middle-Lower Devonian GWB in East-Estonian RBD
02 Cambrian-Vendian Voronka GWB 12 Silurian-Ordovician Parnu GWB 23 Middle Devonian GWB in West-Estonian RBD
03 Cambrian-Vendian GWB 13 Silurian-Ordovician GWB in East-Estonian RBD 24 Middle Devonian GWB in East-Estonian RBD
04 Ordovician-Cambrian GWB in West-Estonian RBD 14 Silurian-Ordovician Pandivere GWB in West-Estonian RBD 25 Middle Devonian GWB in Koiva RBD

05a Ordovician-Cambrian Virumaa GWB in East-Estonian RBD 15 Silurian-Ordovician Pandivere GWB in East-Estonian RBD 26 Upper Devonian GWB

05b Ordovician-Cambrian Tartu GWB in East-Estonian RBD 16 Silurian-Ordovician Adavere-Pdltsamaa GWB 27 Quaternary Vasavere GWB

06 Ordovician Ida-Viru GWB 17 Silurian-Ordovician beneath Devionian in West-Estonian RBD 28 Quaternary Meltsiveski GWB

07 Ordovician Ida-Viru oilshale basin 18 Silurian-Ordovician beneath Devionian in East-Estonian RBD 29 Quaternary Ménniku-Pelguranna GWB

08 Silurian-Ordovician Hiluma GWB 19 Middle-Lower Devonian Ruhnu GWB 31 Quaternary Prangli GWB

09 Silurian Saaremaa GWB 20 Middle-Lower Devonian Kihnu GWB

10 Silurian-Ordovician Harju GWB 21 Middle-Lower Devonian GWB in West-Estonian RBD

HGURE &roundwater bodies in EstonidMarandi et al., 1997
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FIGURE Geological map of Estonia and hydrogeological crgsstion of Estonian bedrock together with the
distribution of major aquifers and aquitards. Modified after NN}~ HAamMmy
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