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ABBREVIATIONS

CIRCABCCommunication and Information Resource Centre for Administrations, Businesses and Citizens
CIS; Common Implementation Strategy

DWPA¢ DrinkingWater Protected Area

EC¢ European Commission

EQS; environmental quality standard

EU¢ European Union

GAAE; groundwater associated aquatic ecosystem
GDE; groundwater dependent ecosystem

GDTE, groundwater dependent terrestrial ecosystem
GQ£; groundwate quality standard

GWBc groundwater body

GWD¢ GroundwaterDirective

iRB¢ International River Basin

iRBDX International River Basin District

iIRBMP International River Basin Management Plan
LV¢ limit value

MP ¢ monitoring point

MSc¢ Member State

NBL¢ natural background level

RBDx River Basin District

RBMR; River Basin Management Plan

SWHE surface water body

TGWAR transboundary groundwater body

TV¢ threshold value

WFD¢ Water Framework Directive

WISE; Water Information System of Europe

WP¢ Work Package
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INTRODUCTION

Within the framework of the Interreg Estonlaatvia 20144 nHn LINEINI Y LINRB 2SO0 awz.
STFFAOASY(H YIylFr3aSyYSyid 2F O02YY2y 3ANRdzyRg Il G SNJ NB & 2 dzN.
Estonian and.atvian organizations involved in the preparation of River Basin Management(RBNE}o

improve the efficiency of joint groundwater resources management in the transboundary area. Joint
transboundary management of the Gallaiva and Salat8alatsi rier basins is necessary for both
countries to implement the requirements of the EU water policy, most directhe WFD. Harmonized
approach for the assessment of the status of GWBhe LatviarEstonian transboundary area within the
WaterAct project wasestablished, thus ensuring the protection of the main drinking water resource in
Latvian and Estoniagroundwater.

For the implementation of the WFIMS shall establisiTGWBs, and to ensure consistent protection of
groundwater resources, th®lSsharing those GWBs should coordinate their monitoring, the settirig/sf

and the identification of relevant hazardous substances. Some guidelines have been developed for the
TGWBsdentification and management, however, detailed specific methodologies are not available. Also,
eachMS has different geological and hydrogeological conditions, as well as different approaches for the
assessment and management of their groundwater resesr

¢KS AY 2F | OGAQGAGE ¢modOmM GO9EOKIYy3IS 2F 3JF22R LINIF O
INRdzy Rl SN | daSaavySyidé 61 a G2 RSOSt2L) KINXY2y Al SK
groundwater resources in transboundary Gdijaiva ad SalacESalatsi river basins. During this activity,
groundwater assessment methodologies and approaches used by project partners at national level
(addressing such principles as GWB delineation methodologigkssand T\s delineation methodologies,
strategies of conceptual model development, schemes of GWB status assessment and other) were collected,
translated and exchangechapter 16 9 ELISNA Sy 0SS SEOKI y3IS S6AGKAY O2yaz
managementand 4 4SaaYSyid Ay 9adG2yAl FyR [FGOALE€0 oF &SR
common groundwater resources in transboundary G&tgava and Salat8alatsi river basins were chosen

and agreed, creating joint harmonized approach@bdpter 31 5 S@Sft 2 LIYSy 4 2F 22Ay G LN
groundwater resources management and assessment is-baser Gauja/Koiva and Salaca/Salatsi river
0laAyaédos FRRNBaaAy3d (G2LA0E g KAOK Kng b &coonbdata 2 f @S |
availability and quality in both countries, as well as available human resources and project timeline.

CKS AY 2F | OGAQGAGE ¢modu a!ylfeara 2F (GKS NBIj dzh NX
LIN} OGA0S&aé¢ K& YRAYRBNBIAAARSY(IGAFASR RdNAyYy3A | OUA D)
RSGSt2LIYSyd 2F KEFENN2YAT SR LINAYOALX S& F2NJ INRdzyRg |
studies were carried out to gain an in depth understanding of the irequents of European water policies

with an emphasis on common groundwater assessment according the WFD and the GWD. Guidelines and
available best practices from other countries (as well as areas where implementation approaches were not
defined or flexiblg were analyzedQhapter 20 { 1 dzZRA Sa 2F 9!  S@St 3AdzARSt Ay S
O2dzy GNASE 2y 02YY2y 3ANBdzyRglF GSNI NBa2dz2NOSa Yyl 3Sy!
for further steps were developedvhich were taken into account creating joint harmonized approaches for
groundwater resources assessme@hépter 30 5 S@St 2 LIYSy 4 2F 22Ay i LINR Yy OA LI
resources management and assessment is @008 NRSNJ DI dz2F k Y2A @I FyR {F I OF
¢KS FTAY 2F FTOGAQGAGASE ¢mdn G9ELISNASYOS SEOKIy3aS
G/ LI OAGe odAfRAYTI G b2NRAO | @8RNRf23IAO0OIE /ety FSNB
practices in Europe and get feedback from the best experts in field if implementation of EU water policies,

as well as to introduce the WaterAct project to stakeholders and to share and accumulate new knowledge
between different institutionsAfter both events, the summaries on acquired knowledge during both events

were developed and circulated around all project partners to transfer the gained knowl€dgesummaries

of acquired information duringaO G A A i& ¢ mdn &9 E LISiNE & FAUGerRialA&skmbl S |
H N Hisdvailable imnnex 14 butfor O G A A G & ¢mdo &/ LI OAGeE o6dzAf RAY 3

H N HgahAnnex 15
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1. Experience exchange on groundwater resources management and
assessment in Estonia and Latvia

To develop harmonized principles for joint assessment of common groundwater resources in transboundary
Gauja/Koiva an®alaca/Salatsi river basins, the first step was identification and exchange of groundwater
assessment and other methodologies and approaches used by project partners at the national level.
Available experiences and good practices were gathered and tredsiatto English, as well as exchanged
among the project partners during joint seminars, demonstrating $tgptep guidelines on how the
processes were carried out and what data and tools were used.

This chapter collects all experiences and practices exygth between project partners. The chapter is

divided into multiple subchapters which in detail depicts each experience/practice in both project partner
countries (if such information was available). Practices, which were chosen for further adaptation and
harmonization (based on results reached from studies of EU level guidelines and practices from other
countries inChapter 20 { 1 dzZRASa 2F 9! S@St 3IdzZARStAySa IyR o0Sal
groundwaterresdzNDSa YIF yF3SYSyid yR FaasSaavSyideo G2 FAda 0
in transboundary areas, are supplemented with annexes which in detail compares approaches in both
countries and provides solutions for harmonization (if such solutions wesached) which serve as a basis of
harmonized and/or agreed principles of groundwater resources management and assessment 4in cross
border Gauja/Koiva and Salaca/Salatsi river basins, depict€tidapter 34 5 S @rBentof joint principles

on common groundwater resources management and assessment is-bomey Gauja/Koiva and
{FEFOFk{FEFGAA NAODBSNIOlFaAYyasEDd

This chapter does not include information on groundwater monitoring principles and strategies in Estonia

and latvia as this topic is the main focus of WP2 activ®y3a 5 S@Sft 2 LIYSy G 2F aid NI GS3e
ANRBdzy R GSN) Y2YAU2NRAY 3 Ay Dldz2lkY2AQ0lF FyR {i$fl O«
F@FATFOotS Ay (KS 22 A yoficonnddnigoNddwagiFresdutces in Ghujad&va and S y
{FEFOFk{l !l (Bardzdind®t@S0R). 6 aAyace

1.1. Groundwater body delineation

The WFD does not provide detailed, uniform, and binding guidelines on how to delineate GWBKI8¢the

the development of appropriate methodologies is the responsibility of esiéhand remains a major
challenge. General guidelines are available that abmmmendatory EC, 203; EC, 204), but without the
inclusion of additional conditions, these guidelines are unsuitable for Estonian and Latvian hydrogeological
conditions (with multilayer geological structure). The possibilities to adopt methodologiegoanipractices

from the otherMSare limited due to the drastic differences in hydrogeological conditions (between and
even within theMS), the different levels of detail of the available information, and the knowledge.base

A GWB is defined as a cert@imount of groundwater in an aquifer or aquifes,2000, which is strictly
defined within horizontal and vertical distribution boundaries. Within the boundaries of a GWB, there must
be a minimum inflow of water from adjacent GWBs and-@siable chemial composition of water to
calculate the water balance for each body and determineNiBtof the water chemical composition. The

link between two adjacent GWBs must be kept to a minimum so that it cannot be disregarded in the
calculation of the water balance, i.e. there must be different catchment areas, or the link must be capable of
being acurately assessed or quantified. In areas where cracked rocks predominate and/or karst processes
have been observed, the characterization of the quantitative status of water can be particularly difficult. In
such cases, the boundaries of specific rock fatiams or processes may be taken as the boundaries of GWBS,
as far as possible to provide a reasonable description of such isolated bodies. A GWB may consist of one or
more aquifers, and heterogeneity in water composition, levels, lithology, and geolabiaedcteristics is
allowed within a GWB. However, GWB must be allocated in such a way that it is possible to prepare a
reasonable description of the quantitative and qualitative status of this body. Based on all the above, regular
and sitespecific moniteing should be carried out in each GWB to identify any negative trends proraily (
2003).

GWB cannot be considered as a classical hydrogeologicat itnis rather a unit for management and
reporting for the River Basin Management Plans and groundwstius assessments chemical and

8
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guantitative. When delineating GWBSs, these general principles should be considered: (1) geological and
hydrogeological boundaries, (2) groundwater quantity (porosity and amount of groundwater available), (3)
groundwater &iemistry (homogenous composition); (4) groundwater flow (direction) and watershed
boundaries and (5) pressures and impacts to groundwdai€), 03; EC, 204).

1.1.1.Groundwater body delineation in Estonia

Ly 9adGd2yAlsI GKS IljdAFSNAR ¢SNB FANRG tAaGSR a D2,
G2 GKS AYLIX SYSyidlGaAa2y 2F GKS 9! wh2! ¢9wbPerensatdl. (4 KS
(2001a)andPerens et al. (2001 from the Gelogical Survey of Estonia commissioned by the Ministry of the
Environment. With the reports, 30 possible GWBs were listed in the territory of Estonia. From these, 15 were
selected to the first legislation in 2004 involving GWBs. Over the period2®Bithe list of the GWBs (that

have been named in the legislation) has changed between 15 to 39 GWBs.

A detailed description of GWB delineation in Estonia can be found in a report published by the Geological
Survey of EstoniaPerens et aJ.2012). In 2018 ad 2019, the Geological Survey of Estonia synthesized
information collected on Estonian GWBs and updated their conceptual models according to the new dataset.

I NBLER2NI &/ KFENFOGSNART FGAz2y 2F GKS 062NRSNA 2F (K
KERNRBIAS2t 23A0Ff O2y OSLMatAndiet MRRSt 3¢ 61 & O2YLIAESR 06
As the geological setting of Estonia is characterized by the wide lateral distribution of different bedrock
formations and similar hydrogeologic conditions in aquifers in differemttspof the country, GWBs
comprising bedrock aquifers have quite a wide lateral extenBURE.1.1.7).

Edlacaraqt Cambrian

L M N
‘Ordovician

»

Silurian

{

[

|

|

/

(

\
Devonian |
\
\
\

S .
S N

300 _
~ Quaternary deposits

200 1 4 S-0 GWB
= o e A Ca-V GWB
€ 100 1 B _ <t
~ H/ >
% 0 1 E-iidic pavenn
= GWB :
g 19 e g ¢ <l
«w -200 il et fatiOf RN ‘
c o = e R e ek |
$ -300 e : e e DA Nl <
Z SR S e S SRR S A

400 | N B c

5100 B M, o e e

...............

~~~~~~~~ 20 40 60 80 100 km

FIGURE 1.1.1Hstonian geological map and hydrogeological crsggtion showing the aquifers
and aquitards(modified aftert NNJ3 HAmy

Existing geological and hydrogeological maps have been used from where the hydrogeological stratification
(vertical extent) andateral extent of the aquifers was taken into account. GWBs were delineated spatially,
by compiling crossections for every GWB. This means that the thicknesses, upper and lower borders for
every GWB were determined. Also, the hydrogeological model afnEstVallner, 2002 was used to

9
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determine groundwater flow directions of the aquifer systems. In most cases, the aquifers forming GWBs are
separated by aquitards. In the absence of an aquitard between different GWBSs, the boundary was defined
by differentlithological compositions and the resulting water type differences or only the variance in water
type.

Data fromKatasterdatabase about geology, hydrogeological parameters and water quality analyses (data
from all registered wells in Estonia, nhow main&dnby Estonian Environmental Agency), Environmental
Agency databases on groundwater monitoring, water companies and wells with water usage permits
abstraction and quality data were used to delineate GWBs in Estonia.

Aerial distribution of GWBs is basedtbnee mainRBCboundaries: WesEstonian River Basin, E&stonian

River Basin, and Koiva River Basin. First bedrock aquifers are additionally subdivided based onleégim sub
districts and Pandivere nitrate vulnerable zana sensitive area with higroundwater pollution potential
(formed in the Pandivere upland with extensive agricultural land use). Also, groundwater connection with
SWB andGDTE were taken into account as they are listed with each GRéBefs et al., 201 Marandi et

al., 2019. As Southern border for the deeper part of the aquifers (Cambriamdian GWBBl0.1, No2 and

No.3; OrdoviciarCambrian GWBBl04 and No5b), Clconcentration higher than 350 mg/l was set as a
conditional limit.

Among many smaller changes to the exigtimetwork of Estonian GWBHlarandi et al.(2019 suggested

two general changes to the initial GWB delineation developeHdigns et al(2012. The first concerns the
OrdovicianCambrian GWB No.5 in the E&sttoniarRBD It was recommended that this GWB should be split
into two separate GWBs due to different anthropogenic pressures affecting different areas. Potential effects
of current oil sh&e and future possible phosphorite mining in Noefastern Estonia and groundwater
abstraction in SoutiEastern Estonia.

The second general change to the GWB delineation is broader and concerns the Quaternary aquifers in
Estonia. In the delineation develeg byPerens et al(2012, 13 small Quaternary GWBs were delineated
based on the areas where groundwater from the Quaternary aquifers form an important source of water
supply. Other Quaternary aquifers were not considered as part of the GWB. Howeveer@auataquifers

all over the country can affect the formation of groundwater quality, the infiltration rates, and the
transmission of anthropogenic pollution from the land surface to the subsurfdegandi et al.(2019
suggested joining all Quaternary wprs with the underlying bedrock. The delineation of all Quaternary
aquifers with a potential for groundwater abstraction or having an important influence oGGfbE would

have led to a large number of GWBs, which would not have bdamnistratively manageable.

This approach is justifiable because in most cases the Quaternary aquifers form a unified hydrogeological
system with underlying bedrock aquifers and have the same anthropogenic pressures affecting them. It also
greatly facilintes the calculation of groundwater budgets for different GWBs. Four Quaternary aquifers
which have more regional importance to the water supply systems or which are located on islands and do
not have underlying bedrock GWBs were kept as separate GWBs netv delineation. In the future, new
independent Quaternary GWBs can be delineated when water abstraction from an aquifer increases or when
it is shown that they exert an important influence on t@E in the area. However, before such a new
GWBs can bdelineated, a comprehensive monitoring network has to be put in place in the area in question,
so that the quantitative and chemical status of the GWB can be properly assé4seh(i et al., 2019

As a result, 31 GWBs were identified in Estonia in 282@eports made in 2012 and 2019. The current
delineated boundaries of GWBs in Estonia are representetiGl/RE.1.12.

10



2, interreg [ o WaterAct
9% Estonia-Latvia S &Joint actions for more efficient management of common

groundwater resources

European Regional Development Fund

EUROPEAN UNION

Estonian groundwater Gulf of Finland
bodies 2020 @

1:1 500 000 31

W 29 .
’,ﬁ GEOLOGICAL SURVEY OF ESTONIA 10 =
Sa ‘l/"
2
2o
.
5a =+~
,/’
. \ (1o}
Baltic sea \ ‘B
\ 7))
\ =
\ (o4
\
<
\
{
19
Q
Latvia
0 25 50 km
e il
[I 1 cambrian-Vendian Gdov [ 7 Ordovician Ida-Viru oilshale ] 14 Silurian-Ordovician Pandivere 21 Middie-Lower Devonianin  [l] 28 Quaternary Meltsivesk
basin in W onian RBD West-Estonian RBD
E=) 2 camorian-Vendian Voronka ] 8 silurian-Ordovician Hiuma [L0] 15 Silurian-Ordovician Pandivere 22 Middie-Lower Devonian in [ 29 Quaternary Manniku
in East-Estonian RBD East-Estonian RBD Pelguranna
= : 3 Sllurian-Ordovician A .
B33 cambrian-vendian 9 Silrian Saaremaa 167 Slhian-Orocucen Adivire 23 Middie Devonian in West- 228 31 Quaternary Prang!
Ordovician-Cambrian in West e Silurian-Ordovician beneath Middle Devonian in East-
14 Estonian RBD 10 Silurian-Ordovician Harjy (L 1] 17 Dot et Eatoni, BED 4 Estonian RBD == River basin district boarders
=3 5a Ordovician-Cambrian Virumaa | 11 Silurian-Ordovician Matsalu [ ] 18 Silurian-Ordovician beneath 25 Middle Devonian in Koiva
n East-Estonian RBD — Devionian in East-Estonian RBD — ~ RBD Groundwater bodies boarders from report:
[ 5b Ordovician-Cambrian Tartuin - [ 12 silurian-Ordovician Pamu ] 19 Middie-Lower Devonian [ 26 upper Devonian M 2019
East-Estonian RBD
6 Ordovician Ida-Viru [ 13 §L;‘(";i["roédﬁ°m‘"c‘“” in East ] 20 Middie-Lower Devonian Kinnu [ 27 Quaternary Vasavere
Estonial

FIGURE.1.12 GWBs irEstonia(modified afterPerens et al., 201&nd Marandi et al., 201p

1.1.2 Groundwater bodydelineation in Latvia

The first GWBs in Latvia were delineated in 2004, within the framework of the L&eiaish joint project
(DANCEE, 20D4The delineation of GWBs was performed according to the following principheNGEE,
2004a):

9 the boundaries othe GWBs were mainly based on the hydrogeological conditions restricting the
flow of groundwater: regional aquitards in the vertical section and watersheds in the horizontal
section. Watersheds for the identified GWBs largely replicated the boundari®&sf facilitating
integrated surface and groundwater management;

1 the density of the groundwater monitoring network was taken into account, as well as the capacity
of the institutions managing and controlling it. It was decided that the recommended nunfiber o
GWBs should not exceed a few tens and that the dimensions of the GWBs should be as similar as
possible. As a result, small GWBs were not identified, taking into account all identified watersheds
and cage layers.

Many piezometric level maps were prepared identify watersheds and determine the horizontal
boundaries of GWBs. Piezometric level maps were prepared without the help of a regional hydrogeological
model and without taking into account the groundwater and surface water linkage, only by intengailag

static level data measured in the wells. Also, in 2004, the data entered into the national database WELLS was
not yet completed. ThdDANCEE, 2084project indicated that the proposed classification of GWBs is
recommendatory and that the watershedsthe boundaries of GWBSs, respectively, should be verified after

the completion of the national database WELLS and the preparation of a regional hydrogeological model.

In the freshwater distribution interval, two dominant aquitards weédentified, which were respectively
taken into account when performing the vertical delineation of GWBSNCEE, 200%ta

11
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1) regional aquitard- the thick and poorly permeable sedimentary layer of the Middle Devonian
Narva formation, which isolates thactive (freshwater) from the passive (saltwater) water
exchange zone;

2) ! LILISNJI 5 S @2 yAmiila/(D3paml) Brndtibréof low permeability sedimentary layer that
isolates the Famennian aquifer complex from deeper aquifers (D2am) in the southwestern
part of Latvia.

As a result, a total of three GWBs (F1, F2, and F3) were delineated in the southwestern part of Latvia. These
D2 . & AyOfdzRSR | ff I |jdzA FSNA -AnR (D3pank) &quitald yerecludindzZyF | O S
The low permeability A YSy (1 & Afulat(DSpIOAEEA al Yy R G KS LJmidfa (D2aF G K S
D3am) aquifer complexes lying beneath them were separated as GWB A. In the rest of the territory of Latvia,

a total of 10 GWBs were delineated (D1, D2, D3, D4, D5, D6, D7, BBdIDH,0), including all aquifers from

the ground surface to the Narva regional aquitard. The only exception was the Quaternary sand GWB Q,
which was not included in the dormant GWB D4, due to the special importance in water stigplargest
groundwatNJ ¢ St f FASEtRA 2F GKS OAde 2F wo3Il-zZ3$WENK 210 desST
GWB P has been identified, which lies under the Narva regional aquitard and, unlike the rest of the territory
of Latvia, contains good quality freshwater dstor water supply. In total, 16 GWBs were delineated
(DANCEE, 200%a

In 2018, Latvia started the GWB review procesS((i A { $ Accandingito the WFD, the GWB delineation
process should be iterative and ongoing considering a new knowledge base amtoméaring data.

The first stepKIGURE.12.1, Step 1) in the GWB review process was the initial identification of aquifers and
their vertical boundaries according to the existing national knowledgaational hydrogeological
stratification set in national legislation and freshwater distribution mdps/ins et al., 1998 This step is a
common first step in the GWB delineation process in ldSbecause all national monitoring networks are
built considering the national knowdige base. Ignorance of existing groundwater management principles
would result in the need for installation of many new wells and monitoring stations which would be
economically unreasonable and loss of ldagn data series. As well, basic hydrogeologaaiditions do

not change overtime and are stillvalid§ G At $ HAmMT

1 Initial identification of aquifers 2a ldentification of aquifers
and vertical boundaries of GWBs (significant quantity)
-national hydrogeological stratification Aquifer exploitation potential
>
-freshwater distribution maps data pre-treatment

A4 -limitto aguifers ofinterest
2b Identification .of aquifers. ) based on initial identification of aquifers
AR B S D e ) -removal of sites with missing information
data pre-treatment coordinates, represented aquifer
- groundwater hydrochemistry -well status assessment

-limitto aquifers ofinterest )
based on initial identification of squifers - abstraction purpose
-removal of sites with missing o 1 s St

information

+

£ ' G Groundwater abstraction
-Charge Balance calculation
samples with CB error > +10% excluded —abstractionvolumes in well fields

¥

Areas with low water quality Y
~interpolation of SO.2 and CI values 3a Initial identification of horizontal

boundaries of GWBs

3 s : 2
e et e g || ~watershed delineation based on modelled
piezometriclevels

¥ A4
4 |dentification of GWBs in three dimensions
- exclusion of areas with low potential to supply drinking waterin future

- groundwater assessment possibilitiesin the future

A
final delineation of GWBs

FIGURE.12.1 Schematic flowchart illustrating main steps and data piieatment procedures
for GWB delineation in Latvigv SG At $ HAmMT
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The second step~(GURHE..12.1, Step2a) included identification of aquifers in terms of the Wfanly
aquifers providing significant quantities of water should be considered as aquifers. For that reason, two main
assessments were carried out. Firstly, the groundwater well fields were mappeentify the areas where
aquifers currently provide more than 10CG#uay of water and supply the largest cities and villages. Secondly,

the wells which currently supply or can provide more than £@lay of water were also mapped. As in Latvia

at that time it was not possible to use such data due to database development, a stricter approach was

chosen to select wells that might be used for more than £@lay in the futurew SG At $ =

H

AMT

Then FIGURE.12.1, Step 2b) aquifers were identifieatcording to freshwater distribution. According to
the WFD, only freshwater or water which are used for drinking water supply after the traditional treatment
processes (e.g. iron removal with aeration) should be considered as aquifer and be a part dhGiVi£B.
step, the areas which contain low water quality, are not used for water supply and if there are better

groundwater quality aquifers above them, were not considered as aquifers and were excluded from GWBs.

In some cases, lowuality water areas werd&ept as a part of the GWB as there were no better water

resources available in the territory at the depth which is economically reasonable to install water supply

wels@wWSGiAt $ HAmMT

In the third step FIGURHE.12.1, Step 3a) watersheds were modeledngs3D hydrogeological modeling
results Yirbulis et al., 201)3 In such a way horizontal hydrogeological conditions were taken into account. It

could be observed that the initial GWB delineation carried out in 2008 provided more or less similar results
(at least for the upper aquifers). As there was a limited amount of data in 2008 and the process was mostly

manual, then more differences were observed in deeper aquifers as was expeced A t $

HAMT

Finally, GWBs in three dimensions werdineated based on all previous steps and considering the existing
State Monitoring Network. This was an essential step as delineation of GWBs should not be carried out only
statistically and scientifically, but should take into account national oppdrasiior further monitoring and
assessment of the quantitative and chemical status of GWBs. For that reason, some of the watersheds were
merged into larger GWBs based only on groundwater monitoring network distribution. In the future, when
more funding isavailable for the installation of new monitoring sites, the GWBs could bewfiti{f A t $ =

As a result, 22 GWBs were identified, the boundaries of which are represerfi¢@URE.12.2.
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1.1.2.1. Groundwater body at risk delineation in Latvia

To ensure groundwater management and planning of appropriate measures in areas where historical
problems have already been identified and good groundwater chemical and/or quantitative status cannot

be atieved following the requirements of the WFD, in the period from 2018 to 2019, in existing GWBSs, three
GWBs at risk were identified and delineated as separate groundwater management units: Q2 (artificial
groundwater recharge and seawater intrusion are&)($eawater intrusion area) and A1l (historical sulfuric

acid tar pollution area). The methodology of identification and delineation in principle was equal to the
ARSYGATAOLFIGAZY 2F | aGy2NXIfé¢ D2.3 (I | Asgesifichargadi 2 | O
Within the WaterAct project, none of the previously identified GWBs at risk in Latvia were recognized as
being transboundary with Estonia.

Groundwater body at risk Q2

The main cause of the risk status of GWB Q2 is artificial groundwateargeckvith surface waters, which

are characterized by periodically increased mineralization and sedhlaride water type. Elevated chloride
content is formed by the periodic inflow of water from the Gulf of Riga into the Lake Mazais Baltezers through
the interconnected surface water system (River Daugdva 1 S Z- traReSiLigfaDike Lielais Baltezers

Lake Mazais Baltezers) waters of which are used as a source of artificial groundwater recharge. Due to
elevated chloride concentration, the resultirgituation can be characterized also as artificial seawater
intrusion({ tHa/ 2. HAaM®

Based on the requirements of the WFD, this atrtificial recharge and seawater intrusion affected zone must be
managed separately:

1) GWB Q1, in which the affected area is l@chtis significantly larger and it is not foreseeable that
the affected area could reach 20% of the whole territory of GWB Q1; accordingly, the status of
GWB Q1 was artificially improved and at the same time it was not possible to plan stricter
monitoringand management requirements for the affected area;

2) the affected area previously was delineated by the boundary generally corresponding to the
artificial recharge affected zone, but boundaries should be updated including wells in which signs
of surface wate and groundwater interaction are identified.

In 2019, within the framework of a project financed by the Latvian Environmental Protection Fund, the
affected area was delineated as a separate GWB at risk Q2, updating previously determined horizontal and
vertical boundaries of the affected arep & Ha / 2). H A M

The previous boundaries in the vertical scale included the aerobic aquifer of the Quaternary sediments and
the area ofthe GWB at risk was defined as territory of groundwater well fields Baltezers and Baltezers I
reaching Lake Mazais Baltezers. Sineediffiected area is a unique area to which it is not possible to directly
apply the management and groundwater allocation methods used in the di#®rit was decided to
maintain the existing boundary of the affected area by clarifying and extendihgsh{C, 2019.

After analysis of the collected data, it was concluded that the boundaries at the vertical scale of the affected
area should be maintained unchanged, including all Quaternary aquifer (in which periodically elevated
chloride concentrations are @htified at various depths) up to Gaujas€f)) formation which upper part clay

and siltstones sediments are separating Quaternary aquifer from Gasgg éguifer. A horizontal scale the
strict regime protection zone of groundwater well fields BaltezBadtezers |, and Baltezers Il was used as
the basis for determining the boundaries of the affected area, but boundaries were extended: around surface
water infiltration basins and active groundwater abstraction wells safeguard zone within a radius of 100
meters were established. The new boundaries also include three active groundwater abstraction wells that
show elevated chloride concentrations and a buffer zone within a radius of 100 meters was established for
these wells. The boundaries also were upddi@tbwing the current Lake Lielais Baltezers and Lake Mazais
Baltezers shorelines, bBWB themselves were not included as they function as groundwater discharge
points, andSWB are monitored within the national surface water monitoring network monitgimogram

( £+Ha/ % FIGURE.G2.1.1).
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Lake Mazais Baltezers

Legend:
Well field "Baltezers" active wells
®  Well field "Baltezers II" active wells
State GW monitoring network station "Baltezers"

Wells with evaluated chloride ion concentrations outside the existing
groundwater body at risk

I infiltration basins for groundwater artificial recharge system

Safeguard zone of well fields "Baltezers", "Baltezers I" and "Baltezers II"
100 m safeguard zones/buffer zones around infiltration basins and
active groundwater wells

100 m safeguard zones/buffer zones around wells with elevated
concentrations of chloride ions have been detected, outside the
GWB at risk

E Specified GWB at risk border

0 05 1 km
LA g W |

FIGURHE.12.1.1.The boundaries of delineated GWB at risk (PRodified after] + Ha / ) H A M

Groundwater body at risk F5

¢CKS AYyiSyaAr@dS dzaS 2F 3INRBdzyRgl (SN Ay thé Be§innOdioiite 2 F [
19" century due to the lack of safe sources of surface drinking water near the city. By 1940, more than 200
yS¢g sStfta KIFIR 0SSy AyadalrffSR Ay (GKS QOAQAAAHE 8% [
O HandLower Carbonian (aquifers. Along with the rapid development of the city, the volume of water
extraction also started to increase significantly. In the 1930s, negative changes in water quality were
detected in the city's water extraction wells, whichmeeeflected mainly in high chloride concentrations. As

a result of intensive and concentrated water abstraction, the affection zone could be observed in an area of
about 15 kM. When regular observations of the water regime (monitoring) were started6i 1&n already
established underground water depression cone was found, which in the western part of the cone had
FFFSOGSR GKS . FfGdAO0 {SI 41 GSNI I NBIZ FldBEANAS [jKIS
complex¢w SG At $X HAMmMy

Based on the rguirements of theWFD this seawater intrusion affected zone must be managed separately:

1) GWB F1, in which the affected area is located, is significantly larger and it is not foreseeable that the
affected area could reach 20% of the whole territory of G\WWBaEcordingly, the status of GWB F1
was artificially improved and at the same time it was not possible to plan stricter monitoring and
management requirements for the affected area;

2) the boundary of the seawater intrusion affected area was not strictlyndeff which makes it
difficult to manage the affected area and to analyze the extent to which the intrusion has decreased
due to lack of a reference point.

Ly GKS @SNIAOFf RAYSYyaAzys KAAG2NROlIfte feRIVIATFA:
2018, it was proposed to maintain the vertical boundaries and to include in GWB at risk previously mentioned
aquifers. Further, based on the data of four wells N0.2647, N0.8850, N0.8851, and N0.8849 on the pier in

[ F1S [ ASLnel 3z vertigaQinejitkeRenetiatidregéadients ¢f selwater intrusion were obtained.
Correspondingly, the concentrations of chlorides obtained in one time period (years) were taken into
account. From this, the gradients were calculated by subtracting the chloddcentrations from the wells

and dividing them by the distance from one well to the other. As a result, coefficients were obtained, which
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characterize how many milligrams per liter the concentration of chlorides ions per meter decreases. Next,
the worstcase scenario or the lowest trend of chlorides reduction, which is 0.6bgmigimeter, was chosen,
because the decrease of chloride ion content between wells isnot lime&rif At = HAMy

Based on all available data set on chlorides in wells in the @§p& @S I |j gzt BS MEBB ¢ o/ RNV S (i §

the calculated gradient, the buffer zones were calculated, the extreme limit of which describes the content
of chlorides below or close to the limit of detection of the analytical methdGURE.12.1.2; buffer zones

are shown with light blue circlesh previous study.(A 1 OS S Jiwas dls@takerintavaccount, which
interpreted the 250 mg/l limits of chlorides in the worsase scenario in 2001 and calculated an additional
buffer zone similar to tat around wellsKIGURE.12.1.2). The final boundary of GWB at risk F5 was defined
mainly based on the worstase scenario in the wells, as well as taking into account the location of
IANRBdzy Rg I (i SNJI giBafad incllidedSri the bdrdértoiriomdit the main centralized well field of the
OrAGe 2F [ASLinalxz a ¢6Stta oSNB AyOfdzZRSR Ay GKS
show slightly increased concentrations of chlorinated iom$S({( At §5 HAmy

Well field
"Otagki"

0 05 1

Legend

buffer zone based on the concentrations

groundwater well N N e A
of 250 mg/l chloride ion isolines. in 2001

profile of wells used for gradient
calculation buffer zone based on chloride ion
concentrations in wells

:] boundary of the groundwater
body at risk F5

FIGURE 1.1.2.1Theboundaries delineation approach of the GWB at risk F5
(modified afterw SG At $Z HAMYy

Groundwater body at risk A11

¢KS YIAy OFdzaS 2F GKS NRal adlidda 2F D2. ! mm Aa
Between 1956 and thbeginning of the 70s, on average, approximately 16 thousand tons of waste per year
was exported to the northern part of the sand career, and from 1981 to the southern part. The southern
landfill spans an area of approximately 1.6 ha, with an area of appately 64 thousand fin the sulfuric

acid tar. The northern landfill comprises an area of approximately 1,5 ha, with a mixture of approximately
9,0 thousand risand and sulfuric acid tar. This waste was a waste of the former Riga oil processing and
lubricating oil industry the sulfuracid tar, which forms by purging medical and perfumery oils wittiusid

acid. The main ingredients in the sulfuric acid tar are oils, asphalt, sulfuric acid, &nitsadid (pH1,5;

sulfur content4% by weight)karlO I yR 5SYAR]1 23 HAmy
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The landfill was closed in 1986. Over time, pollution in both areas of the ponds has reached a deg2b of 70

m, which flows further north towards river Gauja, and therefore the areal extent of pollution is expanding at

a rate 0f25-35 m/year, reducing the resources of highality groundwaters that could be used for the water
adzZllLX & 2F wo3dl YR LydédzZllfya LINARAKSas a oSttt |
LyédzlFfya A&z Ay AYLRINGINIGS > | yKRS BTSAYMERI 2002 HonSuyNB Y S
The boundary of GWB at risk A11 was delineated based on the following principles an¢ystepsbzO - I y R
Demidko, 2018

DARSYUGATFAOFGA2Y 2F FTNBIF FFFSOGSR o6& (KS &adzNNEP dz
horizortal scale, based on the results of the previous hydrogeological modeling;

2) identification of buffer zone around the area of contamination as part of the hydrogeological
modeling, taking into account the modeling step;

3) identification of area impacted by KS & dzZNNR dzy RAy3a 2F (G(KS Lydédz] | ¢
vertical scale, taking into account the migration forecasts of pollution.

The models used have been developed in the GROUNDWATER VISTA environment, which uses the
MODFLOW, MODPATH, and MT3Bdjuting models for pollutant movement and mass transport) software.
SURFER software is used to prepare graphical materials for modeling rédultsizO+ I yR B SYA R 2

The results of hydrogeological modeling were used and compiled to identifyrélas affected by the existing
AdzNF I OS | NBIF 2F Lyé6dzllfya adzZ FdzNAO | OAR G NJ LRYR
migration of the surfactant substances in the Upper GauggjfPaquifer towards the river Gauja from the

northern andsouthern sulfuric acid tar ponds. Several scenarios have been modeled for the distribution of
SAS plume concentrations in the aquifer for 2015, 2055, and 2095 for two options (with and without SAS
degradation) ¥ I NHzOF YR BSYAR{ 23 Hnamy

The finalbound& 2F GKS D2. |4 NA&]l 'mvMm 461G RESFAFXSKY ¥VNR §}¥
Fa GFr1Ay3 Ayid2 | 002dzyi GKS t20FG4A2y 2F GKS {0 G
N0.1494, and No0.1493 and the location of the monitoring statiotinénnorth-east part of the GWB at risk

All to be able to perform pollution control of the development of pollution. The two affected areas
(northern and southern ponds) were merged into a single GWB, as shawBiRE.12.1.3.

332000
1

330000
1

328000
1

T - T ) T
536000 538000 536000 538000
Legend 0 500 1000 2000
193 Monitoring well of the State monitoring station "Incukalns" and it's number in the database "Urbumi”
Contamination range (year/aquifer):
B 2015/ M 2015/D;, 2055/D,gj, 2095/D.gj,
Buffer zone based on model grid
[:] Boundary of GWB at risk A11

FIGURE 1.1.23The boundaries delineation approach of the GWB at riskl
(modified afterY  NHzOF YR BSYAR{ 23X HAmy
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1.1.2.2. LatviarrLithuanian ransboundary groundwater body delineation

Groundwater is not limited by national borders, which means that joint actionraadagement plans are
needed to improve and maintain groundwater quality in transboundary areas. The development of a
transboundary groundwater management plan initially requires hydrogeological information and data on
the situation of groundwater in the &ansboundary area.

Groundwater resources management guidelines are outlined in the GWD and it states various requirements

for groundwater management, for exampléSshall ensure that for GWBs shared by two or mgt@and

GWBs within which groundwater flonacross aM2a o0 2 dzy RF NB S (1 K% isSébjedt @t A a4 K'Y
coordination between theMS following Article 3(4) of Directive 2000/60/EC.

Identification of LatvianLithuanian transboundary groundwater bodies

To meet these requirements at theatvianLithuanian border, the £olutions project (GSLEGMC2019

was implemented in 2019 between the Lithuanian Geological Survey and Latvian Environment, Geology and
Meteorology Center on transboundary groundwater management cooperation, addresgilogs/éssues

related to groundwater management, includif@WB delineation.

During the BSolutions project, a total of 14IGWBs were identified respectively, 7 GWBs in Latvia and 7
GWBs in Lithuanid-(GURE 1.121). As delineation of GWBs is a mattédreachMSand accompanied by

many political decisions and national level planning principles, the boundaries of GWBs have not been
changed. Changing GWB boundaries would negatively affect national groundwater monitoring networks and
reporting to theECin 2022 (GSLEGM(C2019.

LEGEND
Groundwater bodies in Latvia:
Famennian aquifer system (F1, F2, F3)

¥ ::l__)-_: Frasnian Plavinu-Amulas aquifer system
LATVIA (D11

Givetian Arukila-Amata aquifer system

(A4, A5, AG, A7)

Groundwater bodies in Lithuania:

Venta RB Permian - Upper Devonian
aquifer system
1.1 | Liclupe RB Permian - Upper Devonian
aquiler system

Liclupe RB Joniskis aquifer system
Liclupe RB Upper Devonian Stipiniai

aquifer system

Liclupe RB Birzai - Pasvalys aquifer

system

Licl‘upc RB Upper - Middle Devonian
aquifer system

Duu.%m‘u RB Upper - Middle Devonian
aquifier system

LITHUANIA

0 50 100 ‘:] State boundary
T S

FIGURE 1.121 |dentified TGWBSs in Latvia and Lithuan{enodified afterLGSLEGMC, 20)9

As GWB status reporting in River Basin Management Plans is strongly linked withRBibgethe
characteristics of agreed and joilGWBs were separated according to three comR&s Venta, Lielupe,
and Daugaval(ABLH.1.22.1).
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TABLH.1.2.2.1
AgreedTGWBSs in Latvia and Lithuan({&-Solutiors, 2019

RBD GWABs in Latvia GWBs in Lithuania Aquifer system
Venta F1 and F2 V1 Permian- Upper Devonian (Famennian)
F3 L1 and upper part of L2 Permian- Upper DevoniarfFamennian)
e perpanol LaandLs Gt et A &
A5 and A6 Deeper part of L2, L4 and Lt Uppera A RRf S 5 S @ 2-Kmata)y/
Daugava A7 D1 Uppera A RRt S 5 S @ 2-Kmiata)y

Preliminary status assessment of Latviduithuanian transboundary groundwater bodies

The status assessment ®@WBs was carried out by assessing the volumes of water abstraction in both
countries, groundwater vulnerability, and groundwater quallts8 EGMC2019.

Groundwater abstraction in the LatvidrithuanianTGWBs has been assessed following each co@ntry
approach. The assessment of Lithuanian water abstraction volumes was performed by compiling water
abstraction data (201-2018) from groundwter well fields (abstraction rate > 100%uay), as well as for
decentralized wells where water abstraction is in the range oflQ0 n¥/day. In Latvia, groundwater
abstraction was assessed by compiling information on abstraction volumes in groundwdtefields
(abstraction rate > 100 m3/day) GSLEGMC2019.

High vulnerability areas in Lithuania were indicated only in active karst zones in the [REBOp@ Latvia,

high vulnerability areas were more commonly indicated, also in Venta, Lielupe agd\BRBDsHowever,

this might be due to different techniques on how to assess the vulnerability in general and the quality of
available Quaternary cover data. Available shallow quaternary vulnerability maps for Latvia represent only
the natural shallow undwater vulnerability but do not take into account pressures (such as land use).
Thus, it is recommended in the future to overlook the previously prepared map by considering also at least
agricultural pressures (densities of livestock, manure, andlifetion application amounts).GSLEGMC

2019.

For TGWBs quality assessment, a joint database was created which gathered transboundary monitoring
results in Latvia and Lithuania (202617). As groundwater in both countries is the most important drinking
water sourcel \s taken from drinking water standards were used’® (LGSLEGM(C2019.

The joint methodology for practical application of quality assessment was agreed which included the
following stepsi(GS_.LEGM(C2019:

1) identification ofparameters of main concern (sulfates, nitrates, ammonium);

2) the T\s were chosen as 75% of national drinking water standards (except pH);

3) average concentration for alliPs were calculated for period 204917,

4) finally, the values were represented on mapsdentify their relevance to GWBs and transboundary
nature.

During this project, 5 groups ®WBs have been identified and agreed to be further managed as joint GWBs.
Grouped GWBs were described according to an agreed template which will serve as forbasisre
development of groundwater section in transboundary River basin management plans. A joint database
combining national groundwater monitoring results in transboundary areas was created for the years 2016
2018 which will serve as a template forther data exchange processes. As a conclusion during the draft
assessment, allGWBs were classified in good chemical status; however, a more detailed assessment is
necessary to add confidence levels to the results, thus joint future cooperation inefdeofi groundwater
assessment in the transboundary area is strongly encourdge8LEGMC2019.

1.2. Pressure assessment

Article 5 of the WFD requires thdSto identify the significant pressures likely to cause GWBs to be in less
than good status. It also requires tiMSto assess the impacts on GWBs to support the determination of
status. The WFD requires the identification of significant pressures front pailfor diffuse sources.
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Significant means that the pressure can contribute to an impact as a result of which the WFD objectives
would not be met (e.g. good status of a GWB).

1.2.1 Pressure assessment in Estonia

The classification and prioritization of pressures related to the GWB in Estonia was bas&ddreporting
Guidance 201§WFD Reporting Guidance 2016. Annex la: List of Pressurg. Typbe analysis of point
and/or diffuse sources of pollution, the dirstep was to identify all potential sources and to analyze their
occurrence density and location in a GWB (e.g., location to recharge/discharge areas). The identification of
significant pressures is difficult because it often requires case studiesdhsider the type of the pressure
source and the characteristics of the GVHHE;(20031).

The identification of significant pressure was based\ifD Reporting Guidance 2Q1ghich provides a list

of various pressures and main driver types, as well as $heflthe Estonian GWBs, which are at risk or in
poor status. These two lists were used for selecting a significant point and diffuse pressure sources. Each
pressure source type was related to actual GIS data.

At first, the preestimation of pressure typesas made. The pressure types that do not occur or are very rare
in Estonia, or have no impact on GWBs and are considered insignificant were idekt#reddi et al., 201p

9 1.8¢ Point¢ Aquaculture Fisheries and aquaculture;

1 2.9¢ Diffuseq Aquaculture Fisheries and aquaculture;

1 3.4¢ Abstraction or flow diversion/ 2 2f Ay 3 & G SNJ LyfyBrdgawen®e = 9y SNH@
| 3.5¢ Abstraction or flow diversiogl @ RNR L2 6 SNJ 9y SNH& m Ke&RNERLR ¢ SNJ
1 27¢5AFFdzaS m ' G Y2ALIKSNAO RSLRAAGAZ2Y D

Assessing the sigitance of the remaining pressure types was not as easy. It was possible to make a choice
based on the available data and the connection of the pressure sources to groundwater resources before
proceeding with a more detailed GIS analy$larandi et al., 209).

1.2.1.1. Identification of point pressure sources

To assess the significance of each point pressure source, the available data were collected and its quality was
assessed for further usd@randi et al., 2019

1 Urban wastewater (1.1)and Storm overflows (1.2§ previous studies in Estonia have shown that
most of the wastewater treatment plants in Estonia were reconstructed quite recently and do not
have an important impact on GWBs; GIS data on wastewater treatment plants and its outflows is
available, but digal data about the actual pressure types are missing. Both pressure types (1.1 and
1.2) were not used in the following GIS analysis;

fL95 LXFyda YR AYRddzZAUONARIE LRAY(H &2@@datdais TNRY
available, but with no rel@dn to the pressure type; it was not possible to assess how a plant can
affect the status of GWB, therefore the data were not used in the GIS analysis;

f NonL95 LI Ilyda olyeé AYRAAGNRARLFIE LIR2AY(c BEddaNDOSa
EnvironmentalBoard maintains the Information System of the Environmental Permits which
collects such kind of data, but efficiently processible digital data is not available; both point source
types were discarded due to problems with data;

1 Contaminated sites or abandad industrial sites (1.nd 2.5) ¢ GIS data on contaminated and
abandoned sites are available and both pressure types were considered in the GIS analysis;

1 Waste disposal sites (1.6environmental requirements are met in landfills and they do have
significant impact on GWBs, and those sites that do not meet the requirements are already
recorded in the database of contaminated and abandoned sites; the pressure type was not used
in the GIS analysis;

1 Mine waters (1.7 mine waters are considerdd be a significant pressure; GIS data was available
and was used in the following analysis.

1.2.1.2. Identification of diffuse pressure sources

In order to assess the significance of each diffuse pressure source, the available data were collected and its
quality was assessed for further ugdldrandi et al., 201p
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T | NDb Iy NOzgismdtEohsideraddavbe a significant pressure on GWBs; GIS data was not used
in the following analysis;

9 Agriculture (2.2); is considered to be a significant pressure on GWBs; aofragricultural land is
available (provided by The Agricultural Registers and Information Board) and was used in the
following analysis;

9 Forestry (2.3 assessed to be an unimportant pressure (fertilizers are not allowed to be used in
forestry); pressurgype was not used in the analysis;

9 Transport (2.4)c generally an unimportant pressure type for most GWBs, but previous studies
have shown that in Estonia for small Quaternary GWBSs located in the vicinity of cities of Tartu and
Tallinn transport is an imgrtant pressure source; in GIS analysis spatial data on streets were used
¢ for every street line a 30 metemside buffer zone was calculated which can potentially affect the
related GWB;

9 Discharges not connected to sewerage networks (&;%hight be an irportant pressure source;
spatial data are available on areas where sewage networks exist. These areas were compared with
Estonian Base map data, and areas of building and yard were selected where sewage networks do
not exist;

1 Mining (2.8) ¢ important pressire in NorthEastern Estonia; spatial data for mining areas were
used in GIS analysis;

1 Groundwater abstraction (3} important pressure type, but it was not included in the GIS analysis
(was assessed separately with a hydrodynamical madde total amourt of groundwater
abstraction was compared with natural water balance, which was calculated for each GWB);

1 Groundwater recharges (6.X)in the case of Estonia, pressure type includes sites where the land
improvement ditches are led directly to the karseas; it was assessed as potential point pressure
sources and was included in the GIS analysis.

As a result of the preliminary analysis, significant point and diffuse pressure types were leakages from
contaminated sites or abandoned industrial sites (15,2mine waters and mining (2.8), agriculture (2.2),
transport (2.4), discharges not connected to sewage network (2.4), groundwater abstraction (3) and
recharges (6.1)Marandi et al., 201p

1.2.1.3. Spatial analysis of identified pressure sources

Spatialanalysis were used to assess their potential impact on GWBs, which was based on two assumptions
(Marandi et al., 2019

9 all pressure types will affect only the uppermost GWB, except groundwater abstraction;
9 the point pressure source impact areariated only to the sulzatchment area where the
pressure source is situated.

Concerningpoint pressure sourcespatial GIS analysis includédbfandi et al., 2019

9 calculation of the areas of geometric intersection between the uppermost GWB and each
overlapping subcatchment area;

91 performance of the spatial query to find the relation between points and areas;

9 calculation of percentage of selected areas in the GWB;

9 repetition of the analysis for each point pressure type separately.

Concerningliffuse presure sourcesspatial GIS analysis includédafandi et al., 2019

9 calculation of percentage of diffuse pressure areas orughygermostGWB;
1 repetition of the analysis for each diffuse pressure type separately.

As the result of the GIS analysis the petage of the GWB area that may be affected by a particular pressure
type was obtained. Based on GIS analysis, the impact of pressure sources for a GWB was categorized
gualitatively in the three classeblarandi et al., 2019

1 major impactc pressure type affects more than 50% of GWB area;
T minor impactg pressure type affects 250% of GWB area,;
1 no impactg pressure type affects less than 25% of GWB area.
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Both point and diffuse pressure source was considered to have a major impact iinhef gwint pressure
related subcatchment areas or diffuse pressure areas covered more than 50% of the GWB area. If the
coverage of sulbasins or diffuse pressure source areas was in the range-60260f the GWB area, the
pressure source was considerarhiiave a minor impact. If the coverage was less than 25% of the GWB area,
the pressure source was considered to have no impderéndi et al., 2019

1.2.2 Pressure assessment in Latvia

The pressure assessment methodology development and preasaessment itself in Latvia was performed

in 2020/2021 for preparation of the 3rd River Basin Management Planskl a / 2). Pressuresassessment

was performed in three main categories: point pressure assessment, diffuse pressure assessment and
groundwater abstraction pressure assessment. Pressure assessment does not include an assessment of
GWBs at risk as they have already been delineated on the basis of specific pressués(iee 1.1.2.1
Exception is groundater abstraction pressure in this case GWBs at risk due to their small territorial size
were included in the hydrogeologically linked GWB. The process of pressure assessment is not aigomated
in each pressure category and assessment stage the actiwiges performed manually and in the final
stages the assessment was heavily based on the expert judginent{a / 2). HAH M

1.2.2.1. Point pressure assessment

In order to identify and assess point pressure sources on GWBs, data from the Redistetamhinated and
Potentially Contaminated Sitesdata on shallow groundwater pollution by oil products at gas stations and

oil terminals from the Unified Environmental Information Systedata on Category A polluting activity
permits issued in accord@hS ¢AGK /oAy SG wS3dzZA I GA2Yy b2dmnyHn 27F
polluting activities of Category A, B and C shall be declared and permits for the performance of Category A
FyR . LRt ftdziAy3a I3Mérdindffeni Gabidet Ragiatioh Ko.1088), ak \iell akfh& data of

the Agricultural Data Center on the total number of livestock expressed in animd {initsH a / ). Then H m
assessment of the significance of point pressures was performed with -8tag@ procedure, which is
schematically shown iFIGURE.2.2.1.1

In order to prepare the list of significantly polluted sites (Stage 1), data from the above sources were
collected. The list was prepared in accordance with the precautionary principle and also inubteietsal

point sources of pollution that may cause significant pressure on groundwater. The list of significantly
polluted sites include[(t Ha / 2: HAH M

1) Category 1 polluted sites (the level of pollution and the impact of it is htgh L\s of EQSare
exeeded 10 times and more) from the Register of Contaminated and Potentially Contaminated
Sites;

2) all sites for which, according to Cabinet Regulation N0.1082 of 30 November 2010, Category A
polluting activity permit has been issued (required for stationaghnological equipment in which
one or more polluting activities are performed);

3) all gas stations and oil terminals from Unified Environmental Information System managed by
LEGMC, where significant pollution with oil products has been detected in thedgesio 20150
2019 and a high concentration of pollutantsthe sum of petroleum hydrocarbons and
monoaromatic hydrocarbons (BTEXi) a floating layer of oil products has been detected;

4) all agricultural holdings where, according to the Agricultural D2¢ater, the total number of
livestock exceeds 1000 units.

! Register of Contaminated and Potentially Contaminated Sites. AvailbtifEs://www.meteo.lv/lapas/vide/piesarnoteun-potencialt
piesarnotovietu-registrs/piesarnob-un-potencialipiesarnotovietu-registrs?id=1527&nid=373

2 Unified Environmental Information System. Availablgps://www.meteo.lv/autorizacija/?josso _backo=http://parissrv.lvgmc.lv/signon

3/ oAYySiG wS3dAFiA2y b2odmnyH 2F on b2@SYOSNI nanmn at NPOSkdam o6& 2 K.
Permits for the Performance of Category A and B Polluting Activities Shall Be& Issuedl @ htt:1/likuinithvBaYen/en/id/222147

4 Agricultural Data Center, Number of livestock units, 2018

5 Concentrations of pollutants exceed the#8 a4 LISOAFASR Ay ! YYSE wmn (2 /LFoAySh wS3aAdA I Gazy
GKS vdzrfAGe 2F {dzNFI OS | yR DNE dzy R g |-nieBtiNdediregaldtignd (lsmmenged ¢h Ottabed 2, 8af5) G K S
no longer include targevalues andL\s for monoaromatic hydrocarbons (BTEX), but this parameter is the most frequently determined
parameter when monitoring shallow groundwater at gas stations and oil termindl¥/2a¥ mTtp >3kf gl a | R2LISR | a
individual monaromatic hydrocarbons (benzene, ethylbenzene, toluene and xylenes).
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and/or H l
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[ The contaminated sites included in ] :

Gas stations and oil terminals

(with significant pollution) the national program «Remediation

of Historically Contaminated Sites»

Additional data analysis

Placas for whichi a catagory ] [ Pollution has been detected in

e N
Low Quaternary groundwater
Farms with more than protection has been identified
1000 animals N /
- and/or E Significant pressure - GWBs in which, after
i N 4 additional data analysis, at least one SWB was
Karst process distribution areas | identified that met mentioned criteria
! has been identified i e
£ X of Very significant pressure — GWBs in which,
snd/or H after additional data analysis, at least one SWB was
identified, in which the above criteria were met +
( H according to the expert's assessment, the identified
Groundwater abstraction ' areas may significantly affect the GWB
has been identified H
\ J

FIGURE.2.2.1.1Approach to assessing the significance of point source pollution pressures
(modified afterf t Ha/ Y HAHM

In order to perform the initial assessment of the significance of point pressure sources (Stage 2), the
information was collected bRBDsand SWBs, identifying those SWBs where at least 3 significantly polluted
sites are located in close proximity or in a concentrated area. Then, on the basis of the GIS information, the
extent of the dispersion of these sites on the scale of SWBs was eds@isthe sites were scattered
throughout the SWB area, the impact was not considered significant). Parameters such as type, extent,
potential impact on surface and/or groundwaters were also assessed for each site based on available
information as an expgéjudgment({ t Ha/ 3. HAHM

Significant impact were noted in those SWBs where pollutants have entered the pressurized waters, or in
the SWB territory there is at least one point source of pollution included in the National Program for the
Rehabilitation oHistorically Contaminated Sites (hereinaftéistorically contaminated site), at least 3 point
pollution sites are located in a close or concentrated area, or in the vicinity of rivers, which, in the opinion of
a surface water expert, have a significampact on water quality and/or human health (according to the
information prepared in the 3rd perioBBDMPs([ + Ha/ 2. HAH M

The assessment of the significance of point pollution pressures at the level of GWBs (Stage 3) was performed
based on the results @ained in the Stage 2 assessment and the hydrogeological conditions. Accordingly,
the point pressure was considered to be insignificant at the GWB level if it is not exposed on the surface and
is completely covered by other GWBs and aquifers. Light presgas noted in those GWBs that are partially

or completely exposed on the surface, but in which SWBs that would meet the set criteria were not identified
during the implementation of StageP& Ha/ 2. HAH M

In turn, in those GWBs where SWBs meeting theratof Stage 2 were identified, an additional assessment
was performed.

Firstly, the extent to which the identified SWBs have an impact on the GWBs was assessed based on GIS
information. Taking into account the precautionary principle, ppissure was considered to be significant
at the level of GWB if at least one point pressure site was located inG@WeB + Ha / 2): HAH M

1) with a low degree of protection (high vulnerability) of Quaternary groundwater (corresponds to
the categories of unmtected, weakly and moderately protected Quaternary groundwater; as well
as areas where Devonian sediments are exposed on the swtadmed aquifers are also
correspondingly vulnerable);

2) with karst processes distribution (pollution from groundwater megch confined aquifers);

3) with groundwater intake (regardless of the depth of the exploited aquifer and the volume of
groundwater obtained).
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Secondly based on the available information, very significant pressure was noted in those GWBs where,
according tothe expert judgment, point pressures cause or are likely to cause a significant impact on
groundwater quality and/or human health. The assessment took into account the local hydrogeological
conditions of each GWB (degree of groundwater vulnerabilityyitligion of flows, etc.), the volumes of
groundwater abstraction, and the depth of input of pollutantsf Ha / 2). HA H M

1.2.2.2. Diffuse pressure assessment

To assess the significance of diffuse pressure on GWBs, land use data (according to Corine Land Cover),
livestock data, SWBs diffuse pressure assessment data, and distribution of nitrate vulnerable zones were
used.The assessment was carried out in-stdge procedure[(t Ha/ 3. HAH M

Using Corine Land Cover datthe specific area of agricultural land clasgath GWB was calculated and
expressed as a percentage (agricultural land class area concerning the total GWB area) (Stage 1). Using
obtained information, the significance criterion was calculated by summing the occupied area within all
GWBs (expressed asparcentage) and calculating its average value and standard deviation, additionally
subtracting/adding the standard deviation to the average value. The significance criterion was calculated
only for those parts of GWBs that are exposed to the ground seiréexdd were assumed to be directly
exposed to surface pollutiofi (+ Ha / 2). HAH M

The significance criterion was divided into four clagfes Ha / 2);: HA H M

1 insignificant(does not cause pressure on GWB);

9 light (minimum pressure on GWB);

9 significant(causes pressure on GWB);

9 very significant(causes significant pressure on GWB).

he data of the Agricultural Data Center on the total number of livestock expressed in animal(anits
conditional animal that produce 100 kilograms of nitrogen with manure in one year) were also used to
assess the diffuse pressure (Stage 2). The allowable number of animal units (DVp) (following the Annex 1 of
the Cabinet Regulation No.824F 5SOSYOSNJ Ho X HAmMn eProfdiozbfNB Sl & wS
FYR AN FNRY t2fftdziAz2y [ I dza SR Cabifet ReqlstorONaisZd)jzNast | C
calculated in each GWB using the formula:

»n B
0 —, where

L - area of agricultural land required for manuagplication (ha);
H 5 #total number of livestock of the agricultural holding, expressed in animal units;
DVp- the permissible number of livestock units per hectare of agricultural land.

Accordingly, the indicatdr- area of agricultural land requiredfonanure application (hawas calculated in

each GWB around each livestock farm by determining an individual 5 km buffer zone (optimal distance from
the farm for manure application) and ultimately from these buffer zones by calculating the total area of
agricultural land in each GWB. Based on the available data from the Agricultural Data Center, the total
YdzYOSNI 2F fA@0Sai20]1 Ay fA@SaG201 dzyAdGa oO6H5x0 41 &
number of livestock units (DVp) per GWB walsdated[ + Ha / 2). HNAH M

Following Sulparagraph 3.3.2 of Cabinet Regulation N0.834, the permissible number of livestock units (DVp)
per hectare of agricultural land in Latvia is 1.7 livestock uditsy significant pressurevas applied to GWB

if the permissible number of livestock units (DVp) per hectare of the utilized agricultural area was exceeded.
If the number of livestock units in the GWB was not exceeded, the pressure was consigggadicant

( £tHa/ 2. HAHM

To assess SWB diffuse pressure (S&géhe following data were summarized: SWBs with significant and
very significant pressure from arable and livestock land and SWBs with poor and vequpbty status to
identify diffuse pressure (according to the information prepared for tHep8riod RBDMP)s All SWBs with

poor and very poor quality resulting from agricultural diffuse pressure were identified. In SWBs with poor
and verypoor-quality status, those with distributed agricultural pressures with a significant or very significant

6 The Copernicus Programme, 2018. Corine Land Cover. Avditdibde//land.copernicus.eu/pareuropean/caine-land-cover/clc2018
7 Agricultural Data Center, Number of livestock units, 2018
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impact were taken into account. All poor and very poor quality SWBs affected by other distributed loads,
such as forestry and households not connected to the central sewerage system, were also identified. For the
previously identified pressures in SWBs, thpedfic area concerning the GWB area, expressed as a
percentage, was calculatefl @ Ha / 5. HAH M

For the determination of SWB diffuse pressure, a significance criterion limit of more than 20% of the GWB
area was adopte@EC 2004). Verysignificant pressure on GWB was attributed to the case where more than
20% of SWBs with poor or very pequality status affected by agricultural distributed pressures (as well as
pressures from other processes) were identified within the GWB concernantpthl area of GWB. If the

20% limit was not exceeded, the pressure was considered insignificant{a / ). H1 H M

The nitrate vulnerable zone was also taken into account for the assessment of diffuse pressure (Stage 4). If
the area of the nitrate vulnerableone occupied more than 20% of GWB, then the pressure was considered

to be very significant, while in the area of the nitrate vulnerable zone that did not exceed 20% of GWB, the
load was considered insignificaft&¢ Ha / 2. HAH M

Finally, the diffuse presseron GWB was considered significant if at least one of the indicators (agricultural
land (Stage 1), number of livestock expressed in livestock units (Stage 2), SWBs with poor and very poor
quality status affected by agricultural diffuse pressure (as welbther process pressures) (Stage 3) and
nitrate vulnerable zone (Stage 4)) exceeds lthtdf the significance criterion (significant or very significant
pressure). In conclusion, the worsase scenario was taken into account in the assessment of theseliff
pressure[ tHa/ 2. HAHM

1.2.2.3. Groundwater abstraction pressure assessment

To determine in which GWBs the pressure caused by water abstraction is significant and may harm the
groundwater quantitative status, the data from the State Statistical Report FdlonaWater. Reports on

the Use of Water Resourcesre analyzed. The assesent of the significance of the impact was carried out

in a 5stage procedure[(t Ha/ 2. HAHM

The data of the State Statistical Report Follms2Water. Reports on the Use of Water Resouine$e
period from 2015 to 2019 were used for the assessmerst, fierforming the validation of the obtained data
(Stage 1). The annual average groundwater abstraction volurfid)(mas calculated for each groundwater
abstraction site (individual groundwater abstraction wells and groundwater well figlds)ila / 2. H A H M

As the number of groundwater abstraction sites is not evenly distributed in each of theQGWB
(inhomogeneous distribution) and cannot provide a spatial assessment of abstraction pressure at the level
of GWBs, the information obtained in Stage 1 was indé&afed by smaller administrativeerritorial units
(parishes, cities) (Stage 2). The data required to assess the significance of the pressures were classified into
fourgroupsf{ t Ha/ 2 HAHM

a) areas without groundwater abstraction;

b) areas withgroundwater abstraction up to 100 ¥dl;

c) areas with groundwater abstraction from 100 m3/d to 100&an
d) areas with groundwater abstraction above 100&an

To avoid potential errors in the previous stages, it was examined whether the groundwater abstpaitibn
belonging to a specific administratiterritorial unit falls within a specific GWB or is located outside its
territory (Stage 3). In cases when administratiggitorial division units belonged to several GWBs at the
same time, the manual conneoti of groundwater abstraction volumes with the corresponding GWBs was
performed( t Ha/ 2. HAHM

The specific water abstraction indicator was introduced to more objectively assess the volume of water
abstraction at the level of GWBs and to characterize fiogmit groundwater abstraction pressure (Stage 4).

It was calculated by dividing the amount of water abstraction in a particular GWB by the total area of the
respective GWB. A specific water abstraction indicator was determined for each GWB. From tioasersd

the average specific water abstraction indicator was expresée#B ( t Ha/ 2. HAH M

The significance of the groundwater abstraction pressure in each GWB (Stage 5) was assessed taking into
account what percentage of the territory of each GWB isupied by each of the four groups classified in
Stage 2 and the specific abstraction indicator. Four significance categories were adopBedi(2.2.3.1).
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TABLE.2.2.3.1

Significance distribution of water abstraction pressu(e t Ha/ Y H AN H M

Significance category Annual average groundwater abstraction (i)
Insignificant 0
Light <100
Significant 100- 1000
Very significant > 1000

If the number of administrative units with categories significant or very significant abstraction within a GWB
do not exceed 20% of the total number of administrative units, then the groundwater abstraction pressure
in the GWB was determined to liesignificant. If more than 20% of the area at GWB level was occupied by
areas (at the level of administrative units) with significant €1000 n¥/d) and very significant (2000 n¥/d)
groundwater abstraction category obtained in Step 2, an additional criterias sonsidered whether the

specific water abstraction indicator (1.43) is exceeded at the GWB level. If this indicator was exceeded, then
the pressure was considere@ry significantat the level of the whole GWB (x Ha / 2. H/N1H M

1.3.  Naturalbackground and threshold values delineation

The GWD (2006/118/EC), following Article 17 (1) and (2) of the WFD (2000/60/EC), lays down specific
measures to prevent and control groundwater pollution. These measures shall include (a) criteria for
assessingapd groundwater chemical status; and (b) criteria for identifying and reversing significant and
sustained upward trends and for determining the starting point for trend reversals. This Directive also
complements the WFD provisions aimed at preventing duoing the input of pollutants into groundwater

and seeks to prevent the deterioration of all GWBs.

Article 3 of the GWD describes the criteria for assessing the chemical status of GWBs, includiQs ttoe
nitrates and pesticides listed in Annex | ketDirective and th&\s set by eacMSfollowing the procedure
set out in Annex Il. ThMS shall setL\s for pollutants, groups of pollutants, or indicators of pollution
identified in their territory as being capable of being characterized as GWBs qsgubsites as risk groups
or groups, taking into account at least the list in Part B of Annex II.

Under theGWD L\s may be set at the national level, at the level &BD or in a part of anRBOying within

the territory of aMS or at the level of a GWB or a group therddSshall ensure that the setting dis for
GWBs common to two or moidSand for GWBs where groundwater crosses a national border is established
in cooperation between th#MSconcerned, following Article 3 (4) of the WFD. Where the GWB or a group of
GWBs extends beyond the territory of tl& the MSconcerned shall endeavor to s&€is in cooperation

with the relevant noamember countries following Article 3 (5) of the WFD.

If the risk of not achieving good groundwater status is not identified in the GWB during the initial
characterization, further characterization and settingladé are not mandatory.

1.3.1Natural background and threshold values delineation in Estonia

TVs andNBIs for Estonian GWBs were first proposed in 208régate, 2013 and were updated by the
Geological Survey of Estonia in 200 andi et al., 201P The delineated\s have been implemented at a
national level flinister of Environment Regulation No.48/29)1

In Estonian legislation two types of values are distinguisB€dS and T\s (Ibid.; Marandi et al., 201p GQS
areEQS®xpressed as the concentration of a particular pollutant, group of pollutants, or indicator of pollution
in groundwater, which should not be exceeded to protect human health and the environmenGQ@Bein
Estonia apply at a national level and in all @WBhese standards are applied for nitrate and active
substances in pesticides (including their relevant metabolites, degradation, and reaction pradinisser

of Environment Regulation No0.48/20119

ATVis aGQSset by EWMSfor the pollutants, groupsf pollutants, and indicators of pollution which, within
the territory of aMS have been identified as contributing to the characterization of bodies or groups of
bodies of groundwater as being at risk. Thé in Estonia have been proposed at a GWB level
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NBLis a concentration of a substance or the value of an indicator in a GWB that corresponds to no, or only
very minor, anthropogenic. It should be differentiated franbaseline levelwhich is an average value
measured at least during the reference years 2007 and 2008 or during the first period for which a
representative period of monitoring data is available. In that sense, the wolkasgndi et al.(2019) dealt

with establishing ad updatingNBls for Estonian GWBs.

The methodology for delineating theéBLsand T\ was based on previously established valliesggate,
2013 and the simplified version of the BRIDGE methodolaghi ¢ £ S NJ S Hinsbyfeidak, 2003Twa
types of criteria were taken into account in determining fhi& for the Estonian GWBEE 2009 Infragate,
2013

1 environmental criteria
1) T\s that aim to protecGAAEand GDTEs
2) TVs which help to designatabstraction related saltwater intrusion into a GWB.
9 usage criteria
1) T\k that aim to protect drinking water in DWBA
2) T\k to protect other legitimate uses of groundwater (e.g. crops irrigation, industry).

When establishing th&'\s one must first establiskthe receptorwhich the status of groundwater can
influence (e.g. drinking water, groundwater dependent ecosystems). When the receptor has been chosen, it
is necessary to establish substances and indicators (e.g. drinking water quality stafmdanased ¢ assess

the status ofGDE) used to determine whether the receptor is influenced by groundwater quality.

When such substances and indicators have been identified, Miis have to be designated as naturally
occurring high concentrations for certain substances, and indicators are not considered poHi@iaa9.
These high concentrations may originate from waigtk interaction, biological processes (e.g. redox
reactiors), inflow from adjacent aquifers and are not related to anthropogenic alterations. Finally, to
establish theT\s the designated\Bls are compared tahe criteria valuesThe criteria valuas the
concentration of a pollutant, which is designated not takimto account any natural background
concentrations, but if exceeded may lead to a failure of the good status criterion conc&@e2D09. The
most commonly used criteria values are BES

When comparing the criteria values with the establisils, two outcomes are possible for any substance
or an indicator EC 2009:

1) NBL<criteria value In that case, thd1Swill define theTVaccording to national strategies and a
risk assessment (enabling a TV to be established above the BL providimtét jcstified);
2) NBL> criteria value In this case, th@Vshould be equal to th&IBL

Marandi et al (2019 followed the general strategy outlined above when updating Thé for the Estonian
GWBs. The basis of the analysis wasTi#eandNBls established in the previous analydigfragate, 2013

and T\s established at the time by the Minister of Environment Regulation. Drinking wai2Es and

saltwater intrusion were casidered the most important receptors. When calculating iH&ls for the GWBs,
chemical data from the period 202D17 was chosen as the baseline. To estalilgh for groundwater
macro components (e.g. CBQ?; but also N®@), data from earlieperiods were also considered.

TheNBLswere derived as the 90percentiles of this preselected dataset, using the followings®ection
criteria Hinsby et al., 2008

1) only samples where seven groundwater macro components'(®y*, Na, K, HC@, Cl, S@?%)
were analyzed were considered, as they enabled the calculation of an ion balance for the sample;

2) samples with incorrect ion balance (exceeding 10%), unknown depth and unknown aquifer type
were excluded;

3) time series at eacMP were converted to average values (to assure that long time series do not
bias results and that all sampling sites contribute equally ta\Bé&derivation).

As criteria valuesGQS$STVs established for groundwatetependent ecosystems, and quality standsifor
dangerous substances were considered. The proposal to change the prévimas given, when:

1 the previousTVdid not take into account the active pressures acting on a GWB (e.gMsteould
be omitted when no active pollution sites where a giverbstance may originate is present in a
GWB);
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1 previousTVsdid not take into account th&lBLsSn a GWB,;
1 the previousT\sdid not take into account the potential influence of groundwater qualityGiDEs.

The updated\Bls andTVs proposed for Estonian GWBsMwrandi et al(2019 are given irAnnex 1 Most

of the suggestions fof\s were adopted in Estonian legislation but a few points deserve some further
clarification. Firstly, for two GWBs (Cambriendian Gdov, Ordovicigbambrian Tartu, and Middleower
Devonian Kihnu) a chloride/significanty higher than the drinking water limit of 250 mg/l was established.
The main reason for this was the much higher chloN&ds observed in these GWBs (i.e. background levels
> criteria value). This means that due to natural conditions it may be impossiakestract water within the
drinking water limit from those GWBs at least within their current boundaries.

Secondly, the most radical suggestion concerningTitewas to establisi\k for total nitrogen (h:) and

total phosphorus (k) for GWBs wheremportant GWDEs are situated drasmaa et al., 2015 This
suggestion was not adopted in legislation. The rationale behind this suggestion was to protect the receptor
with the lowest criteria value, which in this case was not drinking water but GWDEs®/OLhisalso enable

a better assessment of the influence of groundwater quality on the chemical status of GWDEs. Cugkgently, N
and Ry are used as indicators to assess the chemical statuSVéB (i.e. lakes and rivers), but these
parameters are not meased in groundwater from where only nitrate nitrogen-{80y), nitrite nitrogen (N

NQG), and ammonium nitrogen @NIH:*) are measured and treated separately. From phosphspesies,
currently, only phosphate phosphorus-f?*) is measured for groundwater status assessment. Thus, it is
very hard to compare the groundwater quality and surface water quality in the same areas. The values of
Niot and Rot given inAnnex Icorrespond to théboundaries between good and poor status for different types

of rivers and lakes. F&DTEsno chemical\k have been adopted in Estonia.

Marandi et al (2019 acknowledged that th&\s given folNy: and Ro; are much lower than the previouss

and values that can be encountered frequently in Estonian groundwater. The adoption of these values in
legislation would lead to many administrative problems as probably a high number of GWBs would be
assessed to be poor status in the future. It would also need considerable effort and further studies to come
up with land management practices that would enable such strict criteria to be reached for these nutrients.
However, the authors still strongly advised that dgst step the analysis dfio: and Ro: should be added to

the list of substances studied for GWB chemical status assessment. A pilot project is currently underway in
the framework of the LIFE IP CleanEst project, whdge and Ryt are studied simultaneously from
ANRPdzy R GSNI FyR &dzNFI OS 4 S NI-Virycoundy, hothiern Bdtodi®d K Y Sy G a
Finally, as stated above, the strategy adoptedMigrandi et al.(2019 for establishing\Bls andT\s for
Estonian groundater was a simplified version of the BRIDGE methodology. In the future, when more data
is available, the number of preelection criteria for the dataset used to determine these values can be
expanded. These includElifisby et al., 2008

1 data fromMPswith median nitrate concentrations above 10 mg/l can be considered to be polluted
and thus be excluded from the dataset. Thus, only samples with nitrate concentrations less than
or equal to 10 mg/l are used as a proxy for groundwater with a natural cotiqusi

1 if the dataset contains anaerobic samples (here defined.as Dmg/l) or denitrification occurs,
the dataset would need to be evaluated separately for the aerobic and anaerobic samples. That
would be especially important if the concentration of tinwestigated parameters is controlled by
the redox environment (e.g. NOFeo, SQ%). For example, in anaerobic groundwater nitrate does
not work as a pollution indicator since nitrate could have been reduced.

It is also interesting to mention that loér methodologies besides BRIDGE have been used in other parts of
the world to determineNBIs/T\& for groundwater. An example is an approach borrowed from the field of
mineral exploration used biyanno et al. (2002p establishNBls forgroundwater in lllinoi€sinkhole Plain

in the USA. This method can be briefly described as follows. A dataset for a studied GWB or groundwater
catchment is collected and analyzed for a given indicator or an ion. The data is then plotted on a cumulative
probability plot, which groups the data into various populations. The inflection points along the plots indicate
the threshold between two or more populations. In this context, the background is defined by the inflection
point with the concentration above vith higher concentrations can be interpreted as an anomaly that is
indicative of the presence or influence of an anthropogenic alteration (i.e. much like the presence of a
mineral deposit).
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1.3.2Natural background and threshold values delineation in Latvia

NBLsand T\s for Latvian GWBs were developed by the University of Latvia during a pcdjeet
development of background and threshold levels for Latvian groundwater bodies" in®B%(A t S dzy . A
2019. The project involved literature studies, the development of methodologies for the delineation of
background and threshold levels for Latvian GWBs as well as the application of the methodologies to
calculateNBls andT\s. As a result\Bls andT\s for the number of compounds were determined for Latvian

GWBSs, but only some of them were used during GWB status assessment as status assessment strongly
depends on previously identified anthropogenic pressufes(Ha / 2. H N H M

The developed methodologies are lalgbased on the BRIDGE methodolagyN(f f S NJ S énd btlied > H 11 J
EU member countries followintpe EU WFD anthe GWD The methodology is adapted to the Latvian
situation according to available data.

For delineation ofNBls, two main groundwater quality data sources were used, including national
groundwater monitoring data and data from groundwater abstraction sites. The national groundwater
monitoring dataset consisted of many observations in each monitoring well and each sampléohgdist

of analyzed parameters. In the case of Latvia, groundwater monitoring stations are constructed in a way that
up to 10 wells can be placed within a single station therefore spatial coverage was not sufficient although
374 unigue monitoring wellwere present in this dataset. To broaden the dataset, it was supplemented with
monitoring data from groundwater abstraction sites. This dataset consisted of 36 000 observations from over
21 000 groundwater abstraction wells and had much better spatiatiligton than national monitoring

wells. However, the data quality was a problem as the list of analyzed parameters was often very short and
many abstraction wells had only a single measurement, therefore data consistency could not be assessed
WSOAtAS] QIB/Y .HAMD

The methodology foNBLdetection consisted of multiple successive steps that can be structured in three
parts. During the first part development of a dataset consisting of discrete observatipnzultiple sub

steps were performed includingata harmonization during which previously mentioned data sources
(national groundwater monitoring data and data from groundwater abstraction sites) were joined together
in a similar structure; from both datasets, only observations from 1994 and newer sedgeted to avoid
samples that have been taken with batléde equipment [(evins et.al., 1999 evina and Levins, 1994
Parameters having a value below the detection limit were replaced by a value that is half of the detection
limit (except fordataset from groundwater abstraction sites where such information was not available). The
preparation of the harmonized database also included the exclusion of anthropogenically impacted samples
which included samples with detectable pesticide levels ntt@tic compounds and samples havingNal
concentration higher than 1000 mg/I. Finally, only samples having full major ion chemistry (i.e. h&ving Ca
Mg?*, Nd, K, Cl, HC@ and S@) were selected to be able to perform ion balance calculationssanaples

with incorrect ion balance (exceeding 10%) wereexclude8 (i At S dzy). . A1 OSZ HamMD

During the second part aggregated datasets for each sampling site were developed. Further data
transformation was done by aggregating data by each sampling poineacid parameter of interest by

finding the median value (the median value was preferred over the average value to minimize the impact of
outliers). Sampling sites having median nitrate levels higher than 10 mg/l were considered to be
anthropogenically impeted and were excluded from the data set. Further, sampling sites were classified
according to the redox environment; taking into account the incompleteness of data set (majority of samples
lacked dissolved £and Mn measurements), a simplified approachwasuse8 ( A t S dzy): . A 1 0SS H

9 if iron content < 0.2 mg/l, then the sample was considered oxic;

T fANRY O2yiSyid x now Y3IktZ GKSYy GKS alyYLXS Aa
Although this approach has its drawbacks andat very precise, it still can be used to detd&ls for iron
and nitrates according to redox state. Finally, sampling points were assigned to GWBs by joining them
spatially (through geospatial files) and also vertically by assigning GWB accordiragtafanthat the well
screen interval represents (some wells did have several representative aquifers due to long screen intervals
and in rare cases, these wells represented two GWBSs instead of one). Special care was taken dealing with
wells representingQuaternary aquifers, because the majority of Quaternary aquifers are combined with
GWBs together with confined aquifers, therefore careful spatial join was implemeat&l (At S dzy . A
2019.
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Using the prepared harmonized and aggregated data¥Bt,was determined as 90percentile from the
selected data set for each substance: if the number of observations for a substance was relatively large (e.g.
major ions), therNBLwas determined withireach GWB but if the number of observations for a substance
was insufficient (e.g. less than-20% of all data set), then singiBLwas determined for all GWBNBLfor
redoxsensitive substances was determined according to redox environment: if theasiiestvas elevated

in anoxic (anaerobic) conditions (e.g«keMn), theNBLwas determined within each GWB for anaerobic
conditions, but a singl&BLfor all GWBs was determined for aerobic part of the observations; if the
substance was elevated in oxaefobic) conditions (e.g0NGs), thenNBLwas determined within each GWB

for the aerobic part of the observations, but a singi8Lwas determined for anaerobic part of the
observations. Unfortunately, it was not possible to apply this step due to too small several oxic observations
(less than 300 for the whole territory of Latvia), therefore one singleg NBLwas determined for alGWBs

as an alternative until more oxic observations will be gathered in the data set (at least ~20 oxic observations
must be presentinmostof GWB8)§ i At S dzy). . A1 OSZ Hamop

NBls that were determined for a substance for each GWB were combined in moeeagigmnoups to reduce

the number of differentNBls, to promote more roundedBLnumbers, and to ease further groundwater
management process. Firstly, percentiles of"98nd 93" were calculated for the substance under
consideration for each GWB. Startimith GWB having the highest 9(ercentile, a (relatively) rounded

value was chosen close to the™percentile (this value was thNBLfor the first group of GWBSs). If the
determinedNBLin the previous step fell within the 9Gand 953" percentile of any other GWB, then this GWB

was included in the samégBLgroup with the sameéNBL(determined in the previous step); if the rest of the

GWAER fell outside of the developedBLgroup, then GV with the next highest 90percentile was selected

to repeat previous steps until all GWBs were grouped MBigroupswS G A t S dzy). AnkdarGpfe> H 1 M
of grouping Latvian GWBs inBLgroups for Clis shown inFIGURE.3.2.1
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FIGURE.3.2.1Grouping of Latvian GWBs into chloridéBLgroups according to Latvian background
delineation methodology(The Xaxis represents Latvian GWBs. The upper edge of the gray column represents
the 90th percentile for the GWB, while the thin horizontal line (whisker) represents the 95th percentile. The
dotted red line represents the highest 90th percentile in e&li8iLgroup and each distinguished group is
represented with a different background co)gr A { OS dzy WSGAt ST Hamop

The delineation o \&for Latvian GWBs was based upon general principles developed BXE€; 2009.
These principles impose that to delineate a threshold value, two components are nec@#Baffor each
substance for each GWB) and reference value (for each substance).
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NBLdelineation methodology as described previously, but reference value was determined according to the
purpose of each GWB (i.e. protection subject). Latvian GWBs are delineated to protect drinking water
resources, therefore drinking water protection meass were used as reference values that are laid out in
wS3dzZ I GA2Y b2dcTm A&d&dAdzSR o0& GKS aAyAadaSNI /FoAySi
vdzl t A& wSIdANBYSyda F2NISNAYl1Ay3 2FGSNE FyR (KS
Two most common approaches for threshold detection were selected according to the experience of other
European countries:

1) if the reference value was higher than thBL, the TVwas calculated as the mijgbint between
NBLand reference value;
2) if the reference value was lower than tiNBL, the TVwas equal td\NBL

T\s were also set for groups of GWBSs, established within the framework of the developméBisobased
on theNBLvalues of the combined groups. Also in the combined group3)\&lfor Mn and Fe, as well as
individualL\5 for Cl SG@* and NH* ions were set as the correspondifdBLdue to highNBls exceeding the
reference values SG At S dzy). . A1 OSE HaAmM®D

TheNBIs andTV\s (grouped by GWBSs) proposed for Latvian GWBs are giYemax 2
1.3.2.1. Natural background and threshold values delineation for groundwater bodies at risk

NBls andT\s for the delineated GWBs at risk ($€kapter 1.1.2 1were established within the framework
of separate studies in the period from 2018 to 2019.

Groundwater body at risk Q2

FirstNBIls andT\s for GWB at risk Q2 for the first time were established during a stadglucted in 2007
(L! &+ARSa )INRERf8rS$Hlofide foris, ammaniom nitrogen, the sum of trichloroethylene and
tetrachloroethylene (TCE+PCE), BTEX, trichloromethandich®roethane, arsenic, cadmium, and lead
were taken into account in siég the T\s. TheT\s were set according to the following principles:

9 for chloride ions, ammonium nitrogen, trichloroethylene and tetrachloroethylene (TCE+PCE),
trichloromethane, 1,ichloromethane, arsenic, cadmium, and lead, fi¢ was determined
according to the methodology recommended by BRIDGE { f S NJ § Using theda¥mula:n n ¢

660'YQQQ LéddBQ
C

9 for nitrate-nitrogen(N-NGy), the drinking waterEQSwas adopted as &V (following Cabinet
wS3dzE I GA2Yy b2dctm 2F b2OGSYOGSNI mMnXE wamTt dal yRI
SNAY{1AY3 2F0SNE FYR GKS t NPOSRdAzZNB&a F2NJ a2y Az

1 BTEXVwas established d¥BL

It should be noted that, according taREDGE methodologg (N f f S NJ 3, XBId-fdr sprithetic paliutants,

such as trichloroethylene and tetrachloroethylene (TCE+PCE) and BTEX, which do not occur naturally, should
0S Sldzrt G2 angi! odekARYaG)KIBRWRS GcBzRIE SRR AT 0SSt 246
RSGSOGA2Yy 2F GKS IylrfedAolf YSGK2Réd ! f (iK2dzZ3K (KA
as the limits of detection of an analytical method may change over time and may vary from laboratory to
laboratoy | t Ha/ 2. Hamd

Taking into account that (1) in 2019 ardepth study of GWB at risk Q2 was performed, as a result of which
the vertical boundaries of it were revised ($8bapter 1.1.2 land (2) the longerm monitoring data set on
groundwater and surface water quality was analyzed, it was decided to review the validity of the &isting
(xtHa/ 2. oMo

Given the fact that in 2004 (L ! & + A RS & ) ltibBré&&utionakyépiincipadibeen chosen and
determined possible or preliminary indicators following the requirements of @WDat that time and
available data sources, in 2019 £ Ha / %) it was mabessary to use 4ip-date monitoring data and to
verify whether the presence oparameters included in the previously developed list is discovered in
groundwater. An analysis of the data for the period from 2000 to 2018 and comparison to aggregated data
with the predefinedT\s concluded that the list of ten indicators should be digantly reduced, as the only
exceedance of the currefii\s was for chloride ions and only as a higher concentration, not the average or
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median concentration. Parameters such as trichloroethylene and tetrachloroethylene (TCE+PCE), BTEX, and
1,2-dichloroettane were not detected at all (their concentrations were below the limit of detection of the
chosen analytical method throughout the observation period), but trichloromethane was detected only
once. Concentrations of nitrate nitrogen, ammonium nitrogenwadl as heavy metals As Cd and Pb were

low, and at no time did they approach the establist@@Sand T\s. As a result, it was recommended that

the TVbe retained only for chloride ions, which directly allows the assessment of the chemical status of GWB
at risk Q2 and the evolution of surface water interactiprt{ Ha / ). H A M@

GWB at risk Q2 hydro geologically is located in the area of GWB Q1 with the deteNBbgitchloride ions

of 130 mg/l wS G At S dzy ). Wheh €afdlating then background value of chloride ions as 90th
percentile for the respective GWB at risk Q2&arthe NBLfor chloride ions was determined as 152 mg/l.
Given the fact that the groundwater artificial recharge in the GWB at risk Q2 area will continue and the
INRPdzy Rél GSN) Sttt FASEtRa a. | f3GdSTSNBE | yRartofthet ST S
centralized water supply to the city of Riga, it is not justifiable to sdiB&that would unambiguously
determine GWB at risk Q2 to be in poor chemical status. It is undeniable that the natural quality of
groundwater has been affected andviill not be possible to reach its original status in the period under
review without a complete change in the way water is abstracted. Therefore, it was recommended to set the
TVfor chlorides as a determinedBLof GWB at risk Q2 itself and to monitor fature chemical deterioration

by taking the current chemical status of it as a reference pdime TVfor chlorides was set at 152 mg/l (see
Annex 3.

Groundwater body at risk F5

NBLsand T\s for GWB at risk F5 were established during a study conducted®yi A t S (@a8). . A { OS
Longtime data from monitoring and abstraction wells were gathered about major ion chemistty NIg#,

Na', K, Cl, S@*, HC@) and nitrates (N@) andlimited to (1) the area of GWB at risk F5 which is the area
affected by seawater intrusion and (2) to aquifers of interdstLILIS NJ 5 S @2 V 2 FDifar-@ mDeda
preprocessing included: (1) removal of historical samples which reportédidaK as asum (N&+K") (an
FRRAGAZ2YLFE ONRGSNRAZ2YOT o0HO NBY2@IFt 2F &l YLX Sa g6Ad
aNf f S KeD0§ and (3Ywimere such information was available samples with nitrates content exceeding 4

mg/l were removed as fgentially affected by human activities. A much stricter criterion than suggested 10

mg/l bya Nf f S KRDO§) Wwas Ehbsén based on the most recent study about the geochemical composition

of groundwater in LatviaSG At S $0 I f & wHnawmc

TheNBLfor chloride ions was calculated in two steps to minimize the error of visual identification of the
inflection point. Firdy, freshwater samples were separated from seawsatffected samples the value of

the inflection point on groundwater samples was detected by applying probability platsp et al., 2006
According to BRIDGE methodologyN f f S NeDO§ Bamplds with NaCl > 1000 mg/l should be removed.
Much stricter criteria were used, and the value of the inflection point for chloride was set at 18 mg/l. Results
were compared with values obtained byS G A t &016.iINext, theiBLfor chloride ionsvas determined

as 90th percentile of all freshwater samples below the inflection point value according to BRIDGE
methodology & Nf f S N200®)(iThi$ dtepp was accomplished for two reasons: (1) the validation results
from the previous study suggested thk8 mg/l for chloride might be too highvS G At S S énd (2f @ H.
visual observation of the inflection point is subjective and may hold some uncertainty. SinNBidywere

set for sulfate and sodiumioneyGS G At S ,2048). . A1 OS

T\s for chloride, sulfate, and sodium ions were calculated according to BRIDGE methodoldgy { S NJ S (i
al.,2006 which suggests deriviigs based on the ratio between the estimati@ls and relevant reference
values. In this caseBls < relevant reference valuetherefore the following formula was usew@ (0 A t S dzy
. A 12018):

060'YQQQI RddODQ

C

Drinking water standard from Latvian legislation (Cabinet Regulation No.671 of November 14, 2017
Gal yRFEG2NE | | N Regurgmsnisdor DrigkiRg Watkzt, dnd tBedProcedures for Monitoring
FYR / 2yiNRf ¢KSNB2F¢0 ¢l a OKz2aSy Fa | NBftSGFryid N
sulfate ions, and 200 mg/l for sodium ions$ G At S ,2048). . A { OS

Yo
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FinalNBIs for chloride ions were set as 13.2 mg/I, for sulphate iof2.5 mg/l and for sodium ions22.3
mg/l. Calculatedr\s for chloride, sulphate and sodium ions were respectively 131.6 mg/l, 146.3 mg/l and
111.2 mg/l (seénnex 3.

Groundwater body at risk A1l

NBIs andT\s for GWB at risk A1l for the first time were established during a study conducted in 2016
(Semjonovs, 2016 The boundaries of GWB at risk at that time were considered and the area in which
hydrogeochemical studies and modeling of pollutants were performed in the calculatidh®fDetailed
information on groundwater dynamics, regime, recharge and discharge zones, migration parameters
(sorption, diffusion, destruction) obtained in previous reséaend design works was usefiefmjonovs,
2016).

In2019[ + Ha / %), itwasneéeided to review the background limits and for GWB at risk A1l set in
the study ofSemjonov42016) taking into account the following reasons:

1 inrecentyears, additional data on the chemical composition of shallow and confined groundwaters
in the study area has been collected;

9 in 2017, the boundaries of GWBs of Latvia were reviewed(éepter 1.1.7

9 in 2018, the boundaries of GWB at risk A11 were reviewedCbepter 1.1.2.1t

1 in 2019, a study oNBLsand TVsdetermination in all newly delineated GWB4d.imtvia wasarried
out (seeChapter 1.3.%, as well as changes in the background lavidetermination methodologies
at the European level.

The task of the new study 2019 [ + Ha / %) was/mot @ search for and include new parameters in the
list of GWB at risk ATI\S but to review existing parameters and, if necessary, change or remove them from
the list. It should be noted that the inclusion of new parametertialgh possible, is not crucial in the
current situation when the most important task of groundwater protection is the identification of pollution
and control of its migration in groundwater. Following the completion of remediation work and
environmental abilization, the possibility of adding new pollution indicators to the list may be considered
( tHa/ ». HAaMD

In Semjonov42016) study,NBls were calculated as 90% of the assurance, which is following the generally
accepted BRIDGE methodology. The approach of using a very local data set near tar ponds and the small size
of the data set is debatable. It can be concluded from the study thaliBis of COD, sulfate ions, synthetic
surfactants, and electrical conductivity are also expressetvaswhich are not inherently incorrect but are

very strict and unenforceable quality criteria for such a pollU BB Also, such an approach, althouglkeds

in other EUMS is not among the most populawS G A t S , 2049). It siholldX® noted that for GWBs at

risk in Latvia, such strict criteria were not used andThg were determined according to the methodology
recommended by BRIDGEK f f SND0§.iG | f @

Within the framework of the researcl§emjonovg2016) determined the background limits ant\s for

synthetic parameters as the detection limit of the analytical method. It should be noted that according to

the methodology recommended by N f £ &1.NJ00H) ifor synthetic pollutants, such as TCE+PCE or BTEX,
which do not occur in nature, thiBLA K2 dzf R 6S aGnéx odzi Ay GKS NBf SIIy
below the limit of detection of the analytical method. Although that does not significantly affect the result,

it is not correct, as the limits of detection of the analytical methods may fram laboratory to laboratory

( tHa/ ». HAaMD

In view of all the above, it was decided to make the following adjustments ttNBis andT\s of GWB at
risk ALl t Ha/ 2): Ham®

1 NBLs
o for the synthetic parameters (TCE+PCE, BTEX, trichloromethardicti@oethane and
A8YUKSOAO &adz2NFIF OGFyGaov WBLacko@dd tolithe BRIDBE f dzS
methodology & Nt f S NeDO§ énd thé approaches of other BUS
o for As, Cd and Pb tccept as\Bls the correspondindBls of the catchment area of GWB
at risk, which is GWB A&G (i A t S , 2219), witholt @iStinguishing between aerobic
and anaerobic waters, respectively;
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o for sulphate ions to maintain the locally determin®&BL(Semjonovs, 2026 which will
ensure stricter monitoring of groundwater quality;

o for COD and electrical conductivity to maintain the locally determiN&ds Semjonovs,
2016), as these are currently the best availabNBL<ata for the study area and wilhsure
stricter monitoring of groundwater quality.

1 Tw

o for synthetic parameters (TCE+PCE, BTEX, trichloromethanejchl@oethane and
synthetic surfactants) th@Vshould be calculated according to the BRIDGE methodology
(@ Nf £ SN20)(1) usingbthe reference values set in Cabinet Regulation No.118 of
al NOK MHYX HWHnnu 6GwS3dzZ FGA2yad wS3IFNRAYy3I (KS
(TCE+PCHE.01 mg/l, BTEXmn >3k f I {1 NG 2>NIKYE S0 Kl &yy&i K S (i A (
Hnn and thd naximum permissible norm of Cabinet Regulation No.671 of November
MNnX HAMT dalyRFG2NE | I N¥fSaaySaa |yR vdz fA
t N2POSRdzNBEa T2NJ az2yA 2 NdchldoethayieRo / 2 FKIINRT ¢ K S NJ

0 to maintain the leally determined CODV(Semjonovs, 2006 as this is currently the best
availableTV data for the study area and will ensure stricter monitoring of groundwater
quality, as well as close to the COD target value in Annex 10 of Cabinet Regulation No.118
of M NOK MHX HAanW awS3AdzZ I GdA2ya  wS3IFNRAYy3I
DNRdzy Rgl GSNEE onn >3kfo (2 aasSaa GKS adl i

0 to calculate theTVfor sulphate ions and electrical conductivity according to the BRIDGE
methodology & N f S N20@)iusirlg the reference value set in Cabinet Regulation
b2zdommy 2F al NOK MHI HAanH 6GwS3dzZ I GA2ya wS3
DNRB dzy Rg I (1 SNE ¢ @25®@nidl, dletzfichlkdndu@ivitg\2200 tS/cm);

o for As, Cd and Pb a3k to adopt the corresponding\s of the catchment area of the GWB
at risk, which is GWB A& S (i A t S , 2049), withodt §eParating aerobic and anaerobic
waters, respectively.

Within the framework of the new study (= Ha / %), the NBIisdcandT\s were initially specified within the
existing list as described above, but in the second step, the validation of the inclusion of the recommended
parameters in the list was performed based on the latest monitoring results. Followirig\te T\s should

be set for all substances that character@@&/Bsas being at risk. Accordingly, if a parameter is not identified
during the monitoring, it can be removed from the list, but if a parameter is identified during the monitoring
(or based on somether new practical or theoretical knowledge) is not yet included in the list, it can be
included in it. The aim of this specific study was not to find new pollutants and include them in the list but to
confirm the list of existing ones. The study analytedlresults of research monitoring carried out in 2019,

as well as the monitoring data set provided by the State Environmental Service, which was collected within
the framework of remediation, works for the study area 2@2B9){ + Ha/ 3. HA M

From the peformed analysis it was possible to conclude that the indicaforae Ha / %): HA M ®

1 COD, sulfate ions, synthetic surfactants, electrical conductivity, TCE+PCE, BTEX, As, Cd, and Pb
should be retained in the list of risk indicators for GWB at risk All; althooglall of these
indicators have been exceeded, such as electrical conductivity, As, Cd and Pb, these indicators are
easy to identify, relatively inexpensive and provide additional information for a more detailed
interpretation of the status of GWB at kis\11, or the amount of data still available is insufficient;
trichloromethane and 1,lichloroethane may be removed from the list of pollutants;

for electrical conductivity, set th€Vthe same as th&BL, as the proposed neWwVdoes not allow

to follow the evolution of pollution correctly (compared to oth&¥s). In order not to affect the
monitoring options of GWB at risk A11, the electrical conductivity values for the Quaternary aquifer
are currently too strict, but they shadilbe reviewed in the future in the light of careful local
analysis (electrical conductivity is not correct to determine at regional level) to avoid an absurd
situation where only due to increased groundwater mineralization GWB is in poor status.

The revisd NBls andT\s for GWB at risk A11 are giverAinnex 3

= =4
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1.4. Groundwater associated aquatic ecosystem identification and assessnent
Estonia

In Estonia a preliminary methodology for the identification and assessment of aquatic ecosystems associated
with GWBswas developed in 2015Térasmaa et al.,, 2015The methodology for identification differs
significantly for standing and flowing water bodies. There is some variation in the methodology for assessing
the potential negative effect d6WBwn standing and flowing water bodies as well. Only existingldeses

and studies were used, no new data was collectegtgsmaa et al., 2015

1.4.1ldentification of significant groundwater bodies associated with standing water bodies

Most lakes in Estonia can be considered as associated with groundwater. Exceptigtes o) and coastal

lakes and lakes with considerable surface water throughflow. Therefore, the main task to be solved was to
select the criteria for distinguishing significant and nonsignificant groundvwastsociated standing water
bodies and to relatettem to the contributingsWB(Terasmaa et al., 2015

Three groups of lakes were considered as signifiCeeragmaa et al., 2015

91 Lakes in the Book of Primeval Natutgs a national database of inanimate natural features that was
compiled in the 1980s and 1990s. According to its statute, only lakes associated with groundwater,
including karst lakes, were included in it. Therefore all the lakes in that databaseovesigered to
be significant GAAEs. Though, often there is no indication in the database, whether the lake is
feeding on the Quaternary aquifer or the bedrock aquifer beneath it. Therefore it was difficult to
decide (without any fieldwork) whether to assate lakes situated in areas with a thicker
overburden, but no Quaternary GWB, with the bedrock GWB or consider them not associated with
any GWB at all. In questionable cases, the likeliness of being associated with bedrock GWBs was
evaluated using the géagical profiles and groundwater heads of nearby wells and boreholes in the
Environmental Registry. If the lakes were situated on a Quaternary GWB, then they were
automatically considered being associated with it.

1 Water bodies (according to th&FD). Theg lakes are those whose status is reported to Higand
are significant for that reason. Several wabedy-lakes overlapped with the ones in the Book of
Primeval Nature. For the others, the potential association with bedrock GWBs was estimated based
on expert decisions according to groundwater head around the lakes. If the groundwater head of
the uppermost bedrock GWB was deeper than the bottom of the lake, then the lake was considered
not to be associated with the GWB. Lakes situated on a Quaternargagere treated similarly to
the lakes in the Book of Primeval Nature. Lakes with dark and soft water (water type IV according to
Estonian classification) and coastal lakes (water type VIII) were automatically considered not
associated with groundwater.

9 Lakes are listed as habitats according to the Habitats DirecTive association with GWBs of lakes
that were designated to belong to a habitat type according to Annex | of the Habitats Directive, and
were not included in the previous two groups of lakesas evaluated only if they were situated on
Quaternary GWBs or formed lake districts under protection. Otherwise, the number of significant
lakes would have grown too large. All these lakes situated on Quaternary GWBs were considered
associated with the Qaternary GWB. Only lakes belonging to the habitat type 318&tural
dystrophic lakes and ponds, were excluded. In the case of protected lake districts that were not
situated on Quaternary GWBs, the potential dependence on bedrock GWBs was evaluatdatias f
lakes in the previous groups.

The association with GWBs was performed based on the assumption that the lakes are associated with the
uppermost GWB or not associated at all. All lakes on Quaternary GWBs were considered associated with
these GWBs becae the interaction of lakes with the sediments surrounding them is most likely. For lakes
associated with a Quaternary GWB, the potential association with the bedrock GWB beneath it was
evaluated as wellTerasmaa et al., 20)5

Karst lakes were included the list of significant groundwatdsody associated lakes according to the Book

of Primeval Nature only. No karst lake has been listed as a water body according{&-Eh&here are karst

lakes in Estonia that have been assigned the habitat type &1BOrloughs, according to Annex | of the
Habitats Directive, though. But the number of such objects is very small, they are geographically unevenly
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distributed and do not represent the actual number and distribution of karst lakes in Estonia. Therefore it
was decided that this dataset is not considered in the identification process of significant GafeSsaa
et al., 2019.

1.4.2ldentification of significant groundwater bodies associated with flowing water bodies

The association of flowing water bodiedth groundwater is best identifiable in the presence of springs.
Springs feeding flowing water bodies are visually easier to identify, than springs feeding standing water
bodies, therefore their presence is the best usable indicator of association vaitimgwater in the former

case if no other data is available. It must be considered, though, that, as in lakes, groundwater may seep into
rivers and streams also through the bottom in a diffuse way and that is not detectable using only the data on
spring loations (Terasmaa et al., 2015

It was decided that the full list of flowing water bodies that will be evaluated in terms of association with
groundwater (i.e. significant rivers and streams) will contain all flowing water bodies delineated according to
the WFD. At the time of performing the analysis, there were 644 WFD flowing water bodies in Estonia. It
must be noted that one hydrologic flowing water body usually contains several WFD flowing water bodies.
The association wittWBswvas evaluated for eachf the WFD flowing water bodies, excluding the ones with
dark water (water type A). There were some exceptions in the rule in the cases where it was evident
according to expert knowledge that the water type had been assigned erronedeshsMmaa et al., 23).

The association was determined using spatial analysis: dependence on groundwater was assumed if there
were springs present in a 1 km radius of the water bodies. Some water bodies were excluded afterward,
where, according to expert opinion, groundwateontribution from the spring(s) was insignificant. The
resultant water bodies were associated with the topmost GWB beneath the water Gautggmaa et al.,

2015).

There is historical information on the share of groundwater in annual discharge at selected locations for the
largest rivers in Estonia, but the data is more than 50 years old. Therefore that could not be taken as the
criteria for the selection. Accordirtg Hinsby et al. (2015xritical dependence on groundwater means that
groundwater should be the dominant source of water5(%) in a stream or river. Therefore the Estonian
selection is most probably overestimated, as the presence of springs does mahtpeathat the origin of

most of the water in the water body is groundwat@refasmaa et al., 2015

1.4.3 Assessment of quantitative and qualitative effects of GWBs on GAAEs

According to the WFLriteria have to be set for GAAESs to evaluate the effect of GiMiBe ecosystem. To
maintain favorable ecological status, GAAEs need to maintain groundwater discharge. If a GAAE is in an
unfavorable ecological status and is caused by the pressures on GWBs, then it affects the status of the whole
GWB Terasmaa et al2015).

GWABcan have a negativguantitative and/or qualitative effecton the GAAETgrasmaa et al., 20)5

1 quantitative effect human influence has lowered groundwater levels so that the GWB does not
provide enough water to sustain the GAAE im#tural state;

1 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 GAAE.

Forstanding water bodiethe best criteria for assessing whether there cdodda negativejuantitative effect
of the associated GWB to tf#@WVBare (Terasmaa et al., 20)5

1) the annual average water level of the lake compared to some fixed water level. In some European
countries the minimal ecologically acceptable water levelstimding water bodies have been set
(Craig & Daly, 2010; The River Basin..., PG their annual average water levels can be
compared to these. If the ecologically acceptable minimal water levels have not been set, then the
longterm average water levedf the standing water body or a natural average water level,
determined from various historical data, can be used.

2) the annual average water level of the GWB upstream (or occasionally also downstream) of the
GAAE, compared to the lofigrm average. A suffient period to consider water level data long
term is six years according to the principles used inBblkelf the data series is not as long, then it
is reasonable to use shorter time series.
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Forflowing water bodieshe best criteria for assessing whether there could be a neggtiramtitative effect
of the GWB to th&SWBare (Terasmaa et al., 20}5

1) The annual average discharge of the river/stream compared to some fixed discharge. The most
convenient piece of dataotuse would be environmental flows offlews. If these have not been
determined, then longerm average discharge data can be used.

2) The annual average water level of the GWB upstream (or occasionally also downstream) of the
GAAE or the annual averagediiarge of the largest springs feeding t88/B compared to the
longterm average. The most direct way of evaluating potential changes in the hydrodynamics of
the GWB would be using spring discharge data, but if that is not available, then the groundwater
levels will suffice. As for standing water bodies, the reasonable period to consider water level data
longterm is six years according to the principles used irible

Criteria for assessing the potential negative qualitative effect of the associated G\iBeasame for
standing and flowing water bodie$érasmaa et al., 20)5

1) the ecological and chemical status of tA&/B The substances and thresholds for determining the
favorable or unfavorable status 8WWEB have been set in Estonia by a regulation of the minister of
the environment. These include total nitrogen, total phosphorus, and several harmful chemical
substances

2) the level of the substances used for assessing the status oSWBin the associated GWB,
measured from groundwater well upstream of the GAAE or from the largest springs in case of
flowing water bodies. The dilution factor applied for the threshofdhe GWB could be set as 0,5,
if the specific groundwater contribution to the assess®d/Bis unknown. It is a relatively mild
dilution factor, which assumes that groundwater does not contribute more than 50% of the water
in the GAAE.

It is not possibled develop a simplistic and universal evaluation scheme that gives adlighility answer
without the acquisition of additional data. Therefore, the developed assessment schemes enable to pinpoint
the ecosystems for which the effect of GWB cannot bedwlet as the cause for the unfavorable status. In
these cases, more thorough studies have to be performed to determine the actual effect of the GWB, the
size of the effect, and suitable mitigation measurésr@smaa et al., 2015

The assessment scheme fhe potentialquantitative effectof a GWB ostanding water GAAEsonsists of
the following stepsKIGURE 4.3.1):

1) GAAEs depending on the evaluated GWB have to be determined,;

2) The annual average water level of the GAAE has to be compared tmithismal ecologically
acceptable water level or, if that is unavailable, natural average water level, determined from
various historical data.; if the annual average water level is lower than the threshold level, then
the GAAE moves to the next step.

3) The waer level of water bodies could drop below the average level also because of changes in the
climatic conditions or surface water regimethe prerequisite for the changes caused by
groundwater is that there is sufficiently intensive groundwater abstractiafficiently close to the
water body; as the size of depression cone depends on the properties of the aquifer, intensity and
time since commencing the pumping and depth of the wells, it is impossible to give a universal
radius of threat. For the evaluaticscheme, the following solution is proposed: if in a 10 km radius
of the GDTE at least 1000 m3/d of groundwater is abstracted, then the effect of abstraction on the
water level drop in the ecosystem cannot be ruled out. The limits are rather conseriatgsure
that no potential cause of the negative effect is ruled out in this step.

4) The next step is to assess if the annual average groundwater level in the aquifer feeding the GAAE
is lower than its longerm average (6 years) water level; a groundwagsel drop in the recharge
area of the GAAE will likely cause a drop in the amount of water reaching the ecosystem. On the
other hand, a drop in the groundwater level downstream of the GAAE could cause an increase in
the amount of water seeping out from& SO02aeaiSye® Ly 023K OFaSa:z
water level will probably follow.

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 grouedwattraction is
taking place in the vicinity, then the groundwater level drop may be caused by the abstraction. To
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prove or deny it, a thorough fieldiork based investigation should be carried out, to determine the
functional connections between the GAARd the GWB, and to clarify whether the water level
drop in theSWBIs caused by groundwater abstraction and a decrease of the water level in the

GWB.
1. Are there standing water GAAEs dependent on
the GWB? —NO
YESl

2. Is the annual average water level of some
standing water GAAESs lower than their ecological > NO
minimal water level or natural average water level
determined according to historical data?

YESl

3. Is there groundwater abstraction in a 10 km
radius of the GAAE with abstraction rate of at —NO
least 1000 m® per day?

on the flowing water GAAE.

YESl

4. |s the annual average groundwater level in the
monitoring well of the GAAE lower than the long —»|NQO
term average water level?

YESl

5. Conduct a thorough study to determine whether
the water level drop of the standing water GAAE
could be caused by groundwater abstraction?

The quantity of the GWB does not have a negative effect

FIGURE 4.3.1Assessment scheme for the quantitative effect of@WBon GAAEgstanding water bodie¥
(Terasmaa et al., 20)5

The assessment scheme of a potential negatjuantitative effect of associated GWB tfiowing water
GAAEdiffers slightly from the assessment scheme for standing water GAAESs in steps 2 RIGLURE
14.3.2:

9 for flowing water GAAESs the indicator for potential negative effect is the annual average discharge,
which has to be compared to the environmental fl@vels or if that is unavailable, lotgrm (6
years) average discharge; if the annual average discharge is lower than the threshold level, then
the GAAE moves to the next step.

1 Instead of evaluating whether the groundwater level in the GAAE monitariligs lower than its
longterm (6 years) average, the annual average spring discharge could be comparedteriong
(6 years) average spring discharge, if that data is available. Changes in spring discharge indicate
changes in the hydrodynamics of theetling aquifer concerning the associat®d/Bmore directly
than the groundwater level.

38



%

Y.
‘471 Estonia-Latvia

WaterAct
&Joint actions for more efficient management of common
groundwater resourceés

iiterreyg

European Regional Development Fund

EUROPEAN UNION

1. Are there flowing water GAAEs dependent on NO
the GWB?

YESl

2. Is the annual average discharge of some
flowing water GAAEs lower than their »NO
environmental flow level or long term average
discharge?

YESl

3. Is there groundwater abstraction in a 10 km
radius of the GAAE with abstraction rate of at —»NO
least 1000 m°® per day?

YES,

4. |s the annual average groundwater level in the
monitoring well of the GAAE, or the annual

average spring discharge in the abstraction radius — N O
lower than the long term average water level or

discharge?
YES

5. Conduct a thorough study to determine whether
the flow reduction of the flowing water GAAE
could be caused by groundwater abstraction?

on the flowing water GAAE.

The quantity of the GWB does not have a negative effect

FIGURE 4.3.2Assessment scheme for the quantitative effect ofGWBon GAAEgflowing water bodies)

(Terasmaa et al., 2015

The assessment scheme for the potentjahlitative effect of a GWB orGAAEsonsists of the following

steps El

GURE.4.3.3:

1) GAAEs depending on the evaluated GWB have to be determined.
2) If the ecological or chemical status of tB8VBis at least good, the the associated GWB cannot

3)

4)

5)

have harmed it. Therefore only the@®WB whose status is worse than good move to the next
step.

In this step, theseSWEB can be excluded whose ecological status is unfavorable, but the
concentrations of the chemical indicatdisat may be potentially affected by groundwater (Ntot,
Ptot, some other harmful chemical substance) correspond to good or very good status. In this case,
the unfavorable status of th8WBis caused by factors irrelative to the groundwater quality.

If the unfavorable status of 8WHBs at least partially caused by the elevated levels of Ntot and Ptot
or some harmful chemical substance, it is necessary to evaluate if the status may be affected by
point-source pollutants. If there are known poisburce polluants discharging into thEWBthen

the negative effect of groundwater may be ruled out until the elimination of the psintrce
pollutant. In reality, both poinsource and diffuse pollution (incl. groundwater) often affeG\&B
simultaneously, but in aer to simplify the assessment, it is assumed in the scheme that the
negative effect of poinsource pollutants is more significant, as they are easier to pinpoint and
verify.

If the groundwater quality could not be ruled out as the cause for the unfaverstiatus of the
SWBIn the previous steps, then the groundwater quality itself has to be evaluated. Adequate
results can be obtained only if the surface water quality indicators are measured from the
groundwater as well. In this case, a direct comparisambe made. Groundwater samples have to

be taken from the wells of the associated GWB and associated aquifer situated in the recharge
area of theSWB In the case of flowing water GAAEs, it is preferable to take the samples directly
from the largest sprigs feeding the water body, as spring water describes the quality of
groundwater, actually reaching the river or stream most precisely. The negative qualitative effect
of the associatedGWBmay be ruled out if the concentration of the unwanted substance in
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groundwater is not higher than double the threshold for tf&tVB The latter nuance takes into
account the likely possibility that the evaluated GWB is not the sole source of water ®WBdf

the actual average share of groundwater in the annual watetget of theSWBIis known, then

that dilution factor may be modified accordingly.

For GAAEs to which the impact of groundwater cannot be ruled out as the cause for the
unfavorable status, a thorough fieldork based investigation should be carried outdetermine

the functional connections between the GAAE and the GWB, and to clarify whether the
unfavorable status is caused by groundwater quality and to offer potential measures for mitigation.

1. Are there GAAEs dependent on the GWB?
¢ —NO

YESl

2. |s the ecological or chemical status of some of
the GAAEs worse than good?

YESl

3. Is the concentration of N, P,, or some other
chemical substance in the water of the GAAE = NO
higher than the threshold for good status?

YESl

4. Are there known point source polluters causing
the elevated levels of nutrients or other chemical | — | YES
substances in the water of the GAAE?

NO|

5. Is the level of N, P,,; or some other chemical
substance more than two times higher than the
good status threshold for that GDAE type inthe |[—*> NO
groundwater monitoring well of the GAAE (could
also be the largest spring for flowing waters)?

YESl

6. Conduct a thorough study to determine whether
the worse than good status of the GAAE could be
caused by the GWB?

The qualtity of the GWB does not have a negative effecton the flowing water GAAE.

FIGURE .4.3.3Assessment scheme for the qualitative effect a GWBon GAAE{Terasmaa et al., 2015

1.5.

Groundwater vulnerability assessment to nitrates pollution

Council Directive 91/676/EEC (the Nitrates Directive) aims to reduce water pollution caused by nitrates from
agricultural sources and to prevent further such pollution. The Nitrates Directive forms an integral part of
the WFD and is one of the key instrumig in the protection of waters against agricultural pressures. The
Nitrates Directive sets a number of steps to be fulfilledM$/(EC 2013:

il
il

T

water monitoring of all water body types with regard to nitrate concentrations and trophic status;
identification of waters that are polluted or at risk of pollution, on the basis of the criteria defined
in Annex | to the Nitrates Directive;

designation of nitrate vulnerable zones, which are areas that drain into waters and which
contribute to pollution

establishment of codes of good agricultural practices, implemented on a voluntary basis
throughout theMSterritory;
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1 establishment of action programs, which include a set of measures to prevent and reduce water
pollution by nitrates and are implementednoan obligatory basis within designated nitrates

vulnerable zones or throughout the entire national territory;
1 review and possible revision of the designation of nitrate vulnerable zones and of action programs

at least every four years;

9 submission to the @mmission of a progress report on the implementation of the Nitrate Directive
every four years with information on codes of good agricultural practice, nitrate vulnerable zones,
water monitoring results, relevant aspects of action programs.

1.5.1.Groundwater vuherability assessment to nitrates pollution in Estonia

The Nitrate vulnerable zone in Estonia is located in the central part of Estonia and this area coincides with
high vulnerability of groundwater (in this region, mostly limestones and karst areas armao with
unprotected groundwaters). About one fifth of the area is unprotected and the Northern Pandivere part is
also an important groundwater supply area for the whole country. On the other side, there are one of the
most fertile soils in the country, lich promotes agricultural activity in this area. This results with a nitrogen
pressure, which is uneven, depending on the groundwater vulnerability, usage of land and livestock units in

certain areasKIGURE 5.1.1).
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FIGURE 1.5.1Nlitrate vulnerable zondn Estonia(land is used a lot for fields (yellow area)
and livestock units (brown dots)

In Estonia, the main task of groundwater monitoring in the Nitrate vulnerable zone is to assess the impact of
nitrogen pollution from agriculture and to explain changes in the concentrations of nitrogen compounds at
different depth intervals and sourcesn@to assess the impact of other pollution from agricultural activities.
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Groundwater monitoring consists of 93 observation wells, 29 springs, and 2 karst stations. Most of the
stations are located in the nitrate vulnerable zone, but some are located euthiel area, but still are
influenced by agricultural pressure. Monitoring stations observe different depths of groundwiai&LE
1.5.1.7). Monitoring frequency varies from four times per year to once in four years. Sampling is based on
the Estonian Enviramental Monitoring Act, the Water Act, and Regulation No.30 of the Minister of the
OYPBANRYYSYyl 2F alé& c¢cX HnnH G{lYLItAYy3 aSiK2Ra¢®

TABLH.5.1.1
Depths of monitoring stations
Depth/station type Number of monitoring stations Ratio (%)
X p Y 29 234
5-15m 13 10.5
1530 m 67 54.0
>30m 13 10.5
Karst 2 1.6

*Springs are considered as 0 meters as the actual depth is not known

The results below are provided considering guidelines of the Nitrate Directive, where nitrate average and
maximumconcentrations, as well as growth trends, are calculated for the data monitored between 2016 and
20109.

The Northern Pandivere area has fewer monitoring sites with high nitrate contents than in the southern
Adaveret pf G &l YI I NBIA2Y Rntifondt RandivérdregpiiSatféctrdby gduhdwaies
movement, the spread of agricultural pressures and karst processes are widespread in this area. While in the
Pandivere region the maximum nitrate content exceeded 50 mg/l at BB in the Adaver¢ pstmaa

region exceedances were 39%. The average nitrate concentration during the period exceeded 50 mg/l at one
PandivereMP, Adavere had 16% of such monitoring sites.

Compared to the previous period in 202015, the share oMPs in 20162019 with the highest N@
concentrations in Pandivere has increased by almost half, but inthe Adaveré G al YI NBX3IA2Yy KI
by 17%. Average nitrate concentrations, which exceed 50 mg/l have been the same in the Pandivere region
and have decreased about a qterin the Adaverd pf G&lF YIF I NBIA2y D [ 221 Ay 3T |
nitrate content in groundwater in both Pandivere and Adavere £ G &1 YI I NB3IA2ya i RSI
in 515 m wells/springs, the average nitrate content is in the range e22g/l. As the depth increases (>

30 m), the average NOcontent increases to 28 mg/l. This means that nitrate pollution is quickly washed

away by rainwater into deeper aquifers. An important part of nitrate reaching deeper water layers is during
snow-poor winters, which have been more common in Estonia in recent periods. In the last two years, there

has been almost no snow cover during the winter, but precipitation in the rain quickly washes the nitrate

into deeper layers. This is also reflected in higd€s values in winter groundwater samples.

The increase in groundwater nitrogen in Pandivere is due to more intensive tillage and higher rainfall in the
last reporting period. The number of animals has not changed significantly, but the herd has been
concentrated in larger and larger barns. It is not possible to compile atknngtime series of all wells and
springs, because the monitoring stations have often changed and new wells have been built in the area, so
the old wells that have been monitored Y& been liquidated or are no longer in use.

1.5.2Groundwater vulnerability assessment to nitrates pollution in Latvia

In Latvia, the Nitrate vulnerable zone is located in the central part of the country, and it is not delineated by

the results of aspecific study; it is delineated by administrative boundaries, superficially taking into account
GKS &ALINBIFIR 2F F3INAKROdzA GdzNIF £ YR | yBUSESO).deRratg’ 3 (1 K &
groundwater monitoring is provided both inside caroutside the Nitrate vulnerable zone, as the main
objective of nitrate monitoring is to detect any nitrate pollution to ensure good drinking water quality
throughout the country, as well as to reduce the impact of nitrate pollution on small and large vitese

waters flow into the Baltic Se¥ ARAM, 2R0).
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Location of nitrate monitoring network stations and A
groundwater vulnerability
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Confined groundwater vulnerability to surface pollution:
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FIGURE 1.5.2Lbcation of nitrate vulnerable zone and nitrate groundwater monitoring network stations in
Latvia concerning confined groundwater vulnerabiliy ARAM, 2020

Nitrate groundwater monitoring is provided by the National Monitoring Network, which carries out
surveillance and operational groundwater monitoring in 53 monitoring stations with 218 wells and 30
springs, focusing mainly on groundwater aquifers that are mairgyoérd for drinking water abstraction
(FIGURE5.2.]). Therefore, the existing National Monitoring Network is not optimal for assessing the impact
of agricultural pollution on groundwater, as mddPs (70%) are located in confined aquifers, but only 17%
of MPs are installed in the most vulnerable, shallow groundwater (groundwater depth up to 5 m). Similarly,
the number of observation points in the nitrate vulnerable zone, especially in the south andwesthis

too low (VARAM, 2R0).

There are 83VIPs of the National Monitoring Network directly inside the nitrate vulnerable zone, of which
there are 10 springs and 18 are monitoring stations with a total of 75 wellBURE 5.2.1). As well as 5
monitoring stations with 17 wells, for wth additional monitoring has been performed. Inside the Nitrate
vulnerable zone, 54% of all monitoring wells represent confined aquifers and only 24% of all monitoring wells
represent shallow groundwater up to 5 m, which is more exposed to nitrate pallQd&aRAM, 200).

The groundwater monitoring program during the relevant periods is being gradually adapted to the
requirements of the Nitrates Directive, for exampléARAM, 2R0):

1) improving the number of observation wells in the NatioNainitoring Network inside the nitrate
vulnerable zone;

2) extending agricultural runoff monitoring network;

3) related research projects and studies are also being continued, for example, the recently
AYLIE SYSYGSR LINB2SOi0G o6& (KSnittay log$ dhkgroundwater [ | { ¢
aldlyRFNR aSRAYSyida Ay [FTOiGAFE FYR (GKS addze
OKSYAAUNE F2NI ylIdGA2ylf 3ANBdzyRglFIGSNI Y2y AG2NAY 3

The need for nitrate monitoring is mainly determined by thitrédes Directive and Cabinet Regulation
No0.834 "Requirements Regarding the Protection of Water, Soil and Air from Pollution Caused by Agricultural
Activity" (adopted in October 9, 2018). These regulations determine the nitrate vulnerable zone and the
procedure for its management.
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Nitrate monitoring in the country is ensured mainly by t®s in the National Monitoring Network within

the framework of surveillance and operational monitoring. The frequency of water samphtigsedepends

on the degree of priection of the monitoring and the observed nitrate concentrations at Mes, as well

as on the seasonality of thdPs. Accordingly, in shallow wells and springs, which are poorly protected from
pollution and where nitrate concentrations are found aboven2&/l, the sampling frequency increases to 1

to 4 times a year, while in deeper wells (confined aquifer) with a very good degree of protection decreases
to 1 time in 6 yearsMARAM, 220).

Well pumping, sampling, storage, transportation, standardized methods used for testing samples for water
status analysis and monitoring are following the procedure provided for in Article 8, Paragraph 3\t ihe

as well as taking into account the essahtequirements of EC Guidance Document No.15. Most of the
analysis is performed by Latvian Environment, Geology and Meteorology Center accredited laboratory
following the requirements of LVS EN ISO/IEC 17025 standard. Sampling is guided by currexibimaérn
standards; sampling techniques are based on ISO 5667 series of standards: (1) K20 \BB&&r quality-
Sampling Part 11: Guidance on groundwater sampling and (2) ISO-586Vater quality Sampling Part

14: Guidance on quality assurancewater sampling and handling. During sampling, the oxygen content,
electrical conductivity, temperature, pH, total iron, and oxidatreduction potential of the groundwater

are determined orsite in allMPs (wellsandsprings) YARAM, 200)

The frequency bwater sampling at additionaiPs provided is usually 4 times a year, in some years it
decreases to -3 times a year. No information is available on the methods used for groundwater sampling
and analysis, as monitoring is provided by another organiz@tié&ikAM, 2R0).

The data obtained at the groundwat®tPs of the national monitoring network are entered into the existing
monitoring information system and can be viewed and downloaded by anyone. Following the requirements
of the Nitrates Directive, the Ni#ites Report is prepared once every 4 years. In 2020, the Nitrate report for
the period from 2016 to 2019 was prepared. Nitrate pollution was mainly observed only in shafew
which mainly characterize groundwater at depths up tb%m. Nitrate concemations in these wells range

from 0.09 mg/l to 360 mg/l (for most samples it does not exceed 25 mg/l, in most cases it does not even
reach 9 mg/l). In contrast, in groundwater deeper than 30 m and a confined aquifer, nitrate pollution has still
not been deéected and the average N©8oncentration has remained unchanged N@lue ranges from

0.09 mg/l to 1.5 mg/l)VARAM, 2R0).

The Nitrates Directive value (50 mg/l) was exceeded at oMP§, of which 4 areational MPs and 5 are
additional MPs. It should be noted that most of these exceedances are local, where rapid fluctuations in
nitrate content have been noted in the past. In general, in the current reporting period, there is no significant
increase in nitrate pollion of groundwater at the samplellPs. And currently, there is no reason to predict
that the NOs concentration in groundwater in Latvia could increase in the next reporting pevia&RAM,
2020).

1.6.  Conceptual models of groundwater bodies

Even thoughvarious European guidance documere;(2009) state that conceptual models must be used
during the implementation of the WFD, there is no overall definition of the conceptual modet WFD

itself. Also, theGWDstates the need of using the conceptual models as a basis for GWB assessment. The
definition of conceptual model can be found from the Common Implementation Strategy (CIS) guidelines
No.26 EC 20100 I YR A a & lakdhdeptualamodeldst af nibsiud desciibing and optionally
quantifying systems, processes and their interactions. A hydrogeological conceptual model describes and
guantifies the relevant geological characteristics, flow conditions, hydrogeochemical and hydrobiological
processes, antiopogenic activities and their interactians

All the conceptual models are created with specific aims. In regardset&®/FD, the main topic is risk
assessment in water management. But here, the risk assessment is not claissicedther an assessmen

of risk not to achieve the environmental objectives of the WFD, or in this case, the groundwater protection
objectives:

1 prevent or limit the input of pollutants;
1 prevent the deterioration of the status @WBs
9 achieve good groundwater status (bathemical and quantitative);
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i implement measures to reverse any significant and sustained upward trend;
1 meet the requirements of protected areas.

All the GWBSs are uniquehey all have specific features, e.g. different scales, objectives, pressures,ec. Th

the conceptual model of each GWB is also unique and must be compiled considering specific features. A
common approach, however, is proposed by the commission to ensure that all the conceptual models are
comparable to some extent. Therefore the methonlpy of the Sourc®athwayReceptor (SPR) model is
proposed in the CIS guidelines No.E€;(20L0). The same guidelines also give a thorough description of the
conceptual model development process.

Conceptual models can be used for several purposes within the groundwater management cycle and specific
tasks, e.g. understanding the significance of pressures, design of a monitoring network and interpreting
monitoring data, evaluating the monitoring netrk, establishin@\s, status, and trend assessment, plan of
measures and stakeholder involvemeB(J 2010).

According to guidelines No.2&@ 201L0), four major aspects with specific actions are important during the
setup of a conceptual model. THast step includes the main characterization of the conceptual model:
determination of the degree of detail and complexity of it, determination of the relevant area, the definition

of vertical and horizontal structuring units (hydrogeological units),land-use distribution. Only after that
parameterization and quantification can be possible: description and quantification of important hydraulic,
geochemical, and hydrochemical parameters (where possible and necessary), consideration of processes
with slow kinetics (e.g. solution processes, unsaturated zone flow, changes in surface conditions, climate
variations), description of the most important climatic and unsaturated zone parameters and identification

of emerging issues that could pose a potentia{.ris

After taking into account two previously mentioned aspects, the conceptual model also must address the
assessment of potential uncertainties, variability, and whether the available data are representative. It is
advisable to start with a simple modehen analyze its performance and, by stepwise improvements, make

a more complex conceptual model if the simpler model is not sufficient. It might be necessary to return to
the previous steps if it turns out that the conceptual model is not consistent wiileadata EC 2010).

It has to be kept in mind that the process of conceptual modelipeand maintenance is a cycling process
that starts with a simple model setp and then follows with data collection, analysis of data, and uncertainty
assessment, and starts again with the refinement of the model. In the WFD water management cycle, it has
to be done once in 6 yearg G 2010).

1.6.1.Conceptual model development in Estonia

As a part of the water management cycle, the inventory of GWBs wasrperioand all the borders and
conceptual models of all GWBs were reviewed in 201&éndi et al, 2019. During the study, the number

of GWBs in Estonia was changed, the review of pressures and receptors was performed, and the assessment
of existing monitoring systems was given.

The reviewed conceptual models are composed of two main parts in Eskdaiar(di et al, 2019. The first

part consists of natural features of the hydrology system (e.g., geology, hydrodynamics, natural background
chemistry, groundwater vulnerabilityGDTEsnd GAAEE while the other part is presenting the human
activities in the area (e.g., groundwater use, point and diffuse sources of pollution).

All the data concerning the conceptual models are given in tablesthat the same structure for each GWB
(seeAnnex 4 to help the informatiorseeking process and also on the illustrative maps and -s@stsons
(examples of them given IIGURE.6.1.1).
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FIGURE 1.6.1Bxamples of the illustrative map (A), croesgction (B), and the conceptual diagram of the
formation of water chemistry (C), which were made for each GWB separaflgrandi et al., 2019

1.6.2 Conceptual model development in Latvia

Similarly as in Estonia, the inventory of GWBs in Latvia was performed and all the borders and conceptual
models of all GWBsere reviewed from 2018 to 2020 (n NJ t A & I ). Aftér thie invérory Htlte memiew

was performed for all GWBs in Latvia.

The reviewed conceptual models (as same as in the case of Estonia) are composed of two maimpiids € A & |
et al., 2020. The fist part consists of natural features of the hydrology system (e.g. geology, hydrodynamics,
groundwater vulnerability), while the other part is presenting the human activities in the area (e.g., land use,
groundwater abstraction, monitoring network).

All the data concerning the conceptual models are given in tables that have the same structure for each GWB
(seeAnnex J to help the informatiorseeking process and also on the illustrative maps and -@ssons
(examples of them given IIGURE 1.6.9.1
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FIGURE 181 Examples of geological sediment map (A), monitoring stations and geologicaisd SOG A 2 Y Q&
location map (B) and geological cressction (C), which were made for each GWB separately
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1.7. Trend assessment

Thetrend assessmendf pollutantsis part of the GWBchemicalstatusassessmenprocedure. TheWFDand

the GWDrequire the MS to identify any significantand sustainedupward trend in concentrationsof

pollutants, groupsof pollutants, or indicatorsof pollution found in GWBsor groupsof bodiesidentified as

beingat risk (the WFDAnnexV 2.4.4and GWDArticle 5). In GuidanceDocumentNo.18on the Groundwater
Statusand Trend Assessmen{EG 2009) a significantand sustainedupward trend is defined as dany

statisticallyand environmentallysignificantincreaseof concentrationof a pollutant, group of pollutants,or

indicatorof pollutionin groundwaterfor whichtrend reversalis identifiedasbeingnecessaryor accordance
with Article 5¢ (the GWD, Article 2(3)). This meansthat considerationof any significantincrease of

contaminantsthat posesrisk to ecosystemshumanhealth, and the use of groundwateris necessaryThe

occurrence of significant and sustained upward contaminant trends in monitoring data should be

incorporatedinto the GWBchemicalstatusassessmenmethodologyasan assessmentriterion.

1.7.1Trend assessment iBstonia

In Estonia, the latest GWB status assessment with trend assessment based on monitoring data from 2014 to
2019 was performed in 2020/@randi et al, 2020). Significant and sustained upward trends were identified

and reported according to the instructions from th@ISDdzA Rl y OS 52 OdzYSyid b2 dmy
DNRBdzy Rl GSNJ aid | (dza (BCQUBO). ¢ NSy R ! aaSaayvySyide

Trend plots over the full assessment period of @rge(20142019) for all monitored contaminants in all
monitoring stations were generated. Similar trend plots were generated for aggregated monitoring wells in

all GWBs. For the generation of trend plots andgtues, the R software function Im() was uskthear
regression was calculated between the year and the mean value of the chemical parameter. An average value
from the period of 2007 to 2009 was used as a baseline. The sustained upward trend was defined by a positive
Rvalue. The trend was regarded be statistically significant in cases whendfues were less than 0.05. The
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trend was regarded as environmentally significant in cases where the trend line was above 75% Vf the
(FIGURE 1.1.2).
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FIGURE 1.1.1 Statistically andenvironmentally significant sustained upward chloride content trend in

monitoring well no PRK000114#nodified afterMarandi et al., 202

The occurrence of significant and sustained upward trend in monitoring wells and in GWB as a whole were

O2y&AARSNBR Ay D2. OKSYAOFf &adlriddza |aasSaaySyid Sz

AYUNHzZA2Y &¢é FYR G5NAY1AYy3 g (SN LINRaiaSdDal & R020). NB | & ¢

Reporting of the results is provided in Guidanced®¢cSy & b2 dmy GaDdzA RFyOS 2y DN

¢ NBYR

I & &S acmo)ydighistatesdhat all significant trends should be presented on the GWB map

as black dots (in the case of Estonia, all monitoring wells with significant and sustained upwasdwezad
plotted as black dots). THdPs that exceeded any monitoring period aggregated contaminant content were
plotted as red dots and wells with no exceedances and significant trends were plotted as yelloE@ots (
2009). FIGURE 17.1.2 illustrates which parameter in the monitoring well has exceeded Tvor has an
upward trend.
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KXR kood Naitaja Lahtetase Keskm LV/PV  Uhik  pvaartus Trend  Kasvususundumus

PRKOO07T653 NH4 0035 (0107 1.5 |mad 0018 |0.035 pisiv Marandi, A., Karro, E., Ojamets, M., Polikarpus,
PRK0007574 OO 1241 |270.167 Puudub ma/l 0.001  |16.335 pisiv | M., Hunt, M. 2020. Eesti pdhjaveekogumite
PRKDOO7S6S PHT(KHTMn) 26 (8.6 |5 mgOn 0331  |3.257 Ol Pv seisund perioodd 2014-2019. EGF Eesti

| Geoloogiateenistus, Rakvere

FIGURE 7.1.2 Trend assessment results in GWB No(2ionitoring wells with significant and sustained upward
trends are plotted as black dots and ttable below shows which parameter has an upward trend)

(modified afterMarandi et al., 202D
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1.7.2Trend assessment in Latvia

In Latvia, the last GWB status assessment with trend assessment based on monitoring data from 2000 to
2019 was performed in 2021. To assess whether the chemical status of GWB tends to deteriorate, trend
analysis was performed 8MPs whereT\s orGQSvere dready exceeded(x Ha/ 3. HNAH M

Data and their preprocessing

For the trend analysis, data from 2000 to 2019 were used, if necessary, extending the period to the minimum
number of observations required for analysis (6 samples), because ndPalhave the same sampling
frequency (for soméviPs, the number of observains during the whole sampling period was two to four
measurements, therefore it was not possible to perform trend analysis. The annual average concentration
for each parameter was calculated for eddR, as the sampling frequency in the monitoring netweosgkies
depending on the degree of protection of the aquifer and the rate of groundwater recharge. In shallow
groundwater, seasonality can occur, so the sampling frequency can reach four times a year, while the passive
groundwater exchange zone is characted by slow changes and is representative of a sample taken from
once a year to once every six years. Extremely high and/or low (i.e., outlier) parameter concentrations, based
on expert judgment, were not used in the further analygisf{Ha / %). HAH M

Before trend analysis, data were evaluated for each sample using the ion balance eqDatidn § NJ S I
2002:
B8 M0 QEBBIE QE & i

0QLUAWe Ut . .
v 2w B3 Go QEBOE QF ¢

AAAAA

as a result, those samples with ion balance error of more thamg’s ¢ SNB a8t SOGSR | yR
dataset used for trend assessmept£ Ha/ 2. HAH M

In cases where the concentration of a parameter in a sample was below the method detection limit (MDL)

of the analytical method used, the results of such measuresemre calculated as half of the relevant limit

of quantification for the calculation of the arithmetic mean. For example, if the analytical result was reported

Fa fSaa GKIFIYy nom x3Ikf X GKSYy GKA[a: HHE/E9z5H v NB LI | O

Trend assessment

To evaluate the significance and evolution of the trend, regression anaRats { Data Analysisg
Regressionwas performed in aMS Excetnvironment and a graph (chart) with a trend line was created. To
assess the significance of tids) Rsquared (R value, statistical significance (F value), and significance level
(p-value) value (with 95% confidence level) were used. If theaRe was greater than 0.5 and closer to 1,
then the selected dataset was considered to be suitable fgrassion analysis. To assess the reliability
(statistical significance) of the results of the regression analysis, regression was considered statistically
significant if the Fvalue was less than 0.05 and thes@lue was less than 0.05 so that the obtaimedults
could be considered statistically significant. Accordingly?Wfa® > 0.5, but the-Falue and pvalue were <
0.05, then the identified trend was considered statistically significant. In contragtwid&®k< 0.5, but the-F
value and pvalue wee > 0.05, then the identified trend was considered statistically insignificant (example
given inTABLEL.7.2.1).

TABLH.7.2.1
Example of identifying the significance of atrefd +t Ha/ 2) HAH M

MP R-squared (R) F value p-value Significance
Akmenstilts, 3 0.644 0.0165 0.017 Significant
lecavas avots, 920 0.245 0.1752 0.175 Insignificant

After obtaining the results of the regression analysis and evaluating the significance of the trend, a plot with
a trend line and an equation was creat@eich indicates/allows to identify a positive (upward) or negative
(downward) trend FIGURE.7.2.1andFIGURE.7.2.2).
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FIGURE 1.2.1Changes in NH concentration atMP Akmens tilts, 3in the period from 2007 to 2019 with a
significant upward trendimodified after] t Ha/ £) HAH M
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FIGURE 71.2.2Changes in N©concentration atMP lecavas avots, 92 the period from 2006 to 2019 with
an insignificant upward trendmodified afterf t Ha/ Y H A H M

1.8.  Groundwater body status assessment

According to the WFD, all GWBs must be in good status by 2026. To achieve thigd,nalist set the
environmental objectives for each GWB and monitor the process during the River Basin Management cycles.
At the end of each cycle{fear period), the status of all GWBs must be assessed to see the progress.

To assess the status of GWB, a nogliblogy must be developed by diiS To help the process, a
YSGK2R2f 23A0Ft /L{ DdzARIFIYyOS 520dzySyi b2dmy daDdzA R
compiled byEC(EC 2009. The GWB status assessment is the risk assessment on how humaresatavit
endanger the achievement of environmental objectives of the groundwater. The risk assessment is
supported by the development of conceptual models or conceptual understanding of the system, which is a
base of the selection dQSand monitoring prigiples (Annex 1bf the GWD.

In the CIS Guidance Document No0.18, a tiered approach with 9 fdSt6RH.8.1) is suggested for the
chemical and quantitative status assessment of GVWHE52009. Each relevant test is to be carried out
AYRSLISYyRSyGfe FyR (GKS NBadzZ G6a G2 0SS O2Y6AYSR (2
guantitative status. The worstase test will define the overall status of GWB.
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FIGURE &.1 Overall procedure of tests for assessing groundwater stafE€ 2009)

1.8.1 Chemical status assessment

The WFD contains comprehensive provisions for the protection and conservation of groundwater. In
accordance with Article 17 of the WFD, criteria for the assessment of good groundwater chemical status, as
well as critera for the identification of significant and sustained upward trends and the identification of
starting points for trend reversals, are to be adopted. For its part@iéDalready lays down certain quality
criteria for nitrates and pesticides and technicales for carrying out all the above tasks. The WFD also
stipulates that theMSof TGWBs must uniformly coordinate their activities concerning monitoring, setting of
T\s, and identification of dangerous substances, as well as the developmerdgrims of measures.

The WFD states that the good chemical status of GWB is achieved if the chemical status of GWB meets all
the conditions set out in Table 2.3.2 of Annex V (does not affect associated ecosystems, does not cause
intrusion, etc.). Point 2.5 of Annex V states that the average values at @édBmust be calculated when
assessing the chemical status of GWB, and following Article 17, these averagestellidse used to
demonstrate compliance with good groundwater chemical status. Follothimgequirements of point 1 of

Annex Il to theGWD the chemical status assessment must be carried out only for those GWBSs or groups of
GWBs identified as having significant anthropogenic pressures or risks, and only for those pollutants, groups
of pollutants, or indicators, which would characterize it as that. GWBs that are not at risk (no significant
anthropogenic pressure has been identified) are automatically classified as in good status. Additional
characterization is also mandatory for &WBs (Anex Il, point 2.3 of the WFD).

The following criteria need to be used to assess the chemical status of GWB or a group of GWBs in accordance
with Chapter 2.3 of Annex V to Directive 2000/60/EC, as well as based on the recommendations of CIS
Guidance Documésa No.18 EC2009:
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1 GQS38referred to in Annex | of Directive 2006/118/EC for paramet@igrates and pesticides, the
values of which may be reduced if t#S itself considers that it will prevent achieving the
objectives of the Directive (for example, adversely affect the ¢mrdof associated ecosystems);
in Estonia and Latvig&zQSpresented in Annex | of Directive 2006/118/EC are adopted for GWB

chemical status assessmeft*BLHE.8.1.1):
TABLE 8.1.1

GQSadopted in Estonia and Latvia
@ N yYyRA SO Ft®Y HnunT [+*+Ha/ X HAHM

Pollutant Quality standards
Nitrates 50 mg/l
Active substances in pesticides, including their relevant metabolites, 0.1>3«k f
degradation and reaction product§) 0.5> 3 ofal) @

Mgt SAGAO0OARSEE YStya LIXLFYyd LINRGSOGAZ2Y LINRBRAZOGA yR 6

Article 2 of Directive 98/8/EC, respectively

@agc20rté YStya GKS adzy 2F Fff AyRA A htodhg procefuse finclGoing e

relevant metabolites, degradation and reaction products.

1 T\ set by theMSfollowing Article 3 ofhe GWDonly for those GWBs where the risk of failure to

achieve good chemical status has been identified.should be set for parameters that pose a risk
or are recognized as indicators of risk. Recommended parameters (but not mandatory) are given
in Annex I+ As, Cd, Pb, Hg, bHCI, SG*, NQ-, phosphorus (total) or phosphates, trichloroethene,
tetrachloroethene, and electrical conductivity (as intrusion indicator); in Estonia and Lab&a,
were determined individually for each GWB as presentedhapter 1.3..land Annexl (in case of
Estonia) ancChapter 1.3.2and Annexes and3 (in case of Latvia).

Following the recommendations of the GBaiidance Document No.1&C 2009, several tests must be
developed to assess the chemical status. Each relevant test (taking into account the risk qualification
elements) should be performed individually and the results of each test shoutdrbbined to obtain an
overall assessment of the chemical status of the GWB.

The assessment of the chemical status of GWB is ssteprocedure. In the first step, the compliance of

the chemical status of GWB with tleQSand/or T\ is assessedf no exceedances are detected at any of

the MPs, the chemical status of GWB is considered as good. If exceedances are observed, the second step
follows - a detailed assessment of the chemical status of the GWB using appropriate tests (general quality
assessmentsaline or other intrusions, surface waters, groundwatkpendent terrestrial ecosystems,
drinking water protected areas) to assess GWB's compliance with the required environmental conditions of
the beneficiary concerned. According to CIS Guidance Docudweh8(EC 2009, the spread of pollutants

is significant if it occurs in 20% or more of the area or volume@\d

8anEQSexpressed as the concentration of an individual pollutant or group of pollutants or indicator of pollution in groundwatérsthduld
not be exceeded in order to protect human health and the environment
9GQS
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1.8.1.1. Chemical status assessment in Estonia

Chemical status assessment in Estonia is adi®p procedure. During the first step, exceedance&QS$
threshold values, and/dc\s were identified at aMPs. If the relevant quality standards were not exceeded

at anyMP, the chemical status of the GWB was considered to be good and the remaining chemical status
assessment tests were not performed for that particular GWB. HoweveQ$threshold value, anaft the
LV\were exceeded in one (or more) cases, further chemical status assessment tests were perfdamseati{

et al., 2020.

The chemical status assessment of GWBs used groundwater quality data collected during the national
groundwater monitoring, compay selfmonitoring, nitrate vulnerable zone (NVZ) groundwater monitoring,

and the data from hazardous substances survey in 2018, but only K& included in the national
groundwater monitoring network, which ensures the consistency of the time seriggeahonitoring data

and the uniformity and comparability of the data over the different assessment periods. The monitoring data
were compiled and the annual average concentrations of the relevant pollutants for the whole reference
period (20142019) were alculated at alMPs in the GWB. For pollutants whose concentrations were below
GKS tAYAG 2F ljdzZ yiAGFGA2y o0[2v0xX (GKS& 6SNB NBLIX I (
guantified concentrations were used to calculate average concenftratof pesticides (values lower than

LoQ value were excluded from the dataset), following the recommendations of the CIS Guidance Document
No0.18 Marandi et al., 202D

According to the regulation of the Minister of the Environment No.48 (adopted on @019), the quality
indicators used to determine the chemical status class of GWB®&(as presented inMABLEL.8.1.1),
threshold values (as presented@hapter 1.3.-andAnnex }, as well as electrical conductivity, pH, dissolved
oxygen content, chemical oxygen demand (COD), ammoniunt)(MHlorides (Gl sulfates (S£); as well

as hazardous substances, including concentratadfnarsenic (As), cadmium (Cd), lead (Pb), mercury (Hg),
trichloroethylene (TCE), tetrachlorethylene (PCE) and other synthetic substdferemdi et al., 202D

In addition toGQSand threshold values, in case of Estonia, for GWB to be in good chemical status it must
O2YLX & gAGK (GKS ljdz2rtAGe AYyRAOFIG2NA tAAGSR Ay 2 716
(adopted on 01.10.2019Marandi et al., 202D

1 the con@ntration of chloride (Gl and sulphate (S®) ions as well as the concentration of total
dissolved solids (TDS) measured by electrical conductivity do not show an upward trend indicating
anthropogenic pollution or saline intrusion;

the pH is in the rangof 69;

the dissolved oxygen @Dcontent does not show a downward trend due to human activity or the

OKSYAOILt 2E&3Sy RSY!I yRonif thebvalue 6fzhg quilifyiindidat@r isXKp Y

exceeded, the natural origin of the dissolved oxygermedroundwater has been proven;

1 the content of ammonium (N£)) ions in naturally aerobic groundwater does not exceed 0.5 mg/l
or does not exceed 1.5 mg/l in naturally anaerobic aquatic environment, or, if the value of a quality
indicator is exceeded, theatural origin of ammonium (N ions in groundwater should been
proven;

1 hazardous substances, including arsenic (As), cadmium (Cd), lead (Pb), mercury (Hg),
trichlorethylene (TCE), tetrachlorethylene (PCE) and synthetic substances should be absent in
groundwater, or their concentration does not exceed the groundwater qualiy for hazardous
substances, or the natural origin of these hazardous substances in groundwater should been
established;

i the concentration of pollutants should not impede trechievement of the environmental
objectives set for the surface waters associated with the GWB and should not cause significant
damage to the ecological or chemical status of the surface waters or to terrestrial ecosystems
directly dependent on that GWB.

In Estonia, GWB is considered to be with aerobic groundwater if it includes the first aquifer from the ground
surface, and for the GWBs the quality limit of ammonium (NH4+) ions is set as 0.5 mg/l. Accordingly, in
Estonia GWBs with aerobic groundwaters emasidered to be No.6, No.7, No.8, No.9, No.10, No.11, No.12,
No0.13, No.14, No.15, No.16, No.19, No.20, No.22, No.23, No.24, No.25, No.26, No.27, No.28, No.29 and

= =4
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No.31. Anaerobic conditions exist in deeper GWB (No.1, No.2, No.3, No.4, No.5a, No.5biNbld4,7and
No.21) and for the GWBs the quality limit of ammonilii(") ions is set as 1.5 mgMérandi et al., 202

TheGQSor hazardous substances are expressed throB@$and threshold values. THeQSndicates the
concentration of a hazardous substance in groundwater at a value equal to or less than the quality of
groundwater in the area. The threshold value indicates the concentration of a hazardous substance in
groundwater above which groundwater éensidered to be contaminated and measures must be taken to
eliminate the pollution and improve the quality of the groundwater, except in the case of natural pollution.

In the case of hazardous substancesKLHE .8.1.1.7), the threshold values provided the regulation of the
Minister of the Environment No.39 (adopted on 04.09.2019) were used in assessing the chemical status of
GWBs in agreement with the contracting authoriarandi et al., 202

TABLE 8.1.1

Groundwater quality standards adopted in Estonia and Latvia
@F N} yRA SG FE®3 HAnwnT [xtHa/ I HAHM

Pollutant ¢tKNBaK2t R OF ft
Arsenic (As) 100
Cadmium (Cd) 10
Mercury (Hg) 2
Lead (Pb) 200
Chlorinated Aliphatic Trichlorethylene (TCE) 70
Hydrocarbons (CAHSs) Tetrachlorethylene (PCE) 70

If during the first stage of the assessmettite( background cheght is identified that the average values of

the parameters during the period 2042019 have not been exceeding the respect@Sand/or threshold

values at anyMP, the chemical status of GWB is considered to be good and no other chemical status
assessmet tests were performed. If any exceedances are identified, the chemical status assessment was
continued with other chemical status tests, which, among other things, assessed the variability of pollutant
concentrations affecting groundwater status duririgetassessment period (202919) and variability from
baseline levelsMarandi et al., 202D

The baseline level is the average pollutant concentration in the GWB measured in the course of groundwater
monitoring in 200€2009 Riigikogu, 2010 The values of the baseline levels of the chemical parameters used

in the groundwater chemical status assessment tests have been calculated based on data collected by the
Estonian Geological Survey during the worlGd/Bs(Marandi et al., 209). If therewas no data on the
pollutant at theMPs before, the first annual average concentration measured during the assessment period
has been taken as the baselindgrandi et al., 202D

The chemical status tests and the reporting of the results shall assesherhbere is a statistically
significant upward trend in the concentrations of pollutants in groundwater during the assessment period
640GSIFRe dzZLw I NR (NBY RO ¢ a dighificant dr suStaiided! irGréaseRiStheApgliStant G K |
content of groundwater indicates a statistically reliable and environmentally significant increase in the
pollutant content in an endangereBWE @ LYy GKS S@Syid 2F |y AyoOMBIl &S
threshold for reducing the pollutant concentration of groundwater must be established (indicating that the
pollutant concentration of the endangered GWB has increased by 75% of the pollutant threshold value), to
stop the increase in pollutant conteot reduce the pollutant contentRiigikogu, 2019

A significant increase in the pollutant concentration is an increase in the average annual pollutant
concentration in an endangered GWB for more than 20% of the baseline level for two consecutive years
(Rigikogu, 201% An environmentally significant increase in pollutant concentration could not be
implemented in the assessment according to this definition. For example, a 20% increase in chipraes (Cl
concentration is not environmentally significaifithe initial chloride level is only 3 mg/l. An increase in the
concentration of the indicator will become important if it starts to approach the threshold value of the GWB.

In agreement with the contracting authority, it was found that environmentatipi§icant growth needs to

be redefined in legislation, and in this case, only the criterion of a sustainable growth trend is used to assess
trends. One option in the future is to consider an increase above the pollutant reduction threshold (75% of
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the threshold value) as an environmentally significant increase. The use of a pollutant reduction threshold as
an additional criterion was necessary to screen for large percentage fluctuations caused by low baseline
levels and natural groundwater chemistry vailap (Marandi et al., 202

A steady increase in the pollutant content of groundwater is defined in the Water Act as an increase in the
average annual pollutant content in an endangered GWB for six consecutive years compared to the baseline
level Riigikogu, 2019 As recommended by thHE@Q & DNR dzy Rg | (G SNJ | 3ELS00% oh§y i D d:
an increase in pollutant concentration with statistical reliability of a linear growth trend of more than 95%
(p-value < 0.05) was considered a sustainable gndvend in the status assessment (s€bapter 1.7.1 In

the assessment, the pollutants for which threshold values have been set for the GWB were considered. The
monitoring of pesticides has been too insufficienptiserve trends. Different pesticides have been identified

from different observation wells and thus it is not yet possible to monitor statistically reliable growth trends
during this assessment period. The significant growth trend found in the monitemétig is marked with a

black dot in the figure of the assessment result of e@WiB Different pesticides have been identified from
different observation wells and thus it is not yet possible to monitor statistically reliable growth trends during
this assesment period Marandi et al., 202D

The general quality assessmetdst (Test 1) partly overlaps with the collection of background information
on the chemical composition of the GWRhe background checkf the GQS threshold, and/or.\s were
exceeded, the status assessment was continued with the next SEepPsRE.8.1.1.]).

Is the exceedances discovered in
more than 20% of GWB area?

Trend Assessment |l
Is there any substance with

upward trend?

Trend Assessment |

Is the trendline of any substance (
higher than 75% of TVs? Confidence level o

Too few monitoring stations? Yes
(results depend on low quality B
monitoring points (low N

confidence) or human impact is m
not proved)
h Poor status

FIGURE 8.1.1.1Flow diagram of the background check and the general quality assessment test
(modified afterMarandi et al., 202D

First, the share df1Ps in the GWB wher&QS$threshold values, and/dr\s were exceeded for the average
concentration of pollutants in the period of 202919 was assessed. According to CIS Guidance Documents
No.18, the spread of pollutants is significant if it occurs in 20% or more of the area or volume of EGWB (
2009. To assess this extent, a spatial analysis of the location dflBsewas used, during which the impact
ranges on theviPs of the Thiessen polygonSdhumann, 2006vere determined by the surface generation
method. As a result of the application of thei@$sen polygons, the GWB was subdivided into smaller and
larger units, which characterize the scope of impact of a ceN#M{FIGURE.8.1.1.9).
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FIGURE 8.1.1.2The example of the use of the Thiessen polygon method to define the share of the
importance of eachiMPin GWB .13 (Marandi et al., 202D

If the share of theMPs with exceedances @QSthreshold values and/dr\s was less than 20% of the GWB

area, the GWB was considered to be in good status, according to the general quality assessment test and the
assessment was continued with the following status assessment tests. However, if the share dfilsese
reached morehan 20% of the GWB area, the trend assessment (aggregated data by whole GWB) for relevant
pollutants was carried ouH(GURE.8.1.1.1, Trend Assessment I). If during this assessment the linear trend
line exceeded 75% of the thresholdldvestablished foany relevant pollutant, the GWB was considered to

be in poor status. However, attention was also paid to the reliability of the monitoring netvifoeKURE
1.8.1.1.1 Confidencéevel), which means that it was assessed whether there were an insufficienter of

MPs, and if pollutant concentrations and growth trends were affected by poor qudiRry and/or human

impact was identifiedNlarandi et al., 202D

In a situation where the trend lines of aggregated data by GWB of the pollutants in questioMiPsalid

not exceed 75% of the threshold and/b¥, the next step was to perform the trend assessment of these
pollutants in eachMP. If a statistically significant upward trend was identified at least atRethe GWB

was considered to be in poor status (high confidence) based on a reliable monitoring network and analytical
data. If the monitoring data were affected by insufficientpgwor-quality MPs and no human impact was
detected, the GWB was consideredhle in good status, but at risk. The confidence level of this result was
low, as in the next observation period it has to be determined whether the high concentrations of pollutants
in MPs are local or pose a threat to the whole GWB. Therefore, alsoiscéise, the status assessment was
based on the quality of the specifitP and the corresponding monitoring data, and the configuration of the
monitoring network on the GWB levéMarandi et al., 202

A test to identify the risk ofaline or other intrugons(Test 2) and to assess its impact on the chemical status

of GWB was performed only in GWBs where threshold values have been established for chiyrated (Cl
sulfate (S@) ions, characterizing intrusion processes. The first step was to determiethevta statistically
significant upward trend in the annual average chloride) (@hd sulfate (S©®) ion concentrations
(aggregated data by whole GWB) have been identified and whether these concentrations have exceeded the
established threshold valueby( singleMP) (FIGURE.8.1.1.3. If there were no statistically significant upward
trends identified (in the aggregated data by whole GWB) and the average concentrations in the individual
MPs were lower than the threshold values, the GWB was considered to be in good chemical staticngc

to this test Marandi et al., 202D
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Are SO,% or Cl-set as TVs in GWB? Is
there an upward trend in 2014-2019
data of 50, or CI, or are there a No
single TV over limit occurrences in L~ |
aggregated data of monitoring
points?

Trend Assessment |
Is the aggregated data trendline
more than 75% of TV?

|

Trend Assessment Il
Is the upward trend or TV Yes Poor status
exceedances detected in more than L |

20% of GWB area?

| Alternative Check

Trend Assessment Ill
Yes Too few monitoring stations? No Poor status
Statistics is biased by low quality

data?

FIGURE &8.1.1.3Flow diagram of the saline or other intrusions test
(modified afterMarandi et al., 202D

If there was a statistically significant upward trend identified based on chlorigea(@isulfate (SG¥) ions
concentrations in the aggregated data by whole GWB, verification was made whether the trend line exceeds
75% of the threshold valu&(GURE.8.1.1.3 Trend Assessment I). If the trend line remained below the 75%
mark of thethreshold value, the GWB was considered to be in good status, but at risk. However, if the upward
trend of chloride Cl) and sulfate $Q%) ions exceeded the 75% mark of the threshold value and/or there
were monitoring wells with the average concentratiabove the threshold value, the assessment proceeded
with the trend assessment in singiéP (FIGURE.8.1.1.3 Trend Assessment II).

The further assessment did determine whether € or MPs, where the threshold value was exceeded,
characterizes an area larger or smaller than 20% of the whole GWB area. In the edevath an impact

area of less than 20% of the whole GWB area, the GWB was considered to be in good status, but at risk (If
the concentration of chloride (fhnd sulfate (S£) ions will continue to increase). Otherwise, the GWB was
considered to be in poor status based on this téstandi et al., 202D

In Estonia, there are several GWBs potentially affected by intrusimcepses, where the number MPs is
insufficient and, as a result, the share of ok in the assessment is very high (for example, GWBs on
islands). To avoid situations where, based on the data oMiRethe GWB qualifies as being in poor status,
the peculiarities of the monitoring network were alternatively studiedGURE.8.1.1.3 Alternative Check).

If aMP with high chloride (Gl and/or sulfate (S€) ion concentration and with a significant share of GWB
area did not show an upward trend the annual average concentrations and the high concentrations was
of natural origin, the GWB was considered to be in good status according to thistesindi et al., 202D

The purpose of theurface watertest (Test 3) is to assess whether the chemiuadlity characteristics of
groundwater may cause unfavorable status 8WB. The connections of groundwatessociatedsWBwith
GWBs were outlined in the 2015 study of the Institute of Ecology of Tallinn Universityf éf&hnjaa et al.,
2015. In the absence @WB associated with groundwater, the GWB was considered to be in good status
(FIGURE.8.1.1.9.
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Is the status of any groundwater associated
v Based on conceptual model, are there

surface water bodies reported bad or :
. . any groundwater associated surface o >
unfavourable according to ecological or

physical criteria?

water bodies connected to GWB?

Are the problematic substances for
groundwater associated surface water
body monitored in GWB?

Are the human induced substances in

nearby monitoring wells high enough to Poor
cause the unfavourable status in — ae
) status
groundwater associated surface water
body?

FIGURE &.1.1.4Flow diagram of the surface waters test
(modified afterMarandi et al., 202D

SWHB (watercourses and lakes) that have been identified as significantly dependent on groundwater in the
development of conceptual models of GWBs were identified. Following that the status ofSk¢e(based

on the results of an assessment carried out dgrine preparation of RBMPs) were linked to the associated
GWBsarandi et al., 202D

If groundwaterassociatedSWB were identified in the GWB, the next step was the assessment of the status
of these SWB FIGURE.8.1.1.9. In the course of RBMPSWRB were assessed for their ecological and
chemical status, based on which they have been assigned an integrated status. In those groundwater
dependentSWB where the chemical status was assessed as poor, it was examined wiethmallutants
causing poor status have been determined in the groundwdits If the groundwater monitoring
contained data on these pollutants, the spatial location of groundwiBs and groundwaterssociated

SWB and their catchment areas, as wellthe proportion of theSWBsupplied by the groundwater was
further analyzed. Where available monitoring data allowed, the analysis of the test resulted in a status
assessment and reliability on the GW\Bafandi et al., 202D

Among the quality elements dhe ecological status WHB, the nutrients (mainly R and Not) and river
basinspecific life quality elements (mainly Ba and Hg) were taken into account in this test. InStise
where the quality elements gfhysicochemical quality indicators and river basin specific pollutants caused
unfavorable status (worse #n good), the monitoring data of the GWB was considered whether the pollutant
content in the nearest national monitoring well is so high due to human impact that it could cause the
unfavorable status of surface watefddrandi et al., 202D

The purpose dfhe groundwater dependent terrestrial ecosystenf&€DTES) test (Test 4) is to assess whether
the chemical quality of groundwater may lead to the disadvantage of these ecosystems. The connections of
GDTE with GWBs have been highlighted in the 2015 studhefinstitute of Ecology of Tallinn University

(TU) Marandi et al., 2020

The TU study provided a list of terrestrial ecosystems that may depend on groundwater. The results of this
study were used as the first step to identify if there were any GDTiteected to the GWB. In the absence

of GDTEs associated with a GWB (e.g., deep GWBs), the GWB was considered to be in gob:siRttSs (
1.8.1.1.9.
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Is the status of GDTEs (Natura 2000 sites)
unfavourable or bad because of Yes
groundwater chemistry?

Are there any GDTEs connected to

No .

GWB (based on TU 2015 study)?

—y

Are the problematic substances for GDTES
monitored in GWB?

Yes Are the human induced substances in
nearby monitoring wells high enough

Poor
status

to cause the unfavourable status of
GDTE?

FIGURE 8.1.1.5Flow diagram of theGDTE test(modified afterMarandi et al., 202D

As a nexstep, it was clarified whether the deterioration of the ecosystem has been caused by changes in
groundwater chemistry, but in the absence of such monitoring data, it was usually not possible to make a
further assessment. However, the Natura 2000 assessmesuoits for unsatisfactory GDTEs and the factors
causing their disadvantage were reviewed. If necessary, further monitoring recommendations were provided
for the next assessment period. Due to human activities, the status of GDTEs is more likelyectbd biff

the decrease in groundwater levels due to groundwater abstraction, rather than due to changes in the
chemical composition of groundwate¥érandi et al., 202D

In the course of thelrinking water protected areasest (Test 5), it is assessed whether there are significant
upward trends of pollutants due to human impact in large drinking water intakes (groundwater well fields),
which would have forced the water companies to close groundwater intakes, change gratendmtake
locations or apply more efficient groundwater treatment methods; the test does not assess whether the
groundwater quality meets the quality requirements for drinking watda(andi et al., 202D

Groundwater intakes (groundwater well fields)kvan abstraction rate greater than 50Cd were included

in this test. Another important criterion was whether the problems with drinking water quality have been
referred to the Groundwater Commission in the period 2@DA9 FIGUREL8.1.1.9. If groundwater
abstractions of this magnitude did not occur within the GWB and the problems related to drinking water had
not been reported to the Groundwater Commission, the chemical status of the GWB was considered to be
good. In the event of qualitgroblems, it was determined whether the GWB is in poor enisit status based

on the results of general quality assessment and saline or other intrusions tests; if the results of these tests
confirmed it, GWB was also considered to be in poor statusisntélst. However, if the results of those two

tests showed that poor or aiisk status was indicated by a quality indicator that has not been addressed in
previously mentioned tests, the behavior of this content in the nearest groundwdéiRarvas investigagd. If

there was an upward trend in the pollutant in the nearest monitoring wells identifigd(RE.8.1.1.6 Trend
Assessment 1), it was assessed concerning the 75% mark of the threshold value. If this value was exceeded,
the GWB was considered to bepnor status (high confidence), otherwise, it was considered to be in good
status (in the latter case, this was probably a local groundwater irtpkeific problem, the cause of which
should be determined by researctyldrandi et al., 202D
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Are there any groundwater intakes > 500 m?/d in GWB

Is the status of GWB bad or at
risk according to general quality
assessment and/or saline or
other intrusion tests?

2014-2019 period in them?

. Bad status
(high confidence)

Trend Assessment | Trend Assessment Il

Is the aggregated data trendline of Is the aggregated data trendline of
Is there any statistically relevant monitoring point > 75% of relevant monitoring point > 75% of
significant upward trend of threshold value? threshold value?

substances relevant to GWB
status assessment identified in
nearby monitoring points?

FIGURE 8.1.1.6Flow diagram of theDWPAdest
(modified afterMarandi et al., 202D

If there was no upward trend of the pollutant in the monitoring wells closest to the problematic groundwater
intake identified FIGURE.8.1.1.6 Trend Assessment Il) and ttrend line of the pollutant remained below

the 75% mark of the threshold value, then the chemical status of the GWB was considered to be good (the
presence of the pollutant is related to groundwater intake and it does not affect the GWB more broadly). If
the pollutant trend line value was above the 75% mark of the threshold value, the GWB was considered to
be in good chemical status, but at riskarandi et al., 202

1.8.1.2. Chemical status assessmentluatvia

The methodology development and assessment of trendbal status of GWBs in Latvia was performed in
2021 for preparation of the '3 cycle RBMPs([ + Ha / %). During the development of assessment
procedures in Latvia, in the framework of the WaterAct project Estonian partners have already provided
chemical status assessment procedures in Estonia and the development of the Latvian approach was heavily
inspiredby assessment procedures describe@hmapter 1.8.1.1Based on the above, it can be affirmed that

the harmonization of methodologies in the case of Latvia has already taken place during its development.
Themain differences that arose during the development of the chemical status assessment procedures in
Latvia are related to the amount and quality of available data, which limited the use of comprehensive
chemical status assessment processes and trend asalysi

The assessment of the chemical status in Latvia was performed for all GWBs based on the requirements set
out in the CIS Guidance Document No.E& R009. In GWBs, which do not currently have any monitoring
stations, the grouping principle was usedassess the chemical status; otherwise (if the grouping principle
could not be applied) the chemical status of GWB was considered to be good (with low confidence). In Latvia,
assessment procedures were developed for only two tests (general quality assessmeseline or other
intrusions), but these two tests were divided into separate subtests: the general quality assessment test was
divided into three separate tests, considering previously identified pressures in each GWB, but saline or other
intrusions st was divided into seawater intrusion test and saline water intrusionfest Ha / ). ThRen H M
overall quality assessment test was performed for all GWBs, regardless of the pressures identified in them,
while the other tests were selected for each GWBiintially, depending on the anthropogenic pressure
identified by the GWB and its impact on groundwater quality:

1 diffuse pressure assessmeteist was performed for GWBs in which significant diffuse pressure has
previously been identified;
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1 point pressure assessmeltrst was performed for GWBs in which significant point pressure has
previously been identified;

9 seawater intrusion assessmemgstwas performed for GWBs which are bordering the sea and are
exposed on the ground surface, in which a significant groundwater abstraction pressure has
previously been identified that may cause seawater intrusion;

1 saline water intrusion assessmetest was grformed for GWBs located above, below or adjacent
to high mineralization zones, where significant groundwater abstraction pressure has previously
been identified that may activate freshwater mixing with high mineralization waters.

Each test used its owndividual parameters and quality criteria. The overall quality assessment test (GWBs
with no significant pressures) used the parameters and quality criteria listed in Annthel @D nitrates

and pesticides. In other tests, taking into account the resly identified pressures within each GWB, only
those parameters that pose a risk or were recognized as risk indicators were assessed by delineated
threshold values (se€hapter 1.3.2and Annex 3. For the synthetic parameters, following the widely used
BRIDGE methodologg N f f S NJ §,ihellMi ®&S MB n & SERJdccording tofCMENE Regulation
b2dmmy 2F al NOK MHX HAanno awS3dzZ FGA2y & 2y-CbuNF I OS
Regulation No0.118)). Full environmental quality criteria were used asLYhéor parameters such as
permanganate indexptal nitrogen, and nitrites, which occur in nature but for which threshatlie could

not be determined due to limited data set. It should be noted that if the general quality assessment test
overlapped with the diffuse pressure assessment test, théctsst quality criteria were used for the
assessment of nitrates and pesticides. The list of parameters used in each test is GikBhHNS.1.2.1, but

the L\& of additional parameters are givenTiABLE..8.1.2.2

TABLH.8.1.2.1

Parameters used to assess the chemical statu§&¥¥Bsaccording to each assessment test
(+tHa/ 2 HANHM

Assessment test (subtest) Parameters

Without significant pressure nitrates (N@), pesticides (in totalpesticides (separately)
With significant diffuse pressure  nitrites (NQ"), nitrates (N@), ammonium (Nbt), pesticides
nitrites (NQ), nitrates (N@), ammonium (Nkt), chlorides

General qualitty (Ch), sulfates (S£), total phosphorus (B:), total nitrogen
assessmen (Nwt), cadmium (Cd), lead (Pb), mercury (Hg), arsenic |

With significant point pressure nickel (Ni),permanganate index (CODMmsum of benzeng

toluene, ethylbenzene and xylenes (BT,EXghlorethylene
(TCE)tetrachlorethylene (PCE)

Saline orother Seawater intrusion chlorides (C)
intrusions Saline water intrusion chlorides (C), sulfates (S@)

Remarks: black colorGWBspecific threshold values were applied (except in general quality assessment test for GWBs without sig
pressures wher&QSset by theGWDwere applied)blue color- quality standards specified in the Cabinet Regulation No.118 were apy.
redcolor-oy FNRBY ljdz- f A& &dFyRIFINRA ALISOATASR Ay GKS /FoAySid wS:

TABLH.8.1.2.2

L\s of additional parameters (tdGQSand TV9 used to assess the chemical status@WBs
(+tHa/ 2 HANOHM

Unit of EQ_Saccording to LV (used in chemical Pressure
Parameter t Cabinet Regulation status assessment of t
measuremen No.118) GWBS) ype
Nitrates (NQ) mg/| 0.5 0.5 point/diffuse
Totalnitrogen (Not) mg/l 3 3 point
Permanganate index (CODMn) mg/| 5 5 point
Sum of benzene, toluene, X3k f 10 5 point

ethylbenzene and xylenes (BTEX)
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Unit of EQSaccording to LV(used in chemical Pressure
Parameter measurement Cabinet Regulation status assessment of tvpe
No.118) GWBSs) yp
Trichlorethylene (TCE) k3K f 10 5 point
Tetrachlorethylene (PCE) k3K f 10 5 point
Pesticides (total) k3K f 0.5 0.25 diffuse
Aldrin, dieldrin, heptachlor and X Ikt 0.03 0.015 diffuse
heptachlor epoxide (separately)
Other pesticides (separately) k3K f 0.1 0.05 diffuse

The assessment was performed individually for each GWB, using appropriate tests, identified pressure
parameters or groups of parameters, as well as the establi§@8and/or threshold values. To assess the
compliance of GWB with good or poor chemical g$athe results of groundwater monitoring for the period

from 2014 to 2019 were compiled, calculating the average concentrations of previously identified
parameters for each GWB in evaviP. Samples with ionic balance discrepancies (deviations greater than
pMEZ0 & 6Stf &4 SEGNBYSte& KAIK | yRk2NI f2¢ O f dSa
gK2aS 02y OSyiaNrdAzya 6SNB o0St2¢g (GKS tAYALG 2F ljdzZy
of this LoQ value. In turn, only qudlieid concentrations were used to calculate average concentrations of
pesticides (values lower than LoQ value were excluded from the dataset), following the recommendations of
the CIS Guidance Document No.l8{Ha / 2). HAH M

If no exceedances were identified any of theMPs and tests performed, the chemical status of the GWB
was considered to be good (high or medium confidence). If at least in one of the tests exceedances were
identified in at least one of th#Ps, an indepth data analysis was performed BB and the significance

of the detected exceedance at the GWB level was initially assessed (it was examined whether the prevalence
of pollutants represented more than 20% of the total areaof GWBYHa / 3. HAH M

Using the Thiessen polygon method, theafas a percentage) of the total GWB area was determined for
each monitoring station, which represents the prevalence or significance of the detected exceedance. The
areas determined by groundwater monitoring stations were summarized if the exceedanaesnaeded in
several monitoring wells, which represent different monitoring staticgh&URE.8.1.2.]). It should be noted

that the area occupied by the exceedances was calculated for the group of pollutants that characterize the
specificpressure, and not for each parameter separatfly{f Ha / ). H1 H M

1.6% 1.6%
WoOwe A WO B
° ? V. ® v
. | £319% L 1319%
o o ® e o / N
5:3% 6:2% 5'3% | £ 62%
| 94% % - 94% i
[ !
® A ®
e 15!5% e ; 15!5%
36:8% 36:8%
21:3% 21:3%
L ] [ ]
Legend: Legend:
Exceedance detected @ Station without exceedances Exceedance detected ® Station without exceedances
No exceedance detected @ Station with exceedances I No exceedance detected ® Station with exceedances
6.2% Significance share of exceedances (as percentage) 6.2% Significance share of exceedances (as percentage)

FIGURE.8.1.2.1A - exceedances identified at two monitoring stations, representing 6.9% of the total area of
GWB; B exceedances identified at four stations, representing 32.7% of the t@eea of GWB
(modified afterf] t Ha/ 2 HAHM

If the identified exceedances of the pollutant threshold values did not exceed 20% of the total area of the
GWB, then GWB was considered to be in good chemical status (with high or medium confidence). If the
identified exceedances represented more than 20Bthe total GWB area, an additional assessment and
trend analysis (se€hapter 1.7.2 was performed for eacMP with the identified exceedance. GWB was
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considered to be in good chemical status (high or mediunfidence) if no statistically significant upward
trend was identified at any of theddPs or the identified exceedances did not pose a significant risk to the
chemical status of GWB, and good status (with medium confidence) if trends could not be assessad d
lack of data. Otherwise, GWB was considered to be in poor status (with high confidence) if it could not be
proved that the identified exceedances did not pose a significant risk to the overall chemical status of GWB,
or were representative only of tal effects, or of groundwater natural status/qualify £ Ha / X). Then H m
test procedure is given iIRIGURE .8.1.2.2

Good status At any of the monitoring point for

Good status

|| any parameter does the average ) .
Cun[tli?'u\:ec?;ﬁ{;?ﬂ:?liata ] Nodata concentration in the selected time (high or medium
g period exceeds the TV or EQS? confidence)
Yes
Do the identified exceedances Good status
represent more than 20% of the (high or medium
total area of GWB? confidence)
Yes
Trend assessment
Good status Is there a significant upward trend Good status
(medium confidence) I-";Ck of Il identified at any of the monitoring (high or medium
Potential GWB at risk; ata points? Do the identified confidence)

continue to gather data exceedances pose a significant risk
to GWB's status?

Yes

Bad status
(high confidence)
Plan and take measures to improve
the status

FIGURE.8.1.22 Schematic procedure for tests used to assess the chemical status of GWB
(modified afterf t Ha/ Y HAHM

Each test was performed individually and the results of each test were summarized to obtain an overall
assessment of the chemical status of the GWB: the worst result of all the chemical status assessment tests
performed was considered to be the total cheali status of GWB. The results of the chemical status
assessment were used to assess the level of confidence based on the nuniies (honitoring network
coverage), the number of groundwater samples collected, as well as the identified exceedanceésd /

2021).

1.8.2 Quantitative status assessment

The definition of good quantitative status of the GWB is set out in the Annex V 2.1.2\WWHDeAs noted in

this Annex, good groundwater quantitative status is achieved when the available groundesaerces in

the GWB are not exceeded by the letggm annual average groundwater abstraction. It can be concluded
that the quantitative status of the GWB can be described as the extent to which the GWB is affected by the
direct or indirect groundwater albsaction EC2009.

For the GWB to be in good quantitative status, each of the objectives covered by the definition of good status
must be met: available groundwater resources must not be exceeded by thedongannual average
groundwater abstraction, msignificant diminution of surface water chemistry and/or ecology must be done
resulting from anthropogenic groundwater level alterations or changes in flow directions for any associated
SWHB, no significant damage must be done to GDfesulting from aranthropogenic groundwater level
alterations as well as no saline or other intrusions must occur resulting from anthropogenically induced
sustained changes in groundwater flow directioB€009).

To determine the overall quantitative status of the GWByesal tests (water balance, saline or other
intrusions, surface waters, and groundwater dependent terrestrial ecosystems) should be applied that
considers the impacts of anthropogenically induced g alterations in groundwater level and/or flow.
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Eat test must assess whether the GWB is meeting the relevant environmental objectives. Not all
environmental objectives apply to every GWB, therefore, only the relevant tests should be applied as
necessaryfC2009.

An overlap between the chemicaltatus assessment for certain elements of the quantitative status
assessment exists, in particular the assessment relating saline or other intrusions. In this case the assessment
for chemical and quantitative status for this element can and should be cmdbFor other tests there is a

need to share information between the chemical and quantitative assessmegtaq09).

An assessment of quantitative status is required for all GWBs, however, where there is a high degree of
confidence that the GWB is cuntly not at risk of failing quantitative status objectives then it is reasonable

to assume that the GWB is in good status, based on the assessment of pressures and impacts (accordingly
no significant groundwater abstraction pressure or any other grournemlavels altering impacts have been
identified). This is consistent with adopting a +isksed approachHC 2009).

The monitoring network for assessment of the quantitative status of GWBs must be following the conceptual
model EC 2009, which allowshe assessment of groundwater balance, groundwater quantity and quality
interactions with the associated risks 8WB, as well as to assess the potential water exchange between
groundwater and surface water.

1.8.2.1. Quantitative status assessment igstonia

The guantitative status assessment is based on the calculation of the natural balance of the GWB and on the
evaluation of how the disturbances caused by human activity would affect khatandi et al., 202D The

level of disturbances is defined via the available groundwater resource in the dA¥table groundwater

NB & 2 dzND S & Q -térB lanfidal avefade ratedfyozrall recharge of the body of groundwater less the
longterm annual rate of flow requéd to achieve the ecological quality objectives for associated surface
waters specified under Article 4, to avoid any significant diminution in the ecological status of such waters
and to avoid any significant damage to associated terrestrial ecosyétems

Therefore the first test in GWB quantitative status assessmentwatsr balancetest (Test 6) KIGURE
1.8.2.1.), where the natural groundwater resources (natural balance) was assessed against the approved
(calculated) groundwater resources and the grdwater abstraction (total abstraction and abstraction in
groundwater well fields)Nlarandi et al., 202

Do the approved (calculated) groundwater
resources (m3/d) in groundwater well
fields of the GWB are greater than the e

natural resources (m?/d) of the GWB? “

Does the groundwater abstraction (m3/d)

in groundwater well fields of the GWB is

greater than the all natural resources
(m3/d) of the GWB?

Does the total groundwater abstraction

(m3/d} in the GWB is greater than the
natural resources (m?/d) of the GWB?

P,

/

Poor status Poor status
(high confidence) (high confidence)

FIGURE.8.2.1.1The flow diagram of the water balance test
(modified afterMarandi et al., 202D

Yes

If the groundwater abstraction igroundwater well fields was greater than the natural groundwater
resources of the GWB, the GWB was considered to be in poor status (high confidence). If the groundwater
abstraction in groundwater well fields was lower than the natural groundwater resowfcée GWB, the

test was continued with the overall (total) groundwater abstraction from the GWBUYRE.8.2.1.).

64



2, interreg o WaterAct
9% Estonia-Latvia &oint actions for more efficient management of common
groundwater resources

European Regional Development Fund

EUROPEAN UNION

In the assessment of overall (total) groundwater abstraction, the quantities of groundwater natural resources
of the GWB and total groundater abstraction in the GWB were compared. If the overall (total) groundwater
abstraction was less than the natural groundwater resources of the GWB, the GWB was considered to be in
good status (high confidence). Otherwise, the GWB was considered tgberistatus (high confidence).

Further tests were evaluating more local resources to assess whether the groundwater abstraction can affect
saline or other intrusionsH{GURE..8.2.12), surface watersGAAES (FIGURH.8.2.13) and groundwater
dependent terrestrial ecosysten{&DTEFIGURE.8.2.14).

A test to identify the risk o$aline or other intrusiongTest 7) and to assess its impact on the quantitative
status of GWB was performed only in those GWBs where threshold values have been established for chloride
(Ch) and/or sulfate (S€3) ions, characterizing intrusion processes. The first step westermine whether

a statistically significant upward trend in the annual average chloridg¢ #6ti/or sulfate (Sg) ion
concentrations (aggregated data by whole GWB) have been identified and/or whether these concentrations
have exceeded the establish#deshold values (by singP) (FIGURE.8.2.12). If there were no statistically
significant upward trends identified (in the aggregated data by whole GWB) and the average concentrations
in the individuaMPs were lower than the threshold values, the GW&s considered to be in good chemical
status (high confidence), according to this tédiatandi et al., 202

Are there individual TVs set for CI" and/or SO,
ions? Does the average concentration of these
ions at any monitoring point exceeds these TVs?
Does the aggregated trendline by GWB indicates
statistically significant upward trend?

Does a statistically significant
downward trend in groundwater

levels has been identified at any
of the monitoring points?

Do monitoring points with identified
exceedances of average CI-and/or SO, ion Do these monitoring points Does the decline in
concentrations overlap with monitoring represent more than 20% of the groundwater levels are caused
points with identified statistically significant total area of the GWB? by anthropogenic activities?
downward trends in groundwater levels?

Poor status
(high confidence)

FIGURE.8.2.12 Flow diagram of the saline or other intrusions assessment test
(modified afterMarandi et al., 202D

If there was a statistically significant upward trend identified based on chl¢@tj}eand/or sulfate (S&)

ions concentrations in the aggregated data by whole GWB and/or if these concentrations have exceeded the
established threshold values (by sing), it was determined whether statistically significant downward
trend in groundwater levels has been iderd at any of theMPs. If no statistically significant downward
trend in groundwater levels was identified at any of thiPs, the GWB was considered to be in good
guantitative status (high confidence). However, if a statistically significant downward imegr@undwater

levels was identified at any of thdPs, the relationship between the downward trend in groundwater levels
and exceedances of average chlor{@) and/or sulfate (S) ion concentrations was inspecteé|GURE
1.8.2.12).

If MPs with identified exceedances of average chloii@g and/or sulfate (S&) ion concentrations did not
overlap withMPs with identified statistically significant downward trends in groundwater levels, the GWB
was considered to be in good status but at risk (average confidence) (additional studies must be carried out
in the future to determine the reason for the increaseconcentrations of pollutants in the GWB). However,

if MPs with identified exceedances overlapped wiitiPs with identified downward trends in groundwater
levels, the extent of it was assess€dqURE.8.2.12).
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If the overlap between the two processes svalentified, it was further determined whether sudhPs
represent more than 20% of the total area of the GWB (according to the Thiessen polygon method). If the
20% threshold was not exceeded, GWB was considered to be in a good quantitative statusski{baerage
confidence). In a situation where subkPs represented more than 20% of the total area of the GWB, the
interrelationship between the upward trend of chloride §Gind/or sulfate (S£¥) ion concentrations, the
downward trend ingroundwater levels and groundwater abstraction was examiféd(RE.8.2.12).

If there was no link between intensive groundwater abstraction and downward trend in groundwater levels
identified, the GWB was considered to be in good quantitative statusibrisk (low confidence). But if the
downward trend in groundwater levels and the associated upward trendhigride (C) and/or sulfate
(SQ%) ion concentrations was linked to the pressure of groundwater abstraction, the GWB was considered
to be in poor quantitative status (high confidencE)GURE.8.2.12).

The purpose of theurface watergtest (Test 8) was to assess whether the lowering of groundwater levels

due to groundwater abstraction may result in unfavorable status of G/AAEBE The test initially included
groundwater associated watercoursé®fasmaa et al., 201¥ainu et al., 209; Marandi et al., 201Ppwhich

have previously undergone a hydromorphological assessmertz@ N N NI S)ii As Ithe ®tatus H 1 M b
assessment for standing water bodies regarding water abstraction has not been previously done and the
water levels of lakes wasgerally not constantly monitored in Estonia, the assessments of groundwater
associated standing water bodies presented in the work by Tallinn Univérsityu(et al., 201pwere taken

into account.

The first step of the surface waters assessment testtivaselection of GWBs in whi€GAAE$SWB} have
been previously identified. If nGAAEsvere previously identified in the GWB, it was considered to be in
good status (high confidence). If otherwise, the test was continued with the nextctgsessmenbf
groundwater contribution to surface watersIGURE.8.2.13).

Based on the conceptual model of Based on the previously conducted
the GWB, are there any hydromorphological status assessment
groundwater associated aquatic of these GAAEs, does the groundwater
ecosystems (GAAEs)/surface waters consumption is greater than 20% of the
identified in it? annual flow of these GAAEs?

Is there a large amount of groundwater

abstraction (greater than 1 000 m3/d) in
the close vicinity to these GAAEs and is
there statistically significant downward
trend in groundwater levels identified in
nearby national monitoring points?

Poor status
(high confidence)

FIGURE.8.2.13 Flow diagram of the surface waters assessment test
(modified afterMarandi et al., 202D

If, based on results of hydromorphological assessment, groundwatesumption was less than 20% of the
surface waters annual flow, GWB was considered to be in good status (low confidence; further investigation
needed during next RMBP cycle). If otherwise, the test was continued with the next gtepndwater
abstraction assessment{GURE.8.2.13).

If no large amount of groundwater abstraction (greater than 100@was identified in the close vicinity
to in the previous step identified GAAEs and no statistically significant downward trend in groundwater levels
was identified in nearby monitoring wells, the GWB was considered to be in good quantitative status (low
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confidence; further investigation needed during the next RBMP cycle). But if the opposite conditions were
met, the GWB was considered to be in poor quantitative status (high confidériGa)RE.8.2.13).

The purpose of thgroundwater dependent terresial ecosystemqGDTES) test (Test 9) was to assess
whether the groundwater abstraction may lead to the disadvantage of these ecosystems. The connections
of GDTEs and with GWBs have been highlighted in the 2015 study of the Institute of Ecology of Tallinn
University Termsmaa et al., 2005

The first step of the GDTEs assessment test was the selection of GWBs in which such ecosystems have been
previously identified. If no GDTEs were previously identified in the GWB, it was considered to be in good
status (high confidence)lf otherwise, the test was continued with the next stegondition of GDTEs
according to the assessment based on the Habitats Dire¢HGUIRE.8.2.14).

Does the condition of any of identified
GDTEs is poor or unfavorable according to
ecological and/or physical criteria according
to the assessment based on the Habitats
directive?

Based on the conceptual model of
the GWB, are there any groundwater
dependent terrestrial ecosystems
(GDTEs) identified in it?

Does the groundwater abstraction or
lowering of the groundwater level have
been identified as the cause of the
unfavorable condition?

Is there a large amount of groundwater
abstraction (greater than 1 000 m3/d) in the
close vicinity to these GDTEs and is there
statistically significant downward trend in
groundwater levels identified in nearby
national monitoring points?

Poor status
(high confidence)

FIGURE.8.2.14 Flow diagram of theGDTE assessment te{modified afterMarandi et al. 2020

If the condition of all identified GDTEs was good (greater than poor or unfavorable) according to ecological
and/or physical criteria according to the assessment based on the Habitats Directive, the GWB was
considered to be in good status (averagenfidence). However, if at least one GDTE was in poor or
unfavorable condition, the test was continued with the next stggsessment of groundwater contribution

to GDTEs in poor or unfavorable conditiGhQURE.8.2.14).

If during theassessment of based on the Habitats Directive no groundwater abstraction and no lowering of
the groundwater levels have been identified as the cause of the unfavorable condition of respective GDTEs,
the GWB was considered to be in good status (low confidefurther investigation needed during next
RBMP cycle). But if the opposite conditions were met, the test was continued with the lasgsbepdwater
abstraction assessmentlGURE.8.2.14).

If no large amount of groundwater abstraction (greaternh000 n¥/d) was identified in the close vicinity

to in the previous step identified GDTEs and no statistically significant downward trend in groundwater levels
was identified in nearby monitoring wells, the GWB was considered to be in good status (lfidecoe;

further investigation needed during the next RBMP cycle). But if the opposite conditions were met, the GWB
was considered to be in poor status (high confidenE&}JRE.8.2.14).

1.8.2.2. Quantitative status assessment ihatvia

Following theeecommendationsEC 2009, assessment of the quantitative status must be carried out for all
GWBSs, but in cases where there is a high probability that GWB is not at risk of not achieving a good
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guantitative status, the GWB can be assessed as being in good quantitative statudiriytyg, in Latvia, the
in-depth assessment of the quantitative status was performed only for GWBs for which a significant
groundwater abstraction pressure has been identifipdd{ Ha / 2). HA H M

For GWBs where no significant groundwater abstraction pressasepreviously identified, the quantitative
status was assessed as good (average confidence). Additional criteria were also set: if in none of the
groundwater well fields of the respective GWB no depletion of groundwater resources was detected in the
respedive period (20142019), as well as no exceedances of the calculated maximum groundwater level
reduction were observed, then GWB was assessed with good quantitative status (with an average level of
confidence). For other GWBs where exceedances were ol$emd groundwater abstraction pressures
were identified, an irdepth quantitative status assessment was performed by performing groundwater
balance, as well as seawater and/or saline intrusion tests (according to the characteristics of each GWB)
( tHa/2Y). Hn

In thegroundwater balanceest, primarily the average groundwater abstraction®(d) for the period from

2015 to 2019 was compared with the total approved (calculated) groundwater resourcéd) (im
groundwater well fields, expressed as a raf¥o). GWB was assessed being in good quantitative status
(average confidence) if this ratio did not exceed the 75% threshold value (the 75% threshold value was
adapted for the assessment of groundwater balance from Guidance Document &, 28Q9), wherethis
threshold value is used in trend assessment as a starting point for irreversible deterioration in quality). In
case of exceeding this threshold value, additional data analysis were perfeloregterm data on changes

in groundwater levels in State dviitoring Network monitoring wells were collected and assessed whether
statistically significant downward trends are observed. GWB was considered to be in good quantitative status
(high confidence) if no statistically significant downward trends were oeskin any of the monitoring wells.

If a statistically significant downward trend was identified in one or more monitoring wells, it was assessed
whether the identified monitoring wells represented more than 20% of the total GWB area (according to the
Thiessen polygon method). If the 20% threshold was not exceeded, GWB was considered to be in good
guantitative status (high confidence). If the 20% threshold was exceeded, GWB was considered to be in poor
guantitative status (high confidencd) & Ha / 2). The schematic procedure of the groundwater balance
assessment test is giveniGURE.8.2.2.1

-

RS e SR

FIGURE.8.2.2.1Schematic procedure of groundwater balance test
(modified afterf t Ha/ Y HAHM

It should be noted that in the groundwater balance test, none of the GWBs reached the step of assessing
trends in groundwater levels, as the 75% threshold value for approved (calculated) groundwater resources
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was not exceeded. In the future, it is necegstr develop a detailed methodology for the assessment of
trends in groundwater levels and to intensify the arrangement of groundwater level measurement data
series, because, with current knowledge and available data quality, the assessment is heagtignbegeert
judgmentineachcas¢ (x Ha/ 2. HAHM

Saline or other intrusiongest was also performed only for GWBs for which significant groundwater
abstraction pressure was previously identified. As a starting point for both tests, the results of the respective
tests from the chemical status assessment were wsithe poor chenical status of GWB was not identified

in the corresponding test during the chemical status assessment, then GWB was assigned with a good
guantitative status (average confidence) in the relevant quantitative fe@si(RE.8.2.22).

FIGURE.8.2.22 Schematic procedure of saline or other intrusion tests
(modified afterf t Ha/ Y HAHM

In case poor chemical status was identified for GWB in saline or other intrusion tests as part of the GWB
chemical status assessment, ardiepth saline or otheitrusion test was performed on GWB by analyzing
trends in groundwater levels, identifying statistically significant downward trends. If no such trends were
identified, GWB was considered to be in good quantitative status (high confidence). If it wasssiliti@ to

assess trends in groundwater levels due to a lack of data, GWB was also considered to be in good quantitative
status but with an average level of confidenEéJURE.8.2.22).

If statistically significant downward trends in groundwater levels were identified at one of the releNRsnt

then based on the results of the chemical status assessment in the relevant test, it was determined whether
they are observed simultaneously withtatistically significant upward trends in-Gind/or SQ*
concentrations. If no such overlap was identified, GWB was considered to be in good quantitative status (high
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confidence), but with the sidaote of the need to clarify the reasons for the desean groundwater levels
in the future FIGURE.8.2.22).

If an overlap between the two processes was observed, it was further identified whetheheskshare

more than 20% of the total area of the GWB (according to the Thiessen polygon methita). 20%
threshold was not exceeded, GWB was considered to be in a good quantitative status (high confidence)
(FIGURE.8.2.22).

If the 20% threshold was exceeded, it was additionally assessed whether the decrease in groundwater levels
was due to local amropogenic impacts. If no link was identified, GWB was considered to be in a good
guantitative status (high confidence), but GWB could be potentially at risk. If anthropogenic effects were
identified, then GWB was considered to be in poor quantitativeustghigh confidence}J-(GURE.8.2.22).

It should be noted that in saline or other intrusion tests, the step of assessing trends in groundwater levels
was reached only for GWBs at risk. The #@arg groundwater level data series were used in the trend
assessment, calculating the average value of groundwater levels each year to assess the development of the
overall groundwater level situation (respectively: an increase or decrease in groundwater levels). In the end,
based on the mathematical results of thegression analysis, the results were used only from those
monitoring wells where statistically significant trends (upward or downward) were observed. In the future,

it is necessary to develop a detailed methodology for assessing trends in groundwalsrded to focus

more on arranging data series for groundwater level measurements, because, with current knowledge and
the quality of available data, the assessment is heavily based on expert judgmentin ea¢htadea(/ 2. HAH M

The tests were performed dividually and the results of each individual test were summarized to obtain an
overall assessment of the quantitative status of GWB. The worst result from each test was considered to be
the total quantitative status of GWB (+ Ha / 2. HANn H M
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2. Studies of EUevel guidelines and best practices from other countries on
common groundwater resources management and assessment

Studies of EU level guidelines and best practices from other countries on common groundwater resources
management and assessment was donghgyexternal expert Enn Karro from University of Tartu (Institute

of Ecology and Earth Sciences, Department of Geology). The purpose of the expert assessment was to analyze
how TGWBshave been defined in théViS of the EU in order to provide recommendationor the
establishment of joint Estonian and LatviaiVBswithin the WaterAct project.

[ KILWGSNI nomd Ga¢KS NBIdZANBYSydGa 2F 9dzaNRLISHYy 638
IANRBdzy R 6SNI 02RASa¢ A& NBf I (S Pnd PGWBKiSthelchtieokthéf S a
EU Based on the literature review, the requirements of European water policy for the establishment of
TGWBsthe assessment of the status of comm@iVBsand the joint reporting of these data to tHeCare
LINBASYGSRd / KFLIISN HOHD ALYGSNYFGA2YFE wWAGSNI . | &A
[ KILJASNI Hdod G ¢ NI YyAO0 2dzy R NRBDc BxdiBplizy’ &t §GWBS dklinéafioR Anfl & A
as1SaayYSyidé RAA&AOdzaa G(KS Sadl ofTOWBSYtBeEUMIuyder thaWiAD G dza |
and point out the problems that have arisen and their possible solutions.

[ KIFILWGSNI nond awSO2YYSYRFGAZ2y & F2NI 2| G Saddréciical LINR 2 S
experience, based on literature review and the two case studies, could be used in the identification and
management of EstoniabatvianTGWBs

This expert assessment was based in particular onGk¢D} the EUWFDand its Guidance Documents,
reports from the Commission to European Parliament and the Council, River Basin Management Plans,
different project materials, scientific publications, presentations as well as the experiences and opinions of
foreign experts involved in the delineation praseofTGWBsn Europe

2.1. The requirements of European water policy for the establishment of
transboundary groundwater bodies

The first part of the expert assessment is related to the principles of formation and definition of TGWBs in
the countries of theEU Based on the literature review, the requirements of European water policy for the
establishment offGWBsthe assessment of the status of comm@iVBsand the joint reporting of these

data to the ECare presented. This chapter is based in particular an@WD the WFD and its Guidance
Documents.

On October 23, 2000, the WFD was finally adopted. The Directive was published in the Official Journal (OJ L
327) on 22 December 2000 and entered into force the same dayGWighas been developed in response
to the requirements of Article 17 (Strategies to prevent and control pollution of groundwater) &%

2.1.1.Groundwater in the Water Framework Directive

The components of theVFDdealing with groundwater cover a number of different steps for achieving good
guantitative and chemical status of groundwater by 2015. They redui&o:

1 define GWBswithin RBD$0 be designated and reported to tHeCby MS They must classify them
by analyzing the pressures and impacts of human activity on the quality of groundwater with a
view to identifyingGWBgresenting a risk of not achievitige WFD environmental objectivesIS
were obliged to carry out this class#ition between 2004 and 2005 and report the results back to
the EC

1 establish registers of protected areas within ed&BLCfor those groundwater areas or habitats and
species directly dependent on water. The registers must include all bodies of watefonged
extraction of drinking water and all protected areas covered under the following directives: the
Bathing Water Directive(76/160/EE(; the vulnerable zones under the Nitrates Directive
(91/676/EEQand the sensitive areas under the Urban Wastew&gective(91/271/EE(, as well
as areas designated for the protection of habitats and species including relevant Natura 2000 sites
designated under Directives 92/43/EEC and 79/409/EEC. Registers shall be reviewed under the
RBMPsaipdates.
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9 establish groundrater monitoring networks based on the results of the classification analysis so as
to provide a comprehensive overview of groundwater chemical and quantitative ststiBsre
also obliged to design a monitoring programme that had to be operational bgritief 2006.

9 set up a RBMPRor eachRBDwhich must include a summary of pressures and impacts of human
activity on groundwater status, a presentation in map form of monitoring results, a summary of
the economic analysis of water use, a summary of protegimgrammes, control or remediation
measures etc. The first RBMPs were published at the end of 2009, links to them can be found in
the Commission website. The updated RBMPs were due by the end of 2015 and their review is
expected every six years thereafte

i take into account by 2010 the principle of recovery of costs for water services, including
environmental and resource costs in accordance with the polluter pays principle.

9 established by the end of 2009 a programme of measures for achigwing/FD envonmental
objectives (e.g. abstraction control, prevent or control pollution measures) that would be
operational by the end of 2012. Basic measures include, in particular, controls of groundwater
abgraction, controls (with prior authorization) of artifedi recharge or augmentation &WBs
(providing that it does not compromise the achievement of environmental objectives). Point
source discharges and diffuse sources liable to cause pollution are also regulated under the basic
measures. Direct dischargesmdllutants into groundwater are prohibited subject to a range of
provisions listed in the Article 11. The programme of measures has to be reviewed and if necessary
updated by 2015 and every six years thereatfter.

The GWDestablishes a regime which se®QSand introduces measures to prevent or limit inputs of
pollutants into groundwater. The directive establishes quality criteria that takes account local characteristics
and allows for further improvements to be made basedmonitoring data and new scientific knowledge.
TheGWDthus represents a proportionate and scientifically sound response to the requirements of the WFD
as it relates to assessments on chemical status of groundwater and the identification and reversal of
significant and sustained upward trends in pollutant centrations.MS should establish standards at the
most appropriate level and take into account local or regional conditions.

2.1.2.The Groundwater Directive

TheGWDcomplements theNVFD It requires:

1 GQSo be established by the end of 2008;

1 pollution trend studes to be carried out by using existing data and data which is mandatory by the
WEFD (referred to abaseline levedlata obtained in 2002008);

9 pollution trends to be reversed so that environmental objectives are achieved by 2015 by using the
measures sebut in the WFD;

1 measures to prevent or limit inputs of pollutants into groundwater to be operational so that WFD
environmental objectives can be achieved by 2015;

9 reviews of technical provisions of the directive to be carried out in 2013 and every six year
thereafter;

1 compliance with good chemical status criteria (based on EU standards of nitrates and pesticides
and onT\k established bivS).

The guidance documents and technical reports have been produced to assist stakeholders to implement the
WFD. Guidance Documents are intended to provide an overall methodological approach, but will need to be
tailored to the specific circumstances of eadd S All these documents and other results of the work
under the Common Implementation Strategy (CIS), for instance key events and additional resource
documents related to different aspects of the implementation process, can be found in the WFD
Communicabn and Information Resource Centre for Administrations, Businesses and Citizens (CIRCABC)
library. Thus, also the published CIS Guidance Documents and other CIS thematic documents (a total of 60
reports) available on CIRCABC were examined to find thariafeon onTGWBSsThe following is an overview

of the guidelines found in the Directives and guidance documents.

The GWhDstates that in order to ensure consistent protection of groundwatd sharingGWBsshould
coordinate their activities in respect ofanitoring, the setting ofT\k, and the identification of relevant
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hazardous substances. The Article 3 (Criteria for assessing groundwater chemical status) of this directive
determines, thatMS shall ensure that, foGWBsshared by two or moréMS and for GWBswithin which
groundwater flows acrossMSR boundary, the establishment &\ is subject to coordination between the
MSconcerned, in accordance with Article 3(4jled GWD Where a body or a group GWBsxtends beyond

the territory of the Communit, the MSconcerned shall endeavor to establiké in coordination with the
non-MSconcerned, in accordance with Article 3(5) of Directive 2000/60/EC.

December 22, 2000 will remain a milestone in the history of water policies in Europe: on that datéf-ihe
was published and thereby entered into fordeQd, 2003a

2.1.3.Guidance documents

According toWFD Cl&uidance Document No.¢EC, 2008), the WFDcovers all waters, including inland

waters (surface water and groundwater) and transitional and coastal waters up to one sea mile from the
territorial baseline of &S This totality of waters is, for the purpose of the implementation of the directive,
attributed to geographical or administrative units, in particular the river basinRBEE | YR (G KS a g G S
(Articles 2 (13), (15), (10), and (12) respectively). In addition, groundwaters and stretches of coastal waters
must be associated with a riveasin (district).

The application of the terfsWBmMust be understood in the context of the hierarchy of relevant definitions
provided under Article 2 of th&/FD

1 Article 2.2: Groundwater means all water, which is below the surface of the groundsatilmated
zone and in direct contact with the ground or subsoil;

9 Article 2.11: Aquifer means a subsurface layer or layers of rock or other geological strata of
sufficient porosity and permeability to allow either a significant flow of groundwater or the
abstraction of significant quantities of groundwater;

9 Article 2.12: Body of groundwater means a distinct volume of groundwater within an aquifer or
aquifers.

The2 C 5 @efinition of the termrGWBdoes not provide explicit Guidance on h@GWBsshould be delinated

(EC, 2008). The delineation o6WBmMust ensure that the relevant objectives of tdéFDcan be achieved.

This does not mean that @WBmust be delineated so that it is homogeneous in terms of its natural
characteristics, or the concentrations of pa#ats or level alterations within it. HoweveGWBsshould be
delineated in a way that enables an appropriate description of the quantitative and chemical status of
groundwater. Article 7 requires the identification of &WBsused, or intended to be usedor the
abstraction of more than 10 #of drinking water a day as an average. By implication, this volume could be
regarded as a significant quantity of groundwater. "idEDR & RS T A Y A (i A 200\BpenEf GWBE dzA ¥ S N
to be identified either separatelwithin different strata overlying each other in the vertical plane, or as a
single body of groundwater spanning the different strata. To facilitate the estimation of quantitative status,
the upper and lower boundaries should be based first on geologicaldaries and then on other hydraulic
boundaries such as flow lines. AIS/Banust be assigned to RBD(Article 3.1).

WFD CIS Guidance Document N(EE, 2008 states that the construction of basic conceptual models of
groundwater flow and chemical systems, and theG®#¥Banust be undertaken early in the process of initial
groundwater characterization. This will include the delineation of @&i¢/Bboundaries ad an initial
understanding of the nature of the flow and geochemical system and interactionSVitBsand terrestrial
ecosystems. It will also involve water quality information and an early assessment of pressures. In essence
the model should describe theature of the aquifer system, both in terms of quantity and quality, and the
likely consequences of pressures. It is vital, even at the stagéVeB delineation, that a coherent
understanding of the body is reached. All data concerning the nature of5MB collected during the
characterization process should be tested against the conceptual model, both to refine the model and to
check for data errors.

WFD CIS Guidance Document N(T, 2008), which is dedicated on the monitoring under tFDsays,
that the requirements for thaVFD(Annex V) also indicates that monitoring information from groundwater
is required for estimating the direction and rate of flonwGiWwWBghat cross Member States boundaries.

TheWFDrequires Member States to estimate groundwater flows across their boundaries. This is a separate
requirement from the assessment of the statusVBsIt will provide management information to Member
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States on how groundwater and its associated surfacesgstems may be affected by pressures in
neighboring States, and therefore how the measures needed to achieveVfia 2062SOGA @Sa 4
apportioned between those States. To provide estimates of flows across a national border, conceptual
models/undersandings tested using water balances will be needed for the groundwater systems on both
sides of the border. The degree of accuracy and precision needed in such models will be proportional to the
difficulty in reliably judging the status of water bodies either side of the border and in assessing the
achievement of other relevant objectives, and should be such as to enable effective measures to be designed.

For TGWBsharmonization of coordinate systems is an important issue, which is handieée WFD €S
Guidance Document No.@EC, 2008). Document states that special attention should be given in case of
transboundary harmonization of GIS datasets. In this context, the possibility to use as far as possible already
harmonized data isecognized This iespecially true for the case of largeBge.g. the Rhine or thBanube
Riverbasin), where the harmonization work could be substantial. An example of such a database could be
EuroGlobalMap at a scale of 1 000000.

WFD CIS Guidance Document Nodtbthe groundwater monitoringgC, 2007aacknowledges, that the
specific provisins concern thos&WBswhich cross the boundary between two or more Member States.
Bilateral agreement should be reached on monitoring strategies, which requires coordination of conceptual
model development, the exchange of data and quality assurance (@Auality control (QC) aspects (in

line with the requirements of Article 13(2) of the WFD). The provisions for the surveillance monitoring require
TGWB$0 be monitored for those parameters which are relevant for the protection of all uses supported by
the groundwater flow.

The surveillance monitoring programme will also be useful for defiNBiggas defined in the daughtehe
GWD and characteristics within th&WB This will enable future changes in conditions to be assessed,
reference data to be acdwed and typologies to be investigated. This information will be useful for
characterizingfGWBsnd as a basis for Europewmde reporting EC, 2007a

WFD CIS The Guidance Document Nah6the Groundwater in Drinking Protected Are&sC( 200@)
explains the obligations for Protected Areas that apply to groundwater, in particular the requirements for
DWPAs that are introduced under Article 7 of the WFD. It does not cover the requirenfahits source
Directives under which individual Protected Areas are designated. The guidance explains the relationship
between the objectives for protected areas and otltee WFD objectives. In particular it clarifies the
requirements for DWPAs. In additi to explanatory materials, the guidance includes the example of
groundwater protection irfGWB®etween Hungary and Romania (Maros/Mures alluvial plagntral part

of the Western Plain in Romania and soethstern part of the Great Hungarian Plaifl)eTMures/Maros

alluvial fan group ofWBsis designated as an importaftGWBIin the Danube River Basin, which is an
important drinking water resource in both countries.

WFD CIS Guidance Document Nooh8the Groundwater Status and Trend AssessmEft, (2099) states,

that the GWD establishes a requirement for Member States to defMe for pollutants (or groups of
pollutants) that are related to the pressures identified as put@BiyBsat risk. Thes@\s and standards are

then to be used to assess groundwater chemical status, as defined in the WFD. In addition to assessing the
impactsof pollutants the WFD also requires consideration of the impacts of groundwater abstraction on
GWBs dependentSWBsand ecosystems, and an assessment of quantitative status. The WRbBed®W/D

also require that trends in pollutant concentrations are itded and that these trends are assessed to
determine whether they are environmentally significant. Where significant upward trerids,they must

be reversed through the application of programs of measures to ensure that there are no future failures of
environmental objectives. The GWD starting point for trend reversal must be defined as a proportion of the
TVor quality standard (75% by default).

Annex V of the WFD and the GWD specify how Member States have to report chemical and quantitative
status aml trends in the RBMPs. All reporting requirements are considered within the set of Reporting Sheets
which were developed by Working Group D (Reporting). Reporting for the first river basin cycle was required
in 2010. FoITGWBghe relevant Reporting Sheeequires information about the steps put in place to
coordinate the establishment af\s, status assessment and trend assessment @WBZEC, 2009a

The guidanceHC, 2009galso emphasizes that the Member States shafi@yVBsshall ensure that the
establishment ofT\s is subject to coordination between the Member States concerned (Articlef3t&
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GWD). FoGWBsshared between one or more Member States and one or more-Member States, the
concerned Member State(s) shall endeavor to establighin coordination with the notMember State(s)
concerned (Article 3.4f the GWD).

Reporting requirements faBWBsare described in Chapter 6 of tNéFD CIS Guidance Document NaR2C,
200%). Among the relevant information, faftGWBsa summary of the steps put in place to coordinate the
objectives (establishment di\s, status and trend assessment) should be provided. Guidance also mentions
that for each RBD the data are required to enable the mapE@#Bswhich have been assigned to the
RBDs, to be produced.

WFD CIS Guidance Document No(E&, 200) is dedicated orthe Risk Assessment and the Use of
Conceptual Models for Groundwater. A conceptual model is the basis for reliable decisions in groundwater
risk assessment and management. In the context of this guidance, a conceptual model is a means of
describing and djonally quantifying systems, processes and their interactions. A hydrogeological
conceptual model describes and quantifies the relevant geological characteristics, flow conditions,
hydrogeochemical and hydrobiological processes, anthropogenic activitighair interactions. The degree

of detail is based on the given problems and questions. It is one of the basic steps for the management of
GWBs Conceptual models are needed to describe groundwater quantity (linked to quantitative status) as
well as chental composition (chemical status) of groundwater, as referred to in the WFD. Conceptual
models can be developed to different degrees of complexity, from simple qualitative descriptions of the
geology to complex combinations of qualitative and quantitatdescriptions of the hydrogeological
processes and the impacts. To cover the different needs for managemeéa¥\iss spatial investigation
scalesvary fromsmall (@M0&@ Yu o G2 fIFNHS o61Yu0 YR GAYS NBaz2f dz
depends o specific tasks and problems (e.g. groundwater quantity, chemical composition, point source
pollution, diffuse pollution, interaction with surface waters, land use). The Guidance Document emphasizes
that for TGWB4t is highly recommended that jointly aggd conceptual models are developed.

WFD CIS Guidance document No(BE', 2@6) has been endorsed by EU Water Directors at their meeting in
Heraklion on 6 Jun014. The purpose of this document is to provide Member States with guidance on how
the various aspects of the WFD should be reported to B Thisthe WFD Reporting Guidance brings
together and updates the various elements of existing guidance doclatientand materials into a single
guidance document that can be used by those responsible for reporting data and information. The document
confirms, that in addition to the areal variability, the vertical variability makes homogenization work at the
panEuopean scale very complex, particularly ft&GWBswvhere the connected GWBs may be differently
delineated by the Member States because of different national approaches, focuses or management
constraints. However, also in the light of this new guidanc&GiVBsare identified, it should be indicated
whether the establishment of \6 has been coordinated with the neighboring countries concerned.

Transboundary groundwater monitoring aspects are also discussed in a technical report on groundwater
management intte Mediterranean area by the Mediterranean Groundwater VWEDREUWI, 200). The

report specifies that groundwater monitoring obligations under W& Dconcern quantitative and chemical
aspectsEC, 2007a Regarding the quantitative status, the monitorjprggrammes will have to be designed

S0 as to provide a reliable assessment of the quantitative status GVEBsor groups of bodies including
assessment of the available groundwater resource. The network will have to consider the representativeness
of MPs, taking into account short and lotgrm variations in recharge, and the frequency that should be
sufficient for quantitative assessments (in particular for evaluating the impacts of abstractions and
discharges on the groundwater level, andor TGWBS;, estimating the direction and rate of groundwater

flow across the Member State boundary).

Because the borders between riparian countries do not necessarily coincide with the natural boundaries of
groundwater aquifers, groundwater may flow from one stateatwther. Moreover, abstractions or other
activities on one side of the border may adversely affect groundwater functions on the other side. To be able
to distinguish natural characteristics from anthropogenic effects, information is required about tliferaqu

and flow conditions on both sides of the border. Moreover, on a regional basis, the shared use of
groundwater resources can also cause conflict between nations, either due to groundwaterxmleitation

or contamination. Such conflicts must be awadby planning and coordinating efficient development and
sustainable management of water resources both with respect to quantity and quality. This is impossible to
accomplish without a reliable database on aquifers. The possible existing monitoring ketwoeach side
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of a national border may have been set up with different objectives, the measurement locations, times and
frequencies might not match and the assessment and presentation may be different. Furthermore, it is often
very difficult to obtain tle required data because of logistical difficulties. Consequently, without proper
establishment of crosborder groundwater monitoring and assessment, errors may occur in aquifer
characterizatiorand in the prediction and evaluation of changes in groundwéitav and quality MED

EUWI, 200y

To develop and evaluate strategic policies for groundwater management it is a prerequisite that the
monitoring and assessment of groundwater in the riparian countries is performed in a comparable way. This
means, for eample, in order to assess trends in groundwater quality, the definition of trends, the sampling
procedures and chemical and numerical analysis should be comparable on both sides of the border. Existing
monitoring networks are mostly operated and maintaineith application of national standards and quality
control procedures. Harmonization of network design, measurement frequency, standards, quality control
and data storage and processing will be needed for setting up transboundary groundwater monNERg (
EUWI, 200y

The document focused on TV variability analySIiS(WG GW, 20L&as endorsed by CIS Working Graup
Groundwater (WG GW) and the Strategic Coordination Group members in 2018. This report provides an
analysis of how EU Member States use a certain element of the EU water aquisTsg)ladhich concerns

the protection and management of groundwater quality, and how the use of this element can be compared
across Member States. Member States need toTdétto assess the chemical status@#Bs as required

by the WFDand the GWD Previous analyses by ti&Cand by the Worlng Group Groundwater of the
Common Implementation Strategy for tMgFDhave found that there is considerable variation in fhé

used byMember Statesacross Europe. Several factors make comparisons of groundwater status between
Member States difficulfThese include variabMBLof inorganic substances, the fact thEws for all elements

of groundwater chemical status are reported to tB€without differentiation and can therefore only be
analyzed together, differences in the aggregations methods usedetermine GWB status based on
individual monitoring results and the application of different criteria for defifihg.

This report begins with an introduction consisting of background information on previous analy§¥s of
variability, the objectives of the present analysis, and an overview of the legal ba3issfoAfter a brief
outline of the applied methodology it describes the results of the analysis of the collected data in the context
of previously analyzed TVs faprganic substances. Following a discussion of the results, the report provides
conclusions and recommendations for a way forward for improving the comparabilitysof

Concerning the transboundary aquifers, this technical report emphasizes, that M&tdies need to decide

on which spatial scales to set TVs at, with options ranging from individual GWBs through groups of GWBs, to
RBDs or the part of a transboundary RBD within the Member States, and finally to the nationghkevel (

GWD Article 3(2)). BMor GWBs which are shared between two or more Member States and for GWBs within
GKAOK INRdzyRol GSNI Fft26a I ONRP&aa I+ aSYOSNI{dGFriSQa o:
States (GWD Article 3(3)). Coordination is encouraged when GWBs ard salitr@onEU Member States

(GWD Article 3(4)).

The WFD asks Member States to identify trends in contaminant concentrations in groundwater and to take
measures to reach a good chemical status by 2015, 2021 and 2027. In 2019, Technical Report on
GroundwaterQuality Trend and Trend Reversal Assessnietg (WG GW, 20l&as published by CIS WG
GWgzx2f dzyGF NB DNRdzL) ¢ NBYR Ay DNRdzyRgl (1 SNE @

The report states that the synthesis of the procedures applied by Member State to assess trends in
groundwater quality for lte first RBMPreveals the high diversity of procedures and methods that can be
applied to respond to a simple and unique question: what are the trends in groundwater qudttyer
Stateshave thought a great deal about this not so simple question ané pasposed a variety of solutions

to assess trends in groundwater quality. This compilation exercise enables comparison of methodologies and
highlights the need to go further in analyzing all existing methodologies, in order to identify the best practices
and to provide recommendations for groundwater quality assessment under the WFD.

For the first RBMP cycle, a majority\démber Statedrias chosen to apply statistical methods to comply with
the trend assessment requirement. The methods used vary betwe&tPRBlependent on data, procedure
or trend and trend reversal assessment methodology applied. Statistical methods ustahiher Statego
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identify trends in contaminant concentrations in groundwater could be divided in 2 groups: parametric test
ANOVA, bagk (or not) on the LOESS smoother and/or qpamametric ManrKendall test (and derivate
Seasonal Kendall and Regional Kendall tests). Howeverparametric statistical tests generally are
preferred to parametric tests when the analysis of environment& dainvolved, particularly in the absence

of pre-treatment of raw dataCIS WG GW, 201L9

Environmental significance was mainly estimated based on exceedance of a TV or a percentage of a TV for a
predicted concentration. The date for the prediction wa$sen defined as the date when the trend line
exceeds the starting point for trend reversal. These dates vary betikmnber Statefrom 2017 to 2021

or 2027. Major issues remain difficult to tackle: the improvement of monitoring design for trend
identificaion, values reported below the limit of quantification for migpollutants trend assessment, and

the spatial distribution and scaling of trends from single monitoring sites to GWBs scale.

Although the different tools developed make it possible to idgntiends, they cannot be used alone.
Authors of the report CIS WG GW, 20)L8onclude thaMember Statesnust still seek to explain trends in
order to be able to address the causes and attempt to reverse them if the trends are upward. This complex
work often requires searching for and compiling local data, notably on anthropogenic pressure and climate
changes, and a better understanding of local hydrogeology and hydrodynamics. The main idea of the report
is aimed at harmonizing methodologies, but in particl&WBsre not addressed in this work.

Transboundary aquifer or transboundary aquifer system measgaively, an aquifer or aquifer system,

part of which is situated in different State’¥N ILC, 2008 The international aspect of a transboundary
aquifer makes its management more complex than in the case of an aquifer located within the State borders.
An informed and sustainable management of commonly shared aquifers asks for adequate knowledge of its
characteristics, present state and trends. In order to acquire this knowledge, regular monitoring and
assessment of the transboundary aquifer need to bdgrened. As a result, the topic is very widely discussed

in world literature. For example, several report$N/ECE, 20Q0GRAC and UNESC®P, 201ppresent the
methodology for the assessment of transboundary aquifers. The methodology aims to providingsidor
conducting an aquifer assessment comprising collection, storage, processing and sharing of groundwater
related data and information. As such, the proposed methodology covers various aspects relevant for
management/governance of transboundary d#gus, including the state of the aquifer (in terms of
groundwater quantity and quality) as well as the associated seoimomic, legal and institutional facets.
However, the termTGWBs not reflected in these reports and therefore these publicationsshaiimited

use in this study and in the context of European legislation, which defines and focuses its attention in
particular toTGWBs

2.1.4.Main conclusions of the literature review

An analysis of the revised EU directives and tBaidanceDocuments showed that these documents do not
provide much explicit and detailed guidance concerning TNVBs These documents are addressed to
O6GWBd & adzOKé = 0dzi G KS e erRsSwitH the 2lgfifedtion’ohGWBsthB BisseBBghtSoNT
their status and the bases for the criteria on which the status assessment should be performed. Guidance
Documents are intended to provide an overall methodological approach, but will need to be datitotiee

specific circumstances of each EU Member State. Evethes Qddinition of the termGWBdoes not

provide explicit Guidance on ha@WBsshould be delineateddC, 2003 Thus, the literature review leaves

an understanding that the ways, how tolileeate and assess tHEGWBS$s largely a matter for the Member

States themselves and the expert committees and working groups set up by those states. The next chapters
of this report discuss the establishment and status assessment of G&WBs3n the EUand point out the
problems that have arisen and their possible solutions

2.2. International River Basins and transboundary groundwater bodies in Europe

The WFDstipulates that Member States shall ensure that a river basin covering the territory of more than
one Member State is assigned to an iRBBppropriate administrative arrangements, including the
identification of the appropriate competent authority for thBDshall be established by the Member
States. Member States shall ensure that the environmeolbgectives of the Directive are met iRB3. To

this end, Member States shall coordinate at the international level on a programme of measures. In the case
of aniRBDfalling entirely within the Community, Member States shall ensure coordination witlaitheof
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producing a single iRBMP, including involving third countries. If an iRBMP is not produced, Member States
shall produce river basin management plans covering at least those parts dRBi¥falling within their
territory to achieve the objectivesf the WFD(EC, 2Q9).

TheECGis required to report to the European Parliament and Council in 2018 on progress made by Member
States with implementing the WFD. The document referred bele@, 2Q9) is part of this reporting and
comprises a series of fact sheets for iRBDwhich aredescribing the application of thé&/FDat iRBD. The
factsheets for theRBMPgover a wide range of issues and are not identical in all. This is because information
for some issues may be available in some iRBDs but not in others, depending on thedewpkoétion.

The International Basin Assessment fact sheets were drafted on the basis of the national RBMPs, iRBMPs
(where available), as well as information that was reported by the Member States through the Water
Information System for Europe (WISE)cgienic reporting.

2.2.1.International river basin districts and their coordination mechanisms

iRBsn the EU are either shared exclusively between EU Member States or between EU Member States and
third countries. There are 75 iRBDs and 30-Bakins in the EUEC, 2@9). International coordination
mechanisms (agreements, working groups etc.) undeMtid vary among the differeiRBsBased on their

level of cooperation, four main categories were identified. An overview of different types of international
cooperation is given imABLE.2.1.1

TABLR.2.1.1
Different types of international coordination in relation to the WFEC, 201

Formal international International .
Category agreement coordinating body IRBMP produced
1 Yes Yes Yes
2 Yes Yes No
3 Yes No No
4 No No No

2.2.1.1. International River BasingCategory 1)

The short overview belowr@BLE2.2.1.1.) is based on CategoryiRBs as they have the longest and closest
level of international cooperation and iRBMP have been produced. The facts from the extensive E€port (
2019) presented here is intended to reflect the information relatedi@WBsvithin thoseiRBDs.
TABLR.2.1.1.1
List of Category 1 iRBDs according to the factsheets for the iIREES, 2019

Category iRBs EU Member States/NofEU countries

Austria, Bulgaria, Czech Republic, Germany, Croatia, Hungary, Italy, Poland,
Romania, Slovenia, Slovakia

Danube NonEU: Switzerland, Albania, Bosnia and Herzegovina, Serbia, Ukraine, Mold:
Montenegro, Macedonia

Elbe Austria, Czech Republic, Germany, Poland

Ems Germany, The Netherlands

1 Meuse Belgium, Germany, France, Luxembourg, The Netherlands

Odra Czech Republic, Germany, Poland

Rhine Austria, Belgium, Germany, France, Italy, Luxembourg, The Netherlands
NonEU: Switzerland,iechtenstein

Sava Croatia, Slovenia

NonEU: Albania, Bosnia and Herzegovina, Montenegro and Serbia
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Category iRBs EU Member States/No#EU countries
Scheldt Belgium, France
Finland
Teno/Tana

NonEU: Norway, Russia

2.2.1.1.1. Danube River Basin District

The Danube iRBD is shared by Albania, AuBibsnia and Herzegovina, Bulgaria, Croatia, the Czech Republic,
Germany, Hungary, Italy, Macedonia, Moldova, Montenegro, Poland, Romania, the Republic of Serbia,
Slovenia, the Slovak Republic, Switzerland and the Ukraine. 14 countries with territori€ ki2fn the

Danube River Basin are, together with ti#] Contracting Parties to the Danube River Protection
Convention. The Convention established the International Commission for the Protection of the Danube
River (ICPDR). The Convention was signetina 29, 1994 in Sofia (Bulgaria) and came into force in 1998.

It aims to ensure that surface waters and groundwater within the Danube River Basin are managed and used
sustainably and equitably.

In the field of groundwater coordination has taken place ba telineation forTGWBsAccording to the
iIRBMP . TGWBsare made up of national parts (which comprise individual nati@alBsthat have been
aggregated). The iRBMP and the Danube Basin AndyBiBR, 2015CPDR, 203 Jrovide an overview of
important TGWBs$n the Danube River Basin, which are defined because they are important due to the size
of the GWB(which means an area > 4000 ®nor important due to various criteria e.g. sog@oonomic
importance, uses, impactgpressures interaction with aquatic ecosystem. The criteria were agreed
bilaterally. OtheiIGWBsi.e. those with an area larger than 4000%and fully situated within one country of

the iRBD, are dealt with at the national level.

Information on 11 aggreged TGWB®f basinwide importance with eight countries concerned (Germany,
Austria, Slovak Republic, Hungary, Serbia, Bulgaria, Romania and Moldova) is provided in thEORBRIP (
2015 EC, 209). These aggregate@WBshave been agreed by all countries sharing their parts. The most
frequent method applied for the delineation of the aggregateWBss based on geological boundaries in
combination with a hydrogeological approach. In some counto#dger criteria like imprtance for water
supply, groundwater quality, water temperature or surface water catchment areas were additionally
considered.

The IRBMP states that monitoring of the 11 aggrega®iVBsf basinwide importance has been integrated
into the TransnationaMonitoring Network of the ICPDR. For groundwater monitoring in the frame of the
transnational network, a §ear reporting cycle has been set, which is in line with reporting requirements
under the WFD. The monitoring program includes both quantitative a@remical (quality) monitoring. It
shall provide the necessary information to:

1 identify trends in pollutant concentrations;

1 supportGWBcharacterization and the validation of the risk assessment;

i assess whetheDWPAobjectives are achieved and support thetablishment;

9 assessment of the programs of measures and the effective targeting of economic resources.

According to the iRBMP, to select the monitoring sites, a set of criteria has been applied by the countries,
such as aquifer type and characteristicerfus, karst and fissured, confined and unconfined groundwater)

and depth of theGWB(for deepGWBsthe flexibility in the design of the monitoring network is very limited).

The flow direction was also taken into consideration by some countries, as well as the existence of associated
DWPA®r ecosystems (aquatic and/or terrestrial).

As regards quantittve monitoring,the WFD requires only the measurement of groundwater levels but the
ICPDR has also recommended monitoring of spring flows, flow characteristics and/or stage levels of surface
water courses during drought periods, stage levels in signifanundwater dependent wetlands and lakes

and water abstraction as optional parameters.

According to the iRBMP, the Danube countries used different methodologies for the assessment of
guantitative and chemical status, and the establishmerf\#, trend ad trend reversal assessment. Despite

there being overall coordination facilitated by the ICPDR Groundwater Task Group, further harmonization of
the national methodologies is still needed. Data gaps and inconsistencies are still available in the collected
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data, resulting in uncertainties in the interpretation of data. To achieve a harmonization of data sets for
TGWBs there is a need for intensive -band multilateral cooperation. In addition, the interaction of
groundwater with surface water or directly gdendent ecosystems need further attention.

The results of the status assessment of the 11 aggregeBd¥Bof basirwide importance are provided for
the whole national part of a particul&WB(so called: aggregate@WB. If a national part of an aggregakte
GWaBconsists of several individual natiodallel GWBsthen poor status in one natiordgvel part is decisive
in characterizing the whole national part of aggregal€&\WBas having poor status.

To indicate the diversity of different status results mdividualGWBswithin aggregate5WBsa concept of

the aggregation confidence levels was developed by the ICPDR. The reason for introducing these specific
confidence levels for the iRBMP was the need to distinguish between the cases when all in@GiVidisn

an aggregate@sWBdhave the same status (high confidence) or not (medium confidence) or the assessment

is based on the risk assessment data (low confidence). Information about the&\t&x confidence levels

of status assessment for the individualtiomal (nonaggregatedlGWBscan be found in the national plans

and in WISE.

2.2.1.1.2. Elbe River Basin District

The Elbe iRBD is shared by Austria, the Czech Republic, Germany and Poland. The Elbe iRBD is allocated tc
cooperation Category 1, which means thatiaternational agreement, a permanent -@peration body and
an iRBMP under the WFD is in place.

The report byEC(2019) provides information on the international coordination efforts of transboundary
SWBsn the iRBDTGWBgave not been delineated and thefiore information onGWBSs not part of this
report.

2.2.1.1.3. EmsRiver Basin District

This report EC, 2Q9) provides information on the international coordination efforts of transboundzyBs
in the iRBD. Only transitional and coastal surface waters are transboundary in thisTiRBBdave not
been delineated and therefore information @WBss not part ofthis report.

2.2.1.1.4. MeuseRiver Basin District

The Member States did not report GIS data to WISH®WBsas there are none designated 8&&WBsn
this river basinEC, 209).

2.2.1.1.5. OdraRiver Basin District
No TGWBsvere delineated in the Odra iRBD according @(2019).
2.2.1.1.6. RhineRiver Basin District

GWaBdelineation was carried out separately in the Member States using different approaches, which has led
to difference in the sizes of tHBWBYEC, 209). However, the 2004 report mentions that the delineation of
TGWBswas coordinated between the relevant Mwer States and indicates that this coordination is
apparent in theGWBmap for the Rhine.

The Rhine does not have a joint monitoring programmeG@vBs The iRBMP mentions that monitoring
networks were established to monitor the quantitative and chemétatus inGWBsn accordance with the

WFD but it does not mention whether any coordination has taken place. The iRBMP does not provide
information regarding the coordination or harmonization of the classification of quantitative and chemical
status forGWB (EC, 209).

2.2.1.1.7. SavaRiver Basin District

The Sava iRBD, which is a-balsin of the Danube iRBE3 shared by Albania, Bosnia and Herzegovina,
Croatia, Montenegro, Serbia and Slovenia. The Sava iRBD is allocated to cooperation Category 1, which
means that an international agreement, a permanertoperation body and international WFD RBMP is in
place The first international RBMP for the Sava was published on 2 DecemberEXD1200).

The criteria for delineation osWBsvary among the countries, reflecting different local geological and
hydrogeological conditions and data availability on naturahditions and pressures. In general, the
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approach (groundwater, aquifer ¢ GWB recommended by CIS Guidance document on Identification of
Water BodiesEC, 203b) was followed by all countries. TkidVBswvere generally delineated according to a
combination of criteria including the geological type, borders of the surface catchment areas and present
anthropogenic pressures. Due to the late involvement of Montenegro in the process of WFD implementation,
the country has not delineate@WBdghus far.

The following common criteria were applied regarding the selecticd@\WBs

9 transboundary and nationgbWBswhich are important due to the size of tl@&WB(area >1000
1Yu0s 2NJ

1 F2NJ (K2a$S TGWBsihitimae injpoftant due to various other criteria, e.g. socio
economic importance, uses, impacts, pressures, interaction with aquatic ecosystems.

91 20 out of the 41GWBsare transbounday.

Currently there is no joint monitoring network in the Sava iRBDGWBs According to the background
document onGWBgSava, 2018 a future Sava Commissi@WBmonitoring network will be based on the
existing national monitoring networks, assuming that most of the necessary information for a basin wide
level assessment witle obtained by making minimum adjustments of existing monitoring programs which
are (or will be) WFD compliariEC, 209). Existing national monitoring programs are in some cases still under
adaptation to the requirements of Article 8 WFD.

According to theRBMP $ava, 2018 the major identified gaps in groundwater monitoring in Sava countries
for different aspects are:

a) Legal and organizational aspects:

9 legal background for groundwater monitoring does not exist in all countries;

9 ambiguousresponsibilities of different state institutions concerning the monitoring, data
flow;

9 results of monitoring for other different purposes (drinking water production etc.) are often
not used for the purpose of status assessment.

b) Concept ofstablishment of monitoring networks:

9 locations of monitoring sites are mostly based on local hydrogeological settings and not on
the conceptual model (understanding of the groundwater system), existing pressures
(quantitative and chemical), vulnerabiliby aquifer and land use;

1 unequal spatial distribution of monitoring sites does not represent the overall status of a
GWB

9 large areas are not covered by monitoring;

1 abstraction wells and springs are generally not included in the monitoring network.

¢) Conceptof monitoring programs (parameters and frequency):

1 measurement frequency and parameters are often not in accordance with existing
pressures and possibility of entering the underground media;

1 list of analyzed chemical parameters is not reviewed and adjusegiodically;

1 monitoring parameters are usually not focused on pressures affecting the overall state of
the GWB

According to the background document GWBgSava, 20133 the main focus in the future bilateral activities
of Sava countries sharing tkame aquifers should b&C, 209):

1 development of conceptual models GWBs
1 achievement of harmonized monitoring networks,
1 establishing criteria for the selection of parameters.

In the Sava iRBD, the process of establishing status (or risk) assessment methodologies for determining the
chemical and quantitative status GWBSs still being developedEC, 209). 11GWBsare possibly at riskr

have poor chemical status and 8WBsare in good chemical status. ThréaVBsare possibly at risk or do

not have good quantitative status and @NBshave good quantitative status or are not atkii$lonitoring

results concerning the chemical and quidative status ofGWBSsn large parts of the Sava River Basin are
limited or absent. The present absence of information on groundwater quantity and quality parameters
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resulted in low confidence @&WBstatus assessment, in many cases allowing only thesasgnt risk of not
achieving environmental goals stated iniéle¢4 ofthe WFD EC, 209).

2.2.1.1.8. ScheldtRiver Basin District

The Scheldt iRBD is shared between Belgium, France and the Netherlands. The iRBD is allocated to
cooperation Category 1, which meansttan international agreement, a permanent-operation body and
iRBMP is in place.

The Member States and Regions coordinated through a consultation process on the production of a map of
GWABdn the Scheldt, in which a horizontal as well as vertical agreement was reached regarding national and
regional boundaries. The methodologies folideation have not been harmonized. The Member States and
Regions use similar criteria with minimal differences. The approach taken by the different parties has led to
the differing delineation oGWBgegarding size and superposition. According to theent; three different
coordinated systems continue to be in use by the parties and the storage of data and differing approaches
between parties continue to form a challende(, 2Q9).

In the Scheldt, there are 22WBgart of the transboundary aquifer. FGWBs national networks are used

for monitoring. Member States have compared their monitoring methods but there is no joint monitoring
program in the iRBD. Information has been exchanged on the groundwater monitoring networks for
surveillance monitoringwith a particular focus on the transboundary aquifde€( 209).

TheD 2 . atddus assessment is based on the results of the monitoring networks, the density, the nature
(wells, piezometers, sources etc.) and the extraction depth, which may vary amondehgber
States/Regions. For the assessment of the quantitative status, the trend analyses of the piezometric
measurement series were considered, along with a survey of the hydrogeological state. A joint methodology
for quantitative status assessment is nied in the Scheld&C, 209).

For the assessment of chemical status, el@Region has defined criteria, including nitrate, pesticides and
polluting parameters that are causi@/VBso be designated as at risk. The impact of salt water intrusion

on thequality of surface water or terrestrial ecosystems depending on groundwater, or on the quality of the
extracted groundwater intended for human consumption, has also been studied. There are joint case studies
monitoring the carboniferous limestone aquifend salt water intrusion in the Flemidbutch polder aquifer.
Chemical status has not been harmonized. There are several explanations for the divergence of chemical
status assessments among thtSRegions EC, 209):

1 differences in the use @&WBs
9 differences inf\s fixed by theMSRegions;
9 the monitoring network8particularities.
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2.3.  Transboundary groundwater bodies in Danube River Basin Disfriekamples
of TGWBSs delineation and assessment

The previous chapter showed that, given the length and nature of international cooperation, the level of
research and the existence of joint projects, there is reason to look for exampl€\weBg$rom the Danube

RBD In addition to the numerous online resrces on the Danube BasiiiGURE.3.1), several experts from

the region agreed to share the information and personal experiences about the process of establishing
TGWRBsn involved countries. Although the request for information was forwarded to releeaperts in

several countries, specialists from Romania, Hungary and Slovak Republic responded to the request. Thus,
the compilation of this chapter is based on various online sources and personal comments and
recommendations from national experts. Thetlaar of the report is particularly grateful to Rossitza Gorova

from Executive Environment Agency, Bulgaria, Peter Malik from Geological Survey of Slovak Republic and
wS{l DFEdzA FTNRY aAyAadNE 27F LyiddSNA2NE sthtadzpSdssind ¢ K dz
of two TGWBsn the EU(BulgariaRomania and Hungai§lovakia) is presented and the problems arise and

their possible solutions are discussed.
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FIGURR.3.1Danube River Basin. TGWBs of basin wide importalCPDR, 202)bThe numbering of TGWBs is in
accordance witlTABLE 2.3:1.- Deep Thermal, 2Upper Jurassitower Cretaceous, -3Viddle SarmatiarfPontian, 4
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The Danube River Basin (DRB) has a long history of tnamdéy cooperation and is often known as the
most iRBsin the world FIGURE.3.1). The basin includes 19 countries, over 81 million people, some 20
percent of the EU land area (approximately 800 006)ki wide range of diverse landscapes, and major
socioeconomic differences among the many nations. This river basin has a long history of transboundary
cooperation and this has been built upon to provide strong professional and institutional capacity that can
cope with the demands of growing nationsidta model of good practice that is used by many other river
basins both within Europe and across the wo@i\(P, 201p

The analysis and review of GWBs in the DRBict, as required under Article 5 and Annex Il of the WFD,
was updated in 2021¢PDR20213 and it confirmed 1ZGWBs or groups of GWBs of basin wide importance
listed INTABLR.3.1and illustrated irFIGURE.3.1
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TABLR.3.1
Nominated TGWBs of Danube basin wide importan¢€PDR, 202} a

i Aquifer characteristics i
GWB National Area (kn¥) - - Main use Overlying Criteria for importance
part Aquifertype  Confined strata (m)
AT1 1650 ,
1 K Yes SPA, CAL 1001 000 Intensive use
DE1 4250
BG2 13034
2 F, K Yes DRW, AGR, 0-600 b nnannn
RG2 11340 IND
MD-3 9662
3 p Yes DRW, AGR, 0-150 b nannn 1Yu
RO3 12646 IND GW resources
BG4 3308 No
4 K, FK 2 DRW AGR, 0-10 b nannn
RO4 2187 Yes IND
HU5 4989 B nnnn 1
5 P No DRIVI\\III’D'RR’ 2-30 GW resource,
RO5 2227 DRW protection
HU-6 1034 GW resources,
6 P No DRW, AGR, 5-30 .
RG6 1459 IRR DRW protection
HU7 7098 L DRW AGR B nannn 1Yu
7 RG7 11355 P Yes IND’IRR ' 0-125 GW resources,
RS7 10506 No DRW protection
HUS8 1152 GW resources,
8 P No DAZ‘V%/ :55 2-5 DRW protection,
SKk8 2186 : dependent ecosystems
HU9 750 No GW resources,
9 P DRW|IRR 2-10 DRW protection,
SK9 1470 Yes dependent ecosystems
HU-10 493 K GW resources,
10 No DRW, OTH 0-500 DRWprotection,
SK10 598 K F dependent ecosystems
HU11 3337 K
11 Yes DRW, SPA, 0-2 500 Thermal water
SK11 563 F, K CAL resources
HU12 146 DRW protection,
12 P No DRW, AGR 0-10 dependent ecosystems,
SK12 198

GW resources

Aquifer type: P = porous, K = karst, F = fissured;
Main use DRW = drinking water, AGR = agriculture, IRR = irrigation, IND = Industry, SPA = balneology, CAL = caloric enengy, O’

fEf wmn O2dzy i NA Sa & KDRBAsyval aetiiES) e G@omtracting Pafties t@ the Déariils:
River Protection Conventiannine of these 14 countries are BLS Two EWMS(Italy and Poland) and three
non-EU MS (Albania, Macedonia and Switzerland) are not Contracting Parties (share below/2, 1 Yu 0
(ICPDRGW TG, 2020

FIGURR.32 shows all 14 countries which are Contracting Parise blue shaded are EMS The matrix
indicates common borders (white and yellow cells); the common share of tie&E1ZBof Danube basin
wide importance (ICPRGWBS) is marked in yellow, including the number of shared GWBs.
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FIGURE.32 The 14 countries which are Contracting Parties to the ICPDR with the indication of common
borders (white and yellow cells) and common share of ICFB\RBs (number of GWBACPDRGW TG, 2020
AT- Austria, BABosnia and Herzegovina, BBlulgaria, HRCraatia, CZ Czech Republic, BEermany, HJ Hungary, MD

Moldova, ME- Montenegro, ROG Romania, RSSerbia, SKSlovakia, S] Slovenia, U4 Ukraine

At each meeting of the International Commission for the Protection of the Danube River (ICPDR)
Groundwater Task Group (GW TG) the participating countries report about the main bilateral activities with
the neighboring countries in the DanulRBD(DRBD). T&rdocument by CPDRGW TGQ2020 summarizes

all bilateral harmonization activities in the management of the 12 1GBDBs since the publication of the

2nd River Basin Management Plan in 2015 (for the period of 2016 to 2020). The recent activities cgncernin
the TGWBshared between BulgardRomania and Hungai$lovak Republic are presented below.

Countries: Bulgari&g Romania (GWE, GWB4):

1
1

1
1

a bilateral meeting in 2015 aimed at comparing the groundwail&. It showed that thel'\s in
Bulgaria are lower than those of Romania;

In 2016 a bilateral meeting took place and the working group onRBbliewed the established
bilateral GWB monitoringietwork (in terms of monitoring frequency and parameters) which is
subject to bilateral data exchange. Romania had no intention to change the GWB delineation;

In the frame of the JOINTISZA projéue Tisza RBMP update was produced in 2019 which includes
groundwater elements;

there is a regular (annual) data exchange between Romania and Bulgaria.

Countries: Hungary, Slovak Republic (GW& GWB9, GWB10, GWBL1, GWB12):

1

E R

= =4

bilateral harmonization of GWBs is ongo#ig 2016 Slovakia suggested themination of a new
GWB of baskiwide importance on the Ipel River as the 12th ICRIYRB. Hungary supported this
nomination. In 2019, the transboundary commission adopted the proposal of creating the new
GWB12 on Ipel/lpoly and adopted the thermal HungariGWB as an additional part of GWB

in 2020, the bilateral harmonization and characterization of GM2Bvas completed;

in 2017 a new bilateral expert group tiee WFD was established;

In 2018, the transboundary water committee discussed an increaseéer \ahstraction from the
transboundary karstic GW body;

Slovakia also participates in the JOINTISZA project;

there is a regular data exchange in the frame of the bilateral transboundary commission (twice per
year); in 2018, Hungary delivered data from 128/ monitoring stations to Slovakia.
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The most recent and ufp-date information onTGWBsn the DRBcan be found in the report prepared by
the International Commission for the Protection of the Danube River in 2021. This répBBDR, 202)a
includes a comrehensive overview about the IIBWBs or groups of GWBs of basin wide importance in the
DRBL; their characterization, monitoring details, established groundwates, risk and status information
as well as the methodologies of status and trend assesswietite ICPDR G\WWodies. The assessment of
those GWBs has been performed also earliéPOR, 2002009 2015; however, in the context of current
expert assessment, the most #p-date information is required and therefore the latest repotf€CPDR,
20219 is referred below.

2.3.1.GWB2: Upper Jurassig Lower Cretaceous GWB

Regarding the 18 RomanidrlGWBs bilateral agreements were signed in case of th&\WBsg 4 with
Hungary, 1 with Serbia, 2 with Bulgaria and 1 with Moldova Republic, which pursuedttitdishment of
TGWBswhich are considered to be important (with a surface larger than 4000dknmportant from the
point of view of water supply) and the harmonizationl@&WBgharacterization with neighboring countries
(Bretorean et al., 2010

Generally, these agreements pursue the following objectiBestbrean et al., 2010

evaluation of groundwater resources from the qualitative and quantitative point of view;

design ofa monitoring system with information exchange;

establishing the necessary measures for the protectioB\WBs

promotion of an integrated water management based on sustainable protection and adequate use
of groundwater resources;

9 increase in the locatlecisional degree regarding sustainable water management (evaluation,
monitoring, exploitation and protection).

il
il
il
|l

And the necessary measures to achieve these objectives were in 2010:

9 the analysis of the national monitoring network and its resizing in acomelto specific situations,
important inGWBsat risk andTGWBs

1 equipping the national monitoring network with measuring and data transmission equipment

(quality data for the indicators requested by tMéFD oxygen content, pH, electric conductivity,

nitrates, ammonia);

intensifying the protected areas setting process;

implementation of certain adequate agricultural practices for the protection of the environment,

includingGWBs

1 initiation of a national education program for the protection @¥#WBsand the environment in
general.

Upper Jurassig Lower Cretaceou§GWAHs shared by Romania and Bulgaria. GAMBABLE.3.1.7) is ICPDR
GWB code, which is a unique identifierT@WB ([CPDR, 202})aNational codes mark the individual GWBs
forming the national part of aGWB of basin wide importance.

= =4

TABLR.3.1.1
GWBcodes(ICPDR, 202}a
GWB2 National share BG2, RG2
List of individual GVodies forming the whole BG2 BG1G0000J3K051
national shargnational code incl. country code) RO2 RODLO6

2.3.1.1. Description of the ICPDR GWB

According to Bulgaria the starting point for identifying the geographical boundaries of the GWB
BG1G0000J3K051 (Upper Juraksiwer Cretaceous) is the geological boundaries. After that additional sub
division on the basis of groundwater flow lines andzpimetric heads. The lithological composition of GWB

is: limestones, dolomitic limestones and dolomites. Overlying strata consist of marls, clays, sands, limestones,
pebbles and loess. The age of the abowentioned deposits is Hauterivian, Sarmatian, Rlieec and
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Quaternary. With the exception of small cropped out areas the GWB is very well protected. There is no
significant impact on the GWB. The main use of groundwater is for drinking water, agriculture and industry
supply.

Criteria for GWB delineation Romania is the development of Upper Jurassieer Cretaceous permeable
deposits and water content in these deposits. The lithological composition is limestones, dolomitic
limestones and dolomites. Overlying strata consist of marls, clays, sands, lieegpebbles and loess. The

age of the abovenentioned deposits is Hauterivian, Sarmatian, Pliocene and Quaternary.

GWBRODLOGg Valachian Platform has a great extension and partially covers Valah platformT{E\&/Bof

great potential, the depth aquifeinaving partially a free level (in the sector adjacent to the Danube) and is
quartered in calcareous formations, sometimes fissured and karstic, with regional extension in the whole
South Dobrogea. These deposits are characterized by a hydraulic comrmamtbabugh an aquitard.

From the geological point of view, this aquifer complex has a complex structure, being divided by a system
older than the Sarmatian fault with orientations approximately NB&V and WNWSE. Excluding small
cropped out areas the GBVis very well protected. The main use is for drinking water supply, agriculture and
industry supply. In Romania the GWB has an interaction with Lake Siutghiol situated near the Black Sea.

AAAAAAAA

TABLR.3.1.1.1
Characteristics of Upper Jurasgjdt.ower Cretaceou GWB(ICPDR, 202}a

Aquifer
National  Area Area characteristics ~ Main  Overlying ~ Criteria for
GWB 2 2 i
part (km?) (km?)  Aquifer ) use strata(m) importance
Confined
type
GWB?2 Upper BG2 13034 DRW,
Jurassic Lower 24374 F, K Yes AGR, 0c600 b nnanr
Cretaceous RG2 11340 IND

Aquifer type: P = porous, K = karst, F = fissured;
Main use DRW = drinking water, AGRgriculture, IRR = irrigation, IND = Industry, SPA = balneology, CAL = caloric energy, OTH

2.3.1.2. Description of status assessment methodology
2.3.1.2.1. Chemical status

In Bulgarig the assessment of the chemical statusGM/Bshas been done by carrying out the following tests
and steps

9 Step & Calculation of arithmetic means per MP for each indicator for the period-2020. Values
below the limit of quantitation (LoQ) are repldRe 6 & oy [ 2V ®
1 Step 2 Comparison of arithmetic means with the low&&S or TVs (EQS, intrusion of salt or polluted
waters, drinking water standard or other).
1 Step 3 Assessment of the chemical status in the area of the MP:
o if for all indicators thestatus is "good”, then the GWB in the area of the MP is "good";
o if for one or more indicators, the status is "poor"”, then the GWB in the area of the MP is
"poor”. In this case, a careful analysis was carried out of the primary hydrochemical data. If
the daa are doubtful or insufficiently reliable, the indicator (indicators) are rejected from
the final assessment and a respective justification for this is presented.
§ Step& LF Ay (GKS IINBlFLa 2F Fff at GKS &aiheresis Aa 3.
are needed.
1 Step 5 The confidence of the assessment is determined by the following criteria:
o densityoftheMPsAy D2 .Y f2¢ om at 2y I NBIF BHeeonn Y
1Yu0Z KAIK 6m at 2y FNBF fpn 1YuoT
o data have to meet the followingequirements:all analytical methods are validated in
accordance with standard BDS EN/IEQ17025 or other equivalent internationally
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recognized standard. Accredited laboratories shall ensure minimum criteria for all applied
analytical methodsMinimum length of the time series

9 Step 6 The extent of exceedance was calculated. If the status is determined as "poor"” for one or
more indicators in one or more MP, then an assessment of the affected area was performed:

0 based on the conceptual model, i& determined whether the M&are located in the
recharge zone or in the transit zone or in the drainage zone of GWB;

o the areas of GWB in which the average annual concentrations of pollutants ekQ&edr
TV have been delineated. Each area of GWB affdayepollution includes the area located
between the MP areas wheg)S or TV have been exceeded. Further, a 1 km buffer zone
was delineated around this zone or around the contaminated MP.

91 Step 7 If the polluted area is more than 20% of the total areatlef GWB, the confidence
assessment was made accordinglep 5.

91 Step 8 The places of the exceedances are connected with the groundwater receptors. Depending
on the identified locations and GW receptors, relevant tests have been applied: saline or other
intrusion, SWBswith deteriorated status, directfcDTEsdrinking and household water supply
located in polluted areas.

9 Step 9 Local conceptual models have been developed for each exceedance point considering the
possibility for the pollutant to move thimgh the GWB, identification of pressures, additional trend
assessment.

A GWB is in good chemical status when the extent of exceedance is less than 20% and the remaining tests
show that: the quality of groundwater used for drinking and domestic water sugdynot deteriorated, the

GW statugelated to surface waters and terrestrial ecosystems (directly dependeagrooindwate) has not
deteriorated and there is no intrusion of salt or polluted waters; no significant and sustainable upward trends

in concentations of pollutants and pollution indicators have been identified.

In Romaniathe methodology for the chemical status assessment followed the requirements &\Weas
well as the recommendations of the CIS Guidance DocumefiBNo.

The first step was to check any exceedances of E¥and TVs which were established taking into
consideration the NBL values. If no exceedances of the quality standards and TVs harecbetad, the
GWBhas been considered as being in good chemical status. If exceedances of TVs were recorded the
following relevant tests were carried aut

1 General assessment of the chemical statu3ata aggregation was performed and it was checked
whetherthe total area of exceedance was greater than 20% of the total area of the GWB. The test
showed a good status for the water body if no exceeding occurs.
Saline or other intrusionnot relevant.
Significant diminution of associated surface watehemistry and ecology due to transfer of
pollutants from the GWB The location of the exceedance of the relevant TVs was not found in
areas where pollutants might be transferred to surface waters. A comparison of the pollutant load
transferred from the GWB the SWBwith the total load in theSWBdid not exceed 50%. The test
showed a good status for the water body.
9 Significant damage to GDTEs due to transfer of pollutants from the GW® GDT&was found
to be damaged. The test showed a good status fonthater body.
1 Meets the requirements ofthe WFD Article 7(3, DWPAs there is no evidence of increased
treatment due to changes in water quality. The test showed a good status for the water body.

= =4

To assess the chemical status of Gé/Bsthe following steps are considered:

i for eachMP the annual average concentrations for each indicator was calculated; for the metals
the concentration of the dissolved form was considered;

9 for eachMP the annual agrage concentration of each parameter was compared with s

(determined for each GWB) &@QSralue (nitrates and pesticides);

the GWB is of good chemical status when no EQS or TV is exceeded/iR; any

the GWB is of poor chemical status when EQS aré¥xceeded atlPsrepresenting more than

20% of the GWRBrea

= =4
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2.3.1.2.2. Quantitative status

The assessment considered data from national andrseliitoring of groundwater abstraction facilities
according to the issued permiis Bulgaria The main criteria for assessing good quantitative status are the
exploitable (available) groundwater resoescof GWB and the groundwater level. To verify compliance with
the requirements of the WFD, various tests were performed. The assessment was based on data frpm 2017
2020 and trends were assessed, with data from 2@2020. The following tests were performed

1 Water balance testthe assessment of the GW level downward trend is an indication that, the
available GW resources were exceeded and the GWB is in poor status;

9 Surface water test and terrestrial ecosystem tedboth not applicable in B& asSWB and
terrestrial ecosystems are not associated/connected;

9 Saline intrusion testnot relevant.

In Romaniathe criterion for risk assessment of the quantity status is based on trend assessment evolution
of the groundwater levels. The quantitative status lheen assessed taking into account the CIS Guidance
no.18. The following criteria have been used:

9 water balance;

1 the connection with surface waters;

1 the influence on the terrestrial ecosystems which depend directly on the GWB,;
1 the effects of saline oother intrusions.

The quantitative status analysis has been done for the GWB level by comparing the average of the hydrostatic
level from 2017 (reference year) with the multiannual average during the whole observation period.

2.3.1.3. Groundwater threshold value riationships

The methodology for TV establishmantRomaniahas been developed according to CIS Guidance No.18.
NBls are the key elements in the process ofsBétting. As described above, during thesEgtablishment,

the NBLs have been compared with the drinking water standards. The maximum allowable concentrations
(MAC) provided by the LaM0.458/2002 as amended, were chosen as TV where NBL are smaller than MAC.
Where NBLs are higher than MAC, a sewddlition of 0.2 NBL was used, in order to avoid misclassification of
the respective GWB (TV = NBL + 0.2 NBL = 1.2 NBL).

The updated list of TVs established for each GWB was published in the new Order of the Minster
No0.621/2014 Qrder, 2014 approving TV foGWBs from Romania.

The methodology for T8tleterminationin Bulgariahas been developed according to CIS Guidance No.18.

TVs are determined by comparing NBLs with criteria values (CVs). CVs is the concentration of a pollutant
(without taking into accounthe NBLSs), which, if exceeded, could lead to a distortion of the criteria for good
status. CVs should take into account the risk assessment and receptors of groundwater.

¢CKS b.[ & 6SNB SadlofA&daKSR T2NJ St OK D2of thd raturdl NB & ¢
hydrochemical background of the substances composition of groundwater in Bulgaria” (GEOCBORD V
Mphpy @ b. [ a I NSMgHSWPK 3 dfthi F2 NK| NRY Saaws QG s o wy>
+3 L3I saddK. Tha NBLswere determined for each hydrogeological classes (5 classes) ifi the 90
percentile and 50 percentile (median) of the statistical sample.

Criterial values (CVs) have been drinking water standards according to the Bulgarian Rebldation
(Regulation, 200t

1 when NBL > CV, the TV is equal to NBL;
1 when CV > NBL, the TV = NBL +(Kt¥NBL). 0 < Ktv < 1.

Ktv is usually between 0.5 and 0.75, as recommended and providing reasonable assuran€e5 Kias<a

large certainty and is usedrf@&WBs, which have important economic significance and are the sole source of
drinking water supply of settlements. This value should be used for such GWB to which they are attached,
particularly valuable wetlands presence of dependent terrestrial ecosyst&he higher value (0.75) is used

in all other cases or GWBs already classified as bodies at risk.
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TVs and NBLs established for Upper Juraskiower Cretaceous GWB(GWB?2) are presented imABLE
2.3.1.3.1.1 The table shows the differences in thgt of the pollutants and their TVs and NBLs set by the

countries.

TVs of GWR2 (ICPDR, 202)a

TABLR.3.1.3.1.1

Level of TV establishment

Country Pollutant/indicator TV (or range) NBL (or range) (national, RBD, GWB)
Romania Nitrates(NOy) 50 mg/l - National
Romania Benzene mMmn >3k - National
Romania Trichloroethyleng TCE) mMmna >3kl - National
Romania TetrachloroethylenéPCE) mMmn >3k - National
Romania Ammonium(NH,") 0.7 mg/l 0.504 mgl/l GWB
Romania ChloridegCl) 250 mg/l 189 mg/l GWB
Romania Sulphate{SQ?) 250 mg/I 120.5 mg/l GWB
Romania Nitrites (NOy) 0,5 mgl/l 0.069 mgl/l GwB
Romania PhosphategPQ?) 0,5 mg/l 0.21 mg/ GWB
Romania Nickel(Ni) 0,02 mg/I 0.035 mg/l GWB
Romania Zinc(Zn) 5 mgl/l 0.355 mg/l GWB
Romania Cadmium(Cd) 0.005 mg/l 0.000202 mg/l GWB
Romania Mercury (Hg) 0.001 mgl/l 0.00012 mg/I GWB
Romania Lead(Pb) 0.01mg/l 0.001 mgl/l GWB
Romania Arsenic(As) 0.01 mg/I 0.0013 mg/l GWB
Bulgaria Nitrates(NGy) 39.87 myl/l 9.49 mg/l GWB
Bulgaria Pesticides (total) ndoTtp > - GwB
Bulgaria Arsenic(As) 0.0077 mgl/l 0.0007 mgl/l GwWB
Bulgaria Lead(Pb) 0.0076 mg/l 0.0005 mg/l GWB
Bulgaria Cadmium(Cd) 0.0039 mg/l 0.0005 mg/l GwWB
Bulgaria Mercury(Hg) 0.0008 mg/l 0.0002 mgl/l GWB
Bulgaria Ammonium(NH") 0.3758 mg/l 0.0031 mgl/l GwWB
Bulgaria ChlorideqCl) 188.75 mg/ 5 mg/l GWB
Bulgaria Sulphate{SQ?) 189 mgl/l 6 mg/l GwWB
g Ty, o >3 - cwe
Bulgaria Conductivity 17136>{ k OY ypndp > GwWB
Bulgaria ManganesgMn) 0.0379 mg/l 0.016 mg/l GWB
Bulgaria Iron (total) (Fey) 0.1513 mg/l 0.005 mg/I GwWB
Bulgaria Nitrites (NGy) 0.375 mgl/l 0.0001 mgl/l GWB
Bulgaria Sodium(Na) 158.25 mg/l 33 mg/l GwWB
Bulgaria Chromium(Cr) 8.25 mg/l o >3k GwWB
Bulgaria Copper(Cu) 0.1501 mgl/l 0.003 mg/l GwWB
Bulgaria Nickel(Ni) Mp ®p >3 H >3k GwWB
Bulgaria Zink(zZn) 0.7537 mgl/l 0.015 mg/ GwWB
Bulgaria Fct:e(r)nsa’:;lganate index 3.8625 mgQ| 0.45 mgQ/l GwWB
Bulgaria PhosphategPQ?) 0.3798 mg/l 0.0195 mg/l GwWB
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- Level of TV establishment
Country Pollutant/indicator TV (or range) NBL (or range)

(national, RBD, GWB)

Bulgaria Cyanides 0.04 mg/l 0.01 mg/I GwWB

2.3.1.4. Description of the trend assessment methodology

The trend analysig Bulgariais based on recognized statistical methods such as regression method and a
time series of data from 2012 to 2019 (using annual values,-aamial or quarterly values).

Based on regression analysis is assessed whether there is a break in the treridrisustdined upward
trend follows sustained downward trend or the opposite case the sustained downward trend is followed by
sustained upward trend:

1 initially, the entire curve of the experimental data is approximated by a polynomial curve of degree
2 (quaratic regression curve).;

9 if there is detected a maximum in the polynomial curve it means that a change of the direction of
the trend is availablefrom ascending to descending;

9 if there is detected a minimum in the polynomial curve it means that a changhe direction of
the trend is availablefrom descending to ascending;

9 then, (in case of available maximum) the entire curve is divided into two branches: the 1st branch
¢ till the date of the maximum and the 2nd branchfter the peak;

1 in case withavailable minimum: the 1st brangftill the date of the minimum and the 2nd branch
- after the minimum;

i data from the 1st and 2nd branch are considered separately and are approximated by linear trends
(straight lines); the date at which it crossed theotapproximating straight lines corresponds to
the date at which it changes the direction of the linear trerfdom ascending to descending or
from descending to ascending.

By extrapolation of the second (falling) trend can be predicted the date at whe&hktarting concentration
(75% GWQS in our case 60% TV) will be reached.

In order to assess the trend in pollutant concentratiom®omania the results of the chemical analysis from
the MPs have been used. Minimum period of analysis was at leagedis (200§2017).

The methodology for identifying significant upper trends consists in adjustment and aggregation of the data
from eachMP on GWBs The trend analysis was done using the Gwstat program.

The steps used for trend assessment were:

1 identifyingthe MPs and the associated results of chemical analysis, assessment of data series, for
each year of reference period (20€#D17);

9 establishment of baseline concentration for each parameter as the average concentration
registered during the year 2000;

1 cakulation of annual average for the available data in deéh

Significant upward trends were identified by Gwstat software, based on Anova Test.
2.3.1.5. Description of the trend reversal assessmemethodology

In Bulgaria the starting point for trend reversal should be placed where the concentration of the pollutant
reaches 75% of th@ Qr 75% of thel'Vof the relevant pollutant. Selected starting points should be possible

to reverse trends in the most effective way bed pollutant concentrations can cause irreversible changes

in groundwater quality. When we have GWBs which respond too slowly to changes, there may be a need for
an early starting point and vice vers#or responsive GWB should be chosen as a startinigt g a later
moment.

Initially, the entire curve of the experimental data is approximated by a polynomial curve of degree 2
(quadratic regression curve):

1 if there is detected a maximum in the polynomial curve it means that a change dfrdwion of
the trend is availablefrom ascending to descending;
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9 if there is detected a minimum in the polynomial curve it means that a change of the direction of
the trend is availablefrom descending to ascending;

1 then, (in case of available maximyithe entire curve is divided into two branches: thiéldranch
¢ till the date of the maximum and the"2branch- after the peak.

In case with available minimumstbranchc till the date of the minimum and the"? branch- after the
minimum.

Data from the ¥ and 2 branch are considered separately and are approximated by linear trends (straight
lines). The date at which it crossed the two approximating straighsicorresponds to the date at which it
changes the direction of the linear trendrom ascending to descending or from descending to ascending.

By extrapolation of the second (falling) trend can be predicted the date at which the starting concentration
(75% GWQS in our case 60% TV) will be reached. Practically for the second RBMP Bulgaria used 60% from
the TV.

In Romania the trend reversal assessment methodology consists also in the use of Gwstat software. This
method assumes that the time series candieracterized by two linear trends with a slope change within
the time interval (analysis period). Thus, by applying the 95% quantile of the distribution, a reversal of the
trend is identified, if in the first section the slope of the trend is positivel, iarthe second section the slope

of the trend is negative. The stages of the method of reversing the pollutant concentration tendency:

9 optimizing the choice of time sections regarding the shape of the resulting model,

9 examining the significance of thetrfbr the simple linear regression model based on the square
of the residue sum;

9 conducting a statistical test to verify that thes2ction model is significantly more than a simple
regression model.

2.3.2.GWB12: Ipel/lpoly GWB

The Ipel/lpolyTGWBis shared byHungary and the Slovak Republic. G¥2BTABLE.3.2.]) is ICPDR GWB
code, which is a unique identifier ®6WB [CPDR, 202)aNational codes mark the individual GWBs forming
the national part of &GWB of basin wide importance.

TABLER.3.2.1
GWBcodes(ICPDR, 202})a
GWB12 National share HU-12, SK12
List of individual GWodies forming the whole HU12 HUAIQ583
national shargnational code incl. country code) SK12 SK1000800P

2.3.2.1. Description of the ICPDR GWB

The Ipolyvalley is situated on the border of Slovakia and Hungary, east of the Danube River. Its area is 145.8
kn?, the elevation varies between 290 m1@8 m a.s.l. The middle Ipelalley has an east to west direction,
while the lower Ipolyalley is a north to south one. Left side of the river belongs to Hungary. The middle
Ipoly valley formed by several young refilling trenches, on the south is sepagta defined morphological
barrier showing terracdike river valley. Several river terraces form the lowmsly-valley between the

I NJ alye FyR |1 StSYol KAfft&ad az2NLIK2f23A0Fttex AdG A
to 200 m as.l.
The surrounding area of this aquifer suffers from lack of water, while t6&9¥8sare important local drinking
water resources in Slovakia and Hungary. Therefore, collaboration between SK and HU to delineate the HU
and SK GWBs as comm@®BWB is &ey to maintain safe water supply in sufficient quantiti@\BLE
2.3.2.1.). The alluvial deposits of the Ipel/lpoly River extend on both sides of the Hungioaakian
border. The aquifer supplies drinking water to a population of approx.0Df0inhalitants in Slovakia and
50000 inhabitants in Hungary. On the Hungarian side, due to the lowland character and upward flow system,
the terrestrial ecosystems @ura2000 site) require surplus transpiration from groundwater; 7% of the area
of the water bodyis under nature conservation. The recharge zone is in Slovakia and Hungary; thus the
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available groundwater resource and the status of the terrestrial ecosystems depend on the lateral flow from
the neighboring countries. Both sides of the GWBs have issithsgroundwater quality problems. The
Ipel'Ipoly River had formed aT0 meters thick alluvial deposit, along the stretch of approximately 80km of
the river, which forms a natural boundary between Slovakia and Hungary. More importantly, hydraulic
connecton between the SK1000800R; HUAIQ583 GWBs is anticipated littp://www.all -
in.sk/enwat/ipel.htm).

TABLR.3.2.1.1
Characteristics of Ipélpoly TGWB(ICPDR, 202})a
Aquifer
National  Area Area characteristics Main  Overlying Criteria for
GWB 5 5 - .
part (km2) (km2) Aquifer ] use strata (m) importance
Confined
type
DRW

HU-12 146 protection,

GWB12 _ _ DRW, dependent
Ipel/lpoly 344 P No AGR 0c10 ecosystems,

SK12 198 GW

resources

Aquifer type: P = porous, K = karst, F = fissured,
Main use DRW = drinking water, AGR = agriculture, IRR = irrigation, IND = Industry, SPA = balneology, CAL = caloric enehngy, O

The middle and the lower part of the Ipehalley significantly differ igeology. In the area of uppédpoly-

valley, the maximum 10 meters thick soil covers the alluvial sand, sandy gravel sediments. Below the
maximum few tenth meters thick Holocetieistocene sequence, several hundred meters thick Oligocene
schlier, sandstore  Of I @ &S1jdzSy 0SS o6{1 SOasSyer &a0OKftASNE tSGSN
sandstone) covers the schist and gneiss basement. In the area of-lipelgvalley below the few meters

thick alluvial sand and gravel sediment few hundred meters tiidcene marl, limestone sequence (Lajta
fAYSaldz2ySz {TAft3e OtlesSe YINIuv O20SNAR G(KS YIF3AYLl
The lower boundary of th&WBis formed by the thick low permeability schlier and sandstone formations,
respectivelythit Of  8S& YI NI FljdzZAdFNR 6{T Aft 3&A Of-éoBaSe& YI N
sand and loess is a good water bearing strata, however the main aquifer is a few meters thick (4 m in average)
Holocene fluvial sand and gravel along therivThe recharge of the upper part of the river is in Slovakia,

while the middle and lower part of it is recharged on both sides of the river.

The area of interest is delimited by the extent of the youngest alluvium of the river Ipoly/Ipel and partially
also of some of its tributaries. The alluvium lies on the impermeable clayey sediments of the Neogene filling
2F (KS WdzK2af2@Syailt FyR t 2Rdzy 2@WRherddreyndihly abubial A y & .
and terrestrial gravel, sandy gravefsl, stratigraphic classification of Pleistocertdolocene as collector

rocks. In hydrogeological collectors of the formation, the irgeain permeability prevails. The general
direction of groundwater flow in the alluvial floodplain of the quaternargnation SK1000800P is more or

less parallel to the course of the main flow. Intergran@tBof Quaternary sediments of the Ipel River is

in the Hron watershed area. The evaluated area (agricultural land including arable land, grassland, pastures
and permanent crops plantations) shares 86.69% of taBRNBarea, rest ofGWBarea land cover is
represented by forests, sematural land, surface water tables and artificial surfaces. WithirGk¢Barea,

the evaluated area creates large and compact patternshvinegularly cover the whole area. In general,
GWBsshow lowered potential of soil regarding possible negative influence of surface contamination to
groundwater.

The main aquifer is the alluvial sediments of the river Ipoly/Ipel and the connecting terfidoas thickness

is about 410 m, or more. The gravels and sands are covered witd lrbof clayey flood sediments. The
changing thickness sometimes causes the occurrence of the confined groundwater. The gravels and sands
have high transmissivity. Thedth of the river floodplain is about-2 km, but in some places, it is only tens

of meters. Groundwater recharge occurs by infiltration of precipitations and infiltration of surface water at
high water levels. The changing (decreasing) surface waterdéteé river has a negative impact on the

water supply possibilities. Strong variability of groundwater chemical composition and quality is

93


http://www.all-in.sk/enwat/ipel.html
http://www.all-in.sk/enwat/ipel.html

WaterAct

**

European Regional Development Fund ,
SRR TN groundwater resourcés

2, interreg IR o er
9D csionia-Latvia TR cJoint actions for more efficient management of common

characteristic for the Ipel region. @4g-HCQ groundwater type dominates as the result of dissolution of
carbonates Groundwater qualitative properties in the region reflect either the natural character of the area
or the addition of compounds due to anthropogenic activities.

Anthropogenic contamination of groundwater is mostly originated by agriculagtities and production

of waste waters. It is mainly contamination of the uppermost groundwater horizons that occurs in the area.
Deteriorated groundwater quality is mainly characterized by high contents of nitrates, chlorides, ammonia
ions, phosphatesor specific organic parameters (PAH, COD) and occasionally pesticides. Locally high
pesticide concentrations (> 0.5 mg/l) are found in both surface water and in groundwater along the Ipoly/Ipel
valley. Pesticides in unsaturated soils can be released lsyoerovhich can be increased by climate change.
Nitrates also have a substantial impact on the shallow pard(t) of the groundwater systems. In general,
detected pesticide concentrations suggest that water quality can be considered to be at riskunhét
investigations will be made and the additional measures as defined by WFD, will be taken. Furthermore,
besides the anthropogenic pressures the locally important drinking water resource has high natural sulphate
content and electric conductivity hE whole GWB is highly sensitive to climatic changes.

2.3.2.2. Description of status assessment methodology

2.3.2.2.1. Chemical status

Assessment of the chemical status of groundwatddungarywas conducted by analyzing the chemical data
of individualMPs within each of the GWBs and by identifying the pressusesirces of pollutio{ICPDR,
20219. TheNBLswere calculated and used to determiffd/s T\s have been determined according to CIS
Guidance No0.18. Contamination limits have been determined for all indicators listed in Annex |l Rag B of
GWDand indicators of the report under Acte 5 ofthe GWD

The following parameters were investigated:

91 theNBLwas determined for the following components: nitrgt@mmonium, specific conductivity,
sulphates, chlorides, arsenic, cadmium, lead, mercuphosphates

9 for eachMPthe median concentration of each parameter of the studied period was compared to
the T\s (determined for each GWB) or standard values (in the case of nitrates, metals and
pesticides);

9 different tests were conducted to asse&VBstatus: diffuse pollutiortest (nitrate, ammonium,
and orthophosphate), drinking water supply tests for numerous elements or components in both
drinking water wells and monitoring wells and trend analysis based on the data of the surveillance
monitoring system; studied component§tbese tests are: nitrate, ammonium, chloride, sulphate,
specific conductivity, mercury, lead, cadmium, pesticides and organics, furthermore in the trend
analysis pH and dissolved oxygen;

9 based on these test§WBwas evaluated

The methodology for asseagi chemical status Slovak Republifollowed the requirements of th&WDas
well as the recommendations of the CIS Guidance Document No.18. The assessment of the chemical status
of GWB in the conditions of the Slovak Republic consisted of the folloestgy(CPDR, 202)a

1 General quality assessment (GQA) tegears 20162017,

9 drinking water protected areas (DWBAest- period 20082017;

1 test of significant diminution of associated surface water chemistry and ecology due to transfer of
pollutant from the GWB named as Surface water tesperiod 20132018.

For all tests, the procedure was based on a comparison of the arithmetic means of the concentration of the
individual component with quality standards (QS) or thresholds valuesdir#a¢hMP. If no exceedances

of the QS/TV were recorded in BPs, the whole GWB was evaluated in good chemical status. If exceedances
of QS/TVs were recorded than the methodologies were as follows:

1 inthe GQA or DWPA test, data aggregation to the widdeéB was performed. If the calculated total
area of exceedance of the QS/TV was less than 20% of the total area of the GWB, the GWB was
evaluated in good status. If the exceedance of more than 20% of the total area of the GWB was
recorded and based on expggudgment, the GWB was evaluated in poor chemical status;
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1 in the Surface water test, each GWB (with the relevant groundwdér associated with th&WB

was assessed individually, taking into account the hydrological criterion, the hydrogeological
criterion, the groundwater and surface water concentration profile, dilution (if data available) and
that the estimated load of pollutant from groundwater transferred to associated surface water could
be more than 50%, the GWB was evaluated in poor chemicalsstatu

2.3.2.2.2. Quantitative status

To determine the overall quantitative status for a GWB, a series of tests should be applied that considers the
impacts of anthropogenically induced lotegyrm alterations in groundwater level and/or flow. Each test will
assesswhether the GWB is meeting the relevant environmental objectives. The quantitative status in
Hungary has been assessed taking into account CIS Guidance No.18. The following criteria have been used
(ICPDR, 202}a

groundwater alteration (drawdowrtest;
water balance test;

surface water flow test;

GDTEKtest;

saline or other Intrusion test.

=A =4 -4 -8 -9

Assessment of groundwater quantitative status in Slovak Republic consists of 4G&R( 202)a

9 balance assessment GWBdgor the period 20122017 and evaluation of the lorgrm trend of
development of balance levels GWBdor the period 20042018;

1 evaluation of the existence of significant declining trends in the groundwater level and spring yield
in GWBsfor the period 20072016 processed by aggregation of point results of groundwater
quantity monitoring in the facilities of the state hydrological network of the SHMI;

9 assessment of the impact of groundwater quantity on the status of terrestrial ecosystems
dependent on goundwater;

1 assessment of the impact of groundwater quantity on surface water.

2.3.2.3. Groundwater threshold value relationships

In the Slovak Republi¢the NBL was determined and used to derive the TV. The TV were determined for all
indicators listed in Part B @&fnnex Il to Directive 2006/118/EC and in Directive 2014/80/EU. The TV for the
inorganic substances were derived according to the formula: TV = (NBL + DWS)/2. The TV for organic
compounds were derived using the formula: TV = 0.75 * DWS. These TVs wefiar &@é4 and DWPA tests.

An updated list of the TV established for each GWB was published in the amended Regulation of the
Government of the Slovak repubin 282/2010 Regulation, 2010

For the Surface water test, the TV were derived as follows: @V = AF * EQS (surface water standard)/DF,
where AF (Attenuation factor) and DF (Dilution factor) are equal to 1 (the worst case). For that GWB where
the NBL was higher than the TV due to natural hydrogeological reasons, the TV was set up as TV = NBL.

In Hungary, EQS for herbicides and total pesticides,dnd tetrachloroethyler]e based on 201/2001 (X.25.)
governmental decree (Governmental, 2001) and the 6/2009. (IV.14.) /¥XMcVM common ministerial
decree KvWM9 N 4&VM, 2009in correspondence to |. Aex of the 2006/118/EC Directive.

In Hungary, more than 95% of drinking water is from subsurface waters, so for all other components the
DWS is applicable. For those GWBs where the NBL was higher than the DWS due to natural hydrogeological
reasons, the TVlor ammonium, SO4 and EC were defined by taking into account these higher values, as
described in Guidance Document No.18.

TVs and NBiestablished for the Ipel/Ipolf GWBGWB12) are presented imfABLE.3.2.3.1 As in the case
of the UpperJurassia; Lower Cretaceou3 GWB(GWB2) shared by Romania and Bulgaria, remarkable
differences in the list of the pollutants and their TVs and NBLs set by Hungary and Slovak Republic are visible.
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TABLER.3.2.3.1
T\s of GWB12 (ICPDR, 202)a
Level of TV
Country Pollutant/indicator TV (orrange)  NBL (or range) establishment
(national, RBD, GWB]
Hungary Nitrates(NQy) 50-no TV mg/I 9.5 mg/l GWB
Hungary Ammonium(NH,") 2-no TV mg/l 1.1 mg/l GWB
Hungary Conductivity 2520{n(|)( Tg v 570> { k O\ GWB
Hungary Sulphate{SQ?) 500-n0 TV mg/l 284 mg/l GWB
Hungary ChloridegCl) 50-no TV mgl/l 119 mgl/l GWB
Hungary PhosphategPQ%) 2mgl/l 0.91 mg/I GWB
Hungary Cadmium(Cd) 5y2 ¢+ nonrt > National
Hungary Lead(Pb) 10y 2 ¢ = n®H o National
Hungary Mercury (Hg) ly2 ¢z nénnp National
Hungary Trichloroethyleng TCE) 10y 2 ¢+ - National
Hungary TetrachloroethylenéPCE) 100y 2 ¢ = - National
Hungary /&E)g())’rbed organic halogens 20y 2 ¢ - National
Hungary (F:)ilsggﬁzznents) 01y2 ¢+ - National
Hungary Pesticides (total) 05y2 ¢+ - National
The Slovak Republic  Ammonium(NH,*) 0.9 mg/l 0.9 mg/l GWB
The Slovak Republic Arsenic(As) c >3kt H >3k GWB
The SlovalRepublic  Benzene noy >3 - National
The Slovak Republic Cadmium(Cd) HOd >3 nor > = GWB
The Slovak Republic ChlorideqCt) 135.7 mgl/l 21.3 mg/l GwWB
The Slovak Republic  Chromium(Cr) Hc >3K H >3k GWB
The Slovak Republic Copper(Cu) Mnno >: 6>3k GwWB
The Slovak Republic Iron (total) (Fe:) 0.15 mg/l 0.10 mg/l GWB
The Slovak Republic Lead (Pb) T >3k f p >3k GWB
The Slovak Republic Manganes&Mn) 0.1 mg/l 0.1 mg/l GWB
The Slovak Republic Mercury (Hg) noc >3 nom > = GWB
The Slovalkepublic  Nitrates(NQGy) 50 mg/l 1.5 mg/l GwWB
The Slovak Republic Nitrites (NQy) 0.26 mg/l 0.02 mg/I GWB
The Slovak Republic PhosphategPQ?) 0.24 mg/l 0.08 mg/l GwWB
The Slovak Republic Sodium(Na’) 119.8 mg/l 39.6 mg/l GWB
The SlovalRepublic  Sulphate{SQ?%) 140.8 mg/l 31.6 mg/l GwWB
The Slovak Republic ﬁﬁ?ﬁfé&?ﬁﬁﬁ'&?ﬁ?g TOp >3 - National

2.3.2.4. Description of the trend assessment methodology

Trend is assessed separately for groundwater quality and quantihe Slovak Republiat which for trends

in gquantity the procedure applies for all GW gquantity monitoring sites. The assessment follows a stepwise
procedure. Consisting of the evaluatiohtbe data sets and th&Ps (no gaps in time series are allowed and
data from 200€¢2016 were used), consisting of the performance of the-parametric ManAKendall trend
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test (95% confidence level) and the regression analysis. GWBs with decreasingptrewith no evidence
of abstraction are excluded from assessment in tHfeRBMP.

For assessing trends in concentrations of pollutants in groundwater the evaluation period wa2@@7

The results of surveillance and operational monitoring were appledttie assessment. Monitoring
frequency depends on the GWB type. In the analysis the vallasQ<are replaced by Le&2. Trend
assessment is only performed if the number of valués® is less than 50%. Nparametric ManrKendall

test with 5% signifience level was applied for trend evaluation. For time series showing a normal
distribution, the statistical significance of the trend was also tested by the parametric method (ANOVA) with
5% significance level. Then for all times series with statistisggjhificant upwards trends, the statistically
significant upward trend was evaluated and identified if the median of the values measured over the last 2
years was higher than 0.75*QS/TV or the calculated predicted value of the linear trend up to 2088sjaeygr
model calculated by the least squares method or Sen's nonparametric procedure) was higher than QS/TV.
The significant sustained upward trends of pollutant concentrations were identified at the leM#?sé&nd

at the GWB level.

The startingooint for trend reversal was placed where the concentration of the pollutant reaches 75% of the
QS/TV of the relevant pollutant.

To assess the trend of pollutant concentratiansHungary chemical data of the surveillance monitoring
systems were used fdahe period of 2000 to 2012. The trend analysis was done using the Matlab program
package of Marw¥ SY RIF £ f YSUiUK2R ¢gA0K FAOGGSR {SyQa af2LSo ¢K

1 during the trend assessment of all components for all monitoring objects erersted using yearly
average data and excluding time series with less than 4 data points;
1 the trend of GWBlevel aggregates of yearly data was assessed as well.

Significant upward or downward trends were identified on 95% significance level using-Kéarall
YSGK2R ¢gA0GK {SyQa af 2L3S

2.3.2.5. Description of the trend reversal assessmemiethodology

Trend reversal assessment methodolagythe Slovak Republiconsists also based on GWstat software.
Time series were included in the assessment, on the basis of wigitficant sustained upward trends at

the level of GWBswere classified. The time series entering the evaluation were supplemented by data
monitored in previous years so that the evaluation period was 14 years. The evaluation was performed by
dynamically dividing the time series into two sections with différéangths and then evaluating the
statistical significance of the trends separately for each allocated section.

A reversal of the trend was indicated if the following conditions were met at the same time: the statistical
significance of the trendsvaluated within individual sections is higher than the statistical significance of the
trend evaluated on the basis of all data forming the evaluated time series, the section representing the
results of monitoring in the older period shows a statisticalgnificant upward trend, which is followed by

a statistically significant decreasing trend evaluated on the basis of the results of monitoring in the newer
period.

In the case of Hungaryit has been only mentioned that in order to assess the trend salesf pollutant
concentrations two consecutive time periods were compared and evaludBROR, 202)a

2.3.3.Additional comments and suggestions from the experts thie Slovak Republic and
Hungary

As can be seen, the information in the internet sources araept materials is relatively general and
therefore the opinion of the dedicated experts and the detailed information in their possession are essential
in the context of the WaterAct project. It should be mentioned that it was very difficult to reach @eopl
already involved in the process of establishingWBsat EU level, as they are likely very busy experts who
did not have enough time to share detailed and very specific information.

Below is a summary of the experiences and opinions of two external experts involved in the delineation
process offGWBs$n the Slovak Republic and Hungary. Valuable comments referred to here are provided by
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wS{l DFdzZ FNBY GKS aAyAaidNR 2F LYGSNRA2NE | dzy 3l Ne
Republic.

I OO2NRAY3 (2 DIFdzZ wS]1Il ¢ LSbiiHeR ofGWBIn udgary dreyeh OF GA 2y 0

1 separation of the main geological features: porous aquifers in the basins, karstic aquifers, mixed
formations of the mountainous regions, other than karstic aquifers;

91 thermal GWBswere separated according to the temperatugeeater than 3@ / In the case of
porous aquifers it is done vertically, while in karstic aquifers horizontally. There are no thermal
aquifers in the mountainous regions other than karstic;

9 further division is related to the subsurface catchment areas\artical flow system (in the case
of porous aquifers) and to the structural and hydrological units (in the case of karstic aquifers and
mountainous regions).

The entire territory of Hungary lies in the Danube River Basin, where the ICPDR coordinateariRiBlg at

basin level. For each RBMP cyclie addition to the RBMPs prepared by the countrgea secalled roof

report is prepared and sent to the EC including all relevant information on Danube Basin countries at basin
level. The roof report also indesTGWBsbut only those that are bbr trilaterally agreed by neighboring
countries and nominated for Danube level. The draft of the last roof report including the most recent
information (CPDR, 202)&as been referred to in the previous chapter abtheport. The older editions of

WEFD reports can be found on the following websh#p://icpdr.org/main/activities-projects/riverbasin
management

FirstTGWBsvere delineated in the process &f DRBMP preparation, by contacting neighboring countries.
Hungary has bilateral water agreements (water commissions) with all 7 neighboring countries, which were
the main forum ofTGWBgand alsoSWB} delineation and armonization. Subgroups were established to
dealwiththe2 C5 Gl 414X Ay OFasS 2F ySAIKo2NAYy3I O2dzy G NASA
TGWBsvere established with Austria or Slovenia in lack of political interest from the Austrian ontalove

side. In the subgroups the representatives of the relevant ministries and experts of the background institutes
responsible for delineation were present. The main idea behind the delineatidiG¥¥Bsvas to forego
conflicts with neighboring countriebecause it seemed to be easier to find solutions as early as possible in
order to avoid future problems if TGWBs are already set.

t SGSNI alft N1 FTNRY GKS DS2t23A0Fft {dNBSe 2F (G(KS {f;:
that TGWBswere delineged, if both partner countries decided to do so. If ofteansboundary countrg
decides not to delineate theGWB, the TGWBsIo not exist (formally, of course). Slovakia has agreement
only with Hungary and up to now, there are 5 possib@WBsAustria dil not enter the negotiations with

the Slovak Republic (there was one possibl@WB andthe Czech Republic considered the groundwater
exchange to be too small to delineat€&WBsThe Slovak Republic had negotiations with the official Polish
delegation tooput until now both possibl@ GWBsre not mutually agreed officially.

I O0O2NRAY3I G2 1 dzy3FNALY SELISNI 6DFdzx wS1lZ LISNBR2YL
horizontal boundaries of th@ GWBsawvere agreed on at state borders based on theilable geological,
hydrogeological information (available from international b multilateral projects). These delineations

were considered as an aggregate@fVBsat national level, to be able to harmonize national delineation

criteria with transbaindary criteria. Due to different approaches@wBdelineation it was not possible to
harmonizeGWBboundaries, therefore aggregatedydrogeological units were delineated and are reported

on at Danube level, whereas at national level countries provide data and carry out assess@@rBlavel;

e. g. in case of porous aquifers vertical delineatiom@GfWBsas not been agreed upon until now due to
different national approaches, so in case of problems the whole unit has to be investigated.

t SGSNI alf Nl YSYGA2ySR (KI (i GovBsidiided @ tespectve colBiédsA y S|
were administratively connected. The problem was that the methodologBfB® RSt Ay SE GA2Yy ¢
different in Hungary anthe Slovak Republi¢ Hungary appliediTothiarg theory, butthe Slovak Republic,

similarly tothe Czech Republic, tdassification of groodwater administrative units, which existed already

F2NJ RSOFRS&ad t SGSNJ allft Nl faz2 adNBaasSR (KIFIG GKS K
with cwater officerg at respective water administration that groundwater exchange occursstindt places

with sufficiently relevant intensity this is an important aspect for the delineation & WBsFurthermore,
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problems arose in the early years due to the need to unify the units of measurement, reporting layouts and
coordinate systems usedd the neighboring countries.

Between 2006 and 2008, the Geological Institute of Hungaryt CL ' yR (GKS {0l G4S DS2f¢
5A2yeéi~D i5dzNJO22 LISNF GSR Ay RIEGE YR AYyF2NXYIGA2Y O21
management plan fothree TGWBsn Northern Hungary and Southern Slovakia. These three regions were

the Ipoly/Ipel river region, Aggtelel{ £ 2 @+ 1 YI NEG NBIA2Yy FyR . 2RNRB3I NI
and assessment of Hungari®&ovak TGWBs Environmental state andsustainable management of
HungariarSlovakianTGWBs 9 b2 ! ¢ 0 é¢ gl a F2dzyRSR o6& GUKS Lb¢9ww9D
forward in the creation of a joint Hungarié®lovakian water management plan by supplying basic data and

fresh information onTGWBYBrd a y &t y al 1 &. ASairestltf oftiis project the list of monitoring

objects, water quality maps, transboundary groundwater models were elaborated, but the responsibility is
y2g Ay (GKS KFIyRa 2F ¢l 0SSN FRYAyAai NI G§2NAR ot SGSNI a
The harmonization of status assessmenfT@BWBST\5, trend assessment, monitoring network) is rather
F2NXIf oDldA wS{1l3>X LISNRER2YI O2YYdzyAOI A2y 03X AY
Groundwater Task Group of ICPDR collects data ofmadtgiatus assessments and prepares a river basin
assessment for the GWBsggregates. However, negotiations for adjustment in case of differences are rare.

Unfortunately, after the first RBMP capacity and enthusiasm has decreased, not much progressrhas be
made, except for Hungary arttie Slovak Republic relations, where a n@@WB(GWB12: Ipel/lpoly

discussed in previous chapter) was delineated and the boundaries of an eXi@GW{svere modified

recently. The main reason behind (in case of Hungarf)e lack of capacity, but also a lack of real interest

and strong requirementof theC2 y G NJ y&ao2dzy R NB KI NY2y AT FdA2y 6D dz
is emphasized even more broadlyifponen & Chilton, 20)8that although the legal basis for cooperation

in managing transboundary waters in the paaropean region is well developedpst existing agreements

do not explicitly refer to groundwaters or their application to groundwaters remains limited. There is a need

to improve the legal frameworks for cooperation and strengthen institutions for the management and
protection of groundvaters.

The experts pointed out that in case of difficulties bilateral water commissions are the forum for
negotiations. And finally, one important lesson learnt was that expert level is not enough torkawBs
political willingness at both sides (coumis) is essential to take on responsibility for the share and common
use of groundwaters and to ensure adequate capacity at both sides to deal with tasks and possible problems
that may arise.

2.4. Recommendations for the WaterAct project partners

This chapter of the report (expert assessment) is aimed to describe what practical experience, based on
literature review and the two cases (Upper Juragdiower Cretaceous GWB and the Ipel/lpoly GWB) could
be used in the identification and management&stonianLatvianTGWBs

Within the WaterAct project close cooperation continues between the Estonian and Latvian organizations
involved in the preparation dBMPs to improve the efficiency of joint groundwater resources management

in the transboundary aa. Joint transboundary management of the GékK@iva and Salat8alatsi river
basins is necessary for both countries to implement the requirements of the EU water policy. The project will
ensure a harmonized approach to the management of groundwater ressuand the assessment of the
status ofGWBS4n the LatviarEstoniartransboundaryarea.

To develop harmonized principles for joint assessment and management of groundwater resseveeal
meetings have been already organized. These meetings covered methodologies and approaches in both
partner countries, ranging from strategies for conceptual understanding and modeling to delineation of
GWBsand assessment of their overall statugegsures identification and assessmewtaterAct, 2020;

2021). It was concluded that there are differences between shared methodologies and approaches between
the two partner countries, and some methodologies are only available in one country (e.g. ssesfment
strategies are only available to Estonian partners), but in general the approaches are considered related. The
last WaterAct meeting on harmonization of approaches took place on 17.06.2021 as an online event (MS
Teams platform), where the issuedated conceptual model development, pressure assessment approaches
and GWB chemical and quantitative status assessment approaches were disd€saerk ( 2021 The
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meeting showed that in many cases harmonization of methodologies is possible, but incases(e.qg.
GAAEswater balance assessment test) it is outside the scope of the WaterAct project in terms of time and
lack of data. It also turned out that further data and information exchange is key to the success of the
harmonization process.

For groundwater resource management across Lafvidiuania borderLithuanian Geological Survey and
Latvian Environment, Geology and Meteorology Centre have an institutional cooperation, within which many
factors were considered differences between aquifer vadal boundaries, delineate@WBs not unified
hydro-stratigraphic classifications, groundwater level distribution and strategies for groundwater monitoring
(LGSLEGMC, 2029As a result of this projecd groups offTGWBs have been delineated and agreed to be
further managed as joint GWBs. The report discusses the following suhjeetsonal GWBdelineation
principles inransboundaryareas, harmonization of groundwater management units and preliminary status
assessmant of commonGWBgroups. However, the authors are forced to admit that addressing the above
listed problems and assessing the necessity of harmonization requires large financial investment that can be
realized only in the long run. The results of the ca@pion on Latviarithuanian border could also provide
some tips and examples for the delineation of Estonian and LatvéABsHowever, given the fact that the
geological and administrative delineation of EstorliaatvianTGWBSs in principle nearingampletion and

that harmonization, which is the basis for the status assessment, is under way, this project may not provide
much support in case of WaterAct activities.

During Interreg Estonip G @A LINR2SOG aW2Ayd YIyl3Sygsdiin 2F 3
transboundary Gaujyr 2 A @+ NR @S NJ 0 joiit ingthodoDdyHodigeRtific@tidroahdassessment

of GDTEs was developed which was used to ide@®ils in transboundary Gaujgoiva river basin. The

project was focused primarily on the asseent of GDTEs in line with the WFEs well as for better
understanding of GDTESs functioning and linkage with groundwater resources. However, some findings of the
project also apply to EstonidmatvianTGWBsmore broadly. The final report of this projeav S G At S S |
2020 brings out that the number and location liPs for the quantitative status ofGWBsnust additionally

allow to evaluate the direction and quantity of groundwater flow across the state border. This finding is in

line with the Slovakian expe®t statement, referred above, that groundwater exchange with sufficiently
relevant intensity is aimportant aspect for the delineation FGWBsThe authors of the reporif(SG At S S
al, 2020 also proposed that transboundary groundwater monitoring between Estonia and Latvia is
encouraged to harmonize monitoring approaches and improve the usage palterftishared national
groundwater datasets and encourage transboundary cooperation. It was also noted that groundwater
monitoring stations could be installed at the Latwiastonian border for transboundary groundwater
monitoring and laboratory intercalilation needs. The author of the current report agrees with their
suggestions.

As it has been mentioned earlier, tB€provides very general and ndainding guidance on how to delineate
GWBSEC, 2003h Due to varying hydrogeological conditions, data abdity and local knowledge base, the
chosen methodologies and final amount of GWBs vary significantly Wit&{(iEC, 200).

An analysis of the revised Hitectives and their guidance documents during this study showed also that
these documents do not provide much explicit and detailed guidance concerningfGh€Bsand they
mention in very general manner the issues like the delineatioh@{VBsthe assessnm of their status and

the bases for the criteria on which the status assessment should be performed. ThuGuithence
Documents provide only an overall methodological approach, but will need to be tailored to the specific
circumstances of each BYWS Thus, the literature review leaves an understanding that the ways, how to
delineate and assess tHeGWBSs largely a matter for thd1Sthemselves and the expert committees and
working groups set up by those states. This fact was also confirmed by theahdrperts questioned, who
declared that in order to move forward with the theme, the water commissions (having bilateral agreements)
have been established and act as the main forumlr@WwBsdelineation and harmonization. In places
subgroups have been edtlished to deal with specifitie WFD tasks, in case of neighboring countries willing

to cooperate. In the case of the WaterAct project, this condition is met because both Latvian and Estonian
specialists, as well as water politicians, participate in thaget. Continued cooperation and exchange of
information within the WaterAct project team is a key solution to the problems that have arisen and as the
current assessment also shows that detailed guidance is not available, harmonization issues need to be
addressed on the basis of the expertise and best judgment of the project@egpecialists. Guidance
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Documents discussed in the first chapter of this report provide an overall methodological approach, but will
need to be tailored to the specific circumgtadSa 2 F G GME ¥Pa o 2 dzy Rl NB

Depending on the region, the delineation and assessmefiGVBaithin the European countries, is at a
different stage. FirsTGWBsn the Danube River Basin were delineated in the process! &fahube River

Basin Managementl& (DRBMP1) preparation, by contacting neighboring countries. Today, already the
draft of the 3" roof report (DRBMP3) has been preparé@RDR, 202)abut as it is seen from the case
studies presented, bilateral harmonization of GWBs is still ongoing process. The assessment methodologies
applied in Upper Jurassid_ower Cretaceous GWB and Ipel /Ipoly GWB differ significarttigrisboundary
countries. Therefore, these exampleGWBslo not provide detailed guidance that could be implemented
under the WaterAct project. As can be seen from the opinions of external experts, technical details are likely
to be disseminated in local working groups (watemoaissions) and not published or shared externally. This

is also the reason why the author of the current expert opinion did not reach such detailed instructions even
through thorough internet searches and by contacting the experts from other EU countries.

According to external experts, the harmonization of status assessmenGWBLT\s, trend assessment,
Y2YAG2NRAY3d ySGe2Nl 0 A& NIYOGKSNI F2NXIFE oDFdzZ wSilk>3
preparation of the DRBMP the Groundwater Task GrouBDR collects data of national status assessments

and prepares a river basin assessment for T@WBaggregates. One reason here is probably already
mentioned the lack of capacity, but the lack of real interest and strong requiremef€arfi transbounday
harmonization.

Hopefully this will provide the WaterAct partners with some background informatiom @G&VBs their
delineation and assessment in the EU context. The author of this expert opinion has not been involved in the
process of establishinBfGWB4#self and this work is based solely on the information gathered from literature
sources and by interviewing external experts.

The author is thankful to Rossitza Gorova from Executive Environment Agency, Bulgaria, Peter Malik from
Geological Survey of Slqva wSLJdzo6 t AO FyR wS{lt DIFdzZ FNBY aAyAaidNE
comments concerninGWB® Y SNBRGA ¢NNJ] FNRY (GKS aAyArAaidNer 27 0
hal YNS FTNRBY 9ald2yAly 9YGANRYYSyYy(d | BAdng e netedshy I O Y
information and international contacts as well as for the fruitful discussions during the project.
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3. Development of joint principles on common groundwater resources
management and assessment is the crdswrder Gauja/Koiva and
Salaca/@latsi river basins

For further joint assessment of common groundwater resources management and assessment in the
transboundary Gauja/Koiva and Salaca/Salatsi river basins, it was necessary to develop harmonized
principles. Using the information and knowledge gained during exchanging experiences within consortium

on groundwater resources management in each country Geapter }, studying EU level guidelines and

best practices from other countries (s@hapter 2, as well as exchanging aadquiring information during

2tm ! QGAGAGE ¢mOB @ YRLISING SWAY ISE OKil yYoTAhnexDdS sh8 NI !
l OGAGAGE ¢mPo &/ F LI OAG @ 0dzh f RAY Rnnéxis5), degeptrierd of | & R NR
harmonizedprinciples (in cases where that was possible due to available data amount artdlaispinto

account the available resources: both human and financial, as well as the national legislation already in force

in each country) took place. In scope of thigpter, attempt to develop harmonized principles was made

for the following aspects of groundwater resources management and assessment. (1) conceptual
model/understanding development SFGWBs, (2NBLsand TVsdelineation, (3) pressure assessment, (4)

trend assessment and (&WBstatus assessmenichemical and quantitative.

Within the framework of the exchange of experiences, a decision was made within the consortium that it
will not be possible to harmonize some of the methodologies within the WaterAct project. These include the
identification and assessment GFAAE¢seeChapter 1.4 and the assessment of groundwater vulnerability

to nitrates pollution (se€Chapter 1.5.

In Latvia, identification and assessment ®AAEsvas an ongoing process during the parallel project
GLRSYUGATAOFGA2Y YR FaaSaavySyd 2F 3ANRdzyRgl GSNJ RSL
0 2 R A°8uiirig which the development of methodologies for the identification and assessment af thes
ecosystems was developed, as well as their identification and assessment throughout the territory of Latvia
(also including the Gauja and Salaca river basins). This project reached conclusion only at the very end of
2021 and the results of it were avdila only at the beginning of 2022, as a result of which possible
harmonization regarding the identification and assessment of these ecosystems was no longer possible
considering the timeline of the WaterAct project. Also an important factor to take intowat is the fact

that surface water specialists (whose knowledge are vital for the harmonization of these methodologies)
were not involved in the WaterAct project from the Latvian side. But considering the fact that during the
aforementioned project the mthodologies suitable for Latvia were developed strongly based on the
experiences of Estonia (s&hapter 1.4, it is also possible to affirm that the methodologies used in both
countries for the identifiation and assessment @AAEdave already been harmonized to the nearest
possible level.

It was also decided that harmonization of groundwater vulnerability assessment to nitrates pollution during
the WaterAct project is not necessary as in both countsesh assessment is already carried out with
accordance of Council Directive 91/676/Ef€ Nitrates Directive) and the nitrate vulnerable zones are not
distributed in identifiedTGWB®nN the Estonian side, but on the Latvian side it occupies a smalbpre
identified TGWBs D6 and A8 (central part of Latvia) where direct transboundary interaction was not
identified Borozdinst al, 202).

This report does not focus ohlGWBs delineation and common groundwater monitoring principles and
strategy development athese topicd NB G KS YIFI Ay F20dza 2F 2twu | OGADBAGA
0Nl yaoz2dzy RENE 3INRdzy Rl G1SNI 62RASa | OORMNR AGSES At 2KLIYN
A0NIGS3e FT2NJ GN}yaoz2dzyRFNE 3ANBdzyRglF GSNJ Y2YAG2NAYy 3
AYF2NXYIGA2Y 2y (GKSAS (G2LAO0a INB F@FAtrofS Ay GKS
resources in Gauja/Koiva afdr f | OF k { I £ | (Bardzdinshafy SOR). 6 aAyaé o

0t N22SO0 ALRSYUATADNEAGEZRGE NI RESEYRSyill 8d2aeaidsSvya Id GKS tS@gSt 2
Latvian Environmental Protection Fund). Availabteps://lvafa.vraa.gov.lv/projects/108 205 2020

102


https://lvafa.vraa.gov.lv/projects/1-08_205_2020

2, (iteirey A WaterAct

@7 : - £ “0i i e
9% Estonia-Latvia - &doint actions for more efficient management of common
European Regional Development Fund groundwater resourcés

EUROPEAN UNION

3.1. Conceptual models of transboundary groundwater bodies

After reviewing various European guidance documents (Seapter 2, it was concluded that no overall
definition of the conceptual model can be found, even though both WiEDand the GWD state that
conceptual models must be used as the basis for GWB status assessment. The CIS Guidance Document No.26
(EC 2010 states thatta hydrogeological conceptual model describes and quantifies the relevant geological
characteristics, flow conditions, hydrogeochemical and hydrobiological processes, anthropogenic activities
and their interactiond @ Ly  NJVEFAD bR maih 20piciékh8 conceptual model is assessment of risk

of the GWB not achieving the environmental and groundwater protection objectives:

1 prevent or limit the input of pollutants,

91 prevent the deterioration of the status of GWBS,

9 achieve good groundwater statisoth chemical and quantitative);

T implement measures to reverse any significant and sustained upward trend;
1 meet the requirements of the protected areas.

Conceptual models can be used for several purposes within the groundwater management tycle
undergand the significance of pressures, to design and evaluate monitoring networks and to interpret
monitoring data, to establisf\s, to perform status and trend assessment, and to plan measures. It also has
to be kept in mind that the process of conceptuabael development and maintenance is a cycling process
which starts with a simple model and then follows with data collection and analysis, uncertainty assessment,
and starts again with the refinement of it. Within the groundwater management cycle it Hesdone once

in 6 yearsiEC2010.

In order to develop a common and harmonized structure for the conceptual models of identified Estonian
LatvianTGWBs, comparison of currently applied conceptual modelsCéegpter 1.5in both countries was
initially carried out Annex §. During the comparison it was estaied that the development of conceptual
models in more detail has taken place in Estonia. In both Estonia and Latvia, conceptual models are
structured in two main partsthe first part consists of natural features of the hydrogeological system (e.g.,
geobgy, hydrodynamics, natural baseline chemistry, groundwater vulnerability etc.) while the other part is
presenting the human activities in the area (e.g., groundwater abstraction, point/diffuse sources of pollution,
etc.). All the data is structured in tkds with the same structure for all GWBSs to prevent misunderstandings
during information interpretation between different GWBs. More detailed information could be found in
conceptual models used in Estonia, while in the case of Latvia, the availableatiarrmas somewhat
sparser, but additional information (which is available in the case of Estonia) in most cases can be obtained
from internal databases and/or the State Geological Fund. Therefore, within the framework of the WaterAct
project, the decisiorwithin the consortium was made to adopt the Estonian conceptual model structure,
transforming and supplementing it with additional elements from the conceptual model structure applied in
the case of Latvia, in cases where such information was not includéte Estonian conceptual model
structure. The final version and structure of joint and harmonized conceptual model structure is given in
Annex 7

Comparison also revealed that in both countries conceptual matelaccompanied with additional visual
materials éeeChapter 1.%. Taking into account that visual materials differ in both countries, the decision
within the consortium was reached that within the framework of &terAct project visual materials will

be developed jointly for the hydrogeologically conneci&WVBs. The overall content and visual solution was
adopted from the Estonian visual materials, modifying and adapting them to the specifics and needs of the
WaterAct project. The final versions of the prepared additional visual materials, as well as the prepared
conceptual models of EstonidratvianTGWBSs are available in the joint WP2 rep@brozdint al, 202).

3.2. Natural background levels andthreshold values of transboundary
groundwater bodies

TheGWAD following Article 17 (1) and (2) of tlFD lays down specific measures to prevent and control
groundwater pollution. One of these measures include criteria for assessing groundwater goodathemi
status. Article 3 of th&WDdepicts the criteria for assessing the chemical status of GWBs, includi@g8e
for nitrates and pesticides listed in Annex | to the Directive, as well as\theet by eaciMSfollowing the
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procedure set out in Annex Il. Ealgts must defineTVfor pollutants, groups of pollutants, or indicators of
pollution identified as being capable of being characterized as GWBs or groups of sites as risk groups or
groups, taking into account at least thst in Part B of Annex Il

Under theGWD T\s may be set at the national level, at the level &BD or in a part of aiRBDying within

the territory of aMS or at the level of a GWB. Eabts must ensure that setting of'\6 for GWBs where
groundwatercrosses a national border is established in cooperation between the concétB8efibliowing
Article 3 (4) of theNVFD If the risk of not achieving good groundwater status is not identified in the GWB
during the initial characterization, further characteation and setting of \6 are not mandatory.

In order to assess the current situation in both countries regarding the determination and d&ifind

T\s for GWBs, comprehensive comparison of the currently used approaches used by both countries was
initially carried out Annex 8. The comparison showed that differences can be found between the
approaches used in both countries and based on these differences recommendations for possible
harmonization were dveloped. Major differences between approaches used in both countries were found

in the first stepg; the preparation of the data set (treatment of samples under detection limits (DLs), as well

as treatment of time series) and the treatment of anthropogginifluences (saline intrusion and agricultural
influence). While at the EU level suggested approaches (which were also used in the case of Latvia) are to
dza&S oy 2F GKS 5[ G2 GNBIG Ottt dzSa dzy AP Werird etlaly R O f
2006), in the case of Estonithe full DL value was used in the dataset and instead of median values, average
values were calculated for the sanM@P. Although both techniques are the most common, the chosen
methodological approach could become significant for the case where there lateofivalues under DLs

and a lot ofMPs with time series with significant trends. Also, in the case of Estonia, when preparing the data
set, anthropogenic influence was not taken into account (regarding saline intrusion and agricultural
influence), whilethe suggested approach at EU level is to remove samples withidaCl concentrations

sum higher than 1000 mg/I (in the case of saline intrusion) and to remove samples wittoREentrations

> 10 mg/l and samples with known presence of synthetic camgde (Wendland et al., 2006), all of which

was done in the case of Latvia. Other identified differences were consideredrtonie in the context of

the WaterAct project, as both countries have relied on the BRIDGE methoddlmdiand et al., 2006

Annex §.

Taking into account the differences listed above in methodological approaches in both countries and
seemingly necessary harmonization, it should be noted that with regard to the identi@&dBs and the

NBls andT\s set for them, in practically none of the cases defiiidd are used in the chemical status
assessment (mostly in the case of Latvia), or they have not been determined at all (in the case of Estonia).
This situation has arisen bacse (1) practically none of the identifi@f@&WBs gave been identified as being

at risk of not achieving good chemical status and/or no significant pressures have been identified in them
(Borozdinset al, 202), as well as (2) oth&QandL\s have been get the national level in both countries,

which have a higher priority and which are already being used in the chemical status assessment and are
applicable to all GWBSs (in the case of Estonia) C$empter 18.1.1) or applicable to GWBs identified as being

at risk of not achieving good chemical status and/or with significant pressures (in the case of Latvia) (see
Chapter 1.8.1.2 In Latvia, this is the casettviGWB A8, for which the risk of not achieving good chemical
status due to significant point pressure has been identified, as a result of whichsp&¢lic thresholds

values are used for pressurelated indicators in chemical status assessment. Fromaasboundary
perspective, it is necessary to emphasize that GWB A8 has a considerably large area and the identified
significant point pressures are distributed in the Riga agglomeration area and they have no impact in a
transboundary context it is physiclly impossible for any kind of pollution to reach the territory of Estonia

due to geological condition86rozdinset al, 202). In the future, it would be necessary to consider the
possibility to delineate the area of the Riga agglomeration as a sep@wat® from GWB A8, which would
facilitate and improve the management of this territory and would not create a false impression of the
common chemical status of GWB A8.

In view of the above, an agreement was reached within the consortium that further haratmmf used
methodologies is not necessary at this stage. ERESand L\s set in the existing legislation at the national
level in both countries and used in chemical status assessmer@\WBs will not be tackled and changed
within the framework of the WaterAct project, as making changes to national legislative acts is not possible
at this stage. For further status assessment of identifi€dVBs, already applidgQSand L\s will be used
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during the WaterAct project (additionally in the case of GWB A8, indivithéadpplied for pressureelated
indicators will be used). It should also be taken into account that in the cases of other countries and
transboundary river basins the harmonizatioropess has been rather formal than practicéhe countries

have exchanged data on the appliE@QSLVsand TVs and a decision has been made between the parties
involved that they will be used in the futui&WBs status assessment ($&@apter 2.3.

A summary ofGQS$SLVs andT\s that have been applied in both countries and will be used within the
framework of the WaterAct project to assess the status of the identif@WBs, is given iNABLE.2.1

TABLB.2.1
Summary ofGQSLVsand TVsof identified EstonianLatvianTGWBs
for further chemical status assessment
o TV(EQSLY)
B5=
Pollutany =85 Level of TV TGWB code
indicator 5¢ S Estonia Latvia establishment
(national, GWB)
. 21, 23, 25, 26
50 National D6, A10, P
Nitrates (NQ) mg/l
Active substances in pesticides,
including their relevant K3k i 0.1 National 21, 23,25, 26
metabolites, degradation and 0.5 (totalf? D6, A8, Al10, P
reaction products?
Nitrites (NQ) mg/l -
Total nitrogen (o) mg/l -
0.5 (aerobic) Nati | 23, 25, 2Gaerobic)
. I
Ammonium (NH*) mg/l ; ationa 21 (anaerobic)
1.5 (anaerobic)
Chlorides (C) mg/l -
Sulphates (S@) mg/l -
Permanganate index (CODMN) mgQO./l -
Sum of benzene, toluene, X3kt )
ethylbenzene and xylenes (BTEX)
Chemical oxygen demand (COD)  mgQOy/l X p - National 21,23,25,26
pHlevel [pH] 6-9 - National 21,23,25,26
Trichlorethylene (TCE) k3K f 70 National 21,23,25,26
Tetrachlorethylene (PCE) Kk Ak ¢ 70 National 21,23,25,26
Arsenic (As) K Ik 100 National 21,23,25,26
Cadmium (Cd) X3kt 10 National 21,23,25,26
Mercury (Hg) X3kt 2 National 21,23,25,26
Lead (Pb) X3kt 200 National 21,23,25,26
Nickel (Ni) Kk 3Akf -

Mot SaiA0OARSa¢ YSIya LXIFyid LINRBGESOGAZ2Y LINRPRdzOGA | YR 0A®©2d
Directive 98/8/EC, respectively

@ac¢cz2ilté YSkya GKS &dzy 2F |ttt Ay RA Ghdvitaing praciidre] indutlifySreir rélevar
metabolites, degradation and reaction products.

() LVin Latvia is established at the national level, but only for GWBs with significant point pressure.
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3.3.  Pressure assessment of transboundagsoundwater bodies

Article 5 of theWFDrequires eachMSto identify the significant pressures likely to cause GWB to be in less
than good chemical and/or quantitative status. TWé#-Drequires the identification of significant pressures
(can contribute toan impact resulting in not meeting environmental objectives, e.g. good status of a GWB)
from point and diffuse sources.

In order to determine the current situation in both countries regarding the pressure assessment of GWBSs,
comprehensiveeomparison of the currently used methodologies by both countries was initially carried out
(Annex 9. The comparison showed that only in the case of point pressures assessment both methodologies
can be compad at the initial levet the preparation of the list of these pressures (both countries have used
WFD Reporting Guidance 2016, Annex la: List of Pressure &yples basis), but after this step, the
methodologies are practically incomparable.

In the casef point pressures assessmeralthough both countries have used the approach of assessing the
impact of these pressures at the level of SWBs, in the case of Latvia this has only been the first step, which
has been followed by a much more detailed and oelrassessment by an expert, taking into account the
individual geological and hydrogeological conditions of each site (detailed description avail@bigpiter

1.2.2 comparison irAnnex 9.

Regarding the assessment of diffuse pressures, as well as groundwater abstraction pressure, applied
methodologies in both countries are currently not comparable due to their significant differences. In the case
of diffuse pressures assessmenthile in thecase of Estonia, the same approach as in the assessment of
point pressures assessment is used (assessment is done at the level of SWBs), in the case of Latvia, the
assessment of diffuse pressures is carried out in a multiple steps procedure (five siafad)jrwhere the
assessment at the level of SWBs is only one of the steps, other steps including land use and livestock data
analysis, as well as distribution of Nitrate vulnerable zone is also taken into account (detailed description
available inChapter 1.2.2 comparison inAnnex 9. Regardinggroundwater abstraction pressure
assessmentthe applied methodologies in each country are even more differesile inthe case of Estonia,

a hydrodynamical hydrogeological model is used comparing groundwater abstraction volumes with the
natural groundwater balance of the GWB, in the case of Latvia, due to fact that hydrodynamical
hydrogeological model has still not beeev@tloped, groundwater abstraction pressures was evaluated at

the level of the GWB in the context of its intensity and distribution (detailed description availdbleter

1.2.2 comparison irAnnex 9.

Due to significant differences in applied methodologies in both countries concerning all types of pressures
and their impact assessment (differences have arisen between methodologies due to the level of detail of
the datasets available in each country ahdir quality, as well as due to differences in the knowledge base
and technical solutions), an agreement was reached within the consortium that creation of harmonized
approach would be too time and resources consuming, therefore no harmonization is regaachduring

the WaterAct project Harmonization should preferably be carried out within the framework of a separate
project, starting with development of a hydrodynamical model in Latvia, at first, at least for the identified
TGWBSs, but ideally, for the entire territory of Latvia; only after development of mutually comparable
hydrodynamical models in both countries it will be possible to develop a harmonized approach of assessing
the pressure of groundwater abstractipas well as point and diffuse preses

It should also be taken into account that in the cases of other countries and transboundary river basins the
harmonization process has been rather formal than practidhle involvedcountries have exchangetie

data on identified significant presss of all types and a decision has been matkeat they will be
incorporatedin the TGWBs status assessment ($&@apter 2.3.

3.4. Trend assessment of transboundary groundwater bodies

Accordingo the WFD aswell asthe GWD the MSmustidentify anysignificantand sustainedupwardtrends
in concentrationsof pollutants,groupsof pollutants, or indicatorsof pollution found in GWBsddentified as
beingat risk (the WFDAnnexV 2.4.4and GWDArticle 5). In GuidanceDocumentNo.18on the Groundwater
Statusand Trend Assessmen{EC 2009) a significantand sustainedupward trend is defined as éany
statisticallyand environmentallysignificantincreaseof concentrationof a pollutant, group of pollutants,or
indicatorof pollutionin groundwaterfor whichtrend reversalis identifiedasbeingnecessaryor accordance
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with Article 5¢ (the GWD, Article 2(3)). This meansthat considerationof any significantincrease of
contaminantsthat posesrisk to ecosystens, humanhealth, and the use of groundwateris necessaryThe
occurrence of significant and sustained upward contaminant trends in monitoring data should be
incorporatedinto the GWBchemicalstatusassessmentethodologyasan assessmentriterion.

In order to determine the current situation in both countries regardingttead assessmendf pollutants in

GWBSs, comprehensive comparison of the currently used methodologies by both countries was initially
carried out Annex10). The comparison confirmed that thegppproachesused ineachcountry are different

and it was clarified that in the case of Latvia it may even be classified as not having been carried out in
accordance with EU requiremensn agreenent was reached between the project partners that in the case

of Latvia, the approach currently used in Estonia will be adopted in order to achieve a harmonized trend
assessment approach in both countries (allowing deviation in the case of Latvia frésttmean approach

only in cases where adoption is not possible due to a lack of daguerto other historically arising
deficiencies).

Themain and most importanpoints the harmonization of which was agreed between the project partners,
are as follows:

1) in the harmonized approacfor the trend assessment needs the identified TGWBsto use
groundwater monitoring data for theommon time period from 2014 to 201fr the relevant
pollutantsat all MPs. Under the designatiomelevant pollutantsare understood parameters for
which GWBspecific EQS, TVs and/or LVs have lgemiouslydetermined (seeChapter1.8.1.1
andChapter 1.8.1.2 In cases whenrainsufficient amount of datavill be identified at theMP(s)
(less than 3 measuremendsiring selected time periggdto useremarkthat the trends assessment
is not possible at this particuldP due to lack of monitoring data

2) to usethe average value of the pollutant in the period from 2007 to 20@8 baselinefor the
harmonizedtrend assessmentadopting the Estonian approadh the case of Latvialf no
monitoring datais available for the specifipollutant and/or MP for the selected time periodto
extend thisselectedtime period put not including monitoring data older than 2000 in the
selection);

3) to assessedoth statistical and environmental significancef the pollutant trend For the
harmonized trend assessment procedure, the Estonian approach is adopted statsédcally and
environmentally significardustained upward trend defined by a positive Rralue(by calculating
linear regression between the yeaof observationand the averagevalue of the chemical
parameterin this particular yegr The trendisregarded to be statistically significant in cases when
P-valuesareless than 0.05. The trendregarded as environmentally significant in cases where the
trend lineisabove 75% of th&QS, TV and/or LV.

4) for the generation of trend plots andyaluesto usethe R softwarefunction Im() asthe joint R
software training and development of appropridb@armonizedscripts has been intended during
the WP1 activity A.T1.8esulting that both countries will be able to perform the trend assessment
using R software anthesecommon scripts and fustions

5) the occurrence of significant and sustained upward trendiigleMPs (both countriesand in
GWB as a wholén the case of Estonidg considered in GWB chemical status assessment tests
General quality assessmefaline or othemntrusions as well adrinking water protected areas

The biggesidentified differencebetween the appliedrend assessmemnmethodologiesn Estonia and Latvia
isthat in the case of Estoniaend plots are generated in two levels: (1) for sinfl€s for parameters with

determined EQS, TVs and/or LVs and (2) for aggred#i®sdor the whole GWB average concentration for
every single year is calculated for parameters with determined EQS, TVs h¥dfor all MPs.

Trend assessment in the case of Latvia cannot be fully implemented at this stage accordihh to
requirements(EC 2009), considering the fact that in most of the cases the amount of data available is
insufficient. It is related to the monitoring strategy implemented so far in Latvia thatifPeesampled within

a GWB vary from year to year; as a result, the calculatecageezoncentration of a parameter in each year
for the whole GWB would not reflect the overall situation of the whole GWB rdthier the situation at
various differentMPs each year. This factor affects not only the performance of trend assessment at the
single MP level (insufficient amount of data in a certain time series as monitoring is not performed every
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year, but with certain interruptions which are also variable for each monitoring cycle), but it also makes it
impossible to perform trend assessmenitiivaggregated data trend plots at the GWB level (the variable
number of points monitored each year and their correspondingly variable geographical distribution at GWB
level do not allow for reliable data aggregation, as the calculated average concemsrfdiceach year would
change and more likely reflect local situations than the overalhtion at GWB level).

In view of the above, the project partners mutually agreed that during the WaterAct profuoplete
harmonizationof trend assessmernnethodobgiesis currently not possible. Accordingly, it was decided that
the trend assessment in the harmonizespproachwould follow the approaches used so far by both
countries: in the case of Estonia with a tlewelprocedure(trend plots by singl®Ps and agregated trend
plots by GWBaNd in the case of Latviawith a onelevel procedure(singleMP trend plots) Complete
harmonization of trend assessmeptocedurescould only be achieved after a longer period of time by
developing a common monitoring strategy (with common approach to the selectiovRsf and the
frequency of sampling) in both countries which will provide uniform data structure and volume on igntifi
TGWBs in the Estontaatvian transboundary area.

3.5.  Status assessment of transboundary groundwater bodies

Providing and developing joint principles for the status assessment of the iderfiéBs between Latvia

and Estonia is one of the main objectivés a2 t H ! OGAGA (& ¢PHDH d! 3aSaavYSyl
IANRdzy Rl GSNI 62RASAa FO0O2NRAYy3 (2 KIFENNY2YAT SR LINAYOA
l QGABAGE ¢odmdm G9EOKIYy3aAS 2F 3J22R  LINI Olglodnéwater y R
FdaSaavyYSyildéd 2KAES O2YLINAYy3I GKS yFdA2yFft | LILINERI
GWBs, it was concluded that although in both countries approaches are mainly based on CIS Guidance
Document No.18EC 2009, the approaches used in each of the countries differ, which is due to various
factors, for example, in case of Latvia they are the amount and quality of the available data, the knowledge
base, as well as human and financial resourtes Ha / 2). HAH M

R
C

In order todevelop a common approach to the assessment of the status of ident@&dBs, comprehensive
comparison of the currently used approaches useédghcountry was initially carried out, which provide a
detailed comparison of the Estonian and Latvian apgneactaking into account a tiered approach with nine
characterization tests (in accordance with CIS Guidance Document No.18). In the case of Latvia, not all the
necessary assessment tests were developed and implemented previously, as a result of whigladson

was not always possiblan such cases the Estonian approach or an equivalent solution was considered (if
possible, taking into account the amount and quality of available data and existing knowledge base in case
of Latvia). The comparison alseiudes comments on possible solutions that could be adapted to harmonize
the approaches of both countries. In cases where the differences between the two available approaches
were very minimal or related to local factors in each country and significdiatipot affect the evaluation
process, no harmonization was proposed. In cases where the differences were so significant that
harmonization was not possible within the WaterAct project, it was also noted and recommendations were
made for possible solutiona the future.

3.5.1Chemical status assessment of transboundary groundwater bodies

TheWFDstates that the good chemical status of the GWB is achieved if it meets all the requirements set out
in Table 2.3.2 of the Annex V (respectively: does not affect associated ecosystems, does not cause intrusion
etc.). Point 2.4.5 of the Annex V also stateat the average values/concentrations for selected time periods

at eachMP must be calculated when assessing the chemical status of GWB, and in accordance with Article
17, these average values/concentratiansst be used to prove compliance with goadgndwater chemical

status.

In accordance with the requirements of the Annex Ill of 8D the chemical status assessment must be
carried out only for those GWBs which are identified as having significant anthropogenic pressure or risk,
and only for thos pollutants, groups of pollutants or indicators, which would characterize it as that. GWBs
that are not at risk (no significant anthropogenic pressure has been identified) are classified as in good status.

In accordance with the Annex V of the Directi@@/60/EC, the criteria which must be used to assess the
chemical status of GWB agroundwater quality standardgreferred to in Annex | of Directive 2006/118/EC
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for nitrates and pesticides) anthreshold values(set by MS in accordance with Article 3 ddirective
2006/118/EC only for those GWBs with a risk of failure to achieve good chemical status).

In view of the above, the assessment of the chemical status of GWB can be classified-atep fovocedure

within which initially the compliance of the emical status of GWB with th@QSand/or T\s is assessed
(hereinafter referred to aghe background chegklIf no exceedances are detected at any of MEs
(expressed as average concentration in a given time period), the GWB is considered to be iatgsahsk

no further assessment is necessary. If exceedances are discovered, a detailed assessment of the chemical
status of the GWB using five assessment tests (general quality assessment, saline or other intrusions, surface
waters, GDTEsand DWPAfsmust be taken to assess G@Eompliance with the required environmental
conditions EG 2009).

In both Latvia and Estonia, in accordance with Chapter 2.3 of Annex V to Directive 2000/60/EC, as well as
based on the recommendations of CIS Guidance Documanis8 EC 2009, duringthe background check
GQSseeChapter 1.8.}, as well as th&\k developed individually for each GWB (Edmapter 1.3are already

in use (comparison between Estonian and Latvian approaches is gifanex 1).

In addition toGQSand T\s, additional quality criterigL\5) have been established in each country with
national legislation. In Estonia, according to the regulation of the Minister of the Environment No.48
(adopted on 01.10.2019), the quality indicators used to determine the chemical status of every GWB also
include electrical conductivity, pH index, dissolved oxygej (@emical oxygen demand (COD), ammonium
(NH*), chloride (C) and sulphate (S®) ions, as well as hazardous substances, including arsenic (As),
cadmium (Cd), lead (Pb), mercury (Hg), tdofthylene (TCE) and tetrachlorethylene (PCE) (more detailed
information provided irChapter 1.8.1.1L In Latvia, additional or stricter quality criteria (in case of significant
point and/or diffusepressures) were taken from the Cabinet Regulation No.118 (adopted on 12.03.2003.)
for nitrite (NQ) ions, total nitrogen (B), permanganate index (CODMn), sum of benzene, toluene,
ethylbenzene and xylenes (BTEX), trichlorethylene (TCE), tetrachlor&tHfA€E) and also pesticides (total
and separately) (more detailed information provideddhapter 1.8.1.2

It was concluded that although the quality criteria chosen in both countries and their thresholdwuliffer

(see Chapter 3.2, the evaluation approach at its core is based on the requirements of both idiesct
(Directives 2000/60/EC and Directive 2006/118/EC): assessment is baga@gsame in both countries)

and T\ which in both countries were established based on the pressure and risk assessment of GWBSs, also
taking into account local hydrogeologicahditions and regional groundwater quality variability. Additional
quality criteria [\&) in both countries were selected and used during the assessment on the basis of the
existing legislation acts, amendments of which within the WaterAct project isutotrtly possible. It was

agreed between the project partners that no further harmonization is needed and possible at this stage,
taking into account that similar approaches were taken also in other countrieClsamater 2.3

It was agreed between the WaterAct project partners that during the background check, however, two small
changes should be made to the background check assessment procedure used in Latvia in order to harmonize
it with the Estoniarapproach and to comply with the requirements of CIS Guidance Document NE18 (
2009: in the case of Latvia, parameters characterizing intrusion processean(CIS@ ions) for
corresponding GWBs were also included in the background check step to eliminate necessity of performing
saline or other intrusion test if no exceedances of these parameters were identified during the background
check step; as well as consideridgntified EstoniarLatvianTGWBS, the procedure in the case of lack of

data were removed as it was not relevant for identifiE8WBs in both countries.

Concerningthe data aggregation and processingboth countries have already chosen a common time
period and data source: only data frolPs included in the national groundwater monitoring network in the
period from 2014 to 2019 were used to assess the chemical status of GWBSs. In both countries, the annual
average concentrations of all relevant pollutan®J$T\s and/or additional quality criteria) for the whole
reference period were calculated for 8MPs in all GWBs. Both countries had also already taken the approach
for pollutants whose concentrations were below the limit of quantitation (LoQ) toepdaced with values
GKFEG FTNB oy 2F GKAA [2v @GFEdz2ST Ay GdNys 2yt e |jdzk yi
than LoQ value were excluded from the dataset). The project partners mutually agreed that the only thing
that should be harmozied and adopted from the Latvian approach during the WaterAct project would be to
SEOf dzZRS FTNRY G(GKS RIFGFasShd alyvYLXSa 6A0GK A2yA0 oLttty
exclude outlier values to ensure more reliable and accurate datase results.
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3.5.1.1. General quality assessment (Test 1)

Comparing the approaches used by Estonia and Latvia for the general quality assessment test (detailed
comparison given it\nnex 1), it was found that thex are differences between the approaches not all of
which were possible to resolve and harmonize within the WaterAct project, mainly taking into account the
amount and quality of available monitoring data in Latvia.

In both Estonia and Latvia, the resudtstained during the background check served as the starting point for
the general quality assessment test. In both countries, as a first atgpssment of exceedancegs
performed for the relevant parameters/pollutants in each GWB to identify whether exceedances affect more
than 20% of the total area/volume of GWB using Thiessen polygon method for defining the share of the
importance ofMPs of GWB (in detailed desceithinChapter 1.8.1.andChapter 1.8.1.p If exceedances did

not affect more than 20% of the total area of GWB, it was considered to be in good statusoftifigierce).

In contrast, if exceedances did affect more than 20% of the total area of GWB, the assessment procedure
was continued with trend assessmdseeFIGURB.51.1.1).

The only difference in the approaches of both countries was observed that intilie case of Estonia the
assessment of exceedances was performed separately for each identified parameter, in the case of Latvia it
was performed for all parameters together. It was agreed between the project partners that in the case of
Latvia, each pameter should also be assessed separately in the same way it was done in the case of Estonia.
In this way, harmonization was achieved between the approaches of the two countries in this evaluation step
(seeFIGURB.51.1.1).

The biggest differences in the approaches of both countries were observélteiuse of the trend
assessment resultdVhile in the case of Estonia they were used as agi@p procedure firstly, as aggregated
data trend plots by the whole GWB and secondhs trend plots by singleMPs for relevant
parameters/pollutants, in the case of Latvia, trend assessment results were used only asstepne
procedure, using only trend plots by sings for relevant parameters/pollutantseeFIGURB.51.1.1).

In prectice, this meant that, in the case of Estonia, aggregated data trend plots by whole GWB for relevant
parameters/pollutants were used to identify whether the trend line for any relevant parameter/pollutant
exceeded the 75% threshold mark of EQS, TV and/pand only in the cases when aggregated data trend
plot line did not exceed thig5%mark trend plots by singléMPs were used to determine statistically
significant upward trends for relevant parameter/pollutant at singlEs. In the cases when aggregdtdata

trend plots for any relevant parameter/pollutant exceeded the 75% mark of EQS, TV and/or LV, assessment
was followed with the next step (confidence level assessment). If aggregated data trend plots for any
parameter did not exceed the 75% mark @% TV and/or LV, and also trend plots by siiiPs did not
indicate statistically significant upward trend, GWB was considered to be in good status (low confidence)
(seeFIGURB.51.1.1).

In the case of Latvia, if no statistically significant upward trend was identified MBi(ysing trend plots by
singleMP) for any relevant parameter/pollutant, GWB was considered to be in good status (high or average
confidence), whereas if a statistity significant upward trend was identified at amMpP for any relevant
parameter/pollutant, additional investigation was done whether the upward trend is the result of
anthropogenic influence and whether it poses significant risk to GWB. If the stdlystigmificant upward

trend could be justified with anthropogenic influence which also could cause significant risk to the GWB, it
was considered to be in poor status (high or average confidence). Additionally, in the case of Latvia, if there
was not enogh monitoring data for the trend assessment, GWB was considered to be in good status
(potentially at risk; average confidendsgpeFIGURB.5.1.1.1).

Trend assessment in the case of Latvia cannot be fully implemented at this stage according to CI® Guidanc
Document No.18KEG 2009, considering the fact that in most of the cases the amount of data available is
insufficient. It is related to the monitoring strategy implemented so far in Latvia thatPesampled within

a GWB vary from year to year; asesult, the calculated average concentration of a parameter in each year
for the whole GWB would not reflect the overall situation of the whole GWB, but the situation at various
different MPs each year. This factor affects not only the performance of tessdssment at the singhdP

level (insufficient amount of data in a certain time series as monitoring is not performed every year, but with
certain interruptions which are also variable for each monitoring cycle), but it also makes it impossible to
performtrend assessment with aggregated data trend plots at the GWB level (the variable number of points
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monitored each year and their correspondingly variable geographical distribution at GWB level do not allow
for reliable data aggregation, as the calculatedrage concentrations for each year would change and more
likely reflect local situations than the overall situation at GWB level).

In view of the above, the project partners mutually agreed that during the WaterAct project harmonization
of the use oftrend assessment results in the general quality assessment test is currently not possible.
Accordingly, it was decided that the use of trend assessment results in the harmonized general quality
assessment test would follow the approaches used so far bly botintries: in the case of Estonia with a
two-step procedure and in the case of Latvigith a onestep procedurgseeFIGURB.51.1.1). Complete
harmonization of the use of trend assessment results could only be achieved after a longer period gf time b
developing a common monitoring strategy (with common approach to the selectioMRsf and the
frequency of sampling) in both countries which will provide uniform data structure and volume on identified
TGWBs in the Estortaatvian transboundary area

It was also agreed between project partners that additional investigation which is done in the case of Latvia
(whether the statistically significant upward trends are the result of anthropogenic impact) should be moved
to the last step (evaluation of the ctidence level) to ensure a common approach in both countries, as in
the case of Estonia such investigation is done at the last(stg-IGURB.51.1.1).

Good status
(high cenfidence)
{no further chemical status
assessment is required)

(" Do the identified excesdances represent |
4{ more than 20% of the total area of [ No |
L GWB? )

I
Yes (in casa of Estonia) |

'

d Does the aggregate data irendline by N
4‘ GWE of any parameter in the selected

time period exceeds 75% of the EQS,
TV andior LV?

I
| Mo fin case of Estonia) |

|| '

Does the trend line at any of the
assess trends monitoring points for any parameter Mo |
indicates siatistically significant upward
trend? )

Yes

Yurs fin case of Lanvia)

Yes (in case of Estonia)

Does the available amount of data
(number of monitoring points and
collected samples) and its quality are m Good status
sufficient for the assessment and does (at risk; low confidence)
the anthropogenic impact can be
proved?

Yes

v

FIGURB.5.1.1.1Flow chart diagram of the harmonized Estonidratvian approach ofthe general quality
assessment test (Test 1)

Regardinghe evaluation of the confidence levalf the test results, it was concluded that differences

between the Estonian and Latvian apprbas can also be discovered: while in the case of Estonia confidence
level was evaluated as the last step after trend assessment results, in the case of Latvia it was evaluated in
the step at which general quality assessment test was concluded. Furthermbile, in the case of the
Estonia confidence level assessment incorporated both data sufficiency and quality, as well as anthropogenic
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impact, in the case of Latvia only the data sufficiency and quality was tackled (as investigation of
anthropogenic impadin the case of Latvia is done in previous step). It was agreed between project partners
that evaluation of the confidence level should be distinguished as a separate step, addressing available data
sufficiency and quality, as well as anthropogenic imgsetFIGURB.51.1.1).

The harmonized Estonidratvian approach of the general quality assessment test (Test 1) is givieliiRE
35111

3.5.1.2. Saline or other intrusions (Test 2)

Comparing the approaches used by Estonia and Latvia for the saline or other intrusions test (detailed
comparison given idnnex 12, it was concluded that there are many differences between the approaches
not all of which were possible to resolve and harmonize within the WaterAct project, mainly taking into
account the amount and quality of available monitoring data in Latvia.

In both countries, the first step of saline or other intrusions test waes seletion of GWBsfor which
individual TVs have been set for &id/or S@ ions (main ions, that characterize intrusion processes), as
well as the assessment of exceedances of average concentrations of these ions (using the data obtained in
the background abckstep) at alMPs to identify whether any of these exceedances can be identified at any
MP.

One of the biggest differences observed between the two countries during this first step was that in the case
of Estoniathe use of trend assessmemsultswas already incorporated in the first step of the test, using
trend plots by singleMPs to identify statistically significant upward trends of @hd/or SG? ion
concentrations while in the case of Latvia the use of trend assessment resulténengorated only in the

last step of the test. It was agreed between the project partners that trend assessment byMPgle the

case of Latvia should be moved up from the last step and incorporated in the first step of the test to ensure
a harmonizedapproach in both countries. As a result, the harmonized approach for both countries in the
first step include comparison of aggregated data (the background check results) biyBdohindividual

TVs, as well as evaluation of trend plots by sildiRs with identification of statistically significant upward
trends of Cland/or S@ ion concentrations. If calculated average concentrations are below individual TVs
and also no statistically significant upward trends are identified at\diRyGWB is considedeto be in good

status (high confidence). In case of any exceedances and statistically significant upward trends at least one
MP, assessment procedure is continued with the next step (trend assessment by aggregated data trend plots
by whole GWB) (s€elGUE3.51.2.1).

Regarding the additional step used in the case of Latvia in cases when the amount of monitoring data is
insufficient to perform trend assessment by sinylBs, it was agreed between the project partners that this
step should also be included in the harnmed approach (seelGURB.51.2.1).

The biggest difference in the approaches of both countries was identified after the first step. While in the
case of Estonia the test was continued withe use of trend assessment resyltin the procedure
incorporating aggregated data trend plots by GWB @brand/or S@* ion concentrations, in the case of
Latvia the test was immediately continued withe treatment of exceedancesAsmentioned previously,

trend assessment in the casé laatvia cannot be fully implemented at this stage according to CIS Guidance
Document No.18KGC 2009, considering the fact that in most of the cases the amount of data available is
insufficient. In view of the above, the project partners mutually agréed during the WaterAct project
harmonization of the use of trend assessment results also in saline or other intrusions test is currently not
possible. Accordingly, it was decided that the use of trend assessment results in the harmonized saline or
other intrusions test will be incorporated as follows: in the case of Estonia trend assessment results will be
included as a twstep procedure (firstly, by singhPs in the first step of the test as described above and
secondly, by aggregated data trend plbiswhole GWB in the second and separate step of the test), but in
the case of Latvia with a onestep procedure (by singl®Ps in the first step of the test) (seelGURE
3.51.21). Complete harmonization of the use of trend assessment results will only be achieved after a longer
period of time with development of a common monitoring strategy (with common approach to the selection
of MPs and the frequency of sampling) in both cotes which will provide uniform data structure and
amount on identifiedTlGWBs in the Estoniaatvian transboundary area.

In practice this means that in the case of Estonia, with harmonized approach aggregated data trend plots by
whole GWB fo€land/or S@ ion concentrations are used in the second step of the test to identify whether
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the trend line forClt and/or SG? ion concentrations exceeds the 75% threshold mark of the TV. In cases
when the aggregated data trend line 6t and/or SG? ion concentrations exceeds the 75% mark of the TV,
assessment is continued with the next step (the treatment of exceedances), but if the aggregated data trend
line for Ct and/or S@* ion concentrations do not exceed the 75% mark of the TV, GWB islecetsito be

in good status (average confidence). In the case of Latvia, this assessment step is skipped and the assessment
procedure continues with the third step (the treatment of exceedances) ($8e/RB.5.1.2.1).

The third step in the harmonized apch of the saline or other intrusions test tise treatment of
exceedanceslin the case of Latvia, initially this step in the national approach was the second step, but in
order to ensure a harmonized approach between the two countries, the use of trend assessment results was
moved to the first step of the test also in the casfeLatvia. In this third harmonized step, it is examined
whether in previous steps identified exceedances and statistically significant upward tre@lsaoé/or

SQZ% ion concentrations at singI®Ps represent more than 20% of the total area/volumetlné specific

GWB (using Thiessen polygon method for defining the share of the importaiviesaif GWB). If identified
exceedances and statistically significant upward trends represent less than 20% of the total area of GWB, it
is considered to be in goostatus (average confidence), but if identified exceedances and statistically
significant upward trends represent more than 20% of the total are of GWB, assessment is followed with the
last step (the evaluation of the confidence level) (B6BURB.5.1.2.1).

- Are there individual TVs set for CI
Insufficient data to and/or S0, ions? Does the average

3ssess trends concentration of these ions at any
monitoring point exceeds these TVs? | No |
Does the trendline at any monitoring

point indicates statisfically significant
upward trend?

I
| Yes (in case of Estanis) |

v

Does the aggregated data trendline by
GWBE of CI and/or SO, ions in the
selected time period exceeds 75% of

-
.-
the TWs?

pN : A

| Yes {In case of Estanis) |

T ;

( Do the identified exceedances and |
statistically significant upward trends at

-

Yes (in case of Lana)

single monitoring points represent more
than 20% of the total area of GWB?

Yas

v

( Does the available amount of data )
(number of monitoring points and m Good status
collected samples) and its quality is (at risk; low confidence)

sufficient for the assessment?

Yes

FIGURB.5.12.1 Flow chart diagram of the harmonized Estonidmtvian approach of the saline or other
intrusions assessment test (Test 2)

As the last step in the harmonized approach the evaluation of the confidence level of the test results was
included. While in the case of Estonia this step was only considered as an alternative step which was not
always applied and in the case of Latvia #valuation of the confidence level was done after the step in
which assessment test was concluded, in the harmonized approach it was agreed between project partners
that evaluation of the confidence level should be distinguished as a separate stepssiddravailable data
sufficiency and quality. If the available amount of data and its quality is sufficient for the assessment, GWB
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is considered to be in poor status (high confidence), but the available amount of data and its quality is not
sufficient forthe assessment, GWB is considered to be in good status and potentially at risk (low confidence)
(seeFIGURRB.51.2.1).

The harmonized Estonidmatvian approach of the saline or other intrusions test (Test 2) is giVelGIBRE
3.51.21.

3.5.1.3. Surfacewaters (Test 3)

During comparison of the approaches used by Estonia and Latvia for the surface waters test, it was
discovered that in the case of Latvia, the procedure of this test has not been developed yet and comparison
before the development of the haronized approach is not possible. In the case of Latvia, the development
and implementation of surface waters test for chemical status assessment previously was not possible due
to lack of data on GAAEs. GAAEs identification and their status assesstienhational level throughout

the all territory of Latvia (including Gauja and Salaca river basins) was carried out during 2021 within another
projecttand the results of this project were available at the beginning of 2022. In view of this, an agreement
between the project partners was reached that within the WaterAct project, the results of the
aforementioned project of GAAESs identification and their status assessment will be used for the development
of a harmonized approach to the development of thefasoe waters assessment test.

Since the procedure for the surface waters assessment test was already developed in the case of Estonia, it
was agreed between the project partners that the Estonian approach will be adopted for the development
of a harmonizedssessment approach for this test, modifying it for the needs and goals of the WaterAct
project.

Based on the conceptual model of
GWE, are there any groundwater
associated surface water bodies/aquatic m
ecosystems (GAAEs) connected to it?

Yes
Insufficient data on Does the condition of any of these
GAAEs condition GAAES is poor or unfavorable according
to ecological and/or physical criteria?

Are the problematic substances for
these GAAES also monitored in GWB? m

Yes

¥

Are the concentrations of
anthropogenically induced substances
in nearby monitoring points high m
enough to cause the unfavorable status
of identified GAAES?

Yes

FIGURB.5.13.1 Flow chart diagram of the harmonized Estonidratvian approach of the associates\WBs
assessment test (Test 3)

1t NP2SOU0 GLRSYGATFTAOFGAZ2Y FyR FaasSaavySyld 2F INRPdzyRol G SNXeBBLISY RSy
Latvian Environmental Protection Fund). Availabteps://lvafa.vraa.gov.lv/projects/108 205 2020
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The first step in the harmonized approach of surface waters tdseisdentification of GWBwith GAAEs
(watercourse and lakes alike) that have been identified as significantly dependent on groundwater. If such
GAAESs have previously not been identified in the particular GWB, it is considered to be in good status (high
confidence). If any GAAE Ralveen identified in the GWB, assessment procedure is continued with the next
step (use of GAAEs assessment results){EegRB.5.1.3.1).

The next steps of the harmonized approach include tise of GAAEs assessment resulis well as
assessment of groundwater monitoring datd-or this purpose, results from other studies and projects of

the ecological and chemical condition assessment of GAAEs are considered. For those GAAEs where the
status have previously been assessed as poor ovorddle according to chemical and/or ecological criteria,

it is examined whether the pollutants causing this unfavorable status have also been monitored and
determined in the nearest national groundwat®tPs of the particular GWB (if such data is not aldé,

GWSB is considered to be in good status (low confidence))Hs8eéRB.51.3.1).

If such data is available, at the last step of the harmonized approach it is further determined whether the
concentrations of anthropogenically induced substances in the nearest nafidiPslare high enough to
cause the unfavorable status of identified AZsAévaluation of anthropogenic impagt If the available
amount of data leads to the above conclusion, GWB is considered to be in poor status (high confidence),
otherwise GWB is considered to be in good status (low confidence}(6&&RB.51.3.1).

Theharmonized Estoniahatvian approach of the surface waters test (Test 3) is giveIGidRB.51.3.1.

3.5.1.4. Groundwater dependent terrestrial ecosystems (Test 4)

During comparison of the approaches used by Estonia and Latvia f@DR&sest, it was discovered that

in the case of Latvia, the procedure of this test has not been developed yet and comparison before the
development of the harmonized approach is natspible. In the case of Latvia, the development and
implementation of this test for chemical status assessment previously was not possible due to lack of data
on GDTES. In the case of Latvia, GDTEs have previously been identified only in the GaugrrigpeSba A t S
et al., 2020, but GDTEs identification and their status assessment at the national level throughout the all
territory of Latvia (except Gauja and Salaca river basins) was carried out during 2021 within another project
and the results of thisnqoject were available at the beginning of 2022, but GDTESs in Gauja and Salaca river
oFaAyada o6SNB ARSYUGAFTASR IFyR FaaSaaSR Rd2NAy3a GKS 2|
of transboundary groundwater bodies according to harmonized@AnLJB&@zdins et al2022). In view

of this, an agreement between the project partners was reached that within the WaterAct project, the results
of the aforementioned projects and the WaterAct project other activities of GDTESs identification and their
status assessment will be uséat the development of a harmonized approach to the development of the
GDTEs&ssessment test.

Since the procedure for the GBsTassessment test was already developed in the case of Estonia, it was
agreed between the project partners that the Estonian aygwh will be adopted for the development of a
harmonized assessment approach for this test, modifying it for the needs and goals of the WaterAct project.

The first step in the harmonized approach of the GDTEs t#st iglentification of GWBsvith GDTEshat

have been identified as significantly dependent on groundwater. If such GDTEs have previously not been
identified in the particular GWB, it is considered to be in good status (high confidence). If any GDTE have
been identified in the GWB, assessmertig@dure is continued with the next step (use of GDTEs assessment
results) (se¢-IGURB.5.1.4.1).

The next steps of the harmonized approach incltbde use of GDTEs assessment resuits well as
assessment of groundwater monitoring datdor this purpose, results from other studies and projects, as
well as the results from the other activities of the WaterAct project of the chemical condition assessment of
GDTEs are considered. For those GDTEs where the status have previously beed assg®sor or
unfavorable according to chemical criteria, it is examined whether the pollutants causing this unfavorable
status have also been monitored and determined in the nearest national groundWéreof the particular

GWB (if such data is not awdile, GWB is considered to be in good status (low confidence))~(S2¢RE
3.51.4.1).

If such data is available, at the last step of the harmonized approach it is further determined whether the
concentrations of anthropogenically induced substances innbarest nationalMPs are high enough to
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cause the unfavorable status of identified GDTé&&l(iation of anthropogenic impagt If the available
amount of data leads to the above conclusion, GWB is considered to be in poor status (high confidence),
otherwise GWB is considered to be in good status (low confidence)-(§&&RB.51.4.1).

The harmonized Estonidratvian approach of th&DTEsest (Test 4) is given iRIGURB.51.4.1.

Based on the conceptual model of
‘ GWE, are there any groundwater
dependent terresinial ecosystems
(GDTEs) connected to it?

Yes

Insufficient data on Does the condition of any identified
GDTEs condition GDTEs is poor or unfavorable due to
groundwater chemistry?

Are the problematic substances for m
these GDTEs also monitored in GWB?

Yes

h J

Are the concentrations of
anthropogenically induced substances
in nearby monitoring points high | No |
enough to cause the unfavorable status
of identified GDTEs?

Yes

FIGURB.5.14.1 Flow chart diagram of the harmonized Estonimtvian approach of th&sDTEassessment
test (Test 4)

3.5.1.5. Drin