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INTRODUCTION

Groundwater is not limited to national borders, and therefore requires common action and
management to improve and preserve water quality and conservation across the botdesding

to the EU Water FrameworRirective (2000/60/E); member states should cooperate to ensure a
sustainable management of the shared groundwater rescurce

Estonia and Latvia started the first joint activities in the management of comgnouandwater
resources in 2018, withirhe framework of the GroundEco projéctvhere amethodology for the
identification andasssessmertaf groundwaterdependent terrestrial ecosystemgas developed and
implemented in the Gauja/Koiva river basih2 4 S@GSNE LINBP2SOG aW2Ayd IO
YEYyF3SYSyd 2F 02YY2y 3INRdzyRglF GSNJI NBa2dzNOSa 62 | (
border cooperation between the Latvian and Estonian authorities. The main activity of the project is

to establish joint principles for assessment of transboundary groundwater bodies in line with EU water
policyand management of common groundwater resourc&greed principlésvere implemented in
transboundary Gauja/Koiva and Salaca/Salatsi river basins, lms&dich the first assessment of
transboundary GWBs was carried out.

This reportsummarizes information on the activities carried out in WP2, in connection with the
assessment ofransboundaryGWBs(activity AT.2.2), the development of a joititansbounday
monitoring program gctivity AT.2.3), as well as the optimization of the monitoring netwadtiyity
AT.2.4)Report also provides recommendations for future transboundary groundwater management,
which includes various aspects. All results from WPZities will be used for development of RBMPs
which could improve the management of transboundary groundwater resources.

Authors:

Borozdins, BY, Demidko, = . AQ, Babrg, AWKDit, 02 Y NI A N 2 | § BDaAsKP D
{ 4 NI T RXgFrbsB®, Vanu, M?, Valters, KY

M® [UGDAlLY 9Y@BANRYYSYGs DS2f23& |yR aSiS2NRf23¢
centrs) (Latvia)

H® ¢LEftAYY | YAGSNARAGES LyadAadldis)IEsdria) 902Ff 238 0¢|
o ! YAGSNEAGE 2F [FOQGALIY CI Odzt §& 2F DS23INI LKe
%SYSa T Aynilgdz FLF1dzA GniSv 6[FOADBAL D

n® bldd2NE / 2yaSNBIGA2y | 3Sy0e o5Fo6la AT al NRIT o
5. Geological Survey of Estoniaqie&eoloogiateenistus) (Estonia)

6. Estonian Environmental Agency (Keskkonnaagentuur) (Estonia)

This document reflects the views of the authors. The managing authority of the program is not liable
for how this information may be used.

1nterreg Estonid_atvia project No. E§t I Gcn aW2Ayd YIylF3SYSyid 2F INBdzyRsl SN R
GaujaY 2 A @I NAOBSNI oF aay ShitpstPwveey. IReQel. B /is/EK Findefavalugelilestfil&stPar_centru/
ES_projektiGroundEco/GroundEco _final report.pdf

22  §8NI OG LINRP2SOG NBLERNI 2y 2twm &/ LI OAGeE o6dzAf RAy3d (KNRdz
activities T1.14T1.4. Riga, 2022
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1. ASSESSMENT OF THE STATUS OF TRANSBOUNDARY
GROUNDWATER BODIES ACCORDING TO HARMONIZED PRINCIPL

The main objective of this activity is to assess the status of transboundary groundwater bodies (GWBS)
in Salaca/Salatsi and Gauja/Koiva river basins accotditige harmonized principles developed in
WP1 activity AT.1.2 Valters et al.,, 2022 in the line with the requirements of European level
groundwater policies.

1.1.Delineation of LatviarEstonian transboundary GWBs

The first stefbeforeassessing transboundary groundwater resoumasto understand which aquifer
systems in Latviastonian border areare interconnected so the first activity waslelineaion of
transboundaryGWBsIn Estonia, so fano transboundary GWBs have been detited, while in Latvia,
GWBs were delineated with Lithuania in 2018, within the framework of thel&@&ions project

There are some EC guidelines and recommendations developed for the transboundary groundwater
identification and management, howeverrtailed, specific methodologies are not available, also each
country has different geological and hydrogeological conditions, as well as different approaches to the
assessment and management of their groundwater resources.

In order to gain the knowledge pacity and accumulate experience, in the Wateract project, as part

of the AT.1.1 activity, case studies of the experiences and best practices of other countries in the
management and assessment of common groundwater resources were stiutitdré et al.2022).

Based on the knowledge gained, the most appropriate approach was chosen for {Edtdaan case
study.

In general, the delineation process took place in two stages: (1) data collection (exchange) and (2)
identification of related GWBs by analyzihg obtained information and available data.

1.1.1. Data collection

Both countries exchanged geological and hydrogeological information, as well apdti@ data of
nationalGWBsTo make all information easily available to all partners, all data aterals are stored

in an external data storage pCloud drive. Likewise, the countries exchanged with national
groundwater assessment approaches and methodologi®8/B delineation approach, anthropogenic
pressure assessment, GWB quantitative and chensitie assessment methodologies. All these
methods and approaches are described in more detafldhers et al.(2022).

Regarding GWB delineatianthese methods are slightly different, because in Estonia GWBs were
delineated taking into accouriRBDboundaries, while in Latvia GWBs were delineated taking into
account hydrogeological conditions and watersheds.

3BSolutions, 2018. B 2 f dziA2ya AYAGAFGAGSQa LAE2G F OGA2Y tGkoodyknt y Al y
Meteorology Centre institutional cooperation on cre32 NRSNJ ANR dzy Rgl G SNJ YI yI ASYSy (¢ o
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Nevertheless, after assessing all available information, it was concluded that the geological
stratigraphy in both countries are quite simildihe bedrock of the Devonian aquifer system is mainly
distributed on the LatviafiEstonian border, which is also the main source of drinking water in the
border area.

1.1.2. Identification of transboundary groundwater bodies in Latvi&stonian border area

After allnecessarynformation was collected, the next step was the identificatiortrahsboundary
GWaBs. A total of 10 GWBs have been identified on the LaBstonian croskorder areac 6 GWBs
onthe Estonian side anda@h Latvian sid€Figure ).

In Latvia and Estonj@&sWBsare also delineated in vertical scale, so in order to assess similar GWBs,
they were grouped into 3 groups according to their geological affiliation: GWBs in (1)-Maid¢ke
Devonian aquifer system, (2) Mideldpper Devonian @uifer system, (3) Upper Devonian system

(Figure 2.

Figurel. Groundwater bodies in Latviascstonian border area

The hydrogeological model for Baltic artesian basin (PUMA model) was udetminethe Latvian
Estonian crosbkorder hydrogeological conditions and hydrodynamic processes. The model was used
for developing geological crosgctions,detecting groundwaer flows and watersheds, which are
important to understand the transboundary groundwater situation in total

7
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ESTONIA

ESTONIA

ESTONIA

LATVIA

The Baltic Sea i
(@)

LATVIA

Figure2. LatvianEstonian GWBs in: ALowerMiddle Devonian aquifer system; BMiddle-Upper
Devonian aquifer system; €UpperDevonian aquifer system

1.1.2.1. GWBs in Lowavliddle Devonian aquifer system

On the LatviarEstonian border, 3 GWBs have been identified in the Léviddle Devoniaraquifer
system (EstoniaBWB<1, 22, LatvialsWBP)(Figure 3. All three GWBs are loeal indifferent RBD

In these deeper geological layers, the hydrogeological conditions are relatively homogeneous and the
groundwater flows do not coincide with the boundaries of RBD In Estonia, Loweavliddle Devonian
GWBX | S 6SSy RSt AySt-i 8RY .ty ddbifeeR i YaBiaZi K BPetdava O S
(Dr2km-pr). The mairdepositsthat form the aquifer layers is sandstone. Local aquitards are formed

by siltstone clay interlayers and dolomitic marl.
Accordng to thePUMAmModel datathe recharge zone dhis aquifer system is located in the south
eastern part of Estonia, but discharge zone is located in the Gulf of Riga atitktBaltic Sea. The
modeled watershed shows that the groundwater flow of GWE2d P is directed to the Gulf of Riga
and the Baltic Sea, while in the GWB No. 24 the groundwater flow mainly is directed in the opposite

direction- to Lake Peipus.
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Figure3. Groundwater bodies in LoweMiddle Devonian aquifer syste

1.1.2.2. GWBs ibpperMiddle Devonian aquifer system

In the UpperMiddle Devonian aquifer system 5 GWBs have been delineafestionianGWB<3, 24,

25 and LatvianGWBA10 and A§Figure 4. In both countries, GWBs in thgpperMiddle Devonian

aquifer system consist of NHz}Aata (Dsar-am) aquifers. The main rock that forms the aquifer
layers is sandstone. Local aquitards are formed by siltstone, clay and dolomite marl. In these GWBSs,
groundwater flows more correlate witRBDboundaries.

Groundwater flows and watershedsom the hydrogeological model shows that GWBs 23 with A10
and 25 with A8 could be assumed as transboundary GWBs. GWB 24 watershed coincides with the

EstonianLatvian bordeline (also RBD boundary) and according to the model information and existing
data, groundwater does not flow across the state border (no significant transboundary groundwater

flow).
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Figure4. Groundwater bodies in UppeMiddle Devonian aquifer system
1.1.2.3. GWBs in Upper Devonian aquifer system

In the Upper Devonian aquifer systetwo GWBshave been identified GWB26 (in Estoniapnd D6

(in Latvia)Figure 5. Both GWBs are located in the GdijaivaRBD GWBs consist of the v I @A & | &
Amula (Bpl-aml) aquifers system. The main sediments that form the bedrock are sandstone, dolomite,
and also limestone on the Estonian side. The local aquitards are mainly composed of dolomite marl,
matrl, siltstone, clay and gypsum.

Considering that these are uppermdsWhBs, groundwater flows coincide with the boundaries of the
Gauja catchment areaccording to the modeled groundwater flows, GWB 26 flows across the state
border, into the territory of Latvia.

10
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Figure5. Groundwater bodies in Upper Devoniaaquifer system
1.1.3. The resukon the delineation of LatviarEstonian transboundary GWBs

In the LowerMiddle Devonian aquifer system, the hydrogeological situation is homogeneous and does
not follow the river basin boundaries. Thus, although the watedybin EstoniadGWB22 territory
borders the border of Latvia, it is located in another river basin (East Estonia RBD) and is outside the
framework of this projecttasks For these reasons, GWBs No.21, and P were considered to be
hydrogeological related anid was proposed to include these two bodies in the transboundary GWB

list.

In the UpperMiddle Devonian system, according to hydrogeological maptelndwaterflows and
watersheds, interconnected transboundary GWBs could be No.23 with A10 and A8 with Noe2to

the fact that the Estonian GWB 24 is completely located in the East Estonia RBD (not international
RBD), it is not delineated as a transboundary groundwater body within the framework of this project

In the Upper Devonian aquifer system, two G\@Band D6 have been identified at the Latvian
Estonian border area and both are located in the Ga{gava RBD. According to the collected data and
available model information, these GWBs are connected and should be included in the transboundary

GWBs lis

As a result, both parties agreed that a total of 8 GWBs in the Gauja/Koiva and Salaca/Salatsi river basins
are considered as transboundary (degure §.
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- List of transboundary GWBs in Gauja/Koiva &
’& Salaca/Salatsi RBs

N Latvian GWBs ‘ Estonian GWBs

Upper Devonian aquifer system

Middle - Upper Devonian aquifer system

o ABA10 | 2523
Lower - Middle Devonian aquifer system
P \ 21

The Baltic Sea

Figure6. Agreed transboundary groundwater bodies in Latvi&stonian border area

1.2.Initial characterization of LatviarEstonian transboundary GWBs

In order to fulfill the requirements of WEIhe next stepafter GWB delineatiors the characterization
of the transboundaryGWBs by combining the available information on the charactepstiameters
for the inter-connected GWBs of both statds Tablel, the joint LatviarEstonian GWBs were grouped
together, and the table indicates the general characteristics of thesies Also, descriptions of these
GWBs are provided in the following subchapters 1-2.2.4. More detailed information for each GWB
is providedin GWBconceptual modelsseeAnnexl).

TABLE 1
Initial characterization of joint LatviarEstonian GWBs
) Total Aquifer . . -

Transboundary National Are2a . characterzation ~ Main Overlying  Criteria for

GWBs GWB (km?) (km?) A_Iq%gr Confined  US€ strata (m) importance
GWBl_Upper D6 4891 56171 F.p Yes  DRW, INC 0-180 GW resources;
Devonian 26 726.1 GW use
GWBZ UppeF' A8 27349 28 671 P Yes  DRW, INC 0-200 GWresources;
Middle Devonian 25 1322 GW use
GWR3 Upper A10 3321 GW resources;
Middle Devonian 23 2341 5662 P ves  DRW,INC 0-155 GW use
GWB4 Lower P 4394 GW resources;
Middle Devonian 21 4450 8844 P Yes  DRW,INC 0-280 GW use

Aquifer Type;, P- Porous, K Karstic, F Fissured

Main use- DRW = Drinking water / AGR = Agriculture / IRR = Irrigation / IND = Industry / GW resources, DRW protection,
RSLISYRSYyu SO2aeausSyYyaT B nnnn (1YuX D2 dzaSX D2 NBaz2dz2NOSa
SPA = Balneology / CAL = Caloric energy / @itHer. Multiple selections possible.

Overlying strata Indicates a range of thickness (minimum and maximum in meters)

12
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1.2.1. GWBL in Upper Devonian aquifer system

The Upper Devonian transboundary GWBs are located mainly in the/&aiviariver basin The total
area is about 5617 kinmost of which or 4891 kfiis on the Latvian side, while on the Estonian side is
about 726 km. A small part of the Latvian GWB Daliso located in the Daugava RBD, while the
territory of the Estonian GWB Zsartly belongs to the East Estonian RBD.

¥4 { Méisakiila 0(5?&5 F

Torva ' ’x
ﬁ i
Rajiena ST 1A i N
s2acs e Antsla 3
Valg * g
Valka J88,
Strenci Sez:a .
=
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0 )
=
P |
<
0 viigka [
L
m g
- 4

Cesvaine
?
‘/f 4 L = 5 |
Madona | p—————km
& / 7 Kagava

Figure?7. Transboundary GWBs in Upper Devonian aquifer system

Geology The bedrock consists mainly of dolomites and sandstones on the Latvian side, while
limestones and dolomitized limestones are more common closer to the Estonian border and on the
Estonian side. The average thickness of the bedrock is about®h, reachig up to 100 m locally in

the highlands. Overlying strata consist of Quaternary sediments: loam, loamy till, sand and clay.
Average thickness of quaternary sedimeistabout 38350 m in plains and valleys, reaching up te 75
135 m in the Vidzeme and Haanjpland.

RechargealischargeMain recharge areas are located in Vidzeme upland (central part of Latvia) and at
the border areac ! f n (Bayid) andHaanja (Estonia) uplands, while the discharge occurs in
topographically lower regions¢ n f lowddnd in latvia andHargladepression in Estonia.

Groundwater quality, water abstractionAquifer system consists mainly of -Blag-HCQ type
freshwaters with mineralization up to 1 g/l. Elevated concentrations of sulphate ion%)(&@ve 250
mg/l have been obsengklocally at the nortkeast part of Latvia (at the Estonian border area), where
layers of gypsum are distributed.

Groundwater from this aquifer system is mainly used for drinking water supply. In Latvia, these
aquifers are widely used for the drinking watbstraction of both individual households and for the
centralized water supply of cities, as well as for industrial needs. In Estonia, these aquifers are mainly
used for drinking water by individual households, because the extent and the thicknessaofuiifer

is limited.

On the Estonian side, water abstraction in 2018 was approximately %, mvhile total natural

groundwater reserves were estimated at 221588dnIn Latvia, groundwater abstraction from well

fields in 2019 was 1147.69°fd, but the approved resources from wefields is 3884 rfid. The
13
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available groundwater resources or approved resources in the Upper Devonian aquifers in both Latvia
and Estonia are significantly larger than water abstraction and do not pose a threat to the quantitative
status of transboundary groundwater bodies.

Anthropogenic pressurdlthough the pressure assessment methodologies are very different in both
countries(Valters et al., 2022in the Upper Devonian aquifer system, significant point, diffuse and
water abstaction pressure in the transboundary GWBs on the Latvian and Estonian sides have not
been identified according to the pressure assessment methodoldgedsers et al., 2022

TABLE 2

Summary of the pressures in LatvidgbstoniantransboundaryGWBsn Upper Devonian aquifer system
(Marandi et al., 2020LEGMC, 2021)

Aquifer GWB Point source Diffuse source GW
system pressure pressure abstraction
1. Upper 26 Not significant Not significant Not significant
Devonian D6 Not significant Not significant Not significant

1.2.2. GWRR in Upper-Middle Devonian aquifer system

Terrain is diverse because of its wide area. West part is covered by plains and wavy plains, in north and
east- plains and wavy plains alternate with small hills, medium high and high hillsides, while the central
and southeastern part basically consist§ small hills, as well as medium and high hills. The absolute
height of the terrain varies up to 311.5 m a.s.l.

The total area is about 2867 1Emmost of which or 27349 khiGWB A8) is on the Latvian side, while
on the Estonian side is about 1322 %@WB25). Largest part of the Latvian GWB A8 is located also in

the Daugava RBD.
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Geology Geological structure that forms the Uppkfiddle Devonian aquifer system is composed of
porous rocks sandstones with siltstone and clay interlayers. The thickness of the bedrock aquifers is
in the range of 11800 m. Most of the territory (about 80%) is covered by the geological strata
(dolomites, limestones) of the Upper Devonian systeml(GWBs D6 and® Overlapping quaternary

layer consists mainly of glaciofluvial sand, gravel, loam and clay sediments. The thickness of the
Quaternary sediments is mostly from2b m up to 55190 m (6680 m average).

Rechargalischarge.In Latvia the recharge zones of GWB A8 are mainly located in the uplands
6+ARIT SYSZ 1tnlaysS yR [IG3FES daX I yR&E0VE 6KAE S
Gulf of Riga and the cro&®rder area. In Estonia, groundwater flows from the recharge aretse
Karulaand HaanjaUplands to discharge areas in the lower lying regions. The amount of recharge is

dependent on the thickness and composition of the Quaternary sediments.

Groundwater quality, water abstractionAquifer system consists mainly of -@g-HCQ type
freshwaters with mineralization up to 1 g/l. Groundwater has a naturally high iron (Fe) conte@l. Na
type brackish waters (mineralization > 1g/l) may be found in the vicinity of the city of Riga (Great Riga
Depression cone). Groundwater witlicreased mineralization is not present in the Latvigstonian
crossborder area.

This aquifer system contains abundant groundwater resources. These aquifers are widely used for the
drinking water abstraction of both individual households and for thara¢imed water supply of cities,

as well as for industrial needs. On the Latvian side (GWBcA8)ding to data, in 201tBere were 100

active well fields. In Estonia, the Upgdiddle Devonian aquifer system (GWB 25) is used mainly for
the water supply dr households, because it is much less distributed compared to Latvian part (GWB
A8).

On the Estonian side, water abstraction in 2018 was approximately F£6# wmhile total natural
groundwater reserves were estimated at 53668%dn In Latvia, the groundater abstraction from
well-fields in 2019 wagd9 722.45 ri/d, but the approved resources from wdiklds is 180 68n%d.

The available groundwater resources or approved resources in the Wpidete Devonian aquifers in

both Latvia and Estonia are significantly larger than water abstraction and do not pose a threat to the
guantitative status of transboundary groundwateodies.

Anthropogenic _pressureNo significant anthropogenic pressure has been identified in the
transboundary groundwater bodies of the Upper and Middle Devonian aquifers on the Estonian side
according to the national pressure assessment methodologyifiSant anthropogenic pressure in
Latvia has been identified in GWAB ceeTable3).

TABLB

Summary of the pressures in LatvidbstoniantransboundaryGWBsn UpperMiddle Devonian aquifer
system(Marandi et al., 2020LEGMC, 2021)

- Point source Diffuse source .
Aquifer system GWB pressure pressure GW abstraction
2. UpperMiddle 25 Not significant Not significant Not significant

Devonian A8 Significant Not significant ~ Not significant
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In the Latvian GWB A8 a significant point pressure has been identified. In this case, it has been done
on a precautionary basis, taking into account the concentration of contaminating sites and the
presence of regional as well as local depression conetharabtential risk to water abstraction sites.
(LEGMC202). ¢ KS GSNNAG2NE 2F GKS Nrxai 12yS awidalr GS
flIYRFATEEYT 6KSNB 2yfteé akKlff2g 3INRdAzyRol GSNI LR c
pollution pressure in the surface exposed part of GWELARSMC2021). GWB A8 covers a large part

of the territory of LatviageeFigure8) and a significant poifpressure is detected in the territory of

Riga and its surroundings. In the border afed@h Estonia), poinpressure is insignificant and does

not potentially pose a threat to transboundary groundwatesources

1.2.3. GWB3in Upper-Middle Devonian aquifer system

The UppeiMiddle Devonian transboundary GWBs are located mainly in the Salaca/8atatiasin
and West Estonian RBD. The total area is about 5662rkost of which or 3321 kfis on the Latvian
side, while on the Estonian side is about 2342.km

Sakah upland is widespread in the eastern part of the territory, where the height of the relief reaches
about 130 m above sea level. The terrain is declining towards the Baltic Sea, which borders on the
west. In the western part, there is theA S Bowlbdd(Latvian side) and thie N NUigwiand (Estonian

side).

Suure-Jaani
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Kifingi-Némme ; ;
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‘e Karksi-Dhia

23 Méisakiila

THE BALTIC SEA

Limbaii{?’

20 40
km

Smiltene

o

1
Figure9. Transboundary GWBs in Upp&fiddle Devonian aquifer system

Geology Geological structure that forms the aquifer system is composed of sandstone. The local
aquitards consist mainly of siltstone and clay. The thickness of the bedrock increases to the south,
reaching 170 m in GWB A10, while average thickness of the bedlogus 6080 m. Domerite, marl
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and clay of the Narva regional aquitard are embedded under the aquifer system. Moraine loam, sand
and clay are common in the overlapping Quaternary sediments. Average thickness of quaternary
sediments are about 380 m in plans and lowlands, reaching up to to 100 m in 8akalaandIdumeja
upland.

Rechargalischarge The main groundwater flows are from th@umejaand Sakalauplands (recharge
areas) to the lower areasthe Salaca river valley and the adjacent plains. Graater mainly
discharges in Gulf ofigt

Groundwater quality, water abstractionAquifer system consists mainly of -@g-HCQ type
freshwaters with mineralization up to 1 g/I. These aquifers are used for the drinking water abstraction
of both individual haseholds and for the centralized water supply of cities. On the Latvian side (GWB
A10) there are 5 active well fields. In Estonia, LeMldle Devonian aquifer system (GWB 23) is used
mainly for the water supply for households.

On the Estonian side, wat@bstraction in 2018 was approximately 459/dp while total natural
groundwater reserves were estimated at 460248&dnIn Latvia, the groundwater abstraction from
well-fields in 2019 wa825.14m%d, but the approved resources from wdiklds is1544m%d. The
available groundwater resources or approved resources in the Ulgidale Devonian aquifers in both
Latvia and Estonia are significantly larger than water abstraction and do not pose a threat to the
guantitative status of transboundary groundwateodies.

Anthropogenic pressureNo significant anthropogenic pressure has been identified in the
transboundary groundwater bodies of the Upper and Middle Devonian aquifers on the Estonian side
according to the national pressure assessment methodologyT{se&4).

TABLE 4

Summary of the pressures in LatvidggstoniantransboundaryGWBsn UpperMiddle Devonian aquifer
system(Marandi et al., 2020LEGMC, 2021)

- Point source Diffuse source ;
Aquifer system GWB pressure pressure GW abstraction
3. UpperMiddle 23 Not significant ~ Not significant  Not significant

Devonian Al10 Not significant  Not significant  Not significant

1.2.4. GWB4 LowerMiddle Devonian aquifer system

The LoweiMiddle Devonian transboundary aquifer system consists of G\{R&tian side) and GWB
21 (Estonian side). The total area is 8844.Kdost of the area (76%) is covered by bedrocks of the
UpperMiddle Devonian aquifer system (GWAR10 and 23). Other part (with no overlying layers) is
located on the Estonian side andhi®re exposed to surface pressure. The relief in this part is mostly
flat ¢ most of the territory is located in the N Nigfwtemd. Further from the sea coasbn the eastern
side, the relief is more wavy and unevé&akalaupland).
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FigurelO. Transboundary GWBs in Lowdtiddle Devonian aquifer system

Geology Geological structure that forms the aquifer system is composed of sandstone. The local
aquitards consist mainly of siltstone and clay. The thickness of the bedrock increases from north to
south, reaching a maximum thickness of about 114 m in Latvian GWB P. The average thickness is about
40 m. Domerite, marl and clay sediments of the Narva regional aquitard covers the-Middbe
Devonian aquifer system and separates it from the active watehange zone,e. the overlapping
UpperMiddle Devonian aquifer system (GW/ABL0 and 23).

Rechargealischarge Main recharge areas are located in Estonian uplands. Groundwater mainly
discharges in the Baltic Sea.

Groundwater quality, water abstractionAquifer system consists mainly of -@g-HCQ type
freshwaters with mineralization up to 1 g/l. These aquifers are used for the drinking water abstraction,
centralized water supply of cities and industrial use.

On the Estonian side, water abstraction in 80dias approximately 757 #d, while total natural
groundwater reserves were estimated at 53668%dnIn Latvia, the groundwater abstraction from
well-fields in 2019 was 702.443(d, but the approved resources from wdiklds is 3651 fid. The
available goundwater resources or approved resources in the LeMatdle Devonian aquifers in both
Latvia and Estonia are significantly larger than water abstraction and do not pose a threat to the
quantitative status of transboundai@WBs

Anthropogenic pressureNo significant anthropogenic pressure has been identified in the
transboundary groundwater bodies of the Lowdiddle Devonian aquifers on the Estonian side
according to the national pressure assessment methodologyTab&5).
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TABLE 5

Summary of the presures in LatviasEstoniantransboundaryGWBsn LowerMiddle Devonian aquifer
system(Marandi et al., 2020LEGMC, 2021)

Point source Diffuse source

Aquifer system GwWB pressure pressure GW abstraction
4. LowerMiddle 21 Notsignificant  Not significant  Not significant
Devonian P Not significant ~ Not significant  Not significant

1.3.Overall status assessment of Latvidistonian transboundary GWBs

In accordance with the requirements of the WFD, Member Ststteslidcarry outjoint or coordinated
assessments of the conditions of transboundary waters and the effectiveness of measures taken to
prevent, control and reduce transboundary impalbhe assessment datviarEstoniartransbowundary

GWBs was carried out based on tharmonized methodologies, developed in WP1 Activity T.1.1
G9EOKFY3IS 2F I22R LN} OGA0Sa YR RS@OSt2LISyid 27
(Valters et al., 2022 For the chemical and quantitative status assessment of Lajiistonian
transboundary GWBSs, a nine characterization tests were carried out (based on CIS Guidance Document
No.18)).

1.3.1. Chemical status assessment of transboundary groundwater bodies

For the assessment of the chemical condition, five tests should be performedhéaragegeneral
guality assessmen(tGQAY)est, saline or other intrusiorgroundwaterassociatecquatic ecosystems,
groundwaterdependent terrestrial ecosystemas well as drinking water protected aresst.

1.3.1.1. General quality assessment test

For the GQAtest, in both countries the first step was to assess the exceedances of the relevant
parameters/pollutants in each GWB to determine whether the exceedances affect more than 20% of
the total GWB area, using the Thiessen method to determine the signife fractionValters et al.,
2022.

4 Guidance document No.18, 2009. Guidance on groundwater status and trend assessment, European Communities, 2009,
Common Implementation Strategy for the Water Framework Directive (2000/60/EC)
19



WaterAct

&Joint actions for more efficient management of common
groundwater resources

B

iterr ey
Estonia-Latvia

European Regional Development Fund

Does the average concentration at
f the moni f

Good status
(high confidence)
(mo further chemical stafus

assessment is required)
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more than 20% of the total area of
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I
Yes (in case of Estonia)

v

Does the aggregate data trendline by
GWB of any parameter in the selected
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TV and/or LV?
I

Yes (in case of Larvia)

| Mo (in case of Estonia) |
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§ Does the trend line at any of the
assess trends E monitoring points for any parameter
3 indicates statistically 5|gn|ﬁcanl upward
- trend?
Iy .
3
s Yes
v

Does the available amount of data
(number of monitoring points and

collected samples) and its quality are “ Good status
sufficient for the assessment and does (at risk; low confidence)
the anthropogenic impact can be
proved?

Yes

v

FHgurell. Flow chart diagram of the harmonized Estonidmatvian approach of
the general quality assessment tegvalters et al., 2022

Step 1 Does the average concentration at any of the monitoring pointarigrparameter in the
selected time period exceed EQSs, TVs and/or LVs?

During the time period 20:2019, an exceedance of the average concentration of bentazon was
identified in the GWB D6 (1 monitoring poins n @A R $piingsNand @B A8 (1 monitoring
point¢[ A St reprifg), tvhich iS related to point pollutiorintensive agricultural activity near the
springs(LEGMC, 2031According to thigeneral quality assessmerGQA test, the next step of the
scheme foilGWB D6 should be carried out.

In Estonian GWB 23, the average concentratiorsmahonium ions (NE) (in the period 2014019)

have exceeded the TVs in the monitoring well No. 7592, while in the GWB 21, the chemical oxygen
demand (COD) exceeds the TV imitaxing in the monitoring well No. 7568 (average concentration

¢ 8.60 mgO/l; T\ 5 mgO/l)(Marandi et al., 209). According to this GQA test, the next step of the
scheme for GWB 23 and GWB 21 should be carried out.

In GWBs A10, P, 25 and 26, the avenagjaes of the quality indicators did not exceed the TVs in the
given time period, therefore, according to the assessment procedure scheme, it is assumed that these

20



WaterAct

,/ * X %
’//“7/’ i "'e_' ' e,” e &Joint actions for more efficient management of common
- Estonia-Latvia Sy groundwater resources

European Regional Development Fund

EUROPEAN UNION

GWBs is in good chemical status and no further assessment tests of the chemical statdsbshoul
performed.

Step 2.Do the identified exceedances represent more than 20% of the total area of GWB?

In the case of Latvia, both monitoring springs( @A Rl &oting Mafl| B8z n aspridg) £ o i S:
represent less than 20% of the total territory of the GWB and do not affect the general chemical state

of GWBs D6 and ABEGMC202]). Likewise, the existing monitoring well No. 7568 in GWB 21, where

the chemical oxygen demandCQOD indicator exesses were detected during the reporting period,

does not represent more than 20% of the entire area of GWBNArandi et al., 2020 According to

the general quality assessment scheme, if the exceedances do not affect more than 20% of the total
area of GWB, it is considered to be in good status with high confidence. Accordingly, GWB D6, A8 and
21 are assumed to be in good chemical status with high confidence.

In the Estonian GWB 23monitoring well No. 7592, in which the average ammonium concentrations
exceeded the TV/LV, represents more than 20% of the total area of GWB, or 46.9% of the total area of
GWB 23Marandi, et al., 201p According to the procedure of this test, it is hecessary to move to the
next step.

Step 3Does the aggregate data trendéirby GWB of any parameter in the selected time period exceeds
75% of the EQS, TV and/or LV?

The trendline of the average values of ammonium ions;{NH the monitoring well No. 7592 (GWB
23) does not exceed 75% of the TV in the selected period {2019 (seeFigurel?). According to the
test assessment test scheme, in the case of Estonia, it is required to move to the next step.

PRK0007592

R=-0D52, p=
¥=1200-06x

= Average NHs values
TV/LV
—_ T5% TV/LV

NH4 , mg/l

el

T

T T T T T T
2007-2009 2014 2015 2016 2017 2018 2019

FHgure12. Ammonium (NH*) concentrations in monitoring well NoPRK0007592 (GWB 23) in the period
20142019(Marandi, et al., 201p

Step 4.Does the trend line at any of the monitoring points for any parameter indicates statistically
significant upward trend?

In the GWB 23, the ammonium (WHvalues in the monitoring well No. 7592 do not indicate a
statistically significant upward trend. According to the assessment test, no further steps need to be
carried out and the chemical status of GWB 23 is considered as good (with average confidence).
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1.3.1.2. Saline or other intrusions

The assessment methodisr saline water or other intrusion tests are different in Latvia and Estonia,
but this project reviewed the approaches of both countries and agreed on a harmonized Estonian
Latvian approach of the saline or other intrusions test for chemical status assessThe scheme of

the common approach stepy-step is described in repoktalters et al(2022).

Are there individual TVs set for Cl-
Insufficient data to andior 302 ions? Does the average
assess trends . .
concentration of these ions at any
monitoring point exceeds these TVs? m
Does the trendline at any monitoring
point indicates statistically significant
upward trend?
I
| Yes (in case of Estonia) |

v

Does the aggregated data trendline by
GWB of CI andlor S04 ions in the m
selected time period exceeds 75% of
the TVs?

I
| Yes (in case of Estonia) |

Yes (in case of Latvia)

Do the identified exceedances and
stafistically significant upward trends at m
single monitoring points represent more
than 20% of the total area of GWB?
Yes
¥

Does the available amount of data
(number of monitoring points and m CGood status
collected samples) and its quality is. (at risk; low confidence)
sufficient for the assessment?

Yes

Figure 13Flow chart diagram of the harmonized Estoniatvian approach of
the saline or other intrusions assessment te@falterset al., 2022

Step 1 Are there individual TVs set for @id/or SG* ions? Does the average concentration of these
ions at any monitoring point exceed these TVs? Does the trendline at any monitoring point indicate a
statistically significant upward tred??

The first step in the intrusion assessment procedure is the most significant in the case of Latvia and
Estonia. No TVs have been set for Estonian transboundary GWBs for intrusion process indicators (Cl
and S@ ions) as there is no risk of saline teaor other intrusions, so no further test steps are
required (Marandi et al., 2020 According to the saline or other intrusion test, all GWBs are in a good
status with high confidence.

In the case of Latvia, TVs for the parametgraracterizing the intrusion process @lid S@) are set
for each GWB.
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Exceedances of the TVs were determined in GWRB #8several monitoring wells the average
concentrations of the chloride (Tions exceed the TV (in the case of GWB A8, the T@lfer134

mg/l). It should be noted that GWB A8 covers a large area of Latvia and no exceedances of
concentrations have been detected at the Latviestonian border area, thus there is no risk of
intrusion process on transboundary groundwater resouroehé current situation.

Although exceedances have been detected in several monitoring points, the last criteria of the first
step is about statistically significant upward trend at any monitoring point. In the case of Latvia, the
available guality monitang data set is insufficient to perform trends, so, according to the scheme, it
is not necessary to perform further steps for intrusion test and the chemical status of GWB A8 is
considered to be good with low confidence. In all other transboundary GW8shiémical status is
good with high confidence.

1.3.1.3. Groundwater associated aquatic ecosystems

In Estonia, the groundwater associated aquatic ecosystem (GAAE) assessment methodology was
developed and implemented already in 20I'®(asmaa et al2015, while in Latvia, the development

and assessment of the methodology for identifying groundwater associated aquatic ecosystems was
OF NNASR 2dzi Ay Hnum GAGKAY GKS LINRP2SOG aLRSyd.
ecosystems atthe levelof Ik Y INR dzy Rg+F 6 SNI 62RASEaA¢ o0FAYlI yOSR
Fund) and in total in all fouRBDgincluding Gauja and Salaca river basins) 169 associated aquatic
ecosystems (rivers, lakes, karstic features) were identified. In total, 18 ecosyatentocated in the
territory of LatvianrEstonian transboundary GWBs: &82; D6- 6. (Uzule et al., 2021

Based on the identified ecosystems and their initial assessment at the national level, a harmonized
assessment scheme for these ecosystems wa®ldped within the framework of the Wateract
project. It is described in more detail in thMalters et al(2022) report .
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Based on the conceptual model of
GWE, are there any groundwater
associated surface water bodies/aquatic
ecosystems (GAAES) connected to it?

Yes

Does the condition of any of these
GAAEs is poor or unfavorable according
to ecological and/or physical criteria?

Insufficient data on
GAAEs condition

Yes

Are the problematic substances for
these GAAEs also monitored in GWB? m

Yes

hd

Are the concentrations of
anthropogenically induced substances
in nearby monitoring points high
enough to cause the unfavorable status
of identified GAAEs?

Yes

Figure 14Flow chart diagram of the harmonized Estonidmatvian approach of
the associated surface water bodiessessment tes(Valters et al., 2022
Step 1.Based on the conceptual model of GWB, are there any groundasserciated surface water
bodies/aquatic ecosystems (GAAES) connected to it?

According to the information specified in the conceptual models ofiaaxEstonian transboundary
GWBSs, a total of 30 aquatic ecosystems have been identified in transboundary GWBs: Lat¢2in A8
D6¢ 6, while in Estonian GWBs 21; 23¢ 3; 25¢ 3; 26¢ 4 (seeAnnexl).

Accordingo the results of the general quality assessment test, the other tests for GWB A10, 25 and
26 (including the groundwater dependent terrestrial ecosystems test) do not need to be performed
for the assessment of the GWB chemical status

Step 2.Does the condition of any of these GAAEs is poor or unfavorable according to ecological
and/or physical criteria?

In the GWB D6, one associated river ecosysterny @ Irivesf ®as identified, which has previously
been assessed as being in good ecologtadilis. Also, one lake ecosystem has been identified as GAAE
with a good ecological condition, as well as 4 sinkholes, the condition of which is unknown. According
to this test procedure, no further steps are required and the GWB D6 is assumed in goagiciol
status with low confidence.
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A total of 12 GAAE ecosystems were identified in the territory of GWB A8, of which the status of poor
ecological condition was initially assigned to a total of 4 ecosystems: 3 river water biediasa( 1,
Brasla_3, Amata 2and 1 lake ecosysterhiélais Bauziske).

Based on the expe®& judgment, the poor ecological quality of GWB A8 ecosystems is not related to
groundwaters, and there is no information that changes in the quality status of GWB woultilvebga
affect the GAAE8Jzule et al., 2021 According to the surface water assessment test, GWB A8 is in
good chemical status with low confidence.

In the GWB 21, the river body N NJ/islassessed as having a poor quality status. According to the
assessient test procedure, the next step should be carried out for further GWB 21 assessment.

In the GWB 23, the condition of the three GAAEBI&lliku vooleekogum (water body code 1139900 _1,
Viljandilake (water body code 2082800) andl A Bldz (water bodyode 2089700 _1)) was assessed
as poor, however, according to expeiigigment, the reason for this is not the quality of groundwater
(Marandi et al., 202 Accordingly, it is not necessary to carry out further steps in this test and GWB
23 is assumed tbe in good chemical status with average confidence.

Step 3. Are the problematic substances for these GAAEs also monitored in GWB?

Excesses of mercury (Hg) and zinc (Zn) have been detected in the surface water ecbsisidi dzy o
associated with GWB 21, which, theoretically, could originate from groundwater. However, there is no
available information and sufficient data to assess thgagion (Marandi et al., 202D In the future, it

is planned to add mercury (Hg) and zinc (Zn) indicators to the list of monitored substances in the
nearest monitoring well Nlarandi et al., 2020 According to the surface water assessment test
procedure, he condition of GWB 21 is assessed as good with low confidence and further investigation
needed during the next river basin management planning cycle.

1.3.1.4. Groundwater dependent terrestrial ecosystems

Within the framework of the Wateract project, grodwater dependent terrestrial ecosystems were
identified in the Salaca/Salatsi river basin, as well as those ecosystems that were previously identified
in the Gauja river basin (during GroundEco project) were reviewed. An initial assessment of these
ecosytems was also carried out using the methodology developed by the GroundEco pRgjéke (

et al., 2020. More information on identifying the ecosystems in Salaca/Salatsi river basin is described
in Chapterl.4.

For the assessment of the status of tranahdary groundwater bodies, a harmonized approach was
established within the framework of the Wateract proje¥fters et al., 2022to determine whether
groundwater affects the ecological status of terrestrial ecosystems.
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Insufficient data on Does the condition of any identified
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groundwater chemistry? -

Yes

Are the problematic substances for m
these GDTEs also monitored in GWB?

Yes

h 4
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enough to cause the unfavorable status
of identified GDTEs?

Yes

Figure 14Flow chartdiagram of the harmonized Estoniabatvian approach of the groundwater dependent
terrestrial assessment teValters et al., 2022

Step 1 Based on the conceptual model of GWB, are there any groundwater dependent terrestrial
ecosystems (GDTES) connected?

GDTEs have been identified in a total of 6 transboundary groundwater bodés A8, A10, 23, 25
and 26. Following the GDTE test procedure scheme, GWB D6, A8 and 23 need to proceed to the next
step in this test for further assessment.

According to lhe results of the general quality assessment test, the other tests for GWB A10, 25 and
26 (including the groundwater dependent terrestrial ecosystems test) do not need to be performed
for the assessment of the GWB chemical status.

No GDTEs have been iddietil in the LoweiMiddle Devonian GWBs P and 21, because these GWBs
are completely or partially covered by the overlying GWBs (A10 and 23) in the-Mjze Devonian
aquifer system. According to this test scheme, no further steps are necessary fotwloeG&VBs, and

it can be assumed that according to this test, GWB P and 21 are in good chemical condition (with high
confidence).

Step 2.Does the condition of any identified GDTESs is poor or unfavorable due to groundwater
chemistry?

In case of Latvia, the most common reasons for the deterioration of the ecosystem state are the activity
of beavers, digging by wild boars, trampling and the consequences of forest machinery, however, there
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is no information about the quality impact dirdgtdue to groundwatersdata from Nature Census
project). Since no information is available on the chemical status of groundwater in the territory, as
well as the chemical status of the terrestrial ecosystems, it is not possible to assess the impact of
changes in the groundwater chemical status on the associated ecosystem. According to the GDTE test
procedure, no further steps are required and it is assumed that due to lack of data, all GWBs (LV GWB
D6, A8,) can be considered in good chemical conditidgth (aw confidence).

In Estonian GWB 23, no terrestrial ecosystems have been identified that are in worse than good
ecological condition, so based on the assessment procedure, no further steps are required and the
GWB 23 is assumed to be in good chemioabiion according to this test (with average confidence).

1.3.1.5. Drinking water protected areas

Latvia and Estonia have different approaches to determining groundwater well fields at the national
level. In Latvia, a well field is considered a water i@z$ion site where the water abstraction exceeds
100 n¥/d, while in Estonia over 500 n¥/d.

Are there any groundwater well fields™
located in GWB and are there any
groundwater quality problems identified
at them during selected time period?

Yes

Does the status of GWB is poor or at
risk based on results in general quality
andfor saline or other intrusions

assessment test?
T
Mo andfor these tests did not

address parameters relevant to
groundwater well field

Eie::t":“zz:?::ﬁr: Does the trend line at any of the

GWE monitoring points in close proximity to
identified groundwater well fields for
any relevant parameters indicate
| statistically significant upward trend?
A
T
Yes (in case of Estonia)

h

g Does the aggregate data trendline by )
GWB of all relevant monitoring points of
any relevant parameter in the selected
time period exceeds 75% of the EQS,
TV andfor LV?

Yes (in case of Lanvia)

Yes

—

Figure 15Flow chart diagram of the harmonized Estonidmtvian approach of the drinking water protected
areas assessment te¢valterset al., 2022

5 https://www.skaitamdabu.gov.Iv/pblic/eng/about_the_nature_census/
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Step 1 Arethere any groundwater well fields* located in GWB and are there any groundwater quality
problems identified at them during selected time period?

There are a total of 111 well fields in Latvian transboundary GWBs5DA10¢ 4, P¢ 5 and A&; 97
(GaujaKoivag 29, other located ilbaugava river basin distrjcin Estonia, groundwater well fields are
located in GWB 21 and 23. According to the results of the general quality assessment test, a drinking
water protected areas test for the chemical quality f8WBs A10, P, 25 and 26 does not need to be
performed.

No groundwater quality problems have been detected in groundwater well fields in Latvia or Estonia
during the reporting period (2012019) Marandi et al., 2020;EGM2021). According to the drinkn

water protected areas test, no further steps need to be taken and it is assumed that the transboundary
GWBSs are in good chemical status with high confidence.

1.3.2. Quantitative status assessment of transboundary groundwater bodies

In order to assess thquantitative status of Latviaistonian transboundary GWBs, four condition
assessment tests were harmonized and applied within the framework of the Wateract project: water
balance test, seawater or other intrusion test, groundwater associated aquatigseas (GAAE) and
groundwater dependent terrestrial ecosystem (GDTE) test.

1.3.2.1. Water balance assessment test

Estonia Latvia

Do the average approved (calculated)

(" Forthe selected period, does the average
groundwater resources (m¥d) in
groundwater well fields of the GWB are

groundwater abstraction (m¥d) of the
GWE exceed 75% mark of the average m
approved (calculated) groundwater
greater than the all the natural resources resources (m¥d) in groundwater well

(m®(d) of the GWB? \ fields? /

. s

Yes Yes

Does the average groundwater s ™\
2 abstraction (m*d) in groundwater well Has a statistically significant downward
fields of the GWB is greater than the all trend in groundwater levels has been m
natural resources (m?/d) of the GWB? identified at any of the monitoring points?

- /

N
ves

I ™
Does the total groundwater abstraction Do the identified monitoring points with
L (m¥d)inthe GWB is greater than all the m significant downward trend in groundwater “
natural resources (m?/d) of the GWB? levels represent more than of the total
\ y L area of the GWB? )

Yes

Yes

Figure 16Flow chart diagram of the harmonized Estonidmatvian approach of
the water balance assessment teg¢alterset al., 2022

According to the approach, the average water abstractiofidjrdata for 2018 were used to perform
the water balance test in Latvia and Estonia and compared with the available natural groundwater
resources (in the case of Estonia) or appubsgtocks (in the case of Latvia) in the respective GWB.

For the Latvian approach, in the first step of the water balance test, it must be determined whether
the average water abstraction in the selected time period exceeds the 75 % mark of the average
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approved (calculated) groundwater resources®(d) in groundwater well fields. The average water
abstraction rates of transboundary GWBs Al10, A8, D6 and P do not exceed the permissible amount
(LEGMC202]), and according to the balance test, tainsboundary GWBs are in good quantitative
status with high confidence.

In the Estonian test procedure, in the first step, it is necessary to assess whether the average approved
(calculated) groundwater resources {at) in well fields exceed all naturataundwater resources

(m3d) in the relevant GWB. These resources are not exceeded in any GWB during the selected time
period. According to the methodology, it is hecessary to move to the last step of the test, where to
assess whether the average total grnolwater abstraction (1fid) in the GWB (in the selected time
period) is greater than all the natural resources of the GW#d)m

Based on available information, groundwater abstraction volumes of Estonian transboundary GWBs
do not exceed all natural resaees, and according to the water balance test, all transboundary GWBs
are in good quantitative status with high confidentéafandi et al., 202D

1.3.2.2. Saline or other intrusions

4 Are there individual TVs set for CI- ™
Insufficient data to and/or 30> ions? Does the average
assess trends concentration of these ions at any
monitoring point exceeds these TVs?
Does the trendline at any monitoring
point indicates statistically significant

upward trend?
\. F /

Yes

Does a statistically significant downward
trend in groundwater levels has been m
identified at any of the monitoring
points?

Yes

Do monitoring points with identified
exceedances of average CI- and/er
S04% ion concentrations overlap with m Good status
monitoring points with identified (at risk; average confidence)
statistically significant downward trends
in groundwater levels?

Yes

Do these monitoring points represent '
o Good status
more than 20% é{ﬂbl‘;a?total area of the (atrisk. e confidence)
Yes
s )
Does the decline in groundwater levels Good status
are caused by anthropogenic activities? ™ (at risk; low confidence)

h A

Yes

Figure 17Flow chart diagram of the harmonizeHstonianrLatvian approach of
the saline or other intrusions assessment te@talters et al., 2022
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Step 1 Are there individual TVs set for &id/or S@* ions? Does the average concentration of these
ions at any monitoring point exceed these TVs? Does the trendline at any monitoring point indicate a
statistically significant upward trend??

The first step in the intrusion assessment procedure is the mgsif&iant in the case of Latvia and
Estonia. No TVs have been set for Estonian transboundary GWBs for intrusion process indicators (Cl
and S@ ions) as there is no risk of saline water or other intrusions, so no further test steps are
required (Marandiet al., 2020. According to the saline or other intrusion test, all GWBs are in a good
status with high confidence.

In the case of Latvia, TVs for the parameters characterizing the intrusion processl (8%%) are set

for each GWB. Exceedances of Tés were determined in GWB Al several monitoring wells the
average concentrations of the chloride J@ns exceed the TV (in the case of GWB A8, the TV for ClI

134 mg/l). It should be noted that GWB A8 covers a large area of Latvia and no exceedances of
concentrations have been detected close to Latvzmtonian border area, thus there is no risk of
intrusion process on transboundary groundwater resourcdléncurrent situation.

Although exceedances have been found in some monitoring points, the last criteria of the first step is
about statistically significant upward trend at any monitoring point. In the case of Latvia, the available
guality monitoring dataset is insufficient to perform trends, so, according to the scheme, it is not
necessary to perform further steps for intrusion test and the chemical status of GWB A8 is considered
to be good with low confidence. In all other transboundary GWBSs, the clagstatus is good with

high confidence.
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1.3.2.3. Groundwater associated aquatic ecosystems

Based on the conceptual model of the
GWB, are there any groundwater
associated surface water bodies/aquatic
ecosystems (GAAEs) identified in it?

Yes

Insufficient data on Does the condition of any of identified
GAAEs is poor or unfavorable according

to ecological and/or physical criteria

according to the assessment based on
the Habitats directive?

Yes (in the case of Estonia)

Based on the previously conducted
hydromorphological status assessment
of these GAAEs, does the groundwater
consumption is greater than 20% of the
\_ annual flow of these GAAEs?

e Is there a large amount groundwater A
abstraction (greater than 1 000 m¥d) in
the close vicinity to these GAAEs and is
there statistically significant downward
trend in groundwater levels identified in
_ nearby national monitoring points? J

4 ™

i i \iJ

"y

Yes (in the case of Larvia)

4 Based on the previously conducted A

national level study in Latvia, do the
»  anthropogenically induced changes in
the quantitative status of a GWB
\_ adversely affect identified GAAES? y,
I

iy
£
g
:
H

Figure 18Flow chart diagram of the harmonized Estonidmatvian approach of
the associated surface water bodies assessment t@éalters et al., 2022

Step 1.Based on the conceptual model of GWB, are there any groundwater associated surface water
bodies/aquatic ecosystems (GAAESs) connected to it?

According to the information specified in the Latwiastonian transboundary GWBs conceptual
models, a total of 30wsface water ecosystems have been identified in transboundary GWBs. In the
Latvian GWBs: A82, D6¢ 6, while Estonian GWBs 211, 23¢ 3, 25¢ 3 and 26¢ 5 GAAEg¢see
Annex1).

Groundwater associated aquatic eystems (GAAES) were not identified in the territory of the Latvian
GWB A10, and P. In case of Lowkddle Devonian GWB P, such ecosystems are not applicable,
because the object is embedded below the Upptiddle Devonian GWB A10 and A8, and the
groundwaer in this GWB are not hydrologically connected with surface waters and related
ecosystems. As a result, after the assessment test, the next steps in the assessment procedure for
GWBs A10 and P are not required, and according to the surface water ecosgstessment test, both
GWBs are in good quantitative status with high confidence.

Step 2.Does the condition of any of these GAAES is poor or unfavorable according to ecological
and/or physical criteria?
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GWB D61 river GAAH (o 3 Irivesf 8nd 1 lake ecgstem Sudalalake) was identified with good
ecological status, as well as 4 sinkholes, the status of which is unknown. According to the test step
procedure, no further steps are required, and GWB D6 is in good quantitative status with average
confidence.

GWB A8A tofal of 12 ecosystems were identified in the territory of GWB, of which the status of poor
ecological quality was initially assigned to a total of 4 ecosystems: 3 river water bBdiesa( 1,
Brasla_3, Amata_)?and 1 lakel(ielais Bauziske). Based on thexpert's judgment(zule et al., 2021

poor ecological quality of the GAAEs in GWB A8 is not related to groundwater, and there is no
information that changes in the quantitative status of the GWB would negatively affect the associated
GAAE. According the surface water assessment test, GWB A8 is in good quantitative status with low
confidence.

GWB 21GAAE N NJYislmpmoor quality status. According to the surface water test procedurg,
required to proceed assessment of this GWBhe next step.

GWB 23. The status of the 3 GAAEmi@lliku vooleekogunViljandilake andl A &akk) was poor,
however, according to experts' judgment, the reason for this is not the quality of groundwater
(Marandi et al., 202 Accordingly, further steps in this tesmte not necessary and GWB 23 is assumed
to be in good condition with average confidence.

GWB 253 GAAEsa(dza (i @er Foithe AntslaLitsmetsaroad, Kolgariver,t N NJ rive2 frofhAthe
Saarlagdam to the river mouth) were identified in the GWB 25. All ecosystems are of good ecological
guality. According to the surface water assessment test GWB 25 is in a good guantitative status with
average confidence.

GWB 265groundwaterassociated surfaceater ecosystems have been identified in the territory of
GWB- Obinitsariver, Piusariver up toKiviojacreek,Piusariver fromKiviojacreek to the river mouth,

wp dzi/&,t N NI rive® fporh Baarlasedam to the river mouth. Likewise, 6 lake ecosystems have
been identified in the GWBY(I dzi #ale MJA yaReNWNId | &@ie N NEazNEkel NP dz3 1ake, NID
+ | f Jlake&).\NID associated lake water bodies are in good status. Also, there ast f&fures:
Tsiistredolines,Poksgponor, Paloslandkarst lake. In one associated surface water ecosystBiusa
river from Kiviojacreek to the river mouth, the quality status is marked as poor. According to the
surface water test procedure, it is reged to continue the assessment of GWB 26 in the next step

Step 3.Based on the previously conducted hydromorphological status assessment of these GAAES,
does the groundwater consumption is greater than 20% of the annual flow of these GAAES?

According tothe assessment of the hydromorphological status of the Estonian watercourse, water
abstraction in none of the watercourses in GWB 21 and 26 does not exceed 20% of the river's annual
flow, while water abstraction has not been assessed for lake ecosysfernerding to the surface

water assessment test, these GWBs are in good quantitative status with low confidence and need
further investigation in the next RBMP planning period.

1.3.2.4. Groundwater dependent terrestrial ecosystems

Within the framework of tle Wateract project, groundwater dependent terrestrial ecosystems were
identified in the Salaca/Salatsi river basin, as well as those ecosystems that were previously identified
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in the Gauja river basin (during GroundEco project) were reviewed. An inisiessament of these
ecosystems was also carried out using the methodology developed by the GroundEco Rejiet (

et al., 2020. More information on identifying the ecosystems in Salaca/Salatsi river basin is described
in Chapterl.4.

For the assessment of the status of transboundary groundwater bodies, a harmonized approach was
established within the framework of the Wateract projevta(ters et al., 2022to determine whether
groundwater affects the ecological status of terrestriabggstems.

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

Yes

Does the condition of any of identified

Insufficient data on GDTEs is poor or unfavorable
GDTEs condition according to ecological andfor physical m
I criteria according to the assessment

based on the Habitats directive?
-

Based on the assessment performed
according to procedure developed
during the GroundEco project, do the m
anthropogenically induced changes in
the quantitative status of a GWB
adversely affect identified GDTEs?

Yes

Figure 19Flow chart diagram of the harmonized Estonidmtvian approach of the groundwater dependent
terrestrial ecosystems assessment teMalters et al., 2022

Step 1.Based on the conceptual model of GWB, are there any groundwater depdadestrial
ecosystems (GDTES) identified in it?

Groundwater dependent terrestrial ecosystems (GDTEs) have been identified in a total of 6
transboundary GWBsLatvian GWBs D6, A8, A10, as well as Estonian GWBs 23, 25 and 26. According
to the quantitative status assessment procedure, further assessment of these GWBs requires moving
to the next step in this test.

No GDTEs have been identified in the LoWéldle Devonian water bodies (GWB P and 21), because
these objects are completely or patiyacovered by the overlying GWBs A10 and 23 of the Upper
Devonian aquifer system. According to the assessment scheme, no further step procedure is necessary
for these GWBs, and it can be assumed that according to this test, GWB P and 21 are in good
quantitative status (with high confidence).
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Step 2Does the condition of any identified GDTES is poor or unfavorable according to ecological and/or
physical criteria according to the assessment based on the Habitats directive?

According to the available inforrtian, there are no ecosystems identified in Estonian GWBs 23, 25
and 26 with a status worse than good, therefore, based on the GDTES test procedure, further steps are
not necessary and the GWBs are assumed to be in good quantitative status accordisddsttfwith
average confidence).

The status of the GDTEs identified in Latvian transboundary GWBs D6, A8 and A10, is worse than good
(data from Nature Census projéctAccording to the GDTES test procedure, the assessment of these
GWBSs should be contied in the next step.

Step 3.Based on the assessment performed according to procedure developed during the GroundEco
project, do the anthropogenically induced changes in the quantitative status of a GWB adversely affect
identified GDTES?

In case of Latvidhe most common reasons for the deterioration of the ecosystem state are the activity
of beavers, digging by wild boars, trampling and the consequences of forest machinery, however,
according to the initial assessment of GDTEs (GroundEco methodologg)igh® information on
anthropogenically caused quantitative changes in the water body, which could negatively affect the
state of the identified ecosystem. According to the GDTE test procedure, further no further steps are
required and it is assumed thdue to lack of data, GWBs D6, A8 and A10 can be considered in good
chemical condition (with low confidence) and further investigation is required in the R&WP
development cycle.

1.4. Identification and assessment of groundwatetependent terrestrial
ecosystems in Gauja/Koiva and Salaca/Salatsi river basins

1.4.1. Identification of GDTEs

Within the Wateract project, gpundwaterdependent terrestrial ecosystems were identified in the
Salaca/Salatsiver basin. As the quality and quantity data of habitats has periodically improviw

case of Latviaalso a review of GDTEs identified in the Latvian part of Gauja/Koiva river basin during
the GroundEco projecRetike et al., 2020was done. In th Estonian part of the Gauja/Koiva river
basin no new habitat inventories have been performed since November 2019 (data used in
GroundEco). Thereforduring the WaterAct projecthe identification of GDTEsvas carried out only

in Salaca/Salatsi river &, while in Gauja/Koiva river basi®GDTEsdentified in the previous
GroundEco projectThe overall situation of GDTEkentified in Salaca/Salatsi and Gauja/Koiva river
basins is shown iRigure20.

6 https://www.skaitamdabu.gov.lv/public/eng/about_the_nature_census/
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Figure20. The overall situation of identified GDTEs in Salaca/Salatsi and Gauja/Koiva river basins

GDTEs were identified using the methodology describdrkeiike et al. (2021)n general, to identify
GDTE locations in Estonia and Latvia, those critically dependegitoundwater input were selected
from the list of terrestrial Annex | habitat types. Habitat types that can automatically be considered
GDTE in both countries are:

1 Humid dune slacks (2190), Fennoscandian mirghlsprings and springfens (7160), and
Petrifying springs with tufa formatiorGQratoneurioi (7220*)¢ but only if the total area of
a single polygon reaches at least 1 ha (here and beliéw polygon is smaller than the
minimum area threshold, it can still be considered a GDi&g#therwith other polygons
from the same habitat complex occupies at least the minimum area threshold)

1 Calcareous fens witladium mariscuand species of th€aricion davallianaé7210%),
and Alkaline fens (723@)but only if the total area o& singlepolygon or habitat complex
reaches at least 10 ha in Estonia and 20 ha in Latvia
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1 Molinia meadows on calcareous, peaty or clay#y-laden soils Nlolinion caeruleag
(6410), and Fennoscandian deciduous swamp woods (9@8ii) only if the total area of
a single polygon or habitat complex reaches at least 20 ha

Some habitat types were considered GDTESs only in exceptional cases either in both countries or only
in Estonia:

1 Bog woodland (91D0% in both countries if it is a coniferous fen woodland, anthé total
area ofa single polygon or habitat complex reaches at least 20 ha

1 Hydrophiloustall herb fringe communities of plain and of montane to alpine levels (6430),
Active raised bogs (7110%), Degraded raised bogs still capable of natural regeneration (7120),
Transition mires and quaking bogs (7140), and Bog woodlands (94 DAl) in Estaia in oit
shale mining region or if the habitat includes poor fens and poor paludified grasslands (for
habitat type 6430), and only if the total areaagingle polygon or habitat complex reaches at
least 20 ha.

An additional criterion is the presencé GDTEelated species that include species of the protection
categories | and Il in Estonia (according to Paal & Leibak (eds.) 201D&¢ikkgorhiza russowii,
Hammarbya paludosa, Ophrys insectifera, Rhynchospora )f@suh species that rely on Giad
habitats listed in Annex | of the Habitats Directive in Latvia (eigaris loeseliiSaxifraga hirculus

whorl snailsVertigospp.). The presence of such species makes the site a significant GDTE, even if it
does not meet the threshold of the minimumear.

Identification in Estonia

For the Estonian part of the Salaca/Salatsi river basin, habitat polygons and their attributes were taken
from the Estonian Nature Information System (EELIS). The data represents 25th February 2021.

As the part of Salaca/S#abasin in Estonia is small, only six significant GDTEs were idefftijade

21, Tableb) coveringan area of 266 ha. Their areas range from 20 ha to 91 ha. In five of these the main
habitat type was 9080* and in one 6430. The conservation statuKk && S D5¢9a& gl & Y2,
322Ré>X a3d22RéE 2N y2G RSGSNXYAYSR® {2YS KFoAGLH G
O2yaSNBI GA2Yy aillidzao t2fe32ya KFEGAy3 al @SN 3S¢
GDTE no. 6. Therefqré can be conluded that only GDTE no. 6 is in an unfavorable status. All
significant GDTEs are dependent on the Middronian groundwater body in the Wesstonian

basin. The dependence @WBswvas determined only based on spatial information. The uppermost
GWaBbelowthe GDTE was considered to be the one that the GDTE depends on.
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Figure2l. Significant GDTESs identified in the Salaca/Salatsi river basin in Estasiaf 25th February 2021).

The colors of the polygons indicate the largest habitat type in the GDTE polygons. Numbers of the polygons

overlap with the order numbers in Tale

TABLE 6
Attributes of the significant GDTESs identified in the Salatsi rivaisin
Natura
: ; Secondary Rare Conserv.
Nc  Main habitat type habitat types  species Naﬁgggll oA S G Area (ha) GWB
Fennoscandian Hydrophilous tall
1 deciduous swamp herb frlngtt_a- 0 Yes/Yes B 211 23
woods (9080%) communities
(6430)
Hydrophilous tall herb
2 fringe communities 0 No/No A 738 23
(6430)
Fennoscandian
3 deciduous swamp 0 No/No NA 912 23
woods (9080*)
Fennoscandian ;
4 deciduous swamp (A;gg'g;e fens 0 No/No A C,NA 200 23
woods (9080*)
Fennoscandian
5 deciduous swamp 0 No/Yes NA 378 23
woods (9080*)
6 Fennoscandian deciduou 0 Yes/Yes B, C 219 23

swamp woods (9080%)
Note:PA¢ protected area

Conserv. statug conservation status values according to the Annex | habitat stssssment

GWB¢ number of the groundwater body the ecosystem is dependent on

NA( status not available

As the GDTEs may consist of several habitat polygons of the same or different types, there may be several
conservation statuses values for a singl2T&
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Identification in Latvia

For Latvia, the latest available information habitat inventory data (data until 2021) was used from the

bl GdzNB / 2yaSNBFGA2y ! ASyO0e bl G4dz2NB 5101 {edadSy ¢
for better biodiversity preservation and ecosystempiOtd A 2y Ay [ F G @Al € 062N Ay
results.

In Gaujaand Salacaiver basinson Latvian side, the total amount of every EU habitat used in data
selection were 4381 polygongFigure 22A). In the next step, the EU habitats related@@TEs were
sifted, leaving 1@96 polygongFigure 22B). These were used in the final step, which applied an area
threshold filter (per polygon or habitat complex) and analyzed the presence of-(@&l2i& species.

As a result, in Latvia, 116 GDTEs weeatified that are composed &04 single patches or multipart
polygons Eigure22-C). Higher number of GDTESs was identified in Gaug basing 89 GDTEs or 316
polygons in total. In Salaca RB, the total number was much smaller, i.e. 27 GDTEs oyd8& pol

A

I Polygons of Habitats Directive Annex |
I Polygons of GDTEs
] Gauja RB and Salaca RB border
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Figure22. Data selection steps for GDTE identification in Gauja RB and Salaca RB.

Detailed analysis was made at the habitat level, as the total number of polygons is relatively high. In
total, four habitat types are@epresented in the identified GDTEs in Latvia: 7160, 7230, 7220*, and
9080*. The most common types are 7160 and 9080(re23, Table7).

39



WaterAct

&Joint actions for more efficient management of common
groundwater resources

72 \interreg
4) Estonia-Latvia

European Regional Development Fund

Q

EUROPEAN UNION

mGaujaRB mSalacaRB

NUMBER OF GDTE PATCHES/POLYGONS

EEPI— L
EC 7160 EC 7230 EC7220% EC 9080*

EU HABITAT CODE

Figure23. Total number of identified GDTESs in Gauja and Salaca river basins in Latvia according to habitat
type of Directive Annex I.

All of the identified GDTEs are located within protected areas of national or EuropeafiTsdat).

TABLE 7
Attributes of the significant GDTESs identified in tf#alacaSalatsiand Gauja/Koiva RB

Habitat type  Rare species Natura 2000/National PA Conserv. status Area No. of polygons

Gauja RB
7160 2 Yes/Yes B, C 265.8 209
7230 4 Yes/Yes B, C 6.9 5
7220% 0 Yes/Yes B, C 5.2 21
9080* 0 Yes/Yes B, C 382.3 81
Salaca RB
7160 0 Yes/Yes C 18.5 12
9080* 0 Yes/Yes B, C 554.1 176

1.4.2. Assessment of identified GDTEsS

The next step after identifying GDTEs, is to assess whether GWB could cause a negative impact to
GDTE. Habitat inventory data, maps, as well as information collected for the RBMPs were used for the
assessment. As part of the GroundEco project, a jointhoamlogy for Latvia and Estonia was
developed and implemented for the identification and assessment of GDTESs in theé Kaéwgariver

basin. Quantitative and qualitative impact assessment schemes developed, includingsgefive
procedure Figure24, Figue 25). Theschemes were based on the preliminary Estonian assessment
scheme Terasmaa et gl2015 and the procedure suggested by the European CommisSig2{09

for the assessment of significant damage to GDTEs caused by quantitative pressures in GWB.
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level of the GDTE is considerably lower

than it has been previously or is typical to NO_
analogous ecosystems, or the conservation status
of the GDTE is worse than ,good” according the
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Figure24. Scheme for assessment of significant damage to GDTE caused by quantitative pressures in GWB
(Retike et al., 2020
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Anthropogenically induced changes in the quality of the GWB
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CONFIDENCE LEVEL

Figure25. Scheme for assessment of significant damage to GDTE caused by qualitative (chemical) pressures
in GWB(Retikeet al., 2020

1.4.2.1. Quantitative effect of GWBs to GDTES on the Latvian side

Step 1.Is there any piece of evidence that water level of the GDTE is considerably lower than it has

been previously or is typical to analogous ecosystems, or the consersttias of the GDTE is worse

Kby

G3I22RE

| OO2NRAYy 3 (2

iKS I a

asSaavySyu ol aSR :

In total, 116 GDTES@4 single patches) have been delineated on the Latvian side of the border in the
Gauja/Koiva and the Salaca/Sal&sier Basin (27 GDTEs identified in the Salaca river basin). According
to the assessment based on the Habitats directive, 81 GDTEs (65 single patches and 17 multipart
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accordance with the quantitative status assessment procedure, it is necessary to move to the next step
of the assessment scheme to assess these 81 GDTEs.

Step 2.s there relevant groundwater abstraction in the vicinity of the GDTE? Gratedabstraction

rates considered relevant depend on the distance from the GDTE.
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In this step, it is proposed to assess the impact of the groundwater abstraction site near the GDTE. For
this assessment, the information from State statistics report sysiem RSy a¢ ® wS@ASg 2y
g GSNI NBaz2dz2NOSa¢ 2y INRdzyRglF GSNI Fo6adaNI OQlhAazy F2I

For the assessment of potential groundwater abstraction pressure on GDTE, the same approach as in
the GroundEco project was useldtike et al., 2020The amount of groundwater abstraction that is
considered significant, depends on the distance from the GDTE according to the following equation:

Qyear
x = , where
T*Ryear

X¢ distance from groundwater abstraction site (m),

Qpear ¢ groundwater abstraction in GW@n®/year),
Rrear¢ mean groundwater recharge m2year?).

The mean groundwater recharge,éR was determined based on the information available in the
NELR2 NI &/ KFENIOGSNRAT FGA2y 2F RS LEGWS RORE n the NP dzy R
groundwater recharge (#d), for a whole territory of GWB. The equation predicts that the GDTEs
located within the groundwater abstraction site affected area (distance from GDTE to GW abstraction
site <x), then groundwater abstraction site might cause a pressure on the GDTE.

Asa result of determining the potential impact zones of the groundwater abstraction sites, 3 GDTEs
(Fennoscandian minergich springs and springfens (716019JZ1209 151 2, 20JZ109 60 1 and
20JZ2109 60 1) are located in the water abstraction site impact,zon 750 m away from the
groundwater well field | O S(séeFagOra26).

/" Wellfield

"Paceplisi”

A
{

1902109515382

200210946011,
I2007109K6081

o P

Fennoscandian mineral-rich springs and springfens (7160)

| I 7160 - good quality ( ) f:,i;ﬁe'd st
[] 7160 - average quality -

Figure26. Groundwater abstraction impact zone for the well A &R0 SaLJt o OAX €
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This well field | O Swdb es@blished to ensure the centralized water supply of the city of Sigulda.
Ly GGKA& 6Stf FTASERIZ 3INR dzy Sada{Ehang)) kquifers at a denth @ i S R
51-184 m. Current groundwater abstraction rates in this well field doesexceed the approved
resources, thus excluding the possible impact on the quantitative status of the surrounding
groundwater resources and groundwater levels. There is no information available on other water
abstraction sites that could affect the quatattive status of this GDTES, so it can be considered that
the anthropogenic changes in the quantitative status of the GWB do not negatively affect the
ecosystem and according to the procedure, assessment of these GDTEs should proceed to step 4.

In the vidnity of the remaining ecosystems, no significant groundwater abstraction is performed,
therefore, according to the quantitative status assessment procedure, it is necessary to proceed the
assessment of these ecosystems to step 3.

Step 3 Are there ditcheseaching mineral sediments below the peat, mines or any other human
activities which may affect GW level in the vicinity of the GDTE?

In the vicinity of 77 ecosystems, no anthropogenic activities have been detected, which affect or could
affect the quantiative status of GDTES, therefore, further assessment of the quantitative status is not
necessary, and it can be assumed that anthropogenically induced changes in the quantitative status of
the GWBs do not negatively affect GDTEs.

Some anthropogenic actties were identified in the vicinity of 4 GDTEs, which might potentially affect
groundwater levels. The situation in these GDTEs is described in more detail below.

Multipart GDTE No.14 (Fennoscandian mineicdi springs and springfens (7160) was iderdifie
D2. 5c¢c® ¢KS GSNNAG2NE 2F D5¢9 Aa t20FGSR Ay (K¢

Nature reserve "Mezole"

Sand quarry "Kapusils"

“

Pe

LA011_9_1

GE079_25_1

Fennoscandian mineral-rich springs and springfens (7160)
[] 7160 - average quality

Figure27.Quarrying activities near the multipart GDTE No. (ennoscandian minergich springs and
springfens (7160))
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About 250 m on the west of this GDTE (Fennoscandiaeratirich springs and springfens (7160)) is

GKS alyR ljdzZr NNBE &Yl LdzaAf &aég t20F0SRd ! OO0O2NRAY 3
is not performed in the quarry. Also, no groundwater level alterations mentioned in GDTE habitat
inventory cata (Nature Census projedt

There is no available data on groundwater level in the GDTE, as well as there are no representative
monitoring wells nearby, where GW levels are measured. Based on previous information and available
data, it can bessumed that anthropogenically induced changes in the quantity of the GWB D6 do not
have a negative effect on the GDTE.

Multipart GDTE No.3. (Fennoscandian mineici springs and springfens (7160). GDTE is delineated
in GWB A8. GDTE area is surroundeddricultural land and drainage ditchésqure28).

20JD158%711

20JD158873K1}

Fennoscandian mineral-rich springs
and springfens (7160)

I 7160 - good quality
[] 7160 - average quality

— drainage ditches

Figure28 Agricultural land drainage ditches around the multipart GDTE N@F8nnoscandian mineraich
springs and springfens (7160))
According to habitat inventory data, humiditpnditions are adequate. There is no available data on
groundwater level in the GDTE, as well as there are no representative monitoring wells nearby, where
GW levels are measured. Based on previous information and available data, it can be assumed that
anthropogenically induced changes in the quantity of the GWB A8 do not have a negative effect on the
GDTE.

Multipart GDTE No.1@ennoscandian deciduous swamp woods (9080)) and GDTE No. 18LS674 956 1
(Alkaline fens (7230)). Multipart GDTE No. 18 is delingat&VB A10, but GDTE No. 18LS674 956 1
¢ in GWB A8. GDTE is delineated in GWB A10. According to habitat inventory data, historical effects

7 https://www.skaitamdabu.gov.Ilv/public/eng/about_the_nature_census/
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of drainage have been noted in both GDTES, however, it is indicated that drainage systems are no
longer functionabnd the forest is recovering, or naturally regeneratiRgy(re29).

| 19DU680_60_1
| 18LS674_956_1

19DU680_59_1

Fennoscandian deciduous swamp Alkaline fens (7230)

forests (9080)
[] 9080 - average quality
- drainage ditches

[ ] 7230 - average quality
= drainage ditches

Figure29. Historical effects of drainage in 2 GDTEs: rAultipart GDTE No. 18ennoscandian deciduous
swamp woods (9080)); BAlkaline fens (7230)

According to the assessment proeed of the quantitative status of ecosystems, the assessment of
these abovementioned four GDTEs should proceed to step 4.

Step 4.s the annual mean water level in the GDTEs groundwater monitoring well lower than the long
term mean water level?

In this step, it is intended to assess the changes in groundwater levels in the vicinity of those GDTEs,
of which some anthropogenic actiyitvas detected (quarry, agricultural and forest drainage ditches,
etc.). Such activities were detected in the vicinity of a total of seven GDTEs (19JZ1209 151 2,
20J2109_60_1, 20J7109_60_1, Multidatt Multipart3 Multipart-18, 18LS674_956_1), howeveo, n
changes in groundwater levels were marked in the habitat inventory data. There is no available data
on groundwater levels in GDTES, nor are there any representative groundwater level observation wells.
Accordingly, it is not necessary to carry out thikdiwing steps for the quantitative status assessment

of GDTE and it can be assumed that anthropogenically caused changes in the quantitative status of the
GWB do not negatively affect GDTEs.

1.4.2.2. Qualitative effect of GWBs to GDTEs on the Latvian side

Step 1.s there any piece of evidence that water level of the GDTE is considerably lower than it has
been previously or is typical to analogous ecosystems, or the conservation status of the GDTE is worse
GKFY a322Ré | OO0O2NRAY I dHnbitdiskdfectve® 8 SaaYSyid ol aSR 3
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In total, 116 GDTES@E4 single patches) have been delineated on the Latvian side of the border in the
Gauja/Koiva and the Salaca/Salatsi River Basin (27 GDTEs identified in the Salaca river basin). According
to the assessment basechahe Habitats directive, 81 GDTEs (65 single patches and 17 multipart
L2fe3d2yav 6SNB ARSYUAFASR 6A0GK SO2£72 pdoo10X In |j dzl £ 7
accordance with the quality state assessment methodology, it is necessary @otmthe next step of

the assessment scheme to assess these 81 GDTEs.

Step 2.s there any relevant and possibly polluting human activities in the vicinity of the GDTE?

After assessing the available data and cartographic materials, it was concluded thatvicinity of

62 ecosystems, no significant and potentially polluting anthropogenic activities are performed.
Accordingly, it can be considered that the anthropogenically induced changes in the qualitative state
of the GWB do not have a negative effeatthese GDTESs, and further steps for the assessment of the
guality state do not need to be performed.

Potentially polluting anthropogenic activities are detected around the 19 GDTEs. In most cases,
agricultural activities are performed near the GDTE @EBTES); 3 ecosystems (19JZ1209 151 2;
20J2109_60_1; 2032109 _60_1) are located about 700 m from wastewater treatment plants, while 1
GDTE (20JZ109_68_1) is located about 600 m from a wood processing plant.

According to the quality assessment procedure, th&8 ecosystems should continue to be assessed
and need to move to the next step of the assessment scheme.

Step 3 Has the deterioration of the conservation status of the GDTE been caused by changes in the
water chemistry (M, Rot, nitrates etc)?

In the habitat inventory data, the most common reasons for the deterioration of the GDTE status are
the activity of beavers, digging by wild boars, trampling and the consequences of forest machinery,
however, there is no information about the quality impact difg due to groundwater. As no
information is available on the groundwater chemical status in the territory, as well as the chemical
status of the dependent ecosystem itself, it is not possible to assess the impact of changes in the
groundwater chemical atus on GDTE. According to the assessment scheme procedure, the following
steps do not need to be performed.

Taking into account the above, it can be considered that the anthropogenically induced changes in the
groundwater qualitative status of the GWB dot have a negative impact on GDTEs.

1.4.2.3. Quantitative effect of GWBs to GDTESs on the Estonian side

Step 1.Is there any piece of evidence that water level of the GDTE is considerably lower than it has
been previously or is typical to analogous ec@syst or the conservation status of the GDTE is worse
GKIYy a322Ré I O0O2NRAY3 (2 (GKS |aasSaayvySyid oF &SR :

In one of the identified GDTESd 6 inFigure21) in the Estonian part of the Salaca/Sal&issin the

areal majority of it (a multipart polygon consisting of several habitat polygons) had a worse than
G322 R¢  O2y & SINHcbotdan2eywithitlie lquadtifative status assessment procedure, it is
necessary to move to the next step of the asseent scheme to assess that GDTE.
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Step 2.Is there relevant groundwater abstraction in the vicinity of the GDTE? Groundwater abstraction
rates considered relevant depend on the distance from the GDTE.

In this step, it is proposed to assess the impad¢hefgroundwater abstraction site near the GDTE. For
this assessment, the information from the Estonian Nature Information Database was used.

For the assessment of potential groundwater abstraction pressure on GDTE, the same approach as in
the GroundEco piiect was usedRetike et al., 2020 The amount of groundwater abstraction that is
considered significant, depends on the distance from the GDTE according to the following equation:

Qyear

X = , Where

T*Ryear

X¢ distance from groundwater abstraction site (m),
Qpear ¢ groundwaterabstraction in GWBM3/year),
Reear mean groundwater recharge hm?2year?).

In case of the single GDTE that moved to that step, there is no registered groundwater abstraction tens
of kilometers from the GDTE therefore the potential effecgafundwater abstraction was considered
nonexistent and the GDTE moved to the next step.

Step 3.Are there ditches reaching mineral sediments below the peat, mines or any other human
activities which may affect GW level in the vicinity of the GDTE?

There $ a ditch going through the GDTRgUre30) and no other anthropogenic activities that could
affect groundwater level in the vicinity of the GDTE. The ditch has most likely been dug to lower the
water level in the wetlands upstream of the GDTE and theeshas likely not caused a noteworthy

drop in the groundwater level feeding the GDTE. It probably has caused faster water runoff from the
GDTE and lower water level in the peat layer and deteriorated the conservation status of the GDTE
that way. Accordingl, it is not necessary to carry out the following steps for the quantitative status
assessment of GDTE.

It can be assumed that possible anthropogenically caused changes in the quantitative status of GWB
no. 23 have no negative effect on the GDTEs in ttenkas part of the Salaca/Salatsier basin.
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Figure30. A ditch going through the GDTE no. 6 (Fennoscandian deciduous swamp woods (9080%)).
1.4.2.4. Qualitative effect of GWBs to GDTEs on the Estonian side

Step 1.Is there any piece of evidence that water level of the GDTE is considerably lower than it has
been previously or is typical to analogous ecosystems, or the conservation status of the GDTE is worse
GKIFY &322Ré | OO2NRAYV3 (2 alﬁsfdif}cti\l‘e’aéééé\féyﬁ ol aSR

In one of the identified GDTESd. 6 in Figure 21¢ in chp.1.4.1). in the Estonian part of the
Salaca/Salatsi basin the areal majority of it (a multipart polygon consisting of several habitat polygons)
KFR F ¢2NBES (KLIy awud acBoidanCe2wifhitiie Ndduhtitative sfatusiassessment
procedure, it is necessary to move to the next step of the assessment scheme to assess that GDTE.

Step 2.s there any relevant and possibly polluting human activities in the vicinity of the GDTE?

The GDTE is located in a remote and mostly forested area. There is an agricultural grassland 300 m
south of the southern part of the GDTE in the territory of Latwia no fields in the vicinity. Therefare

it can be concluded that there are no relevant and possibly polluting human activities in the vicinity of
the GDTE and the following steps of the assessment scheme do not need to be performed.

Taking into accourthe above, it can be considered that possible anthropogenically induced changes
in the groundwater quality of GWB no. 23 have no negative effect on the GDTEs in the Estonian part
of the Salaca/Salatsiver basin.
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2. DEVELOPMENT ORANSBOUNDARY MONITORING STRATEGY

2.1. Groundwater monitoring principles ifEstonia and Latvia

The need for groundwater monitoring and its system in countries was mainly determined by three
higherlevel EU normative documents: The Water Framework Direct{2000/60/EC), the
Groundwater Directive (2006/118/EC) and the Nitrates Directive (91/676/EC); as well as the relevant
laws and regulations of each couritryn addition, there are EC recommended guidelig€uidance
520dzYSyi b2dmp GDASRI WA@Y A% NBNHAdzZR DldzA R y OS 520
wial 'aaSaavySyid FyR GKS !'aS 2F /2yOSLJidzrtf az2RSt
GDdzA R yOS 2y DNRdzy Rl GSNI AY S5NAYTAY3T 2FGSNI t NP
The main purpose of groundwater monitoring ioth countries is to monitor the chemical and
guantitative status of groundwater bodies (changes and trends in quality indicators) in order to obtain

a comprehensive overview of the status of groundwater bodies in each river basin district.
Groundwater mortoring in Latvia and Estonia provides systematic, regular and targeted data on the
guantitative and chemical status G&WBs This is the strategic monitoring objective in any year of the
monitoring program period to achieve good groundwater status in @WBs and to assess the risk of

not achieving this objective. Loftigrm groundwater monitoring programs developed in each country

with a6-year cycle help to monitor the achievement of environmental objectives, assess the impact of
human activity and gaimeliable data on the actual environmental status of water bodies. The
monitoring points that are monitored each year and the parameters to be monitored for groundwater
guality may vary according to the annual monitoring plans.

It should be noted that newrgundwater monitoring progrants® have now been developed in both
countries, which will help to assess the status of groundwater resources in the future and their possible
changes over the period. It should be noted that in order to describe the current state of groundwater
resources, theesults of previous monitoring programs implemented until 2021 were used to prepare
the 3rd CycleRBMPs in the case of Estonia the program was fully implemented in the period from
2016 to 2021, but in the case of Latvidn the period from 2015 to 202

2.1.1. Groundwater monitoring network in Latvia and Estonia

Groundwater monitoring networks in the countries were described in the framework of the GroundEco
project, which can be found in the final report on the results of the préfedtis sectin examines

8Ly 9aiG2yAls (KS&S NBIAANBYSyda I NB &S0 2dzi Ay G(KS 2 ai$iNg2 R&é T yR
AY [FGGALE GKSAS NBIdANBYSyida FNB RSGISNY¥AYSR o6& (KS Wdnitodgd al y 38
2F {dzNF I OS 2| USNBRXZ DNRBdzyRgl GSNJ YR t N2EUSOUSR ! NBlFa IyR 5S@Sft 2LIYS
9 hitps://envir.ee/veemajandiskavad2022202 Zeelnou#veemajanduskavaeto

10 https://mvww.varam.gov.Iv/lv/seach?¢=20212026

1 https://envir.ee/veemajanduskava@0152021
12https://www.meteo.Iv/Iapas/noveroiumi/videsmonitorinqapamatnostadnesun—proqramma/videsrmonitorinqaproqrammaZOlS
2020gadam/videsmonitoringaprogramma20152020gadam?id=202&nid=968

l3‘https://www.meteo.Iv/fs/CKFinderJava/usen‘iIes/fiIes/Par centru/ES_projekti/GroundEco/GroundEco final refport.pd
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and compares in more detail the national approaches to the implementation and enforcement of
groundwater monitoring, as well as described in more detail the principles of monitoring networks.

Groundwater monitoring in both Latvia and Estoniamiginly provided by the National Monitoring
Networks with existing monitoring points (weéflend springs), which basically allow to assess regional
groundwater changes and provide background data on groundwater chemical and quantitative status
at GWBIlevel In addition, monitoring in both countries is provided in nitrate vulnerable zones, which
are integrated with other monitoring programs and implemented by other organizations. The current
National Monitoring Network in Latvia and Estonia does not prowdequate monitoring in all
protected areas identified in Annex 4 of the WFD (drinking water abstraction areas, specially protected
nature areas- associated freshwater ecosystems). In the case of Latvia, additional monitoring is
provided in drinking wateprotected areas (sites with groundwater abstraction above 1Gdm

which is integrated with other monitoring programs and provided by the water user in accordance
with the requirements specified in the groundwater well field passport. Information onatheve

types of monitoring (national and nitrate or additional monitoring) and the number of observed
monitoring points is summarized below, taken into account newly developed monitoring programs in
each country- in Latvia case based on the 262026 plan,n Estonian case based on the 2627

plan (se€rTable8). It should be noted that in Latvia the maximum number of monitoring points can be
reached only after checking the technical condition of individual old monitoring wells and including
them in theexisting monitoring network after improving or restoring these wells.

TABLE 8
Types of groundwater monitoring in Latvia and Estonia
i ualit iti i
Country Point Q y Quantity Add!tlonal Aquifer cqmplex
type S+ o* Total monitoring or aquifer
Latvia Well 186 37 223 313 20 vdzZ- GSNY I NBES CIl-YS
Vi Spring 30 } 30 } ) Amula, NHZP NEFFGF =t |
Well 248 171 248 256 93 Quaternary, Ordovicial€ambrian,
Estonia SilurianOrdovician, Cambriaendian
Spring 3 3 3 - 32 Devorian

* S¢ surveillance monitoring, Qoperational monitoring. Operational monitoring is carried out within the boundaries of groundwater bodies
at risk, while surveillance monitoring is provided in other groundwater bodies. Operational monitoring wells ovérlaprvétllance
monitoring wells.

The location of monitoring points is visually showirigure31, where it can be seen that monitoring
points are unevenly distributed in national territories. The density of monitoring points in countries
mainly depends o the intensity of anthropogenic load (water abstraction, intensity and nature of
industrial activity, including mining and agriculture), monitoring tasks and hydrogeological conditions
in countries.

141n Latvia, groundwater monitoring stations consist of several wells, which are installed in one set and provide GWB vertical
coverage. Some wells are equipped with filters at different depths, but in some stations fluctuations in groundwater levels
andtheir chemical quality are observed in shallgreundwater In Estonia, on the other hand, the concept of a station is not
used, as monitoring is provided mainly in individual monitoring wells. The vertical coverage of groundwater bodies is ensured
with groups of monitoring wells with different open intervals.
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Figure31.Groundwater monitoring points in_Latvia and Estonia

In Latvia, the monitoring network provides observations in basically all aquifers of the active water
exchange zon€, focusing on the aquifers used in water supply. The highest density of the network is
Ay wo3dl I  Wh NI e therd isf &khigheh Gnsin®tiod of gréuSdwater, as well as the
number of potential sources of pollution. In Estonia, on the other hand, the highest network density is
noted in the nitrate vulnerable zone, where additional quality monitoring and a densigvank of
groundwater monitoring wells have been designated for the OrdoviciatVidaand the Ordovician
Ida-Viru oilshale basin groundwater bodies, where the pressure on groundwater is the highest due to
oil shale mining. A relatively dense monitorimgtwork is also designated for the Cambrdandian

type GWBs as these are subject to the most intense consumption of groundwater which has caused
the formation of extensive cones of depression in groundwater.

B¢KS SEOSLIIAZ2Y A& D2. t ORA&AZGNAOMzGISR A
FNB fa2 YIRS Ay GKS RSSLISadt NNNyzdd | §za
this aquifer contains highly mineralized waters or saline waters.
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In the new planning period, it is planneditoprove the existing groundwater monitoring netwétkn
Latvia by installing 25 new groundwater monitoring stations with a total of 70 wells and improving two
existing groundwater monitoring stations (it is planned to renovate 1 well and renovate tistabioin

by adding 4 wells). The new wells are planned to be installed at different deptlsn) 5-15 m, 5

30 m, > 30 m (Quaternary sediment boreholes) and the deepest groundwater aquifers -or pre
Quaternary sedimentary wells. As far as possiblis, flanned to improve the technical condition of
the existing wells and include them in the current monitoring network.

2.1.2. Principles of groundwater quality monitoring

This section summarizes information on groundwater quality monitoring indicatorgjjples of water
sampling and analysis in the framework of national monitoring, focusing on the coincidence and
differences of groundwater monitoring approaches. Mainly focusing on the newly developed
monitoring programs.

2.1.2.1. Sampling andnalysis

Groundwater samples in both countries are taken, transferred and analyzed in accordance with
national methods, which are standardized and in accordance with the requirements of Article 8,
Paragraph three of theNFD Under field conditions, thePh temperature, dissolved oxygen
concentrations and electrical conductivity of water are determined (the total iron and oxidation
reduction potential is also determined at Latvian monitoring pofrit#fter stabilization of the above

field parameters, a watr sample is taken, placed in a closed cold box and delivered to the laboratory.
Groundwater sampling is provided by wehined specialistg; in Latvia, sampling specialists are
authorized to take samples, and the head of the laboratory quality systepeats sampling at least
once a year, while in Estonia sampling is provided by a certified specialist, who must renew certification
every four years by completing training. The summarized information on groundwater field analysis
methods in Latvia and Esii@ is providedn Table9, but the information on the used devices and the
applied procedure for taking groundwater samples is summarizéchitex2.

TABLE 9

Groundwater field analysis methods in Latvia afstonia

Parameter Latvian method Estonian method
LI X RSGSNNAYSR | LVSENISO 10523:2012 ISO 10523
¢SYLISNI Gdz2NBZ ¢/ LVS EN ISO 10523:2012 ISO 566711
Total iron, mg/l ISO 6332 Determined in the laboratory
Dissolved oxygen, mg/l LVS EN 1S6814:2013 EVEEN 5814
9f SOGNAOI t O2y Rdz LVSEN ISO 27888:1993 EN 27888
Oxidationreduction potential, mV - Not determined

16 The existing groundwater monitoring network is planned to be improved in accordance with the specific support objective
5.4.2 of he European Union Cohesion Fund "Ensure the development of the environmental monitoring and control system
and timely prevention of environmental risks, as well as public participation in environmental management" of measure
5.4.2.2 "Environmental monitarg and control systems developmearid promotion of public participation in environmental
management" of the third selection round project "Development of water monitoring and control system".

171t should be noted that stabilization of field parameters gmdper pumping of wells (pumping of at leas63vell volumes

from the observation well) ensures that the water sample is taken from the required aquifer and not from the water standing
in the well casing.
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In both countries, the analysis of water samples is performed in accredited laboratories in accordance
with the requirements of EN ISO / IEC 17025, which guarantees the reliability of the data. In Latvia, it
is provided by the. EGMnational accreditatiomMNo. LATAR-105-34-97), while in Estonia the analysis

of water samples is performed by the Estonian Environmental Research Center (national accreditation

No. L008).

In order to characterize the quality and assess the status of groundwater bodies in dgitries,

basic (universal) indicators are defined at all monitoring points and specific indie@onsonitoring
points, which characterize the respective anthropogenic load or characterize the shallow aquifer.
Universal indicators serve as a basis foany hydrogeochemical processes (caused by both

anthropogenic and natural

factors),

incl.

diffuse pollution

indicators. According to the

recommendations of th&G the list of universal indicators should at least inclutia’, K, C&*, Mg,

Cl, S@*, HCQ, NH', NG, NG and field work parameters (temperature, pH, Dissolved Oxygen and
Electrical Conductivity). The above main ions and field work parameters are also needed for quality
control of watersamplesduring sampling and analydisainly for ion balance calculatipnit should

also be noted that other trace ions could be also monitored and its choice is dependent on the aquifer
lithology and territory hydrogeological characteristitie trace ions may be clues to depict flow path,
recharge areas, and so on. Moreoy&ace ions may be directly related to some identified pressure
and, therefore, they become indicative of the risks to and impacts on groundwater from identified

pressures.

Annex Ibf the Groundwater Directive also identified the need to monitor speitificators, including

at least As, Cd, Pb, Hg, as well as trichlorethylene, tetrachloroethylene and other synthetic substances
(monitoring these parameters at least once during the water management perasd)yvell as
parameters such as RDor Ro... However, Annex | of the Groundwater Directive stipulates the
requirement to control not only nitrate pollution in groundwater, but also to monitor pesticide
pollution. Table10 below summarizes the information on the list of analyzed indicators and their

coincidence in both countries.

TABLE 10

Observed indicators of groundwater quality in Latvia and Estonia

Parameters

Majorions
Nitrogen compounds and their
ionic forms

Heavy metals

Chemical pollutants

Latvia

Na', K, C&*, Mg, Cl, S@?%,
HCQ, total hardness (calcutad),
PO, Rot, Faot*, Mn

NH:", NG, NQ, Nit, DOCTOC,
UV absorption, permanganate
index

Cd, Pb, Hg, ASli
Trichlorethylene,
tetrachloroethylene, 1,2
dichloroethane,
trichloromethane, BTEXother
parameters(more information in
Annex3)
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Estonia

Na', K, C&*, Mg, C, SQ?,
HCQ, total hardnessPQ?, Rot*,
Feot, Dry residue

NH*, NG, NQ, Nwit*, DOC CO2
(calculated)

Cd, Pb, Hg, ABa, Zn*, Cu*, Ni*

Trichlorethylene,
tetrachloroethylene, 1,2
dichloroethane+ other
parametersg(more information in
Annex3)
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Parameters Latvia Estonia

Atrazine, simazine, bentazone,
MCPApromethrin, propazine, 24
D, isoproturon, aclonifen, bifenox
aldrin, dieldrin, heptachlor,
dimethoate, cypermethrin,
Pesticides trifluralin, tebuconazole*,
epoxiconazole*, diflufenican*,
metribazuzan*, metribazuran*,
MCPB, heptachlor epoxy, alpha
cypermethrin, pendnethalin*,
azoxystrobin*, prochloraz*

Notes: Basic parameter8dditional parametersVin ¢ a parameter measured in only one country. * Components are
included in the new monitoring program.

Atrazine, simazine, bentazone,
MCPA, promethrin, propazine,
2,4-D, isoproturon, aclonifen,
bifenox, aldrin, dieldrin,
heptachlor, dimethoate,
cypermethrin, trifluralin,
tebuconazole, epoxiconazole,
diflufenican, metrbuzin,
metazachlor other parameters
(more information inAnnex3)

According to the collected data, it can be seen that the monitoring of groundwater quality in both
Latvia and Estonia takes into account the recommendatiof the European Commission, as well as
the requirements of the Groundwater Directive. Accordingly, a minimum list of universal and specific
indicators has been observed in both countries. However, discrepancies have also been noted, mainly
related to the characteristics of each country's monitoring, as well as to observed anthropogenic
pressures and other factors. For example, in Latvian monitoring to check the reliability of data, to
correct the obtained data and increase the accuracy, which is verpriang in typically low
concentrations or, conversely, very high mineralization amplitude, the list of water quality indicators
includes control indicators: total hardness, UV absorption or permanganate index(al$d allows

the identification of grondwater impacts on surface water bodies and terrestrial ecosystems). As
manganese (Mn) is characterized by high migration capacity in groundwater and Latvian conditions
are also characterized by natural excesses of manganese concentration, this paranietrded in

the universal list of indicators.

In Estonia, no control indicators are currently measured beside the main water quality indicators.
During the nextsixyear cycle, N, Ro, PQ, Zu, Cu, Ni and increase the determination of Ba are
included in the Estonian monitoring program in order to identify groundwater impacts on surface
water bodies and terrestrial ecosystems. Estonia has established a list of terrestrial and aquatic
ecosystems that are directly dependent on groundwater bodies. Frem, the status of groundwater
bodies are assessed to determine whether groundwater chemical quality indicators can lead to
unfavorable status for surface water bodies or terrestrial ecosystems feeding on groundwatand\

Pot measurements from grouwwater make it possible to compare monitoring data between surface
water and groundwater, as it is also measured from surface water. Heavy metals Ni, Cu, Zn will also be
added as they were standardized in drinking water and will need to be monitored uheerew
Drinking Water Directive. Also have been added the WAisthindicators¢ Pharmaceuticals (drug
residues) and perfluor (PFAS) substances, which are planned to monitor in 17 different E&@ritan

in Ordovician, Silurian and Quaternary complexes

Laboratories in both countries provide testing results in quality control procedures: at least the
percentage of total concentrations of cation and anion equivalents tested, as well as simple
correlations between parameters (P/PO Ry, N/NQ + N/NH + N/NO, < Not mg/l). In turn, the used
groundwater laboratory analysis methods in Latvia and Estonia are summarizedleil, trying to
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find an opportunity to jointly analyze the obtained results (data are summarized for common indicators
and identifyirg similar methods). In turn, more detailed information on the methods used in each
country for each parameter and their diversity is providedimex3.

Groundwater laboratory analysis methods in Latvia aggtonia*

Parameter Latvian method Estonian method
LVS EN ISO 11885:2009 EVEEN ISO 11885
Calcium (Ca) LVS EN ISO 7980:2000 1ISO 6058
- SFS 3003
- EN ISO 14911
LVS EN ISO 11885:2009 EVSEN ISO 11885
Magnesium (Mg) LVS EN ISO 7980:2000 ISO 6059
- EN ISO 14911
) LVS ISO 9963t1993 EVSESO 99648
Sodium (Na)
LVS EN ISO 11885:2009 EN ISO 14911
. LVS ISO 9963t1993 EVESO 99648
Potassium (K)
LVS EN ISO 11885:2009 EN ISO 14911

Bicarbonates (HGD
Sulphates (S0

Chlorides (CI)

Phosphate phosphorus and

SM 2320 B:2017
LVS EN ISO 10304009

LVS EN ISO 10304009
LVS EN ISO 6878:2005, 4.nod

EVEEN ISO 9963
EVEEN ISO 10362

EVEEN ISO 10362
EVEEN ISO 6878

phosphates (P9 - ISO 15682
Total phosphorus (R) LVS ENSO 6878:2005, 7.nod. ISO 15682
LVS EN ISO 11905998 ISO 11905

Total nitrogen (N)

Ammonium (Nk)

Nitrites (NQ)
Nitrates (NQ)

LVS EN 12260:2004

LVS EN ISO 11732:2005
QuAAtro Method no. @80-06
Rev.2:2008

LVS IS®777:1984

LVS EN ISO 13395:2004

SM 2340 C:2017

EVEEN ISO 11732

SFS 3032

EVEEN ISO 13395
EVEEN ISO 13395
EVEEN ISO 10362
SM 2340 C:2017

Total hardness - ISO 6059
- SFS 3003
Total iron (Fgt) LVS EN ISO 11885:2009 1ISO 6332

Lead (Pb)
Nickel (Ni)
Cadmium (Cd)

Mercury (Hg)

Arsenic (As)

LVS EN 1S11885:2009

LVS EN ISO 11885:2009

LVS EN ISO 15586:2003
LVS EN ISO 11885:2009
LVS EN 1STr852:2008

LVS EN ISO 15586:2003
56

EVEEN ISO 11885
EVEEN ISO 17292
EVEEN ISO 11885
EVEEN ISO 17292
EVEEN ISO 17292
EVEEN ISO 11885
EVEEN ISO 17852
EVEEN ISO 12846

EVEEN ISO 17292

TABLE 11
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Parameter Latvian method Estonian method
- EVSEN ISO 11885
Atrazine EN ISO 10695:2000* STJInrue3
Simazine EN ISO 10695:2000* STJnrU92
Propazine EN 1SO 10695:2000* STJInru63
Bentazone US EPA Method 8151A:1996* STJnrU92
MCPA US EPA Method 8151A:1996* STJInru92
Aldrin ISO 6468:1996 STJInrU63
Dieldrin ISO 6468:1996 STJInrue3
Heptachlor ISO 6468:1996 STInru63
2,4D BIORT-012-162-2015 STJnrU92
Isoproturon BIORT-012-162-2015 STJInru92
Aclonifen BIORT-012-162-2015 STJInrue3
Biphenox BIORT-012-162-2015 STJInrue3
Promethrin BIORT-012-162-2015 STJInrue3
Dimethoate BIORT-012-162-2015 STJInru92
Cypermethrin BIORT-012-162-2015 STJInrue3
Trifluralin BIORT-012-162-2015 STJInru63
Tebuconazole BIORT-012-162-2015 STJInru92
Epoxiconazole BIORT-012-162-2015 STInru63
Diflufenican BIORT-012-162-2015 STJInru92
Metribuzin BIORT-012-162-2015 STJInrue3
Metazachlor BIORT-012-162-2015 STJInru92
Trichlorethylene ISO 10301:1997 ISO 20595
Tetrachlorethylene ISO 10301:1997 ISO 20595
1,2dichloroethane ISO 10301:1997 1ISO 20595

Notes: Methods are not comparabMethods are comparable
* The data is for a specific date; data can be updatedessied

The methods of analysis used in the countries are standardized and, in many cases, the same.
Differences in the methods are mainly noted for the detection of pesticides and other chemical
pollutants. Also in the previous period, in Latvia the agsesd of the total iron concentration was
performed at the time of sampling, but in Estonia the sample is delivered to the laboratory. At present,
the methods are not comparable, because during the transfer of the sample, the iron in the water
precipitatesat the bottom of the vessel. However, it should be noted that, according to the new
monitoring program, the iron content in the water in the case of Latvia will also be determined under
laboratory conditions.

In general, the quality system in place in bothuntries can be considered to guarantee the reliability

of monitoring data from the moment of sampling to the results of data analysis, as the certification
and accreditation system guarantees control and monitoring throughout the data supply chain.
Congquently, the existing monitoring system in Latvia and Estonia provides an opportunity to jointly
assess the quality of transboundary groundwater bodies, as the underlying analysis methods are in
many cases comparable.

57



WaterAct

&Joint actions for more efficient management of common

%, interreg
7 groundwater resources

4) Estonia-Latvia

European Regional Development Fund

EUROPEAN UNION

2.1.2.2. Frequency ajroundwater quality monitoring and sampling

The frequency of monitoring inspections is not defined in national legislation; as well as the Water
Framework Directive, the Groundwater Directive and the Nitrates Directive do not set specific
requirements forthe frequency of groundwater monitoring observations (except for operational
monitoring of groundwater bodies at riskto be performed at least once a year), but only the
frequency (cyclicality).

According to the recommendations of tl&C(Guidance Docuant No.15, Guidance on Groundwater
Monitoring (EC, 200)), the recommended sampling frequency for surveillance monitoring can vary
from twice a year in shallow wells with the highest risk of contamination to once in 6 years in deeper
wells with the lowest the risk of contamination (the frequency of the initssesssment may vary from

4 to 2 times a year, respectively).

After data collection, it can be seen that in Latvia and Estonia there are no coincidences related to the
frequency of groundwater quality surveé§and the frequency of water sampling (s€aeblel2).

TABLE 12
Frequency of groundwater quality monitoring at monitoring points in Latvia and Estonia
Survey Sampling frequenc
Country Parameter frequency pling freq y Sampling points
(from-to)
(from-to)
. Once a year Once a yeag 4times a .
Basic once every 6 all points
. year
Latvia years
o Onceayeag2 Onceayeag4timesa only at points with the lowest protection or
Additional* . ,
times in 6 years year GWBs at risk
Basic ane g yeac3 Once ayeac4times a all points
times in 6 years year**
; depending on the compound: only at point:
Estonia Once ayeag 1 ith GWB at risk ted with GDTE
Additional* yeac Once a year w at risk, connected wi S

have specific pressure load or by additione
random sampling

* In Latvia, sampling of specific indicators in deeper aquifers is envisaged extgstesf these parameters have been
detected in the upper layein Estonia, on the other hand, they are monitored in shallow wells once or twice during a 6 year
period,and in the deepest wells once during a 6 year period.

** |n Estonia, the sampling frequency for N®the nitrate vulnerable zone in 4 times a year for some monitoring stations.

time in 6 years

In Latvia, the frequency of surveys at monitoring points mainly decreases with the increase of the
depth of the aquifer, as well as with the decrease of the degree of riskrfafce pollution infiltration.

The frequency of inspections at monitoring points can vary from once a year to once every 6 years.
Accordingly, at monitoring points that are not protected or are relatively protected, the frequency of
inspections varies frorfh time per yea®to 1 time in 2 years, while at monitoring points with the best

BThe monitoring cycle or inspection frequencytie period when monitoring is performed in ayéar planning period. For
example, a water sample is taken from the monitoring point every year (once a year) or every two years (once every 2 years),
or every third year (twice every 6 years), and so on.

19 Monitoring points where changes in the chemical composition of groundwater or exceedances of certain parameters have
been detected in the previousear period (permanent exceedances of heavy metals or nitrate content above 25 mg/l), as
well as permanent gesence of pesticides. Ideally, it is necessary to maintain the same frequency of inspections in springs
where single exceedances of heavy metals and pesticides have been detected or the presence of pesticides has been
observed, as the springs are more egpd to pollution (NITRA).
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level of protection the frequency of inspections can vary from 1 time in 2 years to 1 time in 6 years.
The frequency of inspections of groundwater bodies at risk is at ¢east a year, which is determined
by the regulatory enactments of the Republic of Latvia, as well as the requirements set outNiiFhe

In Estonia also the frequency of surveys at monitoring points mainly decreases with the increase of the
depth of the aaifer, as well as with the decrease of the degree of risk of surface pollution infiltration.
The frequency of monitoring basic parameters can vary from once a year to three times in 6 years and
for additional parameters the frequency can vary from oncéeatige in 6 years. In general monitoring
points that are not protected or are relatively protected, the frequency of monitoring varies from 1
time per year to 3 times in 6 years, while at monitoring points with the best level of protection the
frequency ofinspections can vary from 1 time in 6 years. In wells where the limit value is exceeded,
annually. In the previous period the frequency of monitoring basic parameters varied from once a year
to two times in 6 years and for additional parameters the frequyenan vary from once to twice in 6
years and in well protected areas the frequency was 1 time in 18 yeatrs.

In Estonia, the frequency of water sampling at all monitoring points (exemption, monitoring points in
nitrate vulnerable zone) takes plaoace a yar, usuallyduring the summer period, while in Latvia the
frequency of water sampling at monitoring points varies from 4 times a year to 1 time per year
(frequency mainly depends on the monitoring point's degree of protection, seasonality and monitoring
objectives). Accordingly, in Estonia, the frequency of water sampling in nitrate vulnerable zone at all
monitoring wells varies from 4 times a year to 1 time per year. In main monitoring wells (53 wells)
water sampling frequency is 4 times per year and ippsut network monitoring wells (71 wells) it is

1 time per year.

2.1.3. Principles of groundwater quantity monitoring

The main indicator of groundwater quantitative monitoring in both countries is the groundwater level.
In Estonia, if necessary, quantitzi monitoring also includes measuring the amount of water flow in
springs and watercourses, while in Latvia it is only planned to consider the possibility of including spring
flow measurement (at least for falling springs) in groundwater quantitative roanit?°.

Manual and automatic water level measurements are performed in the observation wells. Most of the
wells in the countries are equipped with automatic water level meters, which provide water level data
collection with a frequency of-8 times a dayseeTablel3).

TABLE 13
Frequency of groundwater quantity observations at monitoring points in Latvia and Estonia
Number of Latvian Number of Estonian
Typel/frequency of measurements o : . )
monitoring points monitoring points
Once a year - -
Manual 4 times a year 7 -
measurements  Once a month 70 105
Twice a month 35 -
Automatic Twice a day 201 -
measurements 8 times a day - 151
Total: 313 256

20SJringrow measurement is used by many countries to monitor climate change and is one of the recommendations in the EC guidelines.
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In Latvia, the frequency of observations in monitoring wells currently varies from twice a day to four
times a year. In the future, it is planned to consider increasing the frequency of automatic level
measurements at least up to 12 times a day (ideally up to once an hour) in groundwater monitoring
wells where potential groundwatesurface linkages have beedentified or the risk of marine and
other saline intrusion has been noted. In Estonia, on the other hand, the frequency of observations in
monitoring wells varies from once a year to 8 times a day. Automatic level meters are set every three
hours so thathe level data obtained is comparable with meteorological measurements.

Tablel4 summarizes the information on the measuring devices currently used for automatic water
level measurements in both countries, their types and characteristics. It shouldtbd tiwt in the

near future it is already planned to equip new wells in Latvia with more modern water level data
loggers, which will ensure reading and loading of levels online (currently data is read only once a
quarter).

TABLE 14
Characteristics of autmatic water level data loggers
Measuring device

Measurement Measuring device
type . . Country
interval, m accuracy/resolution
(manufacturer)
Mini-Diver DI501; NS K ns
Mini-Diver DI502 10, 20 onsb X Latvia
(VanEssen) 5
Micro-Diver DI601; MSn K NS
Mini-Diver DI602 10, 20 or Latvia
(VanEssen) 5
CeraDiver DI701 .
(VanEssen) 10 pNndnpzkK BN Latvia
TDDiver DI801; NS OKASH
TDDiver DI802 10, 20 o RS Latvia
(VanEssen) 5
BaroDiver DI500; pNXp K nZ .
BaraDiver DI800 15, 1.5 pNXp K nZ Latvia
CTDBDIVER BPHZpP K MZ .
(Eijkelkamp) 50, 100 BPXZN K HZ Estonia
Mini-DIVER .
(Eilkelkamp) 20, 50, 100 - Estonia
BaroDIVER .
(Eijkelkamp) 1,5 bNZp K H20X. Estonia

It should be noted that the MidDiver, MicreDiver, TEDiver differfrom each other only in size and
memory capacity (for example, the MicRiver is specifically designed for monitoring wells or drive
points too small to accommodate larger data loggers). @evar, on the other hand, is used for
monitoring groundwater nder potentially corrosive conditions, such as brackish water and seawater.
All automatic water level data loggers also measure pressure and temperature, so there is one Baro
Diver per monitoring station in Latvia, which records changes in atmospherisupeeand which are
compensated during the data processing procesgure 32 illustrates the automatic and manual
measuring devices used in Latvia.
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Figure32. Groundwater level measuring devices in Lat{@n the left- automatic water level dataloggeon

the right- manual watedevelmeter)

2.2. National Natura 2000 monitoring program principles in Latvia and Estonia

2.2.1. Natura 2000 monitoring program prtiples in Latvia

In Latvia, several monitorings are carried out to determine the status of biological diversity:

1)

2)

3)

Monitoring of Natura 2000 sites in 333 areas that are included in the European N2000
Network. The main objective of this monitoring is to exsé the status and changes of species
populations and habitats of European Union importance in Natura 2000 sites in the country as
a whole in order to pay attention to all Annex | species, Annex | habitats and Annexes Il and V
species identified in LatviaProtected species outside Natura 2000 sites are sometimes
assessed as part of this monitoring, such as the monitoring of vascular plant and bryophyte
species covered by the Habitats Directives.

Socalled 'base monitoring' carried out throughout the copnbutside protected areas in
order to follow trends in the size of species populations and habitats. Until now, a detailed
assessment of such species and groups of species as the brown bear, moths and butterflies,
dragonflies, amphibians, reptiles, watevfl, birds of prey and nesting birds, bats, otter, fish,
lampreys, etc. has been carried out in Latvia.

Socalled 'special monitoring', which provides information on the ecological processes that
take place in ecosystems and the relationships between dsgas The monitoring selects
protected species that have important populations in Latvia in the European context and that
also indicate the status of other species groups or habitats, such as large carnivores (wolf and
lynx), migratory bats, forest and sthgrebes, migratory birds, and black stork. The special
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monitoring program also includes the monitoring of mire restoration and management
measures.

4) Monitoring of invasive species to assess the growth of alien species and the invasion of species
not typical of native ecosystems.

Each monitoring has clearly defined goals and objectives, they do not overlap, and each has a
methodology with the necessary field data forms. The results obtained in monitoring, for example,
new species localities or updated bowarges of populations or habitats are stored in the Nature Data

al yl 38YySyid {eaidSYy ahl2taé oah! Y% Not ¢hly spéci€Sand | i dz!
habitats experts of the NCA, but also scientific institutions and-gmrernmental organizations
operating in the field of nature protection and habitat management, such as the Latvian Fund for
blFddz2NBZ GKS [FU@GALyYy {GFGS C2NBad wSaSkNOK Lyaid
Latvia, Daugavpils University, Latvian Botanical Sotiatyian Ornithological Society, etze involved

in monitoring.

In Latvia, the need for Natura 2000 monitoring became relevant in 2006 after the reassessment and
specification of Natura 2000 sites. This was followed by the developmemfioh&oring Methodology

(SIA Estonian, Latvian & Lithuanian Environment, P@7ich was used for the first time to prepare a
report to the European Commission for they&ar period 200722012, but was actually carried out in

the period 20092012 Pabas aix I NRT oo | & DJIShhEehuer®\S D 20437 thei monitoring
methodology was updated, a more detailed assessment of the condition of Natura 2000 sites was
carried out, as well as the improvement of experts' knowledge and competence in training. Bhis wa
followed by the preparation of the next major report for the period 220R0. During this period of
Natura 2000 sites monitoring, 8 detailed sptbgrams were developed for the following species
groups: pond bat, otter, brown bear, birds, combined anlydniand reptiles, combined fish, lampreys
and crayfish, invertebrates, and joint plant monitoring involving bryophytes and vascular plants.

It should be noted that the monitoring carried out for the last report (until 2020) was mainly related
to the assesment of the populations of protected species (speeiés), while the habitats or
ecosystems (habitagite) were not directly monitored. However, the condition of habitats has been
assessed indirectly, because in the species monitoring field data fismeétessary to make notes on
the quality, impacts and risks of their inhabited habitats and Natura 2000 sites.

As an additional tool for assessing the condition of habitats, a methodology for monitoring the area

of habitats using remote sensing datacastate registers has been developéddzy A £ O 3 [ n NXY
2013. It is defined that the condition of a habitat is considered favorable only if its area is stable or
increasing. Following the changes in area, conclusions can be drawn about the qualitytaishab
However, it is understood that this methodology is not suitable for groundwater dependent ecosystem
(hereinafterq¢ GDE) monitoring, as the area indicators do not directly indicate GW quality. For example,
changes in the area oifie lake may be ralted not only to the changed inflow of GW, but also to the
establishment of new drainage systems or, conversely, the blocking of ditches.

21 https://ozols.gov.Iv/pub/
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In total, the Natura 2000 monitoring methodology describes 12 monitoring methods for different
habitat groups, all ofvhich are related to GDESs, except for BIO1, BIO8, BIO11 and BI@EX({onian,
Latvian & Lithuanian Environment, 2008ablelb).

TABLE 15

List of methods used in Natura 2000 site habitat monitoring in Lat{8#A Estonian, Latvianl&huanian
Environment, 2008

No. of No. of Natura EU

Method Title habltgts 2000 sites habitats
on which  were planned related
applicable to use to GDEs

BIO1  Description of coastal habitats in monitoring point: 1 3 -
BIO2  Complex transeamnonitoring of coastal habitats 10 62 2190
3130,
BIO3 Inspection of lake habitats 4 62 3140,
3150
. . . 3260,
BIO4  Monitoring of river habitats 2 14 3270
BIO5  Monitoring of karst lakes 1 2 3190*
BIO6 Monitoring of grasslands and heaths 14 128 %ié%
. . 7160,
BIO7 Spring monitoring 2 20 7220
BIO8  Outcrop and cave monitoring 4 26 -
*
BIO9  Monitoring of heaths and mires 7 103 77221:?0’
BIO10 Forest inspection 10 197 9080*
BIO11 Aerial survey of coastal shallow habitats 1 7 -
BIO12 Inspection ofcoastal shallow habitats from a boat 1 2 -

Abbreviation: 2190 Humid dune slacks, 318@ligotrophic to mesotrophic standing waters with vegetation of the
Littorelletea uniflorae and/or of the Isoetdanojuncetea, 3140Hard oligemesotrophic waters with behic vegetation of
Chara spp., 3150Natural eutrophic lakes with Magnopotamion or Hydrocharititype vegetation, 3260 Water courses

of plain to montane levels with the Ranunculion fluitantis and CallitricBatrachion vegetation, 327Z0Rivers with muddy
banks with Chenopodion rubri p.p. and Bidention p.p. vegetation, 31R8kes of gypsum karst, 64d0lolinia meadows

on calcareous, peaty or claysift-laden soils (Molinion caeruleae), 643Blydrophilous tall herb fringe communities of plain
and of the motane to alpine levels, 7180Fennoscandian mineraich springs and springfens, 7220Petrifying springs

with tufa formation (Cratoneurion), 7210*Calcareous fens with Cladium mariscus and species of the Caricion davallianae,
72300 Alkaline fens, 908@* Fennscandian deciduous swamp woods.

Description of each GDEelated method is given:

BlO2(includes habitat 2196)Due to the fact that beach and dune habitats form a single complex and
are located in bands along the sea shore, it is recommended to unify their monitoring using the
combined route transect method. Based on habitat and orthophotps, as well as other materials,
a route along the coast is created in the Natura 2000 site. Before going to the site, approximately 10
stopping points are randomly marked on the route map (the number of points depends on the length
of the route, the ara ofthe habitat landfills, the environmental conditions and the diversity of plant
communities). At these points, the expert describes the features mentioned in the field data fiorm
the sample plots or by marking the features without the installataf the sample plots. Individual
habitat structures and impacts are assessed along the entire route or between sections. The optimal
time for monitoring is August, but it is possible to perform from July to September. During the
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monitoring, if necessaryhe boundaries of the landfills are also specified in the habitat map, obtained
after new orthophotos.

BlO3(includes habitats 3130, 3140, 315@ne lake or, in very large lakes, a separate part of the lake
delimited by configuration, with different veggtion or area (~ 300 ha) is considered as one polygon.

If the area is slightly affected, it is recommended to inspect at lea8020 of the polygon in the area.

If the site is affected or known to be potentially affected, it is recommended to surv&@%0of the
polygon in the site, selecting both unaffected and affected polygons. The route is carried out by boat
crossing the landfill in a zigzag manner, except in some cases for habitat 3130, which can also be
surveyed during spawning. Polygons and reutee selected and displayed on the map before going

to the site. The route shall be chosen so as to cross the sites where the largest populations of habitat
specific species have been identified. The optimal time for monitoring is July and August. At each
polygon, the expert keeps records of the features mentioned in the field data form. Impacts are also
being assessed on the embankment adjacent to the polygon.

BlO4(includes habitats 3260, 3270)f the habitat is sitespecific (more than 1 km ilength), the
characteristics listed in the field data form shall be listed at a minimum of 10 randomly selected points
evenly spaced in the site. It is recommended to increase the number of inventory points if there are
several river sections longer tharki in the territory or if significantly different impacts are identified

in separate parts of the territory (river sections). If the habitat is rare in the area and is not
characteristic of the area, it is recommended to survey at leasB@® of the idetified habitats,
selecting one inventory point at each stage. Routes and locations are selected and displayed on the
map before heading to the site. The optimal time for monitoring is July and August. The expert shall
keep records of the features mentionénl the field data form at the selected locations. The features
shall be counted without the establishment of plots by surveying and assessing a 100 m long section
of the river or its bank. Impacts on streams are also assessed on the embankment adjdbersite.

BIO5(includes habitat 3190*) Surveys all known and potential karst lakes in the area. Bypass the
shoreline around the perimeter to record habitat features.

BIO§(includes habitats 6410, 6430T he time of work is 1.060.07, because on thigate the mowing

of biologically valuable grasslands starts, if the lawn is not mowed, then until 1.09. For the assessment
of the conservation status and representativeness of the habitat, each polygon shall be selected at
random in such a way that there eaiat least 10 plots for species inventories and 10 replicates for
structure inventories in one Natura 2000 site. Impacts are assessed for the polygon as a whole by
walking around them and visually identifying impacts. Transects shall be established stnutttare

and species inventory. The surveys are performed at the metering points located on the transect
(within a radius of ~ 2 m) according to the given methodology. Species counts are usually limited to
one plot. The species plot for the inventorysplecies (5 #) shall be arranged by placing the lower left
corner of the plot in the middle of the transect, the coordinates shall be determined and recorded in
the field data form. If the polygon is homogeneous, then one plot is established, but if éhere
significant differences in the condition of the habitat, then another plot is also located in the worst /
different part of the polygon. The occurrence of typical species in the polygon is determined both
visually by the expert passing the polygon @dhe longest axis and according to the total species
composition in the sample plots.
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BIO7(includes habitats 7160, 7220*)t is recommended to include the source of the spring and a 50

- 100 m long section along the spring stream in the transect. @t data form must be filled in for

one spring. A single field data form may also correspond to a spring complex if it consists of several
small springs located close to each other. During the habitat assessment, the visible situation should
be describedwvithout creating plots. The remarks in the field data form should indicate whether the
spring is located in an open or shady habitat. Depending on this, the presence of trees and shrubs or
their felling can be considered positive or negative.

BlO9(includes habitats 7210*, 7230)Habitat assessment is performed by selecting a transect so that
the transect crosses the largest polygons with surveyed habitats in Annex | of the Habitats Directive in
a given Natura 2000 site. One habitat can have several tcése one Natura 2000 site. At least 10
stopping points shall be marked at random at each polygon crossed before entering the area on the
transect. At the stopping point, the expert shall keep records of the features mentioned in the field
data form in acordance with the methodology (typical species, structures) in a sample plot of 20x20
m. Impacts must be assessed for the entire polygon of a given habitat. For habitat 7210, at each stop,
the expert describes the current situation in a 10x10 m plot. At loay be required to survey the
habitat if the stopping points are in the shallow part of the lake. In habitat 7230 Alkaline fens, which
may be long and small in configuration, the transect must cross both the narrowest and the widest
part of the fen andte description points must be both at the edge and in the central part of the fen.
The dominant species of bryophytes must be recorded in the notes.

BlO10(includes habitat 9080*) A typical plot or part of a plot showing habispecific structures

(both species composition and structures typical of a natural forest) is selected for the habitat survey.
This part of the forest is crossed by a transect, visually assessing the occurrence of the relevant
indicators. Forest stand plans are needed to find #levant habitat.

A field data form has been prepared to characterize each habitat, in which the expert must indicate
various criteria, divided into three groups: (1) structures, (2) typical species, (3) impacts. Marking the
relevant criterion with a quantative or qualitative indicator (e.g. number of typical plant species: 0,

1, 23,> 3 or beaver activity: many, average, little, none) gives the sum of points that, compared to the
maximum yield points (in the case of an excellent habitat), the surveye@@olis classified as A
(good), B (average) or C (poor) category. It was analyzed how many of the field data form criteria used
are related to the quality of GDESs, the quantity of groundwater or the thréatbl¢l6and Table 1.

For habitats representipgroundwater associated ecosystems (hereinaft&AAE), the total number

of criteria exceeds 40, of which 6 structural criteria indicate GW quality or quantity, such as the number
of Charophyta communities (stands) in habitat 3140 or exposed bed (inrshetelow water level in
habitat 3270 {ablel6). Most of the typical species included in these questionnaires are important for
the identification of EU habitats (elg.a 2 Spla8diobelia dortmanndor habitat 3130). A large group

with impact critera is also related to the occurrence of aquatic plants, which indirectly indicates
whether the habitat has negative impacts (causing either extinction or expansion of plant species,
respectively). Impact criteria such as artificial water level fluctuat@mregging or mining in the area

also have a direct impact on GW. The recommendation is to include a structural criterion on the
presence of springs in the questionnaires of all habitats and an impact criterion on the beaver activity
in the questionnairesf habitats 3140, 3150 and 3270.
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TABLE 16

Criteria used for Natura 2000 sites monitoring of habitats related to groundwater associated aquatic
ecosystems in Latvia.

Criterion

Total number otypical species

Isoethide (typical species) communities (stands)
Number of annual plant species

Charophyta communities (stands)

Rheophilic invertebrate communities

Lake shore overgrowth / Shade (treessirores)
Mineral soil / Mineral soil in the littoral (% of
length)

Rocky, granular soil

EU habitat code
3130 3140 3150 | 3260 | 3270 | 3190*

Structures

X X
X

coastlir

Exposed bed (width in meters) in low water conditions X

Water color
Water transparency (m)
Swirlingcurrent

Number of lakes with empty or partially empty lake basit X

Impact of springs / Number of spring outflows

L&250Sa aLe

Lobelia dortmanna

Chara spp.

Bryophytes and Sphagnum on thkores of lakes
Water mosses

Invasive species

Mixed isoethide and other aquatic plant communities

Helophyte (surface plant) stands
Nymphoid stands

Elodeide(submerged aquatic plant) stands
Lemnids (fredloating plants)

Stands od Sphagnum cuspidatum and Warnsto

exannulata

Filamentous green algae
Water blooms

Lean, monodominant stands

Swimming areas, etc. (artificial breaks in aquifer zones)
Trampled ground cover, soil erosion on the shore

Campfire places, municipal waste on the shores
Buildings in the 10 m shoreline

Buildings in the maipool

Sewage outlets

Beaver activity / Beaver dams / Dams

Loads of logs

Water level control / Artificial water level fluctuations X X X

Pollution / Municipal waste
Overgrowth with bushes (%)
Logging or quarrying in the area

Typical species

X
X

Impacts

X X X X X
X X X X

x

X X X X X X X xX X
X X X X X X xX X
X X X X X X X X X

X X X X X X X

Notes:grayt criterion used for habitat but not relevant to GAMMRIet criterion used for habitat and important for GAAE,
orange criterion not used for habitat but important for GAAE.
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Habitats associated witlgroundwater dependent terrestrial ecosystems (hereinafteGDTE) are

more numerous than GAAE, so the overall list of criteria to be used is also IGredee {7). The
structural criteria can mostly be used to charactegreundwater however such critéa are only few

or none to habitats 6410, 6450 and 7230. Therefore, it is recommended to supplement these field data
forms with at least a minimum reference to GW as a number of spring outflows and spring impact. The
proportion of typical species in theefd data forms is richly represented, including plant species
identifying the relevant habitats (e.Gladium mariscuand Schoenus ferrugineyshowever, none of

the GDTEelated plant and whorl snail species are mentioned in the field data forms as noandi

should be noted that the final part of each habitat field data form has a column on other protected
species (Annex Il of the Habitats Directive, the Red Data List of the Republic of Latvia), however, it
would be optimal to introduce an additionbbx for the names of GD¥Elated species. Recognizing

that whorl snails of the genugertigoare almost invisible in the field, therefore the inclusion of their
species is debatable. The impact criteria in the field data forms are sufficiently detaderlemant

to the quality characterization of the GDTE, and the inclusion of additional indicators is not necessary.

TABLE 17

Criteria used for monitoring the habitats of Natura 2000 sites related to groundwater dependent terrestrial
ecosystems in Latvia.

EU habitat code

Criterion 2190 | 6410 @ 6450 | 7160 | 7220* 7210* | 7230 | 9080*

Structures

Humidity X
Depression X X

Spring debit X X

Number of spring outflows X X

Impact of springs X
Connection to alkaline fens gprings

Limestone, tuff X

Decaying wood X
Dried trees, trunks or withering trees X
Shrubs and trees, cover (%) X X X

Old grass, average layer thickness in f{
sample plot (cm)

Bare ground, cover (%) X X
Vascular plants, cover (%) X X
Average height and total height of vascul
plants in eaten / uneaten places (cm)

Number of herbaceous / flowering & fer
species

Mesophyticand / or hygrophytic plants X
Cladiumstand is in the water (%)

Generative shoots dfladium mariscus
Habitat mosaic X
Typical species
Number of flowering and fern species X X X
Bryophytes X X X
Alnus glutinosa X
Centaurium littorale, Epipactis palustri
Equisetum variegatum, Juncus baltict X
Rhinanthus sp., Sagina nodosa
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EU habitat code

ChElteln 2190 | 6410 | 6450 | 7160 | 7220* | 7210* | 7230 | 9080*
Betonica officinalis, Inula salicin:
Ophioglossum vulgatum, Parnassia palust
Linum catharcticum, Scorzonera humili X
Sesleria caerulea, Succisa pratensis, Vero

longifolia

Caltha palustris, Cardamine sp., Cnidil
dubium, Lathyrus palustris, Peucedant
palustre, Phalaris arundinacea, Ranuncu
auricomus

Different Carexspecies X X X X
Galium boreale X X

Molinia caerulea X

Cladium mariscus (%) X

Pinguicula vulgaris, Primula farinosa X
Schoenus ferrugineus X
Thelypteris palustris X
Number ofespecially protected species X X X
Ligularia sibirica

Liparis loeselii

Saussurea alpina ssp. esthonica

Saxifraga hirculus

Vertigo angustior

Vertigo genesii

Vertigo geyeri

Vertigomoulinsiana

Impacts

Drainage / flooding X X X
Water is being pumped

Straightened spring bearing / extended spot

Man-made dam

Impact of beaver activity / dam / flood X X
Water pollution /Mineral fertilizers, pesticides

are used nearby / Municipal waste

X X X X
X X X X

x
x
x

Trampling (people, animal feeder, etc.,%)
Destroyed, driven out, crushed, etc.

Mowing and / or grazing X X X
Cushions X

Plowing (%) X X

Overgrowth with trees, shrubs / Afforestatio
(%)

Felling / Felling trees, shrubs X X
Cut down trees, shrubs (along the spring
shady springs / springs in the open)

Burned X
Improved infrastructure Buildings (including
footbridges, other infrastructure)

Proportion of plant species in adjacel
habitats

Expansive and invasive species, coverage (
Invasive species

Amelanchier spicata, Heracleum sosnows|
Impatiens spp., Solidago canadensis

Betula pubescens X
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EU habitat code

iy 2190 | 6410 | 6450 | 7160 | 7220* | 7210* | 7230 | 9080*
Molinia caerulea X
Phragmites australis X X X X
Pinus sylvestris X
X

Salix auritaand other highSalixspecies
Thelypteris palustris, Typha angustifoli
T.latifolia

Notes:grayt criterion used for habitat but not relevant to GDBRlet criterion used for habitat and important for GDTE,

orange criterion not used for habitat but important for GDTE

X

Out of all 333 Natura 2000 sites established in Latvia, which is an average number (597 in Estonia and
562 in Lithuania), only a small part or 10% with the monitoring points and transects installed and
surveyed in it are included in the GAAE and GDT Eifidenby the WaterAct project. These are a total
of 36 ecosystems, most of which are located in the Habitat 7160 and the Gauja river catchment area
(Tablel8).

TABLE 18

Total number of groundwater dependent ecosystems monitored during 2€8I8L2 in Latvian Natura 2000
sites in general and in the Gauja and Salaca river basins

EU habitats related to identified GDEs

Year 3130 3140 7160 7220* 7230 9080*
mont | Gt | mont | Gt | mont |monp Gt Gp | Sp | mont monp Gt | Gp | mont |Gt mont | Gt | St

2008 7 1 2 1 1 1 2 2 1 1

2009 1 3 8 1 1 6 2 22

2010 1 14

2011 1 1 5 12 3 1 10 18

2012 7% 3 7 28 23 4 5 17 14 1 2 8 96 2 4

SUM | 16 4 10 1 38 43 6 8 1 20 14 3 2 25 '3 150 | 4 4

Notes:tt monitoring transect, p monitoring point; @ Gauja river basin,i1SSalaca river basin.

*Some habitat types have changed over time due to improved expert knowledge, as a result some monitoring forms completed
for one habitat, e.g. 3150, are in fact linkedateother habitat, e.g. 3130. If such cases were identified during the data analysis,
this was taken into account. Therefore, the figures in this table may differ from the database of the Nature Conservation

Agency.
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Figure33. Natura 2000 monitoring points and transects located in identified GDEs in Gauja and Salaca river
basins in Latvia.

In general, all GDEs that are identified in the catchment areas of both rivers in the territory of Latvia
are represented, and in the future all 36 ecosystems should be included in the integrated Natura 2000
and GDE monitoring netwolkigure33).

2.2.2.Natura 2000 monitoring program principles in Estonia

In Estonia, the national environmental monitoring program consists of 12psurams and the
Y2YAU2NARY3I 2F D59 KI 6A (| Bodiedilsd lafkiscap©hoNiNdnGsrb 2 dzi
progrant ® ¢ KS 202SOGAGS 2F GKS d. ARPNRASNKAGRAI VR A
monitor changes in the abundance and distribution of species and in the landscape. The general
objective of biodiversity monitoring is to provide input for the overall assessment of the state of the
environment in the country. Among the other issues, it is necessary to ensure the collection and
availability of higkquality data for the fulfillment ofnternational obligations, for making decisions
affecting the state of the living environment and for determining the sustainable use of natural
resources. The Biodiversity and Landscape Monitoringpsagram is the most comprehensive and
diverse of allnational monitoring programs, covering many species, communities, habitats and
landscape monitoring activities. In order to harmonize monitoring and improve the exchange of
information, the Environmental Monitoring Data Information SysteémS(a | 1 2V VI & SANE A Y-
KESJhas been developed since 2013.

Objectives and tasks of the Biodiversity and Landscape Monitoringrsaipam

According to the Environmental Monitoring AdRT I, 18.05.2016,),1the purpose, tasks and
procedures of the national environmental monitoring sptmgram RT |, 25.01.2017,) Jor the
biodiversity monitoring are:

9 elucidation, monitoring and prediction of changes in the abundance and distribution of
species, and analyzing their causal links with human activities and natural processes;

1 explanation of the impact of land use on li@bs, and identification and monitoring of the
changes in landscapes and forecast of possible development directions;
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9 identification and forecasting of the status of populations and habitats of species referred to
in EU legislation and international comt®ns;

1 compliance with international requirements and obligations.

Under the last point, for example, Article 17 of the Habitats Directive 29/43/EEC requires Member
States to draw up a report on the implementation of the directive every six years. Rartidtention

must be paid on the assumption that the population of a (rare) species cannot survive without its
natural habitat. Consequently, this (rare) species is also an indicator of the state of the habitat in
general or the existence of possible othaluesof biodiversity, and therefore a habitat in good natural
condition is also a value itself.

Description and methodology of monitoring activities of the Biodiversity and Landscape Monitoring
sub-program

According to the Environmental Monitoring®RT |, 18.05.2016)1the requirements and methods
established in the relevant legislation or international program are used in the monitoring activities of
the national environmental motoring program.

The basic methodological criteria for all monitoring work are:

The monitoring sample must characterize the status (distribution, structural and functional
quality) of the whole relevant species, habitat or landscape type in Estonia;

The moritoring methodology must be able to capture critical changes in the distribution and
gualitative status of the object/type monitored;

The monitoring methodology must be as simple and robust as possible so that it is not sensitive
to the observer/expert, te technical means used, the timing, etc.;

The monitoring methodology must be cesffective, including the most important principled
approach being that a larger sample that better characterizes the population should be
preferred to technically expensivend laborintensive measurement methods in a small
number of sample locations;

The costeffective planning of monitoring must find the optimal one, based on the hierarchy
of information needs, starting with a general assessment and focusing on detalfeckjing
whether the monitoring object continues to exist, 2) assessment of the general condition and
threats;

The monitoring methodology must be integrated between the different-ptdgrams, i.e., as
many indicators as possible used for monitoring mustrtap between the suiprograms,
ensuring the optimal structure of the databases and the interoperability of data;

Surveillance is structured into monitoring areas (defined as spatially independent units) and
(temporary) measurement sites within the monitog areas;

A The monitoring area ahe species,.¢. the basic unit for monitoring planning, is the
local populations, which consist of closely spaced (sub) populations, which are
probably historically connected but are now fragmented;

A The monitoring areaf communities and habitats is a local habitat or a collection of
adjacent and historically connected fragments of habitat ("rdeshitat”) that are
currently fragmented or designated as separate units for mapping, but are still
ecologically sufficienyl integrated due to the extent of their characteristic species
and/or suitable the existence of connecting corridors;
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Monitoring must remain an objective bystander, i.e., the monitoring must not be affected by
the special status or economic/maintenance iaities of the observation site (e.g., special
maintenance procedure as an observation area, or additional disturbance due to a permanent
observation visit, etc.) or location (e.g., harder to access);

Monitoring must also focus on thosenditions and changes in environmental conditions that
are critical for the species/community/habitat/landscape to ensure that potential
developments are predicted and preventive measures are implemented, as inert (delayed)
reactivity to.

The specific nutmer of monitoring areas, the total or sigpecific description and the frequency of
monitoring depend on the characteristics of the respective monitoring object, the number of sites and
the dynamics. As a general rule, a sample of sites related to Natparting has been
compiled/divided into 6year monitoring periods to ensure regular updating of the basic data required
for the report.

According to the objectives set for the wildlife monitoring activities, the monitoring work of the
Biodiversity and Latscape Monitoring program can be divided into three groups:

habitat monitoring;
monitoring of different species, species groups and their communities;
landscape monitoring.

Habitat monitoring

Habitat monitoring observes both human and rloaman influencedspecies communities, including
mainly plantbased community groups (e.g., Habitat Directive habitat types and Estonian vegetation
types), as well as landscape or geological complexes (coastaknfleadows, bank forests, wooded
meadows) or habitats basexh an integrated complex of several taxonomic groups (seabed habitats).

The current national monitoring program is in use since 2019. In the previous monitoring program the
SUbLINR AN ¥ daz2yAld2NAYy3I 2F SYRIYISNBR érhtesirdeMs Hnn
and methodologies for a) alvars and heathlands (6280*, 4030); b) alluvial and paludified meadows
(6450, 7230); c) forest habitats (2180, 9010, 9020, 9050, 9060, 9070, 9080*, 9180, 91D0*, 91E0 and
91F0); d) dry meadows (6530*, 6210*, 6270%)ceastal meadows (1630); f) mires (7110*, 7120, 7140,

7160, 7210*, 7230). In the current monitoring progradnnex lhabitat types are divided into five

groups with specific methodologies:

forest habitats: 2180, 9010, 9020, 9050, 9060, 9070, 9080*, 9118009 91EO0 and 91F0;
grassland habitats: 6280*, 6530*, 1630, 4030, 6210*, 6270*, 6450 and 7230;

coastal habitats: 1210, 1220, 1230, 1310, 1640, 2110, 2120, 2130%*, 2140*, 2190 and 2320;
wetlands (habitat types not specified)

marine habitats (habitat typesot specified)

As seen from the lists, freshwater habitat types were not monitored in Estonia during the previous
monitoring program nor are monitored during the current program. Lakes and rivers are monitored
only according to the requirements of the Wateramework Directive. From the six terrestrial habitat
types considered as GDTEs only four were monitored during the previous program (excluding Humid
dune slacks (2190) and Petrifying springs with tufa formation (7220*)). Habitat types 7160, 7210%,
7230were monitored as mires, habitat type 7230 also as meadows, and habitat type 9080* as forests.
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According to the current program, three GDTE habitat types are monitored, 9080* as forests, 7230 as
grasslands and 2190 as coastal habitats.

Several habitat typs are considered GDTESs only in exceptional cases: 6410, 6430, 7110*, 7120, 7140
and 91DO0* Retike et al., 2020 Habitat types 7110*,7120 and 7140 are considered GDTEs only in
Northeastern Estonia in the oil shale mining region and the dependence isgoahtitative not
gualitative. They are not critically dependent on groundwater under normal circumstances, but are
considered GDTEs as a precautionary measure, because groundwater drawdown caused by extensive
subsurface mining could lower the water levath in transitional mires or bogs. Only four habitat

types out of these six were monitored in Estonia during the previous program (excluding Molinia
YSFR26aX 6cnmnd YR | @RNRLIKAf2dza dFff KSNbB FNA
and 7140 were monitored as mires and habitat type 91D0* as forests. According to the current
monitoring program only one of these habitat types is being moniter@tD0* as forests.

Neither under the previous nor the current version of the monitoring program, ites €hosen for
monitoring were/are not limited to Natura 2000 sites, but their selection is based on all mapped
polygons of the relevant habitat type. Though most of the mapped polygons are located in protected
areas, which makes them regionally unevettibtributed.

In addition to the monitoring of habitat types, the Environmental Board orders and conducts habitat
inventories of protected areas that often cover all the habitat types present. Opposite to the habitat
monitoring, however, these inventories tend to be émsistent in their methodology and interval.

Though listed in the monitoring program, wetland habitats have not been monitored in Estonia since
2017. In 200€016, a sipyear cycle was applied to monitor mire habitats, with ~120 sites monitored
in 20062011. A roughly even distribution of the sites was aimed all over the country, thus the mires
were chosen intentionally, not randomly. At the beginning of that program, fens (7230) and bogs
(7110*) were monitored separately, with 10 bogs and 10 fens besitedievery year. Additionally,
some spring fens and transitional mires were later added to the program. The monitoring methodology
of mire habitats consisted of vegetation analyses on 2 x 2 m permanent plots (3 aida qualitative
assessment (statyustructure, functions and human impacts).

From 2017, new methodology is being applied to include more sites, but to visit them less often.
Moreover, in 2008011 Estonian Fund for Nature (ELF) conducted a large inventory of mire habitats,
where the statusand vegetation of the Annex | mire habitat types were assessed on all mire sites in
Estonia that exceeded 0,5 lgahat information is planned to be included to the EELIS database, which
houses the official Annex | habitat data in Estonia. The next lavgatory most likely takes place in

2025 and is planned to collect sufficient data to assess Annex | mire habitats. Also, {d0RO07
Institute of Ecology at Tallinn University conducted an inventory of peatland forests outside protected
areas. There, th main attention was on the qualitative and quantitative parameters of habitat type
9080* to assess their general state, quantify their area and find possible new ecologically valuable sites
for the protection.

Monitored GDTE habitat types under the Bi@sity and Landscape Monitoring in Estonia

Currently, there are only four GDTE habitat types (including habitats considered GDTEs only in
exceptional cases) in three habitat groups being monitored in Estonia:
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forest habitats- 9080*, 91D0*;
grasslands 7230;
coastal habitats 2190.

Monitoring the condition of forest habitats includes habitats 9080* and 91D0*

The tasks of the forest habitat monitoring are:

to collect data in Estonia on a regular basis in order to provide an adequate assessment of the
condition and biodiversity of endangered forest habitats and their changes over time;

provide an expert assessment of the status of the monitored forest histdtad the adequacy
of conservation and management measures;

collect data on the distribution of endangered species and the status of populations in forest
habitats (through a monitoring program for protected vascular plants).

The methodological basis ftre current monitoring of forest habitats is: Liira, J. 2088sessment of
monitoring methods for existing communities and recommendations for promoting monitoring
methods for the staus of Natura 2000 habitatGn Estonian). The monitoring of forest habitats has
been carried out according to this methodology since 2010.

The main method is to carry out an expert observation of the condition of the habitat in the monitoring
area GeeTable 19). The monitoring takes place in gigar cycles. In the three most common habitat
types (9010*, 9080*, 91DO0%*), the target number of monitoring points corresponds to the area
proportion of the habitat type, 240, 170 and 190 sampling points per mdngacycle, respectively.
Forest monitoring methodology does not use permanent plots, but randomly chosen poir$§ (20
radius). During the fieldwork, the monitoring areas shall be described as far as possible at a given point,
in individual cases the pat shall be moved within a range of-B50 m so that it does not reach a road,
target, ditch or border of different habitats and is accessible to the observer. During the forest
monitoring in 20122018, 75 sites were randomly chosen from all the forestitaalypes, using the
polygons of all cadastral forest areas. That set of samples is considered sufficient to conduct statistical
data analysis. In 2032024, a new selection was made and sites are being visited.

Monitoring the condition of grassland hakdits - includes habitat 7230

The tasks of monitoring grassland habitats are:

to collect data in Estonia on a regular basis in order to provide an adequate assessment of the
status and biodiversity of plant communities of valuable seatural habitats andheir
changes over time;

provide an expert assessment of the status of the monitored grasslands, the adequacy and
impact of conservation and management measures, and make recommendations for the
implementation of appropriate measures to improve the comitof the habitat;

to collect data on the distribution of endangered species and the status of populations in the
habitats of natural grasslands (part of the monitoring program for protected vascular plants);
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to collect data on a regular basis for thesassment of smadicale species richness in
permanent monitoring areas of wooded meadows and alluvial plains (based on square
monitoring methodology).

Grassland habitats are endangered seraiural communities (habitats) that are highly dependent on

the scale and intensity of human activities (mainly grazing and forage harvesting). Before 2005, the
monitoring of endangered vascular plant species was carried out using square monitoring methods,
later the status monitoring has been used. The status monitpisrbased on the inventory of habitats
valued by the Habitats Directive, which was originally carried out to identify Natura 2000 protected
areas upon accession to the European Union. Habitat type 7230 has been included in the monitoring
since 2016. Theaspling of monitoring areas is selected on the basis of a stratified (mainly using soil
maps and aerial photographs to find grasslands) random selection method wighasixnonitoring
cycles. For each monitoring cycle, an approximately proportionate nuwibgtes for a given habitat

type are randomly taken from the Natura site database. The sample size of the sites to be monitored
during the monitoring cycle depends on the proportion of the respective habitat type in the data of
the grassland habitats oF habitat 7230 the number of monitored sites is 8 per year. The dynamics of
plant communities of the habitat type, as well as other parameters to be recorded, are compared in a
sixyear cycle. Thereisno$dpl t f SR WNBLISI i Y2y A yRaniksyoHaparticdak A O K
permanent plant community. Areas may bemmnitored by resampling. Also, from 2018, the size of

the measuring of monitoring area was limited to 0.1 hectare instead of the previous 0.8 ha (circle with
a radius of 50 m), which ens®g a better targeting of the data collected to the habisgtecific
characteristics of the specific habitat and reduces the proportion of concomitant, adjacent and
marginal communities in the description.

The observations result in expaassessments (seBable19) that characterize nature conservation
value and status in accordance with the Habitats Assessment Standard are provided, based on the
definition of habitat type and extent, vegetation indicatazharacterizing the layered and floristic
composition of the community and influencing factors. In addition, the expert provides management
recommendations for a specific monitoring area.

Monitoring the condition of coastal habitats included habitat 2190

The tasks of monitoring grassland habitats are:

to collect data in Estonia on a regular basis in order to provide an adequate assessment of the
condition and diversity of endangered coastal habitats and their changes over time;

provide an experassessment of the status of monitored coastal habitats and the adequacy of
conservation measures.

The state of coastal landscape diversity is characterized by a synthesis map of sites and vegetation,
whichis the basis for recording future changes. Thddatbrs of monitoring of coastal habitats are
described inTablel9. The interrelationships and species diversity of the individual components in the
landscape are expressed in the landscape profile with lists of species of vascular plants, bryophytes
andlichens. As a result of the processing of coastal land cover from different timesteps, the trend of
changes in the landscapes of the monitoring areas is compiled. Also, the locations or distributions of
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valuable objects, which are evaluated on-paint s@ale, are marked on the map. The work is illustrated
with photographs, which are preferably taken from the same place during the repetitive monitoring.
Repeated surveys in monitoring areas are recommended atedd intervals, in areas that change
rapidly a in the event of extreme changes the monitoring should be conducted more frequently.

A questionnaire has been prepared to characterize each habitat group, in which the expert must
indicate various criteria. It was analyzed, how many of the questionneteria used are related to
the quality of GDEs, the quantity of groundwater or theeats (Tablel9).

TABLE 19

Criteria used for monitoring Annex | habitats related to groundwater dependent terrestrial ecosystems in
Estonia

EU habitat code

Criterion 2190 | 7230 @ 9080* | 91DO*

Habitat identification

Soil profile: organic surface layer X X
Land cover X X
Landscape dimensions X X
Presence X X
Qualitative habitat management X X
Land use X
Parameters of key area/Description of theommunity (layers)
Proportion of species in the forest stand % X X X
Age of the species in the | layer a. X X
Ground cover % X X X
Height of | layer m X X
.L&art FNBIF 2F GKS aidlyR YukK X X
Presence and density class of Il layer X X
Species occurrence and abundance assessment (Il layer) X X X
Height of Il layer m X X
Presence and density class of seedlings X X
Assessment of the occurrence and abundance of the species X X
(seedlings)
Abundance of bush layer X X X
Assessment of the occurrence and abundance of the species (| " " "
layer)
Height of bush layer m X X

Height of grass and shrub layer cm

Abundance of specimens of the species (grass and shrub layer

The occurrence of negativahanges in the grass and shrub layer

Species distribution (grass and shrub layer)

Abundance of moss layer

Humidity conditions

Type and degree of risk and impact factors: impact of drainage

Type and degree of risk afmpact factors: impact of mowing

Type and degree of risk and impact factors: impact of grazing

Grazing pressure

Type and degree of risk and impact factors: impact of restoratic

Type and degree of risk and impact factanspact factors

Complex profile of the monitoring area X
76
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EU habitat code

Criterion 2190 | 7230 @ 9080* | 91DO*

Characteristics of habitat diversity

Presence of substrate / microhabitat
Abundance of substrate / microhabitat
Diameter of the largest substrate unit cm
Hollows in layer

Biologically old trees

Trees grown in poor lighting conditions

Vegetative / multistemmed trees

Well-developed supporting roots

Abundance of biologically old shrubs

Presence of long hanging lichens

Presence of polypore

Presence of great foliose lichen

Presence of species / taxon

Abundance of specimens of the species X
Aggregate habitat assessmemntsabitat status assessments

Representativity of the habitat X X X

Degree of conservation of structure

Degree of conservation of functions

Restoration possibilities

Global assessment of the habitat

Value of community status

Floristic value of the habitat

Smaliscale speciedchness of grass layer

X X X X X X X X X X X X X
X X X X X X X X X X X X X X

X X X X X X X
x
x

Natural values

Geologicalandscape objects/areas X
Protected plant communities and species, protected parks, star
Nesting sites and biotopes of animals worthy of protection, stag
points for birdsduring migration

Socieeconomic values

Archaeological and cultural values X

Land use value based on soil quality class, forage value of me:
vegetation, forest type and quality class

Recreational values X
Existing angbotential threats X

Notes:grayt criterion used for habitat but not relevant to GDBRlet criterion used for habitat and important for GDTE,
oranger criterion not used for habitat but important for GDTE.

X

Monitoring of species and communities

Monitoring of species and communities must provide an overview of the status of populations of
species as well as of different species groups (e.g., functional groups or communities) as well as the
effectiveness of conservation and management measuresu@itg alien species) applied to them.

The main monitoring program includes all species of protection category |, in addition to a selection of
species of categories Il and IIl. From the list of internationally endangered species, an optimal selection
hasbeen made of those species that can be monitored based on the available resources (species

representation, availability of skilled labor, financial resources). Alien species that affect local life must
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also be monitored. No permanent sites have been selécbut 1230 sites are being visited during a
sixyear monitoring cycle. All monitoring results, except | and Il category species, are publicly available
at the KESE database. In the future, the data collected by the Environmental Board will alsadeelinclu

in KESE.

The monitoring of species and their groups is divided as follows:

vascular plants and bryophytes
species of fungi and lichens
invertebrates

fishes

amphibians

reptiles

birds

mammals

Output results of the Biodiversity and Landscajsonitoring

The main output of biodiversity and landscape monitoring is overviews and reports on changes in the
environment as a result of human activities and natural processes. In addition, reports arising from
various international and national obligatis. In addition to the need to assess an individual
monitoring object, an integrated approach must be taken into account when analyzing the data.

The successfully completed Biodiversity and Landscape Monitoringregbam provides the main
input for assesing the state of Estonian wildlife. The indicator of effectiveness shall be the proper
fulfillment of the objectives of the suprogram, including the objective of each individual monitoring
work. For species (and habitats) of international importancedsgs and habitats under the Habitats
and Birds Directive), the number of meaningful reports is an indicator of effectiveness. For the
purposes of the Habitats and Birds Directive, a meaningful report means that the necessary data have
been collected undethe subprogram for the quantitative assessment of all report fields indicating
the status (e.g., population size, trend, distribution area, trend) and the report is based on analytical
data. One of the indicators of the success of the monitoring of speanid habitats is the proportion

of sites (monitoring areas) inspected over the years or the corresponding number of repeated
observations. At national level, lostgrm, consistent data series are an indicator of the success of the
program, where disruptins are not due to reduced budgets and allow for lb@ign changes to be
estimated.

¢C2RIF28Qa . A2RAQOSNRAAGE FYR [FYRAOFILIS Y2yAG2NAY3

scienced F 8 SR RSOA&AA2YA YR Fdf FATEAY3 GKS O2dzy i NEQ

conservation status of the habitat types and sj@s under the Birds Directive and Habitats Directive,
about changes in the biodiversity of managed forests, etc. Species and habitat types with data
deficiencies need to be mapped and possible overlaps between different monitoring programs
identified. Moritoring methodologies must be improved, including enhanced usage of remote sensing.
Coherence is to be developed between biodiversity monitoring and othespsagrams of national
monitoring, between different subareas of wildlife monitoring, and betweatianal monitoring and
conservation management monitoring and inventories. Proceeding from the above, it is also necessary
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to improve the structure and coherence of the network of monitoring stations and sites and of the set
of monitored parameters, whicks often not representative enough to provide information about
changes at the national level.

2.2.3. Comparison of Natura 2000 monitoring parameters in Latvia and Estonia

In order to compare the monitoring methodologies and the criteria used for assetssrguality of
habitats in Natura 2000 sites in Latvia and Estonia, two types of habitats related to GDTES were chosen
as an exampldn Estonia, the N2000 monitoring program does not include any habitats representing
GAAEs, so rivers and lakes cannotibed for comparison with Latvia. Therefore, in the text below, we
focus only on terrestrial habitats (forests, peatlandSince in Estonia only 4 types of habitats are
applicable to the topic discussed, and only 3 of them are represented in Latvia, ren2480 is very

rare, then habitats 7230 and 9080* are taken as examples for comparing the applied methodologies
of both countries. In Latvia, in the time period from 2008 to 2012, the habitat 7230 Alkaline 2Bs in
Natura 2000 sitesincluding 3 placeis the Gauja river basin, has been monitored once in each place
using thetransect method In Estonia, habitat 7230 used to be part of mire habitat monitoring and 10
sites were surveyed annually using the permansaquare plot methodologybut later it hasbeen
included in the grassland monitoring program a8dsites are surveyed annually usin@.l ha
monitoring are. Habitat 9080* Fennoscandian deciduous swamp woods are monitofédiNatura

2000 sitedn Latvia, incl. 4 locations in the Gauja river basid 4 in the Salacas river basin once every

6 years, using theransect method In Estonia, habitat 9080* was monitored as part of a forest
monitoring program wherer5 siteswere randomly selected and a sigpecific number ofandom
monitoring plotswasused (i.e. 240, 170 and 190 sampling sites per monitoring cycle). As can already
be seen from the information provided, the choice of monitoring sites and the methodologies used in
both countries are very different.

TABLE 20
The list of common criteria tesd in monitoring field data forms of habitats 7230 and 9080* in Latvia and
Estonia.
Latvia 7230 9080* Estonia 7230 9080*
Number of herbaceous / Proportion of species in the forest » »
flowering & fern species stand %
Assessment of the occurrence an
Shrubs are&))trees, cover abundance of the species (bush  x X

layer)

Type and degree of risk and impa
factors: impact of drainage
Mowing and / or grazing X Qualitative habitat management  x X
Presence of substrate /

microhabitat

Notes:grayt criterion used for habitat but not relevant to GDBRet criterion used for habitat and important for GDTE,
orange criterion not used for habitat but important for GDTE.

Drainage / flooding X

Depression X X X

Additional analysis wagzerformed to compare the criteria used in the field data forms to monitor both
7230 and 9080* habitat types in Latvia and Estonia. Of all the criteria Uiséxe(6, Table19), only
four of them were common in both countries, and one is used in Latviapnluked as important in
the future also in Estonial&ble20). All of these common criteria are used generically and do not

79



WaterAct

%
///‘7/‘ L “e-' I e_b A &Joint actions for more efficient management of common
g Estonia-Latvia o groundwater resources

European Regional Development Fund

EUROPEAN UNION

provide very useful information if the habitat were to be evaluated from a GDE perspectivdronly.
both countries, the status ofpecies communities and various physiogeographical parameters (for
example, hydrological system conditions) are mainly used to assess habitat quality, but no chemical
indicators are evaluated. It should be noted that the opinion of the expert may differ fihe level of
his/her experience and training, as well as the opinion may depend on the season of the survey. In
particular, the quality of habitat 9080* can be significantly different in early spring after snow melt or
in the second half of summer after long drought. On the other hand, for the habitat 7230, the
knowledge of the flora is of great importance, because the recognition of individual vascular plant and
bryophyte indicator species can indicate a completely different level of habitat quatbiy (bw to

very good). Therefore, the used criteria must be critically evaluated, so that they can be applied to the
GDE condition assessment at d&lhe main conclusion from this comparison is that each country has
chosen specific criteria for its natiahmonitoring methodology and these are useful for preparing
biodiversity reports to theECfor a 6year period. However, the methods used would have to be
drastically changed to be uniform in both countries, and it is likely that all previously coldatad
would no longer be comparable.

2.2.4. Recommendations for linkage GDEs and GW monitoring programs

In order to ensure protection of groundwater dependent ecosystems and to provide data about
ecosystem status and thus indicate the overall statu&S@WBS, a link to national Natura 2000 and
groundwater monitoring programs must be developed. After data collection, it was concluded that
currently implemented monitoring of the Natura 2000 territories in both Latvia and Estonia is mainly
based on the rests of the habitat type survey according to the developed methods, but was not based
on actual data (water samples).

Accordingly, in order to determine the impact of groundwater on surface water bodies and terrestrial
ecosystems, both monitoring programs silassess water quality both in GWs and in the ecosystem
itself, establishing a single list of parameters (temperature, pH, specific conductivity of wateRoiN

PQ and additional Zu, Cu, Ni and Ba). Temperature, pH and specific conductance owidé first
insight into water quality and functioning of the site, which is recommended to be at least included in
the initial monitoring. Although this requires equipment and training for the habitat experts who will
carry out the field surveys, the casare rather low (such equipment is easy to use and do not require
large maintenance costs). On the other hand, in order to get a better idea of the impact of underground
water on surface water bodies and terrestrial ecosystems, it is necessary to inbieidemaining
parameters (at leastd? and Not) in the monitoring.

It would berecommendedo provide water level monitoring i@DEsvhere there are activities nearby

that could change thgroundwaterlevel.Currently the locations of groundwater monitog networks

and GDEs do not overlap. Established state groundwater monitoring networks in Estonia and Latvia
were designed to serve different purposes (e.g. to detect regional trends in groundwater quality or
guantity, assess impacts of diffuse polluti@nd provide valuable lorgerm datasets. The locations

of wells cannot be moved, and current monitoring frequency must not be interrupted. However, an
effort should be made to improve groundwater monitoring networks by establishment of new wells
and seletion of new springs for national monitoring need
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Currently temperature, pH and specific conductance of water in monitored habitat types in Estonia are
not a part of habitat status assessment but could provide first insight in water quality and fungtionin
of the site, and therefore is recommended. Although this requires equipment and training for the
habitat experts who will carry out the field surveys, the costs are rather low (such equipment is easy
to use and do not require large maintenance costs).

2.3. Joint monitoring program for Latviafstonian cros$order area

According to the WFD, the Member States which have a transboundary GWBs should carry out joint
activities to monitor, share data and assess the chemical and quantitative status of joird. G¥B
conditions for the selection of transboundary monitoring points in the WFD are described very
generally and points 2.2.2 and 2.4.2 of Annex V to that directive provided that transboundary GWBs
should be provided with a sufficient number of monitayipoints to assess the direction and flow rate

of the groundwater through the member state boundary, as well as track groundwater quality, timely
identify and control transportation of potential pollutants. In turn, the European Commission Guidance
Documerli b2 ®mp aDdZA RIFYyOS 2y DNBAzZRAIDIA RISE AYHiE2 By 3
FaasSaaySyid 2F (GNlyaoz2dzyRINE 3INBdzyRgl GSNERE aSi
development of a monitoring network (selection of monitoring points), based mainlconceptual
understanding of the hydrogeological conditions of the transboundary area and potential pollution
threats.

Particular attention must be paid to transboundary GWBs that have been identified as GWBs at risk,
stated or objected to with intenseanthropogenic pressure. In such areas the density of the
transboundary monitoring network may increase, respectively in the water bodies with the lowest
anthropogenic pressure it may be lowesurveillance monitoring may be provided only with the
existing monitoring points located in the transboundary area.

Based on the results of the anthropogenic pressure and status assessment of GWBs, no intensive
anthropogenic pressure was identified in the Estodiatvian transboundary area that could
significantlyaffect the status of GWBs and no GWBs at risk were identified that do not achieve good
groundwater quantitative and/or chemicatatus(Chapterl.2 and 1.3 Therefore, at present, general
information on the situation of transboundary GWBs can be achibyegkisting monitoring points in

the transboundary area. Additional monitoring points or integrated monitoring could be served by
springs which represent chemical composition and features of corresponding aquifers. Such
representative springs have been id#ied during the WaterAct project and they can help in
transboundary GWBs status assessment.

2.3.1. Existing monitoring points qualification

There are a total 0563 monitoring points in the Gauj&oiva and Salat8alatsiriver basin districts,
most of which 85%)are located in Latvia due to the distribution of the river basin districts (see Chapter
1.1). However, not all monitoring points located in thbovementioned river basinsan directly
characterize it and meet th requirements set out in the WFD Annex V, points 2.2.2 and 2.4.2.
Therefore, in order to fully manage the cressrder GWBs and the croderder area itself, as well as

to assess the impact of only transboundary anthropogenic pressures on groundwateraesdt was
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decided todistinguisha 25 km buffer zone on both sides of the Estoriatvian borderlt should be
noted that the selected territory also basically covers the transboundary area identiiiieith the EU
WATERRES projé&gstduring which shad groundwater resourcebetween Latviaand Estoniawere
studied in more detail (with the exception that it includes the &nfta ofSalacéSalatsi river basin).

Accordingly, monitoring points that fall within the previoudilineated buffer zone and ehacterize

8 previously identified transboundary GWBS (D6, A8, A10, P, 21, 23, 25 asde26hapted.1. for

more detail3 may be included in the cro®®rder monitoring network. as an initial list of observation
points, although some of the points mayso be located outside the Galigoiva and Salat3alatsi

river basin districts. Such an approach allows for the full management and assessment of the Estonian
Latvian transboundary territory and common groundwater resources, the distribution and
watersheds of groundwater do not always correspond to the boundaries of surface water bodies inside
the river basin districtsTherefore, it is recommended to consider in the future the possibility to include

in the transboundary monitoring netwoidso those ronitoring points that characterize GWBs 22 and

24 (currently not identified as transboundary GWRBa) least at the national level.

Thereis a total of 27 monitoring points in the territory under review, of which 3 monitoring points in
the territory of Efonia have not been used for monitoring in recent years, as well as they have not
been planned to be included in the State Monitoring Network in the futéigure34). More detailed
information on the identified monitoring points is summarizadinnex4, while a summary by type of
monitoring at the GWB level is providedTiable21.

22 EUWATERRES "Hitfegrated management system of cressrder groundwater resources and anthropogenic hazards™
http://eu -waterres.eu/
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Figure34.Location of transboundary monitoring points

It should be noted that the existing active monitoring poiimt39% of cases provide quality monitoring
and only about 58% of them provide quantitative monitoring or water level measurements. The largest
number of monitoring points is located in GWB A10, because in this GWB groundwater monitoring
station "Rimeikasfs located, which includes 5 observation wells.

TABLE 21
Number of transboundary monitoring points and their distribution &iGWB level
o Total
Type of monitoring and TGWBs

distribution of num_?er_ of
monitoring points 26 D6 23 25 A8  A10 21 P m%rgir?tgng

Quality 2 1 2 3 1 5 2 3 19

Quantity 1 0 2 2 1 5 1 2 14

Inactive - - 1 2 - - - - 3

Total number 3 1 3* 6 1 7 3 3 27

Note: *A quaternary well attached to GWB 23 is currently inactive

In general, it can be concluded that no uniform distribution of monitoring points is observed in any of
the TGWBs and that the density of the monitoring network is acceptable only at low anthropogenic
pressure and provided that no problems have been idattiin the transboundary area. Otherwise,
attention should be paid to the installation of new monitoring points and/or the integration of other
monitoring points into the existing monitoring network in those areas where groundwater is more
polluted and/orgroundwater resources are depleted or the hydrogeological regime changes.
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It should be noted that the new monitoring wells, which are planned to be installed in the near future
in the territory of Latvia éee Chapter 1.1n GWBs A8 and Al10, can improve tcoverage of the
existing monitoring network in the aboweentioned GWBs and ensure both quality and quantity
monitoring in the future. Once installed, they can also be included in the transboundary monitoring
network.

However, it should be noted that rgignificant groundwater abstraction has been identified in the
transboundary area, which could lead to changes in the hydrogeological regime and change of
groundwater flows in the transboundary area, and no further increase in groundwater abstraction is
planned due to low population density. Accordinglyis recommended in the future to focus on the
development and harmonization of a lotgrm groundwater quality monitoring program in order to
obtain initial information on the natural state of the trarmlndaryarea and to develop a systematic
continuous exchange of data. The exchange of groundwater level or quantity monitoring data is
currently not a priority (no harmonization required). However, as far as possible, it is necessary to
exchange quantitate measurement data on an annual basis to the extent currently provided for in
the existing monitoring programs in both countries.

2.3.2. Recommendation of new monitoring points (springs)

Based on the statistical analysis of spring and well water hydrochemistry, which is described in more
detail in chapter 3.2, representative springswere selected that would be suitable for further
integration into the cros$order monitoring networkabk 22). The selection was made based on the
results of the DA analysis. The springs that were situated near the centroids of the aquifer system
clusters in the discriminant space, were selected as candidates for monitoring sources. The selection
wasbased on the assumption that the springs represent the average water quality of the groundwater
body/aquifer system, and can be used for background monitoiing. results indicate that the best
representativeness of GWB was found in the case of th@pper-Middle Devonian) aquifer system
springs, while B(Upper Devonian) aquifer system springs featured a bit lower representativeness. On
the contrary, Q (Quaternary) aquifer springs represented primarily local catchment areas and are not
suited for GWB hekground monitoring. However, Q springs could be used as reference monitoring
points that characterize local processes in particular aré&s local pollution or abstraction impact,

long term climate change impact on local scale. Moreover, these spranyde used as reference
monitoring points to assess groundwater dependent ecosystem dependency on groundwater and
vulnerability, as well as for groundwater assessment.

TABLE2

Representative spring candidates for & transboundary groundwater body maring. The springs were
selected based on the statistical analysis describedtiapter 3.2.

Quaternary Specific
Spring Elevation cover Aquifer Watershed conductance
name B L (m asl) thickness  index TGWB area (nf) 0 x { K@O"

(m)* Hpc/ (
Aquifer system (Q)

Roodsi - o c4576 2639533 793 57.5 Q - 15905 241
apual
+2 NE (i ) 57.65146 27.08879  237.1 111.4 Q - 18299 490
Velnakmens 57.86216 25.01626  42.1 19.5 Q - 45332 190
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Quaternary Specific
Spring B L Elevation cover Aquifer TGWB Watershed conductance
name (m asl) thickness  index area (n?) 0 x { K@ao"
(m)* Hpcl U
htAg57.62026 25.79675 42.4 29.5 Q - 184930 127
Aquifer system (B)

Viinavabriku 57.61156 27.25587 177.8 27.6 Dspl 26 2519696 545
+Sal A 57.68862 26.89132 129.2 275 Dspl 26 1080074 481
?lljt\éis 57.51329 26.39856  71.5 16.5 Dapl D6 39745605 681
Gaujienas 57.51695 26.38675 69.4 19 Dspl D6 9202939 655

Aquifer system ()

[ I dzNJA 57.59401 26.67028 73.5 12.7 Dogj 25 960161 533
¢ dzdzNJA ° 57.59298 26.73124 79 15.5 Dogj 25 10481264 472
Pantenes 57.86807 25.21666 46 19.2 Dobr A10 43990764 667
Zilaiskalns 57.56691 25.19345 53.2 22.4 Dobr A8 4803322 610

2.3.3. Development of longerm quality monitoring program

In the future, it is recommended that groundwater quality monitoring data on the transboundary area
be exchanged between the LEGMC and the EEA. The (initial) list of monitoring sites at least for which
the exchange process should be provided is gimereble 23. Increased attention should be paid to
monitoring points that fall entirely within the Gaujdoiva river basin district, as these are the areas
where the most intensive groundwater flow between the two countries has been identified; in the
event of an increase in anthropogenic pressures, it is possible that changes in the status of
groundwater, which may be affected by transboundary activities, could be observed at these points.
The highest groundwater flow intensities in this river basin distristehlaeen identified both within
D2.4a4 Hc FYR 5c¢c3X ¢KAOKOg@ Kiodwaér aduiief BmplexX 8nd withih JA g |
GWBs 25 and A8, which characterize th&lHz}AR&ta groundwater aquifer complex and are also

the main groundwater source throughotite transboundary areaSplovey et al., 2031

TABLE 23

Agreed sampling sites for exchange of groundwater quality monitoring data in transboundary area between
Latvia and Estonia

Well/ .
spring No. in  Name of monitoring site in River basin Coordinates .
national national language district AGIITEr SRRy
databases X (m) Y (m)
Wells
10722 Misso suurfarm GaujdKoiva 693403 389028 Ds EE
10890 Varstu alevik Gauja/Koiva 658874 392320 Dz EE
11890 [ Nf £t SYNS Gauja/Koiva 641379 403409  Dutr EE
13376 YNI 60 A LJp KA1 2 Gauja/Koiva 668863 388200 Dz gQlll EE
9635 Aloja SalacéSalatsi 548750 403489 Dopr LV
9636 Aloja Salaca/Salatsi 549905 403409 Dopr LV
22652** Rimeikas Salaca/Salatsi 560544 407112  gQiltv Lv
9601** Rimeikas Salacabalatsi 560984 407442  gQiltv Lv
9600 Rimeikas Salaca/Salatsi 560985 407436 Dobr LV
9639 Seda Salaca/Salatsi 584754 405850 Dopr LV
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Well/ .
spring No. in  Name of monitoring site in River basin Coordinates .
national national language district Aquifer Country
databases X (m) Y (m)
9637 Valka Salaca/Salatsi 618372 403774 Doar LV
t NNy dz YI I
6578 | NNRSYSSad ¢ WestEstonia* 527793 432248 D- EE
Y NHzy RA{ Nf |3
7073 tpft RS West Estonia* 580276 443188 Dpr-nr EE
7592 | Addzald nXy WestEstoniat 589928 450231 Dz EE
7653 {FENRS OFERE oo eioniar 556936 445007  Dapr EE
Saarde keskuse puurkaev
14338 Luhamaapiiripunkt East Estonia* 701730 393870 Ds EE
Springs
24563 Yowdz I @2 ( GaujdKoiva 662194 379621  Dspl LV
24561 { LA f dz | @2 SalackSalatsi 559401 417349  Dibr LV
24554 Govs avots SalacéSalatsi 592941 405687 Dobr LV

Note: *The monitoring points are located outside the Sdl8etatsi and Gauj&oiva river basin districts, but they would help

to assess transboundary groundwater resources, which are very important for sustainable groundwater management.
**Given that themonitoring points characterize the same aquifer, it will be possible to choose without restriction which of the
monitoring points will be exchanged in the future.

In turn, the parameters with which the monitoring data should be exchanged and their recodaien
sampling frequency armgiven inTable24. It should be noted that the list of parameters is mainly based
on the results of the anthropogenic pressure assessment, thetleimg results of groundwater quality
monitoring in each country and the existing knowledge base on the hydrogeological cosditithe
transboundary area. Also, the choice of parameters and frequencies did not exclude the financial
aspect and the monitoring programs currently developed in both countiddgch have different
principles for determining the parameters to be analyzeand the frequency of their sampling
(including no common vulnerability map or principles for determining vulnerability)

TABLE 24

Agreed list of parameters and frequency for exchange of groundwater quality monitoring data in
transboundary area between ltgia and Estonia

Frequency (monitoring

Parameters points)

Basic (universal) parameters
3 times in 6 years (springs anc

Descriptive determinants Temperature, pH, Electrical conductivity, dissolve .

3 wells whichrepresent GWB
(field parameters) oxygen (Q) 23, 25, 26, A8, A10 and D6);
Major ions and nitrogen Na', K, C&*, Mg, Cl, SQ%, HCQ@, total hardness, 2 times in 6 years (wells whicl
compounds Faot, NH*, NG, N represent GWB 21, P)

Additional parameters

1 time in 6 years (in the all

Metals Cd, Pb, Hg, As monitoring points)

Trichlorethylene, Tetrachlorethylene, 1,2

dichloroethane

Atrazine, Simazine, Propazine, Bentazone, MCP ; ; ;

Aldrin, Dieldrin, Heptachlor, 2B, Isoproturon, rlngrr?itGOIrri]nG years (only in the
) : - ; g points, which

Aclonifen, Bifenox, Promethrin, Dimethoate, parameters analyzed)

Cypermethrin, Trifluralin, Tebuconazole,

Epoxiconazole, Diflufenican, Metribuzin,

Metazachlor

Chemical pollutants

Pesticides
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In view of the abwe, it is further recommended to start exchanging data on groundwater monitoring
points for at least the main parameters (field measurements, main ions, nitrate compounds). It is
recommended to monitor them in springs and wells that charactef@V/Bs 26D6, A8 and A10 at

least 3 times over a-@ear period, and to reduce them to 2 times over-ggar period in deeper wells

that characterizeTGWBs 21 and P. If exceedances will be observed in the monitoring results, the
sampling frequency may be increasedltdime per year. However, in order to carry out the above
mentioned monitoring frequency in the case of Latvia, it will be necessary to increase the sampling
frequency in certain monitoring wells (N0.9600 and N0.9637, which characterize GWBs A8 argd A10, a
well as at all monitoring points, which characterize GWB P), as it currently ranges from twice in 6 years
to once in 6 years, as the observed aquifers are considered to be well or very well protected from
surface pollution.

In turn, additional parameteréheavy metals, chemical pollutants, pesticides) should be exchanged at
least once every 6 yearsheavy metals should be collected at all monitoring points, but chemical
pollutants and pesticides should be collected only at those monitoring points wheyeare analyzed
according to the national monitoring programs of both countries (at present, at least in the case of
Latvia, pesticides and chemical pollutants are not expected to be measured at all monitoring-points
currently they are measured only #ose monitoring points that can characterize their possible
pollution and are more exposed to pollution or with the lowest degree of protection). It should be
noted that additional indicators should be measured at one time when the main indicators are
measured.

Despite the fact that within the framework of this project, monitoring points in the GWBs 22 and 24
are not included in transboundary monitoring, it is still recommended to exchange with the chemical
data from these monitoring pointsThe frequency of monitoring sampling and the spectrum of
observable parameters can respectively meet the requirements set fofithlite24 (GWB22 must be
sampled 2 times in 6 years a@WVB24 must be sampled 3 times in 6 yeatg)the future, it is also
recommended to consider the possibility of including in trensboundarymonitoring network at least

the springsidentified in Chapter 2.3.2, which characteri@2&#/B26, D6, 25, A10 and A8, and to carry
out continuousguality monitoring of them §pringsare shown inFigure35).
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Figure35.Recommended spring® be included in the transboundary groundwater monitoring network

In order to achieve a continuous data exchange process in the future, the two parties (LEGMC and EEA)
should mutually conclude aagreement on the exchange of data with a view to providing each other
with the relevant monitoring results on an annual basis. The list of monitoring sites to be monitored
and the parameters to be exchanged, the frequency of their sampling may be spedibedhe
acquisition of new data on pollution sources and hydrogeological conditions of the territory, as well as
after the development of a harmonized vulnerability map. It should therefore be noted that this is only

an initial list, mainly to improveooperation between countries and to introduce a continuous
exchange of monitoring data.
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3. SPRING MONITORING OPTIMIZATION AND WATERSHED
MODELING

Springs can be great sources of information on groundwater quality in a wider catchment context.
Thereare many advantages for springs being included into national groundwater monitoring networks
- there are no installation or maintenance costs and sampling does not requirectmsuming water
pumping compared to wells and boreholes.

Still, there are somebstacles to using springs as representative monitoring points: first, the water
guality can feature a high variability/seasonality and single measurement/single sample in a year can
show misleading information. Thus, springs need to be screened at oftifoal times a year to
identify the appropriate sampling frequency. Secondly, the corresponding aquifer system and
catchment area should be determined using modeling tools and data analysis. Understanding
catchment boundaries is crucial for analyzing repnvater chemical composition data, especially if
changes in specific parameter values occur or new compounds emerge. Delineated catchment helps
to understand both natural and human impact on spring water quality through analyzing land use and
point sourcepollutants within the catchment area. Moreover, a spring can represent a specific
groundwater aquifer or a mixture of multiple aquifers. Each aquifer typically contains groundwater
with a specific chemical composition and there are particular charadterigt each aquifer that define
water quality, vulnerability to pollution, importance for ecosystems etc. Taking it into account,
knowing the representing aquifer of a spring is essential.

Springs have been used for groundwater monitoring purposes faisyieaLatvia they supplement
groundwater qualitative monitoring network (chemical composition), but since no discharge
measurements are performed within the monitoring, these springs are not used for quantitative
monitoring needs. In total, 30 springsliatvia are actively monitored, but their distribution is not even
within the country. Moreover, their catchments are not delineated, and thus it is not known what is
the territory that each spring represents. Estonia,springs have been used primarily in the Nitrate
Vulnerable Zone monitoring program with only a limited selection of parameters measured.
Competence was mediated and implemented during this activity to develop a joint monitoring
network in theLatviaEstonatransboundary area.

3.1. Spring watershed delineation methodology

Spring watershed or springshed delineation consists of several subsequent steps that depend on what
spatial and temporal data are available, their quantity, spatial resolution and dataesbaing ugo-

date. Borders of delineated springsheds never can be unmistakably drawn, therefore, they are
considered as potential or current state springsheds. However, their estimated precision can be
substantially improved by choosing the appropriapatial delineation methods, more precise input

data and more frequent variable data collection such as discharge measurements, chemical analysis
etc.

Springshed borders can be mapped based only on available spatial data, if springs were not observed

or sanpled at all. The best practice in this case would be building the conceptual geological or

hydrogeological model based on spatial, geological and hydrogeological information or/and utilizing
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already built hydrogeological mathematical models. In the teryitof Latvia and Estonia several
regional scale mathematical models are availabl&C,( 2010, https://www.puma.lu.lv,

KO GLIYkk@ANHzY dzZRS t & dzii @S S §. lindhe (GBéndwater Direclive a8 Wgl@s is i |
several of the CIS Guidance Documettits,use of conceptual models is mandatory or recommended
(EC2010. Examples of hydrogeological data include the confined features of aquifers, potentiometric
surfaces and groundwater flow rates. Topographic catchment is delineated based on surfacesfeatu

and topography without considering geological setting at all. Borders of topographic catchment will
match with surface streamflow catchment. In the case of very small or intermittent/perennial springs
FSSRAYy3 OFGiOKYSyil g2y QhcoeS fFNASNI iKFy GKS G2 LJ%

GWBasre larger than topographic borders and are delineated similarly to surface watersheds, however
G2L123INI LIKE Aa &dzoadz2NFI OS y20 adzNFI OS @l fdzSad D2
multi-aquifer systems. Delineated springslseof the same spring based on different methods can have
substantially different areas. As well, it can change between low and high recharge conditions. GIS
DEM based methods tend to calculate smaller springsheds than empirical calculBtistrerf, 2013

The first question to be answered after a conceptual model is built or an already prepared
YFGKSYFGAOFE Y2RSftf dzASR AaY da! NB [ljdZATSNR O2yy!
difference or occurrence of thick impermeable layer between,, ¢be next step is to determine which

aquifer does spring discharge from. From the conceptual model, it is easy to deduce the right aquifer.

IF aquifers are connected (hydrogeological window in impermeable layer or lack of aquitard, GWL
difference determne possible mixing between aquifers etc.) we should consider that spring might
represent both, i.e., confined and unconfined aquifers therefore, recharge area will be drawn
somewhere between larger GWB and smaller topographic catchment.

In case when sprirggare observed and/or sampled once, additionally to spatial delineation, this data
can improve our understanding about vertical connectivity of aquifers, therefore, specify recharge area
and extend or vice versa decrease springshed area.

Discharge is onefdthe most important quantitative characteristics of springs. It not only specifies the
yield of groundwater, but also reflects the water retention conditions of the aquifer. An analysis of a
longterm spring discharges enables linking them to hydrogeotdgind meteorological conditions of

their catchment area, as well as calculation of seasonal and multiannual variability pararBetensk(

& Moniewski, 2019

I ALINAY3IQa RAAOKFINHS AGasSt¥ OFy ReénpigalXguatidhs (0 KS
(Eqg. 3 using the annual balance method. However, if groundwater flow path directions and spatial
data are not used, discharge alone is useless as there is no known direction (both horizontal and
vertical) of groundwater flow so doessitshape (conceptual, mathematical models or at least
hydrogeological maps can be used here to determine groundwater flow paths). It is highly beneficial
to calculate the springshed area in case of seamifined springshed.

A=QIR (Eq. 1)

where:
A-area of PCZ (potential catchment zone)
R- annual average recharge (calculated from Eqgva)l¢, 202)
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Ascending/artesiarsprings are more complicated because there are no observable geological strata
where it outflows, in case of descending/gravity spanf spring outflow is clearly visible, it is also
additional information and can be detected from which geological layer spring is discharging.
Otherwise, conceptual models can help to determine strata from where spring is more likely to
discharge.

Usually, if spring sample is collected, as well in situ field parameters, such as electric conductivity (EC,
Y{0ZX NBR2E LRGSY(GALFE oOohwtZ Yx03 ¢SYLISNI Gd2NB o
measured. These parameters can give hints if groundwdischarged by springs are confined,
unconfined or represent both groundwater systems. Lack of unified criteria is due to geological and
hydrogeological peculiarities of the examined groundwater body, sometimes unique to the study area.
Usually increased ET indicate groundwater of longer residence time and higher DO and ORP shorter
recharge period. The more stable are measured field parameters between field campaigns, the larger
is recharge area and therefore longer groundwater residence time. Once neeBsohemical
composition of spring water also provides fundamental input to distinguish at least between clearly
confined and strictly unconfined sources. Hydro and isotope geochemistry of spring water can be used
to interpret the various lithologies witiwhich the groundwater has interacted and to determine the
mean residence time of the water, ultimately enabling reconstruction of the groundwater flow path
and identifying ted LINA y 3 Qa Hufg eizAl J12812;[Jad¢dbson & Langmuir, 1974; Langn@iid,;1
Leybourne et al., 2009

Unconfined groundwater springgll have smaller horizontal recharge area and will be more prone to
discharge diminishing due to droughts, increased abstraction rates and be more vulnerable to
anthropogenic pollution and itprotection zone will be larger near the spring outflow. Unconfined
groundwater represents precipitation water with slightly increased dissolved solids (TDS compared to
atmospheric waters), this leads to higher EC, DO and higher ORP/Eh values and ndtosmldy

higher groundwater temperature, compared to mean observed temperatures in groundwater, of
course, depending on recharge season.

Main chemical composition will be @G4g-HCQ. In the territory of Latvia, where gypsum deposits are
more widespread, &SQalso can be observed in unconfined groundwater springs in heavily karstified
areas (Skaistkalne vicinity and Daugava River valley).

Confinedyroundwatersourcewill have a larger recharge area as recharge will take place further from

its outflow, redarge area can even correspond to whole GWB (groundwater body) borders for very
large springs. Reaction to drought and pollution will be opposite to unconfined source, and their
protection zone near spring outflow will be considerably smaller than in chsaconfined source.

For a confined spring source, springs will portray physical and chemical values significant to a particular
aquifer that feeds the spring, so it is beneficial to establish characteristic values and natural thresholds
for specific area and possibly involved aquiferBdtike et al., 201)6for instance mean values of
groundwater wells in GWB versus groundwater depth.

Anthropogenic substances and agricultural chemicals are most widespread, and their concentrations
increased in unconfinesprings. Chloride ions are rare and can be present due-iocideg the highway

during the cold season. pH can be variable in unconfined springs, however, tend to be less alkaline due
to decreased residence time of water, therefore, lower dissolution di@aates.
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Chemical composition of confined groundwater mostly will beMgeHCQ, CaSQ or in rear cases €l

Na. In contrast to unconfined springs, EC increased. Electric conductivity will increase with changing
chemical types of spring in order: ®-HCQIH £FSKQ M /N&. Confined types will have TDS > 500
mg/l. Confined groundwater sources will be free of DO, due to problematic precise measurements of
DO in springs, DO values will be > 0 mg/l nevertheless DO will be smaller than for unconfined types. In
pure confned groundwater, anthropogenic substances and agricultural chemicals are rare, or their
concentrations are noticeably lower.

Mixed groundwater sourceis probably the most common type in our region as closer to major
groundwater areas, their geologicakata are affected by increased number of fractures, karstified
rocks and increased wedging of geological layers. If the groundwater source is mixed, it represents
both or more endsources (several confined aquifers) in changing proportions for each sidelso

can have temporally unstable values due to GWL fluctuations of each aquifer involved. This spring type
is the most complex as springshed will be drawn somewhere between both upper described areas and
it is more feasible to inaccurate delineatiomig'is the main task of spring monitoring and further data
processing methods involved to distinguish proportion of each groundwater source to spring
discharge.

3.1.1. Topographderived spring watersheds

For topographic catchment delineation, initial tetuggest that ArcGIS Pro Watershed toolbox gives
quite representative and repeatable results. As input, a water flow raster is necessary, which is
calculated from depressionless DEM. An additional water accumulation raster is helpful to check if the
outlet point lies within the accumulation zone. Following multiple publications, flow accumulation
aK2dzZ R 0SS dzaSR (2 NBLRAAGAZ2Y LI2dzNJ LRAYyda G2 KA
watershed delineation. Initial tests suggest that DEM withrL@esolution is suitable for topographic
catchment delineation. Initially tests were performed with DEM with 20 m cell size, and considering
that spring catchments are rather small, obtained results almost always were too coarse for viable
usage. FoLatian-Estoniantransboundary area, DEM is created incorporating 5 m DENEdtwnia
(derived from Land Board) and 10 m LIiDAR derived DEMfaie. Working extent is defined, so it
covers all of our sampled springs.

Despite the good quality of nowadays DEMhey still are not always that good to perform any
hydrological analysis directly. Therefore, sinks (local depressions) should be removed even from such
highly detailed datasets. It was done using ArcGIS Fill tool. Flow direction file was calculatatgii

tool Flow direction and flow accumulation distribution was calculated with Arcgis flow accumulation
tool.

3.1.2. Bedroclderived spring watersheds

The groundwater flow model was constructed to calculate the watersheds of springs and monitoring
points by MODFLOW @.gngevin et al., 2032MODFLOW 6 is a widely used numerical model that
solves the groundwater flow equation through a porous media in three dimensions, and can represent
groundwater and surface water interactions.
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The model was built by using the opsaurce interface ModelMuse v 4.3.0.Winston, 2019. The

model consists of 7 layers that discretize three main aquifers and represents an area of 452000 km
The cell size of the model varies from 200 to 1000 m. Thengl surface was determined by a Digital

9t S GA2y a2RSft ¢ A Katvian Gesspagial Inniimiatoyf AgRnEy, 021 Paatoniary 6
Land Board, 2021In addition, the geological surfaces from a PUMA maddeb(lis et al., 2018were

used to buid the model domain geometry.

The first layer represents the Quaternary aquifer system. The following two layers of Upper Devonian
1FNBGAFASR OF ND 2y | é0§@ aghfrlsiéiBra sy the siibke§uent twb @yers of &
Middle Devonian sandstonds NJz}AMéata aquifer system. The next layer represents the Narva
regional aquitard, and the lowermost is the Lowdiddle Devonian aquifer system.

Two natural boundaries define the model limits: the coastline of the Baltic Sea to the west and Peipsi
and Rhkva lakes to the northeast. The sea and lake water levels were defined with package CHD (Time
Variant Specific Head). Recharge from precipitation values ranges from 0 to 0.00081 m/d. Pumping
wells were defined to describe groundwater abstraction usirgWEL package. The rivers in the study
area were defined using the RIV package, which calculates the water exchange between the rivers and
groundwater. Riverbed conductance was defined by calibration.

Hydraulic conductivity for the maigeological formation was obtained from the available field
pumping test measurements and previous studiési{ulis et al., 2013, Vallner and Porman, 20%6
steadystate simulation for the year 2010 was used to conduct the first calibration of hydragjealo
parameters. The model was calibrated against two sets of calibration tamge¢srepresenting the
measured elevation of the groundwater table in the study area, and another corresponding to
calculated rates of baseflow at stream stations.

The firstbedrock aquifer water table was used to calculate watersheds to springs and monitoring
points. The water table raster was processed with the S&EAtool upslope area in QGCrad,
2001). The upslope area is a tool for hydrological calculations amsfinding catchment areas based

on the slope of a groundwater surface.

Raster calculation was performed with the following input parameters:

processing.run("saga:upslopearea”, {TARGET_PT_X" geom.asPoint().x(), 'TARGE
geom.asPoint().y(), 'ELEVAN": path DEM, 'METHOD 2 [CONVERGE"1.1, 'A
path_to_temp_outputl.format(str(i))})

Watersheds, calculated by using the upslope methodology, represent the maximum area from which
groundwater can reach a spring or well. These calculations, howeeagroverestimate the catchment

area because the infiltration rate, aquifer conductivity, porosity, and thickness of the aquifer were not
taken into account.

3.2. Spring sampling and water quality

During the project period (2022022) 53 various springs fine transboundary area of Latvia (LV) and

Estonia (EE) were sampled for up to three times (gtbwFigure36 and listed inAnnex5). A total of

89 water samples (55 samples in Estonia and 34 samples in Latvia, respewstvelgollected to study
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the hydrochemistry and seasonality of groundwater quality in theL¥Hransboundary area. In
addition, 5 monitoring wells in EE were sampled to better define the aquifer systems in the
transboundary area. The collected water sdespwere analyzed in the laboratories of University of
Latvia and Tallinn University.

Figure36. Map showing bedrock geology, springs, and wells in the transboundary area of Estonia and Latvia
SeeAnnex5 for more detailed data on numbered springs and wells.
The assembled dataset consisted of a total of 66 hydrochemical variables including field parameters
(pH, SEC, ORP, water temperature, DO, TDS); major icndaK, Mg?*, C&*, Cl, NG NG, SG*
); log pCQ Slarcite, Shoiomite; dissolved organic and inorganic carbon (DOC and DIC); chemical oxygen
demand (COf); macronutrients (N and R0 T & G I 6 f S®h R %8 #rid 2dexd€eds); thace
elements (Al, As, B, Ba, Be, Cd, Co, Cr, Cu, Fe, Li, Mn, Mo, Ni, P, Pb, S, Sb, Se, Si, Sr, Ti, Tl, V, Zn), as
as various molar ratios (rMg/Ca, rBa/Sr, rNa/Cl, rBr/CI, rMn/Ca, rSr/Ca, rBa/Ca). However, only selected
hydrochemicalvariables (n=32) featuring a significant number of observations above the limit of
detection threshold were involved in the further analysis. In addition to the hydrochemical parameters,
other quantitative and qualitative parameters like elevation, bedramitcrop, Quaternary cover
thickness and type, water type, were also included in the dataset.

By carrying out Krusk&Vallis tests and discriminant analysis (DA), the springs were linked to the most

likely aquifer systems (Quaternary [Q], Upfidevonian Ps], or Middle (EE)/UppeMiddle (LV)
Devonian [[B]) in the transboundary area.

Firstly, the studied springs (n=59, also including six springs from the Groypmdieat) and a selection
of monitoring wells (n=32) were prassigned to one of the three aquifer systems by taking into
94







































































































































































































































