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Groundwater is a crucial resource
for human wéking
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Groundwater dependent ecosyagss

Complex communities of organisms in which groundwater is a key element needed for
their sustainability (Merz et al. 2001).

They are groundwater fed systems , thus any significant changes in GW levels or
chemical composition  may result in a damage of GDE.

Water Framework Directive (2000/60) delineates
(1) groundwater dependent terrestrial ecosystems (GDTES)
(2) groundwater associated aquatic ecosystems (GAAES)



Relations between GW flow systems and GWDE:s
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Groundwater dependel
terrestrial ecosystems
(GDTES)

E.g., fens, spring flushes, swamp

forests. b T
Kazu IeJa sprmg m|re

Groundwater fed habitats: s ¢ AN \ (LatV|a GaUJa-Kowa river basrn)

: ~,\
2190 Humid dune slacks, |
There are 335 GDTEs in LV (LUBA 55,

7160 Mineral -rich springs and albl Cage Lt VUBA 128, DUBA 110 GUBA 4;_)
springfens , e L .. e T, e "ok

7220* Petrifying springs with tufa
formation,

7230 Alkaline fens,

9080* Deciduous swamp woods.

~ Matsi spring mire
(Estonia, Gauja-Koiva river basin)



:ndent terrestrial ecosystems (GDTEs)

at rely upon groundwater, e.g. fens, spring flushes,
1ificant changes in groundwater chemical composition
undwater levels (quantity) can damage the quality of
roy it.

i portant ecosystem services:
Regulation of water cycle, Drinking water and other resources,
Pollution filtering, Peat and carbon accumulation, © Unigue
biodiversity, Interconnection with other ecosystems (landscape
functioning), © Recreational and scenic value, © Cultural heritage

STEP da Quantity assessment

1 Is there any piece of evidence that

water level of the GDTE is
considerably lower than it has been previously NO
or is typical to analogous ecosystems, or the
conservation status of the GDTE is worse
than ,good” according to the assessment
based on the Habitats directive?

4 YES

Is there relevant  groundwater
2 abstraction in the vicinity of the

GDTE? Groundwater abstraction
rates considered relevant depend on the
distance from the GDTE.

} nNo

Are there ditches reaching mineral NO
3 sediments below the peat, mines or »
any other human activites which may

affect GW level in the vicinity of the GDTE?

i YES

Is the annual mean water level in the NO
! 4 GDTE's groundwater level monitoring -
well lower than the long term mean "

waler level?
l YES

Conduct an appropriate investigation
B 0 detemine whether the signiicant | NO

damage to the GDTE is caused by >
anthropogenically induced changes in the
quantity of the GWB?

J, YES

Anthropogenically induced changes in the
quantity of the GWB have a negative effect on the
GDTE. Prepare the monitoring and action plans.

Low confidence

YES

on the GDTE.

Anthropogenically induced changes in the quantity of the GWB do not have a negative effect

High confidence

STEP 1 Selection of GDTE types

Groundwater-fed habitat types in Latvia and Estonia: 2190 Humid dune slacks, 7160 Mineral-rich springs and springfens, 7220 Petrifying springs with tufa
formation, 7230 Alkaline fens, 9080™ Deciduous swamp woods.

Exceptions in both countries: 6410 Molinia meadows on calcareous, peaty or clayey-silt-laden soils, 7210*Calcareous fens with Cladium mariscus and species
of the Caricion davallianae, 91D0™ Bog woodlands can be considered GDTES. Exceptions in Estonia: 6430 Hydrophilous tall herb fringe communities, 71107
Active raised bogs, 7120 Degraded raised bogs, and 7140 Transition mires and quaking bogs can be considered GDTEs. Exceptional habitats can be considered
GDTEs according to expert decision.

STEP 2 Additional criteria in selecting GDTEs

Additional criterla used
(Latvia/Estonla)

Habiltat types listed In the Annex | of EU Habltats Directlve
92/43/EEC (21/05/1992)

Consldered as GDTEs

Humid dune slacks (2190)
Fennoscandian mineral-rich springs and springfens (7160)
Petrifying springs with tufa formation (Cratoneurion) (7220%)

Single polygon with 1 ha area or smaller if part of a habitat complex with the total area of at
least 1 ha.

Calcargous fens with Cladium mariseus and species of the
Caricion davallianae (72107)

Alkaling fens (7230)

Single polygon with 10 ha/20 ha area or smaller if part of a habitat complex with the total
area of at least 10 ha/20 ha. For 72107 Cladium mariscus stands in lakes are excluded.

Single polygon with 20 ha area or smaller if part of a habitat complex with the total area of at

Fennoscandian deciduous swamp forests (30807) least 20 h
eas! a.

Consldered as GDTEs In exceptional cases

Considered as GDTE if part of a GDTE habitat complex (e.g. 72107, 7230) with the total area
of at least 20 ha.

Molinia meadows on calcareous, peaty or clayey-silt-laden
soils (6410)

Single polygon with 20 ha area or smaller if part of a habitat complex with the total area of
at least 20 ha (only in Estonia where the habitat type, according to the national habitat
interpretation, includes poor fens and poor paludified grasslands).

Hydrophilous tall herb fringe communities of plain and of the
montane to alpine levels (6430)

Single polygon with 20 ha area or smaller if part of a habitat complex with the total area of
at least 20 ha (only in NE Estonia in oil shale mining region), not considered GDTE in the

Active raised bogs (7110%) and Degraded raised bogs still
capable of natural regeneration (7120), Transition mires and

quaking bogs (7140) rest of Estonia and in Latvia.
Transition mire and bog woodlands (only in NE Estonia in oil shale mining region) — single
* polygon with 20 ha area or smaller if part of a habitat complex with the total area of at least
Bog woodiands (31D07) 20 ha. Coniferous fen woodlands (included in 891D07) (in both countries) — single polygon
with 20 ha area or smaller if part of a habitat complex with the total area of at least 20 ha.
STEP 3 Identification of GDTEs in Gauja—Koiva river basin

GAUJA RIVER BASIN IN LATVIA

42 GDTE peolygons (~162 ha)

7160 Mineral-rich springs and springfens
72207 Petrifying springs with tufa formation

KOIVA RIVER BASIN IN ESTONIA

18 GDTE polygons (~570 ha)

6430 Hydrophilous tall herb fringe communities
7160 Mineral-rich springs and springfens

7230 Alkaline fens

9080™ Deciduous swamp woods

9100” Bog woodland
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Estoniahatvian collaboration on identification and assessment of Groundvéates\Begraadent
(Interreg EE&tGroundEqwoject).

According to EU Water Framework Directlve (2000/60/EC), the whole
groundwater body (GWB, a management unit set by each Member State)
is considered in poor status if anthropogenic pressure on groundwater
causes significant damage to GDTE. Then, specific actions must be
planned and carried out to improve the status of GWB and thereby,
restore the quality of damaged GDTE.

Joint methodology for GDTE Identification and
assessment In Latvla and Estonla:

STEP1 - selection of GDTE types
STEP 2 - additional criteria in selecting GDTEs
STEP 3 - identification of GDTESs in Gauja—Koiva river basin

STEP 4a — quantity assessment
STEP 4b — quality assessment

STEP 4b Quality assessment

§ Is there any piece of evidence that
3 1 GDTE is in a considerably worse
= NO condition than it has been previously
8 - or is typical to analogous ecosystems, or the
g 'é conservation status of the GDTE is worse
= L] than _good” according the assessment
m based on the Habitats directive?
g v
2 YES
2 NO Is there any relevant and
g_»— o possibily polluting human activities
= % in the vicinity of the GDTE?
3
of ¥ YES
=2 NO Has the deterioration of the
a8 | 3 conservation status of the GDTE
&% |™ been caused by changes in the water
§ £ chemistry (N, P, nitrates etc)?
S ‘% ‘
38 YES
3 Is the concentration of P, and N,
b= .
‘i% NO 4 nittates or some other harmiul
3 44— chemical substance in the GDTE's
2 groundwater level monitoring well higher than
g, the typical level for the ecosystem type?
g v YES
::'cz Conduct an appropriate
NO 5 investigation to determine whether
< the significant damage fo the GDTE
is caused by anthropogenically induced
changes in the quality of the GWB?
§ + YES
€ Anthropogenically induced changes in the quality of
8 the GWB have a negative effect on the GDTE.
5 Prepare the monitoring and action plans
£




GTOU ndwater aSSOCIa-tEd aqual.-\ 169 GAAEsIn LV: 12 river sections, 92 lakes
ecosystems (GAAEs) 11 LUBA 65, VUBA 9, DUBA 66, GUBA 26

E.g., rivers and lakes.
Standing water bodies (except brown waters) +
karst lakes

Flowing water bodies (with known spring
outflows)
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Springs
(groundwater outflows)

Springs are natural conduits through
which groundwater flows from aquifers
Into surface water bodies (\Weber &
Kubinot, 2022).

Spring z the point where water emerges
from the ground  (Averis 2003).

Springs are characterized by a continuous
flow of cold water, uniform in temperature
and rich in oxygen and minerals (Blaus et
al., 2020).

«Pantene » spring in
Latvia
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« Kur maaltavets »
spring in Latvia
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Estonia \L\

Springs in national

[: Nitrate vulnerable zone
Elevation ma.s.|.

groundwater network of | =
Latvia

There are 30 springs included in national
groundwater monitoring network s ince
2004 (when we entered EU):

A Only quality (no discharge

measurements) I - ]
A The benefits (compared to wells): 4 times per

A Cheap maintenance 120 & o
A Quick sampling 0o,
A May be good diffuse pollution
indicators 60-
A Limitations: Should be mapped,
screened seasonally, and watersheds 30-
needs to be delineated IIII II I
o/ HH

2004 2006 2008 2010 2012 2014 2016 2018 2020 2022 2024

number of samples
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We aimed to select most
representative  springs

to iImprove transboundary
groundwater monitoring network
(Estonia -Latvia)
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Benefitsfcitizen science and volu
spring monitoring

A Increased awareness
A Educational @ i -

A Outdoor family activity

Spring monitoring manual
for volunteers

A Valuable data sets

0

Authors: J. Terasmaa, M. Vainu, O. Koit,
K. Sisask, P. Abreldaal, L. Puusepp

ssssss

Web application:
allikad.info



https://avoti.info/
https://avoti.info/instructions

@

Ta'::',;(‘-9 69

147 &
Eesti
= 2
106 48
32 Tartu
Users: 373 o7 o
370

Springs: 3688 o8
Observations: 3158 Q :
Photos: 9372 = e B

Ventsplls

Discharge and ' “ 4
temperature/conductivity e P .
measurements
24 % 5 Jelgava y - By
« Kagrava» spri : 2
discharge changes during i -
the seasons

Lauri allikas 1
Estonia Laéne-Viru County Kisuvere

Loonepollu allikas 2
Estonia Rapla County Loone

Dzirnavu Kalkavoti - Beizas avots
Latvia

Classification
Artesian spring

Status
Confirmed

Classification
Artesian spring

Status
Confirmed

Classification
Gravity spring

Status
Confirmed
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Finding springs in Estonkduatvian
transboundary area

We used citizen mapped spring locations by avoti.info
59 springs selected for detailed study w = P

Estonia

] ,-_' ‘

AI"“ N
) o ‘

Balvi « Al springs from allikad.info
o ¢

N . € Monitoring springs
[ waterAct project area

0 10 20 30 10 km [ EE-LV transboundary area
N . .
N © Selected springs




Spring water analysis
springs)

A In -situ field
parameters (pH, SEC,
ORP, temp., DO) and
alkalinity

A Major ions (Ca, Mg, Na,
K, SQ, Cl, HCGO;, NH,,
NO,, NO, and more).

A Trace elements (Al As,
B, Ba, Be, Cd, Co, Cr, Cu,
Fe, Mn, Li, Pb, Zn and
more)

| Seasonal (3x year) water sampling
and discharge measurements

+
3 W . o~
e 4 y TE I b ¥
s o & - LS8N ¥ S
> ;

E A

b

PR

o

A Stable water isotopes




Seasonalitysprin

?i Kazu. grava spring i‘n
B April 2022




Delineatedhtersheds

Bedrock aquifers z average area 6.8 km 2 (up to 45 km ?2).
Quaternary aquifers z average area 0.1 km 2 (up to 1.35 km ?2). 1.

Quaternary aquifer
watershed validation

Spring discharge measurements were used to validate if the
corresponding Quaternary watershed can provide the measured
amount of water "

Can be explained by
topographyderived
watersheds

Whs
--------

Bedrock aquifers
must be involved

presumed discharge according to watershed area and average rainfall, I/s

0 1 2 3 4
measured discharge, I/s

Bedrock aquifer watersheds o Quaternary aquifer watersheds



Springs from unconfined aquifers (Quaternary aquifers)

Conceptual model

A The origin of groundwater is
shallow unconfined aquifer .

A More distinct seasonality .
A Vulnerable to local pollution

Quaternary

Springin Z{ 1 I & I X &atute paykLV)

Bedrock
aquifer system aquifer system (Q)

Koit et al., 2023
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Springérom confined aquifers (bedrock aquifers)

A The origin of groundwater most often
Is from Devonian sandstones and
dolomites, also gypsum formations

A Seasonality negligible .
A Also artesian springs under pressure

Conceptual model

Characteristic
tracers in spring

Quaternary
cover

Springs

aquifer system (D2)

Middle/Upper-Devonian

Koit et al., 2023

& 4~ 4

DevoMn sandstone outcrop on the
Salacaiver bank

PO




Groundwater for Sustainable Development
Volume 21, May 2023, 100927

Research paper

Hydrochemical signatures of springs for
conceptual model development to support
monitoring of transboundary aquifers

Oliver Koit 2P & & | Inga Retike €, Janis Bik3e ¢, Jaanus Terasmaa 2, Siim Tarros °,
Pamela Abreldaal 2, Alise Babre ¢, Marlen Hunt ? ¢, Joonas Parn 2, Marko Vainu 2,
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Show more v
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