Report on the cross border effects of the co

water in Germany

Syl wester KraSni



Lud-w Pol ski, September 2022

Summary

This report analyzes the most important treindsie impact on groundwater and surface
waters of lignite mining by the Tur - - wesemencas
Poland, near the border with Germany and the Czech Republic, in the Zittau basin. The mine area is
drained bythe Nyséu Uy cka and its right tributaries, in
lignite using the opencast method necessitates the drainage of the coal deposit and of the aquifers
present in the overburden. The TurndtheNeogere dr a
aquifers: GWL OO, GWL HM, GWL OU, GWL ZiC and GWL ZU. Some of them are connected
with the aquifers on the Polish side: Quaternary, Nwg, Nwd, Mw and Pw.

The heaviest impact of the mine on water resources is the depression cone, which di&atiope

the Quaternary and Neogene aquifers. The depression cone extends beyond the borders of Poland
and has a negative impact on water resources in the Czech Republic and Germany. In the German
part of the Zittau basin, the depression cone includeaghiéers of GWL ZiC and GWL ZU, in

which a continuous lowering of the groundwater table is observed. This trend continued-in 2020
2022, which is consistent with the conclusions of the Krupp report (Krupp 2020). Thus, there is a
negative impact on the raswes of the Groundwater Body DESN_NE 2. The area where such
drainage of these aquifers is not observed is the northern part of the city of Zittau and the area
between this town and the village of Drausendorf. They are located behind the sealing wall built
the Tur-w mine in 1997 along the Nysa GuUycka
of the constructed sealing wall; on the other hand, it indicates its drawback, which is its insufficient
length. In order to eliminate groundwater dramag Germany completely, the sealing wall must be
extended at both ends.

Another threat to water resources is acid mining drainage, which causes the oxidation of
coal seams and the sulfur they contain. This causes the release of the pollutants swsh as hea
metals. An increase of the concentrations of sulphates, iron, and manganese and changes in
parameters such as total dissolved solids, electrolytic conductivity and pH are also observed. Waters
with such a changed chemical composition flow into the rekzavation and are pumped out of it,
and after partial prreatment, discharged into the surface waters of the Miedzianka and Nysa
GuUycka rivers. In the chemical analyzes of t
concentrations of sulphatesdacalcium, as well as an increase in the electrolytic conductivity
bel ow the discharge of underground waters fro
Underground waters additionally deterior.ate t



Introduction

The Tur-w |ignite mine is |located in the Bg
Voivodship near the border with the Czech Republic and Gerr&apioitation of lignite near
Bogatynia was started using the underground method in theadifstf the 18th century and the
opencast method in 1904. The average annual lignite exploitation from this deposit in the years
20112021 was about 8,3 million tons, but in recent years the output has been declining. Geological
resources of this deposit the end of 2021 amounted to approximately 299,9 million tons, and
industrial resources to approximately 270,8 million tons and they allow for the continuation of
exploitation until 2044. For this purpose, the exploitation of the seaskern part ohie deposit in
theareaoODpol no Zdr - | is started under the prol ong
Badura, Cymerman 2016, P/B 2021).

This report aims to analyze the negative impacts of the exploitation of the deposit on water
resources ithe adjacent area of Germany. The subject of the survey will be the impact of the
Tur-w mine on the quantitative status of surf
their quality status. All aquifers in the German part of the Zittau badlibevanalyzedThe basic
methodology is is the GIS analysis. The Geographic Information System (GIS) analysis is widely
applied to illustrate different issues on maps. In this review the analysis concentrated on overlaying
layers with different sorts ohformation: topography, hydrology (rivers, springs, watershed),
hydrogeology (aquifers), functioning investment (the mine and its drainage area) and its monitoring
system of hydrological wells and points of collecting samples of surface water. The overlayi
hel ped to make maps il lustrating extent of th
surface water. The supplementary method is a diagram analysis used to assess the trends of the

drainage effects and the impact o pollutants release to surfage wat



Map legend

[ zittau basin
[ Turéw mining area

Fig. 1. Location of the Tur - -w lIignite mine in thi

Geologic settings

The open pit | ignite ndttaudasih dividedbetwesntireec at e d
countries: Czech Republic, Poland and Germahg. base of this tectoni@abin is composed
mainly of crystalline rocks: granitoids, gneisses, greywack sandstones, sgraniteite slates and
phyllites. The entire rock complex is cut locally by diabase and quartz veins. During the Variscan
orogeny in the Carboniferous faultsn@dormed distinguishing the Zittau basin and the horsts of
Dziagoszyn, Opolno Zdr-j and Markocice (Badur
2016).

The bottom of the Zittau basin is filled with the Cenozoic sediments with a thickness of up to
400 mnorthofHr 8 d e k n Bhd olddst areothe dusty clayegoliths of the Eocere
Oligocene age. There are effusive rocks of similar age: basalts, trachytes and their tuffs. While
basalts occur both in the basin and in its surroundings, trachites etgwsoath of it (Badura,
Cymer man 2009a and b, Badura, Cymer man 2016,



In the Zittau basin, the lower and middle Miocene deposits are covered with lignite. These
are: conglomerates, silts and clays of the lower Miocene, and middéziMidoam with gravel.
They form 45 sedimentation cycles. The lignite exploited by the mine is located on the sediments
of the following cycles: the second (seam I) and the fourth (seam Il). Coal seams occur in both
fragments of the Zittau basin. The gets/of the Upper Miocene do not contain lignite (Badura,

Cymerman 2009a and b, Badura, Cymerman 2016).

In the area of interest, the Pleistocene sediments cover the older ones only partially. The
Mindel and Riss glaciations sediments are glacial tilldndgc i of | uvi al sands. TI
left loesses and river terracesy Bneters above the present river level. The youngest Holocene
sediments include alluvial sands, gravels and silts of the floodplain terrace$ Ongters above
the present riveelvel and of the valley bottoms (Badura, Cymerman 2009a and b, Badura,

Cymerman 2016).

Hydrogeologic and hydrologic settings

The following aquifers are distinguished in the area. The aquifers of the German part of the
Zittau basin are illustratedinFigpue 2 ( Dzi edzi ak, Wo¥niak 2002a ¢
Krupp 2020):

1 . Proterozoiepaleozoic. groundwater occur within the cracks and faults of crystalline rocks.
Its utility as water resource is low due to poor filtration coefficient values. Minetatsva
were found in this aquifer. In the health resort of Opadndr - | f errous -water
calciummagnesium type occur with an increased content of carbon dioxide3(L0
mg/dn?) and iron (upto 25 mg/din . Wi t hi n t he KWB ahoutfloow o pen
of mineral water from the fault gap. These are bicarbesadéum waters with

mineralization of 4.2 g/dfand temperature227 A C ( Dowgi aggo, Fi st

2 . Paleogend&Neogene. Groundwaters are found witkamds and gravels, occurring as

intetbeddi ng among c¢clays and silts. There are
Pw), between coal -Mewamso¢mrbdzdengl ower (n
Nd), overbur den upNge The thickeedsloftthe dquiferyof thys: n y

complex & from a few to more than a hundred meters. The water table is confined.
Groundwater is fresh and slightly acidic, with mineralization up to 500 mg/dm3. In the

Ger man part of the Zittau basin, there are
ZitauC( GWL Zi C)-UnOeebfalnkz ( GWL OU), Hauptmitt
Oberbank (GWL OO). The aquifers of the Polish and German parts of the Zittau basin
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correlate with each other. The podwngl owy
mi ndzywnigtlho wdi twt au C, nadwhn-grtedbankand ol ny wi t |
nadwngl owy g- r-@berbank. t h Ober f | ©2z

3 . Quaternary (Q). The aquifer consists of sands and gravel, and the groundwater table is
unconfined or slightly confined. Its thickness varies from a fewdtm@ters. The filtration
coefficientisusually®2 5 m/ d but someti mes exceeds 100
The groundwater is freshwater, with hardness from medhard to hard and slightly acidic.
Sometimes its mineralization may exceed 1000 m@/drhis aquifer is correlated with

Grundwasserleiter 1 (GWL 1) in Germany.

Normalprofil Zittau, standardni profil Zitava

Messnetz Zittau Messnetz M;?;:::tz Messnetz Grundwasser-
(Randbereiche) Olbersdorf (Zentrurm) Turow stockwerk
weichselkaltzeitliﬁher G le
Gehangelehm mit Sandlinsen nur Sandlinsen
elsterkaltzeitlicher V Auelehm
Geschiebemergel/-lehm mit : S
Sandlinsen saalekaltzeitliche Mandau- und NeiRekiese G1

Oberfl6z-Oberbank 00
Hauptmittel HM
Oberfloz-Unterbank ou
Schicht Zittau C ZiC
Zittauer Unterfloz ZU

Schicht Zittau B ZiB, VBa-Z,
(Tuffite, Basalt-, Phonolithzersatz) VPh-Z

Schicht Zittau A ZiA

Granodioritzersatz PGD-Z

Granodiorit PGD

Fig. 2. The aquifers of the German part of the Zi

The Grounwater Bodies of this area of are also divided by the three countires: Czech
Republic, Polad and Ger many. I n Pol and where the Tur -
Groundwater Body PLGW6000105 with an are@®2.8 knt and covering the Polish part of the



GuUycka
Accor di

catchment
ng t he

status was identified as endangered. On the other hand, its chemical state was defined as good and

Ny s a | t s the drainageibyt at i v

Wat er

upper

Tur -w mine. to Framewor k
achieving the goal (good chemical status)asaompromised. In Germany the adjacent area
belongs to the Groundwater BOBESN_NE 2 with an area of 507,8 krits quantitative and

chemical status is assessed as good.

According to the hydrographic division, the mine area is entirely located withiNytba

GuUycka catchment and its right tributaries:
Tur -w opencast mine has its own catchment of
basin also belongs t o t hibutaNes:MandasuPtaffeobach Hartaut ¢ h m

Eichgrabener Pfaffenbach, Eckartsbach and Wittgendorfer Wasser. The surface water bodies are
described in the Table

Table 1. Ecological and chemical status od surface water bodies in Polish and GermiZitiant lsasin (BFG 2022

ISOK 2022).

Water body name Water body numberin | Length [km] | Current and final Current and final
Poland and Germany ecological status chemical status
Lausitzer Neiss& DERW_DESN_6743 2,45 Bad Not good
Good after 2027 Good afer 2045
Nysa GuUyc k PLRW60008174159 8,45 Poor Not good
Mandau to Miedzianka
DERW_DESN_674 Good Good
Miedzianka from state | PLRW60004174169 18,36 Poor Good
border to N
Good Good
The inflow from the PLRW60000.74156 2,52 Bad Not good
Turosz-w ex
Good Good
Nysa GuUyc k PLRW60001017431 21,08 Moderate Good
Miedzianka to Pliessnitz
DERW_DESN_674 Good Good
Pfaffenbach Hartau DERW_DESN_674132 54 Moderate Not good
Good after 2027 Good after 2045
Mandau3 DERW_DESN_674143 5,07 Poor Not good
Good after 2027 Good after 2045
Goldbach DERW_DESN_674148 9,27 Poor Not good
Good after 2027 Good after 2045
Eckartsbach DERW_DESN_674154 9,13 Bad Not good
Good after 2027 Good after 2045
Wittgendorfer Wasser |DERW_DESN_674158 6,32 Poor Not good
Good after 2027 Good after 2045




The Tur-w mine i mpact groundwater and surface

Groundwater monitoring results

The groundwater table in the German part of the Zittau basin has been observed in 57
hydrogeological wlls (piezometers, wells and hydrogeological nodes) since 1986 in all aquifers
described above (LULGS 2022). In relation to this network of monitoring points, observations are
also carried out in the Polish part of the Zittau basin in 38 hydrogeologitiall@eated along the
Nysa GuUycka River. Their distribution is sho
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Fig. 2. Location of the groundwater wells monitoring the Zittau basin aquifers.

The number of hydrogeological wells in each aquifer is presented in treeZdblee
hydrogeological wells monitor two aquifers each. The well No. 5055P00003_1 monitors the GWL 1
and GWL OO aquifers, the well No. 50557698 monitors the GWL ZiB and GWL VBaZ aquifers,
and the well No. 5055P00012 monitors the GWL ZiA and GWL PGDZergu



Table 2. Amount of groundwater wells monitoring
each aquifer.

Aquifer Amount of monitoring wells
GWL le 1
GWL 1 20
GWL1+00 1
GWL OO 21
GWL HM 6
GWL OU 12
GWL ziC 21
GWL zU 9
GWL ZiB+VBaz 1
GWL VBaz 1
GWL ZiA+PGDZ 1
GWL PGDZ 1

The moiitoring results of the groundwater table are presented in this report from the shallowest to
the deepest aquifers. The aquifers monitored by one borehole are described at the end in a separate
subsection. Graphs of the position of the groundwater talalé af the monitoring points

mentioned are presented in Annex 1.

Aquifer GWL 1

The above map shows that most of the monit

valley (Fig 3.).



Map legend

Aquifer GWL1 monitoring points
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© Water table ambiguous trend in 2020-2022 ,’_"
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Fig. 3. Location of the groundwater wells monitoring the GWL lifaqu

The amplitude of groundwater table fluctuations throughout the observation period was 1.5
50 meters, and in the period 262022, it was 0.28 m. If in 20202022, a water table changes its
position by at least 1 meter, the change can be condidarenportant trend. In three
hydrogeological wells (50557158, 50557161 and 5055P00011_1), the groundwater table rise by

more than 1 meter was observed (Fig.4).

220
215 —
210
205
200
195
2020 2021 2022

== 50557158 === 50557161
5055P00011_1

Fig. 4. The water table rise in the monitoring wells no.: 50557158, 50557161 and 5055PD0
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No groundwater table drop was observed in any of the boreholes. In the remaining 17 wells,
no significant trend of changing the position of the groundwater table was observed (Fig 5) or this

trend was ambiguous, and there was observed its risdrap (Fig 6).

218,5
218
217,5
217

216,5

216

215,5

215
2020

== 50557239

Fig. 5. The water table changes in the monitoring well No. 50557239.

220
215

210
2020 2021 2022

=li= 50557242

Fig. 6. The water table changes in the monitoring well No. 50557242.
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Aquifer GWL OO

The location of the hydrogeological monitoring geifor the GWL OO aquifer is illustrated on the
map (Fig.7).

Map legend
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Fig. 7. Location of the groundwater wells monitoring the GWL OO aquifer.

Most of the monitoring points are | ocated
located in other parwsf the described area. The amplitude of water table fluctuations during the
entire observation period was 28 meters, and in the years 26202, it was 0.25 m. In many
points, a large rise of the water table is observed throughout the entire tbegresod. In the
period 20262022, the rise of the groundwater table by more than 1 meter was observed in 7

hydrogeological wells (Fig.8).
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Fig. 8. The water table changes in the monitoring well No. 50557690.

The groundwater table drop walsserved in well no. 5055P00008_1. In this well, the
groundwater table rise was also observed throughout the observation period, and its drop was
observed in 2021. In this hydrogeological node, there are three wells (5055P00008 1,
5055P00008_2 and 5055P@&0 3), of which only in the first one the lowering of the groundwater
table was observed. The well 5055P00008_2 monitors another groundwater layer in this aquifer, but
this, in turn, has experienced a groundwater table rise.

On the other hand, the well ®P00008_3 monitors the aquifer GWL OU, and there the
trends were ambiguous in 202022. In this situation, it is difficult at present to ascribe the
lowering of the groundwater table in the borehole 5055P00008_1 to the drainage of the lignite
depositexpoi t ed by the Tur-w mine since, 1in the re€
but its observations should be continued (F#§3. According to the author of the report, the
reason may be a leakage of the insulating layer built of clays bethearells 5055P00008 1 and

5055P00008_2 because, at the same time, in the second well, the groundwater table rises.

222
221
220
219
218
217
216
2020 2021 2022

—=— 5055P00008_1

Fig. 9. The water table changes in the monitoring well No. 5055P00008_1.
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Fig. 10. The water table changes in the monitoved No. 5055P00008 2.
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== 5055P00008_3

Fig. 11. The water table changes in the monitoring well No. 5055P00008_3.

In the remaining boreholes, no significant trend of changing the position of the groundwater
table was observed (Fig. 12) Or this trend was guotais, and there was a rise and drop of the

groundwater table (Fig. 13).
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223,5
223
2020 2021 2022

== 5055P00001_2

Fig. 12. The water table changes in the monitoring well No. 5055P00001_2.
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207
205
203
201

199
2020 2021 2022

== 5055P00005_2

Fig. 13. The water table changes in the monitoring well No. 5055P00005_2.
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Aquifer GWL HM

The location of the hydrogeological monitoring points of the HM aquifer GWL is illustrated

on the map (Fig. 14).

Map legend

Aquifer GWL HM monitoring points
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—— Sealing wall e

[ zittau basin

3 Polish state border

5155p00020V3 JU 515570001752 LS
HETUOLA 3 5055P0001612%
5 g &

0

Fig. 14. Location of the groundwater wells monitoring the GWL HM aquifer.

Most of the monitoring points are locatedirhe Nysa GuUycka valley
amplitude of the groundwater table fluctuations throughout the observation perioel@aselers,
and in the years 2028022, it was 0.8.5 m. In the period 2020022, only in the hydrogeological
well No. 055P00016_2, the groundwater table rise by more than 1 meter was observed (Fig. 15).

No groundwater table drop was observed in this aquifer.
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214
213
212

211
2020 2021 2022

—&— 5055P00016_2

Fig. 15. The water table changes in the monitoring well No. 5055P00016_2.

In the remaining wells, no sigigant trend of changing the position of the groundwater

table was observed (Fig. 16).

226

224

222

220

218

216

2020

2021 2022

== 5155P00017_2

Fig. 16. The water table changes in the monitoring well No. 5155P00017_2.

Aquifer GWL OU

The location of the hydrogeological monitoring points for the GWL Quifer is illustrated

on the map (Fig. 17).
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Map legend

Aquifer GWL OU monitoring points
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Fig. 17. Location of the groundwater wells monitoring the GWL OU aquifer.

Most of the monitoring points are | ocated
groundwater table fluctuations throughout thbservation period was 450 meters, and in the
years 2022022, it was 0.245 m. A recorehigh groundwater table rise took place in well no.
50547579 in 2021, reaching maximum values throughout the entire observation period. (Fig.18) In
the period 2022022, the rise of the groundwater table by more than 1 meter was observed in 5

hydrogeological wells (Fig.19). No groundwater table drop was observed at this aquifer.
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190

180
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== 50547579

Fig. 18. The water table changes in the monitoring well No. 50547579.

In the renaining wells, no significant trend of changing the position of the groundwater

table was observed or this trend was ambiguous, and there was a rise and drop of the groundwater

table (Fig. 19).

175

174

173

172

171

170
2020 2021 2022

=li= 50557697

Fig. 19. The water table changes in the monitoring well3&57697.
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Aquifer GWL ZiC

The location of the hydrogeological monitoring points for the aquifer ZiC aquifer is

illustrated on the map (Fig. 20).

Map legend
Aquifer GWL ZiC monitoring points

© Water table raise in 2020-2022

® \Water table drop in 2020-2022

© Water table ambiguous trend in 2020-2022
©  No data for years 2020-2022
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[J Polish state border

" 4 Moo ¢
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b S055p00016Y3)

5055R00023,

Fig. 20. Location of the groundwater wells monitoring the GWL ZiC aquifer.

Most of the monitorig wel | s are | ocated in the Nysa G
also located in the areathfe town Zittau. The amplitude of groundwater table fluctuations
throughout the observation period was-2%meters, and in the years 2€0R2, it was (B-18 m
reaching minimal valuesver the entire observation period. (Fig. 21). In the period-2022, the
rise of the groundwater table by more than 1 meter was observed in 5 hydrogeological wells (Fig.
22).
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Fig. 21. The water table changes ie thonitoring well No. 50557695.

152

151

150

149

2020 2021 2022

== 50557701

Fig. 22. The water table changes in the monitoring well No. 50557701.

On the other hand, in 5 hydrogeological wells, a groundwater table drop was observed. One
of them is located in the village of Drausendorf, drrest in Zittau. Therefore, the unfavourable
trends described in the Krupp report (Krupp 2020) continue. Hydrogeological wells in which the
groundwater table rises are located between those in which it is dropped and behind the sealing wall
builtby KWBTur -w in 1997 between Nysa GuUycka and
Sadowska 2019). Thus, the groundwater monitoring points in this area confirm that the sealing wall
prevents further drainage of this aquifer. However, since there is a fdetiere in the

groundwater table of this level in the Zittau and Drausendorf areas, it may mean that the sealing
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wall length is insufficient. In the remaining boreholes, no significant trend of changing the position
of the groundwater table was observedhis trend was ambiguous, and the groundwater table rose
and dropped (Fig. 23).

157

156

155

154

153
2020 2021 2022

—=— 5055P00018_2

Fig. 23. The water table changes in the monitoring well No. 5055P00018 2.

Aquifer GWL ZU

The map illustrates the location of the hydrogeological mangquoints for the GWL ZU
aquifer (Fig. 24).
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Map legend
Aquifer GWL ZU monitoring points
©  Water table raise in 2020-2022
® \Water table drop in 2020-2022 .
©® Water table ambiguous trend in 2020-2022
Sealing wall
[ zittau basin
[Z7] Polish state border

Fig. 24. Location of the groundwater wells monitoring the GWL ZU aquifer.

All monitoring wells of this aquifer are located in the German part of the Zittau basin. The
amplitude of the groundwater tabledtuations during the entire observation period was 4
meters, and in the years 202022, it was 0.34 m. In this aquifer, the most significant drop of the
groundwater table is observed. A rectrgaking lowering of the groundwater table took place in
well no. 50557689, from 2020, it dropped by 14 meters (Fig. 25).

191
190
189
188
187
186
2020 2021 2022

== 50557689

Fig. 25. The water table changes in the monitoring well No. 50557689.
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In the period 202@022, in two hydrogeological wells (50557700 and 50547710), the
groundwater table rise by nethan 1 meter was observed (Fig. 26). On the other hand, in two
hydrogeological wells (50557689 and 51547708), the groundwater table drop was observed (Fig.?).

151

150,5

150

149,5

149
2020 2021 2022

== 50547710

Fig. 26. The water table changes in the monitoring well No. 50547710.

This is a contiuation of the unfavourable trends described in the Krupp report (Krupp
2020). As in the case of the ZiC aquifer drainage, the groundwater table drop {BGZRi3
observed in Zittau and south of Hirschfelde, i.e. south and north of thiteation screen built
along the GuUycka Nysa. On the other hand, th
wells behind the screen. In the remaining boreholes, no significant trend of changing the position of
the groundwater table was observed ortfgiad was ambiguous, and the groundwater table rose
and dropped (Fig. 27).
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Fig. 27. The water table changes in the monitoring well No. 50557703.

Other aquifers

The map below illustrates the location of the monitoring wells in theviollg aquifers:
GWL 1e (50557688), GWL 1 + OO (5055P00003_1), GWL ZiB + VBaZzZ (50557698), GWL Vbaz
(5055P00022), GWL ZiA + PGDZ (5055LP00012) (51547711) (Fig. 28).

Map legend

Aquifer GWL 1e
Aquifers GWL1 and GWL OO
Aquifers GWL ZiB and GWL VBaZ
Aquifer GWL VBaZ

Aquifers GWL ZiA and GWL PGDZ
Aquifer GWL PGDZ

«>OoEHOCEO

51547711

£
505500022

Fig. 28. Location of the groundwater wells monitoring the aquifers: GWL 1le, GWL1 an@®0 ZiB and VBaZ,
GWL VBaz, GWL ZiA and PGDZ, GWL PGDZ.

25



In the wells located in the northern part of the Zittau basin area (50557688, 50557698 and
5055P00003 1), a rise of the groundwater table was observed ¥2@R20During the entire
observation péod, no clear trends in changes in the position of the groundwater table in these wells
were found because it was both dropping and rising. In turn, in the wells located south of them
(51547711 and 5055P00022) (Fig. 29), the groundwater table drop veasezbduring this period,
and this is a continuation of the downward trend of the groundwater table throughout the
observation period. They monitor deep aquifers (GWL VBaZ and GWL PGDZ) in the southern part
of Zittau and are located in an area where thafag of GWL ZiC and GWL ZU are also drained
(Fig. 30). In well No. 5055P00003_1, no observations were carried out in the yeat302220
while in the entire observation period (192013), a weak trend of rising groundwater table was

observed.
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Fig. 29. The water table changes in the monitoring well No. 50557688.
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Fig. 30. The water table changes in the monitoring well No. 50557711.
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Summing up, it can be concluded that the most heavily drained aquifers throughout the
observation period wereVL ZiC and GWL ZU, and this trend has continued over the last two
years. The levels of GWL VbaZ and GWL PGDZ may be drained to a similar extent, and the
groundwater table drop by Zb meters is also observed, but each of these aquifers are observed
only by one hydrogeological well, and it is difficult to say whether this trend applies to the whole
extent of the aquifers. Groundwater table rise was often observed in aquifers GWL OO and GWL
OU during the observation period and in the last two years. Inmmstoring wells, the aquifers
GWL 1 and GWL HM did not show unequivocal trends, and the groundwater table was often
subject to strong fluctuations.

Hydrogeological monitoring data show that the effectiveness of the sealing wall built along
t he Ny kaandlhepeccast lignite mine is appropriate. It protects the water resources of the
Neogene and Quaternary aquifers properly in the area from the northern part of Zittau to the vicinity
of the village of Drausendorf. This confirms the rising of theigdwater table in the aquifers of
GWL zZiC and GWL ZU, which is a continuation of the trend observed before 2020. On the other
hand, in the southern part of Zittau and between the villages of Drausendorf and Hirschfelde, which
are not protected byasealwp | | from the i mpact of the Tur .- w
takes place: GWL ZiC, GWL ZU, GWL VbaZ and GWL PGDZ. Pursuant to the license granted for
the exploitation of the Tur - wastdregadisplanned, f urt he
which, however, is located deeper and requires increasing the depth of the deposit's drainage. This
entails a deepening of the depression cone and an increase in its range. This means that the drainage
of the abovementioned aquifers will continue asadtidi20222022 and earlier. In order to limit the
inflow of water from Germany, it would be necessary to extend the existing sealing wall both to the
north along the Ny s-aast@wdids th&athersealthg walh limitingeghe s o u 't h
inflow of groundwater from the territory of the Czech Republic. A numerical hydrogeological
model should provide more precise data about the proposed extention of the sealing wall and its
depth.

The continuous, lonterm drainage of the deep aquifers of the GWL &id GWL ZU in
the central and southern parts of the city of Zittau also resulted in the lowering of the land surface.
According to the Krupp study (Krupp 2021), this is particularly visible in the area limited by the
following tectonic faults: the Zittaia u | t called the southern faul
Polish side and the Pethau fault. In this area, especially along the Mandau River, the lowering of the
land surface in 2012019 locally exceeded 5 mm per year. With the continuation of the extpait
of the lignite deposit, the gradual deepening of the qgiiemine, and increasing the drainage depth,

the groundwater table of these aquifers will continue to drop. It may result in further lowering of the
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land surface in this area. In order to miige this threat, the existing sealing wall should be
extended to the southeast.

Water bodies

Many years of |lignite mining in Tur-w and
loss of groundwater in the Zittau Basin. The Polish Groundwatey Rod PLGW6000105 has a
good chemical state, and the quantitative goal is less stringent and is to protect the quantitative state
from further deterioration from the present poor state. In the case of deepening of the depression
cone during the exploitatmof the remaining part of the deposit, it will not be possible for the
guantitative condition of this JCWPd to avoid deterioration. On the German side, there is the
Groundwater Body DESN_NE 2. The arealsd depression cone draining the GWL ZiC and ZU
aquifers in Germany is 19.2 Knwhich is 3.8% of the surface area of the Groundwater Body
DESN_NE 2 (507,8 kA). In case of further deepening of the depression cone, the groundwater
outfl ow from the Groundwat er Bod#g02% I180kKt2628). Tur -

Tur -w lignite mining has an i mpact on the
applies in particular to the Miedzianka River. The data available so far on the impact of mine water
discharge on the waters of Miedzianka sugtes the Acid Mine Drainage is taking place now. In
Mi edzi anka waters below the discharge of mine
sulphates is 11 times higher than above the discharge site (389.6 and 33.7, megjoectively).
The amouhof suspension in water also increases six times (from5to 30 Mg/dfi Bac hut a,
Mazurek 2018).

A Tur -w lignite mine is particularly predi
the exploited lignite seams leads to their oxidation, during whichuilfier present in sulphide
minerals and organic matter will oxidize (total sulfur on average 1%, and combustible sulfur on
average 0.73%). Similar phenomena will occur in the artificially created aeration zone within the

depression cone. The product offguoxidation is, among others, sulfuric acid by reaction:

4FeS + 150, + 14H0 --> 4Fe(OH) + 8HSCu

The resulting sulfuric acid lowers the pH (even to28) of groundwater and increases
its aggressiveness towards minerals present in the surrguodiks. It increases the total hardness
of water, oxidation of iron and manganese compounds and the leaching of a number of elements

(metals, metalloids and radionuclides) from the deposit and rocks. These processes significantly
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change the chemical congibon of water and their basic physicochemical parameters, such as: pH,

redox potential, electrolytic conductivity and dry residue.

On the other hand, the area of Nysa GuUyc
Miedzianka is 851 km2, and along thigei there are such cities and towns as Zittau, Hradek nad
Nisou, Liberec, Jablonec nad Nisou and numerous villages. Pollutants such as heavy metals, iron
and manganese compounds or increased total mineralization may come from groundwater drained
bythe Tur w mi ne and urbanized areas. I n order to
Nysa GuUycka, the author compared the results
and Kloster Marienthal stations. The following parameters were cechpalectrical conductivity,
calcium and sulphates from 2015 (Fig.-3B) (LULGS 2022).
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Fig. 31. Electrical conductivity®/ ¢ m) of Nysa GuUycka water measur e
20152022.

2015 2016 2017 2018 2019 2020 2021 2022

Drausendorf @ Kloster Marienthal

Fig. 32. Calcium concentratiomg/dn?) of Nysa GuUycka water measured
20152022.
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Fig. 33. Sulphate concentration (mg®lm of Nysa GuUycka

20152022.
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In all the series of measuremts, it is visible that usually, at the given time of the

analysis, the parameter values were higher in the waters sampled in Kloster Marienthal than in

Drausendorf. Typically, these are-300 % hi gher . T

the catchments of watercourses flowing between Drausendorf and Kloster Marienthal, contributes

to the

gener al ant hhropopress

his suggests

ion e

longer the mine operates, the longer its negative impact onaghte&/r s 0

xerted on
f the Nysa

will be. However, the concentrations of heavy metals show a different image. Concentrations of

arsenic, lead, and nickel in Drausendorf and Kloster Marienthal since 2015 are illustrated below

(Fig. 3436).
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Fig. 35. Lead concentratio@g/dn?) of Nysa GuUycka water measured i
20152022.
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Fig. 36. Nickel concentrationdg/dn?) of Nysa GuUycka water measured
20152022.

The concentrations of arsenic and lead measured on the same day in Drausendorf are often
higher than in Kloster Marienthal despite theestpoint being located below the discharge
wastewater from Tur-w mine or power station.
Kl oster Marienthal. This may suggest that the
Nysa Gu Uy tykvith samie heavly matats like nickel while the others like arsenic and lead

don't show such impact.
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Conclusions

The above considerations lead to the following conclusions:

1. Monitoring groundwater in the German part of the Zittau basin in-202@ showshat in
the shallower aquifers (GWL 1, GWL OO, GWL HM, GWL OU), there is no lowering of
the groundwater table that the i1 mpact of K

2. Groundwater monitoring of deeper aquifers (GWL ZiC and GWL ZU) shows progressive
groundwater drainage ithe southern part of Zittau and between Drausendorf and
Hirschfelde. While between these areas, there is the groundwater table rise in these aquifers.
These dependencies, described in the Krupp report (Krupp 2020), remain valid.

3. The sealing wall builtby he Tur -w mine in 1997 serves it
to eliminate groundwater drainage from Germany, it would have to be extended both to the
north and southeast. A numerical hydrogeological model should provide more precise data
about the pposed extention of the sealing wall and its depth.

4. The deepening of the Tur-w mine drainage w
and will result in a greater inflow of groundwater from both Polish and German
Groundwater bodies.

5. Drainage of groundgater from deep aquifers (GWL ZiC and GWL ZU) leads to the
| owering of the | and surface. Further drai
phenomenon.

6. The acid mine drainage causes the release of many pollutants, including sulphates, iron,
maganese, and heavy metals, to groundwater

drainage causes an inflow of the pollutants with the groundwater to the mine. The mine

di scharges them | ater to the surface water
7. The Tur -w mine contributes to the increase
concentration of pollutants in the waters

in electrolytic conductivity and the concentration of calcium and sulphatssured above
and below the point of the pollutants discharge.

8 The Tur-w mine or power station wastewater
with some heavy metals like nickel because its concentration is usually higher in the

monitoring pointloat ed bel ow the discharge point of
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Annex 1. Groundwater monitoring results of the western part of Zittau basin.
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Fig. 37. The water table changes in the monitoring well 9653158.
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Fig. 38. The water table changes in the monitoring well No. 50557158
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Fig. 39. The water table changes in the monitoring well No. 50557161
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Fig. 40 The water table changes in the monitoring well No. 50557161
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Fig. 41. Thewater table changes in the monitoring well No. 50557235
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Fig. 42. The water table changes in the monitoring well No. 50557235
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Fig. 43. The water table changes in the monitoring well No. 50557236
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Fig. 44. The water table changes ie thonitoring well No. 50557236
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Fig. 45. The water table changes in the monitoring well No. 50557239
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Fig. 46. The water table changes in the monitoring well No. 50557239
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Fig. 47. The water table changes in the monitoring well 19653242
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Fig. 48. The water table changes in the monitoring well No. 50557242
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Fig. 49. The water table changes in the monitoring well No. 50557264
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Fig. 50. The water table changes in the monitoring well No. 50557264
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Fig. 51.The water table changes in the monitoring well No. 50557692
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Fig. 52. The water table changes in the monitoring well No. 50557692
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Fig. 53. The water table changes in the monitoring well No. 5055P00001_1

2245

224

223,5

223
2020 2021 2022

=== 5055P00001_1

Fig. 54. The water table chargji@ the monitoring well No. 5055P00001_1
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Fig. 55. The water table changes in the monitoring well No. 5055P00005_1
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Fig. 56. The water table changes in the monitoring well No. 5055P00005_1
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Fig. 57. The water table changes in the itayimg well No. 5055P00006_1
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Fig. 58. The water table changes in the monitoring well No. 5055P00006_1
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Fig. 59. The water table changes in the monitoring well No. 5055P00011_1
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Fig. 60. The water table changes in the monitoring well3055P00011 1
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Fig. 61. The water table changes in the monitoring well No. 51547283
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Fig. 62. The water table changes in the monitoring well No. 51547283
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Fig. 63. The water table changes in the monitoring well No. 51547391
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Fig. 64. The water table changes in the monitoring well No. 51547391
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Fig. 65. The water table changes in the monitoring well No. 51547465
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Fig. 66. The water table changes in the monitoring well No. 51547465
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Fig. 67. The water tablehanges in the monitoring well No. 51547468
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Fig. 68. The water table changes in the monitoring well No. 51547468
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Fig. 69. The water table changes in the monitoring well No. 51547476
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Fig. 70. The water table changes in the monitovied No. 51547476
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Fig. 71. The water table changes in the monitoring well No. 5155P00020_1
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Fig. 72. The water table changes in the monitoring well No. 5155P00020_1
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Fig. 73. The water table changes in the monitoring well No. 50595E71
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Fig. 74. The water table changes in the monitoring well No. 5055E7157
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Fig. 75. The water table changes in the monitoring well No. 50547709
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Fig. 76. The water table changes in the monitoring well No. 50547709
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Fig. 77. The water table changes in the monitoring well No. 50557237
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Fig. 78. The water table changes in the monitoring well No. 50557237
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Fig. 79. The water table changes in the monitoring well No. 50557690
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Fig. 80. The water table changaghe monitoring well No. 50557690
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Fig. 81. The water table changes in the monitoring well No. 50557699
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Fig. 82. The water table changes in the monitoring well No. 50557699
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Fig. 83. The water table changes in the monitoring Well5055P00001_2
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Fig. 84. The water table changes in the monitoring well No. 5055P00001_2
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Fig. 85. The water table changes in the monitoring well No. 5055P00003_2
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Fig. 86. The water table changes in the monitoring well No. 5053%0@0
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Fig. 87. The water table changes in the monitoring well No. 5055P00005_2

204
202
200
198
196
194
192
190

188

1990 1995 2000 2005 2010 2015 2020

== 5055P00005_3

Fig. 88. The water table changes in the monitoring well No. 5055P00005_3
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Fig. 89. The water table changes in the monitoring well No. 5055P00005_3
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Fig. 90. The water table changes in the monitoring well No. 5055P00006_2
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Fig. 91. The water table changes in the monitoring well No. 5055P00006_2
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Fig. 92. The water table changes in the monitoring well No. 5055P00006_3
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Fig. 93. The ater table changes in the monitoring well No. 5055P00006_3
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Fig. 94. The water table changes in the monitoring well No. 5055P00008_1

63



222

221

217

216
2020 2021 2022

=== 5055P00008_1

Fig. 95. The water table changes in the monitoring well No. 5055P00008_1
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Fig. 96. The water table ahges in the monitoring well No. 5055P00008_2
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Fig. 97. The water table changes in the monitoring well No. 5055P00008_2
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Fig. 98. The water table changes in the monitoring well No. 5055P00009_1
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Fig. 99. The water table changes in thenitoring well No. 5055P00009_1
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Fig. 100. The water table changes in the monitoring well No. 5055P00009_2
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Fig. 101. The water table changes in the monitoring well No. 5055P00009_2
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Fig. 102. The water table changes in the monitoneti No. 5055P00010_1
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Fig. 103. The water table changes in the monitoring well No. 5055P00010_1
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Fig. 104. The water table changes in the monitoring well No. 5055P00016_1
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Fig. 105. The water table changes in the monitoring well §65800016_1

Fig. 106. The water table changes in the monitoring well No. 51547416
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