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The article presents the issues of shaping therwataditions in the mining areas given
the example of Brown Coal Mine "Adaméw". At thegaeof the exploitation of deposit
by opencast mining, the water conditions in theingrareas are transformed, which is
associated with the need to adapt their functionthé¢ needs of the mining and energy
sectors. These changes relate to the deep delydadtaquifer horizons, transformation
of hydrographic network (removal of watercoursesgonstruction of the riverbeds,
construction of drainage canals) and, consequettignges in the water cycle. After the
exploitation, the reconstruction of water resourbesomes an essential condition to
achieving the equilibrium of these areas. The cphoéformation of water conditions in
the post-mining areas of KWB (Brown Coal Mine) "Addw" presented in the study,
takes into account the environmental aspect ofuithetioning of the water management
(shaping of landscape water retention through thestcuction of water reservoirs,
limitation of water discharges from the drainagethe network of surface water and
retention within the catchment area) as well assdsial dimension (development of
recreational-holiday functions).
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1. INTRODUCTION

The over forty years of the intensive exploitatfmocess of lignite deposits in
the Polish Lowland, constituting a priority againgher environmental and
social conditions, has forced the changes in thectfoning of the natural
environment. In particular, they concerned the ddepydration of aquifer
horizons, transformation of the terrain and vegdetatwhich are the key
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components that determine the formation of wateditions of the landscape.
As a result, the surface water in mining areas fancomplicated, multi-

functional system that requires an integrated wlasnanagement, which takes
into account the aspects of quantity and qualityvafer as a raw material for
the power industry, but above all, as the most & factor necessary for the
proper and sustainable functioning of the naturalirenment. The issue of
water management endearing the issues outlinedeahitivbe discussed in this
paper on the example of the mining areas of KWBamdw”.

2. TRANSFORMATION OF WATER CONDITIONS IN MINING
AREAS

The arearemaining within therange of influence oKWB “Adamow”, along
with the currentlyexploiteddepositsAdamow and<ozmin, is locatedelow the
line of maximumglaciationof the Vistula RiverBaltic) that separates tHake
districts from the lowlands It includesthe mesoregionof Turku Plateauand
Kolska Valley which is a fragmenfiormedduring theMiddle Poland glaciation
of the South Greater Polahdwland[5]. Thetotal lack ofnaturalsurfacewater
bodies is a characteristieature of thenld-glacierlandscapdormedduring the
olderglaciation period. The deposits of AdaméandKozmin are located in the
catchmenof the Kietbaska riverStrugalaniszewskand Teleszynaassociated
with theleft-bankof the Warta rivebasin.

In the period preceding the exploitation of depoaitd the functioning of
"Adamow" power station, the Kietbaska river's catwnt covered the area of
287 km2. Due to the water needs of the power stafieleszyna River, after the
creation of Canal Warta-Kietbaska, was partiallgdigs an artery for water
transfer. Having connected the Warta-Kietbaska esysto Kietbaska river,
which is the basin of the upper Teleszyna, the afeldietbaska’s catchment
increased to 476 km?, which is close to 66% [1]riDy the exploitation of the
opencast pit Adaméw and Kmin, the waterbed of the Kietbaska will not be
changed; only the eastern part of the catchmenndgr the influence of the
cone of depression, causing depletion of its waémources. The planned
Adaméw reservoir, along with the supply canal (lingrfrom the water intake
on the Central Kielbaska), shall create its owrcluaient, contributing to a
reduction in the catchment area of the Kielbaskarréhtly, the Kielbaska’'s
hydrological regime is the result of interactionsrfprmed by the economic
functions as well as environmental conditions &f aimthropogenically modified
river basin. The main components, which regulageflibw rate of the Kietbaska
are as follows:

» water from the natural catchment of the Kietbaska
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» water from the catchment of the Upper Teleszynadiing the area of
206.26km?)

* water pumped by a pumping station Mitkowice (in @&t Warcki) with
Jeziorsko Reservoir (on the Warta)

* mine water from the Adaméw and Kuin open pit drainages

» abstractions of non-returnable water for the capfigstem of "Adamow"
Power Station

» discharges of the excess water not used in thedémgical system of
“Adamow” Power Station.

The size ofthe individual componentgre variableand shape thaverage
annualflow of 1.45m3s-1, andthe average annuslnoff per unitis 3.56dms3s-

1 km? [11]. Thereduction of theunit outflow (3.56 dm3s-1 km?) in relation to
its characteristic valuéor the period preceding ttgevelopment of mining4.3
dm?3 s-1 km?), despite an increase ithe annualflow rate, is related to the
influence of the cone of depressipmwithin which, after the beginning of
exploitation there are fragments dfe catchment.

The Teleszyna as well as its catchment have beemapently
transformed due to mining activities. Part of theleBzyna’s riverbed in the
Przykona-Zimotki region was liquidated by the exa#ons of the open pit
Adamoéw. Currently, water reservoir with a maximulmofl area of 123.2 ha
was built.

Struga Janiszewska and its catchment, within th@lo&ation period,
along the whole section, are in the impact zonthefopen pits. On the stretch
of 2.99 km, the riverbed was destroyed by extethahping ground, and its
function was overtaken by, so-called, Passive Célanwhich was built along
the eastern edge of the pit. Struga Janiszewskis impper course carries
periodic water - after a heavy rainfall, which étated to the impact of the cone
of depression of the open pits Adamoéw andzidm. Having finished the
exploitation and the creation of reservoirs Adamdaniszew, Kamin, Gltowy,
the initial catchment area of Struga JaniszewsR2D8km?) will be reduced by
23.08 km2, and the catchments created around thervars Janiszew and
Kozmin will divide it into two parts.

The Length of the Kietbaska Il (right tributary tife Kietbaska), during
the exploitation of the northern part of open pazKiin (years 2014-2020) will
be reduced (from 15.49 to 11.25 km) due to theirhtion of the source section
of the river. After the construction of the resarviozmin Koncowy, the
catchment of the Kietbaska Il with the current afal2.69 kmz2, will be
reduced by 2.75 km? and will cover the area of %94 [9].

The change of the course and order of watersheds, uncertain nature
within the mining areas, changes of the catchmeea and the consequent
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difficulties of balancing them, are all the resufghese transformations within
the hydrographic network.

The changes in structure of groundwater are adeacisith dewatering
of the deposit and its overburden. Within the apédhe exploited deposits
Adaméw and Kamin there are two main aquifer levels associatetih e
overburden (quaternary superficial) and subcarborétaceous complex. The
dehydration of the open pit "kmin" located in the vicinity of the open pit
"Adamow" results in joint cones of depression inthb@nalyzed aquifer
complexes of those pits. Their sizes are constaotlgnging due to the
displacing exploitation of the open pits, as wedl hydro-meteorological
conditions. Hence, the ranges of the cones of defme are given and analyzed
within specified period of time and state.

The above characterized transformations within shgface water and
groundwater are marked also in the structure of wlaer balance of the
catchment with the increase of the revenue siderevapart from rainfall, one
must take into account the amount of the mine walischarged into the
hydrographic network and the volume of water trarsd from the Warta. The
side of outgoing water gets reduced, because tithroants, or parts of them,
which are within the coverage of the cone of degioes with the transformed
surface layers of soil and changed moisture relatiare characterized by
reduced evaporation.

The above given examples of transformations ofaserfand groundwater
within the influence of KWB "Adamow", help to idefyt that the most
important feature which characterizes water camdit in the areas of the
opencast lignite mines is deepening of the deficivater resources by:

» water transfers between the catchments

» discharges of mine water directly to the surfactewaetwork (without
trying to bring it into cultivation) outside the ning area, which perpetuates
the dehydration process and prolongs the stagnatitire cone of
depression

» change (usually decrease) of the unit outflow

» changes in physical parameters of the water agedoidgth the exploitation
and open-circuit cooling

» reduction of retention as a result of the liquidatof small water courses,
streams, ditches, wetlands, small mid-field resies\that store large
amounts of water [3].

Limiting the quantity and quality oflisposable water resourdegmining
activities which adds up to a shortage whter, due to natural conditions
(typical of Polish Lowlandy is the main problenof water management in
mining areas.
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3. THE RATIONAL DEVELOPMENT OF WATER CONDITIONS
IN MINING AREAS

The rational shaping of water relations means mpg@émentation of the basic
principles of proper water management: maintainasylong as possible and as
much water as possible in the landscape, thusmizinig an idle outflow from
the catchment. The opportunities to develop apjtpiandscape structure in
the process of multi-direction reclamation of posting areas accelerate the
return of a degraded environment to a new statgaflibrium. In areas of the
opencast lignite mining, prerequisite for the pitrsaf balance is the
reconstruction of water resources. The fulfillmeftthis condition is possible
through an alignment of the outflow, and this psscis associated with the need
for retention of significant amounts of water. Tlaegest volume of retained
water is achieved through the construction of largeervoirs and proper
shaping of the landscape structure, which will supghe retention capacity of
water resources and contribute to the increasfféctiveness and efficiency of
the regulatory system of evaporation from the fwitranspiration [6].

Within themining areasubjected t@nalysisKkWB "Adamdéw"in the 90's
after theperiod oftransformation ofvater conditionsasa result andhe effect
of the priority mining activities, begarnhe stageof rational development of
water resourcethrough the development ofater retentiorof landscape.

Shaping théandscapeavater retentions associated withindertakings that
lead tothe construction ofvater reservoirsCurrently,the four water reservoirs
Bogdatéw Przykonaand Janiszew and Kozmin are the new elements of the
post-mining landscapdJntil the end of exploitation in this are@y the year
2023) there are plan® build three other onedkealization of the project to
build water reservoirsvill mean that,in the landscapevhere previouslythere
were nonatural water reservoirshe share o$urfacewater bodiewill increase
to 1062.17ha, and the amountdf retainedwaterin the reservoirs wilexceeds
231 million m3. The list of thecreatedand plannedreservoirsand their
parameterss presented on Table 1.

We shall pay special attention to the fact that tieevly created and
designed water reservoirs are located in areas ledehptransformed by mining
activities, where the original ecosystems charatterfor the area of bio- and
geo-diversity, have been permanently degraded. tGmt®n of the reservoir
bowl is carried out only with the use of land hefpsn the overburden opening
subsequent mining fields and hollow ends, andftera of reclamation of post-
mining areas.
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Table 1. Present and planned reservoirs in the Adabmown-coal mining area.

Reservoirs created in the post-mining areas of KWBAdaméow"

Area of Perma- | Losses
Reservoir| Comple- . | Capacity| Usable nent to . .
- reservoir| . . Function Location
(name) | tion date| min-max | capacity| flood | evapora-
min-max -
reserve | tion
year ha mnm | minn® | minn? | minn?
initially
un- un- un- fire-fighting, | external dump
Bogdatow| 1994 9,5 0,6 later open pit
known | known | known . .
recreational,| Bogdatow
natural
recreational,| internal dump
Przykona 2004 242 59-7,2 bd bd bd natural, open pit
firefighting Adamoéw
56.39- ) internal dump
Janiszew| 2008 59, o 3,5-4,05| 055 0,119 0,161 recreational gpen pit
' Kozmin
post-
kozmin | 2012 | 980 I 55061| 054 | 0217 | 0293| paura | SPloitation
108,5 excavation.op|
en pit Kezmin
Planned reservoirs
post-
: ) exploitation
Glowy | ca.2014 66::'155 11773; 0,42 0,129 | 0,174| recreational| excavation
’ ' open pit
Kozmin
I final excava-
ngg% ca.2020 11115621 292141 0,66 0,232 | 0313 patural | tion open pit
' ' Kozmin
final
Adamow | ca.2023 4620~ | 1617 | 0,00 0924 | 1247| ynknown | ©Xcavation
462,0 open pit
Adamoéw

Source: Own study based on [9].

Therefore, the controversy on the building of wae=ervoirs, associated
with their negative impact on the environment, @, nn this case, subject to
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discussion. Occupying the land under the resendsgradation of existing
aquatic habitats, destruction of the soil profitee movement of large quantities
of land masses and transformations of the terragnadl the already made
changes. Reservoirs, with the exception of thervess Przykona and Kanin
Koncowy, are located outside riverbeds (so called s&kervoirs) and are
supplied bysurface water through the tributary canahich enables the
fulfillment of another essential condition, fromettkecological point of view:
continuity and integrity of watercourses.

Another element of rational development of new watelations in
mining areas is an attempt to reduce dischargegtdr from the drainage to a
network of surface water and its retention withive tcatchment. It can be
achieved thanks to a developed and adopted systditiirg newly created
reservoirs. Reservoir Przykona, which has beentiumiaog since 2004, was
filled with groundwater from dehydration of opent gfidamow. Reservoirs
Kozmin and Glowy will be filled with groundwater frodeep drainage by wells
from the deposit Keamin. Reservoirs Kemin Koncowy and Adaméw Kacowy
shall be created in post-exploitation excavation dafposits Kemin and
Adaméw, at the end of exploitation. Reservoirs’ bawill be formed by slope
excavation and their sills. Reservoirs will be il with groundwater from
drainage wells located on the edge of the pit (hotMong with filling up the
cavities, the amount of infiltrating water from theservoirs will increase and,
concurrently, the amount of water pumped by wellsdecrease. Both of these
processes will extend the time of filling up theeevoirs, but, at the same time,
they will affect the regression of the cone of dssion and the reclamation of
aquifers. During this period, reservoirs will gor feurface water supply, the
amount of which should compensate for the lossfiltriating water into the
cone of depression and evaporation [9].

After the completion of the filling up of the reseirs, within their
impacts new regime of the waters will be shaped.teWaeservoirs shall
combine quaternary aquifers with the subcarbon etaceous level. In the
hydrographic network system, we can clearly obs#meechanges in the course
of watersheds connected with the separation okthecatchments of existing
and planned reservoirs (Fig.1).

Technical casing of watercourses and reservoirsjchwhinvolve
distribution structures (weirs, sluices’ shaftshtake structures (culverts,
pipelines) and damming structures (monks, trangfedtow to conduct water
management of the catchment and regulate wateritomml within it (e.qg.
supplying the reservoirs, water abstraction fromens, water transfers between
reservoirs, emergency management of water duringd§, irrigation, fish
farming). Reservoirs are the local drainage baséwdetermines the relations
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Fig. 1. Water conditions in the area of the AdanBhawn-Coal Mine on completion of
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of the regime of surface and groundwater with tlkelatation regime of
reservoirs [12].

Reservoirs covering the extensive excavation, dubd water infiltration
in the surrounding areas, will support the proadsseconstruction of aquifers,
and later, will contribute to the stabilization thfe depth of the groundwater
table and to the increase of the land retentiorouregs. Thanks to the
possibility to control the outflow from the catchmbeby regulating the amount
of the height of damming streams, there is a fableraydraulic system between
the groundwater table and the water flowing inweercourse, which inhibits
undesirable outflow to the groundwater, which umggtt retention during the
winter half-year, most often abundant in water Mpreover, carrying out the
irrigation with adjustable outflow increases retentof soil and promotes more
efficient use of rainfall by vegetation, reducirtetoutflow. The creation of
multiple possibilities, within a year, of renewdl capillary and groundwater
retention allows the elimination of water shorta§d.50 - 200 mm per year [7].
Usable capacity of reservoirs will come to betwd@® — 660.000 m3 which
gives a total of 2.17 million m3 Taking into accouhe possibility of 20 cm
over-damming during flood releases, one can geidfieserve of 1.62 million
m3 (Table 1).

4. THE IMPORTANCE OF WATER RESERVOIRS IN THE SHAPING
OF POST-MINING LANDSCAPE

The most spectacular result of the implementatiath@® above concept of water
reclamation is to change the landscape structutikervicinity of Turku. Lake-
density at the level of 6.97%. will be a new featuwvhich distinguishes this
area (within the mining area of Adamow-oin covering the area of 152.2
km2). For comparison, the lake-density index Poland is 0.9% and for the
areas with the highest concentration of lakes (&g to Choaski, 2005):
Mazury Lake District 3.05%, Pomeranian Lake Distd®3%, Greater Poland
- Kujawy Lake District 1.23%.

Enriching the landscape structure with water reseswvith a total area
of 1,062.17 ha has an impact on different aspettthe functioning of the
landscape. The first one is the increase in volumfieevaporation, and
consequently the increase of amount of water broughthe troposphere.
According to the research of &ata [12] in the case of anthropogenic Rybnik
Reservoir, one estimates 100 % increase in evaporedmpared to the original
terrain evaporation (before the formation of theergoir), which provides,
based on the total surface of the reservoir (450atmut 6 hm3 of water yearly.
On this basis, it can be estimated that as a re6elaporation from the surface
of all of the reservoirs formed in the area of KWABamow, the amount of
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water in the troposphere within one year will irage by 10 - 15 hm?3 and this
estimation will be very significant in the waterldmace of the area and the
reconstruction of water conditions. The presencevafer reservoirs is also

associated with the change of the topo-climaticd@@mns. The changes relate
mainly to the increase in average daily air temjpeea alleviating extreme low

air temperatures in winter and hot in summer, \&itengthening of the growing

season, limiting the occurrence of thermal inversjancrease in humidity and
rainfall, more frequent fog and mist formation asllvas a slight increase in

wind speeds [4]. According to Lemgka (after [4]), the climate effects of large
water reservoirs with the surfaces of 300 - 400 rhight be noticeable at

a distance of 2-3 km from the coastal zone.

Anthropogenic water reservoirs, either as a rafuleclamation activities
or as a result of spontaneous processes, takealpga@l functions. Reservoir
Bogdatéw is such an example. Around it, in the pescof natural succession,
the sequence of aquatic, rushes and scrub vegetdiipical for limnetic
reservoirs, has developed. New landscape elememtsated in the process of
reclamation, become biotopes for species-rich mosis. Artificial island on
the "Przykona" reservoir, is currently a nestingong of 6 species of gulls
(including the only one in Greater Poland blackfatdls) and 2 species of
terns, which makes it one of a few in Poland andope, mixed, multiple-
species refuge of gulls and terns [13]. Within 8wdtlers of dirty water in
Piorunowe (open pit Wiadystawédw) andchRerzewo (open pit Adaméw) filled
mainly by mineral - organic matter, rich habitat foany species of flora and
fauna were shaped, especially waterfowls and wethards. In terms of natural
valorization they form valuable communities. In erdo preserve biodiversity
of formed habitats, it is proposed to take the liégran of protection of settlers
in the form of ecological grounds. These examplesvaus to conclude that
formation of habitats, which, previously, did notist in this area and those
related to it increase in biodiversity, thus beamgnithe most spectacular
landscapes effect associated with the construdfiovater reservoirs.

Water reservoirs, formed in old-glacial area dewvoidakes, which are
filled with clear waters of theleep drainagearound which the area with high
natural values is created, are of significant ingroce for the development of
tourism and recreation. The development of todeistdre facilities favors the
use of reservoirs for leisure purposes. In thenitigiof the "Przykona" reservair,
there is a scouts’ base, three bridges, car pakarded bathing zone with
a sandy beach, water equipment hire, a snack l&tidming during summer
and a football pitch. About 30 hectares of landuarb the reservoir were
allocated for building holiday resorts (400 recim@al plots) and services
related to tourism and recreation. The whole complerecreational areas is
equipped with the power grid, water supply, accexsd, parking lots and
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sewage system. During the next stage, volleybabkeétball and tennis courts,
changing rooms, showers and the lighting systentcalbe built. Water reservoir
and its comprehensive development contributed & dévelopment of new,
previously non-existent (due to the lack of natwahditions of the area) forms
of tourism, mainly associated with water: canoeisgyfing and sailing.
Development of the area around the reservoir oféxellent conditions for
active recreation (swimming, fishing, team gameslkimg, jogging) and
recreation (sunbathing, camping). Created as dtrekthe water reclamation
reservoirs, it performs a variety of functions, because of its location in the
immediate vicinity of the city of Turku and at theack of the Lod
agglomeration, in a range of daily and weekend patien, their recreational
functions have had the most significant importan@éater reservoirs are
currently one of the biggest tourist- recreaticatiactions of Turek district.

5. SUMMARY

There are two significant stages in the proceshaping of water conditions in
the mining areas. The first is to convert wateatiehs and adaptation of water
management to the needs of the mining and eneagrse Another one, which
started in the last decade, is characterized bgtianal and comprehensive
development of water conditions. The complex apgndakes into account the
environmental aspect of functioning of water mamaget (reclamation of water
resources), but also its social dimension (devetopnof the functions of
tourist-recreational as well as leisure functiossaogiated with water). The
above outlined concept of shaping water conditionsthe process of
exploitation and after its completion, allows fopdern water management in
closed systems - river catchments and construaedrvoirs. These actions
should then lead to an increase in the amount ténvila the landscape, increase
in the intensity of its circuit and thereby to pwog a new balance in
anthropogenic water systems.
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KSZTALTOWANIE STOSUNKOW WODNYCH NA OBSZARACH GO}RNIZYCH
(NA PRZYKLADZIE KOPALNI WEGLA BRUNATNEGO ,ADAMOW")

Streszczenie

Wody powierzchniowe i podziemne terendw goérniczythorza skomplikowany
wielofunkcyjny system, ktéry wymaga zintegrowane@posobu gospodarowania
uwzgkdniajacego aspekt wody jako zagemia dla eksploatacji zi) wody jako
surowca dla przemystu energetycznego, a przede stigry wody jako czynnika
niezkednego do prawidtowego i trwatego funkcjonowasiadowiska przyrodniczego.
W opracowaniu przedstawiono problematylsztattowania stosunkéw wodnych
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w obszarach goérniczych na przyktadzie Kopalnedldd Brunatnego ,Adaméw”. Na
etapie eksploatacji ztdbmetod, odkrywkows stosunki wodne w obszarach gorniczych
ulegap przeksztatceniom zwkanym z konieczri@ia dostosowania ich funkcji do
potrzeb gornictwa i energetyki. Zmiany te dotyggebokiego odwodnienia horyzontéw
wodondnych, przeksztatee sieci hydrograficznej (likwidacja ciekéw, przebudn
koryt, budowa kanatéw odwadnigjych), przeksztalegerzezby terenu i szaty &innej,
czyli podstawowych komponentéw, ktére warunkuisztattowanie si stosunkéw
wodnych krajobrazu. Po zakezeniu eksploatacji dziatania w zakresie gospodarki
wodnej powinny prowadzi do zwkkszenia iléci wody w krajobrazie, zwkszenia
intensywndci jej obiegu, a tym samym do wytworzenia nowej méwagi

w antropogenicznych systemach wodnych. Koncepajgomalnego i kompleksowego
ksztaltowania stosunkéw wodnych przedstawiona waopwaniu, uwzgidnia aspekt
srodowiskowy funkcjonowania gospodarki wodnej (k#ptganie retencji wodnej
krajobrazu przez budaw zbiornikbw wodnych, ograniczenia zrzutébw wod
z odwodnienia do sieci wod powierzchniowych i zatnanie ich w olybie zlewni) oraz
jej wymiar spoteczny (rozwdj funkcji turystycznoekreacyjnych, wypoczynkowych
zwigzanych z wod).



