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ANALIZA PROMENE KVALITETA PODZEMNIH VODA U PROCESU
PRIHRANJIVANJA ALUVIJALNOG IZVORISTA “MORAVA-BRZAN”

Branislav Petrovi¢'’, Vladimir Zivanovié'
Y Departman za Hidrogeologiju, Rudarsko-geoloski fakultet, Beograd, “e-mail:
branislav.petrovic@rgf.rs, v.zivanovic@rgf.bg.ac.rs

Kljuéne reci: aluvijon, kvalitet podzemnih voda, prihranjivanje, samoprecis¢avanje

UvoD

Izvoriste “Morava-Brzan” formirano je na Sirokoj aluvijalnoj ravni Velike Morave, na njenoj
levoj obali uzvodno od usc¢a regulisanog korita reke Lepenice, na jednom od brojnih meandara koje
reka pravi nakon izlaska iz Bagrdanske klisure. Hidrogeoloska istrazivanja izvorista su sprovedena
tokom 2011. i 2012. godine za potrebe odredivanja raspoloZivih rezervi.

Dolina Velike Morave je otvorena prema severu pa je izrazen uticaj kontinentalne klime. Leta
su topla i suva, zime hladne sa padavinama u vidu snega, retko i kiSe. Brdsko-planinski tereni slivhog
podruc¢ja Velike Morave izgradeni su od vodonepropusnih stena slabih retardacionih sposobnosti, pa
su odredena kolebanja koja se javljaju u proticaju Velike Morave i njenih pritoka u direktnoj
zavisnosti od padavina.

Sistem za vodosnabdevanje podzemnim vodama iz aluvijalnih naslaga reke Velike Morave je
izgraden sedamdesetih godina XX veka i uklju¢en u vodovodni sistem Kragujevca (Zivanovié et al,
2013). Na konkavnoj obali reke izgradeno je ukupno 14 bunara (RB-1 do RB-14) sa horizontalnim
drenovima, u periodu od 1970-1976. godine (Stojadinovi¢ D, 1992). lako je izvoriSte projektovano i
izgradeno sa hamerom da obezbedi viSe od 400 I/s, u periodu istraZivanja, ali i ranijem periodu rada,
izvoriste je veoma retko imalo kapacitet ve¢i od 150 I/s (VodoinZenjering, 1995).

Tokom perioda istrazivanja (2011-2012) izvr3en je monitoring kvantitativnih i kvalitativnih
parametra rezima podzemnih voda izvorista “Morava-Brzan”. HidrogeoloSki posmatrano, sastav
terena moZe se podeliti na povlatni - glinoviti sloj debljine 4-6 m; vodonosni sloj, debljine 5-10 m
(srednja 6 m) koji je sastavljen od $ljunka tzv. "moravac" razli¢itog sastava; i podine na dubini od 13-
16 m ispod nivoa terena. Nepropusna podina vodonosnog sloja sastoji se od praSinasto-peskovitih
glinovitih sedimenata neogena u srednjem delu izvorista, dok podinu u uzvodnom i nizvodnom delu
izvorista predstavljaju paleozojski Skriljci.

METODE

Nakon prikupljanja podataka sa izvoriSta (o kapacitetu bunara, nivoima podzemnih voda
(NPV), korelacione zavisnosti NPV i koli¢ina izlucenih atmosferskih taloga, uticaju reke Velike
Morave na NPV), analiza iz laboratorije (hemijskih, bakterioloSkih i radioloskih), ali i ostalih
merodavnih informacija, izvrSena je sinteza prikupljenog materijala. Dobijeni rezultati ukazali su na
izuzetno stabilan rezim kvaliteta podzemnih voda na ovom izvoristu. Usled izuzetno jake hidraulicke
veze podzemnih voda i reke Velike Morave, rezim kvantiteta izdani je pod uticajem kolebanja
vodostaja reke tj. sezonskih promena.

DISKUSIJA | ZAKLJUCAK

Uporednom analizom mesec¢nih suma padavina i oscilacija nivoa podzemnih voda u bunarima
na izvoristu ,,Morava-Brzan®, nije se mogla izvu¢i nikakva direktna funkcionalna zavisnost, odnosno
doSlo se do zakljucka da padavine ne uti¢u direktno na izmene nivoa podzemnih voda. Kolic¢ina i
vremenski raspored izluéenih padavina ne uti¢u direktno na kapacitet izvorista, $to se najbolje vidi
tokom letnjih i jesenjih meseci, kada se, iako bez vecih padavina, koli¢ina crpeljene vode kretala oko
100 I/s. Povecanje NPV se moze primetiti u toku februara Sto se moze dovesti u vezi sa topljenjem
snega. Sa druge strane, tokom letnjih meseci NPV konstantno opada osim u periodima jacih
kratkotrajnih kiSa, kada u kracem periodu dolazi do porasta nivoa, ali u skladu sa porastom vodostaja
reke Morave. Takode se zapaZa i da NPV u velikoj meri zavisi od koli¢ine vode koja protekne
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koritom reke Velike Morave (Zivanovi¢ et al, 2013). U sustini, nivo podzemnih voda u izdani koju
kaptira izvoriSte “Morava-Brzan” zavisi u odredenoj meri od tri faktora: padavina, kapaciteta izvorista
i proticaja Velike Morave (SI.1).
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SlI. 1. Dijagram padavina, kapaciteta reprezentaﬁvnog bunara RB-9 i NPV u pijezometru P-11N
Fig. 1. Diagram of precipitation, capacity of RB-9 well and GWL in piezometer P-11N

U skladu sa prethodnim, mozemo izvu¢i zakljucak da je rezim izdani u direktnoj vezi sa

rekom Velikom Moravom sve vreme, a da dolazi pod veci uticaj padavina samo u periodima kada u
reci nema dovoljno vode za prihranjivanje izdani. Tada se NPV povecava samo u kratkim
vremenskim intervalima, nakon vec¢ih padavinskih dogadaja (dnevne padavine od 20 mm i vise).
Kapacitet bunara, pa samim tim i izvorista, utice direktno na stanje NPV jedino u periodu kada je
vodostaj reke Velike Morave u stagnaciji, a padavine smanjene ili ih nema, $to je slu¢aj od kraja jula
2012. godine do sredine oktobra 2012. godine.
Na osnovu podataka dobijenih iz 4 analize ,,V* obima i 20 periodi¢nih skracenih hemijskih analiza
mozemo zakljugciti da je podzemna voda u aluvijonu Velike Morave, koju zahvata izvoriste ,,Morava-
Brzan“ stabilnog i dobrog kvaliteta, hidrokarbonatne klase, kalcijumsko-magnezijumske grupe. Za
razliku od kvaliteta podzemne vode, kvalitet vode u reci jako varira u toku godine (Zivanovié et al,
2013). Za razliku od podzemne vode, voda u Velikoj Moravi odlikuje se znacajnijim oscilacijama
fizicko-hemijskog sastava koje zavise od vodostaja reke, kao i koli¢ina padavina. Pored mutnoce i
temperature, promenama su podlozne i elektroprovodljivost, utroSak KMnO, koncentracije ukupnog
gvozda, hloridnog i nitratnog jona.

Elektroprovodljivost izdanskih voda je obrnuto zavisna od proticaja Velike Morave i koli¢ine
padavina (SI. 2). Elektroprovodljivost u re¢noj vodi ima vrednost i dva puta manju od one zabeleZene
u izdanskoj vodi. Na osnovu promene vrednosti ovog parametra sa odredenom verovatno¢om
mozemo izvesti zakljucak da je vodozamena u izdani brza i da se meri danima i nedeljama, zavisho
od perioda godine. U periodima intenzivnije infiltracije vode dolazi do opadanja elektroprovodljivosti,
0vo je posebno izrazeno krajem prole¢a, kada je pro3ao talas povisenog vodostaja reke nastao usled
otapanja snega i prole¢nih kisSa u gornjim tokovima sastavnica i pritoka Velike Morave.
Elektroprovodljivost podzemne vode u tom trenutku opada i za 200 pS/cm u odnosu na period ,,niskih
voda“, kada uocavamo dvostruko povecanje kolic¢ine rastvorenih materija u podzemnoj vodi, usled
njenog duzeg boravka u izdani i kontakta sa cesticama sredine.

UtroSak KMnO4 moZze se samo uslovno smatrati merilom sadrZaja organskih materija u vodi.
Medutim, mozZzemo da zaklju¢imo da je po pitanju organskih materija u podzemnoj vodi postignuta
ravnoteZa i da ne postoji znac¢ajan uticaj spoljnih faktora na sadrZaj organskih materija. Sa druge
strane isti parametar u vodi iz reke varira u zavisnosti od proticaja, pa tako u vreme najnizeg zimskog
vodostaja dostize minimalnu vrednost.
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Mozemo uoditi dva “maksimuma” zabelezenih koncentracija ukupnog gvozda, jedan u vreme
visokog vodostaja i jedan u vreme niskog vodostaja Velike Morave (SI. 2). Medutim, ni jedan ne
prevazilazi maksimalno dozvoljenu koncentraciju (Sluzbeni list SRJ 1998.). Ovde moramo istaci
postojanje odli¢nog ,,mehanizma prec¢iS¢avanja“ vode koji se formirao u okviru podzemne sredine
(Stauder et al, 2012). Do povecanja koncentracije gvozda u podzemnoj vodi za vreme visokog
vodostaja dolazi usled pojacane infiltracije re¢ne vode u izdansku zonu, a koja u tom periodu sadrZi
povecane koncentracije gvoZdevitih jona donetih iz gornjih tokova sastavnica. Sa druge strane,
koncentracija Fe** jona u periodu niskih voda je pove¢ana usled opsteg smanjenja koli¢ine vode i u
izdani i u reci, njenog sporijeg kretanja kroz intergranularnu sredinu i duzeg vremena kontakta sa
Cesticama koje sadrZe gvoZdevite jone.
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Sl. 2. Dijagram odredenih hemijskih parametara, padavina i vodostaja Velike Morave
Fig. 2. Diagram of some chemical parameters, precipitation and flood stage of VVelika Morava River

Koncentracija hlorida u analiziranim uzorcima je obrnuto proporcionalna vodostaju i koli¢ini
izlu¢enih padavina, a u povrsinskoj vodi je i upola manja od koncentracije jona u podzemnoj vodi (Sl.
2), posmatrano u istom vremenskom periodu. Ova razlika nastaje usled rastvaranja mineralnih
materija iz sredine (peskovito-Sljunkoviti sedimenti, sa znatnim prisustvom praSinaste i glinovite
frakcije) u kojoj boravi podzemna voda.

Koncentracija nitratnog jona u podzemnoj vodi pokazuje odredenu zavisnost od koli¢ine
infiltrirane vode u izdan. Postoji odredena zakonitost, ali i period zakaSnjenja u reakciji izdani na
povecanje koli¢ine padavina i vodostaja u reci, u periodu februar-mart (Sl. 2), kada koncentracija
NO; jona opada usled povecanja koli¢ine infiltriranih voda. Medutim, kada dode do ustaljenja
proticaja Velike Morave i koli¢ine izlu¢enih padavina, trend opadanja koncentracije nitrata se
zadrzava, sve do septembra kada ponovo dolazi do povecanja koncentracije nitrata. Sadrzaj nitrata u
podzemnoj i povrSinskoj vodi, koje su analizirane ne prelazi MDK. Ovaj podatak moze da implicira
postojanje dobrog zastitnog, povlatnog sloja izdani i odli¢nih samoprecis¢avajucih mehanizama reke
Velike Morave, jer uprkos izrazenoj poljoprivrednoj aktivnosti na Sirem podrucju, ali i u uzvodnim
oblastima uz reku Veliku Moravu i njene pritoke, ne postoji znac¢ajno opterecenje vode nitratima.

Stabilnost reZima kvaliteta podzemnih voda aluvijalne izdani Velike Morave ukazuje na
odlicna preciS¢avajuca svojstva sredine i veliki znacaj koriS¢enja ovog resursa za vodosnabdevanje
naselja. Moramo istaci ¢injenicu da i pored ogromnog hidraulickog uticaja koji reka ima na ovu izdan,
podzemna sredina je uspela da stvori specifi¢ne uslove za nastanak i odrzavanje povoljnog kvaliteta
podzemnih voda.
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INTRODUCTION

The groundwater supply "Morava-Brzan" has been formed on a broad alluvial plain of the
Velika Morava River, on its left bank. It is located upstream of the confluence of the regulated
Lepenica riverbed at one of the meanders that Velika Morava River creates right after leaving the
Bagrdan gorge. Hydrogeological investigations were conducted during the years 2011 and 2012 for
the purposes of determining the available reserves.

Velika Morava Valley is open to the north and is under influence of the continental climate.
Summers are hot and dry, winters are cold with precipitation in the form of snow and rarely rain. The
hilly and mountainous terrain of the catchment area of the Velika Morava River were built of
impermeable rock with small retardation capacity and though causing that some variations that occur
in flow capacity of the Velika Morava River and its tributaries directly depends on amount of rainfall.

The water supply system “Morava-Brzan”, based on groundwater from the alluvial deposits of
the Velika Morava River, was built in 1970’s and incorporated in Kragujevac city supply system
(Zivanovié et al, 2013). A total number of 14 wells (RB-1 to RB-14) with horizontal drains in the
period from 1970 to 1976 were built on the concave bank of the river (D Stojadinovi¢, 1992).
Although wells were designed and built with the intent to deliver more than 400 I/s in total, during the
period of investigation and in the earlier period of work of the system they rarely reached a capacity
greater than 150 I/s (VodoinZenjering, 1995).

During the research period, regime of aquifer in alluvial plane of the Velika Morava River
was investigated. The composition of the terrain, from hydrogeological point of view can be divided
into 3 layers: 1. clayey overlaying sediments with thickness of 4-6 m; 2. aquifer with thickness of 5-
10 m (mean 6 m), which is composed of gravel so called “moravac”; and 3. bottom impermeable layer
at a depth of 13-16 m below ground. Impermeable sediments consist of silty-sandy clay of Neogen are
in the middle area of the source, while in the upstream and downstream part of the source bottom
layer is represented by Palaeozoic shales.
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METHODS

The synthesis of the collected data from the source (the capacity of wells, groundwater levels
(GWL), correlations of GWL and the precipitation, the impact of the Velika Morava River on the
GWL) and results of analysis from the laboratory (chemical, bacteriological and radiological)
indicated a very stable regime of groundwater quality. Due to the extremely strong hydraulic
connection of groundwater and the Velika Morava River, the regime of quantity of groundwater
showed large fluctuations and it is especially influenced by seasonal changes.

RESULTS AND CONCLUSIONS

A comparative analysis of total monthly precipitation and fluctuations of groundwater levels
in wells at the "Morava-Brzan" could not find any direct functional dependency between rainfall and
groundwater levels. The amount and timing of rainfall have no direct effect on the capacity of the
source and that is nicely represented in the summer and autumn months, when, although without
significant rainfall, the amount of tapped water is about 100 I/s. The climatic characteristics of the
observed area give us some certainty that we can say that the water table does not depend on the
precipitation but mainly on the amount of water that flows through the river Morava (Zivanovié et al,
2013). In fact, the level of groundwater in the aquifer depends, to a certain extent, on three factors:
rainfall, the capacity of the source and flow of the Velika Morava (Fig. 1).

In accordance with the foregoing, we conclude that the regime of groundwater depend on
direct contact with the river Velika Morava all the time, and coming under greater influence of rainfall
in the period when the river does not have enough water to recharge aquifer. Then the GWL increases
only in short intervals, after major rainfall events (daily rainfall of 20 mm or more). Capacity of wells,
and thus the whole system, directly and significantly affects the condition of GWL only in the period
when the water level in the Velika Morava River stagnates and precipitation is decreased or absent, as
in the case of the end of July 2012 to mid-October 2012.

Based on data obtained from the analysis of four "V" scale and 20 periodical chemical
analysis, we can conclude that the groundwater in the alluvium of the Velika Morava River, that is
tapped by the source of "Morava-Brzan" has a stable and good quality. Unlike groundwater quality,
water quality in the Velika Morava River varies greatly during the year (Zivanovi¢ et al, 2013). The
water in the Velika Morava River is characterized by fluctuations in the physico-chemical
composition, under the influence of the condition of river and rainfall. Noticeable changes beside the
obvious parameters (turbidity and water temperature) suffered electrical conductivity, consumption of
KMnQ,, total iron concentration, concentration of chloride and nitrate ions.

Values of electrical conductivity of groundwater are inversely dependent on the flow of the
Velika Morava River and amount of precipitation (Fig. 2). Values of electrical conductivity of river
water are two times lower than those recorded in the groundwater. Based on the changes of this
parameter, with a certain probability, we can conclude that the water exchange is quick and happens
in few days or weeks, depending on the season. During the periods of intense infiltration the
conductivity decreases which is especially noticeable in late spring, when a wave of high water level
of the river passes due to melting of snow and heavy spring rains in the upper reaches and tributaries
component of the Velika Morava River. Values of electrical conductivity of the groundwater at that
time decrease more than 200 puS/cm in comparison to the "low water" periods when we can see a
twofold increase in the quantity of dissolved substances in groundwater, due to its long stay in contact
with the particles of aquifer.

Consumption of KMnO, can only be considered as a conditional criterion of amount organic
matter in the water. However, we can conclude that organic matter in the groundwater reached
equilibrium and that there is no significant impact of the external factors on organic matter content.
On the other side same parameter in the water of the river varies depending on the flow with lowest
values during the winter when river water level reaches the minimum value (Fig. 2).

One can notice two "peaks™ of recorded concentrations of total iron, one at a time of high
water and one at time of low water levels of the Velika Morava River (Fig. 2). However, none of them
exceeding the maximum permissible concentration (Gazette SRY, 1998). Here we point out the
existence of a great "mechanism of purification" of water that was formed within the aquifer (Stauder
et al, 2012). The increase in the concentration of iron in groundwater during high water is due to
increased infiltration of river water into the aquifer, which in this period contains higher
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concentrations of ferrous ions from the upper reaches of the constituents. On the other hand, the
concentration of Fe®* ions in a period of low water has increased due to the general decrease in the
amount of water in the aquifer and the river, and slower movement through the intergranular aquifer
and longer time of contact with the particles containing ferrous ions.

The concentration of chloride ions in the analyzed samples of groundwater is inversely
proportional to the water level and the amount of precipitation, and in surface water it is half the
concentration of ions in groundwater, observed during the same period (Fig. 2). This difference is due
to the dissolution of mineral matter from the environment (sandy-gravel sediments, with a significant
presence of dust and clay fractions), in which groundwater reside.

Concentration of nitrate ions in groundwater shows a certain dependence on the amount of
infiltrated water. There is certain causality, but also the period of delay in response to increase of the
amount of rainfall and water levels in the river, in the period February-March (Fig. 2), when the
concentration of NOj3™ ions decreases due to the increase in the amount of infiltrating water. However,
when it comes to the stabilization of flow of the Velika Morava River and the amount of rainfall,
decreasing trend of nitrate concentration is maintained until September, when again there is an
increase in the concentration of nitrate. The nitrate concentration in groundwater and surface water,
which are analyzed, do not exceed permissible levels. This data may imply the existence of good
protection of overlaying layer of aquifer and excellent autopurification mechanisms of river, because
despite the expressed agricultural activities in the wider area and in the upstream areas of the
catchment area of the river and its tributaries, there is no significant burden of water by nitrates.

Stability of regime of groundwater quality in the observed aquifer formed in the alluvium of
the Velika Morava River indicates excellent rejuvenating properties of the environment and is of great
importance for use of this resource for municipal water supply. We must emphasize the fact that
despite the huge hydraulic impact that river has, the environment was able to create specific
conditions for the creation and maintaining of a groundwater quality, which remains beyond the reach
of lower-quality surface water.
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