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SADRZAJ | DISTRIBUCIJA GVOZPA U SEDIMENTIMA U BUSOTINI RB-6/P-5D NA
BEOGRADSKOM IZVORISTU
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Kljucne reci: sadrzaj gvozda, “naslage”, zacepljenja, XRF analiza.
uvoD

Snabdevanje velikih gradova kvalitethom pijaéom vodom svakim danom postaje sve sloZenije i
aktuelnije. Potrosnja rapidno raste usled povecanja broja stanovnika, poveéanja potrosnje po stanovniku
i usled povecéanja potreba i broja velikih potrosaca vode, kao $to su industrija i poljoprivreda. Za mnoge
gradove, medu njima i za Beograd, glavni izvor vode su jo$ uvek podzemne vode. Na beogradskom
izvoristu kaptiraju se podzemne vode iz izdani formirane u okviru aluvijalnih naslaga reke Save i slojeva
pleistocenske starosti, formiranih od bujicnih tokova otopljenih lednika. Pored ogranicavajuéeg faktora
»,kapaciteta lokacije”, tokom eksploatacije bunara dolazi do opadanja izdasSnosti istih, usled ubrzanog
starenja vodozahvatanih objekata (Dimki¢, 2017). Opadanje izdasnosti bunara se desava usled hidro-
geoloskih, hidroloskih, hidraulickih faktora, kao i fizicko-hemijskih, mehanickih i bioloskih procesa koji se
odigravaju u izdani. Interakcijom navedenih cinilaca dolazi do formiranja , naslaga“ (kolmatacija) (e.g.
Majki¢-Dursun et al., 2015), koje zapusavaju perforacije na filterskim konstrukcijama, ¢ime se smanjuje
izdasnost bunara. Prethodno izvedena istraZivanja na bunarima beogradskog izvorista ukazala su na
povisen sadrZaj gvozda u naslagama koje zapunjavaju perforacije. Cilj ovih istraZivanja je utvrdivanje
sadrZaja gvozda u izdvojenim litostratigrafskim jedinicama odnosno distribucija sadrzaja gvozda po
litoloSkom stubu, narodito u delu izdani, kao potencijalnog izvora gvozda i uzro¢nika stvaranja kolma-
tacija na filtru bunara. Navedena istraZivanja su deo aktivnosti na definisanju mehanizma transporta
gvozda iz primarne litoloske sredine, kao i mehanizma deponovanja gvoZzda odnosno minerala gvozda na
filterskoj konstrukciji.

METODE

U cilju definisanja problematike zapunjavanja perforacija na filterskoj konstrukciji, tokom 2017.-
te godine sprovedeno je:

- istrazno busenje u zoni drenova Ranney bunara (bunar sa horizontalnim drenovima) na beo-
gradskom izvoristu

- kartiranje jezgra busotine Rb-6/P-5d i uzorkovanje

- odredivanje granulometrijskog sastava

- klasifikacija klasti¢nih sedimenata

- selektovanje uzoraka i priprema za analizu portabilnim XRF analizatorom. Na osnovu sastava
sedimenta kao i boje, selektovani su reprezentativni uzorci iz svih litoloski specifi¢nih intervala. Boja je
uzeta kao potencijalni indikator sadrzaja gvozda.

REZULTATI

Kartiranjem jezgra busotine Rb-6/P-5d izraden je preliminarni litoloski stub naslaga u nepo-
srednoj blizini Ranney bunara. Granulometrijskom analizom svih tako izdvojenih litostratigrafskih jedini-
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ca odreden je granulometrijski sastav (distribucija veli¢ine zrna) (Slika 1a) na osnovu koje je izvrsena
klasifikacija klasti¢nih sedimenata i dobijen litoloski stub. Na selektovanim i sprasenim uzorcima izmeren
je sadrzaj gvozda i prezentovan u vidu distribucije sadrzaja gvozda po dubini u odnosu na kotu terena
(Slika 1b). Na osnovu podataka granulometrije, za sve litostratigrafske jedinice izracunati su koeficijenti
filtracije (Slika 1b).
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Slika 1. a) distribucija veli¢ine zrna u sedimentima po litoloskom stubu na lokaciji busitine Rb-6/P-5d, b) sadrZaj Fe i izracunati
koeficijenti filtracije u sedimentima u litoloSkom stubu.

Figure 1. a) grain size distribution in sediments along stratigraphic column at well site Rb-6/P-5d, b) Fe contents and calculated
filtration coefficients in sediments along stratigraphic column.

DISKUSIJA

Na osnovu litoloskog sastava i koeficijenta filtracije (Slika 1b) dobijenog na osnovu granulo-
metrijske analize (Slika 1a), moZe se pretpostaviti da se izdanska zona (koju kaptira Ranney bunar u
neposrednoj blizini predmetne istrazne busotine) prostire od oko 12.2 m, do oko 27 m. Na osnovu di-
stribucije veli¢ine zrna u po litoloskom profilu, zapaza se da se izdanski sloj karakteriSe najnizim uceséem
najfinije frakcije. Podinu vodonosnog sloja Cine tzv. ,Sarene gline” ¢ija tacna starost nije sa sigurno$éu
utvrdena zbog odsustva paleontoloskog materijala, ali s” obzirom da superpoziciono leze preko slojeva
panona i ponta moZe se pretpostaviti da su eopleiostocenske starosti. lzdansku zonu cine policikli¢ni slo-
jevi pleistocenske starosti u kome se naizmeni¢no smenjuju Sljunkovito-peskoviti sedimenti finije
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granulacije, taloZzeni tokom interglacijala, sa slojevima i proslojcima glina taloZenih u periodima glacijala.
Slojevi sa najve¢im udelom Sljunkovite frakcije leze direktno iznad podinskih slojeva ,3arenih glina” i
predstavljaju zonu drenova Ranney bunara. Povlatu vodonosnog sloja Cine holocenski sedimenti facije
povodnja (tzv. crveno-mrke gline) i facije korita (peskovite gline).
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Slika 2. sadrzaj Fe u frakcijama sedimenata u litoloSkom stubu
Figure 2. Fe content in sediment fractions in stratigraphic column
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Slika 3. varijacija koeficijenata filtracije u odnosu na sadrzaj Fe u sedimentima u litoloSkom stubu.
Figure 3. variation of filtration coefficients relative to Fe contents in sediments in stratigraphic column.

U toku izrade ove studije, analize mineraloSkog sastava sedimenata uzorkovanih iz istrazne
busotine Rb-6/P-5d nisu bile zavrsene. Dostupni su podaci iz busotine Rb-6/P-3d koja je na oko 50 m
udaljenosti od bunara Rb-6 i istrazne busotine Rb-6/P-5d. Uzorkovana su dva uzorka sa dubine 16 i 21
metar u blizini poloZaja drena Ranney bunara Rb-6. Analizom oba uzoraka utvrdeno je prisustvo mine-
rala gvozda koji bi bili potencijalni izvor gvozda primarne sredine: hematit, hromit, ilmenit, magnetit,
limonit, piroksen, amfibol i to u ukupnom masenom udelu oko 2 wt.%. Prema podacima dobijenim XRF
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analizom, sadrZaj gvoida u vodonosnom intervalu izdani varira u uskom intervalu od 2 do 4.5 wt.% (Slika
1b). Sadrzaj gvozda u glinama povodnja i korita koji predstavljaju povlatu vodonosnih sedimenama je visi
i ima vrednosti od oko 3 do 9 wt.% (Slika 1b), Sto se dobro korelise sa intezivnije crveno-mrkom bojom
glina. Sadrzaj gvozda u podinskim sedimentima (ispod 27 metra) odnosno ispod same izdani, takode, je
znatno visi i varijabilan od 2 do oko 7 wt.% (Slika 1b). Ova korelacija ukazuje da je izdanski sloj pretrpeo
osiromasenje u sadrZaju gvozda kroz procese rastvaranja minerala nosioca gvozda i migracije rastvore-
nog gvozda izvan izdanske sredine. Oslobadanje gvoZda iz sedimenata moZe se postiéi ili putem povre-
menog snhizenja redoks potencijala ili kiselosti porne vode, Sto dovodi do stabilizacije Fe(ll) (e.g. Deutsch,
1997, Kabata-Pendias, 2001), koje moze biti transportovano kroz izdan podzemnim vodama. Jedan deo
rastvorenog gvozda (tj. Fe (ll)) moZe nastati i putem redukcije Fe(lll) mikroorganizmima (npr. Lovley,
1991). Medutim, Fe (ll) stanje nije stabilno u oksidacionim i relativho neutralnim uslovima kakva je u
sredina izdani. Ovakvi uslovi stabilizaciju Fe(lll) Sto dovodi do taloZenja gvozda u vidu nerastvorljivih
Fe(lll) oksi-hidroksida.

PoviSen sadrzaj gvozda u vodonosnom sloju, je jedino konstatovan u donjem delu izdani Sto
navodi na zaklju¢ak da je jedan deo rastvorenog gvozda iz izdanskog sloja deponovan u najnizim
delovima izdani. Sadrzaj peskovite frakcije pokazuje slabu negativnu korelaciju sa sadrzajem gvozda, dok
Sljunkovita frakcija ne pokazuje jasnu korelaciju sa sadrzajem gvozda (Slika 2). Medutim, finije frakcije,
prasina i glina pokazuju pozitivhu korelaciju sa sadrzajem gvozda (Slika 2), pri ¢emu praskasta frakcija
pokazuje slabu pozitivnu korelaciju sa sadrzajem gvozda, dok je korelacija glinene frakcije znatno
izraZenija. Tako izrazna pozitivna korelacija ukazuje na adsorpciju gvozda na ¢esticama gline i/ili direktno
taloZenje kao amorfna gvozdevita materija, Sto bi ukazivalo na njegovu koloidnu prirodu. S’obzirom da
ukupan sadrzaj gvozda prevazilazi ukupan sadrzaj frakcije minerala koji sadrze gvozde (do 2 wt.%) ide u
prilog da je jedan deo od ukupnog sadrZaja gvoZda, koloidne prirode deponovan u vidu oksi-hidroksida.
Sadrzaj minerala koji sadrze gvoide odreden je iz peskovite frakcije, dok koeficijenti filtracije su
izraCunati uzimajudi u obzir ucesée najfinije frakcije (d10). Kako se ukupan sadrzaj gvozda dobro korelise
sa koeficijentom filtracije (Slika 3) odnosno povecanjem sadrzaja gvozda opada koeficijet filtracije, to
nedvosmisleno ukazuje na znatno ucesée gvozda u najfinijoj frakciji Sto ide u prilog da je jedan deo od
ukupnog gvozda deponovan u vidu koloida odnosno oksi-hidroksida.

ZAKLJUCAK

Dosadasnji, preliminarni rezultati istraZzivanja ukazuju na niZe sadrzaje ukupnog gvozda u inter-
valu izdani u odnosu na podinu i povlatu, kao i da sadrzaji gvoZzda u pojedinacnim slojevima variraju u
uzem opsegu koncentracija u odnosu na podinu i povlatu, $to ukazuje na postojanje procesa odgovornih
za migraciju gvozda iz primarne litoloSke sredine, odnosno siromasenje u sadrzaju gvozda kroz procese
rastvaranja minerala gvozda cirkulacijom podzemih voda u izdani, delom tokom geoloskog vremena, a
delom u toku eksploatacije izdani. Rastvaranje i taloZenje gvozda u uslovima izdani mogu se pripisati
vremenskim varijacijama kiselosti i redoks stanja sredine kao i mikrobnoj aktivnosti. U svakom slucaju,
sedimenti vodonosnog sloja izdani pretstavljaju vazan izvor gvoZda koji su delimi¢no pretrpeli osiro-
masenje u toku eksploatacije izdani Sto se konstatuje prisutvom savremenih naslaga gvoida (u kolma-
tacijama) na perforacijama filterskih konstrukcija Ranney bunara.

CONTENT AND DISTRIBUTION OF IRON IN RIVER SEDIMENTS AT BOREHOLE SITE RB-6/P-5D
IN AREA OF BELGRADE WATER SUPPLY

Nela Petronijevi¢', Nenad Nikoli¢?, Jelena Zari¢®, David Mitrinovié®,
Zeljko Kamberovi¢*, Milan Dimkié®

Y |nstitute for Technology of Nuclear and other Mineral Raw Materials (ITNMS), e-mail: nela_petronijevic@yahoo.com
2 |nstitute for Multidicsiplinary Research, University of Belgrade
% Jaroslav Cerni Institute for the Development of Water Resources

4 Faculty of Technology and Metallurgy, University of Belgrade

Key words: iron content, colmatation, clogging, XRF analysis.
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INTRODUCTION

The current problem of water supplying systems for large cities with quality drinking water be-
comes more and more complex every day. Consumption is growing rapidly due to an increase in the
number of inhabitants, an increase in per capita consumption, and a number of large water consumers,
such as industry and agriculture. For many cities, including Belgrade, the main source of drinking water
is groundwater. The captured groundwater of Belgrade water source is formed in alluvial deposits of the
Sava River and layers of Pleistocene age, previously formed from torrential flows of melted glaciers.
Beside the limiting factor of the "capacity of the site", during the exploitation of the wells, due to the
rapid ageing of wells, reducing of the capacity of the well and screen is observed (Dimki¢, 2017).
Reducing of the capacity of the well and screen happens due to hydrogeological, hydrological, hydraulic
factors, as well as geochemical, mechanical and biological processes that take place in the collector of
groundwater. Interaction of these factors leads to the formation of "deposits" (e.g. Majki¢-Dursun et al.,
2015), which causes clogging the perforations on well screen structures and thus reduces the capacity of
wells. Preliminary studies of water supply wells of the Belgrade groundwater source indicated to the
increased content of iron in the deposits which causes clogging the filter perforations. The aim of this
research is to determine the content of iron in individual lithological layers, as well as the distribution of
iron content along the stratigraphic column, particularly in the aquifer, as a potential source of iron and
the causative agent for the formation of the deposits on the well screen. These studies are part of the
activities on the definition of the mechanism of transport of iron from the primary lithological setting, as
well as on elucidation of the mechanism responsible for the precipitation of iron-bearing deposits (i.e.
iron minerals) on the well screen.

METHODS

In order to define the problem of clogging of perforation on the screen structure, during 2017%
the following were performed:

- boreholes drilling in the vicinity of radial well’s screens

- core logging and sampling

- determination of the granulometric composition

- classification of clastic sediments

- selecting and preparing of Rb-6/P-5d borehole samples for the analysis with portable XRF
analyser. Based on the sediment composition as well as sediment colour, the representative samples
were selected from all lithologically distinctive intervals. Sediment colour is taken as a proxy for iron
content.

RESULTS

In the vicinity of radial well Rb-6, a preliminary stratigraphic column was created, by core logging
of the Rb-6 / P-5d borehole. The granulometric analysis of sediments of all singled out lithostratigraphic
units, the granulometric composition (grain size distribution) of sediments was determined (Figure 1a)
and based on which, the classification of clastic sediments was performed and the stratigraphic column
was obtained. On selected and prepared (pulverized) samples, the content of iron was measured and
presented as a distribution of iron content along the stratigraphic column with respect to the elevation
of the terrain (Figure 1b). Based on granulometric data, the coefficient of filtration was calculated for all
lithostratigraphic units (Figure 1b).

DISCUSSION

Based on lithology and coefficient of filtration (Figure 1b) calculated on the basis of granulo-
metric analysis (Figure 1a), it can be assumed that aquifer (captured by the radial well in the immediate
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vicinity of the borehole) is spread out in depth interval from ca 12.2 m -27 m. According to grain size
distribution along the entire logged stratigraphic column, it is inferred that the aquifer sediments body is
characterized by the lowest contents of the finest fraction. Underlying strata of the aquifer are stripped
clay “sarene gline”. Due to lack of fossil records, the age of stripped clay “sarene gline” cannot be pre-
cisely determined, however, since these clay beds superpositionally overlie the Pannonian and Pontian
strata, it may be assumed that stripped clay beds are of Eopleiostocene age. Aquifer body comprises the
polycyclic beds of Pleistocene age composed of alternating fine-grained gravel-sandy beds deposited
during interglacial periods with thin clay beds deposited during glacial periods. The beds containing the
greatest portion of gravel fraction overlying bedrock of stripped clay "Sarene gline" beds, represent the
aquifer zone which is captured by radial wells. Overlying beds comprise the Holocene sediments: flood
phase sediments (so-called red-brown clay) and riverbed facies (sandy clays). The analyses of the mine-
ral composition of studied sediment samples from the Rb-6/P-5d borehole were not yet determined at
the time of abstract preparation, however, mineral composition of sediments from borehole Rb-6/P-3d
which is at distance of 50 m away from borehole Rb-6/P-5d and well Rb-6, are taken as correlative. Two
samples were taken from depths of 16 and 21 meter, which are in the vicinity of the location of the Rb-6
horizontal well screens. Results of analysis of both samples revealed the presence of iron and iron-
bearing minerals: hematite, chromite, ilmenite, magnetite, amphibole, in total weight fraction of ca 2
wt.%, which could be a potential source of iron in the primary setting. According to the data obtained by
XRF analysis, the iron contents in the aquifer sediments varies in a narrow range of 2 to 4.5 wt.% (Figure
1b). The iron content in the overlying flood phase clay and riverbed sediments are higher than those in
aquifer sediments and fall in the range of 3 to 9 wt.% (Figure 1b), which well correlates with the color
intensity of red-brown clay. The iron content in underlying sediments (below 27 meter) beneath the
aquifer is significantly greater and varied from 2 to about 7 wt% (Figure 1b). This correlation indicates
the decrease in iron content in the aquifer through the processes of dissolution of iron minerals and the
migration of dissolved iron outside the aquifer setting. The release of iron from sediments may be
achieved either through temporal decrease in redox potential or lowering acidity of pore water which
leads to stabilization of soluble Fe(ll) (e.g. Deutsch, 1997, Kabata-Pendias, 2001), which thus may be
transported through aquifer. Some fraction of dissolved iron (i.e. Fe(ll) state) may be provided through
microbial Fe(lll) reduction as well (e.g. Lovley, 1991). However, Fe(ll) is not stable state in oxidizing and
near-neutral conditions in aquifer pore water. Such conditions promote stabilization of Fe(lll) and its
precipitation in the form of insoluble Fe(lll) oxy-hydroxide. The elevated iron contents in the aquifer are
only observed in the lowermost part of aquifer body, which leads to the conclusion that a part of the
iron dissolved from aquifer body was not migrated outside from aquifer than rather deposited in its
lowermost parts. Sand fraction content shows weak negative correlation with iron content, while gravel
fraction does not show no clear correlation with iron (Figure 2). However, finer grain size fractions, silt
and clay, do show a positive correlation with iron content (Figure 2), whereas silt is broadly correlated
with iron, while as for clay fraction the correlation is more conspicuous. Such strong positive correlation
indicates either iron adsorption at clay particle and/or precipitation as amorphous iron matter thus
suggesting its colloidal nature. Considering the fact the total content of iron exceeds the total content of
iron minerals fraction (up to 2 wt.%), it is indicative that a part of the total iron content is of colloidal
nature deposited in the form of oxy-hydroxide. The content of minerals which contains iron is
determined from the sandy fraction, while the coefficient of filtration is calculated taking into account
the contents of the finest grain size fraction (d10). Since the total iron content negatively correlates with
the filtration coefficient (Figure 3), this unambiguously indicates the substantial fraction of total iron in
the finest fraction and supports the fact that a part of iron is deposited in the form of colloids.

CONCLUSIONS
The preliminary results of this study indicate that total iron contents and the range of variation

of total iron contents in aquifer body are lower than those in underlying and overlying sediments, which
indicates that certain processes are responsible for the migration of iron from the primary setting, i.e.
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depletion of iron through the processes of dissolution of iron-bearing minerals by circulation of ground-
water in the aquifer, partly during the geological time, and partly during the exploitation of the aquifer.
Dissolution and precipitation of iron in aquifer environment may be attributed to temporal variation in
acidity and redox conditions as well as microbial activity. It can be concluded that aquifer sediments
represent a significant source of iron. Yet these sediments experienced depletion in iron during exploita-
tion period of the aquifer which is confirmed by the presence of deposits on perforations of the
horizontal well screens of radial wells.
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