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CIIEUHUNP®UNYHOCT KAIITUPAIBA U3BOPCKUX BO/JIA HA
BJIACHUHMU 3A ITIOTPEBE ®JIAHIUPAIBA

SPECIFIC TAPPING STRUCTURES FOR BOTTLING
SPRING WATER ON VLASINA MOUNTAIN

IIPErJIEIHU PAT— REVIEW PAPER

Ancrpakrt: BracuHCKM KOMILIEKC y cIMBY peke Bpie u Jlucune ce kapakrepuiie OpojHUM
M3BOPUMA YH]a U3IAIIHOCT Y MakcumymMmy noctuske u S0 1/s. Hucka munepanuzanuja, crabuian
KBAJIMTET U TOJAUIIBLM MAaKCUMYMHU TIPOTHIIA]a KOJU CE JaBJba)y Y JYHY M aBI'YCTY Kaja je HajBeha
NOTPOLIKA (Ialmupane BOJAE TJIaBHU CY Pa3Io3H 3a KAlTUPAHKE MOJEAUHUX U3BOpPA U HUXOBO
VKJbYUHUBAE Y TIPOLEC (rammpama BOJEe NO3HATE Mo Ha3uBoM ,,Poca™. 300r KOHTUHYaJITHOT
pacra mpojiaje OB€ BOJIe, U3BPIIECHA CY JACTaJbHa XHJIPOTEOJIONKa UCTPAaKUBama 3a 1norpede
0Ka3UBamka KBaJuTeTa U KBAHTUTETA U3BOPCKUX BOJA M3BOpaA O3HaueHUX OpojeBuma 15 u 16,
ca IMJbEM HBHXOBOI YKJbY4YHBama y mnpouec (puamupama. Padpuka ,,Bracunka™ koja je zeo
,,Coca-Cola HBC* kommnanuje mnpuMemyje HAJCTPOXKH]E CTAHOAPAE YV YUTABOM IMOCTYIIKY
qrammpama n3BopcKkux Boja. Kanraxe cy nmpojekroBane Tako ga omoryhe ciio001HO0 IIPUPOTHO
HUCTULAKE HM3BOPCKE BOJE Y3 MAKCUMAJHY 3allITUTY O] CHOJbAllllbUX YTHIA]a YHUME CE
00e30ehyje oIMyaH KBaJIUTET M3BOPCKUX BOJAa HA CaMOM MECTY HCTUllama. Y paay cy
IPUKa3aHe XUJPOTEOJIOIKE KapakTepucTuke u3Bopa 15 u 16, ka0 ¥ KOMIUIETaH MPOLEC
BbUXOBOI KalNTUpPamka KOJU j€ U3BEJAEH Y3 KOHTHHYAJIHU XHAPOTreoJIOMKH Haa3op. JloOujenu
pe3yATAaTH HAKOH M3paJie KanTaxka W [EBOBOJA MOKAa3y]y UCMPaBaH KOHIIENT 3aXBaTama, ajii U
3Ha4a] XUAPOreoJIOUIKOr Ha30pa Y Mpolecy U3pajie OBUX o0jeKara.

Kibyune peun: BracMHCKM KOMIUIEKC, KPHCTAajacTe€ CTEHE, KanTHpame HU3BOPCKUX BOJA,
KanTaxa, (pJalupame

Abstract The ,,Vlasina® complex 1n the catchments of the Vrla and Lisina rivers 1s characterized
by numerous springs, with the maximum yield reaching 50 1/s. Low mineralization, stable
quality, and annual flow peaks that occur in June and August, when the consumption of bottled

1 Vuusepsuter y Beorpanay, Pyaapcko-reonomku dakynrer, JlenapTMan 3a XHPOreoIorHjy,

bymna 7, 11000 beorpan
! University of Belgrade, Faculty of Mining and Geology, Department of Hydrogeology, Pusina 7,
11000 Belgrade
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water 1s highest, are the main reasons for tapping certain springs and their bottling under the
“Rosa” brand name. Due to the growth in the market share of this water, detailed hydrogeological
investigations were conducted to define the quality and quantity of the springs internally labeled
as springs 15 and 16 to include them 1n the bottling process. The “Vlasinka™ factory, which 1s
part of the *Coca-Cola HBC” company, applies the strictest standards throughout the entire
process of spring water bottling. The tapping structures are designed to allow the free natural
flow of spring water with maximum protection from external influences, thus ensuring excellent
water quality at the immediate discharge point. The paper presents the hydrogeological
characteristics of springs 15 and 16, and the entire tapping process carried out with continuous
hydrogeological supervision. The results obtained after the completion of tapping structures and
pipelines show the correct concept and the importance of hydrogeological supervision in
constructing these structures.

Key words: Vlasina complex, crystalline rocks, capture of spring water, tapping structure, water
bottling

YBO/

Kantupamwe M (uammpame H3BOPCKUX WM OPUPOJHUX MHHEpPAJTHUX BOJAA Y
CpOuju BpiM ce y ckiaaay ca ,,JIpaBUIHUKOM O KBaJIMTETy W APYTHUM 3aXTE€BHMaA 34
IpUPOAHY MUHEPAIHY BOAY, NPUPOAHY HU3BOPCKY BOAY M CTOHY Boay' (Cmy:xxOeHu
nuct CHI 53/2005, Cnyx0enun rnacHuk PC 43/2013). IIpeameTHrn npaBUIHHUK J€ Y
BEJIMKO] MEPM yCarjalleH ca €BPOIICKOM JMPEKTUBOM O €KCILUIOATalU]U U IIPOJaju
npupoguux MmuHepanHux Boma 2009/54/EC (EU, 2009). IlomeHnyTte peryjiatuBe y
3HAYAJHO] MEPHU 3aXTE€BA]y OYyBambe KBAJIMTETAa BOAA KOje ce (piaammmpaj)y Ha caMOM
M3BOPHUIITY y3 CTPOre YCIOBE 3alITUTE OJ KoHTamuHauuje. Iloceban akumenar ce
CTaB/ba HAa MHMKPOOHOJIOIIKY MCHOPABHOCT IMOA3EMHE BOJE HA BOJ03axXBaTy Kao U
Kopuilthewe MaTepujana Ko M3paje Boj03axBaTa KOJju oHeMmoryhamajy OMno Kakse
(hU3UYKO-XEMH|CKE IIPOMEHE ITapaMeTapa KBajnuTeTa 3axsaheHe BoJe.

OBaKo CTPOrM yCIOBH €KCILI0ATAIM]€ MOA3EMHUX BOA 3a MOTPeOe (Pralmupama
3aXTEBA]y MOCeOHA HMHKEHEPCKA PElICHhA Y OPOJeKTOBAbY, U3BOHEHY M KAaCHH]EM
Kopullhewy BOJ03axBaTHUX oOjekara. Kazga ce ekcroaranuja BplIM IPEeKO OyHapa,
oHAa ce OyHapu Hajuewmhe xkomiuietHo u3pabyjy om mpoxpoma. IlocedbHo ce Boam
padyHa J1a ce OyHapoM M30J1yje TOpHU €0 TEPEHa Kako OM ¢€ MAaKCHMAJHO O04YyBao
KBAIUTET moja3zeMHe Boje. lloaszemHe Boae ca u3Bopa ce 3HATHO pehe kopucte y
mporecy (prammMpama 1ma ¢y caMuMM THM M 3HAaTHO pehu KanTaKHM O0JeKTH KOJU Ce
KOPHUCTE 32 OBE€ HAMEHE.

Y pany je npuKas3aH IOCTYIIaK UCTPAKMBakA U 3aXBaTama BOJa ca u3Bopa 15 u
16 Ha Bnacunu y jyroucrouno] CpOuju koje he OUTH yKIbyud€HE Yy IIPOU3BOILY
(pnammpanor OpeHaa ,,Poca”. Jlyroroguiime UCKYCTBO y KalTUPAwky M (pJallupamby
OpojHUX M3BOpa ca mnoapydyja BiaacMHCKOr KOMILIEKCA II0Kasajla Cy OIPaBJdaHOCT y
TPEHYTHOM IIPUCTYITY €KCILIOATALIM]€ OBOT pecypca y3 oapKaBame 100por KBAJIMTETA
MOI3EMHUX BOJIA.

MATEPUJAJIN U METO/IE

Onuire KApaKTEPUCTHKE UCTPAKHOL MOAPYyYja

[Iogpydje ucTpakuBama Hajla3du ce y JyrouctouHo] CpOuju y JIOKAJIHOCTH
Tomu /1o y cauBy peke Bpie, roe agMuHUCTpaTUBHO npunaga omutuau Cypaynuia.
N3Bopu 15 u 16 ce Hanase y M3BOPHUILIHOM i€y NoToKa TypcKka 10oauHa, Ha IaJiIiHaMa
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Benukor (1875 m u.B.) u Manor Crpemepa (1757 m H.B.) y OKBUPY IUIAHHUHCKOT
macuBa BapaeHuk.

[Togpyyje uctpaxkupama usrpal)yjy kpucranacte creHe T3B. cepuje boxuie u
Jlucune, koje TpuUnaaajy ropmeM BIACMHCKOM KOMILIEKCY. Y MHUTamy Cy pa3IuyduTe
BPCTE ILIKPpWUJbAlLA, KaJKUIMCTA, MepMmepa, XUOpUAHMX CTeHa TaOpOUIHOr WU
am(pubOIUTCKOr cacTaBa, MeTamoppucaHu radpoBU, XUAPOTEPMATHU KBAPIUTH U
rpaHUTHOMAM TManeo30jcke crapoctu. Kpucramacte crene boxune wu Jlucune
npoOujeHe Cy MaluTUMa M KBapiylaTUTUMa TepiujapHe ctapoctu (ciuka 1). [Ipema
CYNEpIO3UIIMOHUM OJHOCUMA, CcTeHe boxuuke cepuje nexe wu3Haa JIMCHHCKe
(badoBuh u capanuuuu, 1977, JlumutpujeBuh, 1995).

WU3Bopu 15 u 16 gpenupajy nmyKOTHHCKY u34aH (POPMHUpPaAHy y IPAHUTHMA U
KPUCTAJIACTUM HIKPUJbIIUMA. Y OJTHOCY Ha CTEIEH U KapaKTep UCMYLAI0CTH, Y OKBUDPY
PAaHUTOM/A U3/IBAJa]y CE€ 30HA MOBPIIMHCKOT (PU3MYKO-XEMH]JCKOT paciiajiamkba U3Ha/l
HUBOA €pPO3UMOHOr 0aszuca, T3B. I'PAHUTHU TPYC, U JPYro, MaTUYHA CTEHA HUCMHOJ
epo3uoHor 0aszuca (ciauka 2). Y rpaHuTHOM Tpycy je (hopmupaHa UHTEprpaHyIapHa
M3[aH KOja ]€ Yy JUPEKTHOM KOHTAKTY Ca NMYKOTHHCKOM H3/IaHU U 3a)€IHO YHHE
JETMHCTBEHY U3/1aH Y K0]O] CYy aKyMyJIHUpaHe MOA3eMHE BOJIEC KOje ce IPEHUPAJy TIPEKO
aHanu3upanux wuszBopa ([parummh, 1997). IlpuxpamuBame H3JaHH CE€ OJIBHja
MH(UITPALIM]OM BOJIE O] aTMOC(EpPCKUX Tayiora, mTo je MOTBPHEHO M M30TOICKUM
ananu3zama (MapunkoBuh, 2008).

4722000

4721000

T605000 TE06000 T60T000
o ™)
NerenpallLegend
® Bywap/Well | . Muwwja npogmna  —. .— SI, [PAHHTHIHPAHW WKPKIL YW Granitized MyxoTHHCKA WIOAH ¥
o Masop/Spring = fSection line e gENISLS rpasuTongumaFractured aquifer in
1 OSca, Kankwmcri u granitoids
Haganun xapTepannx jeawisuaiLitho units - mepmepw/Caleschisis and marbles MyxoTHsCcka nigan y
1" 7 4 aq, NaywrwDacite wKpArsLMMuscovile chiorite schists :‘““h'm
G QIETIEIES == enTuHonuTWMicaschists and leptinolites “"“:F";:l"l'““"a I]':F ';"“'-"'Ed aquifer in
| Miv, Mabpoware w amcbuwbonuTcxo crysiallne schis
) crexe/Gabro and amphibolite rocks sivengloce s i, e g MyxoTuHCKa MaaaH ¥ edyINBHAM
- 30ujena wanaw/intergranular aquifer  cresama/Fractured aquifer in effusive
rocks

b A

Cinuka 1. Xuaporeosomnika Kapta UCTPaKHOT OJIpy4ja ca Jiokauujama u3sopa 15 u 16
(mognora badosuh u ap, 1977)

Figure 1. Hydrogeological map of the location of springs 15 and 16 (based on the geological
map, Babovic et al. 1977)
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Cimka 2. XuaporeoJiouky rnpoguil Tepena noapyydja ussopa 15 u 16 u nynuonuue
,,Bl1acuHka“

Figure 2. Hydrogeological cross-section of springs 15 and 16 area and ,,Vlasnika™ plant

N3Bop 15 (ciuka 3, 1€BO) npeACcTaB/ba MyKOTUHCKHA U3BOP Pa30U]jeHOT TUIIA KOJU
MCTUYE Y BUIY JBa Mama u3Bopa (u3Bopu 15a u 150) na Haamopckoj Bucunu 1505 m
H.B. M3Bop apenupa usnan GopMUpaHy y 'PaHUTHUMA U KPUCTAJIACTUM IIKPUIBLIMMA
opaa Hlumwerapuuk u Benmuku Crpemep (1876 m u.B.). MU3Bop 16 Hamazu ce Ha oko 80
m JYyrOUCTOYHH]E OJ1 JIOKauuje u3Bopa 15, y cauBy Oe3umeHor noroka. Boma ucrtuue
Ha HaaMOpcKko] BucuHU 011 1500 m H.B. CauuHO Kao U ko1 u3Bopa 15, u3Bop apeHupa
u3nan GopMHpaHy y MIKpuWJblluMa W rpaHutuMa Opaa Mamu Crpemep. M3Bop je
pa30ujeHor TUIIA U jaBJba c€ Y BUy Tpu Beha uzBopa (u3Bopu 16a, 160 u 160) y koputy

Cnuka 3. Wsrnen ussopa 15 (neBo) u 16 (aecHo) nipe uspaje Kanraxa

Figure 3. Springs 15 (left) and 16 (right) before tapping

30Ha npuxpamUBama u3Bopa 15 je 3ajeqHuuka ca 30HOM IIpUXpambUBamba H3BOpa
16 1 n3nocu oko 0,6 km*. Mctuuame o0a n3Bopa BE3aHO j€ 3a UHTEH3UBHO HCITYLIA/Ie
M pacnaJHyTe rPAHUTOUIHE CTEHE.
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MeToa0/10THja HCTPAKUBAKA

IIpe mnouerka wu3pajae KanrTaxa, Ha o00a wu3BOpa Cy BplIeHAa OOMMHA
XUJIPOreoyolIKa MCTpaKUBamba Ca LWJbEM JOKa3MBama pPe3epBU M KBAJMUTETA
M3BOPCKUX BOJa. Pe3epBe cy oBepaBaHe y nBa HaBparTa, 2014. rogune u 2020. rogune.
HcTpaxkuBama Cy 00yxBaTuiia XHAPOre€OJI0IKO KapTUPAkE TEPEHA, YCIOCTAB/bAKE U
MOHHUTOPUHI H3JALIHOCTU M TeMOeparype M3BOpPa, MOHMUTOPUHI KJIMMATCKHUX
mapaMeTrapa, KBapTajlHO  Y30pKOBake U u3pagy  (GU3MYKO-XEMHU]JCKUX H
MMKPOOMOJIOLIKHUX aHajlyM3a BOAa, oOpaay mogaraka M u3paay oArosapajyhux
enabopara.

HakoH 1ITO je JoHeTa OJJIyKa O HU3rpaJilbu KanTaKHUX 00jeKaTa M LEBOBOA
ny:xkuae 3600 m, wu3BpIICHO € MNOpOJeKTOBame CBUX oO0jekara. Kanraxke cy
IPOJEKTOBAHE TaKO Ja oMOryhe ci0004HO MCTULIAKBE U CAKYILJbAak€ U3BOPCKUX BOJA.
[IpojekTOBaHE Cy Ka0 3aTBOPEHU CUCTEMHU Ca LIUJbEM CIIPEYaABAA CIIOJbALILET YTHIIA]A
M O4yBam€ KBAJIMTETA MOJA3CMHHMX BOJA. Y KanTaKHUM OOJeKTHUMa Cy yrpaleHe 11eBU
34 CAHUTALIM]y 4YMME Cy oMOryheHu mnoBpemeHa [Je3uH(EKLHr]a U OAp:KaBaHbE
MUKPOOHOJIOIKE UCTIPABHOCTH BOIe. OKO KarlTaxka j€ mpojeKTOBaHa HEMOCPEaHA 30Ha
CAHUTAPHE 3alITUTE Y3 OPUMEHY MMOCCOHUX MEpa Y LIWJBY CIIPEYaBak-¢ MH(PUITpALIU]e
MOBPLIMHCKUX BOJA.

TokoMm u3paze KanTaxHUX 00jeKaTa KOJ CBUX OMTHHU]UX aKTMBHOCTH OWIIM CYy
aHara)koBaHU CTpyumalu JlemapTmaHa 3a XHAPOTEONorv]y PyaapcKo-reoaomikor
(haKkyaTEeTa KOJU CY BPIIMJIM HAA30p HAJ: HCKOIIaBamkeM U YyHuIheweM J10Kalrja u3Bopa,
ne(pUHUCAKBEM HYITE KOTE€ HMCTHUIAkha M3BOPCKUX BOJAA, NPUBPEMEHOM JIPCHUpAHY
JOKAlLM]€ H3BOpA, MNOCTAaB/balbeM OCTOHCKE KOHCTPYKLHM]E CaMe€ KamnTaxkKe,
MOCTAB/bakEM TJIMHOBUTE OOJIOTe OKO KamnTaxka, YrpajambOoM JIPEHAXKHUX ILIEBU U
KBApLHOT T'paHyjaTa, 3aTBapamkeM KOMOpE, MOCTABJ/balkbeM TJIMHEHE TOKPUBKE U
BOJOHECIPONYCHE MEMOpAaHE y 3alUTUTHO] 30HHM M3BOPA, IMOCTABJBAKLEM OIIPEME 34
MOHMUTOPHUHT 3aXBah€HUX KOJIMYMHA U KOJIMUYMHA BOJAE KOja C€ MCITyIITa 32 OMOJIOMIKU
MUHUMYM, W IUIAHUPAHKLEM M IMOCTABJAKLEM 3alITUTHE OrpPajieé OKO IIPBE 30HE
CAHUTAPHE 3aIITUTE.

PE3YJITATU U IUCKYCHUJA

XHUAPOreosoniKa uCTpaKMBamka Ha IPOCTOPy u3Bopa 15 u 16 ce u3Boae ox 2013.
roguHe (’KusanoBuh u AtanaukoBuh, 2014). IToueTna ucrpaxkuBama cy oOyxBaTuiia
MOHHUTOPHHT MPOTHIA]a U TEMIIEpaTypa U3BOPCKUX BOJA, Ka0 U mpahewme npomeHa
kBanutTeTa Boga. ¥ nepuoay og 01.01.2013. no 31.12.2013. roaune u3aaiHOCT U3BOPA
15 je Bapupana y uarepsany 1,7 — 4,0 I/s (cnuka 4) ok je cpeamba u31aiHOCT 3a Ly
roguHy u3Hocuna 2,6 l/s. Cpeame roauiima HU3JallHOCT U3Bopa Opoj 16 y uctom
nepuoay je usHocuiaa 2,7 l/s, 10k ¢y MMHHUMAJIHA CPpeAbe MECeYHAa MU MaKCHMMAaJlHa
Cpelmke MeceuHa BpeqHocT uzHocuie 1,8 1/s u 4,4 I/s.
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Cnuxka 4. Pe3ynratu pexxuMCKuX ocMmarpama u3Bopa 15 y Toky 2013. rogune

Figure 4. Monitoring results of spring 15 during 2013

Y nmepuoay ocMarpama NpeIMETHUX HU3BOPA MOXKE CE€ 3aKJbYUUTH J1a j€ MepUuos
noBehama U3ANTHOCTH U3BOpA BE3aH 3a MEPUOJ TOIUBEHA CHera Ha Biacunu (mapt —
anpwuil), Kaaa ce kamauuret u3Bopa noseha u 1o tpu nyta. [loBehame nzmamuoctu ce
MaHH((ECTyje TeK HAKOH JBa Mecela OJf MOYeTKa HAIJIOr TOIJbeHa CHEra HAaKOH Yera
I0Na3y 10 noveTka repuoja peuecuje. Y nepuony o1 13.06.2019 no 07.09.2020. ronuue
Takohe je BpuIeH MOHUTOPUHI OBUX M3BOpa (MarasunoBuh & Anppwujamesuh, 2020).
[Ipoceuna uzpamnocT u3Bopa 15 uzHocuna je 2,4 1/s, a 3a uzBop 16 d6una je 3,7 Is.

[Tapanenno ca npahewem npoTuiaja U3B0pa BPUICH € MOHUTOPUHI KBAJIUTETA
M3BOPCKHUX BOJIA KPO3 U3paay ananusa ,,B* oduma. Pesynratu ananusa rnokasanu Cy aa
BOJIEC u3BOpa 15 u 16 npunanajy XxuapokapOOHATHO-KAJIIA]YMCKOM THITY €A U3Y3€THO
HUCKOM MuHepanu3anujom ox oko 50 mg/l (cnuka 5). [lopen Tora, KOHCTAaTOBaH je
M3y3€THO CTA0MIaH KBAJUTET H3BOPCKHUX BOJAa Y3 MHHHMAIHY OCIHJIAILH]Y
aHAIA3UPAHUX MapaMeTapa.
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Cnuka 5. [Ipuka3 0OCHOBHOTI X€MH|CKOT cacTaBa Bojia ca u3Bopa 15 (neso) u 16 (1ecHo)
Figure 5. Chemical composition of springs 15 (left) and 16 (right)
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[IpBu kopak mpe u3paae Kamnraka 0O0yXBaTUO € HMHHUIMJATHO YHUIINEHE U
MCKOIIaBamke TEpEeHa Kako Ou ce 1To 0oJbe aeprHucalIe 30HE UCTULAakha, IIPOCTOPHU
pacrmopen W BEIMYMHE KanTaxa. Y3umajyhu y 003up Opoj Mecta U IIUpHHA 30HE
MCTULIAKA, OJUIYUECHO J€ Ja CE€ U3paje ABe KarTaxe Ha u3Bopy 15 (kanraxe 15a u 150)
M TpU KanTtaxe Ha u3Bopy 16 (16a, 160 u 161) MckonaBame je HACTaBJbEHO KaKo Ou ce
TEPEH OYMCTHO [I0 CaM€ MAaTHU4YHE CTEHE, OJHOCHO [0 IYKOTHMHA U3 KOJUX J€ BOJa
IUPEKTHO u30HWjasia Ha MOBpIIMHY TepeHa (cnuka 6 neBo). Cneachu xopak Ouo je
MOCTaBJbAbE MOIOTe KANTAXKE M MPETrPaaHOT 3UAa Ka 30HU UCTHIAkha Ca OTBOPUMA Y
IHY Kako O BOoJa CIOOOAHMM IYTEM MOIJIAa Ja OTHUYE Y CaOMpPHY KOMOpPY. Y IHY
KOMOPE MOCTABJHEHE CY MPOXPOMCKE JIPEHAKHE 1IEBU 3a CAKYMJbamke U OJBO]I BOJIE, a
[IPUA BPXY KOMOPE LIEBU 3a CAHUTALIA]Yy KarTaxe (cauka 6 necHo). Mi3sopuiiiHa 30Ha Kao
M KOMOpa Cy 3aTuM 3alymheHE KBAPIHUM TPaHYJIATOM MU IOKPHUBEHE apMHUPAHO
OETOHCKOM MJIOYOM KakKO OM Cce 30Ha HCTUIAmka Yy IOTIYHOCTH H30J0Bajla O]
croJpalliikbuxX yTHullaja (cnuka 7 nepo). Hemocpenna 30Ha uzBopa, 5-10 m u3Hajg 30He
MCTHULIAbA, KOMIJICTHO j€ M30JI0BaHA yIPaJmkOM TIIMHEHOT TaMIOHA U MOJIHUECTEPCKe
3alITUTHE (DOJIM]€ YUME € Y MOTIYHOCTH CripedeHa nH(puiaTpanuja mnoBpIInHCKUX BOJIa
u moryha xkoHtamunainuja (cnuka 7 gecHo). Oko W3BOpa j€ MOCTaBJ/bEHA 3alITHUTHA
orpajia YuMe je yCIoCTaB/beHa HETOCPEIHA 30HAa CAHUTAPHE 3aAILTHUTE.
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Cnuka 6. [Ipurnpema Tepena (J1€B0) U U3pajaa Kanraxa (JecHO)
Figure 6. Site excavation in the area of the spring (left) and building of tapping structure (right)

Cnuka 7. Konauna KOHCTpyKIdja (J1€BO) M U3IJIe]1 KanTaxe u3spopa 15 (mecHo)

Figure 7. Final construction design (left) and appearance of spring 15 tapping structure (right)
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KBanurer ypaheHux KanTaka M NPUMEHCHUX Mepa 3alllTUTE HU3BOPHUINTA |€
IOTBphEH KpO3 MOHUTOPHUHTI IIPOrpaM KOjJH j€ yCIeIU0 HAKOH U3pajie CBUX O0jeKaTa u
[IEBOBOJA [0 IIYHHOHHUIIE BOAEC. Y MEpPUOAY OJ1 ABa Mecella CBAKOJHEBHO |€ BPIIECH
MOHHMTOPHMHI' KBAJIMTETA BOJA Y CBAKO] KanTaKU NOCEOHO, Yy caOMPHO] KOMOPU M Ha
Kpajy LeBOBojJa kKoa came (adOpuke. Ilopen Tora, BpuieHo je npaheme xkananurera
M3BOpA M OCHOBHHMX KJIMMATCKMX mnapamerapa. MOHHUTOPUHI € I10Ka3a0 BeOoMa
CTaOMJIaH XEMHJCKHM KBAJIMTET M3BOPCKUX Boxa. IloBpemeHe ocuunanuje vy
MMKPOOHOJIONIKOM Hajla3dy Cy Takohe HecTaje HAaKOH ILUTO Cy MMILUIEMEHTHpPAHE CBE
3ALITUTHE MEPEe OKO M3BOpa M HAKOH M3BPIICHE caHUTanMle Kanrtaxa. On moceOHe
BAYKHOCTH ]€ MPEMNO3HATO MPHUCYCTBO XMUAPOTEOJOLIKOr HaA30pa KOJU J€ AOMPHUHEO
KBAJIUTETHOM 3aXBaTamy M3BOPCKHUX BOJA U IIPUMEHU CAHMTAPHUX MEpa 3a 3alITUTY
M3BOPUIITA MMOJA3EMHHUX BOJA.

JAK/bYYAK

W3Bopuiute noa3emMHux Boga ,Bmacunka®™ y Tommom pony Ha Bnacunwm
o0yxBarTa BUIIIC KanTaka U3BOPCKUX BOJIa KOJMMA CE€ 3aXBaTa BOJA Koja ce (ammpa u
jlacupa Ha TpXKUIOTE Ioa OpenaoMm ,,Poca®™. 3a morpede 3axBarama J0JATHHUX
KOIUYMHA BOJE€ ca u3Bopa 15 um 16 wusBpmeHa cy pAeTabHa XHIPOIreOJI0IIKA
MCTpaKUBamka KOjUMa j€ MOTBpheH modap u ctabuiiaH KBAaJIMTET U3BOPCKUX BOA, Ca
CyMapHOM HOPOCEYHOM T'OJUIIHOM KOJIUYHUHOM 01 OKO 6 1/s.

M3BeneHn KanTakKHU OOJEKTHM HAa M3BOPHMILUTY IIPOJEKTOBAHM CY TAKO Aa CE
3aXBaTH LICJOKYIIHA KOJIMYMHA BOJE KOJa UCTUYE Y3 IIPUMEHY 3AlITUTHUX MEpa KOje Y
MOTIIYHOCTH CIIPE€YaBa)y yTHULA] cOOJballllkbUX (PaKkTOpa, Hpe CBera ImajJaBUuHA H
TOILLEHE CHEra, Ha IMIPOMEHY KBAJIMTETA U3BOPCKUX BOAA. BogocaOupHe KoMope, Kao
M W3BOPHIIIHA 30HA CY KOMIUIETHO MOKPUBEHE KBAPLHUM I'PAHYJIATOM U OCTOHCKOM
MOKPUBKOM, JOK ]J€ Y MOJI03UM U OOKOBHMA KalTaxke yrpalh)eH rlIMHeHM TaMIIOH KaKo
Ou ce copeumwno ryosbeme Boae. Hemocpeana 30Ha u3HAA KanTaxe J€ Takohe
M30JI0BAHA YIPaJHOM ITMHEHOT TAMIIOHA M MOJMECTEPCKE 3aIITUTE.

Jlobap KBAIMTET U3BOPCKUX BOJIa HAKOH U3PaJie KANTaxXe, MOCEOHO y MEePHOay
nocJje Behux nagaBuHa U TOIJbEH-A CHETA J€ MOTBpAa J00POM KOHILIEHITY 3aXBaTama U
KBAJUTETHO] U3paau 00jeKaTa y3 cTajgaH XUapOreoJIOnIKH Haa30p.

JaxBaJIHHIIA

OBa) pan je noapxkana kommanuja Coca-Cola HBC, a ngeaumuyHo
MuUHHCTApCTBO 3a HAYKY, TEXHOJIOIIKU pa3Bo] U uHoBauuje Penyonuke Cpouje.
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SPECIFIC TAPPING STRUCTURES FOR BOTTLING
SPRING WATER ON VLASINA MOUNTAIN

INTRODUCTION

Capturing and bottling of spring and natural mineral waters in Serbia 1s carried
out following the “Regulations on quality and other requirements for natural mineral
water, natural spring water and table water” (Official Gazette SCG 53/2005, Official
Gazette RS 43/2013). The stated rulebook 1s harmonized mainly with the European
directive on exploiting and selling natural mineral waters 2009/54/EC (EU, 2009). To
a significant extent, the mentioned regulations require preserving the quality of water
bottled at the source with strict conditions of protection against contamination.
Particular emphasis 1s placed on the microbiological integrity of the groundwater at the
water intake, as well as the use of materials 1n the construction of the water intake that
prevents any physical-chemical changes 1n the quality parameters of the tapped water.

Such strict conditions for groundwater exploitation for bottling require specific
engineering solutions in the design, construction, and subsequent use of water-tapping
structures. When exploitation 1s carried out through wells, the wells are usually entirely
made of stainless steel. Special care 1s taken with a well to 1solate the upper part of the
terrain to preserve the groundwater quality maximally. Groundwater from springs is
not often used in the bottling process, and therefore, the tapping structures used for
these purposes are also much less common.

The paper describes the process of research and exploitation of groundwater
from springs 15 and 16 1in Vlasina in southeastern Serbia, which will be included 1n the
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production of the ,,Rosa” bottled water brand. Many years of experience capturing and
bottling water from springs at the Vlasina Complex have justified the current approach
to exploiting this resource while maintaining good groundwater quality.

MATERIALS AND METHODS

General settings of the investigation area

The research area 1s located 1in southeastern Serbia 1n the locality of Topli Do 1n
the Vrla river basin, which administratively belongs to the municipality of Surdulica.
Springs 15 and 16 are located in the headwaters of the Turska Dolina stream, on the
slopes of Veliki (1875 m) and Mali Streser (1757 m) within the Vardenik mountain
massif.

The research area comprises crystalline rocks, the so-called Bozica and Lisina
series, which belong to the upper Vlasina complex. These are different types of schists,
calcschists, marbles, hybrid gabbroid and amphibolite composition rocks,
metamorphosed gabbro, hydrothermal quartzites, and granitoids of Paleozoic age. The
crystalline rocks of Bozica and Lisina are pierced by dacites and quartzlatites of the
Tertiary age (Figure 1). According to superposition relations, the rocks of the Bozicka
series overlay the Lisinska series (Babovic et al., 1977; Dimitryjevic, 199)J5).

Springs 15 and 16 drain a fractured aquifer formed 1n the granites and crystalline
schists. In relation to the degree and character of fracturing, within the granitoid, a
weathering zone above the level of the erosional base can be distinguished, the so-
called granite grus, and the parent rock below the erosion base (Figure 2). An
intergranular aquifer 1s formed 1n the granite grus, which is in direct contact with the
fractured aquifer, and together they form a unique aquifer where groundwater 1s
accumulated and drained through the analysed springs (Dragisic, 1997). Recharge 1s
carried out by infiltration of water from atmospheric precipitations, also confirmed by
1sotopic analyses (Marinkovic, 2008).

Spring 15 (picture 3, left) 1s a fractured type spring that emerges in the form of
two smaller springs (15a and 15b) at an altitude (1505 masl). The spring drains the
aquifer formed in the granites and crystalline shists of the Siljegarnik and Veliki Streser
hills (1876 masl). Spring 16 1s located about 80 m southeast of spring 15, in the basin
of a nameless stream. The water flows out at an altitude of 1500 masl. Similar to spring
15, the spring drains an aquifer formed 1n the schists and granites of the Mal1 StreSer
hill. The spring 1s diffuse and appears as three larger springs (16a, 16b, and 16c¢) in the
streambed or on 1ts valley sides, immediately next to the streambed (picture 3, right).

The two springs share the recharge zone, with an area of about 0.6 km*. The
occurrence of both springs is related to intensively fractured and decomposed granitoid
rocks.

Research methodology

Before the start of the construction of tapping structures, extensive
hydrogeological research was carried out on both springs to prove the quantity and
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quality of the spring waters. The groundwater reserves were verified twice, in 2014 and
2020. The research included hydrogeological mapping of the terrain, establishment,
and monitoring of yield and temperature of springs, monitoring of climatic parameters,
quarterly sampling and testing of the physico-chemical and microbiological parameters
of water, data processing, and preparation of relevant studies.

Following the decision to construct tapping objects and pipelines 1n a length of
3600 m, a technical design of all objects was conducted. Tapping structures are
designed to allow free flow and collection of spring water. They are designed as closed
systems to prevent external influence and preserve the groundwater quality. Sanitation
pipes are installed in the spring’s structures, which enables periodic cleaning and
maintenance of the microbiological integrity of the water. A first sanitary protection
zone has been designed around the objects with the application of special measures to
prevent surface water infiltration.

During the construction of springs tapping structures, all important activities
involved the engagement of the experts from the Department of Hydrogeology of the
Faculty of Mining and Geology, who supervised: the excavation and cleaning of springs
locations, defining the zero level of spring water discharge, temporary draining of the
groundwater source location, installation of the concrete structure of the tapping
structures, installation clay lining around the catchment, installing drainage pipes and
quartz filter pack, closing the chamber, installing a clay cover and waterproof
membrane 1n the protective zone of the groundwater source, installation of equipment
for monitoring the spring’s capacities and the quantities of water that 1s discharged as
biological mimmimum, and planning and installing a protective fence around the first
sanitary protection zone.

RESULTS AND DISCUSSION

Hydrogeological research 1n the area of springs 15 and 16 has been carried out
since 2013 (Zivanovi¢ and Atanackovi¢, 2014). Initial research included monitoring
the flow and temperature of spring water and groundwater quality regime. From
January 1%, 2013, until 315 December 2013, the yield of spring 15 varied in the range
of 1.7 - 4.0 I/s (Figure 4), while the average annual discharge rate was 2.6 1/s. The
average annual yield of spring 16 1in the same period was 2.7 I/s, while the average
minimum and maximum monthly values were 1.8 I/s and 4.4 1/s respectively.

During the groundwater source monitoring period, it can be concluded that an
increase 1n the yield of the source 1s related to the period of snow melting 1n Vlasina
(March - April) when the discharge rate of the source increases up to three times. The
increase 1n discharge rate 1s manifested two months after the beginning of the sudden
snow melting, after which the recession period begins. The springs monitoring was also
performed from 13™ Jun 2019 to 7® September 2020 (Magazinovi¢ & Andrijasevié,
2020). The average yield of the springs 15 and 16 was 2.4 /s and 3.7 Us.

In parallel with monitoring the spring’s flow, the quality of the spring water was
studied through the preparation of *“V” scale analyses. The results of the analyses
showed that the water of springs 15 and 16 belongs to the hydrocarbon-calcium type
with extremely low mineralization of about 50 mg/l (Figure 5). In addition, the
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extremely stable quality of the spring water with minimal oscillation of the analysed
parameters was noted.

The first step before constructing the groundwater taping structure included the
mitial cleaning and excavation of the terrain to better define the individual discharge
zones, the spatial arrangement, and the size of the tapping structures. Considering the
number of places and the width of the discharge zones, 1t was decided to make two
tapping structures at spring 15 (catchments 15a and 15b) and three at spring 16 (16a,
16b, and 16¢). Excavation continued until the weathered cover was removed and
fractured bedrock from which the groundwater tlow was reached (picture 6 left). The
next step was to install the structure’s base and wall towards the discharge zone with
openings 1n the bottom so that the water could flow freely into the collection chamber.
At the bottom of the chamber, stainless steel drainage pipes are placed for collecting
and draining water, and at the top of the chamber, pipes for sanitation (picture 6 on the
right). The spring zone and the chamber were then filled with quartz granulate and
covered with a reinforced concrete cover to completely 1solate the discharge zone from
external influences (Figure 7 left). The immediate zone of the source, 5-10 m above the
discharge zone, 1s completely 1solated by installing a clay cover and polyester lining,
which completely prevents surface water infiltration and possible contamination
(picture 7 right). A protective fence was placed around the source, establishing the first
sanitary protection zone.

The quality of the groundwater source and the applied measures to protect the
source were confirmed through the monitoring program that followed the construction
of all objects and pipelines to the water plant. In two months, water quality was
monitored daily 1n each tapping structure separately, in the collection chamber and at
the end of the pipeline near the plant. In addition, monitoring of source capacity and
basic climate parameters was carried out. The monitoring showed a very stable
chemical quality of spring water. Occasional oscillations 1n the microbiological
parameters decreased after all the protective measures around the source were
implemented and after the sanitation of the structures was carried out. Hydrogeological
supervision was particularly important, contributing to the high-quality tapping of
spring water and the application of sanitary measures for the protection of groundwater
sources.

CONCLUSION

The groundwater source “Vlasinka™ in Topli Do 1in Vlasina includes several
spring waters tapping structures that collect the water that 1s bottled under the “Rosa”
brand. For the purpose of tapping additional springs 15 and 16, detailed
hydrogeological research was carried out, which confirmed the excellent and stable
quality of spring water with a total average annual flow rate of about 6 I/s.

The constructed tapping objects at the springs are designed to collect the entire
amount of water that flows out, along with the application of protective measures that
entirely prevent the influence of external factors, primarily precipitation and snowmelt,
on the change in spring water quality. The water collection chambers, and the
immediate discharge zone are completely covered with a quartz filter pack and a
concrete cover, while a clay buffer 1s installed 1n the base and sides of the structure to
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prevent water loss. The immediate area above the catchment 1s also 1solated by
mstalling a clay cover and polyester lining.

The good spring water quality after the construction of the tapping structures,
especially after heavy rainfall and snow melting, confirms a good groundwater source
tapping concept and appropriate construction of objects with comprehensive
hydrogeological supervision.
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