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Ancrpakr. — Bpeno ’bujenu Hepunu’’ (262 mnm) Hana3u Ha cjeBepo3anafHiuM OOpOHIIIMA
IUlaHuHe MaraHuk, U3HaJ KopuTa pujeke MprTBule (Ha BeHOj AecHoj obanu). VzBopuiire je
pa30HjeHOr THIa, MEKPUBEHO KPYNMHHM OJIOKOBHMa Kpedmaka W jgosiomura. Jlocamamma
UCTpaXKUBabha Cy MOKa3aja Jia je phjed O KaJlHjCKO-XUIAPOKapOOHATHUM BOJAaMa HM3y3€THOT
kBanuTeTa, uM3gamboctd ox 0,8 mo 4,1 m/s. IlpeacTa/ba CEerMEHT KOjU YHOTHYBYje
LjEJIOKYITHY CJIMKY (XHJIPO)reoNIOIKUX U TeOMOP(OIOIIKUAX CIEHUPUYHOCTH KalkbOHA PHjeKe
MprtBHLe, IeCHE IPUTOKE prjeke Mopade.

Kibyune peun: MprtBuiia, bujenn Hepunu, kapcTHO Bpeno

Abstract. — The spring "Bijeli Nerini" (262 m.a.s.l.) is located on the northwestern slopes of
mountain Maganik, above the river Mrtvica (on its right bankside). The karst spring is a fractured
and partialy masked type (covered with blocks of limestone and dolomite). Research presented
in this paper has shown that this groundwater belongs to the calcium-hydrocarbonate class of
exceptional quality, with discharge ranges from 0.8 to 4.1 m?/s. It is a segment that completes
the overall picture of (hydro) geological and geomorphological specifics of the canyon of the
river Mrtvica, a right tributary of the river Moraca.
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YBOJ

Kapcthu Tepenn npexpusajy Hemro Buile oa 14% CBjeTCKOT KOIHa, Koje HUje
[I0J] BjE€YMTHM JIeIOM M CHHjeroM (STEVANOVIC, 2019). 3Ha4aj KapCTHHX TepeHa Tj.
KapCTHUX MOA3EMHHX BOJIa aKyMYJIMPaHHX Y BbHMa, HajOoJbe HIIYCTpYje YHI-CHHUIIA J1a,
MAaKO PEXMM KapCTHHUX H3JaHU MOXKE 3HAYajHO OCLIIMPATH TOKOM XHJPOJIOLIKE
TOJIMHE, OBE BOJIC TIPEJICTABIba]y IIIaBHE N3BOPE KBAJIMTETHE MUTKE Boje 3a mpeko 700
MHJIHOHA CBjETCKOT CTaHOBHHUIITBA (STEVANOVIC, 2019).

1{nsb ucTpaxkuBama KapCTHUX U3JIaHHU, TIOCEOHO MOP(OJIOTHje BEHUX TIaBHUX
KapCTHUX KaHajla, MOJe Jia Oy/ie BeoMa Pa3HOBPCTaH, OYEB OJ1 JKeJbe 32 OTKPHBABHEM
HOBOT M HEMO3HATOT, MPEKO HCTPaXHBamba y TYPHUCTUYKE CBPXE, 0 HCKJbYYHUBO
HAyYHHX HCTPRXKUBaWka M UCIUTHBAKA KOja Cy Be3aHa 3a pjelllaBarbe KOHKPETHOT
MHXECHEPCKO-T'€OJIOIIKOT WM XHIPOTeOJIOIIKOr TpodiieMa, KakaB je Ciiydaj y OBOM
pany. /[ebuHncame XHIPOTEOJOIIKUX OAHOCA, IIOjaBJbUBalE€ W OOHABIbAHE
MOJ3EMHUX BOJA, 3aXTHjeBa OCHM YOOHMYajeHOT XHIPOTCOJIOMIKOT KapTHpama,
YCIIOCTaBJbathe MOHHUTOPHHIA MOA3EMHHX BOJa, OnapehuBare HUXOBOT (H3UYKO-
XEMH]jCKOT cacTaBa, Te TpaCHpame IpaBalia ToKa MoA3eMHHX BOJA.

I'enepanHo, Beoma je Temko neuHuCcaT XUApayinuke U (u3nUKe mapameTpe
AQHU30TPOITHE U HEXOMOT'eHE CpeInHE KaKBa je KapcT. Yak U Kaja cy u3BeJeHa 0OuMHa
HCTpaXXKMBama, Pe3yITaTH Y CIy4ajy KapCTHUX TepeHa HE MOTY OUTH CACBHM CHTYpHH
U MOY3/JJaHHU Ha I[jeJIOKYITHOM IIPOCTOpY, Beh ce pe3ynraTu Hajuenrhe orpaHn4aBajy Ha
y>KH TIPOCTOp Ha KOMe Cy u3BeneHa. Uecto HHUje Moryhe BepudukoBaTH n0OHjeHE
BPHjeIHOCTH, HUTH ACTEPMHUHUCATH KOjH je JHO KapCTHHUX KaHalla XHIPOTEOJIOMIKH
aKTHBaH, a KOjU je BaH (QpyHKIHMje (HIp. 3aIIyHEeH MINHOM WX KAJIIUTOM).

Ilomzemue Boxe y tepenuma LlpHe ['ope 3acTymibeHe Cy NMPETEKHO y OKBUPY:
KapOOHATHUX CTHjEHCKMX Maca IyKOTHHCKO-KaBEPHO3HE MOPO3HOCTH M KBapTapHUX
rIanuo(QIyBUjaTHUX M AIyBHjaJHUX CEIUMEHAaTa HHTEprpaHysiapHE MOPO3HOCTH.
Bume on 60% Ttepuropuje Llpue I'ope msrpalyjy kapOoHaTHe cTHjeHe, Koje ce
KapaKTepUIIly 3Ha4ajHIM pe3epBaMa IMOJ3EMHHX BOIa, BeOMa JOOPOT KBAaJIUTETa, TAKO
Jla je mpoljjeHa Ja Tpema YKYIIHUM BOJHUM pecypcuma, llpHa Iopa cmaga meby
HajOooraTHja BoJHA MMOJIPYYja Y CBHjETY, Ca MPOCjSYHHM TOIMIITHUM MOIYJIOM OTHIIaja
npexo 40 I/s’/km? (RADULOVIC M. et al. 2016). KapcTHe noa3zeMHe BOAE IIPa3HE ce
IpeKo OpojHUX U3BOPA, KOjU ce Hajuenthe 1mojaBibyjy Iy KamkbOHA BOZOTOKA (KaKaB je
ciry4aj u ca bujenmiv Hepuranma), mo 0601y KapcTHHX TI0Jba | JIETIPECH]a, Ty>K MOPCKe
obaJie Ka0 ¥ Ha BHIIIMM KOTama y TEPEHY, Ha KOHTAKTY MPOITYCHUX W HEMPOITyCHUX
CTHjeHa.

MATEPUJAJIM U METOJIE

Omnumre KapaKTepruCTHKE HCTPAXKHOT MOAPYYja

KamoH pujexe MpTBHIle, Ha UHjOj IECHO CTPAHU UCTUYE KapCTHO Bpeno bujenn
Hepunn, npunana rmanmHckoM MacuBy Maranuka (Cn. 1), koju ce Hamasu y
cpemuinmeM nujeny Lpae I'ope, Ha oko 30 km cjeBepro on Iloaropurie u 30 km
ucrouno on Hukmuha. Panu ce o Bpito kapakTepuCTUIHOM TUIAHHHCKOM MPOCTOPY, C
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OpojHMM BpXOBHMMa YIJIABHOM IIOB€3aHUM TpPEBOjUMa W CeAJUMa, a HeKaaa
BEPTUKATHUM U YaK HEIPUCTYMAYHUM CTHjCHAMA.

Hurgje y LipHoj 'opu kao Ha 0BOM, peJlaTHBHO MaJIOM IPOCTOPY, pesbed HHje
TaKo JWHAMHYaH WM palrdiameH. Peired cy obOnmkoBane ¢uiyBWjaiHa, Kpaluka |
rranyjanrHa eposdja. Kpeumaukn cactaB MaraHuka yCIIOBHO j€ BEIHKY BEPTUKATHY
palrwIameHoCT. Y3IKy ce IIaHMHCKH BpxoBu: Mehehu Bpx (2130 mnm), Kokoros
Bpx (2000 mnm), IlerpoB Bpx (2124 mnm), Tpemrenu Bpx (1980 mnm) u ap.
[InaanHCKH rpeGeHu Cy BpIIO OIITPHUX BPXOBa U IIAHUHA Y IjEJIHU IMa CypOB U3TTIE].

Pujexka Mptsua (nospumna ciusa F=207,7 km?) je jenHa o/ riaBHUX I€CHUX
nputoka Mopaude, a HacTaje ol HM3a IIOTOKa Ha oapy4jy cena Besbe /lyboko (3aceok
Bummse) Ha oko 810 mnm, a ynuBa ce y Mopauy y Mjecty Mehypujeuje Ha 180 mnm.
OcumM bujenux Hepuna, koju Cy IpeiMeT UCTPaKUBamba, MPTBHUILY BOJOM XPaHH BHIIIC
MIEPUOIMYHIX TOTOKa ca o0je crpaHe (Hmp. m3Bop Jama), kao u motok JyOoumax
(F=24,4 km?), xoju m3Bupe u3Hax cema Mprteo Jly6oko Ha oko 1100 mnm. OGa
BOJOTOKa ce ynujeBajy y MprBully Hu3BOAHO o wu3Bopa bujenn Hepunn.
3axBaspyjyhn Bomama Hepmnra, MpTBHIIa OApkaBa CTANTHOCT TOKAa TOKOM ITHjeJie
rOJMHE, TAKO 1A j€ CPEbErONUIIEL| NpoTunaj 14 m?/s, cpenmu Makcumanau 23,7 m3/s
(noBembap) a cpenmeMuHuMainy 2,7 m/s (aBrycr) 3a nepuon 1960-2015. roaune.

Cal ‘) . 5 4

Cnuxka 1. Tpemrenn Bpx — MaraHuk (JIjeBo) M 10T Ha KakboH MpTBuIle (cpeanHa)
(¢oro: XK. IlejoBuh), MpTBHUKE Tpene (TECHO)
Figure 1. Tresteni peak — Maganik (left) and a view on Mrtvica canyon (center)
(photo: Z. Pejovi¢) and Mrtvicke grede (right)

Hcrpaxnau npoctop npumnaaa Kyukoj mexkmoncKoj jeOunuyu, Kojay CTpyKypHOM
TIOTJIE/Ty TIPEACTaBJbha CIIOKEHY MMPEBPHYTY aHTHKINHATIHY KapOOHATHY CTPYKTYpY, Ha
YHjeM CjeBEepOMCTOYHOM KpHIy ce Hanase aeOene Hacnare JypmuTopckor ¢umiia,
KOju je y ckitony JlypMHUTOpPCKE HaBlIaKe HABYYEH Ha OBY TEKTOHCKY jeIMHUILY Y BUIY
peruonanae auciokanuje (RADULOVIC, 2000). KapOoHAaTHH aHTUKIMHAIHH IHO
obmwbexapajy w3Mely ocranmx W aHTHKIMHANEe MprBune uw Mopade kao
MHOToOpojHe cuHKIWHane. [lopen Habopa W KpasbyIITH pa3BUjeHH Cy W OpOjHHU
TIONPEYHH, AWjaroHaIHU M Y3Ly>KHH pacjeu, pasanantor narensurera (KALEZIC et al,
1966). Tpeba wuctakHyTH nujaroHamHu pacjenq MptBor J[yOokor ca CIymITeHUM
HMCTOYHUM KpuiioM 3a Buie o1 1000 m.

JIOJOMHUTUYHN METANOMOHCKH KPEUAIld U TOJOMHUTH TOPHET TpHjaca YHHE
MOJIMHY TepeHa y Koju ce ycjexia prjeka Mpreumna (KALEZIC et al, 1966). ¥V kamony
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je y HacTaBky pa3BujeH komruieTHH Jidjac (Ci. 2 u 3) y BUIy Kpeumaka U J0JIOMHUTA
nebspune 10 200 m, 10K FOpHHU IO Mpodria YnHe OAHKOBUTH U MACUBHH KPEUHAIU
norepa u okchopa-kuMepuna (nedspuae 1o 200 m), 12 6u Ha caMoM BpXy Npoduna
OwiM MacMBHU M OAHKOBUTH JOJOMHUTHYHU KPEUhalld U JOJOMHTH THTOHA W JOHE
kpene (nedspune mpexo 50 m). KpemnHu cequMeHTH KOju Cy OTKPUBEHHU 3aIaHO O
KamboHa MOTy noctuhu Je6spuHy oko 1000 m.

6605 6610°

4735

4730°°

JNEFTEHOA / LEGEND

km
TUN M3OAHW / AQUIFER TYPE
[ KapcrHa uapam - Bucoka BORONPONYCHOCT - (Kz2,K1,J3) ® Wasop = [eonowka rpaHuya
Karst aquifers - high permeability (K2 K1,J3) Spring Gaologicalrgounwc;'ary
[ KapcTHa uapaw - cnabuja sogonponycHocT (J1, T3) —— Pujexa — Pacjea
Karst aquifers - lower permeability (J1, T3) River flow Fault - defined
[ WHrerpaqynapHa uanaH (gl - rnaumjantv cenumeHTH)

Integranural aquifers (gl - glacial sediments) == mys.:"e;ma
[ MyxoruHcka uanaH (K, Pg nanopau)
Fissure aquifers (K,Pg marl)
[ BogoHenponycHe ctujere (K,Pg - aypmuropeku donuw)
Impervious rocks (K.Pg - durmitor flych)
Crnuka 2. XuIporeosonika KapTa uCTpakHor noapydja (npema ['eonomkoj kaptu Lpue Tope
1:200.000) ca BomoxmjemHMIIOM IToTOKa JlyOoumak i pijeke MpTBHIE 0/ XUAPOJIOIIKE

cranune Mehypujedje no Bpena bujenu Hepunu

Figure 2. Hydrogeological map of the area (after Geological Map of Montenegro 1:200.000)
with showed watersheds of the Dubo¢njak riverflow and the Mrtvica river from the
hydrologic station Medjurijecje upstream to Bijeli Nerini karst spring
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Cnuka 3. Xumporeosomiku mpodui TepeHa (Jeso) u Bpeno bujenn Hepunu (necHo)
Figure 3. Hydrogeological cross section (left) and karst spring Bijeli Nerini (right)

Bpeno bujenu Hepunu npesicraBsba cTaqHO IPaBUTALIMOHO BPEIO, pa3OHjeHor
TUNA, YHMja je NpHMapHa 30HA KCTHIIAba MacKhpaHa OJIOKOBHMAa Kpedmaka Hu
moiomuTa. [lojaBa KapcTHUX Bpela y KOPHTY pHjeke MpTBHIE YCIOB/bCHA je
TEOJIOIIKAM OJHOCHMA MOAMHCKOT M moBiatHOr cioja (Ci. 3), Te ce Tako U BpeIo
bujenu Hepunu ¢opmupa Ha KOHTAKTy TOPIETPHjACKHUX JOJIOMHTA Yy TOIUHH
(XMUAPOTEONOMIKH M30JIaTOP) M METANIONOHCKHX Kpedumhaka JHjaca y IOBIATH
(XHUIpOTEOITOIKH KOJIEKTOP).

Boxe koje ucTrdy Ha OBOM W3BOPY NPHUXPamyjy BOTOTOK MPTBHUIE H TOKOM
CYIIHOT MepUo/a, Kaia y3BOIHO O] Bpelia, pujeka MpTBHIIA MOCTaje TIOBPEMEHH TOK
(RADULOVIC, 2000). MuHuMaHa W3AANIHOCT W3BOpa je mpoljeeHa Ha oko 500 I/s
BOJIE, IOK C€ Y MAaKCUMyMy MOK€ OYEKHBATH H3JAITHOCT pela BEeJIHYHMHE HEKOIHUKO
KyOHUX MeTapa y cekyHau. CIMB Bpena Halla3u ce y BEeroBOM jyTo3amamaHoM 3ainel)y
(RADULOVIC, 2000), a 3a ycinoBe KpeTama BoAa y CIuBy MpTBHUIle, ayTOPH OBOT paja
MPETIIOCTaBJbaj)y MOTCHIWjaTHN YTHIA] TEKTOHCKHX KapaKTEePUCTUKA HCTPAKHOT
TepeHa, HapouuTo Beh momenyTH pacjen Mptsor JJy6okor mpasma J3-CH. HuzBogauje
on bujennx HepuHa Hamasu ce u moBpeMeHo Bpeno Jama 4rja mojapa, Takohe, ykasyje
Ha 0JICYCTBO 3Ha4ajHHje KapcTH(UKaNHje JOIOMHTA.

MeTon0510r1ja HCTPAKMBAHA

Hocanamma ncnutuBama Bpena bujenn Hepunu cy Onna BUIle IeCKPUNITUBHOT
KapakTepa, OCHM Je(HHICama XeMHjCKOT cacTaBa nojazemue Bozae u3 2000. roxune
(RADULOVIC, 2000). dokyc HOBHX HCTPRXKHBAa j€ YCMjepeH Ka TEPEHCKUM
MjepelruMa H3JAIHOCTA (CUMYJITAHUM XHJIPOMETPHjCKUM MjEepeHUMa) U aHAIM3U
(PM3UUKO-XEMHUJCKUX KapaKTepUCTHUKA BpeNla, KOje IpPEeHHUpa HCTOYHH IHO MachBa
Maranuka.

Kpajmy b 3amoyeTHX HCTPaKMBamba je PEKOHCTPYKIMjA W MOJCIHpare
XHMIPOTeOJIOIKUX KapaKTEPUCTUKA MOJ3EMHUX BOJA CIOXKEHUX KAPCTHUX H3JAaHU.
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[Topex 0OMMHOT TepeHCKOT pajia y (hopMUpamy U HHTEPIPETALN]U MOJIeNa, KopucTuhe
CE U CaBPEMEHU U KOMIUIEKCHU padyHapcku nporpamu (ArcGIS, HydrassPro itd.) koju
he omoryhuTn na ce u3Beny NpocTopHE aHAN3e TeHe3e U QYHKIIMOHNCAamka KaPCTHUX
W3JIaHHU OBOT MOApYYja.

VY nuIby ycrocTaBibama 3aBUCHOCTH OQ=f(H), nepuHucan je MOHUTOPHHT Bpela
Bujemun Hepuan. C 063upoM Ha JIOKaIMjy 1 MOJI0XKaj Bpela, PaKTHYHO je Hemoryhe
Jla ce Ha JIOKAIlWjH 110jaBJbHBaba IOA3EMHHX BOJIa MHCTAIMPA OIIPeMa 32 KOHTHHYaTHH
MoHuTOpuHr. Kako Om ce m30jerfim OBM M3a30BH, YCIIOCTaBJREHA Cy JIBa MjepHA
npoduia y pujert MpTBHULIHY, jeaH Y3BOAHO a IPyTH HU3BOJIHO O Bpea.

Mjepeme (U3NYIKO-XEMHJCKUX TMapaMeTapa, Kao M Y30pKOBambe 3a aHAIN3Y
(pM3NYKO-XEMUJCKUX IapaMeTrapa HoA3eMHe (M MOBPLIMHCKE) BOJE j€ BPIICHO Ha
HCTHM MJECTHMA T]Ije je BPIICHO Mjeperhe NPOTHIIAja, Kao ¥ Ha CaMOM Bpedy.

PE3YJIITATU U JUCKYCHJA

IIpumjeHOM HaBeZleHEe METOM0JIOTH]E, JOOUjeHH Cy TOAaly O MPOTHIIAjuMa Ha
npeneduHrcanuM quonuama (Tao. 1), 10K je Kao KOHTPOJIHA BEIMYMHA HCKOPHIITheH
npotuiaj pujeke Mpteuiie Ha XC Mehypujeuje (mpema nomanuma 3XMC LIN)

Tabena 1. IIpukas pesynrara XUAPONONIKUX Mjepera (m’/s)

Table 1. Results of discharge measurements (m?/s)

Hatym MprtBuma 1 MprtBuna 2 I-;i:;]) ::; XC Mehypwujeuje
20.11.2021. 0,084 0,889 0,805 0,900
26.01.2022. 0,120 2,650 2,430 3,100
24.02.2022. 1,780 5,950 4,170 8,792

N3 Tabene 1 MoXe ce yOUHTH Jia je OCIUIAIMja N3AITHOCTH KapCTHOT Bpelia
bujenn Hepurn TokoM nctpaxuBama o1 HoBemOpa 2021. 1o ¢pebpyapa 2022. rogune
owra ox 0,805 10 mpeko 4 m’/s, unme je MOTBphEHA MPETIOCTABKA O MAKCUMATHUM
OYEKHBAHUM H3AIIHOCTAMA OBOT Bpea.

VY norneny kBanuTeTa, moja3eMHe Bojie bujennx Hepuna u moBpmimHCKe
BOJIE KOj€ OTUYY pHUjeKoM MpTBHLIOM ce He pa3nukyjy cysuie (Tab. 2, Ci. 4),
Kao IUTO je W ouekuBaHo. C Apyre cTpaHe TO je U OUYEKMBAHO C O03UPOM J1a je
MPUCYCTBO KapOOHATHUX CTEHA M3Y3€THO M3PAXKEHO Ha TEPEeHy, Ila CAaMUM TUM U
OCHOBHE KOMIIOHEHTE KOj€ MPEOBIIaaBajy y XeMujckoM cacrapy Boje (Ca?’, Mg
u HCO3") mopajy O6utu mpucytHe. CBH aHaNM3UpaHH NapaMeTpH yKasyjy Ha
NPUPOJHO U HEHAPYIIEHO CTamke KBAJUTETA MOJ3EMHE BOJIE KOja ce JApeHHpa Ha
Bpeny bujenn Hepunu. Y mnoa3eMHO] Boau HHUje 3a0jelIeKeHO HMPHCYCTBO
xemujckor 3arahema (Fe=0,01 mg/l; Nu=0,1 mg/l; POs=0,02 mg/l; BPKs=2,1
mg/l), nok je 3a0jelieKeHO MPHUCYCTBO YKYIHHX aepoOHHMX OakTepuja - 744,
kosmpopMHUX OakTepuja - 19, anu He U PpekaHuX OakTepuja.
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Tabena 2. Pesynrat in situ Mjepema GU3UMIKO-XEMUjCKUX apaMeTapa
Table 2. Results of in situ measurements of physico-chemical parameters
Ec (uS/cm) pH | Oz (ppm) Eh (mV) | T(°C) | NTU
20.11.2021. 235 8,39 4,59 -69.,8 7,8 0,84
26.1.2022. 183 8,23 12,7 / / 0,28

Legend
@ Ca
@ Mg
@ Na+K

> Cl
& HCO3
S04

Cnuka 4. JlujarpamM 0CHOBHOT XEMH]jCKOT cacTaBa roj3eMHe Boje bujenux Hepuna
(RADULOVIC, 2000) u 26.1.2022. ronune

Figure 4. Pie chart of groundwater of Bijeli Nerini karst spring basic chemical composition
(RADULOVIC, 2000) and 26.1.2022.

3AK/bYYAK

MHnyjanHa ucTpakuBama KapcTHOT Bpena bujenmn Hepunu cy mokaszaia na je
MOJ3€MHA BOJla OBOT Bpeja H3Yy3eTHOT MHPUPOTHOT KBAJIUTETAa, Ca JOMHHAHTHUM
KaJIIMjCKUM ¥ XUAPOKApOOHATHUM JOHUMA, JIOK je U3JamHocT ocumupana ox 0,8 1o
npexo 4 m3/s. McTpaxkuBama ce HACTaBJbajy U O4eKyje ce na he y HapeIHuX roJuHy
JlaHa, cepHrja XUIPOMETPHCKUX Mjeperha U aHajIM3a KBaJIUTeTa IMOI3eMHUX BOJIa Bpeia
bujenun Hepunu nomohu y nedunucamy pexnma u pyHKIIMOHHCAbA KapCTHE U3AaHH,
3aBUCHOCTH ITUPKYJIAllMje ITOJ3EMHUX BOJA OJ] BEIUYMHE WHHITpaIHje, ald H
dbopmupamwy 3] mozena TepeHa, koju he oMoryhmtu na ce H3Bedy IPOCTOPHE
KBAHTUTATUBHEC W KBAJUTATHUBHEC aHAJIM3€ TICHE3C U q)yHKLlI/IOHl/IcaH)a KapCTHUX
npoBoaHuka. Pokyc he Out u Ha neduHUCcamy yTHIAja pacjena Mprsor Jlybokor y
yCMjepaBamy KpeTama BoJa Ha HCTPAKHOM MPOCTOPY.

RESULTS OF INITIAL HYDROGEOLOGICAL RESEARCH
OF KARST SPRING BIJELI NERINT (CENTRAL
MONTENEGRO)

Abstract. — The spring "Bijeli Nerini" (262 m.a.s.1.) is located on the northwestern slopes of
mountain Maganik, above the river Mrtvica (on its right bankside). The karst spring is a fractured
and partialy masked type (covered with blocks of limestone and dolomite). Research presented
in this paper has shown that this groundwater belongs to the calcium-hydrocarbonate class of
exceptional quality, with discharge ranges from 0.8 to 4.1 m?/s. It is a segment that completes

17



the overall picture of (hydro) geological and geomorphological specifics of the canyon of the
river Mrtvica, a right tributary of the river Moraca.
Keywords: Mrtvica, Bijeli Nerini, karst spring

INTRODUCTION

Karst terrain covers slightly more than 14% of the world's land, which is not
under perpetual ice and snow (STEVANOVIC, 2019). Significance of karst terrains, i.e.
karst groundwater accumulated in them is best illustrated by the fact that, although the
regime of karst aquifer can oscillate significantly during the hydrological year,
groundwaters from karst are the main source of quality drinking water for over 700
million world population (STEVANOVIC, 2019).

The purpose of researching karst (terrains), especially the morphology of karst
channels, can be very diverse, from the desire to discover new and unknown, through
research for tourism purposes, to exclusively scientific research and research related to
solving specific engineering-geological or hydrogeological problems, as is the case in
this paper. Defining hydrogeological relations, appearance and recharge of
groundwater, requires beside usual hydrogeological mapping, establishment of
monitoring network of groundwater, determination of their physical and chemical
composition, and tracing of groundwater flow directions.

In general, it is very difficult to define the hydraulic and physical parameters of
an anisotropic and heterogenic environment such as karst. Even when extensive
research has been performed, the results in the case of karst terrain cannot be
completely reliable in the entire wide area, but the results are usually limited to the
narrow area in which they were performed. It is often not possible to verify the obtained
values, nor to determine which part of the karst channels is active in hydrogeological
point of view and which one is out of function (i.e. filled with clay or calcite).

Groundwater in the terrains of Montenegro is mainly present within carbonate
rock masses of fissure-cavernous porosity and Quaternary glaciofluvial and alluvial
sediments of intergranular porosity. More than 60% of the territory of Montenegro is
built of carbonate rocks, which are characterized by significant groundwater reserves,
very good quality, so it is estimated that according to total water resources, Montenegro
is one of the richest water areas in the world, with an average annual runoff module
over 40 1/ s/kkm? (RADULOVIC M. et al. 2016). Karst groundwater is yielding through
numerous springs, which most often appear along the canyon of rivers (as is the case
with Bijeli Nerini), along the edge of karst poljes and other depressions, along the coast
and at higher elevations usually at the contact of permeable and impermeable rocks.

MATERIALS AND METHODS

General characteristics of the research area

The canyon of the Mrtvica river, on which right riverbank the karst spring Bijeli
Nerini appears, belongs to the mountain massif Maganik (Fig. 1), and is located in the

18



central part of Montenegro, about 30 km north from Podgorica and 30 km east from
Niksi¢. It is a very characteristic mountain area, with numerous peaks mostly connected
by passes and saddles, and sometimes vertical and even inaccessible rocks.

Nowhere in Montenegro as in this relatively small area, the relief is so dynamic
and fragmented. The relief was shaped by fluvial, karst and glacial erosion. The
limestone composition of Maganic caused a great vertical disintegration. Mountain
peaks rise: Medjedji (2130 m.a.s.l.), Kokotov (2000 m.a.s.l.), Petrov (2124 m.a.s.l.),
Tresteni (1980 m.a.s.1.) and others. The mountain ridges have very sharp peaks and the
mountain as a whole has a rugged appearance.

The Mrtvica river (catchment area F=207.7 km?) is one of the main right
tributaries of the Moraca river, and is formed from a series of streams in the village of
Velje Duboko (Visnje hamlet) at about 810 m.a.s.1., and flows until its confluence with
the Moraca river in place Medjurijecje at 180 m.a.s.l. Apart from Bijeli Nerini, which
are the subject of research, the Mrtvica river is fed by water from several periodic
streams on both sides (i.e. spring Jama), as well as the stream Dubo¢njak (F=24.4 km?),
which yields above the village Mrtvo Duboko at about 1100 m.a.s.l. Both watercourses
flow into the Mrtvica river downstream from the Bijeli Nerini karst spring. With the
help of the waters of the Nerini, the Mrtvica river maintains a constant flow throughout
the year, so that the average annual flow of 14 m’/s, average maximum 23.7 m’/s
(November) and average minimum 2.7 m>®/s (August) within the observation period
1960-2015.

The investigative area belongs to the Kucka tectonic unit, which structurally
represents a complex overturned anticline carbonate structure, on the northeast wing of
which there are thick deposits of Durmitor flysch, which is attached to this tectonic unit
as a regional dislocation in the Durmitor cover. The carbonate anticline part is marked,
among others, by the anticlines of Mrtvice and Moraca, as well as numerous synclines.
In addition to folds, numerous transverse, diagonal and longitudinal faults of different
intensity have been developed (KALEZIC et al, 1966). The diagonal fault of Mrtvo
Duboko with footwall (eastern) movement by more than 1000 m should be pointed out.

Dolomitic megalodon limestones and dolomites of the Upper Triassic form the
basis of the terrain into which the Mrtvica river intersected (KALEZIC et al, 1966). In
the canyon, a complete Lias (Figs. 2 and 3) was developed in the form of limestone and
dolomite up to 200 m thick, while the upper part of the profile consists of banked and
massive Doger and Oxford-Kimmeridge limestone (up to 200 m thick) and at the top
of the profile massive and banked dolomitic limestones and dolomites of Titon and
Lower Cretaceous period (over 50 m thick) could be found. Cretaceous sediments
discovered west of the canyon can reach a thickness of about 1000 m.

The karst spring Bijeli Nerini is a permanent gravitational spring, of the broken
type, whose primary zone of outflow is masked by limestone and dolomite blocks. The
appearance of karst springs in the Mrtvica canyon is conditioned by the geological
relations of the basis and overlaying layer (Fig. 3), so the Bijeli Nerini spring is formed
at the contact of Upper Triassic dolomites in the bottom (hydrogeological insulator)
and overlaying megalodon limestone limestones (hydrogeological collector).

The waters that yield at this spring feed the Mrtvica river even during the dry
period, when upstream from the spring, the Mrtvica river becomes an intermittent flow
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(RADULOVIC, 2000). The minimum yield of the spring is estimated at about 500 1/s,
while the maximum can be expected to be several cubic meters per second. The spring
catchment area is located in its southwestern hinterland (RADULOVIC, 2000), and for
the groundwater movement conditions in the Mrtvica river basin, authors of this paper
take into consideration the potential influence of tectonic characteristics of the terrain,
especially the already mentioned Mrtvo Duboko fault with SW-NE direction.
Downstream from Bijeli Nerini, there is the intermittent spring Jama, which appearance
also indicates the absence of significant karstification of dolomite of the Upper Triassic.

Research methodology

Previous research of the Bijeli Nerini karst spring have been more descriptive,
apart from defining the chemical composition of groundwater RADULOVIC (2000). The
focus of new research is focused on field measurements of yield (simultaneous
hydrometric measurements) and analysis of physical and chemical characteristics of
the spring, which drains the eastern part of the Maganik Mt.

The final result of the current research is the reconstruction and modelling of
hydrogeological characteristics of groundwater of complex karst aqifer. In addition to
extensive field work in the design of model, modern and complex computer programs
(ArcGIS, HydrassPro, etc.) will be used to enable spatial analysis of the genesis and
functioning of karst auifer in this area.

In order to establish the dependence Q=f(H), monitoring network of the karst
spring Bijeli Nerini was defined. Given the location and position of the spring, it is
practically impossible to install equipment for continuous monitoring at the location of
the occurrence of groundwater. To avoid these challenges, two measurement profiles
have been established in the Mrtvica river, one upstream and the other downstream of
the spring.

Measurements of physico-chemical parameters, as well as sampling for the
analysis of physico-chemical parameters of groundwater (and surface) water were
performed at the same places where the flow measurement was performed, as well as
at spring itself.

RESULTS AND DISCUSSION

Data on flows on predefined sections were obtained (Tab. 1), while the flow of
the river Mrtvica on HS Medjurijecje (according to the data of IHMS MNE) was used
as a control value.

From Table 1 it can be seen that the oscillation of the yield of the karst spring
Bijeli Nerini during the research from November 2021 to February 2022 was from
0.805 to over 4 m>/s, which confirmed the assumption of maximum expected yields of
this spring.

In terms of quality, the groundwater from karst spring Bijeli Nerini and the
surface water from the Mrtvica river do not differ too much (Tab. 2, Fig. 4) as expected.
On the other hand, this is to be expected, given that the presence of carbonate rocks is
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extremely pronounced in the field, and thus the basic components that predominate in
the chemical composition of water (Ca?", Mg?" 1 HCOj3") must be present. All analysed
parameters indicate a natural and undisturbed state of groundwater quality from the
karst spring Bijeli Nerini. No chemical pollution was observed in the groundwater
(Fe=0,01 mg/l; Nu=0,1 mg/l; PO4*=0,02 mg/l; BPKs=2,1 mg/l), while the presence of
total aerobic bacteria - 744, coliform bacteria - 19, but not faecal bacteria has been
recorded.

CONCLUSION

Initial research of the karst spring Bijeli Nerini showed that the groundwater of
this spring is of exceptional natural quality, with dominant calcium and hydrocarbonate
ions, while the yield fluctuated from 0.8 to over 4 m?/s. Research continues and it is
expected that in the next year, a series of hydrometric measurements and analysis of
groundwater quality of the karst spring Bijeli Nerini will help define the regime and
functioning of karst, dependence of groundwater accumulation and circulation on
infiltration, but also the formation of 3D model of terrain, which will enable spatial
quantitative and qualitative analyses of the genesis and functioning of karst conductors
to be performed. The focus will also be on defining the impact of the Mrtvo Duboko
fault in directing the movement of groundwater in the researched area.
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