VIl CTPYYHO COBETYBAHE CO
MEI'YHAPOOHO YYECTBO

NMOAEKC - NMNOBEKC ’15 7

13+ 15. 11. 2015 roanHa
KpyweBo

TEXHOJIOTNJA HA NOA3EMHA U NMOBPLUNHCKA
EKCMNINOATAUNJA HA MUHEPAJTH CYPOBUHU

36bOPHUK HA TPYOOBWU




360pHUK Ha TPyOoBMU:
TEXHONOIr’mMJA HA NOA3EMHA U NOBPLUMHCKA EKCNNOATALWUJA HA
MWHEPAJITHU CYPOBUHU

N3paBav:

3ApYyXKeHne Ha pyAapCcKu U reonoLlukn nHxeHepu Ha Penybnuka MakepoHumja
www.zrgim.org.mKk

MaBeH 1 OAroBOPEH ypeaHuK:
Mpod. A-p 3opaH decnoaos

YpenHuk:
Acc. o-p CrojaH4ye MujankoBcku

3a nspgaBavor:
FNopaH CapacdmmoB, aunn.pya.mHX.

TexHn4ka nogroToBKa:
Acc. o-p CrojaH4ye MujankoBcku

N3paboTka Ha HacnoBHa cTpaHa:
M-p BaH4yo Auncku

MevaTHUua:
Kanuorpadcoc, LUtun

MoanHa:
2015

Tupax:
130 npumepoumn

CIP - Katanorunsauuja Bo nybnukauuja
HauuoHanHa n yHuBep3auTeTcka bubnuoteka "Cs. KnumeHT Oxpuackun”, Ckonje

622.22/23:622.3(062)

CTPYYHO coBeTyBane co meryHapogHo yvectso [MOOEKC-NMOBEKC'14 (7; 2014; Pagosuwy)
TexHornorvja Ha noAg3eMHa ¥ NOBPLUMHCKA eKcnroaTalmja Ha MUHEpanHu CypoBMHU: 300PHUK Ha TpyaoBw /
VII cTpyyHo coBeTyBare co MeryHapogHo ydectso NMOOEKC-NOBEKC'14 14-15.11.2014 rognHa
Paposuw; [rmaeeH n ogroBopeH ypeaHuk 3opaH [decnogos, Pucto am6os]. - Ckonje:

30pyXeHre Ha pygapckun 1 reornoLlkn uHxeHepu Ha Penybnuka MakegoHuja, 2014-328 ctp.: unyctp.; 30
cMm

Abstracts koH TpygosuTe. - bubnuorpaduja KoH Tpyaosute
ISBN 978-608-65530-3-6

Cume npaea u o02o0e80pHocmMu 3a odneyameHume mpydoeu 2u 3adp)xyeaam aemopume. He e
do3eosieHo Humy edeH des 00 oeaa kHu2a 6ude penpodyyupaH, CHUMeH unu ¢gpomoepaghupaH
6e3 do3eosia Ha aemopume u uzdasayom.




OPIrAHU3ATOP:

3APYXEHUE HA PYOAPCKUTE W TEOJIOWKUTE
WHXXEHEPU HA PENYBJIMKA MAKEOOHUJA

wWww.zrgim.org.mk

KOOPIrAHN3ATOP:

YHUBEP3WUTET “rOLE AENYEB” - LUTWIM
PAKYNTET 3A NMPUPOAHU N TEXHUYKN HAYKH
NWHCTUTYT 3A PYJAPCTBO

HAYYEH OABOP:

Mpodh. o-p 3opan fecnopos, Y, ®INTH, WTtun, P. MakegoHuja;

Mpod. o-p 3opax Manos, Y[, ®MTH, Wrun, P. MakegoHwja;

Mpod. a-p OejaH Mupakoscku, YI'[l, ®MNTH, lWtnn, P. MakegoHuja;

Mpodh. o-p Topop Aenunetpos, YI, ®MNTH, WTtun, P. MakegoHwja;

Mpod. a-p bnaroj Nlonomeos, YI'[, ®INTH, WWtun, P. MakegoHwja;

Mpo. o-p Opue CnacoBcku, Y[, ®INTH, WTtun, P. MakegoHwja;

Mpodh. a-p Munow INpyjuk, NHCTUTYT 3a ncnutyBakwe Ha matepujanu, benrpag, P.
Cpbwja;

Mpod. o-p UBnua Pucrosuk, PId, benrpag, P. Cpbuja;

Mpo. o-p Butomup Munuk, TexHudkn pakyntet Bo bop, P. Cpbuja;

Mpod. a-p Metap OackanoB, Hay4yHO — TEXHUYKMN COjy3 3a pyaapcTBO, reosiornja m
meTanypruja, Coduja, P. bByrapuja;

O-p KpemeHa [legernaHoBa, Hay4yHO — TeXHWYKM COjy3 3a pygapcTBO, reosnoruja u
meTanypruja, Codwuja, P. byrapwja;

M-p Cawa MuTtuk, Pygapckn UHctutyt, benrpag, P. Cpbuja.

OPIrAHU3AUMOHEH OOBOP:
MNMpeTceparen:
Mpod. a-p 3opaH Aecnopos, YI', ®MTH, LWWtumn.

MoTnpeTtcepnartenu:

Mpod. Aa-p 3opan NManos, YA, ®MNTH, WTtun;
M-p Knpyo MunoB, PygHuk 3a 6akap “by4nm”, Pagosuiu.

FeHepaneH cekpeTap:

Mm-p Mopan Capadmmon, 3PI'MM, Kasagapuw.



YNEHOBU HA OPTAHU3ALUMOHUOT OABOP:

Acc. o-p CrojaH4ye MujankoBcku, YI'[l, ®INTH, WTun;

Jbynyo TpajkoBcku, 3PI'MM, KaBagapuu;

Muue Tpkanecku, MepmepeH kombuHaT, MNpunen;

3opaH Koctocku, Mapmo bunanko, MNpunen;

Wepud Anny, 3PITMM, KaBagapuum;

Oparad AumutpoBcKu, [Ip>kaBeH MHCNEKTOpaT 3a TeEXHMYKa uHcnekuumja, Ckonje;
®dunun MNeTtpoBckn, UMM PygHuk “3netoBo”, Npobuwitun;

Ibynye EdHyweB, MuHuctepcTBo 3a ekoHoMuja, Ckonje;

M-p Bopu4e NoueBcku, PygHuk “CACA”, M. KameHnuua;

M-p bnaroja Neopruescku, Al EJIEM, PEK Butona, NE PyaHuuu, butona;
M-p Cawo JoBueBcku, 3PIMMM, KaBagapuwm;

M-p MopaH Ctojkocku, PyaHuk “bena lMNona”, MNpunen;

M-p KoctaguH JoBaHoOB, ["'eonowlkn 3aBog Ha MakegoHuja, Ckonije;
M-p Tpajuye boweBcku, Pyanpoekr, Ckonje;

Yepno PucroBcku, PygHuk “CACA”, M. KameHnuua;

AHTOHMO AHTeBcku, UMM PygHuk “Topanunua”, K. NanaHka;
Oparan HaceBcku, N'MM, Ckonje;

Mune CtedraHoB, PyaHuk “banwanun”, Ckonje;

Xueko Kanecku, PyaHuk “Ocnomej”’, Knueso;

Mapwja lNeTpoBcka, CtonaHcka Komopa, Ckonje;

Mpod. a-p bopuc Kpcres, YI'[, ®INTH, WTun;

Mpo. o-p Mupjana Nonomeosa, Y[, ®MNTH, WTtun;

Mpodh. o-p Pucro flambos, YI', OINTH, WTun;

Hou. o-p HukonuHka floHeBa, YI'[, ®MTH, Wtun;

Hou. o-p Pucto NMonoscku, YI', ®MNTH, Wtun;

Jou. a-p Mapuja Xayn-Hukonosa, YI'l, ®MNTH, Wtnn;

Acc. o-p AdpoauTta 3eHgencka, YI'[, orNTH, lWtun;

Acc. m-p Pagmuna KapaHakoBa CtedhaHoBcka, Y[, ®IMTH, WTun.



VIl CTPYHYHO COBETYBAHE HA TEMA:
“TEXHOJIONNJA HA NOA3EMHA U NOBPLUMHCKA EKCIJTOATALIUJA
HA MUWHEPAJTHU CYPOBUHW”

- CO MefyHapOAHO y4ecTBO —

13 HoemBpwu 2015, Kpyweso

Penybnuka MakegoHuja

OPIrAHU3ATOP:

3OPY>XEHVE HA PYOAPCKUTE U TEONOLWKNTE MHXEHEPU
HA PEMYBJIMKA MAKEOOHWNJA
WWW.zrgim.org.mk

KOOPIrAHU3ATOP:

YHUBEP3WUTET “rOUE AENYEB” — WTKN
SAKYJITET 3A NMPUPOOAHUN N TEXHUNYKN HAYKU
NMHCTUTYT 3A PYOAPCTBO

www.ugd.edu.mk



VIII cTPYYHO COBETYBAHSE HA TEMA:

“TexHonoruja Ha noa3eMHa U NOBPLUMHCKA
eKkcnsioaTauuja Ha MMHepanHu CypoBUHU

NMOAEKC - NMOBEKC ’15 ~

3PITM pru_'eBo
13 +15. 11. 2015 rop.

NMPEAMOBOP

MelfyHapoOHOTO CTpy4yHO COBeTyBake 3a [MOoA3eMHata ekcnnoartaumja Ha
muHepanuute cyposuHn (MOLOEKC), 3a npenaTt ce ogpxa Ha 06.12.2007 rog. Bo
MpobuwTnn Bo opraHusaunja Ha Cojy3oT Ha Pygapckute u "'eonowkute NHxeHepn
Ha MakegoHuja (CPTUM).

Opg 2012 roguMHa coBeTyBak€TO € MPOLUMPEHO CO TPYAOBM O MOBpPLUMHCKATA
eKkcnrioaTaumja Ha MMHepanHn cypoBuHN n e nmeHysaHo kako NMOOEKC-INOBEKC.
CTpy4yHOTO cCoOBeTyBawe, Ha Tema: TexHomnorvja Ha noA3eMHa W MNOBpPLUMHCKA
eKcnroaTtaumja Ha MUHepariHM CyYpOBUWHW, TpaguuMOHANHO ce oApXyBa cekoja
roguHa BO Mecel, HoeMBpu. Ha oBa coBeTyBake 3emaaTt y4yecTBO roriem 6poj Ha
CTPYyYHM nuvua of: pydapckaTa WHAYCTpWja, YHUBEP3UTETUTE,  Hay4Ho-
NUCTPaXXyBaykNTE M NPOEKTAHTCKUTE OpraHusaumu, nNpou3BoauTeNuTe Ha onpemMa u
Ap.

Ha pocerawHute cegym coseTyBana (2007, 2008, 2009, 2010, 2011, 2012 n 2014
rog.) ydectsyBaa MnoBeKke aBTOpu o4 8 OpkaBW, KOu npeseHTupaa 184 cTpyyHu
TPYAOBMW.

3a oBa ocmo cosetyBawe (INMOAEKC - NMOBEKC ’15) npujaBeHn ce 27 Tpyda, Ha
aBToOpu o4 3 ApXKasW.

lonemunoT 6poj Ha TpyaoBM of AOMAaLLUHUTE aBTOPW Mpou3rese Kako pesyntar Ha
Hay4HO-UCTpaxyBaykaTta pabota peanumsMpaHa Ha BUCOKOOOPA30BHUTE MHCTUTYLIUU
Bo P. MakegoHuja. Merytoa, nocebHo He pagyBa Yy4eCTBOTO Ha aBToOpuU Of
HenocpeaHOTO pydapcko MpPOM3BOACTBO, KOW LUTO Mpe3eHTupaat nocTurHaTm
pesynrtaTu BO pygapckaTa npakca.

Ce HageBame geka Tpaguuujata 3a cobupare Ha cuTe cneuunjanuct og obnacta
Ha noasemMHaTa M NOBpLUMHCKaTa ekcnfoataumja Ha MUHepanHUTe CypoBWHWU, Ke
npodomkKM W [eka BO WOHWMOT Mepuos OBa COBETyBawe Ke npepacHe BO
MeryHapoAeH CUMMMO3nyM.

YpegHuum



VIII'" EXPERT CONFERENCE THEMED:

“Technology of underground and surface mining of
mineral raw materials”

PODEKS - POVEKS '15_~

AMGEM Krusevo
13 +15. 11. 2015.

FOREWORD

The International expert conference on underground mining of mineral raw materials
(PODEKS), organized by the Association of Mining and Geology Engineers of
Macedonia (AMGEM), was first held on 06.12.2007 in Probishtip.

Since 2012, in this counseling, surface exploitation of mineral resources is included
too, and it is called PODEKS-POVEKS.

This expert conference called: Technology of underground and surface mining of
mineral raw materials, traditionally, has been organized annually during November.
A number of experts from the mining industry, universities, research institutions,
planning companies, and equipment manufacturing companies participate in this
conference.

Many authors from 8 countries participated in the previous seven conferences (2007,
2008, 2009, 2010, 2011, 2012 and 2014) presenting 184 expert papers.
Twenty-seven authors from 3 countries have registered their expert papers for the
VIII™ conference (PODEKS - POVEKS ’15).

The large number of expert papers from the domestic authors has emerged as a
result of the research work carried out at the higher education institutions in the
Republic of Macedonia. We are particularly delighted by the participation of the
authors involved in the immediate mining production who will be presenting the
achieved results in the mining practice.

We hope that the tradition of gathering of all specialists from the field of underground
and surface mining of mineral raw materials will continue and that this conference
will grow up to an international conference in the future.

The Editors
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MOHUTOPUHI HA BOOAUTE OKOJlY APEHAXHUOT CUCTEM HA
PYOHUKOT 3A BAKAP BYYUM U UHCTAJTALIMJATA
3A JIYXXEHE HA BAKAP

Fepacum Konsynoe', Cape Capagpunocku’,
Janu6op Cepagpumoscku?’, MopaH Tacee®
LANTY “Byqum” JOO-Padosuw, P. MakedoHuja
2YHusep3umem “loue Jenues’, ®akynmem 3a uHgpopmamuka, LLimun, P. MakedoHuja
*YHusep3aumem “loue denyes’, ®Qakynmem 3a npupodHU U MEeXHUYKU HayKU,
UHecmumym 3a 2eonoeuja, Lmun, P. MakedoHuja

AncTtpakT: Bo 0BOj Tpya 6u cakane ga rm npeseHTupamMe HaolMTe HajHOBM pe3ynTtaTu BO
norneq Ha KoHTamuHaumjata co 6akap OKOny APEHaXHUOT CUCTEM Ha PYAHMKOT 3a Bakap
Byunm 1 6nuckaTta nocTtpojka 3a nyxewe Ha Gakap. VMiIMeHo, BO OKONMMHaTa Ha PYyAHUKOT
Byuum Ovne yTBpAEHM HEKONKYy TakaHapeyeHW BPenu-TOYKM Ha KOHTaMuHauuvja, Kowu ce
MaHudecTnpane co u3pas3eH kucen kapaktep Ha pyaHudkute Boam (pH 3.6-5.5) un
3ronieMeHn KoHueHTpaummn Ha 6akap Ao 800 mg-I™“Cu. Mo n3rpagbata Ha nocTpojkaTa 3a
ny>Xewe 1 3aTBOPEHNOT CUCTEM Ha BOAWN, KOHTAMUHALMCKOTO BrujaHWe BP3 MOBPLUMHCKUTE
N nog3emMHUTEe BOAM 3HAYUTENHO € HamaneHo. [lo3uTuBHUTE edeKkTM BO nornesd Ha
KOHTaMMHauujaTa Ha >XMBOTHaTa cpeguHa, No HuWBHaTa wu3rpagba, ce wHOUUMpPaHKW CO
pe3yntatute o4 MOHMTOPUHIOT BO 2012 n ocobeHo co pe3yntatute 04 MOHUTOPUHIOT BO
2013 n 2014. Cnopep pesynratute o MOHUTOPUHIOT Bo 2013, KOHLEHTpauunTe Ha 6akapoT
6une Bo oncer of <0.01 go 1.6 mg-I"* Cu, goaeka MOHMTOPUHIOT Bo 2014 nokaxan Aypu
nopobpu pesyntatu co oncer o 0.01 40 0.98 mg-I™* Cu n pH 4.50+8.40, wTo camo no cebe
300pyBa 3a MOCTUrHaTUTE MO3UTMBHM edeKTU OA KOHCTPyKUuMjaTa Ha nocTpojkata 3a
nyxewe Ha 6akap 1 3ahaTeHnTe ApeHaKHN BOAMW.

Kny4Hun 36opoBu: nyxewe, pyaHuk 3a 6akap by4ymm, MOHUTOPUHT, KOHTaMUHaUWja.

WATER MONITORING AROUND THE BUCHIM COPPER MINE
DRAINAGE SYSTEM AND INSTALLATION FOR COPPER LEACHING

Gerasim Konzulov?, Sare Sarafiloski', Dalibor Serafimovski?, Goran Tasev®
! DPTU “Bu¢im” DOO-Radovis, R. Macedonia
2 University “Goce Delcev”, Faculty of Infromatics, Stip, R. Macedonia
3 University “Goce Delcev”, Faculty of Natural and Technical Sciences,
Institute of geology, Stip, R. Macedonia

Abstract: In this paper we would like to present ours latest findings in regards to copper
contamination around the Buchim copper mine drainage system and adjacent copper
leaching facility. Namelly, several so-called polluting hot-spots around the Buchim copper
mine have been determined, which manifested pronounced acidic character of mine waters
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(pH 3.6-5.5) and increased copper concentrations of up to 800 mg/l Cu. After the leaching
facility and closed water system were built, the influence of pollutants to surface and ground
waters significantly decreased. Positive effects in regards to environmental pollution
following their construction were indicated by the results of the 2012 monitoring and
especially by the results of the 2013 and 2014 monitoring. According to the monitoring in
2013, copper values ranged from <0.01 to 1.6 mg-I* Cu while 2014 monitoring have shown
even better results from 0.01 to 0.98 mg-I™* Cu and pH 4.50+8.40, which itself speaks about
the positive effects achieved with constructions of the copper leaching facility and engulfed
drainage waters.

Keywords: leaching, Buchim copper mine, monitoring, contamination.
INTRODUCTION

The Buchim Mine has been built 35 years ago on the well-known porphyry copper deposit
Buchim and during its long and continuous mine production around the mine were created
surface waste dump where have been stored more than 130 Mt of waste and hydrotailing
dam with more than 110 Mt of tailing. Here we wouls like to stress out that there are several
areas at the Buchim Mine system that are of particular environmental concern: the open pit,
the heap leach pad, waste dump, tailing dam and the system of underground fractures that
control groundwater movement. Short term environmental concerns include the presence of
cyanide and metal rich solutions in the leach pad, while the long term environmental concern
is acid mine drainage. Although acid drainage is commonly associated with the extraction
and processing of sulfide-bearing metalliferous ore deposits, acidic drainage can occur
wherever sulfide minerals are excavated and exposed to atmospheric oxygen (Turekian,
2003). In regards to the secondary landfills (waste dump and hydrotailing dam) they for
years have been considered as basic sources of anthropogenic influences and
contamination of air, soils and especially waters. Here we would like to stress out that the
Buchim Mine was is especially prone to the environment danger of acid mine drainage
because all of the rocks there have lost their capability to buffer acids due to acid sulfide
hydrothermal alteration and contrary to the fact that rocks of Buchim deposit contain less
than 7%, sulfides, since no carbonates are present to counteract the acid waters, the pH
remained very low. The acid mine drainage has the most potential to affect water quality in
the downstream agricultural and wetland areas of the Damjan Field and Kriva Lakavica
Valley. Suposed process of contamination lasted since 1979 until 2011 when below the wa-
ste dump was built copper leaching facility that for its process completely engulfed drainage
waters in the area and Madenska River and river flows below were completely deconta-
minated. Some of the preliminary publications that have studied the issues of mine pollution
at the territory of the Republic of Macedonia, including area around the Buchim Mine, can be
found in Serafimovski et al., (2004), Alderton et al., (2005), Boev and Lepitkova (2005),
Bermanec et al., (2005), Serafimovski et al., (2005a), Serafimovski et al., (2005b), Serafimo-
vski et al., (2011a), Serafimovski et al., (2011b), Serafimovski et al., (2013) and Serafimovski
et al., (2014). After that period studies around the Buchim Mine have been intensified and
have been set monitoring points for particular hot spots around waste dump and tailing dam
with associated water drainage, ambiental dust monitoring, monitoring of soil contamination
etc. Considering that issue there have been completed some significant studies of soil conta-
mination such are Balabanova et al., (2009), Stafilov et al., (2010), Mihajlov et al., (2011).

1. METHODOLOGY

Samples were collected during the continuous monitoring in period from 2007 to 2010 and
lately in 2013 and 2014 from the most environmentally threatening hot spots within the
Buchim mine drainage system outlined below. Water was collected in polythene syringes,
passed through a 0.45um filter and transferred into polythene tubes. Water was acidified
with 0.4 ml of 50% nitric acid. Conductivity and pH were measured in the field for all water
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samples. Samples were stored in a cool and dark place until they were returned to the
laboratory analysis. Solutions were analysed by ICP-AES or ICP-MS, depending on
concentrations. A large number of analytes were determined but only those that are likely
mining related and environmentally significant are presented and discussed here. The conc-
entrations were compared to reference guidelines (Maximally Allowed Concentrations-MDK)
to assess their significance.

2. MAJOR WATER CONTAMINANTS AROUND THE BUCHIM MINE AND SAMPLING
LOCATIONS

In the adjacent vicinity of the Buchim Mine have been located the few important hydrological
objects, waste dump, ta|I|ng dam, Ieachlng factory and closed cwcwt water system (Figurel).
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Figure 1. Topographlc map of the Buchim Mine area with monitoring points

Draining waters from the mine waste are composed of meteoric waters flowing from upper
parts above the mine waste pile (mine yard and Buchim village area) and passing through
the mine waste, rain waters passing though the mine waste dump and flowing further
downstream and ground waters infiltrating through the mine waste dump. Buchim Dol
(Buchim Lake)-before the start of mine production it was built drainage system/collector, with
channels around the location perimeter planned for the mine waste dump, draining into the
Madenska River (Figure 2).

b)

Figure 2. Madensa River before the construction of the leaching facility (a) and Madenska
River after construction of the leaching facility (b)
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Also, the hydrotailing dam is one pollutant, which drainages through the Topolnicka River.
The negative influences of the Buchim pollutants clearly can be seen at the Figure 2a where
the water in Madenska River is absolutely blue as a direct result of pollution.

3. RESULTS AND DISCUSSIONS FROM THE MONITORING IN 2013 AND 2014

In Table 1 are shown measured copper concentration values by months through the period
2007-2010 in samples from 5 sampling points.

Table 1. Mointoring of copper concentrations in waters around the Buchim Mine, 2007-2010

Parameter pH Copper (mg-l™) | MDK Class lll (mg-1™)
VP-1 5.7+7.5 0.0075+0.05 0.05
VP-2 4.1+5.9 9.8+207.0 0.05
S-1 4.1+5.0 8.8+69.0 0.05
S-5/6 3.8+4.8 16.5+551.0 0.05
S-7 5.8+6.7 0.002+1.3 0.05

Note: VP-1 Hydrotailing collector; VP-2 Topolnica River, under the bridge on the Radovis-Stip road;
S-1 Buchimski Dol under the dam; S-5 Jasenov Dol earthen embankment (left side); S-6 Jasenov Dol
earthen embankment (right side); S-7 Drinking water well.

The highest concentrations of copper were determined at the monitoring points VP-2 (To-
polnica River, under the bridge on the Radovis-Stip road, 9.8+207.0 mg-I™ Cu), S-1 (Buchi-
mski Dol, outflow from Buchim Lake, range 8.8+69 mg-I* Cu) and S-5/6 (Jasenov Dol creek,
outflow from the mine waste dump, range 16.5+551 mg-I* Cu). At these particular sampling
points pollution used to be severe and thousand(s) of order higher than MDK Class Il
reference value. At VP-2 sampling point pollution was higher than standard values from 196
up to 4140 times, at S-1 from 176 up to 1380 times, while at the S-5/6 they were of highest
order, from 330 up to 11010. All of them with ease can be attributed to the anthropogenically
introduced factors-sources (ore excavation, waste disposal, mine processing etc.).

The latest monitoring of the ground and surface waters around the Buchim mine has been
established after the construction of the copper leaching facility (Figure 3). The leaching
facility has been located under the main waste dump of the Buchim mine and encompasses
all the drainage surface waters from the waste dump and the Buchim mine (Figure 3). There
is closed circular system for treated waters and surface waters are completely encompassed
within the system (Figure 3).

igre 3. a) Copper leaching facility t te Buchi ine the construction of the Ieachng
facility; b) Panoramic view of the leaching facility and closed circuit water system;
c) copper drainage from the oxide ore pile
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Studied monitoring sites of established piezometers have shown significantly lower values
for copper and other parameters measured in 2013 (Table 2) and 2014 (Table 3) than those
in period 2007-2010 (Table 1).

Table 2. Mointoring of the copper concentrations in waters around the Buchim Mine (2013)

March, 2013 June, 2013 September, 2013 December, 2013 MDK Class

(mg-7) (mg-1?) (mg-™) (mg-?) ll (mg-1?)
VP-1 0.15 0.01 0.01 0.01 0.05
VP-2 0.01 0.01 0.08 0.01 0.05
S-1 0.01 0.23 0.01 0.65 0.05
S-2 1.6 0.95 0.9 0.53 0.05
S-3 0.6 0.7 0.65 0.3 0.05
S-4 0.05 0.05 0.03 0.01 0.05
S-5 0.4 0.57 0.52 0.45 0.05
S-6 0.09 0.05 0.05 0.47 0.05
S-7 15 0.48 0.02 0.01 0.05

Note: VP-1 Hydrotailing collector; VP-2 Topolnica River, under the bridge on the Radovis-Stip road;
S-1 Buchimski Dol under the dam; S-2 Damjan Field at the end of the Buchimski Dol; S-3 Confluence
of Jasenov Dol creek into Topolnicka River; S-4 Copper leaching facility; S-5 Jasenov Dol earthen
embankment (left side); S-6 Jasenov Dol earthen embankment (right side); S-7 Drinking water well.

From the data in table above it can be seen that in the majority of analyzed water samples
have been determined higher concentrations than the maximally allowed concentrations
(MDK) for copper in class Il waters. However, we have to point that measured values given
in the Table 2 above were amazingly lower than those obtained in period 2007-2010. For
example values at point VP-2 were in the range 0.1 to 0.08 mg-I"* Cu, which is a decrease in
comparison to period 2007-2010 of at least 122 to 2587 times. Quite similar were impro-
vements at sampling point S-1 with newly measured 0.01 to 0.65 mg-I™ Cu, which is at least
13 to 106 times lower than previous, as well as at sampling point S-5/6 with newly measured
0.09 to 0.57 mg-I™* Cu, which is at least 29 to 967 times lower than previous. Also, that there
is a correlation between the measuring points and obtained copper concentrations in
different periods of 2013, can be seen at the diagram below (Figure 4).
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Figure 4. Diagram of copper distribution in the monitored mine drainage
system waters around the Buchim copper mine throughout 2013

The latest monitoring of the ground and surface waters around the Buchim mine was
performed throughout 2014 (Table 3).
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Table 3. Mointoring of the copper concentrations in waters around the Buchim Mine (2014)

March, 2014 May, 2014 September, 2014 | December, 2014 | MDK Class llI

(mgll) (mgll) (mgl/l) (mgll) (mg/l)
VP-1 0.03 0.01 0.01 0.01 0.05
VP-2 0.03 0.01 0.01 0.05 0.05
S-1 0.03 0.01 0.01 0.01 0.05
S-2 0.94 0.95 0.97 0.98 0.05
S-3 0.56 0.75 0.83 0.23 0.05
S-4 0.04 0.01 0.01 0.05 0.05
S-5 0.08 0.53 0.33 0.1 0.05
S-6 0.42 0.01 0.01 0.11 0.05
S-7 0.45 0.52 0.24 0.2 0.05

Note: VP-1 Hydrotailing collector; VP-2 Topolnica River, under the bridge on the Radovis-Stip road,;
S-1 Buchimski Dol under the dam; S-2 Damjan Field at the end of the Buchimski Dol; S-3 Confluence
of Jasenov Dol creek into Topolnicka River; S-4 Copper leaching facility; S-5 Jasenov Dol earthen
embankment (left side); S-6 Jasenov Dol earthen embankment (right side); S-7 Drinking water well.

As can be seen from data in table above it can be seen that in the majority of analyzed water
samples have been determined higher concentrations than the maximally allowed conce-
ntrations (MDK) for copper in class Ill waters, but now we have at several sampling locations
values below the standard. Also, we would like to point out that decrease trend noticed in
2013 continues in 2014 meaning that measured values given in the Table 3 above were sitill
amazingly lower than those obtained in period 2007-2010. For example values at point VP-2
were in the range 0.1 to 0.03 mg-I* Cu, which is a decrease in comparison to period 2007-
2010 of at least 326 to 6900 times. Quite similar were improvements at sampling point S-1
with newly measured 0.01 to 0.03 mg-I™* Cu, which is at least 293 to 2300 times lower than
previous, as well as at sampling point S-5/6 with newly measured 0.01 to 0.53 mg-I* Cu,
which is at least 31 to 1039 times lower than previous. Also, previously noticed correlation
(2013 data) that there is a correlation between the measuring points and obtained copper
concentrations in different periods of 2014, was confirmed one again and can be seen at the
diagram below (Figure 5). Also, we would like to stress out that one more trend was noticed
while comparing data from 2013 and 2014.
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Figure 5. Diagram of copper distribution in the monitored mine drainage
system waters around the Buchim copper mine throughout 2014

Namely, there is continuous decrease of values in 2014 compared to those of 2013 while at
neither sampling point values haven't been higher than 1 mg-I* Cu (compared to maximal
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1.60 1 mg-I™* Cu in 2013), which it must certainly be welcomed in terms of environmental
protection and the correct direction of development specified by the management of the
Buchim Mine.

4. CONCLUSION

Several pollution hot-spots have been determined in the drainage system around the Buchim
copper mine, which manifested pronounced acidic character of mine waters (pH 3.6-5.5) and
increased copper concentrations of up to 800 mg/l Cu. After the leaching facility and closed
circuit water system were built the influence of pollutants to surface and ground waters
dramatically changed in period of few years, which has been confirmed by latest monitoring
in 2013 and 2014. From the review of the monitoring of ground and surface waters, around
the Buchim mine for the aforementioned period, it can be concluded that copper
concentration at studied sampling points showed continuity of measured values that are
slightly higher, but does not drastically differ from the MDK standards.
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