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Conception to set up a new groundwater monitoring
network in Serbia
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Abstract?. The Water Framework Directive of the European Union (WFD) adopted in year 2000. outlines
number of water policy and management actions, where monitoring is of primary importance. Following
WED principles Serbia adopted new legislation in water sector aiming to conserve or achieve good ecologi-
cal, chemical and quantitative status of water resources. Serbia, as most of the countries of former Yugoslavia
mostly uses groundwater for drinking water supply (over 75%). However, the current situation in monitoring
of groundwater quality and quantity is far from satisfactory. Several hundred piezometers for observation of
groundwater level under auspices of the Hydrometeorological Service of Serbia are located mostly in alluvi-
ums of major rivers, while some 70 piezometers are used by the Serbian Environmental Protection Agency
for controlling groundwater quality. Currently only 20% of delineated groundwater bodies are under observa-
tion. This paper evaluates current conditions and proposes to expand national monitoring network to cover
most of groundwater bodies or their groups, to raise number of observation points to a density of ca. 1 object
/200 km? and to include as much as possible actual waterworks in this network. Priority in selecting sites for
new observation piezometers or springs has to be given to groundwater bodies under threats, either to their
water reserves or their water chemical quality. For the former, an assessment of available renewable reserves
versus exploitation capacity is needed, while to estimate pressures on water quality, the best way is to com-
pare aquifers’ vulnerability against anthropogenic (diffuse and punctual) hazards.
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Ancrpakr. OxBupHa qupekTHBa o0 Bogama EBporicke Vaumje (OAB) ycBojena 2000. rogure, yTBphyje oc-
HOBHE TOJIMTUKE U yIpaBJbatkha BOAHUM PECYpCHMa, IIPU YeMy je MOHHTOPHHI BOJA OX IPHMAapHOT 3Ha4vaja.
Cpbuja je ycBojuna ocHoBHe npuHImne O/IB kpo3 nHOBHpaHU 3aKOH O BOJaMa KOjU NMPOMOBHIIE IUIJBCBE
odyBamba WM IIOCTHU3amha Z[06p01" CKOJIOIIKOT', XeMI/IjCKOF U KBAaHTUTAaTUBHOI' CTaryCa BOAHUX pECypca.
Cpbuja, xkao u Behuna 3emaspa OuBIIe Jyrociasuje, 3a muhe yriaBHOM KOPUCTH Hoa3eMHE Boje (0Ko 75%).
MelyTuM, TpeHyTHA CUTYalHja y IOIIey MOHUTOPHHTIA KBAJIUTETA U KBAHTHTETa ITOA3EMHUX BOJA JIAJIEKO je
o7 3a10BoJhaBajyhie. Hekomiko CTOTHHA MHje3oMeTapa 3a OcMaTpame HHBOA IMOA3EMHHX BOIA IO WHIe-
peHjoM Xuapomereoposomkor 3asojga CpOuje, Hanasy ce yriaBHOM y anyBHjoHHMa Behux peka, 1ok ce
oko 70 muje3omerapa KOPUCTH O] CTpaHe ATeHIMje 3a 3alTUTY XUBOTHE cpeauHe Pemyonuke CpOuje 3a
Y30pKOBamke M KOHTPOJIY KBaJUTETa MOM3EMHUX Boaa. TpeHyTHO ce camo oko 20% om ykymHOr Opoja
M3]IBOjEHUX BOJHUX Tella HaJla3u [0 MOHUTOPHHIOM PEXUMa KBAJIUTETa M KBaHTHTeTa nojx3eMHe Boze. OBaj
IPUJIOT Jaje Tperie]l akTyeIHOT CTamba M Cagp KU MPEeIUIor MPOIINpekha HAMOHATIHE MPEKe MOHUTOPHHTA
Koja Mopa Jla TOKpHje W3IBOjeHa Tela MOA3EMHUX BOIA WIH HBHUXOB HajBehm 1eo, kako OM ce MOCTHIa
no)keJbHa rycTuHa oxf oko 1 objexra Ha 200 km?2. IIpu ToMe, y HMIbY pallioHAIM3aLMje TPOIIKOBA, Tpebalo
0M y HaIIMOHAJIHY MPEXY YKJbYUHTH IITO je Moryhe BuIlIe jaBHUX BOJIOBOJA U JPYTMX KOPHCHHKA TTO3EMHUX
Boza. IlpropuTer y oabupy Jiokaiyje 3a HOBe ocMarpadke MUje3oMeTape MM M3BOpe Yy KapcTy Tpeba Ja
MMajy BOAHA TeJa IToJ] MPUTHUCKOM Ha BOAHE pecypce (MHTEH3MBHA E€KCIUIOAaTalfja), Wi Ha KBAJIUTET BOJAE
(peructpoBana 3araljuBama WIH IPEKOMEPHH Ca/IPKaj TI0jeTMHIX KOMITIOHEHTH XEMH]jCKOT cacTaBa). 3a OleHy
NPUTUCKA HA KBAHTUTET, OTPEOHA je peallHa IpOLeHa PACIIOIOKMBUX OOHOBJPMBUX PE3EPBH BOJAA Y OIHOCY
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Ha aKTyeNlHy eKCIUIOATaIlH]y, IOK je 3a IPOIeHy NMPUTHCKA Ha KBAJINTET BOJE HAjOOJbH HAYMH Jla Ce YIOPEIN
PamUBOCT KOHKPETHHX HM3aHU Y OTHOCY Ha aHTpomoreHy (audys3Hy M TadukacTy) HpeTmy 3araluBameM

(omieHa xazapja).

Kiby4He peun: MOHUTOPHHT, ITOA3EMHE BOJE, ,,100ap‘ craryc, OkBupHa aupektuBa EY o Bogama, Cpouja.

Introduction

The complex geology of Serbia and adjacent areas
has produced hydrogeological heterogeneity and con-
siderable variety in aquifer systems and groundwater
distribution. The area is characterized by both, the pres-
ence of formations with small groundwater reserve (Pa-
leozoic formations, magmatic and metamorphic rocks,
Jurassic and Cretaceous flysch or deeper and thick sed-
imentary complexes), as well as Mesozoic carbonate
rocks, and Tertiary or Quaternary alluvial and terrace
deposits which can be very rich in groundwater. Serbia
is therefore a relatively rich in groundwater reserves,
deposited in different aquifer systems, but unequally
distributed along the territory. The major groundwater
reserves are accumulated in thick Quaternary and
Neogene intergranular aquifers and in karstic aquifers
which dominate in south-western and eastern regions
of Serbia (STEVANOVIC 1995). Alluvial aquifers of large
rivers (the Danube, Sava, Velika Morava and Drina) are
particularly important and widely used for drinking
water supply. Roughly 90% of the population has
access to the public water supply, while some 75% of
water for public water supply is abstracted from
groundwater resources. In some areas, currently tapped
resources are unable to quantitatively meet the popula-
tion’s water demand. However, there are other consid-
erable groundwater resources especially in alluvium of
large rivers or in karstic aquifers which are still under-
exploited. Artificial recharge is also not used to a large
extent: Only around 1 m3/s of water is delivered by
such sources, which represents less than 5% of the esti-
mated prospect (DIMKIC ef al. 2011).

Most resources deliver a good natural groundwater
quality. The main exception is the northern Serbian
province of Vojvodina where thick Pleistocene and
Neogene sediments of the Pannonian basin formed
sub-artesian aquifers. The organic material has been
deposited in the natural sediments, and groundwater is
frequently loaded with organic substances and ammo-
nia, occasionally, also arsenic or boron.

Although large groundwater consumer Serbia is not
properly organizes monitoring of groundwater quality
and quantity. Situation is not very different in other
countries of former Yugoslavia with exception of
those which already become EU members. The obli-
gations of Serbia and steps to be taken to achieve EU
standards in environmental sector and particularly
requirements of Water Framework Directive (WFD,
60/2000) should definitely include reorganization of
current Monitoring network and strengthening of te-
chnical capacity of responsible institutions.

History of the existing hydrological
network and groundwater monitoring

Systematic groundwater monitoring in Serbia
began immediately after World War II. Network of
groundwater monitoring stations were set up in 1947.
under a decision of the Federal Administration of the
Hydrometeorological Service of the Federal People’s
Republic of Yugoslavia. In 1948, groundwater moni-
toring was initiated at 41 stations and as early as 1950.
the number of stations grew to 233 and then in 1960.
to 279. Unfortunately, some of the stations were shut
down and abandoned from 1961. and 1990, such that
in 1990. there were only 201 piezometers in place.
However, after 1990, the Republic Hydrometeorolo-
gical Service of Serbia (RHMS) placed increasing
emphasis on groundwater monitoring. The number of
restored and new piezometers grew and doubled by
2014. when the number of monitoring stations was
409 (Fig. 1). Groundwater levels and temperatures
had been measured since the very beginning but
groundwater sampling for analyses began in 1968. at
35 stations (piezometers). The number of stations has
varied since 1969, from as low as 34 to a maximum of
84 (Kocic 2004; NIKOLIC et al. 2012).
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Fig. 1. Number of groundwater monitoring stations in Ser-
bia after WW II.

In spatial terms, the stations have been set up sole-
ly in the alluviums of large rivers and at aquifers com-
prised of Quaternary (Pleistocene) sediments in the
Province of Vojvodina. With regard to watersheds, the
national network of stations covers the Velika Mora-
va, Zapadna Morava, Juzna Morava, Kolubara and
Mlava rivers, the District of Macva and the provinces
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GROUNDWATER NETWORK
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In 2008 groundwater regime monitoring
was performed on a total of 415 stations
within 13 areas:

1 VELIKA MORAVA
- 1 main station
- 70 stations of the first level
- 21 stations of the second level
2 ZAPADNA MORAVA
- 1 main station
- 7 stations of the first level
- 12 stations of the second level
'3 JUZNA MORAVA
- 1 main station
- 15 stations of the first level
- 18 stations of the second level
4 VETERNICA
- 7 stations of the second level
5 KOLUBARA
- 12 stations of the first level
- 13 stations of the second level
6 MLAVA
- 4 stations of the second level
7 MACVA
- 1 main station
- 16 stations of the first level
- 31 stations of the second level
9 PANCEVACKIRIT
- 3 stations of the second level
\ 12 METOHIJA
- 9 stations of the second level
(\, 14 PODUNAVLJE
|

1%

S

\‘"\-'-.'\‘A
S

- 1 main station

- 4 stations of the second level
18 BACKA

- 28 stations of the first level

- 23 stations of the second level
19 BANAT

- 46 stations of the first level

- 36 stations of the second level
20 SREM

- 14 stations of the first level

- 10 stations of the second level

50 100 km

Fig. 2. Network of groundwater monitoring stations of Serbia.

of Kosovo & Metohija and Vojvodina. Figure 2 shows
the distribution, along with the numbers and cate-
gories of stations.

Apart from monitoring groundwater that occurs in
aquifers of the intergranular porosity type, regardless
of the significance of the groundwater reserves, very
little or no monitoring has been undertaken to date of
the other types of aquifers (above all karstic aquifers).
For instance, Vrelo Mlave (the source of the Mlava
River) was the first karst spring where water level
regime monitoring was started in 1949, at the Zagubi-
ca Station. Hydrometric surveys to determine the dis-
charge rates of the spring began at that station in 1966,
and monitoring and surveys of this spring have con-
tinued to the present.

In the mid-1990s, discharge measurements were
made at 19 karst springs, but as part of only one or not
more than two hydrometric survey campaigns. These

springs included among others: Banja Spring (Rakova
Bara), Krupaja Spring (Milanovac), Lesje Spring, Pet-
nica Spring, Gradac Spring, Andri¢ Spring (Ravni),
Tolisnica Spring, Gostilje Spring, Vapa Spring, Veliko
vrelo (Strmosten) (STEVANOVIC et al. 2012b). Un-
fortunately, monitoring of these springs was mostly
cancelled in period 2004-2006.

Out of RHMS programme, monitoring of ground-
water is also undertaken at city level, and source level
(waterworks), as well as in a portion of riparian lands
of the Danube, Sava, and Tisa rivers which are within
the backwater zone of the Djerdap dam (fron Gate
Dam constructed at Danube). The late Monitoring
programme was put in place in 1977, to record the
effects of the Danube’s impoundment on the ground-
water regime, to assess the effectiveness of drainage
systems (new, reconstructed and non-reconstructed),
to improve their operating modes, and to determine
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the need for and undertake timely interventions to
protect the area. More than 700 piezometers were
monitored during the past decades in order to define

ZORAN STEVANOVIC, VESNA RISTIC VAKANJAC & SASA MILANOVIC

the groundwater regime and assess the Djerdap dam
backwater impact on riparian lands (DIMKIC et al.
2011).
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EU Water Framework Directive and
Serbia’s implementation tasks

In October 2000, the European Parliament and the
Council of the European Union adopted the Water
Framework Directive (WFD, 2000/60/EC). In this
directive, the European Union modified its previous
approaches to recommend control of only heavy and
specific pollutants such as nitrates, and established a
new long-term strategy in the water sector. The WFD
is founded upon the management of water resources at
a river basin level. It identifies the conditions that are
expected to ensure the implementation of sustainable
water use and water protection, while its ultimate goal
is to achieve “good status” of all natural water re-
sources, or to ensure good chemical and ecological
status of ground, and surface waters, respectively. The
main EU objectives set forth in the WFD are:

e Comprehensive protection of all water resources;

e Good status of all water resources;

e Integrated river basin management;

e “Combined approach”;

e Appropriate water pricing; and

e Public participation.

Serbia made its initial strides towards WFD imple-
mentation in 2003. within the scope of the Inter-
national Commission for the Protection of the Danube
River (ICPDR, 2009). Serbia took part in the prepara-
tion of the 2004 Roof Report for the Danube River
Basin (DIMKIC et al. 2005). and generated a prelimi-
nary National Report at the beginning of 2005. Since
then, in order to harmonize the country’s water man-
agement policies with WFD requirements and objec-
tives, Serbia enacted a series of laws and implement-
ing legislation, including: the Water Law (Official Ga-
zette of the Republic of Serbia 30/10), the Law on
Meteorological and Hydrological Activities (OG
88/2010), the Regulation on the Designation of Surface
Water and Groundwater Bodies (OG 96/2010) and the
Regulation on Ecological and Chemical Status
Parameters of Surface Water Resources and Chemical
and Quantitative Status Parameters of Groundwater
Resources (OG 74/10).

The WFD outlines the water strategy action that
needs to be taken, where monitoring is of primary im-
portance (STEVANOVIC & VUCETIC 2006, QUEVAUVIL-
LER 2008). Serbia adopted the Regulation on the De-
signation of Surface Water and Groundwater Bodies in
order to conserve or achieve good ecological, chemical
and quantitative status of groundwater resources. A
body of groundwater designated within a geological
formation was taken as the basis for groundwater mon-
itoring, or the smallest unit for monitoring network
planning (UNITED KINGDOM TECHNICAL ADVISORY
Group 2005a). All designated groundwater bodies
(GWBs) have been classified as intergranular, karstic
or fractured groundwater bodies. Following detailed

analyses and several delineation stages, the initial
number of GWBs of 208 (DURIC ef al. 2004), was ulti-
mately reduced to 153 (OG 96/2010). This was the
first step towards WFD implementation concerning
groundwater management.

Spatial distribution of monitoring objects — piezo-
meters on delineated GWBs is shown on figure 3. The
list of GWBs with established monitoring is presented
in Table 1. It can be concluded that only 34 out of 153
or around 20% of all GWBs, have continual observa-
tion of groundwater table. The figures 4a and 4b pres-
ent percentage of GWBs with number of observation
points per 100 km2. As an example 9% of GWBs has
5 or more observation points per 100 km2. In contrast,
13 GWBs or 38% has between 0.5 to 0.177 piezome-
ters per 100 km2. This is equal to density of 1 object
per 200 km?2 and 500 km?2, respectively (Fig. 5).

The figure 6 shows positions of the springs which
were included in the observation by RHMS for certain
period of time.

The next important step in implementation of WFD
was GWB characterization, which allowed for the
integration into groups of GWBs. The characterization
included the determination/description and quantifica-
tion of geological and hydrogeological conditions, par-
ticularly the geometry of the GWBs, the nature of the
aquifer roof and floor, the rate of water exchange, and
the dependence of terrestrial ecosystems on infiltrated
or discharged groundwater (UNITED KINGDOM TECHNI-
CAL ADVISORY GROUP 2005b). The focus was on chem-
ical quality pressures—diffuse and point sources of pol-
lution, as well as quantity pressures—abstraction rates
and artificial recharge, if any (STEVANOVIC 2011). The
WEFD introduced surveillance monitoring and opera-
tional monitoring, depending on the nature of ground-
water pressures. Operational monitoring requires a
higher monitoring frequency and surveying of specific
components, critical to water quality.

In the WFD, the groundwater level is the main
parameter that defines the quantitative status. There is
no exact limit, but it needs to ensure that long-term
use will not threaten the available groundwater re-
source, that the environmental objectives of associat-
ed surface water bodies will be achieved and that
there will be no threat to terrestrial ecosystems. Given
that there was some doubt as to what over-exploita-
tion means and when it occurs (Custopio 1992;
BURKE & MOENCH 2000), it was necessary to stay
within relative categories. The problem with deter-
mining the chemical status is that maximum permissi-
ble concentrations have not been defined, except for a
few parameters. To achieve objectives, if good status
cannot be restored or attained, then the chemical sta-
tus must be at least that which existed before applica-
ble legislation was adopted, or before its implementa-
tion began.

RHMS has transferred its duties related to ground-
water quality monitoring by means of piezometers to
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Table 1. Groundwater bodies under systematic observation and actual number of piezometers.

No Groundwater body - GWB FI?;:::) N"?Per N";'*Per N'/F N/F
1 2 3 4 5 6 7
1 Severozapadna Backa - top aquifer 1232.43 5 1 246 1232
2 Telecka - top aquifer 2643.55 11 3 240 881
3 Gornja Tisa - top aquifer 1772.02 30 4 59 443
4 Severni Banat - top aquifer 1545.78 19 3 81 515
5 Srednja Backa - top aquifer 2068.06 16 3 129 689
6 Donja Tisa - top aquifer 1099.78 5 1 220 1100
7 Srednji Banat - top aquifer 1013.72 3 0 338
8 Jugozapadni Banat - top aquifer 2228.19 16 2 139 114
9 Vriacke planine 257.63 2 1 129 258
10 Jugoisto¢ni Banat - top aquifer 2298.93 25 3 92 766
11 Beograd right bank of Sava 179.68 7 2 26 90
12 Panc¢evacki rit 413.74 4 1 103 414
13 Negotin Kladovo - alluvium 462.86 4 1 116 463
14 Klicevac 604.28 4 1 151 604
15 Kostolac 1005.37 4 251
16 Ku¢aj i Beljanica 726.52 2 2 363 363
17 Velika Morava alluvium left bank 468.26 27 3 17 156
18 Velika Morava alluvium right bank 429.31 28 3 15 143
19 Leva¢ 718.98 2 1 359 719
20 Velika Morava Neogene - south 1321.17 38 3 35 440
21 Kuéaj - west 288.06 1 1 288 288
22 JuZzna Morava Neogene - north 1153.38 21 3 55 334
23 Leskovac - Neogene 914.31 22 2 42 457
24 Rasina 497.41 1 1 497 497
25 Zapadna Morava - alluvium 588.04 21 3 28 196
26 Macva Basic water bearing layer 763.41 40 3 19 254
27 Kolubara - Neogene 656.57 10 4 66 164
28 Valjevo 542.81 6 2 90 271
29 Leli¢ - karst 306.83 1 1 307 307
30 Ljig 565.82 1 1 566 566
31 Lozni¢ko polje 243.88 11 2 22 122
32 Povlen 32237 1 1 322 322
33 Zapadni Srem - Pliocene 1172.92 11 2 107 586
34 Isto¢ni Srem - Pliocene 2248.99 10 1 225 2249
Total 32755.06 409 34
Note:
*- total number of piezometers for groundwater table observation
**- total number of piezometers for groundwater quality observation
A B
100200 | 200-300 45, oy
<100 - | o
5001000 . ZoB%) 4 5 (3w)
- 34 (6%)
>1000  2-3(6%,)
1-2(18%)
Groundwater 0.5 -1 (21%)

bodies without
piezometers

Fig. 4. a, Distribution of GWBs without or with piezometers and density (1 object per X kmz); b, Percentage of GWBs
with number of piezometers per 100 km?2.
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the Serbian Environmental Protection Agency (SEPA).
In 2013. this network included 70 piezometers, while
analyses comprise the determination of 66 physical,
chemical and biological parameters. SEPA has been
reporting to the public via its website and also to the
European Environment Information and Observation
Network (EIONET). Spatial distribution of piezome-
ters which are used for groundwatwer quality observa-
tion, is shown on figure 7.

Criteria and conditions for Serbia’s new
groundwater monitoring network

In most of European countries, the density of water
quality monitoring networks is lower than that of the
networks that monitor groundwater level fluctuations.
The main reasons lie in operating expenses (costly
analyses) and the feasibility of collecting information
from other entities (water users) in an organized man-
ner. The network density is also a result of numerous
other factors, such as the size of the country, assessed
aquifer vulnerability to pollution, and population den-
sity. The effect of population density is, for example,
apparent in Finland and the Netherlands. In sparsely
populated Finland there are only 0.02 monitoring sta-
tions per 100km2, while in the densely populated
Netherlands, where groundwater is the main drinking
water resource, there is one monitoring station on
average per 10km?2 (STEVANOVIC 2011).

Monitoring of groundwater quality and quantity is
a highly complex task and an obligation according to
the WFD. However, considerable financial resources
are needed to implement the WFD (FosTER &
McDonNALD 2014). For Example, Austria spends
about 2 million € every year and Hungary as much as
4 million € solely on routine groundwater regime
monitoring. Countries are also allowed to specify
lower objectives for certain groundwater bodies, as
needed, if the achievement of good status is not possi-
ble without major spending. Consequently, if an effi-
cient approach is followed and if, for example, the
obligations of water supply operators and other users
are regulated, the water regime database can be sub-
stantially enlarged (STEVANOVIC 2011).

A number of strategic hydrogeological projects
implemented from 2007 to 2001, including “Ground-
water Monitoring” (GRUPA AUTORA 2010) have been
major contributors to the improved knowledge of
groundwater resources and the initial steps towards
the establishment of a new monitoring network (STE-
VANOVIC et al. 2012a; MILANOVIC et al. 2014). One
GWB has been selected per aquifer type and experts
from the University of Belgrade-Faculty of Mining
and Geology, the Jaroslav Cerni Institute for the De-
velopment of Water Resources and the Serbian Geo-
logical Survey were commissioned to implement pilot
monitoring projects following WFD principles. Un-

fortunately, funding ceased in the final stages of the
projects, such that the proposal of a new monitoring
network has been postponed.

Given Serbia’s circumstances (size, complex geol-
ogy, hydrogeological conditions), it is believed that at
least one groundwater monitoring station per 200 km?
is needed. This means a total of 400-500 objects in
function. This number is close to the existing number
of monitoring stations, at least with regard to ground-
water quantity, but the way they are currently deplo-
yed is inadequate. Only the so-called “top aquifers”
(i.e. alluviums of the largest rivers) are monitored.
Systematic monitoring has to be the basis for proper
GWB characterization and protection from potential
polluters and accidental pollution.

Finally, a new monitoring network has to be gradual-
ly built. The target for its completion should be the year
2027. In order to get feasible and non-expensive net-
work the existing waterworks and companies that got
concessions for water extraction, must be obliged to ful-
fill their obligations to regularly observe discharges, wa-
ter tables and chemistry of tapped springs and wells and
to deliver this data to responsible authorities. As such,
the number of regularly observed water points would
increase along with network density. However, certain
number of new boreholes would be required as many of
GWBs do not have any intakes. In addition to, for objec-
tive assessment some piezometers have to be located
outside radius of extraction wells used by waterworks.

As set up of monitoring network will rise in stages,
prioritization in selection of monitoring sites should
be given to GWBs under already recognized pres-
sures. In term of pressure to groundwater quantity, an
assessment of available renewable reserves versus ex-
ploitation capacity would be needed for each of GWB.
When pressures to groundwater quality are consid-
ered, the best way for realistic assessment would be to
compare aquifers’ vulnerability against anthropogenic
(diffuse and punctual) hazards. In Serbia, the aquifer
vulnerability map in scale 1:500,000 has already been
completed under above-mentioned project “Ground-
water Monitoring” (Fig. 8).

For regional analysis of diffuse hazards the Corine
Land Cover Map (EEA, 2006) can be very useful,
while SEPA’s data on pollutants and their distribution
and loads can be used for an assessment of punctual
(point) pressure.

Conclusion

Consistent WFD implementation and the setting up
of a new groundwater monitoring network in Serbia
are extremely important for improving knowledge
about groundwater resources and their active protec-
tion. As an EU member-candidate, Serbia declared its
commitment to the WFD back in 2003, but primarily
a lack of funds and still unregulated water user obliga-
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REPUBLIC OF SERBIA
GROUNDWATER VULNERABILITY MAP
METHOD - IZDAN

1:500 000

Fig. 8. Groundwater Vulnerability Map of Serbia (MILANOVIC et al. 2010).

tions have lead to an unsatisfactory state of affairs in ~ the most part support drinking water supplies and are
the monitoring of groundwater resources, which for  used by some 75% of Serbia’s population.
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Despite the fact that groundwater level regimes are
monitored by more than 400 special-purpose piezo-
meters in Serbia, nearly all of them have been deploy-
ed in the same type of alluvial aquifer, where ground-
water levels are largely a reflection of river stages
(which are also monitored). This is certainly a depar-
ture from hydrogeological “logic” and from the pre-
ferred approach to national groundwater monitoring,
which needs to include all types of aquifers. As such,
phreatic (“top”) aquifers in Serbia’s geological cir-
cumstances need to include aquifers in mountainous
regions (e.g. karst aquifers are found in more than
30% of western and eastern Serbia), which have virtu-
ally not been monitored to date. Consequently,
RHMS’s concern for aquifers in the alluviums of large
rivers, evident from the facts on the ground, needs to
be (re)defined. The best solution would be to entrust
the setting up of a monitoring service for other types
of aquifers and the monitoring task itself to the Ser-
bian Geological Survey. Strictly applied regulations to
waterworks and concessionaires to measure and pro-
vide data on groundwater quantity and quality would
relax needed investment in operation and maintenance
of the new Monitoring network.

A new and efficient monitoring network, which co-
vers all, or most of GWBs and all major tapped aqui-
fers (not only alluvial, as at present), determined on
the basis of hydrogeological exploration, and syste-
matic groundwater quality and quantity data collec-
tion with active involvement of water users, are both
national needs and obligations. Proposal is to reach
density of 1 observation object / 200km? is also given.
It took in consideration complex geology, hydrogeo-
logical settings, historical data, but also economic sit-
uation in the “transition” country. The scope and ex-
tent of monitoring, and the frequency of measure-
ments and analyses, depend on the hydrogeological
setting and the aquifer regime. In dynamic environ-
ments such as karst, monitoring will certainly be more
frequent than, for instance, in the case of artesian
aquifers in lowland river basins.
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Pe3nme

Konuent ¢gopmupama HOBe Mpe:ke 3a
MOHUTOPHHI MoA3eMHuX Boga y Cpouju

HonomemweM OxBUpHE nupekTuBy o Bomama 2000.
roguHe (OB - Water Framework Directive EU/WFD
— 2000/60/EC) EBporncka yHHja yCIIOCTaBHIIA j€ HOBY
Y 33jelHNYKY, JYTOPOYHY MOJUTHKY Y AOMEHY BOJa.
OcHoBa JupexTuBe je ynpaBibamke BOIHUM PECYPCH-
Ma Ha HUBOY PEUHUX CIIMBOBA, 4 lbOM Cy Je(hUHICAHH
yCIIOBH Koju Tpeba na omoryhe crpoBoljeme monuTu-
K€ ONIP’)KMBOT KopuImhema W 3allTHUTE BOAA, JIOK je
OCHOBHHU IIJb NTOBOEHE CBUX TNPHUPOTHUX BONA Y
,,J00pO cTame", y Toriery KBaHTUTETa U KBAJINTETA.
Crnenehun noOpy mpakcy umannna EY, n Behuna 3e-
MaJhba HEWIAaHUIIA j€ y CBOje MPOIICE O BOoAaMa yrpa-
JWIa KOHIIENT W pemema ose [lupekTtuBe koje cy
yCcMepeHe Ha OuyBame, 3alTUTy W IMO000JbIIame
KBaJIUTETa OKOJIMHE Yy CMHCIY palliOHaJHE yrmoTpede
BOJIa U IPYTHX MPUPORHUX pecypca. Konmenr ce Oa-
3HMpa Ha MPEeIOCTPOKHOCTH U TPEBEHTUBHUM aKIlja-
Ma, a Koje Ou obesbemmie “mobap” craryc Boma 10
2015, uwmu Hajoasme o 2027. OKBUpHA IUPEKTHBA

nponucyje norpedy mspazne llporpama mepa, kao u
[InanoBa ynpaBsbama peyHuM ciauBoBuMa. [loceOHa
»Cectpa qupektuBa“ EY onHocu ce Ha OJ3eMHE BO-
JIe ¥ pa3MaTpa 1 MpOoMucyje yciose 3a 00e30ehuBame
CMameHha MPUTUCKA Ha KBAHTHTET (aKLHje 3a CMambe-
€ MIPEKOMEPHE eKCIUIoaTalyje) U KBAJIUTET IOA3EM-
HUX Boja (OYyBaTH WM YCIIOCTAaBUTH J00ap XeMH]-
CKH CTaryc).

V ckmany ca 3axresuma O/IB, npxxaBe cy y ob6aBesn
na GopMupajy WM MIPUIIATOAE CBOjE OCMAaTpadKe Mpe-
XKe 3a moxmzeMHe Boje. OpraHuzauyja MOHUTOPUHIA
MOA3EMHUX BOAa, Npaheme HUXOBOT KBAJHUTETa MU
KBaHTUTETA, MpelcTaBba ciokeH 3agarak. OB EY
YBOIM HAaJ30pPHU U ONEPATHUBHH MOHUTOPUHI 3aBHUCHO
07l CTama MPHUTHUCKA Ha 0oBe pecypce: OnepaTuBHU ce
CrpoBomM ca TymhoM (peKBEHIMjOM OCMaTpama U
npahemeM cHeluPUIHNX KOMIIOHEHTH, KPUTHYHUX 32
KBanuTeT Bofe. ['ycTmHa Mpeke je pesynrar OpojHUX
(axTopa, 3aBHCH OZ BEIWYMHE 3eMJbE, OLICEHEHE YIPO-
XKEHOCTH H30aHU Of 3arahuBara, MHTCH3UTETa EKC-
IUI0aTalyje, yoUeHUX KOH(QIIMKaTa MHTEpeca y KOpH-
mhewy pecypca, Ka0 W T'yCTHHE HaceJbeHOCTH. Ha
IIpUMep, JIOK je Y peTko HacesbeHo] PuHckoj cBera 0.02
ocmarpadka objekra Ha 100 km?, y TycTo HacesbeHoj
XonaHAWjU THE Cy IMOA3EMHE BOAE OCHOBHHM PECYPC
Bojie 3a nuhe, mpocedHo je Ha cBakux 10 km? jponmpan
I10 jelaH OCMaTPayKH MyHKT. 3a npuMeHy Jupektuse y
Ipakcu MmoTpedHa Cy W 3Ha4yajHa (PUHAHCHjCKA Cpel-
ctBa. Ha mp. Aycrpuja roauime HHBECTHPA OKO 2, a
Mabhapcka wak 4 MUIHOHa eypa, camMoO 3a peIOBHA
ocMarpama pexuma. JpxkaBe Mory Oa oapene U OHa
MTOJ[3€MHA BOJHA Tela KOJ KOjUX je TMOTpeOHO TMocTa-
BUTH HW)XE IHJBEBE jep je YCIOCTaBJhame «I00pOr
cTaryca decto Hemoryhe 0e3 Benmmknx (prHAHCH)CKUX
yaarama.

Y Cpbuju crame y moraery MOHUTOPUHTA TIOA3EM-
HUX BOZa HHje 3a/10BoJbaBajyhe. Mako ce jomr 1947.
TOIMHE OTIIOYENIO ca HpahemeM pexuma MoA3eMHHUX
Bona, a Beh 1960. roguae 6mmo Gopmupano gak 279
cTaHwIa, y nmepuoay ox 1961. no manac, 6poj ocma-
TpPauyKHUX MHje30MeTapa je y KOHCTAaHTHOM ONajamy
(cm. 1). IIpocTopHO TTOCMAaTpaHO CTAaHUIIE CY POPMH-
paHe HCKJbYUYHMBO y allyBHjoHMMa Behux peka u nzna-
HUMa GOPMUPAHUM y OKBHPY KBapTapHUX Hacjara y
Bojsomunu (ci. 2). Ha nujesomerprma OcHOBHE Mpe-
€ yIJIaBHOM C€ OCMaTpajy HUBOH IOI3EMHHX BOAA U
TEeMIIepaTypa BOZa, MITO je 3aAaTak XHAPOMETEOpo-
nomrkor 3aBoga Cpouje (PXM3), nok ce Ha oko 70 -
je3oMeTpa mpaTH KBaJHUTET BoJle IITO je y obaBe3u
Arennyje 3a xxuBoTHY cpenuny (CAXKC) koja Bpmu u
H3BEIITaBamke peMa EBpoIckoj areHuuju 3a sXKUBOT-
Hy cpeanny (EIONET). Mako je 6mito Buiie nokyIaja
Jla ce y HallMOHAJHY MPEXY YKJby4e U jaKu KapCTHHU
H3BOpH, A0 JaHAC CE€ OCMarpama BpIIE jeIUHO Ha
Bpeny MuaBe y uicrounoj Cpouju.

Kako O6u ce crame y morieny MOHUTOpPUHTA
o00JBIIATI0 M BPIIWIO HCIyHaBame 00aBe3a mpema
O/IB y CpOuju je ydWmeHO HEKOIHWKO KOopaka.
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W3MemeHn Cy 3aKOHCKHM MPONHCH U JOHET HOBH 3a-
koH 0 Bomama (2010), u3BpIIeHe Cy NennHealdje H
IpeIMMUHApHE aHAIN3€ BOJHUX Teja MOA3EMHHX BO-
ma (IIBT) xao OCHOBHUX jeqWHWIIA 33 TUIAHHPAHE
OoCMaTpayke Mpexe, a y HPUIPEMH Cy U IJIaHOBH
yIpaBJbamkba PEYHUM CIMBOBUMA.

Haxkon cnpoBeneHHX AeTa/bHUX aHAIM3a Kao U BU-
me (aza paga Ha JAeTUHEANWju, yTBpheH je Opoj ox
153 TIBT y Cpbuju (cn. 3). pyru BaxkaH KOpPak je T3B.
KapakTepu3alyja BOAHUX Tella, KOja MOoApa3syMeBa
ofpehuBame — OMUC ¥ KBaHTHU(HUKAIN]Y TEOJIOIIKUX,
XMIPOTEONIOUIKUX YCJIOBa TEpeHa, MOCeOHO reome-
TpHje BOAHOT Teja, KapakTepa MoBJaTe U MoANHe, Op-
31MHE BOA03aMEHE, 3aBICHOCTH €KO CUCTEMa Ha IOBp-
LIMHY TepeHa o MHOUITPUPAHUX WIN UCTEKIINX HOJ-
3eMHHX Bopa. IloceOHO ce pa3marpajy mpUTHCLM Ha
XEMH]jCKU KBaJHUTET — qU(y3HN U KOHICHTPUCAHU W3-
BOpH 3arahuBama, Ka0 U NMPUTUCUU HA KBAHTUTET —
00HMM eKCIIIoaTalyje, 1 YKOJIUKO IIOCTOJH U BEILTAYKO
[IPUXPakbUBabE.

Amnammza ykazyje na je y 2015. roquHM camo Ha He-
mrro Bumie o 20% IIBT ycnocrasieena oaroapajyha
ocMarpauka mpexa. TauHmje, camo Ha 34 o yKyITHO
153 w3mBojeHa BOAHA Tella TMOCTOjE THjE30METPH 3a
npaheme HUBOa nom3eMHux Boza. Jleser IIBT uma 5
WK BUIlle ocMarpadkux obOjexara Ha 100 km? (ci.4).
VYxymHo 13 Bogaux Tena (vwm 38%) nma 0.5 mo 0.177
nujezomerpa Ha 100 km?2 mro 6m fakie oaroBapaiio
rycTHHH of jeaHor objekra Ha 200 km2, omHocHo 500
km? noBpiuae TeputopHje (. 5,6).

Koju cy HeonxomHu Kopauy 3a HpOLINPEHE MPEKe
1 kako je moryctutu? lIpBu ycioB 3a ncmymaBame
oBe o0aBe3e y Mpoliecy Aajber Npuapyx)uBama EY
(obmact JKusommna cpeduna) je obezbehuBame cpen-
craBa 3a pag PXM3 u CAXKC kako 6u moBehamu Opoj
o0jekara (ci.7), CIIpOBENM HMCTPAKWBAUYKH MOHHTO-
PUHT B YCIIOCTAaBHIIM MOTPeOHY (DPEKBEHIN]y OCMa-
Tpama HapaMerapa KBaHTHTETa M KBAJIUTETa MOA3EM-
HUX Boma. Takohe, cTpuKTHUM crpoBolemeMm Beh
mpomnucaHux ob6aBe3a mocrojehum BomoBoAMMA WIH
JOPYTUM KOPUCHHULIMMA 2 BPIIE OCMaTpama 1 MOJaTKe
JIOCTaBJba]y HEIJISKHUM CITy’kOama, Moxe ce 06e30e-
IUTH 3HayajaH (POHI AOMYHCKHUX MOAATaKa O PEXUMY
BOJA.

VY HamuM yciaoBuMa (IIOBPIINHA TEPUTOPH]jE, KOM-
IUIEKCHA Te0JIOTHja, XUIPOTeONOIIKY YCIOBH) cMaTpa
ce ma 6u OMo moTpebaH HajMame jelaH YCIOCTaBIbe-
HU OCMarpavykH IyHKT 3a mnpahieme MOA3EeMHUX BOJa
Ha cBakux 200 km2. To 6u 3Ha4miIO 1a je morpeban
0poj oxm oxo 400-500 myHKTOBa OCMaTpama. bpoj
jecre mpuOIIDKaH calamimeM, O0ap Kajga je y muTamby

pPEeXKUM KBaHTHTETA, aJld je KOHIIEHTpaIlija o0jexara
NOTIYHO HeaJeKBaTHa M IpaTe ce caMo T3B. ,,IIPBE
W3JIaHM", 3alpaBo ayBHjOHW HajBehWX peyHUX TO-
koBa. KoHTuHyMpann MOHMTOpPHHI Tpeba na Oyne
ocHoBa Aa ce cBako [IBT amexkBaTHO okapakTepHIIe H
Jla ce 3aIUTHTU O] MOTYNHX MOTEHIMjaJIHUX U eKIlec-
HUX 3araljuBadva.

HoBa Mpesa ce MOXe U MOCTYIIHO Pa3BHjaTH KaKo
6m 10 2027. ronuHe OniTa MpUOTMHKHO KOMITIETHPAaHA.
[Ipuopurete 3a HOBe 00jekTe Ou Tpebano neduHUCa-
TH Ha 0a3u yTBpheHUX MpUTHCaKa KOju C€ MOTY Olle-
HUTHU Ha cienehu HauuH:

Ipumucyu na xeanmumem. Hajoospu HauMH 32
OBy OILICHY je YTBphHBame OIHOCa EKCIIOATHCAHHUX
KOJIMYMHA Y OMHOCY Ha OOHOBJbMBE (IPUPOAHO U Be-
LITA4YK{) pe3epBe MOA3EMHUX Boaa. IIpakTuunu mpo-
OnmeM Moke OMTH HENOCTaTaK IoJaTaka O PEXUMY
W3AALUIHOCTH WIKM OCHMJIALlKja HUBOA, KA0 U HEIOoy3-
JAHOCT IofaTaka ekciuloarauuje. bunancHe merone
Cy HajIOAECHHje 3a OLEHY BelIHMYHHE OOHOBJBUBUX
pecypca.

Hpumucyu na xearumem. Tpeba na Oyny GasupaHu
Ha ofHOCy mpuponHe pawmuBoctd u3ganu u [IBT ca
jemHe cTpaHe, U C Apyre CTpaHe Xa3apAy MPOHCTEKIOM
n3 npucycTBa IU(Y3HUX M IMyHKTYEJIHUX 3araljuBada.
Pesynrar Tpeba na Oyne n3pana kapara pusHka (mpema
Iudy3HAM W TYHKTyeTHUM 3arajuBaunMa) W OHa
Tpeba ma caapxu Kiacupukalujy HABOa pu3mka (ca-
MUM THM U TPHUTHCAKa) YCJeI aHTPOIOICHHUX
AKTUBHOCTH. PernonanHe kapre pambUBOCTH U3IAHU CY
HEe3aMEHJbUBA MOAJIOTa OBUX OLEHAa (32 TEpUTOPHjY
CpOuje oBy kapry y pasmepu 1:500,000 je m3pamuna
rpyna aytopa T3B. CTpaTeIIKUX MpojeKaTa peain3oBa-
Hux y nepuony 2007-2011, cn.8), mok 3a kapry audy-
3HOT XazapAa KopucHO Moxe nociyxutu Corine land
cover map u3pahena ox crpane EBporicke areHuuje 3a
3aIITUTY XKUBOTHE CPEIIUHE.

IToxzemnue Boxe y CpOuju, Kao yocTajaoM Ha LIEIOM
npoctopy ousie COPJ, cy ocHOBHU W3BOp CHaOnEB-
ama nujahoM BOIOM CTaHOBHMIITBA (TIpeko 75%).
Crora nocroje u noceOHe 06aBe3e Ap)KaBe M HEHUX
WHCTUTYLMja, KA0 U CTPYYHUX M HAyYHHUX KallaluTeTa
y NOIVIEy HUXOBE NMPEBEHTHBHE U CHCTEMATCKE 3a-
mruTe, 00e30ehBama anTepHATUBHUX W3BOPHINTA H
perynanmje nocrojehux y by nosehama HBUXOBOT
KalauuTeTa, a y ycJIoBuMa cBe BehHx mpuTucaka u3a-
3BaHUX AHTPOIIOTEHUM aKTHBHOCTHMA M KIIMMAaTCKUM
npoMeHaMma. 3a HCHYHBEHhe OBHX LUJbEBA, NPBU U
OCHOBHH YCJIOB j€ IOCTOjame MoAaTaka MPUKYIUbe-
HUX CUTEMaTCKUM MOHUTOPMHIOM KBaHTUTETa U KBa-
JUTETa MOI3EMHHX BOAA.





