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XUAPOI'EOTEPMAJIHU IIOTEHIIUJAJIN Y ®YHKIINJU OBHOBJ/bUBE
EHEPI'MJE Y PEITYBJINIU CPIICKOJ

Becna Pajuesuh' u Uegomup LpHoropan’
Mpupoano-maremaruuky haxynrer, Yaupepsutet y bamoj Jlynu, Peny6muka Cpricka

Cawxxerak: HuBo caBpemene TexHonoruje omoryhaBa ja ce gaHac uckopumrhaBajy IojaBe BOJAHUX THjeNia Kao IITO
Cy M3BOpH TOIUIE Boje/BojeHe mape. Ha MHOruUM Jjiokanujama, koj Oyiiema OyHapa (BjemITayKuxX W3BOpa TOIUIC BOZE)
npUMjeyje ce U TEXHOJIOrHja Kao npu npocreknuju Hadre. Hu3 je nokanuja y cBujery rije ce TOIIM U3BOPH KOpUCTE
KO/l CHaO/iMjeBarba Hacesba, ajl U o0jekara pasnuuute HamjeHe. Ha reorpadckom npocropy Pemyonuke Cpricke yecte ¢y
0jaBe JheKOBUTHX MUHEPAITHUX, TEPMATHAX M TEPMOMHUHEpATHUX Boga. OCHOBHH MPOOIIeM BalopH3aliije H3BOpa TOTLIC
Bojic y PerryOuuiy Cprickoj je y YUMELCHHUIIH IIITO U3yYaBaHU H3BOPH y OamamMa nMajy TeMIIepaType BOJE, yIIIaBHOM, U3Mely
20 —420C. Usy3zerak je bawa J[BopoBu ca Temmeparypom o oko 760C. [To3Hara je unbeHHUIIa [1a ce BehinHa mo3eMHIX
cTrjeHa Ha nyounu oxn 6 — 10000 m Hanasze y mojacy aurocdepe raje cy temmeparype oko 3000C . YV ciydajy KOHTaKTa
OBHX CTHjCHA Ca BOJIOM KoOja je MjeajHa TCOKOMIIOHEHTA, XyMaHa [MBUIM3allMja paciojaraia Ou ca OrpoMHUM OpojeM
u3Bopa roruiore. Haxanoct, uu y XXI Bujexy Huje npoHal)eHa ajiekBarHa TexHosnoruja. Jlpyrum pujednma, HCTpakuBama
nyTeM Ay0OKuX OyIIOTHHA Cy eKCTPEMHO CKYyTIa, a 3a CHPOMAIITHE 3eMJbE CY jOIII Iyr0 BpeMEHa HEU3BjeCHa.

Kiby4yHe pujedn: XuaporeotepManHa CHEpPruja, XHIPOr€OTEPMATIHH PECYPCH, XHIPOT€OTEPMAHU CHCTEMH,
XHUJIPOreoJIoKu pejonu Pemyonuke Cpricke, 00HOBJbHBA CHEPTHja.
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Abstract: The level of technology today makes the exploitation of phenomena such as geothermal springs possible. There
are many well drilling locations where the same technology applied for prospecting oil is used, and there are numerous
examples of hot water coming from natural springs being used for heating settlements and objects of different purpose as
well. As far as the geographic area of the Republic of Srpska is concerned, there are frequent occurrences of medicinal
mineral, thermal and thermo-mineral waters. The major problem of valuation of thermal water springs in the Republic
of Srpska lies in the fact that the springs in the spas studied have a range of 20 — 420C in terms of temperature, with the
exception of Dvorovi spa, where the temperature is 760C. It is well-known that the majority of rocks at the depths ranging
from 6-10 thousand meters belong to the layer of lithosphere, with average temperature of 300 oC. If these rocks made
contact with water, human population would have a large number of hot springs at their disposal. Unfortunately, not even
the 21st century offers adequate technology to make it possible. In other words, deep drilling is extremely expensive,
reserved only for few financially sound countries in the world.

Key words: hydrogeothermal energy, hydrogeothermal resources, hydrogeothermal systems, hydrogeological regions of
the Republic of Srpska, renewable energy
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YBOA

Kpyxeme Bome y NpUPOAM WIHM BOTHH
LUKITyC 3eMJb€ Caja y HajClIoKEHHje Mpoliece
reorpackor  oMoTada. MHOTH  XHUJPOJIO3H
cMaTpajy Ja y TOM THpoLecy IOI3eMHE BOJE
uMajy jenHy of Haj3HauajHujux ynora. Ilox
Tonorpa)ckoM  TMOBPIIMHOM Halle IUIAHETe
OBE BOJE C€ jaBJbajy y CBa TPHU arperarHa
CTama: TEYHOM, T'aCOBUTOM U UBPCTOM CTambYy.
HcroBpemeHo, Tpeba ce MoACjeTUTH Ha YUHECHULLY
Jla ce TMOA3EMHE BOJIE jaBJbajy U y Pa3IUYUTHM
oOnmuiMa: OImHEeHe (Be3WBHE) BOJE Koje He
NOMIMjEeXKY CHIM TpaBUTAlMje, KaluiapHe,
aKTHBHE W uMoOwWIMcaHe (3apo0JbeHe) BOJE.
VY Tom OorarcTBy BapHjeTeTa BHIOBa M OOJIUKA
MOA3EMHHUX BOJA OIVIENa CE€ M FbUXOB 3HAYaj 3a
oflpeheHa CBOjCTBA CTHjEHA, CTaHhE TOBPIIUHCKIX
BOJa, 3aTMM 3HAauaj 3a HU3 TeOMOPQOIOIIKUX
mporeca W pas3Boj Bererauuje. Mebhytum, He
Tpeba 3aHeMapuTH MOXJa HajOMTHHjU 3HAYaj
MOA3EeMHUX BOJA, @ TO j€ OHAj KOjU TEHEpHIle
CTaHAap/ 1 KBAIUTET )KMBOTA XyMaHe MOITyJIaIije
Y aKTUBHOCTH T€ MCTE IOITYJIaIH]j€e, TPBEHCTBEHO
BE3aHEe 3a BOJOCHAOIMjeBae CTAHOBHMIITBA,
pa3Boj MOJHONPHUBpENE, HHIYCTPHUje, TypHU3Ma,
OanHeorepanvje u BogHOr caoOpahaja. Crora
Cy moa3eMHe Bozae (hakTop KOjU JIETEpPMHUHMIIIE
peleHTHH pa3Boja Hame 1iaHere. CBojom
npunagHomhy — xuapocdepw, HEOIXO/THO]
reocdepu reorpadckor omoraua, moa3eMHe BOJE
KpO3 CBOja TPU arperatHa cTama mosesyjy cdepe
TOI HMCTOr OMoTaya: Jutochepy, xumpocdepy,
arMmochepy u Omocthepy. Ilomzemue Bome
npeko, Hajuemrhe, jyBEHWJIHHX (MJIaJalladkHXx,
HOBOpOheHMX Boma) yTudy U Ha o0e30jeheme
JOBOJPHUX KOJMMYMHA BOJAE Ha Tomorpadckoj
MOBPLIMHU 3€MJbE.

leonmomku  3HAa4aj  MOA3EMHUX  BOJA.
I'eonomku pakTopu cy Beoma 3Ha4ajHH 32 PEKUM
MOA3eMHUX BOJIA, 3aBUCHO O] IyXHHE onpeheHe
reonomike emnoxe. Mehytum, 6e3 o03upa Ha
BPEMEHCKH TEpUOJ, TMOA3EMHE BOjIE 00aBIbajy
BpPJIO BaKaH TEOJIOUIKO — TMETPOrpa)cko —
MHUHEpOJIOIIKK paja. Pujed je, y cymTuHHu, o
BOJM Kao areHcy, Koja pacTBapa pasiInduTe
MHUHEpaJe y JTUTOCPEpPH U MOXKE J1a X TaJOXKH,
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INTRODUCTION

The circulation of water on Earth, also
referred to as the water cycle, is classified within
the most complex processes of the geographic
layer. Many hydrologists argue that ground
waters have one of the most significant roles
in that process. Under topographic surface,
ground waters occur in all three states of matter:
liquids, solids and gases. At the same time, it
should be recalled that the ground waters also
appear in three different forms: membranous
(connective) waters that are not susceptible
to the force of gravity, capillary, active and
immobilized (trapped) waters. The plethora
of types and forms of ground waters reflects
their importance for certain characteristics of
rocks, surface water, as well as for a series of
geomorphological processes and vegetation
development. Nonetheless, one should not
disregard  perhaps  the most important
relevance of ground waters which is embodied
in the fact that they generate the standard
and quality of life of human population and
their activities, primarily related to the public
water supply, agriculture, industry, tourism,
balneotherapy and water transport. Therefore,
ground waters are considered to be the factor
which determines the recent development of
our planet. As components of the hydrosphere,
the necessary geosphere of the geographic
layer, ground waters through their physical
states link the spheres of the same layer: the
lithosphere, the hydrosphere, the atmosphere
and the biosphere. Ground waters, through
their wusually juvenile (younger, newly-
emerged) waters, affect the provision of the
sufficient quantities of water to topographic
surface of the Earth.

The geological significance of ground
waters. The effect of geological factors on
ground waters regimes is identified mainly
in certain geological epochs. Nevertheless,
regardless of the time period, ground waters
perform a very important geological,
petrographical and mineralogical function. In
fact, we speak about water as being the main
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crBapajyhu muHepanna nexumTa. Ho, ucro
Tako, Moj oxpeheHUM yCIOBUMA, TOA3EMHE
BOJIC MHOTE€ MHHepasie u3Hoce (AuCTpuOyHupajy)
Ha Tomorpadcky moBpmmHy. CTOora MOXEeMo
3aKJbyYUTH Ja TMOA3EMHE BOJAE MPEACTaBIbAjY
BeoMa OWTaH TEONOIIKM areHc Yy pasBojy
aurocdepe.

XUApOJIOIKK 3Hayaj MOA3EMHUX BOJA.
PesxuM mo3eMHUX BoJIa y IPHOOATHOM TI0jacy je
KOXEpEHTaH ca peXMMOM HHBOA BOJIa y pUjeKama,
NPUPOTHUM M BjeIUTaYKUM  aKyMyJslalyjama,
MOpHMa W OKEaHHMa. XHJIpayJHyKd 3Hayaj
MOA3EMHUX BOJa OINIe]da C€ MPBEHCTBEHO Y
YUIEHULM JIa Cy TO/A3EMHE BOJE HE3aMjCHJbHB
¢daxkrop y ¢dopmupamy, pa3Bojy U MPUCYCTBY
MOBPIIMHCKEXUAPOrpadckeMpexe. XuapayanuKy
MOBE3aHOCT ca jesepuMa U CBjETCKHUM MOpEM,
A.A. KoHorubaHIIeB — Jie(pUHUILE MPEKO ceaam
THIIOBA XMUJPOJIOIMIKUAX (pakTOopa 3aCHOBAHUX Ha
Mel)ycoOHOM XUpayTUukoM J€jCTBY pHjeKa H
MOA3EMHUX BOJA, Y 3aBUCHOCTH O] T'COJIOIIKE
rpahe u xunporeonomkux ycnosa (L{pHoropar,
2009).

I'eomopdonomky 3Hauaj MOA3EMHUX BOJA.
Hucermpanoct pesbeda, ayOMHA EpPO3MOHOT
ycjenama y 3aBUCHOCTU OfI JOHE E€pO3HUOHE
0a3e W TyCTHHA pHUjedyHE MpPEKE Cy OCHOBHHU
napamMeTpu JTyOWHE TIpOCTHpama IOJ3EMHUX
BOJIA, XUAPAYINYKHUX T[aJ0Ba TOKOBA, IY)KHUHE
nmyTeBa mpoljehuBama MOA3EMHUX BOAA U Jp.
On aucenypaHoCTH (palIwIalkeHOCTH) pesbeda
3aBUCH paclojjjesia TeMIeparype 30He aepaiuje
u noa3eMHux Boza. Ocmarpamuma H.I. Orunsua
(1956) ytBpheHo je na moBpIIMHA 30HE aeparyje
U TIOI3EMHHMX BOJA, Ca MOCTOjaHOM TOIMIIEHOM
TeMIIEpaTypoM, OIOHAIla HOBPIIMHCKU
pemed. ,Ilo3HaTo je, u3 OpojHHUX MOCaNAIIBUX
UCTPaKUBAMA, J1a MOA3EMHE BOJAE BUIIECTPYKO
YU4eCTBYjy y QopMHpamy TOA3EMHUX H
MOBPILIMHCKUX OONMUKa y pesbedy (XemHjcka H
MexaHndka epo3uja). [logzemue Boze y BUIy Jena
cy Taxohe MohaH (hakTop M3rpame Hu3a 00IHMKa
y pesbedy** (Lpuoropair, 2009).

buonomky 3Ha4aj moa3eMHUX BoMa . Y THIIA]
BereTalyje Ha IMOA3EMHE BOJE j€ H3Y3eTHO
3HayajaH (aKTop peKUMa TOI3EMHHX BOJA.
Bereranyja HenocpemaHO YCIOB/baBAa XPambembe

agent which dissolves various minerals in the
lithosphere and deposits them, forming mineral
deposits. Moreover, under certain conditions,
ground waters bring out (distribute) many
minerals on a topographic surface. Hence,
we can draw a conclusion that ground waters
are very important geologic agents in the
lithosphere development.

The hydrological significance of ground
waters. The ground waters regime in the coastal
zone is coherent with the regime of water
levels in rivers, natural and artificial reservoirs,
seas and oceans. The hydraulic relevance of
ground waters is reflected primarily in the
fact that ground waters are indispensable
factors in the formation, development and the
presence of the surface hydrographic network.
A.A. Konopliantsev defined the hydraulic
connection of ground waters with lakes and
the World sea (ocean) through seven types
of hydrological factors based on the mutual
hydraulic effect of rivers and ground waters,
in relation to the geological structure and
hydrogeological conditions (Crnogorac, 2009,
pp 154).

The geomorphological significance of
ground waters. The basic parameters of the
depth of the ground waters propagation,
hydraulic falls, and the length of paths of
ground waters percolation are the dissociation
of the relief, the depth of erosion cutting in
relation to the lower erosion base and the
density of the river network.

Temperature distribution in aeration
and ground waters zone is dependent upon
the dissociation (dissection) of the relief.
The observations by N.A. Oglivi confirmed
that the surface area with a constant annual
temperature mirrors the surface relief. The
previous research made it well known that
ground waters participated repeatedly in the
formation of the ground and surface forms of
the relief (chemical and mechanical erosion).
Ground waters in the form of ice also stand for
a powerful factor in creating a series of relief
forms (Crnogorac, 2009, pp 154).

The biological significance of ground
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MO/I3€MHUX BOJIA, OAHOCHO yTUYE Ha: BPHjEIHOCT
Ba3/[yIIHOT MPUTHCKA, BIAXKHOCT BazayXa H
BEJIMUMHA HCTapaBama (TpaHCIUpalyja), BUCHHA
CEb@XKHOI TOKpHBa4Ya Ha KpyHama crabaiga Hu
tonorpadckoj moBpmmHE Hu 1Ap. [locrojame
KOITHEHE BereTalyje Huje Moryhe 6e3 mom3eMHux
BoZa. CBOjUM KOpHjemeM OMJbKE HE IpIie Camo
Boxy Beh u OpojHe muHepane. C 003mpoM Ha
BEreTAIlOHU TIEPUOJ, YTHUIA] Bereramuje Ha
MO/I3eMHE BOJIC j€ YIIABHOM CE30HCKHU (M3y3eB
CTAJTHO BIAXHUX KirMata). Ce30HCKU YTHII] ce
JaCHO youaBa KO/ aHajM3a PeXHuMa IOJ3EMHHUX
BOJla U 00jaBJbHBama IMOJATaKa Yy TOAUIIEHAM
CTaTHUCTHYKUM W3BjEITajUMa.

[Tomzemue Bozie ¥ XyMaHa romyianuja. Bonga
j€ perymnarop >KMBOTa Te 300T TOra UMa U3y3eTHY
BO)XHOCT 3a XyMaHy IOIMYyJalljy Halle TUIaHeTe.
30o0r unrepakuuje mehy reocepama reorpadckor
OMOTa4a, Ka0 ¥ KOHCUCTEHTHOCTH (TTI0OCTOJaHOCTH,
TPajHOCTH) TIOOAIHOT XHJIPOJIOLIKOT ITMKITyCa,
OW10 Koja MpOMjeHa WM JjjeIMMUYHA H3MjeHa
CTama y OWJIO KOjeM CerMEHTY LMKIyca JOBOIM
70 Behx WM MambuX MPOMjeHa y APYTOM JIUjerry
nuKIyca W BogHOM Ownancy. [lomsemue Boje
y KHUBOTY JbYOM MMajy Pa3IMYUT, MOCPEaH H
HeTocpenaH, 3Ha4aj: (GU3HOJOUIKH, 31PABCTBEHO
— XUTHJEHCKH, BOJIOCHA0IUjeBakbEe MPUBPE/IE,
BoJa 3a Xxjahewme, Boga 3a HaABOAHABAILE,
puborojcTBo, TpaleBUHCKA [jeaTHOCT M Jp.
MelhyTuM © 4YOBjeK CBOjUM aKTHBHOCTHMA
yTU4€ Ha PEXKHUM TOA3EMHHX BOJAA, OJHOCHO
ICHA KBAIUTATUBHA M KBAHTUTATHBHA CBOjCTBA.
Wsrpanma XuApOTEXHUYKHUX 00jeKaTa, u3rpajmba
TpaJICKUX Hacesba WIH TMOjeIUHUX TPAJCKUX
KBapTOBa, HABOJHABALE, OJIBOAIGABAGE M JIP.
yTHU4e Ha TpaHc(opMalnjy peKuMa MOA3EMHUX
BOJIa, IPOMjEHY YCJIOBAa U MHTEH3UTETa HHXOBOT
Xpamema M YyCIOBa TMOTPOUIKE (CMambHBamba
3aJIMxa) MOA3EMHHX BOJIA.

On mom3eMHMX BoAa TmocebaH 3Hauyaj 3a
XyMaHy IOMyJaIjy, O aHTUYKOTI Mepuoia ma
no mouerka XXI Bujeka, MMajy MHHEpaHE,
TepMaJHEe U TepMOMHHEpanHe Boae. Ha ocHoBy
M10jaBJbHMBAba OBUX TOJ3EMHHX BOJA pa3BHia Ce
noceOHa Hay4yHa AMCIMIUIMHA — OanHeosnoruja
(HauHa MUCIMIUIMHA Koja ce 0aBW MPOydYaBameM
JbEKOBUTOCTH  MHUHEPAJHUX, TEPMAIHUX H
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waters. The vegetation impact on the ground
waters is an utterly substantial factor of the
ground waters regime. Vegetation conditions
directly the feeding of ground waters through
the parameters such as the value of air pressure,
humidity and the amount of evaporation
(transpiration), the depth of snow cover on
the crowns of trees and topographic surface,
etc. The existence of terrestrial vegetation
would not be possible without ground waters.
With their roots, plants not only absorb water
but also various minerals. Considering the
vegetation period, the impact of vegetation
on ground waters is usually seasonal (except
areas with permanently wet climate. Seasonal
influence is clearly evident from the analysis of
the ground waters regime and the publication
of the accounts in the annual statistical reports.

Ground waters and human population.
Water is a regulator of life and thus has a great
importance for human population. Due to the
interaction between the geospheres of the
geographic layer, and consistency (continuity,
permanence ) of the global hydrological cycle,
any kind of change or a partial alteration of the
conditions in any segment of the cycle results
in some major or minor changes in the second
part of the cycle and water balance. Ground
waters have manifold, explicit or inexplicit
relevance in human life which is embodied
at physiological, medical and sanitary levels.
Ground waters are also important for industry
water supply, cooling, irrigation, fish farming,
construction activities, etc. However, human
beings with their activities also affect the
ground waters regime and its qualitative and
quantitative characteristics.

The building of hydrotechnical structures,
urban areas or certain neighbourhoods,
irrigation, drainage, etc. influence the
transformation of the ground waters regime,
the change of the conditions, the intensity
of their feeding and consumption conditions
(supply reduction).

From the ancient times till the beginning of
the 21st century, mineral, thermal and thermo-
mineral waters have had a distinguished



XUAPOT'EOTEPMAJIHU IIOTEHIWJAJIA V ®YHKIWIM OBHOBJBUBE EHEPTUIE Y PEITYBJIMLIA CPIICKOJ
HYDROGEOTHERMAL POTENTIALS IN THE FUNCTION OF RENEWABLE ENERGY IN THE REPUBLIC OF SRPSKA

TEPMOMUHEPAIHUX BOJA).

[Topujexno  XuapreorepMmaiHe EHepruje.
I'eorepmanHa eHepruja je y HEMOCpPEIHO] BE3U
ca TOIUIOTOM YHYTPalIkhOCTH Halle mianere. U3
YHYTPAIIHBOCTH C€ MTPEHOCH KPO3 BEOMA CIIOKEHY
reosomiky rpaly. [Ipema Ilpycy (Karsten Preuss)
OCHOBHH H3BOp TOIUIOTE y YHYTPAIIHOCTH jECTe
paIuoaKTUBHU pacaj] HECTAOMITHUX U30TOIA KOjU
Ce jaBJpajy y PEIaTHMBHO Mayloj KOHIIEHTPALUjH
y OOHOCY Ha 3ampeMuHy 3emibe, MOCeOHO Y
kopu. OBa TOIJIOTa CE€ MPEHOCU PA3TUIUTHM
MEXaHW3MHMa IpeMa TOmorpa)ckoj MOPIIMHH,
YKJbY4yjyhH TOIJIOTHY KOHAYKIH]Y (IIPEHOIICHEe
TOILIOTE), KOHBEKIH]Y (IIyH[Ia, TE HEMOCPETHUM
ToOMjepameM 3arpujaHux pacTOIJbEHUX CTHjeHa
npema mhuM XOprU30HTHMA.

XugporeorepManHid  pecypcd.  MoxeMo
UX Hajmakme aeuHUCATH Kao CKIAAMINTA Y
3eMJBbMHO] KOPY U3 KOjHX TOTUIOTHA EHEPTHja MOXKE
OUTH EKOHOMUYHO H3[BOjeHa M HcKopuiiheHa
32 HEKy IOTOIHY IpPUMjeHy Yy MpPUBPEIH WM
noMahuHcTBUMA.

['eorepmaniu cucteMu. 3a BLHUXOBO IIOCTOjabe
MOTPEOHU Cy: BETUKH M3BOP TOILIOTE, PE3EPBOAP
Koju he cKymbaru TOIUIOTY U IOCTOjaEbe
MOBJAaTHUX OapHjepa Kojeé MOTy YCIOBUTH
3ajp>KaBarbe HAKyIUbEHE TOILUIOTE Y PE3epBOApY.
Mory ce kinacu(ukoBaTd y TET Pa3THIUTUX
tunosa (['eorepmannu atnac Penyonmke Cpricke,
2012):

1. TeorepmanHu cHCTEMH JOMHMHAHTHO ca
napowm,

2. I'eoTepMalHu CUCTEMH Ca TOILIOM BOJIOM,

3. 'eonpecupanu reoTepMaiIHi CUCTEMH,

4. 'eoTepMaIHU CHCTEMHU Ca TOIUIUM CYBHM
ctujenama (HDR — hot dry rocks),

5. Marma.

METOJI PAJIA

[T paga je 1a ce Ha OCHOBY JOCAAAIIBUX
UCTpaKUBAaka W TNpOydyaBama HUICHTUDUKY]Y
U BpEIOHY]Y XHIPOTeOTepPMAIHU MOTCHIH]jaIH

importance for the human population. On
the basis of the ground waters occurrence,
a special discipline called balneology (a
scientific discipline that studies the healing
effect of mineral, thermal and thermo-mineral
waters) has emerged.

The origin of geothermal energy.
Geothermal energy is directly related to the
heat of the Earth’s interior. It is transported
from the Earth through a very complex
geographic structure. According to Karsten
Preuss, the main source of the Earth’s heat
is the radioactive decay of variable isotopes
which appear in relatively low concentrations
in relation to the Earth’s volume, especially in
the crust. Various mechanisms such as thermal
conduction (heat transfer), convection of fluids,
and direct movement of heated dissolved rocks
towards the shallower horizons are used for the
conveyance of this heat towards topographic
surface.

Geothermal resources. They can be easily
defined as depositories in the Earth’s crust from
which thermal energy can be economically
extracted and used for convenient purposes in
industry or households.

Geothermal systems. The existence of
these systems is dependent upon a huge thermal
energy source, a reservoir that accumulates the
heat and the presence of the overlying barriers
that may cause retention of the accumulated
heat in the reservoir. They can be classified
into five different types (The Geothermal Atlas
of the Republic of Srpska, 2012, pp 3).

1. Geothermal systems with steam,

2. Geothermal systems with hot water,

3. Geopressured geothermal systems

4. Geothermal systems with hot dry rocks
(HDR),

5. Magma.

RESEARCH METHODS
Based on the past research and studies, the

aim of the research is to identify and evaluate
geothermal potentials in the Republic of Srpska.
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Penyomuke Cprcke.  CXOOHO TOCTaBJBEHUM
JbeBUMa  KopuilheHu cy ciberehu meromau
UCTPaKUBAA!

1. Teorpadcku (IPOCTOPHU) METON OTHOCH
ce Ha aHaJM3y MPOCTOpa U MPUPOTHHX (pakTOpa
(pecypca) y mpocTopy. therose 6utHe omnuke cy
BEJIMYMHA TPOCTOPA U reorpad)CKu pa3MjerTaj
XUJPOreoTepMATHUX MoTeHIMjana y PemyOmurm
Cprickoj, Te 30Ha HCTPAKUBAHUX HICKO U CPEIIEHE
SHTAJIIHNjCKUX XUPOre0TepMaIHIX TOTEHIIMjasa.

2. Hcropujcko-reorpadeku METOL,
NPEe/ICTaB/ba KOMOWHOBAaHM METOJ HCTOPH]jCKOT
(Bpemenckor) u reorpadckor (TPOCTOPHOT).
BuxoBom nnpumMjeHoM ce yTBphyje mel)y3aBucHoct
u3mel)y ,,BpeMeHa’ ¥ MpOCTOPHUX Ca/iprKaja.

3. KommaparuBHu Meton je KopuinheH
y TpoLeCy aHaju3e OIIITHX TeONIOMKUX H
XUJPOTEOOIIKUX KapaKTepUCTHKAa TEpUTOpHja
PenryOnuke Cpricke, 3aTuM KoOJI YTBphEeHHX H
MIPOTHO3HUX N30TEPMH Ha PA3TMYUTUM TyOHMHAMa
UCTPaKUBAA U JIP.

4.CtatuCTUUKA ~ MeTofl, KopuiheH Kao
KBAaHTUTaTUBHU METOJI OJpehuBama CTPYKTYPHUX
OZIHOCA  CTaTUCTUYKHUX TMapamerapa (cHara
XUJPOTeOTePMATHUX OyII10THHA, U3BOPH
TEpMAJHUX U TEPMOMHHEPATHUX BOAA).

5. Merogom cucremarusanuje, H3BPIICHO
j€ Tpynucame U PaHTUpPamhe CBHX PEJIeBAaHTHUX
(axTopa XUAPOreoTepMaIHOr MOTEHIMjajda Ha
MIOCMaTpaHoM IPOCTOPY.

6. Meton aHanuse, ykasyje Ha OpraHH3aLujy
MpOCTOpa, a UCTOBPEMEHO oMoryhyje crio3Hajy
MoCJbeIUIIA TPOMjEHE CTPYKTYpe KOja HacTaje Kao
MOCJbeIUIA OfIpel)eHUX HHTEPBEHITH]a Y TPOCTOPY.
AHanmsza CTpyKType M3y4yaBa pacmopen, Be3e H
OIHOCE YHYTap jenHor u u3Mely Buie daxropa,
JIOK aHaJIu3a caipKaja, caMmo MOKa3yje MpUCYCTBO
TMIOjEIMHUX eJIeMEeHaTa y AaTOM CHCTEMY.

7. Meton cuHTe3e, omoryhyje noBe3uBame
eJIeMeHara 0jaBa 1 IIpoLieca U CIO3Hajy CpeiuHe
Kao YHUBEP3aJIHE LIEJIHE.

OcuM  HaBEeNEHUX  METONa, MPHIMKOM
UCTPaKUBAYKOT paJia, IPUM]jCHUBAHE Cy U OCTAJIH
METOJM Kao HIp. WHAYKTUBHH, ACAYKTUBHU H
JIECKPUNITUBHHA METOJI, METOJ/l CHCTEMCKE aHaIN3e
Y METO]] aHTHUIIHIIAIH]C.
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In accordance with the given objectives and
goals, the following research methods were
applied:

1. Geographical (spatial) method deals
with the analysis of space and natural factors
(resources) in the space. The main characteristics
of this method are the size of the area and the
geographic distribution of geothermal resources
in the Republic of Srpska, and the studied area
of low and medium enthalpy hydrothermal
resources.

2. Historical and geographical method
consists of historical (temporal) and geographical
(spatial) method. By applying this method,
interdependences between “time” and spatial
contents are determined.

3. Comparative method was used in the
process of the analysis of the general geologic
and hydrogeological characteristics of the
territory of the Republic of Srpska, as well as in
the analysis of identified and foreseen isotherms
at different depths, etc.

4. Statisticalmethod wasused asaquantitative
method for determining the structural relation
between the statistical parameters (hydrothermal
wells power, thermal and thermo-mineral
springs).

5. Grouping and ranking of all relevant
factors of geothermal potential of the area studied
was done by systematization method.

6. Method of analysis indicates the space
organization, and also enables the recognition
of the consequences due to the change in the
structure which arises as an outcome of certain
interventions in the area. Structure analysis
studies schedules, connections and relations
within one factor and between more factors,
whereas content analysis only displays the
presence of certain elements in a given system.

7. Method of synthesis facilitates the linkage
of the elements of phenomena and processes,
and the acknowledgment of the environment as a
universal totality.

Aside from the above mentioned methods,
inductive method, deductive, descriptive, the
method of system analysis and the method of
anticipation were also applied during the research.
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PE3VIITATU UCTPAXXVBABA

Hcmopujam ucmpasicusaroa
xuopozeomepmanne enepeuje y Penyonuyu
Cpnckoj

OHO IITO HECYMILHMBO JIe(DUHHUIIE MPOTEKIN
MIEpUOJT UCTPAXKHBAKba JECTe HAIop Ja ce aohe 10
IITO KBAJUTETHUJUX Ca3HAHba O TeOTePMaHUM
KapakTepucTUKamMa  (CBOjCTBUMA)  3eMJbHHE
Kope Ha TreorpadckoM mpoctopy PemyOnuke
Cprcke. Dokyc je OMO Ha XHIPOreOTEPMATHUM
CHCTEeMHMa, Ha JJAHAIIHEM TEXHOJIOUIKOM HUBOY

HAJIPUXBATJBUBUJEM  BUAY  HCKopuIihaBama
reoTepMaiHUX  MOTEHLHWjana.  YBaxaBajyhu
YUICHUIYY Jla j€ Teorpa)ckoM TMPOCTOpY

PenryOnuke Cpricke CBOjCTBEHa KOMIUIEKCHOCT
TE€OJIOMIKO — TEKTOHCKMX OJHOCA pa3yMJbUBO
je Ja JocajallibM HCTPaKUBABUMa HHCY
pujelieHa MHOTa TUTakma OJ 3Hauaja 3a
KOMILJICKCHH]E carjie/jaBalbe W HCKopuIihaBame
reoTepMajiHOT ToTeHIMjana. Mmak, He Tpeba
3aHEeMapUTH YUI-CHUITY 1a MYATHAUCIMIUTMHAPHA
UCTPaKUBAa, KOja TPajy O IIe3eCETUX roinHa
MIPOLUIOT BUj€Ka, Y MHOTUM CETMEHTHMa YKa3yjy
Ha ONPaBIAHOCT WHTEH3UBHHMJUX HHBECTHpAHA
y TreoTepMaliHa HUCTPaXKWBakba HAa  OBUM
npocropuma. IlozHato je na je reorepmaiHa
CHEpruja, y CaJalllbeM BpeIHOBAaWkY H3BOPa
€Hepruje, 4ucT W OOHOBJBUMB H3BOP CHEPIH)E.
ITo Tome ce oHa jacHO paziHKyje o (HOCHIHUX
TOpHUBA M HYKJIEAPHUX CUPOBHHA, UHj€ Cy pe3epBe
y bocan u Xepnerosunu u Perny6nunum Cprickoj
OrpaHuYeHe U HEOOHOBJBUBE.

Bbocny n Xepuerosuny u Penyonuky Cpricky
OUTMKYje BeoMa ClloxkeHa reosiomka rpaha. Ha
JOIOCAJAIIbUM ~ UCTPAKHUBAbMMA  TCOJIOIIKE
rpalje U3BpILICHA j€ XUIPOTEOIOIIKA PEjOHU3ALN]a
KOja Mpe7icTaB/ba OMTHY MPETIIOCTABKY 32 OLjeHY
reoTepMaiHUX noTeHuujana Pemybmuke Cpricke.
N3nBojeHo je ykymHO 13 XuIporeoonkux pejoHa
(Teorepmannu atnac Pemy6muke Cpricke, 2012):

1. ITpocTpanu apTecku 6aceH cjeBepHOT
mujena Permy6mmke Cpricke,

2. 30Ha naneoreHux QIuIIeBa,

3. Henrpanuu opuoauTcku mojac,

4. MacuB KHCENUX IUTyTOHUTA U KOHTAaKTHUX

RESEARCH FINDINGS

The history of geotermal energy
research in the Republika Srpska

It is undoubtedly true that the previous
research period was defined by the effort
to gain better knowledge about geothermal
characteristics of the Earth’s core in the
geographic area of the Republic of Srpska.

The focus was set on hydrothermal systems,
on today’s technological level considered as
the most convenient form of exploitation of
geothermal resources.

Bearing in mind the fact that the geographic
area of the Republic of Srpska is characterized by
the complexity of geologic and tectonic relations,
it is clearly evident that the previous research
failed to address many issues relevant for the
comprehensive understanding and utilization of
geothermal potentials. Nonetheless, one should
not overlook the fact that many multidisciplinary
researches, lasting from the sixties, point out the
fact that the intensive investments in geothermal
research of this area are reasonable.

It is well known that geothermal energy, in
the current constellation of energy source, is a
renewable energy source. This characteristic of
geothermal energy is something that differentiates
it from fossil fuels and nuclear materials whose
reserves are limited and non-renewable in
the territory of the Federation of Bosnia and
Herzegovina and the Republic of Srpska. The
Federation of Bosnia and Herzegovina and
the Republic of Srpska have a very complex
geologic structure. Based on the past research
on geologic structure, a hydrogeologic zone
division was carried out, making it an important
factor in the valuation of geothermal potentials
in the Republic of Srpska. There are 13 different
hydrogeologic zones (The Geothermal Atlas of
the Republic of Srpska, 2012, pp 9-22):

1. The spacious artesian basin of the northern
part of the Republic of Srpska,

2 The Paleogene flysch zone,

3. The central ophiolite belt

127



BECHA PAJUEBU'R U YEJIOMUP LIPHOI'OPAI]
VESNA RAJCEVIC AND CEDOMIR CRNOGORAC

metamopdura [Ipocape,

5. MacuB Kucenux IIyTOHUTAa U KOHTaKTHUX
Metamopdura Morajure,

6. Komrieke kpenHux 0a3uyHUX U KHCETHX
edy3uBa cjeBepo3amna Hor aujena PemyOmuke
Cpricke,

7. MacuB LIKpuibala yHCKO-CaHCKOT
aJIC0301Ka,

8. 30Ha jypcko-KpeaHuX (IuIena,

9. MacuB UHTepMeMjapHUX BYJIKaHUTA U
nparehux Tydosa,

10. IMTaneo3ouk ucrouyHor nujena PemyOmuke
Cpricke,

11. MacuB kapOOHATHUX TPUjACKHUX CTHjEeHA
y O(HOIUTCKO] 30HH,

12. lypmuTOpcKH OJIOK UCTOYHOT AMjerna
PenyGnuke Cpricke,

13. MacuB kapOOHaTHHX ME3030jCKUX
cTHjeHa (30Ha croJbalmbux JuHapuna).

[Ipoctop  ucrouHe  XepuUEroBuHe  H
cjeBepozamagHu o  PemyOmuke — Cpricke
(monpyyje oxo Otoke, Cpueruna, Kiexopaua,
Humutop, Jlucuna, Butopor, IlogoBu u Jam)
JOMHMHAHTHO u3rpalyjy kpeumaiy u noapeheno
JOJIOMHTH Me3030jcke crapocTH. Kpeumak je
THUNWYaH TPEJCTaBHUK CTHjeHA IOJIOKHUX
KOPO3HjH TAKO J1a j€ UCTIPECH]eIlaH MHOTOOPOJHIM
MyKOTHHaMa KojuMa ce kpehy momsemne Boze.
MoxeMo 3aKJbYyYMTH J1a U3pakeHa MOPO3HOCT
Kpeumaka y 30HH crnosbaiimux JluHapuma u
MHTEH3UBHA IMPKYJalMja MagaBUHCKUX BOJIA U
Ba3jlyxa ca Tonorpadcke moBpIIvHE MPeacTaBba
JjeZaH o7l INTaBHUX Y3POKa HETOCTOjaba TEPMATHUX
BOJIa y oBOM jujeny PermyOmuke Cpricke.

3a xopumheme TreoTepMalHUX —pecypca

reorpagckor mpocropa Pemybmuke Cpricke
€BHJICHTHO j€ Jla C€ KOpPHUCTe YIJIaBHOM
XUJPOTeOTEepMATHH pecypcu HIDKHX
temrneparypa (mo  75°C),  Hecpa3mjepHO

nocrojehum kamanureTMMa W KBaJUTAaTUBHUM
CBOjCTBMMA MOA3eMHHMX Boxa. Jlocamamma
UCTpaKUBamka  MOKa3yjy Ja  KopHuiIheme
TEepPMAJHAX M TEPMOMHHEPATHUX BOJda HHUJE Y
CKJIQJy Cca HHBOOM pe3yiTara HCTPaXKUBamba
Ipoy4yaBaHOT pecypca. leoTepmanHu pecypcu
cy HakoH 1992. ronuHe UCTpaXUBAHU, Y MABHEM
i Behem 00MMy, 3a 10jeJMHAYHEe UHBECTUTOPE;

128

4. The massif of acid plutonite and contact
metamorphite of Prosara mountain,

5. The massif of acid plutonite and contact
metamorphite of Motajica mountain,

6. The complex of Cretaceous and acid
effusives of the northwestern part of the Republic
of Srpska,

7. The massif of shales of the paleozoic of
Una-Sana region,

8. The Jurassic and Cretaceous flysch zone

9 .The massif of intermediate volcanic rocks
and related tuffs,

10. The Paleozoic of the eastern part of the
Republic of Srpska

11. The massif of triassic carbonate rocks in
the ophiolite zone

12. The Durmitor block of the eastern part
of the Republic of Srpska

13. The massif of Mesozoic carbonate rocks
(zone of the external Dinarides)

The eastern part of Herzegovina and the
northwestern part of the Republic of Srpska (area
around mountains Klekovaca, Dimitor, Vitorog,
villages of Srnetica, Otoka, Podovi, Lisa and
the area of Janj) are composed predominately
of limestone and subordinate dolomites of the
Mesozoic age. Limestone is a type of rock
susceptible to corrosion, thus it is intersected by
numerous crevices through which ground waters
circulate.

We can assume that the pronounced porosity
of limestone in the area of the external Dinarides
and intesive circulation of precipitation and air
from a topographic surface are the main causes
of the lack of thermal waters in this part of the
Republic of Srpska.

Hydrothermal  resources  of  lower
temperatures (to 75°C) are mainly used for
geothermal resources in the Republic of Srpska,
which is disproportionate to the existing
capacities and qualitative characteristics of
ground waters. The previous research points out
that the usage of thermal and thermo-mineral
waters does not correspond to the level of the
research findings of the studied resource. After
1992, geothermal resources have been expolored
more or less for individual investors; mainly



XUAPOT'EOTEPMAJIHU IIOTEHIWJAJIA V ®YHKIWIM OBHOBJBUBE EHEPTUIE Y PEITYBJIMLIA CPIICKOJ
HYDROGEOTHERMAL POTENTIALS IN THE FUNCTION OF RENEWABLE ENERGY IN THE REPUBLIC OF SRPSKA

yIJIaBHOM 3a morpebe obe3djeherma IOmyHCKUX
BEJIMYMHA BOZE 3a OAJHEONOIIKE, pEeKpeaTuBHE
U uHIycTpHjcke morpede (OymoruHa SB-4 y
Cnatuau - ommruHa YenuHan W OyIIOTHHE
TGP-1 u TGP-2 y CoukoBuy - ,,I'epme O3pen”,
mwianuHa O3peH). KOHTHHyHWTET HCTpakuBamba
reorepMaiiHuX pecypca Penmyonuke Cpricke umMao
Jj€ 32 IWJb MOJIMBAJIEHTHO KOPHUINEHe TePMaTHUX
Boja. Pesynrar Tora je Oymoruna y Cinobomupy
kon bujersune nyomne oxm oko 1800 m, ca
Temrneparypom Boze ox 73°C.

Tomenyujan u cadawrsa uckopuwhenocm
2e0MEPMATTHUX Pecypca 2e02pagpckoz npocmopa
Penybnuxe Cpncre

OO0uM 1 cazipkaj 1ocaJalIbUX UCTPAKUBAbHA
XUJPOTeOTepMATHUX  MOTEHIMjana  TOKa3zyjy
Jla Ce OHH MOTY HENOCPEIHO KOPUCTHTH Y:
OaHeoNI0TujH, pekpeanyju, 3arpujaBamby
3eMJBMINTA, y3rojy pube ¥ CTOYapCTBY
(3arpujaBame KHMBOTHUILCKHX (hapMH), ald H
y TommuQUKanuMju (3arpujaBamby IMPOCTOpa,
riacteHnka) u ci1. Ha reorpadckoM mpocTopy
Peny6nuke Cpricke, ycinoBHO roBopehu, yecte cy
10jaBe JHEKOBUTUX MHUHEPAIHUX, TEPMATHUX H
TepMOMUHEpAITHUX BoJa. OKO M3BOpa JbEKOBUTUX
BOJIa U MjecTUMa JbEKOBUTUX Onara M3rpajuiia
Cy ce BpeMEeHOM Mama WiM Beha Haceba —
Oame. ApXEOJNOIIKM OCTalM KOJ Hu3a Oama
ousmie COPJ mokasyjy na mHX0BO Kopulheme
Jarupa y nepuon antuuke ['puke u Puma. [lanac
Cy MHOTH HW3BOPM MHUHEPAITHHUX, TEPMATHUX H
TEPMOMMHEPAIIHUX BOJAa MOCTalU apUpPMHUCAHU
0ambCKO — JBCUWIMIIHA M PEKPEaTUBHHU LIEHTPH
ca CaBPEMEHOM JIMjarHOCTHYKOM OIPEMOM H
orpeMoM 3a (usukanHy Tepanujy. PemyOmmka
Cpncka wumMa oxo 200  perucTpoBaHHX
MHUHEPAJHUX, TEPMaJIHUX, TEPMOMHUHEPAITHHX,
cnabo pagMOAaKTUBHMX II0jaBa, KHCEJbaKa M
JbeKOBUTHUX ONlara W JeBeT OamCKHUX IIeHTapa 3a
JHjeueHhe U PexadbuiInTaIurjy, OAHOCHO OIMOp H
peKpeanujy.

bamcku neHrpu cy:

A) Tepmanue 6o0e

,BumuHa  Bmac*  (Bumerpanm), ca

for the additional water supply for balneologic,
recreational and industrial purposes ( borehole
SB-4 in the locality of Slatina ( Municipality of
Celinac) and borehole TGP TGP-1 and-2 in the
locality of Sockovac ( Thermal spring “Ozren”,
Mounatin Ozren ).

The objective of the continuous research on
geothermal resources in the Republic of Srpska
was the polyvalent usage of thermal waters.
The result of this was a borehole in the town
of Slobomir near Bijeljina with the depth of
1800meters and temperature of 73°C.

Potentials and the current exploitation of
geothermal resources in the Republic of Sprska.

The scope and the content of the previous
studies of hydrothermal resources suggest that
they can be used in: balneology, recreation,
soil warming, fish and animal farming (animal
farm heating), and the heating system (room and
polythene greenhouse heating), etc. Occurrences
of medicinal mineral, thermal and thermo-
mineral waters are common for the area of the
Republic of Srpska. Over time, smaller or bigger
settlements called spas have been built around
the springs of medical waters and the places
with medicinal mud. Archaeological remains in
a number of spas in the former Yugoslavia show
that their usage dates back to the time of ancient
Greece and Rome.

Today, many mineral, thermal and thermo-
mineral springs have become renowned spas,
medical and recreational centers with modern
diagnostic equipment and equipment for physical
therapy. In the Republic of Srpska there are about
200 registered mineral, thermal, thermo-mineral,
and scarce radioactive phenomena, mineral
water springs, medicinal mud and nine spa
centers for medical treatment and rehabilitation
or recreation.

These are the spa centers:

A) Thermal waters

Vilina Vlas (Municipality of Visegrad), with
a water temperature over 310C; the thermal
waters in this spa have radioactive, carbonate
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TemrneparypoM Boze npeko 310C; repmanne Boze
O6ame ,Bunmna Brnac* umajy kapakTepHcTHKE
pamuoaKTUBHE,  KapOOHATHE  XOMEOTEpME;
OCHOBHA JHEKOBUTA CBOJCTBA TOTHYY OJ H-CHE
PaIOaKTUBHOCTH, YWjU j€ HOCHJIALl PAJOH U
H-ETOBU MPOIYKTH paciia/iama;

and homoeothermic characteristics; the basic
medicinal characteristics originate from their
radioactivity, with radon and its decay products
as the major agents;

Tab. 1. llpezcneo xuopoceomepmannux oywomuna y ¢yuxkyuju Ha mepumopuju Penyonuxe Cpncke ca
PACRONONHCUBUM KANAYUMETNOM

Tab. 1. Summary of hydrotermal drills and the available capacities in the territory of the Republic of Srpska

Pennu Jlokanutet u I'pan/ Iy6una 6y — | Temmeparypa [poTuiaj
. Bymoruna
6poj kopunrheme OmnmruHa motuHe (m) soze (°C) I7s)
Locality and City/ The depth of | Temperature Flow rate
No. usage Municipalit Borehole a drill (m) (°0) (1/s)9
1 2 3 4 5 6 7
1 Jbensbanu Hosu I'pag 672 31 +7
. . Bl1-1
pekpeayuja Novi Grad BL-1
recreation
2 Cprcke Bbama Jlyka I'r-1 47 30 -28
Toruie Banja Luka GS-1
(IlIexep) b-1 74 30 -12
pexpeayuja B-1
recreation
3 CraruHa napk Jlakramu KB-1, CB-1, -, 165, 43 -25
CJI-1, Cb-4, 280,200
CnaTuHa OTOK KB-1,SB-1,
monaugurayuja SL-1. SB-4
banneonozuja Laktasi ’
s seean crzera | sso |2 | o
and balneology SL-2,SL-3 +0.3
4 JlakTamm Jlakramm -1 120 30 -22
banneonocuja 13 171 30 +13
pexpeayuja
Laktasi Laktasi
L-1
balneology and L3
recreation
5 Kynammu IIpmwasop B-5 40 30 -12
banneonocuja
Kulasi Prnjavor B-5
balneology
6 Tecimh Tecnuh B-E 128 38 +24
banneonocuja
Teslic Teslic V-E
balneology
7 Kaxmyx, ITerpoBo I'b-6 200 38 +50
excmpakyuja TITI-1 346 38 -22
CO?2 zaca TI'TI-2 471.3 38 -100
Kakmuz Petrovo GB-6
extraction of TGP-1
carbon dioxide TGP-2
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8 JIBopoBH Bujersuna 1345 75 +7.5
monaugurayuja C-1
banneonozuja
perpeauja Bijeljina
Dvorovi S-1
heating system
balneology and
recreation
9 Cnobomup bujesbuna -2 1800 73 -43
Slobomir Bijeljina GD-2
10 Bumerpazacka Bumerpaz Cb-1 181 31 -15
bama CBb-2 160 31 -15
banneonocuja
Visegrad spa Visegrad SB-1
balneology SB-2

(M3Bop: I'eorepmannm amnac Penyonmke Cpricke, 2012)
(Source: The Geothermal Atlas of the Republic of Srpska, 2012)

,bama Jlakramm“  (Jlakramm), ca
temneparypoM Boae o 30°C; kymame y BoOaU
JOTIPHHOCH  NOOOJBIIAKY CTamkba OpraHu3Ma
Koz cibenehux rpyma Gonectu: GonecTu Ouujy,
0oJIeCTH CpIia M KPBOTOKA, 00JIECTH IOKOMOTOPHHX
arapara, peKpearuje 1 peBUTAIN3a1IH]C;

»bamwa  Kymamm“  (IlpwaBop), ca
temmneparypoM Bojie o 300C; TepmaiiHe BOJIE OBE
0ame MoCTU3aJIe Cy BUIHE PE3ylITare y JIjeuehy
MICOpHja3e M CMamemy Teroda u yoOnakaBamy
KIIMHUYKHX [T0Tpeda Kol TICOpHjaThyapa u Apyrux
XPOHUYHHX KOXKHUX 000JbEHHA;

b) Tepmomunepanne sooe

,bama JlBopoBu“ (bujespuHa) , ca
temrieparypom Boge ox 75°C (B. Tabemy 1);
TEPMOMHHEpAJIHA JHCKOBUTA BOIa E(HKACHO
naujeun, u3mely ocranor: peymarcka o0oJberma
y CMHUPEHO] KJIIMHUYKO] ¥ JIA0OpaTOpHjcKoj (a3,
JICTEHEpaTUBHA peyMarcka o00JbeHa, CTamba
HAKOH TMIOBpEla, CTalka HAKOH OINEPAaTHBHUX
3axBaTa Ha JIOKOMOTOPHOM arapary, 00oJberma
nepudepHux apTeprjCKUX KPBHUX CyI0Ba, Oiara
KO)KHa 000JbeHa, 000JbeHba JKENyla, Ky4dd H
KYYHHX IIyTeBa ITyTEeM IHjeHa BOJIE U JIp;

,,bama Hlexep*/Cpricke Torutune
(bamanyka), ca Ttemmeparypom ox 30°C;
TEPMOMHUHEPATHH HM3BOPH TOMAXy y JIHjCUCHYy
KOKHHX, PEYMaTCKUX U CPYaHUX 000JbeHba. 3aBO/T
32 (U3MKATHY MEAMIMHY W pexaOwiuTanujy
»p MupocnaB 3oroBuh™ u3 bame Jlyke je

B) Thermo-mineral waters

* Dvorovi spa (Municipality of Tuzla)
with a water temperature of 75°C (see
Table 1); medicinal thermo-mineral water
effectively treats, inter alia, rheumatic
diseases in a mild clinical and laboratory
phase, degenerative rheumatic diseases,
post-injury conditions, conditions after
the surgical intervention at the locomotor
apparatus, diseases of the peripheral
arteries, mild skin diseases, stomach
disease, gallbladder and bile duct caused
by water consumption, etc;

» Seheri/Srspke Toplice spa (The city
of Banja Luka) with a water temperature of
30°C; thermo-mineral springs facilitate the
treatment of skin, rheumatic, and cardiac
diseases. From August 2013, Department
of Physical Medicine and Rehabilitation
“Dr Miroslav Zotovi¢” from Banja Luka
gained a permission to use the hot springs.
The plan is to build a modern spa in the
area of the spa. The modern spa would
be designed for the prevention and the
treatment of diabetes, infertility, obesity
and cardiovascular disease. The project is
estimated to be around 4.5 million euros;

C) Carbon — mineral thermal waters

* Vrucica spa (Municipality of Teslic)
with a water temperature of 38°C;

D) Mineral water containing carbon
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npey3eo (aBryct 2013. roauHe) KOHIECH]y 3a
kopumtheme TepMmaaHuX u3Bopa. [lmanupano je
Jla ce Ha JIOKAJHUTETy Oame HM3rpad MOJIEPHO,
BPXYHCKO JbCUWIIMIITE, HAMH]CHEHO TpHje
CBera NpEBCHLUjH U JHjeuey aujadereca,
CTEPWINTETA, TOJa3HOCTH M KapHOBACKYIAPHUX
o0oJbema. BpujeqHoCT TpojeKTa ce mpolljemyje
Ha OKO 4.5 MWJINOHA €BPa;

B) Yemuuno — kucene mepmanme 6ooe

,,bama Bpyhuna* (Tecnuh); Temneparypa

Bojie 380C;

I') Apceno — sicewesna munepanta 600a

* bamwa ,Iybep* (Cpebpenuna), ca
TemmneparypoM Boze of 14°C;

) Cymnopacmo — munepanua 600a

» bama ,,Mipeuanuna“ (Kozapcka [lyowniia),
ca tremreparypom Boje of 14.2°C;

B) Vewuuno — kucena munepanua 600a

,bama  Crnaruna®“  (Jlakramm), ca

TEMIIEpaTypoM BoJie Ha u3Bopuma ox 22 — 43°C;
BOJIa JIjenyje Ha cibeneha 000spema: 3anabeHCKH
peymMaruzaM y MHpPHO] (pasu, JereHepaTuBHU
peymarusaMm, TIIOCJbEAMIIE Tpayma, MH3BjeCHU
o0NUIM cTepuiIuTeTa U Ip. Y OKBHUPY OamCKOT
KoMILIeKcacarpaljeHu cy u narnu 6a3eHn y kojuma
ce PUPOTHUM ITyTEM ITPOU3BON JbEKOBUTO OJIaTO
(menownm). Hajsehe OorarctBo bame Crnarmna
MIPE/ICTaBIbajy M3BOP TEPMOMHHEpPAIHE BOJIE H
MEeNION A KOjU ce, Kao MIaBHH OainHeo (akTopw,
KOPUCTE Y NIPEBEHIIN}H, JINjeUeHy 1 METUIINHCKO]
pexabunuranuju. [IpuponHuM majgom Boma ce
13 TEPMOMHHEPAJIHOT H3BOpa JOBOAU 10 TPH
Teparujcka, 3aTBopeHa 6azeHa. TepmoMuHepaiHa
BOJa TpUNaga  KaTeropuju  Kalujym  —
MarHe3ujy™m, XHIpOKapOOHATHUX, cyi(paTHO
yribeHOKHucenux xuneprepmu ca pH 6.2. 3aBon
3a (PU3UKAIHY MEAUIMHY U pexabunuranuyjy ,,Jp
Mupocnas 3otoBuh® y bamoj Jlynuu mokpenyo
je mpojekaTr peKoHCTpyKiuje mocrojeher objexra
Ha JokanuteTy y Crnatunu (BpHjeqaH OKO MeT
MUJIOHA €Bpa), Tje he OuTH CMjeIITEeHO O/ljeIheHe
3a OPTOMENICKY XUPYPTH]Y.

E) bamcko-pekpeatnBHu LieHTap ,,CiarnHa
— JbenubaHu‘; MO CaBpEeMEHO] KiacupuKaluju
BOoJa W3 Oame cmaga y HaTpHjyMXJIOpHIHE
XUJPOKapOOHATHE  XMIIEPTEPMAJIHE  BHCOKO
ajKaJiHe Bojie, ca Temneparypom o 31°C.
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and arsenic

* Guber spa  (Municipality  of
Srebrenica), with a water temperature of
14°C;

E) Sulphurous mineral water

* Mljecanica spa (Municipality of
Kozarska Dubica), with a water temperature
of 14.2°C;

F) Carbonic - acid mineral water

. Slatina spa (Municipality of
Laktasi), with a water temperature of 22-
43°C; the water has effect on the following
diseases:  early stage inflammatory
rheumatism, degenerative rheumatism,
trauma consequences and certain forms
of infertility, etc. Within the spa resort
complex, pools with mud have been built
where medicinal mud (peloid) is produced
in a natural manner. The thermo-mineral
springs and peloid as main balneotherapy
factors used for prevention, treatments and
medicinal rehabilitation are regarded as the
treasure of Slatina spa. Through its natural
water fall, the water from the thermo-
mineral springs enters the three indoor
therapeutic pools. The thermo-mineral
water of the spa is classified within the
category of waters containing calcium,
magnesium, hydrocarbon, sulfate carbonic-
acid hyperthermes with a pH of 6.2.

Department of Physical Medicine and
Rehabilitation “Dr Miroslav Zotovi¢” from
Banja Luka has launched a reconstruction
project of the existing facilities in the
locality of Slatina (worth about five million
euros), where Department of Orthopeadic
Surgery is to be situated.

G) According to the contemporary
classifications of the spa waters, spa
and recreational center Slatina-Ljesljani
is classified within hyperthermal high
alkaline waters containing sodium chloride
and hydrocarbon and with the temperature
of 31°C.

When it comes to the wusage of
geothermal resources in the Republic of
Srpska for heating, with the usage of heat
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Kaga je y nuramy  kopumheme
XUIpOreoTepMaHUX pecypca y PemyOmuim
Cprckoj 'y  cBpxy  Tommmdukanmje, y3
Kopuheme TOIJIOTHUX HU3MjEeHhUBava, KOPHCTE
ce Boge y Cnarunm (ommtuHa Jlakramm),
IBopoBuma (ommruHa bujessuna), Kymammma
(ommutuna IIpwmaBop) u  Bununoj Biacu
(ommtuHa Bumierpax). Hakanoct, He moctoje
BEpU(UKOBAHU  pPE3ylITaTd O  JUPEKTHOM
kopumihewy y cBpXy TOIUTM(UKALKjE U YKYITHOJ
KOJIMYMHU TPOU3BEACHE TOIUIOTHE EHEpruje H
KOJIMKO j€ Ha OBaj HA4YMH 3aMMjeHmeHO yderrhe
¢ocunHuX TOpHBa (OCHMM NpOpavyyHa KOjU Cy
natu 3a pedepeHtHy Temneparypy t = 20°C). ¥
peKpeaTuBHE CBpXe KOPHUCTE ce cibeziche TepMaliHe
U TepMoMHHepanHe Boae y PemyOmuim Cprickoj:
Torummne/Ilexep (bawa Jlyka), Jlakramm,
CouxkoBany u /[BopoBu. VY mnomieny Ipou3BOAKE
CJIEKTPUYHE EHEPrHje M3 XHUJAPOTreoTepPMaTHUX
m3Bopa y Penybmuum  Cprickoj, MOXeMO
caMO TOBOPUTH O pEaJHUM OYEeKHBambMMa Ha
NojeIMHUM JIoKanuteTMa. bpoj ox 24 npikase
y CBHjETY KOje MPOU3BOJE CNEKTPHUYHY €HEPIujy
W3 TeoTepMallHUX u3BOopa y mepuomy on 2005.
1o 2009. roguHe HMjE ce MPOMHJEHHO, alH Cy
noBehaHW MHCTaNMCaHW Kamamuretd ca 8933
MW Ha 10715 MW, onnocHo 3a oxo 20% .

PaconoxuBe cHare Ha TEPMaJIHUM H
TEPMOMMHEPAIIHUM TPUPOIHUM H3BOpHMA Ha
reorpadckoM mpoctopy PemyOmuke Cpricke
npe3eHTupat je y Tabemu 2.

exchangers, the waters in Slatina (the
Municipality of Laktasi), Dvorovi (the
Municipality of Bijeljina), Kulasi (the
Municipality of Prnjavor), and Vilina Vlas
(the Municipality of Visegrad) are utilised.
Unfortunately, there are no verified results
of the direct usage for heating and the total
amount of the thermal energy produced, as
well as results showing to what extent it
replaced the input of fossil fuels (except
for the estimates given for the reference
temperature t = 20°C). For recreational
purposes, the following thermal and thermo-
mineral waters in the Republic of Srpska
are used: Toplice/Seher (Banja Luka),
Laktasi, Sockovac and Dvorovi. When it
comes to the production of electrical energy
from geothermal springs in the Republic of
Srpska, we can only talk about the realistic
expectations in particular localities. There
are 24 countries in the world that produce
electrical energy from geothermal springs
and that number did not change in the
period between 2005 and 2009, but there
was an increase in installed capacities from
8933 MW to 10715 MW, which is around
20% .

The available capacities of thermal
and thermo-mineral natural springs in the
geographic area of the Republic of Srpska
are presented in Table 2.
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Tab6. 2. Ilpeened uzsopa mepmantux u mepmomureparnux 600a Penyonuxke Cpncke ca pacnonojicusum
MEPMATHUM KaANAyumemuma
Tab. 2. The list of thermal and thermo-mineral springs in the Republic of Srpska with their available capaci-

ties
Pennu Jlokanurer OmnmtuHa t (°C) WznamHocer | Tepmainna J/god TekB.yriba
6poj Locality Municipality m3sopa (I/s) cHara x10"3 TOTHIIIERE
Number Flow rate Thermal Toil equiv.
capacity per year
(MWt)
1 2 3 4 5 6 7 8
1 Cprcke Bamanyka 30 25.0 1.05 3.31 1124.0
Torume Banjaluka
Srpske
Toplice
2 Cnaruna Jlakramm 22 0.3 0.0026 0.008 2.7
IToTox Laktasi
Slatina stream
3 Jlakramm Jlakramm 30 16.0 0.67 2.11 720.0
Laktasi Laktasi
4 YapakoBo [pujenop 21 1.0 0.0042 0.013 4.4
The village of |  Prijedor
Carakovo
5 Kynamm IIpmasop 29.6 2.0 0.08 0.25 86.0
Kulasi Prnjavor
6 Bama Tecauh 29 1.0 0.038 0.12 41.7
Bpyhwuia Teslic
Vrucica spa
7 ITepun rpan | Hlexouhu 27.8 2.0 0.065 0.20 68.8
Jpumada Sekovici
Perin Grad,
on the
Drinjaca river
8 Menomr Munnhn 23 4.0 0.05 0.15 51.6
ucnox Yapda Milici
The village of
Medos below
the Udrc
9 Bumerpancka | Bumerpag 31 7.2 1.04 1.04 356.0
Oama Visegrad 24 1.5 0.10 0.10 34.0
Visegrad spa

(M3Bop: T'eorepmanun atnac Pemy6mmke Cprcke, 2012)
(Source: The Geothermal Atlas of the Republic of Srpska, 2012)

VY Tabemu 1. u 2. cy uckazaHe yTBpheHe

pesepse HA  HEKUM €KCIUI0aTallMOHUM
OymoruHama ¥ u3BopuMa. Ilpema HekUM
ayropuma (I'eorepmannm amrac  PeryOmuke

Cprcke, 2012) ytBpheHe pesepse/3anuxe cCy
MHoro Behe. OBakaB cTaB HHje MOTKPHU]EIbCH
oAroBapajyhum o0pas3iioxKemeM, Tako He MOKEMO
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Table 1. and 2. show the established
reserves in some exploitation boreholes
and springs. According to some authors (:
The Geothermal Atlas of the Republic of
Srpska, 2012, pp 9-22), the reserves/supplies
determined are much greater. However, since
there is no adequate explanation to support
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neduHuCcaTH MOTEHLUjalTHy CHary moctojehux u
HoBux OymoruHa (Cnaruna — Jlakramm, /[BopoBu
— bujesbunHa, ka0 1 HOBe OyIIOTHHE HA MOAPYY]jY
mmelyy bujersune u J[Boposa: bIJ-2, BUJ-3).
ITon pesepBama mom3eMHEe BOAE Ha
W3BOPHIITAMA TEPMOMMHEPATHUX BOZIA
PenyOnuke Cpricke, monmpasymujeBa ce OHa
KOJIMYMHA BOJIE KOja C€ Hajlasd y U3IaHH

dbopMHpaHO] Yy MeE3030jCKHM KapOOHATHUM
CTHjeHaMa,  HajBjepoBaTHUje  KpeuymaluMa
onpehene  crapoctu. Pesepe  moa3emMHHX

BOJIAa HA JIGKHUIITHMA TEPMOMHHEpPAIHUX BOJA
UCTPAKUBAHOT TPOCTOPA, MOTY C€ CE30HCKH
U CTaJHO JONyHaBaTH M H3/BOJEHE Cy Kao
(T'eorepmannu atnac Penmyonuke Cprcke, 2012) :

a) CranHe (cTaTHMYKe U TEOJIOILIKE) PE3EPBE;
HaJla3e ce y pe3epBoapy MOI3EMHHX BOJA Y 30HH
CTaTMYKUX pe3epBU. [ Opma TpaHUIAa OBE 30HE
je HajJHWKU BOJAOCTaj MOA3EMHUX BOJA y Jaroj
W3/1aHU TIOCMAaTpaH 3a BUIIETOAMIIBU TEPUOL.
Jloma rpaHuIa OBE 30HE je HEMpOMyCTJbUBA
nozsiora. Y IjjelMHA OBa 30HA CE HAJIA3U HCIIOJ
HajJHIKET €pO3HOHOT 0a3uca MPEeKo Kora ce BPIIH
JPEHUPAHE MOA3EMHUX BOJIA.

0) Perymammone (auHamMu4Ke) pe3epse;
(bopmupajy ce y 30HH JUHAMHYKUX PE3EPBHU, O
u3aHcke Bome oOyxBaheH KomeOameM HHBOA
W3/1aHN y TOKY BpeMeHa. Perymanmone pesepse
NIPE/ICTaBIbajy KOJMYMHY BOJE KOja IPOTEKHE
Ha J1aTOM MOy U3JaHCKOT TOKa 3a ofpeheHu
BPEMEHCKH TEPUOA Y jeIUHHUIM BpeMEHa WM
y TOKy KaJeHJapcKe TOoIuHe. 3a H3BOPHILITA
TepMOMHUHEpaIHUX Boja PemyOnuke Cpricke,
HajBehM YIMO perynanyoHUX pPE3epBH HU3IaHU
aKyMyJIHUpaHUX Yy TpPUJaCKUM Kpedmaluma
¢dopMupa ce Ha pauyH MaJaBUHA Yy CIMBHOM
MOApy4jy TPEeKo pacjena U IMyKOTHHCKUX
CHCTeMa Yy XHWIICOMETPHUJCKH BHIIMM TEpEeHUMa
u OOYHOI JOTHIAja BOJIE W3 M3IAHU XJIaJHE
BOJIC Y M€3030jCKUM aKkBU(EpUMa ITyKOTUHCKE U
MYKOTHHCKO - KapCTHE MOPO3HOCTH M HEOTCHUX
W3/1aHH XJIaJIHE BOJIE HA IMpeM rpocTopy. MHaue,
peryiamnvMone pe3epBe ce y OCHOBH ompelyjy
MjepemheM  YKYITHO HCIPIUBEHUX  KOJIMYMHA
MPEKO EKCIUIoATallMoHuX OyIIoTuHa, Tj. OyHapa
U M3JAIIHOCTH CBHX H3BOpa y HCIHMTUBAHOJ
30HM U KOpEJalljoM Ha OCHOBY MpopadyHa

these assertions, we shall not analyse in this
paper the potential force of the existing and
new boreholes (Slatina — Laktasi, Dvorovi —
Bijeljina nor the new ones in the area between
Bijeljina and Dvorovi: BIJ-2, B1J-3).

The reserves of ground water in the
thermo-mineral springs in the Republic of
Srpska refer to the amount of water in the
aquifer formed in the Mesozoic carbonate
rocks, most probably limestones of a certain
age. The ground water reserves in the thermo-
mineral water deposits of the area explored
can be seasonally and constantly refilled and
can be divided into (The Geothermal Atlas of
the Republic of Srpska, 2012):

a) Permanent (static and geological)
reserves; located in the ground water
reservoirs in the zone of static reserves. The
upper boundary of this zone is the lowest
water level of the ground waters in a given
aquifer observed for a perennial period and
the lower boundary is an impermeable surface.
This whole zone is set below the lowest base
of erosion over which the ground waters are
drained.

b) Regulatory (dynamic) reserves; formed
in the zone of dynamic reserves. They are a
part of the aquifer water enclosed with the
fluctuation of the level of the aquifer over a
period time. The regulatory reserves represent
the amount of water that floats through the
given profile of the aquifer’s flow in a certain
time period per unit of time or during a calendar
year. When it comes to the thermo-mineral
springs in the Republic of Srpska, the major
part of the regulatory reserves of aquifers
accumulated in Triassic limestones is formed
by precipitation in the catchment area through
faults and fractures in hypsometrically higher
grounds and lateral water inflow from a cold
water reservoir in the Mesozoic aquifers of
fracture and karst-fracture porosity and the
Neogene cold water aquifers in the wider area.
Usually, the regulatory reserves are basically
determined by measuring the total amount
drained by drilling and the flow rate of all the
springs in the zone examined and a correlation
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uHQWITpauyje  MajaBUHa 32
W3/IBOjEHUX KaTeropuja.

B) Ekcruoaranmone pesepBe; Hanasze ce y
U31aHM ¥ MOTY C€ €KOHOMCKU EKCIUIOATHCaTH,
a ja ce kBamTeT He moropma. OBe pesepse
Cy pas3BpCTaHE IO KaTreropvjama, Ha OCHOBY
UCTPOKEHOCTU  JIOKHMINTA U MPOYYECHOCTH
MO3eMHUX BOJIA.

r) HWunyctpujcke pesepe; ompelyjy cy
Ha OCHOBY MHHHMMAJIHUX HU3AamHoOCTH (Qmin)
JIeXKHIITA TePMOMUHEpaIIHe Bojie Uy OynyhHocTH
CY YCIOBJbEHE pPEBUTAIM3ALMjOM TMocTojehux u
¢dopMupameM HOBHX OyHapa TEpMOMHUHEpAJIHE
BOJIC.

MOBPIIUHY

JIMCKYCHJA

Ommire yBjepeme je, y HajaBH ,,eKOJIOLIKOT
KoJlamca™ Haiie IUIaHeTe, Ja hemo Bpio Op3o
Mohu Jna ce 0cio00ANMO 3aBUCHOCTH  Off
¢docunnux ropusa. Pumcku xiy0 je, mpuje BuIie
OJ1 YeTpAeceT TrofuHa 00jaBHO AIOKATUITHYHO
npenBubame 1Mo HAcIoBOM I panuiie pacra‘.
Cneuuguunocr ,I'panuna pacra® je caapkana
y wuaeju aa he XymaHa TMOmyjiandja OCTaTH
6e3 cupoBuHa. CymrTuHa wuzaeje cCyOmUMHIIE
3aKJby4yaK Jia Majo JbyAM HAa HAIlO] IUIAHETH
TPOILM MHOTO CUpoBHHA. J[aHac je ,,Mano‘ Buie
JbyU Ha 3eMJBbH, TPOLIE CE U JaJbe HECMambEeHUM
MHTEH3UTETOM CHPOBHHE, TaKO Ja Ce MOopyKa
0 neduIUTy CHpPOBMHA W EHEpPrHje IoKa3aa
norpemrHoM. Pumcku kimy6 je y ,,I'panunama
pacta® mpenBuano nAa he Hamia muaHeTa y
oBoj rommau (2013. rom; om. a) MOXKHBjeTH
HECTalIMIly alyMHHHUjyMma, Oakpa, 371aTa, OJoBa,
XKMBE, MoIuAOeHa, IIMHKa, HadTe, cpedpa U Jap.
Tpeba ce, Takohe, MOAC]ETUTH TMECUMHCTUYKOT
npenBubama 3a HaQTy W MPUPOTHH Trac, 4uje
Cy HECTAllMIIe NMPOTHO3MPAHE Y 3alH0j JCKaIH
XX Bujeka, a JaHac y Apyroj Aekaau Tpeher
MUJICHHjyMa HUXOBE pe3epBe Cy jaaneko Behe,
MaKo MX TPOIIUMO MHOTO BuIlie Hero mpuje 1970.
TOJIMHE.

W3Bjemtaj ,,I' panuie pacta™ je, y CylITHHH
MOTPEIIHO  TPOLJEHHO TMPOjeKIHjy  Kojamca
XyMaHe IOIyJIaluje, jep cy ayTOpH ,,[IPEABUI] eI
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based on estimates of precipitation infiltration
for the area studied.

c) Exploitable reserves; located in
aquifers and can be exploited economically,
without reducing the quality. These reserves
are classified into categories, based on the
exploration of deposits and the examination
of ground waters.

d) Industrial reserves; determined based
on the minimal flow rate (Qmin) of the thermo-
mineral water deposits and conditioned in
the future by revitalisation of the current and
potential construction of the new thermo-
mineral water wells.

DISCUSSION

With the announcement of the “ecological
collapse” of the planet, it has become a
common belief that we will soon be able to
free ourselves from the dependence on fossil
fuels. The Club of Rome published a book, The
Limits to Growth, over forty years ago, based
on an apocalyptical forecast that the human
population will face resource depletion. The
essential idea leads us to conclude that a
small number of people on the planet spend a
considerable amount of resources. Nowadays,
there are “a few” more people on Earth, and
the resources are still spent with unabated
intensity. Thus, the message about the deficit
of resources proved wrong. In The Limits to
Growth, the Club of Rome predicted that this
year (2013) our planet would experience the
shortages of aluminium, copper, gold, lead,
mercury, molybdenum, zinc, oil, silver, etc.
We should remind ourselves of a pessimistic
prediction that oil and natural gas would
become scarce in the last decade of the
twentieth century. Nonetheless, today, in the
second decade of the third millennium, their
reserves are far greater, despite the higher
expenditure than before the seventies.

The book basically miscalculated the
projection of the human population collapse,
because the authors “overlooked our greatest
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Hall HajBehm pecypc: Hally CHaJIQXJbUBOCT H
nHoBuHaTHBHOCT. [Ipema bjopuy JlombGopry,
YEeTUpU JelieHHje 0Nl 00jaBJbUBamba W3BjEIITaja
I paHuIle pacra“ mokaszaje Ccy Ja Ham Tpeba
BUIIIE, & HE MabE CBETA.

HecxBatspHBO je 1a ce 3aHeMapyje YNbeHUIA
Jla je CHUpPOMAIlITBO Ha IIOOATHOM HUBOY jelaH
on HajBehumx y3poka MOpTalIMTeTa Ha HAIloj
IUIAHETH; TOJMIIE Yy3uMa TNPHOMMKHO 15
MWJIMOHA KHMBOTA WM OKO 25% CBHUX CMpPTHHUX
ciyyajea. [Ipema b. JlomGopry (2013), ronune
1900, xama je O6poj CTaHOBHWKA HAIllle TUIAHETE
610 oko 1.5 Munujapan, CKOPO TPU MUJIOHA JbYIH
— oKo jemaH Ha 500 — ymMupao je cBake TofuHe
on 3arahema Basdyxa, YIJIABHOM 300T JIOIIET
Ba3/lyxa y 3aTBOPEHOM Tmpoctopy. JlaHac je Taj
pm3HuK cMameH Ha jeman y 2000 spymu. Croma
MOPTAJINUTETa, YIPKOC MEIUjCKO] IPOMOLUjH
100aTHe OMacHOCTH 01 3araljeHor arMoc(epcKor
KOMIIJIeKca, He pacte Beh omasa.

lpyra 3abmyna, ako je yommTe 3almyna,
Ha DIOOAJIHOM HHUBOY j€ YCIIOBJbABAkE W
WHCHUCTHpake Ha OOHOBJBMBHM  HM3BOpUMA
erepruje. JIajTMOTHUB peNaTUBHO arpecUBHE W
OpraHM30BaHE aKIyje 3a ynoTpeOy 0OHOBJHUBUX
M3BOpa €HEepruje, yCMjepeH je Ha eIMMUHHCAE
3aBUCHOCTU o7 (ocuiaHUX ropuBa. MehyTuwm,
noJe caapKajHUja aHaiu3a KopHuIlhema M3Bopa
CHepruje y JaHalllbeM CBHjeTy, ymyhyje Hac
Ha CacBUM JPYKYHjU TMPUCTYI OBOj, II0OAITHO
U JIOKaJIHO, aKTyenHoj Temu. lomuue 1971. u3
OOHOBJBMBUX W3BOpa CHEpPrHje J0NIa3uio je
13.12% cBjetcke enepruje, a y 2011. roqunu Taj
yauo je 6uo 12.99%. VY Toj aHanu3u, comapHa
U EHepruja o BjeTpa YUeCTBY]y Y Kopuinhemwy
OOHOBJBMBHUX H3BOpa €HEpruje ca ,,0K0 jeqHe
tpehune jeanor npouentHor noexa“ (b. JlomOopr,
2013). 3a 2035. romguny mpeasuha ce HUBO Of
14.5%. Hajsehu amo oOHOBJbHMBE eHepruje
nobuja ce xopumrhemem Omomace. OHa jecte
OOHOBJBHBA, AW HUTH je 00pa, HUTH OAP>KUBA.
VY ananusu MehyHaponHe areHuuje 3a eHeprujy
HE CIIOMHIbE C€ XUIPOre0TepMaIHa eHepryja.

YumeHu1a je 1a HICMO HU OJH3Y ,,3aLpTaHuX
I00ATHUX UJbEBA™ HA CYNICTUTYIHJU (DOCUITHUX
rOpHUBa. be3 mHaBohewa mojeqMHAYHMX
npuMjepa HH3a JpkKaBa CaBpEMEHOT CBH]ETa,

resource — our own resourcefulness and
ingenuity”. According to Bjorn Lomborg, the
four decades after publishing The Limits to
Growth showed that we need more, not less,
of everything.

It is beyond comprehension that we ignore
the fact that poverty worldwide is one of the
main causes of mortality, taking annually close
to 15 million lives, which is around 25% of
all mortal cases. According to Bjorn Lomborg
(2013), in 1900, when the Earth had around
1.5 billion inhabitants, almost three million
people — roughly one in 500 — died each year
from air pollution, mainly due to foul air in
closed spaces. Nowadays, that risk has been
reduced to one in 2,000 people. The mortality
rate is not increasing, but decreasing, despite
the media’s propaganda of the global threat
from atmospheric pollution.

Another misconception on the global
level, if misconception at all, is conditioning
by and insistence on the renewable sources of
energy. The leitmotif of a relatively aggressive
and organized action for the use of renewable
sources of energy is directed towards the
elimination of dependence on fossil fuels.
However, any more exhaustive analysis of the
usage of energy sources today is directing us
towards a completely different approach to
this, both globally and locally, burning issue.
In 1971, from the renewable sources came
13.12% of the world’s energy, and in 2011,
the number fell to 12.99%. It is predicted that
by 2035 the number will have risen to 14.5%.
In that analysis, solar and wind energy form
the total of “about one-third of one percentage
point” of the renewable sources (B. Lomborg,
2013). The largest part comes from biomass,
which is renewable, but neither is it good, nor
sustainable. In the analysis of International
Energy Agency there is no mention of
geothermal energy.

The fact is that we are nowhere even near
“the targeted global aims” of substituting fossil
fuels. At the global level, in 1949, renewable
sources produced around 9.3% of the total
energy, and an increase to 10.8% is expected
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OIIITH 3aKJbydaK IJIACH: CaJallliba MOJUTHKA
3allITUTE JKUBOTHE CpPEAMHE Ha IIOOATHOM
HUBOY, Ka0 M Ha JIOKAJHOM/JPKaBHOM HHBOY,
JIO’)KUBjeNa je HeycIjex, a pasjor je BHIIE HEro
yOjeyprB: OOHOBJEMBH M3BOPU E€HEPIrHje CY, 3a
JIAHAIE  CKOHOMCKE Iapamerpe, MpPEecKyITH.
Muoru TBpae nAa cy OOHOBJBMBH HW3BOPH
jebTuHuju. 3abopaBibaBajy UHMILCHUILY KOJIMKE
cy OeHeduimje 3a Te U3BOPE U KOJIUKU j€ yTHUIA]
T3B. ,,eKOJIOIIKE MONUTUKe . J[pyrum pjeunma, na
01 OOHOBJHMBU W3BOPH OMOTyhmiin mocrerneHo
omycrajambe 0 (OCHIHUX TOpHBa MOTPEOHO je
CHHM3UTHU 1IMjeHe OOHOBJBMBHUX H3BOpa EHEPrHje
WK Kajia OOHOBJBUBU W3BOPH €HEPTHj€ MOCTAHY
jebruamju  on  QocunHUX TOpWBA, TMocTahe
JOMHMHAHTHH Y TI00aJHO] TOTPOLIBU €Hepruje.
Kana? He 3namo. 3akoHU €KOHOMUKE, K0 JeHOT
OJ1 TIOCTYyJIaTa pa3Boja Hallle IJIaHeTe, TOBOpE Ja
Tpeba Jja UHBECTUPAMO y UCTPAKUBAE U Pa3BOj
TaKBUX M3BOPA.

CAJAIIBA NCKOPUILITREHOCT 1
[NPUOPUTETHA TIOAPYYJA 3A HACTABAK
NCTPAJKMBABA TEOTEPMAJIHUX
PECYPCA I'EOI'PA®CKOI I[TPOCTOPA
PEITYBJIMKE CPIICKE

30He MCTPaXMBAaHMX HUCKO U CPEImbe
SHTAJIIH]CKUX XUAPOTEPMATHUX MOTEHIMjajla Ha
reorpagckoM npocropy Pemybnuke Cpricke.

* Tloapydje CemOepuje; mpema pe3yaraTuma
JI0CaIAIIBUX pesyarara Ipe/ICTaBIba
HAjIIEPCIICKTUBHUjE TO/ApyYje 3a KOpHUIIheme
reoTepMalHe eHepruje Ha reorpad)CKoM MpoCTopy
PenyOnuke Cpricke;

 TepmanHe u TepMOMHUHEpalHE BOJE
Oamallyykor  peruoHa;  XUAPOreoTepMAalTHU
MOTEHLIUjall je HEeCyMIHB, 0e3 003upa ITO 110
naHac JyOoke OylmIoTHHE HHUCY JeduHucane
TI0JI0Ka) IPUMAPHOT CJI0ja TEPMAJTHUX BOJIA;

* bpuancko mamauka IlocaBuna; o0BO
MOJIpyYje je JOHETAaBHO OUIIO TIPEMET CIIOKEHUX
U CBEOOYXBATHHUX TCOJOIIKUX HCTPAKUBAMA, a
Wb je OMO OTKpUBAILE JISKHUILTA HA(TE U Taca;

* Tloapydje Ilerposa (CouxoBarr) - mojasa
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by 2040. Without listing the individual
examples of a series of the modern world
countries, the general conclusion is that the
current global environmental policy, as well as
the local and state ones, has failed, the reason
being more than convincing — renewable
sources of energy are overly expensive for
the present-day economic parameters. Many
claim that renewable sources are cheaper,
forgetting how big the benefits are for those
sources and how big the influence of the
so-called “ecological policy” is. In other
words, in order for the renewable sources to
gradually replace the usage of fossil fuels and
to become dominant in the global expenditure
of energy, it is necessary to lower the price
of energy gained from them. When? We do
not know. The laws of economy, as one of the
development postulates of our planet, suggest
the investment in research and development
of such sources.

CURRENT UTILISATION AND AREAS
OF PRIORITY FOR THE CONTINUATION
OF RESEARCH ON GEOTHERMAL
RESOURCES IN THE GEOGRAFIC AREA
OF THE REPUBLIC OF SRPSKA

The zones of the explored low and
medium enthalpy hydrothermal potentials in
the Republic of Srpska.

* The area of Semberija; according to
the past results, this is the most promising
area for the utilisation of geothermal energy
in the Republic of Srpska;

* Thermal and thermo-mineral waters
of the Banja Luka region; hydro-geothermal
potential is unquestionable , regardless of the
fact that the position of the primary layer of
thermal waters has not yet been defined by
deep drilling.

* The area of Posavina lying between
the towns of Brcko and Samac: until recently,
this area was the subject of the complex and
comprehensive geological researches aiming
to find oil and gas deposits.
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TepMoMHuHepaHuX Boga CoukoBIa Besyje ce 3a
nocrojame, Beh omaBo aeduHHMCcaHe, MO3HATE
CripeyaHcke pacjeHe 30He;

* Tepmamue Boxe Bwierpama; Bome cy
ca HajeehoMm paguoaktuBHomhy y bocHu wu
XepleroBUHU; BOZIE CE€ EKCIUIOATHIITY 3a oTpede
OanHeos0rYje u TorduKanyje 6amCKOT EHTPA;

* Tepmomunepanne Bone Jbenubana; ose
BoJie cy xunepaikainse (pH = 11.7) u xopucte ce
y PEKpeaTuBHE CBpPXE; XEMH]CKU F€0TEPMOMETPH
(Si02, Na — K — Ca) yka3yjy Ha IOBHIIECHY
temmneparypy, Buiry ox 50°C, a mpema HEKUM
ayropuma (I'eorepmanuu amac  PemyOnuke
Cprcke, 2012, ctp. ) Bumy u ox 70°C;

» Tepmanne Boae Kynama - npema puznaxo-
XEMH]CKUM KapakTepucTHKama Boje y bamn
Kynamm nocroje Tpu BpcTe Boga: TepmaiiHe (29-
30°C,pH>11.0); Huckorepmanne (u3Bop Cmpaesb,
15°C, pH > 11.0) u mujemane Boge (18-19°C, ca
pH = 6.0 —8.9); ucrpaxxuBama Bona ox kpaja [X
BHjeKa JI0 HOBH]E UCTPAKEHOCTHU TEPMATHUX BOJA
HABOAM HAa3aKJbydak Ja Ou ce, mopen mocrojehe
tepmasiie Bome (29-30°C), OymiemeM HUCHO
XWJbaJly METapa MOIJIE 3aXBaTUTH BOJAE BUIINX
temmneparypa (60 — 80°C);

* TepmomuHepanHe BOZE Tecnwuha;
pHjed je 3ampaBo O I0jaBU TEPMOMUHEpaIHE
Bozie y bamu Bpyhunum (6ymoruna ,,E*); mena
CHEU(PHUYHOCT OIVIeIa C€ y TOME IUTO j€ TO
jelrHa 3HayajHa aKymysaldja BOJE IOBHUIIEHE
TeMIIepaType Koja Ce jaBJba y CPEAUIIHEM JIHjeITy
o(ronMTCKe 30HE; M0 HAIIEM MHIUBEHY CIIOPHA
j€ OIpaBIaHOCT 3HAYAJHUJUX ylarama y Jaaba
UCTpaxknBama (o0ujame Boae Behe Temmeparype
U M3JAIHOCTH), jep je OymoTuHa ,,E* cmjemrena
M3BaH OCHOBHUX PETHOHAJHUX pacjea ! ,,JalieKo
O KOHTAKTa BEIUKUX JUTOQAIHMjaTHUX U
TEKTOHCKHUX CTPYKTypa y KOjiMa Ce HHA4e jaBJbajy
ocTaJla JIexuIlTa oBakBux Boja“ (I'eorepmannu
aac Penmyonuke Cprcke, 2012).

[lojaBe wucTHLIAKA TepMaATHUX BOAAa Ha
reorpadckoM mpoctopy Pemybmuke Cpricke
Koje 10 caja HuUCy Owmiie MpeaMeT AeTa/bHUX
XUJPOTEOJIOUIKMX UCTPAKUBaba U MPHOPUTETHE
30HE 332 HACTAaBaK IeOTEPMATHUX HCTPAKUBAIbA.
VY Tabenu 3. HaBeAEHH Cy JIOKAIUTETH KOJU MOTY
Ja TIpeICTaBJbajy NEpCIeKTHBHA MOApydja Y

« The  Municipality of  Petrovo
(Sockovac); the occurrence of thermo-mineral
waters in Sockovac pertains to the existence
of a well-known Spreca fault zone, defined
long time ago.

 Thermal waters of Visegrad; the
waters with the highest level of radioactivity
in Bosnia and Herzegovina, exploited for
balneology and the heating of a spa centre.

* Thermo-mineral waters of Ljesljani;
these are hyperalkaline waters (pH=11.7) used
for recreation. Chemical geothermometers
(Si02, Na — K — Ca) indicate elevated
temperature, higher than 50°C, and according
to some authors (The Geothermal Atlas of the
Republic of Srpska, 2012, pp. 9 - 19) even
higher than 70°C;

* Thermal waters of Kulasi; based on
the physicochemical properties of the water
in Kulasi spa, there are three types of waters:
thermal (29-30°C, pH >11.0), low thermal
(Smrdelj spring, 15°C, pH > 11.0) and mixed
water (18-19°C, ca pH = 6.0 — 8.9);

e Thermo-mineral waters of Teslic; it is
actually in Vrucica spa that thermo-mineral
water occurs (borehole “E”). It is specific
for being the only significant accumulation
of water with the elevated temperature in
the central part of the ophiolite zone. In
our opinion, the justification for the more
significant investments in further research
(gaining water of higher temperature and flow
rate) is debatable because the borehole “E” is
located outside the basic regional faults and
“far from the contact of great lithofacial and
tectonic structures in which other deposits of
such waters usually appear” ((The Geothermal
Atlas of the Republic of Srpska, 2012, pp. 19).

* Thermal waters of Kulasi; the research
of waters since the end of the 19th century until
the more recent period lead to a conclusion
that, beside the existing thermal waters (29-
30°C), drilling bellow 1,000 meters could
reach waters of higher temperatures (60 —
80°C);

The phenomena of the thermal waters
drainage in the geographic area of the
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Oynyhoj Bamopuzaiuju TepMaIHUX BOJIA.

AHanmu3a 30HA TPUOPUTETA T'eOTEPMATTHUX
UCTpaKUBaka Ha reorpackoM  MpoOCTOpy
PenyOniuke Cpricke jacHO TMOKasyje Ja Iperien
rojaBa Koje 10 caja HUCy Owie mpenMmer
UCTPaKUBAka HHUCY TMPUOPUTET Y HACTaBKY
XUJPOTeOTepMAIHUX  HCTpakuBama. IIpema
b. Jonosuhy (I'eorepmannu arnac PemyOnuke
Cprcke, 2012) mpuopuTeTH Cy NMpHje CBUX:

* Ilpoctpanu aprecku OaceHH CjeBEpHOT
mujena PemyOmuke Cpricke (moznpydje Cembepuje:
JlBopoBu, Criobomup, bujespuna);

» llenTpamHu ouonuTcku nojac
(CoukoBar, Tecnuh/bamwa Bpyhwuia, Kynamm,
Cnaruna, Jbeusbanu u ap.).

Republic of Srpska that have not yet been
subjected to detailed hydrogeological research
and the priority zones for the continuation
of geothermal research. Table 3. shows the
localities that may be considered as promising
areas in future valuation of thermal waters.

The analysis of the zones of geothermal
research priorities clearly indicates that the
review of phenomena that have not previously
been a subject of research is not the priority
in the continuation of geothermal research.
According to B. Jolovic (The Geothermal
Atlas of the Republic Srpska, 2012), the
priorities are:

» The spacious artesian basins in the
north of the Republic of Srpska (the area of
Semberija: Dvorovi, Slobomir, Bijeljina);

* The central ophiolite belt (Sockovac,
Teslic/Vrucica Spa, Kulasi, Slatina, Ljesljani,
etc.).

Tab. 3. Tabenrapnu npezned nojasa 6oda (t > 150C) xoje 0o caoa nucy dune npeomem UcCmpancusarsa
Tab. 3. The list of water phenomena (t > 150C) that have not been a subject of previous research

Peonu opoj Jlokanumem I'pao/Onwmuna t(°C) 0 (l/s)
Number Locality Town/Municipality

1 2 3 4 5

1 [lepun rpan Jpumaua lexoBuhu 27.8 2.0
Perin grad on the Drinjaca Sekovici
river

2 Pameso (Menomr) JIpumaua Muuhu 23.0 4.0
The village of Rasevo (Me- Milici
dos), Drinjaca

3 Kuexwnna/The village of Coxkomnarn/Sokolac 17.5 15.0
Knezina

4 Torumk/Toplik Poraruna/Rogatica | 17.0 15.0

5 3oBa/ The Zova springs Pyno/ Rudo 15.0 >50.0
bankana/Lake Balkana Mpxomuh I'pan 17.0 3.0

Mrkonjic Grad

7 YapaxoBo [pujenop 21.0 1.0
The village of Carakovo Prijedor

8 Brnajuhka Boma Tecnuh 18.0 0.1
Vlajicka voda Teslic

Y Mam0j Mjepr IPHOPUTETH CY:

 3oHa jypcko — KpemHuUX (hiumieBa
(moapyuje Hlexepa — Tommie; 30Ha jy>)KHO O]
bame Jlyke);

*  VYHCKO — CaHCKH HaJIC030HK;
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Other priorities, but to a lesser extent, are:

* The zone of Jurassic and Cretaceous
flysch (the area of Seher — Toplice; a zone south
of Banja Luka);

e The Una-Sana Palaeozoic;
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* JlypMuTOpCKH OJIOK jyTrOMCTOYHOT JHjeria
Perry6nuke Cpricke;
 [laneoszouk ucrounor nujena PermyOmmke
Cpricke ca MACMBOM MHTEPME/IMjapHUX BYJIKAHUTA
u nparehux Tydosa.
MoxxeMO  KOHCTaroBaTh Ja Cy Ha
reorpagckom mpoctopy PemyOmuke Cpricke
PETaTHBHO YECTE T10jaBe JbeKOBUTUX MUHEPATHUX,

TEPMAJIHUX M TEPMOMHHEpAIHUX Boma. Y
KOHTEKCTYy ~ BAJIOPH3ALMjE€ XHUIIPOTeOTePMATIHUX
noteHimjana  PemyOnmuke — Cpricke,  HaKoH

KOMIUIEKCHE aHall3e KopHuIIhema TUX M3BOpa y
CBHjeTy U Ha reorpagckoM npocrtopy PemyOnuke
Cpricke, cyodaBamo ce ca cibeiehnM YnmheHUIIaMa:

* XHIpOreoTepMalHa  EHepruja  JlaHac
y CBHjETYy TpEACTaB/ba YUCT U OOHOBJHUB
W3BOp €HEpruje, aju Yy, 10 €aja, MPOBEICHUM
uctpaxupambuma y PemyOmunm Cprickoj/bocau
1 XEepIEroBHHU HUCY pHjellieHa OpojHa MUTamba
o1 (YyHKIMOHAIHOT 3Ha4aja 3a CBEOOyXBaTHH]jE
neunncame ¥ HCKOpUIINEHE  MOMEHYTOT
pecypca:

+ Ilpuoputer xopuinhema XuaporeoTepMatHIX
pecypca (oKycHpaH je JaHac y CBH]jETY y CMHUCIY
MOTYNHOCTH MPOU3BOIHE €ICKTPUYHE CHEPTH]E;
objektnBHO, PenmyOmuka Cpricka je gajexo
O Tora Ja HeHa CEHEepreTcka IPOM3BO/IbHA
XHUPOreOoTepMaIHE €HEepruje uMa JOMUHAHTHU]e
yuemhe y YKyIHOj TPOU3BOAIGHM  EIEKTPUYHE
erepruje y PeryOnuuum Cprickoj;

* AHaATM30M OCHOBHHMX  T€OTEpMAaHUX
napaMeTapa, TeOTepMaJHOr  TpaaujeHTa H
TEPECTUYKOT TOIUIOTHOT TOKA, HA OCHOBY KOjHX C€
ofpehyje moreHmMjan HeKor MPOCTOpa y MOMIEY
MoryhHocTH Kopuirhema reoTepMaliHe eHepruje,
3a reorpadcku mpocrop PemyOmuke Cpricke
MOXEMO 3aKJbYUUTH : a) T€OTePMAIHU MjepHH
rpajijeHTH HEPAaBHOM]JEPHO MPEKPUBAjy MPOCTOP
PeryOnuke Cpricke, Tako Ja JOCa/alllibe KapTe
reoTepMalHUX TpajujeHara (IPEeTIOoCTaBIbEHE
M30JMHUjE) Tpeba y3eTH ca onpelheHoM pe3epBoM;
0) neduHMCaHa W30JIMHHUja TOIUIMHCKOI TOKa
KapaKTEepPUCTUYHA je caMmo 3a rpoctop PemyOnuke
Cprcke cjeBepro ox nunuje HoBu I'pan — bama
Jlyka — J1060j — 3Bopruk (80 — 90 mW/m2);
NPETIIOCTaB/beHA H30JIMHHja TOIUIOHCKOT TOKa
uze muarjoM [Ipujenop — bama Jlyka — 3BOpHUK

* The Durmitor block in the south-east of
the Republic of Srpska;

» ThePalaeozoicin the east of the Republic
of Srpska with a massif of intermediate volcanic
rocks and tuffs

We can say that in the geographic area
of the Republic of Srpska the occurrence of
medicinal mineral, thermal and thermo-mineral
waters is relatively frequent. In the context
of valuation of geothermal potentials of the
Republic of Srpska, after a complex analysis
of the utilisation of such springs in the world
and in the geographic area of the Republic of
Srpska, we face the following facts:

* Today, geothermal energy represents a
clean (environmental) and renewable source
of energy. However, in researches conducted
so far in the Republic of Srpska/Bosnia and
Herzegovina, numerous issues of functional
significance for a more comprehensive
definition and utilisation of the resource have
not been resolved;

* The priority of the utilisation of
geothermal resources in the world today is
focused upon the possibilities for the production
of electrical energy. Objectively, the Republic
of Srpska is far from having its production
of geothermal energy take a bigger share in
the total production of electric energy in the
Republic of Srpska;

* By analysing the basic geothermal
parameters, geothermal gradient and terrestrial
heat flow, based on which the potential of an
area for the utilisation of geothermal energy
is determined, for the geographic area of the
Republic of Srpska it can be concluded that:
a) geothermal gradients cover the area of the
Republic of Srpska unevenly, hence the past
geothermal gradient maps are to be taken with a
certain reservation; b) defined heat flow isoline
is typical only of the area of the Republic of
Srpska north of the railway line Novi Grad —
Banja Luka — Doboj — Zvornik (80 — 90 mW/
m?2); a supposed heat flow isoline goes along
the line Prijedor — Banja Luka — Zvornik and
further south (20 — 70 mW/m?2). In this case as
well, the isolines should be taken with a certain
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u jyxugje (20 — 70 mW/m2). U y oBom ciydajy
NPETIIOCTaB/beHE HW30JIMHMjEe Tpeba y3eTH ca
onpeheHom pesepBom.

* Kopumhemwe XHUJPOTr€OTEPMATHUX
pecypca Permy6mike Cpricke Be3aHO je yIIIaBHOM 3a
XHUPOreOTEPMAIIHE PECypCe HIDKHX TeMIIeparypa
(mo 75°C), a 1o HHMje oxromapajyhe camamimoj
HOCHUBOCTM ¥ BpHjEIHOCTHMA TEPMAIHUX H
TEPMOMUHEPATIHUX Bofa. VcTpaxxuBama, Yju je
Wb TIOJIUBAJICHTHO KOpUIIhemke TepMaIHUX BOJa
HacTaBsbeHa cy Ha rpoctopy Cembepuje (BT — 1,
2479 m, bujespuna).

* Ilpu caJlalmbIM KaraureTuma
Tepmoeniekrpana y Pemyomuim Cpnckoj u bocan
u Xepuerosunu (TE ,,I'auko®, TE ,,YrmmeBux®, TE
»Kakap“ u TE ,Ty3nma“) u xunpoenekrpana (XE
,, bodar, XE , Bumierpan®, XE na TpeOummbuim
(Tpebume I, Tpedume II, XE , Jabnmanumna“ u XE na
Hepetsu: I'pabosuria, Canmakosar u Mocrap u XE
,JarubuHa“™) eneKTpuYHa EHepruja IMpeicTaBiba
jelaH oI HajBXHHUJUX HM3BO3HMX apTuKaia Y3
pa3Boj Mpexxe MXE (Manmux XuapoeneKTpaHa),
MOCTaBJba CE ONPABJAHO NUTAE HMHBECTHUPAHA
y CKyIle TEXHOJOTHje MPOU3BOIILE EIEKTPUYHE
SHepruje M3 XUApPOoreoTepMalHuX pecypca. Ha
teputopuju bocHe u XeprieroBuHe perucTpoBaHo
je oxo 1000 cramHux BomoToka, ox yera BehuHa
cmaga y maie Bojpotoke. Ha muma, amu u Ha
cpenmuM  BofoToMMa Moryhe je u3rpaauTH
Buiie croruHa MXE. Ilpormjemena cHara ca
OBaKBHUX €HEPreTcKux odjekara u3Hocu u 1o 700-
800 MW, a moryha npomsBoama u 10 2400 GWh.
Brnana Penyommke Cprcke je, og 2002. romuse,
nornucana 107 yroBopa ca 47 KoHIECHOHapa
o rpagmu MXE Ha ciuBoBuMa pujeka Bpbaca,
Bocue u [lpune. Usrpahene cy MXE ,,/luBna®, Ha
pujerm Bpoamwu u MXE ,,HoBakoBuhu Ha pujeru
VYrpy (International Finace Corporation — IFC,
2009).

Kosnuka je mponsBo/iba eIeKTpUiHe eHeprije
y MXE y Peny6nuuum Cprickoj, y MOjeqUMHUM
BPEMEHCKM TIE€PUOANMA, 3aBUCH IPBEHCTBEHO
O BpHMjeAHOCTH mManaBuHa. llpema wu3Bjemrajy
Perynaropne xomucuje 3a eHepreTuky PemyOnuke
Cpncke, 3a 2012. rommny, MXE cy wumane
MOJIOBUYHY TIpou3BoAbY crpyje (Tabena 4).
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doubt.

* The utilisation of geothermal sources
of the Republic of Srpska refers mainly to
hydrothermal resources of lower temperatures
(up to75°C), which does not match the current
capacity and value of thermal and thermo-
mineral waters. The researches, whose aim is
the polyvalent utilisation of thermal waters,
have been continued in the area of Semberija
(BIJ — 12479 meters, Bijeljina).

* With the current capacities of thermal
power plants in Bosnia and Herzegovina (TPP
“Gacko”, TPP “Ugljevik”, TPP “Kakanj”,
and TPP “Tuzla”) and hydropower plants
(HPP “Bocac”, HPP “Visegrad”, HPP on the
Trebisnjica river (Trebinje I, Trebinje II, HPP
“Jablanica”, and HPP on the Neretva river
(Grabovica, Salakovac and Mostar) and HPP
“Capljina”), electrical energy is one of the most
important export products. Considering the
development of a network of small hydropower
plants (SHPP), a reasonable question comes
to mind of the legitimacy of investing in
expensive technology for the production of
electrical energy out of geothermal resources.
On the territory of Bosnia and Herzegovina,
there is about 1,000 constant watercourses
registered, most of which are classified as small
watercourses, and it is possible to build over a
hundred SHPP on them, as well as on medium
watercourses. The estimated force of these
facilities amounts to 700-800 MW, and potential
production even up to 2400 GWh. Since 2002,
the Republic of Srpska Government has signed
107 contracts with 47 concessionaires for the
construction of SHPPs on the Vrbas, Bosna and
Drina rivers. And SHPP “Divic” on the Vrbanja
river and SHPP “Novakovici® on the Ugar
river have been built (International Finance
Corporation — IFC, 2009).

The amount of electrical energy production
in the SHPPs in the Republic of Srpska in
particular time intervals is dependent primarily
on precipitation values. According to the reports
of the Regulatory Commission for Energy of
Republic of Srpska for 2012, SHPPs produced
half of the electricity planned (Table 4).
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Tab. 4. IIpoussoorwa enekmpuune enepeuje y MXE y Penyonuyu Cpnckoj (y GWh) y 2012. 200unu
Tab. 4. The production of electrical energy in SHPPs in the Republic of Srpska (in GWh) for 2012

MXE TUTAH OCTBAPEE %
SHPP Plan Realisation
Mecuhu/Mesici 18.122 13.089 72.22
Boraruhun/Bogatici 22.002 10.736 48.79
Tumraa/Tisca 4.17 3.92 94.00
Bnacenuna/Vlasenica 5.35 3.90 72.89
[prmw/Strpci 0.25 0.21 84.00
Cyhecka 1 u 2 11.65 3.78 32.44
Suceska 1 and 2
Jusny/Divic 4.43 3.08 69.52
Bucrpuna/Bistrica 14.45 43 29.75
Hosakosuhn/Novakovici --- 1.03 ---
YKYIIHO/TOTAL 80.424 44.045 54.76

Y mnopehewy ca momammma TPOU3BOAEE
enektpuuHe enepruje  MXE, y PemyOnuuu
Cprckoj y 2012. ronmuHu HajOoosBM pe3yaTaTtu
esunieHtupanu cyy TE , I'auko“u TE ,, YriseBuk®,
raje je npousseaeHo 3251.70 GWh enektpuune
eHepruje, onHocHo 98.45% nnana. Huje ucnymwen
Hu ykynuu mwiad y XE Ha TpeOummuum, Jpunu
u Bpbacy. Ha ose tpu XE, y 2012. roaunmy,
je mnpomsBeneHo 1836.22 GWh enexrpuune
eHepruje, onHocHo 86.37% on 2126.11 GWh,
KOJIMKO j€ OWJI0 IMIaHUpaHo.

Ocrane 3nauajue nojase (Tabena 3.). Ilopen
HaBEJICHUXIT0jaBaTePMATHIX U TEPMOMUHEPATTHUX
BoJIa Ha TepuTopH Penyorke Cpricke, HEOITXOIHO
je TIOMEHYTH TEpMOMHHEpAIHE BOAE Koje Cy
perucTpoBaHe TOKOM OyIliemha HaQTHe OyIIOTHHE
(1275 merapa) y nonpyyjy JlomaseeBiia (Hacesbe
nouupano mimely [lamma u Opamgja). I[Ipema
nomarma Karactpa MuHEpamHHX, TepMaTHUX
Y TEPMOMHUHEPATHUX BOJa TEMIIepaTypa BOIE,
y OyIIOTMHHM KOja j€ 3aBpIIWiia y CIJI0jeBUMa
TpHjacKe CTapoOCTH, je u3Hocuiia oko 86.1°C.

[lojaBe TepMalHMX BOIA PETUCTPOBAHE CY
takohe y mompyujy Ilepun-rpamga, y KamOHY
pujeke [pumade, wu3Mely HUCKUX IUIAaHUHA
Buc (763m u.8.) u Jlemuno 6pmo (613 m H.B.) .
Temneparypa Bone je usHocuina oko 27°C. Ha
nokauuju Pamesa, usmehy kore Yiopu (1042m
H.B.) 1 koTe Coxonuna (507 m H.B.) Ha OAPYY]JY
omutuHe Munmhu, Ha JecHO] o0aii pujeke

In comparison to the data of the energy
production of the SHPPs, the best results in the
Republic of Srpska for 2012 have been recorded
in TPP “Gacko” and TPP “Ugljevik”, which
produced 3251.70 GWh of electric energy, that is
98.45% of the planned production. Neither have
HPPs on the Trebisnjica, Drina and Vrbas rivers
produced the entire planned amount. In 2012,
these three HPPs produced 1836.22 GWh of
electrical energy, that is 86.37% out of the planned
2126.11 GWh.

Other important occurrences (Table 3.).
Besides the aforementioned occurrences of
thermal and thermo-mineral waters on the
territory of the Republic of Srpska, it is necessary
to mention thermo-mineral waters registered
during oil drilling (1275 meters) in the area of
Domaljevac (located between Samac and Orasje).
According to the data provided by the Cadastre
of Mineral, Thermal and Thermo-mineral Waters,
the water temperature in the borehole that reached
the Triassic layers was around 86.1°C.

The occurrences of thermal waters have
also been registered in the area of Perin-grad
in the canyon of the Drinjaca river between the
low mountains Vis (763 m above sea level) and
Lemino brdo (613 m above sea level), with the
water temperature around 27°C. In the locality
of Rasevo, between the elevations of Udrc (1042
meters) and Sokolina (507 meters) in the area of
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Jlpumaue, perucTpoBaHe Cy I0jaBe BOJAA O OKO
23°C. Ha noapyyjy ommurtinHa Mpkomuh I'pap,
Poratuia, Cokxonanr u Pyno perucrpoBane cy
BOJIE ca Temrieparypama oz 15 — 18°C.

3ALITUTA TEPMAJIHUX 1
TEPMOMUHEPAJIHUX BOJIA U
MOI'YRHOCTHU BHbUXOBE BAJIOPU3ALIUIE

Jenman o HajakTyemHMjUX M HajaKyTHHjUX
npoOiiemMa KMBOTHE CpeauHe je 3araluBame
XUApoc(epHor KomIriekca. XyMaHa IoIysanuja
j€ CBe BHIIE CBjeCHa YMI-EHHMIE Ja OymyhHOCT
Hallle TUIAHETE 3aBUCH Of KONUYUHE, ald H
on ksaiurera Bone. llpucytna Boma (PV) Ha
HEKOM  TPOCTOPY/MOIpPYYjy je  HCKIbYUYHBO
reopusnyka Kareropmja, koja ce aeduHHIIE
kao: [PV = (L, Q, K)], omHOCHO MaTpuyKkum
CTpyKTypama koje aeduummry: L — nokaunujy
Boze, Q — konmuunHy Boze u K — kBanurer Boje.
Tepmanne, TepMOMUHEpATIHE U MUHEPATTHE BOZE
NIPEe/ICTaBIbajy 3HaUajaH BOAHU pecype PemyOnunke
Cpricke. Bomnu pecypc je y CyIITHHU coLiujaHa,
€KOHOMCKAa ¥  CHBHUPOHMEHTAJIHA/EKOJIOIIKA
kareropuja. HanMe BojiHM pecypc noapasymujeBa
MIOCTOjarbe YCIIOBA 32 €KCIUIOATALN]y U 3aIUTHTY
KBaJIUTETa BOJAA, YHME jJacHO JOJIA3UMO JIO
KJbyYHE CHHTarMe ynoTpeOJbuBa BoJa. YKOIHKO
caMO jemaH O]l T€OTeHUX WM aHTPOIOTeHUX
rmapamerapa HE 33J0BOJbaBa CTaHAapAe H
Mjepuiia KBaJMTETa M KBaHTUTETa 3a 0e30jemaHo
kopumtheme Boma Ha oxapeheHoM moapydjy,
TEIIKO JIa Ce MOXKE peajn30BaTH aJeKBaTaH
BOJIONPUBpEIHY chcTeM. HajBa)XHU] U yCITOBH KOjH
nedununry o0um u Bpujeme kopuirhema Boaa cy :
TeO0JIOMIKH, ieTporpadeku, (uzndxoreorpadcku,
€KOHOMCKOreorpadCku, Xuaporpal)eBUHCKH, Kao
U YCIIOBU 3aIUTHTE XHIPOCHEPHOT KOMILIEKCA.
CBaku 011 HABEICHUX YCIIOBA CE MOYKE €BAITyUPATH
y CKJIQJy ca HalUMOHAIHUM M MelyHapomHUM
OKBHpPHMAa 3a CTpaTellka OIpeajebemha Y
obnacTé BoJa, OIHOCHO Yy obmactu reocdepa u
T€OKOMIIOHEHTH reorpa)CKor OMOTava.
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the municipality of Milici, on the right bank of the
Drinjaca river, the occurences of waters with the
temperature around 23°C have been registered.
Whereas the waters with a temperature between
15 and 18°C have been registered in the area of
the municipalities of Mrkonjic Grad, Rogatica,
Sokolac and Rudo.

THE PROTECTION OF THERMAL AND
THERMO-MINERAL WATERS AND THE
POSSIBILITIES OF THEIR VALUATION

One of the most burning and acute
environmental problems is the pollution of the
hydrosphere. The human population is becoming
increasingly aware of the fact that the future of
our planet depends on the amount and, even more
so, the quality of the water which will be at our
disposal in the future. The water presence (WP)
in an area is an exclusively geophysical category,
defined as: [WP = (L, Q, K)], that is, by the
matrix structures that define: L — water location,
Q — the amount of water, and K — the quality of
water. Thermal, thermo-mineral and mineral
waters are considered a valuable water resource
of the Republic of Srpska. The water resource is
basically a social, economic and environmental/
ecological category, and implies the potential for
the exploitation and preservation of the quality
of water, which brings us to the key phrase — the
usable water. If there is just one of the geogenic
and anthropogenic parameters that does not
satisfy the standards and measurements of the
quality and quantity for the safe utilisation of
waters in a certain area, it will be difficult to create
an adequate water management system. The most
important conditions which define the scope and
time of the utilisation of waters are: geological,
petrographic, physico-geographical, economic
and geographical, hydro-constructional, as well
as the conditions for the hydrosphere protection.
Each of these conditions can be evaluated in
accordance with the national and international
frameworks for the strategic decisions in the
domain of waters, that is, in the domain of the
geospheres and geocomponents of the geographic
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JloruuHo je 1a ce ycioBH 3a kopuiheme BoJa
MU]jeHajy, 3aBUCHO O]l TPUPOAHUX M JbYACKUX
aKTHBHOCTH, 3aBHCHO O] OTpeda 1 HaMjeHe.

[IpoGriem Bome ce Ha mo4yeTky Tpeher
MUJICHHjyMa TOCEOHO Harjamasa, ¥ TO U3 JBa
pasiiora: MpUTHCAK Ha BOILY Ko IPUPOTHU PECYPC
j€ CBe MHTEH3MBHHUJU a NPEKO e ce JoO0pHM
JMJEIOM TIpesiaMajy MpoOieMH My OCTaluM
chepama reorpadckor omoraya. 3alITHTA
KBAJIUTETa BOAEHHX CTAaHMINTA M 3alITUTA
Ol INTETHOT [jelioBamka Boma (crpoBoleme
aKTUBHOCTH M Mjepa y IIMJby CMamema WIH
CrpedaBarmba YrpoKEHOCTH JbYH U MaTepPHjaTHUX
n06apa o1 IITETHOT JIjeNIoBah-a BOAA M OTKJIahakha
MOCJbEIUIA HUXOBOT JIjENIOBaba — IIOIUIABE,
7€l Ha BOJOTOIMMA, 3alITUTa O €po3uje
u Oyjuma u 1p.) je jenaH oA IMPUOPHUTETHUX
3amaraka. Mimajyhu y Buay HaBelleHE UME-CHUIIE
jenaH on HajOMTHMjUX 3akJbydyaka JlaOnmuHCKe
koH(pepenimje (Development issues for the 21st
century, Dublin, 1992) 6uo je na je ,,0mpKHUBOCT
/ycknaljeHocT mocTana Oa3HM TMPUHIUI CBUX
Pa3BOjHHX CTpaTEruja, moceOHO y JOMEHY pa3Boja
BOJIHUX pecypca .

Moryha 3arahema TEPMaJHUX u
TEPMOMMHEPAITHUX Boma. TepmasHe U
TEPMOMMHEpAJIHE BOJAE MUMajy M3y3eTaH 3Hayaj
3a mpuBpeaHu pa3Boj PenybOmuke Cpricke, Tako
Ja cBako 3araljeme OBMX BOJa MMa JyrOpOuYHe
nocsjbenuiie. 3araljeHocT y mpBoM peny moraha
¢bpearcke u3gaHu raje ce eUIyeHTH pPEeNaTUBHO
7ako WMHGWITPHUPAjy U MOTY Ja 3aJpiKe JIyXKH
BPEMEHCKH TIEPHO]I.

Hauwme, pa3Boj KaHaJIN3alMOHE
UHQpACTPyKType W  CaHHUTalMje  Hacesba
(M3rpama HEOMTXOJHUX MPOCTOPHja Y KOjUMa ce
oAprkaBa JTM4YHA Xurujena) y Pemyomuiu Cprickoj
jé B3HaTHO KAaCHHO U3a BOJOCHAOIMjeBamba
CTAaHOBHMILITBA U BOAOCHAOAMjeBama IMPHUBPEIC
THUX HCTUX Hacesba. [locibenuiie cy 3a MHOra
HaceJba Ouse KaracTpodaiiHe: HHPPACTPYKTypOM
KojoM ce 00e30jenuio  BOIOCHAOIUjeBamE
€HOPMHO je moBehaHa KOJMMYMHA OTIAJHUX BOJA
y TUM HaceJbuMa 300T HEIOCTOjamha CaBPEMEHUX
cuctemMa 3a ozaBoheme ormamHux Boaa. To je,
HapaBHO, JIOBOJMJIO W JIOBOIM JIO H3JIHjeBamba
OTHAaJHUX BOJA M3 CENTUYKHX jaMa M HUMa

mantle.

It is logical that the conditions for the
utilisation of waters change, depending on the
natural and human activities, as well as on the
needs and purposes. The problem of water is
particularly emphasised at the beginning of the
third millennium for two reasons: the pressure
on water as a natural resource is becoming
more and more intensive, and it partly entails
the problems in the other spheres of the mantle.
One of the priority tasks is the protection of the
aquatic habitat quality and the protection from the
harmful effects of water (the implementation of
the activities and measures with the purpose of
reduction and prevention of the endangerment of
people and the material goods from harmful effects
of water and the elimination of the consequences
of their effects — the floods, ice on watercourses,
protection from erosion and torrents, etc.). Taking
these facts into consideration, one of the most
important conclusions of the Dublin conference
(Development issues for the 21st century, Dublin,
1992) was that “the sustainability/compatibility
became a basic principle of all development
strategies, especially in the domain of the water
resources development)®.

The possible pollution of thermal and thermo-
mineral waters. Thermal and thermo-mineral
waters are very significant for the economic
progress of the Republic of Srpska, therefore,
every form of pollution of these waters has long-
term consequences. The pollution primarily affects
the phreatic aquifers into which the effluents are
infiltrated easily and in which they can stay for a
longer period of time.

Namely, the development of sewage
infrastructure and sanitation of the communities
(the construction of the necessary premises for
the maintenance of personal hygiene) in the
Republic of Srpska came much later than the
water supply for the inhabitants and the economy
of those very communities. The consequences
were disastrous for many communities: with the
infrastructure that provided the water supply, the
amount of wastewater increased because there
were no modern wastewater disposal systems.
That of course led and still leads to the wastewater
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CIIMYHUX HMMIIPOBH30BaHUX pelUIHjeHara, a
ofaTae 0 TOI3EMHHMX BOAa MyT e]iayeHTUMa
HUje 61O Jajex.

[TomzemHe Boae yrpoxkasajy ¥ AUCHIEP3UBHU
(pacytn) wu3Bopu 3araliema, mpHje cBera OHH
u3 rnosbonpuBpene  (BjemTauka  hyOpuBa).
Jucnep3uBHa 3araliema U3 TOJBONPUBpPENE CY
MIPOTIOPIIMOHAJIHA Ca HACTOjabMMa J1a ce roBehajy
NPUHOCH MHOTHX KyATypa y3 YHoTpeOy cBe
BehnX KOIMYMHA XEMHjCKUX cpencTasa. Hbuxosa
ynoTpeda je MacoBHAa, MOCEOHO MECTUIMIA U
xepounpaa. CTainHu pacT XyMaHe HomyJaluje, y3
HCTOBPEMEHO CMamemhe OOpaJMBHUX IOBPIIMHA
(yp6anu3anuja, MHAyCTPHjaIU3allija i MUTPaLHje
Ceno — Tpaia) JETePMUHMILY HOBU MPUCTYII
y TOJbONIPUBPEIHO] IPOM3BOAIHM, OIHOCHO
TpaHC(OpMaIKjy E€KCTEH3UBHE IOJHONPUBPEIHE
MIPOM3BOJIEHE Y MHTEH3UBHY NIPOM3BOIBY. Humra
Mamba OMACHOCT HUCY HU JIOLIE JOIMPaHa CEOCKa
hyOpumira (crajecko hyOpuBo) u mosbcku WC-
U, KOJU Cy 4YeCTO H3BOp 3apa3HUX 000JbeHHa,
MIPBEHCTBEHO JIOMHUIIMITHOT CTAHOBHMIIITBA.

bpojun uHmycTpujcku 00jeKTH, Majda H
cpenma npemyseha, 3aHaTCKe paJMOHUIIE, alld U
HEKe aKTHBHOCTHU JioMahe paMHOCTH HCIYIITajy
ornajaHe/3araljeHe Boge y OpojHE MOBPIIMHCKE
TOKOBE, pYjeYHE KaHAJIE U BjeLITAUKe U IPUPOHE
aKymynamgje. Y CyIIHOM MEpuiy, MPH HUCKOM
CTamy MOA3EMHUX BOJA, U3 CIIOMEHYTHX BOIHUX
THjeJIa ce HaBO/AaBa U3aH a Moryhu eduyenTu
uHQUATpHUpajy ce y u3aaH u 3aralyjy je. OBaj
yTUIla] je MOCEOHO M3paKeH KO aKymyJsaluja
Koje ce popMupajy Ha adyBUjaTHUM pHjeKama, ca
HUCKMM TprobasbeM. Pexxumu mom3eMHHX BoJa
y 30HH HHUCKUX MpuoOaba TOIWHCKHX pHUjeKa
MOpajy c€ KOHTPOJIMCATH 3aIITUTHIUM CHCTEMUMA
Koju 00e30jehyjy MakCUMaylHy 3allTHTy Of
3arahuBama. Cucteme 3a 3amTHTYy NpUOOaIBa
TpeOa pjeriaBary BUILIEHAM]SHCKH.

Boxgnu pecypcu ce Mory HEnpOMHUIIJBEHUM
aKIMjaMa ~ MHMHUMM3MpAaTH a TIOHEKaa W
obe3Bpujenutu 3a oapehene Hamjere. [loceGHO
ce TO OJIHOCH Ha IMOJ3EMHE Boje y onxpeheHuM
allyBUjyMUMa, jep Cy TO  CTallOHapHE
XHUJPOJIOIIKE KOMIIOHEHTE, U MOTY C€ KOPUCTUTH
camo Ha Mjecty popmupama. YCIOB 32 HBUXOBO
kopuihewme y oapejeHoM BPEeMEHCKOM MEPUOTY
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discharge from the cesspits and similar improvised
recipients, and from there it is a short way for the
effluents to reach ground waters.

Ground waters are also endangered by
the dispersed sources of pollution, primarily
those coming from agriculture (fertilisers). The
dispersed agricultural pollution is proportional
to the endeavours to increase the yield of
numerous crops by the utilisation of an increasing
amount of chemicals. Their usage is widespread,
particularly that of the pesticides and herbicides.
The ever-growing human population, along
with the simultaneous reduction of arable land
(urbanisation, industrialisation and country-to-
city migrations) determine a new approach in the
agricultural production, that is, the transformation
of the extensive agricultural production to the
intensive one. The poorly located rural dungyards
(manure) and the field toilets, which are often a
source of the infectious diseases for the domiciled
inhabitants mainly, present no lesser danger.

Numerous industrial facilities, small and
medium-size enterprises, craft stores and
households discharge waste/contaminated waters
into numerous surface waters, rivers canals and
artificial and natural reservoirs. During drought,
when the state of ground waters is at a low level,
the above mentioned water bodies irrigate the
aquifer, while the potential effluents are infiltrated,
thus causing the contamination of the aquifer.
This effect has been especially pronounced in
reservoirs that are formed at the alluvial rivers
with low bank areas. The ground waters regime
in the low bank area of lowland rivers should be
controlled by the protection systems that provide
the maximum protection from pollution. The
systems for bank protection should be addressed
in versatile ways.

Careless activities may lead to the water
resources reduction or to their misusage for
certain purposes. This is particularly applied to
the ground waters in certain alluvia since they
are stationary hydrological components, and can
only be used at the place of their formation. By
preventing the usurpation of the area and the
construction of the aforementioned facilities/
contents that will diminish the quality of ground
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jecTe HUXOBa 3allTUTa O Y3yphaiuje Tor
MIPOCTOPA M CIIPEUaBarhe M3rpaiibe OHUX 00jekara/
caipkaja koju he (€BEeHTyalTHHM) HCIYIITamEeM
edmyeHara 00e3BpUjEIUTH KBATUTET MOJ3EMHUX
BOJIA.

VY 1uiby 3alITUTE U3BOPHUINTA TEPMATHUX U
TEpPMOMMHEPAIHUX BOZA O] CBUX BPCTa 3aralema,
Te Jpyrux INTETHUX YTHUIAja, TOTPEOHO je
YCIIOCTABUTH ONroBapajyhu pexuM 3amTure
W3BOPHIITA BOJA. YCJIOBH 3a YCIOCTABIJbAE
peKUMa 3alITHTE MPONHcaHu cy lIpaBUIHHKOM
0 Mjepama 3allTHTe, HA4YMHy ojJpehuBama u
OZip>KaBamba 30Ha M 110jaceBa CAaHUTApHE 3aIITUTE,
MoJIpyyYja Ha KOjuMa ce Halla3e U3BOPHIITA, Kao U
BOJHUX OOjexara M BOJa HAMHjCHEHHUX JbY/ICKO]
ynotpebu (Cmyx6enu rmacauk PC 07/03), Te
yTeMEJbEHH Ha HOBOM 3akoHy o Bojama (Ci.
I'macuuk PC 50/06), unanosu 70 1o 75 . Y cknany
ca HaBeaeHuMM [IpaBuiaHHKOM TOTpeOHO je
YCIIOCTABUTHU cJbesiehe 30He CaHUTApHE 3alITHUTE
W3BOPHILTA TEPMAJIHUX, TEPMOMUHEPATHUX H
MHUHEPAJIHUX BOJA!

* 30Ha HerocpenHe CaHUTapHE 3aIITUTE

* 30Ha y)Xe CaHUTapHE 3alITUTE

* 30Ha IIMpe CAHUTAPHE 3aLITUTE

3amrtuTHe 30HE ozapeheHe cy y ckianmy ca
3akorom o Bogama (Ci. I'macauk PC 6p. 50/06),
3akoHoM o 3amTuTH Boja (CrmyOeHH TIIIACHUK
PC 53/02) 3akoHOM O 3aIITUTH )KUBOTHE CPEIIHE
(cayxx6enn tmacauk PC  53/02), 3akoHOM O
ynpasibay otnagoMm (Ciyxoenn miacHuk PC
53/02) u IlpaBuiHUKOM O Mjepama 3allTUTe,
HauMHy ojpehuBama M oOAp)KaBamba 30HA H
rojaceBa CaHUTAPHE 3aLITUTE, TOAPYYja HA KOjuMa
ce HaJjla3e U3BOPHIITA, KA0 M BOJAHUX OOjekara u
BOJIa HaMjeHEHHX JbYJICKO] yroTpedu (CiryxOeHu
mrackuk  PC  07/03), a CcXomHO TMIPOBENEHO]
T€O0JIOMIKOj, TEKTOHCKO], XHIPOTEOJIOUIKO] H
reoMOopQOIIOIIKOj aHATHU3U TePEHA UCTPAKUBAIHA.

OuTyKOM 0 3aIITUTH U3BOpUINTA YTBPhYjy ce
Mjepe 3amture . Te mMjepe IeHUHHUIIY 3aIUTHTY
U O4YyBam€¢ KBAaHTUTATHMBHUX M KBAJIUTATHBHUX
KapaKTepHCTHKA BOAA U3BOPHUIIITA.

MoryhHoctn kopumrhewma TepMalTHUX H
TepMOMUHEpAIHUX Boaa y PemyOmmim Cprickoj.
Henocpenno xopuiiheme XuaporeorepMaliHe
€Hepryje Ha HalllM IPOCTOPHUMA j€ OTPAHUYEHOT

waters by the effluents infiltration, we generate a
requirement for their usage in a given period.

In order to protect thermal and thermo-
mineral springs from any kind of pollution and
other harmful effects, it is necessary to establish
an adequate spring protection regime.

Requirements for the protection regime
establishment are stipulated by the Rulebook on
protection measures, the manner of identifying
and maintaining the zones and localities of
sanitary protection, areas with water springs,
water facilities and water intended for human
usage (the Official Gazette of the Republic of
Srpska, No. 07/03), and are based on the Law
on Water (the Official Gazette of the Republic of
Srpska No. 50/06), Articles 70-75. Pursuant to
the aforementioned Rulebook, it is necessary to
define the following zones of sanitary protection
for thermal, thermo-mineral and mineral springs:

* The zone of close sanitary protection

» The zone of restricted sanitary protection

* The zone of wider sanitary protection

The protection zones are determined in
accordance with the Law on Water (the Official
Gazette of the Republic of Srpska, No. 50/62),
the Law on Water Protection (the Official Gazette
of the Republic of Srpska, No 53/02), the Law
on Environmental Protection (the Official
Gazette of the Republic of Srpska, No. 53/02),
Waste Management Act (the Official Gazette
of the Republic of Srpska, No. 53/02) and by
the Regulations on the protection measures, the
manner of identifying and maintaining the zones
and localities of sanitary protection, areas with
water springs, water facilities and water intended
for human usage (the Official Gazette of the
Republic of Srpska, No. 07/03), and in accordance
with the geological, tectonic, hydrogeological
and geomorphological analysis of the area
studied. The protection measures are determined
by the Decision on the spring protection. Those
measures define protection and preservation of the
quantitative and qualitative spring characteristics.

The possibilities of thermal and thermo-
mineral water usage in the Republic of Srpska.
The direct usage of geothermal energy in our
regions is of limited intensity and usually within
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MHTCH3UTETAa U y OKBHPY j& WHAWBUIYaTHUX
npojekara. Hammacak je Ha xopumhemy THX
BOJIa Y TOJHOIPUBPEAHU, NMPBEHCTBEHO TPHjAbE
CTaKJIeHWKa. EBHIEHTHO je Ja ce KOpHUCTe
XUJPOTEOTEPMAIH  PECypCcH  TemIeparypa
no 75°C. Moxe ce KOHCTaroBaTd Jia CTEIEH
kopumhema TepMaTHUX U TEPMOMHHEPATHUX
BOJla HHUje y CKIaJy ca OOMMOM JO0CaalllbuX
UCTpa)KUBamba TOT BOJHOT pecypca.
XuUIporeoTepMaIHd MOTESHIH]al
KOPHUCTHTH 3a TIOTpeode:

* y3roja pube, OayHEoOTHje, pEKpealyje,
3arpHjaBamba 3eéMJBUIITA, CTOYAPCTBA U CII.

* Torum¢uKanyje, y3 Kopuutheme
TOIUIOTHHUX W3MjeHUBava, peKpeaTuBHE CBpXe H
n3nBajame raca CO2.

[Tocroje ompehene wHaMIMje ma ce Ha
MOjeIMHUM JIOKJIUTETUMa TEpMajHE BOJE MOTY
WCKOPUCTUTH U 32 MPOHU3BOMAIY EIEKTPUYHE
eHepruje (myreM OWHAPHHUX cUCTeMa). Y TOM
KOHTEKCTY TPHUXBAaTJbUBE Cy  TeMIleparype
TEpMaJIHUX Boja y pacnonHy ox 140 — 200°C
(mompy4je Cembepuje). Y OymyhHocTH, MOXE ce
TOBOPHUTH O OIIPABIaHOCTH yllarama u Kopuirhema
XUJpOreoTepMaliHe EeHepruje, ¢ 003UpoM Ha
IIaBHE CTpaTelIKe OJpEIHUIe: EHEPreTHKa,
TypuzaMm, HMHIYCTpUja W  [OJHOIIPHUBpENA
(Teorepmannu atnac Pemy6mmke Cprcke, 2012).

ce, 3a caja,

3AKJBYYHAK

TepmaiiHe, TepMOMUHEpaHEe, MUHEPAIHE U
M3BOPCKE BOJIE TI0jaBJbYjy CE€ Ha BEIHUKOM OpOjy,
70 cana, yrtBpheHux nokamuja y PemyOnuim
Cprckoj. Te Boxe cy 3HauajaH (U3MOTEHU
MIPUPOIHU PECypc, KOjU jOII HUje y MOTIYHOCTH
UCTpaOXeH M TPUMjEHJbUB, Yy CKJIagy ca
KBaJIUTETOM M TIOTEHIIU]jaIoM. bpoj u AuBep3uTeT
TEHETCKUX TUIOBA YCJIOBJBEHU CY KOMIUIEKCOM
TeOJIOMIKO —  XMJPOTEOJIOUIKMX  CBOjCTaBa
reorpagckor mpocropa PemnyOnuke Cpricke u
bocue u XepueroBune. PemyOmuka Cpricka,
npeMa CBHUM  DEJIEBAaHTHUM  IIOKa3aTesbuMa
JOCA/IAIbUX HUCTPAKHUBAMKa, pPACHoNake ca
MHUHEPAJIHUM, TEPMOMUHEpPATHUM BOJamMa M
TepMaJIHUM BOJIaMa, KOj€ Ce 10 HU3Y MapaMeTapa

148

the individual projects. The emphasis is on the
usage of these waters mainly in agriculture,
primarily for heating greenhouse facilities. It is
clearly evident that the hydrothermal resources
with the temperature of 75 oC are used. It could be
ascertained that the level of thermal and thermo-
mineral water usage is not consistent with the
scope of the past research on that water resource.
The hydrothermal potential, at least for now, is
used for the following purposes:

+ pisciculture, balneology, recreation, soil
warming , livestock, etc.

* heating system, the wusage of heat
exchangers, recreation and carbon dioxide (CO2)
extraction.

There are some indications that the thermal
waters in certain areas can be used for the
generation of electricity (via binary systems). In
that sense, the temperatures of the thermal waters
ranging from 140- 200 °C are acceptable (the area
of Semberija).

In the future, we can discuss the viability of
investments and the usage of geothermal energy,
apropos of the main strategic guidelines: energy,
tourism, industry and agriculture (The Geotermal
Atlas of the Republic of Srpska).

CONCLUDING REMARKS

Thermal, thermo-mineral and mineral
spring waters appear in a large number locations
identified so far in the Republic of Srpska. These
waters present an important natural resource that
is not fully explored and applied in relation to its
quality and potential. The number and diversity
of the genetic types are conditioned by a series
of geologic and hydrogeologic characteristics of
the geographic area of the Republic of Sprska
and the Federation of Bosnia and Herzegovina.
According to the relevant indicators of the
previous research, the Republic of Srpska has
thermal, thermo-mineral and mineral waters at its
disposal, which, according to some parameters,
are classified as an important resource for the



XUAPOT'EOTEPMAJIHU IIOTEHIWJAJIA V ®YHKIWIM OBHOBJBUBE EHEPTUIE Y PEITYBJIMLIA CPIICKOJ
HYDROGEOTHERMAL POTENTIALS IN THE FUNCTION OF RENEWABLE ENERGY IN THE REPUBLIC OF SRPSKA

MOTY CBpPCTaTH Yy BaXKaH PpECypc OIP>KUBOT
pa3Boja Penyonuke Cpricke. 3a caja, HaBeleHe
BOJIC MMAajy BHIIECTPYKY INpHMjeHYy y OajHeo
Tepanuju, 3a (ammpane, 3a pa3Boj TypUCTUUKUX
IieHTapa (akBa MmapkoBH, welness 1ieHTpu, uta.),
WMHTEH3UBHY IOBPTAPCKY y CTaKJICHULUMMA, 3a
rpujame cTaMOeHUX M JPYTHX MPOCTOpH]ja, Kao
KOHBEp3Hja 3a Ipyre BUJOBE EHepreHara.
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