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WU3CNEABAHE HA PEXXMMA HA MUHEPANTHUTE BOAW B HAXOAMULLIE NYENTUHCKK
BAHWU U AKTYAITHA OLIEHKA HA EKCIITOATALUMOHHUTE UM PECYPCH

B. 3axapwues, b. [leHeBa

MwuHHo-reonosxkn yHuBepcuTteT " CB. MBaH Puncku'(
Codgns, 1700, Brnrapus

PE3IOME

Haxoguileto Ha MuWHepanHa Boja [MyenuHckn GaHn ce Hamupa B ceBepHaTa yacT Ha [lonHobaHCkWs TepmoBOAOHOCEH 6aceilH. TepeHbT e w3rpageH oOT
rpaHuTonANTe Ha l'yLanckus nnyToH. /3BopuTe, KOUTO ce NPOsIBSBAT B 30HaTa Ha MPecuyaHe Ha [iBe TEKTOHCKI HapyLUEHNs, ca kanTupaHu ¢ obLya kanTaxHa LuaxTa.
OT npokapaHuTe COHA@XM Ca 3anaseHn camo ABa, CMyKellM KakTo Credpa - 3a Pe3epBeH eKCrnoaTalOHeH BOLOM3TOYHWMK M 33 CeM3MOXMOPOreonoxku
HabniofaTeneH NyHkT. Ekcnnoatupa ce camo kanTaxa. Bogata e cyndatHa Hatpuesa, ¢ MuHepanuaauus 0.94 g/l, cunuumesa, dnyopHa, pagoHoBa, C TemnepaTypa
73°C.

HaxoauiLeTo npeacTaBnsisa CEN3MOXUAPOreoNnoxXKv (heHOMEH - NP BCUYKN CUMHW 3EMETPECEHMS, NPOSIBEHN OT OrHWLATa B Bbnrapust unm B CbCeAHM CTpaHy, ce
0T4MTa NpoMsiHa B AebuTa Ha u3Bopa.

Ot aBTOpUTE € M3CneaBaH ECTECTBEHUSIT PEXWUM Ha MUHepanHuTe BOAW B HaxoaWleTo. M3non3saHu ca JaHHWTE OT pexumHu  HabniopeHns Ha AebuTa Ha
KanTupaHus u3eop 3a nepvoga 1937 - 2003 r. YcraHoBsBa ce, Ye cpenHuST AeduT Ha BogonaTodHuka Ao 1990 r e 11.71 Ifs, cnep koeto cnapa Ha 8.83 Iis.
HanpaBeHa e NporHo3Ha oLeHka Ha eKcnnoaTaLMoHHUTE pecypu OT MWHepanHa Bofa W reoTepmanHa eHepris Ha Haxoguiieto go 2013 r, kato e u3nonssaH
perpecuoHeH aHanu3 Ha aaHHuTe 3a aebuta B nepuopa 1990 - 2003 r. Cnopep Hest B kpast HA NPOrHO3HMS NEPUOZ, PECYpeUTe Lie Bb3nu3aT CbOTBEHO Ha 8.76 I/s u

2092 kJ/s.
BBLBEAEHME

HaxopuweTto Ha MuHepanHu Boau MuenuHckn GaHu ce
Hamupa B LieHTpanHaTa 3anagHa yact Ha bbnrapus, Ha 8 km
CEBEPOM3TOMHO OT rp. KocTeHel. MuHepanHaTa Bofa OT Hero
ce oTnnuaBa C BuCOoka Temnepatypa (73 °C) v C LEHHM
BanHeoneuyebHM CBOMCTBA - MOKa3aHa € 3a leYeHue Ha
OMOPHO-ABUraTENHUS anapaT, Ha nepudepHaTta HepeHa
CUCTEMA, TMHEKOMOTYHM, KOXHM 1 p. 3aBonsiBaHus.

MbpBuTe Han-0bWM CBEOEHUS 3a reonorusTta Ha paioHa
pasa A. Boue. lMo-kbCHO paitoHbT e n3cnegsaHd ot [ 3na-
Tapckn, . BoH4eB u ap. Pesyntatute OT reonoxkute kap-
TUPOBKW Ha paioHa ca 0006wweHn ot Unmes n Kaukos (1990,
1993) B leonoxka kapTa Ha Bbnrapus 8 M 1:100 000 - kapTeH
et Wxtumad. [Tbpeu w3cnegBaHnMs  Ha CbCTaBa Ha
MWHepanHuTe Bogu u3BbpluBa H. [Jobpes (1905), a no-kbcHo
1 AamaHos (1940).

KantupaHeTto Ha u3BopuTe € u3sbplueHo npes 1937 r. nog
PBKOBOACTBOTO HAa MUHHUS MHXeHep . Bacunes. B paitoHa Ha
HaxopuweTo npe3 1965 - 1967 r ca npoBedeHN COHAAXHO-
xuaporeonoxku npoyysanus ot MM - Cocous. HaxoguieTo e
nscneaeaHo or K. Lepes (1964) u M. Ct. Metpos v gp. (1970).
LisnocTHa xuaporeonoxka xapakTepucTuka Ha Haxoguiuara ot
[onHobaHckus TepMOBOAOHOCEH HaceitH, BKIIOYATENHO U Ha
MyenuHcky BaHw, € HanpaBseHa B cTaTusTa Ha [1. MeHyes u ap.
(2003).

MpeameT Ha HacToswaTta paspaboTka e WacriedBaHe Ha
peXMMa Ha HaxoaMLeTo U Cb3fjaBaHe Ha MPOrHO3eH Mofen 3a
OLiEHKA Ha EKCMNoaTaLMOHHUTE My PEcypcy OT MUHepasHa

BOOJa M reotepmanHa eHeprus. lMocoyBaT ce U OCHOBHUTE
npeanocTaBku 3a pasrnexgaHeTo My KaTo
CEeN3MOXNOPOreosIoxXK1 (beHOMeH, KOWNTO npencraBngasa
Hay4eH NHTepeC 3a n3cnensaHe Ha CensMmyHaTa akTMBHOCT B
CTpaHaTta i bankaHute.

OMUCAHWE HA HAXOOWLWETO HA MUHEPAITHW BOAN

HaxoguweTo Ha MuHepanHn sogn MyenuHckm Gawn ce
Hamupa B ceBepHata 4acT Ha [onHobaHckus Tepmo-
BOAOHOCEH 6acelH. MposBEHO € B H0XHWUS CKMOH Ha YepHu
pug ot Mxtumancka CpegHa ropa. PenedybT npemuHaBa oOT
HUCKO B CpeJHO MMaHMHCKM 1 ce 0Tnuyasa ¢ fobpe u3paseHa
pa3yneHeHoCT.

B pervoHaneH nnaH, HaxoguweTo nonaga BbB Bogocbopa

Ha p. Mapuua, KaTo painoHbT HEMPOCPELCTBEHO OKOJIO HEro ce
OTBOAHSIBA OT MasnkaTa peka JXexkara Boga.
KnumatbT € yMepeHo-KOHTUHEHTaneH, C  MOAMIaHWHCKN
XapakTep. JIaT0TO e ropeLo, a 3umata e yMepeHo CTydeHa.
CpepHaTa roguiwHa Temnepatypa e +8.8 °C. Banexwure, kato
OCHOBEH (hakTOp BbB (POPMUPAHETO Ha Mod3eMHUTe Boau, ca
okono 685 mm.

Ha TepuTopusita Ha u3criefBaHus paroH Ca YCTaHOBEHM
thopmauunTe Ha: Jokambpuii, Naneo3oil, Me3030/ U HeOo30M.
[€ONOXKMAT CTPOEX Ha paloHa e npeactaBeH Ha dwr.d.
OCHOBEH KOMEKTOP Ha BOAUTE OT HaxogwweTo ca
rpaHoamopuTuTe Ha l'yuanckust nnyToH (guydKy), KOWTo e yacT
0T MapuLkaTa HEOMHTPY3MBHA 30HA W Ce pa3KpuBa B pailoHa
Ha cenata lN'yuan u lN4yenuH, Ha 3anag ot ¢. MomuH npoxog,.
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IMNyTOHBT € M3rpafeH OT eApO3bPHECT rPaHOAMOPUT, NEBKO-
[0 Me30KpaTeH C MacuBHa TEKCTypa, YWATO MUHEpaneH
CbCTaB BKIWOYBA Mnarvoknas, kanmuee engwnar, Keapl,
amcmnbon, BuoTuT, anatuT, TUTaHUT, cepuuwt, enmpot. o

XMMU3BM CKanuTe Ce OTHACAT KbM HOPMAHUTE rPaHOaMOPUTH
OT KarueBo-HaTpueBaTa cepusi. Bbapactta Ha nnyToHa e
onpegeneHa Ha 72.5 mrH. 1 (Kaukos v Unues, 1993).

W d

Queypa 1. leonoxka kapma Ha palioHa u okonHocmume Ha Haxoduuwe Ha MuHepanHa goda lNyenuHcku 6aHu (no Mnues,
Kaykos, 1990; Jumumposa, Kaukos, 1990).

1 - a) AnyBuanHu v nponysuanHu 0bpasyBanus (xonoueH), 6) anyBuanHu v anyBrUanHo-NpoyBranHn obpasyBaHns (NECTOLEH);
2 - BpekJoKkoHrnoMepaTo-NACbYHMKOBA 3adpyra (r. MAuoLeH - eonnercToueH); 3 - KoHrmomepaTo-nacbyHukoBa 3agpyra (4.
onuroueH); 4 - Myuancku nnyToH - rpaHOAMOPUTY (TOpHa kpeaa); 5 - BbpLumncku nnyToH - rppaHuTy (naneo3oi); 6 - Cutoscka rpyna -
THaNCOLIMCTH, WKCTW, NENTUHUTE W THalCK (4. MpoTepo3oit); 7 - lNpapogoncka Hagrpyna - MUTMaTW3uWpaHu rHancW, rHamcy u
rHancowmCTH (apxa - 4. npotepo3on); 8 - pasnom; 9 - cnouctocT; 10 - NOCKOCTHU CTPYKTYpU B MarMeHuTe ckanw; 9 - HaxoauLe Ha

MUHeparnHa Boja.

HaxoguweTto Ha MuHepanHu Bogu [MyenuHcku BaHu e
NposBEHO B M3TOMHATa 4acT Ha [yuanckus MAyTOH.
MuHepanHaTa Boga npeau KanTupaHeTo ce € ApeHupana ot
HAKOMNKO Marku u3sopa Ha kota 632.6 m, wanusawm ot
pascefHa 30Ha C Wnpo4nHa oT 3 Ao 10 m, ¢ M3TOK-3anagHa
MocoKa 1 CTPbMEH HaKIOH Ha tor. /13BopuTe ca ce NosiBunm Ha
MSICTOTO, KbAETO pPasfoMbT Ce Npecuya OT  HanpeyHu
TEKTOHCKM NYKHATUHK C MOcoka ceBep-tor. OTkpuTaTa YacT Ha

pasnoMHaTa 30Ha € 3ambfiHeHa C KaBepHO3Ha TEKTOHCKa
Opekya OT rpaHOOMOPUTHWU KbCOBE, KOMTO Ca WHTEH3UBHO
NPOMEHEHN, MOKPUTU U CMOEHU OT KENe3HW XUOPOOKUCH,
3€0MUTU M JpYrv MaTepuanu, OTIIOXEHW OT TEPManHUTE BOAN.

/3BopuTe ca kanTupaHu B obLya kanTaxHa LwaxTa npes 1937
r. OBwwmaT um aebuT Npeau KanTUpaHeTo e Bbanusan Ha 11.17
I/s, a cnepn ToBa Ha 11.7 I/s, npu TemnepaTypa Ha BogaTa 73
°C. B nepunoga 1965 - 1967 r. ot MM - Coconst B pantoHa Ha
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Haxo4MLLeTo, Ha pascTosHus OT 12 go 44 m OT KanTaxa,
nocregoBaTeNIHO ca NPoKapaHu TPW XMOPOreosioxXKM COHAaxa
- NeNe 1xr, 2xr u 3xr. Jbn6o4nHUTE MM CbOTBETHO ca 497 m,
3489 m wu 3503 m, kato Te npemuHaBaT U3LANO
rpaHogmopuTu. Mo BpeMe Ha XMAPOreonoXKUTE MPOYyYBaHMS
ca NPOBEAEHN OMWUTHU M3NUTAHUS HA COHOAXWTe, KaTo BoAA
Ha camou3nue OT TaX He e monyyeHa (CermeHcku, 1968d).
CoHpgax Noeixr e BomodvepneH XanoHKOBO, WHTEPBArlHO.
MonyyeH e febut 0.161 I/s n noHwkeHne B corpaxa 9.20 m,
npm cTaTu4Ho BoaHo HKBo (CBH) 6.80 m nop TepeHa. Mpes m.
aBryct 1968 r. coHpaxn NeNe 2xr u 3xr ca uepneHnu
MOEOVMHMYHO W TPyNoBO Ha Tpu cTbhana ¢ obwa
npogbmkuTenHoctT 25 pgHm 6es [fga e  pgocTurHata
crabunmsaums. OT coHpaxu NeNe 2xr u 3xr noeauHuYHoO ca
yepneHn mMakcumanHiu gebutu, cvoteeTHo 30.0 v 27.7 Ifs, npu
noHwxerus 1.26 n 3.25 m. TemnepaTtypata Ha u3yepneaHaTa
BO/Ja v OT ABaTa coHpaxa e 73 °C.

[aHHuTE OT rpynoBoTO BogodepneHe Ha conpaxm NeNe 2xr 1
3xr ca 06obuweHn B Tabnuua 1, a Ha dur. 2 e npeacTaBeH
XOAbT Ha Bb3CTAaHOBSBAHETO Ha BOAHWUTE HWBA B COHAAXMUTE
cnep npekpaTsiBaHe Ha TOBa OMUTHO M3NUTaHKe.

Tabnuyal. PesynTati OT rpynoBo BOAOYEPNEHE HA COHAAXM
NeNe 2xr n 3xr npe3 20-25.08.1968 r.

Bpeme cnen BogovepneHeTo, d
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—a— CoHpgax Ne 2xr (CBH=-2.28 m)
—m— CoHpax Ne 3xr (CBH=-1.40 m)

Queypa 2. lpachuka Ha 8b3CMaHOBA8aHEMO Ha 8OOHOMO
Hugo 8 coHdaxu NeNe 2xe u 3xe cned epynogomo um
godoyepneHe Ha 20-25.08.1968 2.

o Bpeme Ha ONMUTHUTE BOAOYEpneHNs AebUTHT B N3BOPHNS
kanTax € CcnafHan, kato B kpas WM TO3W BOJOM3TOYHUK
HambfHO € npecbxHan. osBa Ha Boga OT KanTaxa Ha
camou3nue € peructpupaHa 84 uyaca (3.5 pHu) cnep
MPUKMIOYBAHETO Ha BOJOYEpneHusTa, a Aedbutbt My e
[OCTUTHaM MbpBOHAYanHUTE CW CTOMHOCTW Cried Mecel W
MONOBKHA, KOETO € NoKasaHo our 3.
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Bpeme cnep BogoyepneHeTo, d

Queypa3. pacpuka Ha 8b3cMaHossI8aHEMOo Ha Oebuma Ha
kanmax "Tlyenun" cned epynogomo go0oyepneHe Ha
coHOaxu NeNe 2xz u 3xe Ha 20-25.08.1968 2.

PeaKkunata Ha M3BOPHUA KanTax rokassa, Ye JOBMBLT Ha
MOA3EMHN BOAW MO BPEMe Ha BOLOYEPNEHETO € MPEeBMLIMN
€CTECTBEHNTE PECYPCU HA HAXOAMLIETO, B PE3yMTaT Ha KOeTo
Ca M33eTI YaCT OT ENacTUYHIUTE My 3anack.

CoHpax Neixr e nukBuampaH cref NPUKNOYBaHe Ha
npoyysatenHute pabotu. Congax Ne2xr e 6un obopyasaH Cbe
camonuwely  xugporpad  Kato  Ceu3MOXWAPOreOonoXKu
HabniogateneH nyHkT (cTaHums) oT TYXM npu BAH, Ho
noHacTosilem HabniogeHns He ce u3Bbpleart. [peactom
[aHHUTe OT MpoBedeHUTe u3MepBaHus Ha BH pga Obpat
HamepeHn u uHTepnpetupanu. CoHpax Ne3xr e kanTupaH u
NpUrodeH 3a NomnaxHa ekcnnoaraums. MoHacToswem Ton He
Ce ekcnnoaTtipa, Tb kato AeBUTHT Ha KanTupaHwus M3Bop



3axapues B. u 0p. M3CIIEABAHE HA PEXXVMA HA MUHEPATTHUTE...

ocurypsiea HeOGXOAMMMTE BOAHW KOMMYECTBA 3a HYXAUTE Ha
notpebutenute (banHeoneyebHuua, OpaHxepum v ap.).

loHacTosLEM eOUHCTBEHWSAT eKCrnoaTauMoHeH BOAOWs-
TOYHWK B HAXOAMLLETO € KanTUpaHWsT M3BOP, U3BECTEH KaTo
kantax ‘MyenuH’. MuwHepanHaTta Boga Ce W3nMBa Ha KoTa
632.9 m, npu gebuT Ha kanTaxa BapupaLy okono 8.8 I/s.

OU3MKO-XMMUYHUSAT CbCTaB Ha MUHepanHata Boga OT
Haxogue MyennHckn 6aHu € n3crneaBaH MHOTOKPATHO, KaTo
CTOHOCTMTE Ha MaKpPOKOMMOHEHTWTE BapupaT B CPaBHUTENHO
TECHM T[paHuuM, a TemnepaTtypata Ha Bogata oOcCTaBa
HenpomeHeHa B MHTepBana 72 - 73 °C. AkTyanHu ¢uauko-
XMMUYHU M PaAMONIOTMYHM aHamnuan Ha BoaaTa OT HaXOAMLLETO
ca HanpaseHu npe3 2002 r. [laHHUTE OT TAX Ca MOCOYEHW B
Tabnmua Ne2.

Tabnmua Ne2 MakpoxummnyeH CbCTaB Ha MUHepanHaTa BoAa OT KanTupaH u3sop "TuenmH"
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OT cpaBHWTENHWS! aHanu3 Ha BCUYKM JOCErallHW n3cre-
BaHust (1904 - 2002 r), muHepanHaTa BoAa OT Haxomuiie
MyenuHckn GaHn ce onpedens kato mpecHa - C MuUHepa-
nm3aums 0.92 + 0.98 g/l, xuneptepmanHa (72.8 °C), cyndatHa
HaTpueBa Mo CbCTaB, C Neko ankanHa peakuus (pH go 8.0).
CbabpxaHneTo Ha MeTacunuumesata kucenuHa e 95 + 112
mg/l, KOeTo xapakTepusupa BogaTa kato cunuumesa. [lo
cbabpxaHne Ha nyopug — 8 + 10 mg/l, Bogata e curnHo
cnyopHa. CbabpxaHUeTo Ha pafoH BbB BoaaTa e 110 + 120
emaHa (407 + 444 Bqg/l), koeTo xapakTepuaupa Bofgata karto
nexko pagoHoBa. B cbabpxaHMETO Ha pasTBOPEHUTE BbLB
BoAaTa rasoBe OOMWHMpa asoTa - 96.7 06.%, crnegeaH oOT
aprona (1.7 06.%) v xenus (0.25 06.%).

MATEPWAN N METOIOM HA U3CNEABAHE

WacneppaHusita BbpXy pexuMa Ha HaxoauWeTo ca
M3BbPLUEHM Bb3 OCHOBA Ha aHanu3 Ha AaHHUTE OT PEXUMHUTE
HabniogeHus BbpXy AebuTa Ha MUHepanHaTa Bofa OT KanTax
“MuenuH” 3a nepuog ot 66 roguHu (1937 — 2003 r).

MMbpBOTO HabnopoeHe e m3BbplieHo npe3 1930 r, npean
KanTMpaHeTo Ha M3BOpUTE, Korato e u3mepeH aebut ot 11.17
I/s. Cren kanTupaHeTo eBUTBLT Ha M3BOPHMS KanTax AoCTUra
11.67 /s, a Temnepatypata Ha Bogata € 72.8 - 73 °C
(AsmaHoB, 1940). 3anaseHn gaHHU OT PEXMMHK HabMogeHUs
uva 3a nepuoga 1958 - 1969 r. (CermeHcku, 1968d).
CucteMHM pexuMHn HabrniogeHus ca u3sbpwsaHn ot “ChP-
HK" EALl, ®unman MomuH npoxog, 3a nepuoga 1977 - 2000 r.
CobluuTe ca NpOBEXOAHU C pasfMyHa YECTOTa, KaTo B HAKOU
nepuoau NWNCBaT M3MEPBaHUS MMM Te Ca enu30duYHU BbB
BPEMETO.

AkTyanHu namepsaHusa Ha gebuta Ha kantax ‘TlyenuH’” ca
U3BBPLLEHN OT aBTopute npe3 M. asryct 2001 r n m. mapt
2003 r. PesynTtaTtute OT pexumHIUTe HabmnogeHns 3a nepuoaa
1937 - 2003 r. ca Bu3yanuanpaHu Ha dur.4.

OueHkaTa Ha eKcnnoaTaLMOHHUTE Pecypcu Ha MUHepanHa
Boga OT Haxoguwe [lyermHckn GaHn € u3BbpLIEHa MO
EMMUPUYEH HaumH - Ypes 06paboTka Ha AaHHM OT PEXUMHUTE
MHOTOrofMWHA  Habnogerus. OT HanpaBeHust aHanM3 Ha
BCWUYKM HanMW4HM OaHHM, ca audepeHuMpaHu aBa nepuoaa,
XapaKkTepuaupallm ce C pasfuyHu CTOMHOCTM Ha aebuta.
CroiHocTTe Ha pOebuta 3a BcekM OT nepuoauTe ca
00paboTeHn Ype3 MeToda Ha PErpecuMOHHWS aHanus - 4pes
nogbop Ha pasnuyHM GyHKUMKM (MMHERHA, NorapuUTMKYHa,
CTENeHHa, eKCroHeHUManHa u ap.) e usbpaH TakbeB Mopen
(TpeHp), koiWTO Hai-gobpe anpokcumupa  AaHHWTe  OT
PEXUMHUTE HabMOAEHMS.

3a oueHka Ha eKcnnoaTaLMOHHUTE PECYPCU HA MUHepanHa
BOAA € M3non3BaH BTOpust HabriogateneH nepuop, kato oOT
Hero ca M3KNKYEeHW CTOMHOCTUTE Ha pgebuta, KouTO ca
MOBMUSIHW  OT  3eMeTpeceHus. [lonyyeHusT  perpecuoHeH
mModen no CbllecTBO NPeACTaBnsiBa NPOrHO3EH Moaen 3a
OLeHKa Ha ekcnnoatauuoHHuTe pecypeu Qe . Chbljata €
n3BbpLLeHa 3a nepuog ot 10 roguum - go 2013 r, npes KonTo
e Cce MpoBeXAaT HOBM PEXUMHWM HabnogeHns ¢ uen
kanubpupaHe Ha Modena.

OueHkaTa Ha ekcnnoaTaLMoHHUTE PECYPCH OT reoTepmarta
eHeprua  (TTE), kouTo npeacTaBnsBat JONYCTUMUS U

Bb3MOXEH CPeAHOroAuleH [o6MB Ha TOMMMHA OT Haxoau-
LIETO, € U3BbPLLEHa No n3BecTHaTa dopmyna (Mbrb6oB U ap,
1999):

G,=0Q,.CzAT

kbaeTo: G, e TonnMHHaTa MowHocCT B kJ/s; Q. — MPOrHo3HMTE
€KCTNoaTaLMOHHN Pecypc Ha BOOOW3TOuHMKA, I/s; Cp -
obemHaTa TonnoemKocT Ha Bogara, Cs = 4,19 MIImiK; AT =
T, — T, e TemneparypHata pasnuka, °C; T, - cpegHata
Temnepatypa Ha fpgobuBaHata TepmanHa Boga  OT
BogmomsTouHuka, °C; T, — TemnepaTypata Ha BogaTta cneg
HEMHOTO oTpaboTBaHe (oxnaxgaHe) 3a TOMMWHHK HyXaw, °C.

PESYNTATA U OBCBHXOAHE

WU3cnepgBaHe pexuma Ha HaxoaWWETO M OLEHKa Ha
pecypcute OT MMHepanHa BoAa U reoTepmanHa eHeprus.

Ot npencTaBeHata Ha our. 4 rpaduka Ha pexuMHUTE
HabnogeHus ce BUXKaa, Ye B OTTOKA Ha MUHepanHuTe Boau OT
Haxoguwwe MuenuHckn BaHu moraT Aa Ce pasrpaHuyat ABa
nepwoga. MbpBuAT neprnog obxealla BPEMETO OT KanTMpaHeTo
Ha u3Bopa npes 1937 r po 1989 r (Ha curypata e 03HayeH
cbe 3Hak 1", a BTopuaT e o1 1990 r. g0 2003 r (CbC 3Hak "o").
CbC 3Hak "X" ca oO3HayeHu CTOMHOCTUTE Ha [febuta
HenocpeaCTBEHO crief 3eMeTpeceHus.

Mpe3 MbpBUs Neproa AeOUTHT Ha U3BOPHUS KanTax Bapupa
OKOIO cpefHa TexecTHa cToiHocT oT 11.71 I/s. Hayanoto Ha
BTOpUSI Nepuog ce Benexu npes 1990 r, korato B AebuTa Ha
HaXO[MLLETO HAaCcTbNBA PA3bK cnaf ¢ okono 3 I/s. OTToraea o
cera pebuTbT Ha M3BOpa € MO-Manbk, KaTo cpefHata
TEXEeCTHa CTOMHOCT 3a nepuofa Bb3anusa Ha 8.83 I/s. Tt kaTo
KanTaXbT € eguHCTBEHUST [eACTBall, BOAOM3TOYHMK B
HaxO4MWeTO 1M HeroBaTa eKkcnnoartauusi Ce W3BbpLIBa Ha
CaMOM3NMB Ha (PuKCMpaHa KoTa, aBTOPWUTE JOMyckaT, ue
peskuaT crnag Ha gebuta cneg 1990 r ce AbmkM Ha
TEXHOTEHHO Bb3[EeNCTBME, KOETO BEPOSTHO NpoAbMxaBa M
noHacTosieM. VI3ACHSBAHETO Ha KOHKPETHWUTE MpUYMHK 3a
cnapa e Obae npeaMeT Ha 6baelly n3cnenBaHus.

OT rpacpmyHaTa MHTEpreTaLus Ha PEXUMHUTE HabnoaeHus,
npeacTaBeHa Ha Our. 4, ce BUXAA, Ye OCPEOHSBALLMTE NINHAM
nokasBaT TEeHAEHLWM KbM HamansBaHe Ha aebuTa v 3a ABaTa
nepuoaa. CpaBHEHMETO MeXAy TsX MoKa3ea, Ye TeHAeHUMsTa
KbM HamarsiBaHe € Mo-CTPbMHa B MbpBUS Mepuod. Tpewd-
NMHUATA, anpoKCUMMpalla AaHHUTE OT BTOpUS Nepuod, e
rMoyTH ycnopegHa Ha abuucHaTta oc, KoeTo e nokasaTten 3a
OTHOCMTENHA  CTAabUNM3aLMA HA  W3BOPHWMS  OTTOK  OT
HaxoauLLeTo.

MporHo3HaTa OLeHKa Ha eKCrnoaTaLMoHHUTE Pecypcu Ha
MWHEpanHa Boja OT Haxoguwe [lyenuHckn Oann e
M3BbpLUEHA Bb3 OCHOBA Ha AaHHMTe oT nepuoga 1990 - 2003
I, Tbil KaTO B HEr0 € OTPAa3eHO aKTyasHOTO CbCTOsSHWE Ha
pecypcute Ha HaxoguweTto. M3non3saH € YCTAHOBEHWAT
nuHeeH TpeHn (Pur.4) 3a nameHeHne Ha gebuta Ha kanTaxa
(Q e ) BBB BpemeTo (i) 1 e 3agageH 10 roguweH NMPOrHo3eH
nepvog - 0o 2013 r;
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O = 8,78- 410771

kbaeto Q. eBl/s,at-BaHn or 01.01.1900 .

PerpecvoHHaTa npaBa anpokcummpa Camo [daHHWTe
nokasaHu Kato Kpbryeta Ha ®ur. 4, ocTaHanute AaHHW OT
pasrnexaaHus nepuog, KOUTO He ca B3eTW NOL BHUMaHWe npu
anpokcuMauusTa, Ca  BM3yanuaMpaHu CbC  3HaK X"
EkcnnoatalMoHHMTE pecypcM OT MWHepanHa Bofja B
HaxoaMLeTo KbM Kpast Ha nporHosHus nepuog (01.07.2013 r)

Ce OLeHABaT Ha:
0,.=8,761/s

OueHkaTa Ha ekcnnoaTaLuMoHHUTE PECYPCH OT reoTepmarHa
eHeprus  Ha kantax "lyermH" ca onpegeneHn ot
KOnM4ecTBOTO JobOMBaHa TepMmanHa BOAA W CTEMeHTa Ha
HEHOTO OXMaXgaHe Mpu M3MOon3BaHETO W. B KOHKpeTHMS
Cnyvan Te ca usuncnenn npu T, = 15 °C:

G, =8,76.4,19.57=2092kJ /s .

CeusmoreHHW Bb3AEUCTBUA BbPXYy pexuma Ha
MUHepanHuTe Boau
Haxopguile MuyenuHckm BaHn Mma M3siBeHa NOCTCEU3MUYHA
peakuusi, KOSITO Ce M3pa3siBa B PsI3KO HamansBaHe Ha aebuta
My HEMOCPEACTBEHO CrEf CUIHU 3eMETPECEHUs], MPOSIBEHN Ha
TepUTOpuSTa Ha CTpaHaTa M B CbCedHuTe Abpxasu. B
OTHENHW Cnyyan ce AJOCTWra A0 HaMbfIHO MpekpaTsiBaHe Ha
camou3n1Ba OT W3BOPHUS KanTax, KaTo MUHepanHata Boga ot
Hero ce nosiBsiBa cref efHO A0 HAKONKO AEHOHOLMS. [ThpBusT
M3BECTEH NpUMEpP B TOBA OTHOLIEHWE Ca pa3pyLUTEenHUTE
3emeTpeceHus B lopHa Tpakusi B nepuoga 14 - 19.04.1928 r,
KoraTo WM3BOpWUTE BHE3anHO NpecbxsaT U Ce nosiBsBaT eapa
Cnea HSKOMKO [eHOHOWMs. AHanornyHa e peakuusiTa Ha
HaxoamLeTo cref 3eMetpeceHneTo Ha 18.03.1953 r.

OT npeacraBeHata Ha our. 4 rpadumka Ha peXUMHUTE
HabntogeHust ce Bkaa, e 3a nepuoga 1937 - 2003 r uma
HSIKOINKO EKCTPEMHO HUCKW CTOMHOCTY Ha Aebuta Ha 13BOPHNS
kanTax. OT HanpaBeHOTO NPOyYBaHE CE YCTAHOBH, Y€ ChLUUTE
Ca M3MepeHN HenocpeaCcTBEHO Cred NO-CUHU 3eMeTPeCeHus,
NposiBEHW Ha TepuTopusTa Ha Bbnrapus wunu B CbCegHu
CTpaHu. ToBa ca CbOTBETHO 3eMeTpeceHusTa npes: 1977 r -
PymbHus (Bpanua); 1999 r - 3anagHa Typuws; 2001 r -
Pymbrus; 2002 r - Makegonns (Ckonue) n Kocoso.

Crep, Te3n cnagoe AedUTLT 0OMKHOBEHO CE Bb3CTAHOBSBA
B rPaHWLUMTE Ha XapaKTEpHUTE 3a HEro CTOMHOCTW Mpu
HOpManHM ycnoBus. ToBa Ce MOTBbPXAABa M OT akTyanHuTe
“3mepBaHus, Hanpasenu oT asTopute npe3 2001 r. B kpas Ha
Mecel, onn 1 HauyanoTo Ha mecel, asryct (20.07 - 03.08.2001)
ca PerucTpupaHu cepusi OT TPYCOBE M aKTUBM3UpaHe Ha
BynkaHa ETtHa. Ha 03.08. 2001 r e uamepeH gebut 5.22 I/s, a
cnegpawnute U3MepBaHMA Ca BeYe B XapaKTepHUA 3a Hero
AvanasoH — 7.59 I/s (10.08.2001r.) n 9.42 I/s (23.08.2001 r.).

MocnegHuTE NOCTCEM3MUYHW MPOSIBU HA U3BOPHUS KanTax
ca HabnwopaBaHM Ha 24 wn 29. 04. 2002 r, koraTo €
peructpupaHa cepusi oT TpycoBe B Makegonus (Ckonue) u
KocoBo (THunsHe) ¢ maruutyg ot 5.3 go 4.5 no ckanarta Ha
Puxtep. [lebutbT Ha kanTaxa pA3ko Hamansea, Kato crnepg
nocregHus no-CMNeH TpyC CamOM3NWBBT OT Hero ce
npekpatsBa HambfHO. [lebuThbT ce Bb3CTaHOBSBA 4O OKOMO
6.5 I/s Ha 30.04.2002r (M3mepBaHuATa Ca M3BbLPLUEHN OT
cnyxutenn Ha CBP - HK "MomuH npoxog") .

/13noxeHOTO no-rope NOTBbPXkKAABA 3aBUCUMOCTTa MEXay
aHomanuute B Jebuta Ha HaxXOAMILETO U 3eMETPbCHUTE
nposisn B bbarapus u cbcefHuTe CTpaHu. HembnHoTta B
“3cnefBaHeTo Ha Te3n SIBMEHUS € NuncaTa Ha HabnopeHus
BbpXy MOBEAEHWNETO Ha HAXOAMLIETO HENOCPEACTBEHO MPeau
Ha4yanoTo Ha CEeM3MMYHa aKTMBHOCT. B Tasu Bpb3ka €
HeobXx0AMMOo [a Ce NOJHOBSAT CUCTEMHUTE HAbMOAEHNS BbPXY
M3MEHEeHMsATa Ha BOAHOTO HMBO B CoHgax Ne2xr, oTcTosy Ha
44 m 10ron3ToYHO OT KanTupaHus U3sop.

Queypa 4. pacpuyHa uHmepnpemayus Ha daHHUMe 3a debuma Ha kanmax "MdyenuH" 3a nepuodume 1937-1989 2 u
1990-2003 .
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Haxoguuie MyenuHckn GaHu, kKaTo XMAPOreornoxkn 0bekT oT
MYKHAaTUHHO-XIUMEH TUM, MOXe f1a Ce W3MoNi3Ba kaTo Moaen 3a
n3crieaBaHe Ha nogoGeH poa CTPYKTYPH C LN U3SICHsIBaHe Ha
(haKkTopuTe, KOMTO OKa3BaT BMMSIHME BbLPXY PeXUMa Ha
MUHEparHUTe BOAM B HETO - KIMMaTW4HM, CEUIMUYHM U
TEXHOMEHHMU.

HanpaBeHa e nporHo3Ha OLeHKa Ha MWHeparnHata Boga oT
HaxoauweTto 3a nepuog ot 10 roguHu, cnope KosTo B kpast
Ha nporHoaHms nepuog (2013 r) oebuTsT We Bb3nmu3a Ha 8.76
I/s. Pecypcute OT reoTepmanHa €Heprusi, mpu CTeneH Ha
oxnaxaaHe ot 72 °C go 15 °C, ca oueHeHu Ha 2092 kJd/s. Mpu
Taka YCTaHOBEHWs PEXWM Ha ekcnnoatauus - Ha cBobogeH
camomsnnB OT kantax "M4yenuH", 1 npu NOCTOSHHW BBHLLUHM
YCINOBUS, HE Ce MPOTHO3WpaT CBLUECTBEHN W3MEHEHUS B
PECYPCUTE Ha HaXOAMLLETO.

AsTopuTte U3kaseaT brnarogapHoctu Ha gou. M1. lNeHues,
nHx. M. Mapkos 1 Ha cnyxutenute Ha CBP-HK "MomuH npo-
xoa" - . [loHoBa 1 B. 3axapwneB 3a 0ka3aHOTO CbaeNCTBUE.
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INVESTIGATION ON THE REGIME OF PCHELINSKI BANI MINERAL WATER
OCCURRENCE AND CURRENT ASSESSMENT OF ITS EXPLOITATION RESOURCES

V. Zahariev, B. Deneva

University of Mining and Geology " Sv. Ivan Rilski", Sofia

ABSTRACT

Pchelinski Bani mineral water occurrence is located in the north part of Dolna Banya thermal water basin. The terrain of the investigated area is built up by the
granodiorites of the Gucal pluton. Thermal springs that have appeared in the zone of intersection of two faults were captured in general shaft. Two of the drilled wells
are reserved — one as a duplicate exploitation water source and second — as a seismohydrogeological observation point. Up-to now the only operating water source is
the thermal spring intake Pchelin. Thermal water is sulfate sodium by composition, with mineralization of 9.94 g/l, silicic, fluoric, radonic,hyperthermal (73 °C).

This mineral water occurrence is seismohydrogeological phenomenon - there is a manifested change in spring discharge after strong earthquakes occurring both in

Bulgaria and its neighboring states.

The regime of thermal spring is investigated by the authors. The data obtained from regime observations on the discharge of the Pchelin captation for a period 1937-
2003 is used. Up to 1990 the average spring discharge is 11.71 I/s and after (up to date) falls to 8.83 I/s. The prognostication assessment of the exploitation resources
of mineral water and geothermal energy is made up to 2013, by processing the regression analysis of data for 1990-2003 period. According to this assessment the
resources, at the end of prognostic period, will amount respectively to 8.76 I/s and 2092 kJ/s.
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INTRODUCTION

Pchelinski Bani mineral water occurrence is located in the
central west part of Bulgaria, 8 km to the north-east from the
Kostenets town. Its mineral water is characterized with high
temperature (73°) and valuable balneotherapeutic properties -
it is good for treatment of the locomotory system, the
peripheral nervous system as well as of gynecological, skin
and other diseases.

The first information of most general character concerning
the geology of this region is given by A. Boue. Later on, the
region has been survived by G. Zlatarski, G. Bonchev and
others. The results from the geological mapping of the region
are summarized by lliev and Katskov (1990, 1993) in Geologic
map of Bulgaria in M 1: 100 000 — map sheet Ihtiman. N.
Dobrev (1905) carried out the first investigations on mineral
waters composition, followed by those of Azmanov (1929,
1940).

The Catchment of the springs has been made under the
guidance of minimg engeneer G. Vasilev in 1937. During the
1965-1967 period the Enterprise for Geological Explorations in
Sofia conducted well-and-hydrogeological survey in the region
of the mineral water occurrence. The occurrence is studied by
K. Shterev (1964) and P St. Petrov et al. (1970). Full

of scientific interest to the studies on the seismic activity in this
country and in the other Balkan states.

DESCRIPTION OF THE MINERAL WATER OCCURRENCE

Pchelinski Bani mineral water occurence is located in the
northern part of Dolna Banya thermal water basin. It is
revealed in the southern slope of Cherni Rid, which belongs to
the |htiman Sredna Gora mountain. The relief proceeds from
low to medium-high mountainous and is characterized by well-
expressed unevenness.

In a regional plan, the mineral water occurence falls into the
catchment area of Maritsa river, the region immediately around
it being drained by the small river Zhezhkata voda.

The climate is temperate continental of submountain
character. The summer is hot and the winter is moderately
cold. The average annual temperature is 8.8 °C. Precipitations
as a basic factor in the formation of underground waters, is
about 685 mm.

On the territory of the investigated region Paleozoic,
Mezozoic and Neozoic formations are found. The geological
structure of the reg|on is shown |n Fig. 1. Basic collector of

in th hydrothermal basm of Dolna Banya including also that (guyéKz) WhICh reveals itself W|thm the region of Gucal a
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Figure 1. Geological map of the region and the vicinities of Pchelinski Bani mineral water occurrence (by lliev, Katskov, 1990;
Dimitrova, Katskov, 1990).
1- a) Alluvium and prolluvium (Holocene), b) Alluvium, delluvium and prolluvium (Pleistocene); 2 — Brecca-conglomerate-sandstone
formation (Upper Pleistocene — Eopleistocene); 3 - Conglomerate-sandstone formation (Lower Oligocene); 4 - Gucal pluton —
granodiorites (Upper Cretaceous); 5 — Varshilo pluton — granites (Paleozoic); 6 — Sitovo formation — gneiss-shales, shales, leptinites,
gneissis (Lower Proterozoic); 7 — Prarodopska formation — migmatized gneisses, gneisses and gneiss-shales (Archean — Lower
Proterozoic); 8 - fault; 9 — bedding; 10 — plane structures in magmatic rocks; 9 — the mineral water occurrence

PCHELINSKI BANI MINERAL WATER
OCCURENCE REVEALS ITSELF IN THE
EASTERN PART OF THE GUCAL
PLUTON. BEFORE THE CATCHMENT
THE MINERAL WATER HAS BEEN
DRAINED BY SEVERAL SMALL SPRINGS
AT AN ELEVATION OF 632.6 M COMING
OUT FROM A 3 TO 10 M WIDE FAULT OF
EAST-WEST DIRECTION AND STEEP
INCLINE TO THE SOUTH. THE SPRINGS
HAVE APPEARED AT THE PLACE
WHERE THE FAULT IS INTERSECTED BY
TRANSVERSE TECTONIC FISSURES OF
NORTHEAST ORIENTATION. THE OPEN
PART OF THE FAULT IS FILLED WITH
CAVERNOUS TECTONIC BRECCIA FROM
GRANODIORITE FRAGMENTS (PIECES)
THAT ARE INTENSIVELY CHANGED,
COVERED AND FUSED BY FERROUS
HYDROXIDES, ZEOLITES AND OTHER
MATERIALS, DEPOSITED BY THERMAL
WATERS.

The springs were intaked in a general captation shaft in
1937. Their total discharge before captation ammounted to
11.17 I/s and then to 11.7 I/s at temperature of the water 73 °C.
Three hydrogeological boreholes - Wells NeNe 1, 2 and 3 were
drilled in the region of the reservoir during the 1965-1967
period by the Enterprise for Geological Exploration — Sofia.
Their depths are respectively — 497 m, 348.9 m and 350.3 m,
passing entirely into granodiorites. In the course of the

hydrogeologic studies, experimental tests of the wells have
been made, no artesian flow being obtained as a result. Water
from Well Ne 1has been pumped for a short time and by
intervals. A discharge also of 0.161 I/s has been obtained and
also drawdown of 9.20 m in the well at statical water leve
(SWL) 6.68 m under the terrain. Wells NeNe 2 and 3 have been
pumped one in a time or as a group at three stages with total
duration 25 days without reaching stabilization. From wells Ne
Ne 2 and 3, when singly pumped, maximum discharge have
been achieved, respectively 30.0 and 27.7 I/s, at drawdown of
1.26 and 3.25 m. The temperature of pumped water was 73 °C.

The data obtained from the group pumping of Wells NeNe 2
and 3 are summarized in Table 1. The course of water level
recoveries in the wells after the end of the pumping is shown
on Fig. 2.

Table 1. Results from the group pumping of wells NeNe 2
and3, during the 20-25.08.1968.
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Figure 2. Diagram of the water level recovery in Well NeNe 2
and 3 after their group pumping during 20-25.08.1968.

During the experimental water pumping the discharge in the
spring intake has declined and at their end the spring has
completely dried up. Appearance of artesian flow from the
captation occurred 84 h (3.5 d) after the completion of the
pumping while the discharge reached its initial values following
a period of a month and a half. This process is shown on Fig 3.
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Table 1 Macrochemical composition of mineral water

Figure 3. Diagram of the thermal spring discharge recovery
after the end of the group pumping in Wells NeNe 2 and 3.

The reaction of the spring shows that the vyield of
groundwater during the pumping has exceeded the natural
resources of the reservoir as a result of which part of its elastic
resources has been taken away.

Well Ne1 has been liquidated after the end of the surveying
works. Well Ne2 has been equipped with a hydrograph as a
seismohydrogeological observation point by the Main Board of
Hydrology and Meteorology at the Bulgarian Academy of
Sciences, but at present no daily observations are made. Data
from previous observations will have to be found and
interpreted. Well Ne 3 is adapted for pumping exploitation. For
the time being it is not used since the discharge of intaked
spring supplies the water amount required for satisfying the
needs of consumers (Balneotherapeutic unit, greenhouses,
etc.).

Now the only operating water source is the intaked spring
known as Pchelin captation. Mineral water flows out at an
elevation of 632.9 m, the spring discharge varying around 8.8
I/s.

The physical-and-chemical composition of Pchelinski bani
mineral water has been repeatedly investigated, the values of
the macrocomponents fluctuating within comparatively narrow
limits, while the water temperature remains unchanged, being
in the range of 72-73 °C. Present-day physical and-chemical ,
as well as radiologic analyses of the water from the reservoir
were made in 2002. The data obtained are given in Table 1.
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On the basis of the comparative analysis of all investigations
made up to now (1904-2002), the mineral water of the
Pchelinski bani is determined as fresh - with mineralization
0.92 — 0.98 g/l, hyperthermal (72.8 °C), sulfate sodium by
composition with slightly alkaline reaction (pH up to 8.0) The
content of metasilic acid is 95 — 112 mg/l, which characterizes
the water as silicic. By content of fluoride - 8+10 mg/l the
water is strongly fluoric. The content of radon in the water
reaches 110 + 120 Em (407 + 444 Bq/l), which characterized
it as slightly radonic. Nitrogen dominates among the gases
diluted in the water - 96.7 volume %, followed by argon (1.7
vol.%) and helium (0.25 vol.%).

FACTUAL MATERIAL AND METHODS OF INVESTIGATION

The investigation on the mineral water regime have been
carried out on the basis of an analysis of data obtained from
regime observations on the discharge of the spring intake for a
period of 66 years (1937 — 2003).

The first observation was made in 1930 before the catchment
of the springs when a discharge of 11.17 I/s was measured.
After captation the discharge of the spring reached 11.67 I/s
and the water was 72.8 — 73 °C (Azmanov, 1940). There are
preserved data from regime observations for the 1958-1969
period (Segmenski, 1968). Regular regime observations have
been made by the Specialized Hospital for Rehabilitations in
Momin prohod in the course of the 1977-2000 period. They
have been carried out with changing frequency, no
measurements at all being made during some periods and only
sporadic ones in other periods.

Up-to-date measurements of the discharge of Pchelin
thermal spring were made by the authors in August 2001 and
March 2003. The results from the regime observations for the
1937-2003 period are visualized in Fig.4.

The assessment of the exploitation resources of mineral
water is made empirically — by processing data from long-year
regime observations. As a result of analyzing all available data,
two periods have been differentiated that are characterized
with different values of the discharge. The discharge values for
each of the periods are processed by the method of the
regression analysis - through selection of various functions
(linear, logarithmic, exponential, etc.). A linear trend that
ensures best approximation of the data obtained from regime
observations is chosen.

The second period of observation is used for appraisal of the
mineral water exploitation resources excluding those values of
the discharge, which have been affected by earthquakes. The
regression model obtained, by its essence represents a model
for prognostication, used in the assessment of the exploitation
resources Qe This assessment concerns a period of 10 years
— up to 2013, in the course of which, new regime observations
will be made with the purpose of calibrating the model.

The appraisal of the exploitation resources of geothermal
energy (GTE) which represent the admissible and possible
average annual yield of heat from the thermal spring has been
carried out according to the well-known formula (Gulabov et al.
1999):

G,=0,.ChAT

where: Ge is the heat power, kJ/s; Q. is the prognosticated
exploitation resources of mineral water; Cg is the volume heat
capacity of water, Cs = 4,19MJ/m®. K. AT=T,, - T, is the
temperature difference; T,, is the average temperature of the
thermal water; T, is temperature of the thermal water after its
cooling.

RESULTS AND DISCUSSION

Investigation of the thermal spring regime and assess-
ment of its mineral water and geothermal energy
resources.

The diagram of regime observations presented in Fig. 4
shows that two periods may be differentiated in the flow of the
Pchelinski Bani thermal spring. The first period includes the
time from the catchment of the spring in 1937 to 1989 (on Fig.
4 itis marked as “ ") and the second one is from 1990 to 2003

(o).

During the first period the discharge of the spring varies
around the average weigh value of 11.71 I/s. The beginning of
the second period sets in 1990 when there occurs a sharp fall
in the discharge of tehrmal spring with nearly 3 I/s. From that
time on the discharge average weight value amounting to 8.83
I/s. Since the thermal spring is the only operating water source
in the mineral water occurence and its exploitation is effected
by artesian flow on a fixed elevation, the authors assume that
the sharp fall of the discharge after 1990 is due to a
technogenic influence which probably still persists.

From the graphical interpretation of regime observations
made in Fig.4 it can be seen that the averaged lines show
trends toward lowering of the discharges for both periods.
Their comparison shows that the trend toward lowering the first
period is more abrupt. The trend-line approximating the data
from the second period is nearly parallel to the absciss axis,
which is an indicator for relative stabilization of the artesian
flow from the thermal spring

The prognostication assessment of the exploitation mineral
water resources from Pchelinski banii mineral water occurence
has been made by using data from the 1990-2003 period,
since it shows the current state of the thermal spring regime.
The established linear trend (Fig 3) for alteration in the spring
discharge (Q) within time (t) has been used and a
prognostication period — up to 2013 has been determined:

Q.= 8,78-4.10"".¢

where: Qs, is the prognostic value of the exploitation
resources, I/s; tis the time from 1900,d.

The straight line of the regression approximates only those
data that are shown as circules in Fig. 3. The remaining data
from the discussed period, which are not taken into account at
the approximation, are visualized with the sign “x”. The
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exploitation mineral resources in the reservoir toward the end
of the prognosticated period (01.07.2013) are assessed to:

0,.=8761/s .

The exploitation resources of geothermal energy are
determined by the amount of the thermal water obtained and
the degree of its cooling when being used. In the specific case
they are calculated at T, = 15 °C:

G, =876.4,19.57=2092kJ /s .

Seismogenic effects on the mineral water regime

PCHELINSKI BANI MINERAL WATER
OCCURRENCE IS CHARACTERIZED
WITH AN EXPRESSED POSTSEISMIC
RESPONSE, WHICH IS MANIFESTED IN
THE SHARP FALL IN ITS DISCHARGE
IMMEDIATELY AFTER STRONG
EARTHQUAKES OCCURRING BOTH IN
THIS COUNTRY AND IN ITS
NEIGHBORING STATES. IN SEPARATE
CASES A FULL STOP OF THE ARTESIAN
FLOW FROM THE SPRING CAPTATION
OCCURS AND THE MINERAL WATER
THERE APPEARS ONLY AFTER ONE OR
SEVERAL DAYS. THE FIRST WELL-
KNOWN EXAMPLE IN THIS RESPECT
ARE THE DESTRUCTIVE EARTHQUAKES
IN GORNA TRAKIJA WITHIN THE PERIOD
14-19.04.1928 WHEN THE SPRINGS
SUDDENLY DRIED UP AND APPEARED
AGAIN ONLY SEVERAL DAYS LATER.
ANALOGIC IS THE RESPONSE OF THE

RESERVOIR OBSERVED AFTER THE
EARTHQUAKE ON 18. 03. 1953.

The diagrame of regime observations presented in Fig. 4
shows that there were several extremely low values of the
spring discharge during the 1937-2003 period. On the basis of
the study conducted in this respect it was established that
those values were measured immediately after stronger
earthquake shocks occurring in Bulgaria or in its neighboring
countries. Such wererespectively the earthquakes in 1977 -
Romania (Vrantcha); 1999 — West Turkey; 2001 — Romania;
2002 — Macedonia (Skopie) and Kosovo.

After these falls the discharge usually restores its values up
to the limits typical for it under normal conditions. This is also
confirmed by the current measurementsmade by the authors in
2001. A series of earth tremors and activation of Etna volcano
were registered at the end of July and at the beginning og
August (20.07 - 03.08. 2001). On 03.08.2001 a discharge of
522 |/s was measured while the measurements made
afterwards were already within the range - 7.59 /s
(10.08.2001) and 9.42 I/s (23.08.2001).

The last postseismic responses of the spring were observed
on 24 and 29.04.2002, when a series of earth tremors had
been registered in Macedonia (Skopie) and Kosovo (Gnilyane)
with a magnitude reaching between 5.3 and 4.5 accorging to
the Richter scale. The discharge of the spring showed a sharp
fall and stopping entirelly after the last stronger tremor. On
30.04.2002 the discharge restored its value up to about 6.5 /s
(measurements were made by workers in the Specialized
Hospital for Rehabilitation in Momin prohod).

All stated above substantiates the dependance between
anomaliesin the thermal water discharge and the earthquakes
in Bulgaria and its neighbouring states. Imperfection in the
study on these phenomenon is the lack of observation on the
behavior of the spring immediately before the beginning of the
seismic activity. In this connection it is necessary to renovate
the regular observations over the changes in the water level in
Well Ne 2 which is 44 m from the captataed spring in a south-
easterly direction.
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Figure4. Visualization of data, obtained from regime observations on the discharge of thermal spring for 1937-1989 and
1990 - 2003 periods.

CONCLUSION

AS A HYDROGEOLOGICAL OBJECT OF
A FISSURE-VEIN TYPE, THE
OCCURRENCE OF MINERAL WATER
PCHELINSKI BANII MAY BE USED AS A
MODEL FOR INVESTIGATION OF
SIMILAR STRUCTURES WITH THE
PURPOSE OF ELUCIDATING THE
FACTORS AFFECTING THE REGIME OF
MINERAL WATER - CLIMATIC, SEISMIC

AND TECHNOGENIC.

A prognostication assessment of the resources of mineral
water is made for a period of 10 years according to which at
the end of the prognosticated period (2013) the discharge
would amount to 8.76 I/s. The resources of geothermal energy
at cooling from 72 °C to 15 °C are evaluated to 2092 kJ/s.
Under the regime of exploitation established that way — at
artesian flow from the Pchelin captation and at permanent
environmental conditions, no essential changes in the thermal
spring resources are envisaged.
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