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BBJITAPCKA AKAJIEMIS HA HAYKUTE ¢ BULGARIAN ACADEMY OF SCIENCES

I[TPOBJIEMU HA TEOT PA®USITA o 1-2 ¢ PROBLEMS OF GEOGRAPHY
Codust @ 2014 o Sofia
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B nacmosuyus 6poii na cnucanue ,,[Ipobremu na eeocpagpusima ca nyonuxysanu ma-
mepuanu no npoekm ,, Mnmezpupana oyenka Ha npupoOHuUsl U MeXHON0SUYHUSL PUCK 8 J{yHas-
cKkama pagnuna 6 mpaucepanuyHus pecuor Kanagpam-Buoun — Typry Mwveypene-Huxonon®,
@unancupan om Ilpoepama 3a Tpancepanuuno compyonuuecmeo mencoy Pymvnusi — bviea-
pusa (2007-2013), [Ipuopumemmna oc 2: Oxonna cpeoa.
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In this issue of the “Problems of Geography” journal, materials of the project “Romanian
— Bulgarian cross-border joint natural and technological hazards assessment in the Danube
floodplain. The Calafat-Vidin — Turnu Magurele-Nikopole Sector” (ROBUHAZ-DUN) are
published, which was accomplished within the “Romania-Bulgaria cross-border cooperation
Programme 2007-2013”, Priority Axis: 2. Environment.
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BFBJITAPCKA AKAZIEMUS] HA HAYKUTE ¢ BULGARIAN ACADEMY OF SCIENCES

[TPOBJIEMU HA TEOT PAOUSITA o 1-2 ¢« PROBLEMS OF GEOGRAPHY
Codust @ 2014 o Sofia

MHTET'PUPAHA OLIEHKA HA ITPUPOJJHU S
N TEXHOJIOIT'MYHU S PUCK B IVHABCKATA PABHUHA
B PYMBHCKO-BBJITAPCKUS TPAHCIT PAHMYEH YYACTBK
KAJTADAT-BUJIMH — TYPHY MBI'YPEJIE-HUKOIIOJI
www.robuhaz-dun.eu

l'eopeu Kenezos

[Ipe3 neprona M. toun 2012 — m. HoemBpu 2013 1 mo OmeparnBHa mporpama
Tpancrpannyno cpTpynHudecTBo Pymbaus-boarapus 2007-2013, IlpuopurerHa oc
2: OxonHa cpena, HanmoHamHUAT UHCTUTYT 1O reodu3nKa, reofie3ns u reorpadus
(HUI'TT) u I'eonornueckusat uHCTUTYT Nip BAH B maptHbOpcTBO ¢ ['eorpadckus
MHCTUTYT Ha PymMbHCKATa akajmemMus Ha HayKuTe (BOAEI] MapTHHOP), MHCTHTYTA 3a
aHaTUTHYHA WHCTpyMeHTH — Kiyk-Hamoka, /lemapramenTa no reorpadgust B YHU-
Bepcurera B KpaiioBa peanusupa npoekT ,,JIHTerpupaHa olleHKa Ha MPUPOIHUS U
TEXHOJIOTUYHHA PUCK B JlyHaBCKaTa paBHHHA B PyMBHCKO-OBJITApCKUS TPAHCTPAaHHU-
4geH ydacThk oT Kanadar-Bunua noTypry Mbrypene-Hukomon*.

IIpoexTsT 1IeM nma momoopu mHpOpManmoHHaTa 6a3a 3a IPUPOTHUS U TEX-
HOJIOTUYHUS PUCK, CHIECTBYBAI OT JBETE CTPAHHU HA TPAHMYHATA 00JACT MEXKIY
PymbHmS u Beirapus, pasmonokeHa B JyHABCKHUSA y9acThk Mexay Kamadar-Bu-
nuH — Typuy Msrypene-Hukomon, n na moBumy HHOOPMUPAHOCTTA HAa BCUUIKH
3aHHTEPECOBAHN CTPaHW (MECTHH BJIACTH, OOIIWUHH, CIYXOW W Ap.) IO OTHOIIIE-
HUE Ha TpeBeHIHATa 1 0opOaTa ¢ HempeaABUIAeH! cUuTyaui. Upe3 mpoyduBaHeTo ce
TUTaHupa Aa Ob/ie OIeHEeHa YeCTOTaTa Ha MPUPOJHU M TEXHOJOTHYHH OMACHOCTH,
3a J1a ce rapaHTHpa OMAa3BAaHETO Ha OKOJHATA CpPela W YCTOWYMBOTO pa3BHUTHE Ha
M3cleBaHaTa TEPUTOPHS U MOAIIOMaraHe Ha e(peKTUBHOTO YIIPaBICHHUE HA PUCKA B
TpaHCTpaHWYHATa 30HA.

Ha pymbHCKa TepUTOpHS N3CTENBAHUAT PETHOH € PA3TONIOKEH B OOIINPHA CUC-
TeMa OT peYHH TepacH Mo AonuHaTa Ha p. [lyHaB, kosaro oOxBamra OnTeHcKara pas-
HUHA ¢ HeliHuTe Be yactu JlecHbiyld 1 PoMaHall u Majika 4yacT OT pa3ojioeHaTa
1o JIsIBOTO Topedne Ha p. Ont TeneopmaHcka paBHHUHA.

Ha 6parapcka Teputopust MpOyIBaHUAT PETHOH € Pa3MoiIoKeH B CEBEpHATA Tie-
pudepns Ha 3amaiHaTa ¥ [IeHTpajHaTa JyacT Ha JlyHaBckara paBHHHA OT BuanHCcKaTta
HU3WHA Ha 3anaf 10 CBUIIOBCKO-beneHckara HU3WHA Ha U3TOK.



OTunTallKi NMPaKTUKO-TIPUIIOKHATA HACOYEHOCT Ha MPOEKTa U LEJIUTE Ha Mpo-
rpamMara, IeTTe MapTHUpAIlM CH HayYHU €KUIla JTOCTUrHaxa /0 pellleHre TpaHuLIuTe
Ha M3clie/IBaHaTa TEPUTOPHS Jja ChBIAIAT C aIMUHUCTPATUBHUTE TPAHUIU Ha JTyHAB-
ckuTe OOLIMHM B TpaHCrpaHuuHus yuacTbk Kamadar-Bumun — TypHy Mbrypene-
Huxonosn. To3u moaxo/ 3HAYMTENTHO YJIECHH Tpolieca Ha pabora ¢ 6a3uTe JaHHU U
pa3paborBaHeTo Ha uHTerpupanara ['eorpadcka nndopmaironsa cucrema. Jlombii-
HUTEJIHO MPEJUMCTBO C€ MOCTUTHA M [IPH OPTaHU3alKsATa Ha MyOIUYHNATE JeHHOCTH
U ISUIOCTHOTO aJIMUHUCTpPHpaHE Ha MPOeKTa. 3HAYUTEIHO MO-JIECHO CE M3BeXkaaxa
NpUMEpPH U KOHKPETHU MOJCITHH CHTYAIlMH MPH padoTa Ha TEPEeH WM OOIIECTBEHU
KaMIIaHUH B ChOTBETHUTE HACEJIEHU MECTa.

OpueHTanusITa Ha MPOEKTa KbM MECTHUTE OOIIHOCTH B LIEJIEBUS PETHOH U MTPE/I-
CTaBSHETO Ha pe3y/JTaTuTe OT HEero MOBMIIM Pa3lO3HABAEMOCTTA Ha aKaJeMHYHHUTE
WHCTUTYLIMH M CH3[1a/ie¢ BE3MOXXKHOCTH 32 TOJIE3HO CHTPYAHUYECTBO C OOLIMHCKA-
Ta aJMHHUCTpAIMs, CIY)KOUTE 10 3alUTa Ha HACEICHUETO OT Oe/ICTBHS M aBapuH,
MECTHHU ME/INH, 00pa30BaTeTH MHCTUTYIIMU U HACEIIEHHETO Ha pernoHa. B To3u gyx
Ha Bropara kpbIna Maca, nmpoBenena npe3 M. HoemBpu 2012 1. B Codusi, ce uzBene
MOTOTO Ha TipoekTa — ,,Hayka 3a xopara“ (Science for people).

B nporpamara Ha ipoekTa ce 3aJ0’KH1Xa CJIeHUTE OCHOBHU 3a/1auu:

1. U3paborBane Ha unTerpupana ['MIC 6a3a mannu 3a cekropa Kamadar-Bu-
nuH — Typry Myrypene-Huxonon B JlyHaBckara 3aJIMBHA paBHUHA.

2. OmnpeiengaHe Ha TUIIOBETE IPUPOACH U TEXHOIOTMUYEH PUCK.

3. OuensiBaHe Ha YS3BUMOCTTA OT MPUPOJIEH U TEXHOJIOTHUEH PHUCK.

4. Cp3naBaHe Ha CrCUUATU3UPAHH KapTH HAa NPUPOTHHS M TEXHOJOTHYHUS
pHCK.

5. OneHka Ha Ka4eCTBOTO Ha ITOYBUTE M BOAMUTE U YSI3BUMOCT Ha BOJIOHOCHUS
XOPHU30HT OT 3aMbpCSIBaHE C HUTPATH, pocdaru, MeCTULUAN U TEKKH METAIIH.

6. Unentnduuunpane Ha Hali-1oOpUTE CTpaTEruu 3a YyCTOMYMBO Pa3BUTHE U
3alUTa Ha OKOJIHATa Cpefa.

7. PaznpocTpaHeHne Ha pe3yiTaTUTe OT MPOYUYBAHETO JI0 3aMHTEPECOBAHUTE
CTPaHU B TpaHUYHATa 00JIaCT MOCPEICTBOM CHbBMECTHHU CPELIH.

PeanusupaneTo Ha IpOEKTa ce OCHIIECTBU B CICIHUTE JEHHOCTH:

1. [IppBa padotHa cpeia, bykyper.

2. Cw3naBaHe Ha yeO caliT Ha MPOEKTA, MOJIbPKAHE U OOHOBSBAaHE C HOBA
UHpOpMAaIHS.

3. U3paboTBaHe Ha MHTErpupaHa 6a3a JaHHMU.

4. OmnpenensgHe Ha TUIIOBETE MIPUPOACH U TEXHOIOTMUYEH PUCK.

5. CpBMecTHa KpbIyia Maca ,,OLeHKa Ha KapTUTE Ha PHCKa U KapTorpadupa-
HEe“ C y4acTHeTO Ha CHEeIHMAINCTH C OTHOIIECHHE KbM 3alluTaTa U YIpaBICHUETO Ha
NPUPOIHUSI U TEXHOJIOTHYHHSA PUCK, Bykyper.

6. CpBMecTHa KpbIyia Maca ,,OleHKa Ha KapTUTe Ha pUCKa 1 KapTorpadupane*
C Y4acCTHETO Ha CIEIHMAINCTH C OTHOIICHUE KbM 3aIUTaTa U YIPAaBICHUETO Ha TPH-
POAHUS U TEXHOJIOTHYEH pHcK, Codus.

7. Tepenna pabora 3a usMepBanus ¢ uznonsBanero Ha LiDAR radar 3a moiy-
YaBaHe HA TOYHHU XUTICOMETPHUYHH KapTH.

8. OnpezensiHe Ha MHAMKATOPH 32 YA3BUMOCTTA OT IPUPOACH U TEXHOJIOTHYCH
PHCK.



9. Cp3naBaHe Ha eIMHHA METOJMKA 32 KapTH Ha PHCKA.

10. MexxaunHa pabotHa cpemta, Codusi.

11. Cp3naBaHe Ha crielMATM3UPAHU KapTH HA IPUPOIHUS U TEXHOJIOTUYHUSI PUCK.

12. Tepenna paboTa 3a OLIEHKa Ha YS3BUMOCTTA Ha MTOYBHU U BOIU OT 3aMbPCSIBaHE.

13. O6paboTka 1 HHTEpIpPETHPAHE HA JaHHUTE, CBbP3aHH C KaueCTBOTO HA M0Y-
BU H BOJIH.

14. 3axmounTenna paboTHa cpema, Kpaiiosa.

15. PyMBHCKO-OBJITapCKO JSTHO YUHITHUILE ,, YCTOWYHBO Pa3BUTHE U IPUPOACH U
TEXHOJOTWYEH PHUCK B JlyHaBCKara paBHMHA 3a CTyIEHTH, MiIaau yueHH, Kpaiioa-
Kanadar.

16. M3naBaHe Ha cepust OT peKJIaMHU MaTepHaii, CBbP3aHu C MOMyIspU3upaHe-
TO Ha Pe3yATaTUTE OT MPOECKTA.

17. 3naBane Ha TEXHMYECKO PBKOBOACTBO M pa3paboTBaHEe Ha CIICIHAIH3HpaH
YHHBEPCUTETCKH KypC 10 MPOOIEeMUTE Ha IPUPOIHUS U TEXHOJIOTHYHHSI PHUCK.

18. PasnmpocTpanenne Ha pe3ylTaTuTe MOCPEICTBOM Pa3InYHU ACHHOCTH U Ch-
ourusl.

B npoueca Ha pasBuTHE HA IIPOEKTA €A pealu3upaHy BCUYKU OCHOBHHU JIEHHOC-
TH U Ca IIOCTUTHATHU PE3YJITaTU B CbOTBECTBUE C IIOCTABEHUTE LIEN U 3a/1a4H.

— Cp3nanena e uaterpupana 6aza ganau B ['MIC cpena 3a nmpupoaHuTe U TeX-
HOJIOTUYHUTE OMACHOCTH B TPAHCTPAaHUYHHS OBJITapo-pyMBHCKH JTYHABCKU PETHOH
Kanadar-Buaun — Typry Mbrypene-Hukomnon.

— 3acHemaneTo Ha u3cnenBanara teputopus ¢ LIDAR e peanusupano cbBMecT-
HO oT HanmoHanmHus MHCTUTYT 1O reodu3uka, reoaesus u reorpadus u ['eonoruye-
CKUSl MHCTUTYT Iipu bbarapckara akanemus Ha Haykute U [eorpadckus HHCTUTYT Ha
PymbHCKaTa akazeMust Ha HayKHTe.

— Omnpeneneny U KaTerOpU3UpaHu ca OCHOBHUTE TPYINU MPUPOIHU U TEXHOINO-
THYHH OTIACHOCTH B TPAHCTPAHWYHUS OBITrapo-pyMBHCKHU TyHABCKH peruoH Bunnn-
Kanadar — Hukonon-Typay Msbryperne.

— HampaBeHa e orieHka Ha CTeleHTa Ha YA3BUMOCT OT MIPUPOJHH U TEXHOIOTMY-
HU OIacHOCTH. [leTepMuHIpany ca 00IacTUTE ¢ Haii-BUCOKA MOTEHIIMAIHA OITACHOCT
B PETHOHA.

— Peanusupanu ca aBe kaMIaHuM 1Mo MpoOoHaOMpaHe ¢ el OIIeHKa Ha TEeXHO-
JIOTUYHUS PUCK 10 OTHOIIEHHE HA Ka4eCTBOTO HAa BOAM M MOYBH IIPE3 M. OKTOMBPH
2012 u M. anpun 2013 .

— Beuukuy aHanusu, CBbP3aHU € ONPEAEISHETO HA ChCTOSHUETO U CTEIEHTA Ha
3aMBPCEHOCT, ca HalpaBeHH B JabopaTopuuTe Ha MHCTUTYyTa 3a aHAUTUYHU WH-
ctpymenTtu B p. Kiryx-Haroxa.

— Cp311a1eHu ca cepusi OT TEMAaTHYHU KapTH Ha MPUPOTHUTE U TEXHOJIOTMUHU-
T€ OMACHOCTH B TPAHCTPAaHUYHHUS OBITapo-pyMBHCKH TyHABCKH pernoH Buaun-Ka-
nadar — Hukonon-Typay Mubryperie, 6a3upanu Ha CHEIMATHO Ch3/1aJCHA 3a IIeliTa
MHTErpupaHa Metoarka. KoMiiekcHa KapTa Ha pUcKa U KapTa Ha MyOJIMYHHUTE KaM-
[IAaHUU Ca HAIPaBEHU 3a peruoHa oT Buaun ot Hukomnour.

— C uen mono0psiBaHe Ha CHbTPYAHUYESCTBOTO ¥ KOOPAWHAIIMS HA IEHHOCTHUTE 110
MPOEKTa ce opraHu3upaxa Tpu paboTHH cpemu — B bykypenr (ronu, 2012), Codus
(mapt, 2013) u Kpaiiosa (HoemBpu, 2013).



— 3a mocTUrane Ha Mo-BUCOKa €(PEKTUBHOCT M MPUIIOKUMOCT Ha PE3ylITaTHTE
OT MIPOEKTa ce OpraHusupaxa ase Kpbriu Macu B bykypemn u Codust npe3 M. HoeM-
Bpu 2013 T. ¢ yuacTHeTo Ha MpeACcTaBUTENN Ha OOIIMHH OT PETHOHA Ha U3CJIe/IBaHe,
CITy>KOH IO 3aIlUTa Ha HACEJICHUETO OT OCCTBUS U aBapUH, YICHU U YHUBEPCHUTET-
CKH{ TIIPEroaBaTeiy.

— JleiHOCTHTE TIO IPOEKTa BKIFOUYMXA OPTaHU3aLUATA HA JISITHO YUMITUILE C LIET
nproOIIaBaHe M 3armo3HaBaHe Ha MJIaJy YYCHU U CTYJCHTH C UJEUTE, 3aJaunTe, pa-
0oTara W pe3ynTaruTe OT MpoeKTa. JIITHOTO yumnuine ce opranusupa ot Jenapra-
MeHTa 10 reorpadus KbM YHUBepcuteTa B KpaiioBa, a TepeHHO-II0JIeBaTa paboTa ce
ochllecTBU B pernona Ha KpaioBa-Kanagar B Pymenust u Buann-Apuap-Opcosi-
JIom B boarapus.

— B pamkuTe Ha AefHOCTTa MO MPOEKTa ca peaau3upanu 34 myOnuuHN Kama-
HUH B bbarapus, oT KouTo 7 B yYuiInina, 9 ¢ oOUIMHCKN U 00JIaCTHU aIMUHUCTPALIUH,
1 ¢ peruoHamHu Meauu u 15 cpemu ¢ 001IECTBEHOCTTA B cellaTa Ha peruoHa. Jlei-
HOCTTA I10 IIPOEKTa € OTpa3eHa OT bparapckoTo HaAIMOHAIHO Pajo, IBE PETHOHATHU
TEJIEBU3WH, 1BA HAIIMOHAITHH BCeKHIHEBHUKA ¢ TUpax 90 000 Opost, Tpu pernoHamHu
BecTHHKa ¢ TUpax 4900 Oposi, KaKTO U B CAUTOBETE M EICKTPOHHUTE U3aHus Ha 00-
ummHuTe Bugann, Opsxoso u Hukomnon.

— 3a Hy)KAuTe Ha MyONTMYHUTE KaMIIAaHUU ca U3/1aJCHU U U3PaObOTEeHU cepusl OT
Marepuany — JABye3MYHH OpoIIypa U MOCTep, TEHUCKH, IIANKKU, XUMUKaIH, QracpH,
MKy 1 Jp.

— Pesynrarute oT nmpoekTa ca 0000IIEHN B ABYE3UYHO TEXHHUECKO PHKOBOJCTBO
Ha OBJITAPCKH ¥ aHIIMKACKU €3MK M PyMBHCKH M aHTIMHCKH €3UK. 3HAUUTEHA YacT
OT HayYHHTE MOCTIKEHHUS Ha MIPOEKTa € MPEeJCTaBeHa Ha pa3iIMyHu MEXyHApOIHH
Hay4YHH KOH(EPEHIINU U € MyONruKyBaHa B IPECTH)KHU HAYYHHU CITUCAHUSI.

B Hacrosimus crienuanu3upaH TeMaTH4eH Opod Ha crucanue ,IlpoGiemu Ha
reorpagusaTa‘ ca IOMECTEHH HAy4YHU CTaTUH, CBbP3aHU ¢ paboTara o MpoeKTa npe3
2014 .

Beuuku u3crneBanus, aHaIM3H, MTyOJIMKAIMU U €KCIISPTU3H T0 TIPOCKTa ca Ha-
COYCHM KbM TOBHIIIABAHE HA CTEIICHTAa Ha MH(POPMUPAHOCT U MOJ00PsSIBAHE HA Ipe-
BEHIMATA 10 OTHOILIEHUE Ha IPUPOJHUTE U TEXHOJIOTUYHUTE OMACHOCTHU B TPAaHCTpa-
HUYHUS OBJITapo-pyMBHCKH yHaBcku pernon Kanadar-Buaun — Typay Mbrypene-
Huxomno:n.



ROMANIAN — BULGARIAN CROSS-BORDER JOINT NATURAL
AND TECHNOLOGICAL HAZARDS ASSESSMENT
IN THE DANUBE FLOODPLAIN. THE CALAFAT-VIDIN
— TURNU MAGURELE-NIKOPOLE SECTOR
www.robuhaz-dun.eu

Georgi Zhelezov

During the period between June 2012 and November 2013, the National In-
stitute of Geophysics, Geodesy and Geography ((NIGGG) at the Bulgarian Aca-
demy of Sciences (BAS), in partnership with the Institute of Geography (IG) at the
Romanian Academy (Leading partner), the Institute of Geology (IG) at the BAS,
the Institute for Analytic Instruments - Cluj-Napoca and the Geography Depart-
ment of Craiova University, accomplished a project within the “Romania-Bulgaria
cross-border cooperation 2007-2013” Operational program, Priority axis 2, titled
“Romanian — Bulgarian cross-border joint natural and technological hazards assess-
ment in the Danube floodplain. The Calafat-Vidin — Turnu Magurele-Nikopol sec-
tor” (ROBUHAZ-DUN).

The project aims to improve the already existent information base on natural
and technological hazards in the cross-border area of Romania and Bulgaria, in its
section between Calafat-Vidin — Turnu Magurele-Nikopol and thus to increase the
awareness of all stakeholders (local government, municipalities, emergency situation
inspectorates etc.) about the prevention and the countermeasures against unforeseen
situations. The study is planned to assess the frequency of natural and technological
hazards, in order to ensure environmental protection and sustainable development of
the study area, as well as to support effective risk management.

In Romanian territory the study area is located in the Danube River Valley with
its vast system of river terraces. The area encompasses the plain with its two parts —
Desnatui and Romanati and a small part of the Teleorman plane, situated along the
left bank of the Olt River.

In Bulgarian territory the study area is located in the Northern periphery of the
Western and Central parts of the Danube plain, from the Vidin lowland to the West to
the Svishtov-Belene lowland to the East.

Considering the practical-applied focus of the project and the objectives of the
Program, the five collaborating research teams came to the decision that the borders
of the study area should be fixed in compliance with the borders of the Danube mu-
nicipalities in the Calafat-Vidin — Turnu Magurele-Nikopol cross-border area. This
approach greatly facilitated the process of working with databases and the develop-
ment of an integrated Geographic Information System. An additional advantage was
achieved also with regard to the organization of the public activities and the overall
management of the project. Examples and particular model situations were signifi-
cantly easier to demonstrate during field or public campaigns in the relevant settle-
ments and localities.

The orientation of the project and the presentation of the project results to local
communities in the target area has increased the recognizabilty of the academic in-
stitutions and has created opportunities for useful cooperation between the municipal
administrations, the services for protection of the population against disasters and



emergencies, the local media, the educational institutions and the region’s popula-
tion. In this spirit, naturally, during the second roundtable, held in November 2012 in
Sofia, a project motto (“Science for the people”) was stated.

The following tasks were embedded in the project agenda:

OBJECTIVES

1. To elaborate a joint integrated GIS database for the Calafat-Vidin — Turnu
Magurele-Nikopol Danube Floodplain sector.

2. To identify the natural and technological hazards typologies.

3. To assess the vulnerability to the natural and technological hazards.

4. To elaborate the specialised natural and technological hazards maps.

5. To assess soil and water quality and aquifer vulnerability to pollution with
nutrients, pesticides and heavy metals.

6. To identify the best sustainable development strategies for environmental pro-
tection.

7. To disseminate the results of the research to interested actors in the border
area through joint events.

ACTIVITIES

1. First Steering Committee Meeting — Bucharest.

2. Web-site design, continuously updated with new information.

3. Joint GIS database elaboration.

4. Identification of the natural and technological hazards typologies.

5. Joint Round-table on “Hazard maps assessment and mapping” inviting spe-
cialists dealing with natural and technological hazards protection and management”,
Bucharest.

6. Joint Round-table on “Hazard maps assessment and mapping” inviting spe-
cialists dealing with natural and technological hazards protection and management”,
Sofia.

7. Fieldwork campaigns for measurements using LiDAR radar to obtain accu-
rated altimetry maps.

8. Elaboration of vulnerability indicators for natural and technological hazards.

9. The establishment of the common methodology for hazard maps.

10. Interim Steering Committee Meeting, Sofia.

11. Elaboration of the specialised natural and technological hazards maps.

12. Field campaigns for assessing soil and water vulnerability to pollution.

13. Data processing interpretation regarding soils and water quality.

14. Final Steering Committee Meeting, Craiova.

15. Romanian-Bulgarian Summer School on “Sustainable development and
natural and technological hazards in the Danube Floodplain” for university students,
young scientists, Craiova-Calafat.

16. Development and publishing of the number of promotional materials.

17. Publishing of technical guide and university lecture course in the problems
of natural and technical hazards.

18. Dissemination of the results through various actions and events.



All planned major activities were implemented within the project and the fo-
llowing results were achieved:

— An integrated database in GIS environment of natural and technological ha-
zards in the cross-border Bulgarian-Romanian Danube region of Calafat-Vidin and
Turnu Magurele-Nikopol was established.

— Filming the study area with LIDAR, implemented jointly by the National Insti-
tute of Geophysics, Geodesy and Geography — Bulgarian Academy of Sciences, the
Geological Institute — Bulgarian Academy of Sciences, the Institute of Geography —
Romanian Academy.

— The main groups of natural and technological hazards were defined and ca-
tegorized.

— An assessment of the degree of vulnerability to natural and technological ha-
zards was made. The areas with the highest potential hazards in the region were
determined

— Two sampling campaigns for assessment of technological risks in terms of
water and soil were completed in October 2012 and April 2013.

— The measurements of the degree of contamination, as well as all other analy-
ses, were made in the laboratories of the National Institute for Research and Develop-
ment of Optoelectronics in the city of Cluj-Napoca.

— An array of thematic maps of natural and technological hazards in the cross
Bulgarian-Romanian Danube region of Calafat-Vidin and Turnu Magurele-Nikopol,
was created, based on specifically designed integrated methodology. A complex-risk
map and a map of public campaigns in the Vidin — Nikopol region have also been
made.

— In order to improve the cooperation and the coordination of the project activi-
ties, three workshops were organized - in Bucharest (June, 2012), in Sofia (March,
2013) and in Craiova (November, 2013).

— In order to achieve higher efficiency and applicability of the results of the pro-
ject, two roundtables were organized — in Bucharest and in Sofia (November 2013),
with the participation of representatives of the municipalities in the research region,
members of the services for disaster protection of the population, scientists and uni-
versity teachers.

— Project activities comprised the organization of a summer school, in order
to include young scientists and students in the project, and to introduce them to the
project activities and results. The summer school was organized by the Department
of Geography at the University of Craiova, and the field work was carried out in the
Craiova - Calafat region in Romania, as well as in the Vidin - Archar — Orsoya - Lom
region in Bulgaria.

— In the project context, 34 public campaigns in seven schools, nine municipal
and regional administrations, one regional media were carried out, together with 15
public meetings in the villages of the Bulgarian part of the region. The project activ-
ity was covered by the Bulgarian National Radio, two regional television channels,
two national newspapers with a circulation of 90 000 issues, three regional newspa-
pers with a circulation of 4900 issues, as well as by the websites and the electronic
releases of Vidin, Oryahovo and Nikopol municipalities.

— A series of materials such as bilingual brochure, bilingual poster, t-shirts, hats,
pens, flyers, folders, etc. were issued for the needs of the public campaigns.



— The project results were summarized in a bilingual technical guide (in Bul-
garian and English and Romanian and English). A significant part of the scientific
product of the project has been presented at various international conferences and by
publications in scientific journals. In 2014 the “Problems of Geography” journal will
print out a special issue containing research papers related to the project.

All research activities, analyses, publications and assessments done within the
project are aimed at increasing the awareness and improvement of the prevention, in
terms of natural and technological hazards, in the cross-border Bulgarian-Romanian
Danube region of Calafat-Vidin — Turnu Magurele-Nikopol.
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ENVIRONMENTAL INDICATORS FOR ASSESSING
THE NATURAL AND TECHNOLOGICAL HAZARDS

Cecilia Roman, Bela Abraham, Mirela Miclean, Oana Cadar,
Senila Lacrimioara, Marius Roman, Alin Mihaltan, Monica Ursu,
Claudiu Tanaselia

INTRODUCTION

Since the world population is expected to grow substantially during the next
decades, raising environmental efficiency may be the only option for preventing
depletion of natural resources and controlling the level of pollution. In this sense, the
state of the environment reporting is now a legislative requirement at the national and
EU level. The environmental issues of concern are presented below:

o Climate change — Global warming ¢ Global dimming « Fossil fuels * Sea level
rise * Greenhouse gas * Ocean acidification * Shutdown of thermohaline circulation ¢
Environmental impact of the coal industry ¢ Urban Heat Islands

» Conservation — Species extinction * Pollinator decline ¢ Coral bleaching *
Holocene extinction ¢ Invasive species * Poaching * Endangered species

e Energy — Energy conservation * Renewable energy ¢ Efficient energy use ©
Renewable energy commercialization * Environmental impact of the coal industry *
Environmental impact of hydraulic fracturing

o Environmental degradation — Eutrophication ¢ Habitat destruction ¢
Invasive species * Soda lake

e Environmental health — Air quality ¢« Asthma ¢ Environmental impact of the
coal industry ¢ Electromagnetic fields ¢ Electromagnetic radiation and health  Indoor
air quality * Lead poisoning ¢ Sick Building Syndrome ¢ Environmental impact of
hydraulic fracturing

o Genetic engineering — Genetic pollution * Genetically modified food
controversies

e Intensive farming — Overgrazing « Irrigation * Monoculture « Environmental
effects of meat production ¢ Slash and burn ¢ Pesticide drift * Plasticulture

e Land degradation — Land pollution * Desertification

e Soil — Soil conservation  Soil erosion ¢ Soil contamination ¢ Soil salination
o Alkali soils

e Land use — Urban sprawl ¢ Habitat fragmentation * Habitat destruction
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» Nanotechnology — Nanotoxicology ¢ Nanopollution

e Nuclear issues — Nuclear fallout * Nuclear meltdown ¢ Nuclear power ©
Nuclear weapons * Nuclear and radiation accidents ¢ Nuclear safety * High-level
radioactive waste management

e Overpopulation — Burial « Water crisis * Overpopulation in companion
animals ¢ Tragedy of the commons ¢ Gender Imbalance in Developing Countries ¢ Sub-
replacement fertility levels in developed countries

e Ozone depletion — CFC -« Biological effects of UV exposure

e Pollution — Environmental impact of the coal industry ¢ Nonpoint source
pollution ¢ Point source pollution ¢ Light pollution * Noise pollution ¢ Visual pollution

o Water pollution — Environmental impact of the coal industry ¢ Acid rain *
Eutrophication * Marine pollution « Ocean dumping * Oil spills * Thermal pollution ¢
Urban runoff « Water crisis * Marine debris « Microplasticse Ocean acidification ¢ Ship
pollution « Wastewater * Fish kill « Algal bloom * Mercury in fish ¢« Environmental
impact of hydraulic fracturing

o Air pollution — Environmental impact of the coal industry ¢« Smog °
Tropospheric ozone ¢ Indoor air quality ¢ Volatile organic compound ¢ Atmospheric
particulate matter * Environmental impact of hydraulic fracturing

* Reservoirs — Environmental impacts of reservoirs

» Resource depletion — Exploitation of natural resources ¢« Overdrafting

o Consumerism — Consumer capitalism ¢ Planned obsolescence ¢ Over-
consumption

o Fishing — Blast fishing * Bottom trawling ¢ Cyanide fishing ¢ Ghost nets *
Illegal, unreported and unregulated fishing ¢ Overfishing ¢ Shark finning « Whaling

o Logging — Clearcutting « Deforestation ¢ Illegal logging

o Mining— Acid mine drainage * Environmental impact of hydraulic fracturing
* Mountaintop removal mining * Slurry impoundments

e Toxins — Chlorofluorocarbons « DDT « Endocrine disruptors ¢ Dioxin ¢ Toxic
heavy metals * Environmental impact of the coal industry ¢ Herbicides * Pesticides
* Toxic waste * PCB ¢ Bioaccumulation * Biomagnification ¢ Environmental impact
of hydraulic fracturing

o Waste — Electronic waste ¢ Litter « Waste disposal incidents * Marine debris
* Medical waste ¢ Landfill « Leachate « Environmental impact of the coal industry
* Incineration * Great Pacific Garbage Patch ¢ Exporting of hazardous waste
* Environmental impact of hydraulic fracturing [1, 2].

ENVIRONMENTAL INDICATORS

State of the environment reporting is a system for delivering useful information
and assessments about the environment to all parts of the society including the public,
government, industry, and NGOs. For this scope, a set of environmental indicators
are developed, validated and used to track changes to the quality and condition of
the air, water, land, and ecological systems—and their resident biota—on various
geographic and temporal scales. The OECD (Organization for Economic Cooperation
and Development) uses three basic criteria to describe “ideal” indicators: 1. policy
relevance and utility for users, 2. analytical soundness, and 3. measurability.
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Indicators can be used at international and national levels in state of the
environment reporting, measurement of environmental performance and reporting
on progress towards sustainable development. They can further be used at national
level in planning, clarifying policy objectives and setting priorities. Environmental
indicators may be used as a powerful tool to raise public awareness on environmental
issues. Providing information on driving forces, impacts and policy responses, is a
common strategy to strengthen public support for policy measures.

In relation to policy-making, environmental indicators are used for three major
purposes:

1. to supply information on environmental problems, in order to enable policy-
makers to value their seriousness;

2. to support policy development and priority setting, by identifying key factors
that cause pressure on the environment;

3. to monitor the effects of policy responses [3].

FUNCTIONS AND DEFINITIONS OF ENVIRONMENTAL INDICATORS

Functions The OECD terminology points to two major functions of indicators:

e they reduce the number of measurements and parameters that normally would
be required to give an exact presentation of a situation.

0 Note: As a consequence, the size of an indicator set and the level of detail
contained in the set need to be limited. A set with a large number of indicators will
tend to clutter the overview it is meant to provide.

o they simplify the communication process by which the results of measurement
are provided to the user.

O Due to this simplification and adaptation to user needs, indicators may not
always meet strict scientific demands to demonstrate causal chains. Indicators should
therefore be regarded as an expression of “the best knowledge available”.

Definitions

e Indicator: a parameter or a value derived from parameters, which points to,
provides information about, and describes the state of a phenomenon/environment /
area, with a significance extending beyond that directly associated with a parameter
value.

e Index: a set of aggregated or weighted parameters or indicators.

e Parameter: a property that is measured or observed.

CRITERIA FOR SELECTING ENVIRONMENTAL INDICATORS

The methodologies of analysis for the state of environment evaluation of a
given area make use of several environmental indicators. As indicators are used for
various purposes, it is necessary to define general criteria for selecting indicators
and validating their choice. Three basic criteria are used in OECD work: policy
relevance and utility for users, analytical soundness, and measurability (Extract
from “Environmental indicators for environmental performance reviews”, OECD,
1993).
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Policy relevance An environmental indicator should:

and utility for e provide a representative picture of environmental conditions,
users pressures on the environment or society’s responses;

e be simple, easy to interpret and able to show trends over time;

e be responsive to changes in the environment and related human
activities;

e provide a basis for international comparisons;

e be either national in scope or applicable to regional environmental
issues of national significance;

e have a threshold or reference value against which to compare it, so
that users can assess the significance of the values associated with it.

Analytical An environmental indicator should:

soundness e be theoretically well founded in technical and scientific terms;
e be based on international standards and international consensus
about its validity;

e lend itself to being linked to economic models, forecasting and
information systems.

Measurability The data required to support the indicator should be:

e readily available or made available at a reasonable cost/benefit
ratio;

e adequately documented and of known quality;

e updated at regular intervals in accordance with reliable procedures.

The PSR (Pressure, State, Response) model has initially been developed by the
OECD to structure its work on environmental policies and reporting. It considers
that:

e human activities exert pressures on the environment and affect its quality and
the quantity of natural resources (“state”);

e society responds to these changes through environmental, general economic
and sectorial policies and through changes in awareness and behavior (“societal re-
sponse”).

The PSR model highlights these cause-effect relationships, and helps decision
makers and the public see environmental, economic, and other issues as intercon-
nected. It therefore provides a means of selecting and organizing indicators (or state
of the environment reports) in a way useful for decision makers and the public, and
of ensuring that nothing important has been overlooked.

Depending on the purpose to use the PSR model, it can be easily adjusted to
account for greater details or for specific features. One example of adjusted versions
is the Driving force-Pressure-State-Impact-Response (DPSIR) model used by the
European Environmental Agency (EEA).

Driving forces are the social, demographic and economic developments in so-
cieties and the corresponding changes in life styles and overall levels of consumption
and production patterns. The major driving forces are population growth and changes
in needs and activities of individuals. The driving forces provoke changes in overall
levels of production and consumption and thereby exert pressure on the environment.
Indicators, provide a representative picture of pressures on the environment [4].
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Indicators of environmental pressures give information on the pressures ex-
erted on the environment. They are closely related to production and consumption
patterns; they often reflect emission or resource use intensities, along with related
trends and changes over a given period.

Indicators of environmental conditions (state) are designed to give an over-
view of the quality of the environment and the quality and quantity of natural re-
source that can be affected by pressures.

Indicators of impact. The Impact component presents data on the impact of the
change of the state of the environment on the foregoing factors.

Indicators of response. Societal responses show the extent to which society
responds to environmental concerns. They refer to individual and collective actions
and reactions, intended to:

e mitigate, adapt to or prevent human-induced negative effects on the environ-
ment;

e halt or reverse environmental damage already inflicted;

e preserve and conserve nature and natural resources.

Indicators can be classified into 4 simple groups which address the following
questions:

1. ‘What is happening to the environment and to humans?’ (Type A or
Descriptive Indicators): describe the actual situation with regard to the main environ-
mental issues, such as climate change, acidification, toxic contamination and wastes in
relation to the geographical levels at which these issues manifest themselves.

2. ‘Does it matter?’ (Type B or Performance indicators): performance indica-
tors compare (f) actual conditions with a specific set of reference conditions. They
measure the ‘distance(s)’ between the current environmental situation and the desired
situation (target): ‘distance to target’ assessment. Performance indicators are relevant
if specific groups or institutions may be held accountable for changes in environmen-
tal pressures or states

3. ‘Are we improving?’ (Type C or Efficiency indicators): express the relation
between separate elements of the causal chain. Most relevant for policy-making are
the indicators that relate environmental pressures to human activities. These indica-
tors provide insight in the efficiency of products and processes.

4. ‘Are we on the whole better off?” (Type D or Total Welfare indicators): ex-
press the environment quality related with the wellbeing of the population and the status
of public health. These indicators provide insight in the efficiency of radiation costs.

At EU level there is a EEA core set of indicators, a useful tool for prioritizing
which environmental information is most useful as part of a shared European envi-
ronmental information system. The core set supports EU policy priorities, is regularly
updated, and is of known quality. The core set of indicators is designed for various
users, who have a variety of information needs.

The establishment and development of the EEA core set of 37 indicators has
been guided by the need to identify a small number of policy-relevant indicators that
are stable, but not static, and that give answers to selected priority policy questions.
They should, however, be considered alongside other information if they are to be
fully effective in environmental reporting. All the topics address EU policy priorities,
as described in the EEA strategy (1).
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The core set covers:

e six environmental themes:

. air pollution and ozone depletion,
. climate change,

. waste,

. water,

. biodiversity,

. terrestrial environment

e four sectors

1. agriculture,

2. energy,

3. transport

4. fisheries [5-7].

EEA core set of indicators are present in table 1.

AN N kW~

Table 1
EFEA core set of indicators
Theme No. |Indicator title
Air pollution 1 Emissions of acidifying substances
and ozone 2 Emissions of ozone precursors
depletion
3 Emissions of primary particulates and secondary particulate pre-
cursors
4 Exceedance of air quality limit values in urban areas
5 Exposure of ecosystems to acidification, eutrophication and
ozone
6 Consumption of ozone-depleting substances
Biodiversity 7 Threatened and protected species
8 Designated areas
9 Species diversity
Climate change | 10 Greenhouse gas emissions and removals
11 Projections of greenhouse gas emissions and removals and poli-
cies and measures
12 Global and European temperature
13 Atmospheric greenhouse gas concentrations
Terrestrial 14 Land take
15 Progress in management of contaminated sites
Waste 16 Municipal waste generation
17 Generation and recycling of packaging waste
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Theme No. Indicator title

Water 18 Use of freshwater resources
19 Oxygen-consuming substances in rivers
20 Nutrients in freshwater
21 Nutrients in transitional, coastal and marine waters

22 Bathing water quality

23 Chlorophyll in transitional, coastal and marine waters
24 Urban wastewater treatment

Agriculture 25 Gross nutrient balance
26 Area under organic farming

Energy 27 Final energy consumption

28 Total energy intensity

29 Total energy consumption
30 Renewable energy consumption
31 Renewable electricity
Fisheries 32 Status of marine fish stocks
33 Aquaculture production

34 Fishing fleet capacity

Transport 35 Passenger transport demand

36 Freight transport demand

37 Use of cleaner and alternative fuels

The work of the EEA is built around a conceptual framework known as the
DPSIR assessment framework. DPSIR stands for ‘driving forces, pressures, states,
impacts and responses’. DPSIR builds on the existing OECD model and offers a ba-
sis for analyzing the interrelated factors that impact on the environment. Some other
relevant priorities (chemicals, noise, industry, consumption, material flows) have not
yet been included [8].

ENVIRONMENTAL INDICATORS FOR ASSESSING THE NATURAL
AND TECHNOLOGICAL HAZARDS

BACKGROUND

The environment is complex, and discerning environmental trends can be dif-
ficult. Environmental indicators help track changes in the environment by selecting
key measures — which may be physical, chemical, biological — that provide useful
information about the whole system.

2 TIpo6emu Ha reorpadusaTa, 1-2/2014 1. 17



The term natural disaster refers to natural phenomena produced by the dynam-
ics operating within the Earth’s surface and atmosphere that result in extensive social,
economic and environmental damage. They are qualified as “major” when they ex-
ceed the capacity of those affected to deal with them with their own resources and, as
a result, outside aid becomes necessary.

Technological accidents are characterized by their marked anthropic origin and
mainly occur in relation to industrial activity and transport (i.e. accidents deriving
from the transport of dangerous goods (by road and rail), maritime accidents involv-
ing oil spills and accidents occurring at industrial facilities).

Natural phenomena should be included alongside technological accidents when
considering potential social and environmental impacts. Recent years have seen a
large number of natural disasters that have produced high numbers of victims.

It is very important to define a set of environmental indicators of the natural
and technological hazards because using indicators it is possible to evaluate the fun-
damental condition of the environment without having to capture the full complex-
ity of the system. Indicators are based on the best scientific understanding currently
available so that changes in these simple measures can be related to more complex
environmental trends. When time series data for an indicator show a trend, then there
is a need to provide some interpretation of the trend and its implications. Therefore
an indicator must be backed by a sound theoretical framework so that accurate inter-
pretations can be made.

According to European Environment Agency: “An indicator is a measure, gen-
erally quantitative, that can be used to illustrate and communicate complex phenom-
ena simply, including trends and progress over time. ‘An indicator provides a clue to
a matter of larger significance or makes perceptible a trend or phenomenon that is
not immediately detectable. An indicator is a sign or symptom that makes something
known with a reasonable degree of certainty. An indicator reveals, gives evidence,
and its significance extends beyond what is actually measured to a larger phenom-
enon of interest’ (IETF, 1996)” (www.eea.eu.int).

A widely used framework for environmental indicators arises from a simple set
of questions:

1. What is happening to the state of the environment or natural resources? =
state indicators; indicators of changes or trends in the physical or biological state of
the natural world.

2. Why is it happening?: pressure indicators; indicators of stresses or pressures
from human activities that cause environmental change.

3. What are we doing about it? response indicators measures of the policy
adopted in response to environmental problems.

Environmental indicators simplify state of the environment reporting in two im-
portant ways because:

e indicators have a well-understood meaning and can be measured regularly.
Trends in the indicators are thus readily interpreted to yield valuable information
about important aspects of the environment.

e environmental indicators can be an aid to communication. They allow infor-
mation about the environment to be communicated effectively.

The environmental indicators of the natural and technological hazards must be
selected on the basis that they should:
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e reflect a valued element of the environment or an important environmental
1SSue;

e have relevance to policy and management needs;

e be useful for tracking environmental trends at a range of spatial scales from
the local to the national;

e be scientifically credible;

e be cost effective;

e serve as a robust indicator of environmental change;

e be readily interpretable;

e be monitored regularly, either by existing programs or by new programs that
might be established in the future at reasonable cost;

e reflect national programs and policies.

As users of information about the environment become more familiar with the
agreed indicators, they will be able to absorb this information more quickly, because
a technological hazard may lead to the contamination of more than one environmen-
tal compartment Thus the efficiency of decision-making should be enhanced by the
usage if he environmental indicators. Environmental indicators (ante or post-hazard)
can also help focus and rationalize environmental monitoring programs by drawing
attention to the critical measures required to evaluate environmental trends and con-
ditions.

ENVIRONMENTAL INDICATORS AND THEIR USEFULNESS
FOR ASSESSING THE NATURAL AND TECHNOLOGICAL HAZARDS

In recent decades, natural hazards have caused greater damage than before. To
protect human lives and properties, it is essential to take action and for this purpose
to know the environment trend is very important and, in this sense, the environmental
indicators represent the key element to construct a good and correct strategy.

Assessment of the environmental contamination caused by technological
hazards may require considerable resources. Therefore, assessment must be tai-
lored according to the resources available. If rare or protected habitats/species are
threatened by pollutants released from an accident they must be the main focus for
protection, impact assessment and remediation. Where resources are available, as
much as possible should be done to protect, assess and remediate the general envi-
ronment.

The ecological consequences of any given technological hazard will be related
to the chemicals involved, mode of dispersion and the physical and biological nature
of the receiving habitat(s). Given the heterogeneity of hazard/accident causes and
chemicals involved, as well as the diversity of habitats that may be impacted, assess-
ing the environmental impact of accidents will be complicated. A basic frame work
for considering the steps that may be taken to assess the environmental impact of
accidents is as follows:

e determine the chemical(s) involved and develop and adapt analytical proce-
dures for detection if none are in current usage;

e determine the environmental distribution of the chemicals in relevant environ-
mental media;

e assess biological impact.
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After determining what components of the environment received the pollutants
it is then necessary to determine the spatial extent of pollutant distribution and the
levels of pollutants in the affected environment. With complex chemical mixtures, the
major difficulty in assessing the extent of pollution often knows which compounds
were released. Chemicals may also have differing dispersion properties, leading to
complex distribution patterns for cocktails.

Knowledge of a pollutant’s physical-chemical properties may help to predict
the ecological impact of that chemical. Most manufactured compounds in common
usage have been well characterized. Even if detailed characterization has not been
carried out for the individual chemical of interest, environmental behavior can usu-
ally be predicted from knowledge of chemical structure and the behavior of related
compounds. In table 2 are presented the most relevant indicators of the natural and
technological hazards [9-11].

Table 2
Environmental indicators for natural and technological hazards
Hazard Hazard’s indicator Environmental Observation
indicators
Water scarcity /|— average precipitation, |— soil moisture — A period of drought is
Drought periods |—average river discharge, | — average soil moisture | taken to mean a dry pe-
— average soil moisture, |— groundwater level riod that is sufficiently
— groundwater level long enough to cause a
— severity, substantial decrease in
— duration, river flow, water levels
—return periods and tim- in lakes and/or exhaus-
ing of drought events tion of soil moisture, as
due to temporal decrease well as a decrease in
of precipitation, groundwater levels to
— river discharge, below normal values
— soil moisture,
— groundwater and water
stored in lakes and dams
below some threshold
level
Environmental indi-
cators post hazards
(before the environ-
ment remediation)
Flood — severity, —soil quality indicators
— duration, — water quality indica-
— return periods and | tors
timing of flooding |~ underground water
events due to increase | quality indicators
of precipitation,
— river discharge above
some threshold level
and sea level rise
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Forest fires

— severity,

— duration,

— characteristics of the fuel
(vegetation type, density,
humidity content),

— characteristics of the
topography (slope, alti-
tude, solar aspect angle)
— meteorological con-
ditions (rainfall, wind
direction and speed, air
humidity, surface and air
temperature)

—soil quality indicators
— air quality indicators

Storms

— severity,

— duration,

— meteorological con-
ditions (rainfall, wind
direction and speed, air
temperature),

— groundwater and water
stored in lakes and dams
below some threshold
level

— soil quality indicators
— water quality indica-
tors

— air quality indicators

Landslides

— tilting or cracking
of concrete floors and
foundations,

— soil moving away
from foundations,

— broken water lines and
other underground utili-
ties,

— leaning telephone
poles, trees, retaining
walls, or fences,

— offset fence lines or re-
taining walls,

— springs, seeps, or satu-
rated ground in areas
that have not typically
been wet,

— new cracks or unusual
bulges in the ground or
street pavement,

—rapid increase in creek
water levels, possibly
accompanied by in-
creased turbidity (soil
content),

— composition and type
of material that makes
up the ground near the
surface

— ancillary structures
such as decks and pa-
tios tilting and (or)
moving relative to the
main house
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— sticking doors and win-
dows, and visible open
spaces indicating jambs
and frames out of plumb,
— sudden decrease in
creek water levels though
rain is still falling or just

— mean daily tempera-
ture,
— dew point

recently stopped.

Heat waves — frequency, — greenhouse gas con-
— intensity, centrations
— duration, — soil moisture

— average soil moisture
— groundwater level

Snow and cold

— intensity,

— duration,

— mean daily tempera-
ture

Technological
hazard

Environmental indi-
cators to be used post
hazard in order to re-
mediate the environ-
ment

Road accidents
causing possible
environmental
damage

— weather conditions
such as prevailing wind
direction, atmospheric
inversions and precipita-
tion as all of these fac-
tors will determine envi-
ronmental fate,

— chemicals involved in
accidents,

— surface area

—soil quality indicators
— water quality indica-
tors

— underground water
quality indicators

— air quality indicators

—  When categoriz-
ing road and rail ac-
cidents, dangerous

goods are considered
those substances that,
in the case of an ac-
cident during trans-
port, may represent a
hazard to the popula-
tion, property and the
environment. Possible
environmental damage
is considered to occur
when the existence of
a leak or spillage (on
land, in water or into
the atmosphere) with
a potentially pollutant
effect is reported.
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— Possible environ-
mental damage caused
by such accidents most
frequently affects soil,
followed by water and
the atmosphere. In
many cases, a single
accident can affect two
or even all three envi-
ronments. For exam-
ple, it is possible that
a spillage or leak first
affecting soil may then
reach a river course or,
if the pollutants evapo-
rate, the atmosphere.

Rail accidents
causing possible
environmental
damage

— soil quality indicators
— water quality indica-
tors

— underground water
quality indicators

— air quality indicators

— When categorizing
road and rail accidents,
dangerous goods are
considered those sub-
stances that, in the case
of an accident during
transport, may repre-
sent a hazard to the
population,  property
and the environment.
Possible environmental
damage is considered
to occur when the exist-
ence of a leak or spill-
age (on land, in water
or into the atmosphere)
with a potentially pollu-
tant effect is reported.

— Possible environ-
mental damage caused
by such accidents most
frequently affects soil,
followed by water and
the atmosphere. In
many cases, a single
accident can affect two
or even all three envi-
ronments. For exam-
ple, it is possible that
a spillage or leak first
affecting soil may then
reach a river course or,
if the pollutants evapo-
rate, the atmosphere.
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Oil spills due to
maritime
accidents

— water quality analy-
ses

— Maritime accidents
involving oil tankers,
and those transporting
chemical substances,
are those that cause
greatest damage to the
environment. Oil spills
cause enormous dam-
age to marine ecosys-
tems, affecting every
aspect of the same.
Moreover,  clean-up
processes and opera-
tions can also be very
harmful to marine ha-
bitats, fauna and flora.
Nevertheless, they are
necessary as natural
recovery is extremely
slow.

Discharges  of
dangerous
chemical  sub-
stances due to
industrial  acci-

dents

— weather conditions
such as prevailing wind
direction, atmospheric
inversions and precipita-
tion as all of these fac-
tors will determine envi-
ronmental fate,

— causes of chemical ac-
cidents,

— chemicals involved in
accidents.

— soil quality indicators
— water quality indica-
tors

— underground water
quality indicators

— air quality indicators

— The accidents are
those covered by the
Seveso Directive, i.e.
accidents  occurring
in industry (chemi-
cal, pharmaceutical,
energy industry, etc.),
and include storage,
distribution and sale of
dangerous substances
or products.

— Other types of acci-
dent not covered by the
Seveso Directive in-
clude mining accidents
[12].
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EKOJIOI'MYHU UTHANKATOPU 3A OLIEHKA HA [TPUPOAHUTE
N TEXHOJIOTUYHUTE PMCKOBE

C. Poman, b. Abpaxam, M. Muxnean, O. Kaoap, LLI. Jlakpumuoapa,
M. Poman, An. Muxanyan, M. Ypcy, Kn. Tanacenua

(Pe3omMme)

B crarmara ca npeaACTaBEHU C€KOJIOTUYHUTEC MHAUKATOPU 3a OLCHKA Ha IIpU-
POIHUTE W TEXHOJIOTHYHHUTE PHCKOBE, pa3TlIeJaHU KaTO KOJIMYECTBEHH IMTOKA3aTEIH,
KOWTO OTpPa3siBaT ChCTOSHUETO WJIM TEHICHIIMUTE Ha YCIOBHUATA HAa OKOJHATA Cpefa.
ExomornyHuTe MHINKATOPU MOTAT Ja CE€ M3MOJ3BAT HAa MEKIYHAPOIHO U HAITMOHAII-
HO HHMBO TIPH OTYHTAHE CHCTOSHUETO HAa OKOJHATA Cpeia, U3MEpBaHe Ha €KOJIOTHY-
Hara e()eKTUBHOCT M OTYMTAHE HaNpeabKa KbM YCTOWYHMBO pa3BUTHE. MaTepHairbT €
CTPYKTYpHpaH, KaKTO CIIEABA: B pa3ieil IbPBU Ca TIOCTABEHU €KOJIOTUYHUTE BBITPO-
CH, OTHACAILU Cce J0 npenu3Bukaresncrsara Ha XXI B.; B pa3jien BTOpU € IpencTraBe-
HO TI0-33]ThJI00YEHO ONMCAaHUE HA €KOJIOTUYHUTE WHAMKATOPH, TEXHUTE (QYHKINUU H
KpUTEPHUHUTE 3a TI0A00pa UM; B pa3lell TPETH ce AUCKYTHPa IIPOU3XOABT Ha MPHUPOI-
HUTEC 6CJICTBI/I$I 1 TCXHOJIOTUYHUTE aBapuM, KaKTO M IMOJIC3HOCTTA HAa CKOJIOTHMYHHUTE
WHAWKATOPU 3a OLCHKA Ha MPUPOAHUTE WU TCXHOJIOTMYHUTE OIMACHOCTHU. OHGHKI/ITC
3a MPUpPOJIHATA Cpe/ia MOTBhPIKIABAT 1M0JI3aTa OT M3MOI3BAHETO Ha MOKA3aTeInTe 3a
e(heKTUBHOCT M HYXJaTa OT M3IOJI3BaHEe HAa MHAMKATOPHU C IIEJT IMOI00psBaHE yIpa-
BJICHHETO Ha OKOJIHATA CPefla ¥ B3EMaHETO Ha PeIIeHus.
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MAPPING AND VISUALIZATION OF NATURAL
AND TECHNOLOGICAL HAZARDS

Rumiana Vatseva

INTRODUCTION

Natural and technological hazard mapping forms the base of decision-making
process for the risk management by providing essential information for understanding the
risk nature by the society. Hazard mapping is a process of establishing the geographi-
cal location and spatial extent to which a particular hazard phenomenon is likely
to pose a threat to live of people, infrastructure, property and economic activities
of the study area along the Danube River in Romania and Bulgaria. Hazard maps
are elaborated using GIS as a main tool for data storage, analysis, modeling and re-
sults visualization. Maps represent different natural and technological phenomenon
and processes, socio-economic circumstances and can be defined as communication
products.

According to the main objectives of the ROBUHAZ-DUN project an elabora-
tion of the specialized natural and technological hazard maps is focused on hazard
features visualization in paper maps as well as in a GIS environment. The hazard
maps are represented at different spatial scales, general ones for the entire Danube
sector and detailed ones for selected localities and key areas, using a common GIS-
based methodology. Spatial scales are selected in order to depict the most relevant
levels for spatial planning and development.

This paper aims to provide a conceptual background and applied approaches for
the mapping and visualization of natural and technological hazards in the studied sec-
tor of the Danube floodplain between Calafat — Vidin and Turnu Magurele — Nikopol
in Romania and Bulgaria during the implementation of the ROBUHAZ-DUN project.

CONCEPTUAL BACKGROUND AND MAPPING APPROACHES

The hazard maps are kind of thematic maps that emphasize on the spatial aspects
of particular hazardous phenomena or multiple hazards. They are elaborated using
GIS as a main tool for data collection, management, analysis, modeling and mapping.
Hazard maps identify and display the spatial variation of hazard events or physical
conditions (e.g. floods, landslides, erosion, climate zones, etc). Important variables
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involved in mapping hazards and interpreting hazard maps include the size (scale) of
the area to be mapped, the availability and completeness of data, the cost of collecting
and mapping data, etc.

Hazard mapping focuses on quantitative hazard analysis. This is done in local
levels increasing the details for better understanding of the nature of hazards, their
sources, types, dependences and probable variations. Mapping is used to combine data
on natural and technological hazards with socioeconomic data for municipalities, in
order to facilitate analysis of the probability of hazard occurrence. Hazard mapping
is a key element for better understanding the causes and impacts of natural and tech-
nological hazards and for finding relationships that are not apparent with analytical
approaches. Based on causes and impacts of natural and technological hazards, maps
are developed to display anticipated future impacts or the areas of potential damages.
This facilitates communication among stakeholders in the hazard management process,
such as decision-makers, land use planners and policy makers.

The assessment of the available base input data (topographic maps, satellite ima-
ges, DEM, etc.) and base thematic data/layers (municipalities, settlements, roads,
rivers, etc.) shows that the appropriate parameters for hazard maps of the Danube
study area in Bulgaria are as follows: datum WGS84, projection: UTM, zone: 35N.

An overview of natural and technological hazards provides a preliminary eva-
luation of hazards typology and key areas of interest for the Danube study area. Not
all hazards are relevant to the investigated region. The identification of main natural
and technological hazards is based on the following criteria: 1) spatial relevance;
2) occurrence, frequency and magnitude; 3) impact and effects. The investigated ha-
zards type list is the result of main hazards identification for the region. The research
focuses on three main types of hazards:

e Natural hazards: Climate and Hydrological hazards;

e Natural hazards: Geological and Geomorphological hazards;

e Technological hazards: Soil and water contamination.

The individual hazard maps follow the common classification of hazard inten-
sity according to the relative priority matrix in next five classes:

1. Very low

2. Low

3. Medium

4. High

5. Very high

If it is not possible for a particular type of hazard to distinguish between the five
classes, the same classification is kept, with fewer classes in between very low and
very high.

Three steps are included in elaborating the hazard map: 1) transforming the data
from thematic maps into classes by assigning a weight value to each class of the
parameter tables, 2) merging the corresponding values of parameter tables with the-
matic data to receive composite maps, and 3) preparing the hazard maps by recla-
ssifying the composite maps into five or three classes, i.e. (very) low, medium, and
(very) high (Fig. 1).

Further, an aggregated hazard and risk maps can be developed based on the ES-
PON 1.3.1 project on natural and technological hazards (Schmidt-Thom¢,2005).
To produce the aggregated hazard map, the individual hazard maps are aggregated
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Thematic maps Parameter

tables
Relief
Soil |
Class Land cover & land use
Land cover & land use Class
<50m Class Rank

50-100 m Clay mostly

Urban areas 5
Sandy depos-

>100m | AR EEPOT 1 Arable land 4
Silty deposits

Forest 1

Composite maps

Hazard maps Source: Landslides
Reclassity
the total weight

into five classes

Source: Drought

Source: Soil quality

Fig. 1. Hazard mapping scheme

to one integrated hazard map by means of the addition of the several single hazard
intensities (Greivin g, 2006). For the task of combining vulnerability and hazard
potential, a matrix is used (Fig. 2). The values of region’s hazard intensity and degree
of vulnerability are summed up to yield region’s integrated risk value. To distinguish
between a higher intensity of a hazard or a higher degree of vulnerability, different
shades of the same colour are used (Greiving, 2000).

The scale issue has considerable influence on hazards assessment. On a general
scale the data show mostly quantitative results and areas classification based on rela-
tive priority matrix in five classes (from very low to very high). For detailed (local)
scale the site specific elements are displayed.

The scale used in hazard mapping is directly linked to the appropriateness of
the application. The hazard maps for the study area are elaborated at different spatial
scales, general ones for the entire study area and detailed ones for selected locali-
ties and key-areas. The hazard maps for the entire study area are developed at scale
1:50 000 and 1:100 000. The maps for floodplains and other vulnerable key areas
are developed at scale 1:25 000 based on topographic maps at scale 1:5 000, digital
orthophoto and satellite images, thematic maps and field work.

The scale of maps has significant influence on the legend content. Applying a
perception approach the choropleth maps are most suitable to illustrate hazard on
a general scale, where one value characterizes a certain geographic area. The local
scale allows for a more complex legend as homogeneous areas in term of hazard clas-
sification are displayed with colours or hachures, and aditionally, given geographic
units or spots of interest are pointed out by different style of lines.
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HAZARD MAPS VISUALIZATION

Hazard maps are designed using a wide range of visualization techniques based
on generally accepted principles for map generalization, map design and map pro-
duction. Visualization serves two major purposes: data analysis and data presentation
(Strange,2007; Kollat,Reed, 2007; Wagener,Kollat, 2007).

In the context of GIS the generalization is a process of modeling with two
groups of techniques — model and cartographic generalization (Mackaness et al.,
2007; Mackaness, 2008; Mackaness, C hau d h ry, 2008a). The model generaliza-
tion process is applied to spatial database. It includes a set of techniques concerned
with 1) selection of phenomenon according to theme, and 2) the classification, sim-
plification and aggregation of features stored in a database for improved data pro-
cessing and analysis, dataset integration, and prior to cartographic generalization.
Cartographic generalization is a set of techniques applied to ensure optimal visualiza-
tion of geographic phenomenon according to task (scale and theme). It increases the
efficiency with which the map is interpreted, thus the techniques aim to resolve ambi-
guity, and to retain the quality of map’s representation. In this sense Se ster (1999)
argue that the model generalization relates mainly to the semantic and geometric data
reduction and can be defined as a process of thematic and spatial abstraction, while
the cartographic generalization is related to the graphical representation of objects
and restrictions on map’s readability and aesthetics.

Map generalization is performed through the application of available generaliza-
tion operators in GIS environment, such as symbolization, simplification, smoothing,
enhancement, aggregation, elimination, collapse, exaggeration, displacement, etc.
Mackaness and Chaud hry, (2008b) define the main GIS generalization operators
as follows:

e Symbolization — change of symbology according to theme (pictorial, iconic),
or reduce space required for symbol.

e Smoothing — reduce angularity of the map object.

e Enhancement — emphasize characteristics of map feature and meet minimum
legibility requirements.

e Collapse —reduce dimensionality of map object (area to point, linear polygon to line).

e Displacement — small movement of map objects in order to minimize overlap.

e Typification — replacement of a group of map features with a prototypical subset.

In relation to the maps visualization a set of scientific articles discusses the im-
portance of colour scheme selection, which is based on the type of data (Brewer,
1994; Ware,2000; Harrower,Brewer,2003; Light,Bartlein, 2004;
Stephenson,2005;Krygier,Wood,2005;Stone,2006). Harrower
and B re w e r (2003) stress that sequential schemes, made up of intervals of one or
two colors graduating from light to dark, should be used for quantitative data, with
low values in lighter tints and high values in darker tints. Diverging color schemes
on the other hand should be used to highlight contrasts between low and high values
relative to an average value. The authors argue that the map visualization is better,
if diverging schemes use a light, neutral color to represent average values and con-
trasting dark hues for low and high values. Categorical data is best represented with
qualitative schemes, which are made up of contrasting colors that show differences
without reference to magnitude
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The perception of colours can be described by three dimensions: hue, lightness
and saturation (Brewer, 1994; Krygier, Wo od, 2005). The hue is used to show
qualitative differences of data. The lightness (value) describes the variation of one
hue from light to dark. A change of the lightness can show quantitative differences of
map elements (preferably of the same kind). The saturation describes the intensity of
a colour or the amount of hue in a colour of the same lightness. A change in saturation
can be used in a binary scheme to illustrate the hazard intensity on a map.

Development of colour legend for hazard maps is based on hazard classes agreed
in the frame of the ROBUHAZ-DUN project (Fig. 3).

CONCLUSION

The natural and technological hazards mapping is a key element of scientific pro-
gram to better understand the causes and impacts of natural and technological hazards,
such as landslides, floods, erosion, soil contamination etc. Mapping facilitates the iden-
tification of relationships between the distribution of natural materials and evidence of
natural and technological processes, to reveal connections that would not be obvious,
if relying on analytical approaches alone. As more is learned about the causes
and impacts of natural and technological hazards, hazard maps are produced to show
expected future impacts or to display the potential areas that would be impacted.

Hazard mapping provides input to educational programs for illustrating local
hazards, to scientists studying hazard phenomena, to land use planners seeking to
base settlement locations to reduce hazard impacts and to combine with other infor-
mation to illustrate community risks. Hazard maps provide clear, attractive pictures
of the geographic distribution of potential hazard sources and impacts. These maps
frequently provide motivation for risk management actions that would be difficult to
obtain without a compelling visual. Mapping hazards provides an easily accessible
tool for displaying the threat to a society.

All elaborated hazard maps in the ROBUHAZ-DUN project provide information
to assist local governments in developing and implementing land use management
plans, decisions making for hazard areas, and risk assessment for regional planning
and civil protection. Hazard mapping supply an accessible tool for reducing hazard
impacts and for integrating with other information in order to form the foundation of
the risk management.
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KAPTOI'PA®UNPAHE N BU3YAJIM3ALIUA HA TTPUPO/ITHU
N TEXHOJIOI'MYHU OITACHOCTHU

P. Bayesa

(Pe 3w wMe)

KapTorpa(bI/IpaHeTo Ha OpHUPOAHHN U TEXHOJOTUYHHU OITACHOCTU € B OCHOBAaTa Ha
nponeca Ha B3€MaHC Ha PCHICHHUA 3a YIPABICHUC HA PUCKA YPE3 NPCAOCTABAHC HaA
Ba’XHa I/IH(I)OpMaI_II/IH 3a pa36HpaHe Ha €CTECTBOTO Ha pUCKa 3a 06IJ_IGCTBOTO. Crarus-
Ta MpeACTaBsA KOHUCHTyaJIHATa OCHOBA U MPUIIOKCHUTEC ITOAXOAU 3a KapTorpa(bI/IpaHe
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Y BU3yaJIM3allks Ha IPUPOAHNTE U TEXHOJIOTHYHUTE ONTAaCHOCTH B U3CJI€/IBaHATA YACT
Ha JlynaBckara paBauHa Mexay Kanadar — Bugun u Typay Merypene — Huxomon
B PympHust u Bparapus npu padorara mo npoekr ROBUHAZ-DUN. Kaprute na
OIMaCHOCTTa Ca ChCTaBEHU C M3IOJI3BaHe Ha reorpadcku MHPOPMATMOHHH CHCTEMU
('MC) xato 0CHOBHO CPENCTBO 3a ChbXpaHEHHE HA JaHHUTE, aHAIIN3, MOACIHPAaHE U
BH3yaJln3allus Ha pe3ynTaTuTe.

Kaprorpadupanero Ha onmacHocTTa ce poKycupa BbpXy KOJTUUESCTBEHUS aHa-
U3 Ha sBineHusTa. Kaptute ca pa3paboTeHH Bb3 OCHOBA HAa MPUYMHHUTE U Bb3-
JIeWCTBUATA HAa MPUPOAHUTE M TEXHOJOTMYHHUTE ONACHOCTH, 32 /1a C€ MOKayKaT
OYaKBaHHW ObACIIM BH3IECHCTBHUA M 30HM Ha MOTEHUMANHHW wieTH. [IperneasT Ha
MPUPOJHUTE U TEXHOJOTMYHHUTE OMACHOCTH OCHUTYpsiBa MpeABapUTEIHa OIEHKa
Ha TUIIOJIOTUATA UM M BaXKHUTE KIIIOUOBM y4acTbIU B M3CJIEABaHUS palioH Ha p.
Hynas. UnenTudukanuara Ha TIIaBHUTE NPUPOIHU M TEXHOJIOTUYHH OTACHOCTH
Ce OCHOBaBa Ha CJIEJAHHUTE KPUTEPUU: 1) MPOCTPAaHCTBEHA 3HAYUMOCT; 2) MpOsi-
Ba, YECTOTa M CTeNeH, 3) Bb3jAeicTBHe U nocneauiu. ChCTaBeHUSIT CIUCHK Ha
M3clie/IBAHUTE BHUJIOBE OMACHOCTH € B pe3yjTaT Ha yCTAHOBSIBAHETO Ha ITIABHU-
T€ OMAacHOCTH 3a paiioHa. Ch3JaBaHETO Ha KapTa Ha OMACHOCTTA BKIJIIOYBA TPHU
cThIKU: 1) TpaHchopMupaHe Ha JaHHHU OT TEMaTHYHU KapTH B KJIaCOBE Upe3 OIl-
pezensiHe Ha TeKECTTa Ha CTOWHOCTTA 3a BCEKH KJIac OT MapamMeTpUyHU Tabiu-
uu; 2) obeuHsIBaHE Ha CbOTBETHUTE CTOMHOCTH OT MapamMeTpUYHUTE TaOJIMLHU C
TEMaTUYHH JAHHU 3a MOJIy4aBaHe Ha CHHTE3HU KapTH; 3) ChCTaBsSHE Ha KapTH Ha
OMAaCHOCTTA Ype3 pekjacu(uKalnus Ha CHHTE3HUTE KapTH B MET/TPH Kiaca, T.C.
(MHOTO) HUCKa, cpe/iHa U (MHOTO) BUCOKA.

Mama0bsT ¥Ma Ba)KHO BIMSHUE BHPXY OLIGHKaTa Ha OMAacHOCTTa. B choTBeT-
CTBHE C OCHOBHHTE II€JIM Ha IPOEKTa KapTUTE Ha ONIAaCHOCTTA ca MPEACTaBEHH B JIBa
pa3IMyHU MPOCTPAHCTBEHU Mamada: OCHOBEH Maliad 3a LeNHs MpOyYBaH CEKTOP
Ha p. yHaB u geraiinen mamad 3a U30paHU JIOKAJTUTETH M KIIOYOBH YYaCTBIIH.
3a Ta3u uen e usnonspana ooma ['MC-6azupana merogomnorus. [IpocTpancTBeHu-
Te Mamadu ca u30paHH Taka, ye Aa ObJaT Hal-NOAXOMSIIHU 3a MPHIOKCHHE MPH
MPOCTPAHCTBEHOTO IJIaHWpaHe W pa3BuUTHE. B ocHOBHMS Mamad JaHHWUTE TOKa3-
BaT I[JIaBHO KOJIMYECTBEHH PE3YJITaTH U Kiacu(UKalus Ha paiioHa Bb3 OCHOBA Ha
MaTpulia 3a OTHOCUTEJIHA OLCHKAa Ha ONAaCHOCTTA B IET Kjaca (0T MHOIO HUCKa
JI0 MHOTO BHCOKa). B neraiinmHus (JokaneH) mamad ce mpencTaBsIT crneuuGuaHu
€JIEMEHTH 3a yuacTbKa. MamaObT Ha KapTHUTE MMa ONPEAENII0 3HAYEHUE 3a Cb-
J'bP’KaHUETO Ha JIeTeH aTa.

3a au3aiiHa Ha KapTUTE HA OMACHOCTTA ca M3IOJI3BAaHU Pa3IU4YHM TEXHUKH 32
BU3yaju3auus, 0a3upaHnu Ha OOUIONPUETUTE MPUHIUIIH 3a TeHEepaIu3anus, mpo-
eKTUpaHe U ch3JaBaHe Ha KapTH. PazpaboTeHa e 1BeTOBa JIereHJa Ha KapTHUTE
Ha OIIaCHOCTTa Bb3 OCHOBA Ha M30paHUTE KIAcOBE Ha OIACHOCT B PaMKUTE Ha
MPOEKTA.

Kaprute Ha omacHOCTTa IpeiocTaBAT HHPOPMAIHS B IIOMOIIl HA MECTHHUTE Blla-
CTU B pa3paboTBaHETO U U3IBIHEHUETO HA IJIAHOBETE 32 YIPABICHUE HA 3€MENOI3-
BaHETO, 3a B36MaHE Ha PELICHUs 3a PalilOHUTE Ha ONACHOCT U OLICHKaTa Ha PUCKa 3a
PETHOHATHOTO TUIAHWPaHEe U TpakJaHcKaTa 3aIlnTa.
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BFBJITAPCKA AKAZIEMUS] HA HAYKUTE ¢ BULGARIAN ACADEMY OF SCIENCES

[TPOBJIEMU HA TEOT PAOUSITA o 1-2 ¢« PROBLEMS OF GEOGRAPHY
Codust @ 2014 o Sofia

[TPOEKTHUPAHE HA TTPOCTPAHCTBEHA FA3A JIAHHU 3A
OLIEHKA HA IPUPOAHUTE U TEXHOJIOTUYHUTE OITACHOCTH
10 AYHABCKUA bPATI' B PAMOHA BU/INH-HUKOIIOJI

Emunus Yepreszosa, Cmosin Heoxos

YBOJI

W3y4aBaHeTO HA MPUPOIHUTE M TEXHOTCHHUTE OMIACHOCTH IMOHACTOSIIIIEM UIpae
Ba)XKHA POJIsi B M3pabOTBaHE HA aJICKBATHU MEPKH 32 TIXHOTO MHHUMHU3HPAHE C e
OITa3BaHE Ha YOBEIIKHS KUBOT U HHQPACTPYKTypaTa Ha JaJicHa TCPUTOPUSL.

MHOTro NPOEKTH U NMPHUIIOKECHHS B CBETa MMOKa3Bart, ue reorpadckure nHPop-
manuoHHu cucteMu (I'MC) u AUCTAaHIIMOHHUTE METOIU Ca MOIIECH HHCTPYMEHT
3a OIICHKA W aHAJIM3 Ha MPUPOJHUTE U TEXHOTCHHUTE OMACHOCTH U TOJIIOMaraHe
MIPU B3€MAHETO HA PEIICHUS OT OTTOBOPHUTE UHCTUTYIMU. [ TaBHA IpeocTaBka
3a ¢()eKTUBHO U3IMOJ3BaHE HAa MPOCTPAHCTBEHUTE NaHHH U MHpopmanus B [UC
cpeia € MoJleMpaHe Ha NMPOCTPAHCTBCHUTE JaHHU M HM3TPaxJaHe Ha reobasa
naHHu. OCHOBHATa 1€l Ha MOJEIMPAaHETO Ha MPOCTPAHCTBEHUTE JIaHHU € o0dop-
MSHE Ha ChOTBETHUTE YCJIIOBHUS U MPOICCU B PEAIHHS CBAT B CTPYKTYpa, KOSITO
BKJIIOYBA OINMMCAHUE HA I'COJIaHHUTE, JIc(DUHUPAHE HA KIOYOBU aTpHOyTH, JOME-
Hu u otHomeHust (N e u m a n et al., 2010). CiienoBarenHo MOJEIUPAHETO HA
reoflaHHUTE € MpolleCc Ha Ch3AaBaHe HA MPOCTPaHCTBEHA 0a3a JaHHH, IPU KOHTO
ce audepeHIpaT KOHIENTYalHO, JOTHYeCKO U (PU3HUECKO HUBO HA a0CTpaKuus
Ha TOBa MOJEJIUpaHe.

Konnenryannoro Moaenupane Ha reobasu JaHHU € MPOLEC Ha ONpeelisiHe Ha
OCHOBHHTE XapaKTEPUCTHKH Ha 0OEKTUTE Oe3 MpeABapUTEIHN PELICHUS 32 HaunHa,
10 KOWTO Te 1e ObJaT u300pa3eHu B mpoieca Ha peanmzanms (Gra v e s, 2001).
To3u mpo1iec BKJIIOUBA OLIe ONPeIesiHE Ha OCHOBHUTE TIOHATHS U MPOCTPAHCTBE-
HU OOCKTH Ha M3CJe/IBaHE, KAKTO U TAXHOTO CTpyKTypupaHe. KoHuenrtyamHust
MOJIeJl OTpa3siBa HUBOTO Ha a0CTpaKIMs MPU OMHCAHUE HA OOCKTH, SIBJICHUS W
npouecu (Schilch er etal, 1996).

[TocpencTBoM JOTHYECKHS MOJEN Ce W3BHPIIBA BHEAPSIBAHETO HA KOHILIEHTY-
aJHUSI MOZIET B CTPYKTypara Ha MPOCTpaHCTBEHaTa 0a3a JaHHH B PAa3IUYHU CXCMHU:
,»O0CKT-OTHOIIIEHHE ", peNlalliOHHa Wik o0ekTHO-opueHTHpana (Schilcher etal.,
1996; Connolly,Begg, 1999;Graves,2001).
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®du3nuecKoTo MojeIMpaHe Ha re00a3uTe JaHHHW € MPOLeC Ha BHEIpsSBaHE Ha
JIOTUYECKUSI MOJIETI B CTPYKTypara Ha (usndecka reodasa JaHHH, T.€. Ha Ch3IaBAHETO
Ha npocTpaHcTBeHara 0aza nanan (Connolly, Begg, 1999).

IlenTa Ha HacTosmiaTa paboTa € Ch3/lIaBaHE HA KOHICIIHUS 3a M3rpaXKIaHe Ha
NpOCTPaHCTBEHA 0a3a JIaHHU, KOSATO € MOAXO/SIINA 33 OLICHKA Ha MIPUPOJHUTE U TEX-
HOTCHHUTE OMACHOCTH. 3a MOCTUTAHETO Ha LeNTa ca MOCTABEHH CIICITHUTE 3aauu:

— OCHUT'ypsiBaHE Ha HEOOXOAMMHMS MaCHB OT IIPOCTPAHCTBEHHU JAHHU 33 U3BBHPIII-
BaHE Ha MPOCTPAHCTBEH aHAIM3 U KapTorpadupase;

— U3rpak/iaHe Ha MOJIEI Ha POCTPAHCTBEHUTE TAaHHU, ChOOPa3eH C N3UCKBAHH-
sTa 3a OLICHKA U KapTorpadupaHe Ha OTACTHUTE MPUPOIHU M TEXHOTCHHU OIMACHOC-
TH, KOWMTO JIa MOCTYKU KaTo OCHOBA 33 M3rpakJIaHe Ha cXxeMara Ha reo0as3ara JaHHH;

— Ch3JaBaHE Ha NPUMEPHA CXeMa Ha MPOCTpaHCTBeHATa 0a3a JaHHHW M W3IOJN3-
BaHE Ha MoJieJia Ha TeOIaHHHUTE;

— pa3paboTBaHe Ha JIOTHYECKU U (PU3NYECKH MOJieNl Ha Teo0a3a JaHHHM 3a TpH-
POIHUTE U TEXHOTCHHUTE OMACHOCTH, KOATO JIa CIIYXKH 3a TOANoMaraHe Ha B3eMaHe
Ha peUICHUs 38 MUHUMHU3UpaHe Ha IETHTE OT MPOsiBa Ha XapaKTEPHUTE 32 paiioHa Ha
M3CIeABaHe MPUPOAHU U TEXHOTEHHH OITACHOCTH.

Wsrpanenara npocTpaHcTBeHa 0a3a JaHHU OU TPsiIOBAJIO Jia MO3BOJISIBA Pa3IIH-
pEHUE C JOIMBIHUTEIHU POCTPAHCTBCHU U arpuOyTHUBHU JaHHU U WHPOPMALHS OT
JPYTH M3TOYHMIM, KAKTO U Ja TOIbpka (hOpMaTH Ha JIaHHUTE B ONEPATHBHO ChB-
MeCTUM (Qopmar.

MATEPHUAJIN 1 METOANYECKU ITOAXOA

B MeromonorndeH acmeKkT MPOEKTHPAHETO Ha MPOCTpaHCTBEHaTa 0a3a JaHHM,
MIPEJCTaBeHA B HACTOSIIATA CTATHs, BKIIOUBA CIETHNTE paOOTHH MPOIECH OT TEXHO-
JIOTUYHA TIIEHA TOYKA!

— aHaJM3 Ha IeNUTEe Ha MPOEKTa, CBhP3aHM C OIEHKa W Kaprorpadupane Ha
MIPUPOIHNUTE U TEXHOTEHHUTE OTIACHOCTH B M3CIIEIBAHUS PalioH;

— TUTaHUPAHE;

— Ch3/1aBaHe Ha MOJIeJl Ha MPOCTPAHCTBEHUTE IAHHU U ¥ TIPHUIIaraHe;

— TIpoeKTHpaHe (Iu3aiftH) Ha reo0a3ara JaHHM,

— TeCTBaHE U M3TPpakJaHe Ha IPOCTAaHCTBEHATa 0a3a TaHHHU.

Ananuzvm Ha XapaKTEpHUTE 32 palilOHa Ha W3CTIe/IBaHe MTPUPOJHH U TEXHOTEHHHU
OTTACHOCTH M Ha HEOOXOIMMHTE NaHHU M WHGOpManus 3a TSIXHATa OleHKa U Kap-
TorpadupaHe ca mbpBaTa HEOOXOAWMa CTHIIKA B MpOIeca Ha Ch3JaBaHe Ha Mpoc-
TpaHcTBeHa 0aza manHu. [lo Bpeme Ha Tas3m (haza ca aHANM3WpPAHU U YTOYHEHU II0-
TEeHIHAIHUTE ToTpeOuTenu. ToBa ca excrepTHTe 1Mo MPUPOIHUTE M TEXHOTCHHUTE
OTTACHOCTH, a OT JIpyra CTpaHa — PErHOHAIHN WHCTUTYIIMH KaTo OOIIWHY, YIMINIIA
Y TpaKIaHM.

Tabmuma 1 mpencTaBst HATUYHNATE U3TOYHUITN HA TPOCTPAHCTBEHH JTaHHU U WH-
¢dopmarus B HauanoTo Ha mpoekra ROBUHAZ-DUN.

AHamM3bT Ha HAIMYHUTE JaHHUA TOKa3a HEOOXOMMMOCTTa OT TeHEepHUpaHe Ha
JMOTBJIHUTETHU TaHHU W WH(OpPMANHsI ¢ IeJT OCUTYpsBaHE Ha aJeKBaTHA OICHKA U
KapTorpadupane Ha MPUPOTHUTE U TEXHOTEHHUTE OMMACHOCTH B PAMKHTE Ha MPOEKTA
ROBUHAZ-DUN.
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Tabnuua 1
Cnucvk Ha HATUYHUME U3MOYHUYU HA NPOCMPAHCMEEHU OAHHU U UHDOPMAYUsL

IIpocTpancTBeHH JaHHHU dopmar N3TouHuK
DEM (100 m) pacrep Apxus Ha HUI'TT
T'eonoro- DEM (50 m) pactep | MOCBY, npoekr ,,nTerpupano
reoMOp(OIOKKH Tomorpadcky KapTH | pactep yIpaBJIeHUE HA BOAUTE
1:25 000 B PerryOnuka buarapus
CORINE land Cover | Bektop |MOCB, U3nbiHUTEIHA areHIIHS
3eMHO MOKpHTHE —1990, 2000, 200 10 OKOJIHA cpesia
oprohoTokapTa pactep M3X2
3aIUTEHN TEPUTOPUM | BEKTOP
3anuTeHu o 33T MOCB, U3nbaHuTeIHA areHIus
TEPUTOPUH T10 OKOJIHA cpefia
Harypa 2000 BEKTOP
obnactu BEKTOP
OOIIMHI BEKTOP
AJIMUHUCTPaTUBHU Apxus na HUTTT
JAaHHH cenuma BEKTOP
TPaHCIIOPTHA MpeXa | BEKTOP
Mousn JUTrUTaIu3upaHa Bektop | MOCB, npoexr ,,JIHTerpupaso
MOYBEHA KapTa yIpaBJjeHUE Ha BOANUTE
1:200 000 B PerryOnmka bearapus

IMOCB — MUHHCTEPCTBO Ha OKOJIHATA CPEa M BOIAMUTE
M3X — MUHHCTEPCTBO Ha 3eME/ICTUETO U XPAHHUTE

ITnanupanemo BKIIOYBA ITpoliec Ha m300p Ha codTep U TepUHNUpPaHE HA eTaITUTe
3a MPOEKTHPaHEe U U3TPaKAaHe Ha MPOCTpaHCTBeHaTa 0a3a naHHH. M3non3BaHusT B
pamkute Ha npoekra ['MC codryep e ArcGIS (ESRI), nopagu koeto ch3naieHHusT
MojIe]T Ha reojlaHHuTe OM TpsiOBaio aa Obae nMIuieMeHTupan kato ArcGIS reobasa
nannu. [lopagn ¢akra, 4e Ha HACTOSAIIMS €Tal He pasnoiaraMe ¢ IUIaTeHUs! IMpo-
IykT Microsoft Visio, KOiTO Chbpka FOTOBH IAOIOHH (TEMIUICHTH) 32 Ch3/IaBaHe
Ha ESRI monen na reomannute (E S R I, 2009), ce Hamoku B3eMaHe Ha peIIcHUE
3a u300p Ha cBOOOIEH copTyep, KOHUTO fa Ob/ie aJanTUpaH 3a MPOCKTHUPaHE Ha Ieo-
rpadcku 6a3u qaHHu. To3M TIOAXO] € CBBP3aH C JBIBI U CIOXKEH MPOIeC Ha TECT-
BaHe U BHeapaBaHe B ArcGIS cpena. 1o Ta3u npuunHa 1 mopaau KpaTkus Cpok Ha
nanbiaHenne Ha npoekta ROBUHAZ-DUN (2012-2013) ¢usuyeckoTo ch3aaBaHe Ha
reobasaTta JJaHHW NOCPEJCTBOM TO3H METOIUYECKU MOAXO] He Oc¢ MpeBUIIEH KaTo
OCHOBEH 3a (PM3MYECKOTO Ch3/1aBaHe Ha reodasaTa 3a OICHKA U KapTorpadpupaHe Ha
NPUPOJTHUTE W TEXHOTEHHUTE OMACHOCTH, & € W3IOJ3BaH MapalIeIHO C YTBBPIACHUS
3a MpOEeKTa OT PyMBHCKA U ObJIrapcka CTpaHa MOAXO[] U MPEJCTaBeH B HACTOSIIATA
CTaTusl.
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Mooenuparemo Ha IPOCTPAHCTBEHNUTE JAHHU BKIIIOYBA!

— 1300p Ha eIMHHA KOOpAWHATHA CHUCcTeMa U reopedepupane Ha BCHUKH HaJIHY-
HU U Ch3JaBaHU B PAMKUTE HA TIPOEKTA T'eolanHu B KoopauHatHa cuctema UTM35N,
WGS84;

— NpWJaraHe Ha KOHIENIMHUTE Ha KOHIENTYaJHO U JIOTMYECKO MOJIENNpaHe U
TUTaHUpaHe Ha u3nveckaTa CTPyKTypa Ha reo0as3ara JaHHH.

3a cb3maBaHe Ha KOHIENTYATHUS] MOJIEN Ha reobaszaTa JaHHU B HACTOSIIIIOTO H3-
cnensane e usnon3Ban UML (Unified Modelling Language) n no-cneunanno UML
Class Diagram. Apxutekrypara Ha e3uka UML creziBa B rofsiMa cTerneH MeToguue-
CKH4 TO/IXOJ 32 Ch3/1aBaHe Ha MEeTaJaHHNUTE, KaTo NpH u3noa3sane Ha UML ce npasu
pasznuka Mexay auarpamu 1 mMozaenu (S t & rrl e, 2005: 24). Ta no3BonsiBa CTPyK-
TypHa CTieU(HKAIUsI Ha cCXeMaTa Ha IPOCTpaHCcTBeHaTa 0a3a JaHHU ChITIACHO 00CK-
THO-OPHEHTHPaH METO[ 3a JcpHUHUpPaHEe HA BCEKH KJIac, HETOBOTO MME M (YHKIUH
3a aHanm3. UML kiac-guarpamuTe AaBaT CTaTUYHA WIIOCTPALMS Ha Ch3AAJECHUS
MOJIE] ¥ Ha B3aUMOBPB3KUTE MEXKy oTAenHuTe Kiacose. To3u Bug UML nuarpamu
NOAIBbPKAa BH3MOXKHOCTHU 33 ONpEACIISIHE W OTOENsI3BaHe Ha acOLHUAlldd U arperu-
pane. Ocsen ToBa UML knac-guarpamurte morar ja ObJaT MHTEPIPETUPAHHU KaTo
nporpamu Ha e3uru C++, C# u Java, kKakTo U B Moz Ha reo0a3u NaHHU, HATIP. HA
penanmonnara SQL-0a3a nannu (Storrle, 2005).

PE3VIITATU

AHaIM3bT HA MOCTABEHUTE 1I€JIM Ha MPOEKTa, CBbP3aHM C OLIEHKAa M KapTorpa-
¢dupaHe Ha NPUPOTHHUTE U TEXHOTCHHUTE OMACHOCTU B U3CJICABAHUS PaliOH, BKIIIOU-
Ba: a) OMpeJIeIIsiHe U OIICHKA Ha HEOOXOIMMHUTE JIAHHU M MH(OopManysi, KakTo 1 o0Ja-
CTHTE Ha TSIXHOTO MPUJIOKEHHE; 0) aHaIH3 Ha U3TOUHUIINTE Ha HEOOXOAUMUTE JTaHHU
Y 3aMHTEPECOBAHUTE MHCTUTYLMH OT OICHKA M KapTorpadupaHe Ha NPUPOJHHUTE U
TEXHOTCHHUTE OMACHOCTH B M3CJIEIBAHMS paliOH; B) aHAJIM3 HA OYAKBAHHUATA HA TE3H
3aWHTEPECOBAHU HHCTHTYLIUH.

IMonyuenuTe pe3ynraTtu OT TO3U aHAIU3 CIyKaT 32 OCHOBA Ha JIOTUYECKO OIIpe-
JeisiHe Ha HeOOXOAUMHUSI MACHB OT MIPOCTPAHCTBEHH JaHHU M WHPOPMAIHS, KaKTO U
Ha HEOOXOAMMUTE METOMIU 32 MPOCTPAHCTBEH aHAIN3 M KapTorpadupaHe B paMKUTE
IPOEKTA.

OnpenensHeTo Ha HEOOXOAUMHUTE MACUBH OT IPOCTPAHCTBEHU JJaHHH U UH(OP-
Malus B HAaCTOAILOTO M3CIeABaHE ca 0a3upa Ha CIEAHUTE UICHTU(DUIMPAHU Jei-
HOCTH:

® JICHHOCTH Ha OTJAECIHUTE PaOOTHH TPYNH U aHAIN3 HA OYaKBAHUTE PE3yNTaTh
OT TJIe/IHA TOYKA Ha MPEIOCTaBsHE HA IPOCTPAHCTBEHU M aTpUOYTUBHH JaHHU U WH-
(dbopmManst 3a oLleHKa Ha IPUPOJAHUTE U TEXHOJOTHYHHUTE OTIACHOCTH;

® JICHHOCTH, CBBP3aHU € KapTorpadupaHeTo Ha TPUPOJHNUTE U TEXHOIOTHYHHUTE
OIIaCHOCTH;

e aHAJIM3 HAa HAJIMYHUTE JAaHHU 3a aHAJIM3 Ha XapaKTepPHUTE 3a palioHa Ha u3-
clieIBaHe MPUPOIHU M TEXHOTEHHH OMAcHOCTH (Tadm. 1);

e eMHMpaHE HA HEOOXOAMMHUTE JIaHHM 32 aHaIN3 Ha XapaKTEpHHTE 3a paioHa
Ha M3Ccie/IBaHe MPUPOIHU U TEXHOTEHHU OIMACHOCTH, KOUTO TPsiOBa Jia ObJaT reHepu-
paHu OT pabOTHHUTE EKCIIEPTHH IPYITH B PAMKHTE Ha HACTOSIIIIOTO M3clieiBane (Taom. 2).
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TabOnuma 2
Obexmu Ha npocmpancmeenama 6a3a OanHu (U36a0Ka)

Ha6op ot manuaun Kitac Omnncanue Bun nanan
I'panny Ha OOIIMHK Name bg |rpaHunu Ha OOIIMHHTE TMIOJIUTOH
(Municipality.shp)

Cemmma (Setlements.shp) Name bg | cenuma TOYKH
3aMbpcsaBaHe Ha TIOYBUTE Cd ppm | KOHLEHTpaLus Ha TEKKU TOYKHU
(Field_sampling_soil.shp) Cu _ppm |MeTaju ¥ BpeJHU BeUIECTBa

Pb ppm |Bmnousara

As_ppm
ITousn (Soils.shp) Code MIOYBEHU THIIOBE TIOJTATOH

3a cp3naBane Ha UML mozenna B HaCTOAIIOTO M3CIIEIBaHE € M3IOJ3BaH CBO-
6omuusaT codpryepen nmpoaykt StarUML™ (sepcus 5.0.2). Toii e maardopma, mos-
nepkaiia UML, 6asupaiiku ce Ha Bepcus UML 1.4 u nogabspoxaiixu Bepcust UML
2.0 u MDA (Model Driven Architecture) (Douglas, 2011). StarUML™ mogmsp-
’ka uMIoprupane u excroprupane Ha XMI-hopmar (XML Metadata Interchange).
O6uknoBeno nmon3arenute Ha ESRI ArcGIS ynorpe6siBar 3a UML-Monenupaneto
Microsoft Visio (mmaren npoaykt Ha Microsoft), Hanp. Tomas e vic et al
(2012).

3a nga Moke aa pa3paboTUM KOHIIENTYalleH MOJEN, 3a IelUTe Ha H3CIe/-
BAaHETO OT aBTOPUTE Ha Hacrosmiarta pabora € Ch3AaJeH JONMBIHUTEICH MOIYI
,»GeographicProfileUML” na StarUML™ (¢ur. 1). To3u Moaysn 1aBa Bb3MOXKHOCT 32
Mozenupane Ha reorpadceku 6a3u nanan (D ou glas, 2011) u mogabpxka paznud-
HU BUJIOBE JaHHU — BEKTOPHU (TOYKH, JIMHUH, NMOJUTOHH), pacTtepuu, TIN, mpexu
u koMIUIekcHU o0ektu. Te, criopen St 6 rr1e (2005), ce nedmHUpaT MOCPEICTBOM
T.Hap. CTEPEOTHIHN (ETHUKETH, aHTII. Stereotypes) Ha XapaKTEPUCTHKHUTE HA OTICITHUTE
€JIEMEHTH Ha AajieH Mojein. KonbT Ha TO3U MOAYN € HalmucaH Karo ToKyMeHT XML
(Extensible Markup Language). 3a uenrta B Ta3u pa3paboTKa € M3I0JI3BaH Oe3IuIaT-
HusT XML-enurop WebostonScriptly (L o e p p, 2013-2014).

C momorira Ha To3u HOB Moayn Ha StarUML™ e pa3zpaboreH koHIenTyaneH
UML-monen ,,ROBUHAZ DUN*®. Ilo cBosita chmuOcT To3u UML-monen mpen-
CTaBIIsIBA KOHIICTITYaJIHA CXeMa Ha reobasara JaHHH, KOATO € He3aBHCHUMa OT (u-
3UdecKaTa CTPyKTypa Ha reo0aszara JaHHH, copTyepa W HAYMHUTE HA ChbXpaHCHHE
Ha TIPOCTPAHCTBEHUTE JaHHM M WHpopMaiys. KoHIenTyaaHHuAT MOjeN BKIIOYBA
CH3JIaBAHETO HA YHUKAJICH HA0Op OT JaHHM, KOWTO B IIEHTPAIU3UPaAH B ChIIbpPIKa
HEOOXOMMHUTE TeMaTHUHU fdaHHU, npeactaBeHn or Nedkov,Tcherkezova
(2013), rpyniupanu, KakTo ClieABa: aJ]MUHUCTPATUBHU TPAHUIIU, T€0JI0r0-reoMopho-
JIOKKH JIAHHHU, TIOYBEHHU THIIOBE, KIIMMATHYHH JTaHHH, XUIPOrpadust U XUIPOIOKKH
JAHHU, 36MHO TIOKPUTHUE, TCOXUMHUYHU JIAHHU ¥ JIAHHU 332 TEXHOTCHHHUTE OMACHOCTH
B U3cjeaBaHus paiioH (ur. 2).
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@ur. 1. Ceapanenust moayi ,,GeographicProfileUML* 3a monenupate Ha reorpadcku
0a3u naHHM, nHTerpupan B StartUML™

@ur. 2. V3Bajika OT CTPYKTypaTa Ha HakeT ,,Data* Ha pa3paboTeHHs] KOHLENTyaleH
UML-monen ,,ROBUHAZ DUN*

®durypa 3 npeacraBs TeMaTHYHUTE JaHHU, W3IIOJI3BAHN KaTO MPUMeEp 3a Ch3/Aa-
BaHe Ha npotoTunt Ha UML koHuenTyaneH Mozen Ha reo0as3a JaHHu. Te3u JaHHU ca
nznon3Band oT K o ts e v et al. (2013) 3a kaprorpadupane Ha KOHIEHTpaLUsATa HA
TEXKH METaJIM U BPE/IHU BeIllecTBa B 1I0YBATA.

M3non3BanusT crepeotuil (stereotype) <<In>> o3HauaBa, u€ BCIKO CEJIUIIE IO0-
najia B TPAaHUIUTE Ha OOUIMHUTE (CHUIOTO BayKU M 33 MOYBEHUTE MTPOOH, KaTo Te Io-
najar ¥ B TpaHULUTE Ha moyBeHuTe Tuiose (Soils). Mexxny UML knacoBere cenuina
(Settlement) 1 mouBenu npodu (SoilContamination) HsMa TONOJIOTUYHA BPB3Ka U TI0
Ta3y MpUYUHA HE € U3M0JI3BaH CTEPEOTHIL.
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®ur. 3. UML knac-nuarpaMa Ha TeMaTa 3a aHallu3 Ha KOHLUEHTPaLusiaTa
HA TeKKU METaJIM U BPCIHHU BEIICCTBA B ITOYBATA

Ce3aaneHusT Mozien € BepuuIrpaH (MIpoBepeH) U eKCIIOPTUPaH BbB (opMmar
XMI (XML Metadata Interchange), koeTo naBa Bb3MOXKHOCT Jia ObJic HHTErpUpaH
B IIporpamu, u3noj3pamu To3u ¢opmar. OT pa3paboTeHus B HacTosIaTa pabora
UML mogen Ha reo0a3ara JaHHU ca reHepupaHu kojose 3a C# u Java, koeTo jaBa
BB3MOXKHOCT 32 TpaHchopmupane Ha UML knac-guarpamara B C# u Java kiac-
JUarpamH.

Ha Gazara Ha chb3mafeHus] KOHLENTYaJleH MOJEN Ha MpOCTpaHCTBeHaTa Oasza
JAHHU MOTaT Ja ObJaT Ch3/1aACHHU JIOTHYECKH U PU3MUECKU MOJIeI Ha Oa3aTa JaHHHU.
OcHoBHaTa CTPyKTypa Ha Jorudeckara u (puznveckara cxema Ha MpOCTpaHCTBEeHATa
0a3a JaHHU B HACTOSIIIIOTO M3CJICJBAHE MOTaT Jia ObAaT JeUHUpAHH Ha Oa3ara Ha U3-
non3Banust mozies Ha ArcGIS (ESRI), nopanu ¢akra, ue To3u codryep € u3nosi3Ban
B pamkute Ha npoekta ROBUHAZ-DUN. ArcGIS naBa Bb3MOXKHOCT 3a NpuUiIaraHe
Ha UML-06a3upanust Mozien Ha MpocTpaHCcTBeHaTa 0a3a JaHHHU MTOCPEICTBOM U303~
BaHe Ha popmar XML: ekcrioprupane Ha UML-monena B XMI- popmart, Tparcdop-
mupade B ESRI XML-dopmar, cp3naBane Ha npa3Ha reobasa ganHu B ArcCatalog
u m3non3Bane Ha uHcTpyMeHTa ESRI Case Schema Creation 3a cb3naBaHe Ha cxe-
Mmara Ha reobasara nanuu (E S R 1, 2009). 3a nenra ca HeoOXOIUMH MPOBEpPKa Ha
Cch31aJicHus TPO(UIT U HETOBOTO MOJIU(UIIMPAHE ChINIACHO M3ucKBaHuUsTa Ha ESRI
ArcGIS cpenara (Arclnfo UML Diagrams), nopajin KOETO TO3H pabOTEH MPOIEC HE
€ TIpe/IBUICH B HACTOSIOTO M3CIIe/[BaHe, a € Ch3/1aJicHa epcoHaIHa Teo0as3a JJaHHN
B ArcCatalog.
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Karo gact ot npoekta ROBUHAZ-DUN e cb3nanena cxema 3a TeHEpUpaHe Ha
PEUHUK Ha MPOCTPAHCTBEHUTE JJAHHH C IISJI OCUTYPSIBAHE HA OITMCAHUETO UM, KOETO €
HE3aBHCHMO OT M3IOJI3BaHUS cOPTyep 3a TsxHaTa 00padOTKa U aHAJIU3 B HACTOSIIO-
to u Obaemu uzcnensanus (T cherkezova, 2013). B Ta3u pa3paboTka cxemara
€ U3MoJ3BaHa 3a ch3naBane Ha UML mMozen Ha MpoCTpaHCTBEHUTE IaHHU 3a aHAIN3
Ha KOHIICHTPAIIUATA Ha TIOYBHUTE C TEKKH METAIIN U BPETHHU BEIIECTBA, KONTO BKIIFOY-
Ba MIPOCTPAHCTBEHU JaHHU, ACOLUAIIUH, BPB3KH M CHOTHOIICHUS MEXIY OTACITHUTE
aTpuOyTH U PEYHHUK HA IPOCTPAHCTBEHUTE JAHHU.

3AKJIIOYEHUE

OcHoBHarTa 1Ie1 Ha HACTOSIIOTO M3CIIe/IBAaHE € Ch3aBaHe Ha KOHIICIIHS 3a H3-
rpaxkJilaHe Ha MPOCTPAHCTBEHA 0a3a JaHHH, KOSTO € MOAXOJINA 3a OleHKa Ha TpH-
POJIHUTE U TEXHOTEHHHUTE OMACHOCTH MOCPEJICTBOM OOEKTHO-OPUEHTUPAHO MOJIEITH-
pane. [T1aBHHTE aKIEHTH 32 MOCTUTAHETO Ha Ta3M IeJN ca: a) U3rpakJaHe Ha MOJIE
Ha MPOCTPAaHCTBEHUTE JaHHU, ChOOpa3eH ¢ U3UCKBAHUSATA 3a OIICHKA 1 KapTorpadu-
paH€ Ha OTACITHUTE IMPUPOAHU U TEXHOI'CHHU OIIACHOCTH, KOMTO Jla IMOCITYy>KHU KaTo
OCHOBA 3a M3TPaXKIaHE HA cXemara Ha reoba3ara JaHHH; 0) Ch3aBaHe Ha MPUMEpHa
cXema Ha TIPOCTPAaHCTBeHATa 0a3a JIAaHHM M Ha MOJIEJ Ha TeOJJaHHUTE TIOCPECTBOM
TeHEepUpaHe Ha MOJIYJ U Ch3/laBaHe Ha MPOQUI 32 MPOSKTHPaHe Ha reo0asu JaHHH B
cpenara Ha cBoOoaHuUs codryep StarUML™,

Ch3maficHUsT MOJYN 3a MojelupaHe Ha reorpadcku JaHHU KbM StarUML™
JlaBa Bb3MOKHOCT 3a reHepupaHe Ha UML-Monen, momabprKall pa3jiiyHu BUAOBE
JTAHHW — BEKTOPHU (TOYKH, JTUHHUH, TIOIUTOHH), pactepHd, TIN, Mpexu, KoHTYpH U
KOMIUIEKCHA OOEKTH, KOMUTO OmXa MOTIIX Ja ObJaT WHTETpUpaHU B CXeMa Ha IpocC-
TpaHCTBeHaTa 0a3a JJaHHU. Pa3paboTeHUT KOHIIENTYaleH MOJIEN MOUIbpiKa ChXpa-
HEHHMETO Ha Ha0opa OT MPOCTPAHCTBEHH JJAaHHU B IICHTPAIU3UPAH ITAKET, KOETO yiie-
CHsBA TEXHUA JOCTHIT U YIIPABJICHUC.

3a meiHOTO MHTErpupane Ha cb3nafenns UML monen B ESRI ArcGIS cpena
ca HeoOXOMMH CepHsl OT TECTOBE W MOTU(UITIpaHe Ha Ch3IaACHUs MPOodui 3a MO-
Jlendpane Ha reorpadcku JaHHM choOpaszHo cTpykrypara Ha ESRI Arclnfo UML
Diagrams, kouTo 1a TapaHTHpar yclenrHara WHTeTpanus Ha Ch3AaJeHus B HACTO-
AMI0TO M3ciensane Mozen. [IpeMMCcTBOTO Ha Ch3/1aICHUS] MOYIT 32 MOJICIIHPaHe Ha
reorpadcku ganan StarUML™ o0ade ce ¢hCTOM BB BH3MOXHOCTTA M MEPCIIEKTH-
Bute UML-Mozena Ha reoba3ata naHHu na ObJe BHEIPESH B APYTU IMPOTPAMHU, KaTo
Hanpumep B C++, C#, Java, pemanmmonna SQL-6a3a naHHU.
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DESIGN OF A GEODATABASE
FOR ASSESSMENT OF NATURAL AND TECHNOLOGICAL RISK.
CASE STUDY VIDIN — NIKOPOL, BULGARIA

E. Tcherkezova, St. Nedkov

(Summary)

Nowadays, the prevention and mitigation of human and infrastructure loss
caused by natural and technological hazards are very important activities at local,
regional, national and global scale. Therefore, detailed analysis and mapping of dif-
ferent natural, technological and antropogenic hazards and disasters become an im-
portant role for disaster studies.

This study focuses on development of a conceptual geodata model using UML
class diagrams as a base for geodatabase schema appropriated for analysis and map-
ping of natural and technological hazards in the Danube floodplain between Vidin
and Nikopol (Bulgaria). The design, development and application of a coherent geo-
database for this purpose should be considered as fundamental steps in the project
ROBUHAZ-DUN.

Keywords: Geographic Information Systems (GIS), geodata model, geodatabase, UML (Uni-
fied Modelling Language), UML Class Diagram, XML (eXtensible Markup Language), XMI
(XML Metadata Interchange), ESRI Case (Computer Aided Software Engineering) Schema Crea-
tion, ROBUHAZ-DUN.
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[TPOBJIEMU HA TEOT PAOUSITA o 1-2 ¢« PROBLEMS OF GEOGRAPHY
Codust @ 2014 o Sofia

GEOGRAPHIC PERSPECTIVES ON TECHNOLOGICAL
HAZARDS AND THEIR MITIGATION

Boian Koulov

INTRODUCTION

New regulations on the conditions, organization, and methods for analysis,
assessment and mapping of disaster risks were recently introduced in Bulgaria
(Hapeno0a,2012). Some deficiencies are identified in the Ordinance, e.g., a number
of hazards are not dealt with, despite the explicit claims to the opposite, which leads
to the conclusion that hazard sources’ research receives insufficient attention.

This investigation aims to demonstrate the potential of the geographic perspec-
tive on technological hazards to contribute to the theory and practice of hazards miti-
gation. To this end, the paper is divided in four sections. In the first section, the author
offers a definition of technological hazard from a geographer’s point of view and
points out two aspects where geographic expertise plays a crucial part: a/ outlining
and characterization of the scale and boundaries of hazards’ impacts and b/ formu-
lation of strategies for minimization of the damage to the geographic system. The
second section provides a critical review of specific technological hazards typolo-
gies and provides suggestions for further investigation in that field. Next, the paper
proposes a classification of the ten municipalities under investigation in three classes,
according to their hazard source(s) characteristics and degrees of risk they present.
The last task of this research is to put forward basic principles of a theoretical model
of a Hazard Mitigation GIS and propose its elements, structure, and most important
functions.

The paper uses data and materials from extensive field work at the local level
(2012-2013) in the Northwestern Bulgaria that the author performed under the aus-
pices of two projects on technological hazards, in which the National Institute of
Geophysics, Geodesy and Geography at the Bulgarian Academy of Sciences was a
partner (Zhelezov,ed.)2013; Ky o B, 2013 unpublished). Research methods
include critical geographic analysis and assessment of Bulgarian, EU, U.S. Nuclear
Regulatory Commission, and International Atomic Energy Agency (IAEA) regula-
tions, regional and municipality-level administrative documentation and databases,
as well as geographic typology, classification, and modeling. Nuclear power produc-
tion, one of the best internationally regulated industries, in terms of safety protection
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and hazards mitigation, serves in this study as a methodological example in dealing
with other hazard sources.

TECHNOLOGICAL HAZARDS AND THEIR MITIGATION:
A GEOGRAPHIC PERSPECTIVE

A 2012 Bulgarian government ordinance (Hap e o1 6 a ..., 2012), which lays
down the conditions, organization, and methods for disaster risks analysis and assess-
ment claims that the analysis and assessment of such risks should include identifica-
tion and definition of the characteristics of every(!) hazard (Article 4). According to
Kates etal. (1983, p. 7027) definition of risk as a measure of hazards, however, the
Ordinance lists only five types of disaster risks: seismic, flood, nuclear or radioactive,
geological, and forest fire. A number of technological hazards, like:

— explosion,

— fire from technological sources,

— structural failure/damage (dams, bridges, buildings, etc.),

— fall of aircraft and other flying objects,

— transportation of dangerous (radioactive, flammable, explosive, corrosive,
oxidizing, asphyxiating, biohazardous, toxic, pathogenic, or allergenic) substances
(solids, liquids, or gases),

— power outage,

that certainly present risks of disasters, are missing from this particular regula-
tion. Most likely technological hazard sources in this respect would be economic and
public infrastructure objects.

Moreover, the cited ordinance necessitates “spatial indication of the territories
exposed to the hazard” — a phrase that apparently refers to cartography, but can hardly
testify to the use of much geographic expertise in this text. Finally, the document,
issued in 2012 and amended as recently as 2014, does not even mention sources of
hazard or disaster, or the term “prevention.”

Geography is one of several sciences that provide significant insights into
technological hazards and serve the theory and practice of their mitigation. From
a geographer’s perspective, the definition of technological hazards describes them
as threats of accident phenomena and/or processes of technological origin that can
potentially cause significant damage to a geographic system, its elements (most
importantly, life, human society, culture, nature, and/or material assets) and their
interrelations. The temporal perspective is intricately interwoven in this definition:
most significant, i.e., dangerous, are the types of technological hazards that can
have long-lasting adverse effects on individual or society’s mental, physical, eco-
nomic, and socio-cultural well-being.

The geographic view on technological hazards involves two intricately
related aspects. The first refers to the geographic scale and boundaries of the
significant negative impact of the accident phenomenon or process. The second
perspective relates to strategies to minimization of damage to concrete elements
and the structure of the geographic system. In both cases, geographic analysis
and assessment of the disaster source, including its location, forecasting of the
magnitude and scale of impact, as well as prognostication of possible effects on
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the affected geographic system, is crucial for hazard mitigation and disaster pre-
vention. This kind of research is also of great practical value to a wide spectrum
of activities, including the economy (e.g., production site selection, the insurance
and re-insurance industries), public safety, civil protection, public health, pub-
lic information, environmental protection, spatial planning, and property damage
and destruction prevention.

TYPOLOGY OF THE TECHNOLOGICAL HAZARDS
ACCORDING TO THEIR SOURCES

The single most important activity for hazard mitigation is prevention, which
is why hazards’ origins should be examined with meticulous care. According to
their sources, hazards are generally differentiated in two large types: natural and
anthropogenic. Technological hazards make a sub-group within the anthropogen-
ic hazards. Human misjudgment, accident, negligence and/or error serve as direct
causes for malfunctions of technological origin. Human intent, however, plays
an indirect role with technological hazards, only to the extent that sociological
disasters (e.g., war, terrorism, crime, civil disorder) can also cause technological
hazards.

Showalterand Myers identify also “na-tech” events and define them as
‘natural disasters that create technological emergencies’ (1994, 169). In fact, natural
phenomena and processes (e.g., earthquakes, floods, fire) can cause technological
hazards even without reaching disastrous proportions. Nik o1 o v a (1998) has pro-
posed a typology of technological hazards in Bulgaria, which uses the characteristics:
rate of occurrence, severity of damage, affected geographic scale, and approximate
quantity of affected people, to add two more types to the “na-tech” events, discussed
above. The first type is identified as “extreme” — most unlikely to happen but with
potentially catastrophic consequences (p. 40). Nuclear power production accidents
immediately stand out as an example in this hazard category, due to their exception-
ally large-scale and long term effects. The second type of technological hazards is
descriptively defined as more frequent, ’regional or local in character, and affecting
a limited number of people” (Nik ol o va, 1998, 40).

A critical analysis of this typology shows that technological hazards are classi-
fied according to different characteristics. In the case of the “na-tech” hazards, the
employed criterion concerns the origin of the phenomenon or process, while “fre-
quency of occurrence” and “severity of damage” are the leading features in the “ex-
treme” hazards category. In the “more frequent” category of hazards, the severity of
damage is only limited to the number of people, while environmental or property
damage are not taken into consideration. Finally, geographic scale appears as crite-
rion only in one of Nikolova’s types of technological hazards, while it is apparently
quite relevant for them all.

Further theoretical work on the typology and, particularly, the classification of
technological hazards has to necessarily include their quantitative characteristics.
Risk assessment and forecasting are, in fact, not only very useful criteria for hazard
typologization, but also absolutely necessary to the practice of hazard mitigation.
Nevertheless, they have received inadequate attention so far.
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CLASSIFICATION OF THE WEST BULGARIAN MUNICIPALITIES ALONG
THE DANUBE RIVER ACCORDING TO CHARACTERISTICS OF THEIR
TECHNOLOGICAL HAZARD SOURCES AND DEGREES OF RISK

To contribute to the typologization and classification of technological hazards,
this paper examines hazard sources at the municipality level. Due to their importance
for transnational disaster prevention and mitigation, ten administrative units along
the western Bulgarian section of the Danube River, the state border with Romania,
have been selected for study. The study area is slightly larger than 4 thousand km?
with a total population of about 190 thousand people which live in 138 settlements,
including 11 towns (Table 1). More detailed demographic and socio-economic analy-
sis of the area can be foundinBalteanu etal. (2013).

Table 1

Main Demographic and Technological Hazards and Risks Characteristics
of the West Bulgarian Municipalities along the Danube River

Municipality | Area | % of | Population % of  |Population|Settlements | Settlements
in | Area| Number |Population| Density | Number per
km? in per km? 100 km?
thousands
(2011)

Vidin 518 | 13 63 33 122 34 7
Lom 319 8 28 15 88 10 3
Dimovo 409 | 10 6 3 16 23 6
Mgr%lyr)l(?lia 663 | 16 | 20 11 30 16 2
Nikopol 417 | 10 9 5 22 14 3
Mizia 201 5 8 4 38 6 3
Oryahovo 324 8 12 6 36 7 2
Kozlodui 288 7 21 11 74 5 2
Valchedrum | 433 | 11 10 5 23 11 2
Gulyantsi 459 | 11 12 6 27 12 3
TOTAL 4031 | 100 190 100 - 138 -

AVERAGE | 403 - 19 - 48 14 3.5

This paper analyzes publicly available annual data about the potential techno-
logical hazard sources and risks by municipality and technological activity provided
by the Regional Inspectorates to the Ministry of Environment and Waters in Mon-
tana, Vratsa, and Pleven that control and monitor ambient air, water, and land, as well
as the Regional Inspectorate for Protection and Control of Public Health to the Min-
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istry of Public Health in Vidin (Tables 2to 4) (PeruonauneH .., Monrana, 2012;
Peruownamnen.., Bpana, 2012; PeruonaneH.., [lnesen, 2012; Togum e n
.»2013; AkxTtyanusupat.., 2013). According to the 2012, amended in 2014,
Ordinance, other government bodies, that are responsible for the analysis and assess-
ment of disaster risk and implementing the ordinance, are the General Directorate for
Fire Protection and Civil Defense to Ministry of the Interior, the Ministry of Regional
Development, the Nuclear Regulatory Agency, and the Ministry of Agriculture and
Foods (Hap e 16 a..., 2012). Unfortunately, their publicly available databases lack
data on municipal level. Institutional capacity to produce the necessary information

on a regular basis also seems lacking.

Table 2

Sources of Technological Hazards in the “High Risk” Municipalities’ Class by Settlement,

Type of Sector and Degree of Risk

Settlement Type Technologic Activity Type/ Hazard Source | Degree
and Name Number of Units Sector of Risk
City of Vidin — Non-hazardous Cinder Depot Secondary High
Thermal Power Plant Coal-burning Energy Production Sector
City of Vidin — (Kozya Municipal Waste Depot Service
Garbina Locality) Sector
City of Vidin — Pneumatic Tire Manufacturing Secondary Medium
Tires Plant Sector
City of Vidin — Vidahim | Closed Industrial Waste Depot
City of Vidin — Southern | Municipal Construction Waste Service
Industrial Zone Depot Sector
City of Vidin Pump Secondary
Manufacturing Sector
Foundry/2
Construction Materials/2
Paints Manufacturing
Vehicles Dismantling Centers/3
Transport/2 Service
Dry Cleaning Sector
Petrol Terminal
Recyclables Collection Sites/7
Town of Dunavtsi Recyclables Collection Site Secondary
Village of Pokraina Vegetable Oil Refining Sector
Village of Novoseltsi Tire Regeneration
Village of Koshava Gypsum Quarrying and Primary and
Production of Construction Secondary
Materials Sectors
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City of Vidin

Sand Quarrying in the Danube

Primary Sector

River
Limestone Quarrying and Primary and
Asphalt Production/3 Secondary
Sector
Municipal Herb Processing Secondary
Centers/7 Sector

Electronic Components/2

Milk Products

Furniture Production/3

Socks Production

Food Processing/3

Meat Processing/2

Grain Mills and Bread Production

Refrigerators and Air
Conditioners Repairs

Gas Station/3

Paints Trading/3

Non-hazardous Industrial Solid
Waste Depot

Municipal Waste Dumps About to
be Closed

Coal Packaging

Wine Making and Trade

Hospital

Service Sector

Village of Novoseltsi

Pig Farm

Primary Sector

Village of Zheglitsa Liquid Chemicals Waste Storage | Service Sector
Village of Negovanovtsi Agricultural Production Primary Sector
Village of Antimovo Grain Mill Secondary
Sector
Town of Dunavtsi Meat Processing Secondary
Sector
Grain Mill Secondary
Sector
Village of Koshava Reclamation of Gypsum Quarries | Service Sector
Village of Slanotrun Tire Recycling Secondary
Sector
Village of Gradets Fishery Primary Sector

Low
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Town of Lom

Pesticide Storage Facility

Primary Sector

Metal Pellets Production

Secondary
Sector

High

Brewery

Military Goods Production

Metals Processing Plant

Recyclables Processing/5

Vehicles Dismantling Center/2

Secondary
Sector

Port Facility

Service Sector

Medium

Limestone Quarry/2

Primary Sector

Bread Production

Electrical Components Produc-
tion

Meat Processing Plant/2

Milk Processing Plant

Foundry

Winery

Clothes Production

Fork Lift Trucks Production and
Service

Pipe Production

Convectors Production

Herbs Processing Facilities/3

Soft Drinks Production

Secondary Sec-
tor

Sewage System

Wholesale Paint Trading Busi-
ness/3

Household Waste Depot

Waste Depot to be Closed

Hospital

Non-hazardous Waste Storage

Service Sector

Low

4 TIpoGnemu Ha reorpadusta, 1-2/2014 .
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Village of Dobri Dol Stock Breeding Primary Sector
Village of Staliiska Construction Materials Secondary
Mabhala Production Sector
Village of Kovachitsa Liquid Waste Depot Service Sector
Pesticide Storage Depot Primary Sector | High
.. . Primary and
Municipal Herb Processing
Secondary
Centers/11 Sector
Medium
Town of Dimovo Metals Processing Secondary
Sector
Household Waste Depot
Gas Station Service Sector
Sewage System
Grain Mills Secondary
Sector
i L
Village of Archar Sewage System ow
Service Sector
Gas Station
Village of Bela Metals Processing Secondary
Sector
Village of Oreshets . .
Station Limestone Quarry Primary Sector
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Table 3

Sources of Technological Hazards in the “Medium Risk” Municipalities’ Class by Settlement,
Type of Sector and Degree of Risk (The degree of risk for the Dolna Mitropolia and Nikopol

Municipality is assigned by the author on the basis of identical technological activities)

Settlement Type and Technologic Activity Type/ Hazard Degree
Name Number of Units Source Sector of Risk
Town of Dolna Vegetable Oil Production
Mi T - Secondary Sector .
ltropolia Sugar Production Medium
Village of Gorna Poultry Farm Primary Sector
Mitropolia
Village of Komarevo Construction and Household Service Sector
Waste Depot
Village of Baikal
Furniture Production Secondary Sector
Town of Trastenik
Gas Station/2 )
- - Service Sector
Village of Bozhuritsa Sewage System
Low
Village of Komarevo Meat Processing Secondary Sector
Stock Breeding Primary Sector
Village of Krushovene Gas Station )
Liquid Chemicals Service Sector
Waste Storage
Village of Orehovitsa Clay Quarrying Primary Sector
Paper Production Secondary Sector
No Water Purification and . Medium
Service Sector
Sewage System
Town of Nikopol — -
Liquid Chemicals Primary Sector
Waste Storage Y Low
Hospital Service Sector
Batteries and Cleaning Secondary Sector .
Products Plant Medium
Village of Muselievo Fruit Distillery Secondary Sector
Construction and Household Service Sector
Waste Depot
Village of Batsova Mahala Stock Breeding Primary Sector Low
Village of Novachene Meat Processing Secondary Sector
Village of Dragash . .
Voivoda Milk Processing Secondary Sector

51




Town of Oryahovo

Regional Non-hazardous
Waste Depot

Service Sector

Paper Production Installation | Secondary Sector
Medium
Poultry Breeding Installation Primary Sector
- Plastic Processing
Town of Mizia Secondary Sector
Wood Processing
Closed Household . Low
Waste Storage Service Sector
. . Water Power Production
Village of Sofronievo Plant/2 Secondary Sector
Medium

Metal Processing, Spare Parts
Production/2

Recyclables Collection Site/2

Secondary Sector

Hospital

Ferry Port

Closed Household
Waste Depot

Municipal Sewage System

Gas Station

Service Sector

Village of Selanovtsi

Wine Making

Crude Oil and Natural Gas
Drilling and Pumping

Village of Leskovets

Wine Making

Crude Oil and Natural Gas
Drilling and Pumping

Primary Sector

Low

Town of Kozlodui

Poultry Breeding Installation

Primary Sector

Medium

Auto Repairs

Dry Cleaning

Gas Station/4

Radioactive Waste Storage

Closed Household
Waste Storage

Service Sector

Construction Materials
Production

Village of Butan

Secondary Sector

Low
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Table 4

Sources of Technological Hazards in the “Low Risk” Municipalities’ Class by Settlement,
Type of Sector and Degree of Risk (The degree of risk for the Gulyantsi Municipality
is assigned by the author on the basis of identical technological activities)

Settlement Type Technologic Activity Type/Number Hazard Degree
and Name of Units Source of Risk
Sector
Herbs Processing Facilities/3
Construction Materials Production Secondary
. . Sector
Town of Valchedrum Tire Regeneration
Recyclables Processing/2 Low
Sewage System Reconstruction
Gas Stations/2 Sservme
ector
Village of Zlatia Liquid Waste Depot
Stock Breeding/2 Famary
ector
Town of Gulyantsi Liquid Chemicals Waste Storage
Refrigerators Repairs )
- - Service L
Refrigeration Storage Sector ow
. . . Construction and Household
Village of Milkovitsa Waste Depot
) . Primary
Village of Kreta Clay Quarrying Sector

On the basis of analysis and assessment of the above data and documents, as
well as the author’s own field work in the study area, the selected municipalities have
been separated in three classes, according to the degree of risk that the potential tech-
nological hazard sources on their territory present (Table 5).

The “high risk” class of municipalities contains the municipalities of Vidin and
Dimovo from the Oblast of Vidin and Lom from the Oblast of Montana. The larg-
est in population Municipality of Vidin concentrates the highest number — a total of
73 — of the potential hazard sources in the studied area (38% of the total number). To
complicate the situation even further, only 13 of the above mentioned hazard sources
are located outside the city limits. The geographic distribution of the hazard sources
overlaps with the most densely populated area (122 people per km2). Thus, not only
the Vidin Municipality, but particularly the City of Vidin itself, is identified as the
most dangerous technological hazard “hot spot” of the study area.

The Vidin municipality contains a disproportionately large share (50%) of high
risk potential polluters and in the medium risk potential polluters (45%). While the
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Table 5
Hazard Sources and Risk Indicators by Municipality

Municipality | Hazard | % of Number of Sources Number | Number
Sources | Hazard by Degree of Risk of of
Number | Sources High| % |Medium| % | Low| % Hazard | Hazard
Risk Risk Risk Sources | Sources
is is is per per
100 km? | Thousand
People
Vidin 72 36 3 | 50 27 45 | 42 | 31 14 1
Lom 30 15 2 | 34 11 18| 17 | 13 9 1
Dimovo 32 16 1 16 12 20 19 | 14 8 5
Dolna 15 7 0 0 3 5 121 9 2 1
Mitropolia
Nikopol 11 5 0 0 3 5 8 6 3 1
Mizia 6 3 0 0 2 3 4 3 3 1
Oryahovo 11 5 0 0 1 2 10 7 3 1
Kozlodui 7 3 0 0 1 2 6 4 2 0
Valchedrum 11 5 0 0 0 0 11 8 3 1
Gulyantsi 7 3 0 0 0 0 7 5 2 1
TOTAL 202 100 6 |100 60 100| 136 | 100 5 1
AVERAGE 20 - 06 | — 6 - | 14 | - 5 1

actual number of the high risk polluters is not large, all three of them are located in
the city: the coal-burning “Vidin” Thermal Power Plant, its cinder waste depot, and
the Municipal Waste Depot (Table 2).

The vast majority of the 27 medium risk potential polluters in the Vidin Mu-
nicipality are also situated in the city. The other locations in this municipality which
have potential polluters from the same risk category, are the town of Dunavtsi and
three villages: Pokraina (vegetable oil refinery), Koshava (gypsum quarrying and
production of construction materials), and Novoseltsi (a tire regeneration plant). The
potential polluter sources in this category in Vidin are concentrated in the following
processing sector economic activities: construction materials production, vehicles
dismantling centers, foundries, paints manufacturing, pumps manufacturing, as well
as a closed industrial waste depot. Some medium risk polluters belong to service
sector activities: seven recyclables collection sites, petrol terminal, dry cleaning, two
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transport companies, and a municipal construction waste depot. Notably, the number
of vehicle dismantling and metal collection sites, as well as waste depots of different
kind, is relatively high.

Potential low risk hazard sources are monitored in the City of Vidin, Town of
Dunavtsi and following villages: Novoseltsi, Koshava, Zheglitsa, Negovanovtsi, An-
timovo, Slanotrun, and Gradets. The first four settlements feature both medium and
low risk hazard sources (Table 2). The majority of the low risk technological haz-
ard sources in Vidin Municipality are concentrated in the secondary and, to a lesser
degree, the tertiary economic sector (Table 2). The greater part of the companies
process agricultural, forestry, fishing, mining and quarrying products. A significant
problem in the municipality is the relatively high number of waste depots. Accord-
ing to NSI data for 2009, Vidin has 10 landfills located on 68 acres. Several landfills
have exhausted their capacity completely and the vast majority of them have control
problems (AkTyanu3upaH.., 2013). In addition to the economic sectors, public
and private transport and combustion installations are also among the most important
hazard sources in the municipality. The City of Vidin reports one of the highest maxi-
mum daily average concentrations of particulate matter (PM10) in the country, com-
parable to the traditional problem areas in Sofia and Pernik (Akryanusupan 2013).
The projected heavy traffic, expected to result from the new Danube River Bridge
between Vidin and Calafat, is likely to produce yet another hazard source related to
ambient air and the acoustic environment pollution.

The integrated risk analysis and evaluation of the technological activities’ char-
acteristics for all risk categories places the Vidin municipality unequivocally at the
top of the “high risk” class of all ten studied local administrative units along the
Danube River and further proves its “hot spot” classification (Table 5). The other
two municipalities in the study area that fall within the same class are Lom (Montana
Oblast) and Dimovo (Vidin Oblast) (Table 2).

Lom Municipality, with its population of about 25 thousand people (Popula-
tion..., 2011), is second in the study area also with its 30 monitored possible sources
of technological hazards. These include two high risk potential polluters — the Metal
Pellets Production Plant and a pesticide storage facility - located in the only town in
the municipality. A total of eleven medium risk potential polluters (18% of the total for
the study area) are among the potentially hazardous activities of medium risk: brewing,
military goods production, metals processing, recyclables processing that takes place
in five locations, and vehicle dismantling (Table 1 and 2). Only one potentially hazard-
ous activity - transportation — belongs to the service sector. Similar to the case of Vidin,
all of these hazard sources are situated in the administrative center of the municipality.

The share of the low risk potential polluters in this class of municipalities is
also relatively high (13% of the total). They are also located predominantly in Lom,
but also feature in three of the villages: Dobri Dol, Staliiska Mahala and Kovachitsa.
Machine building and food industry are the main industrial activities.

Dimovo is the third and last municipality in the study area which reports a high
risk potential polluter, and is, therefore, categorized as a “high risk” class municipal-
ity. The hazard source is a pesticide storage depot, located in the largely agricultural
town. There are twelve medium risk potential hazard sources in this municipality
altogether (20% of the total in this category), most of which municipal herb process-
ing centers and a metals processing facility. Overall, a total of 32 potential hazard
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sources are monitored in this municipality of 6 000 people, 5 of which located in the
surrounding villages (Table 1). The majority of the hazards — eleven — are Municipal
Herb Processing Centers. Another significant problem in Dimovo, as well as in Vidin
municipalities is the pollution of farmland with construction and household waste.
Waste management is identified as the most important problem of environmental
preservation in Vidin Oblast (A x Tyanu3up aH .., 2013). Due to the below
average population numbers, Dimovo has an almost five times higher than average
number of hazard sources per thousand people (Table 2).

Five municipalities in the study area fall into the “medium risk” class adminis-
trative units. These are: Dolna Mitropolia and Nikopol from the Pleven Oblast, and
Mizia, Oryahovo, and Kozlodui from the Vratsa Oblast. They do not list any sources
of potential high risk technological hazards. The share of medium risk technological
hazard polluters in this municipality class is also significantly lower — 17% — com-
pared to the municipalities in the “high risk” category (83%). The number of sources
per municipality varies between 1 and 3 versus 11 to 27 in the “high risk” category
municipalities (Table 5).

The three “medium risk” technological activities in the Municipality of Dolna
Mitropolia are vegetable oil and sugar production, and a poultry farm. The munici-
pality of Nikopol monitors two such activities (batteries and cleaning products manu-
facturing), while the lack of municipal water purification and sewage system is also
considered a “medium risk” polluter. There are two medium risk potential hazard
sources in the Mizia Municipality: a paper production plant and a poultry breeding
installation. The municipalities of Oryahovo and Kozlodui list only one medium risk
potentially hazardous activity — a regional non-hazardous waste depot and a poultry
breeding installation, respectively. All “medium risk” technological activities in this
municipality category are situated in the municipal centers.

The municipalities of Kozlodui and Mizia should be regarded a special cases in
this classification, due to the location of the “Kozlodui” Nuclear Power Plant (NPP)
on their territory. Despite the fact that this type of technological activity is one of
the most regulated — internationally and nationally — the NPP certainly represents a
potential hazard source and this author has done extensive field and theoretical work
on the degree of risk it presents. Neither the data, nor the evaluation criteria and
methods, however, are comparable with the data that this particular study uses and for
those reasons, this hazard source and, respectively, the Kozlodui and Mizia munici-
palities at the very least, are reserved here for potential reclassification.

The low risk activities that the Regional Inspectorates monitor in the five munici-
palities in the “middle risk” class vary between 4 and 12. These numbers figure below
the average per municipality (14) and significantly lower than the potentially hazard-
ous technological systems in the “high risk” municipalities (17 to 42 per municipality)
(Table 5). Multiple loosely controlled construction, household, and liquid waste depots
and recyclables collection sites present ecological hazards across these municipalities
too. Gas stations and small water power production plants are monitored as potential
hazards. Small scale technological units that produce and process agricultural goods,
metals, plastic, and wood contribute to the most common hazards’ list. The primary sec-
tor features with clay quarrying and crude oil and natural gas drilling (Table 3).

Only two, out of the ten studied municipalities along the Danube River, fall in
the “low risk” municipalities’ class: Valchedrum (Montana Oblast) and Gulyantsi
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(Pleven Oblast). No reported high and medium risk technological activities are situ-
ated on their territory. With a total of 18 potential hazard sources, they fall below the
average number and generally hold 8% of the total and 12% of the “low risk” sources
of technological hazards. The most common technological units and activities that
are monitored as potentially hazardous belong to the service sector (gas stations,
sewage system reconstruction, construction, household, and liquid waste depots, re-
frigeration storage and repairs). The primary sector hazardous activities include stock
breeding and clay quarrying.

In summary, the three municipalities that belong to the “high risk” class — Vidin,
Lom, and Dimovo — take up only 31% of the study area and are situated in its west-
ernmost part (Fig. 1).

These municipalities stand out among the rest by the number of hazard sources
per 100 km2 of their area: the average number of hazard sources for the study area per
100 km2 is 5, while their numbers vary from 8 for Dimovo to 14 for Vidin (Table 5).
The three municipalities together concentrate a 100% (a total of 6) of the high risk,
85% (a total of 50) medium risk and 58% (78) of the low risk potential technological
hazard sources in the study area (Table 1 and 5). In addition to that, all of the high
risk and the vast majority of the medium risk potential hazards are situated in the
municipal administrative centers, which raise the degree of concentration of techno-
logical hazard sources even more. Unfortunately, these municipalities also make up
the largest population and economy concentration in the study area (51% of the total
population) and, except for Dimovo, make the most densely populated region. These
circumstances expose a comparatively larger number of people to higher risk of tech-

Fig. 1. Classification of the Municipalities According to Degree of Risk
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nological hazards, therefore raising these municipalities’ vulnerability or “potential
forloss” (Cutter, 1996, 529). This influence, however, is not one-directional: these
municipalities enjoy comparatively more favorable economic and politico-geograph-
ic, including administrative positions, which simultaneously act towards decreasing
the municipalities’ vulnerability.

The established concentration of hazard sources at the same time territorially
limits the exposure of the geographic space of the studied area, including the ma-
jority of the settlements, to higher technological risk. As one moves eastward and
downstream along the Danube, the technological hazards’ degree of risk sharply di-
minishes. Municipalities from the “medium” and “low risk” classes take the eastern,
twice larger, part of the studied region (Fig. 1).

This research is very much along the lines of Cutter’s (1996) conceptual model
of vulnerability: “the hazards of place” (529). The actual benefit that makes this clas-
sification of the municipalities practical is to demonstrate the importance of geo-
graphic analysis, assessment, and forecasting for hazard mitigation and disaster pre-
vention planning. The proposed approach to the organization and presentation of the
necessary geographic information for this purpose is the systems approach.

HAZARD MITIGATION GIS: A THEORETICAL MODEL

Analysis of topical research and safety regulations in the nuclear power industry
(Cutter,1996;INES,2008;Combined, 2007;Site,2003; External...,
2002; Dispersion..,2002; Standard..,1978;Canurtapusbe..,2013;
3akoH..20I2;Hapenba..,2012a; 2012b;[IlocTtanoBaeHHE ..., 2012;
Hapen6a.., 2004a; 2004b; 2004c; 2004d) leads to identification of two mutu-
ally supporting hazard mitigation strategies, in which the geographic perspective and
GIS-aided analysis and assessment are instrumental. Ultimately, the main goals in
both instances are selection of the safest possible site for the respective technological
system and minimization of possible disaster damages. For that purpose, regulations
categorize hazard sources in two types — external and internal — in respect to the
technological site (Hap e 16 a ..., 2004a). The differentiating criterion is sources’
location and, therefore, the directions of their influences.

The first strategy emphasizes prevention, i.e., site selection that will minimize the
effects of “external” hazards of any type. The proposed list of external hazards, which
should be assessed under nuclear power regulation ordinances, includes the following:

— Extreme weather conditions;

— Earthquakes;

— External flooding;

— Aircraft crashes;

— Industrial activities and transportation in the vicinity of the site;

— Sabotage and subversion;

— Electromagnetic fields (Hap e n 6 a..., 2004a, Art.13).

The second strategy of hazard mitigation, in which geography plays a vital role,
stresses site protection and emergency civil defense planning. In this instance, the
ordinance (Hapen6 a ..., 2004a, Art.12, 4) requires the assessment of hazards that
are “internal” to the technological system’s site. These include:
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— Forces induced by the destruction of pipelines under high pressure, like jet
forces and pipe whipping;

— Internal flooding and flooding caused by leaks or breaks in piping, pumps and
valves;

— Impacts from flying objects caused by the failure of components;

— Load drop;

— Internal explosions;

— Fires.

The categorization above is neither absolute, not it is comprehensive. Neverthe-
less, its principles can adequately serve the purpose of conceptualization of a theo-
retical model of Hazard Mitigation GIS.

The results from the analysis and assessment of the regulations and NPP site
selection research focused on hazard mitigation (the nuclear industry is the most
heavily regulated — nationally and worldwide), as well as the study of the western
municipalities along the Bulgarian sector of the Danube River, show that the con-
ceptualization of hazard mitigation as a system leads to a theoretical model, which
includes the following elements:

a) Source(s) of Hazards, including particular constructions and technologies
sites, i.e., technological hazard sources (Fig.2);

b) Region(s) of Impact (Fig. 3), which vary in every occurrence and are de-
pendent on the particular type of hazard. Objects of monitoring and investigation in
this case are areas with higher temporary or permanent human population density
and animal farms, and include the social infrastructure (education, health, social and
other facilities, recreation, sports and social events locations, markets, bus stations),
economic facilities, administrative offices. This part of the research focuses on the
vulnerability of places and its geographic results take the shape of regions of various

Earthquake
Source (Impact
Region)

Transport Explosion
(Impact Region)

Flooding Source

Constructions/ .
(Impact Region)

Technologies Site

Fire Source
(Impact
Region)

Fig. 2. External Hazard Sources and their Impact Regions
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Power Failure Release
Impact(s) Region

Toxic Liquid Release
Impact(s) Region

Explosion Impact(s) Region

Radiation Release
Impact Region

Constructions/
Technologies
Site

Fig. 3. Internal Hazards and their Impact Regions

vulnerability. It strongly relates to emergency planning — a Sth level organizational
hazard mitigation measure (Hape n6a ..., 2012) — that requires extensive use of up
to date, high quality geo-data.

The interrelations and interdependence among the hazards’ sources and their
impact(s) regions, including the dynamic characteristics of the geographic space in-
volved, define the system’s structure. The main functions of Hazard Mitigation GIS
are to support the establishment of up to date protection and monitoring zones and
all real time planning and control functions of a knowledge-based hazard mitigation
management system. For this purpose, the geographic aspect of hazard mitigation
requires regular monitoring, data updating, analysis, assessment, and forecasting of
the individual elements’ qualitative and quantitative characteristics, as well as adapt-
ing the structure of the modeled geo-spatial system to mirror the real world geospatial
relations between hazard sources and their areas of impact(s).

CONCLUSION

All the “high risk” and the overwhelming majority of the “medium risk” techno-
logical hazards sources in the studied area are territorially highly concentrated in the
administrative centers of the municipalities that are part of or geographically close to
the population and economic hub of the Oblast (Vidin), the only Oblast center in the
study area situated on the Danube River. This raises the exposure of a comparatively
larger number of people, social economic infrastructure, and makes hazard mitigation
a vital public activity. Nevertheless, hazards research and, in particular, risk assess-
ment and forecasting, receive insufficient attention, which is partly due to the inad-
equate capacity of public institutions to gather the necessary data.
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The geographic perspective on technological hazards, in terms of both source
and impact regions’ analysis, assessment, and forecasting, can significantly con-
tribute to the theory and practice of hazard mitigation and disaster prevention. This
includes the design of Hazard Mitigation GIS, which should be modeled after the
elements and the structure of the actual geographic system and support all real time
planning and control functions. Nuclear power production, one of the best interna-
tionally regulated industries in safety protection and hazards mitigation, can serve as
a methodological example in hazard mitigation and disaster prevention.
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TEXHOJIOTUYHUTE OITACHOCTHU U TAXHOTO CMEKYABAHE:
I'EOI'PA®CKU TTIOTJIE]

b. Kynos

(PezrmmMme)

HacrosmoTo m3cienBaHe wMa 3a 1ed Jla AEMOHCTPUpPA IMOTEHIMANa Ha Teo-
rpadckara Hayka 3a U3y4aBaHe HA TEXHOJOTMYHHTE OTIACHOCTH W TOJIOMaraHe Ha
JIEHHOCTHUTE TI0 TAXHOTO CMEKJIaBaHe. V3Mmon3Bad € KpUTHYCH reorpa)CKu aHalu3 U
onenka Ha nokymeHTH Ha EC, Komucusra 3a snpeno perymupane va CALLl n Mex-
JTyHapoaHaTa areHius 3a aromHa eneprusi (MAAE), kakto u Obirapcka abpkaBHa,
pernoHanHa ¥ OOIMIMHCKA JOKyMeHTanusa u 0a3u naHau. [IpoBenena e nerainHa Te-
penHa padora Ha MecTHO HIBO B CeBeposanaana bearapus. PerynaruBHara pamka u
NPaKTUKUTE 32 HaMaJIsIBaHEe Ha PHCKa, U3MOJI3BAHU B SpeHATa SHEPTeTHKA, CITyKar
KaTo METOJIMYeCcKa OCHOBA.

Ha 6a3ara na XapaKTECPUCTUKUTEC HA U3TOYHUIIUTC HA TCXHOJIOTUYHA OITACHOCT U
CTEIIEHUTE Ha PHUCK, KOWTO Te MPEJICTABIISABAT, € HAlpaBeHa KIIacU(pHUKAIUS Ha JieceT
0o0muHY 10 TopeureTo Ha p. JlyHas. Pesynrarure mokaspar, ue B U3cleABaHATa 30HA
M3TOYHHIINTE HA OMACHOCTH C ,,BUCOK"* M TIpeolIagaBaiara 9acT oT Te3H ChC ,,cpe-
JIeH" PUCK ca KOHLEHTPUPAHU B aIMUHUCTPATUBHUTE LICHTPOBE CaMO Ha €JHa TpeTa
OT M3clieBaHUTEe OONMHU. Ta3u CHUITHA TEPUTOPHATTHA KOHIICHTPAIUS TOBHIIIABA Be-
POSITHOCTTA OT HETaTUBHO Bb3ICHCTBUE BbPXY CPABHUTENIHO IO-TOJISIM Opoii xopa,
CEJICKOCTOIIAaHCKU JKUBOTHHU, BbPXY COLIMAIHATA U UKOHOMUYECKaTa UH(PACTPYKTY-
pa U paBu CMEKYaBAHETO HA TEXHOJOIMYHUTE OIACHOCTHU JKU3HEHO BaXKHA OOIIECT-
BeHa JieiiHocT. HanpaBeHuTe U3BOAM ce HAMUPAT B IPOTUBOPEUHE C HEIOCTAThYHO-
TO BHUMAaHUE, KOETO HAyYHUTE U3CJIEABAHUS U, B YACTHOCT, reorpad)ckara oOLeHKa U
IIPOTHO3MPAHE Ha TE€3U ONACHOCTH Ioy4yaBar B bbiarapus. OTuacTtu ToBa ce IbIDKU
Ha HEJOCTaThYHUS KallalUTET Ha IIyOJMYHUTE HHCTUTYLMH 332 MOHUTOPHUHI, OCUTY-
psIBaHE U MOAXOAIIO IPEACTaBsIHE HA HEOOX0qUMHUTE AaHHU. M3caenBaneTo mpeasa-
ra koutenTyaneH moaen Ha ['IC, xotiTo 61 OMI B TTOMOII] HA TEOPHUATA U ITPAKTHKATA
Ha CMEKYaBaHE HA ONACHOCTHUTE U ABAPUIHOTO IUIAHUPAHE.
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Nikolai Dobrev, Boyko Berov, Plamen Ivanov, Miroslav Krastanov,
Aleksey Benderev, Boyka Mihalkova

Keywords: landslides, seismogravitational phenomena, Bulgarian Danube river bank

INTRODUCTION

Bulgarian Danube river bank has a length of 467.8 km. There are located 11
towns and over 20 villages, large industrial, energy and irrigation systems. At the
same time, a large part of the shore is covered by landslides, which cause consider-
able damage to the real estates, communications, facilities and fertile lands (D e m
irev etal, 1981; Angelov etal, 1983). Mostly affected part is western one
- a strip of 200 km from Tsar Simeonovo Village (Vidin region) to Nikopol Town.
Catastrophic landslides often occur in this region and the consequences of which are
heavier and counteramesures are more difficult and more expensive.

The characteristic features of catastrophic landslides are: speed of movement of
earth in the active stage of landslide processes ranging from few cm per 24 h to few
meters per minute; total change of field configuration after landslide action with the
formation of typical landslide relief forms — steps, small hills, reverse slope incli-
nations at some parts, depressions, ponds, wide cracks, landslide shafts; significant
landslide masses moving down the slope reaching tens of meters; serious damages or
complete destruction of buildings, roads, disruption of communications and others.

GEOLOGY AND GEOMORPHOLOGY

The Danubian plain is characterized by plain-hilly relief, genetically and spatially
predetermined by the structural geological base of the Moesian plate, mainly as a result
of the negative development of the western part of the Moesian superstructure plate
and the slight positive development of its eastern part during the Neogene-Quaternary.
The research area, Calafat-Vidin — Turnu Magurele-Nikopol sector, is situated entirely
within the western part of the Danubian plain, defined as Lom Depression.
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Lom Depression is built mainly of Neogene sediments and is characterized in
geomorphological aspect by slightly hilly, almost plain relief and well expressed
asymmetric river valleys (Table 1). The Danube river have steep right and inclined
left slopes. Vast watershed areas with an altitude of 100—-150 m predominate.

The geology of area is characteristic by Neogene and Quaternary formations.

The Neogene sediments are represented by Furen, Byala Slatina and Brusartsi
Formations. Furen Formation (Koyumdzhieva, Popov, 1988) is developed in
the eastern part of research area and it is well known from outcrops in the valleys
of the rivers Danube, Skat and Ogosta. It is represented by oolitic, sandy, detritic,
shellfish and other calcareous clays and sand layers. Its thickness reaches 40 to 50 m.

The Byala Slatina Formation is developed east of Ogosta River. This formation
is represented by yellow sands with variable particle size, conglomerate lenses and
layers from aleurites and aleuritic clays. The greatest thickness of 143 m is observed
in Oryahovo, and eastward it decreases to 40-50 m.

The Brusartsi Formation is presented by grey-greenish sandy clays. In the upper
parts there are sand layers, and at lower parts there are lignite coal layers. Their total
thickness is 50-70 m, the age is assumed to be Dacian-Romanian.

Quaternary system is represented by formations with a different genesis that
are related to Eopleistocene, Pleistocene and Holocene age. The eolic formations of
Pleistocene have relation to landslide phenomena

The eolic formations treat loess complex in the area are widespread and sub-
stantial thickness. The transition between them is gradual. Loess has a specific beige-
yellowish to grayey-yellowish coloration with fine-grained, porous, chalky in vary-
ing degrees, with clayey-silty content. Porous texture of the loess sets a good water
permeability in the vertical direction and pronounced sectility, in the same direction.
Consequently, in loess, numerous vertical walls are formed near the banks of the
Danube between Kozloduy and Oryahovo.

A characteristic feature of loess is its ability to collapse and reduces the volume
when it is water saturated. The types of loess in research area is mainly sandy and
typical. Sandy loess is seen as a very narrow strip, 2-3 km wide, along the Danube
River, between Kozloduy and Oryahovo.

Paleosoil horizons are more or less dark brown to reddish brown humus soil, with
modified and cleyey weathering horizons among loess. Loess complex has a thickness
of 40 m near Kozloduy to 120 m in the east Oryahovo, which consists of seven and six
loess paleosoil horizons (Yaranov, 1956; Mink o v, 1968, and others).

LANDSLIDE PROBLEM

The most favorable conditions for geological-geomorphological considerations
arise where there are landslides in the geological profile having significant quantities
of clay, clayey or weak layers, slightly sloping to the Danube river. Landslide move-
ments occur mostly in these geological strata. The other sediments as sands, marls,
clayey and sandy loess complex are involved in landslide process with their geologi-
cal load that create slip surface.

At least 21 catastrophic landslides have occurred in the last 50 years along the
Bulgarian Danube river bank (Table 1). Concentration of high-speed landslides is

5 Ipobnemu Ha reorpadusira, 1-2/2014 1. 65



within Lom depression - between the towns of Dunavtsi and Oryahovo, near Tutrakan
and Nikopol (Luk an o v, 1979). The western part of the coast is dominated by active
landslides with a volume of over 1 million cubic meters.

The distribution of catastrophic landslides is not constant in time. There is a cer-
tain cycle, which is more pronounced in landslides with a larger scope — the depth of
the slip surface h>20 m and volume V>1 million m®. There are activations every 6-8
years — in 1972, the period 1978-1980, 1988 and 1991 suddenly shallow landslides
and smaller volume occur relatively frequently —usually every 1 year. Predisposing to
this type of landslides in the hills and have half of Danube bank: mainly at Oryahovo
and Nikopol. Shallow earth-flow type landslides with low speeds occur almost every
year in Oryahovo. According to seasonal distribution, shallow catastrophic landslides
trigger usually in the periods March-April and October-November, when the main role
is played by the spring and autumn rains (Bruchev, Frangov, 2000; Berov et
al., 2002; Bruchev etal., 20006).

The higher number of landslides in the March-April compared to autumn pe-
riod is associated with an additional influence of snowmelt, as well as technogenic
waters from constantly flowing taps during the winter period. In deep-seated cata-
strophic landslides, time of occurrence varies in a wide range — from February to May
and from October to December. Their distribution by month is almost uniformly — it
shows that the reasons for their occurrence are related not only to flood the slope and
is the result of the combined influence of various factors.

The most common causes activation of deep earthquakes and landslides have
penetrated the body of the landslide rainfall and technogenic waters. Coastal erosion
has great influence on the landslide in Boruna quarter, Lom Town. Other deep land-
slides are separated by 2—3 km away from the river and virtually no erosion affects
them. In shallow catastrophic landslides also play a major role in their storage and
artificial rainfall waters. River erosion driven mostly shallow landslides in the areas
closest to the nut. Deep erosion has a significant impact on landslides in Oryahovo,
Ostrov and Nikopol.

Fig. 1. Landslide distribution map of research area
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CURRENT STATE OF LANDSLIDE ACTIVITY

Landslides in Lom area

In 2012-2013, landslide movements have been established at many places along
the road Lom-Archar with subsiding of some section, which is a sign of ongoing
landslide activity. The mayor of the village of Dobri Dol has shown a new formed
fresh crack in the ceiling of the building indicating recent activity. To the west direc-
tion, landslide is still active almost to the village Archar. The neighboring landslides
can be characterized as potential.

Potentially unstable slope is located in the western part of the Lom Town (infor-
mation from Lom Mayoralty.

Few landslides affect the villages Botevo and Tsar Simeonovo westward from
Dobri Dol Village. They are developed in gentle slope not exceeding 5° to Danube
River. Slight creep movements are noticed at Tsar Simeonovo Village at the east-
ern part of the village. Movements are associated with fluctuations in the shallow
groundwater table and the poor condition of the drainage system.

Landslides in Gorni Tsibar area

Landslide strip covers the right bank of Tsibritsa River at its lower course
and slope above Gorni Tsibar Village. This is the most active part of the landslide
in this sector. Continuing activity of this landslide is demonstrated by the defor-
mations affecting road Lom — Kozloduy (Fig. 2). These are subsidences on the
road and fresh cracks in places that show a high risk to to be interrupted if the

Fig. 2. Deformations affecting the road Lom — Kozloduy (30.10.2013)
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movements continue. In the village, there are also observed cracks in buildings
suffered as a municipality, where, according to the mayor, cracking continues in
present days.

Landslides in Oryahovo area

The town of Oryahovo is highly affected by landsldies. In most part of houses
can be seen cracks and deformations. Most intense movements have been established
at the eastern part of Oryahovo (Figs. 3 and 4). On the road trace, fresh cracks show-
ing serious subsiding have been identified. In this part there are destroyed old houses.
The recent deformations reach the ferry port. There is a marshland between the road
and the Danube river, which indicates that landslide is deep seated and the slip sur-
face extends almost to the level of the river. Active landslide section has been es-
tablished at Zelena Bara area, also at nearest Center for technical inspection of cars
where the cracks in retaining walls and in asphalt road are exceeding 15 cm per year
(measured for period March-November 2013).

Movements affect almost the whole section of the high bank of Danube River
from the west side of Oryahovo, reaching almost to the village of Leskovets.

In the village Leskovets traces of relic landslides have been found, i.e. without
recent movements.

Fig. 3. Retaing wall damaged by landslide movements (22.10.2012)
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Fig. 4. Deformations on the road at the Center for technical inspection of cars (07.02.2013)

Landslides in Dolni Vadin — Ostrov area

Landslide road between the villages of Ostrov and Dolni Vadin also shows
movements. The most significant are they in the northeast of the village of Ostrov and
the villages of Gorni Vadin and Dolni Vadin. Some indications for activities on the
river bank near the village of Baykal. However, observations and countermeasures
are missing in these areas.

Landslides in Somovit area

In the vicinity of Somovit Village two sectors in unstable conditions have been
established. They are located in two large bodies of huge landslide cirques, which are
in relatively stable condition (“dormant” type). But at some places fresh cracks in the
houses of the village show an activity in present days (Fig. 5).

Landslides in Nikopol area

Recent activation of landslides occurred in 2006. A landslide is located about
300 meters east of the Russian monument. This slide however was relatively shal-
low, flow type, as much of the land mass been removed. At present there are no signs
of moving, although some typical landslide geomorphological elements are clearly
distinguishable in the field (Fig.6).
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Fig. 5. Cracked house in Somovit village. The concrete slab is cut (21.10.2012)

Fig.6. Landslide damages of stadium terrain, “Shipka street” Landslide, Nikopol Town
(16.04.2013)
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SEISMICALLY ACTIVATED LANDSLIDES

As a part of the Alpine-Himalayas seismic zone, the territory of Bulgaria is
characterised by a relatively high local seismicity. In North Bulgaria, these are
the regions of Veliko Turnovo — Gorna Oryahovitsa and the Dobroudja Black
Sea coast, the Shumen district (all are outside the project area), as well as the
seismic foci in neighbouring Romania (Vrancea and Timishoara). Seismic haz-
ard in the region is mostly related to the events of Vrancea seismic zone where
earthquake hypocenters are at depths mostly from 80 to 120 km (Brank oo v,
ed., 1983). Maximum expected magnitudes do not exceed 4.0 for the almost
whole area.

Earthquakes in this zone reach the Danube river bank of Bulgaria and subject
it to macroseismic effects. This part of the territory of the country had been sub-
jected to strong historic and contemporary earthquakes causing great human losses
and destruction (Table 2, Fig. 7). A number of secondary seismogravitational phe-
nomena and deformations of the Earth’s crust are known which cause additional
destruction (I1iev, 1967; Brankov,ed., 1983; Rizzo etal., 1986; Frangov
et al., 2007).

The Vrancea earthquake (1940) (M=7.3) was felt on the whole territory of
Bulgaria. The highest degree was observed in Nikopol — VIII, and in the whole
area along the Danube the intensity was of the VII degree (Brank o v, ed., 1983).
Some landslides along the bank of the Danube (the Gorni Tsibar village, etc.) were
activated.

Table 2
The most significant earthquakes in the region
Strong Date Magni- | Max. Intensity | Consequences in the region of
earthquake tude MSK in N. Northern Bulgaria
Bulgaria

Vrancea, 01.11.1940 |73 VIII Destroyed buildings and con-

Romania structions in the towns along
the Danube river bank

Vrancea, 04.03.1977 |7.2 VI More than 100 people killed

Romania in the town of Svishtov, 3
buildings fully destroyed, a
lot of damages. The Svishtov-
Nikopol area is the most af-
fected one

Vrancea, 30.05.1990 |6.8 Vil Two people killed; cracked

Romania buildings; many rockfalls trig-
gered along the plateau scarps

72



Fig. 7. Known seismogravitational phenomena in research area (modified after Frangov et

al., 1998): a — boundaries of the regions: I — Lom depression; I — North Bulgarian rising;

ITI* — Fore-Balkan area; b — case histories (macroefects): 1 — Gorni Tsibar; 2 — Oryahovo;
3 — Gorni and Dolni Vadin; 4 — Somovit; 5 — Nikopol

Another strong earthquake with an epicenter in Vrancea occurred in 1977
(M=7,2). In the whole area along the Danube Floodplane the intensity was of the
VIII degree. Affects several damaged buildings in Vidin, Lom, Kozloduy, Oryahovo,
Nikopol and many other places, cracks in the terrain built of clay and loess sedi-
ments cracks in landslide areas in villages Gulyantsi, Shiyakovo and Lenkovo. Loess
massifs on vertical slopes collapsed under its action (to the southeast of Nikopol,
etc.), as well as many landslides triggered (Gorni Tsibar, Oryahovo, Gorni and Dolni
Vadin, Somovit, Nikopol). Only in the Oryahovo town within old landslide nearly
900 buildings are affected, 102 of which are unsuitable for habitation. The number of
affected buildings in the Somovit are 240, as unfit for habitation 40, in the Gorni and
Dolni Vadim are affected 166 buildings, 60 of which have become unusable and in
Nikopol ratio is 1087 to 144 (Brank o v, ed., 1983). As secondary seismic events
occur liquefaction and flow of water saturated clayey and sandy-clayey alluvial sedi-
ments and a series of sandy-clayey cones with a length of 2—3 m to 300 m along the
terraces of the Danube River and its major tributaries (Brank ov, ed., 1983; [liev
— Brutcheyv,ed., 1994).

DISCUSSION

Stability of the landslides is determined by the erosive effects of the Danube
River, the fluctuation of groundwater levels and surface water, earthquakes, rainfall
and technical activities. Putting the dominant factor for the occurrence of catastroph-
ic landslides is very difficult without specific multiannual observations, and in many
cases the reserve of stability of a slope is exhausted from all the relevant factors in
complex proportions and ratios.
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The preventive activity in the expression of instability on the slopes of the high
Danube banks should be directed at eliminating or reducing the effects of destabiliz-
ing factors.

Useful measures increasing slope stability are: drying of landslide slopes with
different types of drainage, avoiding saturation the land by removal the surface run-
off, sewage system construction in the settlements, checking and sealing all canals
and pressure pipes passing through or over the landslide slopes, reducing the erosive
action of the Danube River.

To avoid artificially increasing the lateral river erosion should be carefully se-
lected locations for extraction of inert materials from the river. When erosion activity
at the base of the slope is manifested, a lining from roughcast stone can be made with
a suitable, depending on the flow speed, size of individual pieces. The lining can be
turned into a buttress, which besides erosion control, there will be a static function,
helping to increase retention forces in the heel of the slope.

Should not allow an adverse change in the ratio of the active and passive forces
providing the minimum reserve of stability. Undercutting the slope to form a level
surface (for track of road) should be undertaken only after computational verification
on the factor of safety under the new conditions, respectively after the construction
of appropriate strengthening measures. Still the same purpose must not be allowed
increasing the load on the upper (active) part of the slope, for example due to deploy-
ment of the embankments, heavy construction machinery, buildings, etc. Only pre-
ventive measures will not ensure the stability of slopes and prevent the occurrence of
a catastrophic landslide, but it will help a lot in this regard. The preventive measures
on landslide slopes in combination with reliable strength constructions will be able to
solve the problem on stabilizing of the creeping slopes along the Danube shore and
preventing of catastrophic landslides.
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MPEIIEJ HA PASITIPOCTPAHEHUETO HA CBJIAYMIIATA T10
BBJIITAPCKUA JYHABCKU BPAT" MEXAY BUJIMH 11 HUKOIIOJI

H. Jlobpes, b. bepos, I1n. Heans, M. Kpvcmarnos,
A. Benoepes, b. Muxankoea

(Pe3omMme)

Hacrosmoro wuscnensaHe pasmiexia pa3slIpOCTPAHEHHUETO Ha  CBIAYUIIA-
Ta 1o Bucokusa JlyHaBcku Opsr B yuactbka oT Buamn no Huxonosn. Ilo-romsimara
YacT OT TAX €a C JBJIOOKO pa3MoIOKeHa XJIb3raresiHa MOBbPXHWHA U 00EMH Hal
1 mutH. m®. OcHOBHUTE (DAKTOPU HA CBIAYHIIHATA AKTUBHOCT Ca BAJICKHUTE, CPO3HSATA
or p. yHaB, 3emerpeceHusita oT BpaHua, PyMbHUS, KAKTO U OT TEXHOICHHU Bb3-
neiictBus. Pa3mienano e cbCTOSHMETO HA aKTUBHOCTTA Ha cBiadyumara npes 2013 .
B OCHOBHMTE CEKTOPH Ha M3ciieABaHus yuacTbk: npu Jlom, lopau L{ubsp, Opsixoso,
Octpos-Llonuu Banun, ComoBut n Huxonos. YcraHOBEHa € akTUBHOCT IPU HAKOU
OT CBJIAQUMINATa, KaTo Hall-WHTEH3UBHA € TS B paiioHa Ha rp. OpsAxXoBo, KBJIETO € U3-
MepeHa cKOpocCT oT 15 cm 3a rognHa B paiioHa Ha L{eHTbpa 32 TEXHUUECKH Ipereu.
Jpyru akTUBHH y4acTbIH ca yctaHoBeHH nipu c. 1oopu [om, c. [opan Luosp u p.
Huxomnou.
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BBJITAPCKA AKAJIEMUSI HA HAYKUTE ¢ BULGARIAN ACADEMY OF SCIENCES

I[TPOBJIEMU HA TEOTPA®USITA o 1-2 ¢« PROBLEMS OF GEOGRAPHY
Codust @ 2014 o Sofia

[MTPOITATAHE HA JIbOC MEXY
I'PAJIOBETE BJIMH 1 HUKOIIOJI

bortiko bepos, [Inamen Heanos

YBOJ

Enna oT 0CHOBHHTE TEOJIOKKH OMACHOCTH, Hape/a ChC 3€METPeCceHusITa, CBia-
YHIaTa U epo3usTa, B u3cnenBanus ydactek rno npoekta ROBUHAZ-DUN mexay
rpamoBeTe Buaua n Hukomon u mpuiiexanure oO0IUHY 10 TTopeuneTo Ha p. JlyHas,
€ CBbp3aHa C SBJIEHHETO MpomnaiaHe Ha Jb0c. Heropara mposiBa e u3ciieiBaHa oT pe-
JUIla MH)KCHEPreoJio3y, Hali-Beue CBbpP3aHu ¢ pabortara Ha OuBiiarta Jlaboparopus
1o reorexHuka Ha cinabu 3eman ocHoBH u Tepenu (JIFC30T) kem BAH. Ilenra Ha
HACTOsIIIIAaTa CTATHsI € Jia ce 0000NIAT, JOKOIKOTO € BE3MOXKHO, MHOTOOPOMHUTE H3-
CJIEIBAHMS U JIa CE TPE/ICTaBHU OIlle BEJHBXK BAKHOCTTA HA TO3M MPOOJIEM 3a palioHa
Ha TPOEKTa.

OINPEJEJIEHUE 1 OCHOBHU XAPAKTEPUCTUKU HA JIbOCA

JIbochT € Jeka mopecTa mo4ysa, oOpasyBaHa MpPU €OJIMYHOTO OTJaraHe Ha Ie-
CHWINBH, IPAXOBH U INIMHECTH Ppakuuu. Toll € OTHOCUTEIHO eAHOPOACH, CBbP3aH U
00MKHOBEHO cBeTIIOKa(dsIB 10 OexkoB Ha UBAT. JIbochT oOxBama oxosno 15% ot cyma-
ta. B brirapust e pasnpoctpaHeH MoYTH HaBCAKBAE B CEBEPHATA YaCT Ha CTpaHara v
3aema 1/11 ot Tepurtopusra.

B cberaBa My ca BrioueHu: michbk — A0 10%, mimHecTy yactuuu — okoso 14%,
U IIPAaxoBO ChAbpKaHKUE — 10 85%. B 3aBUCHUMOCT OT MPOLEHTHOTO CBHABPKAHUE HA
OCHOBHMTE KOMIIOHEHTH B ChCTaBa MY JILOCBHT C€ JeJIM OCHOBHO Ha MECHUJIUB, TH-
[UYEH U IJIMHECT, KaTo KbM T€3H OCHOBHHU BHI0OBE C€ JO0ABAT JIbOCOBUTE MSACHIHM U
JOCOBUTE IIIMHH.

Ilopecmocm — XapakTepHO CBOHCTBO Ha JIbOCA € BUCOKAaTa My o0I1a mopec-
TtocT — 40-60%. JIboChT chabpka Makpo- U Mukponopu. Karo ce mosoBasar Ha
YCIOBHETO 32 BHIAMMOCT € MpocTo oko, M m HK 0B u C 1o umo B (1965)
mpejarar 3a rpaHula MeKJIy MUKPO- U MakpoIlopH Ja ObJe npuera CTOMHOCTTa
0,1 mm. IIpu ToBa yciioBHE MOPECTOCTTA €, KAKTO CJIe/IBa: MUKPOIIOPH — C pa3Mep
no 0,1 mm, HeBUAUMU C POCTO OKO; Makpornopu — ¢ pazmep ot 0,1 1o 2,0 mm,
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BUJAUMH C MIPOCTO OKO; XOA0BE — OT 2 10 20 mm; ¥ KyXUHHU — €APU XOJ0BE U Mpa3-
HUHHU ¢ pa3Mepu Haj 20 mm.

Boooycmotuiuusocm — mbochT € BogoHeycToiuus. Toit Obp30 ce pa3MekBa U pas-
najia BbB BOJa MOPAJIX MPAXOBHsI CH ChCTAB, MAJIKOTO €CTECTBEHO BOJIHO ChIIbprKa-
HHUE U HaJIMYHeTo Ha Makponopu (¢ur. 1 — npunoxenue).

Booonponyckiusocm — NbOCOBUTE TOYBM MMAaT HAW-TOISIM KOC(HUIIMSHT Ha
(unrpanus (k) OT BCHUKH CBbP3aHU CTPOUTEIIHU MOYBH. B TbOCOBUTHUTE NSCHIN k.
eor3mo05 rn//24h B IeChWINBUS JILOC — OT 1,0 10 2,5 m/24h, B TUIIMYHUA TOC — OT
0,25 g0 0,35 m/24h, B muHectus j1poc — ot 0,18 1o 0,20 m/24h, a B 1b0cOBHIHATA
rmHa — < 0,10 m/24h (M uu ko B, EBcTaTueB, 1962a). BomonpomnyckiuBocrra
BbB BEPTHKAIHA TIOCOKAa OOMKHOBEHO € TI0-TOJIsIMa, OTKOJIKOTO B XOpU30HTalHA. Pa3-
JIMKaTa B IBETE MOCOKU € B uHTepBajia oT 10 no 20% npu nechwinBHs, TUIIMYHUS U
FJ'II/IHGCTI/ISIJ'ILOC(EBCT&TI/IGB AHrenosa,pen., 1993).

Inacmuunume ceoticmea Ha Iboca ca HUCKH. [loka3aTesaT Ha INIACTUYHOCT (I )
3a IECHYWIMBHUS IHOC € OT 5 110 8 %, 3a THIINYHUS Jb0C — 8-13 %, 3a IMHeCTHs J'ILOC
—15-19 %.

Ilponadvunocm — Ipu HaBIAXHSIBAHE JIbOCHT MPEMUHABA OT HEYILIBTHEHO B
HOPMAJTHO 3a JIaJICHO HAJIATaHe ChCTOSHUE BCJICJCTBUE HA pa3TBapsiHE Ha BPH3KH-
T€ W pa3pyllaBaHe Ha MakKporopecTara CTpykTypa. ToBa € ChIIPOBOJCHO C psi3Ka
3ary0a Ha SSIKOCTHU CBOMCTBA, HAaMaJIsIBAHE Ha TIOPECTOCTTAa U OBbP30 pa3BUBAIIM CC
nedopmanuu Ha YIDTbTHEHHME — npomnajaane. [IpomanaHero Ha Jiboca MOXE Ja ce
ompenenu:

— KocBeHo — kocBeHHUTE MOKa3aTelH JaBaT KayeCTBeHA IIPE/ICTaBa 3a Mporajby-
Hoctra. Te ca ocHOBaHM Ha MOPECTOCTTA U €CTECTBEHOTO BOAHO ChabpKanue (W)
Ha nboca. JIboChT ce cuuTa 3a MponaJbyeH, Koraro 00eMbT Ha MAKpPOIIOPHUTE (1, ) €
noBeue ot 1 %. [Iponaganero ce oreHsIBa ¢ OTHOCUTEIHOTO MPOIAJaHe MPU TeOI0XK-
KH TOBap (SHp_y), KOWTO 32 MPONaJbYHH [TOYBH € 6np_y>1%. [Iponaganero 3amoysa npu
Ha4ajeH ToBap p, .

— JlupekTHO — J1abopaTopHO, Ype3 KOMIIPECUOHEH OMHT 1O JIBa HAYMHA: METO]]
Ha eJ{HaTa KpUBa U METOJI Ha JiBeTe KpuBH (¢ur. 2).

@ur. 2. OnpenensiHe Ha MPOMNAAaHETO Ha JIOC: a) METO/ Ha €/IHaTa KPUBA;
0) MeTOJ Ha IBETE KPUBHU
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XAPAKTEPUCTUKA HA TTPOLIECA HA TIPOITAJIAHE HA JIbBOCA

[Iponananero Ha JIboca € MpPOIEC C HEMPEKbCHATO JCHCTBHE, BOJEIIO JIO BHE-
3aITHU PUCKOBU XuIbTBaHMs Ha TepeHa (MnueB-bpyues, 1984). JIbocoBure mousn
Ce OTJIMYaBaT OT JPYTUTE KBATEPHEPHH INIMHECTH CEJMMEHTH 110 CBOSITA CTPYKTYPHA
HEYCTOWYMBOCT M HEJOYIUIBTHEHOCT, KOETO € MPUYMHA 33 TAXHOTO mponagane. Cren
HAMOKpSIHE Ha TOYBUTE B IMPOMaJbUyHaTa 30HA, BOJOHEYCTOWYMBHUTE CTPYKTYPHU
BPB3KH C€ pa3pylliaBar, B pe3yJTar Ha KOETO Ce OCBIIECTBsIBA Mponajganero. To3n
MIPOIIEC CE MTOATIOMAra ¥ OT MaKpOIIOPUTE OT 300TE€HEH B (PUTOTEHEH ITPOU3XO/I, KOUTO
ca B TOpHATa 9acT Ha JIbOCOBUTE KOMILIEKCH, Hali-uecTo A0 AbjI0odnHa 3 m. JIbochT
Ce XapakTepu3npa U ChC CBOSITA MUKPOIIOPECTOCT, KOSATO AOMBJIHUTEIIHO TTOIITOMara
MPOMaAbYHOCTTA.

OcBeH HeOYTUThTHEHOCTTA M BOJJOHEYCTOWYMBOCTTA Ha JIHOCA, MPOITabYHOCT-
Ta € MOBIHAHA U OT JCHCTBUETO HAa COOCTBEHMS (TEOJOXKKHS) WM JONBIHUTEICH
(cTpoutenen) ToBap, a 10 TOJIsIMA CTENEH U OT HAYAJIHOTO BOAHO Chabpkanue (W ),
CHOTBETHO OT CTENEHTa Ha BoJoHacHInane (S,). YcranoseHo €, ue npu S, > 0,60 %
JTHOCHT MPOTIAaa MajKo, JOPH U TPHU TOJIsIM 0o0eM Ha mopute (n > 43-44 %) (EB-
cTaTtues, AHTenO0Ba, pen., 1993; Karastanev, Stoinev,1997;Hopmu 3a
nmpoeKTUpane..., 1996).

JIbocoBaTa OCHOBA B 3aBUCHMOCT OT CKJIOHHOCTTA i KbM TPOIIaiaHe ce MOIes
Ha: ocHoBa oT HyieB Tun (T ) — HemponaxbuHa Mpu OOMKHOBEHUTE CTPOMTENIHU Ha-
TOBAPBAHMs; OCHOBA OT IbpBH THII (T,) — IIpONabuHa CamMo OT IOMBIHATENIEH TOBApP
(M1 CyMapHO IpoIajiaHe OT IeoJoKKH ToBap — S | <5 ¢m) U OCHOBA OT BTOPH THII
(T,) — mpomaab4YHa OT F€ON0KKH MIIH OT TeONOKKH ILIIOC AOMbIHATENEH TOBap, Kb-
JIETO S ,~5cm (EBcratmeB, AHremnona, pen., 1993).

Korato HEJIOYIUTBTHEH JIbOC ObJie HAMOKPEH, CTPYKTYPHHTE MY BPB3KH OT-
ciabBar W TOW MpeTHpIsiBa MPOIajaHe KaKkTo IMOoJ JICHCTBUETO HAa COOCTBEHOTO
CH TErJIo, Taka M IOJ ACHCTBUETO Ha JIOIBIHUTEICH TOBAp, aKO BbPXY HEro MMa
U3rpajieHo chopbkeHue. [lokazarenure Ha MpormajaHe Ha JhOCa MPU €CTECTBEH
TeoIOKKM TOBap (8, ), mpu pombaauTencH Tosap ot 0,3 MPa (8,), kakro u obrara
nedopmanms (S) ce U3pa3sBaT Ype3 CBOUTE OTHOCUTEITHU CTOMHOCTH B MPOICHTH
Ha eJMHUIA JieOeIMHA OT JILOCOBHSI KOMITJICKC U Ype3 a0CONIOTHUTE UM CTOWHOCTH
B CAaHTHMETpH 3a Isuiata JedenrHa Ha KoMIuiekca. CpeTHUTe CTOWHOCTH Ha Te3n
MTOKAa3aTeJIN BapupaT 3a pa3IMIHUTE BUIOBE JTHOC OT 2,5% 1o 7,0%, a MakcCuMaHu-
T€ CTOMHOCTHU IIPU €CTECTBEH I€OJIOKKHN TOBAP (8 ) nocturat 710 80-100 cm (M uH-
koB, EBcTarues, 1975).

TIJIOHIHO PA3ITIPOCTPAHEHUE HA JIBOCA

HenpexbcHarara 1p0coBa nokpuska B CeBepHa bbiarapus 3aeMa o ot 0KoJio
9800 km? (SIpauoB, 1956; EBnorue s, 2006). B pasriexnanus y4acTbk MEXIy
Buauna 1 Huxonon miorira Ha hoca Bb3au3a Ha okono 4000 km?. TIponaasunuTe
JOCOBH CETMMEHTH 00pa3yBaT €Ha MOYTH HENpPEeKbCHATa UBHLA FOKHO OT p. My-
HaB. Mexay Buaun u Apuap np0C¢bT ce npekbeBa. 110 Ha U3TOK TOH ce mpocieasBa
o nuHUsATA Ha cenara J[oopu gon (Ha p. JlyHaB) — Bacunposiu (Ha p. Jlom) — [ba-
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rozenuy (Ha p. Hubpuna) — 'pommnn (Ha p. Orocra) — bppkaueBo (Ha p. CKbT)
— Koitnape (na p. Uckbp) — Canosenr (Ha p. But) — [Jloiipennu (Ha p. OcbMm)
(MuukoB, 1968). lllupounHara Ha JTbOCOBAaTa WBHUIA B 3allaHUTE pAailOHU HA
Cesepna bwarapus e no 30-35 km, a B cpenna Cesepna boarapus mo 50 km
(¢wur. 3 — mpunoxenue).

OcobeH BaxHO e, 4e B briarapus nbochT 3aema 0koiio 40 % oT paBHUHHUTE
3eMU ¢ Ha]MOpPCKa BUCOYMHA J10 250 m, B IIpeiesiuTe Ha KOUTO MMa JI00pe pa3BuTa
MIPOMHUIIUICHOCT | CeJICKOCTONaHcKa eiiHocT (M uH K 0 B, 1968; KapacTanes,
1994). ToBa mpepomnpenesis ToisiMaTa BaXXHOCT U TEXKECT HAa HEOIarompusTHU-
T€ TEOTEXHUYECKU CBOMCTBA HA JIbOCA, & UMEHHO MPOMAAbUYHOCTTA U rojisMaTa
BOJIONIPONYCKIMBOCT, B 00I[aTa CKajla Ha reoJioKKaTa ornacHocT B JlyHaBckara
paBHUHA.

Oomara cpeiHa ebenHa Ha JIboCoBHUTE Hacaaru Bapupa ot 40—-50 m B Onuzoct
o p. JlyHaB u HamassiBa B FOXKHA TIOCOKA, Kato B nepudepusta Ha [Ipendankana
e okoio 3—5 m. JleOenuHata Ha JbOcOBaTa (OpPMAIUs € TO-TOJSIMA BbPXY HSKOH
y4acTbhIM Ha peyHuTe Tepacu: Ha p. Jlom noctura 1o 65-70 m, Ha p. [{ubpuna — o
60—65 m, Ha p. Orocta — 10 55-60 m, Ha p. Uckbp — g0 65-70 m, Ha p. But — no
70-75m (M uHK o0 B, 1963, 1968). lebennnara Ha Ip0ca Bapupa B MIMPOKU TPaHU-
¥ — BB Buynncko 12—14 m, Jlomcko — 50 m, a Ha mecta u 1o 100 m, B [TneBencko
—15-20m(KamenoB, Unues, 1963)

XAPAKTEPUCTUKA HA PEJIEDA

Oo6mnacrra ot JlyHaBckara paBHHHA Mex Ay Bunna n Hukoron monaaa B paMKu-
Te Ha T.Hap. Jlomcko-OpsxoBcka mogodmact cropen reorpadckara mossinoa vHa M u -
xannoB uap. (1966) wnmn B pamkute Ha JloMcKaTra HHKEHEPHOTEOIOKKA 00IacT
cniopen ogsutbaraHa KamenoB u Mame B (1963). Obnacrra ce xapakrepusu-
pa cbe ¢i1ab0 XbJIMUCTHUS CH, TIOUYTH PaBHUHEH pened. XapakTepHUTe MOPPOTOKKH
€JIEMEHTH Ca MEXIyPEUYHUTE TUIaTOBUIHU (HOpMH Ha pesieda WM BOAOACTHM TiaTa
1 SICHO U3PA3CHUTC ACUMETPHUYHU JOJIMHU HA PEKUTE, BJIMBaIIXU CE B P. HYHaBZ pPeKn-
te Jlom, Hubpuma, Orocra, Mckbp, But m OcsM. O6pazyBaHeTO Ha TUIATOBUIHHUTE
(dhopMu e pe3yaTar OT HACHYAHETO OT MPHUTOIUTE Ha p. JlyHaB, Ha oopMeHaTa mnpe3
IUTHOIICHA JICHYAAlIMOHHA TIOBbPXHHHA, KOSITO ITO-KbCHO € OMJIa 3aTpyraHa OT JIbOCO-
Bute oTinoxeHus (Kameunos, Unues, 1963).

IImaToBUIHUTE MacHBH Ce M3AMUTAT CPeaHO Ha okojo 70—80 m Ham HUBOTO HA
OrpaHvuvaBaliuTe r'm pPEKU, a IPHU YCTHUATA UM OTHOCHUTECIIHATA BUCOYMHA JOCTUTa
180 m. JIrochT mMa Hail-rojsiMa JaeOeIrHa B CeBepO3anaJHUuTe YacTH Ha BOHOACI-
HHUTEC I1J1aTa, KbJACTO TE€ Ca BUCOKO U3/JTUTHATH. IImarara yBEJIM4aBar CBOsATa BUCOYHMHA
B 3amanaHa mocoka — mpu ¢. Jlomaa Pukca 11 ¢ 260 m, mpu ¢. MegoBHHUIIA — OKOJIO
310 m, a ome o Ha 3aman — 320-380m M uxaimoB uap., 1966).

Peunure JOOJIMHU Ca NMOAYEPTaHO aCUMCETPHUYHU. ﬂeCHI/ITe JOJIMHHU CKJIOHOBE
Cca BUCOKHU, CTPBbMHH, ITO-TECHU — 110 1 km, U I10 TAX C€ pa3BUBAT CBJIAYUIIIHU ITPOIIC-
CH C pa3JInYHO KOJIMYECTBEHO YUacTHEe Ha JIboca. BHCOKO Ha ThbOCOBHIHOTO IIJIATO ca
0o(OpMEHU CTPHMHH OTKOCH, OT KOUTO HaJI0Jy CJIE/Ba MO-T10JIeraTa HaXbJIMEHA 30Ha.
B Ta3u 30Ha ca pa3BUTH CHJIHO YIAB/DKEHH CTHIIAJIOBUIHHU CBiauunina. CKJIOHOBETE ca
W3TPAJICHA OT PA3IUNIHU 110 BUJ M CBOMCTBA JTHOCOBH OTIIOKEHUS ((ur. 4).
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Omur. 4. T'eonoxkku mpodumu mpe3 JpocoBara opmarms B Jlomcko (mo M u H k 0 B, 1963).
[podwun I: Momun 6pon — boteso; [Ipodwun II: Bemraenpsm — byran; [podwn II: {omro JIu-
HeBo — Menkogerr; 1. AmyBuannu otioxkeHust Ha 3anuBHara (I1) u mepBa HezanuBHa Tepaca (1);
2. JIboc (TeChWINB, TUITHYCH, IJIMHECT): a — MJIajl, O — cpelieH, B — cTap; 3. JIbocoBUHA IVIHHA,
4. AyBHaJHU MECHWINBO-TIIMHECTH U JIbOCOBUIHU OTJIOKCHUS Ha JIbOCOBHUTE TepacH; 5. JIbo-
COBHIHH W IJIMHECTH XOPH30HTH B OCHOBaTa Ha (popmarmsara; 6. [I1elcTONCHCKH YaKbiIy;
7. JlenarncuBeH JIbOC ¥ IIMHU OT cBiaynmiara; 8. [Imorenckn mman u msackim; 9. CapmMaTcKu
Baposuiy; 10. CeBpeMeHHHN 1 morpedann nousy; I1 — 3anuBHa Tepaca; | — mppBa HezanuBHA
tepaca; Il — ennonbocoBa tepaca; Il — nBynbocosa Tepaca; [V — TpuibocoBa Tepaca

JleBuTe MOMMHHHU CKJIOHOBE ca IOJIETaTH U Mo-mupoku. CpenHara UM IIUpo-
yyHa € 10 3 km. KbM TsX ce OTHACST 1o-cTapuTe TepacH: HaJ3aJInBHA, €AHOIBOCO-
Ba, JIBYJIbOCOBA M TpuibocoBa Tepaca (M u H x o B, 1963). /IBynbocoBara Tepaca e
Hal-xapakTepHa M LIIHMPOKO pa3BUTA. BbpXy Hes ce cpelar rpynu oT T. Hap. CTEIHU
Omronta (OIrozIIIa), KOUTO TIPECTABISABAT XJIFTBAHNS HA TEPEHA HA ABIO0UMHU 710 4 m
(M u H K o0 B, 1960). bposar Ha Te3u Omtona B paiiona Ha ,,3natusra’ mpu Jlom, Koz-
nonyit u Xwpaen e nosede ot 50-60. Hail-uecto Te ce pas3mornarar no npoTeXeHHe
Ha 3aTpyIlaHUTE OT JIObOCA JOJMHHU Y4acThLH Ha NpenibocoBus pened. JIbochT B
cTenHuTe OJII0z1a € MPETHPIS €CTECTBEHO YIUTbTHIBAHE U € TI0-YCTOHYMBA OCHOBA
npu usrpaxaane Ha chopbxkerns (Kame nHo B, Unu e B, 1963). B 3anmagHa mocoka
10 JOJIMHUTE HA PEKUTE Ca Pa3BUTH U TPUIBOCOBU Tepach. Te MOCTENeHHO MPEX0XK-
JIaT B JIOJIMHHYU CKJIOHOBE C IIMPOYHHA OT 2 10 4 km 1 HakioH oT 3—4°.

3anMBHUTE TEPACH HA PEKUTE ca IIMPOKO pa3BUTH. KbM TsX ce oTHacsaT Apuap-
Opcoiickara, [{lubbpckara u Koznomayiickata kpaidlyHaBCKA HU3UHHU.
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@wur. 5. Crparurpadceka cxema Ha Jp0coBata Gopmariust B Jlomcka obmact
(moMusnkoBs, 1963)

CTPATUDUKALIA

Bwpxy Haii-crapure penednu Gopmu € ycTaHOBEeHa ciieHara 0bo0mieHa cTpa-
turpadcka cxema: Miaz JIb0C — morpedana no4sa — CpesieH JIboC — BTopa norpedana
M0YBa — CTap JIbOC U OCHOBHHU JIbOCOBHIHHM XOPU3OHTH, pas3liesieHH ¢ KapOOHaTHU
30HH, TEPAPOCO-MOAOOHN IIMHU U Hal-cTap IUICHCTOLEHCKH YaKbJl, KOMTO Oenexu
rpanunara c mimomneHa (M u H k o B, 1960).

Haii-mmpoko panpocTpanenue u Hail-rossiMa aedeInHa UMaT MIaausIT U Cpel-
HUAT J1b0C. CTapusT JIbOC U OCHOBHHUTE JIbOCOBUIHU XOPU30HTH UMAT OTPaHUYCHO
pasnpocTpaHeHue. B 10)kHa MOCOKa Te CTaBaT BCEe MO-TIIMHECTH U MIPEXOXKAAT B OC-
HoBHHTE NIMHU (M M H K 0 B, 1963) (ur. 5).

[Ipu Haii-ronemute 1eOEIMHU Ha PEUYHNUTE TEPACH CE Pa3inyaBar g0 6 JTHOCOBH
XOPHU30HTA U 5 morpedaHu MoYBeHN Xopu30HTa (M 1 H K 0 B, 1968).

TUOUYHUAT THOC UMa BEPTUKAJIHA LIEMUTEIHOCT U 3a11a3Ba OTBECHU OTKOCH ChC
3HAUYNTENIHA BUCOUNHA ((PUT. 6 — MPUIIOKEHHE).

6 TIpo6iemu Ha reorpadusira, 1-2/2014 1. 81



BUJIOBE JIbOC

YcraHoBeHa € OTUETIIMBA U3MEHUYMBOCT B 3bPHOMCTPUYHUA CHCTAB Ha JILOCO-
BUTE CEJIMMEHTH B ITOCOKA CEBEP-IOT, KATO Ca Pa3rpaHUYCHH HSKOJIKO BUIA JILOC U
JIBOCOBUJIHH HACJIaru: JbOCOBHUAHU IIACHIU, IICCHUYIINB JIbOC, TUITHYCH JILOC, TITMHECT
JHOC M TbocoBUAHA HA (M 1 H K 0 B, 1960; 1963). U3MeHnenneTo Ha KOJIMYECTBOTO
Ha muHecTara ¢paknug (<0,005 mm) ce u3mon3a Karo IIaBeH KPUTEPUil B KIIacH-
(1)I/IKaI_H/I$ITa 10 3bPHOMETPHUYCH CHCTaB:! JIbOCOBUIHU MACHIUU U NIECHUIMUB JIbOC — 110
10%, TunuraeH poc — 10 20%, muHecT 1boc — 10 30%, 1 1bocoBuaHA IrHA — >30%.

C Hali-ronsmMa TeXeCT OTHOCHO MPoIieca Ha MPoMaiaHe Ha JIh0ca ca eChWINBHAT,
TUTTUYHUAT ¥ TTIUHECTHAT JIHOC.

[lechunuBUAT THOC C€ pasmoyiara B HETOCPEACTBeHA OJM30CT A0 JECHUS OpsT
Ha p. JlyHaB, KaTo mM3rpaxaa eiHa UBHUIlA ¢ MHpUHA 10 5—6 km Mexmy rpamosere
Jlom u CumioB. PaskpuBa ce v B OTpaHUYCHHU YIaCTHIN CEBEPHO OT BumuH.

B mocoxka for BeB Bu Ha mo-mupoka uBuiia (10-30 km) TanmuaausaT meoc cie-
mu muauaTa BeaaenpeMm—Kaesxxa—/lomra Mutporonus, kato npu pekute [{nOpwia,
Orocra, But, Uckbp 1 OchM mmpounHara My goctara g0 30 km.

I'muuecTusT MHOC 3a€Ma ciieiBalaTa UBMIA OT JIbOCOBATa 00JIaCT B TIOCOKA IOT.
B Jlomcko u OpsIXOBCKO Ta3W MBHIlA € OTHOCHTEIHO TSACHA, ChC CpelHa IIUPOYNHA
oxoio 12 km.

[MTPOITAJIBYHOCT IIPM PA3JIMYHUTE BUJIOBE JIbOC

C Hall-cHJIHO NPOSBEHM NPONAJb4YHM CBOWCTBA Ca TUIMUYHUAT U IJIMHECTHUAT
JBOC, KaTO CPEIHUTE CTOWHOCTH Ha OTHOCHUTEIHOTO MPONagaHe MPH Ie0JI0XKKH TO-
Bap (Sy) 1 mpu jonbaauTeneH Tosap or 0,3 MPa (3,) ca crorBeTHO 3,2% 1 6,5%.
ITpu Tunmunus avoc Te ca 2,5% u 7,0% npu muHectus asoc (tadn. 1) (Kapac-
TaHeB, 1994).

TaOnuima 1

OCHOBHU (PuU3UKOMEXAHUYHU NOKA3AMENU HA NPONAOLYHUME IbOCOGU NOUGU
moMunkos, 1968, Minkov etal, 1977, Kapacmamnes, 1994)

Bunose nboc [lecvunus npoc | Tunmyen avoc | ImuHECT IHOC

Bonno coabpxanue (W, %) 10,5 13,8 19,0
O6eMHa3Hm>THOCT Ha CKeJieTa 1,42 139 1,47
(ppg/em®)

O6em Ha opute (1, %) 48,0 49,1 46,3
CreneH Ha BomoHacumane (S r) 0,30 0,45 0,57
IToka3zaren Ha MJIACTUYHOCT (Ip, %) 6,4 9,5 17,1
OTHOCHUTEITHO TIPOTIaIaHe MIPU T'e0- 22 32 2.5
JIOKKH TOBApP (Sy, %)
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OTHOCHTEITHO MPOTaJIaHe Mpu 45 6.5 70
nombanuTenen toap 0,3 MPa (8, %) ’ ’ ’
[MoTeHIaTHO CyMapHO MPoraiane 10-40 25-120 0-15
TIPH TEOJIOKKH TOBap (3 , cm)

3abenescka: Te3n CTOMHOCTH ca apUTMETHYHO cpeanu oT 500 u3cnenBaHus BEPXY NPOOH OT
II'BPBUS U BTOPUS JTHOCOB XOPU30HT 32 BCSIKA PA3HOBUAHOCT.

[Ipu nechrunuBHs JIbOC CPETHUTE CTOMHOCTH HA OTHOCHTEIHOTO MPOIafiaHe ca
o-Majku — 2,2% 1pu reonoxku Tosap (8y) u 4,5% npu tosap ot 0,3 MPa (5,).

JleOGenmHara Ha MPOTIaIBYHIS CIIOH MPEIOTIPEAEII CyMapHOTO poraaane. Hai-ro-
JsIMa € Ta3u Ae0enrHa B KOMIUIEKCUTE Ha TIEChYWINBHUS JIHOC, TOPAJAX KOETO OTEHIIAI-
HOTO CyMapHO TIpOTIaiaHe PH Hero € IO-TOIIMO, ¥ Ha MPAKTHKA B paifOHNTE, TIOKPUTH C
TIECHYWINB JIHOC, Ca TIPOSIBEHN MHOTO TT0-3HAYHTEITHY TIPOTIa/IaHNS B CPAaBHEHHE C TIIITHEC-
ameoc (Kapactanes, 1994;Kapacrtanes, Ctoiines, 1997).

IIETU OT ITPOITANAHE HA JIbOCOBU TEPEHU

[IponaganeTo Ha JIbOCa c€ OCHLIECTBSIBA CJI€A HAMOKPSIHE M TIOPan Ta3u MpUYrHA
Hali-CIJIHO 3aCerHaTH ca 3aCTPOEHUTE TEPUTOPUN U paliOHNTE C U3TPa/IeHH HATIOMTETHU
CHCTEMH, KbAETO HAMOKPSIHETO € HeU30eKHO. 3aryOuTe OT MPONaaHeTo ca MPEKH — Pas-
XOZIM, HEOOXOAMMH 3 Bb3CTAHOBSIBAHE HAa MOCTPAAAIUTE OOCKTH, M KOCBEHH — MPOITYC-
HaTH TMO0JI3M OT HEMPOU3BEIeHaTa IPOMUIIIIEHA U CEJICKOCTOIAHCKA MPOTYKIIUSL.

B mo-ronemute rpasoBe Ha M3ydaBaHaTa oOnacT Ha TepuTopusita Ha CeBepHa
boearapus — Jlom, Koznonyii, OpsixoBo, I1neBeH, necetku crpaau ca B CbCTOSHUE Ha
NOTEHLIMAJIEH PUCK OT AedopMHpaHe NpU Npornajane Ha Jboc. TakuBa ca crpaauTe,
¢bynaupanu 1o cpenara Ha 60-te roguHu Ha XX BeK, KAKTO U TaKHBa, IOCTPOCHU
CJIe]] TOBA, HO HEIOCTaTh4YHO OCUTYPEHH CpPELly cIsiraHe M mnpomnajaHe. TeXKu aBa-
pHUH OT TOJEMH MPONaabuHU AePOpMalH Ha JHOCOBATa OCHOBA Ca MPETHPISBAIN
TexuukymsbT B Jlom, y-me ,,Xp. bores” B OpsixoBo, 4 roneMu >KWIMLIHKA OJIOKa B
Kosnonyit, 2 »wmniau Ooka B [Inesen u ap. (EBcratues, Aarenona, 1993;
Kapacrtanes, 1994).

[IponaganeTo Ha nbOCa Urpae 0COOCHO OTpULIATENIHA POJISl IPU XUAPOMEIH-
opatuBHHTE CchopbxkeHusd. Expa 35-45% oT HamouTenHUTE KaHalu paboTAT HOP-
MaJIHO U HE Ce HYKAAsAT OT PEMOHTHH W Bb3CTaHOBUTEIHH paboru. MHOro Haro-
UTEIIHU CHUCTEMH HE ca MOTIIM J1a ObJaT BbBEACHU JBJITH TOIUHH B €KCIUIOATALINS
MOpaIy MHTCH3UBHO Pa3BUTUE HA TPONAJABYHU U APYTH QUITPALMOHHHN HAPYIICHHUS
Ha ocHoBara (KapacTtamneB, 1994). PagmepsT Ha nponaganusita qoctura 1o 80—
100 cm, kato xabpTHANIUTE yyacThim ca mupoku 40-50 m u aearu ot 100 1o 300 m
(Cortupos, 1969 MuunkoB, EBcTaTues, 1975). Takusa ca nponajaHusTa
Ha KaHaJlM OT HamouTenHara cucrema , Illunmmanos Ban® (oxomno rp. Kosmonyi, ce-
nara I'moxxene, Xwpaeu, byran u rp. Benuenpsm). Ilo Tazn HanouTenHa cucrema ca
u3MepeHH Hail-ronsiMoto npomnagane (170 cm) Ha kaHan B beirapus u cydo3noHHn
sMu ¢ abia0ounHa 4—5 m u neokuHa 10-20 m (EBcratues, AHrenoBa, 1993;
KapacTanes, 1994).
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MEPKMU 3A ITPEAITASBAHE OT ITPOITAJAHETO HA JIBOCA

HpI/I CTPOUTECIICTBOTO B JIbOCOBU TEPEHU CE€ B3UMAT BOAO3AIUTHN MEPKH U MEP-
KM 32 OTCTpaHsIBaHe Ha MPOIaIbYHUTE CBOWCTBA Ha JIboca. M30upar ce moaxonsm
KOHCTPYKIUU 3a CIpaguTe U CHbOPBIKCHUATA. BOZIO?:aHII/ITHI/ITe MCPKHU BKIIFOYBAT: ILj1a-
HUPOBKA Ha CTPOMTEIIHA TUIOMIAJKa 32 ObP30 OTBEXK/AaHE HA TIOBBPXHOCTHUTE BOJIH,
XUJIPOU30IAIMOHHH PabOTH, TIpe/na3Bane ot mospeaa Ha BuK mpexara.

MepkuTe 3a OTCTpaHsIBaHEe Ha TPONAIBYHUTE CBOWCTBA HA JIhOCA Ca:

— MexanuuHu — paspyiasa ce CTpyKTypara Ha JIbOca Ype3 IPEIBAPUTEIIHO
MEXaHMYHO YIUIbTHSIBaHE (IOBBPXHOCTHO MM ABJIOOYMHHO). [IoBBpXHOCTHOTO
C€ U3BbPLIBA C TEXKKU TPAaMOOBKH, a JbJIOOYMHHOTO — C ISICBYHU U IIOYBEHU IIH-
JIOTH, ABbJIOOYMHHO B3PUBHO YIUIbTHSBAHE W 3alIbJIBAHE C IIJJACTHYHA LIUMEHTO-
II0YBa U AP.

— OU3MKO-XMMUYHH, XMMUYHU — 3a3]paBsiBAHE C XUAPABIMYHH CBbP3BAlLU
BEILIECTBA, TEPMUYHO 3a3/paBsABaHe, CHIMKATU3alMs, 00paboTKa ¢ pa3iudHU COJIH,
CMECBAHE Ha JIbOCOBUTE II0YBH C Bap, MOPTIAH] LIUMEHT, CMECH OT aKTHMBHMpPaHa Iie-
nien ot TELL u docdorunc u mp.

Enun or ycnemnute MeToau 3a (yHAMpaHE B JbOCOBH IIOYBM Ha peaulia
Crpagud U CbOPBKEHMS, KaKTO M IIPU XUAPOMEIHOPATUBHOTO CTPUTEICTBO, €
T.Hap. METOJ] Ha U3M0JI3BaHE HA [IMMEHTONIOYBEH! Bb3IJIaBHULIM. Te KoMOuHUpaT
JIB€ OCHOBHM Ka4ueCTBa — Ipepa3NpeeisiHe HapexeHusITa OT pyHIaMEeHTHUTE I10-
I00HO Ha IJI0Ya ¥ BUCOKA BOAOIIBTHOCT U HEpa3MeKkBaeMocT. OCHOBHU IPUHOCH
3a M3M0JI3BAHETO HAa TE€3M METOAM MOTIaT Jia ce pasmienar B padboture Ha M M H K 0 B,
EBcTtaTtuen (19626,1973,1976), MuukoB uap. (1969, MuuakoB uap.
(1971), EBcTtatmeB (1965, 1973, 1984), EBcTatTueB, AHTEIO0Ba,pen
(1993) u mp.

Haii-romstm 06em — okos10 400 000 m3, mo u3rpaxJaHeTO Ha IMMEHTOIOYBE-
HU BB3TJIAaBHUIIN € OMJI U3MBIIHEH B JILOCOBA OCHOBA OT IIbPBU THUIT (HponaanHa
CaMo TIpH JOMBJIHUTENICH TOBap) IpH (PyHIUpaHETO HAa OCHOBHUTE CHOPBHKEHUATA
Ha AEL ,,Koznoxy#i“. Hali-Tpyaau ca OMIM MHKEHEPHOTEOIOKKHUTE yCIOBHUSI HA
MIBPBUTE JIBAa EHEPTro0IIoKa, KBAETO JIHOCHT € ¢ Aedennna 10—11 m. CpenHo oxoso
4,5 m noj KoTaTa Ha QyHIUPAHETO, CYMapHOTO Mporaaane npu Harosapsane 0,3
MPa e gocturano 12 cm, a cymapuoro cisirane — g0 31l cm (MuHEK 0B H Ap.,
1969).

Upes MepKHTE 32 OTCTPaHsIBaHE Ha MPOIAJIBYHUTE CBOMCTBA HA JIhOCA Ce EeNTN
OTCTPAHABAHCTO HA HCPABHOMEPHHU U T'OJIEMU CIIATAHUA 110/ (I)YHJIaMeHTI/ITe.
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COLLAPSIBILITY OF LOESS BETWEEN THE TOWN OF VIDIN
AND THE TOWN OF NIKOPOL

B. Berov, Pl. Ivanov

(Summary)

In this paper the problem of the collapse of loess is discussed as one of danger-
ous geological processes in the research area of the municipalities along the Danube
River between the Vidin town and Nikopol town. The basic characteristics of loess
— its porosity, water resistance, permeability, plasticity have been considered. The na-
ture of the process of loess collapsibility was clarified. Depending on their tendency
to collapse loess basis is divided into three types. The area distribution of loess soils
in the investigated region is presented. A brief description is given of the relief and
the spread of so-called steppe dishes. The stratification of loess is also detailed in
the total cross section in loess formations: young loess — buried soil — middle loess
— second buried soil — old loess. The main types of loess and loess sediments are
described: loess sands, sandy loess, typical loess, clayey loess and loess clays. The
types of sandy loess, typical loess and clayey loess have the greatest importance on
the process of collapsibility of loess. A more detailed analysis is given of the collap-
sibility with these types of loess. Examples of damage and destruction of subsidence
over the loess areas are listed. Finally, the basic measures to prevent collapse of loess
are given. The purpose of this article is to summarize the numerous studies and to
present once again the importance of this problem for the research area of ROBU-
HAZ-DUN project in Bulgaria.
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@ur. 1. [Ipa3nuna B 1p0Ca

VIDIN

LOM KOZLODUY
ORYAHOVO

NIKOPOL

JEIEHIA
Tunose nvoc:
TJIMHECT — HUCKA CTEIICH Ha I'e€0JI0KKa OMMaCHOCT

TNECHYJINB — CPE/IHA CTEIICH Ha I'COJIOKKA ONTaCHOCT
THUIIMYEH — BUCOKA CTEIICH HA I'€0JIOXKKA OTTaCHOCT

@ur. 3. ['paHunY ¥ MJIOMIM Ha JTHOCOBHUTE IUIONIHU B U3CIIEIBAaHUS PAiOH




@ur. 6a. BepTukanHu JIbOCOBU OTKOCH

Owur. 60. BepTuKaTHI T50COBH OTKOCH



BFBJITAPCKA AKAZIEMUS] HA HAYKUTE ¢ BULGARIAN ACADEMY OF SCIENCES

[TPOBJIEMU HA TEOT PAOUSITA o 1-2 ¢« PROBLEMS OF GEOGRAPHY
Codust @ 2014 o Sofia

OLEHKA HA OCHOBHUTE ®AKTOPH, BJIIMAELIN
BbPXY VAZBUMOCTTA HA HOA3EMHHUTE BOJU
B KPAUAYHABCKUTE HU3MHAU

Anexceti benoepes, Mupocnas Kpvcmanos, boiiko bepos

B crarusTa ce pasmiexaaT XUIPOTeOI0KKUTE YCIOBHSI, BIUACIIN BbPXY YSI3BUMOCTTA
HA MO/3EMHUTE BOAU CHPSAMO KOJIMYECTBEHH U Ka4eCTBEHHU NpoMeHH. V3roTBeHu ca kapTu B
I'NC cpena na Hali-3HAUMMHTE TTOKA3aTEIH, KaTo € 0ObPHATO BHUMAHNE M HA BIMSHUETO Ha
p. [lyHaB BbpXy MOIy4EHHUTE PE3YIATATH.

Kniouosu oymu: moa3eMHM BOIH, YSI3BIMOCT, 3aMbpcsiBane, [ UC, kpalimyHaBCKH HU3HHA

BbBE/IEHUE

KpaiizyHaBckuTe HU3MHHM MMaT CHINECTBEHO 3HAYCHHE 3a YCTOHYMBOTO pa3-
Butne Ha CeBepHa bwirapus. Toa ca paifonn ¢ moaxomsmy ¢usHKoreorpadcku
YCJIOBHS 32 pa3BUTHE Ha CEJICKO CTOIAHCTBO W NMPOMHUILIEHOCT. ['eomoro-xuapore-
OJIOKKHUTE YCIIOBHSI B T€3M HU3MHHU OT CBOS CTpaHa JONPHHACAT 32 HAJMYHETO Ha
CBIIECTBEHH PECYpPCH OT MOJA3EMHH BOIH, KOMTO TapaHTHUPAT KaKTO HOPMAJHH yC-
JIOBHS HA )KUBOT Ha HACEJIEHHETO, Taka 1 MKOHOMHYECKO Pa3BUTHE Ha paiioHa. BbB
BpB3Ka C TOBA FapaHTHPAHETO HA KOJIMYECTBOTO M Ka4E€CTBOTO HA TTOJ3EMHHUTE BOAU
€ OT U3KJIFOYMTETTHO Ba)KHO 3Ha4deHue. Llen Ha HacTosmara padora e a ce cucrema-
TH3UPAT OCHOBHUTE (PAKTOPHU, KOUTO MOTAT JIa HApyIIaT €CTeCTBEHOTO ChCTOSIHUE HA
HO/I3EMHHUTE BOJIH, []a C& YTOYHU BBPXY KOHM OT XapaKTEPUCTUKHTE UM CE OCBIIECT-
BSIBA TOBA BB3/ICHCTBUE, KAKTO M KOM XHPOTEOJIOKKH XapaKTEPUCTUKU UMAT MPSKO
3HAYCHHUE 3a TMPOsBAaTa M CHIIaTa HA HEOMAronpUsITHH BB3/ICHCTBYS, T.€. YI3BUMOCT-
Ta Ha nogzemMHuTe Boau. OOEKT Ha m3cneaBaHe ca 6 OT KpalAyHaBCKUTE HU3WHH,
KOMTO ca BKJIIOYEHM B TEPUTOpHANHHs 00XBaT Ha mpoekra Romanian — Bulgarian
Cross-Border Joint Natural and Technological Hazards Assessment in the Danube
Floodplain. The Calafat-Vidin — Turnu Magurele-Nikopol sector.

KPATKA XAPAKTEPUCTHKA HA KPAMJIYHABCKUTE HU3VHU

CBIIacHO MPUETOTO XUIPOTEOIOKKO palioHupaHe Ha brirapus pasriek1aHusIT
paiion momnasa B JloHOIyHaBCKaTa apTe3naHcka 00nact U mo-To4yHo B CeBepHOOBII-
rapckus apre3nancku 6aceitH (¢ur.1). To3u Oacelin oOxBaina 3amaHUTE U CPEITHUTE

87



@ur. 1. MecTononoxeHne Ha pa3IeKIaHUTe KpaiilyHaBCKU TepacH
CIIOpE]] XUAPOTre0IOKKOTO pailoHupaHe Ha bbarapus (palionupane, npueto or MOCB
moMMoBueB, AntToBckH, 1975)

yactn Ha /lyHaBckara paBHMHA W [IpenbankanHa, KakTO ¥ M3BECTHH TEPUTOPHH OT
M3TOYHHUTE UM YaCTH.

[IpocTpaHCTBEHOTO pa3NpOCTpaHEHHE HA MTOBEYETO OT BOJIOHOCHUTE XOPH30H-
TH, KOMITJIEKCH 1 BOAOYIIOPH € CBBP3aHO C TEKTOHCKaTa o0cTaHoBKa. [Imardopmenn-
AT xapakrep Ha CeBepHa bbharapus Karo 110 € MPUYMHA 38 €TAXKHO PA3MOI0KEHN
eIHa HaJ JApyra XUAPOTeoyNoKKu equHuny (MMoBueB, AnToBCcKHU, pen., 1975;
AHTOHOB, Jlamues, 1980). BomoHOCHUTE CKaJTHH KOMIUIEKCH HMMAT IITHPOKO
TUTOIIHO Pa3lpOCTPaHEeHNE B XOPHU30HTAIHA ITOCOKA M IIPOMEHSIII C€ BB BEPTHKAJ-
HO OTHOIIICHHE JINTOJIOKKH CHCTaB U CTPATUTPa(CKH CTPOEK. XapaKkTepHa € XU-
pOIMHAMUYHA, XUAPOXUMHAYHA ¥ XUIPOTEOTEPMHIYHA 30HATHOCT KaKTO BB BEPTH-
KallHa, TaKa U B XOPU30HTAIHA TTOCOKa. B 30HUTE Ha MoAXpaHBaHE HAa BOJIOHOCHUTE
XOPHU30HTH BOJINTE Ca TIPECHH, C aKTUBEH BOJOOOMEH M HUCKa Temmeparypa. Che
3aThBaHETO UM B IBJIO0YMHA TEMIIEpATypaTa MOCTETIEHHO CE yBEINYaBa, IPOMEHST
ce XMMHYHHUAT U Ta30BUAT UM ChcTaB. KOHKpETHO B paiioHa Ha U3CieIBaHe OCHOB-
HaTa TEKTOHCKA CTPYKTYpa, IPEIONpEeAeaiia MOJ0KEHUETO Ha XUIPOTEOIOKKHITE
eqnanIy, ¢ Jlomckara rpaOeHOBHIHA JIETIpECHs, KOSITO € HaJIOKeHa B 3arajHara
gacT Ha Mmsuiickara 1arpopma (AtanacoB, bormanos, [Jaues, 1971).
JloMckara nenpecus € yabipkeHa B mocoka 3C3-UIOU, pasmonoxena Mmexay 3amai-
Hus [IpenOankaH OT OT U XOPCTOBUIHU BaJI00Opa3HU M3AUTAHUS OT CEBEP U CEBe-
po3zanaa. OcTa Ha enpecusra 3amousa ot rp. JumoBo, muHaBa nipe3 bsna CriatuHa
u moctura 1o c. Camosen. JIwmwkuHaTa 11 e 150 km, a mmpounHaTa — okono 70 km.
Crpykrypara € acumerpuyHa, cbc cTpbMeH O3 ckinon u nonerar CU ckiion. B
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CTpOEXka M y4acTBaT HEO30MCKU U TOPHOKPEAHU cKalu. Te uMmar pa3npocTpaHeHue
caMo B TpaHuIUTE Ha jaenpecusra. OTIACNIT ce B IbJI00YNHA OT ME3030MCKUTE BO-
JIOHOCHHM XOPU30HTHU Ha JlOTHOAyHAaBCcKaTa apTe3uaHcKka o0JacT OT JOITHOKPEICH
BOJIOyIIOpeH KomIuieke, HapeueH oT U B. C T a H ¢ B (1990) ,,i0THOKpeIHA BOJOY-
MOpHa miova‘“, ¢ qedenuna, qocturama a0 okoino 1 km. BogonocHuTe Xopu3oHTH
Y KOMILIEKCH, (DOPMHUpAHU B Hall-MJIQJINTE CKAJIM, Ca PA3IOJIOKEHHU B IIEHTpaHATa
4acT Ha JACMPEeCcUaTa U MOKPHUBAT MO-CTAPUTE, KATO BCUYKU MO-CTapH €IHOBB3PAC-
TOBU CKaJIHU KOMIUJIEKCHU Ca C MO-IIMPOKO IUIONIHO Pa3NpOCTPAHCHUE B CPaBHEHUE
C JIeKAIIUTE HAT TAX.

[To-oco0eHo nonokeHue NMaT KBaTePHEPHUTE BOJIOHOCHU XOPHU30HTH, KOUTO ca
HAJIOKEHHU BBPXY PA3IUYHU MO BB3PACT XUAPOTCONOKKHU enuHuid. C Hall-ChIIecT-
BEHO 3HAYCHUE Ca MOJI3EMHUTE BoaH, (hOopMUpaHU B Tepacara Ha p. [lynas. [Ipensun
OTHOCHTEITHO BUCOKUSI OBJITAPCKHU OpAT TepacaTa MMa IMPEeKbCHAT XapaKTep — OCTaHa-
JM ca camo (hparMeHTH B CTapy MeaHJIpH Ha pekata. [lo-roiemute oT TX 00pa3yBar
HSIKOJIKO T. Hap. KpalyHaBCKU HU3WHU, KOUTO B XUJIPOTCOTIO0KKO OTHOILICHUE TIPeI-
CTaBJISIBAT CAMOCTOSITEIIHU TeJa ¢ HEHAIOPHU MOA3EMHU BOJU, CBbP3aHH ¢ p. JlyHaB.
0010 Ha TepuTopuUsATa Ha bbirapus ca otaeneHu 12 TakuBa HU3UHU, KaTto 6 OT TAX
ca O0CKT Ha HACTOSIIOTO M3cienBaHe (Tabmn.l). 3a BCUYKH € XapaKTepeH JIBYCIOCH
CTPOEK — IOJICH XOPU30HT, U3rPAJICH OT MACHUU U YaKbJIH, U TOPEH — OT MECHhUIUBU
mIUHA. JJOMTHUSAT XOPU30HT € MHOTO JIOOBpP KOJIEKTOp 3a MoJ3eMHHU Boau. [lonxpan-
BAHETO UM CE OCBHIICCTBSIBA OT BAJICIKHU, CTPAHUYCH MPUTOK OT CHCEIHU XOPU30HTHU
u oT p. JlyHaB npu BUCOKH cToeKu. Pa3ToBapBaneTo € B p. [lyHaB u 0T BOAOB3EMHU
CHOPBKCHHUSL.

Taonauma 1

Xuopozeonodicku Xapakmepucmuxy Ha pasenexncoanume KpauoyHagCeKu HUUHU
(Anmonose Janues, 1980; Benderev etal., 2013)

No Huznna [Tnom | Ie6enmua (m) | [IpoBogmmoct | Pecypcu Obma
(km?) (m?/d) Ha MOI3€MHH | MUHEPAIH3aLHs]

rope | nosen Boau (dm®/s) (g/dm3)
cjoit | ciou

1 |Buauncka 201,8 |4-20 |[1-17 [500-2000 1125 0,4-0,9

2 |Apuapo- 48,9 [2-12 |4-25 | 60-3400 341 0,3-0,6

Opcoiicka

3 |[u6wpcka 18,6 |<10 |2-16 [140-2600 117 <1

4 |Kozmomyiicka | 39,3 [4-8 |48 150-2160 186 0,4-1,3

5 |OcrpoBcka 25,1 |5-9 [1,5-9 [160-800 120 0,5-2,7

6 |Kapaboaska |221,9 |4-12 500-2000 694 <1
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UJIEHTUDULIUPAHE HA Bb3MOXXHUTE OITACHOCTU
3A TIOJI3EMHUTE BOJ1

[IpomMeHuTE Ha €CTECTBEHOTO CHCTOSIHUE HA TIOJ36MHUTE BOJIM UMAT JBa acrie-
KTa — KOJIMUECTBEH M KaueCTBEeH. Te MOrar Jia HACTBIIST BCIICACTBUE HA Bh3/ICHCTBHE
Ha ecrecTBeHH U aHTpororeHan pakropu (Ward, Trimble, 2004).

A. Konuuecmeen acnexm — 3passpa ce B POMSHA HA MMOKA3aTEIH, XapaKTepH-
3HUpaly U3MEHCHHUE B €CTECTBEHUTE PECYPCH U 00EMHUTE BOJIU B TIOJ3EMHUTE BOJTHU
TeJa, KAKTO B IMOCOKA TSIXHOTO YBeJNWYaBaHe, Taka W HamalsiBane. OCHOBHHUTE I10-
KazaTes, KOUTO TH XapaKTepU3upar, ca MPOMEHH B HUBOTO HA TOJI3EMHUTE BOJIH,
JIeOUTH Ha U3BOPH, XUPABINIHU TPATUCHTH.

e EcTecTBeHU (haKkTOpH:

— HapacTBaHE WM HAMAJSIBAHE CTOMHOCTHTE Ha WHPUITPAIIMOHHO ITOIXpaHBa-
HE OT BAJIC)KH BCIIC/ICTBUE HA KIIMMATHYHH MTPOMECHH;

— MOBHIIICHUE WJIM TOHW)KCHHIE Ha BOJIHYM HHUBA BCJICJICTBUE HA PA3IIMUHK CTOCIKU
Ha peKUTe.

e AHTpOITOTeHHH (DaKTOPH:

— eKCIUToaTalys Ha MOJA3EMHU BOJIU;

— OTBOJHUTEIHU M OCYIIUTEITHH MEPOTIPHSITHUS;

— KOPEKIUK HA PEYHH KOPHTA;

— 3aCTpOSIBAHE;

— pa3opaBaHe M OTHEMaHe Ha TIOYBEH CIIOi U JIp.

b. Kauecmeen acnexm — u3pa3ssiBa ce B U3MCHEHHE HA ChCTaBa HA TMOJ3EMHHUTE
BOJI M HETOBUTE (PM3UKO-XMMHUYHU XapakTepucTuku. OOMKHOBEHO OIlEHKaTa 3a Ha-
JMYUE HA TAKWBA MPOMEHU CE MPaBH HA OCHOBATA HA XUJAPOXUMHYHH MOHUTOPHH-
TOBU HAOJIOJICHUSI M CPABHSBAHE HA MOJYYCHUTE PE3YNITATH C HOPMATUBHU W3UCK-
BaHus. [Ipu ycTaHOBSIBaHE HA MO-BUCOKH CTOWHOCTH OT HOPMATHBHHUTE IMOKA3aTEIN
ce TOBOPH 32 3aMbPCSABaHE Ha MOA3EMHUTE BojJM. HapyiiaBaHeTto Ha KauyeCTBEHHUTE
MoKa3aTeny Hal-uecTo Morar ja ObJar Mpeu3BUKAHU OT MPSKO Bb3JACUCTBHE, HO
YeCTO M3MEHEHHETO Ha KOJIMYECTBATA Ha MOJ3EMHHUTE BOJM BOJU J0 MPOMEHH B Ka-
YECTBEHUSI ChCTAB.

e EctectBenu (akropu:

— MOCTHIIBAHE HA BOJIU C PA3IIHUUCH CHCTAB OT CHCEHU BOJTOHOCHH XOPH3OHTH U
MOBBPXHOCTHU BOJIOM3TOYHHUIIH;

— MOCTHITBAHE HA BEIIECTBO OT BOJOBMECTBANIUTE CKAITU U TIOYBEHHUSI CIIOH;

— KOHIIEHTPHUPAHE WK Pa3peKaaHe Ha BOJUTE BCIICJACTBUE HA KIMMATUYHHU MPO-
MEHH.

e AHTPOMOTreHHH (HaKTOPH:

— BCUYKHU AHTPOIIOTCHHHU JCWHOCTH, BOJCIIM 70 MPOMSHA B KOJIMYECTBATa Ha
noa3eMHuTe Boau. HeoOxoauMo € j1a ce oTOeNexH, Ye MPU ONMpPECICHA YCIOBUS
MOBHUIIICHATA SKCIUTOATAIMS Ha TIOJ3EMHH BOJIM MOXE Ja JIOBE/C JIO MPHUBIUYAHE HA
HEKOHJTUIIMOHHU BOJIM OT CHCEIHH BOJOHOCHH XOPHU30HTH M OT 30HHU ChC 3a0aBeH
BOJIOOOMEH B CBIIUTE BOJOHOCHU XOPU30HTH;

— TPSKO TIOCTHIIBAHE HA 3aMBPCHUTENIM BCIEICTBHE HA YOBEIIKA JeHHOCT. Bu-
JIOBETE YOBEIIKA JCHHOCT, THIIBT M KOJMUYECTBOTO HA 3aMBPCHUTEIIUTE, HAYUHBT HA
TSXHOTO MOCTBIIBAHE, TEPUTOPHUATHUAT 00XBAT (TUIOIIHO WM JIOKATHO) MOTaT Jia ca
W3KITFOYMTEITHO Pa3HOOOpa3HHU.
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METOIUKA U PE3VIITATU

[pensun pazHOOOpa3UETO HA BH3MOKHUTE BH3ICHCTBHS 1 KOHKPETHHTE XHJ[PO-
TEOJIOKKH YCIIOBHS, TIOIXOIUTE 32 pellIaBaHe Ha 33/I1a4NTe 3a OIIEHKA Ha OMTACHOCTUTE
OT BB3JICHCTBUE BBPXY MOJA3EMHUTE BOJIU, PECIICKTUBHO TSXHATA YSA3BUMOCT Ca MHOTO-
00pa3HM M pa3TUyHH U 9eCTO TPAOBa J1a ce Moaxox/aa kommiekcHo (benmoycoBa u
np.,2006; Delleur,1999;LaMoreaux etal.,2009; Ward, Trimble, 2004;
u np.). [IpoGemuTe, CBbpP3aHN C W3SICHABAHE YSA3BHMOCTTA Ha TOA3EMHHUTE BOAH B
bearapus, ca Ounn 006eKT Ha penuiia U3ciaeIBaHus, KaTo ITbPBUTE OMUTH B TOBA OT-
HOIIIEHWE ca CBhP3aHM C M3roTBIHE Ha KapTa Ha ysI3BUMOCTTa Ha MOJA3EMHUTE BOAH
B bwnrapus no metonuka, mybnukysana oT P a it k o B a u ap. (1978). Ilo-kbcHO
OIIEHKA Ha YSA3BMMOCTTA Ha MOA3EMHUTE BOAM 32 PA3IMYHU PailOHHM Ha CTpaHara ca
m3BppmBaHu oT beanepeB uap. (1992),ITetp o B (2006),Orehova etal.
(2009) u mp.

[Ipu HACTOSAIIOTO M3CTeIBaHe OCHOBHO ca PUIIOKEHH Bh3MokHOcTHTEe Ha ['IC
B ChUETAHUE C TOAXOIUTE, M3TOJI3BAHU B JIMHAMUKara Ha mojazemuurte Boau (I'b -
16608, 1982) u xugporeonoxkoto moaenupane. [lpunaranero na I'MC e ot cb-
IECTBEHO 3HAYCHUE IIPU U3TOTBSIHE HA KOHLENTYaIHUTE MOJCIU U BbBEKAAHETO Ha
BXoAHaTa wHpopMars 3a Tax. Meronute Ha ' IC nMaT ocHOBHA POJIS MPH OICHKA
Ha pecypceute Ha niogzeMunte Boau (C h er k a u e r, 2004), U3roTBSIHETO HA KapTH
Ha U3TOYHHULIUTE HA 3aMbPCsABAaHE, KAKTO U 3a OLIEHKA HA YSI3BUMOCTTA HA BOIOHOC-
HuTe Xopu3oHTH (D u ¢ ¢ i, 1999) . Haif-nobpu pesynraru ¢ nznon3sane Ha [UIC
ce ToJy4aBaT P MPUIAraHeTo Ha Pa3IMYHU METOJU 3a OLEHKa Ha YSA3BHUMOCTTA
CIIpsIMO 3aMbpcsiBaHe, KaTo Hal-momynsapHusat meton e DRASTIC (Aller etal.,
1987). Cucremara DRASTIC npencrasnsiBa knacuuKaroHHa CTaHIapTH3NPaHa
CHCTEeMa 3a OIICHsIBaHE Ha IMMOTEHI[MANa 3a 3aMbpcsiBaHe (YSI3BUMOCTTA) Ha TTOJ3EM-
HUTE BOJM Ype3 CXeMaTH3allus Ha XUAPOTEOIOKKUTE YCIOBHS. MeTOabT ce oTHACA
kbM T. Hap. PCSM (point count system models), nmm meToau, oT4nTany TEXECTTa
Ha MapaMeTpHUTe W TAXHATa 3HAYMMOCT, TOOWJIM CHIIECTBEHO 3HAUYCHHE CIe/ Ha-
Biu3ane Ha [ UIC.

Cucremara BKJIIOYBa HaOHMpaHe Ha JAaHHU 32 XHUAPOTEOJIOKKHUTE YCJIOBHS B
JaJieH PeTHoH W TMpHiiaraHe Ha cxema 3a KiIacHu(UIMpaHe Ha XUAPOTEOIIOKKHUTE
napameTpu. OCHOBHHUTE €CTECTBEHH (PaKTOpPH, KOUTO Ca BKIIOYEHH B CHUCTEMara
DRASTIC u ompenensaT moTeHITMAa Ha 3aMbpCsIBaHE Ha IMOA3EMHHUTE BOIHU, Ca
ciennute: D — apnbounHa 10 HUBOTO Ha MOA3EMHHTE BOAH, R — moaxpanBaHe Ha
MMOA3EMHUTE BOMU (MOMYN HA TMOA3EMHUS OTTOK); A — JIUTOJIOKKH CTPOESK Ha BO-
JIOHOCHMSI XOPH30HT; S — MOouYBeH cioi; T — Tomorpadus (HaKJIOH Ha TepeHa);
I — BB3melicTBue Ha 30Hara Ha aepanus; C — koepuIueHT Ha GuaTpanus Ha BO-
JIOHOCHHMSI XOpU30HT. ToBa moapeskaane Ha (hakTopute 00pa3yBa HANMEHOBAHHUETO
Ha metoa DRASTIC. Otnenaure hakTopu mpencTaBisBaT H3MEPUMHE MTapaMeTpH,
BCEKH ChC CBOMTE TEXKECT, MHTEPBAIN U KiacupuKauu Ha uHTepBanuTe. OueHs-
BaHETO Ha Bcsika obmacT upe3 cucremata DRASTIC BkiouBa HE camMO JaBaHETO
Ha YUCJIOB Pe3yiTaT, HO U OKOHTYDPSIBAaHETO Ha CHOTBETHHUTE YCJIOBHS 3a IMOTEH-
[IMAJTHUS PUCK OT 3amMbpcsBaHe Ha BoguTe. [Ipmmaranero Ha metoma DRASTIC e
yI00HO MPH PETMOHAIHM OLEHKH Ha YS3BUMOCTTA CIPSMO 3aMbpCSABaHE, KOTaTo
ce pa3miekJa elrHHA BOJIOHOCHA cucTeMa. Hsikon OoT mapameTpuTe 3aBUCAT U OT
THTIa Ha 3aMbpcUTeNs. BaXXHO yCIOBHE 3a MpHIIaraHETO Ha METOJIa € U HAJTMIHETO
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Ha I0OCTaThb4YHa U KOPEKTHA MPOCTPaHCTBEHA HH(OPMAIUS 3a BCEKU €IUH OT IMOCO-
YEHUTE [TapaMETPH.

B uscnenBanute kpalilyHaBCKA HU3MHHU POJISATA HA BCEKU OT IIOCOYECHUTE Iapa-
MeTpu 3a npunarade Ha Metoga DRASTIC e pa3nnuHa u JaBa oTpakeHUE 3a Hera-
TUBHO BB3JEHCTBUE HA PA3INYHU €CTECTBEHN U aHTPOIIOTEHHU (aKTOPH:

v' D — npn004rHA O HUBOTO HA TOA3EMHHMTE BOIHM — MOPAJH CPABHUTEIHO
IJIMTKOTO 3JIATaHE HA HEHAIIOPHUTE BOAU B KPalJyHABCKUTE TEPACH U JIECHOTO
JOCTUTaHE Ha MOTEHIMAJICH 3aMbPCUTEN A0 TSIX TOBA € €AMH OT Hal-BaKHUTE (ak-
Topu. [Tpy IIIMTKO BOAHO HUBO OT CHIECTBEHO 3HAUCHHE Ca M KoJeOaHUATa My TOA
BIIMSIHUE HA TIOAXPAHBAHETO U ITPOMSIHATA Ha HUBOTO B p. JlyHaB. I[Ipu Takusa ciaydau
MOXKe JIOpPH Jia CE JIOCTUTHE A0 3a0JaTsBaHUsl U HaBOIHSIBAHE OT MOA3EMHU BOJH.
CeliecTBeHa OMACHOCT B TPaHMIIUTE Ha HACEJICHUTE MECTA €, Y€ B 30HUTE C IUTUTKH
[IOJI36MHU BOJHHU HMBA BCIIEJACTBUE HA IOKAYBAHETO UM MOXKE J1a UMa HETaTUBHU I10-
CHEIULHU OT U3JIUB HA 3aMbPCUTENIH B IIOIIUBHUTE SIMU;

v R — mopxpaHBaHe Ha MOA3EMHHUTE BOAM (MOJY/ Ha TIOJ3EMHHS OTTOK) — T10-
pazy OTHOCUTEITHO SJHOPOTHHUTE TEOIOKKH, TEOMOP(OIIOKKH U XUIPOTCOTIOKKHU yC-
JIOBUS, KAKTO U €HAKBUTE BaJIEXkKH, TO3U [1I0KA3aTEll HE CE Pa3InM4aBa ChIIECTBEHO B
TPaHULIMTE HA CHOTBETHATA KpaiilyHaBCKa Tepaca;

v A — IIUTONOKKH CTPOEK Ha BOJAOHOCHUSI XOPU3OHT — 3a BCUUKH KpaiiTyHaB-
CKM HU3HMHHU € XapaKTEPEH ABYCIOEH CTPOEK C JOJIEH YaKbIECTO-IIECHUWINB CIOU U
TOpPEH MIMHECTO-IIECHUINB C HE3HAYUTEIIHU IIPOMEHH B XOPU30HTAJIHO OTHOILICHHUE.
Hannunara nadopmanus He Mo3BOJISIBa OTJCISHETO HA 30HU C PA3IMYHH MPOLIEHTHN
CHOTHOILLCHHSI M@Ky OTJACTHUTE 3bPHOMETPUYHHU (PAKUUK B OTACITHUTE Kpanmy-
HaBCKU HU3UHU;

v' S — mouBeH cloOif — B 00cera Ha KpalJyHaBCKUTE HU3MHH Ca PaslpocTpa-
HEHH aJTyBHAJIHU U aTyBUAJIHO-JIMBAIHU IOYBH U JIMBAJHU YEPHO3EMH (IIPEIUMHO
MEeCHUIMBH), KOUTO Ca CPABHUTENIHO MPOITYCKJIMBU 32 MIPEMHUHABAaHE HA MaJHAIUTE
BaJICKH Tpe3 TAX. JlaHHuTe 3a nedeinnHaTa Ha IOYBEHHsI CIION HE ca IOCTaTh4YHU 32
n3roTBsiHe Ha croTBeTHHS [ IC cioii;

v T - ronorpadus (HAKJIOH Ha TepeHa) — pesiebT Ha KPaii[yHABCKUTE HU3UHU
€ PAaBHUHEH, C OTJAEJIHU CThIIAJIA, MAPKUPALLX PA3IMYHUTE TEPACHU, KATO IPEMUHA-
BaHETO OT €Ha Tepaca B Apyra cTaBa Obp30 M He JaBa OTpaXeHHE 3a (hopMHpaHe
Ha IOBBPXHOCTEH OTTOK. BBB Bpb3Ka ¢ TOBa LisIaTa ILIOLL HAa BCSKA KpaliyHaBCKa
HU3WHA MOJKE JIa Ce ITpUEeMe 3a paBHUHHA, C OJaronpusTHH yCJIOBHS 32 MHQUITpaus
Ha NaJHAINUTE BaJIEXKHU;

v' I — Bb3zieiicTBHE HA 30HAaTa Ha aepanus. To3u MOKa3aTelN € TSACHO CBbP3aH B
KOJIMYEeCTBEHO OTHoIIeHne ¢ D (apiaboynHaTa 10 HUBOTO HA TOA3EMHUTE BoaM). B
[IOBEYETO CIIy4aH IOJIOKEHHETO Ha BOJHOTO HUBO € B TOPHUS IE€CHUIUBO-ITIUHECT
XOPHU30HT, KOMTO MMa IIOBCEMECTHO Pa3IPOCTPAHECHUE U 110 HAIMYHUTE J0Cera AaH-
HU MOJKE J1a C€ IIPUEME 3a CPABHUTEIIHO €IHOPOJCH;

v' C — koeuureHT Ha QUITpALKUs HA BOIOHOCHHUS XOPU30HT — TOBA € BAXKEH
apameTbp, UMalll OTHOLICHHUE 3a XOPU30HTAJIHATA MUTPALUsl HA 3aMbPCUTENIN BbB
BOJIHUTE TENA, KAKTO U 110 OTHOLIEHUE PEAKLUATA HA BOJOHOCHUS XOPU30HT CIIPSIMO
IIOCTBIIBAHE WX €KCILIOATALXs HAa BOAU B HEro. JlaHHUTE 3a TO3H IMapaMeThp ca He-
PaBHOMEPHO pa3npeesieHH B pocTpancTBOTO. [ToBede nHpopMaryst iMa 3a JOTHHS
YaKbJIECTO-NIECHWINB ILIACT.
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HanpaBeHusaT aHanu3 mokasBa, 4e MOpaAM OTHOCHTEIHO MajKaTa IUIOII Ha
pa3npocTpaHeHne Ha BOJHUTE Tejla B allyBHAJHWUTE Haciard Ha p. [lyHaB, KakTo u
nopaay HeAoCTaTbuHaTa HHPOpMALKs WIN HECHIIECTBEHUTE IPOMEHH B IIPOCTPaH-
CTBEHOTO M3MEHEHHUE Ha HSIKOM MapaMeTpH, MMa CMUCHI 3a oOpabotka B [MIC na ce
BKJIIOYAT caMo JaHHHUTE 32 ABJIOOYMHA Ha BOJHOTO HUBO U 32 U3MEHEHHUE Ha Koe(u-
nueHTa Ha guirpauus. Mmaliku npeaBu] 1enTa Ha U3cieABaHe 3a 00Ia OLeHKa Ha
OIMacHOCTHTE (HE caMO 3aMbpCSIBaHE C KOHKPETHH 3aMbPCHTEINN) BbPXY TOA3EMHUTE
BOJIH, CITOPEJl HAC € MO-MOXOSINO0 aHATU3bT Ha T€3M KOMIIOHEHTH J1a Ce JIajie MO0T-
JISJIHO B ChOTBETHU KapTH:

e KapTa Ha ABIOOYMHA HA BOAHOTO HHMBO, B KOSITO Ja Ca JIOKAJTU3UPAHH 30HU C
MOJIO’KEHNE Ha BOJHO HUBO MO-MAJIKO OT 2 M, B KOUTO OMACHOCTTA OT BBHHIIHH Bb3-
JIefiCTBUS € TI0-BHUCOKA — 3aMbpCsiBaHe, KalMIIPHO MTOKaYBaHEe Ha BOJHO HUBO, BOJIE-
110 70 3aCOJIsIBaHE HA IOYBUTE, BPEMEHHH U MTOCTOSIHHY 3a01aTsIBaHusI M HABOTHEHUS
BCJIE/ICTBHE TOKaYBaHE HA HUBOTO Ha MOA3EMHHUTE BOAM, BIUSHHE OT TEXHOTECHHM
MEpPONPUATHS, CBbP3aHM C U3TpakJaHe Ha CTPOUTEITHH U3KOMH U OTBOJAHUTEIHU Me-
ponpusTHS;

e KapTa Ha 30HU C Pa3IMYHU GUITPALMOHHU CBOMCTBA Ha CHOTBETHHSI BOZO-
HOCEH XOPHU30HT, B KOATO /1a C€ OTIACIAT Y4acThblH ¢ Koe(PUIUEHT Ha QUITpaLus:
<50 m/d; 50-100 m/d; 100-150 m/d; >150 m/d. B 30HuTE C HAli-BUCOKH CTOMHO-
CTH Ha Koe(duuHueHTa Ha QUIATpaLUs UMa yCIIOBUs, OT €IHa CTpaHa, 3a Mmo-obp3a
XOPHU30HTAIHA MUTPALMsl Ha 3aMBPCHTEIN B Cpella ¢ MO-HUCKa COPOLIMOHHA CIIO-
cOoOHOCT, a OT Apyra — 3a mo-0bp30 paspekaaHe Ha KOHUEHTPAalUUTEe U U3HACS-
HETO UM.

YcnopeaHo ¢ ToBa CIopes Hac 3a OlleHKa Ha Bb3MOKHH ONMIACHOCTH, Bb3ZEHCT-
Ballll BbPXY MO/3eMHUTE BoAM, ce u3BbpiiBa ['MIC ananu3 u Ha Apyru mokasare-
7, 32 KOUTO UMa HeoOXoauMaTa HHPOpPMAalLKs U KOUTO He ca BKIIOUYEHU B METOZa
DRASTIC. Enna BajxHa XapakTepUCTHKa Ha BOJOHOCHUTE XOPU30HTH, UMaIlla 3Ha-
YeHHEe 3a OLEHKH KaKTO B KOJIMUECTBEH aCIeKT, Taka U 10 OTHOIIEHNWE Ha MUTpa-
LIMs1 HA 3aMBPCUTENIN BbB BOJIOHOCHUTE XOPU30HTH, € MTOCOKaTa Ha JBHKECHUE Ha
MOJI36MHHUTE BOAM. 3a LIeJITa Ca ChbCTAaBEHU XUIPOAMHAMMYHU KapTH MO JaHHHU 3a
M3MepBaHUs Ha aOCOJIOTHUTE KOTH Ha BOJHU HHMBA B €IMH KpaTbK mepuop (mpes
1980 1.), KoraTo B KpailAyHaBCKUTE HU3MHU Ca MPOKapaHu TOJsiM Opoi COHIAXKH U
€HOBPEMEHHO B TAX € U3MEPEHO MOJO0KEHUETO Ha MoA3eMHUTE Boau. [pyra kap-
Ta, KOATO CE€ ChCTaBd, € crope] AcOenrHaTa Ha BOJOHACUTEHATA 30HA HA BOIHUTE
tena. Ta e mocTtpoeHa Ha ocHoBara Ha ABa ['MIC cnos — nonoxeHue Ha BOJHOTO
HUBO U JIOJIHATa 4acT Ha BOJOHOCHUS XOPHU30HT. T4 € OT 3HaueHue 3a onpeselIsaHe
KalalUTUBHUTE Bb3MOKHOCTH Ha BOJHUTE TeJa, UMalli Bb3/IEHCTBHE BbPXY pas-
peXaaHeTo Ha MOIaJHaIN 3aMbpPCUTENN U Bb3MOXKHOCTUTE 3a €KCIUIoaTalus Ha
MOJI3EMHUTE BOJIU.

[IpennmaranusaT NoAxoA MbPBOHAYAIHO € MPUJIOKEH 3a BunuHckara HU3MHA
(Benderev etal., 2013), a cera u 3a ocraHajduTe pasriieKJaHU HU3WHU
(¢ur. 2-13).
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@ur. 2. [TonokeHne Ha HUBOTO Ha IOA3EM-

HUTE BOIU BbB BunuHckara HusmuHa: 1. I'pa-

HUIlA Ha HHU3WHATA, 2. XUIPOJMHAMUYHA

Kapra; 3. 30HH C TTUTKO Pa3MOIOKEHO HIBO
TOJ] TIOBBPXHOCTTA (<2 m)

®ur. 3. XapakTepucTHKa Ha BOJOHACHTEHara
30Ha BbB BujuHckara Huzuna: 1. Ipanuna Ha
Hm3uHata; 2. JleOennHa Ha BOJOHACHTCHATA
30Ha (B m); 3—6. 30HU C Pa3IUIHU CTOHHOCTH
Ha Koedurmenta Ha ¢warpamst: 3. <50 m/d;
4.50+100 m/d; 5. 100+150 m/d; 6. >150 m/d

®ur. 4. [TonoxeHne Ha HUBOTO HA ITOA3EMHUTE
BOJM B Apuapckara Hu3nHa!

@ur. 5. XapakTepuCTHKA HA BOJOHACUTEHATA
30Ha B Apuapckara HU3HUHa?

@ur. 6. [TonoxeHne Ha HUBOTO HA ITOJI3EMHUTE
Bomw B [[uGbpckara Hu3HHA
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@ur. 7. XapakTepucTHKa Ha BOJIOHACUTEHATA
30Ha B [[nbbpckara HU3MHA?



Our. 8. ITonoxkenne Ha HUBOTO Ha oj3eMHuTe  Dur. 9. XapakrepucTUKa Ha BOJOHACUTEHATa
Bomu B Kosmonyiickara HisnHa 3o0Ha B Ko3noayiickara HuznHa?

®ur: 10. ITonoxenue Ha HUBOTO Ha moa3eMHuTe  Dur.11.XapakrepucTuka Ha BOJOHACUTEHATa
Bomm B OcTpoBCKara Hu3uHa 3oHa B OCTpOBCKara HU3MHA>

Our. 12. TTonoxkenue Ha HUBOTO Ha royzeMuuTe  dur. 13. XapakTrepucTrka Ha BOJIOHACUTEHATA
Boru B Kapaboaskara HusuHat 3oHa B Kapaboaskara Hu3MHa>

1 Bmx nerennara ot ¢wur. 2
2 BWX JereHaara ot ¢ur. 3
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JIICKYCUS

Kakro 6e orbenszano, KapTUTE ca M3TOTBEHH 1O JaHHU OT MPOBEIEHH MACOBH
COHIUpaHus, GUITPAIIMOHHY U3CIIeABaHNUsA, TpoBeaenu npe3 1980 r., kato u n3mep-
BaHUW Ha BOJJHO HUBO B €IMH KPATHK IIEPUO/, ITPU KOHWTO HE € UMAJIO MIPOMEHU B XU/~
POAMHAMUYHHTE YCIOBUS (HWBO HA p. JlyHaB M MPUTOLMTE W BAJIEKHO TOAXPaHBA-
He). Hpemm)l Ha TOBAa, 4€ ITOJIO’)KCHHUCTO HA HUBOTO HA IIOA3CMHHUTC BOAN CC U3MCHA
BBB BPEMCETO, UBTOTBECHUTEC KapTH, C U3KITFOYCHUC Ha TE€3H, CbCTaBCHU I10 KOG(bI/IIH/I-
eHT Ha (punTparys, JaBaT reHepaTHUTE TEHACHIIUN B I3MEHEHNETO Ha M3I0JI3BAHUTE
napamerpu. OLeHKaTa Ha JOCTOBEPHOCTTA Ha IMONyYEHUTE KapTH MOXKE Ja ce Ha-
MIPaBH CJIE] aHAJM3 Ha JTHarra3oHa Ha M3MEHEeHHe Ha HUBOTO Ha IO/I3eMHUTE BoAw. B
KpaiilyHaBCKUTEe HU3WHU MMa M3rpajiecHa MOHUTOPUHIOBa Mpexa Ha Harmonananus
HWHCTUTYT IO METEOPOJIOTHS U XUJIpoJiorusi U baceitHoBa nupekius JlyHaBcKU pailoH
3a KOJIMYECTBA U Ka9eCTBa Ha MOA3EMHHU Bonu (Tabi. 2).

TaOnuma 2
Monumopuneosu nynkmose 3a HaOIOOeHUe HA HUBOMO HA NOO3EMHUMe 800U C HATUYHA
nybnukysana (Project JICA, 2008) u npedocmasena nu ungpopmayus om baceunosa
oupexyus [ynascku pation 3a 2011 2.

No Haceneno mscto Hwusuna Tlepuon Pascrosinue
MyHKT Ha HaOmronenue | 1o p. dyHas (km)
3248 Cnana G6apa Buauncka 2005-2012r. 34
381a JyHnaBuu Bununacka 19602012 r. 1,3

932 HoGpu mon Apuap-Opcoiicka 19772012 1. 1,5

970a Kosmonyit Kosznomyticka 19922012 1. 0,6
9436 OctpoB OcTpoBcka 20072012 1. 4

970 3arpaxaeH Kapaboaska 19802012 r. 0,8

966 Bpect Kapaboaska 19802012 r. 6,5

Ananu3sT Ha PEKUMHUTE Ha6.]'IIOI[eHI/I$I IIOKa3Ba, 4€ HHBaTa Ha IMOA3CMHUTC
BOJIU C€ KOJIeOasT chiecTBEHO ((ur. 14), KaTo aMILIUTyaTa Ha TIXHOTO U3MCHEHHE
3aBUCH [0 TojiiMa CTCIICH OT OTCTOAHUETO Ha CbOTBCTHUSA MOHHUTOPUHIOB ITYHKT OT
p- Aynas (¢wur. 15).

HpI/I‘II/IHaTa 3a 3HAYUTEIIHO ITO-BUCOKUTE CTOMHOCTH Ha KOHeGaHI/ISITa Ha HHUBara
Ha MOJ[3eMHUTE BOJM B Onn3ocT 10 p. [lyHaB ca cBbp3aHU C IMOJIOPA UM OT peKara.
YcraHoBsIBaT ce JBe 30HH. B mmbpBara amruTynaTa Ha KojieOaHue e Mexay 2 1 5 m.
Ta3u 30Ha € B HerocpencTBeHa O:1M30CT J10 pekara (jio 1 km), kbpaeto KonebaHusITa
Ha HUBOTO Ha IOJI3EMHUTE BOJIM Ca MPSKO CBBbP3aHM C BOJHUTE M CTOCKH. Beien-
CTBHE Ha TOBA B pesie()HUTE MIOHMKCHHUS HA Ta3W 30HA YECTO CE CIIyYBa U3KITIOUUTEII-
HO IJIMTKO Pa3MoJIOKeHNE HA HUBATa Ha IMOJ3EMHHTE BOJH, KAKTO M 00pa3yBaHe Ha
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Owr. 14. Konebanus Ha BOZHUTE HUBA B MOHHUTOPUHIOBY ITyHKTOBE B mepuona 20002005 .
(mo namam HA J I C A, 2008)

Omwr. 15. AMHJ’II/ITyﬂa Ha KoyieOaHMs Ha HUBaTa Ha IIOA3EMHUTE BOJAU B 3aBUCHUMOCT
OT OTCTOSAAHHUETO UM OT P. ﬂyHaB IIpe3 pa3jInvIHU IICPUOIHN.

3a0yaTssBaHUs ¥ BPEMEHHHU BOJHU ILIOIM. Ta3u 30Ha Ou TpsiOBasio ja ObJie U3KITIO-
YCHa OT U3rOTBCHUTC XI/II[pOJII/IHaMI/I‘IHI/I KapTI/I Ha )Z[’bJ'I60‘II/IHaTa n ,Z[C6CJ'II/IHaTa Ha BO-
JIOHOCHHUTE XOPU30HTH, 3aIIOTO TE3H MOKA3aTeNI ca CHIHO mpoMmernnnBH. [locokara
Ha IBUXCHHUEC HA ITIOA3CMHHUTC BOAU CC HpOMeHSI HepI/IOI[I/IT-IHO B 3aBUCUMOCT OT TOBa
nmamu p. JlyHaB momxpaHBa WM IpEeHHpaA MOA3EMHHATE BOIW B Ta3W 30HA. B ocrana-
JlaTa 9aCT HAa HU3UHUTC aMHJ'II/ITYIIaTa Ha KOJIe6aHI/IeTO Ha HUBOTO HA IIOA3CMHHUTEC
BOJIM € ITO-MaJIKO — Hai-ueCcTO OKOJIO | M ¥ 1O CHIECTBO HE MTPOMEHS TCHACHITUATA
Ha HpOMSIHa Ha U3IIOJI3BAHUTE I10KA3aTCIIN U HOJ'Iy‘IeHI/ITe KapTI/I Morar ga 6’bI[aT n3-
IIOJI3BAHU 3a IMO-HATATBHIIIHU aHAJIM3W U OLNCHKHW HAa OIIACHOCTHUTEC 3a HpOMS[HaTa Ha
KOJIMYECTBATa M KayeCcTBaTa Ha BOJMTE.

7 Ilpodnemu Ha reorpadusta, 1-2/2014 . 97



3AKJIIOYEHUE

HampaBenusar ananm3 Ha B3MOKHHUTE OIACHOCTH OT €CTECTBEHH M aHTPOIIO-
TEeHHU BB3JIEHCTBUS BHPXY MOJ3EMHHUTE BOJIM TIOKA3Ba, Y€ B KPAWTyHABCKUTE HU3HHA
¥Ma yCJIOBHS 32 HEOIATOMPHUATHH IPOMEHHU B KOJIMYECTBEHO U KAYECTBEHO OTHOIIIC-
Hue. ToBa BB3IEHCTBHE 0 TONSIMA CTETICH 3aBUCH OT TSIXHATa YS3BUMOCT, OIpele-
JISIIA C€ OT XUAPOTCONIOKKUTE 0COOCHOCTH Ha BOIOHOCHUTE XOPWU3OHTH. [IBpBOC-
TETIEHHO 3HAYCHHE MMaT ITOCOKaTa M CKOPOCTTa Ha ABMKCHIC HA TIOA3EMHUTE BOJH,
nebenrHaTa Ha BOJJOHACUTEHATA YacT, AbJI00YNHATa HA HUBOTO HA TIOA3EMHUTE BOJIH
T0J] TOBBPXHOCTTA, GUITpanOHHUTE TapameTpu. ClieBaIy CTHIIKH Ca CBbP3aHU C
HaciarBaae B ' IC Ha monmy4eHnTe KapTH, C pa3IMdHU CIOEBE C MMOTCHIINAIHA U aK-
TUBHU M3TOYHUIM Ha 3aMBPCSIBAHE M CHOPBKECHHS, PA3KPUBAIINA M €KCTUIOATHPAIIN
MOJ3eMHU BOX. He3aBUCHMO 9e 9acT OT MOCOYEHUTE XapaKTePUCTUKU Ce TPOMEHST
BBB BpemeTo, m3rorsennte [ MIC cioeBe n KapT ca MPUIIOKUMH 32 TEPUTOPUHUTE
Ha KpailyHaBCKUTE HU3WHH, C U3KIIIOUEHNE HAa MBHIIA B OJIM30CT /10 peKara, KbAETO
JUHAMHKATa Ha TIPOMSHA HAa HUBOTO Ha TIOA3EMHUTE BOJIM M TIOCOKATa Ha JABIKEHHUE
€ CIJTHO ITPOMEHJINBA B 3aBUCHUMOCT OT CTOeXHTE Ha p.J/yHaB.
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Teonocuuecxu uncmumym npu bAH

ASSESSMENT OF THE MAIN FACTORS WHICH INFLUENCE
THE VULNERABILITY OF GROUNDWATER
IN THE DANUBIAN LOWLANDS

Al Benderev, M. Krastanov, B. Berov

(Summary)

Groundwaters in the Danube lowlands are the object of investigation. These
lowlands are fragments of terraces of the Danube River, which form independent
water bodies with shallow situated groundwater. An analysis has been made of the
main indicators that are essential to determine groundwater vulnerability on the basis
of possible natural and anthropogenic hazards impact over the groundwater quantity
and quality. Maps have been prepared in GIS environment of the most important in-
dicators with attention on the influence of the Danube River on the obtained results.
The direction and speed of movement of the groundwaters, thickness of the water
saturated part, the depth of the groundwater level beneath the surface and filtration
parameters are whit primary importance. Although some of these characteristics are
changeable over time, prepared GIS layers and maps are applicable to the territories
of the Danube lowlands, with the exception of a strip near the river, where the dynam-
ics of change in the level of groundwater and the direction of movement is highly
variable depending on the level of position levels of the Danube River.
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INTRODUCTION

The end of the twentieth and beginning of the twenty-first century is marked by
enhanced pluvial contrasts within the temperate climate in which the study-area lies.
In this context, shifts between prolonged droughts and excess rainfall could generate
discontinuities in the multiannual range on larger surfaces that, by the general impact
on the environment produce disturbing effects (Dragota, 2005; Busuioc etal.,
2010). Flood wave triggered by heavy rainfall or snow melting generate sudden flood
events, changes in riverbeds, damages, not least casualties. As a result, the excess of
water can cause slope instability along with landslides or mudflows reactivation
(Balteanu, 1997), the shrinkage of agricultural productivity (Sandu et al,,
2010), thus requesting in-depth studies on excess rainfall together with other associ-
ated extreme events: droughts, unusual snow cover, thermal anomalies, hailstorms,
wind intensification etc.

By way of their characteristic parameters (intensity, duration, quantity), ex-
cess rainfall are dependent on altitude, relief, solar radiation, and on the role as
a orographic barrier provided by the Carpathian Mountains in the north and pre-
Balkan Plateau in the south. The highly active dynamics of the humid tropical
air or of the polar-maritime air over Romania’s territory, as well as the unequal
heating of the terrestrial surface generates heavy rainfall during summer trigger-
ing flood waves.

When taking into consideration the Danube Floodplain area and the surrounding
plain areas, the evolution of the meteorological factors, aside from topographic par-
ticularities of riverbeds and fundamental features of the water system, plays a deci-
sive role in the occurrence of floods most often brought about by heavy rainfall. From
the point of view of the synoptic situations, heavy rainfall within the area belongs to
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certain types (M ilea etal., 1976): Type I —heavy rainfall determined by the Medi-
terranean cyclones; Type 2 — heavy rainfall determined by the cyclones centred in the
Pannonia Plain; 7ype 3 — heavy rainfall inside the depression corridor formed by an
Icelandic anti-cyclone and a cyclone from the eastern area of the Mediterranean Sea;
Type 4 — heavy rainfall brought about at the limits of an anti-cyclonic field; Type 5 —
heavy rainfall of a thermo-convective nature.

As a moment when heavy rainfall occur after being generated by such weather
situations, a greater frequency during late spring and summer comes forwards due to
the more frequent surging of warm and humid oceanic or Mediterranean air above
the Romanian territory. During summer, the thermo-convective type 5 is prevalent.

Within the analyzed area, floods are determined by a certain quantity of water
coming from precipitations which in the plain areas occur under the following condi-
tions: in the case of dry soil, a quantity of water of 50 I/m?or more is required in a 24
hour period; in the case of humid or soaked soil, a quantity of water of 15-30 1/m? or
more is required in a 24 hour period (Mile a etal., 1976).

The increased erosive potential of high-quantity or high-intensity rainfalls gen-
erally cover the May-August interval also known as “critical erosion season” when
the precipitation with a probability of occurrence greater than 50% derive from rain
showers or heavy rainfall (Dragota, 2006).

THE STUDY-AREA

The Romanian sector of the Danube Valley from Calafat town to Turnu Magurele
municipality is located in the south-western part of the Romanian Plain falling into
the transitional temperate-continental climate with Mediterranean influences and
mean temperatures of up to over 11 °C in its southernmost part and mean annual pre-
cipitation amounts of 500-600 mm (Sandu et al., 2008).

Considering that the main factor in assessing the vulnerability of a hazard-prone
area is population, the study-area limit was extended beyond the floodplain natural
limits to the administrative boundaries of towns and municipalities which are over-
lapping the Danube Floodplain area (Grigorescu etal., 2013).

Fig. 1. The Calafat — Turnu Magurele Danube Floodplain sector
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The Calafat — Turnu Magurele Danube Floodplain sector includes 26 settlements
(NUTS 5 level) covering an area of approximately 2 216 km? totalling 162,613 inhab-
itants (TEMPO online, 2010). A high employment share of the occupied persons in
agriculture demonstrates the profound rural character of the Danube settlements and
their high dependence to climate-related extreme events.

METHODS AND DATA

In order to assess the pluvial hazards in the study-area the main pluvial char-
acteristics and the excess rainfall based on several indicators (maximum monthly
precipitation amounts, maximum precipitation amounts fallen in short intervals)
and indexes (Fournier, Fournier Modified and Angot pluvial aggressiveness)
were used. Consequently, the pluvial climatic hazards were assessed using a GIS-
based methodology aiming to provide both the spatial distribution of the analysed
extreme weather phenomena and the resulted intensity classes for the analysed
indexes and indicators. The above mentioned computation was based on annual
and monthly climatic values for the 1961-2007 time frame, from four meteoro-
logical stations located in the area (Calafat, Bechet and Turnu Magurele) as well
as from Bailesti, considered as support station, located north of the study area, in
the upper plain.

THE MAIN PLUVIAL CHARACTERISTICS OF THE DANUBE FLOODPLAIN:
THE CALAFAT — TURNU MAGURELE SECTOR

In the study-area, the yearly maximum monthly precipitation amounts are
mainly registered over the June — August period. The highest monthly precipitation
amounts were recorded, for all analysed weather stations, in August 2005. These
quantities have exceeded up to six times the mean monthly amounts at Bailesti
weather station. On a multiannual annual basis, once more the year 2005 detaches
with the highest annual precipitation amounts of 850 mm against the mean multian-
nual value 558.7 mm at Bailesti weather station (Table 1).

Table 1
Monthly and yearly precipitation amounts (mm)
Weather station Monthly amounts Yearly amounts
. Multiannual . Multiannual
Maximum Maximum

mean mean
Calafat 183.4/VIIL.2005 39.2 809.5/2005 528.1
Bechet 195.0/VII1.2005 41.8 807.8/2005 518.1
Turnu Magurele | 185.6/VIIL.2005 48.8 841.6/2005 527.8
Bailesti 257.4/VIIL.2005 43.1 850.0/2005 558.7
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The destructive aspects of torrential rainfall depend on the intensity, duration
and on the water quantities, as well as on the main features of the active area: li-
thology, the presence/absence of the vegetal layer, declivity, the occurrence during
the year (after long drought periods, when the soil is very dry and its cohesion is
reduced and the rain’s force of erosion is higher, but also after a period of heavy
rainfall, or after snow meltdowns when the soil is oversoaked). In such conditions,
heavy rainfalls trigger geomorphological processes, affects crops, economic in-
frastructure (roads, bridges, railroads, networks of electrical energy transportation
sewage systems and water/gas pipelines) and houses determining a negative impact
on the environment.

The maximum precipitation amounts fallen in short intervals (24, 48 and 72
hours) is aleatory both at spatial and temporal scale, dependent on the genetic and
environmental driving forces. Therefore, in accordance with their maxim variability
range, heavy rainfall fall into the climate hazards category (D ra gota, 2005).

One has to mention the impact of the precipitation registered during short
periods of time, of which those cumulated in 24 hours play a very important role.
These amounts of rainfall that fall during the warm semester of the year, geneti-
cally juxtaposed to thermo convective and frontal processes subscribe themselves
to the Azores circulation of air which prevails, and reach the highest values in
the whole year. The months during which the most abundant day precipitations
are registered, are June, July and August, followed by the autumn months, and
then by spring months (especially May). From the perspective of quantity, they
exceed the mean values and quantities of the entire month, and in some cases they
grow near to the annual mean. In the study-area, among the most representative
for the entire period of observation (1875...2007) sum up to 348.9 mm in 1925 at
Ciuperceni (Table 2).

Table 2
Absolute maximum quantities of precipitations/24 hours (1875...2007)

Meteorological station Maximum amoun(tncl)rnt;rec1p1tat10ns/24 h Date of occurrence
Calafat 194.0 4.06.1940
Celei 140.5 12.07.1999
Ciuperceni 348.9 26.06.1925

Source: Dragota, 2006

Over the 1961-2007 interval, the maximum precipitation amounts fallen in 24
hours in the study-area have varied, between 132.4/5.07.1970 at Turnu Magurele
weather station and 83.8/3.07.1979 at Bailesti weather station, not exceeding the
quantities fallen during the previous observation period.

The same weather stations have also recorded the second rank values of
107.3/07.1999 and 62.4/07.1995 respectively. Concerning the mean multiannual
quantities fallen in 24 hours, the variability degree ranges between 40.4 mm and
43.0 mm against the positive deviations of the highest maximum values displaying
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Fig. 2. Maximum precipitation amounts/24 hours and their mean values
at Calafat weather station
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Fig. 3. Maximum precipitation amounts/24 hours and their mean values
at Bechet weather station

differences of 89.4 mm at Turnu Magurele weather station and 42.5 mm la Bailesti
weather station.

In order to highlight the variability range of these exceptional values, the authors
carried out the investigation against the multiannual mean which revealed values
shifting from 15.9 mm at Bechet weather station to 16.6 mm at Bailesti weather sta-
tion. The lowest mean multiannual maximun values/24 hours are recorded at Bailesti
and Bechet (7.9 mm) and at Turnu Magurele (8.9 mm), and the highest ranging be-
tween 23.1 mm at Bechet and 26 mm at Calafat (Fig 2-5).
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Fig. 4. Maximum precipitation amounts/24 hours and their mean values
at Turnu Magurele weather station

The evolution trend of the analyzed 47 years range shows a slight rise at Calafat
and Turnu Magurele weather stations with about 1-2 mm/interval, a little more in-
creased at Bailesti (4 mm) and balanced at Bechet.
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Fig. 5. Maximum precipitation amounts/24 hours and their mean values
at Bailesti weather station

The polynomial trend lines indicate two periods with excess maximum values
for all the analyzed weather stations: 1963—-1981 and 1991-2005. Referring to the
moment of occurrence throughout the year, generally, the maximum precipitation
quantities of precipitation/24 hours cover the July-September interval (Fig. 2-5).
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EXCESS RAINFALL CHARACTERISTICS OF THE DANUBE FLOODPLAIN:
THE CALAFAT — TURNU MAGURELE SECTOR

The excess rainfall, on a large extent, originates from the rainfall showers and
the heavy rainfall mainly fallen in short temporal periods (minutes) in favourable
synoptic conditions.

The rain showers stand for the key parameter in the assessment of rainfall in-
tensities and their destructive effects. Since they represent short-term precipitation
with sudden beginning/ending, they support rapid shifts in intensity, thus totaling
significant amounts of water. Throughout the year, the maximum frequency of the
rainfall showers can be recorded during the April/September interval with over 12
cases/month, thus overlapping the active vegetation period. The maximum number
of cases with such extreme weather phenomenon reaches between 15 cases at Bailesti
and 18 cases at Turnu Magurele weather stations.

Over the same interval, the mean monthly frequency varies between 4-5 cases at
Bailesti weather station rising up to 8—10 cases at Turnu Magurele (Fig. 6).

Decennially, one can notice a significant increase in the annual mean frequency
of cases with rain showers. Thus, if the average of the 1961-1970 decade was of 32.7
cases at all analyzed weather stations, after the year 2001 it raised up to 60 cases. The
most cases with rain showers were recorded in the eastern sectors of the study-area at
all temporal scales (Fig. 7).

The environmental vulnerability to this climatic hazard takes into consideration
especially the pluvial intensity, which, in the south and the centre of the area under
discussion becomes one of the highest. It is worthy of mentioning the special role of
meteorological phenomena associated with heavy rainfall (strong winds, hailstorms,
floods etc.), which usually complete the aspects that make up the climatic hazard in
the warm semester of the year.

Fig. 6. Pluvial intensity and mean/maximum number of cases with rain showers
in the Calafat —Turnu Magurele Danube Floodplain
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Fig. 7. The decennial variation of the rain showers frequencies
in the Calafat —Turnu Magurele Danube Floodplain

One sector where heavy rainfall on the Romanian territory are registered is that
of the sand dunes at Ciuperceni — Desa — Calafat, where the underlying sand surface
is rapidly heated and the frequency of unstable moist and tropical air is very high. In
such situations, in plain areas, rainfall of a torrential character has mean intensities
of over 4 mm/min or even higher. The greatest pluvial intensities determined during
torrential rain have been registered at (Table 3):

Table 3
Maximum quantity of heavy rainfall in the Romanian side of the Danube floodplain
Meteorological Date Intensity Duration | Total quantity
station of occurrence (mm/min) (minutes) | of water (mm)
Ciupercenii Vechi 28.06.1945 6.15 2 12.3
Calafat 29.07.1963 2.20 29 63.8
Bechet 20.08.1975 9.00 1 9.0

Processed after Dragota, 2006; Marinica, 2006

In terms of maximum pluvial intensities, within the study-area, the Calafat-Be-
chet perimeter registers the highest pluvial intensities values (over 6.0 mm/min) trig-
gering flood events and associated geomorphological processes. The lowest values
are recorded in the eastern parts (the Turnu Magurele area) with the largest extent in
the Romanian side of the analysed territory (less than 5.0 mm/min).

The pluvial aggressiveness. Among the main components of the pluvial re-
gime, the analysed rainfall parameters (rain showers and pluvial intensities) have
the strongest impact on the environment, thus being taken into consideration for the
assessment of some specific erodibility indexes.
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In the current paper, the authors used Fournier FI (1960) and Fournier Modified
MFI indexes (Fournier, 1960; Arnoldus, 1980) for the assessment of surface
erosion and Angot index for linear and slope erosion.

Fournier (FI) and Fournier Modified (MFI) indexes take into consideration the
following variables:

n p2 ) 12
Z rE;XI Zpiz

Fl= "2 1 MFI = i:lP , where:

P,..; — 1sthe amount of water in the rainiest month of the year (mm);
— represents the annual precipitation amounts (mm);

i

n —is the number of years of the observation period.
Table 4
Pluvial aggressiveness classes (FI and MFI)
Pluvial erodibility classes FI Pluvial erodibility classes MFI
(FI) (mm) (MFI) (mm)
Very low 0-20 Very low 0-60
Low 21-40 Low 61-90
Moderate 41-60 Moderate 91-120
Severe 61-80 Severe 121-160
Very severe 81-100
Very severe >160
Extremely severe >100

For the analysed weather stations, over the 1961-2007 period, the pluvial ag-
gressiveness index registers lower values taking into consideration the plain and
floodplain relief the study-area is framing into where the years with very low and low
aggressiveness prevail.

However, one can notice, singular years when the severe aggressiveness domain
(60-80) is highlighted by the years 1985 at Calafat and Bailesti weather stations and
2005 at Bailesti (Fig. 8 — appendix).
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Fig. 10. The representation of the mean multiannual values of the MFI pluvial erodibility
index in the Calafat —Turnu Magurele Danube Floodplain

The spatial distribution of the annual values on aggressiveness classes points to
the prevailing of low and very low index values at all weather stations. Additionally,
Calafat and Turnu Magurele weather stations also display moderate and high pluvial
erodibility values (Fig. 9 — appendix).

The Modified Fournier Index (MFI) comes to complete the information on plu-
vial aggressiveness on monthly multiannual basis. Therefore, according to the estab-
lished pluvial aggressiveness classes, the mean multiannual values reveal a preva-
lence of the first two classes: low and very low (Fig. 10).

The susceptibility of the analysed Danube floodplain sector to erosion processes
was also estimated using Angot Pluvial Index (K). The unleashing of these erosion
processes has as key triggering factor either heavy precipitation fallen on long peri-
ods or their high intensity, both favouring torrential processes and flood events. Angot
Pluvial Index (K) was computed according to the formula below (Dragota et al,
2008):

K= p/P (1)
where:

p=a/n )
q — monthly precipitation amounts; 7 —number of days/months;

P = Q/365 3)

Q — multiannual precipitation amounts.

The used database covers the warm semester of the year when positive Angot index
values are calculated (Table 5).
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Table 5

Susceptibility classes liable to reactivating landslides and triggering floods based
on Angot Pluvial Index values

Susceptibility class Very low | Low | Medium | High | Very high

Angot Index values <1.0 1.0-1.5 | 1.6-2.0 | 2.1-2.5 >2.5

The most favourable conditions for the occurrence of erosion processes, from
pluvial point of view, are reached within the April-September interval, when the
highest rainfall amounts are also recorded (Fig. 11 — appendix).

One can notice two extremely pluvial annual periods: 1963—1984 and 1991—
2007 with a particular rainfall input during the warm semester months. These two
intervals also largely correlate to the polynomial trendline of the maximum precipita-
tion amounts/24 hours analyzed before (Fig. 2—5). There can be easily detached the
following excessively wet years 1972 and 2005 with maximum values for the Angot
Pluvial Index.

CONCLUSIONS

The current study reveals that the Calafat — Turnu Magurele Danube Floodplain
sector displays a moderate to excessive pluvial regime. The excess rainfall is inferred
by the rain showers and the high values of the pluvial intensities which are compara-
ble with the highest values registered in Romania (over 6 mm/min), which given the
main pluvial characteristic of the study area.

The pluvial aggressiveness is defined by the precipitation amounts consid-
ered for the computation of the selected indexes (Fournier, Fournier Modified and
Angot), but due to relief configuration, reduced declivity and soil types which al-
low water percolation, in the study-area moderate, low and very low susceptibility
classes prevail. Consequently, the relief particularities and the interaction with the
general atmospheric circulation in the Calafat — Turnu Magurele Danube Flood-
plain sector is greatly contributing to the spatial pattern of rainfall’s erodability
potential in terms of intensity, frequency and spatial distribution of the triggered
erosion processes.
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OLIEHKA HA PUCKA OT OBMJIHU BAJIEXKU B 3AJINBHATA TEPACA
HA PEKA JIYVHAB B YHACTBKA MEXY KAJTAOAT 1 TYPHY M'BI'YPEJIE

K.-C. /lpacoma, U. [ pucopecky, M. Jumumpawxy, I Kyuuya

(Pe3omMme)

CrarusiTa ¥Ma 3a LeN Jla TPEICTaBy IOJXO0/ 32 OLIEHKa Ha pUCKa OT OOWMIHU
BaJeKM B PYMBHCKHUS Y4acThK Ha 3ajJMBHaTa Tepaca Ha p. JlyHaB, pa3paboTeH B
paMKuTe Ha MPOEKT ,,JIHTerpupana oueHka Ha MPUPOIHUS M TEXHOJOTUYHUS PHCK
B 3aJlMBHaTa Tepaca Ha p. [lyHaB B pyMBHCKO-OBJITapCKHS TPACTPAHHYECH yYacThK
Kanadar-Buaun — Typay Msrypene-Huxornon (ROBUHAZ-DUN) no Eporeii-
cKaTa mporpama 3a TpaHCTPaHUYHO ChTPYJHHUECTBO MEeXTy PymbHUS 1 bbarapus.
ABTOpHUTE TIPaBST OLICHKA HA YECTOTaTa U WHTCH3UTETa Ha PUCKA OT OOMJIHM Basie-
KM Ha 0a3ara Ha chOMpaHe W XOMOTEHU3UpaHe Ha MHPOpMAIMS M U3YMCIISIBAaHE Ha
CPeIHH U MAaKCMMaJIHU MECEYHH U TOMIIHM CTOHHOCTH Ha KIMMaTHYHUTE MOoKa3a-
Tenu (MakCUMaJIHH BaJIe)KHU KOJIMYECTBa 3a MepHuon oT 24 yaca, HHTEH3UBHOCT Ha
BaJIGKUTE U T.H.), KAKTO ¥ Ha APy MHIUKATOPH, CBbP3aHM C IIPOJIMBHUTE BaJICXKH
(Fournier, Fournier Modified, Angot). [To To31 HauMH PUCKBT OT BAJICKH € OLCHEH
ype3 u3non3sane Ha ['MIC c 1ien 1a ce pazkpue KakTo IpOoCTPaHCTBEHOTO MPOSIBICHNE
Ha aHaJM3UpPAHUTE EKCTPEMHU METEOPOJIOTUYHHU SBJICHHUS, TaKa U JIa CE ONpPeNesT
KJIAaCOBE HAa MHTEH3MUBHOCT CIIOPE/] CTOMHOCTUTE HA U3IOJI3BAHUTE WHAEKCH U MOKa-
3aresn 3a oreHka. Hactosmoro nzcnenBane Karo 15010 € 0a3upaHo Ha PeaTHU JaHHU
ot Meteoposiornynute craniuu B Kanadar, beitnen, beker u Typay Msbrypene 3a
nepuona 1961-2007 r.
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Fig. 8. The annual representation of pluvial aggressiveness index values at Calafat,
Bechet, Turnu Magurele and Bailesti weather stations
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Fig. 9. Pluvial erodibility index (MFI) in the Calafat — Turnu Magurele Danube Floodplain sector
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BFBJITAPCKA AKAZIEMUS] HA HAYKUTE ¢ BULGARIAN ACADEMY OF SCIENCES

[TPOBJIEMU HA TEOT PAOUSITA o 1-2 ¢« PROBLEMS OF GEOGRAPHY
Codust @ 2014 o Sofia

[NIOTEHLUAJIHN U3TOYHNLIN HA XUMHWUYHO
3AMDBPCSBAHE HA 3AJIMBHATA TEPACA HA P. IVHAB
B YUHACTBKA KAJTA®AT-BUAVH
— TYPHY MBI'YPEJIE-HUKOIIOJI

[[seman Koyes, [eopeu Kenezos

B crarusra e HanpaBeH KpaTbK 0030p Ha ChILECTBYBAIaTa MHPOPMAIHI OTHOC-
HO OCHOBHHUTE MOTEHIIMAIHU M3TOYHHUIM HAa XUMHYHO 3aMbpCsSBaHE Ha 3ajlMBHATa
tepaca Ha p. Jlynas B yuactbka Kanadar-Buaun — Typay Mbrypene-Hukomnon. ITo-
COYEHH ca XapaKTepHUTE 3aMbPCUTEINH 3a p. JlyHaB, KaKTO ¥ Te3u, KOUTO MOrar Jia ce
O4aKBaT B U3CJEIBAHUS CEKTOp OT pekara. KaTo OCHOBHHM MOTEHIIHAIHN W3TOYHHUIIN
Ha 3aMbPCSIBAHE HA IIOYBUTE HA 3aJIMBHATA TEpaca ca ONpPENEJICHU MPOU3BOICTBATA
B MUHHO-/I00MBHHUSA CEKTOP B peHUpaHata oT p. [lynas Teputopust Mmexay YKenesnu
Bpara u yctusra Ha pekure OcbM 1 OnT. B3 0cHOBa Ha TOBa ca MOCOYEHHU HAN-ys3-
BHMUTE y4acThLIM Ha TyHaBCKaTa 3aJIUBHA Tepaca OT 3aMbpCSABaHE C OIMACHU Bellle-
CTBa KaTo TEXKH METaJIM U apCeH B TPaHHUIIUTE Ha W3CIIeBaHUS pPaloH.

YBOJ

Bomoc6opst Ha p. JlyHaB € cMsiTaH 32 Hal-MHTEPHAIIMOHAITHUS B CBETA U BTOPH
1o rojeMuHa Ha EBponeiickusi KOHTUHEHT. BkitouBa Teputopuun ot 19 abpxkaBu u
o6xaaria rromny ot 817 000 km? ¢ nacenenue ot 83 mumona aymu (I C P D R, http://
www.icpdr.org/main/danube-basin). bpp30oTo cromaHcko pa3BUTHE Ha JYHABCKUTE
nepxkaBu npe3 XIX u XX B. B ChUETaHHE C HECHBBPIIEHCTBOTO HAa W3MOJ3BAHUTE
MPOMUIIICHH TEXHOJOTHH € TPUYHMHA 32 MOCTHIIBAHE HA 3HAYUTEIHH KOJIWYECTBA
OTIIaJbYHM BEIIECTBA B peyHara cuctema Ha JlyHaBckus OaceilH mpe3 TO3u Iepro.
JlaHHUTE OT MEKIYyHAPOIHUS MOHUTOPUHT Ha . JlyHaB, ctaptupain npe3 1996 r., no-
Ka3BaT HaMaJIsIBaHE Ha 3aMbpCsIBaHETO Ha pekara oT kpast Ha XX B. (I CP D R, 2005),
KOETO Ce JBJKU B TOJIsIMA CTETIeH Ha ChKpallaBaHe Ha TMPOU3BOJCTBOTO B IIPOMHIII-
JeHocTTa U 3emezenueTo Ha [lentpanna u M3rouna EBpona. Bernpeku ToBa, Chabp-
JKaHUSTA B peKaTa Ha OPTaHWYHH POIYKTH, XPAaHUTEIHH BetecTBa (a30T u ¢ocdop)
M OTTACHU BEMIECTBA KATO TEKKH METAIIM U TIECTUIININ BCE OIIE Ce 3ara3BaT BUCOKH
(I C P DR, 2009). ToBa mopaxma omacHOCT OT IOCTHIIBaHE M aKyMyJIHpaHe Ha pe-
JTUTIa BEIECTBA C aHTPOIIOTEHEeH MPOU3XOA B JaHAMAa(Ta Ha TyHABCKUTE 3aJIUBHU
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Tepacu. O1ieHKaTa Ha OaCHOCTTa OT XUMUYHO 3aMbpCSIBaHE Ha ONpPENEIeH yU4acThbK
ot p. JlyHaB u 3anuBHaTa 1 Tepaca U3UCKBA MH(POPMALUS 3a MOTCHIMATHUTE U3TOY-
HULM Ha TEXHOTCOXUMHUYHO Bb3/elcTBYE. TakuBa JaHHU NOAIIOMAraT OIpEAEIISTHETO
Ha rOpeLIUTe EKOJIOTUYHU TOYKH, Bb3MOXKHUS ChCTaB Ha 3AMBPCUTENIMTE U IIBTUILATA
Ha TSXHOTO MOCTBIIBAaHE B 3aCETHATUTE JaHALAPTH.

PalionbT Ha HACTOSIIOTO M3CJIEABAHE BKIIOYBA KpaIyHAaBCKUTE OOLIMHU B
TpaHcrpannunusi peruon Kanadar-Bugun — Typny Mwrypene-Huxomon (¢ur. 1).
beirapckara gact oT nmpoydyBaHaTa TEPUTOPUS € PasIIOJIOKEHA B CEBEpHATa IEpH-
¢epus Ha 3amagHaTa U HEHTpanHaTa yacT Ha [lyHaBckara paBHHHA — OT BuanHckara
HU3MHA Ha 3anaj 10 CBuioBcko-beneHckara kpalyHaBcka HU3MHA Ha M3TOK. Ha
PYMBHCKa TepUTOpHsI pailoHbT oOxBama OnTeHckaTa paBHUHA M YacTHYHO Teneop-
MaHCKaTa paBHUHA, KOUTO €a 4acT OT PyMbHCKara paBHUHA.

Tepuropusita or Bugun 1o Hukonon B /[yHaBckaTa paBHUHA CE€ XapaKTEpU3H-
pa c paBHMHEH U IUIATOBHJICH Makpopened. EnquHCcTBeHO B ceBepHara 4acT, HOKpai
p. lyHaB, uMa HU3MHHU TepuTOopur. KMMaTHUHUTE yCIIOBUS HA LENHUS PETHOH ca
YMEPEHOKOHTHHEHTANHU. PacTuTenHocTTa e nmpeobnaaaBaiio HIMPOKOIUCTHA — b~
6oBa (Quercus sp.). OCHOBHATa YacT OT €CTECTBEHHTE JIaHAIIA()TH ca IPEBbPHATH B
00paboTBaeMH 3eMH B TEUEHHE Ha ABJIBI HCTOPHUYECKH MEPHO. 3alIUTEHUTE TEPH-
TOPHUHU Ca PA3NOJIOKEHU NIABHO 110 JYHABCKUTE OCTPOBU U B IPUPOJHUTE CUCTEMHU
OT BII@XXHU 30HU. Hali-m3BecTHara 3amuTeHa TEpUTOpHUS € OHOCEpHUT pe3epBar
,,/10uma®, pa3noiokeH Ha €AHOMMEHHHS OCTPOB cpelly ycTtueTo Ha p. LluOGpuna.
Cnc craryT Ha 3ammreHocT o HATYPA 2000 ca cnennure teputopuu: 1) no u-
peKTHBa 3a NTUHUTe — OcTpoB loms, pubapauim Opcos, octpoB MoOuma, octpos
Topuau [{u6wp, Lludbpcko Omaro, 3narus, Hukomnomncko miato u octpos JIaket; 2) 1o
HupexruBa 3a xadburtarute — Jlenelina, Paboso, Opusuiero, octpo Kyroso, Llap
[lerposo, Boiinuna, Buauacku mapk, Bunoon, Beproncku noi, ocrpos binsnanure,

@wr. 1. Kaprocxema Ha nscnensanus peruod Kanadar-Bunna — Typry Meryperne-Hukomnon
(pa3pabotena crBMecTHO ¢ A-p CrossH HenkoB)
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Apuap, Opcosi, MomunOpozacko 6mnaro, Homnxo Jluneso, pexa Jlom, Ln6wp, Lnbpu-
ua, 3natus, Kosnonyii, octpoBu Koznoayi, p. Orocta, p. CxbT, OcTpoB, OcTpoBCcKa
cren—Banun, pexa Uckbp, Kapaboas, pexka Burt, [lepcuna.

PymbHCKHTE myHaBCKHTE OperoBe ca ¢ BucounHa oT 1 1o 3 m. Cneunduyna
qacT OT JaHAmadTa ca CHCTEMUTE OT BIIaYKHHU 30HH T10 LISTIOTO TPOTEKEHHE Ha Ope-
ra, KouTo popMupar mpexosna KbM 30HaTa Ha TepacuTe. B mpuycTuiiHuTE 30HH Ha
pexute XKXuy nu OnT HazMopckaTa BUCOYMHA C€ MOBHUIIIA KaTo pe3yaTar oT o0pasy-
BaHETO Ha HaHOCHHU KoHycH. [Ipe3 70-Te roguuu Ha XX Bek ca IpeanpueTH ToJIeMH
MEJNHOPAaTUBHE MEPONPUSTHS, KOUTO MPOMEHAT peieda, HO HEe BOAAT 10 Tpecy-
[IaBaHE Ha BIAXXHUTE 30HU, KAKTO TOBA CE€ € MOJYYHJIO Ha OBIrapcKa TePUTOPHSL.
PactutennoctTa € mpencraBeHa OT TOpCKM (opManvu ¢ AOMUHaNMA Ha Jb00Ba
PACTHTETHOCT M a30HAJHU PACTUTETHU (QOopMaluu, MpeJCTaBeHH OT XUTrpopUTHA
pactutenHocT — Osita BpOa, Tonona u ap. Tyk monaaat oceM NMPUPOIHU pe3epBa-
Ta: Jleca—Uynepuenu, eseporo Monene, banra Harpa u banra Jlara (Manku ese-
pa), xaiodpuiHaTa MECTHOCT ,,Jlxxurepa®, ropata 3asii, QoHute ,,Jla Yerare™ kpait
Ibu0ynen u l'opckara Kemia B ropara [loteny. B Mpeskara oT 3aliuTeHn TepUTOPUH
no HATYPA 2000 ce BkiirouBar no JlupexruBara 3a nruiute 30HuTe Kanmadar—
Yynepuenn—/ynape, buctpen, BonocnussT XKXuy—/lynas, JIb0yneHckuTe niachiy,
BofocnuBbT Ont—/lyHaB, KAKTO M MecCTa ChC 3HAYCHHE 32 MECTHHTE OOLIHOCTH:
Yynepuenn—/leca, kopunopsT XKuy u Kopadbus — Typay Mserypene (Balteanu
etal., 2013).

BposTt Ha HacereHHeTo Ha LIeTHs pEerHoH Bbh3au3a Ha 349 667 nyuu, CbOTBETHO
159 880 nymm B Pymbaust u 189 787 nymm B benrapus (H C W, 2011). OcHoBHa-
Ta 4acT oT oOmuHUTEe B PyMBHHS ce onmpeaensT Karo CpeJHOToJIeMU C HaceJeHHe
ot 10 000 o 20 000 aymm — Typuny Msrypene, Kanadar, Kopadust u In00neHu.
3a TepuTopusTa Ha bearapus oOIMHNTE MOTAT a ce IPyNupaT cropel HaceJleHue-
to: 1) 5000-10 000 aymmn — AumoBo, Bemruenpsm, Musus u Huxonon; 2) 10 000—
20 000 a.-— Opsxoso u I'ymsauauu; 3) 20 000-30 000 1. — Jlom, lonna MuTpomnonus u
Koznoayii, u 4) 60 000-70 000 1. — Bunun (Balteanu etal., 2013).

B ukoHommueckusi mpoui Ha peruoHa mpeodnagaBaT MaJKUTE M CPEAHUTE
npeanpusaTus. M3kiaroueHue npaBsaT UHIYCTPUAIHUTE LIEHTpoBe B TypHy MBbrype-
ne (XMMUYecKa MPOMHUIIIICHOCT — MPOM3BOACTBO HA U3KYCTBEHH TOPOBE, TEKCTHIIHA
U eJeKTPOTeXHUYeCKa MpoMunuieHoct), Kosnoayi (enepretuka), Buaun (no6usHa
MPOMHIIIEHOCT — rurnc npu c. Komasa, eHepreTika, XMMU4YecKa U TEKCTUIIHA TIPO-
MUIIJIEHOCT). 3eMEETUETO € TOMUHUPAHO OT IPOU3BOJCTBO HA 3bPHEHH U TEXHHUYE-
CKH KYITYpH (CTBHYOTIIEN), @ OT TpPaHUTE HACAKICHHS — JO351.

PernonbT MMa Ba)KHO TPaHCIOPHO 3HAu€HHWE, THU KaTo Mpe3 HEro MHUHABaT
Tpa"cnoptHuTe Kopuaopu Ne 4 u Ne 7. To 3HaUMTENHO C€ YBEIMYU C OTKPUBAHETO
npe3 2013 1. Ha Bropus MocT Ha p. JyHaB mexay bearapus u PymbHus npu rpano-
Bete Buaun u Kanadar.

OCHOBHU 3AMBPCUTEJIM BbB BOJIOCBOPA HA PEKA JIVHAB
I'pynara Ha T. Hap. ,,0aCHU BELIECTBA™, XPAaHUTEIHUTE €JIeMEHTH (a30T u (oc-

(hop) U OpraHMYHUTE BEIIECTBA Ca OMPEICICHH KaTo HA-3HAYUMHUTE 3aMBbPCHUTEITH
Ha p. lyHaB. MeXIyHApOIHUTE YCHINS 32 TIOAO0psIBAaHE HA KA4€CTBOTO HA PESUHUTE
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BoaM B [lyHaBckust OaceiiH ca HaCOUeHH MIMEHHO KbM OrpaHUYaBaHe Ha MOCThIIBaHE-
TO Ha TE€3U IPyIH BellecTBa B p. /JlyHaB 1 HeliHUTE NPUTOLH.

OITACHM BEIIECTBA BbB BOJIOCEOPA HA P. IVHAB 1 B PAIOHA HA W3CJIEJIBAHE

B PamxoBara qupektuBa 3a Boaute Ha EBpormeiickara komucus (2000/60/EC)
€ JIaJIecHO CIIEIHOTO OIpeJielieHre 3a ,,0MacHU BellecTBa: TOKCUYHU BEIECTBA,
KOWTO Ca YCTOMYMBH B MPUPOJATa M C€ HATPYIIBAT B )KUBUTE OPTaHU3MH. XHUMUI-
HUTE €JIEMEHTH W CHEIMHEHHS, KOUTO MPEACTABISBAT Hal-rojsiMa OMAacCHOCT 3a
MpPUPOAHATA Cpefia, Ca BKIIOYEHU B CIIHCHKA HA ,,IPUOPUTETHUTE OIACHU BEIIIe-
cTBa“, moMecTeH B AHekc X Ha JupekTuBaTta 3a Bogute. Kpm Te3u 33 BemecTna
Mexnynaponrara komucus 3a 3ammuTa Ha p. Jynas (ICPDR), mapuuana Tyk 3a
KpaTtkocT JlyHaBcka KoMHCHS, € J0OaBHIIa OIlle YeTHPH BEIEeCTBA KaTo CIIeH(puy-
HU TIPUOPUTETHU 3aMbpcuTend B JlyHaBcKkus OaceifH. TeXHUAT CIUCHK BKIIOYBA
TEXKH METAJIN U OPTaHWYHU ChEAMHEHHS, KaTO HA-TOMIAM MpoOIeM MmpeacTaBis-
Ba rpymara ot apceH (As) u Texku mertanu — kaamuil (Cd), omoso (Pb), Huken
(N1), men (Cu) m nusk (Zn) (ICPDR,2008; Bird etal., 2010a). Pesynratute ot
JIBETE ChBMECTHH U3cienBaHus Ha p. [lyHas, mposenenu pe3 2001 (JDS1) u 2007
(JDS2), couar, ye TeXKUTE METaJd U METAJIOUIN B peKara ca CBbpP3aHH Hail-Beue
C HEpa3TBOPEHUTE BEIIECTBAa B PEUHHUTE BOAM, BKIIOUUTEIHO C PEYHUTE HAHOCH.
OcHOBHaTa 4acT OT TeKKHUTE METaJH B CPETHOTO TeueHue Ha p. /[yHaB mocThiBa
ot npurtonute u Tuca, CaBa u Benuka Mopasa, HO 3aMbpCEHUTE HAHOCH Ha peKaTa
MOYTH M3ISJI0 CE YTasBaT BbB BOJOXpaHMIHIIATa B iposioMa JKenesznu Bpara. Cnen
TOBA 10 TEYEHHETO TEXKKW METaIH M METaJOWIN MOCThIBaT B JlyHaB Haii-Beue OT
npuToka u p. Tumok u B mo-cimada crenen ot Orocra u Ucksp (I C P D R, 2002,
2008; Woitke etal., 2003).

ITo oTHOIIIEHNE Ha OTTACHUTE OPTraHWYHH BEIeCTBA HA-KPUTHYHU 3a OaceliHa Ha
p. Hynas ca nquetnnxexcun ¢ranar (DEHP), 6enzo(ghi)mupunen, naneno(1,2,3- cd)
nupeH, TpubyntuH u HoHMAdeHon (I C P D R, 2008), xaro Haii-CHIIHO € 3acerHa-
Ta cpelHaTa 4acT OT TeYeHHeTo Ha p. /lyHaB, KaKTO W HAKOHM y4acCThIH OT JOJIHOTO
My TeueHue nox JKenesnu Bpara. CrloMeHATUTE OPTaHUYHM BEIECTBA ITOCTHIIBAT B
peunara cucrema Ha JlyHaBckus OaceiiH ¢ HEMPEYHCTEHH KaHAJIM3AIlMOHHU BOIH.
OOnuaitHi M3TOYHUITM Ha TE€3W 3aMBPCUTENN Ca XUMUYECKUTE TPEANPHUITHS, KaK-
TO ¥ HSKOM METaJyprHyHU Ipon3BoacTBa. XumukanasT DEHP moxe na ce oyaksa
OT TPEANPHUATHS 32 MPOU3BOJCTBO Ha MOJMUMEPH, OCOOCHO HA TOIMBHUHMIXIOPHU]L
(ICPDR,2002). CouiectBeH npobiem B JOTHOTO TeUeHHE Ha p. JlyHaB € MPHUCHCT-
BHETO Ha m3oMmepa p,p’-DDT karto HacimencTBo oT mpraraneTo Ha necturuaa /T
Mpe3 MUHAJIHS BEK.

XPAHUTEJIHU BEIIECTBA (A30T, ®OCO®OP) B P. J[VHAB

VYBeNMUEHOTO ChIBP)KAaHNE HA XPAaHUTEIIHU BELECTBA KaTo a30THU U (ocdop-
HH CheJIMHEHHs BBB BOAWTE Ha p. J[yHaB e mpuymHa 3a 3acHiIBaHE Ha eyTpoduKa-
[IMOHHUTE MPOLECH KaKTO B pekara, Taka u B UepHo Mope. ToukoBH aHTPOIIOTEHHU
W3TOYHHIIN Ha rmocThiBammTe B p. JyHas a3ot (N) u podcdop (P) ca rpanckure xa-
HaJIM3alMOHHN CUCTEMH, IPOMHIIICHUTE IIPOM3BOJICTBA U KMBOTHOBBIHUTE (hepMH.
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[TnourHUTE N3TOYHUIIM HA 3aMbPCSBAHE Ca CBbP3aHU C U3IOJI3BAHETO HA MUHEPAITHU
TOPOBE B 3€MEJIEJINETO M0 Is1ara Tepuropust Ha peunus Bonocoop (I C P D R, http:/
www.icpdr.org/main/issues/nutrients). OlieHka Ha EMUCUHUTE Ha XPaHUTEIIHU Bellle-
cTBa € u3BbpiueHa B pamkute Ha npoektute daNUbs (Schilling etal, 2004) n
,»CBHBMECTHO OMNpEAessIHE Ha TOUKOBUTE U IUIOMIHUTE €MHCUH Ha a30T U (ocdop B
Oaceiina Ha p. [lyHaB®, ockiiectBenu mpe3 1998 u 2000 1. 3a ta3u 1en BogHUAT Oa-
JIAaHC ¥ 0AJIAHCHT Ha XPAHUTEITHUTE BEIIECTBA B M30paHU BOIOCOOPH, KAKTO U €MHUCH-
uTe Ha a30T ¥ Pochop OT TOUKOBU M TUIOIIHUA U3TOYHUIIU B 11enusi JlyHaBcku Oaceitn
(388 monbOacetina) ca u3uuciienu ¢ nomoirra Ha moneina MONERIS. O6moro komu-
YeCTBO Ha a30THUTE eMUCHU B JlyHaBCKuUs OaceliH ce nzuncisiBa Ha 684 kt roquiiHO.
Oxono 80% oT Hero ce magar Ha IUIOLUIHUTE W3TOYHUIM, KaTO W3HACSIHETO CTaBa C
MOA3EMHUTE U APCHAKHUTE BOJIU, KAKTO U OT IPaJCKuTe 30HU. OOLIOTO KOJINYECTBO
Ha (ocdopHuTEe emucun ce uzuncisisa Ha 57 kt rogqumHo. Okono 58 % ot Hero ce
najat Ha rionHuTe n3touHunm (Schreiber etal., 2003). Pesynrarure, nonydyeHu
OT BTOPHSI MPOEKT, TTO3BOJISIBAT YCTAHOBSBAHETO HA PETHOHAIHUTE “TOpPEIIn’” TOUKU
Ha HUBO MoadaceiiH.

OPTAHMYHO 3AMBPCSBAHE

TepMHHBT ,,0praHMYHO 3aMbpCABAHE™ CE OTHACS 3@ CIIOXKHA CMECHLA OT TeX-
HOTEHHU OPTaHWYHU BEIIECTBA, ITOTIaIHAJIN B PUPOHATA Cpe/ia, KOSITO OONKHOBE-
HO € ChCTaBEHA OT HIKOJIKO TPYNH OPTaHUYHH ChEAMHEHHS, KaTO METPOITHH MPOTY-
KTH, TTOJIMAPOMATHU BBITIEBOJOPO/IH, JETIUBA OPTAaHUYHU CHEAMHEHHUS, TOISIPHH
MECTULIIHU, XJIOPChAbpKallu cheaunenus karo T, nekapcTBeHU mpenaparu u
Ip. Pa3BUTHETO Ha MKOHOMHKATa Mpe3 MOCIEAHUTE CTO TOJUHU JIOBENIE 10 3HAYH-
TEJTHO yBeIWYaBaHe Ha OPraHMYHOTO 3ambpcsBaHe Ha p. Jlynas. Ilo orHOmenue
Ha TO3W TOKa3aTell KaueCTBOTO Ha HEHHWUTE BOIM Bapupa oT kiac Il (ymepeHo 3a-
MbpcsBane) no knac II-11I (ymepeno 1o KpuTHaHO 3aMbpCsIBaHE) CHIVIACHO KIIACH-
¢duxamusara Ha [Jynasckara komucus (I C P D R, http://www.icpdr.org/main/issues/
organic-pollution).

M3TOYHULIM HA XUMUYHO 3AMBPCIBAHE C IIOTEHLIMAJIHO
BB3JIEMCTBUE BHPXY PAMOHA HA U3CJIEJBAHE

Wndopmanus 3a cbBpeMEHHH W3TOYHUIM Ha 3aMbpCSBaHE U TAaKUBA, KOUTO ca
MOIVIM J1a Bb3AEHCTBAT B MMHAJIOTO BbPXY M3CIeBaHaTa TEPUTOPHS, € HeoOXoanMa,
3a 1a ObJar ompeesieHH NOTCHIUATHUAT Ha0op M NPOCTPAHCTBEHOTO pasIpesere-
HHUE Ha XMMUYHHU BELIECTBA B MECTHUTE BOIM U IMOYBHU. B 3anMBHUTE peuHu Tepacu e
BB3MOJKHO J1a CE HATPYIMBAT OIIACHH BEIIECTBA, IPOU3XOXKAALIM OT U3TOUYHHULM Jajied
M3BBbH U3CJIIBAHATA TEPUTOPHS U TPAHCIIOPTUPAHH MO TE€UEHUETO Ha pekure. [lopa-
II1 TOBA € HAJOXKUTEIHO J1a ObJaT yCTAaHOBEHH HE CaMO M3TOYHHMLUTE B pailoHa Ha
M3CIeABaHe, HO M TE€3U Ha TEPUTOPHITA, IPEHUPAHA OT JyHAaBCKUTE MPUTOLH MEXKIY
Buaun u Typny Msrypene.
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HAJIMYHN U3TOYHUII HA UTHOOPMALIA

CbBpEMEHHU JaHHM 338 TOYKOBHTE M3TOYHMLIM HA 3aMbPCSBAHE ca HAJIUYHH B
EBpomneiickus peructsp 3a u3nyckaHe u npeHoc Ha 3ambpcurenure (E-PRTR). Pe-
THCTBHPBT MOKPUBA TEPUTOPUUTE HA 27-Te IbpKAaBU-UICHKN Ha EBponeiickus cbio3,
kakto u Ucmannus, Jluxrenmaitn, Hopserus, Copous u Useiinapus cien 2008 . B
HETO ce ChABbpKa NH(POPMALUs Ha TOAMIIHA OCHOBA 33 65 NKOHOMHYECKH JEeHHOCTH
B CJICTHUTE 9 CTONAHCKH CEKTOpa: EHepreTHKa, MPOU3BOJACTBO U 00paboTKa Ha MeTa-
JIM, MUHHO-OOMBHA HHAYCTPHsI, XUMUYECKa IPOMULJICHOCT, YIPaBJICHUE HA OTIa-
IBLUTE U OTHAIBUHUTE BOIH, LENYI03HO-XapTHEHA MPOMUIIICHOCT, HHTCH3UBHO
JKUBOTHOBBJACTBO U aKBaKYJITYPH, XPaHUTEIHO-BKYCOBa MPOMUIIJICHOCT, KAKTO U
rpymna noj uMmeTo ,, Apyru aeinoctu’. Ilpenocrasar ce nannu 3a 91 3ambpeurens,
pasmnpenesieHd B CIEAHNUTE 7 TPYIU: MAPHUKOBH ra30Be, Py ra3oBe, TEHKKH Me-
Taju, MEeCTULUAN, XJIOP-ChIbPKAIIN OPraHUYHU ChEAUHEHUS, APYTH OPraHUYHH
U HEOpraHW4YHH BeuiecTBa. Kpurepuure eano npeanpustue aa Obae BKIOYEHO B
peructbpa ca: 1) 1a momnaza moHe B €1HA OT BCUYKUTE 65 HKOHOMHYECKH AEHHOCTH
oT cnuckbka B AHekc | or mpaBuiHMKa Ha Peructbpa v Ja HAAXBBPIS MIOHE €AWH
OT KpUTEPUHUTE 32 00eM Ha MPOMU3BOJACTBOTO; 2) Aa MU3BBPIIBA NMPEHOC HA OTHAIbK
M3BBH MPOM3BOACTBEHATA IUIOIIAKA, KOMTO HAAXBBPIISI ONPEAEIICH Mpar, yCTaHo-
BeH B IMaBa 5 Ha [IpaBunHuka; 3) 1a U3MycKa 3aMbpPCUTEIH HAJl ONPEACICHHU Ipa-
rose, ycranoBeHH B AHekc I ot IlpaBunnuka Ha Peructrepa (E-PRTR, http://prtr.
ec.europa.eu/pgAbout.aspx). JlaHHUTE ca MpeICTaBeHH B TAOIULM U BbPXY HHTEP-
AKTUBHU KapTH.

B peructbpa e HannuHa nHGOpMAaLUS 32 IUVIOIHUTE H3TOYHUIM HA 3aMbPCSBaHE
Ha TMOYBUTE U Bb3AyXa. lIpeacraBeHu ca JaHHU 3a MPOCTPAHCTBEHOTO pasIpesee-
HUE Ha KoiuuecTBara a3oT u (ochop B kg/ha, mocThnuim B pekuTe 3a OTACITHUTE
OaceifHOBU paiionu B EBpona. CeBepra bbirapus u PymbHUS nomagar B WH paiioH
(http://prtr.ec.europa.eu/DiffuseSources Water.aspx). Kaprure He ce oTnmudasar ¢ ro-
JsiMa TIOIPOOHOCT, KaTo mpenacTaBsaT uH(opMarus 3a beirapus 3a mepuoga 1998—
2000 r., a 3a PymbHus — 3a 2004 r. CTOHHOCTUTE HA €MHCHHMTE Ha 3aMbpCSBALLU
BEILIECTBA BbB Bb3yXa OT PA3IMYHU CTONAHCKH cekTopu 3a 2008 r. ca npeacTaBeHn
3a yyacThIM ¢ pazmep 5x5 km, Kouto npeacTaBisBar KJISTKA OT MpeKa, OKpUBAIa
TEPUTOPHUATA HA IbPKABUTE, BKIIOUCHH B PETUCTHPA.

Hamnanu ca nannum 3a emucunte Ha a3oTHu okeuau (NO, ), ceprm okenau (SO,),
sprieponen auokcua (CO,), amonsix (NH,) u aeposonu ¢ pasMep Ha TBHPAUTE Yac-
i 10 10 mukpona (PM10), u3MepeHn B TOHOBE 3a TOAMHA 3a BCSKAa KJIETKAa OT
Mpexara.

Wndopmanust 3a U3TOYHULUTE HA 3aMbpcsiBaHe B OaceiiHa Ha p. JlyHaB KbM
2000 r. m 2002 r. € HaIMyHA B JOKIaauTe Ha JlyHaBcKaTa KOMUCHUS OT U3BBPILECHUTE
MHBEHTApU3allMy Ha TOYKOBUTE W IJIOLIHUTE M3TOYHUIM HA 3aMbPCSBaHE OT IPO-
MHILIEHOCTTA, 3EMEICJINETO U KOMYHAJIHO-OUTOBHSI CEKTOP 3a LIeNUsl BOZocOop Ha
p. Aynas (I C P D R, 2005). MadopmanusTa 3a KOMTHYECTBOTO HA M3ITYCKAaHUTE Be-
IeCTBAa OT BCEKU PETHCTPHUPAH MHAYCTPHAJICH MM KOMYHAJIHO-OUTOB M3TOYHUK Ha
3aMBbpCsBaHE € IpeICTaBeHa 1o AbpkaBu (AHekc I) u o npuTouHH pedHu daceiHu
(Anekc II). Kaptute u moxmamure ca TOCTBIIHU Ha caiiTa Ha JlyHaBcKara KOMHCHS
(http://www.icpdr.org).
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[ToapoGen cnuchbk Ha MPOMUIUICHUTE MPEANPHUATHS U HHGOPMALIUS 32 MTOTEH-
UaTHUTE U3TOYHUIIN Ha 3aMbPCsBaHE B ObJIrapcKara 4acT OT paiioHa Ha H3cJIeBaHe
MOKe Aa ObJe HaMepeHa B TOAMIIHNUTE TOKJIAAN 332 ChCTOSHUETO Ha OKOJIHATA CPea
M3aBaHH OT PETHOHAIHUTE MHCIEKIMH M0 OKonHara cpena u Bogure (PUOCB) B
Codust, Monrtana, Bpaua u [Tnesen.

TOUYKOBU NU3TOYHUIIU HA 3BAMBPCSIBAHE

YcTaHOBSIBaHETO HA TOYKOBHUTE HU3TOYHUIIU HA 3aMBbpPCABAHC B U3CJIC/IBaHATa TC-
puTopus e 6a3upaHo TIIABHO Ha HaiMWyHaTa wH(popmMaius B EBponeiickust perucTobp
3a m3myckaHe u npeHoc Ha 3ambpeutenute (E-PRTR) 3a 2011 . B cpaBHeHue ¢ apy-
TUTE U3TOYHUIN Ha nHopMmarus, nananute oT E-PRTR ca nait-aktyanau, moapooHu
1 00BBp3aHM C TEPUTOpHUATA KakTO HAa PymbHUS, Taka u Ha bparapus. 3a nenure Ha
HACTOAIIOTO OIMMMCAaHUE U MPCABUA MECTOIIOIIOKCHHUECTO HA U3TOYHUIIUTEC HA 3aMbpP-
CsSIBaHE MOTAT Ja ObIaT OTAENCHU CIeTHUTE 30HM: 1) 30HA | — oOXBama 3amuBHATA
Tepaca Ha p. /lyHaB W HEWHHUTE MPUTONH B PAMKHUTE Ha W3CIEABAHUTE OBITAPCKH
¥ pyMbHCKH oOmuHM; 2) 30Ha Il — chBmaga ¢ rpaHUIMTEe HA M3CIEIBAaHUS PalioH;
3) 3ona IIl — TepuropusiTa, KoATO ce oTTHYA upe3 p. JlyHaB ¥ HEHHUTE MPUTOLH B
y4yacTbhka Mexy rpajgosere Bunun u TypHy Mbrypeie. Tazu TepuTopust BKIOYBa
M3ISJI0 paiioHa Ha U3CJie/IBaHe.

Oxoo 76 meiicTBaM ChbOPHKEHUS ca U3ITyCKaM U HATPYHaJIX OMAcHH Bellle-
ctBa B 30Ha Il pe3 2011 1., kato 32 OT TAX AEWCTBAT HA TEPUTOPHATA Ha briarapus
1 44 Ha pymBHCKA. OceM OT TsIX ca pasloNIoKeHH B paMKUTe Ha 30Ha II, oT KonuTo et
MOTIa/IaT B 30HATA HA 3aJIMBHATa Tepaca (Tadim. 1 u 2).

B pesynrar Ha MecTHata cromancka aeitHocT 852 000 t BBIIIEpOIEH ABYOKHC,
1420 t cepun oxcumu, 1359 t azotHm okcuam u 311 t aMOHSK ca OTICIEHH B ar-
Mocdeparta, kakro 1 383 t azot u 19,8 t hocdop ca oTaeneHn BEB BOIUTE HA TEPHU-
TOpHATa Ha M3cienBanute oOmuau. OKomo 59 922 t onacnu dbumosu omnadvyu ca
TEHEpHUpaH! M M3XBHPJICHH B PAMKUTE Ha TsaxHara Tepuropus mpe3 2011 . Oxomno
100% ot cepuute okcuan, 57% oOT a30THUTE OKCUAN U 45% OT BHINIEPOAHHS THOK-
CHUJI, EMUTHPAHH B aTMOC(EpHUS BB3AyX OT BCHYKH U3TOYHHUIIM Ha 3aMbPCSIBAHE B
3oHa I, ca reaepupanu ot TELl-Bunaxum BB Buaun. 3aBoxsT B TypHy MBrypere
e ocBobommi B armocdepara 83% ot amoHsKa, 55% oT BeIepoaHust AByoKHC 1 43%
OT a30THUTE OKcHH. Toi e TeHepupai 56% OT a30THHUTE CheTUHEHHS, TOCTHITHIN B
MMOBPXHOCTHUTE BOIM HA W3CIIENBAaHUS y4acThK, u moutn 100% oT omacHuTE OTHA-
neiu (E-PRTR, 2011).

He ce cpo011aBa 3a U3MyCcHATH ondacHu ewecmaa KakTo B atMocdepara, Taka u
BBB BOJIUTE OT HUTO €JIHO MpeANpUsiTHE, pa3nonoxkeHo B 30Ha II. EMucuu Ha cnienu-
(uunm 3a JlyHaBCKuUs OaceiiH 3aMbPCUTEIHN ca TOKyMEHTHpaHU 3a 11 mpenmpustus
B 30Ha III m3BBH M3cnenBanute oOmmAM (pur. 2). UeTHpH OT TAX ca pa3moIOKCHH B
bearapus u cenem B PymbHus. Te3n n3TouHUIM 3aMbpCsIBAT TOBEPXHOCTHUTE BOAH
BBB BomocOopute Ha pekute Orocta (Cr, N, P, oprannunm otnagsnm), Uckwp (As,
Cu, Cd, Ni, Pb, Zn, N, P, oprannunu ormaasiii), OcbkM (OpraHUYHHA OTHATBIN) U
Ont (Cu, Cr, Ni, Hg, Pb, Zn, N, P, oprannaau oTIaabIn).
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Our. 2. ToYKOBH N3TOYHHIIN Ha 3aMBPCSIBAHE C IIOTEHIINAIHO BH3ICHCTBIE BHPXY 3aIMBHATA Te-
paca Ha p. JlyHaB (o manaM 0T EBponeckust perucThp 3a N3IyCcKaHe v MPEeHOC Ha 3aMbpPCUTE-
qure, 2011 ., pa3padboreHa cbBMecTHO ¢ 11-p Emuust Uepkesosa): 1. I'pajcka npeuncTBaTena
cranuus 3a ornagabyau Boau (ITICOB) — Codus; 2. TTICOB — Bpana; 3. /IspBoodpaboTBaiio
npennpusitue ,,Benne beirapus™ AJ] (Ousmie ,,Jlecommact AJT); 4. OTKpUT MenoI00UBEH py/I-
HUK ,,Emanute®; 5. TTICOB-ITnesen; 6. HedreHo-rasoHocHo Haxoauie ,,byras—tor; 7. TEI[-
Bunaxwum; 8. Hedreno-razonocHo Haxoauie ,,CemanoBim™; 9. [Itamedepma — rp. Kosmomyit;
10. ITtuniepepma — rp. Muswust; 11. TELI-Posunapu (Rovinari); 12. TELI-Typuenu (Turceni);
13. TTICOB — Cubuny (Sibiu); 14. Xumuuecku 3aBox SC OLTCHIM SA — PeMuuky Bbiaua
(Ramnicu Valcea); 15. TTICOB — bpamios (Brasov); 16. Ceunedepma SC Europigs SA — Illep-
kast (Sercaia); 17. Xumnaecku 3aBog SC VIROMET SA — Bukropust (Victoria); 18. ITtumedep-
Ma SC EUROCASA PROD SRL — Typry Msrypene (Turnu Magurele); 19. Xumudecku 3aBof
SC DONAU CHEM SRL — Typay Msrypene (Turnu Magurele)
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B Oaceiina na p. Tumok Ha cppOcka Teputopus, Onm3o a0 rp. bop, B mpoabi-
xeHue Ha noseue oT 100 rogunu QyHKIMOHMpPaA KOMIUIEKC 3a JOOMB M MpepaboTKa
Ha MeaHa pyaa. ToBa ce e OTpa3uiio CHJIHO Ha XMMHUYHUS ChCTaB HA HAHOCHUTE Ha
peyHara cucteMa B 4acTTa i OT pyAHULMUTE JI0 YCTHETO Ha p. TuMok B p. lyHas. Ilpu
penuia npoyuBaHus B PEYHUTE HAHOCH Ha P. THMOK ca perucTpupaHy BUCOKH HUBA
Ha Mef, apceH, nuHK U apyru Texxku metaiu (I C P D R, 2002, 2008; Woitke et
al., 2003). ITo 3aBUIICHHTE KOHLIEHTPALMU HA METAIU B JyHABCKUTE HAHOCH MOXKE
na ObJe MPOCIIeACHO Bh3/ICHCTBUETO HAa TO3M NPUTOK Ha JECETKH KMIOMETPH IO Te-
yenueto Ha p. Jlynas (Bird etal., 2010b).

Bonute Ha p. Orocra u HelilHUTE HAHOCH B TOPHOTO W TEUEHHE Ca 3aMbPCEHH
C apceH, YMITO U3TOYHHK ca 3aTBOpeHHTEe pyaHUIM Kpai rp. Yunposuu (K o 11 € B,
2001;Cholakova etal., 2007). 3aBuieHr KOHIIEHTPALMH HA MEJI Ca PETUCTPH-
paHH B peYHHTE HAaHOCH Ha p. VICKbp HamOMy MO TEUSHHETO CIIEH MPEANPHITHETO
3a 1oOuB Ha Mmen B Enuceiina, 1opu cien HETOBOTO 3aTBapsiHEe B Kpast Ha XX BeK
(MonaxoBa,2002). To3n M3TOYHUK HA 3aMBPCSIBAHE BCE OIIIE MMa 3HAUUTEITHO Bb3-
JeicTBUE BbPXY Haii-rojeMust ObJITapcKu NPpUTOK Ha p. JyHas.

JUNOY3HU U3TOYHULIN HA 3BAMBPCSIBAHE

JbarorogumHoTo (GpyHKIIMOHUPAHE HAa PYAONOOWBHU, METATyPIrUYHU M XUMHU-
YEeCKU IpeAnpusTHs B OaceitHa Ha p. J[yHaB e mpuyrHA 3a aKyMyJIalisaTa Ha OlTacHU
BEIIIECTBA B HACJIArMTE HA 3aJIMBHATA TEpaca 10 TCUCHUETO Ha p. JlyHaB U HeHHUTE
IIPUTOIIHN. IToBumenu HUBA Ha TEKKU METaJId U ApCCH Ca pETUCTpHUPAHU B ITIOYBUTEC
Ha 3aJMBHATa Tepaca Ha p. [lyHaB, kakTo u Ha mpuTonute i Tumoxk, Orocta u ckbp
(Bird etal.,2010b; Bird etal., 2010c). 3aMmbpceHnTe HAHOCH Ha 3aJIMBHATA Tepa-
ca IICf/iCTB@.T KaTo ]IH(by3HPI HU3TOYHUIIU HA TCKKH METAJIM U apCCH, KOUTO CC aKTUBU-
par 1o BpemMe Ha BHCOKH BOJIM BCIIEJICTBUE Ha 3acHiIeHaTa Operopa epo3us. JlecHusT
Opsir Ha p. JlyHaB e MOAJI0KEH Ha aKTHBHA €pO3Hs B CeBEepHATa 4acT Ha BunuHckara
HU3WHA B O1m30CT 1o cenata CnanoTpbH U KyroBo. HaHocuTe Ha 3aimBHara Tepaca
B TO3W Y9acTBK ca odorareHu ¢ men oT p. Tumoxk. [IporecsT Ha Operosa epo3us Boan
JI0 TTIOBTOPHO BHACSTHE HA 3aMBPCUTENUTE B . JlyHaB 1 TAXHOTO OTIIaraHe HA/I0ITy 110
PEYHOTO TEUEHHE U 3aJMBHATA Tepaca.

B n3cnenBanuTe oOmUHM ce pa3BUBa MHTEH3WBHO 3eMefenne OnaromapeHue
Ha MIAPOKOTO Pa3NpOCTPAHEHNE Ha TUIOJOPOJHUTE YSPHO3EMHH ITOYBU M OJIarompu-
sataust pened. O6paboTBacMUTE 36MH, KOUTO YECTO CE HATOPSBAT, MPEACTABIIIBAT
mudy3eH U3TOYHUK Ha a30THO 3aMbpcsiBaHe Ha p. [lyHaB. Pesynrarure ot mpoekra
,»CBbBMECTHO OIpeesITHe Ha TOYKOBHUTE W IUTOIIHA €MHUCHH Ha a30T U pocdop B Oa-
ceiina Ha p. yraB“ (Schreiber etal., 2003) couar, ue pochopuuTe emucuu ca
CBBbp3aHN Haif-Be4e C IMOYBEHATa €po3us M B MO-MaJIKa CTETICH C IMOI3eMHHUTE BOAH
Y TIOBBPXHOCTHHUSA OTTOK. BHacsHeTo Ha docdop B p. [lyHaB mocpeacTBom mouBeHa
epo3us OT BOJoCcOOpHUTE OaceiiHn Ha OTTOYHATa 30HA OT CTpaHa HA PYMBHCKHTE
TIPUTOITN € CPaBHUTEIHO cilabo 1 Bapupa ot < 100 g/ha mo 400 g/ha ma ronmnHa. 3a
Oparapckara cTpaHa HUBaTa ca Mo-CKOPO CPETHO BHCOKH, CpaBHEHH ¢ Tienus J{yHaB-
cku Oaceitn, kato Bapupat mexay 200400 g/ha Ha roguHa 3a MO-TOJIEMHTE BOJI0CO0-
pu Ha pexute Uckwp, Orocta, OcbM n But. B mo-mankute BogocOopHn OaceiiHn Ha
oTTouHaTa 30Ha Te ca okojo 400—-600 g/ha na roguna. [IpenBum ToBa, Y€ N3HACSHETO
Ha (ocdopa ¢ B cHIHA 3aBHCHMOCT OT HAKJIOHA HA TepeHa M Jeiia Ha 0OpadoTBa-
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emure 3emMu (Schreiber etal, 2003), cbBcem HOpManHO € ga ce HaOmoxaBar
MO-BHCOKHU CTOWHOCTU Ha M3HACSHE HA €JIEMEHTA B ObJIrapcKara 4acT OT paiioHa Ha
H3CIEeIBaHE.

OO6patHo Ha ocdopa, a30ThT Ce U3HACS TNIABHO Ype3 Mo3eMHUTE BoAu. B cBoe-
To m3cnensaHe Schreiber etal (2003) mocouyBar MHOTO HUCKY HUBA HAa Q@30THUTE
EMUCHH 3a I]sJ1aTa pyMBbHCKA YacT Ha M3CJICABaHATA TEPUTOPHSI, ChC CTOMHOCTH TIOJ
2,5 kg/ha Ha ronmuna. EMucunte OT ObITapckara 4acT Ha W3CieBaHaTa TCPUTOPHS
CBII0 Ca CPABHUTEITHO HUCKH, KaTo Ha 3amnaj ot p. Jlom ca B rpanurmre Ha 5-15 kg/ha
Ha TOJIHA, @ Ha U3TOK OT Hes — nmof 5 kg/ha Ha rojuHa.

3AKJIIOYEHUE

B paiiona Ha u3cienBaHe ce ouepraBar JiBa OCHOBHM HM3TOYHHMKA C €MHCHM Ha
XMMHUYHHN BCUICCTBA BBB Bb3yXa C JIOKAJIHO B’L3I[CI7[CTBHC — 3aBOABT 3a MHUHEPAJIHU
TOPOBE Ha PyMBHCKa TepuTopus B Omm3ocT 10 Typry Merypene u TEL[-Bumaxum B
nokpaifHnanTe Ha BuanH. 3npaBHuTe mpobiemu 3a HaceneHneTo Ha Huxomon B pe-
3yiTaT Ha o0ra3siBaHUsATa OT 3aBoza npu TypHy MBrypene oTnaBHa ca W3BECTHH H
JIOKYMEHTHPaHH, HO 33/I0BOJINTETTHO PEIIeHre Ha Ipo0iemMa BCe OIIle He € TIOCTUTHATO.

O0XxBaThT, YECTOTATA U MPOABDKUTECIHOCTTA HA PEYHHUTE PA3IUBU OMPEHCIIS
BB3MOXKXHOCTTA 3a aKyMyJiallisl Ha OITACHHU BEIICCTBA B ITIOYBUTEC Ha KpaﬁHYHaBCKHTe
au3uHd. OCHOBHHUTE MU3TOYHHUIIM HaA OITaCHH BCHICCTBA, KOUTO onxa MOIIH Ja Bb3-
JIelicTBaT BbPXYy 3ajMBaeMHUTE 30HM IMOKpail p. [[yHaB B ydacTbka Mexay Buiaun-
Kanadar n Hukonon-Typry Mserypese ca cBbp3aHHU C J00MBa U IpepadoTKara Ha
pyAH Ha YSPHHU U IIBETHU METIH B [loTHOTyHABCKUS OaceifH B ydacTbKa oT JKenesHu
Bpata 10 ycrusara Ha pekure OcbM u Ont. Oco0eHO CHITHO BB3ACUCTBHE MOXKE 11a
ce oyakBa OT MeIOJA00MBHUS KOMIUIEKC B Tp. bop, KakTo u OT epoupaHeTo Ha Bede
3aMBpPCEHUTE HAHOCH Ha 3aTUBHUTE Tepacu Ha p. Orocta u p. Uckbp. Hali-ys13Bumu
y4acThLX IO OTHOLIEHUE aKyMyJlallksl HA ONACHU BEIIECTBA Ca 3aJIMBACMUTE TEpa-
CHU OT JIBE€TE CTpaHu Ha p. JlyHaB 70 HSKOJKO JAECETKU KUJIOMETpa CJIe/l YCTUETO Ha
p. Tumoxk, kakTo u B 6mu3ocT nox ycrusita Ha Orocta u Mckbp. Bp3cranoBsBanero
Ha Bpb3Kara Ha BIQXHHUTE 30HU ¢ p. [lyHaB 6u MorIio ia nosezie B Ob/ierie 0 MOBH-
IIaBaHC Ha CbABPKaHWATA HAa TEXKKU METAJIM U METAJIOUJIU B TEXHUTC ITOYBH.

Hannuanara I/IH(bOpMaHI/DI 3a XMMHWYHHA CbCTaB Ha HAHOCHUTE HaA p. HyHaB 10
BpeMe Ha ITIHOBOJME W Pa3iIMBHU € TBbP/E OCKbBJIHA, KOETO HE IO3BOJISABA Ja Obe
HalpaBeHa MO-TOYHA OIIEHKAa Ha OMACHOCTTa OT TMOCTHIIBAHE HA OTMACHU BEIIECTBA
B 3aMBHaTa Tepaca. HeoOxonmnMo e ma ce M3BbpIIBa HAONIOACHNE Ha TIIABAIIUTE
HaHOCH B p. JlyHaB 1 TIO-TOJIEMHUTE ¥ IPUTOIIX KaTO YacT OT CHINECTBYBAIIHS MEXKTY-
HapOJIeH MOHUTOPHUHT, OpraHu3upan oT JlyHaBckara KOMUCHS.
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POTENTIAL SOURCES OF CHEMICAL POLLUITION
OF DANUBE FLOODPLAIN SECTOR BETWEEN
VIDIN-CALAFAT AND NIKOPOL-TURNU MAGURELE

Ts. Kotsev, G. Zhelezov

(Summary)

Information on potential sources of chemical pollution and relevant chemical
stressors is substantial for environmental quality and hazard assessment. A review
of official information on pollution sources within the Danube basin district between
Iron Gate and the confluences of Osam and Olt rivers has been made. Economic
activities located in this area are considered to have potential impact on the environ-
mental quality of the Danube floodplain between Vidin-Calafat and Nikopol-Turnu
Magurele. Nineteen industrial enterprises have been identified as significant sources
of contamination based on data from the European Pollutant Release and Transfer
Register (E-PRTR) referred to 2011. It has been used for brief description of the
pollutant sources and volumes of chemical loads. The biggest impact on the studied
Danube floodplain sector can be expected by the mining industry and especially from
the copper mines and smelter in the town of Bor in Serbia, transferred to Danube by
the Timok River. Floodplains along the rivers of Ogosta and Iskar, right-hand side
tributaries of Danube, are considered to be significant diffuse sources of heavy met-
als and arsenic due to historical pollution from mining and ore processing in their
drainage basins. Danube floodplain sections downstream the confluences of the rivers
Timok, Ogosta and Iskar are likely to receive largest loads of hazardous substances in
cases of high flood events, e.g. the catastrophic flood in 2006. The threat of accumu-
lation of metal and arsenic contaminated river sediment has to be considered in the
process of ecological restoration and management of the Danube wetlands between
Vidin and Turnu Magurele.
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HAZARDOUS BIOCLIMATIC CONDITIONS
IN THE DANUBE RIVER ADJACENT REGIONS DURING THE

COLD PART OF THE YEAR
(CALAFAT-VIDIN — TURNU MAGURELE-NIKOPOL SECTOR
OF THE DANUBE)

Zoya Mateeva®, Carmen-Sofia Dragota, Ines Grigorescu’

INTRODUCTION

Cold-spells and heat-waves, severe floods, windstorms, etc., have affected the
European Region during the last years. The political, social, environmental and health
consequences of these episodes have stimulated debate on whether appropriate action
can prevent at least some of the health effects of such extreme weather and climate
events (Koppe et al.,, 2004). Institutions at all levels are now developing strate-
gies, by learning from recent events, to mitigate the future impact of extreme severe
weather events on health.

The local climatic conditions of the border Romanian and Bulgarian territories
adjacent on both sides to the Danube River are considerably influenced by the river
which triggers modification of the main climatic elements and of their complex effect
on the human bioclimatic comfort. The higher water vapor pressure in combination
with the low air temperature and strong winds in the cold season, determines specific
climatic conditions which enhance the human sense of wintryness and severity in the
cold part of the year. These hazardous bioclimatic phenomena are strengthened ad-
ditionally by the extreme weather manifestations accelerated by the climate change
recently.

What are dangerously low temperatures from human bioclimatic point of view?
At present the EU has no official meteorological definition of cold and extreme cold
but a Dutch study defines a cold spell as a period of at least 9 consecutive days in
which the lowest temperature reaches —5°C or lower, including at least 6 days in
which the lowest temperature touches —10°C or lower.

! National Institute of Geophysics, Geodesy and Geography, Bulgarian Academy of Sciences,
Bulgaria
2 Institute of Geography, Romanian Academy, Romania
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The human body protects itself against the cold by a series of thermoregulatory
mechanisms. A deficient thermoregulatory system or an experience of cold stress can
have serious health consequences. Cold weather can cause even more deaths than
heat, although heat waves have recently received more media attention. Cold weather
determined diseases claim more lives - coronary heart disease, strokes and respira-
tory diseases, are responsible for most part of excess winter deaths. Other contribut-
ing factors are influenza, social class and per capita gross national product. People
suffering from flu and people from lower social classes / poorer countries are the
most vulnerable (http:// ec.europa.eu/health/climate change/extreme weather/cold
weather/index en. htm).

METHODOLOGY

In the real environment, the organism feels the effect of weather in a complex
manner expressed as an integral meteorological impact, resulting from the combina-
tion of all climatic elements. When cold loading of the body is concerned, a leading
role for the thermal cooling of the body belongs to the coupling of air temperature
and wind speed.

The basic criterion for analysis and assessment of the thermal risk for organism
at cooling weather conditions is usually wind chill. Wind chill describes how fast the
body loses heat under the combined effects of low temperature and wind: a 90km/h
wind with an ambient temperature of —10°C gives the same sensation of cold as an
ambient temperature of —30°C with no wind. Exposure to even low wind chills can be
life threatening to both humans and animals (Public health..., 2004).

There are different ways of measuring the body chilling. Among the numerous
complex indices, the “climate severity” index has been selected in this work, which
reflects the combination of air temperature and wind speed, and the influence of tem-
perature amplitude, air humidity and altitude are considered additionally too.

The index of climate severity is represented by the following equation (Ko -
zlowska-Szczesna et al., 1985)

So=(1-0.06*t)*(1+0.20*v)*(1+0.0006*Hk)*K *At, where:

So — index of weather severity (by Osokin); t — air temperature (°C); v — wind
speed (m/s); Hk — koefficient, depending by the altitude H (m); Kf — koefficient, de-
pending by the mean diurnal relative humidity (F%); At — koefficient, depending by
the mean diurnal temperature amplitude (A °C).

The weather severity is assessed according to the scale shown in the table 1.

The optimum conditions of the thermal environment of man are observed for
climate severity values under 1.

The initial information base for calculating the climate severity index includes
mean monthly values of the following climatic elements: temperature of the air (Ta,
°C); wind speed; relative humidity; diurnal temperature amplitude.

For experimental purposes we have also processed the mean diurnal data for
three met.stations (Vidin, Lom, and Oriahovo). Then we have calculated climate se-
verity index for these stations day-by-day, for all the period 1998-2007. The results
would be useful for assessment the extent to which the using of mean monthly values
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Tablel

Assessment scale of climate severity index (after Osokin (Kozlowska et al. , 1985, 1997)
and of corresponding hazard classes

Threshold values and assessment degrees Classes of hazard
of index of severity

<1.0 No severe I Low

1.0—-2.0 Slightly severe
2.1-3.0 Moderately severe
3.1-4.0 Very severe Il Moderate

>4.0 Unusually severe IIT High

is objective/or non-objective. On the other hand day-by-day values and their fre-
quency parameters reveal much more details of the question under investigation, and
are of greater practical importance.

SPATTIAL DISTRIBUTION

HOROLOGIC ASPECT

This aspect of the work considers the changes of the climate severity index on
the territory of the explored region. The territorial differences in the index values
are not significant. They are lower, about 0.1, during the less cold months (April and
October) of the cold part of year. During the coldest month — January, the territo-
rial differences of the weather severity rise to 0.3. In January the highest values are
in the lowlands in the immediate vicinity of the Danube — stations Calafat, Bechet
Turnu Magurele and Oriahovo, where the values reach 1.4-1.5. This classifies these
territories in the category “moderate” according to the scale of climate severity haz-
ard classes. The values of the Lom and Vidin stations are slightly lower — 1.3. The
hilly-plain pre-Balkan areas more to the south (Vratza) show the smallest values in
the coldest month January. These differences are even bigger when we speak about
the maximum values. This allows the possibility of making some territorial differen-
tiation, as it’s seen by the map 1. The territorial differentiation of weather severity
varies with the years too, the lowest differences between the single stations being in
2000 and in 2007 (0.9) and the highest — in 2003 (1.1) (Table 2a, Table 3 and Fig.1).

By reason of methodic considerations January were studied also by frequen-
cies of the mean diurnal values of severity index, for three Danube stations — Vidin,
Lom and Oriahovo. The frequencies were calculated through day-by-day processing
of data for the period 1998-2007 (2001-2007 in the case of Oriahovo). It turn out
that the greatest frequency of the severity index is observed for the 1.0-2.0 group of
index values (Table 2b). Correspondingly, these are 52% for Vidin, 44% for Lom
and 36% for Oriahovo. This result confirms the results from the table 2a where the
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mean monthly values of the index were shown. The values from table 2a also fall
in between 1.0 and 2.0. But, in the case with the frequencies we can also see that
about 12% of the days are very severe, and still 12% are from the category “unusu-
ally severe”. Therefore the mean monthly values are reliable enough, but just for the
purposes of a general orientation. When we want to deepen in the details we should
use the “day-by-day” processing approach, to see what is the exact distribution of the
values by the So categories.

It is quite a different approach if we use term values. They represent the condi-
tions at an exact term of the day or the night and they should significantly alter the
results in comparison to the mean diurnal values. It is strongly recommendable de-
velopment of a separate study based on the term values of So. It will show the real
values of So in the 24-day-and-night hours, in a contrast to the mean diurnal values.
The last ones have an imaginary character while the term values are relevant to the
real conditions. By this reason they are more suitable for practical-applied purposes.
But, in many cases it is difficult to provide term climatic data.

Map 1. Territorial distribution of the climate severity index in the region
under investigation (January, 1998-2007) (The map is elaborated by Dr.Stoyan Nedkov
from the National Institute of Geophysics, Geodesy and Geography, BAS)

Table 2a
Mean monthly values of index of severity (1998—-2007)
Met. Months (cold part of the year) Average
Stations | 1 1l v X Xl X1l
Calafat 1.4 1.4 0.9 0.4 0.4 0.9 1.3 1.0
Vidin 1.3 1.2 0.9 0.4 0.4 0.9 1.3 0.9
Lom 1.3 1.3 0.9 0.3 0.3 0.9 1.3 0.9
Bechet 1.5 1.4 0.9 0.4 0.4 0.9 1.3 1.0
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Oriahovo 1.4 1.3 0.9 0.4 0.3 1.2 1.3 1.0
T. Magurele 1.4 1.3 0.9 0.4 0.4 0.8 1.2 0.9
Pleven 1.4 1.4 1.0 0.4 0.4 1.0 1.4 1.0
Vratsa 1.2 1.2 0.8 0.4 0.4 0.9 1.2 0.9
Table 2b
Frequency (%) of diurnal So values in January (1998—2007)
Assessment degrees of So Thresholds of So | Vidin | Lom | Oriahovo
No severe <1,0 10 14 9
Slightly severe 1,0-2,0 52 44 36
Moderately severe 2,1-3,0 24 18 23
Very severe 3,1-40 9 12 14
Unusually severe >4,0 12 18
Table 3
Mean monthly values of climate severity index for the coldest months
of the period 1998—-2007 year
Met. Months (cold part of the year) Average
Stations I I 1l v X Xl X1
Calafat 2.0 2.0 1.2 0.5 0.6 1.3 1.7 1.3
Vidin 1.7 1.6 1.1 0.5 0.5 1.0 1.6 1.2
Lom 1.8 1.8 1.1 0.5 0.4 1.1 1.7 1.2
Bechet 1.8 1.9 1.2 0.5 0.6 1.2 1.7 13
Oriahovo 1.9 1.7 1.2 0.4 0.5 1.6 1.7 1.3
T. Magurele 1.7 1.6 1.1 0.5 0.5 1.1 1.8 1.2
Pleven 1.7 1.9 1.4 0.5 0.5 1.3 1.8 1.3
Vratza 1.7 1.7 1.0 0.6 0.6 1.1 1.5 1.2
Table 4

Mean values (average for the period October — April) of index of climate severity

by the years of 1998—2007 observation period

M?t' vears Average
Stations | 1998 | 1999 | 2000 | 2001 | 2002 | 2003 | 2004 | 2005 | 2006 | 2007

Calafat - 1.0 09| 10|09 | 11|09 ]| 11]10] 038 1.0
Vidin 09| 08 | 08|09 09| 10|09 ]|10]09]038 0.9
Lom 1.0 09 | 0909|099 | 10|09 |09 |08] 08 0.9
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Bechet - 09 {09]09] 09|11 |10 |11 ] 10| 09 1.0

Oriahovo - - - 08109 |10 |10 | 10| 10| 09 1.0
T.Magurele | - 09 ]1081|09]09]10]09]|09]09]08 0.9
Pleven - 1.0 - 1.0 09 1109|1009/ 038 0.9

Vratza 081] 08 (07|08 1|08 |11|10] 10| 10| 08 0.9
Average | 09 | 09 |08 | 09| 09 | 11|09 | 10|09 08 0.9

SEASONAL ASPECT

The seasonal aspect of the present work considers the monthly course of the
climate severity index during the cold season of the year — from October to April.
The highest severity values are registered during the three winter months — Decem-
ber, January, and February, when they reach on an average 1.4 and 1.3 (1.8-1.7 for
the maximum values), respectively for the explored territory and studied period of
observation. The feeling for cold weather in the winter is still more significant during
some individual years, such as 2003, of the period 1998-2007. The mean severity
values for each weather station in January during the coldest year of this period are
still higher and exceed 3.0. This classifies these months to the “very severe” category
according to the scale of the climate severity index.

The lowest severity values in the cold part of the year are observed in April and
October — on the average 0.4, falling within the range of the “no severe” category ac-
cording to the scale of the studied index. The tenor to January exhibits well expressed
uniform rising, passing via the “slightly severe” categories, for November and De-
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Fig. 1. Territorial course of index of climate severity (WS) for the region
under investigation (January, 1998-2007)
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Fig. 2. Monthly course of climate severity index (WS) during the cold part of the year
(October-March, 1999-2007 , Calafat-Vidin — T.Magurele-Nikopol sector
of the Danube river)
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Fig. 3. Yearly course and corresponding logarithmic trend of climate severity index (WS)
during the 1998-2007 observation period (average values for October-January,
Calafat-Vidin — T.Magurele-Nikopol sector of the Danube river)

cember, respectively. From January to April the values are gradually decreased in a
smooth manner like in the period October — January. The amplitude in the seasonal

tenor of climate severity is much more expressed than in the chorological aspect
(Table 2, Table 3, Fig. 2).
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CHRONOLOGICAL ASPECT

The chronological aspect of this work considers the changes in the climate se-
verity index during the years of the investigated period — from 1998 to 2007. The
average trend of the values’ change with the years is towards very slight increasing,
which is more significant in the first part of the period (till 2003) while at the end of
its second part shows even negative tendency. The changes between the years are
small — about 0.1, which is less than the monthly changes within the frames of the
cold part of the year (Table 4, Fig. 3).

PRACTICAL APPLICATION

THE PEOPLE MOST AFFECTED

Although anyone can suffer cold-related health effects, some people are at
greater risk. Those most vulnerable during cold spells include elderly people, infants,
children and teenagers, and people who have chronic diseases or physical or mental
limitations, are taking certain medications or are malnourished.

Individuals’ and families’ economic and social status also play an important role:
cold weather affects people who are poor, homeless or marginalized more severely.

Workers in some occupations, such as agriculture, fishing and construction, may
endure greater cold exposure, so they must be vigilant for injuries and other health
effects and should wear adequate protective gear.

Additionally, certain behavior — excess use of alcohol, some outdoor leisure ac-
tivities and inappropriate clothing — can put people at increased risk from cold expo-
sure (The people most affected...).

What health and social services can do? (What health and social..)

o Foresee and plan for potential pressures on infrastructure

o Ensure coordination among authorities and with providers of care

o Ensure continuous service delivery

o Reach out to and take care of particularly vulnerable populations

o Ensure that enough heated shelter is available if needed

o Offer vaccination

o Ensure that trained health professionals are available

o Provide information and phone helplines for the public and vulnerable groups

o Coordinate with local communities and social services

© Monitor and carry out surveillance of health effects

It is necessary to: shift the emphasis from post-disaster intervention to pre-
disaster planning; identifying and protecting vulnerable groups is particularly im-
portant; organize effective and timely coordination and collaboration among public
health authorities, meteorological services and agencies (national and international),
emergency response agencies and civil societies to develop local, regional and
national monitoring/surveillance systems for rapid detection of extreme weather
events and their effects on the public’s health; to develop civil emergency and
intervention plans, including activities to prevent morbidity and mortality due to
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weather and climate extremes; and to improve public awareness of extreme weath-
er events, including actions that can be taken at individual, local, national and inter-
national levels to reduce the impacts (Extreme weather...,, 2004).
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OITACHU BUOKIIMMATUYHU YCJIOBUSA B [TPUJIEXKALIUTE
HA P. AVHAB TEPUTOPUMU ITPE3 CTYAEHATA YACT OT I'OJUHATA
(KAJTA®AT-BUIVIH — TYPHY M'BI'YPEJIE HUKOIIOJI)

3. Mameesa, K.-C. /lpacoma , 1. I pucopecky

(Pe3omMme)

Pabotara mpemcraBst HSIKOW PE3ylTaTH OT CHBMECTHHS PymMBbHCKO-BBaTrapckm
MpoekT ,,OneHka Ha MPUPOJHNATE U TEXHOTCHHN PUCKOBE B MPHUIICKAIIUTE OOITHHA
Ha p. /lynaB B yuacteka Kanadar-Buann — Typry Mbrypene-Hukomon. To3u paiion
uMa creniu(prUIHN KIMMATHIHN YCIIOBUS, (POPMHUPAHU ITPHU MOAU(DHUIIMPAHE Ha OCHOB-
HUTE KIIMMATHYHA €IEMEHTH ¥ Ha TeXHHUS KOMIUIEKCEH OMOKIMMaTHieH e(eKT 1Mo
BimstHEETO Ha p. [lyHaB. IIpe3 cTynenara gact OoT rogrHaTa BIQKHOCTTA Ha Bb3yXa,
B KOMOMHAINS C HUCKUTE TEMIIEPaTypH M BHCOKaTa CKOPOCT Ha BATHPa, 00yCIIaBs
BB3HUKBAaHE HA HEONIArompuATHH KIMMAaTHYHHU YCIOBHUS OT IVI[HA TOYKa Ha OWo-
cTaryca Ha YOBEUIKHS OpraHu3bM. B HacTosmaTta paboTa Te3n yCIOBHUS ca U3CIeBa-
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HU 9pe3 UHJCKCA ,,CYPOBOCT Ha KJ'II/IMaTa“, KOMTO OLICHABA CTCIICHTA HAa KIIMMAaTU4YHa
MpPa3o0BUTOCT U CbOTBETHUA CTPEC 3a YOBCKA.

HonyquHTe pE3YITaTu Ca MOJIC3HU 3a IJIAHUPAHEC Ha YOBCIIKAaTa )_ICI‘/'IHOCT Ha
OTKPUTO B o0OmacTTa Ha peKpeanudaTa U Typusma, CTpOUTECICTBOTO, CCIICKOTO CTOIIAH-
CTBO, KJ'II/IMaTOHpO(bI/IJ'IaKTI/IKaTa U KJIMMaTtoTepanuAaTa u Ap. B®3 ocHOBa Ha pe3yi-
TaTUTC OT U3CJICABAHCTO € BB3MOXHO OUYCPTABaHC HAa CTPECOBUTC OMOKIUMATUYHU
nepuoaun € orjica n30sarBaHe Ha OMOKIUMATUYHU HUHIHUACHTH.

3HaYCHUETO HaA HACTOAIIOTO MU3CJICABAHC HapaCTBa W MOpaau (baKTa, 4e 1pe3
MOCJCAHUTE T'OANHU, B YCIIOBUSATA HAa ITPOMCHAII C€ KJIMMAT, CC MMOBUIIaBa UHTCH3UB-
HOCTTAQ, YCCTOTara U MpOABJDKUTCIIHOCTTA HA CKCTPEMHU KIIMMATUYHU IIPOSABU, BKIL.
Ha CTYJCHUTC HaXJIyBaHUs.
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PRECIPITATION-RELATED HAZARDS IN VIDIN-NIKOPOL
DANUBE FLOODPLAIN SECTOR
— CURRENT STATE AND TENDENCIES

Peter Nojarov

INTRODUCTION

Heavy precipitation in Bulgaria is subject to increased research over the last
decade in relation to climate change. Global and regional climate models in most of
the cases project an increase of these phenomena over the territory of Bulgaria. Re-
cent studies (Bocheva etal. 2007, Bocheva ectal,2008a, Bocheva etal.,
2008b,Bocheva etal.,2009,Nojarov,2013a,2013b;Simeonov etal.,
2009) have confirmed the increase of heavy precipitation events in Bulgaria. This has
been particularly evident in the period 1991-2005 when compared to the base period
1961-1990. It is valid for both heavy precipitation over 30 mm/day and for heavy
precipitation over 100 mm/day. Also there is an increase of cases of thunderstorms
and hail in the warm half of the year from April to September. These studies usu-
ally cover the entire Bulgaria or a large part of it, and hence the spatial resolution is
relatively coarse. Also, there are almost no studies of heavy snowfalls and blizzards,
which are connected with both precipitation and average wind speed. The aim of
the article is to reveal spatial and, partially, temporal characteristics of precipitation-
related hazards in Vidin-Nikopol sector of the Danube floodplain. Several tasks were
completed in order to achieve this aim. Annual course of studied meteorological haz-
ards was revealed. Trends in heavy precipitation events were calculated. Maps of
the spatial distribution of meteorological hazards for both the current period and the
older period were drawn.

DATA AND METHOD

The borders of the studied area are defined by the borders of the Danube mu-
nicipalities from Vidin to Nikopol. Data from 7 meteorological stations, 5 of which
are located along the Danube — Novo selo, Vidin, Lom, Oryahovo, Svishtov and 2 in
the southern part of the valley — Vratsa and Pleven were used in this research. Only
several meteorological hazards in Vidin-Nikopol Danube floodplain sector were inves-
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tigated in this article. They were defined as follows. Heavy precipitation over 30 mm/
day is dangerous for agriculture. This type of precipitation causes intense erosion. A
few consecutive rainfalls may also lead to floods. Heavy precipitation over 50 mm/day
is dangerous for transport, agriculture and in most cases cause floods. Blizzards occur
at average wind speed exceeding 10 m/s and snowfall over 15 mm. They are dangerous
for the transport system. Heavy snowfall is defined when new snow cover of at least
20 cm is formed. It is also dangerous for the transport system. The period of study is
from October 2001 to December 2012 and aims to describe the current status in terms
of meteorological hazards. Heavy precipitation was investigated also in the period from
1953 to 1965 in order to determine whether there are any trends in its frequency. Only
at station Pleven this period spans from 1953 to 1979. Cases of certain event have been
counted using synoptic data, which are collected every 3 hours. Thus average frequen-
cies of a given phenomenon were obtained on a monthly or annual basis. The study
employs statistical methods such as trend analysis. Also mapping method was used for
the analysis of the spatial distribution of meteorological hazards.

Hazard classes have been determined on the base of the results for the average
frequencies of studied meteorological hazards. Hazard classes are as follows:

1 class (very low): 0-0.19 cases/month

2 class (low): 0.2—0.39 cases/month

3 class (medium): 0.4—0.59 cases/month

4 class (high): 0.6-0.79 cases/month

5 class (very high): >0.8 cases/month

RESULTS AND DISCUSSION

HEAVY PRECIPITATION OVER 30 MM/DAY

Figure 1 shows the annual course of the number of cases of precipitation
over 30 mm/day for the current period at the seven studied meteorological sta-
tions. It could be seen that the number of cases increase in the period from May
to October, which is due to the nature of precipitation during the warm half of
the year, which originate from convective clouds or along fast moving cold front.
In such cases, the intensity of precipitation is big, which results in large amounts
in short periods of time. Also, it could be seen that higher number of cases of
this hazard throughout the entire year is observed at the two stations located in
the southern part of the valley — Vratsa and Pleven. This is due to their position,
which is closer to the mountains (especially Vratsa) that have orographic influ-
ence on precipitation strengthening both frontal precipitation and convective pre-
cipitation. The figure shows that even in winter there is precipitation that is above
the accepted limit. But, generally, the most serious hazard of heavy precipitation
is during the warm half of the year.

Trends in the number of cases of heavy precipitation over 30 mm/day for the
period 1953-2012 are shown in Fig. 2. It could be seen that, at nearly all stations,
the frequency of this hazard has increased in recent years. The only exception, hav-
ing negative trend, is station Svishtov. Obviously, the picture is different moving
in eastern direction. But, given the extent of the area, it could be concluded that
cases with heavy precipitation will increase against the background of higher air
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Fig. 1. Annual course of cases of heavy precipitation over 30 mm/day for the period
10.2001-12.2012

temperatures and lower annual precipitation. This will require adaptation measures
and additional protection of the population and infrastructure against possible future
floodings.

Spatial distribution of the number of cases of precipitation over 30 mm/day for
the current period is shown in Fig. 3. It could be seen that the number of cases of
this hazard increases in southern direction. The lowest number of cases is observed

Fig. 2. Trends in cases of heavy precipitation over 30 mm/day for the period 1953-2012
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Fig. 3. Spatial distribution of cases of heavy precipitation over 30 mm/day for the period
10.2001-12.2012

at stations Novo selo, Vidin and Svishtov, and the highest — at Vratsa. The causes for
such a spatial distribution were explained in the comments on Fig. 1. Average annual
number of cases with this hazard is from 2 to over 3 in the Danube municipalities.
Spatial distribution of the number of cases of heavy precipitation over 30 mm/
day for the period 1953—1965 is shown in Fig. 4. It could be seen that the lowest fre-
quency of this phenomenon has been observed in the region Oryahovo—Pleven — less
than 1.6 cases per year. The greatest was the frequency in the region of Vratsa — more
than 2.4 cases per year. This spatial distribution reveals some peculiarities. In the
western half of the studied area the number of cases of this phenomenon increases
from north to south, while in the eastern half this number increases from west to
east. Comparison with the current period shows some pronounced trends that are

Fig. 4. Spatial distribution of cases of heavy precipitation over 30 mm/day for the period
1953-1965
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visible also in Fig. 2. All in all, the frequency of heavy precipitation over 30 mm/day
increases everywhere except in the eastern part of the studied area. This leads to a
more homogeneous spatial distribution and a clear increase of the frequency only in
south direction.

The annual course of the number of cases of precipitation over 30 mm/day
shows that their maximum is in the period from April to September, which is due to
the nature of precipitation during the warm half of the year, which originates from
convective clouds or along fast moving cold front. That is why Fig. 5 shows hazards,
connected with this phenomenon, only in the warm half of the year (April-Septem-
ber). It could be seen that the most of the studied area is characterized by low hazard
(class 2). This means that there are about 2 rainfalls of this type per year. Only the
southern parts of municipalities Valchedram and Misia are characterized by medium
hazard (class 3), which means that there are about 3 such rainfalls in the warm half
of the year.

HEAVY PRECIPITATION OVER 50 MM/DAY

Figure 6 shows the annual course of the number of cases of precipitation over 50
mm/day for the current period in the research area. As should be expected this hazard
is quite rare and occur mainly in July and August and not at all stations. This type
of precipitation, however, almost certainly leads to a flooding. Again, stations with
higher frequencies are Vratsa and Pleven, but some stations along the Danube River
also show high values in summer months. The figure reveals that such heavy precipi-
tation is possible even in winter months. But the main danger of flooding remains in
the warm half of the year and especially in summer.

Figure 7 shows trends in the number of cases of heavy precipitation over 50 mm/
day for the period 1953-2012. The picture here is more diversified. The most stations
maintain their positive trends of the number of cases of this phenomenon. Svishtov,

Fig. 6. Annual course of cases of heavy precipitation over S0 mm/day for the period
10.2001-12.2012
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Fig. 7. Trends in cases of heavy precipitation over 50 mm/day for the period 1953-2012

again, has a decreasing trend together with stations Novo selo and Lom. This is prob-
ably due to the relatively lower frequency of this meteorological hazard and as a
result — of the relative randomness of its distribution. L.e. it is difficult to make a solid
projection of this hazardous climatic element.

Figure 8 shows spatial distribution of the number of cases of precipitation over
50 mm/day for the current period. It could be seen, compared to Fig. 3, that there
is a serious reduction in the average annual number — it is between 0.2 and 0.6 for

Fig. 8. Spatial distribution of cases of heavy precipitation over 50 mm/day for the period
10.2001-12.2012
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Fig. 9. Spatial distribution of cases of heavy precipitation over 50 mm/day for the period
1953-1965

this sector of the Danube floodplain. This means that there may be years without the
occurrence of such dangerous meteorological phenomenon. The spatial distribution
shows an increase of the number of cases in southern direction. This is due to the
proximity of these areas to the mountain range.

Spatial distribution of the number of cases of heavy precipitation over 50 mm/
day for the period 1953—-1965 is shown in Fig. 9. It could be seen that the lowest
frequency of this phenomenon has been observed in the region of Vidin — about 0.2
cases per year. The greatest was the frequency in the regions of Vratsa and Svishtov
—around and above 0.6 cases per year. This spatial distribution reveals an increase of
the number of cases in south and east directions. Comparison with the current period
shows an increase of the frequency of heavy precipitation over 50 mm/day in almost
the entire region with the exception of its easternmost part. The increase is about 2
times in the western part. This leads to a more homogeneous spatial distribution and
a clear increase of the frequency only in south direction.

The annual course of the number of cases of precipitation over 50 mm/day shows
that their maximum is also in the period from April to September. That is why Figure
10 shows the hazards, connected with this phenomenon, only in the above mentioned
period. The map reveals that all studied municipalities belong to class 1 — very low
hazard. This means that such rainfall occurs once every one to two years.

BLIZZARDS

Figure 11 shows the annual course of the number of cases of blizzards for the
current period in the research area. This hazard was examined only during the months
from November to March as in the rest of the year there is no such phenomenon. Its
frequency is highest in January and February, but it does not occur at every meteoro-
logical station. Overall, it could be concluded that this hazard, which is associated
with strong winds, is not particularly typical for the studied sector of the Danube
floodplain.
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Fig. 11. Annual course of cases of blizzards for the period 10.2001-12.2012

Figure 12 shows spatial distribution of the number of cases of blizzards for the
current period. It could be seen that the average number is extremely small — between
0 at station Vratsa and 0.5 at station Svishtov. This means that the phenomenon is
rare in the research area and is rather unusual than a regular event. The frequency
increases in eastern direction. The cause for such a spatial distribution is wind speed.
Western part of the Danube floodplain is relatively protected from the strong winds
by the two mountain ranges that surround it on the north and south — Carpathian and
Balkan Mountains. This protection decreases in eastern direction and the frequency
of strong winds in the cold half of the year increases.

Fig. 12. Spatial distribution of cases of blizzards for the period 10.2001-12.2012
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Figure 13 shows spatial distribution of the hazard (in months from November
to March), associated with this phenomenon, in the studied area. It could be seen
that all municipalities are characterized by very low hazard (class 1), which means
that blizzards happen every few years, particularly in eastern municipalities.

HEAVY SNOWFALLS

Figure 14 shows the annual course of the number of cases of heavy snowfalls
for the current period in the research area. Here, as in blizzards, only months from
November to March were considered. The highest frequency of this hazard is during
the months of December, January and February. It is present at all meteorological
stations and should be taken into serious consideration as there could be negative
consequences for the transport.

Fig. 14. Annual course of cases of heavy snowfalls for the period 10.2001-12.2012

Fig. 15. Spatial distribution of cases of heavy snowfalls for the period 10.2001-12.2012

148



*10309s urejdpooy aqnue [0dONIN-UIPIA Ul
7102°21-100Z 01 pouad oy 103 (YOIBIA-IOqUISAON]) S[[BJMOUS AABIY JO SISSB[O pIezey Jo uonnqrysip [eneds ‘91 “S1

149



Figure 15 shows spatial distribution of the number of cases of heavy snow-
falls for the current period. It could be seen again that the frequency increases in
southern direction. The average annual number varies from 0.6 in the northernmost
regions to more than 1 in the southern regions. This means that in the south, there
is at least one case annually of such meteorological hazard, while the frequency in
the north is one case per every two years. The orographic effect of the mountains
is an essential factor.

Figure 16 shows the spatial distribution of the hazard (in months from Novem-
ber to March), associated with this phenomenon, in the studied area. It could be seen
that almost the entire area of municipalities Vidin and Lom, and the northern part of
the municipality Dimovo have very low hazard of occurrence of heavy snowfalls
(class 1). This means that such snowfalls happen every year or two. The most western
part of municipality Vidin, the southern parts of municipalities Dimovo and Lom as
well as all other municipalities belong to class 2 (low hazard). This means that there
are one or two cases of heavy snowfall per year.

CONCLUSIONS

The most of heavy precipitation occur in late spring, summer and early autumn.
Its spatial distribution in this century shows increasing frequency from north to south.
Trends, compared to the middle of the 20th century, reveal an increase of the fre-
quency of these events in almost the entire studied area except the eastern part. This
leads to a certain spatial redistribution. In the period 1953-1965, the frequency of
heavy precipitation increases not only in south direction, but also in east direction.
The hazard of heavy rainfall over 30 mm/day is low and the hazard of heavy rainfall
over 50 mm/day is very low in almost the entire area during the warm half of the year.
Only southern parts of municipalities Valchedram and Misia are characterized by me-
dium hazard. Blizzards in the studied area are very rare and respectively the hazard
is very low. Their frequency increases eastwards. Frequency of heavy snowfalls is
greater with a maximum in January and February. Their spatial distribution shows an
increase from north to south. The most of the area has low hazard of occurrence of
this phenomenon. Exceptions are the eastern part of municipality Vidin and northern
parts of municipalities Dimovo and Lom, which have very low hazard of occurrence
of the phenomenon. All in all, the studied area has a relatively low level of hazard in
terms of weather phenomena associated with precipitation. However, revealed ten-
dencies, which suggest that the frequency and respectively the hazard of such events
are increasing, raise some concerns.
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OIIACHOCTU CBbP3AHU C BAJIEXKU B IVHABCKATA PABHUHA
B PETUOHA OT BUUH JIO HUKOIIOJI — CETAIIIHO ChCTOSIHUE
Y TEHAEHLIUU

11. Hoorcapos

(PezrmmMme)

W3cnenBanusaT paiioH oOxBama TyHaBCKATE oOmMHM OT Bumna mo Hwukomod.
M3non3Banu ca JaHHU OT 7 METEOPOJIOTMYHM CTAHIIUU — 5 TI0 Te€YeHHeTo Ha p. JlyHaB
M 2 BBB BBTPEIIHOCTTA HAa paBHUHaTa. OMacHOCTUTE, pasyie/laHi B CTAaTHATA, Ca OT
MHTEH3UBHU Bajieskd Hajg 30 mm/aen u Hag S0 mm/meH, CHEroHaBsIBaHWS M MHTEH-
3UBHU CHeroBasie)ku. OCHOBHUSAT MEPUOJT Ha U3ceaBane ¢ oT M. oktoMmBpu 2001 1. 10
M. nekemBpu 2012 1. 3a pa3kprBaHe Ha TEHACHIIMUTE NIPH WHTCH3UBHUTE BaJICKH €
n3cieaBad ¥ nepuoasT oT 1953 mo 1965 1. B pa3paboTkara ca H3MOJI3BaHH OCHOBHO
CTaTHCTUYECKH M Kaprorpadcku meromu. KimacoBeTe omacHOCT ca ompeaeneHu Ha
0a3ara Ha CpETHUTE YECTOTH Ha SBJICHHUATA.

[ToBeueTo MHTEH3WBHM BaJIeKH OT ABXK/I HAJ BH3IIPUETUTE TPAHUIIN CE CITyYBaT
mpe3 KbCHaTa TPOJIET, JISITOTO W paHHaTa eceH. [IpocTpaHCTBEHOTO MM pasmpere-
JICHHWE TIpe3 HACTOAIIMS BEK € C yBeIMYeHHWEe Ha YecToTara B IMOCOKa Ior. TpeHpo-
BETE B CPaBHEHHE ChC Cpejara Ha MHHAJIMS BEK IMOKa3BaT yBeIWYeHHE Ha Opos Ha
Te3W SBIIEHUS B TIOYTH IENNS WU3CJe/IBaH PalioH, ¢ M3KIIOYeHHE Ha HaW-M3TOYHATA
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My 4acT. ToBa BoAM U 10 CHOTBETHOTO TEPUTOPUATIHO Tpepasnpeaenenue. Ciex cpe-
nata Ha XX B. 4YeCTOTaTa Ha MHTEH3UBHUTE BAJICKU CE YBEIMYaBa OCBEH OT CEBEP
Ha 0T, CHINO Taka M OT 3amaja Ha u3Tok. [louTu B 1smara Teputopust mpe3 TOIIOTO
MOJIYTO/INE OMACHOCTTA OT MHTEH3WBHU Bajie:ku Haja 30 mm//ieH € HKCKa, a 3a Baje-
U Haja 50 mm/aeH — MHOTO HUCKA. ENWHCTBEHO HAH-FOKHUTE YaCcTH Ha OOIIMHUTE
Boauenpsm u Musus ce xapakTepu3upar CbC cpeHa onacHOCT. CHErOHABSIBAaHUSTA
B M3CJICJIBAHUS PallOH ca MHOTO pefkd. TsxHaTa dyecToTa ce yBelnyaBa B M3TOUHA
nocoka. OmacHOCTTa OT TOBA SIBJICHUE € MHOTO HHUCKa. YecToTara Ha HHTCH3UBHUTE
CHETOBAJIC)KH € TIO-TOJIsIMAa ¢ MAaKCUMYM TIpe3 sinyapu u (¢eBpyapu. [IpocTpancTBe-
HOTO UM pa3npeesieHNe MOKa3Ba YBEIUUYCHHE OT ceBep Ha for. [lo-romsimMaTa yact ot
TEPUTOPUSTA € C HUCKA OMACHOCT OT CIIyYBaHE Ha TOBa siBJcHUE. M3kimoueHue mpa-
BAT M3TOYHATA 4YacT Ha oOumHa BuauH u ceBepHUTE yacTu Ha oOuHUTE J[MMOBO
u JloM, KOUTO ca ¢ MHOTO HHUCKA OMACHOCT OT CITyYBAHETO Ha TakoBa siBieHue. Karo
15710 M3CIIeIBaHaTa TEPUTOPHUS UMa CPAaBHUTEITHO HUCKO HUBO Ha OMACHOCT IO OTHO-
IIICHUE Ha METEOPOJIOTHUHUTE SIBJIICHUS, CBbP3aHU ¢ Basiexute. [[purecHenue, obaue,
OyIST pa3KpUTHUTE TEHICHIIUHU, KOUTO ITOKA3BaT, Y€ YeCTOTAaTa Ha TAKKMBA SBJICHUS CC
yBeJIM4YaBa U ChbOTBETHO I1I€ CE yBeJIUYaBa U OMacHOCTTA.
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T'eorpadcxu uncruryr) na HUI'TT npu BAH ot 1975 1. u e npuemnuk Ha ,,MI3Bectus Ha ['eorpadckus un-
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