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VLADIMIR POPOV (1912 - 1998) -
CONTRIBUTIONS TO THE BULGARIAN KARSTOLOGY

Petar Stefanov
National Institute of Geophysics, Geodesy and Geography — BAS,
Acad. G. Bonchev str., bl. 3, Sofia 1113, Bulgaria
E-mail: psgeo@abv.bg

Life dedicated to Caves and Karstology

Professor Vladimir Popov was born and grew up in Stara Zagora, the city of lyri-
cists and romantics. It was not accidental that he chose Geography for his life dedication:
it is an unfathomable science about the world in which we live, about its variety and its
driving forces. He focused his research efforts to Geomorphology, which studies the com-
plex interactions forming the Earth’s visage and its secrets. His geomorphologic interest
brought him to the underground karst castles and he remained in a life-long captivity of
caves and their still splendor.

Prof. VI. Popov was a researcher of great creative energy; he had a romantic,
and even sometimes adventurous spirit. More than 60 years he studied actively the mi-
raculous cave morpho-sculpture. At the same time, using his talent of taleteller and artist,
he created a community of the underground beauty admirers, from children, to people of
advanced ages.

Under his pen a series of emotional and lyrical descriptions of the Bulgarian cave
pearls was born. Those include the caves of Ledenika, Saeva dupka, Snejanka, Bacho
Kiro, Magurata, Dyavolsko garlo, Gradeshnica cave. These descriptions are saturated by
love and adoration to the Nature-sculpturer, but also by deep anxiety about Cave world,
which is defenseless to Man’s aggression.

As a mythical champion, prof. Vladimir Popov distributed generously sparks from
his never-dying love to caves. This love was inherently with him when his eyes closed
forever. Quietly, he immersed into the silence of Eternity, to which his spirit yearned. But
he left to us the embers of his love...



BIOGRAPHY REWARDS
07.03.1912 - born in the village of Gostilya (Pleven

district)

1935 - graduated from the Sofia University,
speciality "Geographer"

1936-1955 - Geography teacher in the Exemplary

Trade Secondary School
1944-1945 - participated in the first phase of the
Patriotic War against Germany

1955-1975 - worked as a researcher in the Institute
1955-1976  of Geography, Bulgarian Academy of
Sciences
(since 1955 - Geomorphology researcher The Order "Cyril and Methodius" (1973)
since 1965) - Assoc. Professor The UIS Gold Medal (1974)
1975-1998 - as a pensioner continued his active The "Aleko Konstantinov" Medal
research work and expert activity A Medal for Distinguished Service Rendered to
19.09.1998 - died in Sofia the Bulgarian Tourist Union (1982)

"Golden Bat" of the Bulgarian Federation of
Speleology (1976, 1982)

Honorary member of the Bulgarian
Geographical Society

Honored scientist of the Bulgarian Tourist Union

Major Contributions of Prof. Vladimir Popov to the Bulgarian Karstology:

o Clarified the distribution and the most important features of karst in Bulgaria (1968, 1970,
1973);

@ Explored and described regional geomorphologic karst complexes: surface and un-
derground land forms and their relations (basically in the Pre-Balkan and Stara Planina,
Northern Pirin, North Black Sea Coast);

o Established traces of old (Pre-Quaternary) karst relief in the Vrachanska Planina - “com-
ic (kegel) karst” (1964);

o Described the spelo-genesis of big Bulgarian caves such as Ledenika, Magura, Saeva
dupka, Orlova chukka, Bacho Kiro, Dyavolsko garlo, Snejanka, Prohodna, Gredehsnishka.
@ Analyzed the first quantitative data about karst denudation in Bulgaria (1972 — together
with M. Pulina and M. Markovicz from Poland).

o Organized and participated personally in the instrumental mapping of famous Bulgarian
caves, such as Saeva dupka, Ledenika, Snejanka, Bacho Kiro, Dyavolsko garlo, Magura
etc. and introduction of speleo-morpho-metrical analysis and laboratory analytical meth-
ods in karst research; introduction of unified symbols for cave mapping (UIS);

@ Systematized and specified the Bulgarian terminology of Karst Morphology (89 terms,
1982, together with P. Stefanov);

@ Described disclosures of volcanic glass in some Bulgarian caves (1968);

o Compiled the first regionalization of Bulgarian caves (1973, 1977), (M 1:600 000)

o karst provinces (4) karst regions (51);

e Promoted public interest to caves suitable for tourism (about 15 in Bulgaria), analyzed
visits and worked on different problems of speleo-protection and rational use of caves;
Created a school of karst research in Bulgaria and formulated the need of a specialized
institution of Karstology in Bulgaria.

MORE IMPORTANT PUBLICATIONS

Karst Studies:

« The Bulgarian Black Sea Coast of Dobrudja: geomorphological survey. 1953 (in Bulgarian)

« The karst in Vrachanska mountain (co-author). 1958 (in Bulgarian)

o Gradeshnishka cave. 1959 (in Bulgarian)

« Karst morphology in the region between the valleys of the river Vit and river Batuliiska. 1962 (in
Bulgarian)




« Morphology of the Golemia Kazan cirque in Pirin Mountain. 1962 (in Bulgarian)

« Morphology and genesis of the Ledenika cave. 1964 (in Bulgarian)

« Karst morphology and karst hydrology in Bulgaria (co-author). 1964 (in Bulgarian)

« Ice formations in the Ledenika cave. 1965 (in Bulgarian)

o Karst morphology and hydrology in the Fore-Balkan northern part between the rivers Yantra and
Osam (co-author). 1965 (in Bulgarian)

o Pirin. 1966 (in Bulgarian)

e Snezhanka. 1967; 1971 (in Bulgarian)

o Rozsireni krasu v Bulharsku. 1968 (in Czech)

Morphology and genesis of the Ledenika cave. 1968 (in Russian)

« Saeva Dupka cave. 1969; 1979 (in Bulgarian)

« The karst in the Fore-Balkan northern part between the rivers Iskar and Vit. 1969 (in Bulgarian)
« Karst distribution in the Stara Planina Mountains and some of its characteristic features. 1970 (in
Russian)

« Karst distribution in Bulgaria and some of its characteristic features. 1970 (in Bulgarian)

« The karst in the northern part of Central Fore-Balkan (co-author). 1971 (in Bulgarian)

« Bacho Kiro cave (co-author). 1972 (in Bulgarian)

« Comments on karst denudation in Bulgaria (co-author). 1972

« Geomorphology of the Bulgarian Black Sea Coast (co-author). 1974 (in Bulgarian)

o Cave zoning in Bulgaria. 1976 (in Bulgarian)

« The Fore-Balkan karst types in Bulgaria. 1976

« Morphology, genesis and age of the Magura cave. 1977 (in Bulgarian)

« Speleogenesis (Magura cave case study). 1977 (in Bulgarian)

« An attempt for characterization of the cave landscapes in Bulgaria. 1978 (in Bulgarian)

« Basic terms of karst geomorphology (co-author). 1980 (in Bulgarian)

« Basic terms on karst morphology (calcite and ice karst forms under the ground).1980

(in Bulgarian)

o Travels under the ground. 1982 (in Bulgarian)

« Genesis and age of the Prohodna rock bridge. 1985 (in Bulgarian)

« Main approach and principles for elaborating a model of a geomorphological map of Bulgaria, scale
1:400 000 (co-author). 1986 (in Bulgarian)

« Caves with man-made facilities in Bulgaria. 1987 (in Bulgarian)

« Problems of the Bulgarian caves supplied with all necessary facilities (co-author). 1989

(in Bulgarian)

« Karst morphosculpture - In: Geography of Bulgaria, 1997; 2002 (in Bulgarian)

Publications on Protected Areas:

« The beauty spots of our native land. 1957;1970 (in Bulgarian)

« Distribution and problems of the protected natural sites in Bulgaria.1975 (in Bulgarian)

« Protected natural areas, sites, forms and species in North Bulgaria.1978 (in Bulgarian)

« Protected natural sites in Bulgaria.1980 (in Bulgarian)

« Bulgaria’s natural scenery (a photo-album)

« Natural recreational resources on the Bulgarian Black Sea Coast and its rational use (co-author).1983
(in Bulgarian)

« Protected natural sites in Bulgaria (co-author).1984 (in Bulgarian)

« Bulgaria’s nature parks.1995 (in Bulgarian)

« The natural pearls of Bulgaria (unpublished)

PUBLICATIONS ABOUT VLADIMIR POPOV

o Mishev, K. Vladimir Popov is getting on for 60. - N3B. Bbnr. reorp. a-8o, 1972, T. XII (XXII), 179-181
(in Bulgarian)

« Vaptsaroy, |. Vladimir Popov at the age of 70. - IMpo6n. reorp., 1982, 3, 82-84 (in Bulgarian)

« Kiradzhiev, S. Vladimir Popov. - O6y4yeHueTto no reorp., 1982, 2, 47-48 (in Bulgarian)

o Beshkov, VI. Associate Professor Vladimir Popov. - In: Bbnrapcku newepu, C6. matepnanu - 4, C.,
1986, 120-122 (in Bulgarian)

o Mikhailov, Tzv. Vladimir Popov - on the occasion of his 75th birthday anniversary. -l'eorpadwus, 1987,
22-23 (in Bulgarian)

« Vaptsaroy, |. Vladimir Popov at the age of 80. - IMpo6n. reorp., 1992, 2, 80-83 (in Bulgarian)

« Stefanov, P. Prof. Vladimir Yordanov Popov (7.03.1912-19.09.1998). - Kras | speleologia. 2000, T. X
(XIX). Wydawnictwo Uniwersytetu Slaskiego, Katowice, 155-156.

o *** Vladimir Popov at the age of 75. - O6yueHneto no reorp., 1987, 44-45 (in Bulgarian)

« *** Vadimir Popov at the age of 80. - O6y4yeHuneTo no reorp., 1992, p. 34 (in Bulgarian)
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»,ProKARSTerra” — MOCTOBE KbM BbOELETO*

Metp CtedaHos, Mapuna MopaaHosa, AunsHa CtedaHoBa
HauunoHnaneH MHCTUTYT No reocusmka, reogesms un reorpacms, bbnrapus
E-mail: psgeo@abv.bg; dili_stefanova@abv.bg

Knrovyoeu dymu: kapcm, 3awumeHu kapcmosu mepumopuu (3KT), kapcmosa eeocucmema, crieyu-
anusupaHu UHhopMayUuoOHHU cucmemu, KOMMIeKCeH MOHUMopUHe, yrpaeneHue Ha 3KT, ycmouliyugo
paszsumue, obpasogamesnHu rpozpamu, Mexx0yHapoOHU Mpexu, ModerupaHe

LLInpokoTo pasnpocTpaHeHue Ha kapcTa B Bbnrapusi npaeu akTyanHu BbNpocuTe
3a M3Mon3BaHeTo, CTONaHNCBAHETO M YNPaBMNEHNETO HA KapCTOBUTE TEPUTOPUM C Ornes
TAXHOTO YCTOMYMBO pa3BuTUE. B TOBa OTHOLLEHME ronsamo 3HavyeHve npuaobuear 3alym-
TeHuTe KapcToBu TepuTtopun (3KT). Te ca yHuKanHm, nopagu KOeTo ca OT U3KMYMTeNneH
obuwecTtBeH MHTepec. CblUEeBPEMEHHO KAapCTOBUAT UM MPOU3XOA M NpaBu CUITHO YyBCT-
BUTENMHU U YA3BUMU HA YOBELLIKM Bb3AENCTBUS, MOPaan KOETO Te Ca PUCKOBU TEPUTOPUM.
B 1031 acnekT 06sBeHNTE 3aLLMTEHN KAPCTOBU TEPUTOPUUN 1 0BEKTM MMAT BaXKHO Hay4HO,
€KOInorM4yHo, peKkpeaLMoHHO-TYPUCTUYECKO U 0Opa3oBaTenHo 3Ha4yeHue. ToBa v npasu
NOOXOASALLM M KaTo MONWUIroHn 3a paspaboTBaHe Ha Mofenu 3a paLMoHanHo Npupoaonons-
BaHe B kKapCcToBa cpefa.

C HacToAWMAT JOKNa4 ce NpeacTaBs CbLIHOCTTA Ha MUITOTEH Hay4YHO-MU3Creno-
BaTerCKN NPOEKT B Ta3u 06nact, KOUTO NO TeMaTuka M LierneBa HaCOYEeHOCT Ha OYakBa-
HWUTe pe3ynTaTu (cneuuanuavpaHy HayYHU uscnenBaHus; 3eMernon3BsaHe, CToMaHNCBaHe
W ynpaeneHune; obpasoBaTenHu NporpaMm) e cepuosHa 3asiBka 3a Cb3fjlaBaHe MoAen Ha
mMeToamYecka nnatgopma 3a CbBPEMEHHO ynpaBrieHne Ha KapCTOBU TEPUTOPUN C NPUPO-
posawuteH crtaTyT. [IpoekbT ce 0CHOBaBa Ha KoHUenuyusma 3a kapcmogeama 2eocucme-
Ma, crieyuanuaupaHama UHQOPMayUOHHa cucmemMa 3a Kapcma (KagacTbp Ha KapcTa)
B NNC-cpena v komnnekcHocmma Ha MOHUMOPUH2a NpPeaBUA YHUKANHOCTTa U ys3BU-
MOCTTa Ha KapcToBWUTE reocucteMu. EkcneprMeHTanHuaT Mogen Ha KOMMNeKCeH MOHMTO-
pVHr ce pa3paboTBa Ha Npumepa Ha M3bpaHu KapCTOBU rEOCUCTEMU B PENPE3EHTATUBHN
3KT B Bwnrapus ot pasnuyHa kateropus (MpupoaeH napk “LLymeHcko nnato”, MNMpupoaHa
3abenexuTtenHocT “Maapata”, MpupogHa 3abenexuTtenHocT “CheBa aynka” u 3awuTte-
Ha mecTHocT “Tpurpagcko xapeno” ) n B Yexus (MpupoaeH pesepeat MopaBcku Kpac) u
AnoHns (AkvoLLn-KBasMHaLMOHaneH napk), NapTHLOPU Ha NpoekTa.

Hay4Ho-13cnenoBaTenckusit onuT nokasea, Ye 3a U3siCHsIBaHe crneuudukaTa Ha
KapcToBuUTE TEPUTOPUM U MpOTUYALLMTE B TAX NpoOLEcK Hal-epmkacHa e KoHuenuusaTa
3a KapctoBuTe reocuctemu (Boponan, Avgpendyk, 1985; Muxosa, CtedaHos, 1993;
Stefanov, 2004; Angpenuyk, CtedaHos, 2006; 2008; AHgpenyyk, 2007 v gp.), pa3paboT-
BaHa B [eorpadcknsa nHcTuTyT Ha BAH (gH. Oen. lNeorpadmsa Ha HUATTT-BAH) ot 1980 .
Cnopep Hes, kKapCToBMTE NpoLecH umMaT cucteMoobpasyBallo 3Ha4YeHne 1 No onpeaeneH
Ha4WH opraHu3upar cpefaTa Ha CBOETO pa3BuTME, KaTo obpa3syBaT TEpUTOPUANIHO eanH-
HY 1 (PyHKLMOHANHO USiINOCTHM 06pa3yBaHus - KApCToBU reocucteMu. 3a TaX € TUnM4Ha
onpeferneHa NpocTpaHCTBeHA, (PYHKLMOHANHa, AMHAMUYHA U FeHETUYHa CbNOoAYNHEHOCT
Ha B3aMMOCBbP3aHM U B3aMMOAENCTBALLMN EeNEMEHTH.

CneumndmkaTa B CTpyKTypaTa Ha KapcToBaTa reocuctemMa € npean BCUYKO B Cb-
LLIeCTBYBaHETO Ha [BE OCHOBHM CbCTAaBHM YacTW — MOBbPXHOCTHA M noasemHa. Mexay
NMOBbPXHOCTHATa M noA3eMHaTa MOACUMCTEMM CbLUECTBYBAT NapaguHamMuU4HW U napare-
HETUYHU OTHOLLEHUs. BellecTBeHO-eHepPreTUYHUTE B3anMOLEWNCTBUS Ha MOACUCTEMUTE
N3rpaxxgaTt CbLIHOCTTa Ha PYHKLMOHMPAHETO 1 AMHAMMKaTa Ha KapCTOBUTE re0CUCTEMM.
Ha eTaxHusi CTpoex Ha KapCTOBUTE reocMcTeMu 1 OYHKLMOHANHOTO €AUHCTBO Ha Noj-

* Noknapgat ce pesyntatu no npoekt A0 02.260/18.12.2008: ,Pa3paboTBaHe Ha ekcrniepyMeHTaneH Moaesn Ha Kom-
nnekceH MOHUTOPUHS 3a YCTONYMBO Pa3BUTUE W yNpaBNeHue Ha 3alinTeHn kapcToBm Teputopun” Ha ®oHa ,HayuHn
nacneaBaHus”.



cuctemuTe ce 6asmpart 1 ABata OCHOBHM MPUHLIMMNA Ha OnasBaHe Ha KapcToBUTe 06EKTU 1
Teputopun, n3segeHun ot B. Angpenudyk u IN. CtedaHos (2005, 2006).

CreumannnaTt ctatyT Ha 3KT no npesymMnums nsmcksa BUCOKa CTEMNEH Ha n3yye-
HOCT (BKITIOYMTENHO Ype3 MiiaHoBETE 3a yrnpasrneHne), Ho KapcToBaTa cneumduvka Hanara
N eKCNepTHU OLEHKM 1 NMPOBEXAAHETO HAa AOMBIHUTENHN CNeLuanmanpaH NpoyyBaHus.
lMpakTuyeckaTa CTOMHOCT Ha MofyyYeHnTe pe3ynTaTu 3aB1MCKU OT opraHM3aumsaTa UM B cne-
uManuavpaHa nHdopmalunoHHa cuctema (kagacTbp Ha kapcrta) Ha 3KT u no-To4Ho,
OT YMEeNnoTo NPOeKTMpaHe Ha HenHaTa CTPYKTypa 1 CbAbpPXaHue, NOMbIBAHETO W C NUMc-
Balla MHopMaLmsa (Ype3 UHBEHTapu3aums, akTyanusaumsa 1 JQOMbIIHUTENHN cneynanu-
3UpaHu n3cneaBaHvs) U BbBexagaHeTo Ha 6a3nte gaHHu B FTNC-cpepa (CtedbaHoB u ap,
2002).

[Opyr cbllecTBEH MOMEHT € HEOBXOAMMOCTTa OT NMPOBEXAAHETO Ha crneumanmnamn-
paH MOHUTOPWHI, KOMTO nopaawu crneundukara Ha kapcra Tpsbsa Aa 6bae KOMMIEKCEH n
CbOoOpaseH C KOHKPETHUTE CTPYKTYPHO-(YHKLMOHANHN OCOOEHOCTU Ha CbOTBETHUTE re-
OCMCTEMM B rpaHMLmUTE Ha 3alLUTEHNTE KapCToBM TepuTopun. MNpoekTupaHeTo n ekcnepu-
MEHTUPaHETO Ha MOAEN Ha TaKbB KOMMMEKCEH MOHUTOPUHT € rofnsiMo Npeau3BuKaTencTso
1 OTFTOBOPHOCT M M3UCKBA KaKTO CEPMO3eH NPOUCMOHANM3bM B KapCTOmnorusTa, Taka u
n3cnenoBaTercku OnuT U No3HaBaHe Ha 0CODEHOCTUTE B OpraHn3aumaTa 1 ynpaBneHeTo
Ha 3KT.

Bcuukm Tesnm metogonormyeckn ocobeHocTM ca B OcHOBaTa Ha mapagurma-
Ta proKARSTerra (cur. 1). Ta npaBy Bb3MOXHO C npunaraHeTo Ha cbBpemeHHu VKT
4-D mopenvpaHe Ha KapCTOBUTE reOCUCTEMM, KOETO UMa WSKIIOYUTENHO BaXHO Npak-
TUYECKO 3HAYeHWe C orfeq TAXHOTO yrnpasreHve U yctonumeso passutue. Mopagun ToBa
proKARSTerra He e camMo NPOEKT, HO K cTpaTerns. 3a HEMHOTO pas3BMTUE Le cnocobcTBa
chOpMMPaHETO Ha cneuuanmanpaHo Hay4yHo 3BeHO — LJeHmBbp 1o kapcmornozausi, OT KOeTO
Bwnrapus otaaBHa nma HeobxoammocT. NMpeaBug ycnewHo pa3paboTBaHaTa gocera obr-
rocpoyHa Hay4Ho-uscnegosarerncka n obpasoBarenHa nporpamMa rno KapcTonorus, rmaBHO
4ypes NPOoeKTU, Ha OCHOBATa Ha KOMTO € usrpageHa v cneumanusmpaHa nacnegosarencka
WH(PaCTPYKTypa, eaHa OT Bb3MOXHOCTUTE 3a 6asupaHe Ha To3u LeHTbp e HATTT-BAH.

AcHo e, Ye OCbLLECTBSABAHETO HAa MaeunTe, 3anoxeHn Bctpaternsaita proKARSTerra,
€ TpyAeH v NpoabIDKUTENEH NMPOLEC, U3UCKBALL, MHOTO NMPOoeCcnoHanu3bM, LNMPOKO Cb-
TPYAHUYECTBO 1 KoopanHauums. [opaam ToBa TA OO ronsma CTeneH € 1 HagHaumoHanHa
- pesyntatuTe OT HEMHOTO peanuaupaHe ce nNpoekTupaTt B ObAeLleTo U Wwe rm nocTurHat
npueneyeHnte n obyyeHn Ypes proKARSTerra mnagm nocnegosatenu Ha ngesTa.

ht}p:ﬂwwﬁ.prokérsﬂerri.bas.bg

Que. 1.
lMapaduemama proKARSTerra




MANAGEMENT AND CONSERVATION
OF QUASI-NATIONAL KARST PARK AKIYOSHI, JAPAN

Dimitrina Mikhova
Yamaguchi University, Japan
E-mail: didi@yamaguchi-u.ac.jp

According to the Law of Environmental Protection in Japan the following types of
protected areas are designated:

o Wildlife territories, where all human activities are prohibited;

@ Areas of environmental protection, which are natural landscapes, where small

adjustments are allowed, aiming mainly at conservation;

o Nature parks. They are of three kinds: National parks, Kwazi-national parks
and Prefectural natural parks;

@ Areas with conservation of the natural habitat of certain species. They allow
certain activities with special permission;

o Natural monuments;

e Protected forests;

e Protected waters.

o Areas of international importance and such registered as World Heritage sites,
registered as members of the Ramsar Convention and the International Program “Man
and Biosphere”.

In this paper object of research is the Karst Park Akiyoshi, which falls under the
category of “quasi-national parks”.

Natural Parks in Japan are declared under the Natural Parks Act, aiming at pro-
tection of the Japanese landscape and improvement of their use. The Act contains many
provisions, most of which are valid for the three types of parks. Since Japan is a densely
populated country, there are not huge natural/national parks of the size we see in USA,
Canada and Australia. In Japanese national park people live and find their livelihood there.
About 90% of their area is private. It is therefore necessary to harmonize all interests, yet
the ultimate goal remains good management and conservation practices. The difference
between National parks and Kwasi-national parks is largely in the level of responsibility.
National parks are directly subordinate to the Minister of Environment. Quasi-National
parks are subject in some cases to directly to the Minister of Environment, but in many
points of the Law they are subject to the Prefectural (Regional) administration. Such is the
case with the Karst Park Akiyoshi. In the management of the park and its protection role
have different institutions, such as:

o the Ministry of Environment;

e the Prefectural office, mainly its Environmental Directorate. The Prefectural
responsibilities include not only control, but also some direct investments such
asbuilding prefectural roads;

e the Mine city municipality, which is directly responsible for the use,
management and conservation of the park;

@ private associations of owners of land, infrastructure, tourist and other
establishments, of people, who live on the park territory;

@ public organizations, including people of scientific, exploration (cavers),
scientific interests, volunteers, etc.

The present study attempts to reveal the responsibilities and interactions among
the above mentioned institutions, organizations and individuals.
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AGRICULTURAL ACTIVITIES AND “GREEN TOURISM”
IN THE KARST PARK AKIYOSHI, JAPAN

Noboru Sato, Dimitrina Mikhova*
Yamaguchi University, Japan
* E-mail: didi@yamaguchi-u.ac.jp

This paper reports about a research on the Green tourism in the Karst park Aki-
yoshi, Japan.

Karst plateau area of Akiyoshi extends far beyond the borders of the Akiyoshi
karst park. Outside the park land use is exempt from prohibitions of land use and business
activities. The resources are actively used for farming within three settlements near the
town of Mine. The area which comes within the Karst Park, declared as “quasi-national”,
continues to have mixed status of ownership: there are parts, which are community/state
land, but there are parts which are still privately owned.

But regardless of ownership, as required by the statue of national parks and the
Ramsar Convention commitments, business, recreation, sports and other activities are
regulated. Control is exercised at the regional (prefecture) level and national level (Ministry
of Environment).

Before the announcement of the park parts of it are actively used since ancient
times for agriculture. Due to the warm climate and high humidity the vegetation grows rap-
idly and there is a practice of burning it in February, when it is dry. This land is prepared
for t
he agricultural season, starting in March-April and sowing of rice starts in May. The grass
is used for animal feed, but Japan this is not a traditional farming sector and the number
of animals is very small.

With the announcement of the park and in the process of socio-economic devel-
opment the number of farming population decreased greatly. Within the park some small
agricultural activities continue for some time, but they gradually stop. The annual burning
of grass continues, but after that most of the former agricultural land remained unused for
this purpose.

Over the past 20 years in Japan the so called Green Tourism developed. The
definition of this form of tourism is ambiguous according to different authors, people and
institutions involved in it. The meaning ranges from identification with ecotourism, defined
as distinct form of tourism, to identification with rural tourism. There is another aspect in
terms of “greening” of all forms of tourism, to work on reducing the adverse impacts of tour-
ism on nature. In most definitions the emphasis is on “contact with the ground, practicing
activities related to agriculture and related culture and tranditions”.

In the karst park Akiyoshi forms of Green tourism are developed, which are differ-
ent from traditional ones. They combine eco-tourism and rural tourism, while performing
function set out as a national policy for health, improving social contacts, family support.

In this study the authors seek to reveal how this form of Green tourism appeared
in the karst park Akiyoshi; how it is organized; what are the pros and cons from the point
of view of the users and those, who offer it; what are the relationships between the land
owners and higher institutions and control authorities, responsible for observation of the
Park statute as a quasi-national park. A study was held to find out the prospects for further
development of Green tourism in the park.
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A CONSIDERATION ABOUT THE LOCAL
REVITALIZATION WITH THE ART OF THE OBSERVATORY
IN A KARST PLATEAU, AND A CIRCUMFERENCE AREA

Yoshihisa Nakano
Yamaguchi University, Japan
E-mail: nakano-y@yamaguchi-u.ac.jp

Akiyoshidai in the Yamaguchi prefecture in Japan is the greatest Karst topogra-
phy in Japan, and it is a place to which many tourists come all through a year. However,
the number of tourists is decreasing every year now compared with 40-year before. Amain
subject is also having considered a possibility in the karst plateau which is a quasi-national
park of redeveloping the observatory as an institution with art.
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ACTIVITY ADMINISTRATION OF PROTECTED
LANDSCAPE AREA OF MORAVIAN KARST

Antonin Tima
Nature Conservation Agency of the Czech republic,
Administration of the PLA Moravian Karst
E-mail: antonin.tuma@nature.cz

Administration of Protected Landscape Area of Moravian Karst was established
in 1977. It takes care of karst in an area of 92 km? and 2 national nature reserves and 2
national nature monuments outside the karst area. Currently has 8 zaméstanacu: director
+ zoologist, deputy-director + geologist + rangers manager, botanist, agriculture + water,
GIS + computer network administrator, forests, construction, economics department. The
operational environment we have a 5 year time working on the implementation of Natura
2000. Main directions of Administration of the state administration and care for assigned
territory. Administration has 2 official cars and other car is available for implementation of
Natura 2000. Administration is part of the Agency for Nature Conservation and Landscape
of the Czech Republic in the Ministry of Environment. State administration in issuing ad-
ministrative decisions (authorizations, prohibitions) and binding opinions for administra-
tive decisions of other authorities. A specific authorization is speleological surveys and
investigations and making caves for the public. The most common act is binding opinions,
when construction activities are assessed with regard to the conditions of conservation.
Prepare management plans for specially protected areas, which has in care. Here you
determine the tasks and the conditions of nature protection, which will enforce the ten-year
period. Prepares proposals and declared nature reserves, natural monuments and memo-
rial trees. Prepares draft decrees on national nature reserves and national natural monu-
ment. Collaborates with professional organizations through participation in conferences
and seminars, participates in the work of expert working groups, coordinating student pro-
fessional work, leads the student and professional experience working on research grants.
Entrusted to the care of the Administration has disposal annually from the state program
of landscape around the amount of 1,200,000, - CZK. Funded are: mowing, grazing, in-
vasive plants disposal, improving the species composition, tree pamatkych maintenance,
revitalization of various types, landfill disposal, maintenance, closure of caves, especially
maintenance designation of protected areas. At the Natura 2000 project implementation is
carried out off control of national monuments and reservations, externally in these areas
provide inventory surveys. For land owned by the State and care ANCLP CR forest Admin-
istration specialist manager and also can make purchase of land for nature conservation
purposes by the Directorate ANCLP CR. Comments on the economic plans of forest and
land use plans. Administration cooperates with specialists in surveys of various kinds, in
botany provides monitoring of selected species and habitats and updates layers in the
databases. For the public, organized in collaboration with other bodies the exhibition, an
annual European Day of Parks and exposure to the night for bats, occasional Open Days
Amateur cave annual Earth Day clean sweep for the PLA high youth participation. Pre-
pares materials for the construction of a new exhibition and visitor center of the Moravian
Karst, which will be funded from operational environment. Lecture and excursion activity
has recently been cut down for financial reasons. Workers in a lesser extent the media
publish or present the Moravian Karst. Management inspections of its decisions and bind-
ing opinions, especially caves are checked and speleological activities. When managing
a vow to work guard formed by voluntary guardians, which coordinates and manages the
system administrator. Rangers usually resolves unauthorized cars and driveways may
grant a minor penalty on the spot. Management is involved in long-term cross-border co-
operation with Poland and Bulgaria with very intensively.
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THE NATURE RANGERS IN THE CZECH REPUBLIC

Antonin Tuma
Nature Conservation Agency of the Czech republic,
Administration of the PLA Moravian Karst
E-mail: antonin.tuma@nature.cz

Nature Rangers have an important role in contact with visitors to protected areas.
Since they know the terrain perfectly and often are the only ones who can advise or help.
Rangers are representatives of nature protection, which the visitors meet. They are impor-
tant educational workers.

Ranger is a man who meet on a mountain trail in the woods, the meadows, which
will give you information on local nature, attractions and services (restaurants, bike shops,
from where buses), highlights the activities allowed and disallowed, will offer guided tours
or passes be an information leaflet. In addition to the penalty blocks in the bag first aid kit,
map and phone number of the Integrated Rescue System.

If the ranger finds violations of regulations on nature protection, it shall, within
their capabilities to intervene. It becomes an arm of the law. It should be noted that the
voluntary nature is a guardian of the law officer! This not only gives greater powers and
legal protection, but also places greater demands on his responsibility.

How do you know the guardian in the field

Rangers in national parks are equipped with a single uniform. All the rangers in
the Czech Republic in the service worn on the left side of the chest (on the pocket, lapel)
metal badge. On the left sleeve guard wears a business emblem - badge with the emblem
of the PLA or NP and the term “ranger”. This proves the service card.

The ranger is in the nature of its activities shall:

@ demonstrate evidence of the nature and guards wear badge;

@ monitoring compliance with regulations on the protection of nature

and landscape.

Nature Ranger is authorized to:

e identify the persons who violate the law on nature conservation;

@ impose and collect fines for violations in the field of nature protection;

e enter a foreign land as provided in the Act;

o detain to identify the person you walk in the violation of laws of nature and

landscape and submit it to the Police.

Nature ranger may be appointed an individual who:

@ is a citizen of the Czech Reublic;

e is over 21 years;

@ has not been convicted for an intentional crime;

e has the legal capacity;

e is physically fit;

e demonstrate knowledge of rights and duties of officers under the Act on

nature conservation and landscape and knowledge of related legislation;

@ passed by stimulating the promise of nature Ranger.

The Moravian Karst (92 km?, five caves open to the public the traditional way - an
annual attendance of 250 000 persons), a professional ranger we have full-time. Manager
rangers as a watch guard 20% of his workload, his main profession is geologist. Moravian
Karst has 14 rangers (3 employees are PLA MK), of which 12 are active. It manages 15
employees, including 8 trainees - to ranger candidates. New this year: 3 trainees are em-
ployees Cave Administration of the Czech Republic was concluded.

The ranger of nature in the Moravian Karst is the annual training. Once every 5
years of testing are the rangers of the laws of nature. They are encouraged to practice
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a tolerant in dealing with offenses and bringing visitors to protected areas. Some guards
also control the cave in cooperation with speleologists. Most guards are volunteers and
are not paid for their work.

Rangers Association of protected nature territory of the Czech Republic
(abbreviated Rangers Association) was founded in 1998 as a professional organization
that brings together nature of the particular ranger of national parks and protected areas in
the country. Rangers are welcome and acting within the scope of the regional offices out-
side NP and PLA. Rangers Association is a civil association, not a trade union guards.

The aim is to increase the Rangers Association and professional level of exper-
tise of its members, as long we feel the lack of attention, coordination and methodological
guidance of the Ministry of Environment. Therefore, the Association holds regular annual
meeting of the rangers of the whole country, to exchange experiences from the guard, in-
formation and guide services in the field. At these meetings are regularly invited as experts
for consultations and lectures on topics related to the work of the guards. The Association
offers its members training, professional excursions and internships in foreign countries.
The Association is a member since 1999 IRF - International Ranger Federation, an or-
ganization bringing together national associations of nature rangers around the world. In
2000, an Agreement on mutual cooperation between the Czech and Slovak Association of
rangers.
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THE HOUSE OF NATURE OF MORAVIAN KARST

Leos Stefka
Nature Conservation Agency of the Czech republic,
Administration of the PLA Moravian Karst
E-mail: leos.stefka@nature.cz

The Moravian Karst with 5 caves which are accessible to public, its unique land-
scape and remarkable sights is one of the most frequently visited places in the Czech
Republic (Fig. 1).

The caves alone are visited by more than 350 000 tourist every year. In this local-
ity there are seven marked trails with information boards and tourists can also find interest-
ing information in the Blansko Museum (metallurgy), in the Technical Museum in the iron
mill called Frantiska (history of ore treatment) in Josefov, in the windmill in the village of
Rudice (geology and speleology) and in the Museum of Vilémovice (speleology).

Accessing of caves and building the tourism infrastructure started in the begin-
ning of the twentieth century. Between 2000 — 2009 there was quite extensive reconstruc-
tion of their technical facilities (new electrical equipment, wiring, renovation of foot trails)
and new entrances were built at the Sloup-éoéﬂvka Caves, the Balcarka Cave and Cath-
erine” Cave. The most recent cave to be made accessed to public is Vypustek Cave; an
underground military shelter which the army left in 2006.

The Environmental Operational Programme, approved for the period be
tween 2009 — 2013, provides for subsidies of up to 90 % of all investments which are used
for the construction of visitors centres (Houses of Nature) funded by the financial means
of the European Union. The Houses of Nature Program has created an opportunity to con-
struct some buildings in the protected territories but also in some of the most sought after
places which are interesting for tourists to visit (Fig. 1). These areas will give tourists closer
access to evaluate the worth of this land and also to make them aware of the reasons why
these areas should be protected.

The main places to enter the most frequently visited places of the Punkva Caves
(200.000 tourists every year) are the Rock Mill (Skalni Mlyn) and area of the Macocha
Abyss. It is precisely these places which are intended to be improved by a building which
is going to be called the House of Nature of the Moravian Karst. The building will have an
information area with a shop while the main area will be used for a permanent exhibition.

On the first floor you will find more information about the geological history of
Moravian Karst (for example a model of the Devon Sea), formation of karst chambers and
origin of caves, ancient and present life in the caves. The spiral staircase will take visitors
into lit up premises on the second floor with an exhibition of living nature.

In the motion-picture theatre you will be able to choose from an offer of short
films (the projection of a 3D film about the Moravian Karst is being planned. The youngest
visitors will be catered for by a play room where karst themes will be depicted and shown.
The indoor exhibition will be supplemented by another outdoor exhibition. The model of
the karst landscape will allow visitors watch water passing through the karst landscape
where water disappears into caves and then emerges from caves. Sections of rocks with
brightly polished cuts will give visitor a greater insight into the karst area rocks.

The House of Nature of the Moravian Karst should be open all year round. The
time when the number of visitors will be smaller will be compensated by offering pro-
grammes for schools including outdoor excursions. Planning permission for the House of
Nature has been already issued and the investments for construction have been allocated.
Running the House will be partly covered by its own incomes (entrance fees, tickets sales)
and by a contribution provided by our organization and the Caves Administration. Almost a
half of all financial investment is to be given by nearby towns, villages and by some local
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entrepreneurs.

The construction is subject to the final consent provided by the Ministry of the
Environment. If the consent is given, the commissioning of the House is expected to be in
spring 2013.
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Fig. 1. A map of the Moravsky kras — Protected landscape area, visitors infrastructure
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Fig. 2. Visualisation of the House of Nature (project by PParchitects s.r.o.)
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INSECT RESEARCH, MANAGEMENT
AND POPULARISATION IN THE BOHEMIAN KARST
PROTECTED LANDSCAPE AREA (CZECH REPUBLIC)

Petr Herman
Bohemian Karst Protected Landscape Area Administration,
CZ - 26718 Karlstejn 85
E-mail: petr.herman@nature.cz

The Bohemian Karst Protected Landscape Area (PLA) is a limestone area of 130
km2 located in central Bohemia, close to the capital of Prague. Due to its specific natural
conditions it belongs to prime and most important zoological areas from the whole Czech
Republic, with many unique species found nowhere else in the state. The most valuable
20 sites stand under a special protection mode: two in the category of national nature re-
serves, four national nature memories, eight nature reserves and six nature memories.
The zoological administration of the PLA deals with insect problems relevant to nature
conservation as one of main topics.

Research activities consist mostly of monitoring, inventory and mapping of par-
ticular groups, from which the best known up to date are Lepidoptera with the history of re-
search dated back to the half of 19th century and the amount of about 2200 species found
historically. Population dynamics studies were recently made as a diploma or Ph.D. theses
on several endangered species (e.g. Hipparchia semele, Zygaena osterodensis) and sub-
sequent research is in progress, including the completing of the first Lepidoptera mono-
graph of the PLA or extensive time study monitoring Lepidoptera of grazed grassland.
There is also a tradition in studying other insect orders — mainly Coleoptera, Heteroptera
and Trichoptera together with certain families of Diptera and Hymenoptera, including some
surprising founds of a new species to be described from the PLA.

The management problems solved in the PLA are focused on grassland and light
lowland deciduous forests associations. They are represented mainly by protecting the
grassland against overgrowing with expansive and invasive plant species by the means
of grazing, pruning or mowing. The PLA is also supporting the restitution of traditional
forestry to help many unique species inhabiting light deciduous forests. The management
activities are made either for a concrete species or a group of species due to their habitat
preferences.

An important area of interest in PLA activities is also a contact with public and
the popularisation of the above mentioned problems. Every year an event called The Moth
Night of Karlstejn takes place, simultaneously to the annual European Moth Nights project.
Its participiants are introduced to the life and conservation of moths and basic methods of
their research. Another public activity is an annual entomological excursion which is a one-
day field trip showing the most valuable sites of the PLA and their unique insect fauna.
The organization of these events is supported by cooperation with the Czech Society for
Butterfly and Moth Conservation.
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MANAGEMENT, PROTECTION AND CARE
FOR THE SHOW-CAVES IN CZECH REPUBLIC

Jaroslav Hromas
Cave Administration of the Czech Republic,
Kvétnové namésti, 252 43 Prihonice, Czech Republic
E-mail: hromas@caves.cz

In connection with political changes in the Czech Republic after 1989 and then
in the independent Czech Republic, quite new conditions for protection and care for the
caves were formed and also a new section of the environment and creation of a new struc-
ture of the state nature conservation were created. There are 4000 of natural caves (cave
entrances) both of karst and non-karst origin presently registered in the Czech Republic.
The longest one is the Amatérska Cave system in the Moravian Karst with the length of 35
km, the deepest one is the Hranice Abyss with the maximum depth of 289.5 m achieved
so far (220 m of which is under the water surface). Fourteen of cave systems are adapted
and open to the public.

All the caves (regardless of their administrative identification) are strictly pro-
tected according to Act No. 114/1992 Coll., on Nature Conservation and Landscape Pro-
tection. It is prohibited to destroy, damage, adapt or otherwise modify their survived state.
The exception can be approved by the nature conservation authority only in exceptional
cases of prevailing public interest. Also exploration and research are approved by the
nature conservation authority. The same protection as caves is automatically enjoyed
by natural phenomena on the surface which are connected with caves (dolines, ponors,
seepages etc.). Caves are neither parts of the land nor subjects of property. In case of a
sale, the owner of the land with a cave is obliged to offer it first to the nature conservation
authority. The exceptions are mining spaces of exclusive ore deposits, where the protec-
tion can be claimed only after agreement with an authorised producer. There is, however,
an obligation to notify the nature conservation authority about the discovery of the cave
and prepare documentation of the cave according to the implementing decree. A large
number of caves is also found in the area of small-scale or large-scale conservation areas
(national parks, protected landscape areas, nature reserves, nature monuments), where
other conservation conditions according to the mentioned law are also applied. The caves
with archaeological findings or with historical meaning are also protected as cultural relics
and archaeological sites by Act No. 20/1987 Coll., on State monument care.

The nature conservation and landscape protection belongs to the section of the
Ministry of Environment with administrations of national parks, Agency of Nature Conser-
vation and Landscape Protection of the Czech Republic (hereinafter referred to as ANCLP
CR) and the Cave Administration of the Czech Republic as expert workplaces and nature
conservation authorities. The nature conservation authorities competent for decisions on
caves are workplaces of ANCLP CR (administrations of protected landscape areas); the
authorities in the area of national parks are their administrations. The decisions on the
less significant caves outside the protected areas are carried out by regional authorities.
The conditions of cave protection and use are defined by the nature conservation au-
thorities. Also cave exploration, research and plans of care are approved by them. The
Cave Administration of the Czech Republic ensures especially the protection, care and
management of the caves open to the public, but also carries out the professional duties
specifically focused on the karst, caves and speleology according to requirements of the
state nature conservation. ANCLP CR and the Cave Administration of CR keep a record
of caves (IRSO — Integrated Record of Speleological Objects) as a part of Information
system of nature protection.
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The protection and management of fourteen cave systems is ensured by the
Cave Administration of CR according to the conditions and limits specified by administra-
tions of protected landscape areas of ANCLP CR. There is a specification of range of
routes open to the public, opening hours of caves during the day and during the year (e.g.
terms of winter closures for hibernation of Chiropterans), number of visitors in groups and
intervals of groups (for the recovery of cave microclimate) and other conditions

Already in 1990, a newly constituted uniform cave administration in the system
of nature protection prepared new principles of care for caves (“The plan of purification
of caves” was also introduced at the 11th international speleological congress in Peking
in 1993). They became not only a pattern for subsequent planning documents, but also
a base for immediate implementation. At present so called “protection management of
caves” is implemented in agreement with ten-year ,plans of care®. In addition to the condi-
tions of cave use, the protection management defines particular tasks of further explora-
tion, documentation and monitoring, specifies activities of sanitation and restoration (cor-
rective actions) and manners and forms of educational use. The corrective actions are
funded from resort programs.

According to Act No. 61/1988 Coll., on mining activities, explosives and the State
mining administration, the show-caves are under supervision of the State mining admin-
istration as well. Opening up of caves and their maintaining in a safe state is “an activity
carried out in a mining manner®. Therefore “Operating regulations”, “Visitors regulations”,
“Emergency plans” are compulsory for the caves; specified inspections and revisions are
performed, the employees undergo qualification and periodic testing. It is not easy to har-
monize requirements of mining-technical maintenance of caves with conditions of their
protection.

According to Act No. 18/1997 Coll., on Peaceful Utilisation of Nuclear Energy and
lonising Radiation, the management of the show-caves is also supervised by the State
Office for Nuclear Safety. There is a compulsory monitoring of radon concentration and
evaluation of annual personal effective doses of ionising radiation of employees (all doses
remain permanently within specified limits!).

Since 1990, the Cave Administration carried out general reconstructions of nine
show-caves according new ecological approaches and partial adaptations of other caves.
Negative influences of previous exploration works and works to make the cave accessible
are totally or at least partly eliminated, together with consequences of long-term tourist
attendance. Mine fillings, backfills and waste dumps, often quite large, are being system-
atically removed from the underground. Unwanted and redundant concrete areas and non
functional technical equipment are being disposed. New pavements and staircases are
rated to attendance limited by protection conditions (concrete staircases and footbridges
are more and more often replaced by precast constructions from stainless steel); water
from washing of pavements is collected separately from natural karst water. If possible, the
cave routes accessible to people who use wheelchairs are being adapted. To maintain the
underground microclimate, air locks are being installed on access routes. New technical
equipment is based on stainless metals and plastics. More suitable lighting devices with
limited lighting mode and (experimentally) also LED lamps are used for lighting. Camera
systems or at least safety signalling elements are being installed according to the needs
to protect the caves and visitors. The show-caves thus undergo very distinctive changes.

You can see changes of entrance areas of the show-caves as well. There are
seven quite new service buildings. In all of them there are conditions for improvement of
visitor services and for establishment of presentation and learning expositions.

All the show caves (including the parts not open to the public) are mapped in
details and documented in photos. In all of them monitoring of underground microclimate
is being carried out, in selected caves using continuous automatic systems. There is also
permanent monitoring of radon concentrations, including calculation of annual personal ef-
fective doses of ionising radiation of employees. Also geotechnical state of walls and ceil-
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ings of caves and rock massifs above the premises is being studied. Special monitoring
protects the Konéprusy Caves against seismic shocks from blasting operation in a near
large quarry. Monitoring of water level on the underground Punkva River is the condition
for safe boat traffic. The occurrence of lampenflora and moulds is systematically studied
and subsequently chemically disposed. A special research with chemical interventions is
focused on elimination of biological attack of aragonite crystals in Opona (Curtain) in the
Zbrasov Aragonite Caves. Within the resort research program, the Cave Administration
has finished the task “Determination of dependence of cave microclimate on outer climatic
conditions in the show-caves of the Czech Republic”. The result is, among others, a bind-
ing resort methodology and source materials for more precise conditions of cave protec-
tion and use. As a part of the whole world system, in selected caves there are instruments
from the Institute of Rock Structure and Mechanics Academy of Sciences of the Czech
Republic for monitoring of movements in the cracks of Earth’s crust. The Institute of Geol-
ogy AS CR is engaged in stratigraphy, content and age of cave fillings.

In addition to plenty of propagation material and printed information, publication
and educational mission of the Cave Administration of CR is accomplished mainly by
publishing of popular educational publications. It should be mentioned that editing of the
first compendium of Czech caves JESKYNE — 14th part of edition Chranéna tuzemi CR
(Protected Areas of the Czech Republic) (2009), a set of brochures about the show-caves,
and a new edition of professional papers Acta Speleologica (3 edited titles). Also the first
movie from the series of video films about the show-caves was shot. Thematic information
and presentation CDs and DVDs were produced as well.

The traditional tourist tours of caves are occasionally revived by thematic actions
demonstratively showing e.g. their archaeological or historical meaning (played scenes
from the life of Neanderthal man, Cro-Magnon people, adventures of first discoverers and
explorers). In addition to technically modified routes, excursion paths with professional ac-
companiment are starting to be used as well in areas that were not made accessible. Se-
lected underground objects are more and more often used for cultural and social events.
Particularly impressive are music festivals Carovné tény Macochy (Charming Tones of
Macocha) held in the Punkva Caves. Chamber music concerts, exhibitions of graphic
works or serious social events are held also in other caves with favourable conditions
of cave protection. In 2011 there was a series of very interesting concerts “Didgeridoo v
jeskynich” (Didgeridoo in caves); in 2012 the travelling festival “Cave Beat” with leading
interprets should be mentioned. Also thanks to this form, the most beautiful and impressive
underground “cathedrals” become more and more famous for public.

After the phase of demanding reconstructions of caves, the up-to-date task of
the Cave Administration of CR is to continue in increasing of educational and information
potential of the show-caves. It is a gradual complementation of entry objects and under-
ground spaces with educational expositions which are able to enhance the spectrum of
information about caves (geological, paleontological, archaeological — e.g. The Balcarka
Cave or “Mladecské jeskyné — jeskyné cromagnonského ¢lovéka” /The Mlade¢ Caves
— the caves of Cro-Magnon man/). Among larger events there is a prepared project of
exposition on the theme “Cave and People” in the Vypustek Cave, including museum and
information centre about the karst. Another prepared event is an education exposition in
the archaeological site of Neanderthal man in the Klilna Cave in the Moravian Karst. A new
premises with exposition and information centre of the Bohemian Karst is presently being
designed for the Konéprusy Caves. There are finished projects of complete reconstruction
of premises in the Punkva and Javofi¢ko Caves.

The Cave Administration takes also part in other tasks of nature protection con-
cerning natural or historical underground and requiring speleological or mining-technical
qualification. At present it prepares documentation of newly discovered caves, studies
pseudokarst caves in sandstone rock towns, cares of unique caves on fluorite veins of
old mine workings, processes source materials for saving of abandoned historical mine
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workings, performs speleobiological exploration and research, compiles thematic docu-
mentation files etc. etc. During that it cooperates with many expert workplaces, esp. with
institutes of Academy of Sciences of CR, universities, museums etc. Speleological explo-
rations in the Czech Republic are performed also by regional parts of the Czech Speleo-
logical Society, a registered association of both amateur and professional cave explorers.
Together with them the Cave Administration of CR is a partner of the prepared 16th Inter-
national Speleological Congress which will be held in 2013 in the Czech Repubilic.

Fourteen show-caves are annually visited by 700-800 thousand of visitors. The
most frequently visited are the Punkva Caves with a monumental Macocha Abyss and a
cruise over the underground Punkva River (over 200 thousand of visitors). An extraor-
dinary attention is paid to their protection and dignified presentation by the Ministry of
Environment, not only by supporting the projects, but also through distinctive propaga-
tion. In 2012 it is especially marketing campaign “Dny jeskyni” (Days of Caves), where
exhibitions, lectures, press conferences are held not only in Prague and there are many
radio and TV programmes devoted to caves. Through the above described activities of the
resort and the Cave Administration of CR the show-caves are becoming not only a strictly
attended treasure of our nature and prehistory, but also a direct and dignified part of cul-
ture and education of inhabitants.
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THE MICROBIAL INFESTATION OF ARAGONITE
DECORATION IN ZBRASOV ARAGONITE CAVES (CR)
AND IT'S REMEDIATION

Mgr. Milan Gersl Ph.D. ', RNDr. Dana Hanulakova 2, Barbora Simeckova®
'Czech Geological Survey, Brno
2Microbiological Laboratory IFCOR-99 s.r.0., Brno
3Cave Administration of the Czech Republic, Teplice n.B.

ZbraSov aragonite caves (hereinafter refferead to as ZAC) are the only one made
available caves of hydrothermal origin in Czech republic with unique microclimate and
decoration — raft stalagmites, doughnut crusts and mineral aragonites. The caves system
discovered in 1912-1913 was opened to public in 1926, visit time is running since April
until October and yearly number of visitors makes around 50 thousand people. The main
topic of studying is liquidation of aragonite attack on the place called Opona (The Curtain),
which was solved by many specialists from many branches and makes uprecedented
problem.

Opona (The Curtain) is given name of vertical rock shield of lenght 10 m and
height 3 m, which is situated in the roof of the biggest room ZAC — Jurik's Dome. It's the
only one continuous space of aragonite in whole ZAC system, which is occured from nee-
dle-shaped to shrub pieces. Aragonite is one of the valuable modification of calcium car-
bonate crystallizing in diamond system, which was arised in the area above mineral water
lakes. Negative changes were firstly macroscopically seen around year 1980 in shape of
polluted places in the end of crystals and colour changes of previously white decoration.

In 1990 was excluded anorganic origin of samples dust pollution by mineralogical
analyses and also there was found iron presence in red coloured aragonit crystal crusts
(MORAVEK 1992).

In 1991 the composition of the dust clumps was identified as a coating predomi-
nently constituted by textile fibers (wool, cotton, rabbit hair, polyester etc.). They are re-
leased due to mechanical abrasion from clothing of visitors and are carried by the upward
flow of air toward the edge of the Curtain.

At the same time team of microbiologists from Czechoslovak collection of micro-
organisms from Masaryk University in Brno under the leadership of dr. Lubomir Schanél
first demonstrated the occurrence of microscopic fungus with the source of nutrients
in these textile fibers. As a possible cause of colour changes of aragonite was labeled
metabolic products of microbial growth — organic pigments and enzymes. At the same time
were documented degradation symptoms of metabolic products of microorganisms on the
surface of aragonite crystals. Next research in 1991-94 was more focused on the detailed
identification of species found bacteria and fungus (HANULAKOVA — MARVANOVA,
1993, 1994).

In the years 2000-3 was made detailed mineralogical analysis of Curtain by M.
Gers§l (see the enclosed scheme). At that time were known for many years successful re-
habilitation effects of an aqueous solution of hydrogen peroxide during the liquidation
of dust and mold coatings on sinter decoration in Konéprusy caves. When using hydrogen
peroxide leeds to oxidation of biomass and during it’'s decompotision there are no un-
natural chemicals that could contaminate the cave environment. These procedures were
laboratory verified on sinter filling of cave (FAIMON 2001, 2003).

In 2003 verification the effect of the considered spray on aragonite in laboratory
conditions was performed at first. Mainly the optimal concentration of the solution due to
the potential disruption of crystallographic forms of aragonite were investigated, also suit-
able for practical use in the ZAC. A propsal for the application of hydrogen peroxide solu-
tion at a concentration of 5-12 % calcite pre-unsaturated was the result. It was also found
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that after application on the taken sample of aragonite occur to bleaching of this sample,
but only if it is not already covered with younger mineral coating.

In 2004 the experimental spraying was carried out on the selected section of
Curtain, in 2005 the first full area application of the solution, in the concentration 12
%. On the Curtain 11 checkpoints were determined to spatial orientation during photo-
documentation and repeated sampling. In increments of five months the hydrogen perox-
ide solution was applied 2x and after second application the surface of the Curtain was
washed by water to remove adhering organic impurities and residual peroxide solution.

By analyzing samples of solutions trickled downd from the Curtain after applica-
tion an equivalent weights of dissolved minerals were monitored, which, due to minimum
values appear to be negligible. Thus we concider applied concentration of peroxide to be
cave decorations safe, even so there is a spontaneous decomposition of peroxide in regu-
lar water after a short time.

To decrease contribution of the air-borne elements administration of ZAC made
also radical technical precautions in year 2005. By the reconstruction of the visiting route
was the traffic pavement in Jurik’'s Dome moved. Now people don’t stand directly below
the edge of Curtain.

In years 2007-8 was proved effectivity in time horizont. Before opening cave for
the public in March 2007 was implemented repeated spray of 9 % solution of hydrogen
peroxide. Samples for mycological analyse was taken periodically one time per month
from spray. We have looked for two goals. One was start of microorganisms growht with
context to the visiting traffic. Second was lowering quantity of disinfection intervention.

From year 2009 is applied area-wided spray one time per year before opening
cave for the public with samples taken one per month. Samples were observed for their
effectiveness. Positive results allow lowering samples from year 2012 to four times per
year, area-wided spray stay one time per year before opening cave for the public.

Parallely now running research of red pigments, which maybe are crated during
metabolism of microorganisms.

Remediation and research continue. Main goal is to stabilize today’s condition
of valuable aragonite decoration. Complete removing of coloured aragonite is not now in
human hands. This is a warnig before hasty or insensitive opening caves with valuable
decoration for public anywhere in the world. Realizitation of sprays, samples and their
laboratory evaluation are financed by special programs of Ministry of the Environment of
the Czech Republic, which are specified for care of specially protected natural areas.

References:

Faimon, J. — Stelcl, J. — Kube$ova, S. — Zimak, J. (2003): Environmentally acceptable effect of
hydrogen peroxide on cave ,lamp-flora“, calcite speleothems and limestones. — Environ
mental Pollution, 122 (2003), 417-422.

Faimon, J. — Stelcl, J. — Kube$ova, S. (2001): Chemicka eliminace ,lampenfléry” v jeskynich
systémech. — Geol. vyzk. Mor. Slez. v r. 2000, 101-103. Brno.

Gersl, M. — Hanulakova, D. — Novak, M. (2003): NPP Zbrasovské aragonitové jeskyné — Identifikace
puvodu znecisténi aragonitové vyzdoby na Utvaru opona ve Zbrasovskych aragonitovych
jeskynich véetné dokumentace stavu pred sanaci. MO3 ¢&.j. 9347/03. — MS, archiv ZAJ.
Hranice.

Gersl, M. — Novak, M. (2003): Biologicka degradace aragonitu ve Zbrasovskych aragonito-vych
jeskynich. — Geol. vyzk. Mor. Slez. v r. 2002, 92-95. Brno.

Gersl, M. — Novak, M. (2004): NPP ZbraSovské aragonitové jeskyné — Desinfekce mikrobialniho
napadeni aragonitové vyzdoby na Oponé v ZAJ. Zavéreéni zprava MO3 ¢.j. 3306/04. —
MS, archiv ZAJ. Hranice.

Gersl, M. — Hanulakova, D. (2006): Dezinfekce mikrobialniho napadeni Opony v Jurikové démeé ve
Zbrasovskych aragonitovych jeskynich. Zavére¢na zprava. — MS, archiv ZAJ. Brno.

25



Hanulakova, D. — Marvanova, L. (1994): Zavérecna zprava o vyskytu mikromycet ve
Zbrasovskych jeskynich a ovéreni mozného fungicidniho pisobeni roztoku Boronitu na
tyto mikroorganismy. — MS, archiv ZAJ. Brno.

Hanulakova, D. — Marvanova, L. (1993): Vliv mikroviného ozareni na vyskyt mikroskopickych hub
Vliv koncentrace oxidu uhli¢itého na omezeni ristu mikroskopickych hub. — MS, archiv
ZAJ. Brno

Kaspar J. (1944-45): Ondfrejit, novy nerost. — Véda pfirodni, 25, 5, 132-137. Praha.

Kunsky, J. (1940): Aragonitové jeskyn& u Hranic na Moravé. — Casopis turistt, 52, 11-12, 169-170.
Praha.

Mareckova, K. — Novakova H. (2005/2006): Degradace aragonitové vyzdoby ve ZbrasSovskych
aragonitovych jeskynich (ZAJ). — MS, Stfedni primyslova skola Brno, archiv ZAJ. Brno.

Maregkova, K. — Novakova, H. — Caslavsky, J. — Pénéikova, H. — Gersl, M. (2006): Charakterizace
zbarveni aragonitového Utvau “Opona” ve ZbraSovskych aragonitovych jeskynich pomoc
i GC/MS. — Speleoforum 25, Kras 2006, 21. 4. 2006, Sloup, Sbornik abstraktd, 80-81.
Ces. speleolog. spol. Praha.

Marvanova, L. — Kalouskova, V. — Schanél L. (1991): Napadeni, poskozeni a znecisténi
aragonitu ve Zbrasovskych aragonitovych jeskynich. — MS, archiv ZAJ. Brno.

Marvanova, L. — Kalouskovd, V. — Hanuldkova, D. — Schanél L. (1992): Microscopic fungi in the
Zbraov aragonite caves. — Ces. Mykol., 46, 243-250.

Moravek, R. (1992): K vyzkumu napadeni aragonitu ve ZbraSovskych aragonitovych jeskynich —
Ochrana pfirody, 47 (1992), 2, 46-50.Praha.

Novak, M. (1999): Vliv metabolickych produktt bakterii a mikromycet na degradaci uhli¢itanovych
forem sintrti ve Zbrasovskych aragonitovych jeskynich — MS, diplomova prace. PiF UP
Olomouc.

Padéra, K. — Povondra, P. (1964): Das Vorkommen des Huntits und Magnesits aus den Grotten
ZbrasSov bei Teplice nad Be€vou. — Acta. Univ. Carol., Geol. 1, 15-24. Praha.

Zbrasovské aragonitové jeskyné

Jurikiv dém - Opona

@ Megonts hu
amagneziten

O Kaldit

Kreslil:
| Mian Gers!

9 8 7 6
Mista odbérii kontrolnich vzorkii (0znageno barevnym dratem):
Upravit:

Z - Gerny drat Slavomir Cerny 201
Y - modry drit
X - Cerveny drat

Fig. 1. Schematic plan of The Curtain. Location with occurence of minerals: aragonite, aragonite with

huntit and magnezit, kalcit. Sites of verification sampling (X,Y,Z). Authors: Milan Gersl, Zuzana Bla-
hova, 2003.
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Fig. 2. Spraying of The Curtain, 2009. Photo: Fig. 3. Detail of polutted aragonite decoration on The
Slavomir Cerny Curtain before spraying. Photo: Milan Gers/

Fig. 4. The same site 30 minutes after the spraying with 10 % solution of hydrogen peroxide. Photo:
Milan Gersl 3. Detail of polutted aragonite decoration on The Curtain before spraying. Photo: Milan
Gersl
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THE RECONSTRUCTION OF VISITING ROUTE
IN ZBRASOV ARAGONITE CAVES (CZR)

Barbora Simeékova
Cave Administration of the Czech Republic
E-mail: zbrasov@cave.cz

The Zbrasov Aragonite Caves (hereinafter refferead to as ZAC) is character-
ized by next parameters:

@ Czech Republic, Teplice nad Becvou;
e Hydrothermal karst genesis;

o Length of the cave system 1.322m ;

o Denivelation of the cave system 55 m;

e Length of visiting route 375 m;

e Denivelation of visiting route 17,5 m;

@ Discovered 1912 - 1913;
@ Opened to public 1926;

@ Reconstruction of visiting route 2003 - 2005.

The visiting route of ZAC was builded in years 1913 to 1926. Accessible works
which was done reflected technical and financial possibily of the early 20th century. Some-
times they didn’t respected natural character of the cave areas. The biggest negative
was depositing of superfluous rocks. They was deposited along almost all visiting route in
walls. On the bad condition of the visiting route had influence of course long-time turnout,
high aggression of water and devastate flood in summer of 1997. Reparation of visiting
route from the time which was created was made poorly and they didn’t increase com-
fort.

In the years 2001-2002 professional team created study of new accessible visit-
ing route in ZAC. The study contains base ,philosophy” of the new visiting route. In the
proposal of solution authors taked consideration to the protection of the cave, visiting traf-
fic, safety regulations, terrain’s limits with the level of gas lakes, present day’s technical
possibility and of course experience with previous recontructions in show caves of CZ.
The study was commented by independet specialists. The main points of the views were
protection of SPA mineral waters and the tunneling of connecting passageway and it’s im-
pact on the microclima of the cave. Neccesary technical and security parametrs of mining
regulations was detaily given to the project by it’s main project architect.

In June of the year 2003 after selective procedure for supplier of the reconstruc-
tion and execution of administration operations the reconstruction finally starts.

In the preparation phase was necessary to cover decoration from mechanical
destruction and from the dust. Then was destroyed and removed all existing structual
constructions, pavements, stairs, embankments, electric devices and of course old walls
from superfluous rocks. Separate part of reconstruction was mtunneling of 80 m long
connection passageway, which connected visiting route to the circle. Into the cleared and
connected underground areas was implemented new unit of visiting route, which was after
added by engeneering nets, stainless steel constructions and by technical devices. At the
end was tunneled new entrance for the visitors below the base of administration building
in lenght of 9 m.

All the time of the reconstruction was executed supervision of cave’s protection
and hydrogeological observation. In June of 2005 was reconstruction approved by Build-
ing Authority with Minig office board and other instituctions in charge for commercional
use.
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Total cost of the reconstruction was 18. mil Czech crowns (approximately 700
00 Eur) from the investments funds of Ministry of the Environment of the Czech Republic,

which is fouder of the investor.

The reconstruction has to bring thouse assets for the protection of the caves, the
appereance of the sightseeing route and the visiting traffic:

@ More sensitive incorporation of the sightseeing route depending on

morphology of cave areas

e Completely removing of the old visiting route and rock deposits, which
leads tooptical lightening of the areas

@ Connecting of visiting route to the circle with the communication gallery

e Installation of suspended footbridges

e Material for all constructions from stainless steel

@ Tunneling of more comfortable new entrance for the visitors

o Outflow of rinse water by the drainage system outside the caves

e Installation of continual microclimate monitoring with the regulation of

exhausting CO2.

With distance of the time we may say with satisfaction that reconstruction used
for maximum today’s possibilites. Experiences with some year’s traffic confirms rightness
of the technical, aesthetical and Vvisiting traffic. All this of course respect requirements of
keep and protecting today’s condition of the cave for the future.

Care of the show caves and their protection is always team work. With apologies,
that | can’t introduce all people which participate on this successful work, | list the main

ones:

The study of the accessible and philosophy of the new visiting route

The minnig project architect:
The projects of the stainless
steel bridges:

The minemeasurer:

The mineblaster:

The speleological works:
Investor:

The technical supervision

of the investor:

The proffessional supervision
and the protection of the cave:

The hydrogeological supervision:

The supplier of the reconstruction:

Dipl. Tech. Josef Rehak sen., Semily
Magr. Vratislav Ouhrabka, Bozkov u Semil
Barbora Simeckova, ZAC

Ing. Karel Klobasa, Brno

Ing. Kamil Kocmanek, Brno

Mgr. Vratislav Ouhrabka, Bozkov u Semil
JanVymola, Ludmirov

Miroslav Vanék, Prostéjov

Ministerstvo Zivotniho prostfedi CR, Praha

Ing. Martin Simek, Rosice u Brna

RNDr. Jaroslav Hromas, Praha

Barbora Simeckova, ZAC

RNDr. Vladimir Rezniéek, Brno

VH Devon s.r.0., Sloup v Moravském krasu
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Fig.1. Gallas Dome before the
reconstruction, old visiting route
and rock deposits, 2002.

Photo: Petr Zajicek

Fig. 2. Gallas Dome after the
reconstruction, new visiting route,
2005.

Photo: Petr Zajicek




TRADITION OF VISUAL ARTS
IN ZBRASOV ARAGONITE CAVES (CR)

Barbora Simeckova
Cave Administration of the Czech Republic
E-mail: zbrasov@cave.cz

The ZbraSov aragonite caves are not only thanks to the unique natural hydrother-
mal karst genesis a European phenomenon. Since 1981 the local underground spaces are
used to exhibitions of contemporaty art each year. It is a singular achievement, no other
show cave in Evrope does not engage in such activity systematically.

Exhibitions are installed in latest part of the visiting route — Marble hall. So the
different experience is waiting for visitors after finishing of routine inspection. That will
enhance their impression of cave tour.

Shows always start at the beginning of school holidays and usually last until the
end of the visitor season. If exhibition have not been organized in any year, for example
due to reconstruction of the visitor route, visitors demanded renewal this tradition them-
selves. Many of them come to caves each year intentionally only during the exhibition. To
date there has been 31 exhibitions organized here (including the year 2012). Czech re-
public artists primarily, but also artists from Slovakia or Germany, presented their artworks
in authorial and collective exhibitions.

The limitation for the artworks is practically only the choice of material, that must
be resistant to very hight humidity (about 98 %). Exhibits are mostly made of ceramic,
enamel, natural and false stone, glass, laminate or plastic. These materials are also inert
and environmentally friendly.

The interaction of the artworks and the natural environment is the interesting,
high aesthetic value project, that increases attractiveness of caves and visitor interest
appropriately (Figures 1 - 5).

Fig.1. Name of visual art:
Made under the Surface, 2008
Author: Jaroslav Kolések (CR)
Name of Work: The Squirts
Material: glass

Photo: Jan Flek

31



Fig.2. Name of visual art:
The Last City, 2009
Author: Anke Binnewerg
(BRD)

Name of Work: -
Material: plast, UV light
Photo: Slavomir Cerny

Fig. 3. Name of visual art: Statua Cavatica, 2010
Author: Hana Buckova (CR)
Name of Work: The Meditate Youth
Material: laminate
Photo: Petr Zajicek
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Fig. 4. Name of visual art: Statua
Cavatica, 2010

Author: Eva Fojtikova (CR)

Name of Work: The Swimmer
Material: laminate

Photo: Petr Zajicek

Fig. 5. Name of visual art: Danaé in the Cave, 2011; Author: Miroslav Machala (CR);
Name of Work: Gaia; Material: Swedish granite; Photo: Slavomir Cerny
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ENVIRONMENTAL IMPACT
OF UNUSUAL LOWERING OF PRESPA LAKE LEVEL

Romeo Eftimi
Tirana, Albania
E-mail: eftimi@sanx.net

Key words: karst flow, lake water balance, climate changes, biodiversity, stabile isotope.

Prespa Lake System shared by Albania, FYR of Macedonia and Greece includes
two lakes, Prespa and Small Prespa. Prespa Lake’s surface is 254 km2, and actually is
situated at an altitude of ~844 m asl, which is about 160 m higher than Lake Ohrid. Both
lakes are separated by the karst massif of Mali Thate/Galicica mountain range (Fig 1).
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Fig. 1. Geographical overview.
The black arrows show the underground flow direction
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Balance investigation shows that the underground outflow of Prespa Lake to
Ohrid Lake is about 7.8 m?/s, and the stable isotope investigations and tracer experiments
have confirmed that most of the outflow recharges the big springs of St. Naum and Tush-
emishte. Some additional recharge these springs receive also by the karst water of Ohrid
Lake basin.

At 2006-2007 the lake water level is ~8.5 m lower than in 1963. This decrease
equals to a loss of ~1.6 km?® of water, which roughly consist about 30% of the total lake
volume. Some remarkable archaeological findings indicate that lake water lowering has
been subject of the past, also. Different explanations proposed for the observed water lake
decrease are discussed by the author of this paper.

The area of Prespa Lake is characterised by its natural beauty, its great biodi-
versity and its populations of rare birds. The fauna of the area includes tenths of endemic
fish and mammal species. The basin is of a specific importance for waterbirds as the
Dalmatian pelican, white pelicans and pygmy cormorants. The average total phosphorus
concentration in Lake Prespa is increased to about 30 mg/m3, which mean that the lake is
in a process of eutrophication.

The goal of this paper is to evaluate the natural and anthropogenic factors con-
trolling the unusual lowering of Prespa lake level and to generally asses the environmental
impact of this phenomenon.
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FrEOMOP®OJIOI'NA HA LUYMEHCKOTO IMJ1ATO

Oumutbp Bnages, Pocuua JlazapoBa
LLlymeHckn yHuBepcuTeT “Enuckon KoHcTaHTuH MpecnaBckn’;
Lymen-9712; yn. “YHuBepcutetcka” Ne 115

Krnirouoeu Aymu: kapcm, Cb8peMeHHU MOPGho2eHeMUYHU MPOUeCU, 3apasHeHU NMo8bPXHUHU, PeYHU
mepacu

Mopdoxunagporpadcka xapakrepucTuka

LLlymeHckoTO NnaTo e pa3nornoxeHo torosanagHarta Yyact Ha CU benrapus. MNpea-
cTaBnsiBa camoctositeneH 6rnok ot Musuiickata nnova, pasdrieHeH no nepudepusata ot
3anNMBOBUAHO BAAAEHW B HErO PeYHM AONMMHHU. KbM nNnaTtoTo ce BKMoYBa U BUCOYMHATA
duceka (500,5 m) c nnowy, 3 km?. 3a rpaHnumM Ha LLlymeHckoTo nnaTo cryaT: Ha ceBep -
ponvHuTe Ha pekute CTpaxka, MNakowa n Yanpaepe; Ha CU - ropHaTta yacT ot gonvHara
Ha peka MbTHMWwKa n KO3 yacT ot Bogogena Ha peka Kamenuua; Ha U-HOU — LLlymeHcko-
CMsILOBCKOTO MOHWXEHWE, C YacT OT JonuHaTta Ha peka lonsima Kamuuns; Ha tor 1 3anag
— TBbProBULLKOTO CyOCTPYKTYPHO MOHWMXKEHWE, C YacT OT AonMHaTa Ha peka Bpana. dwbn-
XuHaTa Ha LLlymeHcKoTo nnaTo oT 3anag Ha U3TOK € CpegHOo OKoso 12 Km, NpomeHsiLwa ce
OT HOr Ha ceBep - OT 7-8 km B Hal-toxxHaTa yacT, 9-10 km B ueHTpanHaTa 4acT, 11-12 km no
Ha ceep Ao okono 20 km B Hai-ceBepHaTa 4YacT Ha nnaTtoto. B HanpaeneHue C-tO wun-
pounHaTa Ha nnaToTo Konebae mexay 15-17 km. B nocoyeHuTe rpaHuum, ¢ HagMopcka
BucovmHa Hag 300 m, obwaTta nnouy Ha nnaTtoTo e 73,13 km?2.

OT ceanosuHata “Tep3usaTa”’, npe3 KOWTO MMHaBa NbTA OT ¢. JlozeBo A0 c. Ho-
Bocen, LLlymeHckoTo nnaTo ce pasfenst Ha ABe YacTu: M3TOYHA - LuMpoKa 1 3anagHa — no-
cTecHeHa. N3ToyHaTa yacT 3aema NpoCcTpaHCTBOTO Mexay rpag LLymeH Ha n3tok n cenata
Tpouua, Ocmap n KouoBo Ha tor 1 ceno J1o3eBo Ha ceBep. 3anagHaTa YacT ce 3akr4Ba
mexay cenata Hosocen, CpeaHs n YepeHua Ha tor, ceno paguuie Ha ceeep, a Ha C3
3aBbpLUBa C BUCOYMHaATa “Pucek’.

LLlymeHckoTO nnato e pa3suTo B xuncomeTpudHus nosic 200-500 m (®wr. 1). Haii-
BMCOKa To4ka e Bp. TbpHOoBTabus (501,9 m.), a Han-H1ckata e Ha okono 200 m H.B., pas-
nonoxeHa B M. “Koptanska” (C3 ot Kazbntene-269,3 m). B nnatoto (6e3 Buc. ®Puceka)
SAICHO Ce OTAENAT HAKOJIKO BUCOYMHHM nosca: oT 300 go 400 m - ¢ nnowy 32 km?, ot 400
0o 500 m — ¢ nnowy, 38 km? 1 Hag 500 m - ¢ nnowy 0,13 km?2. M3yncneHaTa nnouy Ha B.
duceka e okono 3 km?. Hall-Bucokara ii YyacT BKouBa LUECT CaMOCTOSITENHM U3aUrHaTUHU
(c obwa nnow, — 0,7 km?) pasnpegenexHy B ABE rpynu Mo TpU BUCOYMHU, YBENUYaBaLLM
BucoumnHata (ot 430 go 500,5 m) n nnowa cu (ot 0,02 km? go 0,16 km?) ot KO3 kbm CU.
M3uncneHarta cpegHaTta HagMopcKa BUCOYMHA Ha LuanoTo nnarto e 350 m.

OT reomopcponoxka rnegHa Touka penedsbT Ha LymeHckoTo nmnato moxe Aa
ce nofgenuv Ha Tpu Yactu — 6uno, CKNOHOBE 1 NOAHOXME. Bunoto € ¢ paBHNUHHO-XBIMUCT
N KapcToB pened, B KOWTO npeobnagasaTt Marku HakMoHU U pas3dnieHeHre Ha peneda.
CKNoOHOBETE Ha MNaToTo Ha MecTa Ca 3HAYUTENHO pasvfeHeHN, pasnuyaBally ce KakTo
Mo HaKmnoHK, Taka u no npeobnagasaluy CbBPEMEHHN MopdoreHeTnYHM npouecu. MogHo-
XMETO € pasBMTO BbB BMCOYMHHUA anana3oH mexay 180-200 m (ot tor) n 250-330 m (o1
M3TOK 1 OT CEBEP), KaTo Ha MHOrO MeCTa MNJIOLLMTE Ca CENCKOCTOMNAHCKN YCBOEHU.

LLlymeHckoTO nnaTo ce BkMoyBa kbM YepHoMopckaTa oTTodHa obnacrt. Noctos-
HEH NOBLPXHOCTEH OTTOK CE OTKPUBA CaMo B OTAENHM NepudepHn YacTu Ha NNaToTo, KaTo
ce chopmumpa pagmanHo (LeEHTPOBEXHO) N3TUYaLLa Mpexa OT PEKUYKM U MOTOLM C TUMNY-
HO NoA3eMHO (KapCTOBO) NoaxpaHBaHe. PekuTe, KOMTO OTBOAHSABAT NNaTtoTo, ca Nputoum
Ha p. lonama Kamuus (BnmBaT ce AMPEKTHO B Hesl unu Ypes p. BpaHa) v p. MNMpoBaguiicka
(4pes p. Magapa). B LLlymeHCcKOTO nnaTo rpyHTOBM BOAM OT Krnacuyecku Tun Hama. Kap-
CTOBWTE BOAM OT NATOTO NOAXPaHBAT rPyHTOBUTE BOAU B MOOHOXHUTE YaCTW — Ha NPexo-
Aa kbm LLlymeHcko-CMsa40BCKOTO U ThProBULLKOTO MOHWXKeHue. OKono ¥ OoT nog3emHuTe

36



BOAW B MNAaTOTO MOraT Aa ce ONpeaensT KaTo BOAW OT CMECEH TUM - KapCTOBO-TPYHTOBM.
Hag 70% oT peyHus OTTOK ce chopmMumpa OT noa3emuuTe (kapctoBute) Boau. Nog BnusaHve
Ha KapcToBMS pened B LeHTpanHarta 4acT Ha ropHULLIETO Ha nnaTtoTo e hopMupaH eauH
cpaBHUTENHO ronsiM 6e3oTToveH kapcToB GaceiH, ¢ nnowy okono 8,5 kM2 TMyKHaTWHHM
BOAM ca TUMWYHK 3a 3anajHaTta YacT Ha nnaToTo.
CbC cpaBHUTENHO No-rofisiMa ObimknHa 1 BogocbopHa noLy ce oTrmMyaBar:

Peka MopoiHa — n3smpa ot Cynymapckv 4on v e ¢ gb/mknHa - 23 km, BogocOopHa nnowy,
— 46,37 km?, cpefHa HagMopcka BMCOYMHA Ha BogocGopa — 152 m. BkntouBa nocnepno-
BaTenHo gornoseTe 3aHpaHcku, YaHamkuwkm n CapxowyewimeHckn; Cencka peka — C
awmkmHa 4,075 km n Bogoc6. nnowy —18,25 km?; Peka Cygxanb, NnpoTuyalla Hegarnedy ot
ceno byxoBuu — ¢ AbmkuHa 6,8 km, Ha 1-BM NsB NPUTOK — 2,5 KM, Ha 2—pu NAB NPUTOK —
0,75 xm; Tpouuka peka — obmkunHa — 5,25 km, Bogoc6. nnowy, — 11,44 km?, yec — 340 m
(Har-ronemu NpuTOLM: AbIMkMHa Ha 1-BM nsB npuTtok — 0,5 km, BogocH. nnow, — 1,18 km2;
ObIDKMHA Ha 2—pu naB nputok — 0,55 km, BogocO. nnow, — 2,8 Km2; AbMmKMHa Ha 3—Tu NsB
nputok — 2,95 km, Bogoc6. nnowy, — 3,75 km?). C npnbnmanTenHo cbLuute MOPONOoXKKM
napameTpu ce otnnyasa peka Ocmapcka; Peka Bana Boga (8o s3oBvpa) AbmxuHa — 7,6
km, Bogoc6. nnow, — 11,69 km?, cp. HagM. BUC. Ha Bogocbopa — 351,6 m; yBec - 170 m
(Han-ronemu nputoum: p. Cogyny, abmkuHa — 1,5 km, Bogoc6. nnow, — 1,88 km2; aobn-
XWHa Ha 1-BU NsiB NpuToK — 2,5 KM, BogocH. nnou, — 2,69 km?; AbimkrMHa Ha 1-Bu geceH
npuTtok — 1,6 kM, BogocO. nnowy — 4,5 km2; obmKMHa Ha 2—pun AeCeH NPUTOK — 2 KM, BOAO-
¢6. nnowy — 2,62 km?); HoBocercka peka — gbmkuHa - 9,7 km, Bogoc6. nnowy — 21,66 km?,
Cp.H.BUC. Ha Bogocbopa — 395,9 m; yBec — 251 m (Han-ronemu nputoum: peka Monemus
yy4yyp - ObimkuHa — 4,675 km BogocbopHa nnow, — 9,6 km?, cp.H.BUC. Ha Bogocbopa —
2445 m; ObmkvHa Ha 1-BM AeCeH NpUTOK — 2,5 Km; Ob/MKNHA Ha 2—pu geceH NpUToK
-1,57 km); Peka CpeaHsi — abmkuHa — 4,5 km, Bogoc6. nnow, — 13,1 km?, cp.H.B1C. Ha BO-
pocbopa — 280 m; yBec - 132 m; Peka YepeHnua — gbrxk. — 3,825 km, Bogoc6. nnow, — 6,19
Km?, cp.H.B1C. Ha Bogocbopa — 293,9 m; yeec - 203 m.

BucounHaTta duceka HsMa NOCTOsIHHA OTTOYHA peyHa Mpexa, a ce 0TBOAHSBA OT
HSIKOIMKO Marku py4esi, npecbxBalyy npe3 nartoto. OT BCUYKM CTpPaHU (C U3KMIOYEHME Ha
toronstoyHara) B. rceka e 3aobumkoneH oT gonuHata Ha peka lMakowa (YepeHaxuaepe).
Ta e Han-ronemusa NpuUToK Ha p. BpaHa, ¢ gbmkuHa 31 km. Bogu HavyanoTto cu oT paroHa
Ha ceno Pa3BMropoBo, KaTto npuema HAKOIMKO Marku npuToka nasalum ot cenarta Qnbxko,
3Berop, Bpbx Konabagxwk (436,8 m) n gp.

Feonoxka xapakTepucTuka

B TekTOHCKO OTHOLWEHUe LLlymeHCKOTO ocTaTbyHO MnaTto ce oTHacst kbM HOx-
HoMM3MICKaTa nepunnatgopmMmeHa obnact. FOpHOKPeOHUAT CTPYKTYPEH eTax uarpaxaa
LLlymeHckaTa CyHKIMHaNa, kKato B re0sfI0XKKM acrnekT € 0pOpPMeEH MHBEPCEH CMPSIMO TEKTO-
HukaTa pened. B LymeHckaTa CMHKNMHaNa ca pasBUTU HAKOIKO BTOPOCTEMEHHU IMbHKU
- CMHKNMHanaTta Ha Mngb3Ttabusa (gbmk. 6 km, wup. 2 km, nocoka 50°), YepeHueHckaTa
cuHknuHana (abmk. 10 km, wup. 3 km, nocoka 110°), JlozeBckata aHTUKNMHANA (ObIX.
3 km, nocoka 50°), aHTUkNMHana XHo oT TbpHoBTabusA (nocoka 70°) n AuBasaoBckata
CYHKNUHana (abmk. 9 km, wup. 5 km, nocoka 70°). KOxHoTo 6eapo Ha LLlymeHckaTta cuH-
KnuHana e ycrioxHeHo OT pasceam okono c. Koyoso. [1o obpasyBaHETO Ha pas3nomu ce
cTura u B pesynrtaT Ha NPOosIBUNUTE Ce pasTaralyy 3eMeKOPHU ABUXKEHWS B KOXKHUSA Kpal Ha
Mwuawniickata nnatdopma (Kapartonesa, CtoaHos, 1971)

Ha noBbpxHocTTa Ha LLlymeHcKoTo nnarto ce paskpuBaT rOPHOKPEOHV BapOBULIM U
meprenu, B KON n KO3 nepudeprs — AONMHOKPeOHN NSCbYHULM U MEeprenu, a Ha or - He-
pasyrieHeHn naneoreHckn ceaguMeHTn. MNMnNencToLeHCKM NTbOCOBUOHN IMIMHN Ce OTKPUBAT B
HUckMTe yyacTbum nog CU cknoHoBe Ha NaTtoTo U 3anagHo OT AOMNHOTO TeYeHMe Ha peka
Makowwa. XonoueHckn anyBuanHn matepuanu - Yakbu, NSCbUU U IUHK, U3TpaxaaT 3a-
NMBHUTE U HUCKUTE HaA3anvBHM PEYHU Tepacu Ha pekuTe, NpoTUYaLLM B MOAHOXNETO Ha
nnatoto (Yewwntes, Heasinkosa, 1995). MNpoabmkmnnoTo OoT HeoreHa Hacam M3guraHe Ha
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LLlymeHckOTO mnaTto e yHacnegeHo OT NONOXUTENHN CbBPEMEHHN BEPTUKAHW ABUKEHUSA
B rpaHuumTe Ha 1-2 mm/y (TotomaHoB u ap., 1978).

Feomopdonoxka xapakrepucTuka

B cbBpemeHHus pened no 6unoto Ha LLlymeHCckoTo nnaTto Ha BMCOYMHA OKOMo
400-450 m ce oTkposiBa 6poHMpaHa B ropHoOKpeaHWUTe (MacTpUXTCKU) BapoBuuy cybxo-
p130HTanHa nnactoea NoBbpxHUHA. OCTaTbK OT MbPBUYHWA pened ca u CTPYKTypHUTe
pb6oBe No nnaToTo. B kpas Ha 4ONHUA NAMOLEH BCNEeACTBME Ha AudepeHumpaHmn ABuxe-
Hus, FOxxHOMU3MINcKaTa paBHuHa v MpegbankaHbT ca o6xBaHaT NOBCEMECTHO M3auraHe
n Bcuyare (go 50-120 m) Ha pevyHaTa mMpexa. B pesynTtar Ha TO31 epo3noHeH eTan no
ckrnioHoBeTe Ha LLlymeHckoTo nnaTto ca hopMypaHn XapakTepHW CKIOHOBM cTbnana. B
Kpas Ha MnMoLeHa M Ha4yanoTo Ha NMeNCToLeHa ce NposBsBa 3HA4YMTENHA ePO3VOHHO-
aKymynaTvBHa AEeWHOCT, KaTto ce 0POpPMST OT €4HO A0 ABEe HAKMOHEHWN NOAHOXHMW NIno-
nnemncToueHckn (BunadpaHkckmn) HuBa. Huckute HuBa (Ha 150-250 m) B MHOro criyyam ca
BMOXEHN 3annBoBUAHO B no-Bucokute (250-300 m). Ha MHOro mecta NOgHOXHUTE CTb-
nana ca oTAeneHn OT NNaToTo OT HanpeyHW MNaau AONUHHU BPA3BaHWS, YCNOPEAHN Ha
CTPBMHUSI NNAcTOBO CTbnaneH cknoH. OcoGeHHO U3pasnTenHo e ToBa OT4YrNeHsIBaHe B
tokHa nocoka npuv Ausasaosckust, Yatanapckus, Topouukmsa n Ocmapckus gon. Peynn Te-
pacu BbB B/COKaTa YacT Ha NaToTo He Ce OTKPUBAT, Thil KaTo TYK IMMCBAT Pekn C NOCTo-
SIHEH OTTOK, @ NagHanuTe Banexm 6bp3o noHvpar. CpegHu, HUCKWM Hag3anMBHU 1 3aNvBHU
peyYHn Tepacu ca KapTupaHu cred AonHata npevynka Ha CKIoHa Ha nnaToTo U B MPUTOY-
HUTE JOMWHM KbM rmMaBHUTE peku - Bpana, Kamuuns n lMposagwnicka. 3HaumTenHa nsssa
B panoHa Ha LLlymeHckoTo nnato umaTt kapcToBuTe npouecu, dopmupallu: BbpTonu (Hag
200), Banosu (Hag 16), ysanu, cnenu KkapcToBM JONOBE, KAPCTOBU U3BOPU, Kapw, KapHu
nonerta n oKapCTeHMTe CKarnHu BeHLM, KapCcToBM H1WK 1 newepun. CbBpeMeHHaTa n3sea
Ha MopdoreHeTNYHMUTE NpoLeCcU B NNATOTO Ce Onpeaerns, KakTo OT XMAPO KMUMaTUYHNUTE
YCroBWs, Taka 1 OT BpoHNpaLLMAT eddeKT Ha CyOXOPU3OHTaNHUTE MacTPUXTCKN BapOBULIN.
MocnepHute dopmupar B nepudpeprsaTa Ha NNATOTO OTBECHU CKIIOHOBE, CKalHW BEHLM,
CBrayvLia, cpyTuLLa 1 cunew.

N3Bogn

EBontouusaTa Ha LLlymeHckoTo nnato npemMvHasa npes crnefH1Te OCHOBHU eTana:

JloHeoeeHcKu eman — xapakTepusmpa ce ¢ HEKONKOKpaTHO CMEHSLLM ce narneo-
reorpadpcku obcTaHoBKU. Mpe3 opCKo-A0NHOKPEAHMSA CEAMMEHTEH LIMKbI Ce OCbLLEeCTBS-
Ba MOTbBAHE B 0XXHAaTa YacT OT nepunnatdopMeHaTa 30Ha, Ha CeBep MOPETO M3NUTHABA
M 4acT OT TepuTopuUsiTa ce Ocyllasa 1 noanara Ha AgeHygaums. B kpas Ha Tpuaca painoHa
ce NpeBpbLUa BbB BUCOKa u3gurHarta cywa. [leHyavpaHuTe TpMackvi matepvany ce nsHa-
CAT OT NNaToTO U He ca 3anaseHn. bnokbT Ha NnaToTo ce pa3yneHsBa B nepudepuaTa n
NMOBBLPXHOCTTa My ce AeHuBenupa. pes ropHa kpega ce ocblUecTBABa TpaHCrpecus ot
WN-CW, kaTo BoguTe 3anmBaTt HUCKMTE YacTu Ha nnatoTto. OcyluaBaHETO cTaBa OT CeBep Ha
tor 4o Kpas Ha r.kpeaa. [pe3 naneoreHa npoabimkasa AecTpyKumsATa.

Mpe3 HeogeHcKus eman NOTbBAHETO Ha YepHoOMOpcKaTa KOTNOBMHA OT U3TOK
npoabmkasa. Epo3snoHHMAT 6asnc ce noHmxasa 1 nepudepusita Ha NNaToTo ce pasyne-
HsiBa. [0 ropHULLETO Ha NNaToTo NOoCcTeneHHo ce odopMsa NNacToBa, 34paBa, NOBbPXHU-
Ha. MNpeBpbLyaHeTo Ha LLlymeHckoTo nnato oT cnabov3paseHa CUHKNUHANHa CTPyKTypa
BbB Bb3BULLEHNE € NpoabIKMTENeH npouec. ToBa ce NOTBbpXAasa oT Aebenata m3Be-
TpuTenHa nokpmeka no 6unoto Ha Kanyrepckus pua, YeHrentabusa n Mingb3tabus.

Mo Bpeme Ha nuonnelicmoyeHa NOPaan BAAXHWUA U TOMbI KNUMAT U yBennye-
HMS peveH OTTOK, (hOpMUPaHNTE MO CKITOHOBETE U AorHaTa npedvyrnka Ha CKrnoHa Ha nna-
TOTO MbPBOHAYANHN PEYHN CUCTEMW Ce BCMYaT, @ No BOAOAENHUTE YacTu ce HaTpynsar
martepuanute oT TBbpAWs OTTOK. [1NMONNencToueHckuTe HMBa ca Han-LUMpoKo npeacTa-
BEHW B M3TOYHATa W I0roM3ToyHaTa 4YacT Ha nnatoTto. 3acuneHara epo3noHHO-geHydauu-
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OHHa JeNHOCT BOAM A0 BCUYaHE Mexay OCHOBHaTa YacT Ha LLymeHckoTo nnato n duceka,
KaTo ce odopMs TUNNYHA cearioBuHa.

Mpe3 kBaTepHepHUs eTan NpoAabiikaBa BCUYAHETO Ha LieHTpobexHaTta, cnpsiMo
nnaToTo, peyHa Mpexa. B gonHaTta npeyynka oT ckiioHa ce hopMupaT Haa3anmnBHN PeYHN
Tepacu. 3agbnboyaBa ce AeHydauusaTa no CKNOHOBETE Y BCEYEHUTE PeYHU OOMUHKU. Bu-
couMHaTa Ha pevHuUTe Tepacu paskpuBa konebaHusiTa B HUBOTO Ha rMaBHUS €PO3MOHEH
6a3nc — YepHo mope.

CbepemeHHUsIMm emar OT pa3BUTUETO Ha peneda B LLlymeHckoTo nnato ce xa-
pakTepusmpa c akTMBM3UpaHe Ha MopdOoreHeTUYHUTE npolecu. B nnatoto nssesa nmat
Hall-Be4e KapCTOBUTE, EPO3NOHHUTE, TPaBUTALMOHHUTE, aKyMyrnaunoHHUTE, AednaLoH-
HWUTE W aHTPOMOreHHUTE NPOLIECH.
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LANDSCAPES IN THE DOWNSTREAM
OF THE RIVER VRANA

Velimira Stoyanova
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The downstream of the river Vrana is characterized by broad landscape diversity.
The classification system of the landscape in the study area includes eight grades - class
- subclass - type - subtype - description - subgenus-species - subspecies. In the classifica-
tion of the landscape diversity in the downstream of the river Vrana taxonomic unit class
landscape is perceived as leading. The main diagnostic criterion for its separation is the
macrorelief (Velchev et al., 1992; Popov, 1998). For the territory of Bulgaria there are two
classes of landscapes - respectively mountain and plain - piedmont (according Velchev et
al., 1992) and mountain and plain (according to Popov, 1998). The territory of the survey
area falls within the plain - foothill landscapes (Velchev et al., 1992). For the purpose of
our study we have divided the territory into three classes - plain, plateau and low mountain.
The second taxonomic level is represented by a subclass. Information from the classifica-
tion system of Nikolaev is used for the composition of this taxon (1978, 1979). This system
takes into account morphostructural features of the predominant type of relief from lower
- rank (erosion, denudating, karst, etc.) and formation of mezorelief forms. The territory
of the survey area has the following mezorelief forms: floodplains and upper floodplains,
denudation plains, erosion - denudation slopes, rocky slopes (gums), valleys, dry valleys,
foothills and karst. The third taxonomic level is presented by landscape types. Areas with
similar hydroclimate conditions are defined and grouped by this taxon (Velchev et al., 1992;
Popov, 1998), These conditions have impact on the morphological processes, the forma-
tion of certain relief forms, plant and animal communities, soil types and the use of certain
land. (Zhelezov, lliev, 2003). The leading criterion for the separation of the landscape types
is the character of the climate, represented by the thermal characteristics and the nature
of the humidity (according to the Kopen classification and the Torndtueyt index) (Topliyski,
Popov, 1995). According to Velchev et al. two types of landscape are determined on the
territory of the survey area (1992) - 1. moderate semi-humid and 2. hydromorphic and sub-
hydromorphic. The next taxonomic level is determined by the landscape subtypes which
are defined by the specifics of the climatic characteristics of the territory, reflecting on the
nature of the plant formations. In the study area the following subtypes are determined:
hygrophytic, xeromezophytic and mesophytic plant communities. The taxon genus takes
into account the contemporary relief formating processes and the type of the migration of
substances: erosion — accumulation, eluvial — denudation, denudationally - gravity, karst
and eluvial - accumulation. Taxon subgenus is defined on the basis of lithology of surface
rocks. In general the cliffs in the study area can be grouped into three breed with different
effects such as geochemical background: alluvial formations, carbonate rocks and alter-
nations of cemented carbonate rocks and without carbonate. The next taxonomic level is
presented by type of landscape. It is used in all taxonomic systems and is split by soil char-
acteristics. The lowest taxonomic unit is the subspecies, distinct on the basis of dominant
vegetation, taking into account a class, subclass, type, subtype, subgenus and species.
The landscape structure of the study area is characterized by the prevalence of plateau
and lowland landscapes. They occupy approximately 80% of the area of the region. The
remaining 20% are related to the low mountain.
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Plateau landscapes. This landscape class occupies the largest part of the stud-
ied area. It is characterized by the most complex vertical and horizontal landscapes struc-
ture of the three classes of landscapes in the studied territory. The vertical structure of
these landscapes is with a significant thickness of 25, 5 m, as there are three surface and
one underground geohorizon outlined in them.

Out of the plateau landscape the most interesting is the subclass of karst land-
scapes. Karst landscapes cover the highest (plain) parts of the plateau at an altitude of
450 m. These landscapes are formed upon solid (partly organogenic) limestones. They
include the surface karst forms: vartops, hollows and uvalas. Vartops are presented in the
southeast of Tarnov dyal and in the region above the cave Zandana. There are hallows in
the areas Bukaka and Bostanlaka. Uvals are also presented in Bostanlaka region and be-
tween “Bukaka” reserve and the edge of the plateau - Hankrumovi gates. The vegetation
is represented by mixed deciduous forests. The most widespread are hornbeam - durmast
forests and mizian beech. In order to preserve its natural habitats, the reserve “Bukaka
has been founded.” The soil cover consists of humus - calcareous soils - Rendzic Lepto-
sols, Haplic Luvisols (N. Ninov, 2002)). Part of karst forms are on chalky limestone with
flint nodules occupied by coniferous forests, which are secondary.

Lowland Landscapes. The second group landscapes includes poljes in Dalgite
Polyani area, one part of which is occupied by forests of hornbeam and the other - by bush
and grass vegetation. Their distinctive vegetation is the xerothermic. Representatives of
this plants are Festuca pratensis, Andropogon ischaemum, Poa bulbosa, Chrysopogon
gryllus, Paliurus spina_kristi, Rosa canina, Syringa vulgaris and other. Widespread soils
are the shallow gray forest soils (Hr Trashliev) degraded humus - carbonate (rendzinas-(N.
Ninov, 2002)).
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Fig.1. Vertical structure of the plateau landscapes of Shumensko plato.
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Fig. 2. Horizontal structure of the landscapes of Shumensko plato.

Fig.3. Kalugerski boaz
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TYPUCTUYECKU MAPLUPYT “CKAJTHN MAHACTUPWN” —
NMPUHOC B PASBBUTUETO HA AIITEPHATUBHU ®OPMU
HA TYPU3MA B NPUPOOHUA MNAPK

MapwH Hukonos
Onn ,WymeHcko nnato”

MpupoaeH napk “LLymeHcko nnato” e cb3gadeH KaTo BUA 3alimteHa npupogHa
TepuTopua npe3 M. despyapu 1980 r. ¢ oBe OCHOBHM Lenun: 3awmta Ha 6MONOrMyHoOTO
pa3Hoobpa3sve n pasBnTMe Ha TYPUCTUYECKN AENHOCTH, CNOPT U pekpeauuns 3a nocetmTe-
nuTe Ha HeroBaTa TepuTopusi. YcnopegHo ¢ Toea Ha LLlymeHckoTo nnaTto ce ussbpLuBaT
npoyyBaTenHn U Hay4yHuU OeNHOCTU U Ce oCbluecTBABaT obpasoBaTeniHn MHMUMaTMBK 3a
Xopa OT pasnnyHu Bb3pacTu.

MpypoAHMAT Napk ce oTnnyaea CbC CBOA nnaTtoBuaeH pened. Tyk e HaW- BU-
cokarta Toyka Ha [lyHaBckata paBHMHa B M. “TbpHOB Tabus” — 502 m.H.B., a cpegHaTta
Hagmopcka BrcodnHa e 350 meTpa. o NoOBbLPXHOCTTA Ha NNAaToTo Ce CpeLlaT MHOXECTBO
kapcToBKu OpMM KaTo: NMOHOPW, BbLPTOMKM U newlepu. Tyk NpoTUyaT KapcToBW npoLecu,
KouTo 0bycnaBAT pasnpedeneHneTo Ha BOAHWSA OTTOK, 6OraTtcTBOTO Ha pacTUTENHUS U
XNBOTUHCKMSA CBAT. MepudepHnTte yactn Ha LLlymeHCKoTO nnaTo ca XapakTepHU ¢ Hamu-
YMETO Ha CTPBMHU AOMUHHN BPA3BAHUSA U OTBECHW CKarnHW BEHLMN.

BnaronpuaTHMTe NpUPOOHM YCIOBUSA U CTPaATErMYeKkCKOTO MECTOMONMOXEHNE Ha
LLlymeHcKOTO nNnaTo ca BEPOATHUTE MPUYMHM 3a HErOBOTO 3acenBaHe OT Hau- Abnboka
ApeBHOCT. CbLuecTByBaT apxeonornyecku AokasaTefictBa 3a YOBELLKO MpUCbLCTBME OT
KaMeHHO-MeaHaTa enoxa B M. “XaH-KpymoBu noptn”. 3a pa3BuTMETO Ha YoBeLLKaTa Lim-
BMM3ALMS NO TE3N 3eMU Mpe3 MO-KbCHUTE MCTOPUYECKN enOoXu CbAUM MO pasKkputute
KynTypHW nnactose B LlymeHckata KpenocT M OCTaHKWTE OT Tpakuncku cenuvwia. Haw-
BrneyaTnsBalluM ca 3ana3eHnTe v A0 OHEC CKarnHW MaHacCTUPCKU KOMMIEKCH B KpanHuUTe
N3TOYHMU W KXKHM YacTh Ha NpUpoaHus napk. leMHocTuTe no NpoyyBaHe Ha Te3n yHuKar-
HM 06eKTW OT KyNTypHO — UCTOPUYECKOTO HACNeAcTBO BKMuMxa obobliaBaHe Ha usgu-
peHWTe JocerallHn NCTOPUYECKM CBEAEHUS 3a TAX U NPOBEXAAHETO Ha N3CneaoBaTericku
ekcneguumnn. B pesyntat Ha ToBa 65Xxa NOMbNHEHW NO3HAHUSTA MO OTHOLLEHWE Ha HSKOM
OT Te3n UCTOPUYECKN 0BEKTU, TAXHOTO MO3ULMOHMPAaHe, JOCTBIMNHOCT U Bb3MOXHUTE TY-
PUCTUYMCKM MNOAXOAM KbM TAX. 3a MONynsapu3npaHe Ha ckanHuTe maHacTupu 6e nsgageHa
KHUra, peknamHa gunnsaHa n 6sxa 3acHeTu ABa Hay4HO-MonynspHu dunva. EctecteeHo
NPOABIKEHNE Ha OEWHOCTUTE NO pa3BUTUE U NONYyNsApU3MpBaHe Ha Te3n 06eKkTn oT 6bn-
rapckoTo cpegHOBEKOBME e Aa ObAae nogobpeHa TAXHaTa AOCTBMNHOCT 3@ TYPUCTUHECKU
noceLleHns, Aa OTroBapsiT Ha M3NCKBaHWATa 3a 6e3onacHOCT 1 Aa ce NpeBbpHAT B Npea-
noynTaHa A4eCTMHaLMA 3a NeLUexoaHUs TYPUsbM 1 HeroBuTe antepHaTtusHu doopmu. Tosa
[oBefe [0 M3MbIIHEHNETO Ha MAesaTa 4acT OT CKanHuTe LUbPKBU M MaHacTvpu ga ovaat
BKIIOYEHWN B €41H 06LL TYPUCTUYECKM MapLLUPYT HapeyeH “CkanHn maHacTtvpu no LymeH-
CKOTO nnato”.

EcTecTBeHMAT YOBELLKM CTpemex 3a oboraTsBaHe Ha NOo3HaHUSTa B pasfnuyHu
HacoKu ce NposiBsiBa M MO OTHOLLEHME Ha OKpbXaBallaTta HU CpeAa Hapea C MHTepecHUTe
06€eKTn 3a NoceLleHns], KaKBUTO ca OBEKTUTE OT KYNTYPHO-NCTOPUHECKOTO HacneacTso u
CKanHWTe MaHacTMpu B YaCTHOCT. Tasn NoTpeBGHOCT MOXe Aa Cce 3a40BOorsBa YCMeLIHO C
pa3BMTMETO Ha pasnuMyHn POPMN Ha TPAANLMOHHMSA TypU3bM. TpaceTo Ha TYpUCTUYECKN
MapLupyT “CkanHu MaHacTvpu” NpeMrMHaBa Npe3 U3TOYHUTE, FOXKHWUTE U LIeHTParnH1Te Yac-
TW Ha NPUPOAHUS NapK 1 AaBa Bb3MOXHOCT 3a 3ano3HaBaHe ¢ pa3HoobpasneTo oT pened-
HW POPMU, NPUPOAHN AaAEHOCTUN, pacTUTENEH N XMBOTUHCKM CBSAT, UCTOPUYECKN 06eKTH
3a nocelleHns. Kato anTepHatuBa Ha MacoBusi TypM3bM TPaceTo My € NMOAXOAALLO 3a
NpaKkTUKyBaHe Ha NPUKIIOYEHCKMSA Typu3bM /C Benocunen, Ha KoH/. Korato nocetutenure
Ha NpUPOOHMA Napk MMaT TYpUCTUYECKa HAaCOYEeHOCT CBbp3aHa C onpeaeneHa tema To-
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raBa cTaBa JymMa 3a pasBUTME Ha TEMATUYEH Typu3bM. B 3aBMCMMOCT OT LienTa Ha noce-
LLIeHNsATa 1 CbLUEeCTBYBaLLaTa Bb3MOXHOCT 3a pa3LuMpsiBaHE HA NO3HAHMATA B Pa3fnyHu
chepn OT OKpbXKaBallaTa HM cpefa MOXEM [a rOBOPMM 3a MpaKkTUKyBaHe Ha pasnuyHu
anTepHaTUBHU POPMU Ha TPAANLMOHHNUS TYPU3bM, KaTo: NO3HaBaTENeH, KynTypHO-UCTO-
pUYeCKU, pENUIMo3eH /MOKNOHNYeckn/, 0bpasoBaTerneH, eKOTYpU3bM.

HacToawmaTt goknaz ce cbnpoBoXaa C: Npe3eHTauusa Ha TYPUCTUYECKU MapLu-
pyT “CkanHu maHacTMpu”, KOSITO BKIH04Ba HEFOBOTO Tpace, 00eKTM 3a NoceLleHus], narpa-
OeHnTe o6e3onacuTenHn CbopaxXeHns 1 MHpopMaunoHHM Tabra, KakTo 1 Bb3MOXHOCTTa
3a NpakTUKyBaHe Ha pasnuyHu anTepHaTUBHU POPMU Ha Typuama.

HapacTtBawmaTt noceTntencky NoToK Ha TepUToOpUsiTa Ha Napka npegnonara pas-
LwmpsiBaHe n gooboraTtsiBaHe Ha CbllUecTByBaLlaTa TypucTuiecka uHdpacTpyktypa. Ts ce
CbCTON OT TYPUCTMYECKN MapLUPyTU 1 0OEKTM 3a MOCELLEHNS, KAaKTO U OT TYpUCTUYECKN
MHOPACTPYKTYPHU €NeMEeHTU KaTo: TYPUCTUYECKU 3acnoHun, Becenkn, MHDOPMaLMOHHK
Tabna, kbTOBE 3a OTAMX M Ap. HoBOM3rpageHuaT Typuctmdeckn mapLupyT “CkanHu maHa-
cTupu” € ¢ AbmkuHa 18 kM. 1 e nogxoasL 3a ABYAHEBHU TYPUCTUYECKU NOoceLleHns. Tor
Cb3faBa Bb3MOXHOCTM 3a MO-NPOAbLIKUTENHO NpebuBaBaHe B NpupoaHaTta cpeaa, T.e.
CBHXUTENCTBO C Npupoaara, OT NpaKTUKyBaHETO Ha KOETO BCE MOBEYE Ce HyXaae CbBpe-
MeHOTO 0bLecTBO Ha 21 BeK.
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MOP®OJIOM'MYHU CBONCTBA U CNELU®UYHN OYHKLUU
HA NMOYBUTE U NOYBEHATA NMOKPUBKA BbB BPb3KA

C PASBPABOTBAHUA MOHUTOPUHI" HA KAPCTA

(HA NPUMEPA HA Mn ,LUYMEHCKO MJIATO”) *

HuHo HuHog!, MeTbp CtedaHoB? *
MM "Hukona Mywkapos", 1080 Codms, yn. "Loce BaHka" 7
2 HaumoHaneH MHCTUTYT no reodunsmka, reogesusi u reorpacus-bAH,
*E-mail: psgeo@abv.bg

Knroyoeu dymu: Kapcm, CbepeMeHeH KapCmoaeHe3uc, noYeu U rnoyeeHa rnoKpueka,
3awWumMeHU mepumopuU, ycmouyugo pasgumue, CyKUecuu, MoYeeHo Kapmupaxe,
M104Y6eH MOHUMOPUHE, KOMIT/IEKCEH MOHUMOPUH2 Ha Kapcma

3a uenuTe Ha pa3paboTBaHMA cneuuanusnpaH NoYBEH MOHUTOPUHI KaTo ene-
MEHT Ha KOMMIEKCHNSA MOHUTOPWHT Ha KapcTa, Ca OCbLUECTBEHN N3CNeABaHNs Ha NOYBUTE
1 NoYBEHaTa NOKpUBKa B MOAENHM 3aLLMTEHN KapcToBmM TepuTopumn B Bbnrapus. 3a nsbpa-
HUTE OOEKTN 338 MOHUTOPUWHI Ca YCTaHOBEHW MOPMONOrMYHM AaHHW, NOYBEHN PYHKLUN 1
cneumndmrka Ha nodyBeHara nokpueka. B HacToswma goknag ce obcbxaaTt TexHuTe ocobe-
HocTtu B MM "WymeHcko nnato".

W3cneaBaHusATa Ha noysuTe M eapomMallabHOToO NovBeHO kapTupaHe B LUymeH-
ckoto nnato (M 1:5000) nokasBsart, 4e TaM ca pa3BUTU IMaBHO NOYBEHUTE TUNose Jlntoconu
(Leptosols lithic, LPq ), PenasuHu (Leptosols rendzic, LPk), JlyBuconu (Luvisols, LV) n ge-
nyBuanHo-konysuanHu noysm (Colluviosols, CL) (cdur. 1). Te obpasyBaT cunHo HakbcaHa
noYBeHa Nokpueka ¢ OPMUPaHN MUKPO-, ME30- U MaKPO-KOMBMHALMKM OT MO3alnKK, CbYe-
TaHWsa 1 Bapnaumm, cBbp3aHn ¢ ocobeHoCTUTe Ha NoYBoObpa3syBaLlaTa ckana v KapcToBust
pened (cur. 2).

Ba>keH hakTop € 1 AbNroBeYHUAT U CUMEH aHTPOMOrEHEH HATUCK, C KOWTO € CBbP-
3aHO LUMPOKOTO PasnpocTpaHeHne Ha pa3HoobpasHyu AHTpororeHHu noysu (Anthrosols,
AT). Te ca obeKT Ha cneuuanHo BHMMaHWe Npy NOYBEHUSI MOHUTOPWHT, KaTo ce npeanara
TOV fa o6xBaHe M eTanoHHM y4acTbUM C: YThMKBaHe OT Typu3ma, pekpeaumsara u cnop-
Ta B Napka; BrOLIEeHW XMAPOSIOrMYHN NOYBEHN NoKasaTeny, PEXUMHN XapakTepuUCTUKN 1
NPOAYKTVBHU PECYPCU; CUITHO U3MEHEHME Ha AMHaMMKaTa 1 3anacute Ha MbPTBOTO opra-
HWYHO BELLLeCTBO (Onaj v ropcka MnocTunka) N KOMNAMUMpPaHo CbCTOSIHWE Ha AMLLAHETO Ha
noysaTa 1 CbOoTBETHO NpoaykumaTa Ha CO2, KONTO e USKMIYUTESNTHO BaXKEH 3a KapcToBUTe
npoLiecu; HapyLLeHOo XymycoobpasyBaHe 1 reOXMMmnYHa MmurpaLms.

B pamkuTe Ha ekcneprMeHTanHn MOHUTOPUHIOBW U3CreaBaHus B y4acTbk KboLu-
koBeTe (B rpaHMLMTe Ha KapcToBa reocuctema 3aHgaHa) ca obopyaBaHu 1 PyHKUMOHUpaT
4 MOHWTOPVHIOBY NyHKTa. B eTanoHHy nouBeHn Npounnm ca MOHTUPaHN NM3MMeTPU (TUn
BKOMaHW) Npu pasfivyHy YCNOBUSA Ha TPaH3WUT M MUrpaumsa Ha BellecTBaTa — CbOTBETHO
B PEHA3VIHW, MyBWCOMK, KONyBUanHu no4su v nog ropcku onag. C ormen npocneassaHe
BITUSHNETO Ha CYKLECMOHHUTE NPOoLEecy BbPXy NO4YBOOOPAa3yBaHETO 1 CbBPEMEHHMS Kap-
CTOreHesuc ce npeanara KbM U3rpageHuTe Bede MOHUTOPUHIOBM NYHKTOBE Aa Ce BKNoYaT
OOMbIHUTENHM MMOLWAAKM 38 MOHUTOPUHI BbPXY AVHaMukata Ha kapboHatute (3a peH-
A3UHUTE); AMHaMMKaTa U CbCTaBa Ha NU3MMETPUYHUTE BOAM (3a NyBUCONUTE); NOBbLPX-
HOCTHWSI BOOEH OTTOK M reOXVMUYHaTa MUrpaLms — 4pe3 OTTOYHU NIOLAAKN U IM3MMETPU
(3a genysmnanHo-KonyBManH1UTe U aHTPONOreHHMTe NoYBK). beacnopHo, Tesn nscneaBaHns
TpsibBa Aa ce CbBMECTABAT C MOHUTOPUHI Ha BuopasHoobpasneTo n Ha BOAUTE Y MUKPO-
KnvMmara, nopagu TacHaTa UM reHeTU4Ha B3avMO3aBMCUMOCT.

* NoknaabT e no npoekT O 02.260/18.12.2008 ,PaspaboTsaHe Ha ekcriepuMeHTaneH Moaern Ha KOMMneKkceH
MOHWTOPUHI 3@ YCTOMYMBO Pa3BUTME U yNpaBneHne Ha 3alumMTeHn kapcToBu Teputopumn” Ha PoHg ,HayyHu
nacneaBaHus”.
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Queypa 1. lNpogpunu Ha
OCHOBHUME MOY8EHU Pa3nuvusi
8 yyacmbk “Kbowkoeeme” Ha
LllymeHckomo nnamo
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Queypa 2. QueumarnHa noyseHa kapma Ha y4acmbK “Kbowikoseme” 8 LLlymeHCcKomo
nnamo (no HuHos, CmecghbaHos, Unues, 2002)

YCNOBHU 3HALMU:

MoyBeHu TUNOBE, NoaTUNOBE, poaoBe v dasu: MNnuTku nousu (Leptosols, LP): Jlutoconum (Lithic, LPq):
1. BbpXy cunukatHu ckamm (Lithosol strict silicat, LPg-ss), 2. Bbpxy Baposuuu (Lithosol strict cal-
caire, LPg-sc), 3. netHuctn B kapHute noneta (Lithosol lesine, LPg-l); PerasuHn (Rendzic, LPk): 4.
kameHnueu (rudic rendosols, rLPk), 5. obukHoBeHun (Rendzic, LPk), 6. gekap6oHatusupanu (Rendi-
sols, dLPk); NecvBupann nousm (Luvisols, LV): 7. kanumeswn (Calcic Luvisols, LVc), 8. obnkHoBeHN
(Haplic Luvisols, LVh), 9. ceetnu (Albic Luvisols, LVa); 10. lenyBuanHu n KonyBranHo-nponyBuanym
nousm (Colluviosols, CL); AHTponoreHHu nousm (Anthrosols, AT): 11. ynnbTHeHn (Compacted Anthro-
sols, ATc), 12. Tepacupanu u/unun puronsanu (Terraced Anthrosols, ATt), 13. paamecenu (Disturbed
Anthrosols, ATd), 14. pyaepanxu (Urbic Anthrosols, ATu ).

OPYIU 3HALM: 15. MnockocTHa noyseHa eposusi; 16. don, gepe; 17. CkaneH BeHel, oTkoc; 18.
AcdanTtoBo woce, napkuHr; 19. OtaenHa crpaga; 20. MoyBeH npodwun (¢ Homep).
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KARST GEOSYSTEMS IN THE SHUMEN PLATEAU,
BULGARIA *

Petar Stefanov
National Institute of Geophysics, Geodesy and Geography — BAS,
Acad. G. Bonchev str,, bl. 3, Sofia 1113, Bulgaria
E-mail: psgeo@abv.bg

The Shumen plateau (area of 73 km? and maximum altitude of 503 m) is a typical
example of classical karst region in the Moesian plain (North Bulgaria). The entire complex
of autogenic karst forms has developed in this plateau. In 1980 its greater portion has
been pronounced as Natural Park of the Shumen Plateau.

Based on continuous specialized explorations, field experiments and regime ob-
servations karst geosystems have been differentiated, the largest ones being within the
boundaries of the natural park. Among the largest geosystems the Zandanska (2,0 km?)
and Troishka (9,2 km?) stand out, having as their elements the largest karst caves in the
Shumen plateau, namely Zandana (more than 2900 m long) and the precipice-type cave
of Tainite ponori/The secret pot-hole (1716 m long and elevation amplitude of 101m, the
deepest cave in Eastern Bulgaria). They have been included into the network of model
karst geosystems where karst genesis and land use on karst territories in Bulgaria are
being investigated. This has been one of the priority research fields carried out at the De-
partment Geography of the National Institute of Geophysics, Geodesy and Geography of
the Bulgarian Academy of Sciences (NIGGG-BAS) during the last 20-25 years.

The Shumen plateau karst geosystems are subject to karst investigations utilizing
experimentation with modern technologies among which GIS, karst cadastre, specialized
monitoring, modeling, etc. The good research results, as well as the established beneficial
cooperation between the Dep. Geography of the NIGGG-BAS and the Park Directorate
form the foundations of management optimization and making this park a model of pro-
tected karst territory in Bulgaria.

*The results reported are obtained along Project O 02.260/18.12.2008: “Working out an experimental model for
complex monitoring of protected karst territories aiming at their sustainable management and development” of
NSF — Bulgaria.
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ENVIRONMENTAL ISOTOPE AND HYDROCHEMICAL TRACER
METHODS USED TO CHARACTERISE THE KARST WATER,
WITH EXAMPLES FROM ALBANIA

Romeo Eftimi
Tirana, Albania
E-mail: eftimi@sanx.net

Key words: environmental isotope tracer, environmental hydrochemical tracers, karst
flow system, recharge sources, mixing analyses.

Karst aquifers are characterised by high heterogeneity created and organised by
groundwater flow. The classical study methods — bore hole, pumping tests, point obser-
vations give important data but cannot be extended to the whole aquifer. With study ex-
amples from Albania in the paper is shown that environmental isotope and hydrochemical
methods could give important information for the big scale aquifer characterization. Basic
isotopes used to characterized the karst water are oxygen 18 (180), Deuterium (H2) and
Tritium (H3). Among the chemical parameters most important are electric conductivity,
total hardness, sulphate (SO4), Cl, ionic ratios rCa/rMg, rSO4/rMg, CO2 pressure and the
indexes of calcite (Sic) and dolomite saturation (Sid) etc.

Concerning the identification of recharge sources, the combined application of
the effect of altitude on stable hydrogen and oxygen isotope, and the chemical character-
istics of surface and groundwater are successfully applied in karst areas.

In the paper are described some successful applications of karst water studies
in Albania. The first study describes the Pogemi spring, discharge 1.5 m/s, issuing from a
karst massive of South Albania. Using environmental isotope and hydrochemical methods
is established that the Pogemi springs at about 80% is recharged by the Vjosa River.

The second study deals with Big Prespa Lake and Ohrid Lake, which share their
water with Albania, FYR of Macedonia and Greece and constitute a common hydraulic
system. The elevation of the Prespa Lake is 850 and that of the Ohrid Lake is 695 m
a.s.l. and high karst mountains separate them. At Ohrid lakeside, in the Albanian-FYROM
borderland the big karst springs of St. Naum and Tushemishte are situated, which in total
discharge about 8.1 m3/s. Environmental studies applied as a supplementary method to
the hydrologic balance calculations established that about 50 % of the discharge of the
springs on Ohrid Lakeside is recharged by Prespa Lake and the remaining 50% repre-
sents the infiltrated precipitation into the karst massif.

Mali Gjere Moutain karst massif is located in the south-eastern part of Albania,
on the border with Greece. The total surface of the karst massif is 440 km?, and the mean
elevation is about 900 m a.s.l. The Mesozoic carbonate sequence constitutes most of
Mali Gjere Mountain, which on the east border is near to the abundant with groundwater
Drinos River alluvial basin. In the western side of Mali Gjere Mountain is located Bistrica
spring, the biggest Albania’s spring, mean discharge of 18.4 m®s at elevation about 45
m lower than the Drinos River alluvial basin. By the environmental hydrochemical and
isotope methods is estimated that at about 70% the Bistrica spring is recharged by the
infiltrated precipitations into the Mali Gjere Mountain karst massif, and at about 30% is
recharged by the seepage into the karst massif of the alluvial groundwater of Drinos River
alluvial basin.
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Flow pattern, mean residence time and geochemical processes in karst unsatu-
rated zone and epikarst are intensively studied nowadays. Karst unsaturated zone plays
a fundamental role in karst aquifers and caves protection against contamination. Knowl-
edge of mean residence time can be applied in the field of groundwater use and protec-
tion, especially in karst environment, where quantification of pollution and groundwater
flow prediction is difficult due to its heterogeneity. Results of various studies concerning
mean residence time in karst unsaturated zone differ significantly: from weeks (Harmon
1979) and months (Atkinson et al. 1985, Fuller et al. 2008, Lambert and Aharon 2008) to
years or decades (Kluge et al. 2010, Even et al. 1986). It is not clear with which part of the
karst system can be the longest residence time connected. In agreement with Perrin et al.
(2003) and Aquilina et al. (2005), it seems, it doesn’t have to be necessarily in saturated
zone, that have been generally supposed, if already soil and epikarst can cause residence
time over 1 year. In the Czech Republic this topic hasn’t been studied much until now
(Bruthans 2006).

Flow and mean residence time in epikarst and unsaturated zone was studied
above the Ochoz cave in the Moravian Karst (Czech Republic). Various flow components
with different residence time in unsaturated zone and the influence of soil and epikarst on
seepage composition and residence time were surveyed. Residence time in unsaturated
and saturated zones were compared. Contribution of freshly infitirated water to seepage
during intensive rain events and snowmelting was solved. Karstification is connected to
limestones of devonian age (Macocha formation, Vilémovice limestones), which create
the main hydrogeological structure. Thickness of unsaturated zone ranges from several
tens to more than 100 m in the Moravian Karst, saturated zone of karst aquifer reaches
up to 500 m. Seepage sites E, Kuzel and Beranek in the Ochoz cave were observed and
sampled in 2001 — 2009. Seepage sites Kasna in Rudické propadani cave system and
Mapa Republiky in By¢i skala cave were reference localities in unsaturated zone. For
comparison we modeled residence time in saturated zone: at Kapralka outlet (close to the
Ochoz cave), and underground streams Stara feka (Rudické propadani) and Konstantni
pFitok (Amatérska cave).

Combination of several methods was used; in the Ochoz cave there was a long-
term monitoring of discharge/water volume, temperature, pH and conductivity of seepage
and soil water on monthly basis. Seepage site E is equipped with an automatic meassur-
ing station, which collects water from unsaturated zone with no contact with cave atmo-
sphere. Discharge, conductivity and temperature of water was measured with the interval
of 20 minutes. Sampling of seepage and soil water for 8180 content and chemical com-
position was performed monthly, sampling for tritum, CFC and SF6 concentration was
done occasionaly several times per monitoring period. The frequency was higher during
snowmelt or rain events. For cases of intensive flow events an automatic programmable
sampler ZKZ 1.0 was developed, which allowed to cover even short - time changes dur-
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ing seepage water outbreak when the cave wasn’t accessible due to flood. Soil samples
for moisture determination were taken monthly above the Ochoz cave. Five tensiometers
(0.4 — 0.9 m below surface) were located in the soil to survey the stage of soil saturation,
when the water can freely flow down by gravitation. Partial pressure of carbon dioxide in
the soil atmosphere was manually monitored. Together seven no tension lysimeters were
placed into the soil cover above the cave, to the depth of 0, 15 and 60 cm below the sur-
face. Volume of infiltrated water, its pH, conductivity and temperature were meassured and
samples for chemical composition and 6180 analysis were taken monthly. One lysimeter
was equipped with a data logger and a sensor for monitoring the level and temperature
of water that had infiltrated into the soil with the interval of 1 hour. Precipitation amount
was observed daily in the close Hosténice village, samples for 5180 analysis were taken
(mixed weighted monthly sample). FLOW PC program (Maloszewski and Zuber 1996) was
used for mean residence time modeling based on tritium, oxygen and CFC. Storativity
was calculated using method of Atkinson (1977) from water level oscillation in boreholes
(Mokra quarry in the vicinity) compared to outflow from the system (PB0337 Kapralka
spring) during flow recession periods. A tracer tests with four fluorescent dyes was realized
in unsaturated zone.

Mean residence time in unsaturated zone above the Ochoz cave reaches 7 — 20

years, while it is only few months in the soil (1 — 8 months, depending on the depth). At
Kasna seepage site, the residence time is similar to the Ochoz cave - about 18 — 20 years,
at Mapa republiky seepage site, it reaches 150 years due to unusual geological settings.
Mean residence time in order of 10 — 20 years corresponds to storativity values (0.6 % in
average, declines with depth to 0,3 % in 100 m b.s.). calculated from parallel water level
recession in boreholes in unsaturated zone and flowrate decrease of a local spring. Mean
residence time in outlets from saturated zone, which drain water both from unsaturated
and saturated zone, is 5 — 23 years. The main water storage in unsaturated zone of the
Moravian karst is apparently placed above the regional water level.
Even during intensive infiltration events, pre-event water prevails in the epikarst. Monitor-
ing of seepage conductivity and 3180 composition prooved that freshly infiltrated water
component doesn’t exceed 20 %. Hydraulic impulse spreads tens of hours or first days. It
is very fast compared to long residence time. Unsaturated zone represents a huge water
reservoir. Despite significant hydraulic reaction (which spreads in tens of hours or first
days after rain or snowmelting), 8180 and conductivity values don’t change substantially.
Epikarst and unsaturated zone are more important reservoirs for water accumulation than
soil.

Based on all data a conceptual model of water flow and mixing in karst unsatu-
rated zone was created. This model consists of four storage zones: soil reservoir, epikarst,
lower unsaturated zone and perched aquifer in fissures above the cave ceiling. Regime of
flow, water mixing and flow paths distribution depends on epikarst saturation and intensity
of infiltration.
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A poor understanding of the surface and groundwater resources of the Cradle
of Humankind World Heritage Site (COH WHS) in Gauteng Province, South Africa, has
precipitated often alarmist reporting in the media regarding the negative impacts associ-
ated with various sources of poor quality water. The most notable of these is the acid
mine drainage (AMD) threat from defunct and flooded gold mines to fossil sites and karst
ecosystems in the COH WHS. Globally, the COH WHS appears to be the only protected
karst landscape that is under threat from AMD. This perceived threat has generated wide
and considerable concern for the preservation of the UNESCO-inscribed fossil sites. A
recent assessment of the water resources environment has better informed this situation.
It also provides the basis for the implementation of an integrated water resource monitor-
ing programme in support of management efforts to protect the aquatic environment and
outstanding universal value of the site.

The surface water environment comprises the pristine Skeerpoort River and the
impacted Bloubank Spruit system. These drain to Hartbeespoort Dam via the Magalies
River and the Crocodile River as respective main stems. The Skeerpoort River, with a
long-term median discharge of ~9.5 Mm3/a, is fed by karst springs delivering a similar
volume of excellent quality dolomitic groundwater. This contribution represents ~5% of
the net capacity (~186 Mm3) of Hartbeespoort Dam. The Bloubank Spruit system, with a
long-term median discharge of ~22.6 Mm3/a (~12% of the net capacity of Hartbeespoort
Dam), receives >7.1 Mm3/a (>19.5 ML/d) of poor quality raw and treated (neutralised)
mine water and >4.7 Mm3/a (>12.8 ML/d) of treated municipal sewage effluent in its head-
waters upstream of the karst environment. The balance of ~11 Mm3/a (~30 ML/d) is con-
tributed by four karst springs delivering good to excellent quality dolomitic groundwater.
The Crocodile River median long-term discharge of ~9.5 Mm3/a of good quality surface
water (measured before the confluence with the Bloubank Spruit) also represents ~5% of
the net capacity of Hartbeespoort Dam. Expressed in terms of long-term median annual
total dissolved salt (TDS) load contributions, these drainages deliver in the order of 2500,
8600 and 2700 tons of TDS respectively to Hartbeespoort Dam. The historical persistence
of poor bacteriological quality associated with surface water in the Bloubank Spruit (as re-
flected in very high E. coli values of >3000 counts/100 mL) represents a significant threat
to the ‘fitness for use’ of this resource. The recent and current presence of a significant
mine water component is cause for further concern.

The groundwater environment comprises ten dolomitic compartments, two of
which are subdivided into subcompartments. Most of the compartments are drained by
springs with quantified discharges and water qualities. The aggregate discharge of eleven
enumerated karst springs amounts to 25.2 Mm3/a (~800 L/s or 69.1 ML/d). This equates
to ~14% of the net capacity of Hartbeespoort Dam, and reflects the important contribu-
tion of good to excellent quality dolomitic groundwater rising mainly in the COH WHS,
to the water budget of the wider region. The very wet 2009-10 and 2010-11 summers
precipitated an exceptional recharge of groundwater resources in the study area. Arise in
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groundwater rest levels by ~3 m on average (also observed in the Sterkfontein Caves wa-
ter level) reflects these circumstances. Greater water level rises (by as much as ~5 m) are
attributed to allogenic recharge associated with the infiltration of surface water contributed
in the form of mining and municipal wastewater effluent from upstream non-karst areas.
This infiltration has amounted to as much as ~32 ML/d in the case of mine water, and ~7
ML/d in the case of municipal wastewater effluent.

A correlation between spring discharge, basin catchment area, spring water
chemistry and rainfall recharge is demonstrated for most of the compartments. This has
provided an improved understanding of groundwater flow patterns especially in regard to
the karst formations, and which forms the basis for a plausible conceptual hydrologic and
hydrogeologic model of the water resources environment in the COH WHS. The recogni-
tion of groundwater resource units (GRUs) is a key element of this model.

The improved understanding of the groundwater environment has informed an
assessment of the relative risk to fossil sites from anthropogenic impacts on the water
resources environment. A fossil site hydro-vulnerablity assessment indicates that nine
of the 14 fossil sites in the COH WHS reflect a very low or low vulnerability because of
their location (a) in groundwater compartments that are hydrogeologically separated from
those where the contaminated water impact is manifested, and (b) at substantial eleva-
tions above the ambient groundwater level. Only the Bolt's Farm site reflects a very high
vulnerability. Although the Sterkfontein Caves site intersects the water table, it is assigned
a high vulnerability on the basis that the observed long-term cave water quality record
and recent hydrochemical data reflect a low impact to date. The Swartkrans, Minnaar’s
and Plover’s Lake sites reflect a moderate vulnerability. From this assessment it is appar-
ent that the majority of the known fossil sites in the COH WHS are not under threat from
either changes in surface water or groundwater levels and/or changes in surface water or
groundwater chemistry (quality), whether these are the result of mine water, treated sew-
age effluent or agricultural return water ingress. The more vulnerable sites are targeted
for closer monitoring.

The state of the environment assessment results for the 15 ground water re-
source units (GRUs) shows that two of these are assigned a ‘largely modified’ class D
classification, and a further three a ‘modified’ class C classification. The remainder are
assigned either a ‘slightly modified’ class B/BC or a ‘natural’ class AB classification. These
circumstances reflect the good, and in some instances even excellent, state of the ground-
water environment associated with 66% of the GRUs in the COH WHS. A closer inspec-
tion of the spatial representation of the 13 karst GRUs shows that 59% of the karst area
supports a ‘slightly modified’ class B/BC or better classification, and only 27% of this area
a ‘largely modified’ class D classification.

It is concluded that the platform built from historical data, and its integration with
a wide range of rigorous and defensible newly-generated and interpreted hydrologic and
hydrogeologic data and information, convincingly underpins the situation assessment of
the surface water and groundwater environments in the COH WHS. This, in turn, has pro-
vided the means to objectively gauge the impact of varied and numerous threats to and on
the water resources, and to develop a coordinated, appropriate and cost-effective water
resources monitoring programme. It is equally evident, however, that the unprecedented
abnormally high flow conditions experienced in the past two hydrological years in the Blou-
bank Spruit system is cause for grave concern under circumstances where much of this
discharge has been attributable to abnormally high acid mine drainage volumes peaking
at ~65 ML/d.
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The pressure of population development on the one hand and the global environ-
mental problems on the other hand require a more integrated view in protection of karst
ground water resources.

More than 11 percent of Iran territory is cover by Fissured and carbonate rocks. A
sustainable utilization of water resources is limited naturally by its nonuniform distribution
according to climatological and geological conditions. The general lack of understanding
of karst vulnerability increase the risk of pollution in these resources, Therefore their pro-
tection and management is highly important Carbonate rock in many regions in Iran are
intensively Fissured and karstified, and they are able to retain underground water for a lon-
ger time .On the other hand these karst aquifers are of outstanding importance for water
supply. In this paper the protection of karst water which also belongs to future generation
in Iran is presented.

As sited in the poster karst water production area has to be well protected and
sustainable management has to be observed and restricted for future use and genera-
tion.
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Kuhrang Il tunnel with the length Of 23.4 km is designed to transfer 17 m3/s wa-
ter from the Birgan River to the Naleshkanan River under the Zarab Anticline. The Karstic
Formations are extensively outcropped in route of the tunnel. A considerable amount of
water emerged from a karstic conduit during the excavation of the Nasirabad adit. Water
with a pressure of about 10 atmospheres and a flow rate of about 20 I/'s emerged from a
karstic channel during the excavation of the main tunnel. Two dye tracings were performed
in the study area. At the first one, 42.5 kg Rhodamine B was injected in ponor No. 1 in the
north of Lagharak polje. In second dye tracing, 20 kg Uranine was injected in ponor No. 2
in the south of Lagharak polje. It is concluded that: 1) Most of the water in the Lagharak
plain does not flow in the vicinity of the tunnel. 2) Karstic channels connect the injection
sinkholes and most of the springs emerging from both sides of the main tunnel. 3) Nalesh-
kanan River had high dye concentrations flowing on the Eocene and Oligocene Forma-
tions. Parts of Naleshkanan River water infiltrate into the above mentioned formations and
head toward the karstic channels, emerging from the main tunnel and the springs. The
tunnel is located at least 200 m below the karstic springs; therefore an extensive karstic
system is unlikely. However small conduits with high water pressure may be found during
excavation. The flow model in the study area is proposed.
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The Krka National Park is situated near the city of Sibenik on the Adriatic Coast
of southern Croatia (Fig.1). The Krka River with its series of spectacular waterfalls and
cascades (i.e. carbonate barriers), as well as the lakes behind them, and the estury, repre-
sents a well-known karst phenomenon. The most prominent features of this specific biotop
are rapid current and sprinkling water abounding in dissolved bicarbonates, together with
the micro- and macro-biological communities which flourish on the tufa barriers, contribut-
ing to the build-up of the dams (Matonickin & Pavleti¢, 1961).

The locality has been investigated for a number of years, mainly using isotope
methods (HorvatinCi¢ et al., 2000; Lojen et al., 2004), whereas elemental analyses (Fe,
Mn, Sr, Mg, Pb, etc.) were carried out on composite samples (i.e. carbonate phase to-
gether with insoluble residue) by means of XRF (Franc&iSkovi¢-Bilinski et al., 2004) and
ICP-AES (Cukrov & Lojen, 2010); there have been no petrographic studies. Due to the
paucity of research concerning the integration of geochemical data from the Krka River
tufa deposits with their textural and mineral composition, this study has been initiated to
characterise them by chemical, petrographical and mineralogical analyses. Hereby, this
paper presents data on geochemical and petrographic features of the Krka River tufa de-
posits.

Tufa samples were collected at the location Skradinski Buk waterfall which is 49
km downstream of the spring, at an altitude of 20 m above sea level. A total of six samples
were taken either from the river bank or from the crest of the cascade. Calcite is the
predominant mineral in the deposits, as determined by x-ray powder diffraction, whereas
quartz, 10 A phyllosilicate (illite and/or mica), chlorite, K-feldspar, amphibole, and smectite
were detected in the insoluble residue.
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Fig.1: Geographical location of the study area
/ (in frame); two photographs (a, b) of the slices
show different morphologies of tufas.
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Commonly, freshwater carbonates exhibit a great variety of structures, textures,
and morphologies, containing a wide diversity of constituents. On the basis of a framework
of encrusted plant remains and porosity type, the studied tufas (Fig.1) are similar in texture
and composition to deposits reported by Love & Chafetz (1988). Four specimens were
extremely friable, except the two shown on Fig.1, having brown to light brown colours.

Broadly, two major morphologies of sampled tufas distinguished in this active
system are encrusted mossy deposits (Fig.1, a) and algally laminated crusts (Fig.1, b).
Aquatic mosses abound at the Skradinski Buk waterfall, constructing the bulk of highly
porous deposits. Hereby, moulds (Fig.1, a) readily visible in the form of numerous irregular
cavities present in the rock testify as to their former existence. In thin-section, mossy-type
encrustations they consist of microcrystalline aggregates composed of peloidal, clotted or
structureless micrite.

Additionally, scarce occurrences of recrystallization and pore-filling cements are
also present. In some speciments, algally laminated crust (Fig.1, b) is a hard and compact
stratified rock composed of alternating dark and light laminations up to 2 and 4 mm thick,
respectively. On a microscopic scale, these laminae are micritic and microsparitic as a
result of seasonal encrustation by algal filaments.

Trace element concentrations in carbonate phase were measured after a single
extraction with 1M Na-acetate (Tessier et al., 1979; Cook, 1992) by a Prodigy High Disper-
sive ICP-AES spectrometer (Teledyne Leeman, Hudson, NH, USA), working in a simulta-
neous mode, and equipped with a glass concentric nebuliser. All measurements were run
in triplicate.

The precission of the method expressed in RSD ranged from 0.4 to 6%, whereas
the accuracy evaluated on the basis of the analyse recoveries by spicking experiments
ranged from 84 to 103%. The concentrations of Ag, Al, Co, Cu, and Ni were below their
detection limits as follows: 0.0746, 0.0257, 0.0311, 0.116, and 0.0782 ug/g, respectively.

The organic matter content was determined by loss on ignition at 5500C for 2.5
hours. Arough inspection of the measured variables values (Tab.1) demonstrates a chemi-
cal heterogenity of the precipitates comparable to their petrographic diversity. This find-
ing is in agreement with above statements regarding the diversity of environments and
microenvironments existing within the overall tufa-depositing environment.

Table 1: Results of geochemical analyses: trace metal levels (ug/g) in carbonate phase;
O.M. (organic matter) and I.R. (insoluble residue) expressed in %wt on the basis of the
whole rock

Samples  Fe Mn Sr Mg Zn Pb Cd Cr OM. LR
K1 11.60 20.00 824 5250 250 395 095 2.30 20 3.7
K2 0.00 535 103.0 689.0 2.75 1.65 1.15 2.5 0.5 3.1
K3 3.10 11.40 144.0 561.0 5.65 475 1.05 520 0.8 3.7
K4 3.65 17.50 102.0 6140 235 2.00 120 2.20 1.6 22
K5 830 27.30 88.2 6040 430 285 090 4.15 1.2 39
K6 21.75 53.80 853 529.0 21.50 1.85 1.05 20.10 3.5 21.1
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Introduction

Karstic landforms (surface and underground) are very common in Greece due to
widespread of the soluble rocks. Only the limestone occurrences cover over 35% of the
surface (Papadopoulou 1999). Neogene formations cover also about 25% of the Greek
area and karstic or pseudokarstic landforms formed often in these rocks. The aim of this
study is to clarify the formation and development of the numerous small caves, which are
located north of Kalamata city, Messinia, South Greece.

Methodology

For this study geomorphological, geological and mineralogical data have been
used . The studied karstic landforms are located in absolute altitude about 160 m, along
steep slopes and in a N3060 to N3200 direction. These landforms are horizontal to sub
horizontal small caves (rockshelters) with a few narrow passages. The caves have shal-
low depth, up to 10 m, with a maximum develop in a N200 to N840 direction Their height
are low, up to 3 m, but the entrances are relatively wide.

From a geological point of view the post-alpine sediments at the eastern margin
of the South Messinia basin overlie unconformably the alpine ones. Their deposition took
place over an already well-formed erosional paleorelief. Based on sedimentological and
stratigraphic criteria, the above mentioned post-alpine sediments may be distinguished
into: Marine Pliocene — Plio-Pleistocene sediments, Continental Pleistocene deposits,
Continental Holocene deposits. The eastern part of the Southern Messinia area had been
submerged until the end of the Middle Pleistocene (Marcopoulou-Diacantoni et al., 1988,
Mariolakos et.al 1997). Since then the area is under uplifting regime. Climate and tec-
tonism, however, has now become the main morphogenetic factors. Nevertheless, tec-
tonism is the main factor of morphogenesis in the area after the Middle Pleistocene since
the Early Pleistocene marine deposits have been uplifted up to 450m above sea level.

From a mineralogical point of view the sediments which are the caves consist
mainly of quartz and calcite according to Powder X-Rays Diffraction analyses (PXRD).
The calcite is pure CaCO, as shown by the position of the 104 reflection [d(104)=3.036A]
in the diffractogram (Goldsmith et.al 1961), as well as by the relevant Electron Probe
Microanalyses (EPMA) (table 1). The grains of quartz are cemented by the above carbon-
ate (pure calcite) material as shown by the Scanning Electron Microscopy (SEM) studies
(fig.1). A small percentage of other minerals are present, as micas and illite, iron oxides
and hydroxides and also zircon.

Results

Numerous small caves (rock shelters) usually observed at the contact of the
(oligomictic or polymictic) marine conglomerate with the plio-pleistocene sediments con-
sisting from fine texture materials. The Plio-Pleistocene sediments which are the karstic
landforms consist mainly from quartz and calcite. The calcite is pure CaCO, and the quartz
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grains are cemented by this carbonate material. The karstification took place due to the
high content of the sediment in CaCO, .The karstification cannot be older than the end of
the middle Pleistocene.The suitable climate favored the corrosion of the calcite, but also
the erosion of the quartz. The differences on the degree of the erosion and corrosion of the
conglomerates are considerable too.
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Table 1 Microanalyses (EPMA)

Sample KP KP KPB2 KPB2 KPB2 KPB2
Position 1 1 a b c d

Mineral Calcite Quartz | Calcite | Calcite Mica Calcite
Si0, 0,27 | 98,37 | 0,14 0,21 | 45,81 0,23
Al O; 0,08 nd nd | 0,11 | 24,65 nd
P,0Os 0,07 nd nd nd nd nd
MgO 0,06 | 0,26 | 0,39 0,07 2,15 0,23
CaO 48,23 | 0,11 | 48,36 | 48,53 0,76 | 47,39
SrO 0,06 nd nd nd nd nd
Na,O 0,11 | 0,78 0,16 0,17 0,86 | 0,18
K,O 0,17 nd nd nd 8,23 nd
FeO 0,04 | 0,18 0,09 0,11 5,76 0,06
MnO 0,14 nd nd nd nd nd
7rO, nd nd nd nd nd nd
Cco,’ 43,96 nd | 43,89 | 43,93 nd | 43,90
Total 93,19 | 99,70 | 93,03 | 93,13 | 88,22 | 91,99

CO,*calculated after determination of total f/g 1 nd: no detected
carbon. The positions are in correspondence

to the respective
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INFLUENCE OF THE SOLAR ACTIVITY
ON STRUCTURAL COMPONENTS OF KARST AND CAVES

Alexey Stoev, Penka Maglova
Space Research and Technology Institute - BAS, Stara Zagora Department

Solar irradiance is the ultimate source of the energy that powers the terrestrial
climate system and enables the biosphere. Solar activity influences all natural processes
and phenomena including Karst and cave formation and their evolution.

The study of this influence needs constant monitoring of the air temperature and
physical parameters of the cave — rock temperature, condense processes, heat exchange
etc.

The relation solar activity — regional climate is well studied from observations of
the Sun in astronomical observatories and registration of meteorological conditions in the
Earth’s atmosphere in meteorological stations. It is also well known that basic reason for
global climate changes are changes in the Earth’s cloud cover. High negative correlation
is ascertained between galactic and solar cosmic ray fluxes and the tropospheric tem-
perature. It comes into evidence that the more long lasting powerful active events on the
Sun, the larger number of days without clouds on Earth, and the higher temperature of the
boundary layer.

The atmosphere of caves is generally included in the processes that happen in
the external atmosphere. Circulation of the air in caves is a fragment of the most general
circulation of the air in the atmosphere. Even such conservative media as the air volumes
of Karst caves response to the variations of climate and solar and geomagnetic activity.

Cave air temperature response to climate and solar and geomagnetic activity for
four show - caves in Bulgaria (latitude ¢=42.50°, longitude A=25.30°) have been studied
for a period of 36 years (1968 — 2003). Everyday noon measurements in Ledenika, Saeva
dupka, Snezhanka and Uhlovitsa cave have been used.

Cave temperatures in the zone of constant temperatures (ZCT) are compared
with surface temperatures recorded at meteorological stations situated near about the
caves — in the towns of Vratsa, Lovech, Peshtera and Smolyan, respectively.

The Hansen cave, Middle cave and Timpanogos cave from the Timpanogos
Cave National Monument, Utah, USA have also been examined for comparison (latitude
¢=40.27°, longitude A=111.43°).

It has been found that the correlation between cave air temperature time series
and sunspot number is better than that between the cave air temperature and Apmax in-
dices; that t°ZCT is rather connected with the first peak in geomagnetic activity, which is
associated with transient solar activity (CMEs) than with the second one, which is higher
and connected with the recurrent high speed streams from coronal holes.

Decreasing trends in the air temperatures of all examined show - caves have
been identified, except for the Ledenika cave, which is ice cave. The well known mecha-
nism of cooling is clearly expressed — the dry surface air lowers the temperature of the
cave air and the drier air evaporates water from the cave environment, which further cools
the cave.

On the contrary, increasing trends in the air temperatures on the surface, mea-
sured at the meteorological stations near about the show caves in Bulgaria have been
identified. The trend is decreasing for the Timpanogos cave system, USA. It can be con-
cluded that surface temperature trends depend on the climatic zone, in which the cave is
situated, and there is no apparent relation between temperatures inside and outside the
caves.

Our results can help in studying heat exchange between the surface and subsur-
face air and its influence on cave ecosystems.
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Studying the evolution of secondary Karst formations, we find direct connection
between their enlargement and the cave air temperature. On the other hand, we know
about the direct connection between cave air temperature and solar activity. Thus, we
can define an indirect index of solar activity, determining the influence of solar activity on
formation and enlargement of secondary Karst formations.

At a luminescence analysis of cave speleothems microzonality in their structure
is found. Densitograms of the luminescence intensity can be transformed in time series,
which enables dating of the secondary Karst formations. Enlargement of speleothems
from the cave Duhlata, near the village of Bosnek, Pernik municipality has been investi-
gated using this methodics. The obtained time series embraces about 22 000 years. Its
resolution is 5 steps for a year and it gives an information about the characteristics of the
11-year cycles of Solar activity in the past (phases, periods, epochs of minimum and maxi-
mum), which is very important for the mechanisms of solar magnetic field generation.

Investigations of the Karst caves response to variations of the climate and solar
and geomagnetic activity shows that Karst systems very faithfully preserves a record of
environmental changes, which is very important for socializing of Karst objects and p rog-
nosis of their future.
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The most appropriate sites for studying active fault displacements are located
within caves as these systems commonly develop along significant fault structures. In
central Europe, 48 caves have been equipped with the extensometric gauges known as
TM71s. These enable us to study active fault displacements at the local scale and provide
information about the regional geodynamic regime. The instrument is an optical-mechan-
ical crack gauge that records displacement as moiré interference fringes on two identical
optical glass plates referred to as the combined indicator.

It has a number of specific advantages as it is able to record precise three-di-
mensional data without the need for an electrical supply while it is known to be capable
of surviving for decades in the field without maintenance. Furthermore, recent advances
mean that it is now possible to undertake automated data logging.

This significantly increases the frequency over which data can be recorded and
there are currently six automated sites. The selected faults are located in caves that are
characterised by features typical of active deformation such as cave infill, damaged spe-
leothems, or known nearby active seismogenic fault structures. The active displacement
monitoring has been ongoing at many of the sites for several decades but may extend
as far back as the 1970s at certain sites (e.g. Stény in the Mala Fatra). Our data have
recorded significant displacements within the selected caves.

These data may be characterised as continuous tectonic creep trends or as sud-
den pulses that are normally associated with significant reversals in the sense of move-
ment. The latter are commonly seen before or during registered earthquake events. These
phenomena are not simply related to local strain changes but also appear reflect global
pressure pulses that affect the entire tectonic plate. In addition, a high number of gauges
at one site, such as at Driny Cave or Plavecka Caves, enables us to determine the recent
stress orientation at the local scale (Fig. 1). It has been found that dilation within the up-
per crust decreases rapidly with depth beneath the surface and therefore the monitored
fault displacements are not affected by climatic effects. This is in marked contrast to other
methods that observe tectonic deformations at the surface and reflects the most significant
advantage of using caves for the monitoring of active fault displacements.
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Fig. 1 The strike-slip displacements recorded on two instruments at Driny Cave.
These are installed across two transverse fault systems and record different strike-slip
mechanisms. From these data, it is possible to define the precise fault kinematics. It is
clear that there is a horizontal stress field at Driny Cave
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IN-SITU MONITORING OF CRACKS AT
WESTERN PERIPHERY OF MADARA PLATEAU AT VICINITY
OF THE HISTORICAL ROCK BAS-RELIEF
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Acad. G. Bonchev str., bl. 24, Sofia, Bulgaria
* E-mail: ndd@geology.bas.bg
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At the Western periphery of Madara Plateau (NE Bulgaria) is affected by geologi-
cal hazard processes as rockfalls, toppling and landslides that seriously menace the his-
torical bas-relief named Madara Horseman. This place is situated about 10 km E from the
town of Shumen, NE Bulgaria (Figs. 1 and 2). The bas-relief was created in 8th Century
AC during the rule of the First Bulgarian State. It is included in the World Heritage List of
UNESCO.

RESEARCH
Sofia AREA /D

o
BULGARIA

Madara

PLATEAU

Fig. 1. Geomorphological map of the research area (Angelova 1995): 1 — alluvium; 2 —
qully; 3 — alluvial fan; 4 — creeping depo-sits; 5 — fault; 6 — plateau edge; 7 — Madara Horseman
locality
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Fig. 2. The Madara Horseman bas-relief with the location of the main cracks and the
dangerous rock "flake"

In its present form, the bas-relief has survived for 12 centuries, but with significant
deteriora-tion. Nowadays, there is three vertical cracks cut through the rock composition.
Two of these cracks (no. 2 and 3) divide a thin rock "flake" that creates the main danger
for the bas-relief. Till present various studies were conducted in recent years to identify
these processes and to take appropriate decisions for countermeasures to preserve this
monument. To understand the dynamics of the rock deformations, three precise 3D ex-
tensometers type TM71 have been installed. The observation is located at two sites: 1)
around the bas-relief, and 2) at the edge of the plateau just above the monument.

The monitoring system includes the use of 3D extensometers TM71 and few
shift marks, which are designed especially to monitor the micro-displacements along
cracks (Kost'ak, 1991). This gauge works of mechano-optical principle of interference,
which records displacement as a fringe pattern on superposed optical grids mechani-
cally connected with the opposite walls or crack faces. Sensitivity of the system is 0.05
to 0.0125 mm in all the three space coordinates of displacement. The meaning of three
spatial axes is as follows: X means extension or compression of the monitored crack; Y
means horizontal slipping long the crack; Z means a vertical movement. The results from
the monitoring around bas-relief show large variations at the X axes due to the seasonal
temperature fluctuations. However, the long-term observations identified a clear trend in
the processes in the front part of the rock scarp. The trend of movement of rock flake
outside the massif ("flaking") is revealed clearly (Kost'ak et al., 1998). The obtained rate is
0.05 mm per year. The subsidence of the rock flake is calculated as 0.03 mm per year.

At the plateau edge, the results show continuous slip movement of the rock slice
at a speed of 0.85 mm per year towards SSE6). The vertical movements of the slice are
characterized with subsiding by 0.8 mm per year during the period 1990-1999, and a
relatively stable state from 1999 up to present. Movements along the X-axis show both
periods of opening and closing the fissure. For the past 10 years, a clear trend of com-
pression of the crack has been recorded. This process of compression could be explained
as a formation of a new rock slice. The acceleration of the process started in 1999 as an
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influence of the August 17, 1999 Izmit Earthquake, Turkey, M=7.4 (Fig. 3). The gauge at
point M9 recorded sharp displacements as the following: AX = +6.91 mm compression of
the fissure; AY = +46.78 mm horizontal slip to SSE; AZ = +10.43 mm vertical uplift of the
rock slice (i.e. sharp subsiding of a new-formed slice behind the plateau edge).

20
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=6.8 and 6.3, 30-31.05.1990
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time.

Fig. 3. Diagram of displacements established at monitoring point M9 for the period 1990-
2009: +X — compression of the crack; +Y — the rock slice to SSE; +Z — uprising of the rock
slice

The long-term monitoring succeeded to establish the main trends of movements at the
western periphery of Madara Plateau. The obtained results already began to clarify the
dynamics of the rock massif, and thus will help to take decisions on the protective works
on the monument.
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MICROCLIMATE OF KARST GEOSYSTEMS - RESEARCH
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Climate is the longstanding meteorological weather characteristic for the given
region. Weather, for its part, is the physical state of the atmosphere in a definite moment
or time span determined by combination of meteorological elements and atmospheric phe-
nomena. By definition, microclimate should be considered as climate of not large territory,
which comes into being under the influence of the relief peculiarities, vegetation, state of
the soil, reservoirs availability, buildings and other specificities of the surface. Actually, this
is the climate of the field, slope, hill, small forest, shore of the basin, town etc. Specifici-
ties of the climate appear in the upper layers of the soil and in the lower boundary layer
of the atmosphere, up to 100 — 200m and 5 — 10km horizontally. Usually, we speak about
the idiosyncracity of the climate of a given place, which differ it from the climate formed in
heterogeneous territories.

Taking into account the previous considerations, we can try to formulate the no-
tion of cave microclimate. It has been arisen in the beginning of 20th century and usually
was connected with comparatively not large caves with one and the same climate. Recent
discoveries in speleology led to investigations of numerous caves with large length and
several levels. If the caves are in the mountains they can be very deep and pass through
several climate belts on the surface. Climate of such cave is very inhomogeneous, has a
complicated hierarchic structure and organization of relations. That’'s why, it is supposed
to speak specially about microclimate of separate parts of a large cave or cave systems.
Detailed analysis of the cave climate gives us the possibility to speak about its complex
and dynamics not only for large and long caves. Something more, it is very difficult to de-
scribe climatic conditions in caves taking into account their parameters and displacement.
General principles for climatic organization (the so called climatic systems) of caves with
different morphology and dimensions are also important.

Basic factors of cave climate determining are:

e climate of the region, where the cave is displaced;

o form of the underground cavity, which determines physical character

of the air flows there;

e geothermal state of the massif, where the cave is developed;

@ physical character of the water flows circulation in the cave;

e quality of the atmospheric rainfall (water and snow) influx in the cave.

Let us briefly consider influence of these factors on the climatic state of the cave.
External cave climate is determined by the geographic situation of the site, its altitude,
physical character of the passing over it flows carrying humidity, distance to the sea, etc.
Most important characteristics of the external boundary layer climate, which influence the
cave climate, are: air temperature T, pressure P, and humidity E, wind velocity and direc-
tion. Also, in cold climate sites air temperature in caves is lower than that in warm climate
sites. In caves, situated on the south slope of the mountains, mean year air temperature is
higher than that in caves situated on the north slopes and lower altitude. In comparatively
dry regions the humidity in caves is lower than that in caves situated in geographic regions
with high humidity. This dependence is for caves without flowing water. Strong summer
winds blowing around the entrance of not very large caves is a reason for cave climate

*The results reported are obtained along Project JO 02.260/18.12.2008: “Working out an experimental model for
complex monitoring of protected karst territories aiming at their sustainable management and development” of
NSF — Bulgaria.
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comparatively equal to the external climate. On the other hand, sudden changes of the
atmospheric pressure lead to appearance of a wind in the cave or from it. Movement of the
air masses in the cave is the most important agent for transmitting different physical con-
stituents of the external climate in depth of the caves. Air movement in caves depends on
the underground cavity form. We know two main mechanisms for air movement in caves:

1. In underground cavities with several entrances, situated at different altitudes,
movement of the air arises because of the difference in the weight of the column air at dif-
ferent entrances. And also, movement of the air from lower entrances towards higher ones
is generated during the winter, and vice versa — from higher entrances towards lower ones
during the summer. Air movement change happens when the external air temperature
reaches the value of the temperature in the middle region of the cave, also called neutral
zone.

2. Ininclined caves, movement of the air is caused by the difference in the thick-
ness of the air at different zones of the cave. In the inclined descending caves, the cold
external air during the winter pushes out the warmer cave air, and in the inclined ascend-
ing caves the warmer air during the summer pushes out the colder cave air in ascending
gradation; the natural draught in caves is excluded when the external temperature is equal
to the internal one. Movement of the cave air is also possible at strong blowing wind at the
entrance, water movement in the cave, changes in the atmospheric pressure outside of
the cave.

Temperature of the rock massif, in which the cave is situated, also has a great
influence on the cave climate. It is considered as a background, on which the air tempera-
ture change provoked by the external climate and water flow is added.

Taking into account that the Karst caves’ microclimate is completely different from
the meteorological situation in the region, total influence of the following factors on it is
investigated for a long period of time:

@ morphological specificities of the cave or cave system;

o altitude of the cave entrance and Karst area, where it is developed;

@ level of crackness of the basic rock of the Karst massif;

@ orientation of the entrance towards solar beams, local air flows and relief;

@ existence of ice and firn snow in the cave;

e existence of intensively dropping or flowing water in the cave;

e local intensity of the terrestrial thermal field in the region of the Karst massif.

Specialized integrated monitoring on the natural processes and human activity
influence on the zone of constant temperatures in previously chosen caves and cave sys-
tems in protected Karst areas has been organized and developed for studying the Karst
cave microclimate. Methods for microclimatic investigations have been developed and
equipment is bought. Real time processing of microclimatic data has been tested. Char-
acteristics of the cave microclimate have been obtained by investigation of the following
parameters:

e hydrochemical and temperature characteristics of cave waters;

@ air temperature and humidity;

e CO, content in the cave air;

e radiometric investigations of the cave atmosphere;

e influence of the anthropogenic factors on cave microclimate.

This methodology also gives a complex of methods, approaches and means for

analysis and estimation of the cave atmosphere recreation capacity, which is important for
the general touristic development of the show caves in Bulgaria.
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DETERMINING THE DEPENDENCE OF CAVE MICROCLIMATE
ON EXTERNAL CLIMATIC CONDITIONS IN SHOW CAVES
OF THE MORAVIAN KARST

Jifi Hebelka
Cave Administration of the Czech Republic

The Moravian Karst is the best-known and most important karst region in the

Czech Republic. It is primarily formed of limestone from the middle and late Devonian
period to lower Carbiferous. We are aware of more than 1.000 caves here, five of which
have been opened to the public. The largest of these caves is the Amateur Cave, which is
more than 40 km long.
Detailed knowledge of the microclimatic conditions inside caves provides valuable infor-
mation necessary for solving questions concerning protection of caves, their karstification,
distribution of animal species in caves and also enables us to discover the answers to
issues such as specification of visiting rate limits, the number of entries made into caves,
etc.

On the basis of a grant received from the Science and Research Program of the
Ministry of the Environment, monitoring of microclimatic relations in caves in the Moravian
Karst was launched in 2007. Its chief purpose is to determine the dependence of cave
microclimate impact on external climatic conditions. The Cave Administration of the Czech
Republic is the research organisation in cooperation with the University of Wroclaw and
the Czech Hydrometeorological Institute is the co-researcher. The whole five-year project
was completed in 2011.

The Katerinska Cave, Punkevni Caves and the Sloupsko-$os(ivské Caves in the
Moravian Karst were chosen for microclimatic measurements. Amatérska Cave, which is
not open to the public, is also monitored for comparative measurements. Measurements of
external climatic conditions is ensured through a network of meteorological stations (Sloup,
Macocha, Punkevni Caves, Katerinska Cave, Ostrov u Macochy). An automatic stationary
monitoring system was installed in the Katerinska Cave and Punkevni Caves to monitor
microclimatic conditions. This enables continuous monitoring of individual variables with
remote transfer of measured values to computers. The record interval is 1 minute. The
monitoring system is made up of a system of sensors for measuring air temperature and
relative air humidity, temperature of the rock formation, water temperature, air flow speed
and direction, atmospheric air and carbon dioxide pressure.

Changes in air temperature are monitored in the Sloupsko-$oSuvské Caves and
in the Amatérska Cave using temperature sensors, which record measured values.

The preliminary results of monitoring indicate that cave microclimate is affected
by the presence of tourists. For instance when visitors pass through a cave the tem-
perature increases temporarily by several tenths of a °C, after they leave the temperature
returns to its original value fairly quickly. It is also clear from the monitoring results that
changes to air temperature in some parts of the cave, caused by changes in external cli-
matic conditions or as a result of running water, are significantly greater (up to several °C)
than changes caused by visitors to the cave.
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AMATERSKA CAVE
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Fig. 2. Measuring station in Katerinska cave.
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. Fig. 3. Ultrasonic anemometer in Katerinska
cave. Photo: Jifi Hebelka
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Knroyosu dyMU: Kapcmosa eceocucmema, cucmeMoo6pasyeau4 Momok, 8000HOCHOCM, sapua6un-
HOCmM, ysA38UMOCM Ha 3aMbpcCsseaHe, xudpomempuqu u XUOPOXUMULIQH MOHUMOPUHe.

BbBeageHue

BoauTe, Hapen ¢ HanNMUMETO Ha XMMUYECKM Pa3TBOPUMUTE KapbOHaTHWU U aH-
XUOPUTHU cKanu (BapoBuLM, OONMOMWUTU, Mpamopu, TMrnc, KameHHa 1 Kanvesa con), ca
OCHOBHWTE KOMMOHEHTM Npu kapcToreHe3nca. Konkoto no-6oratu ca NnoBbPXHOCTHUTE U
nognoYBEHNTE BOAM Ha BbIMIEHA M XyMYCHa KMCenuHa, TONKoBa ca Mo-arpecuBHU KbM
ckanuTe, NpeansBrKBaKn YCKOPEHU XMMUYHU NMPOLECH MPU TAXHOTO pasTBapsiHe U crie-
[0BaTENHO UrpasT pondaTta Ha BoAeL kapctoobpadysaly paktop. ChlUueBpeMEHHO BOAUTE
U3NbIHSABAT ponsiTa U Ha T.Hap. cucTeMoobpasyBall, NOTOK Ha BELLEeCTBO U eHeprusi 3a
hopMUpaHeTo U PYHKLMOHMPAHETO Ha KapCTOBU re0CMCTEMM C MPUCHLUM 3a TsIX cneuu-
dryHM NpupogHoreorpadCkn XxapakTEPUCTUKM 1 YCITOBMS 3a U3nonasaHe ot yoseka. OT
Jpyra cTpaHa, KapCcToBuUTe BOAU Ce Krnacuduumpart KaTo e4HN OT Haln-CUITHO YA3BMMUTE
Ha 3amMbpcsiBaHe, MMalku npeasug 6e3npensaTcTBEHOTO M TBbPAE YCKOPEHO MPOHUKBAaHe
B AbNOOYMHA Ha 06oraTeHn C XMMUYHU BELLECTBA (OT TOPEHe 1 pacTuTernHa 3awmuTa) no-
UYBEHM BOAM, CBbP3aHU C Barexu unv HanosiBaHe, a He ca peku criyjyauTe U Ha UHGIy-
upaHe (BMvMBaHe) Ha 3aMbPCEHW MOBBPXHOCTHO TeYaluM MOTOUM W LEnu pekn B CUITHO
OKapCTEHW MacuBW.

CnepoBaTtenHo, OCbLUECTBABAHETO HA MOHWUTOPUHI Ha BOAMTE B KapCTOBM re-
OCMCTEMM € HambnHO 060CHOBaHa HEOOXOAMMOCT KakTO OT Hay4YHOW3CreaoBaTericko,
Taka 1 OT NPaKTUYECKN-NPUITOXKHO rneauLLe.

MeTtononorusi

OcCHOBHa NpUHLMNHA NOCTAHOBKA B HACTOSILLOTO M3MOXEHNE e pasrfexaaHeTo
Ha npouecuTe Ha BoA4OOOMEH B eMH NUTONOXKN 3acebeH kapbHaTeH/aHXnapuTeH Macus
B CBETNIMHATa Ha TeopusTa Ha cUCTeMuTe, KOEeTO M3Bexada BoAellata pons Ha BoguTe
KaTo cuctemoobpasyBsall, NOToK nNpu 060cobABaHETO My KaTo CneuuduyHO ycTpoeHa u
dyHKUMOHMPaLLa kapcToBa reocuctema. CpaBHsiBaHa C peyHusi Bo4ocbop kato obuk-
HOBeHa reorpadpcka cuctema c Tonorpadpcku rpaHvMumM BogopasgenvTe, kapcroBaTta re-
ocucTeMa ce orpaHudaBa YCMOBHO 4pe3 T.Hap. NMOA3EMHW BOAOLENMW, HO Hal-4ecTo ce
OTbXOECTBSIBA C KAPCTUULMPAHNS CKareH KOMMNIEKC 0CoBeHo Npu nunca Ha CTpaHnyeH
NPUTOK BOAW nABaLm oT pasctosaHue. 3a uenTta e Heobxoaumo XMAPOreoroXkn 060CHOBa-
HO OrpaHnyaBaHe Ha NoA3eMHusA Bogocbop Ha kapcToBuTe BacenHn n npocneassaHe Ha
Bpb3KaTa UM C NMPOHUKBALLUTE OT MOBBPXHOCTTA BaNeXHW 1 Apyry Tevawy Boaun. B Takbs
cryyar NpUTOKbT Ha BOAM B OKAPCTEHWS MacuB ce Bb3rnpuema KaTto BXof, B reocucrtema-
Ta, a U3TMyalmuTe OT HEro NoA3eMHU BOAW BbB BUA HA M3BOPW, NOTOLM, PEKN — U3XO[, OT
Hes.

OcCHOBEH NPUXOAEH eneMeHT B KapCcToBaTta reocMctema, Kakto n B peyHus ba-
CelH, ca BanexHuTe Boau, KOUTO TyK obaye nHuntTpupat 6bp30, a MHOMO 4YeCTo U UH-
doriympat B NOHOPU U NyKHATUHK 1 dhopmmpaT 0bunHu noasemMHu Bogun. CneundmyeH npu-

* OoknaabT e no npoekt A0 02.260/18.12.2008 ,PaspaboTeaHe Ha ekcriepUMeHTasrneH Moen Ha KOMMNeKceH
MOHUTOPWHT 3a YCTOWYMBO pasBuUTHE W yNpaBrieHVe Ha 3alUTeHn KapcToBm Teputopun” Ha PoHa ,HayuHu
nacneaBaHus”.
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XOOEH eremMeHT ca U KOHAEH3aTHUTE BOAW, Makap 1 B HE3Ha4YMTENHO konmyecTeo. Kato ce
uma npegsua, Ye BanexHuTe Boau, NpeMUHaBaku Npes NovYBeHO-pacTUTeNnHaTa nokpue-
Ka (QOKOIKOTO € pasBuTa BbpXy OKapCTEHWUTE TEPEHW), Ce npepas3npenensart Ha NoBbpX-
HOCTHM, NOA3EMHU 1 3a n3napeHue, To Npy ONpeaensHeTo Ha npuxoda B reocuctemarta e
BaXXHO [la Ce OTYMTaT M CBOWCTBATa Ha NoAcTunaliata NnoBbPXHUHA, BKITKOYUTENHO U Hsi-
KOW MOPCOMETPUYHM U KITMMATUYHU XapaKTEPUCTUKN (HanpumMep pas4vrieHeHoCT, HaKmo-
HW, TemnepaTypa, AemunT Ha Brara n Ap.), KOMTO B CBOSITA CbBKYMHOCT ce AedunHupaT
KaTo TpaHcopMaTop Ha BXOOHUSA BEKTOP B reocuctemarta B M3xodeH. HambnHo normy-
HO e da ce umaT npeaBua U aHTpornoreHHUTe npeobpasyBaHMsa Ha ecTecTBeHaTa cpeaa.
OueBMOHO e, Ye MOHUTOPUHIBT Ha BOAUTE B KAPCTOBM reocncTeMa ce Bb3npuema B ABa
acrnekTa: MbpBO B TECEH CMbCHI1, NPSIKO BbPXY BOAHUTE 0GEKTN OCHLLECTBSIBAH CAMOCTO-
SITENHO, 1 BTOPO, B LLUMPOK CMUCHI1, MOCPEACTBOM pa3KkpuBaHe BUSHUETO Ha KOMMIEKC OT
BBHLUHU haKTOpW, OCbHLLECTBABAH CbBMECTHO C MOYBEHWUS Y OPYrM BUOOBE MOHUTOPWHT,
KaTo B TO3M cryyan ce gobnmkasa B rofiiMa cTteneH A0 CbLHOCTTa Ha eAnH KOMMIIEKCEH
MOHUTOPWHT.

KakTo cTaBa SICHO, KONMYECTBEHUTE 1 Ka4EeCTBEHUTE XapaKkTEPUCTUKN Ha KapCTo-
BUTE BOAM Ce pasrnexaaT kaTo n3pa3 OCBEH Ha ecTecTBeHaTa AnHamuka Ha BogoobmeHa
B KQpCTOBUTE re0CHUCTEMU, @ CbLLO Taka 1 Ha aHTPOMOreHHO NPeaU3BUKAHNTE N3MEHEHUS
OT MPSIKO Bb3AENCTBNE BbPXY BOAUTE IMaBHO Ype3 U3MNON3BAHETO UM 3a Pas3nuyHn HyXau
M OT KOCBEHO Bb3[ENCTBME Ype3 peanmanpaHuTe pasHoobpasHmn NpakTUKL No 3eMenons-
BaHe BbpXy BogocbopHUTEe BacenHy unm n3non3BaHETo 3a CTOMAHCKN LIeNu Ha NoA3eMHU
neLlepHu 3anu u ranepuun. 3a ycTaHOBsiBaHE Ha 3aKOHOMEPHO 0OYCNOBEHUTE U aHTPO-
MOreHHO MOBMMUSAHUTE KOMMYECTBEHU U KAYECTBEHU XapakTEPUCTUKM Ce OpraHM3upar no-
CTOSIHHM CTaHLMU U BPEMEHHW MYyHKTOBE 3a HabnopeHue, naMepsaHe MU permctpvpaHe
Ha JaHHW 3a CbCTOSIHMETO Ha BOAMTE C Orfeq yCTaHOBAHAHE Ha BOOHMWS PEXUM, BOOHUS
fanaHc, XMMUYHUA CbCTaB, @ He Ha MOCMNEeAHO MSCTO M 3a MpocregsBaHe nposieata Ha
SIBMEHUS C PUCKOB XapakTep 3a 34paBeTo M JOpW 3a XMBOTa Ha xopaTa, obuTaBalim u
M3Mon3BaLLy pecypcuTe Ha KapcToBuUTe TepuTopuun. B T.Hap. onopHa n BpeMeHHa xugpo-
reofioxxka Mpexa oT CTaHUMK ca o6xBaHaTV MHOTOBPOHM KapCTOBW M3BOPU C pasnnyeH
[ebuT, HO C BaXXHO CTOMAHCKO Y KOMYHarHO-OMTOBO 3HaYEHME.

B pamkuTe Ha npoekTa NeprMoanyHO Ce OCbLLECTBSABA T.Hap. XMOPOMETPUYEH 1
XUOPOXMMUYEH MOHUTOPWUHI Ha KapCTOBM BOAWM B M3MON3BaHUTE KaTo MOAEnNHU obekTn
OTAENHU 3awuTeHn kapctosu Teputopun kato MMM LymeHcko nnato”, newepara ,CbeBa
aynka”, N3 ,Maapata” n gp.

Pesyntatu

PasnpocTpaHeHueTo Ha kapcTa B bbnrapusi, makap u doparMeHTapHo ¢ pasnmy-
HO rofiemMm nroLLn, € CyMapHoO BbpXy Onn3o ¥4 oT HeliHaTa TepuTtopusi. PopMumpaH e rnas-
HO B KapOOHAaTHW KOMMIEKCU C pasnunyHa Bb3pacT — OT NPOTEPO30MCKM Mpamopu B Puno-
Popgonckua macus, npes Tpuackun u topckm BapoBuun B KpaviieHcko — CTpangKaHckara
6rnokoBo-pa3nomMHa 3oHa 1 MmasHaTa CTaponnaHuMHcKa Bepura 1 JONHOKPEAHW BapoBULIM
B lNpepbankaHa, 4O AONHOKPEOHW 1 MaCTPUXTCKM BapOBULM B rofisiMa vacT oT [lyHaBcka-
Ta paBHMHA W CapMaTCKu B Haw-3anagHarta U Han-usTovHaTa 1N 4acTu, KakTo U Ha MecTa
B ManeoreHcky BapoBuum B FOpHOTpakuiickata Hu3uHa n MatounnTte Pogonu. KaTo uano
B Te3n kapboHaTHn chopmaumm ca o6ocobenn 50 T.Hap. NeLepHn panoHu, KbM KOUTO ca
NpUBBP3aHN N MHOTOBPOWHN BUCOKOAEOUTHN KapcToBK n3sopu. Kakto Belue nogyeptaHo,
dopmmpaHeTo Ha NoA3eMHN BOAW B KAPCTOBWTE reOCUCTEMM € C Marku 3arybu Ha Banex-
HW BOAM 3a M3napeHue nopadu 6bpsa nHpunTpaums, a gopu 1 nHgnyauus. Ha kaptute
oTpassBalLM BOAOHOCTHOCTTA Ha TEPUTOPUM C ronsiM 06XBaT OKapCcTeHUTe yyYacTbLy ce
OTKpOSiBaT C MO-BMCOKWM CTOWHOCTM NPW e4HaKBa HagMopcKa BUCOYMHA MMEHHO nopaau
no-ronemMus Asn Ha nog3eMHU BOAM OT Te3W y4acTbLM B CYMapHus OTTOK Ha pekuTe, B
unnTo BogocbopHu GacelHu Te nonagart. He cnyvaiHo peguua HeBMCOkM nnata B [lyHaB-
cKaTa paBHMHA Ce OKOHTYPSIBAaT C NO-BUCOKM CTOMHOCTM Ha MOAyrna Ha CPefHNs roguLLeH
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OTTOK NPV CPaBHUTENHO Marikv Banexu, nogobHn Ha [pepbankaHa (Hanpumep: Hadan-
HWUTE YacTu OT NpUTOYHAaTa cuctema Ha p. PyceHcku Jlom, Jlygoropcko, @paHreHcko nnato
W Op.) , KOETO CE€ OAbIDKM MMEHHO Ha MNO-TONeMust Asn Ha NoA3eMHUst OTTOK B PEYHOTO
nogxpaHBaHe.

BopoobunHocTTa Ha kapCTOBUTE re0CMCTEMM HE BUHAr o3Hadvaea Jobpa ectecT-
BEHa perynnpaHocT Ha noA3emMHWTe Boau. TBbpAe YecTo ce HabnogaBa U3KIIYUTENHO
ronsgma BapnabunHocT B CEKyHOHUTE BOAHM KOMMYECTBA, HO HE Ca Marko 1 criyjamTe Ha
CpaBHUTENHO cnabu konebaHus, KaTo 3aKOHOMEPHO PEKMTE, MOAXPAHBAHN C TaknBa BOAM,
MMaT OTHOCUTENHO M3rnageH xugporpad, NnpeacTasslly BbTPELUHOrOANLLIHOTO pasnpeae-
NEHNe Ha OTTOKa UM 0COBEHO MO CpeaHU MECEYHM CTOMHOCTHU.

Hanpumep Haii-ronemusit cbbpaH kapcToB 13Bop B bbnrapus Mmaea MNaHera uma
cpeneH nebut okono 4000 dm?/s npu Bapmauum ot 850 go 5370 dm?®/s a B otaenHu cny-
yau 1 go 10000 dm?/s, KOeTO ce AbIMKM Ha eNU30AMNYHO oMM NPUTOK Ha BoAM oOT p. But
dopmumpall, TO3u U3BOP, a MO CPEAHM MECEYHU CTOMHOCTU noaxpaHBaHaTa C BOAWUTE Ha
nssopa p. lNMaHera nma OTTOYEH MakCMyM, KOWTO NpeBuLlaBa easa 2,3 NbTU MUHUMYMA.

C naw-ronemu Bapvauum Ha KapctoBun nssopu B Bbnrapusa e VckpeuknaT — ot
250 dm®/s po okono 21000 dm?®/s nogxpaHBaLL, OTTOKa Ha VckpeLika peka (nsiB NPUTOK Ha
p. Nckbp), Mpy KOATO NPEBULLEHNETO HA CPEOHOMECEYHUS MaKCUMYM Haf, CpefHOMeCceY-
HUS MUHUMYM € 0Kofo 6,5 nbTu. MHOro6ponHm ca kapcTtoBuUTE N3BOPU B Bbnrapus cbe
cpeneH gebut ot 100 go 1000 n Hag 1000 dm?®/s, kaTo B cTpaHaTta ca 060cobGeHn 06LLo
135 6aceliHa ¢ KapCTOBU BOAW, CbC CyMapHO BOAHO KONMYecTBO 0Kono 40% OT BCUYKM re-
HETUYHM TUMNOBE Noa3eMHM Boan. Hakoun kapcTtoBu BacerHn ca ¢ NoBULLIEHA TeMnepaTypa
Ha BoauTe (cpegHa MeceyHa Temnepatypa 18-20 °C) n ce knacudumumpat KaTo akpaTo-
Tepmu (Mycomuiua, [leBHeHckn 1 ap.).

MHTepecHn pesyntatu ca MOMnyYeHy OT CPaBHUTENHWUS aHanmM3 Ha CUHXPOHHM
[OaHHM 32 Banexu, 4ebuT Ha n3Bopu 1 BOOHM KONMYecTBaTa Ha Peku, KakTo U Ha XUMUYHMS
CbCTaB Ha BOOUTE, B KAPCTOBM reOCUCTEMU C Pa3NUYEH TUM 3eMeNon3BaHe, Nony4YeHn ot
pa3paboTku MO NPeaULLHM NPOEKTU.

OcobeH MHTepec npeacTaensiaT U AaHHWUTE OT NEPUOAUYHO U3BLPLUBAHUTE B
paMKuUTe Ha HacTOALLMA NPOEKT HabnaAeHUA U U3MEPBaHUS HA BOOHW HMBA, BOAHU KOMK-
YecTBa, Temneparypa, MbTHOCT, XMMU3BbM Ha MOYBEHW NN3UMETPUYHM 1 MOA3EMHU BOAU
B newepu noa dopmara Ha CTauMoHapHU e3epHn BacenHu, Teyawm noToum, Bogonaau,
npouexaally ce npes NykHaTUHW BOOHW CTPYM, KanyyLu, KOHOEH3aTHWU Boau, obneguHa-
BaHWS Ha CKalHM NOBLPXHOCTU U APYrv NefoBu sBNeHust u ap.Tean faHHU Mo CbLECTBO
ca pe3ynTaTt OT OCbLLECTBSABaH eKCNeprMeHTaneH XMapoMeTpUYeH 1 XUAPOXUMUYEH MO-
HUTOPWHT KaTo 6a3ncHa 4acT OT KOMMIEKCHUSI.

3aknoueHue

Mmankn npensup peakumsita — OTTOBOP Ha U3XOAHWSA MPOAYKT Ha Kapctosara
reocuctemMa BbB BUJ Ha KapCTOB M3BOP, peka, Bodonazd, e3epo Ha CIOoXHOTO npeobpa-
3yBaHe Ha BXOOHWTE eneMeHTU (Banexu, KOHAEH3aTHM BoaW, NOHSIKora U peyYeH npuTokK)
NoCpefCcTBOM BMMSIHUETO M HA OPYrv NPUPOAHO-aHTPOMNOreHHn haktopur, MoXxe [a ce 3a-
Kro4m, Ye B Hero CUHTE3HO ce hoKycpaT OCHOBHUTE KONMMYECTBEHM 1 Ka4eCTBEHM Xapak-
TEPUCTUKK, KaTo 0BeM, PeXxum, XMMUYEH CbCTaB 1 Ap., 06YCNOBEHN OT eCTECTBEHO MPO-
Tn4Yalln 3aKOHOMEepPHU npouecn BbB BoOAOBMeCTBaLLMA Kap6OHaTeH /ame,quTeH CKaneH
KOMMNNeKC U KnnMmatTu4HnTe ycnoBua (BKJ'I. MVIKpOKﬂI/IMaTI/I‘-IHVI), KakKToO U OT eBeHTyallHuTe
N3KYCTBEHO MPEAU3BUKaHU U3MEHEHUs. [opy caMo MPeKUST MOHUTOPUHF Ha TO3W Mpo-
OYKT € [0 ronsiMa CTeneH ocTaTbyeH 3a paskprvBaHe U 06OCHOBKa Ha TeHAeHUUWTE B
€CTECTBEHO NpOTUYaLLUTE N aHTPOMOreHHO MOBMMSIHUTE NpoLuecy Npy yHKLUMOHUPAHETO
Ha KapCTOBUTE reoCMCTEMU, a KOHKPETHATa AeTannmsaunsa Mmoxe Aa 6bae obekT Ha go-
NMbNHUTENEH AndepeHumpaH aHanma 1 oLeHKa Ypes BKIYBaHe Ha pesynTaTtv u OT Apyru
BMOOBE MOHUTOPUHT. B 1031 cmMucohn XNOPOMOHUTOPUHIBT Ce ABABaA MHOIO BaXXHa CbCTaB-
Ha YacT Ha KOMMMNEKCHUSI MOHUTOPUHT Ha KapCTOBUTE FreOCUCTEMN.
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NOYBEH MOHUTOPUHI B SALLLUTEHUTE
KAPCTOBU TEPUTOPUU (3KT) HA BBIIFTAPUA *

HuHo HuHoB
MHCTuTYT no nousosHaHuve “H. MNMywkapos”, Bbnrapus

Knrouoeu dymu: rougeHa rnokpueka, noqgu, rno4eoobpasysauiu Mpoyecu, Kapcm, no4eeH MOHUMOo-
PUH2, CbBPEMEHEH KapCmoaeHe3uc, CyKuecuu

MOHUTOPWHIBT Ha no4BuUTE M NoyBeHaTa nokpveka B 3KT ce cb3gaBa nopagm
HeobxoQMMOCTTa OT HEMpPeKbCHATO CriedeHe CbCTOSAHMETO Ha KapcTa U KapcToreHesuca
B Bbnrapus ¢ uen nporHo3vpaHe u OCBEAOMSsIBaHE 32 CBOEBPEMEHHW OENCTBUSA NPU Ha-
pylwaBaHe v gerpagaums Ha npupogHaTa cpega OT aHTPOMOreHHUs HaTUCK BbpXY TAX Mpu
N3Mon3BaHEeTO UM KaTo NPUPOOHM NapKoBe.

MoyBMTE M NOYBEHATa NOKpPMBKA ca 0COOEHO akTMBHM B KapcToreHeanca 1 npo-
LecuTe B OKOnHaTa cpefa. Hai-ronsma BakHOCT umat 60raTtcTBoTo Ha kapboHaTtu 1 BUCO-
KaTa XyMyCc/paHOCT Ha MOo4YBWTE, KAKTO M MbCTPOTaTa Ha NoYBeHaTa NoKpuBKa, XapakTep-
Ha C MarnkuTe NIoLLHM KOMBMHaALUUN 1 eNeMeHTapHM NMOYBEHN apeanu, YecTo pa3KkbCBaHU
OT cKanu 1 kapu n cbe cnaba dusmyecka yCTon4nBoCT.

OuiuaHeTo Ha noysuTe, T.€. OTAENAHETO Ha orpoMHK konnyectsa CO, e Hali-xa-
PaKTEPHUAT CbBPEMEHEH MPOLEC, KONTO Hal-0ce3aTernHo BNnsie BbpPXy KapCcToreHesuca;
ocobeHa TeXeCT umaT XyMaTHUAT TUM Ha XyMyca 1 BUCOKaTa CTeneH Ha Xxymudukaums, a
HoraTcTBOTO Ha kapboHaTn AeddUHUTUBHO onpeaens pa3npocTpaHeHNeTo Ha Kanundun-
Ha pacTUTENHOCT 1 BapuauummTe B NpoLecUTe Ha KapcToreHesunca.

[MpsiKO MK KOCBEHO MOYBEHUAT KOMMOHEHT € aTakyBaH OT 4 aHTPOMOreHHN Aew-
HocTu: 1. TypusbMm; 2. BogononssaHe; 3. [1pon3BOACTBO Ha Bap U MHEPTHU maTepuanu; 4.
3emegenueto — 6asa 3a CblLUEeCTBYBaHe U NpenuTaHne; 5. 3alMTHUAT PeXum c nposisata
Ha CyKLLeCum C yckopsiall, ce epeKT BCrneacTBUe psa3kaTa CMsiHa Ha 3eMernon3BaHeTo.

OpwurvHanHaTta xapakTepucTiKka 1 BelecTBeHaTa CbLIHOCT Ha NOYBEHUSA KOMIMO-
HEHT NPaBAT TEPEHUTE U NMpUpoAaTa Ha KapcTa B 3alMTeHUTE TePUTOPUN, CrieqoBaTenHoO
NecHO NoAaTNMBM Ha aHTPOMOreHeH HaTUCK.

lopHuTe obcTosiTENCTBA HAcOYBaT BHUMAHMETO HA MOHUTOPUHIA BbpXy Habmto-
JeHusiTa 3a ¢hu3uYeCKOmMO YHUUOXasaHe Ha rodYyeeHama Mokpuska OT epo3usi, kapuve-
pv, aneu n np., MapknpaHo 4Ype3 HenpekbCHAaT MHCMEKTOPCKM KOHTPOM WM nopabpXaHe
Ha KagacTbp, OLEHKa Ha CpeaHOroAuLHMTE 3aryby Ha MowWM 1 NOYBW; YMbIIK8aHemo
Ha rnoyeume Mo nacuwiarta, urpuvuiara, nbTuwlaTa, ekonbTekute. Onpegens ce no Bpe-
Me Ha pasBuropa eauH NbT roanwHO No obemMHaTa NAbTHOCT Ha NOYBUTE, MO HA3EMHU U
aepoOTOCHUMKMN 1 BronHaMKaTopu; akymynayusma u duHamukama Ha MOB (Mbpmeo
Oop2aHUYHO seujecwiso) — ornad u eopcka rnocmursika npeaun u cnep nicronaga vpes me-
Toda Ha METPOBKUTE U CTpaTudUKaumsaTa; XymycoobpadygaHemo U XyMyCmHOCM eOuH
MbT rOQULLHO, MO BPEME Ha pasBuropa, Ypes cbbvpaHe 1 aHanv3 Ha NoyYBeHu Npobu oT
xopu3oHT Ah 1 A no metona Ha TIOpWH; U3MeHeHUs1 Ha XyMmycupawusi ce Ah, a cbwo u
A XOpuU30HM — €QVH NbT rOAMLLIHO NO BpemMe Ha pa3Buropa 4pe3 MopdonormyHms MeTos;
OuwaHe Ha rnoyeama — onpegens ce 5 roavHn, eXxeMeceyHo Npe3 BereTauMoHHUS nepuog,
CbC cneumarnHu ctaumoHapu no metoaa Ha LLaTHoB; eeoxumuyHa Muegpayusi u Kpbaospam
Ha enemeHmume Na, K, Ca, Mg, pH, Bogopa3TBOpyMO opraHM4HO BELLECTBO M TBbPA OT-
TOK - onpegens ce 10 unu 15 rognHn Ha Tpu NepuoAa, BCEKV TpU MeceLia Ypes NN3UMETPH,
OTTOYHM BOAM U MOYBEH MaTtepumarn.

* DoknaabT e no npoekt [0 02.260/18.12.2008 ,PaspaboTsaHe Ha ekcnepuMeHTaneH Moaern Ha KOMMNeKkceH
MOHUTOPWHT 3a YCTOWYMBO pasBuUTHE W yNpaBrieHVe Ha 3aluTeHn KapcTosm Teputopun” Ha PoHa HayuHu
nacneaBaHus”.
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MOHMTOPWHIBT Ce pasnonara B criegHata cxema:

1. MpeaBapuTenHu nscneaBaHuA: AeTannHy TepeHHn noysenn (M 1: 5000)
KapTMpaHusa CbC CbCTaBsfHE Ha MOYBeHa KapTa, KapTa Ha HapylleHusdTa Ha noYBuTE U
noyBeHaTa NoKpMBKa U XxapaKTepUCTMKa Ha CbOAbpPXaHUETO UM;

2. U360p 1 o63aBexaaHe Ha TePeHU 3a NONIUFOHU U CTaLMOHapyu 3a MOHUTO-
puHra;

3. Habop n pecdhmHupaHe Ha KOHTponupyemMuTe Ce30HHU (KPamKOCpPOYHU)
rnokasameJsu, NpU4YMHa 3a HeGnaronpuATHUTE NPOLIECU - JMHAMUKa Ha BIaXHOCTTA,
OVLaHe Ha NoYBuTE, CbAbpXKaHWEe Ha XpaHUTENHUTE BELLECTBA; OBbJI2OCPOYHU - CbAbp-
XaHve n 3anacu Ha MOB, xymyc, E-3arybu (eBanopauusi), CbCTaB Ha OOMEHHMN KaTMOHM,
MWUrpaLms 1 KpbroBpaT Ha enemMeHTUTe, KakTo U Moka3amesiume Ha paHHa duazHocmu-
Ka — MukpomMopdonorusi, Mukpodoriopa, OBl (oKMCNNTENHO-Bb3CTaHOBUTENEH MOTEHLU-
an), akTMBHOCT Ha no4eaTa;

4. NonbnBaHe Ha 6aHka 6a3a AaHHM 1 06paboTka 3a MexayHapogeH OOMeH,
KaKTO 1 KapCTOBO panoHMpaHe, OLEHKM 1 Mp. 3a BCEKW CTalMoHap;

5. KomnnekcHa vHTepnpeTaumsa B paMKuTe Ha USAMOCTHaTa MHgopmaumsa ot
MOHWTOPUHIa Ha KapcTa M OyeHKa pa3eumuemo Ha Kapcmosusi Mpoyec C NoMoLLTa Ha
N34MCrMTenHa nporpama v opyrv MeTOAMW.

B Tabnuua ca npefactaBeHV kaTto Ha4ano nokasaTtenuTte u MeToauTe, KOUTO ca
[ocTaTbyHO J06pW 3a nsuckBaHuaTa Ha MoHuTopuHra Ha [ LymeHcko nnato”. Tean
OerHOCTM ca cbobpas3eHn C M3UCKBAHETO 3a HEMPEeKbCHATOCT Ha MOHWUTOPWHIA U OCb-
LLleCTBABAHETO My Ype3 nornesun, nabopaTopHu 1 cTaumMoHapHu MeToau. NepmaHeHTHOTO
criefeHe Ha NpoCTPaHCTBEHOTO, BPEMEBOTO U €HEPreTMYHOTO pasnpederneHne Ha noy-
BEHUTE MPOLECH, KaKTO M KOOpAMHaUMATa C MOHUTOPUHIA Ha OCTaHanuTe KOMMOHEHTU
Ha npupoaHaTa cpeAa Lenm oLle 1 U3ACHABaHEeTO Ha No4BoobpasyBaTenH1Te npouecy B
YCrnoBUsiTa Ha KapCT.

OOwuTe xapakTepucTvkn 3a nodseHust komnoHeHT B 3KT kaTo gpebHonmnoL-
HOCT, pasnoKbCaHOCT OT CKanu W Kapu 1 NnuTKocTTa ca ocobeHo ronsiMo HeypnobceTso,
NpensaTCTBAaLLO afeKBaTHO NpunaraHe Ha NPEBaHTUBHYW 1 034paBUTENHM MEPONPUSATUS 3a
onasBaHeTo My B OTAENHUTE NMOYBEHMN 30HM, NOSICK U paioHn Ha CTpaHaTa. B MoHuTOpuHra
ce BnaraTt ycunus 1 CpeacTsa, KOMTO Han-npaBunHo criegsa Aa 6baat ocurypsiBaHu no
NVHNS Ha OBLLOAbPXABHUSA MOYBEH MOHUTOPUHT; MPW CTauMoHapHuTe HabnogeHus — ot
NpMpoAHMTE NapKoBe, a pesyntaTuTte no obLmMs KOMNNEKCEH MOHUTOPVIHT - OT odumunarn-
HO cchopmMmpaHo 3a uenTa Hay4YHO 3BEHO, Hanp. ,,YTunmsauus Ha kapcra”.
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RADON IN CAVES;
TRIAL MEASUREMENT IN BULGARIA*

Karel Turek'*, Petar Stefanov?, lvo Svétlik’
" Nuclear Physics Institute, Dept. of Radiation Dosimetry, Na Truhlarce 39/64,
180 86 Prague 8, Czech Republic
2 National Institute of Geophysics, Geodesy and Geography, Acad. G. Bonchev
Str., block 3, Sofia - 1113, Bulgaria

Radon is a heavy radioactive noble gas, a member of natural decay series. It is
released from uranium or thorium containing minerals in bedrock by emanation and diffu-
sion and later it is spread by ventilation and water transport.

Its most important isotope, #?Rn (p = 9.73 kg/m?, T, , = 3.82 d) has daughter products #'®Po,
#14Po and #°Po, all are a-particle emitters. Other isotopes are short lived *°Rn (thoron, T, ,
=56 sec) and 2"*Rn (actinon T, , = 4 sec),

Studies related to radon presence in caves have two main aims:

e general information about Rn behaviour - concentration, local and time

variation, ventilation;

@ health risk for persons due to Rn inhalation - daughter products captured

in lungs can cause cancer.

Measurement of radon concentration is based on detection of a-particles and
can be carried out by two groups of methods - continual and integral. Continual methods,
mostly using active electronic devices (typically ionizing chambers, semiconductor detec-
tors, scintillators), provide nearly prompt values and are preferred for short term, detailed
measurements. The integral methods, both active and passive, provide mean values over
the period of exposure. In caves, however, the use of active methods (with electronic de-
vices) is strongly influenced by the disturbing effect of high humidity, difficulties with trans-
port to distant localities as well as limited access to power supply. Therefore combined
usage of measuring equipment is optimal - to apply passive integral detectors, mostly
track etch detectors, for general survey/mapping of the whole area and active electronic
devices for later, more detailed study of the chosen localities of interest.

Recently, we started the trial measurements of Rn concentration in several Bul-
garian caves. The first task was the choice of the detector and appropriate arrangements
for its use in caves. Because of limited space and illumination in caves it is better to have
detectors ready to use before entering the cave. The arrangement must be simple and
easy to handle - sometimes the exchange of detectors is carried out with help of other
persons. At present we use small (~20 ml) plastic chambers (vials), shown in Fig.1, with 2
cm? window hermetically closed by 5 um PE-foil. The foil allows Rn to penetrate into the
measuring space by diffusion but serves as a barrier for its daughter products from out-
side (attached on dust and aerosol particles). The y-particle sensitive CR-39 plastic (Page
Mouldings Ltd., UK) is used as a track track— etch detector. Vials with detectors were
calibrated in the Rn chamber of the National Institute for Nuclear, Chemical and Biological
Protection, Kamenna near Pfibram, CR, before use. The response is ~68 tracks.cm= per
1 kBg.m=3.day. Exposed detectors are processed by combined chemical and electrochemi-
cal etching. Evaluation of a scanned detector, Fig.2, is carried out using SW ImagedJ [http://
rsbweb.nih.gov/ij/download.html].

With respect to climatic effects and seasonal variation, it is necessary to cover
at least one year period of measurement continuously, exposure by exposure, for a given

*Research results reported have been obtained along Project DO 02.260/18.12.2008 “Working out an experi-
mental model for complex monitoring of protected karst territories aiming at their sustainable management and
development” of NSF — Bulgaria.
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locality. According to our experience quarterly exposures are sufficient in most cases, but
sometimes it is necessary either shorten or prolong the exposure time if Rn concentration
is too high or too low, respectively. Unfortunately, nearly half of installed chambers were
found with ruptured PE foil, in some cases with evident tracks of animals” (bats or mice)
teeth. Obtained results are not correct in such a case and can be considered only as an
upper estimate. To avoid this, we consider either use of an additional protective cover
(cage) or modification of the design of a chamber.

Up to now, Rn-concentrations were measured in caves Emenska peshtera,
Saeva dupka, Zandana (Biserna), Uruschka maara, Vodopada (Maarata), Ledenika iand
Snezhanka. Measured values were within 100 - 820 Bg.m-2. There are some indications
of concentration >1 kBg.m-?, they must be proved though. Present results are fragmented;
therefore the nearest task is to complete the data to have full sets for one year period for
each locality.

Later we plan to use them as a base of other studies e.g. correlation with other
quantities or parameters (CO, concentration, ventilation rate, temperature, humidity etc.
...). Estimation of radiation risk in localities with enhanced Rn concentration to different
groups of visitors (tourists, guides, speleologists, adults, children) will be performed for
these sites.

window
detector
h-h"""\'-\-..ﬁ._ HErE _..,-""r'-
Fig.1 Design of the Fig.2 Exposed detector (¢ =16 mm) after
measuring chamber etching, inner area (¢ = 9 mm) with a-particle tracks

is evaluated
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APPLICATION OF RADICARBON DATING FOR KARST
RESEARCH PURPOSES: ITS POSSIBILITIES
AND LIMITATIONS

Ivo Svetlik*, Karel Turek, Lenka Tomaskova
Nuclear Physics Institute AS CR, Dept. of Radiation Dosimetry, Na Truhlarce
39/64, 180 86 Prague 8, Czech Republic
*E-mail: svetlik@uijf.cas.cz

Environmental compartments contain a mixture of two stable carbon isotopes
(*?C and 3C) and one radioactive isotope “C (radiocarbon). This radionuclide of global
occurrence has a half-life of 5730 yr. In nature, "C is produced by nuclear reactions gen-
erated by cosmic rays in the atmosphere (Lal and Peters 1967; Burchuladze et al. 1980).
The natural '*C production rate is relatively balanced by its removal from the atmosphere
to other environmental compartments (e.g. oceans, biosphere). The role of direct radioac-
tive decay in the atmosphere is negligible due to its long half-life and the short residence
time of CO, in the atmosphere of only a few years.

The radiocarbon dating method was developed by a team of scientists lead by
Professor WF Libby. Today, there are over 130 radiocarbon dating laboratories around the
world performing radiocarbon assays for the scientific community. The '“C dating tech-
nique has been applied and used in many different fields including hydrology, atmospheric
scienceklimatology, oceanography, geology, palaeoclimatology, archaeology and biomedi-
cine (http://www.c14dating.com/int.html).

The principle of the method is based on the supposed relatively balanced amount
of 14C (CO,) in the atmosphere. Plants assimilate atmospheric CO, (and “CO,) by pho-
tosynthesis and "“C enters food chain in this way. After elimination of a given organism
from natural carbon cycle (exitus), the activity of “C decreases as a result of radioactive
decay. When we know the ™C activity of a sample, the time which expired from carbon
cycle elimination can be calculated. The sample age which can be determined by the
radiocarbon method is not related to the time when the sculpture was carved from wood
or ivory but to the time when such material was eliminated from CO, assimilation or food
ingestion.

During several years after the start of the radiocarbon method application, it was
found that past '“C activity was slightly varying and first radiocarbon calibration curves
were assembled to get more precise dating results. Very exact results of "*C activity deter-
minations were applied in the combination with other dating methods (dendrochronology,
lake varves chronology, uranium-thorium dating) to compile the calibration curve (Hajdas
et al. 1995, Goslar et al. 2000, Bard et al. 1998, Reimer et al. 2004). Range of actual curve
IntCal09 for terrestrial samples was extended to 50 000 years BP and approached the limit
of the radiocarbon dating method (Reimer et al. 2009).

Unfortunately, there are also other limitations. Due to several changes of “C
activity in the environment we will receive 3 or 4 time intervals with similar probabilities for
samples originated from 1620 to 1950 AD (i.e. we can not receive single valued interpreta-
tion utilizing radiocarbon dating for this period). Possibility of dating of samples of origin
within this period could be crucial for various historical or environmental studies.

Another type of limitation is given by possibility of sample contamination by
“younger” or “older” carbon forms. To avoid such interferences, it is necessary to select
proper chemical form of carbon for isolation and perform its purification carefully as a start-
ing step (sample pretreatment) of sample preparation routine (i.e. from bone samples a
collagen fraction is isolated, from wood sample alpha cellulose is isolated).
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In our contribution possibilities and limitations of the radiocarbon dating method will be
discussed in more detail. Likewise, a brief survey of various types of samples which can
be used in connection with karsts research will be described.
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Regardless of their special statute, protected karst territories (PKT) undergo
pressure from various human activities such as: agriculture, quarrying, construction and
operation of small hydropower plants, tourism, etc. Due to the karst nature, anthropogenic
impacts are extremely risky for the sustainable development of these territories. In this
sense, socio-economic monitoring (SEM), which focuses on observing people, their activi-
ties and the use of natural resources, is an essential part of a comprehensive monitoring
of PKT.

SEM of PKT can be reduced to monitoring of: 1. Visitors: profile of visitors, their
visiting practices, their interest in objects of PKT, etc.; 2. Trends in the use of the urban
PKT environment: state and development of infrastructure (social, economic, including
tourism, technical, etc.) and the opportunities it provides for the development of a variety
of services to benefit businesses and society; 3. Direct use of natural resources to meet
the local community needs. Integrated monitoring of all listed above as subjects, objects
and activities allows: to trace and identify how interrelated they influence each other and
how they change, to identify upcoming impacts and causes of change and to determine
acceptable levels of change, to assess resulting consequences — both ecological and so-
cio economic ones for the local community; to make appropriate management decisions
for balanced development of PKT.

SEM is built on the geosystems approach as a guiding methodological principle.
Karst geosystems set parameters and outline the perimeter of interactions and relation-
ships among the system elements. In the particular case of SEM, the assumed output
frame is the natural-social system “Nature-Society-Economy-Infrastructure-Urban Net-
work”, with its on-going complex and interrelated natural, economic and social processes
and phenomena of different nature. On this basis an experimental model of the system for
socio-economic monitoring of PKT is developed. Four main steps are set out in this model:
inventory, monitoring, survey (research), and development of plans for management of
monitoring data. The combined inclusion of all four steps mentioned above is seen as a
main methodological approach of SEM. Each of them has its own specific functions in the
implementation of SEM, while on the other hand they are complementary to each other.
Each step has its own independent methodology (goal, task and purpose, object and
scope of observation, design and size of observation, method, structure and registration
form content, places of observation, periods of observation, etc.), which is an integral part
of the overall system of SEM.

The models developed for information gathering make an important part of the
developed methodology, namely: forms of inventory of groups of objects; forms for moni-
toring, including visitors’ monitoring, monitoring of sites and facilities of socio-economic
infrastructure and related activities, monitoring of activities carried out directly on the pro-
*Research results reported have been obtained along Project DO 02.260/18.12.2008 “Working out an experi-

mental model for complex monitoring of protected karst territories aiming at their sustainable management and
development” of NSF — Bulgaria.
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tected territory with direct use of resources; questionnaires for research (surveys), focused
on groups interested in development of PKT.

The methodology for SEM was partly tested in the period 2010-2012 at select-
ed model PKT in Bulgaria (Natural Park “Shumen Plateau”, Natural landmark “Maarata”,
Natural landmark ,Saeva dupka”, Protected locality , Trigradsko zhdrelo”) and in the Czech
Republic (Protected landscape area of “Moravski kras”).The first results came from re-
alized inventory and visitors’ monitoring while testing the information collection models.
Inventory results are summarized in terms of: organization of information; optimization of
inventory forms: quality of data collected; organization and holding of inventory, etc. The
results of visitors’ monitoring are summarized in terms of: visitors’ behavior to the visitor
card; places to complete the visitor card; quantity and quality of the sampling plan; quality
of the collected information and possible benefits from it, etc. Synthesis of partially per-
formed experimental SEM reveals the merits and deficiencies in the developed model.

Analysis of the results from partial testing of the experimental SEM model for
different categories of PKT give reason to conclude that the developed proposal should
be an integral part of the system for complex monitoring of PKT. Naturally, the presented
model is an experimental one and subject to refinement according to the specifics of each
PKT.
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Knrovdoeu dymu: kapcmosa 2eocucmema, 3awumeHa kapcmosa mepumopusi (3KT), cmpykmypa u
yHKkyuoHupaHe Ha 3KT, kpumepuanHo-uHOukamopHa cucmema(KUC), kornnekceH MOHUMOPUHe

M3sacHABaHeTO Ha MeToAMKaTa € OCHOBEH MOMEHT BbB BCAKO M3CnenBaHe, Tbil
KaTo OT Hes A0 ronsiMa CTeneH 3aBuCK KpamHUAT pesynTtar. HeobxoammocTTa oT ToBa e
noeeye OT OYeBMAHA, MMaVKN NpeaBua U3KMKYMTENHO CcrnoXxHaTa cbliHocT Ha 3KT kato
KOMMNMEKCHN obpa3yBaHUsi OT MPUPOOHWM WM aHTPOMOreHHW KOMMOHEHTU U EneMeHTU u
BPBb3KM MOMEXIY UM B KA4eCTBOTO MM Ha KapCTOBW reocuctemu. Vanona3saHeto Ha pas-
NMYHN METOAM Ce U3BbPLUBA B XOA4a Ha Lenus 1u3crnegoBaTtencku npowuec, Ho nogbopsT
N Bb3MOXXHOTO UM CbY€TaHWe KaKTO M BKITIOYBAHETO HA CbOTBETEH MHCTPYMEHTapUyM e
NnoyTK BMHArM NpeaLwecTBall etan ¢ MHOMO rofisiMa BaXXHOCT. TO3U T. Hap. METOANYECKO-
WHCTPYMeHTarneH anapar e npegHa3HavyeH ia ocurypu ycrnexa Ha nacnensaHeTo nog op-
mMaTta Ha HabngeHMe N KOHTPON CbIMacHO TpakTOBKaTa Ha NMOHATUETO ,MOHUTOPUHI” Ha
BCWYKN OCHOBHM XapaKTEPUCTUKN HE CaMO Ha CbCTaBHUTE KOMMOHeHTu/enemeHTn Ha 3KT
OT pasnuyeH TUM, HO U Ha MpoTUYaLLMTE NPOLECH Ha B3anMOLEWCTBME MOMEXIY UM OT
pasnuyeH xapakrtep.

MpouechbT Ha CbCTaBsHe Ha MeToAuKaTa NpemMuHaBa Mpes3 [ABa OCHOBHU eTa-
na. MbpBUAT eTan, onpedensH Kato eMNUPUYHO-aHANUTUYEH, LIeNn paskpuBaHETo
Ha cblyHocTTa Ha 3KT kaTo ce obxBallaT BCUYKM CTPYKTYPHU €NeMEHTU M NpoLecH Ha
dyHKumnoHnpaHe Ha 3KT B HelHaTa UAnNOCT KaTo ynpasnsiema npupoaHo obocobeHa pe-
rmoHanHa eguHuua. Ha mbpBoO MSICTO B Hes KaTo 6asncHa YacT ce umar npegsug Hanmy-
HWTE JadeHOCTM Ha TEPUTOPKMATA, B KAYECTBOTO UM Ha YCIOBUSA Y PECYPCU OT pasnmyeH
XapakTep - 3aKOHOMEPHO eCTeCTBEHO 0OYCNOBEHN 1 CbTBOPEHM OT YOBEKA B pe3ynraTt OT
HEVHOTO NPOABLIPKUTENHO CbLUECTBYBaHE U pa3BUTUe, T. €. eAHaKBO BaXXHO BHMMaHue ce
OTAEenNst KaKTO Ha NPUPOAHUTE, TaKa U HA aHTPOMNOTEHHUTE ENEMEHTN.

Bcuukm enemeHTn Ha reorpadpckata cuctema 3KT kato Heobxoguma n Hensoex-
Ha NbpBuYHa (6a3ucHa) fageHocT, onpeaensiya HeHata 3akoHOMepPHO dhopMuMpaHa npu-
pOLHO-aHTPOMOreHHa CTPyKTypa, ca 06ekT Ha cneuuanva3npaH aHanv3 OT [Ba acnekra:
nbpBo, udeHMuguyupaHe Ha cmpykmypama Ha 3KT 4pe3 gudepeHunpaHn CbLLHOCTHU
XapaKTepUCTUKM Ha BCUYKM CbCTABHU KOMMOHEHTU/ENEMEHTU C NMOMOLLTa HA KOHKPETHMU
KONMUYECTBEHM N KAYECTBEHU MOKa3aTenu, napameTpu, MHOEKCU U Ap. U BTOPO, U3SICHSI-
8aHe Ha rpouecume Ha (hyHKUUOHUpaHe Ha cuctemaTta 4pes: OCbLUECTBSBAHOTO Bb3-
[encTBMe OT CTpaHa Ha akTMBHAaTa aHTPOMOreHHa YyacT B cMcTeMaTta, CUHXPOHHO MpoTK-
YaloTO B3auMOAEUCTBUE MEXAY eneMeHTUTe, Npean3BrMKBaHUTE U3MEHEHUA B TAX U
HaCTbNBALLMTE NOCNEACTBUA 3a LUsnaTta cuctema, Kato ce npeaswkaa 1 npubnmusmTenHo
(opueHTNPOBBYHO) oYepTaBaHe Ha edekTa oT pyHKUMoHMpaHeTo Ha 3KT, n To npegnMHO
B €KOmnornyHa Hacoka.

BTopumAT eTan, onpenensH Kato oueHbYeH, Lenv pa3paboTBaHETO Ha cnewuu-
anusmpaHa LeneBo 000OCHOBaHa KputepuarnHo-MHAMKaToOpHa cucTemMa 3a MOHUTOPUHIO-

* [oknaabT e no npoekt [0 02.260/18.12.2008 ,PaspaboTsaHe Ha ekcnepuMeHTaneH Mofesn Ha KOMMNeKCeH
MOHUTOPVHT 32 YCTOWYMBO pasBuUTHE W yNpaBrieHVe Ha 3almUTeHn KapcToBm Teputopun” Ha PoHA ,HayuHu
nacneaBaHus”.
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BW U3CNeABaHus, KOSTO POKycMpa BbPXY YCTAHOBSBAHETO HA CTEMEHTa Ha aTpPOMNOreHHo
HaToBapBaHe 1 yctoumBocT Ha 3KT ypes3 nHdopmMauusa 3a MOMEHTHOTO U YCPEAHEHOTO
CbCTOSHME Ha Pa3HOPOLHUTE XapaKTEPUCTUKN HA CTPYKTYPHUTE KOMMOHEHTU/ENEMEHTU 1
npouecu npotuyawm B 3KT. OyeBngHo e, 4e KNC 3a komnneKkceH MOHUTOPUHT obeanHsiBa
peauua 4YacTHO-KOMMOHEHTHN UHAUKATOPHN CUCTEMW 338 MOHUTOPWHT, CbOTBETCTBALLM Ha
CTPYKTYPHUTE KOMMOHEHTW/enemeHTn Ha 3KT.

Mo-cblecTBeHaTa 1 Tpygoemkarta 4yacT OT npoueca Ha cb3fgaBaHe Ha KNC e
POPMYNNPAHETO Ha KOHKPETHU MHAMKATOPU 3a OLEHKA Ha BCUYKM KaTeropuu npeamet-
HO-OEeNHOCTHU KpUTEPUX, KOUTO Aa 3arerHar B cneumanm3npaHnTe YacTHO-KOMMOHEHTHU
WHAMKATOPHM CUCTEMU 32 MOHUTOPUHT. TO3U Npouec CbOTBETHO NPEMMUHABA NPE3 HAKOMKO
OCHOBHM CTBIKN.

Cmubnka 1. ®opmynupaHe Ha yenma. Llenta Ha KOHKpeTHWTe crneumanusupa-
HU CUCTEMU UHAMUKATOPY € Aa AeUHMPAT KOSIMYECTBEHN WU KaYeCTBEHU U3MEpPUTENN Ha
OCHOBHUTE XapakTEPUCTUKWM HA NPEAMETHO-AENHOCTHUTE eneMeHTH KaTo: KOMUYecTBo,
NOBTOPSIEMOCT, pa3Mep Ha cpellaHe/pasnpocTpaHeHne Ha TepuTopusiTa, cuna/nocokal
XapakTep Ha NposiBa, CTENeH Ha U3MeHeHNe/oTpaxeHne 1 T.H.

Cmubrika 2. Tunonozaus. Ta ce cb3gaBa OT NOAYNHEHOCTTA HA YaCTHUTE UHOMKA-
TOPHW CUCTEMM KbM 3adafeHunTe o6 kputepum Ha komnnekcHata KNC. PasrpaHnyaBsat
Ce CbOTBETHO CNeaHUTE TUNU3NPaHN rpynu NHANKATOPU:

@ 3a U3MepsaHe U OUeHKa Ha yCri08Uusl U pECYPCU KaTo [aleHOCTU Ha TepuTopusi-
Ta OT NPUPOOHO N aHTPOMOreHHO eCTECTBO C OTYMTaHE Ha 3aKOHOMEPHO hOPMUPaHUTE UM
OCHOBHW XapaKTepUCTUKM, KOUTO ca TBbpAe cneumduyHn. Tyk MHAMKATOPUTE BCBLUHOCT
nmaT Han-ronsiMo pasHoobpasve npeaBua pasnuMyHaTa UM NpUpoAa U 3aKOHOMEPHOCTU
Ha MposBa;

@ 3a usmepsaHe U oueHKa Ha eb3delicmeus. Vimavikm npeasua, 4e Te3n ycno-
BMSI U PECYPCU Ha TepuTopusiTa ca BCbLUHOCT (m3myeckata OCHOBA 3a CblLECTBYBaHe
W NpaKTUKyBaHe OT YOBEKa Ha pasnu4Hu OEWHOCTU, Te ca NOAMOXKEHN Ha HEMPEKbCHATO
Bb3[AENCTBME B Pa3NNYHO HaMpaBfeHne 1 ¢ pasnunyHa cuna u cteneH. ETo 3alyo B 4acT-
HUTe Habopu MHOMKATOPM ce NpeaBMXKaa BKIHOYBAHE Ha KONMMYECTBEHU U KAYECTBEHWN U3-
MEPUTENN N Ha NEPUOANYHOCTTa, (POPMUTE, HAYMHUTE, CuraTa Ha Bb3OENCTBUE criopen
YyNpaXHABAHUTE OENHOCTM U CbLLUHOCTTa Ha U3NON3BaHNUTE YCIOBUSI U PECYPCY;

@ 3a u3MepseaHe U oueHka Ha Karnayumema. MHoro BaxHO e Ha OueHKa fa ce
nognarat U Bb3MOXHUTE rpaHuum (MUMUTU) HA Bb3AENCTBUE KATO Ce OTYMTa NMOEMHUAT
KanauuTeT Ha OTAENHWUTE MNPUPOOHO-AHTPOMOreHHW KOMMOHEHTWU/eNEMEHTU Ha aHTpo-
noreHeH HaTuUck/HaToBapBaHe, MPU KOETO ce MAeHTUdMUMpaT crneumanm3npaHn Hopmu
Hanpumep, 3a 3acTposiBaHe, A0OMB, naiia, foB, pubornoB, MacoBOCT Ha TYPUCTUYECKO
NnoceLleHne N T.H.;

@ 3a U3MepeaHe U OUeHKa Ha cmereHma Ha usmMeHeHue. HanbrnHo NorMyHo e,
Ye Npu BCSKaKbB BUA, Bb3OENCTBME BbPXY YCMNOBUATA U PecypcuTe npu peanu3npaHeTo
Ha pa3HOOOPa3HN YOBELLKM NPAKTUKM B TSIX HACTBLMNBAT pasfMyHM MO XapakTep U CTeneH
N3MEHEHUS — KaKTO KONIMYECTBEHM, Taka U Ka4eCTBEHM - U TO MHOIO YeCTO B OTpuLaTenHa
HacoKa, OCBEH aKo Bb3[eNCTBUSATA HE Ca LieNIeHaCOMeHn ¢ Orfef Ha NoCcTuraHe Ha noro-
XuteneH epekT — Hanpumep, 3anecsasaHe, bnaroyctposiBaHe, 3apubsiBaHe, ykpensaHe,
PEeKynTMBaLMS U T.H.

Cmmbrika 3. MéeHmugpuyupaHe. NOEHTUPULMPAHETO HA MHOUKATOPUTE CE OCb-
LecTBsBa B paMKUTE Ha OTAEMNHUTE KOMMOHEHTU B CbOTBETCTBUE C TAXHaTa cneumdumika.
To ce siBSBa KaToO CbLLECTBEHA CTbIKA, BaXKHa 3@ YyTOYHSIBAHE Ha NapaMeTpuTe, B YUIATO
ananasoH yHKLMOHMpAT MHAMKATOPUTE B cucTemara.
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Cmubrika 4. PaspabomeaHe, u3bop u npunoxeHue Ha uHOukamopu. Bknwousa
opraHuMsMpaHe Ha cucTemaTa OT MHAMKaTOpW, M3BbPLUBaHeE Ha nopbop/cenekums Ha Ha-
OOopu OT MHAMKATOPU MO KOMMOHEHTU, HEOOXOANMM 32 KOMMIEKCHUSA MOHUTOPUHT Ha 3KT,
npoBexaaHe Ha ekcrnepumeHTanHa TepeHHa, nabopartopHa, aHanuTM4yHa CTaTUCTUYECKO
- HcbopMaUmnoHHa paboTa No NPUNOXeHWe Ha OLEHBYHUTE KONMYECTBEHU U KaYeCTBEHN
N3MepUTENN Ha KOMMOHEHTHUTE CUCTEMU UHOUKATOPMW.

Bcuyko ToBa MOXe Aa mocnyxu 3a 00OCHOBKAa M Ha afekBaTHa ynpaBrieHcka
MoNuTMKa B acnekTa Ha naesita 3a yCTOMYMBO pa3BUTKE C NoagvepTaH akLeHT BbpXy T.Hap.
eKonornyHo obpasoBaHue 1 Bb3nMTaHue (B Criyvyasi B KOHTEKCTa 3a KapCTOBUTE reocucTe-
MW) Ha BCUYKWU @HraXupaHu B pasnuyHa cTteneH OBLHOCTHW rpynu: agMUHUCTPaTUBHO-
yrpaBfeHCKW, CTOMaHCKK, NMOCETUTENCKN U Ap. C ornes Ha cbobpassiBaHe Ha aHTPOMo-
reHHOTO HaToBapBaHe Ha KapCTOBWUS TWUM FeOCUCTEMM C TAXHATa npupopHoreorpadcka
cneumndumka.
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THE UNIFIED DATABASE OF SPELEOLOGICAL OBJECTS
OF THE CZECH REPUBLIC AS PART OF NATURE
CONSERVANCY INFORMATION SYSTEM

Ing. Olga Suldovska', Rndr. lvan Balak?
"Nature Conservation Agency of the Czech republic
E-mail: jeso@nature.cz
2Nature Conservation Agency of the Czech republic
E-mail: jeso@nature.cz

Protection of caves is provided by law on the Conservation of Nature and Land-
scape of the Czech republic. The protection is possible only with quality and permanent
documentation.

The Unified Database of Speleological Objects (called JESO) represents the
integral information system of karst and pseudokarst phenomenos (such as natural under-
ground cavities - caves, swallow holes and their relative forms of relief and hydrological
objects - resurgences and sinks) in the territory of the Czech republic.

The database is administrated as a public register and is used by the public
administration authorities, specialized organisations and public (landscape planning, re-
search, monitoring etc.).

Data collection, visualization and administration of JESO system is provided by
the web application on the URL address http://jeso.nature.cz.

JESO is administrated by Nature Conservation Agency of the Czech re-
public (NCA CR), which cooperates with Cave Administration of the Czech republic and
Czech Speleological Society on the filling the data to database and data evaluation. Na-
ture Conservation Agency of the Czech republic is a governmental body established by
the Ministry of the Environment as a successor of the former Czech Institute for Nature
Conservation. The main aim of NCA CR is to protect and conserve nature and landscape
on the whole territory of the Czech republic.

JESO is produced by NCA CR as part of Nature Conservancy Information Sys-
tem (ISOP). This system manage and make special data of nature conservation open to
public. It is one of information systems of the public administration of the Czech republic.
It consists of central database and web applications with tools for editing, browsing and
searching data. ISOP is provided by the web application on the URL address http://isop.
nature.cz. JESO is used on platform SQL — ORACLE in architecture SERVER — CLIENT.
The geographic part of application uses GIS technology.

JESO use components of ISOP:

@ ArcSDE Geodatabase (called Datovy sklad AOPK CR)

o Nature Conservancy Central Register (called DR USOP)
o Database of Bibliography Register (called BIBLIOGRAFIE)
o Database of Photos (called FOTOARCHIV)

Parts of JESO system are electronic map documentations, map service and map
applications.

JESO Electronic documentation consists of plan views and cross-sectional views
of caves, 3D models of cave systems and other special maps (e.g. hydrological, geologi-
cal, archeological). Plan views of significant caves are converted and transformed to GIS
layers and displayed as a part of JESO Map Service.

JESO Map Service is presented by technology ArcGIS Server. It is public acces-
sible, therefore there are only caves open for public and other commonly known objects.
The password-protected service for professional users will be added to the public one.
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JESO map service contains polygonal and point layers of entrance and con-
verted plan views of caves, hydrological objects, karst relief and other special and base
maps.

Map Services is showed in web map applications. Links of those applications are
situated at the web page http://jeso.nature.cz.

Web map aplication MapoMat JESO is made in Nature Conservation Agency of
the Czech republic. Link is http://webgis.nature.cz. This viewer of geographical data does
not enable connection to external database yet. Basic browser called JESOVIEW uses
technology ArcGIS Online. This application is integrate into JESO system. This technology
enables making direct links to other database applications (e. g. DR USOP). Link is http://
webgis.nature.cz/jesoview.

Project of JESO application and its development are common work of authors of
this contribution. This work include filling with data, train users, improve of map application
and other matters.
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THE DEVELOPMENT OF KARSTIC LANDFORMS BASED
ON GEOLOGICAL-GEOMORPHOLOGICAL PARAMETERS.
A STATISTICAL APPROACH USING GIS

Papadopoulou-Vrynioti Kyriaki'*, Bathrellos George'**, Skilodimou Hariklia"**
' Department of Geography-Climatology, Faculty of Geology and
Geoenvironment, National and Kapodistrian University of Athens, University
Campus, 15784, Zografou, Athens, Greece
*E-mails: papadopoulou@geol.uoa; Tel - fax: +30 2107274132
**E-mails: gbathellos@geol.uoa.gr; ***hskilodimou@geol.uoa.gr

Intoduction

Karstic landforms developed on the surface and underground, frequency are
used for human activities (Papadopoulou-Vrynioti , 1999). In many cases is a geological
hazard and can cause serious engineering problems such as subsidence (Farrant and
Cooper, 2008). Several factors such as physical process parameters and human activities
influence the karstic formations (Gutiérrez et al., 2008). The scope of the study is to iden-
tify the importance of geological and geomorphological parameters in karstic landforms
development using GIS.

Study area

The study area extends along the southern part of Marathon Lake in north-east-
ern part of Attica prefecture and is located in northern place of Agios Stefanos that is a
suburb of Athens Area (Fig. 1B). The extent of the area is 6,1Km2 and characterized by
a low hilly relief with altitudes varying from 100 to 380 m a. s. I. The drainage network is
poor development (Fig. 1B). The geological formations that can be identified in the study
area are marbles and schists of Almyropotamos-Attiki autochthonous unit and Neogene
deposits.

Data and Methodology

The data used in this study consist of: the topographic maps (maps scale 1:25,000
and 50,000), the geological map (map scale 1:50,000 respectively), air photos (scales
1:30,000 and 1:15,000) and extended field investigation. A spatial database was created,
and ArcGIS 9.3 software was used to process the collected data. The karst occurrences in
the study area and the seven involved factors have been recorded and saved as separate
layers in the database.

The karstic landforms, recorded during the fieldwork of this study, but also those
recorded from previous works, were used for the creation of the karst manifestation map
(Fig. 1). Atotal of 39 sites of karst manifestation were examined throughout the study area,
having affected an area up to 39,684m2. The recorded karst features were separated as
36 small caves, 2 dolines and 1 polje.

The selection of the appropriate factors and the determination of the classes’
number as well as their boundary values have been based on literature (i.e Yilmaz, 2007)
personal knowledge and experiences as well as extended field observations. The se-
lected factors are: the lithology, the distance from faults, the distance from hydrographic
network, the distance from springs, the slope angle, the slope aspect, and the altitude.
Each parameter was then separated into various classes. Lithology was classified into four
categories, namely: marbles, schists, coarse-grained and fine-grained sediments. Buffer
zones were formulated around the faults, streams and springs at distances of 50, 100,
150 and 200m. Thus, the classes of the buffer zones for each factor are five: the nearest
(0-50), the very near (51-100), the near (101-150), the moderate distant (151-200) and
the distant (>200m). The slope angle was classified in five classes as follows: (i) <5°, (ii)
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5°-10°, (i) 11°-15°, (iv) 16°-20°, and (v) > 20°. The slope aspect map was classified into
four categories, thatis N 315° - 45°, E 45° - 135°, S 135° - 225°, W 225° - 315°. Finally the
elevation map was classified into five categories: (i) <150m a.s.l., (ii) 150-200m a.s.l., (iii)
201-250 m a.s.l., (iv) 251-300 m a.s.l., (v) 301-350 m a.s.l. and (vi) >351 m a.s.l.

The area of karst formations involved in each class of the factors was calculated
in order to establish the density of karst incidences. Thus the density distribution of karst
events in each class of each factor was computed. This statistical analysis was used in
various studies (Bathrellos et al, 2009; Rozos et al, 2011 ) for the landslide hazard evalu-
ation using GIS.

Results

In the study area lithology greatly influences the occurrences of karstic formations.
The class representing “marbles” has the highest karst density (74.5%). In the carbonate
rocks such as marbles, karstification is relatively great, resulted the development of many
karstic landforms. Regarding faults the highest karst density (27.7%) refers to “the near”
class. The percentage of karst density accretes as the distance from the hydrographic
axes and springs increases. Flat areas with a slope angle less than 3° favor the karstic
formations development, so the karst density is high (62,3%) class for the smooth slopes
(<5°). As it was revealed from the fieldwork, most of the karstic formations are manifested
in the slopes with orientation from northwest to northeast so this class has a karst density
of 73.3%. The increasing of the altitude is not in a direct relation to the karst density, with
the higher density percentage to attributing to third class (251m-300m a.s.l.).
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TERRESTRIAL LASER SCANNING: A DATAFRAME

FOR MULTIPLY RESEARCH IN A PSEUDOKARST AREA,
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The locality Ledove sluje (Ice Caves) in Podyiji National Park (Czech Republic),
with an extensive system of pseudokarst caves, has been known for first researchers
since the mid of 19th century. The numerous of various kinds of scientific activities (spe-
leological, microclimatological, geophysical, structural engineering, forest ecology etc.)
has increased in this area after the National Park establishing in 1991.But the possibility
to draw any detailed map of locality is limited because of extremely complicated terrain
conditions (rock debris, block fields, steep slopes). For this reason, a Terrestrial Laser
Scanning (TLS) combined with Total Station (TS) and Global Navigation Satellite System
(GNSS) was used to prepare a high quality digital elevation model (DEM) as a spatial
dataframe for other researches as well for terrain-caves metric analysis. Topographic and
speleological plans with 3D laser scanner model are compared in this paper.

Field work included next processes:
e Establishment of local geodetic point network.
o GPS measurement of selected points with network Real-Time Kinematic
(RTK) service provided by CZEPOS, Czech national network of permanent
reference stations for GNSS via Leica Viva NetRover GS08.
o Land measurement from GNSS points to points with obstructed sky view via
TS Topcon GTS.

o Terrestrial laser scanning from established geodetic points and from

intermediate points determined during scanning via Leica ScanStation C10.

Geodetic point network consisted of 14 positions (4 pts on crest around the high-
est peak with the memorial — obelisk; 7 pts through Fault Ravine, i.e. a depression whose
wall to the obelisk reaches a height of 20—25 m; 3 pts below the ravine on the slope with
the highest concentration of pseudokarst caves). The length of geodetic polygon is ca. 300
m and the size of covered area is 130 m x 85 m with elevation of 55 m. Next 42 position
points were fixed in the process of laser scanning inside and near of polygon.

First phase of terrestrial laser scanning was focused on surface terrain and on
entrance into 3 biggest caves (Grotte |, Grotte I, Brnenska). It took 6.5 minutes for the
scan resolution 10 cm of both horizontal and vertical in the range of 100 m. This means
resolution1cm @ 10 m, 2,5cm @ 25 m, 5 cm @ 50 m etc. Although measurement set-
tings included all reflections in the range of 300 m, available data are from one third of the
maximum range, the rest was obscured with terrain barriers or with vegetation.

This raw scan data file has size 32 GB. Terrain conditions made average 6 scan
position per day possible, completing field works in 9 days.

Leica ScanStation C10 proved suitable properties for mapping in rocky terrain
conditions and in caves. Minimum scanner range 0.1 m allows measurement near wall in
small space like inside a cave. Scanner’s field of view 360° horizontal and 270° vertical
made possible to screen vertical walls or roofs. Scan rate up to 50 000 points/sec gives
more time for changing scan position in complicated area. The experiences with pick up
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targets for registration are discussed in the paper.
On the basis of our measurements, we will create a detail 3D terrain model suit-
able for advanced geomorphological analyses with relation to pseudocarst caves.
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THE SYSTEM OF SPECIALIZED DOCUMENTATION
(THE DOCUMENT CODE) OF THE CAVE ADMINISTRATION
OF THE CZECH REPUBLIC

Jan Flek
Cave Administration of the Czech Republic

It is established under the provision of section 4, subsection 2, letter c) of Orga-
nization code of the Cave Administration of the Czech Republic reference number 1/2006
(Director’s instruction Nr. 1/2006).

To the professional leading the documentation belong the responsible manipula-
tion, transparent register, system of sorting and storage of the documented materials.

The cave aministrations and their collected materials differ from each other, not only
in capacity, but also in kind. Also the existing way of materials sorting is different. But the
basic principles of materials sorting are the same for all of the workplaces.

The sorting system of documented materials is indispensable helping mean for
getting the overview about the composition and importance of documented materials and
helps by orientation and searching of documented materials and their using. It means also
the widening of knowlege of the own collection and also offers the base for the improving
of the arrangement of the documentation.

The balanced, well presented sorting system of materials signify for the surround-
ing good reputation of the organization. Authorities of state administration and providers of
grants put big emphasis on the fact, that they can find for them important informations, for
example when they decide about giving the grant.

The basis of the present collection of the documented materials are these, which
are collected by each workplaces of the Cave Administration of the Czech Republic.

The documentation of the Cave Administration of the Czech Republic

It is the collection of all paper-, map-, picture-, audio-, tangible- and digital spe-
cialized materials of documenting character, which are in the property of the Cave Admin-
istration of the Czech Republic.

The operating documentation

It is the documentation in the meaning of point 5 of Director’s instruction Nr.
4/2006. It is the instruction for ensurance of works and operating in show caves. The oper-
ating documentation older than 10 years goes to be stored in the specialized documenta-
tion.

There are following database systems for documenting purposes in the Cave Ad-
ministration of the Czech Republic:

SPELEODATA - the central registration database of documented materials and
things of the Cave Administration of the Czech Republic , located on the intranet of Cave
Administration of the Czech Republic, which contains the register and description of docu-
mented items (paper-, library-, map-, photographic-, audiovisual and tangible documenta-
tion).

Partial SPELEODATA - the partial part of the database SPELEODATA for the
concrete workplace, which is made and put together at this workplace in the same seg-
mentation as the database SPELEODATA.

JESO - the united register of speleological objects, administrated by the Nature
Conservation Agency of the Czech Republic as a part of Information system of nature
protection.

Bibliography — the separate database for leading the bibliography.
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Library database — the separate database of books and periodic publications of
the Cave Administration of the Czech Republic, which is made in librarian program KpWin
SQL at the workplace in Prthonice.

The register of documented materials

All accessible informations about documented materials (things) are collected
and put into database systems (widened catalogue). The worker responsible for the docu-
mentation takes care of materials at the workplace. He records everything into the par-
tial registration database of the concrete cave administration incl. recording of prescribed
items and mark the document visible with the registration number (e.g. sign, or some
sticker).

The physical and digital documented material of the Cave Administration of
the Czech Republic are according to theres character devided in:

@ paper documentation;

@ map documentation;

e library fund;

@ audiovisual documentation;

@ photo documentation;

@ bibliography;

o JESO - the united register of speleological objects;

o tangible documentation;

o the rest.

The sorting system of specialized documentation...

e it allows due storage and searching of the documentation;

e it gives the overview of the collected materia;l

e it gives the foundations for other presentation activities;

e it makes the loans more easy;

e it gives the overwiev of documented materials at each workplaces;

e it allows to determine the next way of filling in the documentation;

e it says, in which parts of the collection the next documentation or
research can be requested; it can serve as the base for putting together
of individual plans, e.g. the plan of research and documentation.

93



THE CAVES ON THE POSTCARDS FROM THE ARCHIVE
OF THE CAVE ADMINISTRATION OF THE CZECH REPUBLIC

Jan Flek
Cave Administration of the Czech Republic

In the archive of the Cave Administration of the Czech Republic can be found
more than 3000 postcards from the karst regions, karst surface and also underground.

By the most of the postcards it’s not a problem with the location, that means to
determine the place or the object — they are mostly described well. Problem is with dat-
ing, that means saying the date, when they have been issued. Unfortunately on the most
postcards there isn’t written any date in the most cases. If there is no stamp, or the date
is not written in the text, it is very difficult to say, from which year they are. But also these
data are very misleading — the postcard could be sent much later, than when it has been
issued.

The history of illustrations of caves on the postcards is directly related to expan-
sion of karst — cave touristic. The most of the postcards from the turn of 18th and 19th
century show the caves only very little. Predominant are the pictures of attractive places,
which are free accessible for the visitors. In the karst regions there are from this point of
view especially the surface karst formations. These localities are attractive for the mer-
chants and hoteliers, which use the postcards for attracting of the potencial clients. In
Sloup that were two localities — the entrance into the Sloup caves with the self standing
rock ,Hfebenac” and the tunnel shaped cave Kulna. But the center of the attention was
especially the Macocha abyss. Just like the pilgrim places Sloup and Kftiny also the Maco-
cha was attracting many tourists into this region and that’s why we can find it on the most
postcards from that time.

We can say, that the building of the Upper bridge by the Macocha abyss (1887)
and especially the restaurant ,Utulna u Macochy” (1896) have started the tourism in the
Moravian Karst. Some of the postcards propagated ,Beauties of Moravia“ also with the
word description: ,The spectacular view of steep proud rocks of the world-wide known
Macocha abyss. Its hugeness and beauty evoke the feeling of amazement and admiration.
The Macocha abyss has really colossal dimensions — length 280m, width 126m, height
138m in some places almost 152m and it’s the biggest abyss in the whole Europe.*

They were also used for the propagation of the touristic business in the karst
regions.

When the keen speleologist and propagator of caves K. Absolon started to work
in the karst and especially when he has discovered the Punkevni and Katefinska caves,
the rapid increase of exploration works and opening to the public have started. Also the
propagation of caves was connected with that.

In that time the ,golden age* of the postcards started. The postcards were beauti-
fully colorized and they looked like a small works of art.

When the photographic technology of making the postcards has started in the
twenties, the postcards were the carriers of the real look at the karst and caves.

In the thirties the karst postcards were used also as the propagation by compa-
nies, which had nothing to do with the karst.

The distribution of first republic* postcards continued also in the time of the World
war |l., but the word Czechoslovakia was blacken out.

In the time of the building of socialism the quality of used materials was varying
and also the quality of technology and authors.

In the present time of digital cameras and mobil phones it is not easy for the post-
cards. They are not sent so much, but for sure they are very worthfull as a remembrance
of some visited places or they are also very worthfull for the postcard collectors.
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FORMATION OF THE MAP DOCUMENTATION IN CAVE
ADMINISTRATION OF THE CZECH REPUBLIC

Vratislav Ouhrabka
Cave Administration of the Czech Republic
Department of Cave Management care
512 13 Bozkov 263
Czech Republic
E-mail: ouhrabka@caves.cz

One of the main parts of cave documentation is their graphic representation in
the form of a plan or a map. Mapping and documentation of caves is historically associated
with the development of surveying and imaging methods used in mining. First maps of
caves in the Czech Republic are known from the early 19th century (V. Siisz 1800 — Sloup
caves map, A. Lola 1807 — Vypustek, ...).

As well as this historical documentation, the current methods of cave mapping
are based on the methods often used in mine surveying. For the caves available for ac-
cess in the Czech Republic, these mining methods, techniques and related accuracy char-
acteristics are even legally binding. Basic requirements for the map series are issued by
the Czech Mining Office (regulation no. 435/92. Mine surveying documentation for mining
activities and some other activities carried out using mining methods).

In 1995, after a unified organization managing the caves available for access in
the Czech Republic was established, a mapping documentation of the caves was obtained
from the original keepers. It was inconsistent and of varying quality. At that time, each ac-
cessible cave was, of course, surveyed and documented, but the quality, completeness
and graphical outputs were very diverse. The maps were drawn mostly in the local coor-
dinate systems at scales from 1:50 to 1:500. Some of them, especially those that have
been processed by amateur speleologists, had a high quality as for morphology records,
character of the cave filling, decoration and technical equipment, but on the other hand,
often they lacked data on geospatial bases, coordinate lists were incomplete, surveying
network points could not be identified. In order for the documentation to meet the regula-
tion requirements, it was necessary to revise the documentation completely, provide ac-
cess to the official coordinate systems (JTSK and BPV), check or re-create the dot array
of caves and plot new maps on the specified map sheets.

Nowadays, the surveying documentation of the caves available for access is
maintained as a digital data model, which includes all the necessary information. Its basis
is a vector digital map of the cave, and lists of coordinates of the location points. Another
essential part of this system are archival maps (in raster format) and the information about
technical and safety devices of the cave (such as electrical and communication wiring,
microclimate monitoring system, drainage, etc.). Data on the surface above the cave, pro-
cessed on the basis of a digital cadastral map, include information on property boundar-
ies, elevation, reserved areas, rivers, buildings, etc. Most of the data for the digital model
were obtained from state information systems by means of remote access using the WMS
services. Digital model serves as the original of the basic map of the cave, and at the
same time is a basis for the internal graphic information system of the accessible caves.
Prescribed printouts (so called basic map images), surface maps and other thematic maps
(map of accident control, operational map, maps of conservation management activities,
etc.) use these materials and are issued as a summary of relevant information layers.
Such documents act as legally binding documents of the mine surveying documentation,
but can be also used as a basis for design work (reconstruction of tourist routes), for
planning of conservation measures and also for creation of caves administration’s promo
materials.
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Management and processing of the documentation in digital format is performed
using ©KOKES — the graphic and geodetic software developed and supplied by the Czech
company GEPRO Ltd.

Besides the digital part, it contains a set of mine-surveying documentation of the
accessible caves and other documents. In particular, basic information about the cave
and its operator (e. g. cave characteristics, nature conservation, mining activities data,
construction work, etc.), other graphical data (printed map sheets, profiles and sectional
views, special maps, etc.) and figures (lists of coordinates, calculation records and survey-
ing notebooks).

Management, maintenance, complementing and surveying fieldworks are provid-
ed by Cave Administration of the Czech Republic through its personnel of the Department
of Cave Management care.
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Fig.1 The user-friendly environment of the system "Kokes" for the treatment of geodetic
measurements, digital model and GIS.
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THE DOCUMENTATION OF SCREE CAVES
IN TEPLICE ROCKS (CR)

Vratislav Ouhrabka
Cave Administration of the Czech Republic
Department of Cave Management care
512 13 Bozkov 263
Czech Republic
E-mail: ouhrabka@caves.cz

In 2006-2008, Cave Administration of the Czech Republic in cooperation with the
management of PLA Broumovsko provided documentation of some important pseudokarst
forms in the attractive sandstone area of the Teplice Rocks in the north of Bohemia.

Teplice Rocks proved to be an important speleological area long time ago. A
famous examples are the Teplicka cave (1065 m length), the longest scree cave in Czech
Republic or the Poseidon underground system, which is remarkable for its vertical deniv-
elations of the individual abysses up to 71 m (Hromas et al., 2009). In caves of the Teplice
rocks there is also located a large amount of root stalagmites, which have been registered
here since the 1980’s (Kopecky & Jenik 2001). There are hundreds of still unmapped
caves hiding in the sandstone rock city area. For example, in the maze of Poseidon, a
number of caves was recently newly mapped in the detritus clusters on the edges of the
system (Mlejnek, Ouhrabka & Ruazicka 2008, 2009).

Comprehensive documentation processing required the use of a combination of
precise geodetic methods, a surveying by means of GPS devices, detailed aerial photog-
raphy of the surface and speleological mapping of the inaccessible underground space.
Office processing of the obtained data was carried out using the ©KOKES geodetic soft-
ware from GEPRO Ltd., which allows semi-automatic editing of field sketches, land-sur-
veying calculations and transformations along with subsequent rendering of digital maps,
section views and models.

Fig. 1. Aerial view of the central
part of Teplice rocks (photo: Libor
Jenka)

Systém jeskyni
Plutonova chrdmu
Zdpadni ponor
Teplické skaly
Dokumentovali: Ouhrabka, Miejnek
Kreslil: Ouhrabka (2010)
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Fig. 2. Example of graphical output digital cave
maps
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EXPERIMENTAL MODELS FOR COLLECTION

AND SYSTEMATIC ARRANGEMENT OF INFORMATION

FOR SOCIO-ECONOMIC MONITORING AS PART OF THE IT
INFRASTRUCTURE OF A PROTECTED KARST TERRITORY *

Dilyana Stefanova
National Institute of Geophysics, Geodesy and Geography.
Department Geography — BAS.
Str. ,Akad. G. Bonchev”, block.3, Sofia, Bulgaria
E-mail: dili_stefanova@abv.bg

Key words: models of information gathering, PKT visitor card, inventory form, monitoring form,
questionnaire, socio-economic monitoring, protected karst areas.

In terms of socio-economic aspects of sustainable development of protected
karst areas (PKT) it is particularly important to have reliable and complete information
about knowledge, attitudes, practices of both visitors and local communities, associated
with these areas. Collecting, organizing and analyzing data and information for various
activities that take place in PKT should be an ongoing process, so as to create a reliable
and updated database of ongoing changes in these areas. This is the only way to ensure
real basis for prediction and prevention of upcoming social, economic and environmental
impacts on PKT. From this perspective, the development of models for collection and orga-
nization of information is a major milestone in the overall methodology for socio-economic
monitoring (SEM). Models for information collection are the backbone of the whole moni-
toring system, because they ensure achievement of the SEM objectives. They are a part of
the overall information infrastructure of a karst territory, which requires their development
to obey a common unifying framework. However, each step in SEM has specific functions
in the process of observation and analysis, and this requires a differentiated approach to
the development of forms and questionnaires. This makes it extremely difficult to devise
practical models and requires the use of connecting elements between forms and ques-
tionnaires from the SEM steps.

Because the sites and facilities of social infrastructure are extremely diverse,
they should be allocated to groups with identical or similar activities and purposes. Based
on them types of inventory have been set up and types of monitoring of objects and equip-
ment from the socio-economic infrastructure (Sll) have been determined. In order to stan-
dardize information among inventory forms and visitor cards, full match of spelling of target
groups by type of inventory and group types has been introduced.Thus infrastructure ty-
pology achieves the relationship among different types of monitoring, inventory and visi-
tors’ monitoring.

Another unifying element in organizing information is the selection of key indica-
tors that are the same for different types of inventory and monitoring of facilities and equip-
ment by EIA and related activities.

For the purposes of SEM in selected representative PKT in Bulgaria and the
Czech republic models of information collection have been developed: for inventory, -
standardized form of inventory; for visitors monitoring — visitor card; for monitoring of sites
and facilities from the socio-economic infrastructure and related activities — a standardized
form of monitoring; for monitoring and activities, carried out directly in the protected area
with direct utilization of natural resources — a standardized form of monitoring; for survey
(research) aimed at all those interested in the development of PKT — questionnaire re

*The report is in the frame of the project DO 02.260/18.12.2008 “Working out an experimental model for complex
monitoring of protected karst territories aiming at their sustainable management and development of NSF — Bul-
garia.
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I. Inventory of: 1. Shelter and accommodation; 2. Places of eating, entertainment
and drinking places; 3. Sites of information service; 4. Sites and facilities for entertainment,
leisure and recreation; 5. Sports sites and facilities and places of sports events; 6. Traffic
routes; 7. Natural resources (caves); 8. Places of cultural heritage (objects of real cultural
values); 9. Objects of educational infrastructure; 10. Objects of social infrastructure; 11.
Sites and facilities of business and infrastructure services; 12.1. Objects of transport — pri-
vate parking lots; 12.2. Objects of transport: lift stations. The Inventory forms are identical
for all model regions

II. Visitor Monitoring — Visitor cards for: 1. Nature Park “Shumen Plateau”, 2.
Landmark “Maarata”, 3. Landmark “Saeva dupka”, 4. Protected area “Trigrad Gorge” and
5. Protected landscape area “Moravian Kras”.

Ill. Experimental monitoring of: 1. Shelter and accommodation places and related
activities; 2. Catering places, drinking places and entertainment places, as well as related
activities; 3. Sites for information services and relative activities; 4. Sites and facilities
for leisure and recreation and related practices; 5. Sports facilities and venues for sports
events and related activities; 6. Different types of maintained trails within/or through the
protected area; 7. Caves and related activities. Monitoring forms are identical for all model
regions.

IV. Experimental monitoring of activities carried out directly within the protected
area for direct use of its natural resources: 1. Mowing lawns (meadows); 2. Picking herbs
and medical plants, collection of wild-wood products; 3. Grazing, 4. Logging. Monitoring
forms are identical for all model regions.

V. For the survey aiming at finding about knowledge, practices, attitudes and
perceptions of people interested in PKT development (such as local community, including
students, business managers and tourists, including pupils and students) special models
have been developed to collect information from group entities for all model regions.

Through these models for organized collection of information from inventory,
monitoring and surveying, information necessary to measure changes and transforma-
tions in the socio-economic environment of PKT is provided. It can be directed to those
interested in the particular territory, namely local communities, businesses, managers,
tourists, etc. The foundations of a “Specialized register of sites and facilities of the soico-
economic infrastructure” for each model PKT have been set.
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A FRAMEWORK OF DATA MANAGEMENT
IN E-NETWORK ,,proKARSTerra *
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2National Institute of Geophysics, Geodesy and Geography — BAS, Bulgaria
*E-mail: danbor@mail.bg
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monitoring, data management system, specialized virtual networks

Karst processes have strong influence upon all landscape elements: they trans-
fer landscapes, forming specific living environment for plants and animals. Since these
processes often appear as immediate environments of human habitation, detailed studies
of their nature and character have no alternative. Only through analyzing real monitoring
data, literate and effective land use practices can be defined, accomplishing two often con-
flicting targets: namely, meeting the rising human needs and preservation of biosphere,
aesthetical and other important environmental features. Protected karst areas should be
integrated into regional management of land use, but the status of many protected karst
areas is erratic. All of this requires complex monitoring to define the most appropriate re-
gional management. One indisputable tool for knowledge dissemination as well as provid-
ing information and business projects implementation is the Internet network (World Wide
Web). It is suitable for the realization of the ideas and expected results from the project
proKARSTerra. In order to use the World Wide Web as a global store of information about
karst and protected karst areas, it is necessary to take into account the dynamics and fea-
tures, concerning the design and evaluation aspects as: content, organization and tech-
nology (Ambra & Rice, 2001; De Wulf, 2006). On other hand, the design activities are real-
ized using various tools and design environments (Bonnardel & Piolat, 2003; Calzarossa
& Tessera, 2008, Chevalier & Bonnardel, 2007).

The dedicated server "proKARSTerra" is part of the strategic objectives of the
project to ensure its sustainability. It will provide the opportunity for promotion, discussion
and practical realization of the experimental results of the model for complex monitoring,
as well as various scientific and practical issues for protected karst areas. In this aspect,
it is planned the construction and maintenance of specialized open network in the Internet
called "proKARSTerra". It aims to outline the guidelines for development in protected karst
areas, namely building the relations "science - management - education". The proposed
network is expected to become scientific and advisory center for the administration of pro-
tected karst areas, which will liaise with the appropriate professionals’ karst. On the other
hand, the karst experts will have the opportunity to receive feedback for the environment
state in protected areas and possible ways for solving specific problems. Thereby, an open
virtual scientific council for interested in protected karst areas will be developed. Moreover,
the network will contribute benefit to many organizations and will enable international ex-
perience exchange to coordination of such type of activities.

The information network "proKARSTerra" could be defined as a scientific and
applied information network as shown on Fig. 1.

Database management system (DBMS) is the most important component of the
information system. The methodology for selecting a DBMS includes: clarifying the ex-
ternal constraints, selection of DBMS — modeling the information for database for each
DBMS, comparative analysis of the models and choice of the most appropriate DBMS.

* The investigations within this work have been supported by Nation Scientific Fund by Contract # DO
02.260/18.12.2008: “Working out an experimental model for complex monitoring of protected karst territories aim-
ing at their sustainable management and development” .
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On Fig. 2 a model of information providing and management within dedicated “proKARS-
Terra” server is shown.

“proKARSTerra” information network
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Fig. 1. Model of information network "proKARSTerra" for protected karst areas
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Conclusion

In order to utilize the enormous potential of the World Wide Web as a global infor-
mation repository, it is necessary to comply with its dynamics. This is particularly relevant
for information sites, as they are expected to provide relevant information. The largest
scope and significance of the project “Working out an experimental model for complex
monitoring of protected karst territories aiming at their sustainable management and de-
velopment” , its complex implementation program and wider executive staff, as well as a
number of interested professionals, managers, local communities, businesses and non-
governmental organizations require organization of specialized virtual network to provide,
maintain and exchange of information. To ensure accessibility and promote the results
of developing an experimental model of integrated monitoring in protected karst areas a
dedicated server "proKARSTerra" is established. The virtual network “proKARSTerra” is
expected to support different scientific and administrative activities in the area of protected
karst territories. The karst experts will receive feedback about the environment state in the
protected karst areas and about the status of specific problems. Temporary teams will be
formed to solve specific problems.
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KARST PHENOMENA IN THE HISTORICAL
DEVELOPMENT OF HUMAN CIVILIZATION

Alexey Stoev'. Penka Maglova', Mina Spasova?
'Space Research and Technology Institute, BAS, Stara Zagora Department
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Beginning of the human history is one of the most exciting stages in human
development and provokes an enormous interest of the modern man. Dawn of our civiliza-
tion, the earliest traces of human existence on Earth, first human steps at the beginning
of their long way to dwelling the planet excite our imagination. This human evolution is
always connected with caves and Karst areas. Ancient man finds there not only dwelling,
food and water but places for cult rituals and festivals. Caves were chosen mainly for the
complex of natural processes and phenomena acting there, which strongly influence hu-
man perception. Darkness and twilight were one of the most important factors.

Archaeological findings show that at the beginning rituals were conducted in cave
halls and galleries, which are difficult to reach (Magura cave), and in later epochs - in cave
entrances (Topchica cave and caves near the village of Bailovo). There are a number of
criteria for cave sanctuaries and temporary dwellings separation — difficult to reach cave
morphological structure, dropping, streaming or flowing water, pottery, pottery fragments
or votives, speleothems reminding altars, saints, animals, genitals, votive and idol figu-
rines, etc. Here, we can also add caves with cult paintings and engravings, and these with
findings of deliberately well-arranged bones of sacrificial animals. Caves used for inhuma-
tion (cave funeral), ritual stay (incubation), and precipices — ritual sacrificials should be
also added to cave sanctuaries.

There are a lot of examples for caves, which are not independent cult objects but
centre or part of larger sanctuary complexes. At a later stage of religion development in
general, and on Bulgarian lands, began building of underground cult buildings — chapels
artificially cut in the rocks, churches and monasteries, part of which exist together with
natural cave sanctuaries. At every building of such type cult equipment, at every chance
builders used natural caves, which were cut, divided or enlarged. They are more than
thousand situated mainly in North-East Bulgaria.

The most ancient caves — sanctuaries on our lands are localized in North-West
and South-East Bulgaria with the biggest concentration in East Rhodopes. The rock cut
cave sanctuaries near the villages of Bailovo and Lipnitsa are the earliest one — from the
Neolithic Age. They are sanctuaries connected with the cult towards the Moon. Later,
these objects become observatories for observation of the movement and shape of the
Moon. Practical necessity to use this information for different purposes was the reason to
keep it as calendar or time records. That is why, priests depicted different changes on the
cave walls and around their entrances by a variety of techniques. A lot of carved, contour
and bar-relief images of lunar phases are discovered in the area.

Sanctuary in the Topchika cave, near the village of Dobrostan, Plovdiv district is
dated back in the Neolithic Age on the basis of excavations and semantic analysis of the
discovered there engravings presenting the cosmogony notion of the ancient people.

Other sites in the Sredniya Kamik and Govedarnika country, near the village of
Tsarevets, Vratsa district are famous with the hundred graffiti carved in the cave complex-
es. Part of the graffiti are astral images dated back in the Neolithic Age. A lot of them pres-
ent calendars and time records of Lunar phases and Solar cycles. Numerous astral signs
and symbols dated back to the Medieval period (Suns, Moons, stars, dears, swastika)
show that cult and practical significance of the heavenly bodies was repeatedly used.

The Tangarduk kaya cave sanctuary near the village of llinitsa, Kurdjali district,
which can be connected with cult devoted to the Great Goddess-mother is of special inter-
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est. Once a year, in the artificial cave, solar beam penetrates in the altar and represents
Her sacred marriage with the God-Sun.

The large number of cave sanctuaries dated back to the Eneolithic Age is also of
great interest. The most impressive one is the cave in the Koshcha country, near the town
of Momchilgrad. Silhouettes of four lying figures are engraved on the left side of the cave
entrance. From bottom to top, drawings reminding two marble Eneolithic idols are clearly
differentiated. On the wall of another cave, situated in the same municipality, a low-rise
altar is cut, and “mature Sun” is painted above it - one frequently met person in theocratic
cosmology.

The Magura cave, near the village of Rabisha, with its unique monochrome paint-
ings is another cave sanctuary from the Prehistoric period. Archaeological investigations
dated this object back to the Late Eneolith. Modern detailed investigations approved their
cult significance — ithyphallic scenes depicted there give a piece of information about the
religion, mythology, cults, god’s reincarnation and rituals, mysteries of the indigenous
tribes for a long period of time. Paintings depict rituals connected with fertility, obtained
by prayer from supernatural forces, in specific time of the year using well developed solar
calendar.

One of the two small natural caves near the Dolna Chobanka village in the Har-
man kaya country is the joining centre of the Harman kaya sanctuary complex. Archaeo-
logical and archaeoastronomical investigations of the complex improve its cult purpose.
Observations of the Sun included in the ritual practices of that time were conducted here.
Cult towards the God-Sun was widespread and all sacred practices on the high rock maybe
perceived as cosmostructuring activities bridging over chaos and securing fruitfulness.

Investigations also show the existence of a large number of sanctuaries from
the Antiquity, which are uniformly spread on the Bulgarian area. Best improvements that
caves are sacred territories are the excavated there cult artefacts — votive plates of the
Greek-Roman Gods — Heros, Asclepius, Artemis, Sabazius, Hekata, Bendida. According
to some researchers, some of the caves in East Rhodopes and caves in the Silistra region
are sanctuaries connected with the cult towards death people and the Thracian Heros.

Using the information from all the investigations it can be concluded that one part
of sanctuaries kept their sacred functions from the Antiquity to the end of the 19" and first
half of the 20" century. These are the caves Golyama peshtera near the village of Mad-
ara, Devetashka cave, Zhivata voda cave in the Montana region, etc., which until recently
were used as holy spring. Ceremonies were conducted there with different rituality on the
Christian festivals llinden, Petrovden, Gergyovden, Spasovden. In the centre of the rituals
are drinking and washing with the healing cave water, and also the incubation, healing
sleeping in the cave or around its entrance. Traces of sacrificing exist almost everywhere
— dresses, part of them, food, and other votives.

Answers of the unsolved problems for the beginning and evolution of the human
civilization are hidden in the dark silence of caves. Thus, caves become a serious chal-
lenge towards the discovery spirit and professionalism of scientists.
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KAPCTBT B BBJITAPCKOTO CPEJHO OBPA3OBAHUE —
CbCTOSAHUE, MPOBNEMU N MEPCMNEKTUBU *

Hapexpa UnueBa
HaumoHaneH MHCTUTYT No reodnsmka, reogesmns n reorpus.
[enaptameHT eorpadus;
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Knrovyoeu dymu: oby4yeHune no reorpadusi, y4ebHU nporpamu, ypouHu eavHULM 3a KapcTa

®opmanHoTo 06pasoBaHue B yumnuLlaTa e U3KINioYMTENHO BaXKHO 3a pa3BmBaHe-
TO Ha HeobXxoAuMMUTE Ha MnagexTa AHeC 3HaHus n ymeHns. OcHoBHaTa Len He camo Ha
0obyyeHneTo no reorpadusi B cpeaHOTo 06pasoBaHme Beye He MoXe Aa 6bae MexaHN4YHOTO
yCBOSIBaHe ¥ Bb3MPOM3BEX4aHe Ha roTOBM MacuByM OT 3HaHUS, a MragnTe xopa Aa yCBosAT
HeobxoouMMTE YMEHWS, U akTVBHO NMOBeAEeHUE 3a U3sBa KaTto MHOPMUPaHM 1 OTTOBOPHM
rpaxgaHun, 3a Aa Hamupat noaxofsiia peanusaums B obwecTBoTo. ChlyeBpeMeHHO nae-
ATa 3a pa3paboTBaHe Ha 6anaHcupaHu 1 BceobxBaTHM y4ebHM NnaHoBe, KOUTO ChbluyeBpe-
MEHHO [ja He ca NpeToBapeHwu, NpeAcTaBsBa ronsiMo npeanssmkaTencTso. B pesyntat Ha
MOCTOSAHHUTE PedOpMM B YHUIIMLLIHUTE CUCTEMW M HA CBbP3aHUTE C TAX y4ebHW nnaHose
ce Habntogasa 3HaunTeneH AucbanaHc B ONpeaeneHoTo y4ebHO CbabpXaHue, KOeTo e
MOAJIOXKEHO Ha KpUTKKa, KakTo OT CTpaHa Ha ekcnepTuTe, yuuTtenuTe, Taka n OT cTpaHa Ha
yyYyeHuumTe, KOeTo OT CBOS CTpaHa pedrnekTypa Bbpxy KayecTBOTO U eDEKTUBHOCTTA Ha
y4ebHusA npouec. Mpsiko 1 Ha-CUMHO 3acerHaTo B pesynTar OT Te3n NPOMeHU e y4ebHoTo
CbAbpXaHve B obnactTa Ha ,ObLaTa dusuyecka reorpadua” 1 B HaCTHOCT U3yYaBaHeETO
Ha KapcTa 1 KapcTtoobpasysalumTe npouecu. PegyuupaHeto 4O MUHMMYM Ha Te3un pas-
Aenv BOAW [0 He3a[0BONMTENHa CTeneH Ha yCcBOsiBaHe Ha y4ebHus matepuan He camo
Ha HMBO pasfer, HO 1 A0 3aTpyaHeHus B ObAeLoTo ycBosiBaHe 1 pasbupaHe Ha peavua
n3yyYaBaHu NpoLecu 1 ABNeHns B Cneasally y4ebHn TeMu 1 pasaen.

B HacTosioTO M3cnedBaHe ca OafeHu MpeasiokeHusi, Ha ocHoBaTa Ha cera
Aencreawjata yvyebHa nporpama, Kbae morat Aa ObaaTt BKIOYEHU YPOUHW €AUHWLM OT
pasnuyeH BUA — 3a HOBW 3HaHWS, NpakTU4Yeckn, obobLuuTeneH ypok o Tematuka kaca-
ela kapcta u kapctoobpasysawute npouecn. ObxsaHaTn ca TpuTe BuAa NoOaroToska:
3agbIknTenHa, 3agbinkutenHomsbrpaema n ceobogHonsbupaema, Kakto 1 Bb3MOXHOCT-
uTe 3a N3y4aBaHETO Ha Te3n NpoLEecK B U3BbHKNAcHUTE AerHocTu. PasrnefanHu ca v Bb3-
MOXHOCTWTE 3a BbBMMYAHETO HA Y4EHMLMTE B U3y4aBaHETO Ha KapcTa Ype3 Hedbopmarnim
y4ebHM OeNHOCTN N OCHOBHUTE NPEYKU, KOUTO Bb3NPENATCTBAT TAXHOTO OCbLUECTBABAHE.
HanpaBeH e nperneg v aHanu3 Ha OCHOBHUTE HOPMAaTUBHW OOKYMEHTU, KOUTO onpeae-
NAT HACOKNTE Ha pa3BUTUE Ha CbBPEMEHHOTO obpasoBaHune. PopmynmMpaHn ca KOHKPETHU
HaCoOKM 1 CTbMKN 3a YCbBBbPLUEHCTBAHE U, KbAETO € Bb3MOXHO U MoAXo4dALwo, ca npea-
NOXeHW NpenpaTkn 3a NPUNOXEHNETO Ha peamua cBbp3aHn ¢ obpa3oBaHNETO nporpamu
(kato SOCRATES 1 LEONARDO) c uen nosuLlaBaHe kKa4eCcTBOTO U e(PeKTUBHOCTTa Ha
obpaszoBaTenHus npoec.

* NoknaabT e no npoekT O 02.260/18.12.2008 ,PaspaboTeaHe Ha ekcriepuMeHTaneH Mofer Ha KOMMeKceH
MOHUTOPUHT 3@ YCTOWYMBO Pa3BUTWE ¥ yNpaBrieHne Ha 3alumMTeHN kapcToBy Teputopun” Ha PoHp ,HayyHn
nacneaBaHusa’.
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A CONSIDERATION ABOUT THE PICTURE
OF CHILDREN ON THE THEME OF KARST PLATEAU

Yoshihisa Nakano'*, Masahiko Iwamoto?
"Yamaguchi University, Japan
*E-mail: nakano-y@yamaguchi-u.ac.jp

Akiyoshidai in Yamaguchi Prefecture in Japan is the greatest Karst topography in
Japan. The huge cave portions of the scenery of surface of the earth and ground under-
ground are the places loved by not only local residents but also many Japanese people.

At the Hongo elementary school located in local of the Akiyoshidai, arts and crafts
on the theme of karst, such as performing the karst guide by a child for many years, have
been performed.

A main subject considers the viewpoint of evaluation in a drawing work also in it.
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COMMUNICATIVE APPROACH IN ENGLISH LANGUAGE
TEACHING ABOUT KARST

Reneta Valkova
Secondary school “Angel Kanchev” — Sofia, bul. “Evropa” 135

Key words: karst education, language learning, lesson about karst

The methodological development of my lesson does not differ much from the les-
sons in a suitable textbook. Except that my ideas of teaching English presented here are
different. I'll first brief you with my lesson plan.

LESSON IN ENGLISH
Topic: Karst in the Zemen Gorge.
Class: eighth preparatory grade.
Duration: 55 min.
Type of lesson - a lesson to present new knowledge about Zemen karst area
and karst vocabulary as well as to reinforce the old knowledge of questions:
what, where, when,why?
AIMS:
o To describe actions using Present Simple Tense; to reinforce the old
knowledge of wh questions /what, where, when, why/ and to practice it.
@ To encourage students to talk about the present / around the moment
of speaking.
NEW VOCABULARY: Karst terminology.
LANGUAGE FOCUS:
@ Structures: When is the church built?; Where does Struma River
rise from?; Where is the cave of St John Rilsky?
@ Active Vocabulary: historical, geographical, socio-cultural connected
with the karst area.
SKILLS FOCUS DEVELOPED IN:
e Listening for comprehension as receptive skill;
@ Speaking as productive skill.
PROCEDURE: The rock groups - Agapye, Saraya,the Twins, Galabinski rocks; the ruins
of medieval castles and towers as Zemlungrad, the beautiful Polska Skakavitsa Falls;
Struma River; the village of Polska Skakavitsa, Razdavitsa and Garbino; the cave of St
John Rilsky.
This is the traditional English language teaching in the classroom. I'll try to make
clear what makes my lesson unusual.
A difference between approach, method, technique in English language teach-
ing is revealed.
The theory of languag:
o the structural view;
o the functional view;
o the interactional view.
The theory of language learning:
@ process/condition - Stephen Krashen’s Monitor model of second language de-
velopment; Charles Curran and his writings on Counseling-Learning /1972/;
@ acquisition/learning.
My view of English learning as a second language puts together Krashen’s and
Curren’s ideas about the theory of language learning — acquisition and learning could be
fulfilled through security and interest /or motivation/,and with one addition to this model —
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not only in the classroom but outside it in nature.

Oral approach or Situational Language Teaching - developed by British lin-
guists from the 1930s and the 1960s with leaders of the movement Palmer and Hornby
According to them the target language is the language of the classroom. My idea distin-
guishes and develops the language of the classroom into one outside it. This is a more
situational and a more communicative language which is caused by real life situations in
a karst area of unique interest.

Some other aspects are concerned:

o Communicative language teaching — Hymes;

e English language students -“intercultural speakers” - Kirsten Jaeger, a German
philology scientist;

@ Good language learner/learner autonomy - theoretical views

e The role of the teacher.

The communicative theory presents the second language in a more clearly speci-
fied social context and situation — the role of nature and karst in an unusual lesson like this
in my view about using karst as a setting in a modified current communicative language
teaching lesson.

The four learning styles were used — all of them presented in the lesson about
karst in the Zemen Gorge:

o Visual;

o Tactile;

o Auditory;

o Kinesthetic.

In conclusion | should say that the information about Zemen karst area arouses
interest and considerably motivates students to speak and listen in English. The goal of
English language teaching should be students to be able to use English in an uncontrolled
situation for communication and not in a situation whatsoever, but karst, landmarks and
nature, which inspire them to talk and learn English. Students are asking unforeseen ques-
tions in my unusual lesson about karst. Sooner or later they will encounter the English
world outside. Why not to encounter in English first the magnificence of nature and karst
in their teenage school years?! Lessons of this kind will prepare them for real life use of
English and enrich their sight of nature and landmarks for the future.
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KOHUENTYANEH

HAYYHOOBPA3OBATENEH MOOEN 3A KAPCTA*
(,,proKARSTerra — education”)

OunsaHa CtedpaHoBa'™, Metbp CtedaHos’, AdumutpuHa Muxosa?
"HaumoHaneH HCTUTYT No reodmauka, reogesusi n reorpacms - BAH
2Yamaguchi University, Japan
* E-mail: dili_stefanova@abv.bg

KnrouoBu aymu: Kapcm, cucmema 3a KOMinekceH MOHUMOPUHE Ha Kapcma, 3auumeHu Kapcmosu
mepumopuu, ycmou4ueo pasgumue, Kapcmosu 2eocucmemu, crieyuanuaupaH mypusbm, obpasosa-
meriHU KOHUEeNnuuu u rpoapamu, yyeHe rpes3 yenus xueom, e-oby4yeHue, crieyuanudupaHu UHmep-
Hem-mpexu, KT u MTMC, HayyHo-u3criedosamericka UHgbpacmpykmypa

KapcTbT ¢ HEroBOTO LUMPOKO pa3npocTpaHeHne B bwnrapus, e He camo ceHo-
MEH M TypucTMyecka aTpakuusi, HO UMa 1 CEPUO3HN COLMAaNHO-MKOHOMUYECKM 1 0bpa-
30BaTeNHN M3MepeHns, 3alloTo opmMupa crneumdpuydHa cpega, obutaBaHa OT xopaTta.
Mocneanuute oT cTonaHckata UHTEH3NdUKaUust Npe3 NocneqHnuTe AeCceTUNeTusl, KakTo
W ONUTUTE 3a MpunaraHe Ha akTyanHuTe 3a HaleTO CbBpeMUe MPUHLMNM Ha YCTONYMBO
pa3BuTWE, pas3kpmBaT peamua cepyMo3Hn NpobnemMm (Y4acT oT TaxX Aopw owe obLecTBEHO
HeoCb3HaTU) Npu CTOMAaHUCBAHETO U yMpaBIieHMETO Ha KapcToBuTe Teputopun. B bbn-
rapusi, a u B CBeTa KaTo Lo, kapcroBata npobrnemartunka Bce oOLle ocTaBa BCTPaHU OT
WHTepecuTe Ha ynpasnsBawmTte un obecTBoTto. [locTaTbyeH e camo npernes Ha 3ako-
HopaTtenHata ypenba v Ha CTOMaHCKUTE U YNpaBMneHCKW NPakTuKK, 3a Aa ce oTKpue To3n
TpeBoxeH dakT. To ce nogyepTaBa 1 OT NPOBEAEHNTE aHKETHM NpoyyBaHus - Hag 60 %
OT aHKeTMpaHuTe Gbnrapy B MOAEMNHN KAPCTOBW PAioOHW He NMO3HaBaT SIBMEHWNETO KapcCT 1
CBbP3aHWTE C HEero 0COOEHOCTN Ha TEPUTOPUNTE, KOUTO HacensiBaT UInn Nonaear nog pas-
nM4HN hopmun. Bb3HUKBa BLMPOCHT 3a MACTOTO Ha 0byyeHueTo 1 obpasoBaHueTo. U Tyk
HellaTa ca oLle No-TPeBOXHW. B HUTO eanH 6bnrapckm yHMBepcuTeT HaMa cnelmanHocT
KapcTonorus, HaMa 4opu cneumannampann kypcoee. B cpenHoTo ob6pa3oBaHue kapcTa ce
n3yyasa MHoro 6erno, camo B euH ypok Mo reorpadcums. Jliunceat nogxoasiia nuteparypa
1 y4ebHM nocobus, a MankoTo, KOETO ce npeanara (NpeauMHO peknamHyi MaTepuanu 3a
KapCTOBW TypucTM4eckn obekTn) e ganey ot Heo6XOAMMOTO Hay4HO HUBO.

Ha T03n BygeLy TpeBora hoH, NPoOBEAEHNTE ObNTOrOAULLHN CUCTEMHMN NPOYYBa-
HVS B €0HWN OT HaW-NpeacTaBUMTENHUTE KapCTOBM paloHn Ha Bbnrapus, aedvHupanute
N ONMcaHu KapCTOBU re0CUCTEMU, OCHLLECTBEHUTE EKCMEPUMEHTU, PEXMMHUN U3CnenBa-
HMS N KAPTUPOBKU, KAKTO U Cb3AafeHUTe MHOrOOpOMHY 6a3n OT OpUrMHANHM SAaHHW, BKI.
B cbBpemeHHa VKT n M'MC-cpena, ca cepmnosHa HayyHa 6asa 3a cneumanuaupaHu ob-
pasoBatenHu nporpamu. Tpsbea Aa ce OT4eTE M HATpynaHusa nNpodecroHaneH onuT Ha
n3cnegoBaTenuTe-kapcTonosn, BKI. U negarormyecku ot gocerawHa paboTa ¢ yvyeHuum,
CTYOEHTW, Mragn yYeHu.

B nepcnektuBa OBe ca cTpaTerMyeckute HamnpasreHusi, kouto Tpsibea ga ce
passuBaT napanenHo: 1. Pa3BuBaHe Ha Hay4Hom3criegoBaTernickara MHgpacTpykTypa B
MOZEINHUTE KapCTOBM reOCUCTEMMU 1 MPUIOXKEHNETO Ha HOBWM METOAM Ha n3creiBaHe, Haw-
BeYe OpraHuM3npaHe Ha KOMMIEKCEeH MOHUTOPWHT; 2. Cb3haBaHe Ha ModepHa MHorouene-
Ba obpasoBaTenHa nporpama no kapcronorus, 6asvpaHa Ha pecypcuTe Ha MOoAernHuTe
KapcToBW reocuctemMu. MIHTerpnpaHeTo Ha ABeTe HanpaBsneHus LWe cb3fane nepcrnekTu-
BEH Hay4HO-0bpasoBaTeneH MoZer, KOMTO e NpuBIeYe Miaamn Xxopa KbM kapcTororusita
U We paswupwu obLiaTta KynTypa Ha 6bnrapckoTo o6LecTBo 3a kapcTa. PaspaboTBaHeTo
Ha TO31 MOZen e NpeanocTaBka U 3a akTUBM3NpaHe Ha MeXAyHapO4HOTO CbTPYAHUYECT-

* Noknapgart ce pedyntatu no npoekt AO 02.260/18.12.2008: ,Pa3paboTBaHe Ha ekcrnieprMeHTaneH Mogen Ha
KOMMMEKCEeH MOHUTOPWHT 3a YCTOMYMBO pasBuUTUE W yNpaBrieHe Ha 3almnTeHn kKapcToBm Teputopmmn” Ha PoHA
,HayuHun nscnegsanus’.
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BO, 32 KOETO BeYe MMa CepUO3HM NPodecnoHanHn KOHTaKTy.

CrtpaTernyeckaTta uen Ha npegnaraHva mogen ,proKARSTerra — education” e
Aa paskpue HoBM (hopmMu 3a MHTerpypaHe Mexay CbBpeMeHHaTa Hayka u obpasosaTten-
HaTa cMcTema B 0bracTTa Ha KapcTa — yHUKaInHo NpMpoaHO sIBMieHUe, pecypc 1 cpeaa Ha
obutaBaHe. B peanHuTe ycnoBusi Ha 3alUTEHN KapCTOBM TEPUTOPUU LLIEe CE UHTerpupar
Han-MOOEPHUTE HAay4YHU KOHLEMUUWM B KapcTonorusita (3a kapcToBUTE reocucTeMu U 3a
KOMMIEKCHNSI MOHUTOPWHT) 1 B obpasoBaHneTo (y4eHe npes uenusi xuBeoT). MNpeasmkaa
Ce TOBa Aa CTaHe Yypes3 CblUeCcTByBallaTa N HOBOM3rpaxaaHa ekcrnepumeHTanHa Hay4yHo-
nacnegosarerncka nHgpacTpykTypa (C noa3emMHu CTaHuuM) 3a KOMMIEKCEH MOHUTOPWHT
B MOZESHN KapCTOBM reocUCTEMU C Orfes u3credBaHe 1 MogenvpaHe Ha CbBpPeMEHHUS
KapcToreHesuc B YCrNoBUsiTa Ha APKO M3paseHu rmobanHu npomeHu. Ha Tasu 6asa we
ce pa3pabotu MHorouenesa obpasoBaTenHa nporpama (C M3norn3BaHe Ha CbBPEMEHHM
WKT), koaTo we n3nonasa MHMOPMaLMOHHUTE pecypcu OT U3cneaBaHnsaTa B MOAENHNUTE
KapCTOBW reoCcUCTEMM 1 LU HanpaBu OOCTbMHU B peanHo Bpeme pesyntatute OT KOM-
NAEKCHUS MOHUTOPUHT U TEHOAEHLMUTE, KOUTO TON Benexu.

OcbLUeCTBSIBAHETO HA MOAENDBT e CbAENCTBA 3a creLunan3aumsaTa Ha 3awm-
TeHuTe kapcToBu Teputopum (3KT) B Hay4HO-06pa3oBaTenHu LLEHTPOBE MO KApCTONorus ¢
hbyHKUMOHMpALL, KOMMIIEKCEH MOHUTOPUHT (kaTo YacT oT cTtpaTterus proKARSTerra). Tasu
cneumanunsaumsi 1 ocobeHo opraHM3npaHeTo Ha MOHUTOPUHT B TSX, LLe HanpaBu Bb3MOX-
HO 1 ynpaBneHueto Ha 3KT ¢ npunaraHe Ha NpUMHUMNUTE 3a YCTOMYMBO pasBuTue. 3a
anpobvpaHeTo Ha Moferna Lie ce U3Mon3Ba Mpexa OT 3alUTEeHN KapCTOBM TEPUTOPUM OT
pa3snuyHa kateropwus: lMpupodeH napk “LLymerHcko nnamo”; 2. [NpupodHa 3abenexumern-
Hocm “Maapama” (Han-ronsimata 6uropHa kackaga B bvnrapus); 3. lpupodHa 3abere-
xumenHocm “Cwbesa dyrnka” (Han-nocellaBaHaTta 6bnrapcka enektpuduLmpaHa TypucTu-
yecka newepa); 4. 3awumera mecm+ocm “Tpuzgpadcko x0pesno” (C enekTpudmrumpaHaTa
TypucTuyecka newepa OaBonckoTo rbpro). B ocblLlecTBABaHETO Ha OOMSIHA Ha OMUT U Ha
CpaBHUTENHW ekcnepuMeHTy napTHupar lpupodeH pesepsam Mopascku kpac B Yexua u
AKuowu-Kkea3uHayuoHareH napk B AinoHus (napTtHeopu Ha npoekta «proKARSTerra”).

KoHuenuusaTa Ha Hay4Hoobpa3soBaTenHusa mogen ,,proKARSTerra —education”
BKITIOYBA:

1. NpoekTupaHe Ha cneunanuanpaHy MHPOPMAaLMOHHU LEHTPOBE (B T.Y. BUp-
Tyanu) n Hay4YHoobpasoBaTenHN MapLUpyTU B MOAENHWUTE KapCTOBM reocnucTemun 3a npo-
BEXAaHe Ha pas3nuyHu opMu Ha TEPEHHO-AEMOHCTPALMOHHO 00yyeHue («in situ») u
€MNeKTPOHHO 0ByyeHVe 1 pasnpocTpaHsiBaHe Ha 3HaHUst U MHAOPMaLWs OT KOMMNIEKCHNS
MOHWTOPWHI Ha KapcTa B pearHo BpeMme.

2. PaspaborBaHe n anpobupaHe Ha cneuuanuanpaHa MHorouenesa obpasosa-
TenHa nporpama no kapcrosnorus, 6asupaHa Ha nsrpageHaTa Hay4YHo-u3cregoBarTerncka
NHMPaCTPYKTypa B MOAENHMTE KapCTOBW reocucTemMun 1 Ha MHpopmaLlmoHHaTa cuctema ¢
6a3n gaHHM 3a TSX.

e PaspaboTBaHe Ha LsNOCTHa KOHLEeNums 3a obpasoBaTenHa nporpama no

KapcTonorus, BKNoYBalla pasnuyHu rpynmn notpebutenm — yyaium ce ot

pasnuyHu obpasoBaTenHn cTeneHn, npenogasareny, aaMUHUCTPATUBHO-

yrnpaBneHcKky nepcoHan (B KapCTOBW paoHu), Apyru rpaxaaHn («Y4yeHe npes

Lenus XnBoT»);

e PaspaboTtBaHe, anpobupaHe n nybnnyHo npeacraBsHe Ha KOHKPETHN

e-naketn B 'MIC-cpena, Nnpunoxumm no aencreawmte obpasoBartenHm

nporpamu («FMC B knacHa cTas»);

e PaspaboTtBaHe Ha ob6pa3oBaTenHy NakeTn CbC CbMbTCTBALLUM Y4ebHN

nomMararna 3a cneuuanuanpanuTte nHopmaLunoHHn LeHTpose B MKI 1

nHopMaLUMoHHO obesneyaBaHe Ha NPOEKTVPaHUTE Hay4YHO-O0bpasoBaTenHu

MapLLpyTH;
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@ OpraHunsupaHe u nposexaaHe B MKI™ Ha oOyunTenHn ceMmHapu ¢ TEpeHHU
OEMOHCTpauny 3a yYnTenu u MHUUMUpaHe Ha ypoum Ha OTKPUTO C yYEHULM OT
pPasnNuMyHM y4Ymunuila — aHanma Ha pesdynratute ot anpobupaHute ¢ TsX
npeaBapuTenHo paspaboTeHnTe obyynTenHn nakeTu;

o OpraHusupaHe n nposexagaHe B MKI™ Ha cneunanuavpaHu CTyaeHTCKN

NPaKTUKKM (B T.4. MEXAYHAPOOHW) 1 NPUBMMYaHE Ha AMNIIOMaHTM B obnacTTa Ha

KapcTonorusaTa;

o OpraHunsupaHe 1 npoBexagaHe Ha cneunanuanpaH obyunteneH Kypc 3a

agmuHmcTpauun Ha 3KT v npegctaBuTeny Ha OAbpXKaBHU UHCTUTYLNA

(«y4eHe npes Lenusi XXxmBoT»);

o [poekTupaHe, nsrpaxagaHe, TeCTBaHe 1 nogabpXaHe Ha cneuuanmavpaH

moayn «prokarstterra-edu» B opraHmavnpaHaTta e-mpexa ,proKARSTerra”.

3. MNonynsapuavnpaHe Ha pe3yntaTuTe U Ha Bb3MOXHOCTUTE 3a obocobsiBaHe Ha
cneuvanunsmpaH HauuoHaneH/mexagyHapogeH Hay4yHoobpasoBaTeneH LEeHTbPNo KapcTo-
norus (6asvpaH Ha cTpaternsTta proKARSTerra), KONTO Aa NPUOBLLM LUMPOKN KPBIoBeE OT
yyalum ce, uscnegoBaTenu, ynpaeneHumn Ha pasnuyHn HuBa, bB3HecMeHn N MecTHU obLL-
HOCTU KbM aKkTyarnHu NpobnemMu Ha KapCcTOBUTE TEPUTOPUMN.

e [logroToBka M M3gaBaHe Ha creuyanuavpaHo enekTPOHHO CnncaHne

,e-proKARSTerra” (c MexxayHapoaHa pedakLuMoHHa Konerus);

o [NogabpkaHe KaTo TpaAMLUMOHEH (C 2-roanilHa NepuoguyHOCT)

cneumannsMpaHusaT MexayHapoaeH KOHKypC 3a yyawm ce “Kapct nog sawmra —

Aap 3a nokorneHusita” (c NbTyBaLla usnoxoa);

o OpraHusupaHe u nposexaaHe (bvnrapus, 2014) Ha MexayHapoaeH Hay4YHo-

NpunoxeH opyM 3a MOAENUTE Ha UHTErpaLmsa Mexay KapctonorusaTa u

CbBpPEMEHHWTE 06pa3oBaTenHy NporpamMmm no ceeta.
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www.prokarstterra.bas.bg

»Paspa6omBaHe Ha ekcnepumeHmaneH
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Research project:
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for complex monitoring
of protected karst territories aiming
at their sustainable management
and development
(2009 - 2013)

BasoBa opzaHusayus
Host organization

HauuoHaneH uHcmumym no 2eodusuka, 2eogesus u
2eozpacusa — BAH
The Institute of Geophysics, Geodesy and Geography of
the Bulgarian Academy of Sciences

SR QuHaHcupaH om: “
* Funded by: ; i

oz 5
NS . ‘ ‘- HAVYHI Lae o del

V3CHEABAHNS

o
e L - o e i
S ;;:“"“ : e QOHA, HAYHHW N3CNEOBAHUA - -—

‘e SIS ol MuHucmepcmBo Ha o6pa3oBaHuemo, B - - - .
& = mnagekma u Haykama =~ - AL G

":’\R._ ST o

" s~ = BULGARIAN SCIENCE FUND ~ ~ - -

_‘—.'MMMWSW of Educat(on‘, '%:u_tl‘:?nd Sclente (LU m S B N

R %- B it




	2012-abstracts-titil1
	2012_abstracts
	2012-abstracts-titul4

