Third Bulgarian Austrian Seminar
EMBANKMENT DAMS AND DYKES

Sofia, N
October 2007 TN

EMBANKMENT DAMS IN BULGARIA-PRESENT AND PROSPECTS

Dimiter Toshev

ABSTRACT

This paper studies the Bulgarian experience in embankment dams and dykes construction, their state, prospects for new
dams construction, technical operation problems and ways to safety improvement.

198 (90%) out of the 215 high dams already constructed are embankment dams (the number of the earthfill high dams is
172 and of rockfill ones is 26). Actually all of the 2000 small dams are embankment ones.

The state of the dams is in correlation with the quality of technical operation. The floods in 2005 and 2006 revealed the
degree of dam safety and technical operation. The safety degree of a number of small dams, which are maintained by
municipalities and tenants, is alarming.

A new positive purpose is the disclosure of dam operation behavior, influence of construction material and drainage aging,
overflow risk assessment and seismic hazard. A data base, which includes geologic, hydrologic, topographic and other
conditions and the results from measuring and observations, is formed about the big dams.

The paper presents the author’s view on technical operation improvement, expedition of new dams’ construction and
further improvement of legislation.

HACUNMHWUTE A30BUPHU CTEHU B BBJITAPUA HACTOSALUE U NEPCIMNEKTUBU

Jdumutsp ToweB

PE3IOME

,HOKJ'IaIl'bT € IIOCBCTCH Ha 61,nrap01<1/1;1 OIMUT B U3TPAXKIAHCTO HaA HACUIIHU CTCHU U JUTU, TAXHOTO CBCTOSHUC,
MNEPCHCKTUBUTE 3a U3rpakJaH€ Ha HOBHU A30BUPH, npo6neM1/1Te Ha TCXHHUYCCKaATa CKCIuIoarauusd MW IIbTUIIATA 34
IMOBHIIIABAHC HAa CUTYPHOCTTA UM.

Ot msrpagennte 215 Bucoku s30BuUpHU creHH 198 (90%) ca macunam (OposAT Ha BHCOKMTE 3€MHH CTeHH ¢ 172 u Ha
KaMEeHHOHACHIHHTE - 26). [IpakTrdeckn Bcuakute okoio 2000 MaaKu S30BUPH ca HACUITHH.

CBCTOSIHUETO Ha CTEHUTE € BBbB (DYHKIHS OT HMBOTO Ha TEXHHUYecKa ekciuroarauus. HaBomnenusita mpes 2005 u 2006
TOAMHA Pa3KpHXa HUBOTO HA TEXHUYECKA EKCIUIOATAlNS M CUTYPHOCT Ha S30BUpPHUTE. TPEBOXKHO € HUBOTO Ha PEIHIA MAJIKH
S30BUPH, KOUTO C€ TIOAIBPKAT OT OOIIMHNUTE U OT apeHAATOPH.

HoBa monoxxutenHa TeHACHIUS € Pa3KpHBaHC Ha €KCIUIOATAHMOHHOTO MOBCACHNUE HAa CTCHUTE, BIMAHUEC HA CTAPCCHCTO Ha
KOHCTPYKTHUBHUTC MAaTCpUAIN U JPCHAKUTEC, OLICHKA HA PUCKaA OT MpEJIMBaHC MPE3 CTCHATa, CCU3MUYCH Xa3apT U PUCK. 3a
TOJICMUTC SA30BUPHU CC (bOpMI/Ipa ba3a JAaHHU BKJIFOYBAIla TI'€OJIOKKH, XHUAPOJIOKKH, TOHOFpa(l)CKI/I U JApyru ycjaoBUA U
PE3YATATUTE OT UBMEPBAHUATA U Ha6JIIOZICHI/I$ITa.

B nmoknana ce uznaraTt BHKIAHUATA HA aBToOpa 3a HOJIO6pHBaHe Ha TCXHUYCCKATa CKCIIoaTalusa Ha A30BUPUTE, YCKOPSABAHE
Ha CTPOUTEJICTBOTO Ha HOBH SAI30BUPHU CTCHU U MNOHATATHYHO Pa3BUTUC HA HOpMAaTHBHATa Oaza.
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DESIGN PRINCIPLES FOR EMBANKMENT DAMS AND FLOOD PROTECTION
STRUCTURES IN AUSTRIA

Peter Tschernutter

ABSTRACT

The report describes adaptations and modifications of design and calculation principles applied to date as well as newly
developed criteria. While stability analyses of large dams were standardized some time ago and have remained virtually
unchanged ever since, different design criteria have been applied to small dams, flood retention structures and flood
protection dams and dykes.

During the last years, comprehensive studies in Austria made it possible to standardize flood parameters needed for the
calculation and design of dams, flood protection structures and flood retention dams, and in 2007, the “Guidelines for the
Calculation of the Flood Safety of Dams” of the Austrian Dam Commission was published. The guidelines include the
hydro-logical design criteria needed to calculate design floods and safety check floods, as well as the technical random
conditions for the dimensioning of spillways and freeboards of dams. This paper introduces the partly adapted and the
newly developed criteria for the design of dams and flood retention structures, their spillways and the required freeboard. It
also describes the criteria for the assessment of both the internal stability of embankment dams and their foundations
(safety regarding erosion and suffusion) and their external stability as well as the currently recommended principles for the
calculation of the filter stability. Finally this article also contains some of the generally applied design principles for
embankment dams.

Univ. Prof. DL Dr. techn. Peter Tschernutter

Institute of Water Resources and Hydraulic Engineering

Vienna University of Technology

Karlsplatz 13

1040 Vienna /Austria

Email: peter.tschernutter@kw.tuwien.ac.at

HOPMMU 3A NPOEKTUPAHE HA HACUIMNHU CTEHN U CbOPBXEHUA 3A 3ALLUTA OT
HABOOHEHWUA

Ilerep YepuyTtep

PE3IOME

JoxinanbsT onucea npepadoTKy U MoAN(HUKALMK HAa OCHOBHH TpaBHjIaTa 3a MPOEKTUPAHE U M3YHCIICHHE NPUIIaraHy J0 cera
, KAKTO M HOBOIIPHETH METOIHKH. J[0KaTo 3a rojeMuTe S30BUPU aHAJIHM3a Ha yCTOMUMBOCTTA Oelle CTaHJapTU3UPaH U IIe
OCTaHe Taka 3a B ObJIellle, TO 32 MAIKUTE CTEHH, IMTUTE ¥ ChOPHKEHUATA 32 3al[Ta OT HABOJAHEHHUS Ce TIpHIaraT pa3jIndHu
METOAMKH.

IIpe3 mocnenHata ronuHa 0sxa MPOBEJCHU MAIlAaOHU NMPOYYBAHUS B ABCTPHSA M CTaHA BB3MOXKHO J1a CE CTaHAAPTU3UPAT
napaMeTpuTe HyKHU 3a IPOEKTHpaHe Ha S30BHPHHU CTECHH, 3alIUTHU CHOPBKEHUS M PETeH3HMOHHM s30BHpH. IIpes 2007
Asctpunckara Komucus o S3oBupure myonmkyBa ,,PHBKOBOJCTBO 3a M34YHCIIEHHE HAa PUCKAa OT HABOJAHEHHS 32 S30BHPHU
cTeHH . PBKOBOJCTBOTO BKJIIOYBA NpaBUJIa 32 W3YHCICHHE HA MPOEKTHU Opa3MEpUTENTHH U MPOBEPOBBYHU BUCOKU BBIIHH,
KaKTO M Pa3JIMYHN TEXHUYECKH yCJIOBHS 32 Opa3MepsiBaHe Ha IIPEJIMBHUIM U HAMHUpPaHe Ha KOTa Ouiio.

To3u moknan npencraBs YaCTUYHO aJANTUPAaHU M HOBOBBBEIEHH IPABWIIA 3a IMPOCKTHPAHE HA CTEHH M CHOPBHKEHUS 3a
3aIlUTa OT HAaBOAHEHM, NPEIUBHULIATE UM U CBOOOAHMS 3amac 10 KoTa Omino.ChIIo Taka ca MpeICcTaBeHH KPUTEepUH 3a
OlpeJie/siHE Ha MeCTHAaTa YCTOWYMBOCT Ha SI30BUPHM CTEHM M OCHOBaTa MM (Cy(O3HMOHHA M E€PO3HOHHA)KAKTO W
YCTOWYHMBOCTTA Ha OTKOCUTE ,KaTo Ce MPErnopbhUBaT MPaBUIIa 32 U3YHUCIISIBAHE Ha yCTOWYMBOCT Ha (untpu. U B 3akimoueHune
TO3H JOKJIaJ ChAbPKa HIKOM OCHOBHU NIpaBUjIa IPUIAraHy 3a MPOEKTHPAHE HA HACUIIHU ChOPBKEHUSI.
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ANALYSIS OF THE ENGINEERING SAFETY OF THE HYDROTECHNICAL WORKS OF
THE KOZLODUY NPP

Anton Tzenkov, Stoyno Venkov

ABSTRACT

This paper presents the analysis carried out and the measures proposed to increase the safety of two of the major
hydrotechnical works for technical water supply of the Kozloduy nuclear power plant: the Double Canal and the Reserve
Water Volume. The Double Canal consists of two parallel canals separated by a middle dyke. The Cold-Water Canal
conveys water from the Danube riverside pumping stations, to the NPP site, while the warm-water canal leads warm water
to the Danube. The Reserve Water Volume is a continuation of the Cold-Water Canal in the borders of the NPP site and
includes the sumps of the circulation pumping stations. The hydrotechnical works have been analysed for two design cases:
normal operation case and disturbed operation case. Each design case considers load combinations without and with
earthquake excitation. Seepage, strain and stress, and slope stability analysis have been carried out in a consistent manner.
The stability of the canal concrete lining, the bearing capacity of the soil foundation and the potential of excess pore
pressure generation in case of cyclic loading have also been investigated. As a result of the analyses and investigations, it
has been concluded that the structures are safe. At the same time measures to improve their condition and to prolong their
remaining lifetime have been proposed.

Eng. Anton D. Tzenkov, Lead Design Engineer, Energoproekt-Hydropower Limited
65 Shipchenski Prohod Avenue, Sofia 1574, Email: a.tzenkov@ep-hydro.com

Eng. Stoyno I. Venkov, Chief Engineer, Energoproekt-Hydropower Limited
65 Shipchenski Prohod Avenue, Sofia 1574, Email: s.venkov@ep-hydro.com

AHANN3 HA UHXXKEHEPHATA CUT'YPHOCT HA XWAPOTEXHWYECKN CbOPBXXEHUA
HA AEL “KO3noaywu”

AnToH IllenkoB, CToiino Benkon

PE3IOME

To3u noKIaa mpeacTaBs MPOBEACHUTE aHAIN3U U TIPEII0KCHATE MEPOTIPHUATH 32 MTOA00psIBaHEe HA CUTYPHOCTTA Ha JIBE OT
OCHOBHHTE XHIIPOTEXHIUUECKH CHOPBKEHHUS 32 TEXHHYECKO BOAOCHAOAIBaHE HA aTOMHATa eJeKTpoueHTpaita B Kosnoxyii -
JBOWHUS KaHAJI U pe3epBHUSA 00eM. J[BOMHMAT KaHaN MPEeICTaBisaBa /IBa YCIOPEIHH KaHala, Pa3/ieieHn ¢ MEKIMHHA JHTa.
Crynenmst kanan (CK) noBexxna Bogata ot 6perosute nommenu craniuu (BIIC) Ha p. [lyHaB mo paiioHa Ha eHTpanara, a
torumsaT kanan (TK) oreexxna Toruara Boga oopatHo B JlyHaB. PezepBHUSAT 00eM e MPOAB/DKEHHE HA CTYIICHUSI KaHal B
rpaHUIMTE Ha LIEHTpajara U € pasnoiioxkeH B aBankamepute (ABK) na umpkynanmonnure nommnenu cranuuu (LIIIC).
ChopBmKeHHsITa Ca M3CIIEJBAHU 32 JBa OCHOBHU M3YHMCINTEIHU CIIydyas — HOpMaJHa €KCIUIoATalysl 1 HapyllleHa HOpMalHa
eKCIIIoaTalysl, KaTo 3a BCEKH OT TAX ca pasIIefaHH chueTaHus 0e3 M cbhc 3eMeTphe. IIpoBeneHM ca m3cienBaHusl Ha
(unTpauMOHHUS PEXHUM, YCTOWYMBOCT Ha OTKOCHTE, HAIPErHATO M JNe(OPMHUPAHO CHCTOSHHE M 0OIIa YyCTOMYMBOCT.
Pasrnenany ca chIo Taka U YCTOHYMBOCTTA Cpelly OOpblIaHe Ha OOJHIIOBKUTE, HOCUMOCIIOCOOHOCTTA Ha 3éMHATa OCHOBA
W TOTEHIHAlla 3a TeHEepHpaHe Ha TIOPOBO HAITaHE NMPH IUKINYHH HAaTOBapBaHUA. B pesynrar Ha W3CleIBaHUATA €
YCTaHOBEHO, Y€ CUTYPHOCTTA Ha ChOPBKCHUATA € HAJIHIIE U Ca MPEINIOKEHH MEPKH 3a MOJ00psBaHEe Ha ChCTOSHUETO UM U
yABIDKaBaHE Ha OCTATHUHUS UM PECypC Upe3 OTCTpaHsABaHE Ha Ne(eKTH, yCTAHOBEHH MPH MIPOBEACHHU OTJIC/H.
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ROCKFILL DAM KNEZEVO WITH ASPHALTIC-CONCRETE CORE
Ljubomir TANCEV, Gjorgji KOKALANOYV, Ljupcho PETKOVSKI,Stevéo MITOVSKI

ABSTRACT

The assessment of the general safety of dams, as integral parts of water systems comprising reservoir, is a complex problem
which has to be considered from numerous aspects. The prediction of the behaviour of the dams during construction, first
impounding of the reservoir and during service period, their stress-deformation state and stability are of essential
importance for the engineers — designers of this complex structures.

In the previous design, dated from 1990 year, dam Knezevo was considered as earth-core dam. During the process of
revision of the Zletovica project by the consultant team composed from foreign and local experts it was found that there is
no enough quantity of clay from the borrow place, the content of the organic maters was too high and the transport of the
clay material was expensive. Due to these new findings, alternatives for the selection of dam type were made in which there
were three different types of dams (concrete face rockfill dam, rock fill dam with asphaltic-concrete core and roller
compacted concrete dam). From these types of dams as most favourable was chosen the alternative of rock fill dam with
asphaltic-concrete core.

Knezevo dam is designed as a 75 m high rockfill dam located on River Zletovska, near the city Probishtip in the north-east
part of Macedonia. The construction of this dam should start next year and this is first dam of this type that will be built in
Macedonia. Dam KneZevo will form a storage with capacity of 23.5 x 10° m® and purposes of the dam will be water supply,
irrigation, flood protection and in the later stages electricity production. KneZzevo dam has a central asphaltic-concrete core,
two transition layers (fine and coarse) and shoulders from schist rockfill.

In the present paper structural (static) analysis on the dam has been performed with application of advanced numerical
approach based on finite element method, with software support of the program SOFiSTiK, made in Germany. SOFiSTiK
is a powerful solving program that offers great deal of opportunities for analysis of dams (input of the improper geometry
of the structure, simulation of dam construction in layers, application of complex load cases and simulation of the complex
behaviour of the materials with nonlinear models). The structural analysis of dam KneZevo is conveyed with the regular
steps at modelling of these structures: choice of elastic parameters of the materials, approximation of the cross section
relevant for analysis and discretization with finite elements and simulation of the characteristic states of the loading. In the
contact between the materials with different deformable properties are applied contact (spring) elements for determination
of the differential displacements between these materials. Accent in this analysis is given on determination of the stress-
deformation state of the dam in the typical cases of loading.

! PhD, CivEng, prof. — Faculty of Civil Engineering - Skopje, R. Macedonia, tancev@gf.ukim.edu.mk
! PhD, CivEng, prof. — Faculty of Civil Engineering - Skopje, R. Macedonia, kokalanov@gf.ukim.edu.mk
! PhD, CivEng, prof. — Faculty of Civil Engineering - Skopje, R. Macedonia, petkovski@gf.ukim.edu.mk
! CivEng, assist. — Faculty of Civil Engineering - Skopje, R. Macedonia, smitovski@gf.ukim.edu.mk

KAMEHHO-HACUINHA A30BUPHHA CTEHA C ACPANITOBETOHHA OUAD®PAIMA
»KHEXXEBO”

JIrooomup Tanuyes, I'eopru kokasnanos, Jlronuo IlerkoBcku, CreBuo MUTOBCKHU

PE3IOME

AHanu3bT Ha pUCKAa Ha S30BHPHHUTE CTEHH, KAaTO HepasJesiHa 4acT OT XHMIPOBB3IMTE € CIO0XKEH INpobieM, KOHTO e
3aJbJDKUTENIHO Jla Ce pasliiek[Ja B MHOTO acnekTd. MneHtudukanusra Ha NMOBEAEHHETO HA CTEHAaTa IO BpeMe Ha
CTPOUTEJICTBOTO, ITBPBOTO 3aBHPSIBAHE M  EKCIUIOATAlMATa M KAKTO M HAIPErHATOTO W Ne(QOPMHPAHO CHCTOSHHE Ha
CTEHAaTa ca OT M3KIIFOUUTEIHA BAKHOCT 32 NH)KEHEPA IIPOEKTAHT Ha TE3U CI0XKHHU ChOPHKCHHUS.

B npenumnu nmpoextHu pemenns ot 1990 roxuHa s30BupHa creHa ,,KHexeBo ,, Oeme pemeHa karo KHAC ¢ nenTpainHo
TJIMHEHO 5171po. B mporieca Ha mpeoleHKa Ha ITPOeKTa ,,3JIETOBULA” OT EKUIT KOHCYJITaHTH CE 0Ka3a, ue KOJIMYecTBaTa INIMHA
B HaXOMIIETO Ca OrPaHUYCHH, HAIUIIE € TBHPE BUCOKO ChbP)KaHWE Ha OPTaHWYHU IIPUMECH U TpaHCIopTa € cKbIl. Ciexn
Te3W KOHCTaTammu Osixa pasrienanu antepHatuBHU pemerns ( KHSAC cpe cromano0eToHOB ekpaH, ¢ acanTobeToHOBa
muadgparMa W MacWBHa CTeHa OT BanupaH OeroH). KoncynaranTsT ce cmps Ha Bapumant KHSC c acdantoberoHoBa
muadparma. S3oBupHa cteHa ,,KHe:keBo’e BUCOKa 75MeTpa U € CHTyHpaHa Ha peka 3IIeTOBCKa, B HEIIOCPEACTBEHA OIM30CT
o rp.JIpobumun B ceBeponsTouHara dact Ha PermyGnuka Makenonus. CTpPOUTEICTBOTO Ha CTEHATA 3all04Ba ClIe/BallaTa
ToJIMHA, KaTo TS e ObJe MbpBaTa OT TO3W THI B cTpaHara. SI30BHpHaTa CTEHa Ie Ch3Aaze BoAOXpaHWIHUIIe ¢ 00eM23,5
MJIH. KyO.M KaTo BoJaTa e ObAe M3IOJI3BaHA 3a KOMIUIEKCHHM HYXIU. B Hactosmmsar noxiax me Obae NpeacTaBeHo

4
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CTaTHYECKO M3CIIE[BaHE HAa CTEHATa 10 METO/a Ha KpailHWTe eneMeHTH ¢ nomomra Ha codryeprus naker COOPUCTUK,
paspaboren B P. I'epmanmsa. COOUCTHUK e momeH codTyepeH makeT mpeajarail rojasiM Habop OT BB3MOXKHH aHAIU3H.
W3zcnenBaneTo Ha s30BHpHATa CTeHA Oellle MpoBeICHO 10 OOMYaiHUs pell Ha MOAENNPAHE Ha TO3H THII ChOPBKEHUS: N300p
Ha MaTepHaIHUTE XapaKTEPHUCTHUKH HA CTEHATa, MPHEMaHEe Ha OINPOCTEHAa T'€OMETPHs MOAXOJINA 3a IUCKPETH3alHs C
KpailHU eJIeMEHTH U U II0ETallHO IpWJIaraHe Ha HaTOBapBaHETO. B KOHTaHKTa MEXTy 30HH C pa3jiMyHU JeOpMaluOHHU

XapaKTEePUCTHKH Ca IPWIOKEHH KOHTAaKTHH (IPYKWHH) €IEMEHTH 3a OINpeleiIsHe Ha B3aMMHUTE WM IPEMECTBAaHUS.

AKIEHTBT B TO3M aHAJIM3 N1a/1a BbPXY MOJEIUPAHETO HA HAPETHATOTO U Je(POPMHUPAHO ChCTOSIHUE 33 OCHOBHO ChUeTaHHE
Ha CUJINTE.
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FLOOD CONTROL DAMS IN AUSTRIA
Helmut Drobir

ABSTRACT

In the course of decades more and more areas, exposed to be inundated by flood, were gained by people for settlement and
farming use. With the loss of natural flood retention areas along rivers and by river regulating works the peak of the flood
flow has increased and the flood discharge has accelerated. In order to prevent severe flood damage, man made flood
control systems had to be installed.

It is a idea to retain flood waves by man made basins, till the river discharge downstream of the basin tolerates a well
measured water release which does not cause any damage. These flood basins are fundamentals of the flood protection in
Austria, where extensive areas are exposed to be flooded. Therefore flood protection is within the scope of responsibilities
of the Austrian governmental authority. As benefits from the use of flood basins the uninterrupted river flow and the
possibility to minimize regulating works downstream from the basin can be listed.

The base of flood basins are natural or man made dams. Most of the flood control dams in Austria are earth fill dams.
Concrete dams are rare, whereas concrete is usually used for the structure of bottom outlets and spillways. The bottom
outlet enables the pass of water through the dam, which can be the natural flow in the river or the release of water in the
case of water retention. The spillways are for the dam safety, if the amount of water of the flood wave clearly exceeds the
volume of the basin and the water level is about to rise above the dam crest.

In the present paper different types of existing flood basins are described. Main emphasis is given to different types of
bottom outlets and spillways. The discharge of the bottom outlets depends on the cross section of the outlet and on the
stored water level in the basin. In order to optimize the flood retention effect of the basin the bottom outlet of many flood
basins is controlled by gates. There are also different types of spillways, nearly all of them ungated. Another relevant
problem is the clogging of bottom outlets and spillways by driftwood. Caused by the flood wave, wood is drifted at the
same time as gravel and sand. While sand and gravel will normally pass the opening of the bottom outlet without problems,
drifting wood is to be kept back by wood racks. Different systems of wood racks are also presented within the scope of this

paper.

A30BUPHU CTEHU 3A 3ALLUTA OT HABOOAHEHUA B ABCTPUA
XeamyT pooup

PE3IOME

B MMPOABJIKCHUC Ha JCCETUIICTUA BCE IMOBCUYC U MOBCYC IUIOIIH , U3JIOKEHHU Ha OIMMACHOCT OT 3aJIMBaHC IIPU HABOJHCHUA
0s1Xa OTBOIOBAHU OT XOopaTa 3a CTOIMaHCKU HYXJIU. 3ary6aTa Ha €CTCCTBCHUTC BB3MOKHOCTH 3a PETCH3UA 110 MMOPCUUETO U
KOPUTUPAHETO HA PEKUTE BOAAT 0 MOBUIIaABAHE HA BbpXa HAa BUCOKATa BbJIHA U OTTOKA C€ YCKOPHU. C el npearnadBaHe OT
TCIKKHU IMOPAKCHUS CC HaJIara U3rpak1aHeTo Ha U3KyCTBECHU CbOPBIKCHUS.

Wnesta ga ce Hamany BUCOKaTa BBJIHA OT M3KYCTBEHH BOJOXPAaHWIMINA M JIa C€ M3ITyCKa BOJa KOHTPOIHpPAHO, Oe3 na ce
JIONYCHAT ILETH, HE € OT Buepa. PeTEeH3MOHHHWTE BOAOXPaHMIMINA ca (yHIAMEHTAJIHM 3a 3allUTaTa OT HABOJAHEHHS B
ABCTpHS, Thil KATO FOJIEMU TEPUTOPUU Ca U3JI0KEHHU Ha OMACHOCT OT 3ajiuBaHe. [1o Ta3u mpuurHa, BCHIIHOCT 3allUTaTa OT
HABOJHCHUS € B KOMIIETCHIIMATA U OTTOBOPHOCTTA HA aBCTPUHCKOTO MPABHUTEICTBO. Morar a ce U30posT peuiia moy3u
OT U3MOJI3BaHETO HAa PETEH3UOHHU SI30BUPH.

B ocHoBaTa Ha pEeTEH3MOHHMTE BOAOXPaHMJIHINA pa30mpa ce ca eCTeCTBEHH WM W3KYCTBEHHU SI30BHPHH CTeHH. [loBedero
TaKMBa CTEHU Ha TEPUTOPHUATA HA ABCTPHS ca OT MECTHH MaTepHaiH (3eMHH).beTOHHHUTE CTEHHU ca PAIKOCT, BBIIPEKH Ue
0eTOH € M3MOI3BaH 32 ChOPHKEHUATA 10 OCHOBHHUTE M3ITyCKaTeNy U npeauBHUINTEe. OCHOBHUTE U3IYCKATENIN OCHTYPSIBAT
MPOBEKIAHE HA BOJHH KOJHUYECTBA OJM3KH JIO €CTECTBEHUTE MM BOJHU KOJIMYECTBA KOHTPOJIUPAHO M3IYCKAHH 110 BpEME
Ha HABOJHCHUSTA. [IpEIMBHUIIMTE OCUTYPSBAT MPOBESKIAHETO HA BOJHUTE KOJIMYECTBA aKO 0O0eMa Ha BOJOXPAHUIIUIIECTO
ObJIc 3aITBJIHEH M UMa OTIACHOCT OT 3aJIMBaHE Ha OMJIOTO Ha CTCHATA.

B T03M noknan ca onMcaHW pasIUYHM TUIIOBE CBINECTCBYBAIIM CTeHH. CIlelMalHO BHUMAHHUE € OTIEJICHO Ha Pa3IMYHU
THUIIOBE OCHOBHH H3IIyCKaTeNu W MPETUBHULM. [IpOTHYAIOTO BOAHO KOJIMYECTBO MPE3 OCHOBHUST M3ITyCKATEN 3aBUCH OT
Halpe4yHoOTO MY CEYEeHHE M OT BOJHOTO HHMBO BBB BojoXpaHwiuinero. C Lesl ONTHMH3MpaHe Ha PETEH3MOHHUST e(exT
OCHOBHUSIT M3ITyCKaTeN YeCTO ce 000py/Ba ChC 3aTBOPEH OpraH. IMa ChIlo Taka pa3IMyHU KOHCTPYKIMH Ha MPEIUBHUILIY,
MOYTH BCHYKHU 0€3 3aTBOpHM opranu. JIpyr npoOiieM CBbp3aH ¢ TeMaTHKaTa € 3allylIBAaHETO Ha OCHOBHHTE U3ITyCKaTeNn C
IuIaBama abpBecuHa. [Ischbka W 4akbiia BlIadeHH 10 BpeMe Ha HaBOAHEHHE 0e3Npo0JeMHO MpEeMHHABAT IIPe3 OCHOBHUS
M3ITyCKaTel, J0KaTo IbpBECHHaTa TpsiOBa na ObJe CHpsiHA upe3 3albpiKalld ChOPBKEHHs. PasnuyHum cucremu 3a
3aIbpKAHE HAa JbPBECHHA CBIIO Ca aKLEHT B TO3H AOKIAJ.
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INFLUENCE OF THE RESERVOIRS ON THE FLOOD — PHENOMENAS ON THE EAST-
SOUTH-EASTERN BULGARIA

Srtefan Modeyv, Silvia Kirilova

ABSTRACT

Object of study are the reservoir retention capacity on the South-Eastern Bulgarian Rivers.

A few of the floods, observed in 2005 and 2006 initiate heavy damages on the territory of the Republic of Greece and the
republic of Turkey.

On the base of the hydrological records the retention capacity of the reservoirs is assessed, located in the river basin of the
rivers Arda Maritca and Tundja. The design peak discharges are computed on the river cross-section et the state border.

The already existed reservoirs decreased the peak discharge of the natural floods by 25 to 50 % for the different rivers.
Dr.Eng.Stefan Modev, Associate Proffesor

Eng.Silvia Kirilova, PhD Student

Department of “Hydraulics and Hydrology” by UACEG — Sofia.

Email:Modev_fhe@Uacg.bg

BJINAHUE HA A30BUPUTE 1PN BUCOKU BbJIHN — PEHOMEH B U3TO4YHA
HOrON3TO4YHA BBJIFAPUS

Credan Mones, CunBus Kupuiosa

PE3IOME

OO0exkT Ha U3CIEIBaHE € pPEeTEeH3WOHHATa CIIOCOOHOCT Ha S30BHPHUTE, H3TPAJCHH BBB BOJOCOOpHHTE OaceifHW Ha
IOrousrounute OBArapcku peku. HSKOIKO OT BHCOKMTE BBIHH, (Gopmupamm ce mnpe3 2005 u 2006 r mpemusBrukaxa
3HAYUTEIHHU 3aryon Ha Tepuropunte Ha P.I'spuns u P.I'sprius.

Ha ocHoBata Ha maHHHWTE OT XHUIPOJOTMYHNTE HAOIIOACHHS € HalpaBeHa OLEHKA HAa PETEH3MOHHHUTE BB3MOXKHOCTH Ha
BOJIOXpAaHWINIIATA, HM3TPAJCHH BBB BOJOCOOpHHTE OaceiHH Ha pekute Apma, Mapmma u TyHmka. M3uncieHu ca
MaKCHMAaJTHUTE Opa3MEPHUTEIIHH BOJHH KOJIMYECTBA KbM HAIlPEUHHUTE CEUCHNS Ha PEKUTE TIPH MYHKT “TpaHuma’.

CT)IIIGCTByBaIIII/ITe B CKCIJIOATAllM BOAOXPAaHWINIIA HAMAJIABAT BbPXOBETEC HA OPA3SMEPUTCIIHUTE BUCOKHU BBJIHU C 25 a0 50
%.
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PROBLEMS OF EMBANKMENT DAMS MONITORING
Christo Abadjiev

ABSTRACT

The safety control of a dam includes the monitoring system, including the visual inspections, on the one hand, and the
analysis of all measurements and observations, the conclusions and decisions for actions, on the other hand.

The instrumentation could be the reliable basic component of the monitoring, however it could be also unnecessary
expensive, wrong directed, giving confusing results and even to be dangerous for the dam itself.

A lot of instruments are installed in new dams and plenty of measurements are performed. However, few conclusions about
the optimization of the instrumentation have been made and still less shared and published. Some need exists to summarize
the analyses and all the experience gained. On the basis of realized observations and analyses, the dam monitoring system
can be optimized to minimum quantity of instruments and at the same time sufficient to guarantee the dam safety at the
lowest cost.

To be effective, the monitoring requires a logical and comprehensive program and careful execution, to begin with clear
defining the purposes of the monitoring program and end with planning how to implement the measurement data. Here, the
basic links and steps of a successful dam safety monitoring program for filled (earth fill and rock fill) dams are presented,
as well as some examples of often used not correct decisions.

nPOBJNIEMU NPU MOHUTOPUHIA HA HACUNMHUTE A30BUPHU CTEHU

Xpucro Adamkuen

PE3IOME

YupaBneHHETO Ha CUTYpPHOCTTA Ha €IHA $A30BHpHA CTCHAa (MOHUTOPHWHTA W) BKIIOYBA OT €IHA CTpaHAa KOHTPOJIHO-
m3mepparenHata cucrema (KMC) m BU3yalHWTE WHCHEKIMH, a OT JApyra CTpPaHAa - aHANW3bT HA H3MEPBAHUATA H
HaOJIOIeHUATa, U3BOANTE M CHOTBETHHUTE pelieHus 3a neiicteue. KontpomHo-m3MepBarennata cuctema (KMC) moxe na
ObjIc OCHOBHATA M HAJIC)K/IHA KOMIIOHEHTA HA MOHHUTOPHHI'A, HO ChIIO MOXKE U Ja O'b/Ie M3IHUIIHO CKbIIA, TPEIIHO HACOUCHA,
JlaBaiia 00bPKBAIIK PE3yATATH U JOPH J1a ObJIe OMacHa 3a CUTYPHOCTTA Ha CTCHATA.

Mmnoro HWHCTPYMECHTU CE€ BJIaraT B HOBUTC A30BHUPHHU CTCHU U MHOI'O HU3MCpPBAHUA CC€ MOBCKIAAT, HO MAJIKO HM3BOJAU U
3aKJIFOYCHUA CC MPaBAT. OIIIC II0-MaJIKO C€ CIIOACIIAT U Hy6J'H/IKyBaT. LIyBCTBa CC HYyXXIa OT 0606maBaHe Ha HaTpyIlaHuid
OIMUT IO U3MEPBAHUATA HA OTACIHUTE ABJICHUSA ITPU PAZJIUIHUTC BUAOBE CTCHU U TCXHUS aHAJINU3.

B®3 ocHoBa H3BBPUICHU Ha6J'IIO[leHI/l§I MOXKC JJa CC ONTUMHU3HNPA KOHTPOJHO-U3MEpBATEC/IIHATA CUCTEMA, a CC U3BBPUIBAT
JAO0CTAaTb4YHU 3a CUTYPHOCTTA Ha CTCHAaTa U3MEPBAHUA ITPU MUHHUMaAIHA CTOMHOCT.

HagexxgHocTTa Ha MOHHTOPHHTA HAa CHTYPHOCTTA 3aBHCH OT IDIAHHPAHETO W M3ITBIHEHHETO Ha SICHA W IIOCIIeIOBaTeIIHA
nporpama. Tyk ca mpeacTaBeHM HAaKpPaTKO HEOOXOAMMHTE OCHOBHM 3BEHa M €Tall HA MOHHUTOPHMHIOBaTa mporpama 3a
HACHITHUTE S30BUPHU CTEHH, KAKTO M HIKOW MPUMEPH Ha MOBTAPSIIH CE HETIPABIIIHH PEIICHHS.
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WHY TO MEASURE TEMPERATURES IN AN EMBANKMENT DAM?
Markus Aufleger ,Matthias Goltz

ABSTRACT

Since there are embankment dams, there are problems with internal erosion. Phenomena related with these mechanisms are
often difficult to identify and to estimate. In a certain way the early detection of internal ero-sion and the reliable
assessment of the resulting risk for the dam stability have to be considered as supreme discipline in embankment dam
engineering. Despite the enormous quantity and the outstanding quality of many research activities in this field there is still
a lot of research work to do.

Detection plays an important role in handling the internal erosion risk. As internal erosion is caused by seep-age and may
increase seepage the detection concentrates on leakage detection. Conventional leakage detec-tion strategies often lack of
seamless and distributed information. Furthermore, the relevant parameters for in-ternal erosion like degree of saturation
and flow velocity can not directly derived from the results. New monitoring tools have been developed to overcome these
limitations. We have to distinguish between passive and active methods. Both will be described in this contribution.

Beside some remarks about the principle and the performance of DTS (distributed temperature sensing) de-vices the
fundamental heat pulse concept is explained. Finally, general recommendations for detection of in-ternal erosion by means
of passive and active temperature methods are given.

3ALLO OA MEPUM TEMINEPATYPU B HACUINHWU CTEHW?
Mapkyc Ayduierep, Matuac I'onn

PE3IOME

I[OKaTO HUMa HaCUIIHU CTCHHU, IIC MMa U HpO6J'IeMI/I C BbTPCUIHATA €PO3Usl. SIBneHust CBBpP3aHU C TE3U MCXAaHU3MHU YCCTO Ca
TPYAHU 3a ONPCACIAHC U JIOKAJINU3UPAHE. HaBpeMCHHOTO perucTtprupadHe U 10CTOBEPHOTO OMNPCACIIAHC HA MOJYYCHUS PUCK
3a CTa0UIMTETA Ha cTcHara, 6€3CHOpHO TpSI6Ba Ja 6T>Z[aT OIPCACIICHN KAaTO MbPBOCTCIICHHU 34 HACUITHUTEC CTCHU. B’LHpeKI/I
TOJIIMOTO KOJTHYECTBO H BI/ICOKOKBaJII/I(‘I)I/II_[I/IpaHI/I H3CJIICABAaHUA B o0JracTTa uMa OIIIC U3CJIICAOBATCIICKA pa60Ta.

PeructpupaneTro Ha BBIpEIIHA €po3us MIpae rojsMa poJid 3a HaMalsBaHe Ha pHucka. KoraTo BbTpelIHaTa epo3us e
NpuYMHEeHa oT (uiITpalMs M MOXKe Ja MOBHUIIM (UITpalMsATa perucrpauusara ce OorpaHu4yaBa 0 HaMHpaHe Ha Teda.
KoHBeHIMOHAIHUS 1TOIX0/1 32 YCTAaHOBSIBAHE HA TEYOBE YECTO HE € JIOCTaThuHO IperieaeH 1 He aaBa nadopmarus. Hemo
NOBeYe, CBbP3aHUTE MapaMeTpH , KaTo CTEIeH Ha BOJOHACHIAHE CKOPOCT HAa IOTOKA HEe Morar Jia ObJaT IOJy4eHH OT
pesyarature. HOBM KOHTPOIJIHO M3MepBaTeNnHu ypeau 0sixa pa3paboTeHH 3a j1a Moxe J1a ObJaT MpeKpauyeHu Te3H IPaHMIIH.
PaznnyaBame 1Ba MeToa: aKTHBEH M ITacUBeEH. 1 n1BaTa 1mie ObJaT IpeCTaBeHH .

Hsixon Oenexxkn 3a mpuHimna Ha pabora u noseaeHue Ha DTS ycrpolicTBata M ujesTa Ha TOIUIMHHHTE MMITYJICH ca
uzsicieHu. Hakpast, me Ob1aT JajeHn o0y NpenopbKy 3a yCTAaHOBSIBAHE HA BHTPEIIHA €pO3Usl Upe3 MACUBHUTE U aKTHBHU
TEMIIEPaTyPHU METOMH.
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INVESTIGATION AND MONITORING OF TIWAG’S DAMS
Bernhard Hofer

ABSTRACT

TIWAG-Tiroler Wasserkraft AG [Tyrol Hydropower Ltd.] operates hydropower plants in the federal state of Tyrol in the
western part of Austria. At the present time the company operates 39 smaller and 7 large (> 10 MW) hydropower plants
with a maximum design capacity output of 1518 MW and an annual average energy production of 3020 GWh.

As a result of the steady growth of the energy requirements of private consumers, the administration, the business sector,
and industry, and in view of the fact that no new power plants have been built in the last decade, TIWAG’s degree of self-
supply of energy has dropped significantly in recent years.

In December 2004, TIWAG presented to the public various possible solutions to remedy this bottleneck by suggesting in its
“option report” that it has identified 16 possibilities for constructing large hydropower plants in the Tyrol. Following
intense discussions with the local people, representatives and leading politicians of the Tyrol, TIWAG announced that it
would begin with the detailed planning of 4 projected storage power plants as agreed with the government of the Tyrol.

TIWAG has been intensively working on the investigation of the first of the four projects, which is the extension of the
existing “Sellrain-Silz group of hydro-power-stations“by adding the new “Kiihtai storage power plant”. As the core of the
extension an additional annual reservoir (working capacity 31 million m®, maximum height 125 m) will be erected, for the
construction of which extensive studies are being carried out at the moment. The results of these investigations are
expected to confirm the technical feasibility of the plant as well as its economic efficiency. The study will work out
essential fundamentals for the planning and construction of the dam and provide the results required for its safe operation.

As soon as the “Kiihtai storage power plant” goes into operation, extensive measuring will be necessary to monitor and
assess its proper behaviour. TIWAG has many years of experience in carrying out and interpretation of control
measurements of dams (up to 150 m in height). As a model we will discuss the “Gepatsch dam”. This dam, which was put
into operation in 1964 as rockfill dam with a height of 150 m and a mineral core seal, stores the “Gepatsch reservoir” (140
million m*) of the “Kaunertal hydropower plant”. Essential measurements were taken with regard to the deformation
behaviour and the permeability of the dam itself, as well as the deformation behaviour of the reservoir slopes. A great many
measuring instruments are installed to collect the constantly acquired and automatically processed data; in addition to this,
measurements are carried out manually. The documented measurement data, along with the expert interpretation of the data
with regard to the stability of the dam and reservoir slopes, as well as a statement on the safety of the plant, are to be
presented to the appropriate authority in annual reports.

Bernhard Hofer, TIWAG — Hydropower Engineering Department
Eduard-Wallnéfer-Platz 2, A-6020 Innsbruck, AUSTRIA

NMPOYYBAHUA N MOHUTOPUHI HA A3OBUPHUTE CTEHU HA TIWAG
bepnapa Xogep

PE3IOME

TIWAG-Tiroler Wasserkraft AG [Tyrol Hydropower Ltd.] excruioatupa BOJHO €JIEKTPHUCCKHU ICHTPAIH, HAMUPAIIH CE
BbB (pexepannus mar Tupos B 3amagHaTta yacT Ha ABcTpus. [loHacTosiem KommaHusTa ekcruioatupa 39 manku u 7
ronemu ( > 10MW) BOJHO eNeKTpUYECKH LEHTPAIM ¢ MAaKCHMaJlHa MpoeKTHa MomiHocT 1518 MW u cpenHo roauiHo
pou3BO/CTBO Ha eHeprus 3020 GWh.

B pe3ynTar ot HOCTOSIHHOTO HapacTBaHe Ha EHEPrUHHUTE MOTPEOHOCTH Ha UHIYCTPHATA, HA aIMUHUCTPATUBHUS 1 OM3HEC
CEKTOPa, KAKTO U Ha YACTHUTE JJOMAKUHCTBA U OT INIEHA TOYKA HA TOBA, Y€ HUTO €/JHa BOJHO €JIEKTPUUECKA LIEHTPAJIa HE €
Ouia mocTpoeHa mnpe3 MoCIeTHOTO AeceTmieTie, nasapHusT 11 Ha TIWAG Ha eHepruiiHus nasap € Hamassul 3HaUUTEJIHO
IIpe3 MOCIEAHNUTE TOAUHH.

IIpe3 nexemspu 2004 r. TIWAG npenctaBu Ha 00IIECTBOTO HIKOJIKO Pa3IUYHM PEUISHHS 3a TPEOAOsIBaHe Ha Ch3aajaTa
ce HeOJarompusITHA CUTYaIlus, IPEICTaBINKY TH B ,, Jlokian, ceabpkam Be3MokHATE onuun’’. IlpeacraBenu ca 16 uaen
3a M3rpakJaHe Ha roJieMH BOAHO eJeKTpuueckd meHTpanu B Tupoun. IlocnenBaHu oT oOCHKAaHHS C MPEACTABUTENN Ha
0O0IIIECTBOTO M BOJCIIM MOJUTHIKA B THPOJ, KaTO MOCTUTHATHTE PEIICHWS ca: JCTAWIHO IUTaHUpaHe HAa 4 MpOeKTa 3a
MMOMIICHO-aKyMYyJIpaliyu BOAHO CJICKTPUUCCKU LEHTpPAJIN.
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[IpoyuBaHusTa 32 IBPBUST OT YSTHPUTE MIPOEKTA ca MHTEH3UBHO npoBexaanu oT TIWAG, a caMusiT npoekT npecTraisBa
pasmupsiBaHe Ha CHIIECTBYBAIaTa IpyIma IeHTpaiH ,, Sellrai- Silz” ¢ HOBa MOMITEHO-aKyMyITpaIia BOJHO EIEKTpHYecKa
merTpana “ Kuhtai”. CpimuHaTa Ha pa3MIMpsSBAHETO € M3TPAKAAHETO HA JOIBIHHUTEICH TOMUIICH W3PaBHATEN (¢ pabOTeH
obem 31 MHI. M° M MakCHMAalHa BHCOUYMHA 125 M), 33 YHETO KOHCTPYHMpaHe B MOMEHTAa CE€ NPABAT 3aXbIOOYCHH

npoyuyBaHHA. Pe3ydarature OT TAX ce OYakBa Ja MOTBBPAIT TEXHHYECKaTa M HMKOHOMHYECKaTa e(eKTHBHOCT Ha
XUJpOCHEepruifHaTa cucTema.

HpquBaHI/mTa e AOIPUHECAT 3a HU3SACHABAHC HA OCHOBHHU BBIIPOCHU IIPHU MNPOCKTUPAHETO M KOHCTPYUPAHECTO Ha
A30BHpHATa CTCHA, KAKTO U 3a Oe3omacHara i CKCIuIoaTanus.

[{om ITABEI] ,,Kuhtai” 0bie mycHaTa B €KCILIOATAIMs M€ Ca HEOOXOAMMHU OOIIMPHUA M3MEPBaHUS 3a HAOIIOICHUEC U
OIIeHKa Ha MTOBEJCHUETO H.

TIWAG uMma IbAroroAMIIeH OMUT B MPOBEXKIAHETO U U3JICABAHETO HA KOHTPOJIHUTE U3MEPBAHUS BbPXY SI30BUPHU CTEHH (
¢ BucounHa 10 150 m). KaTo npumep 11e mocouynM KaMEeHHO HACHMITHATA S30BHPHA CTEHA C MIMHEHO sapo ,,Gepatsch dam” ¢
BucounHa 150 M, BbBeieHa B ekcrutoaranus npe3 1964. IIpu Hes ca U3BbpIICHN BaXHU U3MEPBaHUs, KATO BHUMaHUETO €
HACOYCHO KbM JIe(hOPMHUPYEMOCTTA HA CTCHATA, HeWHATa (DUITPAIIMOHHA YCTOMYHUBOCT, KAKTO U U3MEPBAHUS B SI30BUPHOTO
e3epo. MHcTanupanu ca rojisiM Opoli U3MepBaTENIHU YPEIH, IESIIN OCTOSHHO Ha0MpaHe Ha JJaHHH U aBTOMATHYHOTO UM
00paboTBaHe, KaTo B HAKOM CiTydyall 3a MpoBepka 00pabOTBaHETO MM CE M3BBPINBA PHYHO.

JlokyMeHTUpaHUTe M3MEPEHH IaHHH, 3aeHO C €KCIePTHOTO UM OOSCHEHWE, OTYUTAWKW YCTOMYMBOCTTA HA CTEHATa U
OTKOCHUTE Ha €3epHHUTE OperoBe, KaKTO M CHUTYpHOCTTa Ha IICHTpajaTa ce MPEICTABST Mpea ChOTBETHUTE WHCTUTYIHHU B
TOIUIIHM TOKIAIH.
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RECONSTRUCTION OF ZEIZOUN DAM — SYRIA

Dimiter Toshev, Tonyo Cholakov Maria Baramova —

ABSTRACT

Zeizoun Dam is a basic structure of AL GAB irrigation system in the Syrian Arab Republic. The dam, which is 42,50 m
high and 5580 m long, is a rockfill one with a central clay core.

On June 4, 2002 the dam was damaged. In the western part, with length of about 170 m, the dam was completely destroyed.
In the part with length of about 258 m, the dam crest has moved several meters in the direction of the downstream side.

The results from the geology-engineering investigations and laboratory tests carried out in 2002-2003 create a real picture
of the geology structure as well as of the geotechnical parameters of the geological varieties lying under the dam. The
geology structure comprises of four complexes - technogenic deposits, clayey complex overlaying basalt, basalt complex
and basalt underlying clayey complex.

At the right wing of the dam, where the basalt complex goes up almost to the terrain surface, the dam lies in basalt. At the
left wing, the dam lies completely in the clay complex over the basalt. In the central, the highest part, the dam is grounded
on a base that is a transition from the rock base of the right wing to a thick clay complex in the left wing. At the destroyed
section of the dam, a part of the geological base is washed away and drifted by the water.

In 2004 additional investigation were carried out. Through visual and piezometric observations they provided fresh data
about the hydrogeological conditions in front of and behind the dam.

For the present project the dam is separated into three representative parts - left part of the dam founded on the clayey
complex overlaying the basalt, right part founded in the basalt complex and central part, where destruction occurred, which
can be described as a transition zone between both basic complexes — clayey and basalt.

The paper gives a scenario of dam destruction including dam settlements in transition zone between left and right
bank, high pore water pressure in the dam base, clay core cracking, internal erosion appearance, fracturing of the upper part
of the clay core, saturation of downstream rockfill shoulders, overtopping the dam crest, full saturation of rockfill in central
part of the dam, sliding of downstream slope on clay foundation and finally destruction of the central part of the dam.

The causes of dam damage and many variants for dam reconstruction are discussed and evaluated, such as a
rockfill dam with a central core clay with two rows grout curtain, with or without of grouting gallery, slurry trench wall
along dam axes, rockfill dam with a clayey screen, concrete faced rockfill dam, rockfill dam with a geosyntetic clay
membrane and rockfill dam with an asphalt concrete lining.

In conclusion, it is noteworthy that Zeizoun Dam may be restored and stabilized.
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Bb3CTAHOBSAABAHE HA A30BUPHA CTEHA ,,3EU3YH” — CUPUA

Jumuntsp Tomes, Tonno Yonakos, Mapus bapsmosa,

PE3IOME

S30BupHa cTeHa «3ei3yH» € OCHOBHO ChOpHKeHHe B HanouTenHa cucteMa «An am» B CAP. Crenara Bucoka 42,50 m ¢
IBIDKHAHA 110 KopoHaTa 5580 m e KaMEeHHO HacHITHA C LEHTPAIHO TIIMHEHO SAPO.

Ha 4 ronum 2002 roguna creHata aBapupa. B 3amaanara i yact ¢ appkuHa 170 m creHaTta ce paspylliaBa HambjiHO. B
y4acThK 258 m ce mpeMecTBa Ha HIKOJKO METpa KbM Bb3yIlIHA CTPaHA.

PesynraTute OT T€ONIOKKHTE W XHUAPOTCONOKKHUTE MPOy4YBaHUS U JaboparopHu minuTBanusa npe3 2002 — 2003 r maBat
peaHa KapTHHA Ha TEOJIOKKaTa CTPYKTypa M TEOTEXHWYECKHTE IapaMeTpH Ha IUIACTOBETE MO cTeHara. I eoiokkaTa
CTPYKTypa BKJIFOUBA YCTUPU KOMIUICKCA — TEXHOTI'CHHU OTJIOKCHHSA, TNIMHECCT KOMILICKC, 6a3aﬂTOB KOMIIJICKC U TI'JIMHHU
MOKPUTH OT 6a3aTOBHUS KOMILJIEKC.

B necHOTO KpWIIO Ha CTEHaTa, KbIETO 0a3alTOBUS KOMIUIEKC CE€ PasKpHBa Ha IMOBBPXHOCTTAa HA TEPEHa, CTEHATa JICKH
BBpXY Oa3anture. B nsBOTO KpHIIO CTEHATA JIEXKH M3LSIIO BHPXY MNIMHEHUS KOMIUIEKC IIOKPHUBAIL Oa3ajTUTe.

B LECHTpaHaTa Hail-BHCOKA YacT CTCHATA € q)szmpaHa BBPXY OCHOBA, KOATO € IMPEXOAHA 30HAa MCIKIY 0azaliToBaTa OCHOBA
B ASICHOTO KpHJIO U TbHKUS INTMHECT KOMILJIICKC B JIABO.

B pa3pyui€HaTa 4aCcT Ha CTCHAaTa 4acT OT OCHOBATa € padMuTa U OTHECEHA OT BOAHUS IMOTOK.

IIpes 2004 T OOUBNHWUTENHM TIPOYYBAHUS, BU3YaIHH W TNHE30METPUYHM HAONIONECHWS [aBaT HOBH JaHHH 32
XHUPOTEOJIOKKUTE YCIOBHS TPE] U 3] CTEHATA.

B Hacrosimoro u3ciieiBaHe CTEHATA € pa3/ielicHa Ha TPU IMPEICTABHTEIHM YacTH — JIABAa YacT HA cTeHara (pyHIupaHa B
TJIMHCHHS KOMIUIEKC HaJ 0a3anTure, AICHA 9acT (QyHIUpaHa BBPXY 0a3aTOBHS KOMIUIEKC M IIEHTPAIHA YacT, KBAETO CE €
CIIyYHJIO Pa3pyLICHHUETO, KOSITO MOXKE Ja C€ OIPEeesn KaTo TPAH3UTHA 30HA MEXK/Y JBaTa OCHOBHH KOMILJIEKCA — TIIMHECT
n 0a3aaToB.

JoximansT npeyiara clieHapuil Ha pa3pylIeHHeTO Ha CTeHaTa BKIFOUYUTENHO TU(EpeHIHaTHO Cisrane B TpaH3UTHATa 30Ha
MEXIy JIB M JIECEH OpAr, BUCOKO IOPOBO HAIATaHE B OCHOBATAa, HAITyKBaHE Ha IJIMHEHOTO SAPO, MOSBA Ha BBHTPELIHA
epo3us, IIyKHATHHU B TOPHATA 4acT Ha SJPOTO, BOAOHACHUIIAHE HA BB3/yLIHATA CKaJIHAa IPU3Ma, IIpEJIUBaHe 1pe3 KOPOHATa,
ITBJIHO BOJIOHACHIIIAaHE Ha HAacHIa B IIEHTpajiHAaTa 4acT Ha CTEHaTa, XJIb3TaHe Ha BB3AYLIHHS OTKOC BHPXY IJIMHECTara
OCHOBa W HaKpas pa3pylIaBaHe Ha [[CHTpalTHATa YacT OT CTeHATa.

JIMCKyTHpaHH M OLEHEHH ca MpPUYMHUTE 3a MOBpPEAWTe M BapuUaHTH 3a BB3CTAHOBABAHE HAa CTEeHaTa. loBa €
KaMEHHOHACHUIIHA CTE€Ha C INIMHEHO AAPO ¢ ABa peJa HHKEKIMOHHA 3aBeca, C U 0e3 HHKEKIMOHHA rajepus, IIUINII0Ba CTeHa
B OCTa Ha SAPOTO, KAMEHHOHACHITHA CTE€HA C TJIIMHEH eKpaH, CbC CTOMaHOOETOHOB €KpaH, ChC CHHTETHYHA reoMeMOpaHa u ¢
acdanToOeTOHOB eKpaH.

B 3akiroueHne € KOHCTaTHpaHa Bb3MOXHOCT 32 Bh3CTaHOBSIBAHE M CTAOMJIM3MPAHE Ha S30BHPHA CTEHA ,,3ei3yH”.
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NUMERICAL ANALYSES FOR ZEIZOUN DAM RECONSTRUCTION
Dimiter Toshev, Tonyo Cholakov

ABSTRACT

The present paper, through detailed seepage and stability analyses of dam by cross sections, states the grounds for the
measures necessary for the stabilization of dam and proposes cross sections for the reconstruction of the damaged dam part.
Seepage analyses made in two stages are fulfilled to specify the boundary conditions of the seepage models in two cross
sections. For that purpose, data from the observations of three piezometers in the downstream part of the dam reservoir is
used.

Four cross sections in the undamaged dam part and two cross sections in the destroyed dam part are analyzed.

The results of the seepage analysis in cross section “60”, where dam lies on clay, and in cross section “73”, where dam lies
on basalt, confirm the correctness of the applied boundary conditions.

The seepage flow under the core comes out on the terrain surface just behind the clay core and in the downstream slope toe.
An insignificantly small part of the ground water flow, less than 1% in the left dam part and less than 5% in the right one,
advances towards lowlands.

In the left dam wing, the measures for draining the subgrade include a drainage blanket and a longitudinal drainage
collector behind the downstream slope. The measures in the new design part of dam consist of excavation of the weak
layers and filling with drainage material to serve the acceleration of seepage consolidation in subgrade.

The clay core in the undamaged part of the dam is not a reliable watertight element. The intended execution of deep slurry
cut off wall in the dam axis restores the core water impermeability. The effect of the slurry cut off depends on the
correlation of the core permeability coefficient to the permeability coefficient of wall. The systematic researches show that
the zones when both coefficients have similar values are authoritative of clay core stability.

In the existing part of dam, the construction of a longitudinal drainage behind the downstream slope toe is an appropriate
activity for leading away seepage flow.

The general solution of this task for the new part of the dam ranges over construction of a wide clayey cut-off that reaches
rock of good geotechnical characteristics (layer 3.3), excavation of the weak clayey layers behind the core and replacement
with drainage material and leading seepage flow in a drainage collector at suitable elevation.

The hydraulic gradients in the dam core and subgrade are ordinary and within the admissible limits. An outflow sector with
a maximal gradient value from 1,4 to 1,7, which does not exceed the one recommended for clay cores and ranging from 4
to 10, appear on the downstream core slope.

The general conclusions from the analyses are that the low geo-technical parameters of subgrade and the high
seismicity of the site are determinative for dam safety. The most probable sliding surfaces of the slopes are the deep sliding
surfaces through the weak clayey layer 2.5. A drainage blanket at the downstream side and additional counter embankment
at both dam sides are recommendable for decreasing the hydrodynamic pressure in the clayey complex.

University of Architecture, Civil Engineering and Geodesy, Sofia



Third Bulgarian Austrian Seminar
EMBANKMENT DAMS AND DYKES

SOfia" N
October 2007 TN
YUCTNEHW AHATIM3M 3A Bb3CTAHOBSIBAHE
HA SI30BUPHA CTEHA «3EU3YH» - CUPUS

Jumutsp Tomes, Tonno Yonakos

PE3IOME

S3oBupHa cTeHa ,,3ei3yH”’, KosTo aBapupa mpe3 2004 roguHa, € U3rpaacHa B CI0KHU TEOJ0XKKH YCIOBHUS, KOUTO
HOCTaBST OINpEACNICHH NPOOJIEeMH INPH MPOSKTHPAHETO Ha MEPKU 3a PEKOHCTPYKLMS M CTaOMIM3UpaHe Ha CTeHaTa U
W3BBPLIBAHE HA MOJXOMSIIN CTPOUTEIHN IEHHOCTH.

B noknana ce maBar pe3ynirard OT JETailIHM (UITPALMIOHHN W CTaOMJIMTETHU W3CIEIBaHMSA U ce 0OOCHOBaBaT
HEOOXOAMMHTE MEPKHU 3a CTaOMIM3UpaHe Ha CTeHaTa, KaTo ce MpeajaraT THIOBU HalpedyHH Npoduim 3a peKOHCTPYKLIUS
Ha paspylleHaTa ¥ IOBpeleHa 4acT OT cTeHara. DUATpalIOHHUTE H3CIEIBAaHUS MPOBEACHU B JBa €Talna yYTOYHSBAT
TPaHUYHUTE YCIOBHS BBPXY (PUITpAIMOHHUTE MOAEIH B BA Mpoduiia. 3a IenTa ca U3M0I3BaHN JaHHUTE OT U3MEPBaHHA B
TPHY MIHE30METHPA B JJOIHUS yJacThK Ha A30BHpa.

W3scnensanute yetnpu npoduia B Hepa3pylleHATa Y4acT OT CTEHATa W JiBa B pa3pyllieHaTa 4acT MOTBBPKIaBatT
KOPEKTHOCTTA Ha MPUJIOKEHUTE I'PAHUYHH YCIOBUSL.

OUATPALMOHHOTO TEYECHHUE MO/ SAPOTO M3JIM3a HA TEPeHA HEMOCPEICTBEHO 0 SAPOTO U B MeTaTa Ha Bh3IYIIHHS
oTKoC. [IpUTOKBT KbM HU3MHATA € HE3HAYUTEIIHA YacT OT MOA3EMHUS MOTOK, MO-MaJIKo OT 1% B JsBaTa 4acT Ha CTEHATa H
1o 5% B gsacHaTa.

MepxkuTe 3a ApeHHUpaHEe Ha OCHOBATa B JISIBOTO KPWJIO BKJIIOYBAT JIPEHAKEH TIO(IICK W APEHAXEH KOJEKTOp 3al
BB3AYIIHNUSA OTKOC. MepKHTe B HOBO MPOEKTHpAaHATa 4YacT ChABPXKAT HM33€MaHE Ha claduTe IUIaCTOBE M 3aITBbIBAHE C
JpeHaXXeH MaTepHal C 1€ aKTUBUPaHe Ha (PMIITPAllMOHHATA KOHCOINAALMS Ha OCHOBATA.

I'muHEHOTO SApO He IpUTEXkaBa HeoOXoaANMaTa BOJOIUIBTHOCT. [IpeBueHaTa IUTMIIOBa CTEHA B OCTa Ha SIPOTO
BB3CTAHOBSBA BOAOILTBTHOCTTA My. E(peKTHT Ha HUIMIOBAaTa CTEHA 3aBHCH OT CHOTHOIIEHHETO Ha KOE(UIIMEHTHTE Ha
¢unTpanys Ha SAAPOTO M NUIMIOBATa cTeHa. CHCTEMAaTHYHNTE M3CIICIBAHMS TIOKa3BaT Y€ 30HUTE C OJM3KH CTOHHOCTH Ha
JBaTa Koe(HIHEeHTA ca ITPEACTABUTEIHH 33 YCTOMYMBOCTTA HA SAPOTO.

B chiiecTByBaiaTa 4act OT CTEHATa HA/UIBKEH APCHAX B MeTara HA OTKOCA € MPEMOPhYMTENICH 3a OTBEXKIaHE Ha
(unTpupanre Boau.

OCHOBHOTO pEIIeHHE 3a HOBaTa YacT OT CTEHATa BKIFOYBA M3TPaXKIaHEe HA MIMPOK TJIIMHEH 3h0 JOCTHraIl J0
0azanT ¢ mo0pU reoTeXHUYECKH mokasatenu (riact 3.3), M3KOMaBaHe Ha CJIAOWUTE TJIMHECTH IUIACTOBE 3aJ SAPOTO U
3aMeCTBaHe C APEHAXKEH MaTepHal U OTBSXKIAHE Ha QUITPAIMATA B JPCHAKCH KOJICKTOP HA MOAXO/AIIA KOTA.

XupaBIUYHATE TPAJUCHTH B SAPOTO U OCHOBATa ca OOMYAWHH U B JOIYCTUMH TpaHuiu. Ha BB3AylIHUS OTKOC
Ha SapOoTO ce (opmupa (uiTpanus ¢ MaKCHMaJACH rpaaueHT 1,7, KOWTO HE HaAMHHABA IMPEIMOPHUYAHHUTE B HOPMHUTE
croiiHocT oT 4 110 6.

I'naBHUTE HU3BOJM OT H3CICABHHUATA Ca, Y€ HHCKUTC I'COTCXHHMYCCKH IIOKa3aTCJIM Ha OCHOBATa WM BHCOKaTa
CEM3MHNYHOCT Ha IIIOIIaJgKaTa ca OIpEAC/IANIN 3a CUTYPHOCTTAa Ha CTEHATa. Haﬁ—BepOHTHHTC TIIOBBPXHWHU Ha XJIB3raHE Ha
OTKOCHTE Ca ,H’bJ'I6OKI/ITe XJIB3raTCIIHA MIOBBPXHUHU TIPE3 clabus TIMHEH 1u1acT 2.5. 3a HamalsiBaHe Ha XUAPOAUHAMUYIHOTO
HaJSITaHE B TJIIMHECTHA KOMIUIEKC CE€ IPENOPBHUBA APEHAXKEH TIO('I)J'IGK OT BB3QYyIIHA CTpaHa U JOIIBJIHUTEIIHU KOHTPaHACUIIA
OT ABCTC CTpaHU Ha CTCHATA.
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DEALING WITH SEDIMENTS IN THE MARGARITZE BASIN OF AUSTRIAN
HYDROPOWER COMPANY.

Alois Leobacher

ABSTRACT

The Verbund Austrian Hydropower Company is the owner of several hydro power plants including some reservoirs
situated in areas with high production of sediments. In order to guarantee an operation of power plants without
interruptions and especially for dam safety reasons prevention of entering the sedimentation in the reservoir or removing of
the material in certain period of necessary.

In the following chapter as an example the Margaritze —reservoir was choosen for explanation the measures in case of
sediment deposit.

YNPABNEHUE HA HAHOCUTE B YALLUATA HA A30BUP ,,MAPIAPUTLIE”

Auiouc Jleobaxep

PE3IOME

Verbund Austrian Hydropower Company ¢ COOCBEHUK Ha HSIKOJKO XHIPOBB3eJia BKIIOYBAIIH HIKOJIKO BOJIOXPAHUIIHIIA
Pas3IoyIoKEHN B palioHM ¢ ToyisiM HaHoceH oTTok. C men na Obje rapaHTHpaHa HenpekbcHaTa pabora Ha BEI[-oBete n
CHUTYpPHOCTTa Ha I30BUpHATa CTE€HA Ce HajlaraT NPEeBaHTUBHU MEPKH 32 HaJEXKHO 3a/Ibp)KaHe M OTCTPaHsABSHEHA HAHOCHTE.

B cnenBamms goknan e pasriieaH nIpuMepa Ha XHIPOBB3el ,,Maprapuriie” 3a n3sACHABaHE Ha MEPKUTE KOUTO TpAOBa 11a ce
MpeanpueMar Ipu OTJIaraHe Ha HAaHOCH.
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GEOWEB® CELLULAR CONFINEMENT SYSTEM — AS AN ALTERNATIVE SOLUTION TO
THE WELL KNOWN TECHNOLOGIES AND MATERIALS IN HYDROTECHNICAL
BUILDING

Nikolcheva, Boryana

ABSTRACT

The report is focused in cellular confinement system Geoweb®™ applications to resolve problems in different phases of
hydro-technical operations.

The flexibility and durability of the system admit the using of different types of fillings, including concrete depends of the
project conditions. The effectiveness of Geoweb™ System makes it very applicable for such hydro-technical problems as
channel protection systems, temporary and permanent operational roads, erosion control of slopes, dikes and reinforcement
embankments, ect.

Being developed in the late 70s as a load support system for US Army Corps at present time Geoweb” Cellular System

thanks to its inherent advantages, is taking part in wide range of geo-engineering projects.
VIJF Geosystems Ltd.

e-mail: b.nikolcheva@vgfmarketing.com

GEOWEB® FrEOKNETbHYHA CUCTEMA - ANITEPHATUBA HA NO3HATU MATEPUANN U
TEXHOJNOI'mn B XMAPOTEXHUYECKOTO CTPOUTEJICTBO

Bopsina Hukoiuesa

PE3IOME

Teoknerbunata 3atBapsma cuctema Geoweb® e MHKeHEpHa CHCTeMa, KOSTO NpEIara pelieHHs B PA3IMUHH €Talu Ha
XUJPOTEXHUUECKOTO CTPOUTEICTBO KaTO KOPEKIMHU Ha PEeKH, OOJUIIOBKH Ha KaHAJH, 3aIUTa OT OBBPXHOCTHA €pO3Hsl Ha
JIUTH U TIPUJIEKALIH KbM ChOPBKEHUATA OTKOCH, ¥ JIPYTH.

I'bBkaBOCTTa M 3/ipaBUHATA HAa TEOKIETKUTE, ITO3BOJIABAT CbBMECTHATA UM PabOTa C pa3siMueH O BHJ 3aITbJIBAIl HHEPTEH
Marepuall, B TOBa YHCJIO U OETOH, B 3aBUCUMOCT OT KOHKPETHHUTE YCIIOBHSI.
Cw3maneHa u pa3BuTa, npe3 70-Te TOJMHN Ha MHHAIMAT BEK, KATO CHCTEMA 3a CTaOMIM3HpaHe Ha cllabu OCHOBH IPH TbTHU

NPWIOKEHUS 3a HYXXKIUTE Ha AMEpHUKaHCKaTa apMus, JHEC OilarogapeHne Ha CBOWTE NPEHMYIIECTBAa KaTo Marepuall,
KieThuHaTa cucteMa Geoweb”™ HaMHpa IIMPOKO NPUIIOKEHHE B I€0-MHKEHEPHHTE HPOSKTH.
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INVESTIGATION OF REINFORCED EARTH STRUCTURES

BY COMPOSITE THEORY
V. Petkova

ABSTRACT

Reinforced earth is a composite material formed by granular fill and reinforcement. Recently, geotextiles have been used as
soil reinforcement.

In hydraulic engineering they are used as erosion-protection materials in construction of embankments and seashore
structures and to stabilize slopes, river banks and beds.

This report examines soil-strength improvement due to fabrics and other reinforcing materials with tensile strength, which
interact with soil through friction and adhesion. Two different approaches have been used to model reinforced earth
structures in connection with the finite element method: discrete representation of soil and reinforcement and composite
material model. The second approach considers the mixture of soil and reinforcing element as a composite material. The
unit cell concept is used to definite the properties of an equivalent homogeneous material. These properties are evaluated
from the individual characteristics of soil and the reinforcement and the geometry of the structure.

In this report some changes of the members of the matrix of the macroscopic elastic modulus have been made. The
continuum model with the proposed changes of the members of the matrix of the "effective" elastic modulus, describes
more realistically the stress-strain behavior of the composite material reinforced earth and gives an opportunity to predict
more accurately the deformations of the structures of reinforced earth.

University of Architecture Civil Engineering and Geodesy, boul. Hristo Smirnensky 1,
1046, Sofia, Bulgaria

M3CNEOBAHE HA KOHCTPYKLIUN OT APMUPAHA NMOYBA TEOPUATA HA
KOMNO3UTHUTE MATEPUAIIN

B. IleTkoBa

PE3IOME

ApMI/IpaHaTa mo4Ba € KOMIIO3UTEH MaT€pHrajl, CbCTaBCH OT IMOYBAa U apMUPOBKaA. Hanocnennk 3a apMHpPOBKa CC M3I0JI3BAT
I'COTCKCTUIIH.

B XHIPOTEXHHYECKOTO CTPOUTEICTBO ApMHUPAHWTE MOYBH CE€ HW3IMOJ3BAT MPH M3TPAKIAHETO HA JUTH U KpalOpexHH
KOHCTPYKIIMH, 338 CTAOWIM3MpaHe Ha CKIOHOBE, PEYHH M MOPCKHM OperoBe KaTo HaJeKIHA 3alllUTa CPEIly epo3usTa H
abpasusTa.

To3u gokiam n3ciaeasa HO,HO6p}IBaHCTO Ha SKOCTHUTE XapaKTCPUCTUKHU Ha I0YBaTa, AbJIKAIIO CE€ HAa apMHUpaIlly MaT€pruain
C OITbHHA AKOCT, KOUTO B3aHMMOJESHCTBAT ¢ II0YBaTa Ype3 TPUCHE U CUECIIIICHUE.

I[Ba pasiMvyHu noAaxoAa €€ mpujaraT npru MOACIUPAHCTO HAa KOHCTPYKIUH OT apMHpaHa Io4Ba 1o METOoAda Ha KpaﬁHHTe
CJIICMCHTH:

- JluckpeTHO mpeacTaBsHE HA IOYBATa M APMHUPOBKATA H

- [IpencraBsine Ha apMupaHara I0YBa KaTO €KBUBAJICHTEH XOMOTCHEH MaTEepHall, YNITO CBOMCTBA 3aBUCST OT T€OMETPHTA
Ha KOHCTPYKIHUATA ¥ OT OTACIHUTE XapaKTEPUCTKH Ha [10YBaTa U apMHUPOBKATA.

B To3u moknan ca HalpaB€HU KOPEKIMU HA YICHOBETC HAa MAaKpPOCKOIIMYHATa MaTprlla Ha €JIACTUYHUTEC XapaKTCPUCTHUKU.

HenpexkbcHaTHAT MOAET C MPEUIOKEHUTE MIPOMEHH 32 WICHOBETE HAa MaTpHIaTa Ha “eeKTHBHHUTE MOJAYJIM OIHMCBA II0-
pEaMCTUYHO MOBEJICHUETO Ha KOMITIO3UTHUS MaTeprall apMUpaHa Mo4Ba M JIaBa Bb3MOXKHOCT Jja C€ HPEIBUISAT MO-TOUYHO
nedopmanmmuTe Ha KOHCTPYKIMK OT apMUpaHa Mo4Ba.
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IMPROVEMENT OF FLOOD SAFETY OF EVN DAMS

Friedrich Zemanek

ABSTRACT

EVN naturkraft owns and runs 66 hydro-electric power plants, which are located in Lower Austria and in Styria and
include five storage power plants. Meanwhile an adaptation of the spillways in four of the five dams, which were
established in the period of 1908-1957, has taken place. The changes took place either because of outdated technical
mechanisms or due to the rising of the determinate design flood. This lecture will report about structural measures and
adaptations of the dams Erlaufklause and Stierwaschboden at Erlauf river and the dams Dobra and Thurnberg at the Kamp
river.

Before the starting of the construction works it was necessary to accomplish in all cases a hydraulic model tests for the
accurate hydraulic interpretation, the selection of the optimal solution and for the examination of the energy dissipation

Nowadays the Austrian Inspecting Authority claims not only to rise the calculation values of the spillways for existing
storage dams to a HQ 5000 flood, but also claims to consider measures to prevent the blockage of the spillways. A very
good technical solution could be realised at the dam Thurnberg in the year 1999.

In August 2002 the dams at the Kamp river were faced with a disaster flood, which was calculated as a HQ 2000 flood,
although the spillways and dams resisted the flood without any considerable damages. Despite of the oversize flood freight
related to the storage capacities of the dams, the discharge peak could be reduced by the storages of about 15 %. This
lecture will report about this disaster flood event and the recovery of the small damages.

In the last years the frequent flood disasters in Europe led to a rapid development of meteorological and hydrologic flood
prognosis models. Such a special flood forecast model has been developed for the Kamp in a period of approximately 2,5
years in request of the country Lower Austria and EVN AG by the ZAMG and Technical University of Vienna. This
prognosis model was primarily developed for the civil defence of the population, but it is also very useful for the save and
efficient operation of the storage dams.

Therefore the flood security of the EVN - dams themselves could be increased by the described measures although the
conditions (rise of the flood calculation sizes) changed in a delicate way in the last years.

EVN naturkraft Erzeugungs- und Verteilungs GmbH,
A-2344 Maria Enzersdorf, EVN Platz, Austria

NOBULLABAHE HA CUT'YPHOCTTA HA A30OBUPHUTE CTEHU

®puapux lemanex

PE3IOME

EVN-naturcraft mputexaBa m excruioarnpa 66 BOZHOEIEKTPUYECKH IIEHTpPAIN , Pa3MOJIOXKEHH B NpoBUHOHUS JlomHa
Asctpus u lllupusst B ToBa umciio BiM3aT MeT LEHTpanyd paboTely HAa HM3paBHEHW BOIM. MeXIy BpEeMEHHO Osxa
MIPEIBUICHH TPEIMBHUIIM 32 YETHPH OT METTe CTeHU NMOCTpoeHH B nepruona 19081957. [IpomenuTe ce cirydnxa B HIKOU OT
CIlyJauTe 3apajy aMOPTU3UPaHM MEXaHU3MU B JPYTH MOPAIH MPEOIEHKA HAa IMPOEKTHATa BUCOKA BBIHA. T03M JOKIaf e
3aCeTHE HAKOU TEXHUYECKH MEPKH U MPOSKTHU PEIICHUSATEHHS B3€TH Ha HAKOJIKO OT HAIlIUTE OOEKTH.

[Ipenu 3amouBaHe Ha CTPOUTEICTBOTO CE HAJIOXKU U3CIEBAHE BbB BCUUKU CIy4Yad XUAPABIUYHU MOJEIHU U3CIEABAHUS U
TOYHO MHTEPIIPETHPAHE Ha PE3yITATHTE, C 11eJI 1300p HA ONTUMAIHO PELICHUE U N3CIICABAHE FACEHETO HA CHEPTHATA.

B MoMeHTa aBCTPHHCKHMAT KOHTPOJEH OpraH M3HCKBa HE CaMO IIOBHUIIBAaHE Ha H3YUCIUTEIHUTE MapaMeTpu 3a
NPEJIMBHULIUTE Ha CHILIECTBYBAIINTE BOJOXPAHWIMIIA Taka 4e 00e3NeYeHOCTTa Ha MPOBEXKAAHUTE BOJHU KOJIHUYECTBA /1
6b1e p=0,02%, HO M3MCKBa M MpeNOTBpaTsBaHe Ha OJOKMpaHE Ha NPETUBHUIMTE. MHOTO I0OPO TEXHHYECKO pEIICHHE
Oerre IpHIIOKEHO NPH s30BUpHA cTeHa TropHOepr npe3 1999r.

I[Tpe3 aBryct 2002 crenure no pexa Kamn Osixa u3npaBeHH Npeja BUCOKa BbIHA ¢ obesneueHoct p=0,05%,H0 creHuTe n
CHbOPBIKCHUATA 1 TPOBCI0Xa 663 3HAYUTCIHUA MMOBPECIN. B'l)l'IpeKl/I MPCYBCIMYCHUTE CTPAXOBE€ OT HABOJHCHUE OTHACAIIHN CE
JI0 aKyMyJIaTUBHHUTE CIIOCOOHOCTH Ha BOZOXPaHWINIIATA, BbPXa Ha BUCOKATa BhJIHA MOXKE Ja ce pexyuupa 10 15%. B ta3u
JIeKIus e CTaHe JieMa 3a TOBA HAaBOJHEHHE M OTCTPaHSBAaHETO Ha HAKOW MaJIKH TIOBPEH.

B mnocnemHute romuHM YecTuTe HaBojaHeHWsi B EBpoma noBemoxa 10 Obp30 pa3BUTHE HA METEOPOJIOTMYHUTE WU
XUAPOJIOTUYHU Mojenu. TakbB MPOTHO3eH Mojen Oemie pazpaboreH 3a Kamm 3a mepuon oT 2,5 TOAWMHM MO MOPHYKA HA
npaBUTENCTBOTO Ha (enepannus mar JdomHa ABcrpust , EVN ,ZAMG u TY Buena. Ta3u nporHoza ocHOBHO Oeriie
pa3paboTeHa 3a 3alMTa Ha HACEJIEHHETO OT HAaBOJAHEHHWS, HO Ce OKa3a M MHOro edukacHa 3a YIpaBJIEHHETO Ha
BOJIOXPaHMIINILATA.

Taka ge CUTYPHOCTTA Ha A30BUPHUTE CTEHU MOXKE Oa C€ TNOBHUIIN YPE3 BBIIPOCHUTEC MEPKHU BBIIPEKU Y€ HU3UCKBAHUATA
JACOCITUKATHO 0s1xa 3aBUIIICHHU.
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STATE AND BEHAVIOUR OF THE BELMEKEN ROCKFILL DAM
Emil Lilov

ABSTRACT

The report presents an analysis of results from the operation of the highest rockfill dam in Bulgaria. The Belmeken dam has
vertical clay core with claygruss superstructure , reconstruction later on by slurry cutoff wall . The conclusions stipulated in
the report refer top part of the dam body, strain behaviour of its construction , deformation in future.

Analysis of the results of operating and maintenance program and safety against sliding of slopes for dynamic and static
loadings were made.

CbCTOAHUE N NOBEAEHUE HA A30OBUPHA CTEHA BEJIMEKEH

Evna JInnos

PE3IOME

B noknana ce aHanmu3upat pe3yaTaTd OT TeXHHYECKaTa eKCIIoaTalldsd Ha Hail BUCOKaTa y HaC KaMEHHO HAaCUIIHA CTEHA C
BEPTUKAJIHO [NIMHEHO AP0, HAACTPOEHO C IPYCOBO TAJO , B MOCIEACTBHE PEKOHCTPYUPAHO C LIIHLOBa cTeHa. Hanpasenu
ca N3BOJM BBPXY ChCTOSHHETO Ha BPbXHATa 4acT Ha CTEHATa, Ae()OPMAIIIOHHOTO MOBEACHUE HA KOHCTPYKLIUAITA.

AHaHI/l3I/IpaT CC PE3YJITATUTC OT TCXHUYCCKATa CKCIJIoaTalld Ha CTEHATa U HAlIpaBEHUTEC MIPOBEPKU 3a CUTYPHOCTTA H.
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IMPROVEMENT OF FLOOD SAFETY OF EVN DAMS

Friedrich Zemanek

ABSTRACT

EVN naturkraft owns and runs 66 hydro-electric power plants, which are located in Lower Austria and in Styria and
include five storage power plants. Meanwhile an adaptation of the spillways in four of the five dams, which were
established in the period of 1908-1957, has taken place. The changes took place either because of outdated technical
mechanisms or due to the rising of the determinate design flood. This lecture will report about structural measures and
adaptations of the dams Erlaufklause and Stierwaschboden at Erlauf river and the dams Dobra and Thurnberg at the Kamp
river.

Before the starting of the construction works it was necessary to accomplish in all cases a hydraulic model tests for the
accurate hydraulic interpretation, the selection of the optimal solution and for the examination of the energy dissipation

Nowadays the Austrian Inspecting Authority claims not only to rise the calculation values of the spillways for existing
storage dams to a HQ 5000 flood, but also claims to consider measures to prevent the blockage of the spillways. A very
good technical solution could be realised at the dam Thurnberg in the year 1999.

In August 2002 the dams at the Kamp river were faced with a disaster flood, which was calculated as a HQ 2000 flood,
although the spillways and dams resisted the flood without any considerable damages. Despite of the oversize flood freight
related to the storage capacities of the dams, the discharge peak could be reduced by the storages of about 15 %. This
lecture will report about this disaster flood event and the recovery of the small damages.

In the last years the frequent flood disasters in Europe led to a rapid development of meteorological and hydrologic flood
prognosis models. Such a special flood forecast model has been developed for the Kamp in a period of approximately 2,5
years in request of the country Lower Austria and EVN AG by the ZAMG and Technical University of Vienna. This
prognosis model was primarily developed for the civil defence of the population, but it is also very useful for the save and
efficient operation of the storage dams.

Therefore the flood security of the EVN - dams themselves could be increased by the described measures although the
conditions (rise of the flood calculation sizes) changed in a delicate way in the last years.

EVN naturkraft Erzeugungs- und Verteilungs GmbH,
A-2344 Maria Enzersdorf, EVN Platz, Austria

NOBULLABAHE HA CUT'YPHOCTTA HA A30OBUPHUTE CTEHU

®puapux lemanex

PE3IOME

EVN-naturcraft mputexaBa m excruioarnpa 66 BOZHOEIEKTPUYECKH IIEHTpPAIN , Pa3MOJIOXKEHH B NpoBUHOHUS JlomHa
Asctpus u lllupusst B ToBa umciio BiM3aT MeT LEHTpanyd paboTely HAa HM3paBHEHW BOIM. MeXIy BpEeMEHHO Osxa
MIPEIBUICHH TPEIMBHUIIM 32 YETHPH OT METTe CTeHU NMOCTpoeHH B nepruona 19081957. [IpomenuTe ce cirydnxa B HIKOU OT
CIlyJauTe 3apajy aMOPTU3UPaHM MEXaHU3MU B JPYTH MOPAIH MPEOIEHKA HAa IMPOEKTHATa BUCOKA BBIHA. T03M JOKIaf e
3aCeTHE HAKOU TEXHUYECKH MEPKH U MPOSKTHU PEIICHUSATEHHS B3€TH Ha HAKOJIKO OT HAIlIUTE OOEKTH.

[Ipenu 3amouBaHe Ha CTPOUTEICTBOTO CE HAJIOXKU U3CIEBAHE BbB BCUUKU CIy4Yad XUAPABIUYHU MOJEIHU U3CIEABAHUS U
TOYHO MHTEPIIPETHPAHE Ha PE3yITATHTE, C 11eJI 1300p HA ONTUMAIHO PELICHUE U N3CIICABAHE FACEHETO HA CHEPTHATA.

B MoMeHTa aBCTPHHCKHMAT KOHTPOJEH OpraH M3HCKBa HE CaMO IIOBHUIIBAaHE Ha H3YUCIUTEIHUTE MapaMeTpu 3a
NPEJIMBHULIUTE Ha CHILIECTBYBAIINTE BOJOXPAHWIMIIA Taka 4e 00e3NeYeHOCTTa Ha MPOBEXKAAHUTE BOJHU KOJIHUYECTBA /1
6b1e p=0,02%, HO M3MCKBa M MpeNOTBpaTsBaHe Ha OJOKMpaHE Ha NPETUBHUIMTE. MHOTO I0OPO TEXHHYECKO pEIICHHE
Oerre IpHIIOKEHO NPH s30BUpHA cTeHa TropHOepr npe3 1999r.

I[Tpe3 aBryct 2002 crenure no pexa Kamn Osixa u3npaBeHH Npeja BUCOKa BbIHA ¢ obesneueHoct p=0,05%,H0 creHuTe n
CHbOPBIKCHUATA 1 TPOBCI0Xa 663 3HAYUTCIHUA MMOBPECIN. B'l)l'IpeKl/I MPCYBCIMYCHUTE CTPAXOBE€ OT HABOJHCHUE OTHACAIIHN CE
JI0 aKyMyJIaTUBHHUTE CIIOCOOHOCTH Ha BOZOXPaHWINIIATA, BbPXa Ha BUCOKATa BhJIHA MOXKE Ja ce pexyuupa 10 15%. B ta3u
JIeKIus e CTaHe JieMa 3a TOBA HAaBOJHEHHE M OTCTPaHSBAaHETO Ha HAKOW MaJIKH TIOBPEH.

B mnocnemHute romuHM YecTuTe HaBojaHeHWsi B EBpoma noBemoxa 10 Obp30 pa3BUTHE HA METEOPOJIOTMYHUTE WU
XUAPOJIOTUYHU Mojenu. TakbB MPOTHO3eH Mojen Oemie pazpaboreH 3a Kamm 3a mepuon oT 2,5 TOAWMHM MO MOPHYKA HA
npaBUTENCTBOTO Ha (enepannus mar JdomHa ABcrpust , EVN ,ZAMG u TY Buena. Ta3u nporHoza ocHOBHO Oeriie
pa3paboTeHa 3a 3alMTa Ha HACEJIEHHETO OT HAaBOJAHEHHWS, HO Ce OKa3a M MHOro edukacHa 3a YIpaBJIEHHETO Ha
BOJIOXPaHMIINILATA.

Taka ge CUTYPHOCTTA Ha A30BUPHUTE CTEHU MOXKE Oa C€ TNOBHUIIN YPE3 BBIIPOCHUTEC MEPKHU BBIIPEKU Y€ HU3UCKBAHUATA
JACOCITUKATHO 0s1xa 3aBUIIICHHU.
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DAM SAFETY PHILOSOPHY IN AUSTRIA-ABSTRACT
Helmut Czerny

ABSTRACT

Generally Large Dams with their reservoir are carrying a high risk of loss and damage in case of failure. Therefore safety of
dams is in public interest and a key issue in the Austrian Water Law.

This Law stipulates also, among other things, that public interests and existing rights of third parties must not be violated
by new projects, they have to comply with the current state of the art.

According to the “Schweizer Bundesamt fiir Wasserwirtschaft” Dam Safety is based on three pillows:
a sound design and construction of the dam in relation to the state of the art

surveillance by characteristic measurements and competent personal and emergency preparedness measures as last
consequence

In Austria there are located about 90 Large Dams with a maximum height of more than 15 m and a reservoir capacity of
more than 500.000 m?.

Nearly all the dams are operating for utilising hydropower, additional purposes are flood protection, torrent control and
artificial snow production.

The height of the dams is up to 200 m (arch dam), the maximum reservoir capacity is about 200 Mio. m* and the dams are
situated up to 2600 m above see level.

According to the Austrian Water Law before the Water Rights Hearing all projects of large dams have to be submitted to
the “Austrian Commission on Large Dams”, a commission formed by renowned experts of all disciplines involved in dam
engineering.

After the Notice of Final Acceptance the subcommittee “Dam Supervision” of the Austrian Commission on Large Dams
has to carry out comprehensive and independent safety checks.

In Austria Dam Safety of Large Dams is supervised by 3 levels:

the Dam Safety Engineer in the staff of the Dam Owner,

a Senior Civil Engineer of the provincial government carrying out yearly inspections

the Federal Dam Supervision in the Federal Ministry of Agriculture, Forestry, Environment and Water Management
examines the yearly Safety Reports of the owner and carrying out comprehensive 5 years Safety Checks at the dam site

For the surrounding conditions of dams are very different and each dam construction site is very individual there are only
less construction rules in Austria, but the centre of interest is the sound individual judgement by experienced experts as
well before constructing as under operation.

As an international expertise shows the Austrian Dam Safety Philosophy is a well balanced system of rules and engineering
judgement, flexible to different conditions and effective in its financial and personal input.
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VARIANTS OF FISH PASS DESIGN

Lea Ha$kova. Jan Rumann, Michaela Mackov4, Vladimira Slaba

ABSTRACT

Article is presenting possibilities of water level effecting in fishpasses by several variants of obstacle ordering.Fishpasses
are constructions for ichthyofauna, which enable passing of the gradient created by water structure and restore stream
continuity for migration of fishfauna. They include technical (vertical slot fishpass, pool fishpass, Denil fishpass) and also
natural types (rocky chutes, ramps, biocorridors) of construction. Described examples include classical pool pass and
modified biocorridor. Biocorridor is a substitute pathway, whit the character of natural stream, which forms longer bypass
river bed with natural surface imitation. It is formed as a boulder bed with continuous river bottom, spreaded by coarse
gravel sand, with sloped banks, slow flow and cascade water surface. Obstacles were created as concrete barriers for
technical type and as boulder elements for biocorridor. Boulder elements are single stones and boulder sills. Single stones
represent efficient means which allow the increase of depth without discharge change. Their big advantage is their natural
look and easy installation into river bed, aswell as their simple refilling in the case of need. These stones positively
influence water level and velocity regime in biocorridors, because they can increase depth about ca 35 %. Their design is
very positive not only from the hydraulic, but also ichthyological viewpoint. Another possibility for water level and
velocity regime effecting represent boulder sills. Sills are constructed across the river bed. They are created from different
boulder sizes, placed vertically and horizontally. Vertical position creates a weir and horizontal position forms a overfall.
Several boulder sills ordered one after another create a pool structure of the river bed, which is very suitable for creation of
fish rest areas (refuge possibilities). River2D software was used for mathematical modeling, which is two dimensional
depth average model of river hydrodynamics and fish habitat. It was used steady non-uniform mode. Results are
represented by water level and velocity regimes, which are compared for both variants. For nowadays projects are preferred
biocorridors, because of environmental issues. Their advantages are greater variability of hydraulic parameters and refuge
possibilities for the fish. Described examples of fish pass and biocorridor design wanted to show that it is possible to solve
this problem of technical construction by the use of natural materials, such as boulders and stones. Optimized biocorridor
design, containing mentioned boulder elements, creates required water level and velocity regime for specific ichthyofauna.

BAPUAHTU 3A NMPOEKTUPAHE HA PUBHU NPOXOOU

Jlea XackoBa, SIlu Pyman, Muxaesna MakoBa, Biagumupa Cinada

PE3IOME

JoxmaasT mpenctaBsi Bb3MOXKHOCTH 33 KOHTPOJ HA ABIOOYMHUTE B PHOHUTE MPOXOAU MPH PA3IUYHA KOMIIAHOBKH.
PubHUTE TPOXO/AU ca CHOPHKEHHS 3a MPEOJOJISIBaHE HA JCHUBEIALHS, PE3yNTAaT OT XHIAPOTEXHHYECKO CTPOUTEIICTBO,
BB3CTAHOBSBAIM HEMPEKHCHOCTTA HA TEYCHUETO 32 MUTpUpaHe Ha uxTHo(dayHara. Te BKIIIOYBAT TEXHUUECKH (BEPTHKAIHU
MIPOXOAW, CTHIOOBUIHM PHOHHM MpPOXOaW, puOeH mpoxo] Ha J[eHWJ) W eCTeCTBEHH pelIeHWA(KaMEHHH YJIeH, PaMIIH,
ouokopuaopu). OnucaHuTe MPUMEPH Ca Ha KIACHYCCKM PUOEH MPOXoa ¢ OaceHW W Ha MOTUGHIHMPAH OHOKOPHIOP.
BrokopunopsT € gyOimpamnt IbT C €CTECTBEH PEKUM , OpOPMSAII MO-IBIBI OalllaceH MBT C HAIOAO0OSBAI €CTECTBEHOTO
1bHO. OopMeH € ChC 3aCKaJIeHO HENPEKbCHATO JBHO OT YaKBJIECT ISICHK, C HAKIOHEHH OperoBe, CIIOKOWHO TEYCHUE U
TMOHMKUTCIIHA KpHBa Ha BOJHATa MOBBPXHOCT.

Bsixa nmpenBuieHN MPENATCTBUS OT OETOHHH €IEMEHTH 3a TEXHUYECKOTO PEIICHNE WM CKaJlHU OJ0KOBE 3a OMOKOpHIOpa.
Cxannute GJIOKOBE ca eIMHUYHM WIK BBB BUJ Ha IparoBe. ExnHnunuTe 070KOBE ca e(hMKaCHO CPEICTBO 3a NOBHUIIABaHE
Ha IbpI00YNHNTE O€3 yBelnMuaBaHE HAa BOJHHUTE KoiaudecTBa. OCHOBHOTO MM IPEIMMCTBO € €CTECBEHHUS MM BHJ, JIECHUS
MOHTaX M 3allbJIBAaHE NPU HyKAa. Te3d KaMEHHH OJIOKOBE MMAT OJAarompusITHO BIMSHHE BBPXY BOJHOTO HHUBO U
CKOPOCTHUSAT PEXUM B OHOKOPUIOpPA, ThI KaTo MOBUIIABAaT BOJHUTE HUBA ¢ ouTH 35%. IIpenumMcTBaTa UM ca HE caMo OT
XHUIpaBINYHA TOYKA, HO U OT €KOJIOTHYHA. [[pyra Bb3MOXKHOCT 3a peryjipaHe Ha CKOPOCTHHS PEXHUM U Ha BOJHUTE HUBA €
uype3 KaMEHHHM MparoBe IMpecHyaly pedHoTo Jjerso. IlparoBere ca W3rpafieHd OT KaMBbHH C pa3iMyeH JUaMETHP,
Pas3MoNIoKeHN HAlpeyHO WK HaJUTkXHO. [Ipn HampeyHo pasnosioxKeHHe ce MoydaBa BoAnal a MpHU HAJATBKHO OBbP30TOK.
Hsikomnko npara eaun cien apyr ¢opmupar daceliH, KOWTO € MOAXOIS1] 32 HOYHMBKa Ha pUOUTE.

Codryepna nporpama RIVER2D Oermre u3mnon3BaHa 3a MaTEeMaTHYECKO MOJCIHMPAHE HA JBYMEPEH XHIPOJWHAMHYCH
MOJIENl Ha CpeJHUTE IBbJIOOYMHM W pUOHUS Xabutar. bemie M3mosi3BaH MOjeN Ha CTAMHAPHO HEPaBHOMEPHO IUIABHO
M3MeHsIIOo ce TeueHne. CpaBHEHHHM ca JBaTa BapHaHTa KaTo pe3yJITaTUTE ca MPEACTaBeHH BbB (PYHKIHUS OT BOJHOTO HHBO
Y CKOPOCTHHS PEXKUM.

B MomeHTa mpenmodnTaH BapHaHT ca OHMOKOPHAOPUTE MOPaaU EKOJIOTWYHWTE WM TPEeIUMCTBA. Te3n NpenuMcTBa ce
M3pas3sBaT B TOJKIMOTO Pa3sHOOOpa3Hue OT XUAPABIMYHU IMapaMeTPpH M B3MOXKHOCTH 3a OLeNsABaHe Ha pudure. OnmcaHuTe
MPUMEPH WIIOCTPUPAT BB3MOXKHOCTA TO3M TEXHHUECKH MpoOjeM aa ObjJe pelieH upe3 HM3IO0J3BaHe Ha CSCTeCTBEHU
MaTepuany.
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