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IEQAOIIKA KAl TEQTEXNIKA JIIPOBAHMATA KATA MHKOXL THE XAPAEHL
TOY ATQTOY TIETPEAAIOY OEXEAAONIKHL (EAAAAA)-ZKOIIIQN (IL.T.A.M.)®
K. TIAYAOTIOYAOZL, K ANTQNIAAHE M. AIONHL , I'. LTOYPNAPAL'

ILYNOWH

Zro TAC{OLE TS ZATAOZEVNHS TOU aywyol Teteeiaiov @eooaiovirye Zroniwy, moayuaroronjinzay puw
08100 TS YEWAOYIZES Ol YEMTEXVIZES LEAETES Ut T €11 1999-2000. ATTS ™V eXTOVNON TV UEAETAV CLUTUIV
Z0L RATG TN OLAQHELE TS RATAOREUNG TOU €QYOU MOOERVPAV ke OElQd and mQofifuata yemhoytnd ®at
YEQTEXVLAG IOV AGOQONoaV TOUg YEWAOYIXOUE aynuanouols, ™ noogoroyia tov eddgoug “at ™y evzokia
NGPOWONE TOV, TNV AYOYIGTNTE TOV ESGPADY TYNULATLOUEV, TNV EVOTAOEL TOV TOUVOV, T Thavd oo fhijuata
201 TGOV AVTIHETOTONG TOUE oL DIeReVoELS TOU Uywyol and vddTva Qeluata, TV IOVt ENELYEVHV
Loviov mv tapovotla vdyeiwy vddTov, as OxEan ne T gdon rataorewic. H enthuon auvtev tov noofhnudrov
JEOW TV HeLETOV EVEL AaQA{TNTO Va TEONYOUVTUL TG XUTUOZEVHS TOU £QYoU aveEdotnte and ng quvBrreg
xov emxparovy. H dwadiaoia avn] elivar arxagaltym) 1600 Yo Ty ao@uhl 1E0asN “at ZATUOREV TOU £QYOU
600 o YL TNV UELWON TOU ROTTOVE RUTAOZEVNS (CAAUYES 0T AOUEN HETH THY 2ATAOXELY).

ABSTRACT

It is very important to perform integrated geological and geotechnical studies when constructing large-scale
projects, such as oil-pipelines. These studies are significant, not only for the safety of the pipeline but the sched-
ule and budget of the construction as well. It is estimated that, at least up to date, studies performed for such
projects in Greece were not complete, and in any case did not face all possible problems. This happcned because
the specifications were not applied, the geological & geotechnical construction and safety issues were underes-
timated and finally because, in many cases, the contractor was responsible for performing all the relative studies.
Special studies for landslides. stecp slopes ete, were usually performed after the problem occurred, during or
after construction, and upon request of the insurance company. The geological and geotechnical studies are
performed in order to investigate: the geological formations along the pipcline route, soil conductivity for ca-
thodic protection, ground morphology and erosion processes, slope stability, possible problems and solutions at
river crossings, fault zones, shallow groundwater occurrence, special geotechnical problems (such as muddy
bottoms, erosion protection, steep slopes etc,) environmental conditions and impact from the project, protec-
tion and reinstatement measures. Considering the above and that the longest part of the pipeline is constructed
within FYROM, contractor increased the quality of services by cmploying a specialists team to supervise, and if
required perform, geological and geotechnical studics.

The following were completed: a) Geological mapping and study along the pipeline route at a scale of
1:20000 for the Greck part and 1:25000 within FYROM, b) boreholes at a depth of 15 - 30m (SPT & CPT), ¢)
“cross-hole™ investigation, d) soil classification, ¢) “Maag” tests, f) geophysical investigation to evaluate soil
conductivity, g) Special investigations at problematic areas (landslides, steep slopes, river crossings, fault zones
etc). Mapping at a scale of 1:2500, 1:2000 and 1:1000depending on the requircd detail.

Geological formations cncountered along the pipeline within Greece are (youngest to oldest): Holocene
deposits, Pleistocenc deposits, Neogene sediments, U. Eocene and Oligocene sediments, Triassic sediments, a
tectonic zone, the metamorphic bedrock (Paleozoic), igncous rocks (granite) and the ophiolite complex. With
respect to structural characteristics five major tectonic phases are predominant. Major encountered problems
for the pipeline construction are the shallow water table, the Sidirocastro fault zone and the 100 watercourse
crossings. However, no significant changes of the pipeline route were required since the geological and
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geotechnical studies were performed before construction and in many cases before pipeline routing.

For the pipehine route within FYROM the Scopia University taculty performed the majonty of geological
and geotechnical studies, which were exceuted in direct co-operation with the Greek supervision, team. Geo-
logical formations encountered along the pipeline within FYROM are (youngest to oldest): Holocene deposits,
Pleistocence deposits, Pliocene Take deposits. Miocene lake deposits, U. Eocene tlysch deposits and Mesozoie
diabases formations. The Mesozoic formations arc intenscly fractured and faulted. Most active faults are coy-
cred by Quaternary or lake deposits. The seismotectonic study determined the presence of 14 active faults.
Major re-routings occurred along the pipeline within FYROM since studies were performed after, or during
construction activitics. As w result 11 changes were required hence, re-routing was necessary for 30% of the
mitial pipcline route. Some of the most significant problems encountered when performing the studics were
active fault zoncs, lack of accurate topographic maps, headword crosion phenomena, creeping and landslides,
high - steep slopes, shatllow groundwater and hot springs. and significant river crossings (overall 150 watercourse
Crossings).

The accumulated experience dictates that: a) Geological and geotechnical studies must be completed before
pipcline construction. Issucs investigated should be as mentioned above. b) The referenced studics arc neces:
sary for the scheduling, cost effectiveness and safe construction of the pipeline. ¢} Supcervision must be strict and
require the application of specifications for all geotechnical activities during construction. d) Supervision is ‘
more cifective when carth scientists are included (geologists geotechnical engineers ete) in the team. ¢) Water-
coursc crossings should not be backfilled during construction. Such actions were observed within FYROM and |
created serious problems. ) “Free spans™ are often observed hence endangering pipeline integrity. A solutionto
this problem is placing initially the pipeline on sandbags and filling the trench with sand to at least 20 cm above
the top of the pipclinc. This should be a specification and the only acceptable backfill material for bottom,
middle and top padding. g) The method of constructing “Rip Raps™ at watercourse crossings must be modified
5o that water may flow through them. This will prevent “rip rap™ destruction and enhance safety of pipcline h)
during ROW construction the following should be applied: slopes should not be more than 2 meters high, slope
gradients should not be more than 1:1, rain and underground water should be drained and transferred at least
100m away from pipeline routing.

AEZEIL KAEIAIA: Teyvin vemhoyia, aywyog netperciov, EAkGdu, ILT.AM.
KEY WORDS: Engineering Geology, crude oil pipeline, Greece, FYROM.

1. TENIKA - EIZATQI'H

Ot eQyaolEg ZATATRE VG AYOYWOV UETAGOQAS TETOEAAIOD TOOYROTOTOLOTVTUL HETCL () EXTGVION HLag OELQAL
HEAETHV Rt GTUEOVA HE QUOTNOES TEOMLAYOUPES. ¢ TETOLOU {0V £QYT 1] EXTGVION TV OYETUAMY YEWAOYLAE-
YEMTELVIZOV REAETOV £V OLOLUOTIANG ONHOOTAG TOGO GTNV TOQEla ®at eEEMEN TE XATAGREVATTLHAS QAOTE
000 2ot oty teSANYn mlavoy actoxtdv. O pekétes autég Stadoapatifovy onpaviiio poko o8 GTt aEood ToY
TQOVTOAOYLONG TOV EQYOV.

Ot pekéreg mov exmovotveo, oy and v EvapEn g ZaTtaorevis, yia TETowu eldoug €0va otov e Mhnvixg
DO, PEYOL TNV EXTSVION TG REAETNC (LUTHG, OTLE TEQLOTGTEQES MEQUITIITELS QEV (UVTLLETOIMLAY ORLORANQMUEVL
tee ev duvduel moofhjpata. Ot AGyou Tng ®aTtaoTaong autig oQehoviay ®uQlng UTo YEYOovog 6Tl dev umigye
Tionom tov tpodiayeapadv, Eved TaodhAnia dev aviipe Twrlovtay (Le TV WTCUTOUUE VIT TEOTOYH T¢ YEAoYId
& YEOTEYVIRA TEOBAHATH, RATUOREVIE % GU@ARELaS Tov aywyol (riiong vrofaduion oy Bepdtwy), w
0710 611 TOAU OLEVE 0 avadoyog Tov £0vou empopTldtoy ™V evBTvYy TG EXTOVIONE GOV TV GTAITOUUEVEN
peretdmv. Zro mhaiowo autd vroBabuloviav ou yewhoyinég - yemteyvirég neaéteg vmodopc. O yewhoyug
LeR€TEC eEaVTAOTVTUY OTNY ZOAGTEQN NEQMTOAN 08 WL avayveLoTizy €28e0m zal wa unzotoun gl
RAPRAC EVO) OL YEWTEYVIREG €QEVVEG OF eNTEDO TOOTILOOLANOT YEVIZMV YEMTEYVIROV YUOURTNOLOTUXAY 0F
ORASOTOMUEVOUS TYNUATIOUOUS. ZTE TEQLOGGTEQES TEQUITNUELS e1dLREC HEAETES vt €oeLg pe 1OiTepl
YEOAOYIRE-YEOTEYVIRG TEOPARUOTA eXTOVOUVTUY UETE (G QOTOYIL 08 LATOLL TEQLOYY TOU €0yl
(aTorofnioelg, epmuonol, AT), ATd 1) HETE TNV ZATaoReVT), 1 2atémy axaltnong g eteupeiug wov fa
aogarle to €ovo.
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Ewxova 1. H ydga&n tov aywyov aerpedaiov Qeooalovixgs Zzomiov.
Figure 1. The route of the crude oil pipeline from Thessaloniki to Skopje.

1.1 ZKOHOX

O1 exTTOVOULEVES YEWROYIRES AUL YEWTEXVIZES RELETES YL TO €070, €200V 0ROTES Vi QLEQEVVHOOUV:

* Toug yEmhoyi£0Ug OYNUATIONONE ZATd U205 TS LUQUENC.

* Tyv ayoytdmTa Tov eda@amy oynuatouny (ZabodiAn ToOoTaoit (yemyon).

* Thy ROQGEOAOYIU TOV £OGEOLS ZUL TNV EVZOAM OULBOMOIE TOU,

* Thy evotaleia mpavev.

¢ Ta mbava Tofhjuata 2ot TOOROVE AVILIETOTLONS TOUS 0TS MNEAE DUELS TOW (ryey ol o vOGTVa QEBRUTCL.

¢ Ty epovoia onEtyeverv Covedy.

¢ Ty aQovola vadyelmy LOATmV.

® Taedind yemteyvina moopriuata (Purtdeg £duqog, Peyain #AON eDAGOVE, TEOOTUOT (TG TNV dLGPEMmOoT
#ATO) A0 ELOILEG ZATAORE VEC TOOOTAT((LG.

* Tig MMepipurboviizég ouvOLeg, ERTTUOOELIS (T0 TO €QY0 AUL UETQU TOOOTUGIRS TOU QI PAALOVTIOL.

“Eva amo Ta 10Te Qe TQOPAYUATU TOV TOETEL VL AVTIHETIITLOTED ZATH TV AATUOREVT €(VAL ¥ AT
EGEQUOYY TV TQOBLETOUEVOV (Itd Tig UEAETES TQOMAYQUEMIY 7t ELOLANV Zataoze vy, ESloon onnavnzd
(V0L V@ TOOTOTOLOVVIQL Ol TQOIAYQUEES ILE TN CUCTMQEVON EIFTELQIUS AOL VO GUUTTANQMVOVTUL TAVTIU TQOS
Y Xateviuvon me ao@dielas 1o €ovou. Elval onuaviizd va exTovosvTal ou HEAETES TQOS T OUVINONTLAY
rotevBuyon (Aaufdvovtag vaoy TC YEWOTEVES DUVATES CUVONZEG), L 0TI CUVEYELC VU UELOTOLOTVTUL Tt
EUQTUUTA TOVE T8 TLVOUCOUO [E TT) TLOLUOTUAY EQUOLOTY TMV TQOOLAYOUQMV AUTUCLE VTS,

[
1.2 ME©GOAOAOrIA

210 €0Y0 ™ HEAETNS AU RATACZEVNG TOV TETQEALLAYMYOT Oeaourovinng-Zromimv, ue dedougves ug
QTAITACELS YL TV COQAAELEL TOU €QYOU, AUL 08 GUVOUUTUS HE TO YEYOVOL GTL, TO (EYHASTEQD TG TOV (Y oy ob
firay oto €8agog g ooy Tovyzoohaf i Anpozoatio mg Mazedoviag (TLT.AM.), avainmiOnze éva oy
EhEyyoU-eTt(BAE YNE, (TS TV TTRE VO TOL UVUIGZOU ZUTAORE LaOTH, TO 0100 i £ZaogaMs Y GO0 TO duVUTOV
AhGTEQT EXTOVION TV NEAETMV. ZDRUETEXOVTUS OTO OYHu (uTd, Z £101%( OTO oyfue  exPreyng Tov
avt{oToLmV e hetav oto T g TLTA M. 2z g £XIT6VINONG TV YEMAOYLZOV nehetdv 010 EALNVIZES TInjuc,
EOzay oL TQOBTOVECELS YL TANQEOTEON LATUy O] TV GuvBn#eV €801omng Tou aywyou (Etzova 1).
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FAZIED YITAIOPOY KAI ZYAAOI'H AEAOMENQN

ST TAGLON TS YEMAOVIANT AULYEOTEYMIAE WEAETIE TOU €0YOU €YIVEY OL TUQUAGT £O7U0EC

AV VinOLOTUAN l"s(u},o*w.ﬁ MeleTn 08 0RO TO TG TNE YAQUENS TOU ryoryon. o€ Ziluawxc 1:20.000 (Erinvisd

Tiniee) e 1225.000 (tuque TETAML), ofugove te g 10odtuyoa@es €oymy 0domotltg. XTe Ao Taw

WEAETOV (LUTOV TOOTOL00 082V Béae1g we ToofrRaTe 0TV £D0UoT TOT (ymyol eva) vanTHlnNAay “u

TOOTAN A EVOALUATUZE S ROCELS, TOALES (T0 TL 0To(eg vo0etOrpcov, v aon) v €00 g TQoTadnay

200 Ol CTROUTNTES YEWOTEYVIAES EQBUVES VLU TNV OELOWTY ETain(enon] ToU ayvmyol avd €000g Zl qion

oynueTionny. TTaodrinio, GLoOT0 TV eQervay 0 0otoueveg V€GeS 1TUy 0 TQOGOLOOLTUAL TOU CELOILAOT

vTofddoon.

® DTUTACLOWL TOV YEOTEL VAWV EQEVVEV TOUYUATOTONONAMY EQEVVITIZES YEMTONOELE, “cross-hole™. ¢oéata,
SCPT™. Xe zale vEOTONon TOUyRATOTOMBNZ¢Y Ol (T ToBre Ve emmtoTon doxes (SPT, dwaepardma,
Hob T #O AEOTZGY T aTaQa{TTC QE(yIaTa YUt 0YUOTOWAES DOZIES ((IT0 YEWTONOELS At (OEuTa).
To PO TV OF LYUHTORNTTIAMV YEMTOHCEMV, UVHAOYE LE TN YEMAOYI( AL TU YUOUWATIOWOTUA, AUHAVOnzE
1o 15 g 30m epimon. "Eyive 2a1ayQagi] TV €0u@uAmy oy uatiopoy otugova e to “ASTM Standard
Practice D 2488-84 (or -90)” 1} 1o “(American) Unitied Soil Classification Svstem (USCS)™. Exlong &yve
TEQUYQUEEY] TV POOMOMV CYNUUTIOWNV 2l 2¢Tey oy Ton “ROD™ zabng zo doxmuds “Maag™ e my
TEQUTOTTU. TNERBNZE OLORUOTUAG TQMTOHOALO YLEL TNV UTOEUYY ACVEIUTUE VOV YELQLOUNY (L AVLAGTEWY

deryudtmy (0ot GuaZeLnolt Lot GuvTonan OElyudETmy, TUETAEmON EVINTMV ug GLe Tt ATaQo i
OTORY L, avayouqn TOV cntotusvoy aveilioeny wix), Zng doxiuds “cross-hole”™ €yive Tpooertin
TOTOETNON TOU COARVIL UE CLUTAROOON TOU TOULEVTOU (G AUTO) TOOT T ETAVE UETm etdX0T amiivi
(“tremie grouting’™).

CEOGUOIAES £QYUOTES VIO TV EATINGT THE UYOYIUSTNTUS TOV AVOTEQMVY £QUQIANY OTOMUATOV (010N Yia
zeodu TeooTUolct).

Edi 2 ey vizoyembovi€s NEAETES 0 TUIUUTH TOU (TUTOBUEY TEQUTE O SLEQE V0T AOY(® TQOPAUCTOY
ZUTORLOO eV, EVOTABELLS TOUVADY, EQTUTUOVY, DUPOMIEMV, ONELYEVHV COVOY, DYMEYS LO0OGolHs,
OLELEVONG UEYAAMOV TOTUWNV = OE ATV - LEYRADV ZUNUALOV (TOOTQG N ONE 74T, 08 whiuaza 1:2500, 1:2000,
7zl 11000, ovugove xiong ue TG IO OUGES Tmv £0ymv 0domotles #aBug #ul YemioyiAr WA0TOW 08
arluceza 1:250071:250. Zon yemRO YA {OQTOYQEGTN (LTOTUTMONAGY O YEMAOYEZOT O MUCGTIOROL, T Q1Y ROTE
LU TO TEYVILO-TEMAOY AR TOUS 0urmOtoTiAd (POayddes, uPocymdes, wukard dugog, Pahtwdeg i),
ZUAROYVY OTOLEEWY i 0TGYEW VEQM, EAEYX0S #Alumg TQaviv, oTolyelmy dutomong .o, v qaon avn
TV EQYATLOV, TOOTANNXE OEVTEQO TOOYOUIWL YEMTEYVIAMY EQYACLOV (IO YEWMTONUELS UE EYAUTROTUON
TLECOUETQMV, ZUL ETMTOTOV DOXIUES, GOERTH, £QyUoMOIUrEs duAuég, CPT.

3. AITIOTEAEEZMATA
3.1 FTENIKH TEQAOTIA

H dufrevon tov ayvaryot téoo oto ERinvizd doo zar ato tunue g TLEAM. avijzer oty yeotertovid
evimta tov AZo0 (Baoddon)(ARSOVSKI, M. ct ul.. 1976, KOCKEL, F. ctal., 1971, MERCIER, J., 1968). Me
O GUYZOOVES CITGPELG N Cidvn MELELONG TOV avmyol toTofeteltat oty amy evomta g Tawovias (IGME,
1993, KATSIKATSOS, G.. 1992), MOUNTRAKIS, D., 1985, PAPANIKOLAOU, D., 1980). To avatohid
e e rhote Cotvig ton AZon, avowotorzel o wa Qardooio atiasc Tor et ualidtay neTall mg
ZeQPou£EdOVIANG RALUS ((WTO TO, vaToAAt) #al Tot vrodaiuooior viouatog tov [dixou (dvtid).

3.2 TO TMHMA TOY AI'2roY XTHN EAAAAA

Ot vEmROYLI200 OyNUATIONO] TOU CUVAVTENTOL AGTG U205 TS Z0aENS TOU aywyos oto Elinvizd tuijua,
TG TOVS VEWTEQO LS TTOOT TOUS TUAULGTEQOVS EVALL:
OhoreviA€g anobéoels mon daxivovTal ae:
Abrovplares atolEoeig ToTaumy Zat yetndoomv (al), Tou (ot AOUVTUL (iTO (U0 GALLES, (RUHOUT, TROTE,
cuotyes apyrovs. Ta viiid ouvilog v AoUVIETE RETHET TOUZ AL £X00V ULAQG KOS,
IOjuata amoSnoaudvmy Auvoy Aotiday zat Auatdpor (H), mov axoterotviar axd thooders aoyikovs,

(L()Vl/ 0ug, LA U, A Emqfne[ﬁ(‘fkﬁ'%f@x&bﬁ‘}'ﬂ(ﬁ“&(ﬁ}p&x&%&l(“ﬂ}r{l élré ES)\&V:H&)(A'HL@& ll|)0h& < (L()M)()/()//(V)\' (lllll(l)\'
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Ororanvizeg wmoléosig aduioetes (Ho) Toooioe v TV ZOtAAd@V TON (TOTE LOUVTIL 200N (TG £0V00ES
ia(_)*,'i}»ov; UE COREOTITIAA Guy#IaTt. XTc COveg Tov yetiaoomy #ul tou L'ikkxot flotapot, seotéyony
LEOORCUAES %Ol GUILOUS £VE) 0T PAOT) TOUS EMZOUTONY ROOAUAOTUYY.

Kivor zoomudron (Q). Fod#etar yia adQO0Zorsed (uiong. urlzie, #Q0%(IAES, QOPEOTITIA|C “Ufng

OUOTUONG, UE UTUVIOTEQES TROEUPORES YULGQOV ZOORULOTEMV 1 0y oh Oov, EugaviCovia ehdypona atd
jxog ms xaQuans.

[elotozavizég amoliéoeig (PU). Anoteiotviar axd £0v00€g aupolyeg aoyihong. vouboes noyikoliyeg
HOUS %l OaviSTE @ (td diommutae yortia. Kot Béaeis maoe garLovIal Gurol RUOK (G ZmY ©il
EATITLROT TOQIEOL.

Neoyevr ilnuerton TIoS®eman yia oyuaTtonots Tov Avintepon MetGz2avon mon axotekotva e epuoég
{(hovg KO WUMOELS HOWAOVT. EVUALIYES dQCROZAMNY AUV ] GIIOYALAMV (€ POWITTES 7ol LROYES,
WUAYES AOQOROAAMY ROV UE GUILOYERILO, YUAAQE LOOZULOTUYY “Ul WAQYES) ZUL EVURAUYES GUUOV UE
AUUOVLES CLOYIAOLE, WHOYES %O (LQYIAOVYES (AUUOUE.

[Cucto A, Horawvow - Okeydzaavor, Wanime g %t ZOORaA0TUYI] 10U OUvOVTOVTUL oty steotoy Aotcav(E).

Toedrol aoPeatdrdot tov avijzorv oy evém e Bageoymolon (Tx). Elvin ueagororzot Emg adeGronrot,
ouuraye (S ol ®otck OEGEIS OTOOUUTMDEIS F1g AETTOOTOOUUTONELS, OTAVLL WE TUQEUPOAES CLTOMVAV ZtL
EYOTOMOELS YOUPITIAOV OKLOTOLIOmY.

Tertoviougvny TOVY. AQoQd TV OV TaQaArniov SIHOONEEOV TOV RUTUYQAQETAL £oVTd ot BEo
“Aatoue(o”. H textoviougvn avty Ciwvn (T-O) Sueatet iy otoomuatoyOguer GuvexeLt Tmv Totadinoy
aoBeotor MV ®at tov oo DmvY (Zuolmzg Tdappoot).

Metapoopuuévo vaopattoo-Tlaraiotowmd(gn). [Modzetal yia yvedolovs mov dteoyCovial ¢xd
(CTATOYQUVITIZES (REPEL.

Exzongryevi] tetoduartc. Foavimg (F0) £0v000b yoduatos, Avm-lovpaotxig niiiog.

Ogromtizd otwrreyia. Tappool (TP) v ogorbizol oupwtréyparog we Ouionugtee grepes duficon. Elva
TOMHEQUUTLOREVOS HOLL TTOQOUCLELEL OUYVEE OF TEYVIACG IOV rivOUE v ORMOMoemV zut zorormmooewv (Bizdvi 2).

Baotx6 Te2T0VIz0 yUoormOIomHG TS YEOTELTOVINS COVIG TOU e5eTAZeTaL Eiven 1) AETOELONG TERTOVLAY.
Ot MBoOLOVIHES evOTNTES TS TOVIS TOV TEQLYOUGTNACY 0T YEWAOYLA] DO T EVOUTEONS TEQLOYNS
WTTQOUMITE DOLY OUCLUOTUAC, 1 RADE UL, £Vt AETOZ TOU OUYHOOTETUL (TG OQLOUEVOUE OYNUUTIOUOVE ZUL TOY
TEOEXVPE (O oyeT4ES rvijoetg dtevdivaemg A-A.

FEQAOTIKH MEAETH MEPIOKHL PHEILENOYE ZQNHE

FROM KF 12+200 TO 134500
GEOLOGICAL REFORT ON THE AREA OF INTENSE FAULT ACTIVITY

TEOAQOIIKH MEKOTOMH
\\ GEOLOGICAL LONGITUDIMAL SECTION

EE
. TPOMETEA EARSOYL 1 1 1 ]

1
| e
iy ADDETASELA ADO APXH a I [} I
_ XIATCMETFHEN S wes  whw we  mm s epe o e e om o
Q 1 km
£ KAIMAKA - SCALE
i N
~

Ewova 2. Avnurpoooevtiaf yenloyixlf yagroyodqyon o aeotoyif etdixis diepevvnons amro 12+ 200 -

I13500KP.
Figure 2. Represeumtiv??%%@@ﬁmgggm;;(Bf???c%’f ?rg’e'.szﬁgﬁgnr%%(? Y‘r%(;n 6'5'+%‘00 to 13+500 KP.
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AnoBégr1c x&uhpowy onbd aupoX@A LKEC, GuuoJg kaL apylAoug mody ULikpoU n&youd.

Torrent deposits consisting of sandy gravel, sand and clay peds, of small
thickness.

Kevo L xoeonpdtev and oofectoA 18 (k& UAKE& Xt UANIKE o9 oAby,

&upoug xal
axpyiAoug., Méyigro naxog 8M-

setrical cones consisting of calcareous and ophiolitic material, sand and
clay. Maximum thickness 8m.

HoTapOYE LRdPOLEC CNoBECELC NCy aAOTEAOUVIaL and epulpés apylioug, apylAioUxeg
Gupoug kol onay ibtepa and S(&oNoPToUg XGAxeG. Le eA&yxL01EQ B%FSLQ
TePERPEANCYVTOL OQKOT OPPOYOA (KWY. MEYLOT0 £XT Lp@pevo néxog 107

River and torrert deposits consisting of red clay, clayey sand beds and
rarely of dispersed gravels. In few locations the intercalation of sandy
gravel lenses cccurs. Maximum estimated thickness 10m.

EpuBcéc opuoUyo!l GpylAol pE odpOopEE KAQOTLRG UALKG Of evalhayég ue
aBpOKOKKEC GUUOUG KXot PaBupoolg papyaixoUq Yoauplteg. Méyioto néyxog 25
Red sandy clay beds with coarse clastic material alternating w.th coarse
sands and brittle marly sandstones. Maximum estimated thickness 25m.

AvoxoUoTaAAwuévol acBecTdAL801 necdkoxKo L fwg abpdrokxol, ouunavtLg1 nepinoy
OTOWPOTASE LG £wG AERTOCIEWUATOSE LG, Neopatliouévo.. Ooatd ndyog 200 3

Recrystallised limestone, medium tc coarse grained, fresh, bedded to thin
pedded, fractured. Visible thickness approximately 200m.

Tvevoict pe Bilovitn, xopdiepitn, othlpavitn nou Sdiaayiloviat and
AnALToypav LT LKEG QAEPReq ToU epnep. £XOUv Ta nopanévo UALKE. LTa texvnid npavi
gppav i {etal EvIova kZpUatlioufvog. Lia puoixka mpavf) xadUntstal and £dag kb
HovBUa uLKOOU O&Youg.

Gneliss with biotite, cordierize, siilimanite. The formation is crossed by
aplite-granitic dikes, which comprise all the above mentioned minerals. Cn
cut slopes the formation is ni.ghly fractured, while on ratural slopes 1is
covered by a soil mart.e of minimal thickness.

QPLOXLBLXKO CGUUIAEYUA £VIOVA £EQANOLWREVO KAL TEXKTOV :OLEVO QIOTEAOUPEVO KUPLQg
ane geplkiteg, YAwplTeg kot QA€Pec diafachdv.

Ophiolite complex formations, hizhly altered and tectonised, consisting of
ser-cite, chlorite and diabase dikes.

Kata A&Bo¢ Si1é&Bpwon.
Erosicn line.

Mi8avd onyra.
Possible fault.

Opatd pRypa.
Visible fault.

[poteivéurvn 6an cpeuvnt Lk 0pEXTOC-
Proposed trial pit location.

Nootetvéurvn €€on £oEUVNTLKAG YEOTONONG.

Proposed exploration borehole.

Ewxova 3. Avtimooowsevtizd cross hole test dI otgy KP 7+000 xar CPT test pI oty KP 1 4+000.
Figure 3.0 BIBNOGNKN ,Q40AAPTAS KPHWAHEAMCP APy 1 (in KP 14+000.
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E0v 1801000 ToU Neoyevorg-TeTuoroyeVous £7001E TNV (TGO TOV UEYGAOU TZOUS UETUAT ZOV IENUtTmY
TOU ALV TOUS CATIZOUE TYULATIORODS %Ol ATORGVOOaY Ti ueyarémn-evomnres. Tekog, oto Tetagroyeveg
OMUELVETUL EVTOVOS EGELADOTIZOL TEZTOVITROZT GAOV TMV OYNUGTLOUMY ZUL ZQTUZOQUEES TEXTOVIAES ZIVIUELS,
TOU GIVODE BOVTUL (IO OELOULAY DQULOTIOLOTTCL.

EugaviCovrar oriyuara, eyragaue, dtevldivosag BA dog ABA, drag eivar ta onyuceta Bagaiozoplov,
Metchhazon, Aomone Bovong a Qoalozaotoou. X dodon tov ity [Tietozaviznic zal Tetaptoyevoug
Nhirlog oodideTi 1 dutovoyietmy Publopdton-toy TetuoTtoyevmv Lvelny arobEosmy twv Auvev AQtldy
2L Agatopou. Snucvtea] exlong elval n maQouoie onyudtmy BBA dtetOuvong, mou ymerlovy ty evomra
Begeioymotov ard ta Briouata g Aluvng Agatofou.

H oeouotetovizi] Lehém Tou exrovijdnze a4 10 AoTEQOOZomE (0 Alnvay eviduoe €va eveyd pryud,
exelvo tov Horvzdotgon mov ténver oxeddv zadeta ) xdoasn. Me [aon T og1ouoTeLTOVIA avdiion oL
EQQUPLLES UETORAVIOELS LUTG W05 TS %0UENS ety 20 em 10 UEYIOTO HET( (16 OELOUG.

Tet »Uo16TEQC TQORAGUATH TOV TUQOVLATTNZUY AU TV EXTOVION TOV REAETOV 0TO EAINVIZO Tiojue the
FG0EENS TOU (y@yOr Ty xveimg: 1 UPNAY BAQOEOTN GE OOLOUEVH TINUTC ZOE 2 N TOW] TS XA0asng ue
10 orfyua Zidneoxdotpor. O dteretogic ™G YQUENS Ue YEIRUQQOUE, TOTHRUIM et OIEVTIAG Lovdhia ey
TEQLOCGTEQES amO 100, e 2UQLOTEQES T( VO UEPAAU ATOOTOUYVLOTUAR LUVAALCL HE vy duata (Auvy Apatdfion)
2oy SiERevay tou Fakiazov totanod. Tagdha (it Sev oy uaToTon|Bn Aoy onuavIiies arhayég ot xaoosn
%L QUTO YIATU O1 YEMTEYVILEG AL YEMAOYILES UEAETES £{yav TN yN0el TG HUTUOHE VS,

Me Paon 10 yeoTEXVIZG TOOYOUULE TOOYRUTOTONON UV CUVORLZG, OTO ghhnvizd tunua mg ydoukng, 3
cross-hole, 10 eoevvnmizd @o€ata, 33 CPT, zal 9 de1yuaToANTTAES YEOTONUELS € EYRUTU TmwV OTOLmV €YLvay
HaL EQYCOTNOLURES yemTexViES dortues., Kaloglomzay €10l to mdyn tov aTol£oemy oTig TEQLOYES TmV
SiehevoEmV TOU (ymyYOU (0 QEUGTH, HUVERLL, TOTQULL, OL YEMTEXVIZES Zal BQOTEmAOYIES Tovg hidmTeg
(Ewdva 3).

3.3 TO TMHMA TOY ArQroy XTHN ILIAM.

To ueylUTEQO TUHUG TOV YEMAOYUAMV 2L YEMTEYVIANV LEAETOV EYIVAV (5T0 OGN YEMTEYVIZMV Lt
yeordvory tou Hovemommuov “Kvothhov zer Mebodion™ tmv Zzoniavy, ne vretiluvoug tovg Prof. Naum
Gapkovski xet Milorad Jovanovski e dueon zuw ouvey] ovvepyaola ue v Exinviaern ondda perémg.

H yodsn tou aymyod, omyv xeowoyr tg ITTLAM. dwoyCer ™) yemtextovig Lovy tou AZ0d-Baoddon
{ARSOVSKI, M, ct al, 1976, KOCKEL, F. ct al., 1971, MERCIER, J., 1968, PETKOVSKI, R., 1992)). To
QUeao YemroyizG Lo aBeo TS CONVNS LUOTOYORENONE (T0 TOUE VEGTEQOUL TOOE TOU TUALGTEQOUS T UAUTLOUOVS
aotel.otv:

OLoraVIZES WTOBETELS, QORUAOATUTOTUY MV, tAUOV Zat dupmyv, TToozertal Yt olyyQoves (ToEUELS oL
0T0(ES (MOTELOVVTAL UG ZOORARES, AETTOAOLAES AUUOLE, TAUOUYES OYTAOUS, OYIAOLS #ot (A1, ZaavioTeQd
A0QEUPELLOVICUL FOVOQGLO®ROL GUIOL RAL (LAOW TUO OIAVIC Y UA0G 2Q07choteyr], TTRE10TORMVIZES ar00€ueLs
OV AITOTELOVVTICLL (TG ZITOIVOTEGLES LAUES, (tQyROVE, TALOUYOVS GUIOVE, DLUOTUQTOVS Y(AKES KL #QOR(AkeS
2a00Hg non TaQeUPorEg ordv auuoydirov, TTOGRETon Yid TOTAROYEIHHQMES VOt artobEéoeis avapulnidag.
Katd O€oeig otig ovuPohés tmv % Ludoomv ue Ty ZEVTou 2oln) € EaviCovTi s €£Taong ©aivol atobgoeig
UROTEROVUE VOL (TLS MLAPOQL VAR ZOOXADV, uumy zot thiwv. TTRELOR VKA Auveelo LHUATa Z00%UAOTUY OV,
oy xat oy v, Metozawveta buave(o it 1QORUAOTHaV, GUpov 1ol gy hov. A, Hoxawvd iijuara
00 GAUOYN, ZOOXUAOTCYWV, HQYOV, TUOITOAN®V  zaL paputov o8 evaliayes. Meooloizol ornuatonor
NaPaonv, OTALTOV 2t XAAGLITOV-ROVEOVITUIV. 0L UETAUOQGMUEVOL GYnuetaiol Tov yaphomy ot amolol
AAQOVOIALOVY UVANTUEY O& UEYAAN EXTOOT.

O HEGOLOOT GYNIUTIOROT VL EVTOVE TEXTOVLOUEVOL U5TO TLE EATELS TOV CATTLAWMV TTUXOUEMV. T¢ YEVIZES
HOQPIES T TEQLOTOTEQU (1T0 TCL EVEQY( ONYLLATAL €1V ZUAVUILE VO (TG TETRQTOYEVE (S UTO0EGEIS 1 td hyptvarlct
Eiuare tov IMietdratvou. Xe OMES TEQUTTA0E G GUVOLOVTOL Za [te Tig avafitoeg Oepudv nydv (Katlanovo).
H dwn tov ASwot, dmouv #aw yivetal n dtéhevon tov aymyot, eival tOTEQ TELOHOYEVIS ZoL WETH (sTd T
oelouoTexToVIAN tekéty ton [ZIIS (Institute of Earthquake Engineering and Engineering Scismology of Skopje),
drmotdOnay 14 evepyd OiyHaTa Tou TERVOUY TV ¥(ouEn Tov (yeyol TEToehuion. Ta eQuoodtepe amd
autd elvau xavovied ofyuata (8) zot ta LrGRota 0QuovTag ReTaxivong, ue uey€lin aelowov umd 4.5 uéyot
wat 6.1 mg #hinazag Richter, Me BGon TG OELOLOTERTOVIXES aVAATTELS 01 £DQELRES UETUAVIUELS ®UTd Wi%0g
mg ydoaEng extuinzay ard 10-30 cm 10 HEYIOTO HeTd amd OELONE.

Te avT(0Eom HE TO ERANVIZD T U0 TG TTQOBATLGTA TTOV TUQOVCLATT 2UY 0TO TUfRe < yGtoaEng ot [LEAM.
fiiav oAt meouuodtea. O MRS BIENORKR TOEQRPHOIRE ol HIMOLEUMWASH AN Ry Tovtdyoova e v
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EATOVION TV YEWAOYIZNV ZCULYEMTEYVIZNY UELETOV £V TOMES QOQEC OL UELETES xOROVHOVGUY TV ZUTAOAE,
AUTO elye ooy aTOTEREGHG Vi tRosovy T arhay€s oty Teiua yaousn, Tov avirposntsvoy o 30% tou
WZOLS TS OuvoRiZg w(ouEns. H aoyo yaoazn mov eiye opolemlel zatd wijzos g zolmz tov Aol
EYAUTCLLELEONAE QOLTTUA YL TEQ PULAOVTIZO IS ZOL GVATTUSIUZOUS AGYOUS (@O iatTt).

Tt 20010TEOC TOOBANUATL TOV OLUTITN DN AV ZATE TV EATOVION TOV REAETHV OTO TLULL TS HAOUSTS T
coyoryott oty TLIAM. rray mooliiara oyetizd (18 TS TOTOYOU@IAES (UTOTURMOELS, TU, EVEQY( ONYIITY, T4
TEY VTR 20U G UOLAG TOVY, 0TO00000ROVOW DO M. ot EQTVTUOL 2L ot zuToktothjoe i, 1 vymir vdpogoit
OF OQLOREVOL TURRETH, OL OLEAE BOELE TOU AZIOU 2t TOV TUOUITOTAUOV TOU LE VYA TAQOLI 2t OTEQEOTHQOY]
NS HE TOTUROUE ZaL Gl
TELVIZGE (OQONOUG. UVUZORUTL A.(¢.) NTUY TEQLOUOTERES 1) 150 e #LoLdTeQeg Trg Hio diehetiaers tou ALod, g
OLeEVOELS TV TeOUTOTG WY Tov “Peinja, Crna, Luda Mara, Bregalnitsa, Bosava za Pridevska”. Me fdon o
VEOTEYVIZO TOGYOUUUE TOMYHATOTOMONZUY GUVORLIZ, OTO TU L (0TS TS % (oeEn g, 3 cross-hole, 14 spevvipund
qoéata, 19 CPT, zat 12 de1yputornmurés YemTtonoets 08 Oe(YUUTU TV OTONNV £YIVUV (L EQVUTTNOUERED
veTErVIZES dozec. Katlooiomzav €101 T¢ Ty Tov aTod€0rmv 0TS TEOLOYES TV IEAEVTEMY TOU ey @Yol
GO T TOTAULE ZOL TEYVIRE EQV(L, OL YEMTEYVIZES ZUL UDOOYEMAOYIXES TOUZ IOLOTITEL.

Za0ng zaror avafiiioeg Oeouav aryov e optopéves 0daets, O dehelioeLs T %

4. LYMIIEPALMATA - ITPOTAXEIL

O YEOAOYIAES ZOL YEMTEYVILES WEAETES LIS ZOL TO YEOTEXVIXO TOGYORRUL €400V 0horknomOel a1
on e zataore v Bolozetan ot €56 SN Me (aon Ty eumeiolon, T OTOULEIU TV LERETIV et TS T THONORE
20T UG0S TNG LADUENE LTOQOTV Vit SLUTUTmHO GV ZITOL L OVUITE QGUIUAT £0L EXTUV]OELS CYETIAR UE TS UELETES
AUL TNV ZOTUCZEVT QUTOU TOU 101200 £QY0U.

H mowtn eparetolcs amd €0y tETOLUS LOQWIC EDELEE OTLOL YEMAOYUAES AL YEMTEYVIZES EQEVVITILES EQYUOLEL
ERVTaV TOOPAUUTU TTOU AEOQOBTUY TGTO TNV LUGUAT] XAQMEN AU ZUTAOREV TOU (Y WOV, G0 %L T nelwa]
TOU ZOGTOUE TN ZUTATAEUNE TOU £0YO0U {(trhoyEs ot xdoasn).

O oAU TEQLOQLOUEVES OF UQLONLG el A0S YEOTOHTELS YL TOV TOOTIOQLGUS TS YEMUETOG TmV Q77 HATON
an€dwoay g1o aivols tovg. Ta arotela avtd fray amaouimro va toadlootaBotiv, agol 1He Tov TG0 avtd
zatQopCovran T pE€ra REuoTHoltg (Y 0g wyeryot, eldun Bepe Mwon, ujzog emEEong oetoutzol zivotvou).

Se apretég O€0ELS TS xaoaEng, Wialtepa uto turua e ILT.AM. rapatnoidnzay Wdiaiteon moofinuarg,
omwg omallodpouotan ddPomorn QENATOY TOU PITOREL Vo ETNEEAOEL TNV evoTGHELa TOV ROW, TolE s tou arywyol

LE EVEQYG Oy UtTe, LOVES TUAMMV Zatol oot wv, aoTde1Eg TOAVOV, TTOU EVIOTIOTAMY Z0UL AVTLHETOITIOTNZAY
Ot ALGQRELR T ZUTATLEUHG TOU £0YOU.

To epevvnTIns YeOTexvind TEOYOoUpUd OYeAA0TZE ZUTd TETOLO TOONO MOTE TU AXOTEAEOUATA
TOOUSOQLOUOT TOV YEWMTEYVIAIY TUQUUETOWV CELOWIANG mdzoLong Twy ¢ross hole va ouoyetiCovat pe 1o
anoteréopara tov CPT. Apeco amotéheopa rtav n uetoon tov cross hole zat tov CPT zal mapdhinha o
AAAUTEQOG XL O AVILTQOGMITE VTIZOS TOOOIOOLTUOS TV YEMTEYVIZDY TAQUUETQMV.

Me tu geata, 1g yemtoijoelg, e SPT xau 115 £ 0YUomoLe€ S SOULUES, TOOUOOTTTI ALY T(t CTOWIATO QUG
FAQUATNOLOT AL TOV YUAUDMY TLNUATIOUWDY, 0L YEQLTEYVIZES TOVS IOGMTES Zul Ot OTABPES TOU LITOYELOL
vdooEdoou vpltovra.

[Maodrhinha axd TV EWTELQIA CUTY] TOORUATOVY XKAL WL UELQC YEVIAOV TQOTACEMV OV TOETEL V&
AQUBAVOVTUL DTGP %ATG TV RATACREVY:
® g norhEg mEQUITMITELS ®uTd T dldvolEn tor ROW (Siéhevon mpoonéiaon tou aymyol) emuy@vovea 1@

Ofuata (U@ #oL neydia). TIo€mel va TeQauEVEL EAEVHEQN 1) WITOOTOMYYLON TV QEUATOV UE T (VA0S

TEYVIRG EQryct.
®  Tluouamoeltatl 6Tt TOAD Guyvd 0 aywyog 88V axOUUITA 0TOV TUHUEVH TOU YavIaxtol (et v tonodéma

TOU OTO YUVIGAL) UE AmOTEAEoUa va elval xmolg onjolEn oe peydho wizog (“free span”). Avtd pmogel va

AVTLUETORLOTEL 20T QOYAS UE OWOTH RUTAOREU TOU YAVTUALOU (il 0T CUVEYELC EGV Tomobete{Tul enavy

O€ OGROUE GUUOV A0 XATOTLY TO XVTAL YEWCETUL NE Aupo. ANAtd XONoomootval Toviayotoy 20 e

QUUOU OUY VITGOTOMUUL el 26) €4 GUUOL Gay xahupna tou ayayou (top, middle and bottom pading). Avtiy

TQUATIAY TQETEL VU AITOTELECEL ZAL TNV UOVY €70A0YY €800omg TOU aymyoU.
¢ Suviotarar arhayi TV TQOTOV ZATaozeVg TwV “Tip rap” otu onueia SIEAEVANG TOV (rymyol UE TOTAULE

TMoémel v zataozevdlovial £T0L HOTE VL ETUTQETOUY TOUAGYLOTOV £V UEQEL Tr) d{0d0 Tov veQoT. Akl

VITOUHUATTOVIAL AL AATAOTOE EOVTUL a0 1) SLdfpwar).

*  Katd m qaon zatiegor BEABEARY 10eoppogeds ra Tinya Tie ASWAGTATR®. Vo €00V HITLEQ #AIOELS 7
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W#0S VPO VA0V TOUS OYIUUTIOUOUZ. Vet Y IVOVTUL €07t ATOOTOUYYLIONG AaTd T SLGVOLEY, Ta VEQ(L TO
ATOGTOYYLOVY VI ODNYOUVTUL G Aot To aadyer 100m tovAdtotoy amo v Yo Zit TEL0C oL
QUEAEUCELS TOWV QELATIV VI IVOVTUY OTIEEOVIL 1E TG OYETUAR THITUAR OYEDI TO 070U,
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