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Etvai yvwato ot yra v Edpaon peyalwv Epywv (ktipiwv, ppoyud-
TV, YEPUPWOV, OHPAYYWV, K.A.T) KOL YIO. TNV OTOTPOTH EVOEYOUEVDOV
QOTOYIDOV TOV OPEIAOVTIAL GE GYVWOTES 1] DIOEKTIUNUEVES TOPOLLE-
TPOVE THG UNYAVIKNS COUTEPIPOPLS TOVD DIEIGPOVS OTOITEITAL OIS
1 EKTOVION THS YEWTEYVIKNG Welétng n omola Oa. ueAetioet to. yopa-
KTHPLOTIKG. TV TETPWUCTOV THS TEPLOYNGS EOPATHGS, VO YOPOKTHPICE-
101 OO EMCPKEIQ, TOLOTHTO. KOI EXIOTHUOVIKI] TAPOTHTA.

H yewteyvikn avth épevvo eXIOPE ONUOVTIKOTATO. Oyl UOVO OTOV
KaBopLoio Tov TpOmov Kol THS KOTOOKEVHS EVOS EPYOV OAAG KOL OTIC
Pooirégs mopauépong oo Eovy ayéon ue To kooTog e Peueimvong
KO UE TNV OIKOVOUIKOTHTC, TOD.

H mapovoa dnuoocicvon mapovoialer ) ovotnuatiky mpoomaleia
emeCepyooios ko1 alloAOYNONG TV YEWAOYPIKDY, YEWPVOIK®DY, YE-
WIPHTIKOV KOl EPYATTHPIOKDV OEIOUEVWV TOV TPOKDTTOVY OO TH
UEAET THS GUUTEPIPOPAS TV TEICUIKDV KOUATOV.

H a&ioloynon ka1 emelepyacio twv dedopévawv avtwv yivetar uéow
elerdikevuévav  mhnpoopiaxwv mpoypouuatwv. To Poocikdtepo
OVUTEPACUA TTOV TPOKDTTEL ATTO THY EPAPLOYN THS uedodov oe kop-
otikovg Proyeveis aofeororifovg, eivou ot otig Géoeig omov n TR
TG EIOIKNG NAEKTPIKNG OVTIOTAONS EIVAL DY, TOGO TO EMITEIO THS
OVYVOTNTOG TOD AOUPOVOUEVOD OHLUOTOS 000 Kal THS 1oYDOS TOV EIVal
OYETIKG, VYNAO, EVE OOV N Ti] THG EIOIKNG NAEKTPIKHG QVTIOTOONS
HELOVETOL 01oONTA, TOOO TO ETIMEDO THS GUYVOTHTAS TOV Aoufavo-
HEVOD OHUOTOS 000 Kal aUTO THS Lo)DOS TOV TOPoVoIalel oiolnth
ueiwon. Iopoznpeitor onloodn ovaloyns kai opoioTpoTns HoPPHS
HETOP oM TOV EMTEIOD THS TVYVOTHTAS Kol THS 10)DOS TOL Aouflavo-
HEVOD OHUOTOS UE QVTO THS ELOIKNG NAEKTPIKHG OVTIOTOOHG.

1. EIZXATQT'H

H mopodoa epyoacio mopovotdlel [0 VEDTEPIOTIKN
pebodoAoyio YEOMPLGIKNG dlePEVVNONG TOL VIESAPOLS A&t
Yropinbnxe: 16.10.2007 Eywve dexcrij: 12.2.2008

oAOYDVTOG TIG HETABOAEG TNG KLPlaPYNG GLYVOTNTOG TOV
CEICUIKDY KUUATOV 7oL S108idovtal HECH TV €0QQIKOV
CYNUOATICU®DV.

Ytoy0c, eivar n avamtuén pebodoroyiog yio Tov yopoKTn-
PLOUO TOV EQAPIKOV CYNUOTIOUDV, LEAETOVTOG T GUYVOTL-
K] GUUTEPLPOPE TOV KVUATOV VTAV Kol TN S1apopomoinen
7oV VPicTAVTaL SIEPYOUEVE UECH TMOV EOUPIKOV GYNUOTL-
oucv. H mpotevopevn pebodoroyia epappocdnke ce dedo-
péva, oetopikng dtabroong oe ydpo g [olvteyvelovmoing
oto Xavid 6mov gupavifovtol kKapoTtikég dopég e Ployeveig
acPeatoAifovg tov Neoyevoic.

To avopevopevo telkd amotéleopa £XEl oxéon He TNV
TANPOEOPNON Y10 TNV E00PIKT SOCTPOUATOON, ATOCKOmEL
OTOV YOPOKTNPIOUO TV EV AOY® GYNUATICUOV OGOV apopd.
oTNV KOUTOAANAOTNTO TOVG Y10 VAN TACEDV TPOEPYOLLE-
VoV ond BepeMMGELS LEYOA®V EpYmV (AvodeEaevay, ppay-
HAT®V, MPOVIOV, LEYGAMY YEPUPGOV K.A.TT) KoL EV YEVEL LIE T
TANPOPOPTOT YL TV TTOLOTIKT) GLGTOOT] TOV VIESAPOVG.

H xavotopog mopdpetpog e peAéTg avte cuviotatol
otV enefepyocio Kot GLYKPLTIKT a&OAOGYNON TOV YEOAOYL-
KOV, YEOQVOIKDV, YEOTPNTIKOV KoL EPYUCTNPLUKADY SEOOE-
VOV UE T0, SESOUEVH TTOV TPOKVITOVV 0T0 TNV LEAETN TNG OVL-
UTEPLPOPAG TOV CEIGHKOV KOpdToV. Eniong Katvotopo kot
Srapopetikd dvvatar vo Bewpndei o véo medio Epevvag mov
avadveTal oo TV PEAETN 0TY, S1OTL EMYEPEITAL YOPOUKTT-
PLOUOG TOV VTESGPOVG e GELCUIKEG KOLLOTO Kol Ene&epyacio
—oUYKPIOT TOV OTOTEAEGUATOV OVTOV HE TO OVTIOTOLO
amoteAéoOTO EQPOPROYNG HeBddwV celopikng Stibraong
KoL NAEKTPIKNG TOLOYPaPiag KaOdG Kol [LE YEOTPNTIKE GTOL-
Y&lo, ¥PNOYWOTOLDVTAS VYNANG ToTOTNTOG eEE10IKELUEVDL
TANPOPOPLOKE TPOYPELLOTO.
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2. OEQPHTIKO YIIOBA®PO

To BewpnTikd VTOPabpo oTo omoio Paciletar  wapovoa
gpyacio, xel oYEON HE TIG WOIOTNTEG TOV UETUCYTLOTICUDV
Fourier 1660 Y10 ofjpoto. cuveyovg, 660 Kot Yo oTLoTo. Ot
aKp1LTov YPpOVOL Kal SoKPITNG cLyvoTNTaG. Ol LETaoyNLLOTL-
opoi Fourier dtadpapatifovv onpepa onpoviikd poho 6Tovg
SLPOPOVG TOUEIS TV EPAPULOCUEVOV HLOONUATIKGOV KoL TG
QVOIKNG. ATotedovy Bepelmddeg epyareio Yo TNy enebepya-
clo ynoekol oNUTog Kot EKOVOC.

Xmv  mopoboa  gpyacio  ypnolpomoteitor 0
Nonequispaced Fast Fourier Transform (NFFT), yia tov
VTOAOYIOUO TOVL OTMOIOV YPNOLUOTOLOVVTAL GTOLYElD Ao
tov Discrete Fourier Transform (DFT) xat tov Fast Fourier
Transform (FFT) [1].

O Awxprroég Metaoynpatiopog Fourier (DFT)

N/2-1
A . N N
fi= 2 heTN (j=-—n -]
k=—N/2 2 2

Yo VO KATOOTEL EQPOPUOGIILOG KO YPNOLUOC TNV YNOLOKN
emekepyooio onudtov amotteital vo emAvbel Yo dtdpopeg
TWES TOV TAPAUETPOV TOL [2].

Ot ypiiyopot petacynuatiopoi Fourier (FFTs) avikovv
oToVG aAyopBpovg pe Baon 1o 10. O FFT ypewdletor povo
(NlogN) kot oyt (N?) apota wov ypetdletar o DFT yuo tnv
EMIAVON TOL, YPNCLOTOIDVTOG TPOCEYYIOTIKES TOUPUOOYES.
Amoutel axopn derypatoinyia o€ 10odidotato Kavafo, ye-
YovOG OU®OG TOV BETEL GTLLAVTIKOVG TTEPLOPICUOVG GE TOAAES
EQOPLOYES.

O petaoynpotiopog NFET (Nonequispaced Fast Fourier
Transform), a&10mo1OVTOG KOAG EVIOTIGUEVA U1 1GOSVVALLLN
apdBupa GvtAnong TANPoPopiog ¥POVoL KoL GLYVOTNTOG
poceyyilel OmOTELECHOTIKOTEPA TNV TPy AT T [3].

N/2-1

> 2mikx . 1 1
fGay= 2 fie™ (=10 naxe[-=.2)
k=—N/2 22
O vrohoyiopog tov NFFT givar Baciopévog oty mpo-

GEYYIOT] TOV TPIYOVOUETPIKOD TOAVMVOLOV.

N/2-1

f()= 3 fre ™

k=—N/2

HE KOTAAANAOVG YPOLUKOVG CUVOVAGHOVG oG Topabupt-
KNG TOPOUUETPOV @ , TOV €xEL PEYOAN akpifelo oTov Topén
ouyvotntag — xpovov. H apBuntikny moivmhokodtnto, T0U
adyopiBuov givar 04, 6Tov 1O € dNAGDVEL TNV ATOpOiTNTN
axpipeta.

Ev xataxieidt o NFFT eivor évog mpoceyylotikde ol-
YOPOLOG TOV HE YOPOUKTNPLOTIKY OTAOTNTO EKUETOAAED-
etal v 0&lomoinon KoAG EVIOTIGHEVOV U 1GOOVVOU®V
napaddpov.

3. EPAPMOI'H

H zmpotuan avt yeoteyvikn épevva deEdyetal og emt-
AeYHEVO YDPO eVTOC TV YNTESIK®V opimv Tov [ToAvteyveiov
Kpfng oto Axpotipt Xaviov. Akpiéctepa o voyn ydpog
Bpioketal oty Avatolkd mAgvpd g [lolvteyvelovmoing
KOLL TO KEVTPIKO GTIYLLOL GTO YDPO avTO EYEL TA NG XOPOKTT]-
potikd: ewypapicd Mrxog 24° 4°16.68”E, T'ewypapikd
IMAdtog 35°31°46.20”N ka1 Yyog 147 m amd v enpaveln
g 0dhaccag (Ewodva 1).

O yYe@A0YIKOG CYNUATIGHOG TNG TEPLOYNG OLTNG ATTOTEAET-
Ton Kupiog amd papyaikd aofectoibo o omoiog AOy® Kop-
otkomoinong epeavilet katd 6£ce1g dS1UPOPETIKO TOPMOES.

T v ocvykekpuévn mepoyn LVLAPYOLY YEMTPNTIKE
otoyeio tpudv yeotprioewv (I'l, I'2 kon I'3, PAéne dopvpopt-
K1 @®TOYpapin) Kot GToLEln EPOPHOYNG LEBOO®V ZEIGHIKNG
AwiOraong kot Hiektpuag Topoypagiog n a&omoinon tov
omoiV Kot 1 GOVOEST TOLG LE TO. OTOTEAECILOTO. TNG TAPOV-
oag £pevvag 0o CUUTANPOGOLY Kol BEATIOCOVV TOLOTIKG
™ yveoteyviky mAnpoeopia [4]. Tlpog emadnbevon de TV
OTTOTEAECUATOV TOV TOPOUTAVE  OVAQEPOUEVOV  LEDOd@V
napatiBevtar evdektikd kot amoteléopata (IMivakog 1) Tov
TPOEKLYAY AT TIV AVAADGT TOV TUPTVOV TNG YedTpnong 2
N mpoPoAn g omoiag avtictolel oto onueio (+33.00) and
v apyn Tov agovev onmg eaivetol kot oty Ewova 2.

Mivaxkag 1 Amotedéouaro avalvons mopnvwy e yedtpnons 12

Babog (m) RQD Xopaxtnpropog
0-1.6 41.88 o Tetoptoyevn npata terra rossa
v 0.00-0.80 m.
o EpuBpoteqpog poapyaikog
1.6-3.2 76.88 acPeotoMbog pe avopelodpevo
mop®deg Yo 0.80-3.20 m.
3.2-438 75.31 o Epubpoteppog popyaikog
acPBectoMb0G He avEopElODHEVO
6.4-8.0 16.88 o Epubpoteppog popyaikog
acPeotoMbog pe avopeloduevo
8-9.6 63.75 nopdgb‘gg
9.6-11.2 88.44 e EpvOpoteppog Lopyoikog
acPeotoMbog pe avopelodpevo
11.2-12.8 27.19 nop®deg yio. 10.0-13.6 m.
12.8 -14.4 25.00 e EpvOpoteppog Lopyoikog
acPectoMBog e avéopelobievo
14.4-15.0 0.00 nopddeg yio. 13.00-15.00 m.
Méoog 6poc:
44.53

H nAextpikn topoypagio avikel oTig NAEKTPIKEG pefod-
d0VG YEOQVGIKNG OL0ICKOTNONG Kol CUUBAAAEL OT AETTOLE-
pN amedvion Tov VIEdGPOLS, Kabmg ivar PHEBodog LYY
OLIKPITIKNG KOVOTNTAG. 2TV MAEKTPIKN TOHOYpO®ic, M
TEPLYPAPT] TG YEOAOYIKNG dopnG PacileTor otn pHelét tov
HETAPOADY NG €OIKNG NAEKTPIKNG OVTIOTOONG KOTA TNV
oplfovTIO KoL TNV KoToKOpLen dtevbuveon, evtomilovtag £Tot
CLVEYELES KATA TNV 0ptlOVTIO OVATTVEN TOV GYNUATICHDV,
onwg pnypara [5].
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Ewova 1 Aopvqoopzmy paToypapio. TS evpdTEPNS TEPLOYNS TOL TloAvTeyveiov Kpntng. Aiaxpivetar n mepioyn peAéTyg.

H pébodog g oeopkng 61G0raong Paciletor otov
TEPOUATIKO TPOGOOPIGUO TOV YPOVOV SLOOPOUNG T®V
amevfeiog Kol TOV HETOTIKOV KUUATOV Kol 6T XPTOLUOo-
TOiNoN TOVG Yo TOV TPOGIIOPICUO TOV TAYLTHTOV d1Ad0-
ONG TOV GEIGUKAOV KVUATOV KoL TOV TAYOVG TOV EG0QIKAV
oynpatiopdv. H avdivon tov emQovelokdv Kupatov
TEPAAUPAVEL TN AMYT] KATOYPOPDOV TAOVGLOV GE EMLPOVEL-
akd kopota Rayleigh kot v avtiotpoen TV yopoktnpt-
OTIK®V KOUTOA®OV d106Topdag TOVG, Yo ToV Kabopiopd g
ToOTNTAG TOV SOTUNTIKOV KUUATOV KOTAVEUNUEVNG LLE TO
Babog [6].

INa v enitevén Aowmdy oV GTOYOL TNG UEAETNG AVTIG
epapuoletar o petaoynuatiopds NFFT oe celopikég kata-
vpoaoés. Emiéyetar yio agloAdynomn n dlopoponoinct g Ko-
plapyns ovyvotNTag Kot TS LEYIGTNG 16Y00G TOV GEIGUKOV
KOUATOV OTaV auTé S1EPYOVTOL HECH TOV GYNLOTICU®OV TOL
€dapoug kot epappoletar o mapabvpikog NFFT oe un 100-
SUVOpO Kot Avieo, povikd dasTtipoto — mapdbopa. o tov
OKOTO aVTO YPNOYOTOLOVVTIOL To TPOYPAppata Autosignal
¢ etaupiog Seasolve kot Specgramdemo tov Signal Analysis
toolbox g Matlab 6.5 tng etarpioag Mathworks [7].

Xpnoyomoobvtat ta dedopéva Evteka (11) niektpikdv

ILH 100 %

QT

I‘A
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Eye alt

Kot OV0 (2) GEIGUKOV YPOUUDY TOL TPOYHOTOTOMONKaY
GTOV VITOYN YBPo euPadol nepinov 3,600 m? drwe paivetal
otV Ewdva 2. Avahotikdtepa:

TNo v g&éraon g ypapung 1 (TUC 1), n dievbuvon
g omoiog cvumintel pe v dtevbuven Boppd — Notov, to
UNKOG TG omoiag oyedidotnke ota 94 m, ¥pNCILOTOLOVVTL
2 avomTOYHOTO TV 48 m pie KAOe avATTLYLLO VO amoTeAEITOL
ano6 24 yedewva og ioondctoon 2 m. H apempio ¢ tov pe-
TPNOE®V TNG YPOUUNG ovThg Ppioketar 23 m Popetdtepa TG
aQETNPiOG TOV HETPHCEOV e TNV NAEKTPIKY HEB0SO, OTmG
paivetal Kol 6TO TAPUKAT® GKOPIPNLLAL.

Q¢ ceopikn — SOVNTIKN TTNyN YPNOLLOTOLEiTaL £val pe-
TaAMKO cevpi Bapovg 5 kg To omolo TpoominTel e otabepn|
Svvaun kat omd otafepd Vyog enl PETAAMKNG TAGKAG TOL
Bpioketot oto £dapoc.

Q¢ ypovikd ddotnuo detypotoinyiog Aapupavetal to 1
msec Kol MG GLVOAIKN dldpKeLd KaTaypapns ta 512 msec.

Ta ™ cVALOYN TOV CGEICHUK®Y SESOUEVOV YPCYLOTTOLEL-
Tat dtdtadn Kowng TNYNG Ko KOAon g pe otafepd Pripa
TPOYDPNOTG TO 0Tol0 OpioTNKE OTAL 4 M KO TPOYLLATOTOL00-
vt 13 mepdpato yo kdbe ypoppn peAétng. Xe kabe meipapio
n YN Ppicketar 2 m BopeldTEPO TOV TPATOV YEMPDVOV.
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Ewodva 2 Evpotepn meproyn ueAétng émov amewxoviovrai ot vo (2) oetopurés ypouués (TUC 1) kou (TUC 2) (xpnoipomoriOnray ta dedouéva.

¢ ypopuic TUC ).

Amd ta 13 mepdpota g ypoppng 1, eAqedncov to -
dopéva tov 7°, 8% Kot 9°° TEPANATOC, CKOPIPTLLOL TOV OVOL-
TTOYHOTOG TOV OTOIOV T GTLYHN TG AYNG TV ded0pEVOV
amewoviletat oty Ewodva 3 pe m myn oto onueio undév
-1.00 m (y1a To 7° meipapa), +3.00 m (yo to 8° meipopar) Kot
+7.00 m (yo v 9° meipoapior).

Me 1ov tpomo avtd eEetdletar — peretdron Kot a&loAo-
yeital oloKANpN 1 TEPLOYN M Omoio ExEL LEAETNOEL e TN pLé-
Bodo g Hiektpkrg Topoypagiog kot ekteiverar amd 0.00
m émg 54.00 m [8].

2m Zm TUC 4

1m

10 20m JMim

m

Ewoéva 3 leswuetpio e ypopuns peiétns (TUC 1) kota ) otiyun
Ay e pétpnong 1.

Ta celopkd avtd dedopéva (ETPAVELOKE KOPOT) EAT-
eOnoav o popen apyeimv .dat kot .sgy (v ke pétpnon),
T omoia TEPLElYaV TEPAV TOV TEXVIKOV TATPOPOPLDV TNG
pétpnong, wivaka pe 24 otieg (6o KoL T YEOPOVO TG
drdragng) xar 1024 ypappég (660G kat 0 apBpdg TV KoTo-
YPapdVv mov mpaypatoromOnkav). (Ewova 4).

tv G1

Ewobva 4. Tomixn ociouxi katoypopy.

>t cvvéyela o otolyeia avtd gonybnoav oto mpod-
ypappo Specgramdemo tov signal analysis toolbox g
Matlab kot avoldOnkav pe tov akyopipo NFFT pe otdyo
v e&aymyn Tov cLYVOTIKOV TOVg TeplEyopévon. To mapd-
Bupo tov anotelecudtov g epappoyng Specgramdemo,
nepAapPavel TANPOPOPIES YIOL TO CUYVOTIKO TEPLEYOHUEVO
TOV EI00YOUEVOV G€ aVTO onpatog (kataypaen 1024 onpei-
@V KaOe YeOQ®VOL, KGOe HETPTONG). AVOAVTIKOTEPX, HECH
G XPNOMG EVOG GTAVPOVILLOTOS TTOV TTEPLEYEL 1] EPAPLLOYN, O
YPNOTNG dVVATOL VO LEAETIOEL T POVIKT HETAPOAT TNG GL-
LvOTNTAG Kot TG 1o)H0g ToL oNpatog. H ypopotikn kKAipoko
7OV JOBETEL 1] GLUYKEKPIUEVT] EQAPLOYN KAVEL EVKOADTEPO
avTIMTTa To. onueio PEYIoTNG HETAPOPAS EVEPYELNG TOL
ONLOTOG (GVVTOVIGHOG).

Ao TNV TPOCEKTIKY TOPATIPNCT TOV QACUATOS LLE TN
xp1on tov mapadupikod FFT yia tig 24 Katoypapés Kowng
YNG (evOeKTIKA TOpoLGIAleTal TO PAGHO Yo pio omd
avtéc otV Ewdva 5), dwomotddnie o1t éva amd ta kowd
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Ewdva 5. [apabvpo aroteleoudrwv epopuoyns Specgramdemo.

YOPAKTNPLOTIKG TOVG, €ival 1 Tapovsio emImESOV GLYVO-
TNTOG GTO OMOI0 TOPATNPEITAL GUVEXNG VYNAN HETAPOPE
EVEPYELNG KOL TOV OMEKOVILETOL e EVTOVT] KOKKIVY] YPOLLUN
ToapdAANAN pe tov dEova tov ypdvov (time, sec). Méow g
UETAKIVIONG TOV GTOVPOVILLUTOG KOTEGTY OLVATO VO, ELPE-
Bei 10 eminedo g cvyvotrag (Hz) oto omoio yivetar avtiy n
GUVEXNG VYN LETOQOPE EVEPYELOG KOOMG KOL 1) 150G TOV
onpatog (dB) katd v didpkela Tov xpovov [9].

H wvpiopyn ocvyvotnta kdbe Kataypo@ng cuvapTnoet
™G oplloOVTIOG ATOCTOCNG TOV AVTIGTOLYOV YEMP®OVOD o
povcialetar ota oynpate 7, 9 kot 11. Tt cvykprrikn
Og emaAnBevorn g e€oyopevng mAnpoeopiag, ypNoLpo-
momOnKay Ta OmOTEAEGHOTO TNG MAEKTPIKNG HeBOSOL
otV ypapp 6 Tov cGLUTITTEL pe TV ypopuq perémg 1
(TUC 1) ¢ oeiopikng pebodov. T ye@nAEKTPIKY] TOUN

6 (Ewova 6), eppavifovtal 600 Ye@NAEKTPIKA GTPOLATO,
T0. omoia. cOpPOVa pe TN yedtpnon 2 oamodidovtar oe
Bloyeveig aoPectoMBovg Tov Neoyevolc. ZT0 EMPAVELNKD
oTpodua (Tdyovg mepimov 6.5 PETPOV) 1 101K NAEKTPIKT
avtioTaon Tapovotdlel Eviovn TAEVPIKT HETAPOAT] AOY®
TOV KAPOT KOl AVENUEVEG TIHEG OE OYEOT LE TO VTOKEiLE-
VO GTP®OUO 6TO 0Toi0 eRPAvVIfOVTaL TUTIKEG TIHES EOIKNG
NAEKTPIKNG avTiotaong o€ Proyeveig acPectoOBovg TOL
Neoyevoic.

Emumpocheta onpuovpyndnkoy dtoypappoto g Yopikng
petafoAng g HEYoTNS Wxbog Tov PAcpaTog (oynuota 8,
10 ko 12), koB®OG KOl Ol GUYKPITIKEG  OMEIKOVICELS OVTDV
(6mov M gvvoolvVTOL Ol OTOGTACELS TOV YEMPOVOV OO TNV
apetnpia yio ke pétpnon), and ta omoio eENydnoav ta
TOPAKAT® GUUTEPAGLOTOL.

180 300

4.0 B0

420 540 m

05 -
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120

159
Inverse Model Resistivity Section

---EE--I:I----I:I------
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e

Ewova 6 'eownlextpixn toun oty ypouun 6. O kataxdpvpog alovag mepiypagpel 1o fabog oe uétpa, o opiloviiog oTyy amnéoTocy TV nie-
KTIPOoOoiwV g€ UETPO KOl 1] YPWUOTIKY KAUaKa THY E10IKN NAEKTPIKN ovTioToon og Qm.
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Max Hz - M
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Ewolva 7 didypoppo. petaforng wme kvpiopyns ovyvotntog Kotd
HITKOG THG YPOUUNGS UEAETHS Yo, TO 7° TElpapLa.

Max Db - M

80
70
60

Db
@
3

Ewodva 8 diaypoyyio uetafforng tne uéyiomns icyvog kata. pkog te
YPOLUNG HEAETNG Y10. TO 7° TEIpOYUaL.

Max Hz - M

Hz

Ewova 9 diaypopo petofolns e xvpiopyns ovyvotntas katd
HITKOG THG YPOUUNG UEAETHS Y10 TO TEIpOUaL 8.

Max Db - M

120

100
80
60

40

Db

20

Ewova 10 diaypoppo petafoing e uépiotns 1oy0og kate. unkog
TG YPOUUNG UEAETHG Yio. TO TEpoua. 8.

Max Hz - M

90
80
70
60
50
¥ 40
30
20
10

Ewova 11 diaypopyio petafoliic e rxvpiapyns ooyvotntos katd
Wifi0G TG ypopynis LEAETNS yio. meipayia 9.

Max Db -M

100
80
8 60

Ewdva 12. didypoppo petofforng e uénotng 1oyvog kota unKog
TG YPOUUNG HEAETHG 1o Telpopa. 9.

4. XYMIIEPAXMATA

H enefepyocio 1oV AmoTEAEGUATOV TG EPAPLOYNS TG
oelopkng pebddov ot ypapun 1 (TUC 1) n omoia cvpmi-
TTEL YOPIKE pe ™ ypapun 6 g Hiektpwrg Topoypapiog
0dmnyel otig e&NG TOPUTNPNCELS:

1. H xvpilapyn cvyxvétra ota tpic EMPEPOVS TEPALATO
(7°, 8°, 9° , oyfuata 7, 9 ko 11 ) mapovoidlet Tomkd
erdytota ota onpeio +13 m, +37 m, +51 m and Vv aee-
mpia g ddtaéng — onpeio 0 m.

2. H péyrom oyvg ota tpia emipépous mepapata (70, 8°, 9°
, oynqpata 8, 10 ko 12 ) mopovstdlel tomucd eldyiota
oto 1010 onpeio +13 m, +37 m, +51 m and v agetnpio
g d1dTaéng.

3. 210 emovelokd oTpOU (TAYoVg TEPimov 6.5 PETpmv)
g yeonAekTpkng Topng 6 (Ewdva 6), 1 €101kn nAektpt-
K1 ovtioToon Tapovctdalel EVovi) TAELPIKN UETAPOAN
AOY® TOV KAPOT.

|
|
|

——Hz-M —-—-Db-M

AvTiTTapaBoAn

Ewobva 13 Zvyrpruikyp omewxovion  twv  Mioypouudtov  Hz
— M ko1 Db — M ue ta amoteléouaro g Hlextpixng
Toroypopiag yio to 7° meipoua.

——Hz-M —=-Db-M

AvnitrapaBoAn

Ewoéva 14 2vyxpitikyy  omeixovien  twv  dioypouudtov  Hz
— M xou Db — M ue ta amoteAéouaro e Hiektpiknig
Touoypogiag yio. to 8° meipoyo.
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50 60

——Hz-M —=—-Db-M

AvTnirapaBoAn

Ewova 15 Zvyxpitikn Hz

OTEIKOVION
— M ko1 Db — M ue o amoteléouazo e Hlektpixng
Touoypagiog yio 1o 9° meipoyo.

v Aeypoupdtov

4. Ztic Béoelg Omov M T TG EWIKNAG NAEKTPIKNG OVTIOTO-
ONG O€ OVTO TO GTPMUO EVOL LYNAT, TOCO 1 Kupiapyn
oLYVOTNTA TOL AUUPAVOLEVOL CTHOTOG OGO KOL 1 HEYL-
OT1 LOYVG TOV EIVOL GYETIKA VYNAEG, EVD OOV 1 TIUH TNG
€101KNG NAEKTPIKNG AVTIoTOONG LELDVETAL 0o TA, TOGO
1 Kupiapyn cvYVOTNTA TOV AOUPOVOLEVOL CTLOTOG OGO
Kot 1 HEYLOTN 10Y0G TOV Tapovotalovy avtiotoyyn pei-
won. [opampeitar dNAad avarloyng Kol OLOOTPOTNG
LOpONG LETAPOAT] TOV EMMESOL TG GLYVOTNTOG KOL TNG
10YHOG TOV AOUPAVOLEVOD GIOTOG e OVTO TNG EWIKTG
NAEKTPIKNG AVTIGTAGTG.

5. H mhoTiki] €QapUoyn TNG TPOTEWOUEVNG TEXVIKNG OTNV
Vo peAéTn meployn vrédelEe  OTL avayvopilel meEPLOYEG
LLE YOUNAES NAEKTPIKEG AVTIOTACELS. Ze emdevn @domn o
depevvn et 1 SuVATOTNTO GVOYETIONG TOV ATOTEAEGA-
TOV OUTOV [E YOPUKTNPLOTIKEG WOOTNTEG TOV TETPMUA-
TOV.

5. EYXAPIXTIEX

H perétn avt exkmovinke eviog tov mhasiov tov [po-
vpaupotog ILE.N.E.A 03 EA 392 pe titho «MeBodoroyia

TPOTUTOV YEDTEYVIKDV EPEVVAV LLE GVVIVOCUO YEDAOYIKDV,
YEOQUGIKADV, YEMTPNTIKOV KOl EPYACTNPIUKDV SESOUEVMVY.
H ovpporn tov gpyastnpiov Egappocpévne 'eoweuoikng
tov Tpnpatog Mnyavikov Opvktdv I1épov tov Tloivte-
yvelov Kpnng kon edkotepa tov Kupiov Kpnrikdkn kot
Hamdan vmp&e onpoavtikn diaitepa o 0,TL apopd otV
TOPOYN TOV OTAPAITTOV YEOPUGIKMDY OEO0UEVOV YO, TNV
VIOYT| TEPLOYT] LEAETTG.
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Extended summary

A Novel Method for the Geophysical Characterization of
the Subsoil, via Frequency Analysis of Seismic Waves
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Extended abstract

The development of novel methods for the investigation of
the subsoil contributes to the improvement of geotechnical
research, enhances the obtained geotechnical characterization
and may reduce the investigation cost by reducing the
number of required tests.

This study presents a systematic effort for the processing
and evaluation of the geological, geophysical, drilling
and laboratory data that may be obtained as a result of a
comprehensive seismic refraction study of the subsoil.
Seismic data are processed using a novel technique of
spectral analysis available through special Matlab packages
employing Fourier transform methods.

Fourier methods play an important role in various areas of
applied mathematics and physics. Originally designed by
Fourier (1768-1830) for the solution of differential equations
they became one of the fundamental principles in digital
signal and image processing. The main premise to make
Fourier methods applicable in practice was the development
of an algorithm for the fast computation of the discrete
Fourier transform (DFT)

N/2-1
N 27iki . N N
f= S N Yy
k=—N/2 2 2

Using a divide and conquer approach, the number of
floating point operations is reduced from (N*) (DFT) for a
straightforward computation to only (NlogN) (Fast Fourier
Transform, FFT).

However, the (FFT) requires sampling on an equally
spaced grid, which poses a significant limitation to many
applications. The fast Fourier transform for nonequispaced
nodes (NFFT) efficiently computes approximations of
sums
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In this study, the NFFT transformation is applied to seismic
waves travelling through the subsoil using the Autosignal
program (by Seasolve) and the Specgramdemo program
included in the Signal Analysis toolbox of Matlab 6.5
(Mathworks).

Data from eleven (11) electric and two (2) seismic
geophysical surveys are used that were performed over a
carstic limestone formation covering an area of roughly
3,600 m? inside the campus of the Technical University of
Crete as shown in Figure 1. More specifically, line 1 (TUC
1) was surveyed using two spans of 48 m each employing 24
geophones with a spacing of 2m. A steel hammer weighing
Skg dropped on a metal plate was used as a seismic source.
Sampling time interval was set to 1ms for a total recording
duration of 512ms. Using a common source configuration,
the monitoring line was rolled 13 times with a step of 4m.
Thus 13 experiments were realized for each line of study.

By carefully analyzing the 24 depictions of each meas-
urement (like the one presented indicatively in Figure 4), it
was noticed that one of their common characteristics is the
presence of a frequency level in which a continuous high
transportation of energy is observed and is portrayed with
the intense red line parallel with the axis of time (s). By mov-
ing the crosshairs in the analysis window, it was possible to
determine the frequency level (Hz) in which this continuous
high transportation of energy occurs as well as the signal
intensity (Db) for this time duration.

This data as well as location data for the geophones were
imported in a Microsoft Excel sheet for analysis and evalu-
ation. In addition the results of the electric method in line
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6 (Figure 6) that coincide with line 1 (TUC1) of the seis-
mic method were used in order to qualitative evaluate the
generated information. Hz - M, and Db - M diagrams were
created, where M are the distances between the geophones.

Results indicate that:

* For each measurement (verified for three individual
experiments [7, 8, 9]), the diagrams Hz - M and Db - M
present similar fluctuations of levels of frequency and
strength respectively. More specifically, the maximum or
minimum values occur at the same locations.

* In the cases where the value of the special electric resist-
ance is high, both the level of frequency of the received
signal and its strength are relatively high, while in the

cases where the value of the special electric resistance
decreases perceptibly, both the level of frequency of the
received signal and that of its strength show a significant
reduction. Thus a proportional and similar form of change
of frequency level and the strength of the received signal
with that of the special electric resistance is observed.
The results derived by applying the proposed technique
coincide with the results of the seismic and electrical
methods with respect to the identification of regions with
low electric resistances. In the next phase the possibility
of cross-correlation of these results with the characteris-
tic attributes of rocks will be investigated.






